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Disclaimer

Technical Information contained in this publication isfor reference purposes only and is subject to change without notice. Every effort has
been made to supply complete and accurate information; however, Thermo Fisher Scientific assumes no responsibility and will not be liable
for any errors, omissions, damage, or loss that might result from any use of this manual or the information contained therein (even if this
information is properly followed and problems still arise).

This publication is not part of the Agreement of Sale between Thermo Fisher Scientific and the purchaser of aTRACE™ GC Ultrasystem. In
the event of any conflict between the provisions of this document and those contained in Thermo Fisher Scientific's Terms and Conditions,
the provisions of the Terms and Conditions shall govern.

Reference to System Configurations and Specifications supercede all previous information and are subject to change without notice.
Trademarks

TRACE™ GC Ultrais atrademark of Thermo Fisher Scientific Inc., and its subsidiaries. Other brand and product names may be trademarks
or registered trademarks of their respective companies.
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Manufacturer: Thermo Fisher Scientific

Thermo Fisher Scientific is the manufacturer of the instrument described in this
manual and, as such, is responsible for the instrument safety, reliability and
performance only if:

e instalation
e re-calibration

e changes and repairs

have been carried out by authorized personnel and if:

» thelocal installation complies with local law regulations

e theinstrument is used according to the instructions provided and if its
operation is only entrusted to qualified trained personnel

Thermo Fisher Scientific is not liable for any damages derived from the
non-compliance with the af orementioned recommendations.
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About This Manual

Overview

Operating Manual

This Operating Manual contains descriptions of the features and components of
the TRACE GC Ultra gas chromatograph. Inside, you will find all of the
information necessary for routine operation of your GC, including operating
seguences, sample injection techniques, and diagrams and descriptions of the
major components.

Thismanual is organized as follows:;

Section | familiarizes you with your TRACE GC Ultra gas chromatograph. In
addition to basic descriptions of TRACE GC Ultra features and systems, this
section contains instructions for configuring and interacting with your GC.

Chapter 1, TRACE GC Ultra Overview, provides a basic overview of the
features and options of the TRACE GC Ultra gas chromatograph.

Chapter 2, The TRACE GC Ultra User Interface, gives ageneral overview of
the TRACE GC Ultra user interface, including basic information about key
functions and menus.

Chapter 3, Configuration, describes how to set up the software on your
TRACE GC Ultraeither to match the installed hardware or to reflect your
preferences.

Section Il containsinformation on controlling and programming the detector and
carrier gas flows to the TRACE GC Ultra.

Chapter 4, Digital Gas Control, This chapter describes the automatic (DCC
and DGFC) gas control features of the TRACE GC Ultra and contains the
instructions to program and regulate the GC carrier gases control.

Section |11 contains information about the injection systems available for the
TRACE GC Ultra.

Chapter 5, Split/Splitless Injector (SSL), describes the Split/Splitless (S/SL)
injector and contains operating sequences for the different split/splitless
operating modes.

Chapter 6, On-Column Injector (OCI), describes the On-Column injector
(OCl), on-column injection techniques, and operating sequences.
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Overview

Chapter 7, High Oven Temperature Cold On-Column Injector (HOT OC),
describesthe HOT Cold On-Column (HOT OC) injector for injections at high
oven temperatures, HOT on-column injection techniques, and operating
sequences.

Chapter 8, Large Volume On-Column Injector (LVOCI), describes the Large
Volume On-Column Injector (LVOCI) used for large volume injections with
an autosampler.

Chapter 9, Packed Column Injector (PKD), describes the Packed (PKD)
column injector and explains the packed column operating sequences.

Chapter 10, Purged Packed Column Injector (PPKD), describes Purged
Packed Column (PPKD) injector, which has a septum purge option. Included
in this chapter are PPK D injection techniques and operating sequences.

Chapter 11, Programmable Temperature Vaporizing Injector (PTV), describes
the Programmable Temperature Vaporizing (PTV) injector and contains
operating sequences for using the injector in different operating modes.

Chapter 12, Gas Sampling Valve (GSV), describes the gas sample valves
available with the TRACE GC Ultra and contains operating sequences for
manual and automatic sampling.

Section IV contains information about the configuration options for the TRACE
GC Ultra column oven and sequences for using capillary and packed columnsin
the oven.

Chapter 13, The Column Oven, describes the features and configuration
options for the TRACE GC Ultra column oven and includes operating
sequences for oven programming.

Chapter 14, Columns, describes the analytical columns used in the TRACE
GC Ultra.
Section V contains information about detector configuration and operation.

Chapter 15, Detector Overview, gives basic information about the detectors
available with the TRACE GC Ultra

Chapter 16, Flame lonization Detector (FID), describes the operating
principles and sequences for the Flame lonization Detector (FID).
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Chapter 17, Electron Capture Detector (ECD), describes the operating
principles and sequences for the Electron Capture Detector (ECD).

Chapter 18, Nitrogen Phosphorus Detector (NPD), describes the operating
principles and sequences for the Nitrogen Phosphorus Detector (NPD).

Chapter 19, Photoionization Detector (PID), describes the operating
principles and sequences for the Photoionization Detector (PID).

Chapter 20, Flame Photometric Detector (FPD), describes the operating
principles and sequences for the Flame Photometric Detector (FPD).

Chapter 21, Thermal Conductivity Detector (TCD), describes the operating
principles and sequences for the Thermal Conductivity Detector (TCD).

Chapter 22, Pulsed Discharge Detector (PDD), describes the operating
principles and sequences for the Pulsed Discharge Detector (PDD).

Section V1 containsinformations about Al 3000/ AS 3000 programming with the
TRACE GC Ultra keypad.

Chapter 23, Al 3000/ AS 3000 Autosampler, describes how to program and
control the Al 3000/ AS 3000 autosampler by using the TRACE GC Ultra
keypad.

Section V11 contains descriptions of automated and manua control options and
sequences for the TRACE GC Ultra

Chapter 24, Automated Functions, shows you how to automate signal, valves,
and external events by scheduling them either in real time (clock table events)
or at certain points during arun (run table events). It also discusses the run
log, an automated record of run deviations.

Chapter 25, Manual Functions, describes how to control signal and valve
events manually.
Section VIII contains information on programming analytical methods and using
them in autosampler injection sequences.

Chapter 26, Using Analytical Methods, describes how to set up analytical
methods that run automatically when specified.

Chapter 27, Al 3000/ AS 3000 Autosampler Sequences, contains the
instructions to programming a sample sequence with the TRACE GC Ultra
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keypad when an Al 3000/ AS 3000 autosampler is used and how to set up
ranges of samples to run automatically.

Appendix A, lonization Potential of Selected Molecules, contains information to
help you determine the PID lamp intensity necessary to ionize certain molecules.

Appendix B, Customer Communication, contains contact information for Thermo
Fisher Scientific offices worldwide. This appendix also contains a one-page
Reader Survey.

The Glossary contains definitions of terms used in this guide and the help
diskette. It also includes abbreviations, acronyms, metric prefixes, and symbols.

The Index contains an alphabetical list of key terms and topicsin this guide,
including cross references and the corresponding page numbers.

Conventions Used in This Manual

XXii

The following symbols and typographical conventions are used throughout this
manual .

Bold Bold text indicates names of windows, dialog boxes, and
fields.

Italic Italic indicates cross references, first references to important
terms defined in the glossary, and special emphasis.

Monospace Monospace, or Courier, indicates filenames and filepaths or
text the user should enter with the keyboard.

Monospace M onospace Bold indicates messages, prompts, or menu titles

Bold displayed on the computer screen or on adigital display.

» This symbol illustrates menu paths to select, such as
FilexOpen....

KEY NAME Bold, uppercase sans serif font indicates the name of akey on

akeyboard or keypad, such as ENTER.
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CAUTION

NOTE

WARNING!

About This Manual

This symbol alerts you to an action or sequence that, if
performed improperly, could damage the instrument.

This symbol alerts you to important information related to the
text in the previous paragraph.

This symbol aerts you to an action or sequence that, if
improperly performed, could result in damage to the
instrument or possible physical harm to the user. This symbol
may be followed by icons indicating special precautions that
should be taken to avoid injury.

This symbol indicates an electric shock hazard.

This symbol indicates danger from hazardous chemicals.

This symbol indicates danger from high temperature surfaces

or substances.

This symbol indicates afire hazard.

This symbol indicates an explosion hazard.

This symbol indicates a toxic hazard.

This symbol indicates the presence of flammable materials.
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This symbol indicates the presence of radioactive material.

This symbol indicates an operation or sequence that must not
be performed by the user. A Thermo Fisher Scientific
authorized Customer Support Engineer must perform this
sequence.

This symbol indicates all metal objects, such as watches and
jewelry, must be taken off.

This symbol indicates an eye hazard. Eye protection must be
worn.

This symbol indicates the user must wear a protective screen
when performing the sequence.

This symbol indicates the user must wear protective shoes
when performing the sequence.

This symbol indicates the user must wear protective clothing
when performing the sequence.

This symbol indicates the user must wear gloves when
performing the sequence.
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Instrument Markings and Symbols

The following table explains the symbols used on Thermo Fisher Scientific
instruments. Only afew of them are used on the TRACE GC Ultragas

chromatograph.
Symbol Description
Direct Current
Alternating Current
N
Both direct and alternating current
~_
Three-phase alternating current
37

Earth (ground) terminal

@ Protective conductor terminal

Frame or chassis terminal

Equipotentiality

On (Supply)

Q Off (Supply)
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Instrument Markings and Symbols

Symbol Description

Equipment protected throughout by DOUBLE
INSULATION or REINFORCED INSULATION
(Equivalent to Class |1 of IEC 536)

Indicates that the user must refer to the manual for
specific Warning or Caution information to avoid
personal injury or damage to the product.

Caution, risk of electric shock

Caution, hot surface

Caution (refer to accompanying documents)

In-position of a bistable push control

Out-position of a bistable push control

Eo o DB e

Symbol in compliance to the Directive 2002/96/EC on
Waste Electrical and Electronic Equipment (WEEE)
placed on the european market after August, 13, 2005.
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Using the TRACE GC Ultra Document Set

Operating Manual

The TRACE GC Ultra Document Set (CD-ROM PN 317 095 00) includes all
manualsin electronic format, and serves as your library for information about the
TRACE hardware and software.

The TRACE GC UltraDocument Set (PN 317 093 00) as paper copy isalso
available Furthermore, Thermo Fisher Scientific part numbers (PN) for the paper
copy manuals are provided for each book title.

Ste Preparation and Installation Manual (PN 317 091 90)

Thismanual and diskette describes how to set up aworkspace for the TRACE GC
and how to connect the TRACE GC Ultrato the gas supplies and peripheral
devices.

Acceptance Package (PN 317 092 20)
Thisfolder contains required shipping documents and quality report forms.

Getting Sarted (PN 317 092 30)
This guide contains sequences for checking configuration, installing detectors,
and making afirst analysis with the TRACE GC Ultra.

Operating Manual (PN 317 091 70)
This manual provides descriptions of the TRACE GC Ultra hardware and
software and instructions for their use.

UFM Ultra Fast Module Device (PN 317 093 98)
This manual provides descriptions of the TRACE GC Ultra equipped with the
UFM device. and instructions for it use.

Quick Reference Card (PN 317 092 40)
This reference card contains guidelines for carrier gas use and injection
sequences.

K-Factor Quick Reference (P/N 317 092 41)

This card indicates the theoretical K-Factor related to the carrier gas and the
columnin use.
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Preventive Maintenance Schedule (PN 317 092 80)

This document provides alist of recommended scheduled maintenance and a
year-long log book to record maintenance, observations, supply lists, and service
records.

Maintenance and Troubleshooting Guide (PN 317 091 80)
This manual contains instructions for diagnosing and resolving operational
problems.

Sandard Operating Procedures (PN 317 092 00)
Thismanual contains instructions, operating sequences, and test criteriafor final
testing of the TRACE GC Ultra.

Spare Parts Catalog (PN 317 092 10)
This catalog contains alist of spare parts for the TRACE GC Ultra.

Using Hydrogen

A

/\ oo

XXviii

The use of hydrogen asa carrier gas or asfuel for certain flame detectors requires
the operator’s strict attention and compliance with special precautions due to the
hazards involved.

Hydrogen is not compatible with the MS detector.

Hydrogen is a dangerous gas, particularly in an enclosed area when it reaches a
concentration corresponding to its lower explosion level (4% in volume). When
mixed with air it can create an explosive mixture. An explosion hazard could
develop in the GC oven when hydrogen is used as a carrier gasif oven elements
are not perfectly connected to each other, or if the connection materials are worn
out, broken, or otherwise faulty.

Use the following safety precautions when using hydrogen:
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Ensure that all hydrogen cylinders comply with the safety requirements for
proper use and storage. Hydrogen cylinders and delivery systems must
comply with local regulations.

Make sure the gas supply isturned completely off when connecting hydrogen
lines.

Perform abubble test to ensure that the hydrogen lines are |eak-tight before
using the instrument. Perform the bubble test after performing the pressure
test described in the TRACE GC Ultra Maintenance and Troubleshooting
Manual.

Avoid spraying any electrical components during the bubble test. Continue
checking each section of the pneumatic circuit until you identify the leak.

If you need to perform aleak check inside the pneumatic compartment, first
perform the bubble test with all circuits pressurized, then disconnect the GC
from the main gas supply and remove the pneumatic circuit panel. Repeat this
sequence until you eliminate all leaks.

Ensure your GC column oven has a hydrogen sensor. A hydrogen sensor
continuously monitors the hydrogen level in the GC column oven.

If your GC oven does hot have a hydrogen sensor already installed, contact
your Thermo Fisher Scientific sales representative. To comply with
instrument safety requirements, a Thermo Fisher Scientific CSE or authorized
service technician should install the sensor.

If you plan to use a sensor other than the sensor recommended by Thermo
Fisher Scientific, you must verify its ability to perform the functions listed
above beforeinstalling it. It must comply with your local safety regulations,
or with the IEC 61010* regulations if local regulations do not exist.

Using the Hydrogen Sensor

The lower limit of the hydrogen sensor is 0.5% in volume. You should adjust the
detection threshold to 1% in volume, which is 25% of the hydrogen lower limit of
explosion (4% in volume).

Operating Manual

IEC 1010-1, First Edition, September 1990; |EC 1010-1, Amendment 1, September 1992; IEC 1010-1,
Amendment 2, June 1995.
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AWARNING!
p NOTE

Using Liquid Coolants

In cases where the connections begin to leak or the column breaks, the sensor
derts the operator. It then automatically cuts off the gas supply and heating to the
active zones, and sweeps the column oven with forced air ventilation.

If the sensor detects anomalies or leaks during GC operation due to instrument
malfunction, the operator must immediately:

» close the hydrogen supply
» switch off the gas chromatograph

e air out the room

Thereliahility of the sensor depends on careful maintenance. After the sensor isin
use, you must periodically check its operating performance and calibration as
recommended by the manufacturer. Refer to your hydrogen sensor’s instruction
manual for maintenance guidelines.

Never use hydrogen in your TRACE GC Ultra system unless your GC oven has a
hydrogen sensor installed.

Thermo Fisher Scientific CSEs are not authorized to install or repair any instrument using
hydrogen as a carrier gas unless the instrument is equipped with the appropriate sensor.

Using Liquid Coolants

XXX

High pressures and extremely low temperatures make pressurized liquid CO, and
liquid N, hazardous materials.

* High concentrations of CO, are dangerous.

» High concentrations of N, in the air can cause an asphyxiation hazard.

To avoid injury, always follow the safety precautions and delivery system design
recommended by your gas supplier.
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TRACE GC Ultra
Basics

This section familiarizes you with your TRACE GC Ultragas
chromatograph. In addition to basic descriptions of TRACE GC Ultra
features and systems, this section contains instructions for configuring
and interacting with your GC.

Chapter 1, TRACE GC Ultra Overview, provides abasic overview of
the features and options of the TRACE GC Ultra gas chromatograph.

Chapter 2, The TRACE GC Ultra User Interface, gives agenerd
overview of the TRACE GC Ultrauser interface, including basic
information about key functions and parameter tables.

Chapter 3, Configuration, describes how to set up the software on your

TRACE GC Ultra either to match the installed hardware or to reflect
your preferences.
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TRACE GC Ultra Overview

This chapter provides a basic overview of the features and options of the TRACE
GC Ultra gas chromatograph. After each brief description of a TRACE GC Ultra

component, you will find references to chapters in this manual containing more

detailed information.

Chapter at a Glance...

TRACE GC Ultra System COmPONENES........cccveierrierieereeseesesseesreesseeseeeseeeseeenns
Cleaning and DeCONtamiNaLiON ............coerererereneeeeine e
€T Y @0 11 (o) O
T2 (o £
COIUMN OVEN. ...ttt s st st be e s be e sbeebeesteeareeresnnas
Ultra Fast MOAUIE DEVICE ......ccueevueereeiee ettt te et s e e e e sree
COIUMNS.... .ottt st e et e e e re e s b e et e e beente e nbeesreenteetesnreenrennnes
DL (= (0] £ TSP
Detector Base BOUIES .....cuveiierieeiec e siee st te e steeee s eessee e s e seesneesnnesree
INSErUMENt AULOMELION. .....cveeciecieecc et et e e s e e e see e sre e
MethOdS 8N SEQUENCES ........eoueieeiirieie ettt
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TRACE GC Ultra System Components

The TRACE GC Ultra consists of four major components, as shown in
Figure 1-1.

1. Pneumatic Compartment 3. Electronic Compartment
2. Analytical Unit 4. Display and Keyboard

Figure 1-1. TRACE GC Ultra Components
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Pneumatic Compartment

The pneumatic compartment contains the pneumatic gas control circuits.

Analytical Unit
The analytical unit consists of two subcompartments:
» the column oven

« theinjector and detector compartment

Electronic Compartment

The electronic compartment consists of two subcompartments:
» the high-voltage compartment

+ the motherboard for the detector control cards

Display and Keypad

The display and the keypad make up the TRACE GC Ultra user interface.

Cleaning and Decontamination

Normal usage of the TRACE GC Ultra can cause the exterior to get dirty. Clean
the outer surfaces by wiping them with a cloth dampened with water.

In the event that a hazardous material is spilled on or in the instrument, clean the
spill according to the proceduresin the Material Safety Data Sheet for that
substance.
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Gas Control

The arrangement of the pneumatic gas control system depends on the detectors
configured on the base unit. Digital Pneumatics.

Carrier and detector gases are controlled electronically through a series of
electronic pneumatic control modules mounted in the pneumatic compartment.
The Digital Carrier Control (DCC) modules control the carrier gas flow and the
Detector Gas Flow Control (DGFC) modules control the detector gas flow.

A single DCC module can alternate the flow of one carrier gas supply between a
split/splitless injector and another (non-split/splitless) injector.

Carrier Gas Control

The DCC module alows the digital control of the inlet pressure and carrier gas
flow and features the following:

e constant pressure or constant flow operating modes
e programmed pressure or programmed flow operating modes

e inlet pressure control (in kPa, psi, or bar) and column flow rate control
(inmL/min)

» gplit flow control (in mL/min)

e septum purge flow control (in mL/min)

The DCC module aso alows the following operations:

— Column Evaluation
To calibrate the DCC module according to the real carrier flow rate.

— Leak Check
To assure the tightness of the system.

— Gas Saver Function
To reduce the split flow after an injection to avoid the waste of expensive
gases.

There are three types of DCC modules:
e for OCI and PKD injectors
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e for PPKD injector
e for S/SL and PTV injectors

Refer to...
Chapter 4, Digital Gas Control

Detector Gas Control

The DGFC module allows the digital control of al the necessary detector gases.
The DGFC can be automatically switched on and off using the TRACE GC Ultra

keypad.

They are four types of DGFC modules

» for ECD only (Type AA)

» for ECD, PID, FPD, FID without make-up gas (Type AB)

« for ECD, PID, FPD, FID with make-up gas (Type AC)

e for NPD, ECD, PID, FPD, FID without make-up gas (Type AD)

Refer to...
Chapter 4, Digital Gas Control; and Chapter 15 Detector Overview.

Operating Manual 37



Chapter 1

TRACE GC Ultra Overview Injectors

Injectors

The following injectors are available on the TRACE GC Ultra:

» Split Splitless Injector (S/SL and LVSL)

*  On-Column Injector (OCI)

e HOT Cold On-Column Injector (HOT OC)

e Large Volume On-Column Injector (LVOCI)

e Packed Column Injector (PKD)

e Packed Column Injector with Septum Purge (PPKD)

*  Programmable Temperature Vaporizing Injector (PTV and PTVLVI)
e Gas Sampling Valves (GSV)

Split Splitless Injector

The Split/Splitless (S/SL, LV SL) injector minimizes heavy component
discrimination with optimized sample transfer to the column. You can use
capillary and wide-bore columns with the Split/Splitless injector. With the
appropriate adapter kit, you can aso use packed columns.

Refer to...
Chapter 5, Split/Splitless Injector (SL)

On-Column Injector

38

The On-Column Injector (OCI) alows you to inject a sample directly into a0.25
or 0.32 mm capillary column and 0.53 mm wide-bore column. Primary and
secondary cooling systems keep the injection block at ambient temperature and
the injection zone cool to prevent sample vaporization and ensure complete
sample transfer from the syringe to the column.

Refer to...
Chapter 6, On-Column Injector (OCI)
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HOT Cold On-Column Injector

The High Oven Temperature Cold On-Column (HOT OC) injector is a special
version of the standard on-column injector. It use an optional HOT device to
operate at high oven temperatures.

Refer to...
Chapter 7, High Oven Temperature Cold On-Column Injector (HOT OC)

Large Volume On-Column Injector

The Large Volume On-Column Injector (LVOCI) is a specia version of the
standard on-column injector. It allows automatic introduction of large volumes of
liquid sample through the TriPlus AS autosampler.

Refer to...
Chapter 8, Large Volume On-Column Injector (LVOCI)

Packed Column Injector

The Packed Column (PKD) injector allows injection directly into metal or glass
packed columns or into metal or glass packed columns with glass liners.

Refer to...
Chapter 9, Packed Column Injector (PKD)

Purged Packed Column Injector

Operating Manual

The Purged Packed Column (PPKD) injector allows sample injection and
vaporization into aliner. The sample then transfers to awide-bore capillary
column.

Refer to...
Chapter 10, Purged Packed Column Injector (PPKD)
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Programmable Temperature Vaporizing Injector

The Programmable Temperature Vaporizing (PTV, PTVLVI) injector allows
temperature variation during the injection process in both split and splitless
operating modes.

Refer to...
Chapter 11, Programmable Temperature Vaporizing Injector (PTV)

Gas Sampling Valves

Two gas sampling valves for manual and automatic sampling are available with
the TRACE GC Ultra. It allows manual and automatic gas sampling.

Refer to...
Chapter 12, Gas Sampling Valve (GSV)

Column Oven

The GC column oven has a high degree of thermal stability and fast heating and
cooling. The air circulation in the oven ensures the column is kept in athermally
homogenous and stable zone. This provides more precise analytical performance
and helps prevent chromatogram peak distortion.

The oven can operate at temperatures below ambient with a cryogenic cooling
system. The cryogenic system allows oven temperatures down to -55 °C with
liquid carbon dioxide or —99 °C with liquid nitrogen.

Refer To...
Chapter 13, The Column Oven

Ultra Fast Module Device

The UltraFast Module (UFM) deviceincludes a column module where acapillary
column, a heating wire and atemperature sensing wire are combined in atight
package using a ceramic fiber insulation.
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Compared to conventional air circulating GC oven, UFM Device features faster
temperature programming and it allows heating rates up to 1200 °C/min while
maintaining moderate power consumption. The device control is performed by a
dedicated control card installed in the GC electronic compartment.

The UFM Device is automatically recognized when the GC is turned on and a relevant
message is displayed during the GC start-up routine.

Refer To...
UFM Ultra Fast Module Device Instruction Manual

The column is where the chromatographic separation of the sample occurs.
Several types of columns are available for different chromatographic applications:

» capillary columns
» wide-bore capillary columns
« meta packed columns

e glass packed columns

Refer to...
Chapter 14, Columns

Detectors

Operating Manual

The following detection systems are available for the TRACE GC Ultra:
* Flame lonization Detector (FID)

e Electron Capture Detector (ECD)

« Nitrogen Phosphorus Detector (NPD)

e Photoionization Detector (PID)

«  Flame Photometric Detector (FPD) [Single and Dual Configurations]
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e Thermal Conductivity Detector (TCD)
»  Pulsed Discharge Detector (PDD)

Flame lonization Detector

FID

The Flame lonization Detector (FID) is one of the most useful detectorsin GC
because of its high sensitivity, good stability and wide range of linearity of
response. The FID ensures stable, reproducible, and long-term trouble-free
performance.

Refer to...
Chapter 16, Flame lonization Detector (FID)

Electron Capture Detector

=

ECD

The Electron Capture Detector (ECD) is a non-destructive detector that utilizes
the ability of many compoundsto capture electrons. It features avery low
ionization cell volume and increased resistance to contamination. This ensures
high sensitivity and trouble-free operations. You can easily remove and clean the
collecting electrode without disturbing the **Ni source.

The detector can be heated to 400 °C, extending its application range to higher
molecular weight compounds.

Refer to...
Chapter 17, Electron Capture Detector (ECD)

Nitrogen Phosphorus Detector

NPD

42

The Nitrogen Phosphorus Detector (NPD), equipped with a ceramic matrix
thermionic source, features high sensitivity and long-term stability for analyzing
compounds containing nitrogen and phosphorus. A special thermionic sourceis
aso available for Enhanced Nitrogen Selectivity (ENS) mode.

Refer to...
Chapter 18, Nitrogen Phosphorus Detector (NPD)
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Photoionization Detector

00

PID

The Photoionization Detector (PID) is mainly used to determine aromatic
pollulant compounds in environmental applications and to analyze policyclic
aromatic hydrocarbons. It uses aUV lamp to energize the sample eluted from the
chromatographic column. The type of lamp used determines the selectivity and
sensitivity of the detector. The PID iswidely used in the environmental field to
test for aromatic and policyclic hydrocarbons.

Refer to...
Chapter 19, Photoionization Detector (PID)

Flame Photometric Detector

FPD

The Flame Photometric Detector (FPD) is based on the emission photometric
principle. It is one of the most selective detectorsin gas chromatography. The high
sensitivity and good linear dynamic range (log scale for sul phur response) provide
excellent performance for trace determination of sulphur and phosphorus
containing compounds. Some uses of the FPD include pesticide residue analysis,
pollution control, and crude oil analysis.

This detector may aso operatein Dual FPD Configuration (Twin tube) installing a
second photomultiplier tube available as option in the relevant upgrade kit.

Refer to...
Chapter 20, Flame Photometric Detector (FPD)

Thermal Conductivity Detector

TCD

Operating Manual

The Thermal Conductivity Detector (TCD) isadual filament, single column
detector. Its response depends on the difference between the thermal conductivity
of pure carrier gas and that of carrier gas containing eluted sample. The TCD
features output signal amplification by afactor of 10. Two operating control
modes are possible: constant temperature, which ensures a high degree of
filament protection and high sensitivity, and constant voltage, which extends the
linear dynamic range to greater than 10°.

Refer to...
Chapter 21, Thermal Conductivity Detector (TCD)
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Pulsed Discharge Detector

= The Pulsed Discharge Detector (PDD) is an universal and highly sensitive
non-radioactive and nondestructive detector. It is based on the principle of the
photo ionization by radiation arising from the transition of diatomic helium to the
PDD dissociative ground state.

Refer to...
Chapter 22, Pulsed Discharge Detector (PDD)

Multidetector System

You can use a multidetector configuration to significantly reduce analysistime
and increase analytical information for complex samples providing a number of
chromatograms from each single injection. Detectors may be arranged:
* inseries
with a non-destructive detector (ECD, PID, TCD) followed by a destructive
detector (NPD, FPD or FID).

e inparalld
by using an effluent splitter for fused silica capillary column.
This may be particularly useful for bulk analysis of product formulations,
biochemical, and environmental applications.

Detector Base Bodies

Theionization detectors are easily interchangeable. Thisis made possible by base
bodies on the analytical unit that provide a connection between the detector and
the analytical column.

Two types of detector base bodies are available:

« for packed column

e for capillary column
The type you can use depends on the GC base unit configuration.

Refer to...
Chapter 15, Detector Overview
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Instrument Automation

The TRACE GC Ultra contains several automated features for running the GC,
communicating with other analysis equipment, and interacting with a data system.

Internal Automation

You program internal automation by entering run time and real-time clock events
in special menus. You can set these events to execute at specified times after
injection, at specified times during the day, and on specific days of the week.

Refer to...
Chapter 24, Automated Functions

Communication with External Units

You can connect the TRACE GC Ultrato externa modules and accessories, such
as data systems, autosamplers, and mass spectrometers.

Autosampler Interface
TriPlus and Al 3000/A S 3000 autosamplers can be connected to the GC.

Refer to...
Chapter 23, Al 3000/ AS 3000 Autosampler
TriPlus Operating Manual

Data Systems Interface

Operating Manual

Your TRACE GC Ultra generates analog and digital data output when you
perform chromatographic analysis. A computer with a Thermo Scientific data
system can be used to process the data from the GC.

According to the CPU board, standard or LAN, installed into the GC, the

communication between the data system and the instrument is performed through
RS232 serial line and Local Area Network respectively.
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Methods and Sequences

46

You can program analytical methods and sequences for autosamplersin the
TRACE GC Ultramenus.

Sequences tell the autosampler where the samples are located in the autosampler
tray and the order in which to analyze them. Methods control the analysis
parameters used during a sequence. You can store up to ten methods and five
sequences in memory.

Refer to...

Chapter 26, Using Analytical Methods
Chapter 27, Al 3000/ AS 3000 Autosampler Sequences
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This chapter gives a general overview of the TRACE GC Ultra user interface,
including basic information about key functions and menus.

The TRACE GC Ultra gas chromatograph is often used with a data system and
external devices, such as an autosampler. However, most functions can be
programmed through the GC.

The user interface has three components; afour-line display, display LEDs
showing the instrument’s status, and a keypad for data entry.

Each component is discussed in order from the top down. Figure 2-1 illustrates the
complete TRACE GC Ultra user interface.

Chapter at a Glance...

THE DISPIAY ..ttt bbbt 49
The DISPlay LEDS.....ccecciececse ettt st st sre et s 50
The TRACE GC UltraKeypad........ccccccvvieieriieiniee e seeseeseesieeseesieessesseenseeseeens 53
General NaVIgaLiON......c.eereriieeieeee ettt 66
Error CONQITIONS......ooviieiiiee ettt s e e s e e e seeneas 68

Operating Sequences
Editing aMenU ITEM ..ottt s sree 67
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Figure 2-1. The TRACE GC Ultra User Interface
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The Display
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The display shows the menus you use to control the GC parameters, settings, and
configuration options. To open amenu, press its associated key. For example,
pressthe LEFT INLET key to open the LEFT INLET menu. The dataentry keys
allow you to scroll through, set, and modify the menu information.

Figure 2-2 shows the components of atypical menu display.

Setpoint Value

Menu Title Scroll Indicator

Cursor

Ae

Parameter Line

) )
N )

=
Zz CJ

Actual Value

Figure 2-2. Components of the TRACE GC Ultra Menu Display

The following are the menu display components:

Menu Title—Thisisthefirst line of each menu. The menu title remains at the top
of the display and does not move, even when you scroll up and down the menu
items.

Cursor—The cursor indicates the currently selected menu item. Use the
UP ARROW and DOWN ARROW keys to move the cursor.

Setpoint Value and Actual Value—Many parameters display two values. The first
valueisthe actua vaue of the GC parameter. You enter the second value, whichis
the setpoint.

Scroll Indicator—Thisitem is found in the upper right corner of the display. It
indicates when not-currently visible menu items exist. It appearsin three ways:
« |, indicating that you can scroll downward

« T, indicating that you can scroll upward
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. 3 , indicating that you can scroll in either direction

Currently Visible Menu Parameters—The display shows four lines of amenu at a
time. Because the menu title always takes up thefirst line, three lines show menu
items.

Not Currently Visible Menu Parameters—The display shows three menu items at
atime. If amenu contains more than three lines, you can use the arrow keys to
scroll through the rest of the menu items.

The Display LEDs

The LEDs (Light Emitting Diodes) below the display screen indicate the TRACE
GC Ultra's operating status.

The Status LEDs

The status L EDsindicate the current operating mode and special settings activated
by the operator. Table 2-1 lists and explains each status LED.

Table 2-1. Status LED Descriptions

Not Ready/Error This LED lights when the GC is not ready to make arun, usually
because the specified oven temperature has not been reached. It
remainslit if any additional equilibration time has been configured. It
blinks when the GC has one or more error conditions.

Standby/Prep Run This LED lights when the GC isin Standby, waiting to be advanced to
the Ready Hatus.

It blinkslinks while the GC preparesfor arun, for example, while
opening or closing valves as required by the method or waiting for an
external device such as a mass spectrometer.

Run Log This LED lights when the GC records arun error or a parameter
changes during arun.

Gas Saver This LED lights when the gas saver function is enabled.

Baseline Comp This LED lights when baseline compensation is used.
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Table 2-1. Status LED Descriptions (Continued)
LED Description
Clock Table This LED lights when the clock table contains at |east one timed
event. Refer to The Clock Table in Chapter 24 to learn how to
schedule timed events.
Sequence This LED lights when an autosampler sequence is running.

Non-Active Met/
Seq Edit

ThisLED lights when you press the EDIT/ACTIVE key to edit a method
or sequence other than the one currently running. Press EDIT/ACTIVE
again to return to the active mode.

The Oven Ramp LEDs

The oven ramp LEDs indicate the temperature ramp stages during arun. You can
follow the progress of arun by observing these LEDs. Figure 2-3 shows the oven

Operating Manual

ramp LEDs.

L J
NOT READY
::ERROR

STANDBY
+:PREP RUN
[

FINAL TEMP
2:POST RUN

’:.x

RAMP \ CcooL

READYTO INITIAL 4@ ®

INJECT  TEMP s
[ ) ()

Figure 2-3. Oven Ramp LEDs

Table 2-2 describes the oven ramp LEDs.

Table 2-2. Oven Ramp LED Descriptions

LED Description
Ready to Inject This LED lights when the prep run has finished,
indicating you can inject asample or start an
autosampler.
Initial Temp This LED lightswhen arun starts and remains lit
during the initial hold time.
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The Display LEDs

Table 2-2. Oven Ramp LED Descriptions (Continued)

LED
Ramp

Description

This LED lights when the temperature startsto rise
for the first ramp and remains lit until the last
ramp’s temperature has been reached.

Final Temp/Post Run

This LED lights during the final temperature
holding time of last ramp and blinks during
post-run procedures.

Cool

This LED lights while the oven returnsto initial
conditions.
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The TRACE GC Ultra Keypad

Thefollowing sectionslist and describe the keys on the TRACE GC Ultrakeypad.
These keys are used to set up, operate, monitor, and program the instrument.
Figure 2-4 illustrates the complete keypad.

‘ =
I
a

OVEN LEFT RIGHT LEFT RIGHT LEAK
INLET INLET DETECT DETECT CHECK
[ aux LEFT RIGHT LEFT RIGHT COLUMN |}
: CARRIER CARRIER SIGNAL SIGNAL | | EVAL
4
eSS
1
i i
: <

Action Keys

Zone and Device
Information Keys

Instrument
Setup Keys

Shortcut Keys

Data Entry Keys

Information Keys

RUN LOG |}
H 1
'

METHOD STORAGE AND AUTOMATION

; =
REDIS RUN cLock
ACTIVE TABLE TABLE
AUTO SEQ

SAMPLER CONTROL

Method Storage and
Automation Keys

Figure 2-4. The TRACE GC Ultra Keypad
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Action Keys

Use the three action keys to start or interrupt activities you have specified. For
example, you can stop arun that you initiated.

The action keys are shown at the top of Figure 2-4 and in Figure 2-5.

el

Figure 2-5. Action Keys

Start
The blue START key starts arun with programmed parameters after you

manually inject asample into an inlet. When a remote start by another device,
such as an autosampler, has been programmed, the system automatically starts
after injection.

CAUTION Do not inject a sample until the Ready to Inject LED is lit.

Stop
The red octagona STOP key has the following functions:

op

» gtopsarunin progress
* resetsthe TRACE GC Ultrafrom Ready to Not Ready
e stops column characterization

» stopstheleak check function

Prep Run

Thelight blue PREP RUN key activates operator-specified actions which must
occur before the GC returns to Ready to Inject status. Press this key to return the
TRACE GC Ultrato initial Ready to Inject status conditions for arun. Thiskey
activates septum purge conditions, prepares the injector for the type of injection
you plan to use (split/splitless, etc.), and resets any gas saver features you have
specified in the LEFT and RIGHT CARRIER menus. During aprep run, valves

54 Operating Manual



Chapter 2

The TRACE GC Ultra Keypad The TRACE GC Ultra User Interface

open and close as necessary to prepare the injector before you make your
injection. If Ready Delay isconfigured, thisadditional waiting time for external
devices occurs after all other preparations are complete. The Standby/Prep Run
LED stopsblinking and stays it to let you know when the GC can be moved to the
Ready to I nject stage.

Zone and Device Information Keys

OVEN

NOTE

LEFT
INLET

RIGHT
INLET

LRe

Operating Manual

These brown keys open the zone and device menus. You enter setpoint for the GC
column oven, injectors, detectors, carrier gases, and signals using these menus.
Figure 2-6 shows the zone and device information keys.

OVEN LEFT RIGHT LEFT RIGHT
INLET INLET DETECT DETECT

AUX LEFT RIGHT LEFT RIGHT
CARRIER CARRIER SIGNAL SIGNAL

Figure 2-6. Zone and Device Information Keys

Oven

Use the OVEN key to set temperatures, times, and ramp rates. You can program
up to seven temperature ramps per run. You can aso program atimed postrun
temperature.

When Ultra Fast Module device isinstalled, you can program up to three
temperature ramps per run. For details refer to the UFM Ultra Fast Module
Instruction Manual.

The cryogenic, or subambient, option allows you to specify oven temperatures lower than
room temperature.

Left Inlet/Right Inlet

The parameters displayed when you pressthe LEFT INLET or RIGHT INLET
key vary depending on the type of inletsinstalled in your TRACE GC Ultra
system. Use these keys to set inlet parameters such as pressure and temperature
and to turn the pressure and temperature on or off. Any pressure surge information
you specify inthe LEFT and RIGHT INLET menuswill override other specified
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LEFT
DETECT
RIGHT
DETECT

AUX

LEFT
CARRIER
RIGHT
CARRIER
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gas pressure information. See the inlet chaptersin Section I11 for more
information.

Left Detector/Right Detector

The items displayed in the detector menus depend on the type of detectors
installed and configured on your GC. The TRACE GC Ultra supports seven
detectors:

e FID (Flame lonization Detector)

NPD (Nitrogen Phosphorus Detector)
e ECD (Electron Capture Detector)

* FPD (Flame Photometric Detector)

* PID (Photoionization Detector)

* TCD (Thermal Conductivity Detector)
e PDD (Pulsed Discharge Detector)

Any two may beinstalled at onetime. If you have purchased the auxiliary detector
option, you may install an ECD detector in tandem with one of the others.

Aux

This option controls external devices used with the TRACE GC Ultra. It is most
commonly used for a stacked detector, Dual FPD, third detector base body, jet
separator, valve oven, and MS (mass spectrometer) transfer line.

Left Carrier/Right Carrier

The items displayed in the carrier menus vary with the pressure and flow modes
you select.

You have a choice of four flow modes:

* constant pressure mode, which sets pressure only
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e constant flow mode, the most often used mode, which maintains a specific
flow rate through the column

p NOTE In constant pressure mode, you can set pressure but not flow. In constant flow mode, you
can set flow but not pressure.

» programmed pressure, which allows you to program up to three ramps of
pressure changes

» programmed flow, which allows you to set a certain flow rate and increase it
with up to three ramps

Refer to Chapter 4, Digital Gas Control, for more information about carrier menu

options.
Left Signal/Right Signal
— The items displayed on the signal menus depend on the type of detector you have
assigned to that location. Options for the ECD are somewhat different from the
others.

Thefirst item displays a unitless digital representation of the detector output. The
other items help make that output more measurable and meaningful.

Instrument Setup Keys

Use the pink instrument setup keys to perform certain preparatory functions.
Figure 2-7 shows these keys.

LEAK
CHECK

COLUMN
EVAL

CONFIG

Figure 2-7. Instrument Setup Keys
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CoLUMN Column Evaluation

EVAL
Thisfunction allows you to calibrate the DCC module with the nominal column
dimensions or, more accurately, according to the actua flow of the carrier gas
measured at the outlet of the column.

NOTE If you use packed columns, you do not need to perform column evaluation.

ke

S Leak Check
Press this key to perform aleak check at the desired pressure.

conFie Config

Use this function to configure your TRACE GC Ultra hardware when you first
receive it or make changesto it, such as when you install a new detector. See
Chapter 3, Configuration, for more information.

Shortcut Keys

The light-brown shortcut keys display status of several GC parameters and allow
you to jump within menus or to another menu to make adjustments. Figure 2-8
shows the shortcut keys.

() (=) () () (=)

Figure 2-8. Shortcut Keys

Temp

Pressthe TEMP key to display the setpoint and actual temperaturesin menuswith
multiple parameters. You can also jump between multiple temperature parameters
in menus, such asthe oveN and LEFT Or RIGHT INLET (PTV) Mmenus.

Press

Usethe PRESS key to display the setpoint and actual pressure readings and to go
to the relevant fields in the carrier and inlet menus.
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Flow

Press the FLOW key to display actual and setpoint gas flows for the inlets,
columns, and detectors. You can jump to flow parameter fieldsin theinlet, carrier,
and detector menus.

Time
Press the TIME key to display:

time

date

last run time

next run time

elapsed time and time remaining during the current run

the flow calcul ator

Ramp #
Press the RAMP # key and a number to quickly edit a specific temperature or
flow or pressure ramp.
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Data Entry Keys
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Use the light blue data entry keys shown in Figure 2-9 to enter information in the
various menus.

%) (= D
w) (X
ElEpIEy
OO
OO

Figure 2-9. Data Entry Keys

On/Yes, OffINo

Use these keys to turn functions on or off and to answer yes or no questions.

Mode/Type

Usethiskey to display submenusfor menu itemsthat do not have yes/no or on/off
choices. Usually you can use the ENTER key for the same purpose.

Numeric

The numeric keypad includes numbers from 0-9. The keypad includes a decimal
point, minus key, and infinity. The minus key acts as a negative sign (for entering
subambient temperatures) and a range key (for entering sets of numbers such as
1-30).

oo

Usethiskey to enter infinite times or durations.
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Enter
You can use this key to:

confirm changes to a selected menu item. For instance, after you have
selected of £ as the status for afunction, press ENTER.

confirm typed information in memory. For instance, after you havetyped 250
as your setpoint oven temperature, press ENTER.

move to a submenu. For instance, press ENTER when you have selected
Detector: FID-A tomovefromthe CONFIG RIGHT DETECTOR menuto
the DETECTOR TYPE menu. You can use the MODE/TYPE key for the same
purpose.

start or stop the timer on the stopwatch feature.

Clear
You can use this key to:

clear afield in which you have started to enter data.

back up to the previous menu level. For example, after you have chosen a
detector type from the DETECTOR TYPE menu, press CLEAR to return to the
CONFIG RIGHT DETECTOR Menu.

remove programmed events such as:

— clock time events

— runtime events

clear anonfatal error message and return to the previous display.
reset the timer in the stopwatch feature.

Arrows

Use the arrow keys to scroll through alist of menus or to move the cursor to an
editable field.
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Information Keys

The pink information keys shown in Figure 2-10 provide status, menu, diagnostic,
and run error data.

STATUS

RUN LOG

Figure 2-10. Information Keys

Status

This function displays the instrument status and any reasons the GC isin
Not Ready mode.

Info/Diag
Press this key once to bring up the range, options, and function of a selected menu
item, if the item can be edited.
Press the key twice to bring up diagnostic information, including:
» software and hardware information

e power checks

* oven, injector, and detector status

Run Log

This function displays the run log, which records errors that happen during run
time. It displays the time and description of any deviations that occur. See Run
Log in Chapter 24 on page 461 to learn how to use this feature.
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Method Storage and Automation Keys
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A method controls the function of the gas chromatograph during analytical runs.
You may specify parameters for any zone and device (including temperature
ramps in the oven menu), as well as autosampler parameters and run table timed
events. See Chapter 26, Using Analytical Methods, for more information.

A sequence describes how samples are treated in the injection stage and what
method will be used to analyze them.
For information about sequences, refer to:

e Chapter 27 Al 3000/ AS 3000 Autosampler Sequences

Use the brown keys and the blue EDIT/ACTIVE key shown in Figure 2-11 to
automate and edit certain functions.

METHOD STORAGE AND AUTOMATION

[ LOAD] [STORE] [METHOD] [ SEQ ]
EDIT RUN CLOCK
ACTIVE TABLE TABLE
AUTO SEQ
[SAMPLER] [ VALVES ] [CONTROL]

Figure 2-11. Method Storage and Automation Keys

Load

If you don’t have a data system, use this feature to recall an analytical method or
autosampler sequence. For instance, pressing LOAD and choosing Sequence and
then 5 from subsequent menus will bring up the parameters of sequence #5.

Store

Use this feature to enter an analytical method and/or autosampler sequence into
memory.
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O
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Method

Usethisfeature to load, store, or edit an analytical method with programmed
temperature and pressure ramps. You can store 10 methods in the TRACE GC
Ultrain addition to the default method.

Seq
Use thisfeatureto load, store, or edit a handling sequence for samplesin an
autosampler tray. You can store five sequences with five subsegquences each.

Edit/Active

Pressthe EDIT/ACTIVE key to edit an inactive sequence or method while another is
running. Your changes do not affect the current run. Press EDIT/ACTIVE again to
leave the editing mode and to display menus for current run.

To learn how to develop methods and sequences refer to:

e Chapter 26, Using Analytical Methods, or
e Chapter 27 Al 3000/ AS 3000 Autosampler Sequences

Run Table

Use this feature to program events to occur during arun, such as a valve opening.
You can specify up to ten events for each of ten methods.

Clock Table

Use this feature to program up to ten eventsto occur in real time. For instance,
you could specify a column bakeout on Wednesday at 8:00 A.M. These events
cannot be stored in a method. When the Mode : parameter is setto Active, you
can program the daysasa Specific cycle.

Auto Sampler

Use this feature to control all autosampler functions except alignment. From the
TRACE GC Ultra or the data system you can specify prewash and postwash
instructions, injection methods, and number of injections per vial.

If you don’t have an autosampler, you will receive an error message when you press this
key or any key or menu item associated with the autosampler or its sequences (SEQ,
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VALVES

SEQ
CONTROL
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SEQ CONTROL, LOAD»sequence, STORE»Sequence, or
EDIT/ACTIVE»sequence). Press any key to return to your previous menu.

Valves

Use this feature to specify and control up to four valves, as well asto manually
change the state of inlet valves or oven valves.

Seq Control
Use this feature to start or interrupt a sequence.
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General Navigation

General Navigation

The display shows three menu items at atime. A menu title bar in capital letters
always appears. Use the ARROW keys to scroll through the menus. To see a
submenu, pressENTER or MODE/TYPE. To return to ahigher-level menu, press
CLEAR. Table 2-3 displays examples of the various types of menu items and the
ways to edit their fields.

Table 2-3. Sample Menu

LEFT INLET (S/SL) $

Mode : splitless

Total flow

(57.0)

Split flow 50 50

Splitless time 1.00%*

Const sep purge? Y<

The title bar is always displayed. It cannot be edited. It can change,
though, depending on your choicesin other menus. For example, if
you select an S/SL inlet, thistitle changesto LEFT INLET (S/SL).
The arrow indicates that more items are availabl e than the ones
appearing in the four-line display.

Press ENTER or MODE/TYPE to display the submenu for this item.

The parentheses indicate that this field cannot be edited. Use the
arrow keysto scroll to another menu item.

The number on the left is the actual value. The number on theright is
the setpoint. Use the numeric keypad to enter an integer to change the
setpoint, or press the OFF/NO key to turn off the option.

Thisline shows atime entry. Use the numeric keypad to enter a
number with up to two decimal places. The asterisk showsthat it is
being edited. An asterisk can also indicate the active selectionin
aligt.

Use the ON/YES and OFF/NO keysto edit thisitem. The arrow
showsthat thisitem is selected.
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OPERATING SEQUENCE

Editing a Menu Item

NOTE

O

NOTE

O

p NOTE

Operating Manual

1. Presstherelevant key to select the menu to be edited, for instance, OVEN.

2. Toselect anitem within the menu, use the arrow keysto scroll until the cursor
(<) pointsto the item you want to edit.

3. You can changethe field's content in several ways:
a. Tochooseon/Off Orf Yes/No, usethe ON/YES and OFF/NO keys.
b. Enter a number with the numeric keypad.

You cannot edit any item in parentheses.

c. If thefield cannot be filled with on/off, yes/no, or a number, press
ENTER or MODE/TYPE to display a submenu of choices. In the
submenu, you may use the keypad or scroll with the arrow keys.

Press the INFO/DIAG key once to display the selected field’s range and options. If the
field cannot be edited, no information will appear. Press CLEAR to return to the menu.

4. When you have entered the proper information in the field, press ENTER to
load the new setpoint. The blinking asterisk disappears after you press
ENTER. To erase an entry before choosing it, press CLEAR.

If you are working in a submenu, you can also use the CLEAR key to return to the
higher-level menu.

5. Usethe ARROW keysto scroll to the next item you want to edit.
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Error Conditions

When error conditions occur, a message will appear on the display and the Not
Ready/Error LED will blink. For minor conditions such astrying to specify
parameters for items that haven’t been installed, the TRACE GC Ultra will
display aNot installed or not configured message.

However, the TRACE GC Ultra shuts down under some error conditions, such as
unbounded gas flow, hydrogen leaks, and improperly installed or configured
heating devices. When the TRACE GC Ultra detects these potentia hazard
conditions, it shuts down.

Unbounded Gas Flow

The TRACE GC Ultra shuts down when it senses unbounded gas flow. You need
to repair the source of the gas flooding and restart the instrument.

Hydrogen Leak

You can choose hydrogen as a carrier gas only if ahydrogen sensor was installed
at the factory. Refer to Using the Hydrogen Sensor on page xxix for information
on this option.

If the hydrogen sensor detects aleak, the TRACE GC Ultra shuts down. You need
to find and repair the leak before restarting.

Thermal Shutdown

The TRACE GC Ultra hardware and software protect the system from thermal
runaways or uncontrolled temperatures. The hardware and software check for
different thermal error conditions and shut down the heated zones if any errorsare
detected.

For proper operation, all potential heated zones must have either an installed
Sensor, or ajumper.

If ajumper is used, the heated zone must not be configured.
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Hardware Shutdown

The temperature sensors in the TRACE GC Ultra create a closed circuit. If a
sensor fails, the circuit opens and the hardware initiates thermal shutdown. This
shutdown can also happen if hardware containing atemperature sensor, such asan
ECD, isremoved. The missing temperature sensor opens the circuit and the
hardware initiates thermal shutdown. You must connect a plug to the temperature
sensor cable to close the circuit when an ECD is removed from the system.

When the hardware initiates a thermal shutdown, the TRACE GC Ultrawill
display the following message:

TEMPERATURE SHUTDOWN

Temperature zone (s)
exceeded the allowed
hardware limit (s)

If ahardware thermal shutdown occurs because of afailed temperature sensor,
contact your local Thermo Fisher Scientific customer service representative for
assistance. Refer to Appendix B, Customer Communication, for alist of Thermo
Fisher Scientific offices and affiliates worldwide.

Software Shutdown

The TRACE GC Ultra software uses the temperature sensors to control the
temperature zones. If the software is unableto control the temperature because the
leads to the temperature sensor are crossed, the software will initiate athermal
shutdown. If the system is configured for hardware containing a temperature
sensor (such as an ECD), the software will initiate thermal shutdown if that
hardware is removed.
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When the software initiates a thermal shutdown, the TRACE GC Ultra displays
one of the following messages.

TEMPERATURE SHUTDOWN

Isothermal zone not
controlling or
heating

TEMPERATURE SHUTDOWN

Shorted temp sensor
Run temperature
diagnostics

If a software thermal shutdown occurs, do the following:

1. Configurethe instrument properly, following the configuration instructionsin
Chapter 3, Configuration and in Chapter 15, Detector Overview.

2. Shut down the TRACE GC Ultraand turn it on again.

3. Resume operating your TRACE GC Ultra.
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This chapter describes how to set up the software on your TRACE GC Ultraeither
to match the installed hardware or to reflect your preferences.

Chapter at a Glance...
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When to Configure

When to Configure

The TRACE GC Ultrahasfew special set up sequences. After you first install and
configure the instrument, you will need to reconfigure only after you make
changes to the components. You must configure the system when:

using the TRACE GC Ultrafor thefirst time

adding new components

changing detectors

changing carrier gases

changing column types (to set the appropriate maximum oven temperature)
replacing a detector board

changing to an analytical method that requires different hardware

Configuration Main Menu

72

Press CONFIG to open the cONFIGURE main menu. The menu items may
change, depending on factory settings and current hardware. For instance, if no
right inlet isinstalled, the right inlet item will not appear in the CONFIGURE menu.
If you pressthe RIGHT INLET key, the following message displays:

RIGHT INLET

Not present, or not
configured

Table 3-1 describes the items in the coNFIGURE menu. Each item has a submenu.
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Table 3-1. Configuration Main Menu

CONFIG Thisline isthe menu title bar.

Oven page 72 | Controls preparatory actions such as automatic prep run, timeout,
equilibration time, and ready delay time. It also enables cryogenic
options and specifies maximum oven temperature.

Active This parameter indicates which inlet is operating when a

inlet three-way valveisinstalled.

Left inlet page 75 | This parameter controls the mode for the left inlet.

Left page 76 | This parameter controls the type of carrier gasfor the left inlet.

carrier

Right inlet | page75 | Thisparameter controlsthe mode for theright inlet.

Right page 76 | This parameter controls the type of carrier gasfor theright inlet.

carrier

Left page 76 | This parameter controls the type of detector fuel gas and make-up

detector gas for the left detector.

Right page 76 | This parameter controls the type of detector fuel gas and make-up

detector gas for the right detector.

Aux This parameter controls the type of detector fuel gas and make-up

detector gas for the auxiliary detector.

Aux. Zones page 78 | This parameter controls the temperature for preconfigured devices.
Two auxiliary temperature zones are available.

Time page 78 | This parameter sets the time and date.

Valves page 80 | Thisparameter configures up to eight external valves sampling and/
or switching valves when present.

Autosampler | page80 | Thisparameter controls an autosampler.

Handshaking | page8l | Thisparameter configures the polarity of signals from external
devices.

Keyboard & page 83 | This parameter controls keyboard and display preferences.

display

Operating Manual
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Oven

The TRACE GC Ultra oven provides great flexibility in controlling and
programming temperatures. In the CONFIG OVEN menu of Table 3-2, you can set

various preparatory parameters as well as activate the cryogenic option, if your
GC has that equipment.

When UltraFast Module deviceisinstalled, adedicated coNFIG ovEN menu will
be visualized as reported in the UFM Ultra Fast Module Instruction Manual.

Table 3-2. Config Oven Menu

CONFIG OVEN Thisline isthe menu title bar.

Auto prep On/Off This parameter automatically performsrun preparationswhen a

run seguenceis active.

Auto Start On/Off Allows an automatic Sart signal.

PR timeout 0.00-99.9 min | This parameter returns the GC to standby mode if injection
does not occur by thetime set and Auto prep runissetto
Off.

Enable Yes/No This function enables the oven’s cryogenic system whenitis

cryogenic?? installed and configured. Press YES to activate the cryogenic
system. Press NO to deactivate it.

Cryo 0.00-999.99 This parameter specify the time at which the cryo system will

Timeout' min be disabled if during the cooling phase the GC does not reach
theinitial temperature.

Start cryo | 40t0200°C This parameter specifies the temperature at which the cryo

at? system begins to supply the coolant.

Equil time 0.00-999.99 This parameter allows the oven temperature to stabilize after

min cooling for the length of time set

Ready delay | 0.0-99.9 min This parameter allows additional waiting time after the GC is
ready to ensure that any external devices are also ready.

Max temp 0450 °C This parameter limits the oven temperature to the setpoint.

1. These items appear only when cryogenic equipment has been installed and configured at the factory.
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Left/Right Inlet

The LEFT and RIGHT INLET menusalow you to configure the type of column
inlet you will be using. The settings for split/splitless, packed column, purged
packed column, and programmable temperature vaporizing injectors have been
preset at the factory, but you may select from the three types of on-column
injectors. Table 3-3 displaysthe CONFIG RIGHT INLET menu and itssubmenu
when an on-column inlet isinstalled.

Table 3-3. On Column Inlet Configuration Menu

Submenu Comments
CONFIG RIGHT RIGHT INLET PressENTER or MODE/TYPE to enter the
INLET submenu. Scroll with the ARROW key until
Inlet type OCI <| OCI < | the cursor pointsto your selection. Press
OCHOT ENTER to choose it. Press CLEAR to return
LVOCI to the main CONFIGURE menul.

p NOTE To run the ocHOT option, the TRACE GC Ultra needs a special temperature sensor. The
sensor is installed and configured at the factory.

If you select vocI and your instrument does not have a solvent vapor exit valve, the
TRACE GC Ultra will shut down and display the temperature fault message shown in
Figure 3-1. Select another option and restart the instrument.

TEMPERATURE SHUTDOWN

Shorted temp sensor
Run temperature
diagnostics

Figure 3-1. Thermal Shutdown Message
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Left/Right Carrier

The left and right carrier menus let you select a carrier gas for each column.

Table 3-4. Left/Right Carrier Menu

RIGHT CARRIER Thislineisthe menu title bar.
He This selects helium.
H2' This selects hydrogen.
N2 This selects nitrogen.
Ar/CH4 5% This selects argon/5% methane.
Ar This selects argon.

1. You cannot choose hydrogen as a carrier gas unless your instrument has a hydrogen
sensor. See Using the Hydrogen Sensor on page xxix for more information.

Left/Right Detector

The TRACE GC Ultraworks with seven types of detectors:
* FID (Flame lonization Detector)

NPD (Nitrogen Phosphorus Detector)

e ECD (Electron Capture Detector)

e PID (Photoionization Detector)

* FPD (Flame Photometric Detector)

* TCD (Thermal Conductivity Detector)

» PDD (Pulsed Discharge Detector)

Because the TRACE GC Ultra has three detector board dots, you may aternate
between your choice of three detectors. When you purchased your TRACE GC
Ultra system, you specified which detectors and what options you required. Some

of the configuration was done at the factory, but you can assign acolumn to a
specific detector.
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To change a detector, you must do the following:

e mount and connect the detector

« configure the GC and the data system

» plumb the appropriate gas supplies as described in Chapter 15, Detector
Overview

Theitemsinthe RIGHT and LEFT DETECTOR menus vary, depending on the
detectorsinstalled. To see the available detectors, scroll to Right Detector oOf
Left Detector inthe CONFIGURE menu, then pressMODE/TYPE or ENTER.
A list of detectors and their board locations appears.

DETECTOR TYPES

* FID-A

NPD-B

ECD-C

Thelettersa, B, and ¢ next to the detector refer to the three available board slotsin
the TRACE GC Ultra. You can assign any of the available detectors as either the
right or left detector.

Example: Selecting an FID for the Left Detector

1. Press CONFIG and scroll to Left Detector.

2. If your GC has the same options as those shown above, your menu selections
will be F1D, NPD, and EcD. Scroll to F1D and press ENTER.

If you want to change detectors and all detectors have been assigned, you must
choose one port and first set it to none before you can choose another detector.

If you want to change to a detector with a secondary heating element (ECD), exchange the
detector before changing the configuration. Changing the configuration first could cause a
thermal shutdown.
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p NOTE

Auxiliary Zones

Example: Changing the Right Detector from an FID to an NPD
The types of detectors supported by DGFC depend on the installed detector
modules. Refer to Table 15-2 in Chapter 15, Detector Overview, for the correct
gas supply connectionsto the detector module inputs.

1. Press CONFIG, then press RIGHT DETECT.

2. Sdect NpD and press ENTER.

Each kind of detector has its own settings and parameters.

The NPD requires an AD type DGFC control module. This module can be used to control
FID flame gases. To do this, you must plumb the hydrogen supply to the Gas 1 input of the
DGFC module and leave the Gas 3 input unconnected.

Auxiliary Zones

Time

The two auxiliary temperature zones control temperature in extra hardware such
as a heater, temperature sensor, valve oven, jet separator, mass spectrometer
interface, or other end-user devices. These resources must be configured at the
factory. However, in this menu you can specify whether to heat the assigned zone.
Table 3-5illustratesthe Auxiliary Temp Zone Menu.

Table 3-5. Auxiliary Zone Options

AUXILIARY TEMP ZONE
Aux 1 zone active N

Aux 2 zone active N

<

Thisline is the menu title bar.

Yes/No

Yes/No

These parameters control the
temperature for preconfigured
devices

78

You can set events, such as a column bakeout, to happen at certain times of the
day on certain days. Refer to Chapter 24, Automated Functions, for more
information about programming clock time events.
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The clock time events refer to the time set in the TRACE GC Ultra's clock. You
can set this time from the CONFIGURE menu.

When you open the coNFIG TIME menu, the following items appear:
e Time (hhmm)

e Date (mmddyy)

p NOTE Time is set on a 24-hour clock.
OPERATING SEQUENCE

Setting the Time

1. Press CONFIG to open the CONFIGURE menu.
2. Scroll to Time and press ENTER.
3. ScrolltoTime (hhmm).

4. Usethe numeric keypad to enter the time. For example, for 8:05 A.M., type
0805. For 2:30P.M., type 1430.

5. PressENTER. Press CLEAR to return to the CONFIGURE menu.

OPERATING SEQUENCE

Setting the Date

1. Press CONFIG to open the CONFIGURE menu.
2. Scroll to Time and press ENTER.

3. Scroll topate (mmddyyyy).
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4. Usethe numeric keypad to enter the month, day, and year. For example, for
September 7, 2009, type 090720009.

5. PressENTER. Press CLEAR to return to the CONFIGURE menu.

p NOTE Once you set the time and date, the values are battery backed-up and will remain even
after you turn off the instrument.

Valves

Press CONFIG to open the coNFIGURE menu, then scroll to valves and press
ENTER to open the CONFIGURE VALVES menu where you may configure up to
eight external valves.

CONFIGURE VALVES

Valve#l <

Valve#8

From each line press ENTER to open the menu where you may configure the type
of valve.

CONFIGURE VALVE#1

*Gas Sampling
Switching

None

Select the valve type of your interest and press ENTER.

To program these valves refer to Chapter 12 and Chapter 25.
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Autosamplers

Most autosampler functions can be controlled from the TRACE GC Ultraor the
data system. Only the alignment must be programmed at the autosampler.

Press CONFIG to open the coNFIGURE menu, then scroll to Autosampler and
press ENTER to open the CONFIG AUTOSAMPLER Menu.
Table 3-6 describes an example of autosampler configuration options.

Table 3-6. Autosampler Configuration

CONFIG AUTOSAMPLER Thisline isthe menu title bar.

Program inj speed Yes/No | This parameter allows you to specify a slower
plunger speed, such asfor alarge volume
injection.

Use internal standard Yes/No | Thisparameter allowsyou to inject an internal

standard with the sample.

Handshaking

Operating Manual

The TRACE GC Ultra can cooperate with other instruments, such as an
autosampler or mass spectrometer, during analysis.

To alow other devices to run properly, you must indicate how the signal will
change.

For example, the menu in Table 3-7 specifies that another device will start the GC
when the remote start signal changes from high to low.

Press CONFIG to open the cONFIGURE menu, then scroll to Handshaking and
press ENTER to open the HANDSHAKING menul.
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Menu
HANDSHAKING

Remote start in

Inhibit READY in

End of run out

Start of run out

GC READY out

Prep Run out

Handshaking

Table 3-7. Handshaking Configuration Menus

Submenus

Comments
Thisline isthe menu title bar.

REMOTE START
Input pulse:
Low to High
High to Low

This parameter allows another device to start
the GC. For the Al 3000/AS 3000
autosampler, you must select High to Low.

INHIBIT READY
Inhibit readiness:
When high
When low

This parameter delays readiness until the GC
receives asignal from another device.

END OF RUN
Output pulsed:
Low to High
High to Low

This parameter signals another device, such as
an integrator, that the run has ended.

START OF RUN
Output pulsed:
Low to High
High to Low

This parameter signals another device, such as
an integrator, that the run has started.

READY OUT
Show readiness:
When high
When low

This parameter signals another device that the
GC isready.

IN PREP RUN
Indicate
preparing:
When high
When low

This parameter signals another device that the
GC ispreparing for arun.
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This menu allows you to customize your keyboard and display. Table 3-8

describes these options.

Keyboard beep leadsto a submenu where you can specify when you want the
GC to dert you with a keyboard sound. To move to the submenu, select
Keyboard beep and press ENTER or MODE/TYPE.

Table 3-8. Keyboard & Display Menu

Keyboard lock

Keypad beep

Warning beep

Delimiter type

Pressure units

Run log active

KEYBOARD & DISPLAY

<

Thisline isthe menu title bar.

On/Off This parameter prohibits any menu
edits.

Referto | This parameter causes the GC to

Table 3-9. | beep when you press the keys
specified in the submenu.

On/Off This parameter causes the GC to
beep for certain error conditions,
such as low carrier gas pressure or
unbounded flow.

. or, This option allowsyou to select a
period or comma as a decimal
marker.

kPa, psi, | Thisoption alowsyou to select the

bar pressure unit for display.

Yes/No This option activates arun log

during arun.

Operating Manual
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Table 3-9 describes each of the keyboard beep options.

Table 3-9. Keyboard Beep Submenu

Menu Options Comments
KEYBOARD BEEP Thisline isthe menu title bar.

Any key press On/Off | Thisparameter causesthe GC to beep
when you press any key on keypad.

Enter key press On/Off | Thisparameter causesthe GC to beep
when you press ENTER.

On invalid key On/Off | Thisparameter causesthe GC to beep
when the key you pressis not avalid
option, such as a numeric entry
instead of ON/OFF.

Never On/Off | Thisoption turns off keyboard beeps.
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This section contains information on controlling and programming the
detector and carrier gas flows to the TRACE GC Ultra.

Chapter 4, Digital Gas Control, describes the automatic (DCC and
DGFC) gas control features of the TRACE GC Ultraand contains the
instructions to program and regulate the GC carrier gases control.

SECTION

Gases Control
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This chapter describes the automatic DCC and DGFG gas control features of the
TRACE GC Ultraand contains the instructions to program and regulate the GC
carrier, detector and auxiliary gases control.

Chapter at a Glance...
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Gas Control with DCC and DGFC Modules

Gas Control with DCC and DGFC Modules

The GC electronically control al the gas flows and pressures in the instrument.
It provides:

» flow and/or pressure control for all injectors, including flow and pressure
programming for carrier gas
« flow control for all detector gases

e agas saver mode to reduce carrier gas consumption with the Split/Splitless
(S/SL) and the Programmable Temperature Vaporizing (PTV) injectors.

The GC automatically identifies injectors and detectors with electronic control
modules during power-up. Some information must be entered manually by the
user. This operation is called configuration.

Gas Supplies

p NOTE

Pressure

The configuration of your TRA CE GC Ultra determines the carrier, make-up, and
fuel gas requirements. The gas flow modules installed determine whether you
regul ate the gas flow and pressure through digital DCC and DGFC pneumatic
control.

You should not connect any gases to the TRACE GC Ultra that are not referenced in the
documentation.

Commonly used gases are nitrogen, helium, hydrogen, and air. Other gases such
as argon and argon/methane are used more rarely. The gases required for different
injectors and detectors are discussed in detail in Chapter 1 of the TRACE GC
Ultra Ste Preparation and Installation Manual.

uUnits

88

You can specify the pressure units the TRACE GC Ultra displays. The default
pressure unit is the kilopascal (kPa). You specify the pressure unitsin the
CONFIGURE menu as described in the Configuring the Pressure Unit operating

Operating Manual



Chapter 4
Pressure Units Digital Gas Control

sequence on page 89. Table 4-1 gives a brief conversion guide for the most
commonly used pressure units in gas chromatography.

Table 4-1. Pressure Units Conversion

bar 0.01
kPa -
psi 0.145
kPa 100
bar -
psi 14.51
] kPa 6.89476
Si
P bar 0.0689476

100 kPa = 1 bar = 14.51 ps

OPERATING SEQUENCE

Configuring the Pressure Unit

The pressure unit is already configured to kPa (kilopascals). To change the
configuration, proceed as follows:

1. Press CONFIG, scroll to Keyboard and Display, then press ENTER.

2. Scroll to Pressure Unit and press ENTER to open the PRESSURE UNITS
menu.

PRESSURE UNITS

psi
* kPa <

bar

3. Scroll to the pressure unit to be used and press ENTER twice to confirm the
selection. An asterisk appears to the left of the pressure unit selected.
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DCC Carrier Gas Control

There are three types of DCC modules as shown in Figure 4-1. The type of
modul e installed depends on the injector in use. Each type of DCC moduleis
available into two versions according to the full scale (f.s.) of the flow regulator.

1. DCC Module (250 kPa or 1000 2. DCC Module (250 kPa or 1000 3. DCC Module (250 kPa or 1000
kPa f.s.) for OCl and PKD Injectors kPa f.s.) for PPKD Injector kPaf.s.) for S/SL and PTV
Injectors

Figure 4-1. DCC Modules

You enter the DCC gas control setpointsin the CARRIER and INLET menus.

The carrier gas menu includes all of the parameters for controlling gas flow.
For adetailed description of the CcARRIER menu items and ranges, refer to
paragraph Carrier Gas Menu on page 93.

For adetailed description of the INLET menu, refer to the relevant chapter
according to the injector in use.

The electronic control of the carrier gas allows a so the following operations.
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e Column Evaluation
Refer to the Performing a Column Evaluation operating sequencein
Chapter 14 for more information.

« Leak Check

Refer to the Performing a Leak Check operating sequence in Chapter 14 for
more information.

DCC Gas Flow Vents

When present, the septum purge and the split flow exit through the vents on the
top of the instrument as shown in Figure 4-2.

1. Split Line Vent 2. Septum Purge Line Vent
Figure 4-2. DCC Split Flow and Septum Purge Flow Vents
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DGFC Detector Gases Control

There are four types of DGFC modules as shown in Figure 4-3. The type of
modul e installed depends on the detector in use and on the presence of the
make-up gasline.

1. DGFC Module type AA for ECD 2. DGFC Module type AB for ECD, 3a. DGFC Module type AC for ECD,

only PID, FPD, FID without Make-up PID, FPD, FID with Make-up gas
gas 3b. DGFC Module type AD for NPD,
ECD, PID, FPD, FID without
Make-up gas

Figure 4-3. DGFC Modules

You enter the gas control setpointsin the DETECTOR, and AUXILIARY MeNus.
Detector gases are discussed in Chapter 15.
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Carrier Gas Menu

Flow Mode

Operating Manual

This paragraph explains the electronic programming and control of the GC carrier
gas. The Digital Carrier Control (DCC) modules provide for the electronic control
of the carrier gas.

The caRRIER menu includes the control parametersfor the carrier gas, regardiess
of the carrier gastype.

Visualized parameters change according to the set operating mode: constant flow,
constant pressure, programmed flow or programmed pressure.

Press LEFT CARRIER or RIGHT CARRIER to display the LEFT Of RIGHT CARRIER
menul.

LEFT CARRIER?!

Pressure 30.0 30.0
Col.flow 3.00
Lin. veloc. (60.9)<

1. These settings could a so be for theright carrier.

The Flow mode menu displays the four options available for the carrier gas
control:

» constant flow
* constant pressure
* programmed flow

* programmed pressure

Scroll tothe Flow mode parameter and press MODE/TYPE or ENTER to open the
flow mode menu:
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Menu
LEFT CARRIER

Pressure

Col. flow

Lin. veloc.

Void time

Flow mode

94

Carrier Gas Menu

LEFT CARRIER FLOW MODE

Constant flow <
Constant pressure

Programmed flow

Programmed pressure

Scroll to the desired flow mode and press ENTER to confirm the selection. An
asterisk appears to the left of the selected flow mode. The itemsin the CARRIER
menu change depending on the selected flow mode. Tables 4-2 through 4-5 show
the cARRIER menu for each of the four modes.

Constant Flow Mode

In constant flow mode, the column flow is kept constant throughout the analysis.
The pressure at the column head will change with the column temperature to
maintain a consistent flow.

Table 4-2. Carrier Menu in Constant Flow Mode

Range Comments

Thisline isthe menu title bar.

Not editable This line displays the pressure setpoint value that
depends on the flow set.

On/Off, This line shows the constant flow rate of carrier gas

0-100 mL/min passing through the column. Press ON to display the
actual and setpoint values. Press OFF or 0 to turn off al
inlet flows.

Not editable This line shows the velocity of the carrier gas through
the column, expressed in cm/s.

Not editable This line indicates the elution time, expressed in
seconds, of an un-retained peak.

Const flow This line indicates the selected flow mode.
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Menu

Gas saver
flow'

Saver timel!

Vacuum comp

Chapter 4
Digital Gas Control

Table 4-2. Carrier Menu in Constant Flow Mode (Continued)

Range Comments

On/Off, This line indicates the gas saver flow.

0-500 mL/min Press ON to turn on the gas saver flow and display the

setpoint value. Press OFF to turn off the gas saver
function. The flow is retained in memory.

0.00-999.99 min | Thisline showsthe gas saver time, which isthetimein
the run at which the gas saver function starts to operate.
Thisline does not appear if Gas saver flowiSOff.

On/Off Use this parameter only when the TRACE GC Ultrais
used with a mass detector to compensate for vacuum
column outlet.

1. Thisparameter is displayed only for the S/SL and PTV injector.

Menu
LEFT CARRIER

Pressure

Col. flow

Lin. veloc.

Void time

Flow Mode

Operating Manual

Constant Pressure Mode

In constant pressure mode, the pressure at the column head is kept constant
throughout the analysis. During atemperature program, the column flow
decreases due to the increase of the carrier gas viscosity.

Table 4-3. Carrier Menu in Constant Pressure Mode

Range Comments

Thislineisthe menu title bar.

On/Off, This line shows the constant pressure of the carrier gas

2-250 kPat or passing through the column. Press ON to display the

10-1000 kPa actual and setpoint values. Press OFF or 0 to turn off all
inlet pressures.

Not editable Thisline displays the actua column flow value that
depends on the pressure set.

Not editable Thisline shows the velocity of the carrier gas through
the column, expressed in cm/s.

Not editable Thislineindicatesthe elution time, expressed in seconds,
of an un-retained peak.

Const Pres Thisline indicates the selected flow mode.
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Menu

Gas Saver
flow?

Gas Saver

time?

Vacuum comp

Carrier Gas Menu

Table 4-3. Carrier Menu in Constant Pressure Mode (Continued)

Range

On/Off,
0-500 mL/min

Comments
This line indicates the gas saver flow.

Press ON to turn on the gas saver flow and display the
setpoint value. Press OFF to turn off the gas saver flow.
The flow is retained in memory.

0.00-999.99 min

This line shows the gas saver time, which isthetimein
the run at which the gas saver function starts to operate.
This line does not appear if Gas saver flowiSOff.

On/Off

Use this parameter only when the TRACE GC Ultrais
used with a mass detector to compensate for vacuum
column outlet.

1. Thedefault pressure unit is kPa. You can change the unitsto psi or bar in the CONFIGURE menu.
2. Thisparameter is displayed only for the S/SL and PTV injectors.

Menu
LEFT CARRIER

Pressure
Col. flow
Lin. veloc.

Void time

Flow mode

96

Programmed Flow Mode

In programmed flow mode, the column flow rate can be programmed to change
during the analytical run. In this mode, up to three flow ramps can be entered.

Table 4-4. Carrier Menu in Programmed Flow Mode

Range Comments

Thisline isthe menu title bar.

Not editable Thisline displays the pressure value that depends on the
flow set.

On/Off, Thisline shows the flow rate of the carrier gas passing

0-100 mL/min through the column. Press ON to display the actual and
setpoint values. Press OFF or 0 to turn off all inlet
pressures.

Not editable Thisline shows the velocity of the carrier gas through the
column, expressed in cm/s.

Not editable Thisline indicates the elution time, expressed in seconds,
of an un-retained peak.

Prog flow Thisindicates the selected flow mode.
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Table 4-4. Carrier Menu in Programmed Flow Mode (Continued)

Initial flow

Initial time

Ramp 1

Final flow

Final time

Ramp 2-3

0.0-100 mL/min | Thisline defines the beginning flow rate.

0-999.99 min This line defines the length of time the GC maintains the

Initial flow

On/Off, oo, This line defines the ramp rate in mL/min to reach the
0-120 mL/min final flow rate. Press ON to enable the ramp and display
the setpoint value.

0-100 mL/min This parameter defines the final flow rate the carrier gas
will reach at the end of the ramp rate.

0-999.99 min, == | This parameter defines how long the corresponding
Final flow must be kept.

On/Off, eo, To program additional ramps, press ON and enter the ramp
0-120 mL/min? ratesin mL/min®. The Final flowand Final time
menu items for the ramp are displayed. The ranges and
functions of these menu items are identical to the Final
flow and Final time menuitemsfor Ramp 1.

Gas Saver
Flowl

Saver timel!

Vacuum comp

On/Off, This line indicates the gas saver flow.

0-500 mL/min Press ON to turn on the gas saver flow and to display the
setpoint value. Press OFF to turn off the gas saver flow.
The flow isretained in memory.

0.00-999.99 min | Thisline shows the gas saver time, which isthetimein
the run at which the gas saver function starts to operate.
This line does not appear if Gas saver flowiSOff.

On/Off Use this parameter only when the TRACE GC Ultrais
used with a mass detector to compensate for vacuum
column outlet.

1. Thisparameter is displayed only for the S/SL and PTV injectors.
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Carrier Gas Menu

Programmed Pressure Mode

In programmed pressure mode, the inlet pressure can be programmed to change
during the analytical run. In this mode, up to three pressure ramps can be entered.

Table 4-5. Carrier Menu in Programmed Pressure Mode

LEFT CARRIER

Pressure
Col. flow
Lin. veloc.

Void time

Flow mode

Thislineisthe menu title bar.

On/Off, This line shows the constant pressure of the carrier gas

2-250 kPa or passing through the column. Press ON to display the

10-1000 kPat actual and setpoint values. Press OFF or 0 to turn off all
inlet pressures.

Not editable Thisline displays the actual column flow value that
depends on the pressure set. This parameter is not
editable in programmed pressure mode.

Not editable Thisline showsthe velocity of the carrier gas through the
column, expressed in cm/s.

Not editable Thislineindicates the elution time, expressed in seconds,

of an un-retained peak.

Prog Pres

Thisline indicates the selected flow mode.

98

Initial 2-250 kPa or Thisline definestheinitial pressure.
Pressure 10-1000 kPa
Initial time 0-999.99 min,eo | Thisline defines the length of time the GC maintains the
initial pressure.
Ramp 1 On/Off, oo, Thisline defines the ramp pressure in kPa/min to reach
0-120 kPalmin | theFinal pressure. PressON to enable the ramp and
display the setpoint value.
Final pressure | 2-250kPaor This parameter defines the final pressure the carrier gas
10-1000 kPat will reach at the end of the ramp rate. This line does not
appear unless aramp has been activated.
Final time 0-999.99 min, This parameter defines how long the corresponding final
o pressure must be maintained. This line does not appear

unless aramp has been activated.
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Table 4-5. Carrier Menu in Programmed Pressure Mode (Continued)
Menu Range Comments

Ramp 2-3 On/Off, eo, To program additional ramps, press ON and enter the
0-120 kPa/min | ramp ratesin kPa/min. The Final pressure and
Final time menuitemsfor theramp aredisplayed. The
ranges and functions of these menu items are identical to
theFinal pressure andFinal time menuitemsfor

Ramp 1.

Gas Saver On/Off, Thislineindicates the gas saver flow. Press ON to turn on

Flow’ 0-500 mL/min | the gas saver flow and display the setpoint values. Press
OFF to turn off the gas saver flow. The flow isretained in
memory.

Saver time® 0-999.99 min Thisline shows the gas saver time, whichisthetimein

the run at which the gas saver function starts to operate.
Thisline does not appear if Gas saver flowiSOff.

Vacuum comp On/Off Use this parameter only when the TRACE GC Ultrais
used with a mass detector to compensate for vacuum
column outlet.

1. Thedefault pressure unit iskPa. You can change the unitsto psi or bar in the CONFIGURE menu.
2. Thisparameter is displayed only for the S/SL and PTV injectors.
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OPERATING SEQUENCE

Configuring the Carrier Gas

To change the carrier gas configuration, proceed as follows:
1. PressCONFIG and scroll to Left carrier Of Right carrier.

2. Press MODE/TYPE to display a submenu of carrier gases.

CONFIG LEFT CARRIER

* Helium <
Hydrogen
Nitrogen
Ar/CH4 5%
Argon

3. Scroll to the gasto be used and press ENTER to confirm the selection. An
asterisk appears on the left of the gas selected.

p NOTE Hydrogen will always be displayed, but it can be selected only if a hydrogen sensor is
installed in the column oven. If not, the message Hydrogen sensor required Will
be displayed if you try to select hydrogen.
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OPERATING SEQUENCE

Programming the Carrier Gas Parameters

/() NOTE

Operating Manual

Before you begin this procedure, do the following:

e Check that the carrier gastypeis correct for the analysis.

When you install a new column, you must perform a column evaluation.

e Press LEFT CARRIER or RIGHT CARRIER to open the appropriate CARRIER
menu.

Select the Carrier Flow Mode
1. Scroll to Flow mode and press MODE/TYPE or ENTER.

2. Scroll to the mode you want and press ENTER.

Enter the Initial Flow or Pressure

1. If youselected constant flow mode, scroll to col. flow and enter the
desired initial value. Press ENTER. The GC calculates the pressure hecessary
and adjusts the pressure as necessary to maintain the constant flow.

2. If you selected constant pressure mode, scroll to Pressure and enter
the desired initial value. Press ENTER.

Enter a Flow or Pressure Program
When you select programmed flow or programmed pressure, the CARRIER menu
contains parameters for up to three program ramps.

1. If you selected Prog flow, scroll to Initial f£low and enter the desired
value. PressENTER.

2. If you selected prog pressure, scroll to pressure and enter the desired
value. PressENTER.

3. ScrolltoInitial time and enter avalue. This parameter ends theinitial
part of the program.
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Carrier Gas Menu

Program the Ramps

1.

2.

To program aramp, scroll to Ramp 1 and enter the value.

Scroll to Final flow 1 Of Final pres 1 and enter thefinal value for the
ramp.

Scroll to Final time 1 and enter the fina timefor Ramp 1. This operation
ends the first ramp setting.

If you do not want a second ramp, leave Ramp 2 setto of £. To enter asecond
ramp, scroll to Ramp 2 and enter the value.

Scroll to Final flow 2 Or Final pres 2 andenter thefinal valuefor the
ramp.

Scroll to Final time 2 and enter the final time for Ramp 2. This operation
ends the second ramp setting.

If you do not want athird ramp, leave Ramp 3 setto of£. To enter athird
ramp, scroll to Ramp 3 and enter the value.

Scroll to Final flow 3 OF Final pres 3 and enter thefinal value for the
ramp.

Scroll to Final time 3 and enter the fina timefor Ramp 3. This operation
ends the third ramp setting.
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SECTION

Injectors

This section contains information about the injection systems available
for the TRACE GC Ultra.

Chapter 5, Split/Splitless Injector (SSL), describes the split/splitless
injector and contains operating procedures for the different
split/splitless operating modes.

Chapter 6, On-Column Injector (OCI), describes the on-column
injector, on-column injection techniques, and operating procedures.

Chapter 7, High Oven Temperature Cold On-Column Injector (HOT
OC), describes the HOT on-column injector for injections at high oven
temperatures, HOT on-column injection techniques, and operating
procedures.

Chapter 8, Large Volume On-Column Injector (LVOCI), describes the
on-column injector used for large volume injections with an
autosampler.

Chapter 9, Packed Column Injector (PKD), describes the packed
column injector and explains the packed column operating procedures.

Chapter 10, Purged Packed Column Injector (PPKD), describes packed
column injectors with a septum purge. Included in this chapter are
injection techniques and operating procedure descriptions.

Chapter 11, Programmable Temperature Vaporizing Injector (PTV),
describes the Programmabl e Temperature Vaporizing injector and
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contains operating procedures for using the injector in different
operating modes.

Chapter 12, Gas Sampling Valve (GSV), describes the gas sampling

valves available with the TRACE GC Ultra and contains operating
sequences for manual and automatic sampling.
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Split/Splitless Injector

(S/SL)

Operating Manual

This chapter describes the Split/Splitless (S/SL) injector and contains operating
sequences for the different split/splitless operating modes.

Chapter at a Glance...

SISL OVEIVIBW ...ttt sttt st sttt 106
S/SL INJECtion TEChNIQUES. .......co.eruiriieceriesie et 116
SSL Backflush Operation..........cccceeceeceene e see s se e s e e 122
Large Volume Splitless INJeCtor (LVSL) ...c.cvvverererenenieresesese e 124
SISL INJECION MENUS......coviriiiiieeieeicete ettt 128

Operating Sequences

Installing aLiner and SEPtUM........ccceeiiiieeiee e e e 132
Programming the Split MOE .........ccv e e 133
Programming the SplitleSSMOdE...........cooeiriniriecreere s 134
Programming the Surge SplitlesSS MOdE...........ccvveveeiiniee e 135
Programming the Large Volume Splitless Method...........cccccevevccecvieecc e, 136
Performing @ S/SL INJECHION ........cviiriieieesesee s 139
Performing aLVSL INJECHION .....ccueeve e 141
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S/SL Overview

The S/SL injector, shown in Figure 5-1, is optimized for either split or splitless
applications to ensure effective sample transfer into the column, minimizing
heavy component discrimination. For both split and splitless applications, the
sampleisinjected through a septum into a glass liner in the vaporization chamber.
The technique used, either split or splitless, determines the choice of the glass
liner and the length of the syringe needle. You can control the injector temperature
from ambient to 400 °C, although the actual injector temperature you use depends
on the solvent choice and thermal stability of the samples.

An electronic device controls the split flow, while the septum purge flow is kept
constant by a calibrated flow regulator. The S/SL injector is aso equipped with
electronically actuated On/Off valve for septum purge line. Volatile components
given off by the hot septum can produce ghost peaks in a chromatogram. The
septum purge system can continually purge the septum with aflow of gas. This
prevents the volatile components given off by the septum from entering the
column. Figure 5-2 shows the septum purge system. Figure 5-3 shows the S/SL
injector components.

Large Volume Splitless Injector (LVSL)

A special setup of the split/splitless injector that allows the introduction of large
sample volumes. Refer to Large Volume Splitless Injector (LVSL).

The use of adedicated software named LVSL Assistant is used to determine the
best temperature and pressure settings for the LV SL injection. Besides, it allows
to estimate the shortest oven initial time in relation to the chosen large volume,
kind of solvent and other parameters like carrier and inlet conditions.
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Split/Splitless Injector (S/SL)

1. Septum Cap

2. Septum

3. Graphite Liner Seal
4. Glass Liner

5. Fixing Nut

6. M4 Retaining Nut

7. Graphite Column Ferrule
8. Capillary Column

A. Carrier Gas Inlet

B. Split Line

C. Septum Purge Line

Figure 5-1. Split/Splitless Injector
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e

cea— 6
7
1. Spring 6. Graphite Liner Seal
2. Septum 7. Glass Liner
3. Septum Holder A. Carrier Gas Inlet
4. Septum Support B. Septum Purge Line
5. Liner Cap C. Split Line

Figure 5-2. Septum Purge System

Figures 5-3 and 5-4 shown the components of the split/splitless injector and large
volume splitless injector respectively.
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.-@% 11

=7
1. Septum Cap 9. Anti-rotation Plate
2. Septum Holder 10. Metal Ring
3. Septum 11. Fixing Nut
4. Septum Support 12. Silver Seal
5. Liner Cap 13. Terminal Fitting
6. Liner 14. Fixing Nut
7. Graphite Liner Seal 15. Graphite Column Ferrule
8. Injector Body 16. M4 Retaining Nut

Figure 5-3. Split/Splitless Injector Components
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1. Septum Cap 10. Injector Body

2. Septum Holder 11. Anti-rotation Plate

3. 9-mm Septum 12. Metal Ring

4. LVSL Adapter 13. Fixing Nut

5. LVSL Adapter Vespel Seal 14. Silver Seal

6. Liner Cap 15. Terminal Fitting

7. Metal Ring 16. Fixing Nut

8. Vespel Liner Seal (already installed) 17. Graphite Column Ferrule
9. Liner 18. M4 Retaining Nut

Figure 5-4. Large Volume Splitless Injector Components

110 Operating Manual



S/SL Overview

Septum

p NOTE

Liners
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Chapter 5
Split/Splitless Injector (S/SL)

Standard Septum

You should always use good quality septa, such asthe BTO septa supplied with
the TRACE GC Ultra. Such septaresist deformation, have longer life expectancy,
and have alow bleed level, even at high temperatures.

Microseal™ Valve
S/SL injector is compatible with the use Merlin Microsea ™ High Pressure Valve
instead of the standard septa.

To replace the standard septum with the Microseal™ Valve, the relevant installation kit is
required.

Microseal ™ valve requires a 0.63 mm diameter (0.025-inch) blunt tip syringe or
the side hole needletip.

You may install different types of glass liners depending on the injection mode
used. Figure 5-5 and Table 5-1 shown the liner options.
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SISL Overview
Detector(IYT] [T [T M1 1 M1 T N
Side
q| B 4| |B
_ ? p
Column(]|
Side G WY é. Wi U
B C D E F G H
Figure 5-5. Injector Liners
Table 5-1. Injector Liner Sizes and Applications
ID# Part Number Liner Type Description and Application
A | 45320031 Oy X
b \\ \\ g
3mm ID; 8 mm OD; 105 mm length.
Glass liner used for split injections.
B | 45320030 L O\
u \\ ﬂ
5mm ID; 8 mm OD; 105 mm length.
.Glass liner used for split injections.
112
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Table 5-1. Injector Liner Sizes and Applications (Continued)

ID# Part Number Liner Type Description and Application

C | 45320032
) \\ ——
3 mm ID; 8 mm OD; 105 mm length.
Glass liner used for splitlessinjections.
D | 45320033
D —
5mm ID; 8 mm OD; 105 mm length.
Glass liner used for splitlessinjections.
E | 45300310 D \‘\ mﬂ
5mm ID; 8 mm OD; 105 mm length.
Glass liner used for direct injectionsinto a wide-bore column.
F | 45300320
| —
5 mm ID; 8 mm OD; 105 mm length.
Glass liner used for split injections at high flow rates or for the most polar
solvents.
G | 45302065 -
—— —
5mm ID; 8 mm OD; 105 mm length.
Glass liner packed with deactivated glass wool used for large volume splitless
injection of dirty sample (Vespd seal included).
H | 45322067 N
— \\ i
5mm ID; 8 mm OD; 105 mm length.
Deactivated laminar liner used for large volume splitless injection of samples
containing labile compounds (Vespel seal included).
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The glassliner used for direct splitlessinjection into a wide-bore column is

tapered at the bottom. It is used with 0.53 mm ID columns. Figure 5-6 shows the
tapered glass liner.

4

1. Carrier Gas Inlet 3. Septum Purge Line
2. Split Line

Figure 5-6. S/SL Wide-Bore Injection with a Tapered Liner

A laminar cup liner isused for split injections at high split flow rates or for the
more polar solvents. This glass liner has amixing chamber with an extended flow
path that allows complete sample vaporization before the sample reaches the split
point.

LV-liner packed with glass wool on the bottom is used for large volume splitless
injections. Please note that LV liners have aready mounted a vespel seal and a
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metallic back ferrule to ensure perfect tightness requested when the liner isfilled
with large amounts of vapor.

LV-Laminar cup liner should be used when analyzing labile substances which can
suffer breakdown on high surface packing.

Packed Columns

With aspecial conversion kit, you caninstall packed columnsin the S/SL injector,
as shown in Figure 5-7.

1. Carrier Gas Inlet 3. Septum Purge Line
2. Split Line

Figure 5-7. S/SL with a Packed Column
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S/SL Injection Techniques

You use different sample injection techniques for split and splitless applications.

Split Injection Technique

p NOTE

116

In split injection, only a part of the sample transfersinto the column. The rest
discharges through the split line.

Theratio of the split flow to the column flow (the split ratio) determines the
amount of sample that enters the chromatographic column. Figure 5-8 illustrates
the gas flows for the split injection technique.

You inject the sample into aglass liner inside the heated vaporization chamber. In
the chamber, the sample undergoes rapid vaporization. The relatively high gas
flow through the injector carries the vaporized sample rapidly down toward the
head of the column.

At the column head, the sample splitsin the split ratio. A portion of the sample
goes into the column, while the remainder is carried out the split line. You set the
column flow and the split flow in the LEFT or RIGHT INLET menu.

Narrow bore columns, which have inherently low column flows, can produce
relatively high split ratios.

Hot Empty Needle Injection Technique

Using conventional syringes in hot injectors may cause discrimination of higher boiling
point components. This is due to partial sample vaporization within the hot syringe needle.
We recommend you use a hot empty needle injection technique. This technique consists of
drawing the sample volume into the syringe barrel followed by a small air gap, which
ensures the syringe needle is empty. You insert the empty needle into the injector, wait a
few seconds, inject the sample rapidly, and immediately remove the syringe.

Split injection is suitable for high-concentration sample analysis, headspace
analysis, and isothermal analysis.
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3

1. Carrier Gas Inlet 3. Septum Purge Line

2. Split Line

Figure 5-8. Split Injection Technique

The major advantages of split injection are simplicity and the ability to introduce
samples over awide range of concentrations. Peak shapes in the chromatogram
are generally very sharp due to the rapid sample introduction into the column.
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Splitless Injection Technique

Splitlessinjection is suitable for the analysis of compounds present in very low
concentrations and for relatively dirty matrices.

The splitless technique alows the entire sampl e to enter the column without
splitting. This offers better sensitivity than the split technique. Compared to
on-column injection, which is also suitable for capillary column analysis of
compounds at low concentrations, splitless injection has the major advantage that
it can accommodate significantly dirty samples.

With splitlessinjection, the split lineis closed during sample injection and transfer
to the column. Once the transfer is over, the split line reopensto flush the
vaporization chamber of any remaining sample vapors. Figure 5-9 shows the
split/splitless injector used for splitless injection.

During splitlessinjection, when the split valves are closed, the flow of gasthrough
theinjector isrelatively low. It is equal to the column flow—only a few mL/min.

The vapor cloud generated by the vaporization of the liquid sample expands
upward from the point of vaporization and can fill the liner.

The injector can accept and quantitatively transfer to the column sample volumes
of upto5 L.

With injection volumes higher than 4 LLL, the recovery of the sample injected can
be improved by closing the septum purge as well as the split valve during the
splitless period.

You can program thisin the INLET menu when you select the splitless mode.
Condensation and subseguent loss of higher molecular mass compoundsin the top
region of the injector liner is prevented by effective heating over the whole length
of the injector.
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-
L <j 1
2 i — 3
/i <7
1. Carrier Gas Inlet 3. Split Line
2. Septum Purge Line

Figure 5-9. Splitless Injection Technique

Thetransfer of the vaporized sample from the injector to the column takes place
very slowly due to the relatively low column flows involved. With typical carrier
gas flow rates of 1-4 mL/min, the transfer can take between 30 and 90 seconds,
depending on avariety of circumstances.

Thistransfer timeis the splitlesstime. You can set the splitlesstimein the INLET

menu when you select splitless mode. For narrower diameter columns (< 0.22
mm) with inherently lower flows (< 1.0 mL/min), the transfer might never be
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completely achieved due to back diffusion of sample vaporsin the injector a a
higher rate than transfer into the column.

You can counter this by using the splitless surge pressure mode. In this mode, the
pressure in the injector temporarily increases during the splitless period to
increase the flow into the column. You set the surge pressure, which activates
during the Prep Run stage.

At the end of the splitless period, the split valve reopens and the split flow flushes
the injector of any remaining sample vapors. In splitless injection, the absolute
split flow is not important. It need only be sufficient to purge the injector.
Normally 40-50 mL/min is adequate.

Refocusing the Sample

The sample vapors enter the column over an extended period of time and produce
very broad starting bands. To maintain column efficiency, some form of
refocusing must take place in the column inlet before chromatography begins.

To achievethis, keep the oven temperature to a sufficiently low value during the
transfer of the sampleto trap it on the column head by condensation or solvent
effect.

This technique's efficiency is greatly enhanced by correctly choosing conditions
for column character, carrier gas flow rates, splitless time, column temperature,
and injector liner internal diameter. All of these conditions can affect the transfer
efficiency and refocusing.

* Solvent Effect
To refocusing the compounds that elute at low temperature, the so-called
solvent effect is used. It consists of the volatile compounds trapping on the
solvent recondensed in column. It is obtained cooling the column to 20-25 °C
below the solvent boiling point, combined with injection volumes of at least 1
uL. Isothermal analysis or temperature programming can then continue. You
must carefully control the analysis conditions and use a 7 cm syringe needle
applying the Hot Empty Needle Injection Technique.

e Temperature Effect
You can refocus later eluting compounds without solvent effects by cooling
the oven sufficiently during the transfer. The trapping temperature effect traps
and refocuses the sample compounds.
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Flooding

Splitless injections may occasionally exhibit an effect known as flooding, which
can result in peak distortion due to the solvent condensation. You can overcome
flooding effects by using aretention gap. Refer to Retention Gaps/Pre-Columnsin
Chapter 6, High Oven Temperature Cold On-Column Injector (HOT OC), for
more information.

p NOTE Hot Empty Needle Injection Technique
Using conventional syringes in hot injectors may cause discrimination of higher boiling

point components. This is due to partial sample vaporization within the hot syringe needle.
We recommend you use a hot empty needle injection technique. This technique consists of
drawing the sample volume into the syringe barrel followed by a small air gap, which
ensures the syringe needle is empty. You insert the empty needle into the injector, wait a
few seconds, inject the sample rapidly, and immediately remove the syringe.
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SSL Backflush Operation

SSL Backflush Operation

/() NOTE

122

With the implementation of the backflush kit the TRACE GC Ultra equipped with
the SSL injector, will be able to perform operations with the following
advantages:

With the implementation of the Backflush kit, the TRACE GC Ultra equipped
with the SSL injector, will be able to perform operations with the following
advantages.

Eliminate during the cleaning phase the heavy part of the sample, which are
not relevant for the analysis. Thiswill strongly reduce the analysis time with
any analytical set-up and with many samples.

This step isimportant when performing analysis of volatile compoundsin a
relatively low volatile mixture.

Avoid solvent introduction into the column when performing alarge volume
injection. Thisis particularly important with M S applications.

Perform precise cuts of the chromatogram, installing a selected coated
precolumn, so that only a part of the sampleistransferred into the column for
the analysis.

Use of very narrow bore column without significant peak broadening effect.

In thisway, for example, it is possible to use athick film of stationary phase
and to perform a precise cut of the components that are not of interest, so that
is possible to analyze only the volatile compounds even with narrow bore
capillary columns.

The rest of the sampleis eliminated through the injector and the oven
temperature does not need to be increased to elevated value.

To install and configure the Backflush option refer to the Backflush System for SSL Injector
Installation Guide.

The Backflush principle of operation is schematically shown in Figure 5-10.
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DCC

Purge Line [ E ]
Tsplit Line E
-~

Flow t /
Restrictor

Precolumn Column

Oven

Tee Connector

Figure 5-10. Backflush System for SSL Injector
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Large Volume Splitless Injector (LVSL)

The LV Splitlessinjector is a setup of the standard splitlessinjector, where the
introduction of large amount of liquid samples can be performed manually or with
the TriPlus AS or AI/AS 3000 autosampler.

5 3
1. Autosampler 2. Liner with Glass Wool
3. Pre-column 4. Press-fit Connection
5. Analytical Column 6. Detector

Figure 5-11. Configuration for Large Volume Splitless Injection
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LV Splitless Injection Requirements

Large Volume-Splitless injection requires:

p NOTE

LVI Anaytical Kit for SSL (PN 19050243) including:

— Kit Assy Split Line 1/16” (PN 19050710)

— Kit Assy Dummy Filters (PN 19050690)

adedicated liner aready equipped with its own Vespel ferrule:
— liner packed with deactivated glass wool (standard)

— or deactivated laminar cup liner (optional)

an uncoated pre-column with a capacity for retaining an amount of liquid at
least corresponding to the volume of sampleinjected (e.g. 5m x 0.32 mmii.d.
or 3mx 0.53 mmi.d. for 30 ul volumes).

To correctly perform the Large Volume Splitless injection be sure to replace the filters on
the carrier and split lines with the provided dummy filters included into the LVI Analytical Kit
for SSL.

The LV Splitless Injection Technique

In the standard splitless mode the injector can accept and quantitatively transfer to
the column sample volumes of up to 5 ul. Splitlessinjections of higher amounts
are possible by the Concurrent Solvent Recondensation technique (CSR LVSL).
The LV SL technique can be summarized by five key steps.

Operating Manual
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2.

Injection with liquid band formation
auto pressure surge

recondensation of the solvent vaporsin the pre-column concurrent with
solvent evaporation in the injector

solutes transfer

solvent evaporation in the pre-column

The mechanism of the concurrent solvent recondensation is shown in Figure 5-12
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B L\GC Oven

a—4| >
5
1. Solvent Vapors 2. Liquid Sample
3. Glass Wool 4. Recondensed Solvent
5. Pre-column A. Liner Bottom

B. High Flow

Figure 5-12. LVSL Mechanism of Concurrent Solvent Recondensation

Theinjection is performed through acool syringe needle combining a short needle
penetration in the injector with a cool injector head. In this way the sample liquid
|eaves the needle as a band and moves at high velocity reaching the bottom of the
liner without substantial evaporation.

When the large amount of liquid is injected and collected on the bottom of the
liner (packing materia or laminar cup) aviolent evaporation starts, generating a
large volume of vapors. Solvent evaporation strongly increases pressure in the
injector driving the first vaporsinto the pre-column (auto pressure surge).

The auto pressure surge presupposes the closure of the septum purge outlet during
the splitless period in order to prevent escape of carrier gas and of solvent vapor.

Since the pre-column is kept at a temperature below the boiling point of the
solvent, vapors quickly recondensed. The elevated pressure drop between the
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high-pressure liner and the low-pressure recondensation site (solvent vapor
pressure) produces a high flow from the hot injector into the cold pre-column.

After the solvent evaporation in the hot liner is completed, also high-boiling
components are transferred to the column. In conventional splitless this happens
during the splitless period.

Almost all the solvent is evaporated in the injector and recondensed in the pre-
column. The solvent must now evaporate again in the pre-column. To keep the
evaporation under control the oven temperature must be maintained at itsinitial
temperature until the evaporation is completed.

Volatile solutes are reconcentrated by solvent trapping while high-boiling
components are refocused by the retention gap effect. Asthe material is spread in
azone of aretentive power far below that of the separation column, bands are
focused at the entrance of the coated separation column.
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S/SL Injector Menus

p NOTE
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TheINLET (s/sL) menuincludesthe operating parametersfor the split/splitless
injector. The parametersyou can edit depend on the operating mode chosen: split,
splitless, or splitless with surge.

Press LEFT INLET or RIGHT INLET to display the LEFT or RIGHT INLET (S/SL)
menu.

LEFT INLET (S/SL)

Temp 250 250
Pressure 10.6 10.6
Mode: splitc<

TheMode : menu item displays the current operating mode.

Press MODE/TYPE to open the INLET MODE Submenu.

XX INLET MODE

* Split <
Splitless
Splitless w/surge

Scroll to the mode you want to use and press ENTER to confirm the selection. An
asterisk appears on the left of the operating mode sel ected.

Tables 5-2 through 5-4 explain the ranges and functions of the parametersin the
LEFT and RIGHT INLET (S/sL) menusfor each of the four operating modes.

The injector and carrier gas menus are related. If you set a pressure in the carrier gas
menu, that same pressure setting is reflected in the injector menu and vice-versa.

Theitemsin the inlet menu vary depending on the operating mode you select in
the LEFT Or RIGHT INLET MODE menu. Tables 5-2 through 5-4 show the split/
splitless inlet menu for the operating modes.

Operating Manual



SISL Injector Menus

Menu
RIGHT INLET

Temp

Pressure

Mode:
Total flow

Split flow

Split ratio

(s/sL)

Split
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Table 5-2. Inlet (S/SL) Menu in Split Mode

Range Comments
Thisline isthe menu title bar.

On/Off, This line shows the base injector temperature.

0-400 °C Press ON to turn on the heater and to display the
actual and setpoint values. Press OFF to turn off the
heater and display the actual value.

On/Off, Thisline showsthe pressure. Press ON to display the

2-250 kPa or actual and setpoint values. Press OFF or 0 to turn off

10-1000 kPat al inlet flows and display the actual value.

This line displays the inlet operating mode selected.
Not editable This line shows the total gas flow consumption,

which is the sum of the column flow, split flow

(or gas saver flow), and septum purge flow.

On/Off, O, This line shows the split flow.

10-500 mL/min | press ON to turn on the split flow and display the
actual and setpoint values. Press OFF or 0 to close
the split valve and to turn off the split flow.

1-5000 Thisline displays the actual value of the split ratio.

Thisvaueistheratio between the split flow and the
column flow.

1. 0.3-36 psi, 0.02-2.5 bar; 0.145-145 psi, 0.1-10.00 bar.

Menu
RIGHT INLET
Temp

Operating Manual

(s/sL)

Table 5-3. Inlet (S/SL) Menu in Splitless Mode

Range Comments
Thisline isthe menu title bar.
On/Off, This line shows the base injector temperature. Press
0-400 °C ON to turn on the heater and to display the actual and

setpoint values. Press OFF to turn off the heater and
to display the actual value.

129



Chapter 5

Split/Splitless Injector (S/SL)

S/SL Injector Menus

Table 5-3. Inlet (S/SL) Menu in Splitless Mode (Continued)

Menu Range Comments
Pressure’ On/Off, Thisline shows the pressure. Press ON to display the
2-250 kPa or actual and setpoint values. Press OFF or 0 to display
10-1000 kPat the actual value and to turn off inlet pressure, thereby
turning off the flow.
Mode : Splitless Thisline displays the operating mode selected. Press
ENTER or MODE/TYPE to change the operating mode.
Total flow Not editable This line shows the total gas flow consumption,
which is the sum of the column flow, split flow (or
gas saver flow), and septum purge flow.
Split flow On/Off, 0, Thisline showsthe split flow. Press ON to turn onthe
10-500 mL/min | split flow and to display the actual and setpoint
values. Press OFF or 0 to close the split valve and to
turn off the split flow.
Splitless time 0-999.99 min This line shows the splitless time, which isthe
duration of split valve closure.
Const sept purge? Yes/No Press YES to activate a constant septum purge to
continuously flush the septum with a purge flow of
5 mL/min when using helium or nitrogen asacarrier
gas or 10 mL/min when using hydrogen as a carrier
gas.
Stop purge for: 0-999.99 min, Thisline appears only when Constant septum
oo purge is set to No.

1. 0.3-36 ps, 0.02-2.5 bar; 0.145-145 psi, 0.10-10.00 bar.

Table 5-4. Inlet (S/SL) Menu in Surge Splitless Mode

Menu Range Comments
RIGHT INLET (S/SL) Thislineisthe menu title bar.
Temp On/Off, This line shows the base injector temperature. Press
0-400 °C ON to turn on the heater and display the actual and

setpoint values. Press OFF to turn off the heater and
to display the actual value.
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Table 5-4. Inlet (S/SL) Menu in Surge Splitless Mode (Continued)

Pressure

Mode:
SRG Splitless
Total flow

Split flow

On/Off, Thisline shows the pressure. Press ON to display the
2250 kPa, actual and setpoint values. Press OFF or 0 to display
10-1000 kPa the actual value and to turn off inlet pressure, thereby
turning off the flow.
Thisline displays the operating mode selected. Press
ENTER or MODE/TYPE to change the operating mode.
Not editable This line shows the total gas flow consumption,
which is the sum of the column flow, split flow (or
gas saver flow), and septum purge flow.
On/Off, 0, This line shows the split flow. Press ON to turn on

10-500 mL/min

the split flow and display the actual and setpoint
values. Press OFF or 0 to close the split valve and to
turn off the split flow.

Splitless time 0-999.99 min This line shows the splitless time, which is the
duration of split valve closure.
Surge pressure 2-250 kPa or This line indicates the surge pressure, which is
10-1000 kPa* activated at Prep Run.
Surge duration 0-999.99 min This line indicates the duration of the surge pressure
after run start.
Const sept purge? Yes/No Press YES to activate a constant septum purge to
continuously flush the septum with a purge flow of
5 mL/min when using helium or nitrogen asa carrier
gas or 10 mL/min when using hydrogen as a carrier
gas.
Stop purge for: 0-999.99 min, Thisline appears only when Constant septum
oo purge is set to No.

1. 0.3-36psi, 0.02-2.5 bar; 0.145-145 psi, 0.10-10.00 bar.

Operating Manual
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OPERATING SEQUENCE

Installing a Liner and Septum
Materials required:

liner

septum
spacer
tweezers
graphite seal

screwdriver

&WARNING! The injector fittings may be hot.

This sequence must be performed with the injector at room temperature.

1. Choose the correct liner for your application (see Table 5-1 on page 112).

Slide agraphite seal onto the liner while gently turning the seal. Push it to
8-10 mm from the top of the liner.

ACAUTION Be careful not to break the graphite or allow graphite to enter in the liner.

When using LVSL injector the liner is already equipped with the appropriate Vespel
liner seal.

2. Holding the top of the liner with tweezers, lower it into the injector. The liner

132

should rest on the spacer at the bottom of the injector.

Insert the liner cap and secure it with the screwdriver. The liner cap must be
screwed down tight enough to ensure a good seal between the liner and the
injector body.

Place the septum support in the injector. The septum support must lie flush
with the top of the injector. If not, the liner cap may not be tight enough.
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5. Usetweezersto pick up the septum. Place the septum into the septum holder,
then place the holder on top of the complete injector assembly.

ACAUTION Use tweezers to pick up the septum to avoid contaminating it.

6. Gently finger-tighten the septum cap onto the injector assembly to hold the
septum in place.

&WARNING! Do not overtighten the septum cap. The septum will deform and may be difficult to
penetrate with the syringe needle.

OPERATING SEQUENCE

Programming the Split Mode

In split injection, only a portion of the sample transfers to the column. Most of it
discharges through the splitting line. The ratio between the split flow and the
column flow defines the amount of sample that enters the chromatographic
system. The split and column flows must be set to obtain the correct split ratio
necessary for the analysis.

Before you begin programming, do the following:

» Veify that acolumn is correctly installed, the correct liner isin the injector,
and the system is free of leaks.

e Program the carrier gas flow as described in Chapter 4, Digital Gas Contral.
1. PressLEFT INLET or RIGHT INLET to open the INLET (S/SL) menu.

2. Scroll to Mode : and press MODE/TYPE.

3. Scroll to split and press ENTER.

4, Scroll to Temp and press ON. Set the appropriate value.

AWARNING! In the case of DoublePro configuration, the temperature for both injectors must be
set at the same value otherwise the GC could not reach the Ready stage.
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Specify the split flow or the split ratio. To see the split flow, scroll to split
flow and enter the valuein mL/min. The split ratio will be calculated for you.

To set the split ratio, scroll to split ratio and enter that value. The split
flow will be calculated for you.

OPERATING SEQUENCE

Programming the Splitless Mode

In splitless analyses, the splitting line is closed during the sample transfer onto the
column. The time during which the splitting valve remains closed is called the
splitless time. When the sample transfer ends, the split line reopens to purge the
residual sample components, essentially solvent, out of the vaporization chamber.
You can activate a constant septum purge, if necessary, to continuously flush the
septum with a purge flow. The septum purge prevents septum bleed components
from entering the column.

AWARNING!
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Before you begin programming, do the following:

3.

4.

Verify that a column is correctly installed, the correct liner isin the injector,
and the system is free of leaks.

Program the carrier gas flow as described in Chapter 4, Digital Gas Contral.
Press LEFT INLET or RIGHT INLET to open the INLET (S/SL) menul.

Scroll to Mode : and press MODE/TYPE.

Scroll to splitless and pressENTER.

Scroll to Temp and press ON. Enter the appropriate value.

In the case of DoublePro configuration, the temperature for both injectors must be
set at the same value otherwise the GC could not reach the Ready stage.

5.

6.

Scroll to split flow and enter the desired valuein mL/min.

Scroll to splitless time and enter the timetheinlet valve should be
closed.
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If constant septum purge is required, scroll to Const sept purge? and
press YES to activate a constant septum purge. If constant septum purgeis not
required, pressNO and scroll to stop purge for to enter the timethe purge
flow should be interrupted.

OPERATING SEQUENCE

Programming the Surge Splitless Mode

AWARNING!

Operating Manual

In surge splitless mode, a carrier gas pressure surge activates during the injection
phase for a preset time. This surge accel erates the transfer process of the
substances from the injector to the column. The pressure pulse startsin the

Prep Run phase and ends at the end of the surge duration you program.

Before you begin programming, do the following:

3.

4,

Verify that acolumn is correctly installed, the correct liner isin the injector,
and the system is free of leaks.

Program the carrier gas flow as described in Chapter 4, Digital Gas Control.
Press LEFT INLET or RIGHT INLET to open the INLET (S/SL) menu.

Scroll to Mode : and press MODE/TYPE.

Scroll to splitless w/surge and pressENTER.

Scroll to Temp and press ON. Enter the appropriate value.

In the case of DoublePro configuration, the temperature for both injectors must be
set at the same value otherwise the GC could not reach the Ready stage.

5.

6.

Scroll to split flow and enter the desired valuein mL/min.

Scroll to splitless time and enter the time the split valve should be
closed.

Scroll to surge pressure and enter the value of the pressure surge.
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8. Scroll to surge duration and enter the duration of the pressure surge.

9. If constant septum purgeis required, scroll to Const sept purge? and
press YES to activate a constant septum purge. If constant septum purgeis not
required, pressNO and scroll to stop purge for to enter the timethe purge
flow should be interrupted.

OPERATING SEQUENCE

Programming the Large Volume Splitless Method

A LV Splitless method is programmed in the same way you program standard &
SL methods. No new menus have to be used to prepare aLV analysis. A good
starting point isto modify an existing standard splitless method.

Before you begin programming, do the following:

* Veify that the pre-column and the column are correctly installed, the correct
liner isin the injector, and the system is free of leaks.

» Program the carrier gas flow as described in
Q Chapter 4, Digital Gas Control.

e Start the LV Assistant software from data
system.

* Estimate the best initial oven condition.

1. First adjust your pre-column settings and enter the K factor obtained in your
column eval uation.

2. Select the solvent used for your sample.
3. Decideavolumeto inject (up to the Max volume calculated by the Assistant)

4. TheAssistant after any changeswill update the INITIAL TIME on the bottom
at the selected Initial Oven temp.

If the calculated INITIAL TIME is considered too long (e.g. above 10 minutes) it
can reduced by using an higher Initial Oven temp provided it is below the Max
Initial Oven Temp.
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If the calculated INITIAL TIME is still too long you can chance your pressure
settings. Thiswill increase the Max Initial Oven Temp parameters letting you
choose a higher Initial Oven temp.

Example:

Supposing you want to inject 30 ul in Cyclohexane in a system with K factor 1.5,
column flow of 2 mL/min with Nitrogen as carrier and a5 m length, 0.32 mm ID
pre-column.

a. Enter 30 in the Injection Volume cell
b. Select Cyclohexanein the Solvent cell.

c. Select Constant Flow in the Options/Flow mode menu. Thiswill letsyou
enter 2 in the Column Flow cell.

d. Enter 1.5intheK factor cell.

e. Select Nitrogen in the Carrier gas cell.

f. Enter 70in the Initial Oven temp cdll.

0. TheAssistant will calculate about 9 min INITIAL TIME

h. Now enter 80 in the Initial Oven temp cell.
The Assistant will calculate about 6 min INITIAL TIME

i. Now enter 90 in the Initial Oven temp cell.
The Assistant will calculate about 4 min INITIAL TIME

j. Now enter 2.5 in the Column flow cell.
The Assistant will take the INITIAL TIME below 5 min.

This showsthat the INITIAL TIME can be strongly reduced (even halved) by a
proper selection of theinlet and oven parameters. For afull description on the use
of the Assistant see Contents in the Assistant Help File.

Creating a LVSL Method
Set the required parameters as the following guideline:
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Parameter Set

Oven

Initial oven temp The value chosen in the Assistant page.

Initial hold time The value calculated in the Assistant page.

Inlet

Mode : Splitless

Temp An appropriate value in relation to the sample
as used in conventional splitless

Split flow Equal or higher than 50 mL/min

Splitless time Equal or higher than 0.8 minutes

Constant septum purge | Off

Stop purge time 0.8 minutes

Carrier

Flow mode The value selected in Assistant page

Pressure/Flow The value chosen in the Assistant page

NOTE Any other parameter (detector conditions included) can be
maintained as in the pre-existent standard splitless method.

Autosampler

Sample volume The value chosen in the Assistant page

Filling volume About half the value of the sample injection
volume

Air volume 2uL

Inject delay Osec

Pull out delay 0 sec

Sample pull-up speed SuL

Injection speed 100 pL/sec

Bubble elim. pull-up 2
cycle
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Bubble elimination 15 seconds
delay
Sample wash cycle 1(or2)
Depth inside injector | 30-35mm
Needle speed 8

OPERATING SEQUENCE

Performing a S/SL Injection

Use the following sequence to inject a sample into a split/splitless injector.

Before injection, do the following:

* Veify that acolumn is correctly installed, the correct liner isin the injector,
and the system is free of leaks.

e Check the oven temperature and detector temperature.
e Program the carrier gas flow as described in Chapter 4, Digital Gas Contral.
« Verify that you have the proper syringe for the technique you are using:

— 50 mm needlefor split injection

— 70-75 mm needle for splitlessinjection

A@WARNING! Hydrogen is a potentially dangerous gas. Refer to Using Hydrogen on page xxviii for
safety information.

Manual Injection
1. PressPREP RUN. Depending on the mode you have programmed, the TRACE
GC Ultrawill perform the following operations:

*  When the gas saver function is programmed, PREP RUN ends the gas
saver mode and resets the split flow to the flow used during injection.
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* Insplitless mode, PREP RUN closes the split valve and will close the
septum purge valve as programmed.

* Insurge splitless mode, PREP RUN initiates the surge pressure.

2. When the Ready to Inject LED islit, insert the syringe into the injector, wait
for approximately 2 seconds, inject the sample rapidly, and rapidly removethe
syringe from the injector. (Thisisthe Hot Empty Needle technique.)

3. PressSTART.

The GC will complete the analysis as programmed.

Injection Using an Al 3000/AS 3000 Autosampler

Before you begin injection, ensure that you have programmed the autosampler
method in the auTosaMPLER menu and the autosampler sequence in the
SEQUENCE menu.

1. PressPREP RUN. Depending on the mode you have programmed, the TRACE
GC Ultrawill perform the following operations:

*  When the gas saver function is programmed, PREP RUN ends the gas
saver mode and resets the split flow to the analytical flow.

* Ingsplitless mode, PREP RUN closes the split valve and will close the
septum purge valve as programmed.

* Insurge splitless mode, PREP RUN initiates the surge pressure.
2. Press SEQ CONTROL.
3. Scroll to start Sequence and press ENTER or START.

The autosampler will inject the samples according to the programmed method and
sequence.

Automatic Injection Using a TriPlus Autosampler

Refer to the TriPlus Operating Manual and to the manual of the Data System in
use.
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OPERATING SEQUENCE

Performing a LVSL Injection

A@WARNING!

Operating Manual

Use the following sequence to inject asample into alarge volume splitless
injector.
Before injection, do the following:

* Verify that the pre-column and the column are correctly installed, the correct
liner isin the injector, and the system is free of leaks.

» Program the carrier gas flow as described in Chapter 4, Digital Gas Control.
»  Verify that you have the proper syringe for the technique you are using:
— 50 mm needlefor LV splitlessinjection

Hydrogen is a potentially dangerous gas. Refer to Using Hydrogen on page xxviii for
safety information.

Manual Injection
1. PressPREP RUN. Depending on the mode you have programmed, the TRACE
GC Ultrawill perform the following operations:

« When the gas saver function is programmed, PREP RUN ends the gas
saver mode and resets the split flow to the flow used during injection.

* Insplitlessmode, PREP RUN closes the split and the septum purge valves
as programmed.

2. When the Ready to Inject LED islit, insert the syringe into the injector,
inject the sample rapidly, and rapidly remove the syringe from the injector.

3. PressSTART.

The GC will complete the analysis as programmed.
Automatic Injection Using a TriPlus Autosampler

Refer to the TriPlus Operating Manual and to the manual of the Data System in
use.
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This chapter describes the On-Column Injector (OCI), on-column injection
techniques, and operating sequences.
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OCI Overview

Operating Manual

With on-column injectors, you use a syringe to inject aliquid sample directly into
the capillary column.

The upper part of the injector has a needle guide and arotary valve. The lower
part attaches to the top of the column oven. The standard OCI does not have a

septum.
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The on-column injector is shown in Figure 6-1.
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1. Syringe 6. Seal
2. Upper Block 7. Stainless Steel Rotary Valve
3. PTFE Valve Seal 8. Valve Lever
4. M8x1 Fixing Nut A. Carrier Gas Inlet
5. Cooling Sleeve B. Secondary Cooling Inlet

Figure 6-1. On-Column Injector

Primary Cooling System

Theinjection block is kept at ambient temperature by the primary cooling system,
which maintains a permanent air flow across the injector body through a special
cooling fan.
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Secondary Cooling System

A gas stream surrounds the area around the column at the injection point. Thisgas
is normally compressed air, but for special applications, CO, can be used. The
secondary cooling flow keeps the injection zone at atemperature below the
solvent boiling point, even when the oven runs at a higher temperature. Elevated
oven temperature helps eliminate peak distortion in the chromatogram caused by
flooding effects.!

The secondary cooling system ensures complete and effective sample transfer
from the syringe to the column and improves reproducibility. Secondary cooling
activatesimmediately before an injection and remains on after the injection until
al of the injected solvent has vaporized. The secondary cooling time, which isthe
duration of secondary cooling during arun, depends on the oven temperature, the
volatility of the solvent, and the amount injected, but is normally in the range of
3-10 seconds. You program the parameters for secondary cooling in the

INLET (OCI) menu.

Operating Manual

1. Journa of Chromatography, 279 (1983) 241-250.
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Primary and secondary cooling systems are shown in Figure 6-2.
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1. Syringe A. Primary Cooling
2. Injector Upper Block B. Secondary Cooling
3. Capillary Column C. Carrier Gas Inlet

4. Injector Lower Block

Figure 6-2. Primary and Secondary Cooling Systems
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On-Column Options

Optional devices and special on-column injectors can be used for special
applications or to help automate certain functions.

Automatic Actuator for Manual Injections

The automatic actuator can semiautomate manual injections by automatically
opening the rotary valve when the syringe needle is inserted. When the needleis
removed, the automatic actuator closes the valve and starts the GC.

Automatic Actuator for TriPlus Sampler

The automatic actuator for automatic injection with the TriPlus sampler must be
installed on the On-Column injector equipped with the appropriate upper block
(injection head) to properly open and close the rotary valve of the On-Column
injector. The actuator is controlled through its own interface connected to the port
marked DEVICE 1/2 located on the rear portion of the crossrail X of the TriPlus
sampler. The automatic actuator for TriPlusis available as kit.

High Oven Temperature (HOT OC) Device

The HOT OC device allows on-column operation at high initial oven
temperatures, eliminating the need to cool the oven to alower temperature for the
injection. Chapter 7, High Oven Temperature Cold On-Column Injector (HOT
OC), describes this device in detail.

Large Volume On-Column Injector (LVOCI)

The LVOCI isaspecial version of the standard on-column injector that allows
large volume liquid sample analysis with an AS autosampler. Dedicated software
isrequired for thisinjector. Chapter 8, Large Volume On-Column I njector
(LVOCI), describes the principles and hardware for this injection technigue.
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OCI Injection Techniques

On-column injection is the direct, cold injection of aliquid sample into the
column at a point within the column oven and under oven temperature control.
The oven temperature determines the actual injection temperature. The injector
itself is unheated and serves only as avalve for inserting the syringe needle into
the column without depressurizing the column.

The syringe needl e enters the injector through a needle channel and passes
through arotary valve and a heedle guide. When closed, the rotary valve
maintains column pressure. When the valve is open and a syringe needleis
inserted, the column pressure remains constant because the needle prevents the
gas from escaping.

Cold on-column injection has a number of advantages over the more traditional
hot vaporization techniques, from both a qualitative and quantitative viewpoint.
Cold injection prevents losses and changes caused by thermal degradation of
componentsin a hot injector. Direct injection without a hot injector vaporization
step avoids heavy component discrimination in the syringe needle. When a
sampleisinjected, aplug of liquid formsin the capillary column. This plug of
liquid, if uncontrolled, can cause peak distortion. A flooding effect occurs when
the column’sinlet portion floodswith liquid sample, up to several meters. You can
prevent this effect and maintain perfect peak shapes by carefully controlling the
oven temperature during the injection. Oven temperatures of about 10 °C above
the solvent boiling point hasten the vaporization of the liquid sample in the
column and thus, prevent flooding effects. When using slightly elevated oven
temperatures, secondary cooling must be used to control flooding.

Retention Gaps/Pre-Columns

The term retention gap refersto an initial part of the column or pre-column that

has a much lower retention than the analytical column. A pre-column is alength
of fused silicatubing, usually uncoated, connected between the injector and the

analytical column. A pre-column protects the analytical column from particulate
material (dirt) injected with the sample. A pre-column, when uncoated, can also

function as aretention gap.

We recommend using an uncoated length of pre-column in on-column injection
for a number of reasons:
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p NOTE

Chapter 6
On-Column Injector (OCI)

e |t protectsthe analytical column from dirt present in the sample. The effect of
dirty samplesis magnified in on-column injection because the sampleis
injected directly into the column system.

« It can function as aretention gap. Uncoated retention gaps can tolerate the
presence of liquid flooding through them (the flooding effect). Using a
retention gap of fused silica limits the flooded zone to a part of the column
where chromatography does not take place. Solvent vaporization takes place
within the uncoated retention gap so liquid sample does not reach the
analytical column. This eliminates peak distortion due to flooding. Injection
can take place at oven temperatures below the solvent boiling point, if
necessary.

*  Wide-bore retention gaps allow fully-automated on-column injection in small
diameter capillary columns using an autosampler.

Flooding can also occur during splitless injection, especially with injection volumes greater
than 1 L. The use of retention gaps helps control flooding effects in splitless injection.

For optimal cold on-column injection performance, do not start rapidly
programming the oven temperature until the solvent vaporization is complete. The
sampleisinjected with the oven temperature below or, with secondary cooling,
moderately above the solvent boiling point using a syringe with a needle made
specifically for on-column injection. Refer to Table 6-1.

Table 6-1. On-Column Injection Needles

75 mm length metal needle; 0.23 mm OD injections into columns with at least 0.3 mm ID
75 mm length fused silicaneedle; 0.17 mm OD | injection into columns with 0.2—0.25 mm ID
80 mm length metal needle; 0.47 mm OD automatic standard injectionsinto 0.53 mm OD

column with TriPlus autosampler

80 mm length metal needle; 0.23 mm OD automatic direct injections into 0.25/0.32 mm

OD column with TriPlus autosampler

Operating Manual

The standard injector upper block (head) has a needle guide with 0.3 mm ID.
Fused silica needles require a specia upper block with a needle guide of 0.2 mm
ID. The automatic injections performed through autosampler require a dedicated
injector upper block.
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Manual and Automatic Injections

To perform manual or automatic injections, the injector must be equipped with the
appropriate upper block (injection heads).

Manual Injections

To perform amanual injection, use a syringe and manually open and close the
rotary valve with the valve lever. Refer to the Setting Up the OCI for Manual
Injection operating sequence on page 153 for instructions.

Automatic Injection with TriPlus Autosampler

You can use the TriPlus autosampler and the dedicated on-column injector head
and the automatic actuator to perform automatic injections.

The device allows the opening of the On-column injector rotary valve when the
syringe needle isinserted.

When the needle is removed, the actuator closes the valve.
Figure 6-3 shows the automatic actuator for automatic injections with TriPlus
autosampler.

Figure 6-3. Automatic Actuator for Injections with TriPlus Autosampler

e Usethehead“A” to perform automatic injectionsinto a0.53 mm 1D capillary
column. This head requires the use of an o-ring seal instead of a septum.
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e Usethe head “B” to perform automatic injections into a 0.25/0.32 mm 1D
capillary column without the need of using a pre-column. The closure of the
vial should be performed by using atin foil and elastomeric o-ring that
guarantees sealing with the standard aluminium cap.

TRACE GC Ultradoes not control TriPlus autosampler. The functions of the
TriPlus can be controlled through:

e adataprocessing system for PC with dedicated software.
* aThermo Scientific Data System.
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OCI Menu

OClI Menu

Q NOTE

Menu

Pressure

Sec. cool time

RIGHT INLET (OCI)

The INLET menu containsthe parametersfor on-column injector operationsif you
have configured an on-column injector.

Press LEFT INLET or RIGHT INLET to display the INLET (0cI) menu, depending

on the injector position.

The injector and carrier gas menus are related. If you set a pressure at the carrier gas
menu, that same pressure setting is reflected in the injector menu, and vice-versa.

Table 6-2. Inlet (OCI) Menu

Range Comments
Thisline isthe menu title bar.
On/Off, This line shows the pressure. Press ON to display the
2-250 kPaor | actual and setpoint values. Press OFF or 0 to display
10-1000 kPa® | the actual value and turn off inlet pressure, thereby
turning off the flow.
0-999.99min, | Thisline shows the secondary cooling time, which is
oo the duration of the secondary cooling. If programmed,
the valve opensin the Prep Run stage.

1. 0.3-36 psi, 0.02-2.5 bar; 0.145-145 psi, 0.1-10.00 bar.

p NOTE
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When you press either COLUMN EVAL or LEAK CHECK while the INLET menu is
displayed, the GC performs the selected function if the instrument is in the Standby status.
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OPERATING SEQUENCE

Setting Up the OCI for Manual Injection

For manual operation, adjust the syringe and needle position in the on-column
injector using the needle guide before injecting the sample. See Figure 6-4.

The syringe needle in the injector needle guide prevents possible column
depressurization when the valve is open.

1.Syringe needle 5.Secondary Cooling Sleeve
2.Syringe reference 6.Needle Guide
3.Shaft 7.Valve Lever Fixing Screw

4 PTFE Rotary Valve Seal
Figure 6-4. Manual Injection Setup
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1. Closetheinjection valve and carefully insert the syringe until the needle
touches the valve.

2. Withdraw the syringe afew millimeters. Thisis the correct position for the
needle.

3. Adjust and secure the syringe reference accordingly.

ACAUTION Check the setting at regular intervals. Failure to do so may result in damage to the
syringe needle and to the rotary valve itself if the valve is closed with the syringe
needle still in the valve.

OPERATING SEQUENCE

Programming the OCI
Before you begin programming, do the following:
« Verify that acolumn is correctly installed and the system is free of leaks.
e Program the carrier gas flow as described in Chapter 4, Digital Gas Control.

1. PressLEFT INLET or RIGHT INLET to open the INLET menu, depending on the
position of the on-column injector.

2. Scroll to sec. cool time and set the duration of the secondary cooling
event.

p NOTE The secondary cooling time must be entered in minutes. For example, you would enter
0. 10 for a secondary cooling time of 6 seconds.
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OPERATING SEQUENCE

Performing an OCI Injection

p NOTE
A@ WARNING!

Operating Manual

Use the following sequence to inject a sample into an on-column injector.

Before injection, do the following:
«  Veify that acolumn is correctly installed and the system is free of leaks.
« Check the oven temperature and detector temperature.

e Program the carrier gas flow as described in Chapter 4, Digital Gas Control.

If you do not have an automatic valve actuator installed, you must first perform the Setting
Up the OCI for Manual Injection operating sequence on page 153.

Hydrogen is a potentially dangerous gas. Refer to Using Hydrogen on page xxviii for
safety information.

Manual Injection without an Automatic Actuator
1. PressPREP RUN to turn on the secondary cooling flow, if programmed.

2. When the Ready to Inject LED islit, insert the needle of the syringe loaded
with sample into the injector needle guide until the barrel of the syringe rests
on the preset syringe guide. Refer to the Setting Up the OCI for Manual
Injection operating sequence on page 153 for information on setting up the
syringe guide.

3. Openthevalve.

4. Insert the syringe through the valve and into the column as far as it will go.
5. Rapidly inject the sample.

6. Remove the syringe until the syringe barrel rests on the syringe guide.

7. Closethevalve.

8. PressSTART.
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9. Remove the syringe completely from the injector.

The GC completes the analysis as programmed.

Manual Injection with an Automatic Actuator
1. PressPREP RUN to switch on the secondary cooling flow, if programmed.

2. When the Ready to Inject LED islit, insert the needle of the syringe loaded
with sample through the actuator and into the injector needle guide asfar asit
will go.

3. Rapidly inject the sample.
4. Rapidly remove the syringe completely from the injector/actuator.
You need not press START. The GC will complete the analysis as programmed.

Automatic Injection Using an Al 3000/AS3000 Autosampler

» Before you begin the autosampler injection, ensure that you have
programmed the autosampler method in the aAuTosaMPLER menu and the
autosampler sequence in the SEQUENCE table.

1. PressPREP RUN to turn on the secondary cooling flow, if programmed.
2. Press SEQ CONTROL.
3. Scroll to start Sequence and press ENTER or START.

The autosampler will inject the samples according to the programmed sequence.
Automatic Injection Using a TriPlus Autosampler

Refer to the TriPlus Operating Manual and to the manual of the Data System in
use.
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This chapter describes the High Oven Temperature Cold On-Column (HOT OC)

injector for injections at very high temperatures, injection techniques, and

operating sequences.

Chapter at a Glance...

HOT OC OVEIVIBW. ...ttt sr e nn e
HOT OC Injection TEChNIQUES...........ccceeririiieiresie e
[ [ 2 I O 1 g1 = (o 1Y = o U S

Operating Sequences

Programming the HOT OC INJECLON ......ccccvvieeiiiie e
Performing @ HOT OC INJECLION .....ccecueeie et

Operating Manual
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HOT OC Overview

The On-Column Injector (OCI) described in Chapter 7 requires an optiona device
for injection at oven temperatures at or above 200 °C, regardless of the solvent
used. A High Oven Temperature (HOT) device must be attached below the
on-column injector and configured in the CONFIGURE menu.

Aswith the standard on-column injector, you can manually inject samplesinto the
HOT OC injector with or without an automatic valve actuator. Refer to
On-Column Options in Chapter 6 for more information about the automatic
actuator. Figure 7-1 shows the HOT OC injector.

E it
=
VAN

\/ -
[Lﬁ 6
1. Cold On-Column Injector 5. HOT Device
2. Solenoid Valve 6. Capillary Column
3. Coolant Inlet 7. Coolant Exit

4. Thermocouple

Figure 7-1. HOT Cold On-Column Injector
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Optional Devices

In addition to the automatic actuator, the OCI with the HOT device can be
modified with a solvent vapor exit valve.

Solvent Vapor Exit Valve

Large volume injection with the HOT OC requires an optional solvent vapor exit
(SVE) valve. Thisvalve vents solvent vapors that form during the sample
injection. The SVE valveis an electronically activated, heated three-way valve.

Thevalveinlet connects to atee piece that links the desolvation pre-column to the
analytical column. The solvent vapors vent through the main outlet, which
connects to a solvent waste bottle. The SVE valve has a high flow restrictor. This
restrictor, afine capillary tube, is placed in a specia support heated by the valve.
This configuration ensures a very small purge rate (around 0.01 mL/min) when
the SVE valveis closed. This prevents solvent vapor back-diffusion into the
analytica system.

HOT OC Injection Techniques

Operating Manual

The HOT OC injection technique allows cold on-column injection even when the
oven is kept at high temperatures. This can greatly reduce the analysis time.
Thistechnique's advantages are:

« short analysistime, because thereisno need to cool to alow oven temperature
for injection

» short residence time for components affected by column activity

e isothermal analysis of high boiling components

* reduced effects of column bleed and carrier gasimpurities

Thistechniqueislimited to a sample size of 1ul or less.
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HOT OC Injector Menu

HOT OC Injector Menu

The INLET (HOT oC) menu contains the parameters for the HOT OC injector.

Press LEFT INLET or RIGHT INLET to display the menu shown in Table 7-1.

/() NOTE

The injector and carrier gas menus are related. If you set a pressure at the carrier gas
menu, that same pressure setting is reflected in the injector menu, and vice-versa.

Table 7-1. Inlet (HOT OC) Menu

Thislineisthe menu title bar.

This parameter defines the injector temperature.

This parameter defines the duration of the
secondary cooling. When programmed, the
secondary cooling valve is opened during Prep
Run. If set to zero, the valve remainsin the
default condition.

This line showsthe carrier gasinlet pressure.
Press ON to display the actual and setpoint
values. Press OFF or 0 to display the actual value
and turn off the inlet pressure, which turns off the
flow.

If asolvent vapor exit valve isinstalled, this
parameter defines the SVE valve temperature.

RIGHT INLET (HOT OC)

HOT OC temp 25 °CHinitial
oven temp

HOT OC duration 0.00-999.99 min,

Pressure On/Off,
2-250 kPaor
10-1000 kPat

SVE temp? On/Off,
0-250°C

SVE duration? 0.00-999.99 min,

This parameter defines the duration of the
solvent vapor exit event. When the duration is set
to zero, the SVE valve remains in the default
condition.

1. 0.3-36psi, 0.02-2.5 bar; 0.145-145 psi, 0.1-10.00 bar.

2. Thismenu item appears only if the solvent vapor exit valve option is installed and configured (for large volume

injections).
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OPERATING SEQUENCE

Programming the HOT OC Injector

Before you begin programming, do the following:

Operating Manual

Verify that the HOT device, together with a column, is correctly installed and
the system is free of leaks.

Program the carrier gas flow as described in Chapter 4, Digital Gas Control.

Press LEFT INLET or RIGHT INLET to open the INLET (HOT OC) menu,
depending on the position of the HOT on-column injector.

Scroll toHOT ocC temp and enter the control temperature for the HOT OC
cooling device during injections.

Scroll toHOT oC duration and enter the time the injector temperature must
be maintained. This value depends on theinitial injector temperature, solvent
boiling point, and sample size.

SVE Valve

1

If the solvent vapor exit valve isinstalled and configured, scroll to SVE temp
and enter an appropriate temperature, depending on the solvent boiling point.

Scroll to SVE duration and enter the time the solvent vapor exit valve must
be kept open to alow the solvent to evaporate adequately.
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OPERATING SEQUENCE

Performing a HOT OC Injection

Use the following sequence to inject a sample into a cold on-column injector with
the HOT device.

Before injection, do the following:

Verify that the HOT device, together with acolumn, is correctly installed and
the system is free of leaks.

Check the oven temperature and detector temperature.

Program the carrier gas flow as described in Chapter 4, Digital Gas Contral.

A@WARNING! Hydrogen is a potentially dangerous gas. Refer to Using Hydrogen on page xxviii for
safety information.

Manual Injection without an Automatic Actuator

1
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Press PREP RUN. The secondary flow switches on and cools the HOT device
to the programmed temperature.

When the Ready to Inject LED islit, insert the needle of the syringe loaded
with sample into the injector needle guide until the barrel of the syringe rests
on the preset syringe guide.

Open the valve.

Insert the syringe through the valve and into the column as far as it will go.
Rapidly inject the sample.

Remove the syringe until the syringe barrel rests on the syringe guide.
Closethevalve.

Press START.
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9. Remove the syringe completely from the injector. The GC will complete the
analysis as programmed.

Manual Injection with an Automatic Actuator

1. PressPREP RUN. The secondary flow switches on and cools the HOT device
to the programmed temperature.

2. Whenthe Ready to Inject LED islit, insert the needle of the syringe loaded
with sample through the actuator and into the injector needle guide asfar asit
will go.

3. Rapidly inject the sample.
4. Rapidly remove the syringe completely from the injector/actuator.

You do not need to press START. The GC will complete the analysis as
programmed.

Injection Using an Al 3000/AS 3000 Autosampler

Before you begin the autosampler injection, ensure that you have programmed the
autosampler method in the auTosamMPLER menu and the autosampler sequencein
the SEQUENCE menu.

1. Press PREP RUN. The secondary flow switches on and coolsthe HOT device
to the programmed temperature.

2. Press SEQ CONTROL.
3. Scroll to start Sequence and press ENTER or START.

The autosampler will inject the samples according to the programmed sequence.
Automatic Injection Using a TriPlus Autosampler

Refer to the TriPlus Operating Manual and to the manual of the Data System in
use.
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This chapter describes the Large Volume On-Column Injector (LVOCI) used for
large volume injections with an autosampler.

Chapter at a Glance...
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LVOCI Overview
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The LVOCI isaspecial version of the standard on-column injector, described in
Chapter 7, which automatically introduces large volume liquid samples with the
TriPlus or AI/AS 3000 autosampler. The autosampler injects the samples directly
into afused silica capillary column system as shown in Figure 8-1.
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1. Detector 5. Desolvation Pre-Column
2. TRACE GC Ultra 6. On-Column Injector
3. Analytical Column 7. Autosampler
4. Tee Connection 8. Solvent Vapor Exit (SVE)

Figure 8-1. Configuration for Large Volume On-Column Injection

The LV OCI system has a Solvent Vapor Exit (SVE) valve, which vents the solvent
vapor formed during a sampleinjection.

The SVE valveisan electronically activated, heated three-way valve. The valve
inlet connects to atee piece linking the desolvation pre-column to the analytical
column.

The solvent vapors vent through the main outlet, that connects to a solvent waste
bottle with afilter to the atmosphere. The main outlet also connects to a high flow
restrictor, which is placed in a special support heated by the valve.
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This configuration ensures a very small purge rate (around 0.01 mL/min) when
the SVE is closed. This prevents the back-diffusion of solvent inside the system.

LVOCI Injection Techniques

Operating Manual

Trace analysisrequiresinjecting relatively large volumes of sample to make better
use of the available sample material and to simplify the sample preparation
sequence. Figure 8-2 shows the LV OCI injection technique.

Carrier Cold on
gas column
GC oven
Precolumn
B
//
| Solvent
=» vapour
exit
Analytical
column

Figure 8-2. LVOCI Injection Technique

Among the available techniques, the on-column injection technique provides the
most accurate and reliable results, making it the preferred technique whenever the
sampleis not excessively dirty.

On-column injection is also the best technique for analyzing volatile components

in diluted solutions because of relatively low volatile losses compared to large
volume PTV applications.
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Figure 8-3 shows the large volume on-column injection system.

OCl Injection Techniques

Solvent
Start °
injection OS\éE vapors
P Liquid sample flowing into
Analytical the pre-column
column /b
== =\
""" Desolvation pre-column % Carrier
(UNCORET) gas
Solvent vapors
Injection e
time  Stop SVE Volatiles
injection  Open High boilers Liquid
. sample
Analytical layer
column
— T — " Carter
gas
SVE oE Volatiles
Q5
SVE delay ClosedX £9 High boilers
time SE
Analytical
column /—
SVE T =7 - R
closure Retained liquid arrier
sample gas
Figure 8-3. Large Volume On-Column Injection System
The liquid sample isinjected into a pre-column. The pre-column temperature and

pressure conditions cause a part of the solvent to evaporate duri
the remaining part flows as liquid into the pre-column, forming
Thisis shown in the top part of Figure 8-3.

ng injection while
aflooding zone.

The solvent vapors formed during the sample injection are vented through the
SVE, located between the pre-column and the analytical capillary column.

L arge sample volume on-column injection requires uncoated pr

e-columns at |east

as long as the flooded zone. For 0.53 mm ID pre-columns, the zone flooded by

1yl of sampleliquid is approximately 10-15 cm long.
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Solvent evaporation and solute reconcentration (desolvation) are performed in the
15 m x 0.53 mm ID deactivated (Uncoret™) pre-column which combines the
uncoated and the retaining pre-column in one piece. The last 3 m are coated with
SE-54/0.45 um film thickness.

The 12 m x 0.53 mm uncoated section can safely retain about 80 ul of liquid
sample. The pre-column ends in a tee union connected to the analytical column
and the SVE.

The samples are injected by an autosampler with an adjustable injection speed.
Some solvent enters the column, while alarge portion of the solvent evaporates
and exits through the SVE valve. If the sample volume or the speed of injection
exceeds the liquid retention capacity of the uncoated pre-column, the sample
enters the column and destroys the chromatography.

An autosampler with adjustable injection speed introduces the sample. Most
vapors escape through the open SVE. At the end of the sample injection, theliquid
sample coats up to the full length of the uncoated pre-column, as shown in the
center part of Figure 8-3.

Solvent evaporation continues, removing solvent from the rear of the samplefilm.
High-boiling components are deposited onto the dry pre-column surface. Volatile
components evaporate and are trapped again by the solvent in the pre-column.

Solvent Effects

Operating Manual

Solvent effects can be used to trap and reconcentrate samples, increasing the
analysis effectiveness.

Solvent Trapping

Liquid sample, advanced by the carrier gas, formsalayer on the column wall. The
solvent evaporation proceeds from the rear to the front of thisflooded zone, which
creates a solvent trapping effect. The thick layer of liquid sample retains the
volatile components until all solvent evaporates. Thus, al volatile materials start
chromatography as a sharp band.

Solvent trapping can be achieved with a small amount of liquid solvent in the pre-
column. This alows the impurities from injected solvent to evaporate and vent
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through the SVE valve. Thisis known as partially concurrent solvent
evaporation.

Phase Soaking

The second solvent effect, phase soaking, helps reconcentrate the most volatile
sample components not fully trapped or retained by the sample layer. Asthe
carrier gas, saturated with solvent vapor, passes from the sample-coated inlet into
the retaining pre-column, the stationary phase film picks up solvent and swells.
Depending on the solvent compatibility with the stationary phase, film thickness
may increase by afactor of five, which increases retention power. Initial bands are
reconcentrated by a dynamic process.

Sample Reconcentration

Liquid sample spreading in the column inlet causes band broadening in space.
Components that are not vaporized during the solvent evaporation remain
distributed over the whole length of the flooded column inlet. Sinceinitial bands
longer than 20-40 cm (sample volumes exceeding 1-2 uL) cause chromatogram
peaks to broaden, you must reconcentrate them.

You can reconcentrate the sample by using an uncoated pre-column to achieve a
retention gap effect. Asthe material is spread in a zone of aretentive power far
below that of the separation column, bands are focused at the entrance of the
coated separation column.
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Retention Gaps

A retention gap istheinitial part of the column or pre-column with alower
retention power than the analytical column. Retention gaps are recommended for
high-resolution capillary gas chromatography for a number of reasons:

* Retention gaps allow you to reconcentrate a broadened inlet band caused by
liquid sample flooding eliminating the problem of the flooded zone in
splitless and on-column injection.

Theflooded zoneis the part of the column that becomes wet with solvent after
an on-column or splitless injection because:

— liquid sample moves slowly, drastically reducing the analytical column’s
efficiency due to interference with the chromatographic partition process.

— liquid sample interacts with stationary phase. In aflooded zone, the
sample solvent can partially strip the stationary phase off the columnwall.
This can lead to sample contamination and gradua deterioration in the
column performance. The sample solvent, if allowed to condense within
the analytical column, may even extract a bonded phase, although to a
much lesser extent.

A retention gap of deactivated fused silicalimits the flooded zone to a part of
the column where no chromatography takes place.

* Retention gaps act as pre-columns for sample containing large amounts of
nonvolatile components.

e Wide-bore retention gaps alow fully automated on-column injectionsin small
diameter capillary columns using the autosampler.

Uncoret™ Pre-Columns

The Uncoret™ pre-column is a deactivated fused silica wide-bore column that
consists of a15 mlong, 0.53 mm ID, where the first 12 m are uncoated pre-
column that functions as a retention gap, and the last 3 m are coated segment (SE-
54/0.45 um film thickness), which functions as a retaining pre-column.

The coated section reduces the eventual loss of volatile substances during the last
solvent evaporation phase.
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This specia pre-column receives the solvent/sample when it is injected with the
autosampler syringe at the appropriate speed through the on-column injector.

When the sample isinjected inside the empty pre-column, equilibrium is
established between the evaporating solvent and the liquid deposited on the
precolumn wall. The solvent vapor exit valve speeds up solvent evaporation.

To avoid sampleloss, theinjected liquid must not exceed the liquid capacity of the
uncoated part of the pre-column. This technique prevents liquid sample from
entering the stationary phase of the retaining pre-column.

The wet zone length depends on the solvent type, the flow, and the pressure and
temperature conditions in the pre-column.

The Uncoret™ pre-column attaches to a0.32 mm ID or 0.25 mm ID fused silica
capillary column with atee connector.

Early Vapor Exit

The solvent vapors formed by the sample desolvation exit through the early vapor
exit. The vapor exit is positioned at the earliest possible point to shorten the vapor
flow path to aminimum and to achieve a maximum discharge rate at a given inlet
pressure.

A maximum split ratio can be achieved at the tee union dividing the flow from the
pre-column between the vapor exit and the analytical column. This can minimize
the amount of vapor reaching the detector.

A section of coated pre-column retains solutes until the vapor exit closes. The
vapor exit is usually closed shortly before the solvent evaporation ends. The
residua liquid still retains the volatile components. See the bottom of Figure 8-3
on page 168. Remaining solvent exits through the separation column. When
solvent evaporation is completed, volatile components start the chromatography
process.

The reconcentration of components with high boiling points occurs as they move
to the analytical column entrance at an increased oven temperature.
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System Regulation

Partially concurrent solvent evaporation and using an early vapor exit complicate
selecting appropriate analytical conditions.

Partially concurrent solvent evaporation requires sample introduction at a rate
dightly above the solvent evaporation rate in the pre-column.

— A dower introduction causes all solvent to evaporate concurrently,
eliminating solvent trapping.

— A faster introduction rate, however, results in flooding the retaining pre-
column and eventually the column, because there is an insufficient
proportion of the solvent evaporating concurrently.

The early vapor exit must be closed as late as possible, after most of the solvent
has been evaporated, but before the solute material of interest starts leaving.

With solvent trapping, the sample film retains volatile components up to the end
of the solvent evaporation. You can safely close the exit valve shortly before the
end of the solvent evaporation.

Control of operations such as evaporation and injection is automatically carried
out through the large volume software.

Automatic Injections

Operating Manual

The autosampler performs automatic large volume on-column injections. The

injector must be equipped with the appropriate upper block for automatic
injections.

When performing Large Volume Injections
with the autosampler, it is strongly
recommended to use LVI enhanced
performance vial seals PN 313 010 01

2 (20 mm) or PN 313 011 02 (11 mm) or

Silcone  Tefion PN 313 010 03 (8 mm). These seal will avoid
el contamination with silicon, common to the

LW Enhanced Performance Seal

conventional vial seals. These seals can be used
for no more than 2-3 injections, depending on
solvent volatility.
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LV On-Column Injector Menu

The INLET (LVOCI) menu containsthe parameters for large volume on-column
injectorsif the GC has been configured for an LVOCI.

Press LEFT INLET or RIGHT INLET to display the menu, depending on the injector

position.

Table 8-1. Inlet (LVOCI) Menu

RIGHT INLET (L

Pressure

Sec. cool time

SVE temp2

SVE duration?

Evap pressure2

Evap duration?

VOCTI) Thislineisthe menu title bar.

On/Off, Thisline showsthe carrier gasinlet pressure. Press

2-250 kPa or ON to display the actual and setpoint values. Press

10-1000 kPa® | OFF or 0 to display the actual value and to turn off
theinlet flow.

0-999.99 min, | Thisline shows the secondary cooling time. If set to

oo oo, the solenoid valve remains in the default
condition. The valve opens at the beginning of the
Standby mode, when programmed.

On/Off, Thisline only appears when the optional solvent

0-250°C vapor exit valveisinstalled in the system. This
parameter defines the solvent vapor exit valve
temperature.

0-999.99 min, | Thisparameter defines the duration of the solvent

oo vapor exit event. When the duration is set to zero, the
SVE valve remainsin the default condition.

2-250 kPa or This parameter defines the pressure used during the

10-1000 kPa solvent evaporation phase.

0-999.9 min This parameter define the duration of the
evaporation event.

1. 0.3-36 psi, 0.02-2.5 bar; 0.145-145 psi, 0.1-10.00 bar.
2. Thismenu item appearsonly if the solvent vapor exit valve option isinstalled and configured.
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OPERATING SEQUENCE

Programming the LVOCI

Operating Manual

The liquid sample isintroduced directly into a pre-column within the column
oven. Theinjector itself is cooled independently. The oven temperature and the
secondary cooling system determine the actual injection temperature.

The LVOCI has special PC-based software that calculates all the critical injection
parameters for the large volume injection technique.
Before downloading the calculated data to the GC, do the following:

«  Verify that an Uncoret™ retaining pre-column and analytical column are
correctly connected to the low-volume tee piece and the SVE valve. For
instructions on connecting the columns, refer to Chapter 14, Columns.,

* Veify that the system is free of leaks.
e Program the carrier gas flow as described in Chapter 4, Digital Gas Control.

Once you have downloaded the injection parameters to the GC, you are ready to
begin the injection sequence.

175



Chapter 8
Large Volume On-Column Injector (LVOCI) LV On-Column Injector Menu

OPERATING SEQUENCE

Performing an LVOCI Injection

Use the following sequence to inject asampleinto an LVOCI.

Before injection, do the following:

«  Verify that an Uncoret™ retaining pre-column and analytical column are
correctly installed to the low-volume tee piece and the SVE valve. For
instructions on connecting the columns, refer to Chapter 14, Columns.

* Veify that the system is free of leaks.
*  Program the carrier gas flow as described in Chapter 4, Digital Gas Control.
p NOTE Before you begin an autosampler injection, ensure that you have downloaded the large

volume injection parameters from the large volume software and programmed the
autosampler sequence.

Refer to the TriPlus Operating Manual and to the manual of the Data System in
use.
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This chapter describes the Packed (PKD) column injector and explains the packed
column operating sequences.

Chapter at a Glance...
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Operating Sequences
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Performing @ PKD INJECHION........cvcviieeie ettt 182
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PKD Overview

The PKD injector, shown in Figure 9-1, is used for injections with the sample
vaporizing directly in the column. The PKD standard injector accepts metal or
glass packed columns. Theinjector temperature may range from ambient to
400 °C. Injector temperature is regulated by atemperature controller in the GC
CPU board and monitored by a platinum wire sensor.

1. Septum Cap 4. Column Nut
2. Septum 5. Packed Column
3. Column Ferrule A. Carrier Gas Inlet

Figure 9-1. Packed Column Injector
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Septa

You should use agood quality septum with along life expectancy, good resistance
to deformation, and alow bleed level, even at high temperatures. Additionally,
you can use high-temperature septa for both manual and automatic injections.

Adapters

You must install a proper different glass liners depending on the type of column
used. Table 9-1 shows the PKD adapter options.

Table 9-1. Adapters for Packed Column Injectors

1 packed column 1/4-inch and 6-mm OD
packed column 4-mm OD
3 packed column 1/8-inch OD

PKD Injection Techniques

The sample is normally injected directly into the top of the column. Theinlet
temperature should be sufficiently high to guarantee complete sample
vaporization while avoiding the possible decomposition of sample components.

A glass liner prevents nonvolatile substances present in a sample from
contaminating the column.
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PKD Injector Menu

The INLET (PXD) menu containsthe parametersfor packed columns. Press LEFT
INLET or RIGHT INLET to display the menu, depending on the injector position.

p NOTE The injector and carrier gas menus are related. If you set a pressure at the carrier gas
menu, that same pressure setting is reflected in the injector menu, and vice-versa.

Table 9-2. Inlet (PKD) Menu

Menu Range Comments
XXXX INLET (PKD) Thisline is the menu title bar.
Temp On/Off, This line shows the base injector temperature. Press
50-400 °C ON to turn on the heater and display the actual and

setpoint values. Press OFF to turn off the heater and to
display the actua value.

Pressure On/Off, This line shows the carrier gasinlet pressure. Press
2-250 kPa or ON to display the actual and setpoint values. Press
10-1000 kPat OFF or 0 to display the actual value and to turn off the
inlet flow.

1. 0.3-36psi, 0.02-2.5 bar; 0.145-145 psi, 0.1-10.00 bar.
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OPERATING SEQUENCE

Replacing a Septum
Materials required:

«  septum
« tweezers

&WARNING! The injector fittings may be hot. Make sure the injector is at room temperature before
replacing the septum.

1. Remove the septum cap from the injector.
2. Using tweezers, remove the septum from the septum cap.
3. Place anew septum in the septum cap.
ACAUTION To avoid contamination, do not touch the septum with your hands.
4. Gently tighten the septum cap onto the injector assembly until finger-tight.

Do not overtighten the septum cap. The septum will deform and may be
difficult to penetrate with the syringe needle.
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OPERATING SEQUENCE

Programming the PKD Injector

Before you begin programming, do the following:

«  Verify that acolumn is correctly installed, the correct adapter isin the injector,
and the system is free of leaks.

e Check the oven temperature and detector temperature.

e Program the carrier gas flow as described in Chapter 4, Digital Gas Control.

1. PressLEFT INLET or RIGHT INLET to open the INLET (PKD) menu,
depending on the position of the PKD injector.

2. Scroll to Temp, press ON, then enter the appropriate injector temperature using
the numeric keypad.

OPERATING SEQUENCE

Performing a PKD Injection

Use the following sequence to inject a sample into a PKD injector.

Before injecting the sample, do the following:

» Verify that acolumn and adapter, is correctly installed and the system is free
of leaks.

« Check the oven temperature and detector temperature.

e Program the carrier gas flow as described in Chapter 4, Digital Gas Contral.

WARNING! Hydrogen is a potentially dangerous gas. Refer to Using Hydrogen on page xxviii for
safety information.
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Manual Injection
1. PressPREP RUN.

2. Whenthe Ready to Inject LED islit, insert the syringe into the injector,
inject the sample rapidly, and remove the syringe from the injector.

3. PressSTART.

The GC will complete the analysis as programmed.

Injection Using an Al 3000/AS 3000 Autosampler

Before you begin the autosampler injection, ensure that you have programmed the
autosampler method in the aAuTosaMPLER menu and the autosampler sequencein
the SEQUENCE menu.

1. PressPREP RUN.
2. Press SEQ CONTROL.
3. Scroll to start Sequence and press ENTER or START.

The autosampler will inject the samples according to the programmed sequence.
Automatic Injection Using a TriPlus Autosampler

Refer to the TriPlus Operating Manual and to the manual of the Data System in
use.
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This chapter describes Purged Packed (PPKD) column injector, which has a
septum purge. Included in this chapter are PPKD injection techniques and
operating sequences.

Chapter at a Glance...
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Programming the PPKD Injector Wide-Bore With Surge Made........................ 192
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Performing @ PPKD INJECHION. ........ccviriirerenie e 195
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PPKD Overview

The Purged Packed (PPK D) column injector is a packed column injector with a
septum purge. The PPKD standard injector accepts wide-bore capillary columns.
The sample vaporizesin aliner and enters the wide-bore capillary column. The
injector temperature is controllable from 50 °C to 400 °C. Figure 10-1 shows the
PPKD injector.

=TT

1. Septum Cap 6. Column Ferrule

2. Septum 7. M4 Split Retaining Nut
3. Liner 8. Wide-Bore Column

4. Liner Ferrule A. Septum Purge Line

5. Adapter B. Carrier Gas Inlet

Figure 10-1. Purged Packed Column Injector
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Septa

You should use high temperature septa with alonger life expectancy, good
resistance to deformation, and alow bleed level, even at high temperatures. Use
high temperature septa for both manual and automatic injections.

Liners
Two different glass liners can be used for wide-bore capillary columns:
e 2mmiD
e 4AmmID

PPKD Injection Techniques

The inlet temperature should be sufficiently high to guarantee the sample
completely vaporizes while avoiding the possible sample component
decomposition.

PPKD Injector Menu

The INLET (PPKD) menu contains the operating parameters for the purged
packed injector. The parameters you can edit depend on the operating mode
chosen: wide bore, Packed, Wide bore w/surge Of Packed w/surge.

* Inthewide bore andWide bore w/surge operating modes, the column
flow isregulated by changing the pressure as the temperature changes.

* Inthe rpacked and rPacked w/surge operating modes, the column flow is
controlled through true mass flow control.
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Press LEFT INLET or RIGHT INLET to open the LEFT Of RIGET INLET (PPKD)
injector menu.

LEFT INLET (PPKD)

Temp 250 250
Pressure 10.6 10.6
Mode : Packed<

TheMode : menu item displays the current operating mode.

Press MODE/TYPE to open the INLET MODE Submenu.

XX INLET MODE

* Wide bore <
Packed

Wide bore w/surge

Packed w/surge

Scroll to the mode you want to use and press ENTER to confirm the selection. An
asterisk appears on the left of the operating mode sel ected.

p NOTE The injector and carrier gas menus are related. If you set a pressure in the carrier gas
menu, that same pressure setting is reflected in the injector menu, and vice-versa.
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Menu

XXXX INLET

Temp

Pressure

Mode:

(PPKD)

Surge pressure

Surge duration

Const sept purge?

Stop purge for

Chapter 10
Purged Packed Column Injector (PPKD)

Table 10-1. Inlet (PPKD) Menu

Range Comments
Thislineis the menu title bar.
On/Off, Thisline showsthe baseinjector temperature. PressON
0-400 °C to turn on the heater and display the actual and setpoint
values. Press OFF to turn off the heater and display the
actual value.
On/Off, This line shows the carrier gas inlet pressure. Press ON
2-250kPaor | todisplay the actual and setpoint values. Press OFF or 0
10-1000 kPa® | to turn off theinlet flow.
This line displays the currently selected operating
mode. Press ENTER to open the INLET MODE submenu.
On/Off, This line indicates the surge pressure. Only used with
2-250kPaor | packed w/surge andwide bore w/surge modes.
10-1000 kP&
0-999.9 min, | Thisline displays the duration of surge pressure after
oo run start.
Yes/No Press YES to activate a constant septum purge to
continuously flush the injector with a purge flow of
5 mL/min for helium and nitrogen or 10 mL/min for
hydrogen.
0-999.9 min, | Thisline appears only when Constant septum
oo purge isset to No.

1. 0.3-36 psi, 0.02-2.5 bar; 0.145-145 psi, 0.1-10.00 bar.
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OPERATING SEQUENCE

Replacing a Septum
Materials required:

«  septum
« tweezers

&WARNING! The injector fittings may be hot. Make sure the injector is at room temperature before
replacing the septum.

1. Remove the septum cap from the injector.
2. Using tweezers, remove the septum from the septum cap.
3. Place anew septum in the septum cap.
ACAUTION To avoid contamination, do not touch the septum with your hands.
4. Gently tighten the septum cap onto the injector assembly until finger-tight.

Do not overtighten the septum cap. The septum will deform and may be
difficult to penetrate with the syringe needle.
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OPERATING SEQUENCE

Programming the PPKD Injector Wide-Bore Mode

Before programming the purged packed column injector, do the following:

« Verify that awide-bore column is correctly installed, the correct liner isin the
injector and the system is free of leaks.

e Check the oven temperature and detector temperature.

e Program the carrier gas flow as described in Chapter 4, Digital Gas Control.

A@WARNING! Hydrogen is a potentially dangerous gas. Refer to Using Hydrogen on page xxviii for
safety information.

1. PressLEFT INLET or RIGHT INLET to open the INLET (PPKD) menu,
depending on the position of the PPKD injector.

2. Scroll to Mode : and press MODE/TYPE.
3. Scroll towide bore and pressENTER.

4. Scroll to Temp and press ON or enter the appropriate injector temperature
using the numeric keypad.

5. If constant septum purge is required, scroll to Const sept purge? and
press YES. If constant septum purge is not required, press NO and scroll to
Stop purge for to enter the time the purge flow should be interrupted.
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OPERATING SEQUENCE

Programming the PPKD Injector Wide-Bore With Surge Mode

Inthewide bore w/surge mode, acarrier gas pressure surge activates during
the injection phase for a preset time. This surge accel erates the transfer process of
the substances from the injector to the column. The pressure surge startsin the
Prep Run phase and ends at the end of the programmed Surge duration.

Before programming the packed column injector, do the following:

Verify that awide-bore column is correctly installed, the correct liner isin the
injector, if used, and the system is free of leaks.

Check the oven temperature and detector temperature.

Program the carrier gas flow as described in Chapter 4, Digital Gas Contral.

A@WARNING! Hydrogen is a potentially dangerous gas. Refer to Using Hydrogen on page xxviii for
safety information.

1
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Press LEFT INLET or RIGHT INLET to open the INLET (PPKD) menu,
depending on the position of the PPKD injector.

Scroll to Mode : and press MODE/TYPE.

Scroll towide bore w/surge and press ENTER.

Scroll to surge pressure and enter the value of the pressure surge.
Scroll to surge duration and enter the duration of the pressure surge.

Scroll to Temp and press ON or enter the appropriate injector temperature
using the numeric keypad.

If constant septum purge is required, scroll to const sept purge? and
press YES. If constant septum purge is not required, press NO and scroll to
Stop purge for toenter thetime the purge flow should be interrupted.
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OPERATING SEQUENCE

Programming the PPKD Injector Packed Mode

Before programming the purged packed column injector, do the following:

Verify that acolumn is correctly installed, the correct liner isin the injector, if
used, and the system is free of leaks.

Check the oven temperature and detector temperature.

Program the carrier gas flow as described in Chapter 4, Digital Gas Control.

A@WARNING! Hydrogen is a potentially dangerous gas. Refer to Using Hydrogen on page xxviii for
safety information.

1

Operating Manual

Press LEFT INLET or RIGHT INLET to open the INLET (PPKD) menu,
depending on the position of the PPKD injector.

Scroll to Mode : and press MODE/TYPE.
Scroll to packed and press ENTER.

Scroll to Temp and press ON or enter the appropriate injector temperature
using the numeric keypad.

If constant septum purge is required, scroll to Const sept purge? and
press YES. If constant septum purge is not required, press NO and scroll to
Stop purge for to enter the time the purge flow should be interrupted.
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OPERATING SEQUENCE

Programming the PPKD Injector Packed With Surge Mode

In the Packed w/surge mode, acarrier gas pressure surge activates during the
injection phase for a preset time. This surge accel erates the transfer process of the
substances from the injector to the column. The pressure surge starts in the Prep
Run phase and ends at the end of the programmed Surge duration.

Before programming the packed column injector, do the following:

Verify that acolumnis correctly installed, the correct liner isin the injector, if
used, and the system is free of leaks.

Check the oven temperature and detector temperature.

Program the carrier gas flow as described in Chapter 4, Digital Gas Contral.

WARNING! Hydrogen is a potentially dangerous gas. Refer to Using Hydrogen on page xxviii for
safety information.

1.
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Press LEFT INLET or RIGHT INLET to open the INLET (PPKD) menu,
depending on the position of the PPKD injector.

Scroll to Mode : and press MODE/TYPE then scroll to packed w/surge and
press ENTER.

Scroll to surge pressure and enter the value of the pressure surge.
Scroll to surge duration and enter the duration of the pressure surge.

Scroll to Temp and press ON or enter the appropriate injector temperature
using the numeric keypad.

If constant septum purge is required, scroll to const sept purge? and

press YES. If constant septum purge is not required, press NO and scroll to
Stop purge for toenter thetime the purge flow should be interrupted.
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OPERATING SEQUENCE

Performing a PPKD Injection

Before injecting the sample, do the following:

«  Verify that the column and liner, if used, are correctly installed and the system
isfree of leaks.

e Check the oven temperature and detector temperature.

e Program the carrier gas flow as described in Chapter 4, Digital Gas Control.

A@WARNING! Hydrogen is a potentially dangerous gas. Refer to Using Hydrogen on page xxviii for
safety information.

Manual Injection
1. PressPREP RUN.

2. Whenthe Ready to Inject LED islit, insert the syringe into the injector,
inject the sample rapidly, and remove the syringe from the injector.

3. PressSTART.

The GC will complete the analysis as programmed.

Injection Using an Al 3000/AS 3000 Autosampler

Before you begin the autosampler injection, ensure that you have programmed the
autosampler method in the auTosaMPLER menu and the autosampler sequencein
the SEQUENCE menu.

1. PressPREP RUN.
2. Press SEQ CONTROL.

3. Scroll to start Sequence and press ENTER or START.
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The autosampler will inject the samples according to the programmed sequence.

Automatic Injection Using a TriPlus Autosampler

Refer to the TriPlus Operating Manual and to the manual of the Data System in
use.
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This chapter describes the Programmable Temperature Vaporizing (PTV) injector
and contains operating sequences for the different PTV operating modes.
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Programming the PTV Large Volume Mode..........coereriinnienenise e 246
Programming [Njection Parameters ..........ccceeveeeeieeieeeesese e e see e eee e s 247
Programming the CT Split MOGE........cccccviiveieece e 250
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PTV Overview

The BEST (Brightly Enhanced Sample Transfer) PTV injector, shown in

Figure 11-1, allows you to vary the temperature during injection in both split and
splitless operating modes. This programmabl e temperature variation can eliminate
many of the unwanted effects that can occur with traditional hot injection
techniques, such as distillation of the sample within the needle and large vapor
clouds inside the injector chamber.

o

6660
N

Y

..................H

N

1. Septum A. Carrier Gas Inlet
2. Liner B. Septum Purge Line
3. Heating Element C. Split Line

4. Capillary Column D. Forced Cooling

Figure 11-1. Programmable Temperature Vaporizing Injector
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The BEST PTV can be used in six different operating modes:

e PTV Split, used with concentrated samples when the sensitivity isnot a
problem.

* PTV Splitless, used for trace analysis.

* PTV Solvent Split, used to vent the solvent or the reagent when it can create a
problem for the detector or the column.

e PTV Large Volume, used to increase the sensitivity of the analysisthrough the
injection of large volume sample amount.

e Constant Temp Split, for small sample volume and small volatility range.

e Constant Temp Splitless without or with pressure surge, for small sample
volume and trace analysis.

In Constant Temperature (CT) mode, the PTV functions like a split/splitless
injector. Sample volumes are lower than when using an S/SL injector because of
the smaller PTV liner volume.

The PTV injector can analyze relatively dirty samples that can not be analyzed
using atraditional on-column technique.

The injector temperature, from ambient to 400 °C, is regulated by atemperature
controller in the GC CPU card and monitored by athermocouple.

Liquid nitrogen or liquid carbon dioxide is used as a coolant for operating bel ow
ambient temperature (down to -50 with liquid N,; down to —30 °C with liquid
CO,). The coolant flow is controlled by an optional cryogenic system which must
be connected to the GC and enabled in the CONFIGURE menu. Refer to paragraph
PTV Cryogenic Operation on page 221 and to the Configuring Cryogenic
Operation on page 239 for more information.

Before using liquid nitrogen or liquid carbon dioxide, read the indication of hazard
and the instructions reported in the Safety Sheet supplied by the manufacturer with
reference to the relevant CAS number (Chemical Abstract Service).

An optiona Backflush system is available. Backflushing allowsto eliminate
during the cleaning phase the heavy part of the sample, which are not relevant for
the analysis. It isalso able to perform Large Volume Injection reducing the
amount of solvent entering the column and increasing the recovery of volatile
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components.
Refer to paragraph PTV Backflush Operation on page 224 and to the Enabling
Backflush operating sequence on page 241 for details.

Syringe
A 5-250 uL syringe with a51 mm, conical-tipped needle or side hole needle for

Large Volume injections (with glass sintered liner) are normally used to operate
with PTV injector.

Septum

Standard Septum

You should always use good quality septa, such asthe BTO septa supplied with
the TRACE GC Ultra. Such septaresist deformation, have longer life expectancy,
and have alow bleed level, even at high temperatures.

Merlin Microseal™ Valve
PTV injector is compatible with use the Merlin Microseal ™ High Pressure Valve
instead of the standard septa.

p NOTE To replace the standard septum with the Microseal™ Valve, the relevant installation kit is
required.

Microsea ™ valve requires a0.63 mm diameter (0.025-inch) blunt tip syringe or
the side hole needletip.

Liners

The selection of the liner depends on the type of application and operating mode
needed for your analysis. PTV liners can be glass or silcosteel (stainless steel
covered internally with deactivated silica). Figure 11-2 and Table 11-1 shown the
PTV liner options.
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Figure 11-2. PTV Injector Liners

Table 11-1. PTV Injector Liners

ID# = Part Number Liner Type Description and Application

A | 45322044 |\
| \ \ |

1\

2mm ID; 2.75 mm OD; 120 mm length; 0.38 mL theoretical volume.

Silcosteel deactivated liner, used for split and splitlessinjections. Included in
the GC standard outfit as liner for general purpose.

e

1 mmID; 2.75 mm OD; 120 mm length; 0.095 mL theoretical volume.

Silcostedl deactivated liner, used for splitless injection of samples with high
molecular weight compounds. Included in the GC standard outfit standard
outfit as liner for general purpose.

B | 45322046
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Table 11-1. PTV Injector Liners (Continued)

ID# Part Number Liner Type Description and Application

C

453 220 45

| \\ ﬂ

2mm ID; 2.75 mm OD; 120 mm length; 0.38 mL theoretical volume.
Non deactivated glass liner, used for split and splitlessinjections.

453 220 54

\

)|
|
)

\
\
\
\

1

T

1 mm ID; 2.75 mm OD; 120 mm length; 0.095 mL theoretical volume.

Deactivated glass liner, used for splitless injection of samples with high
molecular weight compounds.

453 220 52

—

1 mmID; 2.75 mm OD; 120 mm length; not remarkable theoretical volume.

Silcostedl deactivated liner with 20.6 mm ID restrictor, used when the PTV
operates like an on-column injector (refer to PTV On-Column Like Injection on
page 204). Requires the use of a Wide-bore column or a Wide-bore precolumn.

453 220 56

H R o2 )
2mm ID; 2.75 mm OD; 120 mm length; 0.38 mL theoretical volume.

Silcostedl deactivated liner with deactivated silicawool for PTV Large Volume
Injections. It isincluded in the PTVLV standard ouitfit.

453 220 60

\ N
‘-.\ § )

About 1.2 mm ID; 2.75 mm OD; 120 mm length; 0.135 mL theoretical
volume.Glass sintered deactivated liner (without quartz wool) for PTV Large
Volume Injections with backflush of polar and labile compounds. Used instead
of liner F.

The sintered porous surface coating (0.25-0.5 mm) holds the liquid during the
controlled speed LV injection while offering a chemically inert surface.

I
I
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Table 11-1. PTV Injector Liners (Continued)

ID# Part Number Liner Type Description and Application

H

453 220 62

\

\ | b
[ \‘ \/\ H)
1 mmID; 2.75 mm OD; 120 mm length; 0.180 mL theoretical volume.
Deactivated glass liner with baffles. The deactivated surface with baffles

allows to increase the injectable volumes with the 1 mm ID glass liner. Baffles
can also be used for holding small amount of silicawoal.

453 220 57

K

\
= \\ @
2mm ID; 2.75 mm OD; 120 mm length; 0.340 mL theoretical volume.

Deactivated glass liner: The deactivated glass surface offers the advantage of a
chemically inert environment for split and splitless injections of polar
compounds.

455 22070

I — q

2mm ID; 2.75 mm OD; 120 mm length; with silicawooal.

Deactivated liner with a plug of silicawool. Very suitable for PTV Split
operation with Ultrafast GC and for PTVBKF option.

453520 99

U=

[ ANV AN Y ANV A
2mm ID; 2.75 mm OD; 120 mm length.

Glass deactivated liner with 60 mm of deactivated silicawool for PTV Large
Volume Injections. Used instead of liner F.

~—
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PTV Injection Techniques

In programmed temperature mode, the sampleisinjected into the liner in cold
conditions. It israpidly heated to the programmed vaporizing temperature and
transferred into the capillary column.

The syringe needle is never significantly heated because the initial temperature of
the injector is kept enough low to prevent the sample vaporization inside the
needle. Cold injection prevents the discrimination of substances with high boiling
points induced by evaporation inside the hot needle.

After injection, the sample vaporizes gradually. This prevents the steam cloud
phenomenon common to hot split/splitlessinjectors. If large enough to exceed the
liner volume, a steam cloud escapes through the septum purge line and the split
gasline. This phenomenon can also occur if samplevolumes aretoo large or if the
initial injection temperature is set too high.

p NOTE The transfer temperature must be kept for the whole analysis time to allow the transfer of
heavier components, unless an higher temperature is selected in the Cleaning Phase.

PTV On-Column Like Injection

The PTV injector can be used similarly to an on-column injector if equipped with
aspecial liner which has arestrictor on top. Refer to Table 11-1. The restrictor
functions as a0.47 mm OD needle guide, allowing you to inject a sample directly
into awide-bore column or a pre-column, by keeping the injector temperature
lower than the solvent boiling point. After a short injection time (5-20 seconds),
the injector heats with a programmed rate to reach the sample transfer
temperature. When using this technique, set the oven temperature bel ow the
solvent boiling point. Set the initial oven time to a value higher than the injection
time and the PTV transfer time. You should choose the split mode and select the
lowest possible split flow (10—15 mL/min) when using the PTV for this type of
injection. Maintain the final PTV temperature up to the end of GC run.

PTV Split Injection

During split injection the splitting valve is open. Only a portion of the sample
enters the column. The remainder discharges through the splitting line.
The ratio between the split flow and the column flow defines the amount of

204 Operating Manual



Chapter 11
PTV Injection Techniques Programmable Temperature Vaporizing Injector (PTV)

sampl e that enters the chromatographic system. The split flow must be set to
obtain the correct split ratio for the sample concentration to be injected.

The initial temperature should be lower than the solvent boiling point. The final
temperature should be suitable for vaporizing the component with the highest
boiling point.

An example of temperature profile and timing of the valvesin PTV Split mode is
shown in Figure 11-3.

End
ij Cleaning Tompe
| /

T

Purge Open (On)
Valve Close (Off)
Split Open (On)
Valve Close (Off)
Backflush | Active
Inactive
Backflush Duration
T1. Injection Temperature T3.Sample Transfer Temperature
T2. Evaporation Temperature T4. Cleaning Temperature

Figure 11-3. Temperature Profile and Timing in PTV Split Mode

PTV Splitless Injection

The splitlessinjection is used primarily to analyze compounds present in very low
concentrations, especially in complex matrices. In splitless injection, the splitting
valve remains closed during sample injection and transfer into the column.
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The time during which the splitting valve remains closed is the splitless time. At
the end of the sample transfer, the splitting valve opens again to purge the
vaporization chamber of residual components, primarily solvent.

The splitless time controls the amount of sample entering the column. Thistime
must end approximately 30-60 seconds after the injector has reached the final
temperature. A constant septum purge can continuously flush the injector with a
set purge flow throughout the anaysis.

The low carrier gas flow during splitless injection causes sampling vapours to fill
the vaporization chamber. To avoid sample loss, select an adequate liner, proper
temperature conditions, and proper flow conditions.

An example of temperature profile and timing of the valvesin PTV Splitless mode
isshown in Figure 11-4.

. End of Oven
Injection and Transfer Cleaning | Temperature Program

| \

T

Purge Closure Time

Purge Open (On)
Valve Close (Off)
Split [¢] O
Valve = SLTime[— Clpoes';((or;f))
BKF Delay
Backflush 1 Active
| Inactive
BKF Duration
T1. Injection Temperature T3.Sample Transfer Temperature
T2. Evaporation Temperature T4. Cleaning Temperature

Figure 11-4. Temperature Profile and Timing in PTV Splitless Mode
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PTV Solvent Split and Large Volume Injections

When your GC is configured with a solvent valve, the PTV Solvent Split
operating mode will be replaced with the PTV Large Volume operating mode. For
detailsrefer to PTV Injector Menus on page 211.

PTV Solvent Split Injection

This technique eliminates the solvent before the sample enters the column. It is
used mainly for normal injection volumes if the solvent or derivatizing reagents
must be vented.

An example of temperature profile and timing of the valvesin PTV Solvent Split
mode is shown in Figure 11-5.

End of Oven
Solvent Venting Transfer Cleaning Temperature Program

| \

T

Purge Closure Time

Purge Open (On)
Valve Close (Off)
Split — Open (On)
Valve =L i Close (Off)
Backflush Active
Inactive
BKF Duration
T1. Injection Temperature T3.Sample Transfer Temperature
T2. Evaporation Temperature T4. Cleaning Temperature

Figure 11-5. Temperature Profile and Timing in PTV Solvent Split Mode

Operating Manual 207



Chapter 11

Programmable Temperature Vaporizing Injector (PTV) PTV Injection Techniques

ACAUTION

208

PTV Large Volume Injection

PTV Large Volumeinjections (PTVLV1) allow large volume injections when the
sample components are less volatile than the solvent. In order to operate in the
PTVLVI mode, the injector must have a heated solvent split valve installed and
configured and adequate DCC configuration.

When the heated solvent split valve is installed, the split valve on the DCC module is
replaced by the split valve bypass.

Large Volume requires the use of aliner of 2-mm ID with silicawool or other
packing material to retain the solvent during injection. Theliner is provided in the
PTVLVI kit. Alternatively, asintered glass liner can be used. If your GC has been
configured with a solvent valve, the INLET (PTV) menu contains the parameters
for large volume injection.

The PTV injector for Large Volume injections is schematically represented in
Figure 11-6.

The Backflush Kit isinstalled when LV with backflush is required (less solvent
entering the detector and better recovery of volatiles).
Specially designed kit for BKF LV1 is available with PN 190 502 38.
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1. Carrier Gas Inlet

2. Septum Purge Line
3. Split Line

4. DCC Module

5. Split Valve Bypass

6. Heated Solvent Split Valve
7. Internal Split Line Filter

8. Carrier Filter

9. Liner with silica wool

10. External Split Line Filter

Figure 11-6. PTV Injector for Large Volume Injections

For further details refer to Large Volume Injections Using PTV on page 226.
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CT Split Injection

This mode is used to execute split injections at a constant temperature. The split
and purge valves remain open throughout the run.
Figure 11-7 shows the temperature profile and the timing of the valves.

ii End Cycle

Purge Open (On)
Valve

Split Open (On)
Valve

T1. Injection Temperature

Figure 11-7. Timings of the Valves in CT Split Mode

Sample with limited volatility range is normally injected with this mode.

CT Splitless Injection

This mode is use to execute splitless injections at a constant temperature.
The split and purge valves are closed during the Prep Run phase and remain
closed after the injection for the programmed duration.

Figure 11-8 shows the temperature profile and the timing of the valves.

ij End Cycle

Purge ) Open (On)
Valve Septum Purge Closure Time | Close (OF)
Split = . Open (On)
Valve SLTime ——— | Close (Off)

T1. Injection Temperature

Figure 11-8. Timings of the Valves in CT Splitless Mode

This mode is used for trace analysis of samples with alimited volatility range.
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CT Surge Splitless Injection

In CT surge splitless mode, a carrier gas pressure surge activates during the
injection phase for a programmed time. This surge accel erates the transfer process
of the substances from the injector to the column. The pressure pulse startsin the
Prep Run phase and lasts until the end of the programmed surge duration. The
split and purge valves close during the Prep Run phase and remain closed after
injection for the programmed duration.

PTV Injector Menus

Operating Manual

The INLET (PTV) menu includes the operating parameters for the programmed
temperature vaporizing injector. The parameters you can edit depend on the
operating mode and temperature mode chosen, and on the type of gas control
modules installed in your GC.

There are three programmed temperature operating modes. PTV split, PTV
splitless, and PTV solvent split.

— Inthe programmed temperature modes, you can program the injector
temperature to change during an injection. The value you set in the Temp
parameter acts as a standby temperature.

— If your GC has been configured for a solvent valve, the PTV solvent split
operating mode will be replaced with the PTV large volume operating
mode.

— ltispossible to program different venting or cleaning flow values during
the different phases.

There are three constant temperature (CT) operating modes:
— CT split

— CT gplitless

— CT splitless with surge.

In the constant temperature modes, the injector operates at the temperature set
in Temp throughout the analytical run.
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p NOTE

Press RIGHT INLET to display the RIGHT INLET (PTV) menu. The PTV injector
isusually on the right.

RIGHT INLET (PTV)

Temp 250 250
Pressure 10.6 10.6
Mode: split<

The Mode : menu item displays the current operating mode. Press MODE/TYPE to
open the INLET MODE submenu.

RIGHT INLET MODE

* PTV split <
PTV splitless
PTV solvent split
CT split
CT splitless
CT splitless w/srg

If your GC has been configured for a solvent valve, the PTV solvent split operating
mode will be replaced with the PTV large volume operating mode.

Scroll to the mode you want to use and press ENTER to confirm the selection. An
asterisk appears beside the selected operating mode. Tables 11-2 through 11-7
explain the ranges and functions of the parametersinthe RIGHT INLET menus
for each operating mode. The itemsin the inlet menus vary depending on the
operating mode you select.

Table 11-2. Inlet (PTV) Menu for Split Mode in Programmed and Constant Temperature

Comments
RIGHT INLET (PTV) Thisline isthe menu title bar.
Temp 0400 °C, This line shows the base injector temperature.
—50-400 °C with | Press ON to turn on the heater and display the actual
cryo enabled and setpoint values. Press OFF to turn off the heater.

212

Operating Manual



Chapter 11
PTV Injector Menus Programmable Temperature Vaporizing Injector (PTV)

Table 11-2. Inlet (PTV) Menu for Split Mode in Programmed and Constant Temperature (Continued)

Menu Range Comments
Pressure On/Off, This line shows the pressure. Press ON turn on the
2-250 kPa or flow and to display the actual and setpoint values.

10-1000 kPat Press OFF or 0 to turn off theinlet flows and display
the actual value.

Mode This parameter displays the injection operating
mode selected. Press ENTER to open the INLET
MODE Selection menu.

Total flow Not editable This line shows the total gas flow consumption,
which equals the sum of the column flow, split flow
(or gas saver flow), and septum purge flow. This
valueis not editable.

Split flow On/Off, 0, This line shows the split flow. Press ON to turn on
10-500 mL/min | the split flow and display the actual and setpoint
values. Press OFF or 0 to turn off the split flow.

Split ratio 1-5000 Thisline displays the actual split ratio value, which
isthe ratio between the split flow and the column
flow.

Inject phase menu | Referto Press MODE/TYPE to enter the INJECT PHASE

Table 11-7. MENU. Thisline appearsonly in a programmed
temperature mode.

1. 0.3-36psi, 0.02-2.5 bar; 0.145-145 psi, 0.1~10.00 bar.

Table 11-3. Inlet (PTV) Menu for Splitless Mode in Constant and Programmed Temperature

Menu Range Comments
RIGHT INLET (PTV) Thisline isthe menu title bar.
Temp On/Off, This line shows the base injector temperature. Press
0400 °C, ON to turn on the heater and display the actual and
—50-400 °C with | setpoint values. Press OFF to turn off the heater and
cryo enabled display the actual value.
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Table 11-3. Inlet (PTV) Menu for Splitless Mode in Constant and Programmed Temperature (Continued)

Menu Range Comments
Pressure On/Off, Thisline shows the pressure. Press ON to turn on the
2-250 kPaor flow and display the actual and setpoint values.

10-1000 kPat Press OFF or 0, to turn off theinlet flows and display
the actual value.

Mode : Thisline displays the selected operating mode.

Total flow Not editable This line shows the total gas flow consumption,
which equals the sum of the column flow, split flow
(or gas saver flow), and septum purge flow.

Split flow On/Off, 0, This line shows the split flow. Press ON to turn on
10-500 mL/min | the split flow and turn on the actual and setpoint
values. Press OFF or 0 to turn off the split flow.

Splitless time 0-999.99 min This line shows the splitless time, which isthe
duration of split valve closure.
Const sept purge? | YedNo This line shows the constant septum purge flow.

Press YES to activate the constant septum purge and
continuously flush the septum with afixed purge
flow of 5 mL/min for helium and nitrogen or

10 mL/min for hydrogen.

Stop purge for? 0-999.99 min, - | Thisline appears only when constant sept
purge? IS set to No.
Inject phase menu | Referto Press MODE/TYPE to enter the INJECT PHASE
Table 11-7. MENU. Thisline appears only in a programmed
temperature mode.

1. 0.3-36 psi, 0.02-2.5 bar; 0.145-145 psi, 0.1-10.00 bar.
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Table 11-4. Inlet (PTV) Menu for Splitless with Surge in Constant Temperature Mode

RIGHT INLET (PTV)

Temp

Pressure

Mode:
Total flow

Split flow

Splitless time

Surge pressure

Surge duration

Const sept purge?

Stop purge for?

Operating Manual

Thislineis the menu title bar.

0400 °C, This line shows the base injector temperature. Press
—50-400 °C with | ON to turn on the heater and display the actual and
cryo enabled setpoint values. Press OFF to turn off the heater and
display the actual value.
On/Off, Thisline shows the pressure. Press ON to turn on the
2-250 kPaor gas flow and display the actual and setpoint values.
10-1000 kPa' Press OFF or 0, to turn off theinlet flows and display
the actual value.
Thisline displays the selected operating mode.
Not editable This line shows the total gas flow consumption,
which equals the sum of the column flow, split flow
(or gas saver flow), and septum purge flow.
On/Off, 0, This line shows the split flow. Press ON to turn on

10-500 mL/min

the split flow and display the actual and setpoint
values. Press OFF or 0 to turn off the split flow.

0-999.99 min This line shows the splitless time, which isthe
duration of split valve closure.

2-250 kPaor Thisline allows you to program the surge pressure.

10-1000 kPat

0-999.99 min Thisline displays the duration of the surge pressure
after run start.

Yes/No This line shows the constant septum purge flow.
Press YES to activate the constant septum purge and
continuously flush the septum with a fixed purge
flow of 5 mL/min for helium and nitrogen or
10 mL/min for hydrogen.

0-999.99 min, - | Thisline appears only when Constant sept

purge? isset to No.
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Table 11-4. Inlet (PTV) Menu for Splitless with Surge in Constant Temperature Mode (Continued)
Comments
Inject phase menu | Referto Press MODE/TYPE to enter the INJECT PHASE

Table 11-7. MENU. Thisline appearsonly in a programmed
temperature mode.

1. 0.3-36 psi, 0.02-2.5 bar; 0.145-145 psi, 0.1-10.00 bar.

Table 11-5. Inlet (PTV) Menu for Solvent Split Mode

Menu Range Comments

RIGHT INLET (PTV) Thisline isthe menu title bar.

Temp 0400 °C, This line shows the base injector temperature. Press
—50-400 °C with | ON to turn on the heater and display the actual and
cryo enabled setpoint values. Press OFF to turn off the heater and

display the actual value.

Pressure On/Off, Thisline shows the pressure. Press ON to turn on the
2-250 kPa or gas flow and display the actual and setpoint values.

10-1000 kPat Press OFF or 0 to turn off theinlet flows and display
the actual value.

Mode This line displays the selected operating mode.

Total flow Not editable This line shows the total gas flow consumption,
which equals the sum of the column flow, split flow
(or gas saver flow), and septum purge flow.

Split flow On/Off, 0, This line shows the split flow. Press ON to turn on
10-500 mL/min | the split flow and display the actual and setpoint
values. Press OFF or 0 to turn off the split flow.

Splitless time 0-999.99 min This line shows the splitless time, which isthe
duration of split valve closure.
Const sept purge? | YesNo This line shows the constant septum purge flow.

Press YES to activate the constant septum purge and
continuously flush the septum with afixed purge
flow of 5 mL/min for helium and nitrogen or

10 mL/min for hydrogen.
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Table 11-5. Inlet (PTV) Menu for Solvent Split Mode (Continued)

Comments
Stop purge for? 0-999.99 min, - | Thisline appears only when Constant sept
purge? isset to No.
Inject phase menu | Referto Press MODE/TYPE to enter the INJECT PHASE
Table 11-7. MENU.

1. 0.3-36 psi, 0.02-2.5 bar; 0.145-145 psi, 0.1-10.00 bar.

In order to operate in large volume mode the PTV must have a solvent valve. All
operating mode menus will contain the solvent v1vtemperature parameter if a
solvent valve has been installed and configured. In any mode the valve must be
kept at a minimum temperature of 100 °C.

Table 11-6 shows atypical PTV Large Volume mode menu.

Table 11-6. Inlet (PTV) Menu for Large Volume Mode

Menu Range Comments

RIGHT INLET (PTV) Thislineisthe menu title bar.

Temp 0400 °C, This line shows the base injector temperature. Press
—50-400 °C with | ON to turn on the heater and display the actual and
cryo enabled setpoint values. Press OFF to turn off the heater and

display the actual value.

Pressure On/Off, Thisline shows the pressure. Press ON to turn on the
2-250 kPa or inlet flows and display the actual and setpoint

10-1000 kPa! values. Press OFF or 0 to turn off theinlet flows and
display the actual value.

Mode : Thisline displays the selected operating mode.

Total flow Not editable This line shows the total gas flow consumption,
which equals the sum of the column flow, split flow
(or gas saver flow), and septum purge flow.

Split flow On/Off, 0, This line shows the split flow. Press ON to turn on
10-500 mL/min | the split flow and display the actual and setpoint
values. Press OFF or 0 to turn off the split flow.

Splitless time 0-999.99 min This line shows the splitless time, which is the
duration of split valve closure.
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Table 11-6. Inlet (PTV) Menu for Large Volume Mode (Continued)

Menu
Solvent vlv

Const sept purge?

Stop purge for?

Inject phase menu

Range Comments

0-160°C This line displays the solvent valve temperature.

Yes/No This line shows the constant septum purge flow.
Press YES to activate the constant septum purge and
continuously flush the septum with afixed purge
flow of 5 mL/min for helium and nitrogen or 10 mL/
min for hydrogen.

0-999.99 min, - | Thisline appears only when constant sept
purge? isset to No.

Refer to Press MODE/TYPE to enter the Inject Phase

Table 11-7. menu.

1. 0.3-36 psi, 0.02-2.5 bar; 0.145-145 psi, 0.1-10.00 bar.

Table 11-7. Inject Phase Menu for Split, Splitless, Solvent Split, and Large Volume Modes

Menu
INJECT PHASE
Ramped pressure?5

Inject pres®

Inject temp

Inject time

Vent flow

Range Comments
Thisline isthe menu title bar.

Yes/No Press YES to open the pressure ramp parameters.
On/Off, This parameter defines the pressure value during the
2-250 kPa or injection phase.
10-1000 kPa
0400 °C, This parameter defines the injector temperature
—50-400 °C with | during injection.
cryo enabled

0.00-999.99 min

This parameter defines the time to maintain the
temperature during and after the injection.

10-500 mL/min

This line shows the vent flow during the injection
and evaporation phases. It discharges the solvent or
the non-retained compounds during the large
volume or solvent split phase. The vent flow
setpoint must be compatible with the available
pressure set.
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Table 11-7. Inject Phase Menu for Split, Splitless, Solvent Split, and Large Volume Modes (Continued)

Evap presz_

Evap ramp2

Evap temp2

Evap time?

Transfer pres5

Transfer ramp

Transfer temp

Transfer time

Clean ramp3

Clean temp3

Operating Manual
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On/Off, This parameter defines the pressure used during the
2-250 kPaor solvent evaporation phase. The pressureisapplied at
10-1000 kPat the beginning of the evaporation temperature ramp.
0.1-14.5°C/s This parameter defines the ramp rate to reach the
in0.1°C/s programmed solvent evaporation temperature.
increments

0400 °C, This parameter defines the solvent evaporation
—50-400 °C with | temperature.

cryo enabled

0.00-999.99 min

This parameter defines the time the programmed
solvent evaporation temperature must be
maintained.

On/Off, This parameter defines the pressure used during the

2—-250 kPa or sampletransfer phase. This pressureis applied at the

10-1000 kPa' beginning of the transfer temperature ramp.

0.1-14.5°C/s This parameter defines the rate of the temperature

in0.1°C/s ramp to reach the sample transfer temperature.

increments

0400 °C, This parameter defines the temperature at which the

—50-400 °C with | sample transfers into the column.

cryo enabled

0.00-999.99 This parameter defines the time the programmed
sample transfer temperature must be maintained.

0.1-14.5°C/s This parameter defines the ramp rate to reach the

in0.1°C/s programmed injector cleaning temperature.

increments

0400 °C, This parameter defines the injector temperature

—50-400 °C with | during the cleaning phase.

cryo enabled
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PTV Injector Menus

Table 11-7. Inject Phase Menu for Split, Splitless, Solvent Split, and Large Volume Modes (Continued)

Menu

Clean time’

Clean flow”

Range Comments
0.00-999.99 min | This parameter defines the time the programmed
sample transfer temperature must be maintained.
10-500 mL/min | This parameter may be used to increase the flow

during the cleaning phase. The clean flow setpoint
must be compatible with the pressure set.

[

0.3-36 psi, 0.02-2.5 bar; 0.145-145 psi, 0.1-10 .00 bar.

2. This parameter appears only when the Evaporation? option has been configured inthe pPTv PHASE EVENTS menu.
Refer to the Configuring Evaporation Event operating sequence on page 237 for more information.

3. Thisparameter appears only when the cleaning? option has been configured in the PTv PHASE EVENTS menu. Refer
to the Configuring Cleaning Event operating sequence on page 238 for more information.

4. Anoptiona Back Flushing (BKF) system is available. If configured, it will be active during the injection and
evaporation phases and also in the cleaning phase. Refer to Enabling Backflush operating sequence on page page 241 for

details.

5. Thislineisdisplayed only when PTV Large Volume or PTV Solvent Split operating modes are used.
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PTV Cryogenic Operation

An optional cryogenic system alows you to operate the PTV below ambient
temperature using liquid nitrogen or liquid carbon dioxide as the coolant.

* liquid CO, alows PTV temperature down to -30 °C.

* liquid N, allows PTV temperature down to -50 °C.

You can set the cryo system to operate during the Prep Run or Post Run phase.

l

..................!—I

E. Flow of Vapors of Liquid Nitrogen

Figure 11-9. Liquid Nitrogen Cooling System
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[

{

>

Tl

E. Flow of Carbon Dioxide

Figure 11-10. Carbon Dioxide Cooling System

AWARNING! High pressures and extremely low temperatures make liquid N, a hazardous
material. High concentrations of N, in the air can cause an asphyxiation hazard.
To avoid injury, always follow the safety precautions and delivery system design
recommended by your gas supplier.

High pressures and extremely low temperatures make pressurized liquid CO, a
hazardous material. High concentrations of CO, are dangerous. To avoid injury,
always follow the safety precautions and delivery system design recommended by
your gas supplier.

If your PTV has acryogenic system, the CONFIGURE INLET menu containsthe
cryogenic configuration parameters. Each time you wish to use the cryogenic
cooling option, you must enable it in the CONFIGURE INLET menu.

Without a cryogenic system, fanswill cool the PTV to ambient temperature. With
aPTV cryogenic system installed, you can specify atemperature at which the
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cryogenic system switches on to cool the PTV. Thistemperature isthe cryo switch
temp.

Cryo Timeout

The cryo timeout feature allows you to limit the time the cryo system will run
without receiving an injection signal. This serves two purposes:

e It conserves the cryogenic coolant.

* It turns off the cryo system if the setpoint temperature cannot be reached due
to alack of coolant.

After setting Enable cryogenic? t0 Yes inthe CONFIGURE INLET menu, the
cryo system begins automatically if you have turned onthe Auto prep run
feature the CONFIGURE OVEN menu. If Auto prep run isturned off, the cryo
system begins when you press PREP RUN.

The cryo timeout will turn off the cryo system and reset the Enable
cryogenic? parameter to No if the GC does not receive an injection signal by the
time specified in the cryo timeout parameter.

If this happens, you must re-enable the cryo system in the CONFIGURE INLET
menu if you wish to perform an analysis using the PTV cryogenic system.

Refer to the Configuring Cryogenic Operation operating sequence on page 239
for instructions on using the cryo system.
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PTV Backflush Operation

With the implementation of the backflush kit the TRACE GC Ultra equipped with
the PTV injector, will be able to perform operations with the following
advantages:

» Eliminate during the cleaning phase the heavy part of the sample, which are
not relevant for the analysis. Thiswill strongly reduce the analysis time with
any analytical set-up and with many samples.

This step is important when performing analysis of volatile compoundsin a
relatively low volatile mixture.

» Avoid solvent introduction into the column when performing alarge volume
injection. Thisis particularly important with M S applications.

»  Perform precise cuts of the chromatogram, installing a selected coated
precolumn, so that only a part of the sampleistransferred into the column for
the analysis.

e Useof very narrow bore column without significant peak broadening effect.

* Inthisway, for example, it is possible to use athick film of stationary phase
and to perform a precise cut of the components that are not of interest, so that
is possible to analyze only the volatile compounds even with narrow bore
capillary columns.

The rest of the sampleis eliminated through the injector and the oven
temperature does not need to be increased to elevated value.

p NOTE To install and configure the Backflush option refer to the Backflush System for PTV Injector
Installation Guide.

The backflush principle of operation is schematically shown in Figure 11-11.
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Flow Flow
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Figure 11-11. Backflush Kit for PTV Injector

Figure 11-11 shows the schematic flow diagram during the injection (left) and
backflush (right) phase. While the analytes (red, green yellow peak) are
transferred to the analytical column the slowly travelling high boilers (large grey
peak) are till in the pre-column when the BKF is activated. Those matrix
compounds are eliminated through the split line of the injector during the run time
of the analysis. The analytes that have been transferred to the analytical column
continue the regular chromatography.

Using Back Flushing

/() NOTE

Operating Manual

Backflushing can be applied only whenthe BEST PTV injector isused inthe PTV
operating modes such as PTV Split, PTV Splitless, PTV Solvent Split and PTV
Large Volume

Backflush may be used during a large volume injection to avoid the solvent is entering into
the column during venting phase.

When enabled, the Backflush is ON (solenoid valve not energized) during
Injection Phase, Evaporation Phase and Cleaning Phase.
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Large Volume Injections Using PTV

Large volume injection through a PTV can be done in different modes:

* Mode 1: At oncein Solvent Split Mode (PTV LVI)
when the sampleisintroduced at arelatively high speed (e.g. over 10 ul/sec).

* Mode 2: Delayed Temperature Programming Splitless (DTPS)
when the sample isintroduced at relatively high speed in splitless mode.

* Mode 3: Speed Controlled Injection in Solvent Split Mode (PTV LVI)
when the sample isintroduced at arate that istheoretically equal to the
evaporation rate.

* Mode4: Multiple injection
when asmall volume of sample isintroduced several times with adelay
between the injections, each injection of about 5-10 pl.

With the BEST PTV, mode 1, 2 or 3 are used

PTV FTV Solvent Split with Reversed PTV with Delayed Temperatura
ACIVENE Sput Flow (Backflush) Frogramming Splitless

Segii Back flush E
purge ling watve (M)
Camier gy = Carnier o
-
Heated sohvant Heated solvent
Splitting Heatad _‘_JF> walve

Flow valva
ing  salvent valve
Owen Oven Cven

Carmier s

Column Coolumn

Frecolumn

Column
T-zonnactar

Flow — igh lowey vary low — ne flow

Figure 11-12. PTV Large Volume Injection Techniques
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When performing Large Volume Injections
with the TriPlus AS autosampler, it is strongly
recommended to use LVI enhanced
performance vial seals PN 313 010 01

: (20 mm) or PN 313 011 02 (11 mm) or

Siicone  Teflon PN 313 010 03 (8 mm). These seal will avoid
fubber  film contamination with silicon, common to the

LW Enhanced Performance Seal

conventional vial seals. These seals can be used
for no more than 2-3 injections, depending on
solvent volatility.

Mode 1: At once in Solvent Split Mode (PTV LVI)

It requires that the volume to be injected is not too large (normally below 80 ul)
when using a2 mm liner with silicawool.

Theinjection speed must be relatively high (over 10 ul/sec) manually or
with the autosampler.

Theinitial temperature of the PTV must be normally kept (10-20 °C) below
the boiling point of the solvent, corrected for the pressure in the injector. The
temperature can be increased, to speed up the evaporation, but this can
increase the loss of volatile compounds.

Solvent B.P. 100 Kpa 200 Kpa 300 Kpa 400 Kpa 500 Kpa
Stand Cond
Isop entane 28 48 (ils} 7 a7 96
Diethyl ether 35 54 72 84 93 101
n-Pentane 36 a7 72 84 93 102
Dichlorom ethane 40 B0 7a ar 96 106
Methy | t-buty| 55 72 a1 104 e 124
ether
Methy | acetate a7 76 az 104 118 124
Chloroform 61 81 a7 109 121 130
Methanol B5 a2 a7 107 186 124
n-Hexane B9 95 111 124 136 145
Ethyl acetate 77 a7 114 126 136 145
Cyclohexane 81 108 122 137 1449 154
Water 100 120 138 147 155 162

Operating Manual

The split flow must be in the range of 100-200 mL/min

Theinjection/evapor ation time dependson: the amount of solvent, thetype
of solvent and the amount of solvent that must remain in the liner before the
injector is heated at the final temperature.
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e Thefinal temperatureis selected according to the volatility of compoundsto
be transferred.

* Theoven temperature must be selected according to the needed separation
and to reduce the flooding into the column. Normally the boiling point of the
solvent isagood starting point.

A certain amount of solvent in the liner must be left to increase the recovery for
both the relatively volatile fraction (compounds at least with a boiling point
120 -150 °C higher then the solvent) and the rest of the sample. This amount
should not flood significantly the column and must not create problems to the
detector in use. To reduce the risk of column flooding, an empty deactivated
precolumn (1-2 m) can be used in front of the coated column, unless Backflush
option is used.

Mode 2: Delayed Temperature Programming Splitless (DTPS)

Phaze 1 :
INJECTION Uiguid layer of  Sofvent vapeurs Fartial
sample + solvent laaving the Iner condensed solvent
Syringe
neede
I\
Camer Sinlered
glass kayer
Heated N ]
,:-k;r //" PTV Programmed speed 210 pl fsec
| L;.)/ - Side hole
™ ! /{/ Fiktan 2. Samplo+scivent Partall
I‘l/' Liguid END OF INJECTION ramarnng in e o condensed 'srn'vvnl
- : = :-IP— tayet l |
_ Solvent — {
_L——"" wapours
- el el
- 1 i Phase 3. Sample + salvent translerred
7 i 4 SAMPLE TRANSFER inte the column
i TO THE COLUMN
I
Sohvent j
WEPOUFS
(1o the
sgliting ling)
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CHROMATOGRAPHY |
Column/Pracolumn
Pressure/Sow pragrarmming
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228 Operating Manual



Chapter 11

Large Volume Injections Using PTV Programmable Temperature Vaporizing Injector (PTV)

Thistechniqueis suited for the analysis of components (especially those with a
boiling point close to the solvent boiling point) present in very low concentration.
In DTPS mode the injection is performed quite quickly (about 10 ul/sec) on a
packed liner or on a glass sintered one (which requires a side hole needle syringe)
The PTV temperature is kept under the pressure corrected solvent boiling point
during the injection phase.

The split valve and the purge valve are closed before the injection.

The PTV temperature can be increased just over the pressure corrected solvent
boiling point during the evaporation phase, in order to transfer slowly the solvent
(and the most volatile components) into the column, avoiding the generation of
inlet overpressure (due to solvent evaporation) and avoiding the flooding of the
column. During this phase the oven temperature is kept at the solvent boiling
point at least until the end of the PTV transfer phase.

The duration of the evaporation phase depends on the amount of sample injected
and the column flow: it can be 3-8 minutes for a 10-30 pl sample injection
volume.

The PTV isthen heated up to the transfer temperature in order to vaporize the
components remained into the liner and transfer them into the column.

The duration of the transfer phase is generally 30-60 sec (asfor anormal PTV
splitless injection).

After the splitlesstransfer phase the split and the purge lines are open and the PTV
temperature must be keep constant or increased to bake the injector.

Theduration of the PTV evaporation phase, the temperature of the PTV during the
evaporation, and the initial oven temperature must then be optimized considering
the shape of the peaks in the chromatogram. If conditions are correctly chosen,
normally is not required the installation of a precolumn.

Mode 3: Speed Controlled Injection in Solvent Split Mode

(PTV LVI)

Operating Manual

Thisisthe injection mode that is normally used for the injection of large sample
volumes. The TriPlus AS autosampler must be set in “D-Start Mode”. For
instruction, refer to the Operating Manual of the autosampler in use.

The sampleisinjected at a controlled speed and thisis normally in the range of
1-8 ul/sec according to the temperature/pressure and split flow in use.

Theliquid sampleisinjected at a slow speed so that during the injection a part of
the solvent is eliminated through the split exit.
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The evaporation speed isinfluenced by the temperature and flow but also on the
type of packing present in the liner.

The injection mode permits the introduction of large amount of solvent

(100-250 pl) because the solvent is not significantly stored in the liner and so the
injectable volumes can be vary.

Asfor the At Once mode a certain amount of solvent must remain in the liner
during the injection and after the injection before closing the split valve, to reduce
the volatiles loss.

This technique anyway is not intended for the analysis of compounds with a
boiling point close to that of the solvent.

PTV LVI Without the Back Flushing Device
Conditions that can be used to start the tuning are:

« Temperature close to the pressure corrected solvent boiling point (usually
below that temperature).

*  Split flow 100-150 mL/min.

e Injection speed 2-5 ulL/sec.

» Injection/evaporation time 0.5-2 minutes after the injection end.
e Splitlesstime 0.25-1.5 min.

«  Oventemperature slightly below the pressure corrected boiling point
temperature of the solvent used.

The injection speed and the delay time after the injection are modified according
to the chromatogram shape and peaks size, in comparison with a concentrated
solution injected in PTV splitless mode.

Theliner used isnormally 2 mm ID with deactivated silicawool. If catalytic
sensitive compounds have to be analyzed, a sintered glass liner must be used.

In this case the speed of injection and the maximum injection volume must be
reduced (1-3 uls, 150 ul max) and aspecial syringe, with side hole needle, haveto
be installed in the autosampler.
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ACAUTION

Operating Manual

PTVLVI With the Back Flushing Device
Thekit for BKF LVI isrequired (PN 190 502 38).

With this mode of operation, the solvent elimination is strongly reduced and
consequently the injection speed must be lower than 3 pl/sec. The amount of
solvent remaining in the liner is usually higher and for this reason the precolumn
must have alength of about 6 to 10 meters.

Conditions that can be used to start the tuning are:

» Temperature close to the pressure corrected solvent boiling point (usually
below that temperature).

e Split flow 50-150 mL/min.
e Injection speed 1-3 pL/sec.
* Injection/evaporation time 0.1-1.5 minutes after the injection end.
* Splitlesstime 0.25-1.5 min.

e Oventemperature slightly below the pressure corrected boiling point
temperature of the solvent used.

The injection speed and the delay time after the injection are modified according
to the chromatogram shape and peaks size, in comparison with a concentrated
solution injected in PTV splitless mode.

Glass sintered liner is recommended, but still the liner packed with deactivated
silicawool can be aso utilized. The use of the 51 mm needle with side hole
syringeisrequired.

When operating in Large Volume with backflush, program the closure of the septum
purge during the whole transfer phase.

In the relevant PTV Control Table, scroll to Const sept purge? and press
OFF/NO to deactivate constant septum purge flow. Scroll to stop purge for and
set the duration.
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Temperature Profile and Timing
An example of temperature profile and timing in PTV large volume without and
with backflush is shown respectively in Figures 11-13 and 11-14.
In Figure 11-13 (without Backflush) note that:

« the purgevalve may be open or close according to the analytical
requirements

« thesplit valveisclosed at the end of evaporation phase and remain closed for
the time programmed elapsed from the end of the transfer ramp.

» theflow through the split line is programmed to be changed during the sol vent
vent phase (see set point 1) and during the cleaning phase (see set point 2).
In Figure 11-14 (with Backflush) note that:

e Thepurgevalveisclosed at PREP RUN and remains closed for the time
elapsed from the end of the transfer ramp.

« Thesplit valveisclosed at the end of evaporation phase and remain closed
for the time programmed elapsed from the end of the transfer ramp.

» Thebackflush valveis active at PREP RUN and deactivated just before the
transfer ramp, then activated at the beginning of the clean ramp and
deactivated at the end of clean time.

The flow through the split line is programmed to be changed during the solvent
vent phase (see set point 1) and during the cleaning phase (see set point 2).
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End of Oven
Prep Run Solvent Venting Transfer Cleaning | Temperature Program
T, /
R3
T3
T R2
2
Tm1 Tm2 Tm3 Tm4
P1 P2 P3
T, R1
Purge Closure Time
Purge Open (On)
Valve Close (Off)
Split - SL Time Open (On)
Valve Solvent split phase > Close (Off)
Flow _ split  High
. Flow =0 Clean p
Setpomt_l Vent Flow (Setooint 1 Splitless Period | Flow ﬂ
SR (SR 1) (Setpoint 2) Low
(Out of split line)
T1. Injection Temperature T3. Sample Transfer Temperature
T2. Evaporation Temperature T4. Cleaning Temperature
Tm1. Injection Time Tm2. Solvent Evaporation Time
Tma3. Transfer Time Tm4. Cleaning Time
P1. Injection Pressure P2. Evaporation Pressure
P3. Transfer Pressure R1. Transfer Ramp
R2. Transfer Ramp R3. Cleaning Ramp

Figure 11-13. Temperature Profile and Timing in PTV Large Volume Without Backflush
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End of Oven
Prep Run Solvent Venting Transfer Cleaning i Temperature Program
T4
R3
T3 \
R2
T
Tm1 Tm2 Tm3 Tm4
P1 P2 P3
R1
T
Purge Closure time
Purge Open (On)
Valve Close (Off)
Split - SL Time Open (On)
Valve Solvent split phase - Close (Off)
Acti
Backilush BKF Solvent vent y |v‘e
| Inactive
BKF Duration
| Splitless Period | Flow Flow

Vent Flow (Setpoint 1) I— (Setpoint 2)— Low

(Out of split line)

T1. Injection Temperature T3. Sample Transfer Temperature
T2. Evaporation Temperature T4. Cleaning Temperature

Tm1. Injection Time Tm2. Solvent Evaporation Time
Tm3. Transfer Time Tm4. Cleaning Time

P1. Injection Pressure P2. Evaporation Pressure

P3. Transfer Pressure R1. Transfer Ramp

R2. Transfer Ramp R3. Cleaning Ramp

Figure 11-14. Temperature Profile and Timing in PTV Large Volume With Backflush
Enabled

Further instructions on how to perform PTV LV Injections will be availablein a
separate instruction manual.
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Example of Analysis with PTV Large Volume Injection

Figure 11-15, shown an example of PTV Large Volume injection (without
backflush) of a hydrocarbons mixture (100 uL) performed in speed controlled
mode. The analytical condition are reported in the table below the Figure 11-15.

50004 ™

mvolt

c18

C25
C14

c22

c12 C16
c20

Uw | _L e e —

Il |
1D.IDD Time (min}) 20.00

Figure 11-15. Example of PTV Solvent Split Large Volume Injection.

Sample Hydrocarbons mixture (200 pg/uL) of C12 to C25 diluted in pentane

Column SE 52; 15 m length; 0.25 mm ID; 0.25 um film thickness

Carrier Gas Helium; 1.2 mL/min Oven Parameters

Flow Mode Constant Pressure Initial Temperature 40 °C Initial Time 2.00 min
Initial Press. 50 kPa Final Temperature 310 °C Hold Time 2.00 min
Liner 2 mm ID with Silica Wool Rate 15.0 °C/min

Injection Injection Volume 100 WL PTV Parameters

Parameters Injection Speed 5 [LL/s Base Temp. 30 °C Splitless Time 1.00 min
Detector FID Solvent Valve Temp. 120 °C Inject Time 0.3 min
Det. Base Temp. | 320°C Vent Flow 100 mL/min Transfer Rate 10 °C/sec
Det.Gas mL/min H, 35; Air 350; M-up 30 | Transfer Temperature 275°C | Transfer Time 15 min

Operating Manual
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Operating Sequences

OPERATING SEQUENCE

Installing a Liner and Septum
Materials required:

liner

septum
spacer
tweezers
graphite seal

screwdriver

&WARNING! The injector fittings may be hot.
This sequence must be performed with the injector at room temperature.

1

Choose the correct liner for your application (see Table 11-1 on page 201).
Slide a graphite seal, or the Viton® O-ring with adapter if aLV| with sintered
glassliner is performed, onto the liner while gently turning the seal. Push it to
8-10 mm from the top of the liner. Viton® or Kalrez® O-ring can be used also
for other glasslinerslisted in Table 11-1.

ACAUTION Be careful not to break the graphite or allow graphite to enter in the liner.

2.

236

Holding the top of the liner with tweezers, lower it into the injector. The liner
should rest on the spacer at the bottom of the injector.

Insert the liner cap and secure it with the screwdriver. The liner cap must be
screwed down tight enough to ensure a good seal between the liner and the
injector body.

Place the septum support in the injector. The septum support must lie flush
with the top of the injector. If not, the liner cap may not be tight enough.
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5. Usetweezersto pick up the septum. Place the septum into the septum holder,
then place the holder on top of the complete injector assembly.

ACAUTION Use tweezers to pick up the septum to avoid contaminating it.

6. Gently finger-tighten the septum cap onto the injector assembly to hold the
septum in place.

&WARNING! Do not overtighten the septum cap. The septum will deform and may be difficult to
penetrate with the syringe needle.

OPERATING SEQUENCE

Configuring Evaporation Event

Before you begin this sequence, configure the injector parameters.
1. Press CONFIG to enter the CONFIGURE menu.

2. Scroll to theinlet where your PTV injector isinstalled and pressENTER. The
following menu appears.

CONFIG RIGHT INLET

PTV phase events <

Enable cryo N

p NOTE The Enable cryo parameter will be displayed only if your GC has a cryogenic system
installed.

3. Scroll to pTV phase events and press ENTER to open the following menu:

PTV PHASE EVENTS

Evaporation? N<

Cleaning? N

4. Scroll to Evaporation? and press YES. The relevant parameters will be
displayed in the INJECT PHASE menu.
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OPERATING SEQUENCE

Configuring Cleaning Event

1. Press CONFIG to enter the CONFIGURE menu.

2. Scroll to theinlet where your PTV injector isinstalled and press ENTER to
open the following menu:

CONFIG RIGHT INLET

PTV phase events <

Enable cryo N

p NOTE The Enable cryo parameter will be displayed only if your GC has a cryogenic system
installed.

3. Scroll to PTV phase events and press ENTER to open the following menu:

PTV PHASE EVENTS

Evaporation? N<

Cleaning? N

4. Scroll to cleaning? and press YES. The relevant parameters will be
displayed in the PTV PHASE menu.

p NOTE An optional back flush system prevents sample high boiled components from entering the
analytical column during the cleaning phase. If installed, the back flushing valve will be
active during the whole cleaning cycle.
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OPERATING SEQUENCE

Configuring Cryogenic Operation

AWARNING! High pressures and extremely low temperatures make liquid N, a hazardous
material. High concentrations of N, in the air can cause an asphyxiation hazard. To
avoid injury, always follow the safety precautions and delivery system design
recommended by your gas supplier.

High pressures and extremely low temperatures make pressurized liquid CO, a
hazardous material. High concentrations of CO, are dangerous. To avoid injury,

always follow the safety precautions and delivery system design recommended by
your gas supplier.

Use the following sequence to configure and enabl e the cryogenic system:
1. Press CONFIG to enter the CONFIGURE menu.

2. Scroll to theinlet where your PTV injector isinstalled and press ENTER to
open the following menu:

CONFIG RIGHT INLET
Enable cryogenic Y<
Cryo Switch temp 50
Cryo timeout 0.10
Cool at Prep run

3. Scroll to Enable cryo and press YES.

4. Scrolltocryo switch temp and enter the temperature at which the cryo
system begins to operate.

5. Scroll to cryo timeout and enter the time after arun starts that the cryo
system should shut down if the GC does not receive an injection signal .
Refer to Cryo Timeout on page 223.
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6. Scroll to cool at and press ON to open the following menu:

INLET CRYO MODE

* Cool at prep run

Cool at post run

Scroll to the mode you wish to select and press ENTER. An asterisk appears
beside the selected cooling mode.

a Seect cool at prep run to cool theinjector at the beginning of the
analytical cycle. The sample injection starts when the initial injector
temperature is reached.

b. Sdect cool at post run tocool theinjector in the Post Run phase,
during which the GC resumes the initial analytical conditions (including
oven temperature and injector temperature). This option can save time
between analyses.
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OPERATING SEQUENCE

Enabling Backflush

Use the following sequence to configure and enabl e the backflush system:

1

2.

4.

AIMPORTANT!

Operating Manual

Press CONFIG to enter the CONFIGURE menu.

Scroll to the inlet where your PTV injector isinstalled and press ENTER to
open the following menu:

CONFIG RIGHT INLET

PTV phase events
Enable cryo N
Enable Back flush Y<

Scroll with the ARROW key until the cursor pointsto Enable back flush.
and setit v.

Press CLEAR to return the main CONFIGURE menu.

Backflush may be manually activated On/Off through the vALVES menu (press
VALVES). It is very useful when the liner replacement is required, particularly
when a MS is used.

During column evaluation the Backflush is ON.

To perform column evaluation when Backflush is not used, it must be disabled
and the line in the GC oven must be sealed with a metal pin and relevant seal
(PN 290 034 97).
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OPERATING SEQUENCE

Programming the PTV Split Mode

In PTV split mode, the split and purge valves remain open during an entire run.

p NOTE

242

Before you begin this sequence, do the following:

Verify that a column is correctly installed, the correct liner isin the injector,
and the system is free of leaks.

Check the oven temperature and detector temperature.

Program the carrier gas flow as described in Chapter 4, Digital Gas Control.
Press RIGHT INLET to open the RIGHT INLET (PTV) menu.

Scroll to Mode : and press MODE/TYPE. In the INLET MODE submenu, scroll
to PTV split and press ENTER.

Scroll to Temp and set the appropriate injector temperature.

Specify the split flow or split ratio. To set the split flow, scroll to sp1it
flow and enter the valuein mL/min. The split ratio will be calculated for you.

To set the split ratio, scroll to split ratio and enter that value. The split
flow will be calculated for you.

The split ratio is the ratio between the split flow and the column flow. For example, if the
column flow is 2 mL/min, a 50 mL/min split flow gives a split ratio of 25:1. Only 1/25 of the
injected sample would enter the column. The Split ratio calculates the split flow from
the column flow used during the Prep Run phase.

5.

Scroll to Inject phase menu and pressENTER to openthe INTECT PHASE
MENU or press RAMP # to jump to the various programmed phases.

If you want to program temperature ramps, refer to the Programming
Injection Parameters operating sequence on page 247 for instructions.
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OPERATING SEQUENCE

Programming the PTV Splitless Mode

In PTV splitless mode, the split and purge valves are closed during the Prep Run
phase and remain closed up to the end of the transfer time (SL) programmed.

Before you begin, do the following:

« Verify that acolumn is correctly installed, the correct liner isin the injector,
and the system is free of leaks.

e Check the oven temperature and detector temperature.

e Program the carrier gas flow as described in Chapter 4, Digital Gas Control.
1. PressRIGHT INLET to open the RIGHT INLET (PTV) menu.

2. Scroll to Mode : and press MODE/TYPE. In the INLET MODE submenu, scroll
to PTV Splitless and pressENTER.

3. Scroll to Temp and set the appropriate injector temperature.
4. Scroll tosplit flow and enter the desired value in mL/min.

5. Scroll to splitless time and enter the time during which the split valve
should be closed.

6. If constant septum purge is required, scroll to Const sept purge? and
press YES. If constant septum purge is not required, keep Const sept
purge? Set to No, then scroll to stop purge for and enter the duration.

If you want to program temperature ramps, refer to the Programming Injection
Parameters operating sequence on page 247 for instructions.
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OPERATING SEQUENCE

Programming the PTV in DTPS Mode

In PTV Delayed Temperature Programming Splitless (DTPS) maode, the split and
purge valves are closed during the Prep Run phase and remain closed up to the
end of the transfer time (SL) programmed, usually from 3 to 8 minutes.

Consider that with DTPS the initial time must be adequate to allows solvent
entering into the column before heating the PTV to the transfer temperature.

Before you begin, do the following:

* Veify that acolumn is correctly installed, the correct liner isin the injector,
and the system is free of leaks.

« Check the oven temperature and detector temperature.

e Program the carrier gas flow as described in Chapter 4, Digital Gas Contral.
1. PressRIGHT INLET to open the RIGHT INLET (PTV) menu.

2. Scroll to Mode : and press MODE/TYPE. In the INLET MODE submenu, scroll
topTV Splitless and press ENTER.

3. Scroll to Temp and set the appropriate injector temperature.
4, Scroll tosplit flow and enter the desired value in mL/min.

5. Scroll to splitless time and enter the time during which the split valve
should be closed.

6. Scroll to Const sept purge? and press NO then scroll to stop purge
for and enter the duration.

If you want to program temperature ramps, refer to the Programming Injection
Parameters operating sequence on page 247 for instructions.
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OPERATING SEQUENCE

Programming the PTV Solvent Split Mode

In PTV solvent split mode, the purge valve must be normally closed during the
Prep Run phase, and remains closed after the end of the transfer ramp for the
programmed time. The split valveis closed only at the end of the injection time
and evaporation time, if programmed. It remains closed up to the end of the
transfer time (SL) programmed.

Operating Manual

Before you begin, do the following:

Verify that a column is correctly installed, the correct liner isin the injector,
and the system is free of leaks.

Check the oven temperature and detector temperature.

Program the carrier gas flow as described in Chapter 4, Digital Gas Contral.
Press RIGHT INLET to open the RIGHT INLET (PTV) menu.

Scroll to Mode : and press MODE/TYPE. In the INLET MODE submenu, scroll
to PTV Solvent split and pressENTER.

Scroll to Temp and set the appropriate injector temperature.
Scroll to split flow and enter the desired valuein mL/min.

Scroll to splitless time and enter the time during which the split valve
should be closed.

Scroll to const sept purge? and press ON/YES to activate a constant
septum purge flow, if required. If constant septum purge is not required, keep
Const sept purge? Setto No, then scroll to Stop purge for and set the
duration.

If you want to program temperature ramps, refer to the Programming
Injection Parameters operating sequence on page 247 for instructions.
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OPERATING SEQUENCE

Programming the PTV Large Volume Mode

In PTV large volume mode, the purge valve must be normally closed during the
Prep Run phase and remains closed after the end of the transfer ramp for the
programmed time. The split valveis closed at the end of the injection time and
evaporation time, if programmed. It remains closed up to the end of the transfer
time (SL) programmed.

Before you begin, do the following:

« Veify that acolumn is correctly installed, the correct liner isin the injector,
and the system is free of leaks.

e Check the oven temperature and detector temperature.

e Program the carrier gas flow as described in Chapter 4, Digital Gas Control.
1. PressRIGHT INLET to open the RIGHT INLET (PTV) menu.

2. Scroll to Mode : and press MODE/TYPE. In the INLET MODE submenu, scroll
to PTV large volume and press ENTER.

3. Scroll to Temp and set the appropriate injector temperature.
4. If you want a specific split flow, scroll to split flow and enter that value.

5. Scroll to splitless time and enter the time during which the split valve
should be closed.

6. Scroll to solvent vlv and set the appropriate solvent valve temperature.

7. Scroll to const sept purge? and press ON/YES activate a constant septum
purge flow, if required. If constant septum purgeis not required, keep Const
sept purge? Setto No, then scroll to Stop purge for and enter the
duration.
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If you want to program temperature ramps, refer to the Programming Injection
Parameters operating sequence on page 247 for instructions.

p NOTE If a PTVLVI with Backflush system is required, the backflush valve must be enabled as
described on page 241 and a BKFLVI optional kit is suggested.

OPERATING SEQUENCE

Programming Injection Parameters

Use the following sequence to program temperature ramps when operating in PTV
split, PTV splitless, PTV DTPS, PTV solvent split, or PTV large volume mode. Be
sure to program the other operating mode parameters before programming the
temperature ramps.

PTV Injection Cycle

A generic temperature program of the PTV injection cycleis shownin Figure

11-16.
Injection cycle
Conditioning Stand-by ij evz:':;‘;“tm ,S,ZTS?‘;, Cleaning

Ty

Ts

Ty % \\

‘.‘ \

T1. Injection Temperature T2. Evaporation Temperature
T3. Sample Transfer Temperature T4. Cleaning Temperature

Figure 11-16. Generic Temperature Profile

1. IntheRIGHT INLET (PTV) menu, scroll to Inject phase menu and
press ENTER to open the INJECT PHASE MENU.
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2. Scroll to Ramped pressure?. Press YES to program ramped pressure.

3. Scroll to Inject pres and enter the injection phase pressure at the
beginning of the temperature ramp.

4. Scroll to Inject temp and enter an injector temperature lower than the
solvent boiling point at the programmed pressure.

5. Scroll to Inject time and set the time the injector temperature must be
maintained.

6. Scroll to Transfer pres and set the sample transfer phase pressure.

7. Scroll to Transfer temp and set the sample transfer temperature.

8. Scroll to Transfer ramp and set the ratein °C/sto reach the sample transfer
temperature.

9. Scroll to Transfer time and set the time the transfer temperature must be

AWARNING!

248

maintained.

Consider a time almost similar to the oven temperature program unless the cleaning
phase is used.

10. Scroll tovent flow (only in PTV Large Volume and PTV Solvent Split

modes) and set the vent flow required during the injection and evaporation
phases.

If Solvent Evaporation Has Been Configured:

1.

Scroll to Evap pres and set theinitial pressure for the evaporation
temperature ramp during the solvent evaporation phase.

Scroll to Evap ramp and set the rate in °C/sto reach the solvent evaporation
temperature.

Scroll to Evap temp and set the solvent evaporation temperature.

Scroll to Evap time and set the time the transfer temperature must be
maintained.
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If Injector Cleaning Has Been Configured:

1.

2.

Scroll to cleaning temp and set the injector cleaning temperature.

Scroll to Cleaning ramp and set the rate in °C/sto reach the cleaning
temperature.

Scroll to cleaning time and set the time the cleaning temperature must be
maintained.

Scroll to clean flow and set the value to increase the flow during the
cleaning phase.

The Inject pres, Transfer pres, and Evap pres parameters will not be
displayed if Ramped pres is set to No.

If Ramped pres is setto Yes in Inject Phase Menu, please read the considerations
reported in Ramped Pressure Option in Menu Inject Phase Menu.

If the Back Flushing system (BKF) is available, the BKF valve is activated at the beginning
of the cleaning phase and remains active up to the end of the cleaning time.

Ramped Pressure Option in Menu Inject Phase Menu
When ramped pressure is enabled during the injection phases, please consider the
following:

Independently of the flow mode selected in Carrier Gas Menu, the pressure
during the Injection, Evaporation and Transfer will be controlled through the
PTV Menu. At the end of the Transfer Time on the PTV, the control of the
carrier will return to be managed through the Carrier Gas Menu. This means
that the pressure/flow will be back to the value defined in the Carrier Gas
Menu for that moment of the analysis. If programmed pressure/flow has been
selected, the pressure/flow program will virtually begin at the start of the oven
temperature program, then the pressure/flow will assume the value defined in
the pressure/flow program for that moment of the analysis.

If the temperature of the injector must be kept constant during the whole oven
temperature program and the BKF is not enabled, it is preferable to use the
cleaning phase instead of the transfer phase. This because during the cleaning
the carrier control is managed as defined in the Carrier Gas Menu (whereas
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during the transfer phase the carrier control is managed as defined in the PTV
control Menu).

If the BKF is enabled during the cleaning, the flow will be reversed,
therefore this phase cannot be used for maintaining the injector temperature.
Transfer time duration must then be long as the whole oven temperature
program and consequently the pressure will maintain the value defined in
Transfer Pressure and the pressure/flow program defined in the Carrier Gas
Menu will not be executed.

OPERATING SEQUENCE

Programming the CT Split Mode

In CT split mode, the split and purge valves remain open throughout the run.

p NOTE
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Before you begin, do the following:

Verify that acolumn is correctly installed, the correct liner isin the injector,
and the system is free of leaks.

Check the oven temperature and detector temperature.

Program the carrier gas flow as described in Chapter 4, Digital Gas Contral.
Press RIGHT INLET to open the RIGHT INLET (PTV) menu.

Scroll to Mode : and press MODE/TYPE. In the INLET MODE submenu, scroll
tocT split and pressENTER.

Scroll to Temp and set the appropriate injector temperature.

Specify the split flow or split ratio. To set the split flow, scroll to sp1it
flow and enter the value in mL/min. The split ratio will be calculated for you.
To set the split ratio, scroll to split ratio and enter that value. The split
flow will be calculated for you.

The split ratio is the ratio between the split flow and the column flow. For example, if the
column flow is 2 mL/min, a 50 mL/min split flow gives a split ratio of 25:1. Only 1/25 of the
injected sample would enter the column. The split ratio calculates the split flow from
the column flow used during the Prep Run phase.
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OPERATING SEQUENCE

Programming the CT Splitless Mode

In CT splitless mode, the split and purge valves are closed during the Prep Run
phase and remain closed after the injection for the programmed duration.

Before you begin, do the following:

Operating Manual

Verify that a column is correctly installed, the correct liner isin the injector,
and the system is free of leaks.

Check the oven temperature and detector temperature.

Program the carrier gas flow as described in Chapter 4, Digital Gas Control.
Press RIGHT INLET to open the RIGHT INLET (PTV) menu.

Scroll to Mode and press MODE/TYPE. In the INLET MODE submenu, scroll to
CT Splitless and pressENTER.

Scroll to Temp and set the appropriate injector temperature.
Scroll to split flow and enter the desired valuein mL/min.

Scroll to splitless time and enter the time during which the split valve
should be closed.

Scroll to Const sept purge? and press ON/YES to activate a constant
septum purge flow, if required.

If constant septum purge is not required, keep Const sept purge? Setto
No, then scroll to stop purge for and enter the duration.
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OPERATING SEQUENCE

Programming the CT Surge Splitless Mode

In CT surge splitless mode, acarrier gas pressure surge activates during the
injection phase for a programmed time. This surge accelerates the transfer process
of the substances from the injector to the column. The pressure pulse startsin the
Prep Run phase and lasts until the end of the programmed surge duration. The
split and purge valves close during the Prep Run phase and remain closed after
injection for the programmed duration.

Before you begin, do the following:

252

Verify that a column is correctly installed, the correct liner isin the injector,
and the system is free of leaks.

Check the oven temperature and detector temperature.

Program the carrier gas flow as described in Chapter 4, Digital Gas Control.
Press RIGHT INLET to open the RIGHT INLET (PTV) menu.

Scroll to Mode and press MODE/TYPE. Inthe INLET MODE submenu, scroll to
CT Splitless w/srgand pressENTER.

Scroll to Temp and set the appropriate injector temperature.
If you want a specific split flow, scroll to split f£low and enter that value.

Scroll to splitless time and enter the time during which the split valve
should be kept closed.

Scroll to surge pressure and enter the pressure surge value.Scroll to
Surge duration and enter the pressure surge duration.

Scroll to Const sept purge? and press ON/YES to activate a constant
septum purge flow, if required. If constant septum purge is not required, keep
Const sept purge? Setto No, then scroll to sStop purge for and enter
the duration.
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Gas Sampling Valve

(GSV)

This chapter describes the gas sample valve available with the TRACE GC Ultra
and contains operating sequences for automatic sampling.

Chapter at a Glance...
GSV OVEIVIBIV .ot e e e e e e et e e e e e aa et eeeeeaaaeeeeeeeeeeannneeeeeesaaannnees 253
AULOMEBEIC GSV IMIBNUS ...ttt e e e e e e ettt e e e e eee e eeeseseaareeeeesenans 254

Operating Sequences

Programming an Automatic Single Sampling.......ccccoeeveevvievieeniesieesiesneeseeenee, 256
Programming an Automatic Multi Sampling ........ccccvevviervieesieesieeseeseere e, 257
Performing a Single Injection with the Automatic Sampling Valve.................. 258
Performing a Multi Injection with the Automatic Sampling Vave.................... 259

GSV Overview
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For automatic gas sampling, a 6-port Valco vaveisused. A wide range of
sampling loops alows the injections of different volume of samples.

Thevaveisinstaled on the top of the GC. The valveis not heated.

The sampling loop isinstalled on the valve. The sampleinlet and outlet
connecting ports are located on the rear of the GC.

A filter isinstalled on the load sample line to prevent that suspension particles
may damage the valve.
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Automatic GSV Menus

The switching between load sample and inject sample positions (and vice-versa)
is controlled through the TRACE GC Ultra keypad.

Automatic GSV Menus

Gas sampling valve editor has two menus according to single or multi sampling

options.

Menu for Single Sampling

Press VALVES to open the VALVES menu.

VALVES

Inlet Valves
# 2 Gas sample

Load<

Scroll to #2 Gas sample then pressENTER to open the SAMPLING VALVE

submenu.

* Load <
Inject

SAMPLING VALVE

Scroll to the valve position you want to set as default. Press ENTER to confirm the
selection. An asterisk appears on the left of the valve position selected.

Table 12-1. Single Sampling Menu

Comments for Menu

Thisline isthe menu title bar.

Submenu
VALVES
#2 Gas sample SAMPLING VALVE
Load
Inject

The range is Inj=0n, L oad=0ff
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Menu for Multi Sampling

Press RUN TABLE to open the RUN TIME EVENTS menu.

RUN TIME EVENTS
0.00 Valve #2 Inj <
Add run time event

Ext. event defaults

Scroll to 0.00 valve #2 then pressENTER to openthe RUN TIME EVENTS
submenu.

RUN TIME EVENTS
Valve # Sampling

Inject at 0.00<

Inject for 1.00

Set the time at which the injection must begin and set the time the sampling valve
must be maintained on the inject position.

Table 12-2. Multi Sampling Menu

Menu Submenu Comments for Submenu
RUN TIME EVENTS Thisline isthe menu title bar.
0.00 Valve #2 RUN TIME EVENTS
Valve # Thislineis the submenu title.
Sampling

Thisindicates the time at
which the injection must
begin.

Thisindicates the time the
sampling valve must be
maintained on inject position.

Inject at

Inject for
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OPERATING SEQUENCE

Programming an Automatic Single Sampling
Before programming the single gas sampling option, do as follows:
« Veify that acolumn is correctly installed, and the system is free of |eaks.
» Check the oven temperature and detector temperature.

e Program the carrier gas flow as described in Chapter 4, Digital Gas Control.

A@WARNING! Hydrogen is a potentially dangerous gas. Refer to Using Hydrogen on page xxviii for
safety information.

1. PressVALVES to open the vALVES menu.

2. Scroll to#2 Gas sample

3. PressENTER to open the SAMPLING VALVE Submenu.

4. Scroll to the valve position Load of Inject You want to set as default.

5. PressENTER to confirm the salection.
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OPERATING SEQUENCE

Programming an Automatic Multi Sampling
Before programming the multi gas sampling option, do as follows:
« Veify that acolumn is correctly installed, and the system is free of leaks.
«  Check the oven temperature and detector temperature.

e Program the carrier gas flow as described in Chapter 4, Digital Gas Control.

A@WARNING! Hydrogen is a potentially dangerous gas. Refer to Using Hydrogen on page xxviii for
safety information.

1. PressRUN TABLE to opentheRUN TIME EVENTS menu.

2. Scrollto0.00 valve #2.

3. PressENTER to openthe RUN TIME EVENTS Submenu.

4. Scroll to Inject at and enter the time at which the injection must begin.

5. Scroll to Inject for and enter the time the sampling valve must be
maintained on inject position.
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Automatic GSV Menus

OPERATING SEQUENCE

Performing a Single Injection with the Automatic Sampling Valve

Before injecting the sample, do the following:

Verify that the column and liner, if used, or adapter are correctly installed and
the system is free of leaks.

Check the oven temperature and detector temperature.

Program the carrier gas flow as described in Chapter 4, Digital Gas Control.

A@WARNING! Hydrogen is a potentially dangerous gas. Refer to Using Hydrogen on page xxviii for
safety information.

1

2.

Press VALVES to open the VALVES menu.

Scroll to#2 Gas sample

Press ENTER to open the SAMPLING VALVE submenu.

Scroll to the valve position Load then press ENTER to confirm the selection.
Press PREP RUN.

When the Ready to I nject LED islit, fill the sampling loop.

When the sampling loop isfilled, scroll to the valve position Inject then
press ENTER to confirm the selection.

Press START.

After the time necessary for the sample transfer, scroll to the valve position
load then press ENTER to confirm the selection.

The GC will complete the analysis as programmed.
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OPERATING SEQUENCE

Performing a Multi Injection with the Automatic Sampling Valve

Before injecting the sample, do the following:

Verify that the column and liner, if used, or adapter are correctly installed and
the system is free of leaks.

Check the oven temperature and detector temperature.

Program the carrier gas flow as described in Chapter 4, Digital Gas Control.

A@WARNING! Hydrogen is a potentially dangerous gas. Refer to Using Hydrogen on page xxviii for
safety information.

1

2.

8.

Press RUN TABLE to open theRUN TIME EVENTS Mmenu.

Scroll to 0.00 Valve #2

PressENTER to openthe RUN TIME EVENTS Submenu.

Scroll to Inject at and enter the time at which the injection must begin.

Scroll to Inject for and enter the time the sampling valve must be
maintained on inject position.

Press PREP RUN.

When the Ready to I nject LED islit, fill the sampling loop. When the
sampling loop isfilled, press CONFIG and select oven to open OVEN menu.

In oVEN menu, set both Auto prep run and Autostart ON.

The GC will complete the analysis as programmed, then the sampling cycleis
automatically repeated. Pay attention to fill the sampling loop with a new sample
a the begin of each sampling cycle otherwise the same sample will be
continuously loaded.
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SECTION

The Oven
and Columns

This section contains information about the configuration options for
the TRACE GC Ultra column oven and procedures for using capillary
and packed columnsin the oven.

Chapter 13, The Column Oven, describes the features and configuration
options for the TRACE GC Ultra column oven and includes operating
sequences for oven programming.

Chapter 14, Columns, describes the analytical columns used in the
TRACE GC Ultra. The operating sequences for leak test and column
evaluation are also included.
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The Column Oven

AWARNING!

This chapter describes the features and configuration options for the TRACE GC
Ultra column oven and includes operating sequences for oven programming.

When UFM Device is installed on your GC, the relevant column oven features and
configuration options are described in the UFM Ultra Fast Module Instruction
Manual.

Chapter at a Glance...

COolUMN OVEN OVEIVIBW ...t 263
Column OVeN Configuration ..........c.urererererereeeeeese e 269
OVEN MEBNU ...ttt e n e sr e nnenne s 272

Operating Sequences

Configuring the Column OVEN ........ccceecerercir e see e e et e s eeenreens 270
Setting Up a Single Ramp Temperature Program .........cccoceeeveeveneseeieciesiennens 274
Setting Up aMultiple Ramp Temperature Program..........cccceceeveneseeieceesiennnns 275

Column Oven Overview
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The TRACE GC Ultra column oven provides a stabl e heating environment for the
analytical column. The oven heats and cools quickly. Efficient air circulation
ensures a high degree of thermal stability.

Opening the oven door activates a safety microswitch, which automatically
switches off the oven heating and the motor for the air circulation fans. The oven
is heated by resistor elements powered by a circuit located within the GC control
unit.
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The column fittings in the oven depend on whether capillary or packed column
injectors and detector base bodies are installed. Auxiliary gaslines, if installed,
end in M8x1 male fittings between the injector and the detector base bodies. The
oven temperature is monitored by a PT 100 platinum wire sensor and controlled
by the GC control unit.

Figure 13-1 shows the left and right detector and injector positions on top of the
oven and the fittings inside the oven.

LCH RCH

Top View

Interior View
LCH (Left Channel) RCH (Right Channel)
LJ Left Injector RJ Right Injector
LJ* 2nd Left Injector RJ* 2nd Right Injector
LD Left Detector RD Right Detector

Figure 13-1. Injector/Detector Locations and Fittings
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The column oven has the following capabilities:

e maximum temperature of 450 °C

e maximum temperature increase rate of 120 °C/min

e seven linear temperature ramps

*  minimum operating temperature of afew degrees above ambient, which is
obtained by two modulated cooling flaps controlled by the GC, shown in

Figure 13-2

i
/

4 3 4 2 3
1. Oven 3. Arr
2. Fan 4. Cooling Flaps

Figure 13-2. Oven Air Circulation

» temperature control through:

— heater control

— finecontrol of hot air exhaust

— ambient air intake

Operating Manual
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« separation of moderately volatile components on thick film capillary columns
at near ambient temperatures without the use of a cryogenic system

« with acryogenic option installed, the oven temperatures can reach -55 °C
with liquid carbon dioxide or —99 °C with liquid nitrogen

Figures 13-3 and 13-4 show the cryogenic system with liquid nitrogen and
liquid dioxide as a coolant. When liquid carbon dioxide is used, the cylinder
must have adip tube. Refer to the Ste Preparation and Installation Manual
for more information about connecting cryogenic coolants.

2
1

1. Pressure Regulator for Liquid N, 5. Shield

2. Dosing Valve 6. Oven

3.Fan 7. Air

4. Heater Back 8. Coolant Reservoir for Liquid N,

Figure 13-3. Cryogenic System with Liquid Nitrogen
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/
\m

1 B

7
1. Coolant Reservair for Liquid CO, 5. Shield
2. Dosing Valve 6. Oven
3. Fan 7. Air

4. Heater Back

Figure 13-4. Cryogenic System with Liquid Carbon Dioxide

Oven Safety
Opening the oven door cuts off the power to the oven heater, fan, and the
cryogenic system (if installed). The setpoints are kept in memory. The display
shows the following safety message:

OVEN
Temp 40 Door Open
Initial time 2.00
Ramp 1 Off
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WARNING!

> B
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Column Oven Overview

To return to normal operation, close the oven door.

The oven vents at the rear of the GC discharge hot air during cooling.

Hydrogen is a potentially dangerous gas. When hydrogen is used as a carrier gas,
the column oven must have a hydrogen sensor. Refer to Using Hydrogen on

page xxviii for hydrogen safety information.

For safety information about liquid carbon dioxide and liquid nitrogen, refer to
Using Liquid Coolants on page Xxx.
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Column Oven Configuration

The CONFIGURE OVEN menu contains the control parameters for the column
oven.

Press CONFIG, then scroll to oven and press ENTER to open the menu shown in
Table 13-1. Refer to Chapter 3, Configuration, for more information about the

CONFIGURE menu.

Table 13-1. Configure Oven Menu

CONFIGURE OVEN

Auto prep run

Auto Start

PR timeout

Equil time

Ready delay

Max temp

Thislineisthe menu title bar.

On/Off

Press ON to turn on automatic Prep Run execution without
pressing PREP RUN. Thisfeature is useful when you use
the autosampler.

When thisitem is set to of £, you must press PREP RUN to
activate the Prep Run.

On/Off

Allows an automatic Sart signal.

0-999.99 min,

oo

Enter the duration of the prep run. The injection must occur
within thistime or the timeout will return the GC to the
Sandby condition.

0-999.99 min

Thisis the time required for equilibrating the oven
temperature after the temperature is set or modified.

0-99.9 min

This parameter delays the Ready to I nject condition. This
function is useful for on-column injectors. It allows the
secondary cooling to cool the injector before the injection.
This time must not exceed the PR timeout value.

0450 °C

This parameter defines the maximum allowable oven
temperature setpoint to protect the column from
unintentionally high temperatures. Thislimit must be set to
the manufacturer's maximum recommended operating
temperature for the column.
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Table 13-1. Configure Oven Menu (Continued)

Enable Yes/No This function enables the oven’s cryogenic system when it

cryogenics’ isinstalled and configured with CO, or LN, as a coolant.
Press YES to activate the cryogenic system. Press NO to
deactivate it.

Cryo Timeout® 0-999.99 min | This parameter specify the time at which the cryo system
will be disabled. This parameter is active during the
“cooling “and the “ stand-by” phases.

Start cryo at® | 40t0200°C This parameter specifies the temperature at which the cryo
system beginsto supply the coolant.

1. If the cryogenic system isinstalled and configured, its parameters are included in the menu. If the UFM
option isinstalled, these parameters are not available for user modification.

OPERATING SEQUENCE

Configuring the Column Oven

Use this sequence to configure the column oven.

Configuration Without the Cryogenic System
1. Press CONFIG, then scroll to oven and press ENTER.

2. Scroll to Auto prep run. PressON to enable automatic prep run. Press OFF
if you want the prep run to be activated by pressing the PREP RUN key.

3. Scroll to PR timeout and set the duration of the prep run timeout.
4. Scrolltoequil time and set the oven temperature equilibration time.

5. Scroll to Ready delay and set the delay time before the GC enters the
Ready to I nject condition.

6. Scroll toMax Temp and set the maximum allowable oven temperature.
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The Column Oven

Configuration with the Cryogenic System

1.

2.

Press CONFIG, then scroll to oven and press ENTER.

Scroll to Auto prep run. PressON to enable automatic prep run. Press OFF
if you want the prep run to be activated by pressing the PREP RUN key.

Scroll to PR timeout and set the duration of the prep run timeout.

Scroll to Enable cryogenics and press YES to enable the cryogenic system
or NO to disableit.

p NOTE If the UFM option is installed with the cryo oven, the Enable cryogenics menu option
is not available to the user because the cryo variables are automated.

5.

Operating Manual

Scroll to cryo timeout and enter the time at which the cryo system will be
disabled. This parameter is active during the “cooling” and the “ stand-by”
phases.

Scroll to cool at and specify the temperature. at which the cryo system
begins to supply the coolant.

Scroll to Equil time and set the oven temperature equilibration time.

Scroll to Ready delay and set the delay time before the GC enters the
Ready to I nject condition.

Scroll to Max Temp and set the maximum allowable oven temperature.
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Oven Menu

Oven Menu

The OVEN menu contains the parameters for programming the oven temperature,
from an initial temperature to afinal temperature, using up to seven ramps during
the analytical run. It is possible to set asingle (isothermal) or multiple ramp

program.

Press OVEN to open the ovEN menu, shown in Table 13-2.

Table 13-2. Oven Menu

OVEN

Temp

Initial time

Ramp 1

Final temp 1

Final time 1

Ramp 2-7

Final temp 2-7

Thislineis the menu title bar.

0.0-120 °C/min

On/Off, Press ON to display the actual and setpoint values.

0-450 °C! Thisvaueistheinitial temperature.

0-999.99 min This parameter defines the time the oven remains at
the starting temperature after a programmed run has
begun.

On/Off, e Thisisthe temperature ramp rate in °C/min to reach

the final temperature. Press ON to enable a
temperature ramp.

0-450 °C*

This parameter defines the temperature the column
oven will reach at the end of the heating or cooling
ramp. Thisline only appearsif Ramp 1 iSon.

0.00-999.99 min,

oo

This parameter defines how long (in minutes) the
oven will maintain the final temperature of the ramp.

On/Off, oo
0.0-120 °C/min

After you program the first ramp, the menu adds the
Ramp 2 parameter lines. If you do not want an
additional ramp, leave this parameter set to OFF. To
program the ramp, pressON. The Final temp and
Final time linesfor the ramp will be added to the
menu. You can repeat this process to program up to
seven temperature ramps.

0-450 °C*

This parameter defines the temperature the column
oven will reach at the end of the relevant ramp.
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Table 13-2. Oven Menu (Continued)

Menu Range Comments
Final time 2-7 0.00-999.99 min, | This parameter defines how long (in minutes) the
o oven will maintain the final temperature of the ramp.
Post run temp 0-450 °C* This parameter definesthe temperature the oven will

reach after the end of the analytical run. Press OFF if
you do not want a post run temperature. Press ON to
display the setpoint value and the Post run temp,
Post run time,L Post pres, andr post
pres parameters.

Post run time 0.00-999.99 min | Thisisthe time the oven maintains the post run
temperature.
L/R Post pres 0700 kPa This parameter defines the pressure for the Left or

Right carrier during the Post run time when the
system operates in constant pressure or programmed
pressure mode.

1. With acryogenic system, the ranges are —99 to -300 °C with liquid N, and —55 to —300 °C with liquid CO,.
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Oven Menu

OPERATING SEQUENCE

Setting Up a Single Ramp Temperature Program

This program raisestheinitial oven temperature to a specified final temperature at
a specified rate and maintains the final temperature for a specified time.

1.

2.

274

Press OVEN to open the ovEN menu.
Scroll to Temp and enter theinitial temperature.

Scroll to Initial time and enter the time you want the oven to maintain
theinitial temperature.

Scroll toramp 1 and press ON. Enter the ramp rate in °C/minute for the oven
toreachtheramp’s Final temp.

Scroll to Final temp 1 and enter the final temperature for the ramp.

Scroll toFinal time 1 andenter thetimetheovenwill maintainthe Final
temp.

To end the single ramp program, Ramp 2 must be of f.
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OPERATING SEQUENCE

Setting Up a Multiple Ramp Temperature Program
This program raises the initial oven temperature to a specified final temperature
through up to seven ramps, each having a specified ramp rate, time, and
temperature.

1.

2.

10.

Operating Manual

Press OVEN to open the ovEN menu.
Scroll to Temp and enter theinitial temperature.

Scroll to Initial time and enter the time you want the oven to maintain
theinitial temperature.

Scroll toramp 1 and press ON. Enter the ramp rate in °C/minute for the oven
toreach theramp’s Final temp.

Scroll to Final temp 1 and enter the final temperature for the first ramp.

Scroll toFinal time 1 and enter thetimetheovenwill maintainthe Final
temp.

Scroll to Ramp 2 and press ON. Enter the ramp rate for the second
temperature ramp.

Scroll to Final temp 2 and enter the final temperature for the second ramp.

Scroll to Final time 2 and enter thetimetheovenwill maintainthe Final
temp.

To end the multiple ramp temperature program, leave Ramp 3 Setto of£. To
add additional oven ramps, repeat the steps 7 through 9.
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This chapter describes the analytical columns used in the TRACE GC Ultra. The
operating sequences for leak test and column evaluation are also included.
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Connecting aMetal Packed Column to an FID, NPD, FPD, or ECD................. 312
Connecting aMetal Packed Columnto @TCD.......ocoeeeeieriniennenesee e 313
Connecting aMetal Packed Columnto an PDD........cccccccevieeveeneevee e eniee e 314
Preparing a Glass Packed ColumN..........cccvveeieenecse et 317

Connecting a Glass Packed Column to a TCD and to a PKD or PPKD injector318
Connecting a Glass Packed Column to an FID, NPD, FPD or ECD and to a PKD

OF PPKD INJECION ...ttt 320
Connecting a Glass Packed Column to a TCD and to a S/SL injector .............. 322
Performing aLeak CheCK ... 329
Performing a Column EVAlUBLION .........cccocveiriierieinesieseeees e 332

Introduction

The column is the heart of the gas chromatograph where the separation takes
place. It isinstalled in the GC oven and connects the injector to the detector. The
GC oven controller accurately controls the column temperature.

Each column has a maximum recommended operating temperature. To protect the
column from excessively high temperatures, remember to set theMax temp
parameter for the column oven in the CONFIGURE OVEN menu, as described in
Chapter 13, The Column Oven.

Capillary and Wide-Bore Columns

278

The capillary and wide-bore capillary columns should be positioned inside the
oven on the column support. The column ends should align correctly with the
injector and detector base bodies. Wide-bore capillary columns can also be
installed into the packed and purged packed injectors.

On-column injectors with autosamplers require a wide-bore pre-column.
Pre-columns help prevent the flooding effect and prevent contamination of the
analytical column. Refer to Chapter 7, High Oven Temperature Cold On-Column
Injector (HOT OC), for more information about pre-columns and using
autosamplers with on-column injectors.
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Columns

Using Correct Fittings

ACAUTION

Operating Manual

To connect acapillary column to theinjector and detector base body, you must use
the proper column ferrules and retaining nuts.

Column Ferrules

Graphite ferrules and graphitized Vespel® ferrules are used for many column
connections.

»  Encapsulated graphite ferrules connect the capillary column to the detector
base body and to the S/SL and PTV injectors.

+  Graphitized Vespel® ferrules are used only to connect capillary columnsto
on-column injectors.

Overtightening compression ferrules does not necessarily produce a stronger,
leak-free joint. In fact, very often the reverse is true. Too much pressure can cause a
leak in the joint and make it very difficult to reseal that particular joint when
changing columns.

Table 14-1 lists the ferrules to use depending on the pre-column and capillary
column external diameter. Ferrules that are the wrong size cause leaks and
contamination.

Table 14-1. Ferrules

Graphitized
Capillary Column Graphite Ferrules Vespel® Ferrules
0.2mmID 0.25mmID 0.25mmID
0.25mmID 0.35mmID 0.35mmID
0.32mmID 0.45mm ID 0.45mm ID
0.53mmID 0.8 mm ID 0.8 mm ID

Retaining Nuts

M4 split retaining nuts are used to connect capillary columns to injector and
detector base bodies. The nuts are split to allow easy installation and removal.
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Capillary and Wide-Bore Columns

On-column injectors require a dedicated M8 retaining nut. Figure 14-1 shows how
to connect capillary or wide column to injector and detector base body.

INJECTORS DETECTORS

17

2—{]

1— 1—

21 2

PTV - S/ISL PPKD On-Column Detector Base Body
1. Capillary/Wide bore Column 6. M8 Retaining Nut
2. Graphite Ferrule 7. Front Ferrule
3. M4 Split Retaining Nut 8. Back Ferrule
4. Graphitized Vespel® Ferrule 9. Nut
5. Back Washer/Sleeve for Secondary

Cooling

Figure 14-1. Capillary/Wide Bore Column to Injector and Detector Base Body
Connections
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p NOTE

Operating Manual

Press-Fit Connections and Butt Connectors

Glass press-fit connectors couple the fused silica pre-column to the capillary
column. Y press-fit connections are used for multi-detector configurations.

Figure 14-2 shows an example of press-fit connection.

'Z>/:4
 ————

i

Figure 14-2. Press-Fit Connection

Figure 14-3 shows butt connectors for different applications.

—

1 2

1. Butt Connector Without Make-up Gas 2. Tee Butt Connector With Make-up Gas

Figure 14-3. Butt Connectors

Figure 14-3 part 1 shows a butt connector with asingle Vespel® or graphite
ferrule used to connect a pre-column to an analytical column with the same
diameter.

e Figure 14-3 part 2 shows a butt connector with make-up lines used to connect
apre-column, normally wide-bore, to an analytical column with a smaller
diameter. The make-up line supplies a make-up gas to effectively flush the
connection.

Press-fit connectors can be used instead of butt connectors in all cases.
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OPERATING SEQUENCE

Installing the Column Support

Toinstall the column support into the GC oven as, insert the four pins into the
corresponding button-holes on the ceiling of the GC oven as shownin
Figure 14-4.

//

Figure 14-4. Column Support Installation
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OPERATING SEQUENCE

Preparing a Capillary Column

To obtain a correct cut, use a ceramic scoring wafer (smooth edge) or sapphire
scribe.

Materials required:

1

2.

3.

4,

ceramic scoring wafer or sapphire scribe

Hold the capillary column between your thumb and index finger with the
column extending past the tip of your index finger.

Score the column very gently. Excessive force could crush the column end.
Snap off the end of the column.

Inspect the column end for an even, flat cut.

AWARNING! Wear safety glasses to protect your eyes from flying particles while handling,
cutting, or installing columns. Be careful handling columns to avoid accidental hand
injuries.
PRECAUTIONS

©
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OPERATING SEQUENCE

How to Use the Press-Fit Connectors

Glass press-fit connectors couple fused silica pre-column to a capillary column;
e.g. to connect columns differing in polarity, or to repair a broken column.

For an optimum connections performance operate as follows:

1. Properly cut the fused silica column ends pay attention to achieve a clean
square cut by using a ceramic scoring wafer or sapphire scribe.

ACAUTION A poorly cut will produce an insufficient seal.

2. Insert the column endsinto the relevant ports of the pressit.

3. Tocreate agood sea between all the parts, it is necessary to increase the oven
temperature up to 200 °C.
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OPERATING SEQUENCE

Connecting a Capillary Column to a S/SL Injector

Before connecting the column, make sure the injector has been properly
assembled and programmed and the column support has been installed in the GC
oven. For more information about split/splitlessinjectors, refer to Chapter 6,
On-Column Injector (OCI).

Operating Manual

Materials required:

M4 column retaining nut

graphite ferrule

typewriter correction fluid or a felt-tipped pen

6 mm wrench

Slide the graphite ferrule onto the capillary column with the bevelled end

facing the injector. Be careful to avoid damaging the graphite ferrule when
inserting the column.

Cut at least 1 cm from the column end. Refer to the Preparing a Capillary
Column operating sequence on page 283 for instructions.

Place the column on the column support.

Use typewriter correction fluid or a felt-tipped pen to mark the correct
position of the ferrule from the end of the column depending on the injection
technique. The correct positions are as follows:

e 40 mm for split injection

64 mm for splitlessinjection
e 50 mm for LVSL injection with packed liner

e 60 mm for LVSL injection with laminar liner
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Capillary and Wide-Bore Columns

Insert the column about 2 cm into the injector and slide the ferrule on the
column up to the injector base, then slide the retaining nut onto the column
through the side cut. The TRACE GC Ultraretaining nuts have a dotted
design that makes them easy to add and remove.

Finger-tighten the column retaining nut until it starts to grip the column.

Adjust the column position so that the mark is even with the column
retaining nut.

Use the 6 mm wrench to tighten the retaining nut using no more pressure than
is necessary to obtain agood seal (1/4 to 1/2 turn).

Conduct aleak check of the column installation, as described in the Packed
Columns operating sequence on page 305.
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OPERATING SEQUENCE

Connecting a Capillary Column to an OC Injector

Before you begin this sequence, insert the syringe needle into the injector. If you

are using a pre-column, connect it to the capillary column using a press-fit or butt
connector. Also make sure the column support has been installed in the GC oven.
For more information about on-column injectors, refer to Chapter 7,

High Oven Temperature Cold On-Column Injector (HOT OC).

p NOTE

Operating Manual

Materials required:

M8 retaining nut

backwasher/sleeve for secondary cooling

graphitized Vespel® ferrule

10 mm wrench

Slide the M8 Vespel® ferrule, the secondary cooling sleeve, and the retaining

nut onto the capillary column (or pre-column, if used). See Figure 14-1 on
page 280 for the correct assembly order.

If the HOT device is used, the M8 retaining nut and HOT device are used in place of the
standard secondary cooling sleeve.

2.

Slide the column onto the needle protruding into the column oven, then push
the column into the injector asfar asit will go.

Place the column on the column support.

Slide the ferrule, the retaining nut, and the secondary cooling sleeve onto the
column and tighten the nut onto the injector with a 10 mm wrench until the
column is secure. Use no more pressure than is necessary to ensure a good
seal.

Remove the syringe needle and reinsert it. It should slide easily into the
column without friction. If not, repeat the column installation sequence.
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Capillary and Wide-Bore Columns

To check that the column positioning in the on-column injector has not
blocked the carrier gas path, turn on the carrier gasline. You should hear
carrier gas escaping through the syringe needle channel when the injection
valveis opened.

Leak check the column, as described in the Performing a Leak Check
operating sequence on page 329.
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OPERATING SEQUENCE

Connecting the Large Volume Injection System Tee Piece
Materials required:

e Uncoret™ 12 m, 0.53 mm ID uncoated pre-column as aretention gap with 3m
long coated segment (SE-54; 0.45 um film thickness)

* 0.320r0.25mm ID fused silica capillary column

» tee connector with M4 column retaining nuts and graphite ferrules, as shown
in Figure 14-5

e 7mmwrench

e 10 mm wrench

1. 1 mm OD Graphitized Vespel Ferrule 4. 0.8 mm Graphite Ferrule for 0.53 mm ID

Column
2. M4 Retaining Nut .5. 0.45 mm Graphite Ferrule for 0.32 mm ID
Column

3 SVE Line Metal Tube

Figure 14-5. Tee Connection Assembly

p NOTE Before starting, insert the AS autosampler syringe needle into the injector.
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Capillary and Wide-Bore Columns

We recommend that you connect the analytical column to the detector after aleak
test of the Solvent Vapor Exit (SVE) system.

Connect the Uncoret™ Pre-Column

1

Connect the Uncoret™ pre-column to the on-column injector as described in
the Connecting a Capillary Column to an OC Injector operating sequence on
page 287.

Slide the 0.8 mm graphite ferrule onto the pre-column with the bevelled end
facing the tee connector. Be careful to avoid damaging the graphite ferrule
when inserting the column.

Cut 1 cm from the pre-column end.
Insert the pre-column into the tee connector.
Slide the M4 retaining nut on the column through the side cut.

Tighten the column retaining nut until it starts to grip the pre-column.

Connect the Analytical Column

1

Slide the 0.45 mm graphite ferrule onto the column with the bevelled end
facing the tee piece. Be careful to avoid damaging the graphite ferrule when
inserting the column.

Cut 1 cm from the column end. Refer to the Preparing a Capillary Column
operating sequence on page 283 for more instructions.

Place the column on the column support.

Insert the analytical column end through the tee connector as shown in
Figure 14-6.

Slide the M4 retaining nut onto the column through its side cut.

Finger-tighten the column retaining nut until it startsto grip the column.
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SVE Line Coated  Uncoated

Section Section

UNCORET ™
12m X 0.53 mm ID
‘ uncoated deactivated f.s.
RN e and 3 m coated section
Analytical Column
0.32 mm ID

Figure 14-6. Uncoret™ Pre-Column/Column Connection

Connect the SVE system

1

On the GC injector/detector cassette, unscrew the SVE valve fixing screws
then lift the valve from its seat. In the GC column oven, guide the SVE line
metal tube through the oven ceiling and the injector/detector cassette until it
protrudes the SVE system.

Slide the M4 retaining nut then the 1 mm OD graphitized Vespel ferrule onto
the SVE line metal tube. The bevelled open end should face the SVE system.
Be careful to avoid damaging the ferrule.

Insert the SVE line metal tube into the SVE vaveinlet.

Finger-tighten the metal tube retaining nut until it startsto grip the SVE valve
inlet.

Use the 6 mm wrench to tighten the retaining nuts. Use no more pressure than
is necessary to obtain agood seal (1/4 to 1/2 turn).

Place the SVE valvein the its proper seat. Fix the valve by using the two
fixing screws.

The result of this operation is shown in Figure 14-7.
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SVE System Q D

=
—
o a» i INJECTOR
o DETECTOR
) ToSVEValve || ] CASSETTE
SVE Line ik
GC OVEN
SVE Line
UNCORET™
Pre-column

Analytical Column
0.32 mm ID

Figure 14-7. Large Volume Injection Tee Connection

7. Leak check the column, as described in the Performing a Leak Check
operating sequence on page 329.
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OPERATING SEQUENCE

Connecting a Wide-Bore Column to a PPKD Injector

Before you begin, make sure the column support has been installed in the
GC oven.

Operating Manual

Materials required:

M4 column retaining nut
graphite ferrule

6 mm wrench

Slide the graphite ferrule onto the wide-bore column with the bevelled end
facing the injector. Be careful to avoid damaging the graphite ferrule when
inserting the column.

Cut 1 cm from the column end. Refer to the Preparing a Capillary Column
operating sequence on page 283 for instructions.

Place the column on the column support.

Insert the column into the injector and slide the ferrule up to the injector base.
Slide the M4 retaining nut onto the column through its side cut.
Finger-tighten the column retaining nut until it starts to grip the column.
Adjust the column position so that its end rests against the bottom of the liner.

Use the 6 mm wrench to tighten the retaining nut. Use no more pressure than
is necessary to obtain agood seal (1/4 to 1/2 turn).

Conduct aleak check of the column installation, as described in the Packed
Columns operating sequence on page 305.
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OPERATING SEQUENCE

Connecting a Capillary Column to a PTV Injector

Before you begin, make sure the column support has been installed in the GC
oven (page 282).

Materials required:
e M4 column retaining split nut
e Graphiteferrule

e 6 mmwrench

1. Slide the graphite ferrule onto the wide-bore column with the bevelled end
facing the injector. Be careful to avoid damaging the graphite ferrule when
inserting the column.

2. Cut 1 cm from the column end. Refer to the Preparing a Capillary Column
operating sequence on page 283 for instructions.

3. Place the column on the column support.

4. Insert the column into the injector and slide the ferrule up to the injector base.
5. Insert the column about 30 mm into the bottom of the injector.

6. Slide the M4 retaining nut onto the column through its side cut.

7. Finger-tighten the column retaining nut until it starts to grip the column.

8. Usethe 6 mm wrench to tighten the retaining nut. Use no more pressure than
is necessary to obtain agood seal (1/4 to 1/2 turn).

9. Conduct aleak check of the column installation, as described in the
Performing a Leak Check operating sequence on page 329.
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Using the PTV for On-Column Injections
Use the following column installation sequence if you wish to use the PTV for
injections similar to on-column injections:

1. Slide the graphite ferrule onto the wide-bore column with the bevelled end
facing the injector. Be careful to avoid damaging the graphite ferrule when
inserting the column.

2. Cut 1 cm from the column end. Refer to the Preparing a Capillary Column
operating sequence on page 283 for instructions.

3. Place the column on the column support.

4. Insert the column into the injector and slide the ferrule up to the injector base.
5. Insert the column as far as possible into the bottom of the injector.

6. Slide the M4 retaining nut onto the column through its side cut.

7. Finger-tighten the column retaining nut until it starts to grip the column.

8. Usethe 6 mm wrench to tighten the retaining nut. Use no more pressure than
is necessary to obtain agood seal (1/4 to 1/2 turn).

9. Conduct aleak check of the column installation, as described in the
Performing a Leak Check operating sequence on page 329.
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OPERATING SEQUENCE

Connecting a Capillary Column to an FID, NPD, or FPD

Before beginning this sequence, remove the detector from the detector base body.

Materials required:

M4 column retaining nut
graphite ferrule

6 mm wrench

Slide the graphite ferrule onto the capillary column with the bevelled end
facing the detector base body. Be careful to avoid damaging the graphite
ferrule when inserting the column.

Cut 2-3 cm from the column end. Refer to the Preparing a Capillary Column
operating sequence on page 283 for instructions.

Insert the column into the detector base body and slide the ferrule up to the
detector base body.

Slide the M4 retaining nut onto the column through its side cut.
Finger-tighten the column retaining nut until it starts to grip the column.

Push the column through the detector base body and into the jet. Depending
on the column dimensions, the column may pass through the jet. Pull the
column back so that the end of the column is 2 to 3 mm below the tip of

the jet. The column insertion depths measured from the bottom of the ferrule
are 94 mm for FID, 97 mm for NPD and 127 mm for FPD.

Use the 6 mm wrench to tighten the retaining nut. Use no more pressure than
is necessary to obtain a good seal (1/4 to 1/2 turn).

AWARNING! Be especially careful when using a metal column. With the detector in place, the tip
of the jet is polarized to high voltage. The metal column must never touch the tip of
the jet. Contact of the metal column with the electrically charged tip can cause
electrical shock and damage to the instrument.
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OPERATING SEQUENCE

Connecting a Capillary Column to an ECD
Before beginning this sequence, remove the detector from the detector base body.

Materials required:

Operating Manual

M4 column retaining nut
graphite ferrule

6 mm wrench

Slide the graphite ferrule onto the capillary column with the bevelled end
facing the detector base body. Be careful to avoid damaging the graphite
ferrule when inserting the column.

Cut 2-3 cm from the column end. Refer to the Preparing a Capillary Column
operating sequence on page 283 for instructions.

Insert the column into the detector base body and slide the ferrule up to the
detector base body.

Slide the M4 retaining nut onto the column through its side cut.
Finger-tighten the column retaining nut until it starts to grip the column.

Adjust the column position so that it protrudes about 2 cm above the top of the
detector base body (109 mm for the bottom of the ferrule).

Use the 6 mm wrench to tighten the retaining nut. Use no more pressure than
is necessary to obtain agood seal (1/4 to 1/2 turn).
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Capillary and Wide-Bore Columns

OPERATING SEQUENCE

Connecting a Capillary Column to a PID
Materials required:

two-way capillary adapter

two M4 split retaining nuts

graphite ferrule

exit line (700 mm long, 0.53 mm ID deactivated uncoated fused silica tubing)
0.8 mm ID graphite ferrule for the exit line

typewriter correction fluid, or felt-tipped pen

10 mm wrench

6 mm wrench

5 mm wrench

Connect the column to the detector inlet

1. Attach the two-way capillary column adapter (shown in Figure 14-8) to the
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lower end of the detector base body and tighten it by using 10 mm wrench.

1. Column Inlet 2. Exit Line

Figure 14-8. Two-Way Capillary Adapter
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10.

Leak test the detector. Refer to TRACE GC Ultra Maintenance and
Troubleshooting Manual.

Slide the graphite ferrule onto the capillary column with the bevelled end
facing the detector base body. Be careful to avoid damaging the graphite
ferrule when inserting the column.

Cut 2-3 cm from the column end. Refer to the Preparing a Capillary Column
operating sequence on page 283 for instructions.

Use the typewriter correction fluid or afelt-tipped pen to mark the column
132-135 mm from the column end (12—-15 mm from the upper end of the
detector base body).

Gently insert the column into one of the two inlet ports of the two-way
capillary adapter. Use the mark as a guide to determine how far to insert the
column.

Slide the M4 retaining nut onto the column through its side cut.
Finger-tighten the column retaining nut until it starts to grip the column.

Adjust the column position so that the mark is even with the column retaining
nut.

Using the 5 mm wrench, keep blocked the inlet adapter nut then use the 6 mm
wrench to tighten the retaining nut. Use no more pressure than is necessary to
obtain agood seal (1/4 to 1/2 turn).

If correctly positioned, the column enters the detector cell block 12—15 mm from
the upper end of the detector base body.

Connect the Exit Line

The exit line must always be connected, even when you do not wish to have a
second detector coupled in series with the PID. In this case, an outlet end of the
exit line should either be connected to an unused detector base body or exit from
the GC oven passing through one of the holes in the oven ceiling, as shown in
Figure 13-1 on page 264.
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Capillary and Wide-Bore Columns

Slide the 0.8 mm ID graphite ferrule onto the uncoated fused silica column
with the bevelled end facing the detector base body or exit. Be careful to
avoid damaging the graphite ferrule when inserting the column.

Cut 2-3 cm from the column end. Refer to the Preparing a Capillary Column
operating sequence on page 283 for instructions.

Use the typewriter correction fluid or afelt-tipped pen to mark the column
143-145 mm (23-25 mm for the CB 70 detector base body) from the
column end.

Gently insert the column into the second inlet port of the two-way adapter.
Use the mark as aguide to determine how far to insert the column. If correctly
positioned, the exit line enters the detector cell block 23-25 mm from the
upper end of the detector base body.

Slide the M4 retaining nut onto the column through its side cut.
Finger-tighten the column retaining nut until it starts to grip the column.

Use the appropriate wrench to tighten the retaining nuts. Use no more
pressure than is hecessary to obtain agood seal (1/4 to 1/2 turn).

Figure 14-9 shows the column connections for the PID and a detector coupled
with an auxiliary detector.
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1. Auxiliary Detector 5. ExitLine

2. 2" Detector Base Body 6. Inlet Line

3. Fused Silica Tubing 7. Detector Base Body
4. Column 8. PID

Figure 14-9. PID Column Connections
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Capillary and Wide-Bore Columns

OPERATING SEQUENCE

Connecting a Capillary Column to a TCD

Before you connect the capillary column to the TCD, be sure to do the following:

condition the column

make sure the capillary column adapter is mounted on the detector base body

Materials required:

302

M4 column retaining nut
graphite ferrule
6 mm wrench

capillary column adapter
Connect the capillary column adapter to the detector base body.

Slide the graphite ferrule onto the column with the beveled end facing the
injector. Be careful to avoid damaging the graphite when inserting the
column.

Cut 2-3 cm from the column end. Refer to the Preparing a Capillary Column
operating sequence on page 283 for instructions.

Insert the column into the detector base body and slide the ferrule up to the
detector base body.

Slide the M4 retaining nut onto the column through its side cut.
Finger-tighten the retaining nut until it starts to grip the column.

Push the column all the way up into the detector, then pull the column out
about 1 mm.

Tighten the M4 retaining nut using the 6 mm wrench. Use no more pressure
than is necessary to achieve agood sea (1/4 to 1/2 turn).
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OPERATING SEQUENCE

Connecting a Capillary Column to an PDD
Before beginning this sequence, remove the detector from the detector base body.

Materials required:

Operating Manual

M4 column retaining nut
graphite ferrule

6 mm wrench

Slide the graphite ferrule onto the capillary column with the bevelled end
facing the detector base body. Be careful to avoid damaging the graphite
ferrule when inserting the column.

Cut 2-3 cm from the column end. Refer to the Preparing a Capillary Column
operating sequence on page 283 for instructions.

Insert the column into the detector base body and slide the ferrule up to the
detector base body.

Slide the M4 retaining nut onto the column through its side cut.
Finger-tighten the column retaining nut until it starts to grip the column.

Adjust the column position so that it protrudes about 33-35 mm above the top
of the detector base body (123 mm for the bottom of the ferrule).

Use the 6 mm wrench to tighten the retaining nut. Use no more pressure than
is necessary to obtain agood seal (1/4 to 1/2 turn).
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Column Insertion Depths Summary Tables

Thefollowing Tables 14-2 and 14-3 reassume the injectors and detectors column
insertion depths measured from the bottom of the ferrule.

Table 14-2. Column Insertion Depths for Injectors

Column Insertion Depths (mm) for S/SL - PTV - OC Injectors

PTV INJECTION (a) SPLIT INJECTION (b) SPLITLESS INJECTION (c) ON-COLUMN INJECTION (d)
Syringe needle Syringe needle
length (51 mm) length (51 mm) . .
Syringe needle Syringe needle
length (80 mm) length (80 mm)
— Glass liner — Glass liner — .
(2 mm D) (5 mm or 3 mm D) = Tapered glass liner | = Capillary Column

(5 mm or 3 mm ID)

Length of column

Length of column

] inside inieotor
Length of column inside injector from < gzltoemlrg? ;:etr)rrmreom
inside injector from bottom of ferrule (64 mm)
bottom of ferrule (40 mm)

g‘ (30 mm) E

INJECTORS NOT DRAWNTO SCALE

Table 14-3. Column Insertion Depths for Detectors
Column Insertion Depths (mm) for FID - ECD - NPD - PID - FPD - TCD - PDD Detectors

XY o)
ECD ° PDD
FID NPD UUH FPD oD
PID
94 109 97 135 Column 127 Asfar asit 123
144 Exit L. will go
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Packed Columns

There are different sizes of packed columns with both metric and imperial
dimensions with dedicated adapters. The TRACE GC Ultra accepts 1/4 inch OD,
1/8 inch OD imperial metal packed columns, 6 mm OD metric metal packed
columns and 6 mm OD glass packed columns. With the appropriate conversion
kit, you can also install metal packed columnsinto the S/SL injector.

Metric Packed Columns

Operating Manual

The following metric packed columns are commonly used:
e 6 mm OD packed metal column

* 6 mm OD packed glass column

Using Correct Metric Fittings

To connect packed columns to injector and detector base bodies, you must use the
correct column ferrules and retaining nuts.

Metric Column Ferrules
Theferrule size should be compatible with the packed column. The type of ferrule
you use depends on the type of packed column:

« meta packed columns require double brass ferrules (front and back)

« glass packed columns require Viton® O-ring or PTFE ferrules

Metric Retaining Nuts

Use hexagonal 1/4 inch column retaining nuts to connect all metal packed
columns and round 1/4 inch knurled or grooved nuts to connect glass packed
columns.

Table 14-4 lists the correct fittings for different sizes of metric packed columns.
Figure 14-10 shows the fittings.
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Table 14-4. Metric Packed Column Fittings
Column Type Ferrules Retaining Nut
6 mm OD metal column | brass double hexagonal 1/4 inch
6 mm OD glass column | Viton® O-Ring + washer | round 1/4 inch
3 5
[ ) <—_L> é
= ——=—4 ——
1 4 | 6— | |
 E—— —  —
A B
1. Hexagonal 1/4 Inch Nut 5. PTFE Ferrule
2. Double Brass Ferrules 6. Round 1/4 Inch Knurled Nut
3. Viton® O-Ring A. 6 mm OD Metal Column
4. Washer B. 6 mm OD Glass Column
Figure 14-10. Metric Packed Column Fittings
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Imperial Packed Columns
The following types of imperial packed columns are commonly used.
* 1/4inch OD metal packed column
e 1/8inch OD meta packed column

Using Correct Imperial Fittings

To connect packed columnsto injector and detector base bodies, you must use the
correct column ferrules and retaining nuts.

Imperial Column Ferrules
The ferrule size should be compatible with the packed column.

+  Use Swagelok® ferrules (front and back) with a 1/4 inch hexagonal nut to
connect 1/4 inch metal packed columns to injector and detector metric/
imperial adapters.

«  Use Swagelok® ferrules (front and back), and Swagelok® nuts to connect
1/8 inch meta packed columns to injector and detector metric/imperial
adapters.

Imperial Retaining Nuts
Use Swagel ok® nuts to connect all packed columns.

Table 14-5 lists the correct fittings depending on the type of imperial packed

column.
Table 14-5. Imperial Size Packed Column Fittings
metal column 1/4 inch Swagelok® 1/4 inch hexagonal 1/4 inch
metal column 1/8inch | Swagelok® 1/8 inch Swagelok® 1/8 inch
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Packed Columns

Adapters for Metal Packed Columns

To connect metal packed columnsto the PKD or PPKD injector and the detector
base bodies, you must use a proper metal metric/imperial adapter. Figure 14-11

shows an example of adapters.

e,

I

S

| |

-

ﬂ ﬂ

g

L

]4

1 é]1

2
6

5

—

A. PKD or PPKD Injector

B. Detector Base Body for Packed Column
C. TCD Base Body

1. Double Ferrule

2. Nut

3. Adapter for PKD or PPKD Injector
4. Double Ferrule

5. Nut

6. Adapter for Detector Base Body
7. Adapter for TCD

Figure 14-11. Injector and Detector Base Body Adapters
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The adapters size depends on the type of:

« column that has to be use: 6-mm, 1/4-inch, 1/8-inch OD

« injector installed on the GC: PKD, PPKD

e detector base body installed on the GC: for packed columns, for TCD

Metal Packed Column may be installed into the S/SL injector and the detector base body
for capillary column by using the appropriate conversion kit as shown in Figure 14-12.

1

A
|
= 6
2
3

v

i
;
ézéﬁ:

i

(I

A. SISL Injector 4. Double Ferrule

B. Detector Base Body for Capillary Column 5. Nut

1. Ferrule 6. Ferrule

2. Nut 7. Adapter for Detector Base Body

3. Adapter for S/SL Injector

Figure 14-12. Conversion Kit
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OPERATING SEQUENCE

Preparing a Metal Packed Column

Before you begin, verify that the proper adapters are installed on the injector and
detector side.

Slide the fittings onto the packed column injector and detector ends in the order
and direction shown in Figure 14-13.

1=
2 =
3 @
—
1. Front Ferrule 3. Retaining Nut
2. Back Ferrule 4. Packed Column

Figure 14-13. Metal Packed Column Fittings
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OPERATING SEQUENCE

Connecting a Metal Packed Column to a PKD or PPKD Injector
Materials required:

retaining nut
ferrules
10 mm or /4 inch wrench

adapter for injector

Make sure that your packed column has been correctly prepared as described
in the Preparing a Metal Packed Column operating sequence on page 310.

Insert the appropriate adapter into the bottom of the injector, then push up the
adapter into the injector asfar as possible.

Slide the ferrule up to injector base then finger-tighten the adapter retaining
nut until it starts to grip the adapter.

Use the wrench to tighten the retaining nut. Use no more pressure than is
necessary to obtain agood seal (1/4 to 1/2 turn).

Insert the inlet end of the column to the adapter base as far as possible.

Slide the ferrule up to adapter base then finger-tighten the column retaining
nut until it starts to grip the column.

Use the wrench to tighten the retaining nut. Use no more pressure than is
necessary to obtain agood seal (1/4 to /2 turn).

ACAUTION Overtightening the compression ferrule does not necessarily produce a stronger,
leak-free joint. In fact, very often the reverse is true. Overtightening can cause a leak
in the joint and make it very difficult to reseal that particular joint when changing
columns.

Operating Manual
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Packed Columns

OPERATING SEQUENCE

Connecting a Metal Packed Column to an FID, NPD, FPD, or ECD

Materials required:

/@ 1

retaining nut
ferrules
10 mm or /4 inch wrench

adapter for detector

Make sure that your packed column has been correctly prepared as described
in the Preparing a Metal Packed Column operating sequence on page 310.

Insert the appropriate adapter into the bottom of the detector base, then push
up the adapter into the detector base as far as possible.

Slide the ferrule up to detector base then finger-tighten the adapter retaining
nut until it starts to grip the adapter.

Use the wrench to tighten the retaining nut. Use no more pressure than is
necessary to obtain agood seal (1/4 to 1/2 turn).

Insert the detector end of the column to the adapter base as far as possible.

Slide the ferrule up to adapter base then finger-tighten the column retaining
nut until it starts to grip the column.

Use the wrench to tighten the retaining nut. Use no more pressure than is
necessary to obtain agood seal (1/4 to /2 turn).

ACAUTION Overtightening the compression ferrule does not necessarily produce a stronger,
leak-free joint. In fact, very often the reverse is true. Overtightening can cause a leak
in the joint and make it very difficult to reseal that particular joint when changing
columns.
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OPERATING SEQUENCE

Connecting a Metal Packed Column to a TCD
Materials required:

metric/imperial retaining nut
metric/imperia ferrules
10 mm or 1/4 inch wrench

adapter for detector

Insert the appropriate adapter into the bottom of the detector base, then push
up the adapter into the detector base as far as possible.

Slide the ferrule up to detector base then finger-tighten the adapter retaining
nut until it starts to grip the adapter.

Use the wrench to tighten the retaining nut. Use no more pressure than is
necessary to obtain agood seal (1/4 to 1/2 turn).

Insert the detector end of the column to the adapter base as far as possible.

Slide the ferrule up to adapter base then finger-tighten the column retaining
nut until it starts to grip the column.

Use the wrench to tighten the retaining nut. Use no more pressure than is
necessary to obtain agood seal (1/4 to /2 turn).

ACAUTION Overtightening the compression ferrule does not necessarily produce a stronger,
leak-free joint. In fact, very often the reverse is true. Overtightening can cause a leak
in the joint and make it very difficult to reseal that particular joint when changing
columns.

Operating Manual

313



Chapter 14
Columns

Packed Columns

OPERATING SEQUENCE

Connecting a Metal Packed Column to an PDD

Before beginning this sequence remove the detector from the detector base body.
During this operation make care to withdraw the detector vertically.

p NOTE The PDD is compatible ONLY with 1/8-inch OD packed columns (NO 1/4-inch SS or
6 mm OD glass columns)

Materials required:

314

PDD fixing tool

graphitized Vespel® ferrule

washer

silver seal

0.7 mm ID fused silica capillary tubing (about 30 cm length)
adapter for detector

6MB-1/8 inch Swagel ock® column adapter
retaining nut

ferrules

8 mm wrench

10 mm or 1/4 inch wrench

Make sure that your packed column has been correctly prepared as described
in the Preparing a Metal Packed Column operating sequence on page 310.

Cut about 30 cm of capillary tubing.
Insert the appropriate fittings on the capillary tubing in the following order as
shown in Figure 14-14.

e adapter for detector

e dlver sed

e washer

+  graphitized Vespel® ferrule
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1. 0.7 mm ID Fused Silica Capillary Tubing 2. Detector Base Body
3. Graphitized Vespel® ferrule 4. Washer
5. Silver Seal 6. Adapter for Detector.

Figure 14-14. Connection to the PDD Detector (1)

Insert the capillary tubing and its fittings into the bottom of the detector base.

Push up the capillary tubing until the upper end protrudes from the detector
base body and the lower end is at the same level of the base of the adapter
retaining nut as shown in Figure 14-14.

Then push up the capillary tubing by screwing up ablind 6MB nut into the
adapter in order to maintain the lower of the capillary completely inside the
adapter.

Finger-tighten the adapter retaining nut until it starts to grip the detector base.
The capillary tubing must protrude from the detector base body from 33-35
mm, then cut the exceeding portion as shown in Figure 14-14.
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10.

11.
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Packed Columns

Use the wrench to tighten the retaining nut. Use no more pressure than is
necessary to obtain agood seal (1/4 to 1/2 turn).

Insert the column adapter into the base of the adapter for detector as shownin
Figure 14-15.

8

= ﬁ i]
@ 18

| o

8. Double Ferrule 7. Column Adapter
10. Packed Column 9. Column Nut

Figure 14-15. Connection to the PDD Detector (2)

Finger-tighten the column adapter retaining nut until it starts to grip the
adapter for detector.

Use the wrench to tighten the retaining nut. Use no more pressure than is
necessary to obtain agood seal (1/4 to 1/2 turn).

Insert the detector end of the column to the column adapter base.

Slide the ferrule up to adapter base then finger-tighten the column retaining
nut until it starts to grip the column.
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12. Usethe wrench to tighten the retaining nut. Use no more pressure than is
necessary to obtain agood seal (1/4 to 1/2 turn).

Overtightening the compression ferrule does not necessarily produce a stronger,
leak-free joint. In fact, very often the reverse is true. Overtightening can cause a leak
in the joint and make it very difficult to reseal that particular joint when changing
columns.

OPERATING SEQUENCE

Preparing a Glass Packed Column

p NOTE

Operating Manual

Before you begin, verify that the injector and the detector base bodies are
compatible with your metric or imperial column. Install the proper adaptersif you
areingtalling an imperial packed column.

Packed columns have one end longer than the other. Usually the longer end connects to
the detector base body and the shorter end connects to the injector. Depending on the
application, the connection may be reversed.

Slide the fittings onto the packed column injector and detector ends in the order
and direction shown in Figure 14-16.

I ([

I
1. Viton® O-Ring 3. Washer
2. PTFE Ferrule 4. Knurled Nut

Figure 14-16. Glass Packed Column Fittings
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OPERATING SEQUENCE

Connecting a Glass Packed Column to a TCD and to a PKD or
PPKD injector
Materials required:
retaining nut
ferrules

60 mm glass liner

TCD PKD / PPKD

60 mm
Glass Liner

G

Figure 14-17. TCD-PKD/PPKD Configuration

318 Operating Manual



Chapter 14
Packed Columns Columns

In this configuration the longer end of the column connects to the injector and the
shorter end connects to the detector base as shown in Figure 14-17. The use of a
60 mm glass liner is required.

1. Make surethat your packed column has been correctly prepared as described
in the Preparing a Glass Packed Column operating procedure on page 317.

2. Insert the liner into the bottom of the injector.

3. Simultaneously insert the column ends A and B respectively into the detector
and injector bodies paying attention that:
— the column end A touches the bottom of the detector base.
— theliner and the column end B are pushed up into the injector as far as

possible.

4. Finger-tighten the column ends A and B retaining nuts until they start to grip
the column.

ACAUTION Overtightening the compression ferrule does not necessarily produce a stronger,
leak-free joint. In fact, very often the reverse is true. Overtightening can cause a leak
in the joint and make it very difficult to reseal that particular joint when changing
columns.
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OPERATING SEQUENCE

Connecting a Glass Packed Column to an FID, NPD, FPD or ECD
and to a PKD or PPKD injector

Materials required:
retaining nut
ferrules

100 mm glass liner

FID-NPD!
FPD-ECD PKD /PPKD

103 mm
A .-I Glass Liner
\1‘,, 4
S
B

Figure 14-18. FID,NPD,FPD,ECD-PKD/PPKD Configuration
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In this configuration the longer end of the column connects to the detector base
body and the shorter end connects to the injector as shown in Figure 14-17. The
use of a100 mm glass liner is required.

1. Make surethat your packed column has been correctly prepared as described
in the Preparing a Glass Packed Column operating procedure on page 317.

2. Insert the liner into the bottom of the injector.

3. Simultaneously insert the column ends A and B respectively into the detector
and injector bodies paying attention that:
— the column end A touches the bottom of the detector base.
— theliner and the column end B are pushed up into the injector as far as

possible.

4. Finger-tighten the column ends A and B retaining nuts until they start to grip
the column.

ACAUTION Overtightening the compression ferrule does not necessarily produce a stronger,
leak-free joint. In fact, very often the reverse is true. Overtightening can cause a leak
in the joint and make it very difficult to reseal that particular joint when changing
columns.
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OPERATING SEQUENCE

Connecting a Glass Packed Columnto a TCD and to a S/SL
injector
Materials required:
liner cap removal tool
retaining nut
ferrules

metal liner

Figure 14-19. TCD-SSL Configuration
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In this configuration the longer end of the column connects to the detector base
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and the shorter end connectsto the injector as shown in Figure 14-19. Theuse of a

metal liner is required.

Removing the S/SL Injector Top Components
With reference to Figure 14-20 proceed as follows:

T =
2 &
3 o
4 =

ﬁ@ﬁ 5
—6 i
=

1. Injector Cap

3. Septum

5. Liner Cap Removing Tool
7. Liner

2. Septum Holder
4. Septum Support
6. Liner Cap

8. Graphite Seal

Figure 14-20. Removing the S/SL Injector Top Components

1. Unscrew the injector cap.

2. Remove the septum holder with septum. then the septum support.

3. Remove theliner cap by using the tool provided.

4. Usetweezersto remove the liner with the graphite seal.

Removing the S/SL Injector Bottom Components
With reference to Figure 14-21 proceed as follows:

323



Chapter 14

Columns Packed Columns

1. Terminal Fitting Retaining Nut 2. Terminal Fitting
3. Silver Seal

Figure 14-21. Removing the S/SL Injector Bottom Components

5. Unscrew the retaining nut at the bottom of the injector.

6. Remove the terminal fitting and the silver seal.

Installing the Metal Liner
With reference to Figure 14-22 proceed as follows:

1. Ferrule 2. Retaining nut
3. Metal Liner

Figure 14-22. Metal Liner Installation
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7. Slidethe appropriate nut and ferrule onto the metal liner, then insert it into the
bottom of the injector.

8. Push the metal liner into the injector as far as possible.

9. Slidetheferrule up the injector base then finger-tighten the retaining nut until
it startsto grip the metal liner.

10. Slide the appropriate graphite seal and push it onto the metal liner from the
top of the injector by using the appropriate tool as shown in Figure 14-23.

B C D
8
=\
\ 4
8 a
1
e
L
= 4
1. Graphite Seal Installation Tool 2. Graphite Seal
3. SISL Injector 4. Metal Liner

Figure 14-23. Graphite Seal Installation Tool
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Connecting the Glass Packed Column
With reference to Figure 14-24 proceed as follows:

TCD S/SL

Figure 14-24. Connecting the Glass Packed Column

11. Make sure that your packed column has been correctly prepared as described
in the Preparing a Glass Packed Column operating procedure on page 317.

12. Insert the column end A into the detector body and connect the column end B
to the metal liner paying attention that the column end A touches the bottom

13. Finger-tighten the column ends A and B retaining nuts until they start to grip
the column.

14. Finger-tighten the metal liner retaining nut.

ACAUTION Overtightening the compression ferrule does not necessarily produce a stronger,
leak-free joint. In fact, very often the reverse is true. Overtightening can cause a leak
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in the joint and make it very difficult to reseal that particular joint when changing
columns.

Reinstalling the S/SL Top Components
With reference to Figure 14-25 proceed as follows:

=

>

==
T
=
1. Liner Cap 2. Liner Cap Removing Tool
3. Septum Support 4. Septum
5. Septum Holder 6. Injector Cap

Figure 14-25. Reinstalling the S/SL Injector Top Components

15. Reingtall and tighten the liner cap until it start to grip the graphite seal.

16. Reinstall the septum support, septum, septum holder then screw the injector
cap.
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Keeping Column Flow Under Control

This paragraph describes the operations needed to perform the assisted Leak
Check procedure and the Column Evaluation.

DCC-equipped System

TRACE GC Ultra, equipped with aDCC (Digital Carrier Control) module
features a new user interface menu which guides the user through a sequence of
operations necessary to correctly keep under control the pneumatic conditions of
the GC system. The sequence Leak Check - Column Evaluation is the key for
minimizing troubles related to leaks and correctly characterize the column
pneumatic resistance.

e Peform Leak Check to assure the tightness of the system.

*  Perform Column Evaluation to enter column information and, if ahigh flow
accuracy is desired, to make a correction according to the actual flow of the
carrier gas measured at the outlet of the column.

During the column evaluation procedure, the system uses the correlation
between the applied pressure, the flow, the column temperature. This
operation allows to determinate the actual column pneumatic resistance and
automatically correct the nominal column dimension (specifically the column
ID). Column information must be entered every time a new column is
installed.

Leak Check and Column Evaluation can be easily performed by means of the
provided column-flow meter connector shown in Figure 14-26.

Knurled nuts

Blind channel
for leak check

Flowmeter connection
fitting

Open channel
for Col. Evaluation

Figure 14-26. Column-flow Meter Connector
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The column-flow meter connector features two dedicated channels:

* A blind channel used to seal the column end when aleak check is
performed.

* Anopen channel used to measure the flow at the end of the column when a
column evaluation is performed. A proper fitting permits an easy connection
of the flowmeter.

Leak Check

Perform the Leak check at the desired pressure following the instructions reported
in Performing a Leak Check operating sequence.

OPERATING SEQUENCE

Performing a Leak Check

Before starting this sequence, install the column into the injector port only,
leaving free the column end.

Materials needed:

e Column-flow meter connector
1. Confirm that the carrier gasison.

2. Carefully push the capillary column end into the blind channel of the
column-flow meter connector as shown in Figure 14-27.
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Figure 14-27. Leak Check

Press LEAK CHECK to enter L eak Check menu. The displayed options
(Right column Or Left column) depend on the configuration of your GC.
In the example, the left column is considered.

LEAK CHECK COLUMN

Right column'

Left column® <

1. Thisitem appears if the relevant channel is present and configured.

Scroll to the channel of interest and press ENTER to open the following menu:

L. COL. LEAK CHECK

Start Leak Check
Leak Check Settings

Scroll to Leak Check Settings and press ENTER to open the relevant menu.

L. COL. SETT.

Check press 200
Sensitivity 5.0
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p NOTE

Operating Manual

In Check pressline set the pressure (pressurization value) at which the leak
check must be performed. The range is comprised from 10 to 999 kPa
(1.45-145 psi).

In Sensitivity line set the maximum value the pressure can drop during the
test. The rangeis comprised from 1 to 10 kPa (0.145-1.45 psi).

Press CLEAR to exit L eak Check Settings menu and return to the previous
menul.

L. COL. LEAK CHECK

Start leak check
Leak Check settings

Select the start leak check command to start the operation. The split and
purge valves of the selected channel are automatically closed and the channel
is pressurized with carrier gas to the leak check set point.

CHECKING L COLUMN

Pressure (200)
Elapsed time 0.90
Use <STOP> to abort

To abort Leak Check, press STOP. A relevant message will be displayed.

10. The systemis pressurized for one minute, then the pressure value of the

carrier isautomatically set to Off. The system monitories the pressure for one
minute. During thistime, if the pressure does not drop more than the
Sensitivity set value, the message L eak check passed is displayed.

R/L.LEAK CHECK
COMPLETED
SUCCESSFULLY
Leak check passed.

If not, the message L eak detected isdisplayed indicating possible leaksin the
system. Locate and eliminate the leaks and repeat the leak check procedure.
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Column Evaluation

Perform the Column Evaluation following the instructions reported in Performing
a Column Evaluation operating sequence.

OPERATING SEQUENCE

Performing a Column Evaluation

Materials needed:
¢ Column-flow meter connector

e Thermo Scientific GFM Pro Flowmeter or equivalent, or soap bubble
flowmeter

p NOTE A digital flowmeter capable to measure low flows down to 0.5 mL/min with an accuracy of
+ 0.2% is recommended for an accurate column evaluation. The Thermo Scientific GFM
Pro Flowmeter is recommended for the required accuracy of the flow measurement.

1. Confirm that the carrier gasison.

2. Onthe GC keypad, press COLUMN EVAL to open the following menu:

COLUMN INFORMATION

Right column

Left column <

3. Scroll totheRight Or Left column to evaluate and press ENTER. The
following menu appears. In the example Left column iSconsidered.

LEFT! COLUMN INFO

Length (m) 15.00
ID (mm) 0.25
Film th. (Um) 0.25

1. These settings could a so be for aright column.
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4. Set the nominal dimensions of the column:
e Lengthintherange from 0.01 to 200 m
e Internal diameter in the range from 0.050 to 0.999 mm
e Filmthicknessin the range from 0.01 to 20 um
5. Select Pre/post column? yes(Y) or not ().
e |If apre-/post-column is not present, select N.

« |If apre-/post-column is present, select v. The menu requires to set the
length and the nominal internal diameter of the pre-/post-column in the
same ranges valid for the column. The following two lines are added to

the menu.
Pre/post column? Y
P/p col. L 10.00
P/p col. ID 0.53

6. According to the nomina dimensions of the column, the system calculates
and shows the theoretical Column K-factor.

LEFT' COLUMN INFO

Column K (0.8087)
Calc’d ID (0.0000)

Run Column eval?

1. These settings could also be for the right column.

p NOTE Theoretical column k-factor can be used to operate in flow mode. However, the accuracy of
the calculated carrier flow rate will depend on the accuracy of the nominal column
dimensions versus the actual values. In particular, the deviation of the actual column ID
from the nominal value is mostly affecting the column flow rate. To assure the utmost
accuracy for the column carrier flow rate calculation, the Column Evaluation procedure is
recommended.
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7. Carefully push the capillary column end into the open channel of the column-
flow meter connector as shown in Figure 14-27.

N

To flowmeter

Figure 14-28. Flow Measurement

8. Connect the flowmeter to the dedicated fitting on the column-flow meter
connector.

9. To start column evauation, scroll to Run column eval.? and pressENTER.

AWARNING! When a MS detector is used and the Vacuum Compensation parameter is set ON in
Carrier Menu, the column evaluation cannot be performed. A message will alert for
switching the Vacuum Compensation to Off.

The system, according to the theoretical k-factor (Column K), pressurizesthe
column to obtain acarrier flow of 5 mL/min. The maximum pressure set value
is 500 kPa even if the required pressure would be higher. The minimum
pressure set value is 10 kPa even if the required pressure would be lower.
The display visualizes the pressure setting during the evaluation procedure.

10. By using the flowmeter, measure the carrier gas flow rate at the outlet of the
column. Scroll to Measured Flow and enter the measured value.
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/() NOTE

Operating Manual

EVALUATING L COLUMN

Pressure (162)
Measured Flow: 4.90
Use <STOP> to abort

To abort Column Evaluation, press STOP. A relevant message will be displayed.

11. Thefollowing message will be displayed in case of successful operation.

L. COL. EVALUATION
COMPLETED
Calc’d ID 0.242
K. 0.9020

The theoretical k-factor isautomatically corrected with the more accurate
experimental k value. This corrected k-factor is used to correct the nominal
column ID. An averaged calculated ID is displayed, which reflects the actual
column pneumatic resistance, permitting amore accurate calculation of the carrier
gas linear velocity.
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Column Conditioning

ACAUTION When conditioning a column, remove the column from the detector base body. If this
is not possible, such as when using packed columns, you must remove the detector
and jet, if present, from the detector base body.

Column conditioning consists of passing a carrier gas flow through the column
and heating the column to atemperature 20-50 °C above the maximum
temperature that will be used for running analyses, provided that temperature is
within the operating range of the column.

For detailed information on column conditioning of your specific column, refer to
the column manufacturer’s instructions.
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SECTION

Detectors

This section contains information about detector configuration and
operation.

Chapter 15, Detector Overview, gives basic information about the
detectors available with the TRACE GC Ultra.

Chapter 16, Flame lonization Detector (FID), describes the operating
principles and sequences for the Flame | onization Detector (FID).

Chapter 17, Electron Capture Detector (ECD), describes the operating
principles and sequences for the Electron Capture Detector (ECD).

Chapter 18, Nitrogen Phosphorus Detector (NPD), describes the
operating principles and sequences for the Nitrogen Phosphorus
Detector (NPD).

Chapter 19, Photoionization Detector (PID), describes the operating
seguences and principles for the Photoionization Detector (PID).

Chapter 20, Flame Photometric Detector (FPD), describes the
operating principles and sequences for the Flame Photometric Detector
(FPD).

Chapter 21, Thermal Conductivity Detector (TCD), describes the

operating principles and sequences for the Thermal Conductivity
Detector (TCD).

Operating Manual



Chapter 22, Pulsed Discharge Detector (PDD), describes the operating
sequences and principles for the Pulsed Discharge Detector (PPD).
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This chapter gives basic information about the detectors available with the
TRACE GC Ultra.
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Detector Configuration

The following detectors are available for the TRACE GC Ultra:
* Flame lonization Detector (FID)

e Electron Capture Detector (ECD)

» Nitrogen Phosphorus Detector (NPD)

e Photoionization Detector (PID)

«  Flame Photometric Detector (FPD)

e Thermal Conductivity Detector (TCD)

* Pulsed Discharge Detector (PPD)

The TRACE GC can be configured for up to three detectors of different types.
Each detector isinstalled on the proper left or right detector base body (LEFT
DETECTOR, RIGHT DETECTOR) . Thethird, or auxiliary, detector can be installed
and configured as Auxiliary (aux DETECTOR) to allow the following possible
configurations.

« Stacked Analytical Configuration
* Dua FPD (twin tube) Configuration
e Third Detector Base Body Configuration

For further details refer to paragraph Auxiliary Detectors on page 347.

Each detector is controlled by an electronic board inserted into the appropriate slot
(A, B, or C) inthe e ectronic compartment of the GC. The type of detector and the
make-up gas are aready configured. Each detector can be configured for a
specific make-up gas depending on the analytical requirements.
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Detector Base Body

The detector options are fully and easily interchangeable because of base bodies
that act as a bridge between the detector and analytical column.

The detector base body is available in two configurations:
e detector base body for packed columns.

* detector base body for capillary columns.

Packed Column Detector Base Body

This detector base body, shown in Figure 15-1, accepts glass and metal packed
columns with outside diameters of up to 6 mm or 1/4 inch. The column enters the
compartment right up to the base of the detector jet which sits at the top of the
base body. Hydrogen and make-up gas flow past the end of the column. This
minimizes dead volumes and column band broadening.

Capillary Column Detector Base Body

This detector base body, shown in Figure 15-2, can accept all types of capillary
columns. The column enters the detector jet directly to eliminate any dead
volumes. The base body allows columns to be connected using either M4 or M8
1 mm fittings.

Figure 15-1. Packed Column Base Body Figure 15-2. Capillary Column Base Body
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Detector Gases

The GC automatically recognizes the detectors and detector gas modules
installed. Different gas flow modules can be used for different detectors, but some
detectors, such asthe TCD, require specific modules. For more information about
the different DGFC modules, refer to Plumbing Detector Gases on page 342.

The detector pneumatic control module supports up to four different modules, as
shown in Table 15-1.

Table 15-1. Detector Module Gas Paths

Type AA — — X
Type AB X X —
TypeAC X X X
Type AD X X X

Plumbing Detector Gases

Different detector modules have different gas plumbing requirements. It is
important that you connect the right gases to the right inlet fittings. The inlet
fittings on the detector modules are labeled. To ensure that you have the detector
gases properly connected, do the following:

1. PressINFO/DIAG twice to enter the DIAGNOSTICS menu.
2. Scroll to Hardware configand press ENTER.

3. Inthe HARDWARE CONFIG submenu, scroll toL. Det module, R Det
module, and Aux Det module (if configured) and note the module type.
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4. Consult Table 15-2 for the proper gas connections of the detector modules
installed.

WARNING! Hydrogen is a potentially dangerous gas. Always perform a leak check of the
hydrogen gas line. Refer to Using Hydrogen on page xxviii for safety information.

Table 15-2. Detector Gas Connections

Connect Connect Connect Connect Connect Helium
Installed  Hydrogen Air Make-up Sheath Reference from
Detector ~ Module to to Gas to' Gas to® Gasto purifier
FID AB Gas2 Gas1 — — —
AC Gas2 Gas1 Gas3 — —
AD Gas3 Gas1l — — —
ECD AA — — Gas3 — —
AB — — Gas?2 — —
AC — — Gas3 — —
AD — — Gas3 — —
NPD AD Gas2 Gas1l Gas3 = =
PID AB — — Gas?2 Gas1 —
AC — — Gas3 Gas1 —
AD — — Gas3 Gas1 —
FPD AB Gas?2 Gas1 — — —
AC Gas2 Gas1 Gas 3 — —
AD Gas3 Gas1l — — —
TCD AB — — Gas?2 — Gas1
PDD dedicated Inlet

1. For ECD detectors, the makeup gasis N, or 5% Ar/CH,.

2. For PID detectors, the sheath gasis N, or He.

3. FPD applications typically do not require Make-up gas.

Operating Manual
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Make-up Gas

Most detectors require an auxiliary gas flow to improve sensitivity and peak
shapes. This make-up gas helpsto rapidly sweep the compounds from the column
through the detector. The make-up gas you use depends on the detector. The
Make-up gas parameter of the detector menu changes depending on your GC's

configuration.
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Detector and Make-up Gas Configuration

You configure the detectors and make-up gases in the CONFIGURE menu. The
LEFT and RIGHT DETECTOR menus changeto reflect the choices you makein the
CONFIGURE menu.

Press CONFIG, then scroll to Left Detector Of Right detector and press
ENTER to open the detector gas menu.

Table 15-3. Configure Detector and Make-up Gas Menu

LEFT DETECTOR

Detector type

Makeup gas

Thislineis the menu title bar.

DETECTOR TYPE Thisindicates the type of detector mounted and the
* XXX-A < slot position (A, B, or C) of the relevant electronic
control board. Select betector type and press
ENTER to display the submenu. An asterisk

fone appears beside the detector selected.
MAKEUP GAS (XX) Thisline appears only if the DGFC moduleis
* Helium < present. The type of make-up gas currently used
Nitrogen for the detector is shown. Differe_nt suitable make-
Hydrogen up gases may be selected depending on the type of

detector installed. Table 15-4 shows the

Argon Methane 5% | -ymmonly-used make-up gases.

A
rgen Select Makeup and press ENTER to open the

MAKEUP GAS submenu. Only the gases applicable
to the detector in use are displayed.

None

In the submenu, an asterisk appears beside the
currently-active make-up gas. The active make-up
gasisaso displayed in parentheses in the menu
title bar.
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345



Chapter 15

Detector Overview Detector and Make-up Gas Configuration
Table 15-4. Make-up Gases
Helium X X X X X
Nitrogen X X X X X X
Hydrogen X
Argon/5% Methane X
Argon X

OPERATING SEQUENCE

Configuring the Detector and Make-Up Gas

346

1.

Press CONFIG and scroll to Left Detector Of Right Detector,
depending on the location of the detector you want to configure.

Select Detector type and press ENTER.

To change the detector type, scroll to the desired detector and press ENTER to
confirm the selection. An asterisk appears beside the detector selected.

To deactivate the detector, scroll to None and press ENTER.

Scroll to Makeup and press ENTER. The gases applicabl e to the detector in use
are displayed.

An asterisk appears beside the currently active make-up gas. The active
make-up gasis aso displayed in parentheses in the menu title bar.

To change the make-up gas, scroll to the desired gas and press ENTER. An
asterisk appears beside the make-up gas selected.

To deactivate the make-up gas, scroll to None and press ENTER.
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Auxiliary Detectors

A detector is considered as auxiliary when it isnot installed on the standard left or
right detector base body position. The possible auxiliary detector configurations

arethe following.

Tandem (Stacked) Configuration

If you are using an ECD, which is a non-destructive detector, you can stack an
auxiliary detector on top of it to operate in series. To stack an FID, NPD or FPD
on top of the ECD, you must install a specially heated series adapter, as shown in
Figure 15-3.

Figure 15-3. FID, NPD and FPD Series Connections to an ECD
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The fuel gasfor the auxiliary detector is supplied from an additional pneumatic
modul e fitted in the pneumatic compartment. Your TRACE GC Ultramust be pre-
configured at the factory if you plan to use an auxiliary detector.

Dual FPD Configuration

If you are using an FPD, you can expand it by connecting a second
photomultiplier tube with different interferential filter on the same detector body.
This allows to process a sample for phosphorous and sulphur (or tin) profiles
simultaneously.

Figure 15-4. Dual FPD Configuration (Twin Tube)

In this configuration the FPD detector, already installed on the proper detector
base body, is configured as LEFT or RIGET DETECTOR While the second
photomultiplier tube must be configured as AUX DETECTOR.

Note that the temperature and detector gases setpoints are common for both the
photomultiplier tubes.

Third Detector Base Body

This configuration allowsto install the third detector over an additional base body
installed instead of an injector.
This configuration is permitted only for FID, NPD or PID.
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OPERATING SEQUENCE

Configuring an Auxiliary Detector

Use the following sequence to configure an auxiliary detector and make-up gas.
1. Press CONFIG and scroll to Auxiliary detector.

p NOTE The auxiliary detector item will only be present in the CONFIGURE menu if your
TRACE GC Ultra has been pre-configured at the factory for an auxiliary detector.

2. Scroll to petector type and press ENTER.

3. Inthe DETECTOR TYPE submenu, scroll to the type of detector you want to
use and press ENTER. Select None to deactivate the auxiliary detector.

4. |If required, scroll to Makeup gas and press ENTER.

5. IntheMakEUP GAs submenu, scroll to the make-up gas you want to use with
the auxiliary detector and press ENTER. Select None to deactivate the
auxiliary detector makeup gas.
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OPERATING SEQUENCE

Programming the Auxiliary Detector

Use the following sequence to set the parametersin the AUXILIARY menu.
1. Press AUX.
2. Scroll to petector and press ENTER to display the Aux DETECTOR menu.

3. Configure the detector parameters in the menu. The Aux DETECTOR menu
contains the same parameters asthe LEFT and RIGET DETECTOR menus. The
parameters will change depending on the type of auxiliary detector you are
configuring.

The parameters for the FID are described in FID Menu in Chapter 16.
The parameters for the NPD are described in NPD Menu in Chapter 18.

The parameters for the FPD and Dua FPD are described in FPD Menu in
Chapter 20.
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The DETECTOR SIGNAL Mmenu contains the parameters that control the detector
signal. As compounds elute from the column and enter the detector, an electrical
signal is generated. The size of the signal is related to the amount of the
corresponding compounds. The detector’s electronics process the signal and send
it to arecording device. The plot of the signal size versus the time resultsin the

chromatogram.

Press LEFT SIGNAL or RIGHT SIGNAL to display the sIGNAL menu shownin
Table 15-5. Theaux SIGNAL menu isidentica to the LEFT and RIGHT SIGNAL

menus.

Table 15-5. Detector Signal Menu

LEFT SIGNAL

Output

Offset

Auto zero?

(XXX)

Thislineisthetitle bar. The detector type isindicated
in parentheses (XXX).

Not editable

Thisisthe actual electrometer output signal expressed
inuV. The autozero function forces this value to
1000 corresponding to the zero level of the baseline
on arecording device. You cannot enter a setpoint
here.

Variable,
depending on
detector output

Thisisavaluein countsthat may be subtracted from
the output signal to adjust the baseline level. This
parameter may be manually or automatically set using
the auto zero function. The range of the
suppression is variable and related to the output
signal.

Yes/No

This function forces the output signal to 1000
(zeroing). Press YES to zero the detector signal. The
Auto zero in progress messageis displayed.

Operating Manual
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Menu

Range 10" (0...

Gain (x1 or xlO)2

Neg. polarity2

Analog filter?

Baseline comp

Detector Signal Menu

Table 15-5. Detector Signal Menu (Continued)

Range Comments
3)1 | 10°-10% (1, 10, | This parameter sets the electrometer amplifier input

100, 1000 nA) | range. 10° is the most sensitive.

for FID, NPD,

PID and PDD

10°-10°

(1, 10, 100 nA)

for FPD

x1, x10 This parameter allows you to increase the amplifier
gain by afactor of 10.

Yes/No This parameter allows you to reverse the polarity of
the signal as afunction of the thermal conductivity of
the carrier gas.

On, Off This parameter allows output signal filtering to
minimize the noise of the baseline. Press ON to enable
the filtering. This also increases the response time of
the detector.

On, Off This parameter allows the baseline compensation.
This function is used when the subtraction of the
baseline from the output signal is required; e.g. to
subtract a blank analysis from the current one.

When ON, it is enabled.

When OFF it is no enabled.

Depressing MODE/TYPE, the menu will be opened for
setup. Refer to How to Use Baseline Compensation
operating sequence.

1. Thislineis not displayed for the ECD or TCD.
2. Thislineis displayed only for the ECD, FPD and TCD.

p NOTE

352

With FID and PDD if the Range 10”is set 2 or 3, the small variation of the output signal
is not detected. For this reason, the, Signal pA, Ign. thresh and Flameout
retry parameters will be not displayed in the DETECTOR FID menu and the
Signal pA, parameter will be not displayed inthe DETECTOR NPD, PID, PDD
and FPD menus.
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OPERATING SEQUENCE

How to Use Baseline Compensation

ACAUTION

Operating Manual

Use the following sequence to use baseline compensation parameter.

When UFM module is used, the electrometric control card must be in the expansion

slot marked A located on the left part of the GC mother board in the electronic

With the GC in stand-by/Ready to Inject condition, enter SIGNAL menu and

Scroll to Baseline comp and keep it OFF.

Press MODE/TYPE to enter Baseline Compensation menu.

BASELINE COMP

Setup comp run <
Start comp run

Setup comp output

compartment.
1.
perform the Autozero.
2.
3.

Select setup comp run to define which detector baseline must be storage.

Press ENTER, the

following submenu is displayed:

BASELINE COMP

Run R det comp On<
Run L det comp Oon
Run Aux comp’ Of f

1

Thislineis displayed only when Auxiliary
Detector is configured.

4. Turn on the detector of which the baseline compensation isrequired. Up to
three detectors compensation can be simultaneously carried out. Press CLEAR
to exit the submenu.
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/() NOTE
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Detector Signal Menu

5. Select start comp run. PressENTER, to begin the collection of the datato
use for the baseline compensation. The following message is displayed:

Baseline comp run
in progress

Collecting Data

6. Attheend of the data collection the following message should be displayed; if
not repeat the procedure.

Baseline comp run

complete

Data OK

Press CLEAR up to return to sIGNAL menu. Scroll to of fset and turn it OFF.

7. Scroll to Baseline comp. Press MODE/TYPE to enter Baseline
Compensation menu. Select setup comp output to define the detector
output from which the baseline must be subtracted. Press ENTER, the
following submenu is displayed.

SUBTRACTED OUTPUT

Right detector On <
Left detector On
Aux detector? Off

1. Thislineisdisplayed only when Auxiliary
Detector is configured.

8. Turn on the detector from which the baseline must be subtracted from the
output. Up to three detectors can be set.

The start for collecting data or baseline subtraction must be programmed also through the
sequence programming, or through the Clock Table Programming.
For details, refer to The Clock Table in Chapter 24.
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This chapter describes the Flame lonization Detector (FID). Dueto its high
sensitivity, good operational stability, and wide linear response, the FID remains
the most popular detector for gas chromatography.

Chapter at a Glance...
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FID Overview
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In the FID, the effluent from the column is mixed with hydrogen and burned in a
stream of air as it emerges from the jet. The jet acts as a polarizing electrode,
while the metal collar surrounding the flame forms the collecting electrode.

A polarizing voltage is applied across the electrodes from the el ectrometer unit to
accelerate and collect the ionsthat are generated during the combustion process of
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organic compounds. The resulting ionization current is sensed by an electrometer
amplifier and converted to a suitable output signal. Figure 16-1 showsthe FID.

L

@)

\

-

Figure 16-1. Flame lonization Detector

Jet

The flame jet, mounted on the detector base body for capillary, wide-bore, or
packed columns, is suitable for operating temperatures of up to 450 °C. It has
ceramic insulation.

Selectivity

The FID responds to ailmost all organic compounds containing a carbon-hydrogen
bond. The detector does not respond, or responds minimally, to anumber of
compounds such as permanent gases, oxides of nitrogen, sulfur compounds,
ammonia, and water.

Temperature

The detector base body heats the FID. Its exact temperature is not critical. It only
has to be sufficiently high to prevent condensation of the water vapor formed as a
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result of the hydrogen combustion of the flame. It cannot be used with a detector
base body temperature of less than 150 °C. The TRACE GC Ultrawill not alow
flame ignition to proceed at temperatures less than 150 °C. The base body
temperature is normally set to the upper temperature limit of the column in use.

FID Gas Supplies

p NOTE

/< NOTE

Operating Manual

The stability and analytical performance of the FID is greatly affected by the flow
of the various gases through the detector.

The gases normally used with the FID are shown in Table 16-1.

Table 16-1. FID Carrier Gases.

Helium X X
Nitrogen X X
Hydrogen X

Argon X

The carrier gas flow range depends on the type of gas used and on the type and
diameter of the capillary or packed column installed.

The fuel and make-up gases used for the FID are:
» fuel gas:hydrogen and air

* make-up gas.nitrogen (recommended) or helium
Make-up gas is not required when a packed column is used.

The recommended ranges of detector gas flow rates tolerated by the FID are:
e hydrogen:30-50 mL/min

e ar:300-600 mL/min

e make-up gas:10-60 mL/min

Usually the air flow is about ten times the hydrogen flow to keep the flame lit.
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To gain optimal performance from the FID, you should experiment with the
hydrogen flow rate, keeping the carrier and air flows constant, to obtain the
maximum signal intensity for the components of interest.

For high sensitivity applications, it is essential to exclude all traces of organic
contamination from the chromatographic system and/or detector gaslines. Such
contamination may create ghost peaks in the chromatogram or, more often, an
unstable baseline. Table 16-2 showstypical FID operating conditions.

Table 16-2. Typical FID Operating Conditions

Parameter Capillary Columns Packed Columns
Base temperature 250 °C 250 °C

Carrier 2mL/min 40 mL/min
Hydrogen 35 mL/min 40 mL/min

Air 350 mL/min 500 mL/min
Make-up gas (Nitrogen) | 30 mL/min Not used
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FID Installation
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This operation allows the correct installation of the FID on your TRACE GC
Ultra.

Material required
e Jetfor FID
e Tool for jet

1. Placethejet into the detector base body housing and tighten it with the proper
tool. Ensure the jet is perfectly vertically aligned to avoid damaging its
ceramic part.

1. Tool for jet 2. Jet
3. Detector base body

Figure 16-2. Jet for FID

2. Install the FID on the detector base body and secure it by using the fixing

screw on the front of the detector cell.

3. Carefully, connect the signal and ignition polarization cables coming from the

detector control card, to the detector cell.
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1. FID 2. Fixing screw
3. Detector base body 4. Signal cable
5. Ignition polarization cable

Figure 16-3. Installation of the FID
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TheDETECTOR (FID) menu containsthe detector control parametersif the GC
has been configured for an FID. Press LEFT DETECTOR or RIGHT DETECTOR to
open the menu shown in Table 16-3.

Table 16-3. Detector (FID) Menu

Thislineisthetitle bar.

Thisindicates the flame status: On, Off, Igniting, or Out.
Hydrogen and air flows are required to light the flame.
Press ON to turn on the hydrogen and air flows. This
happens only if theBase temp is= 150 °C. If not, an
error message is displayed. The 1gniting messageis
displayed during the flame ignition sequence. The out
message is displayed when the flame is inadvertently
extinguished. The Not Ready LED will be lit and the
hydrogen and air supplies will automatically turn off.
Refer to Flame Out Conditions on page 362 for more
information. Press OFF to turn off the hydrogen and air
flows.

This indicates the detector base body temperature. Press
ON to turn on the heater and display the actual and
setpoint values. Press OFF to turn off the heater and
display the actual value.

RIGHT DET (FID)

Flame On/Off

Base temp On/Off,
50450 °C

Signal pA Not editable

This parameter shows the collector current in
picoamperes (standing current level). The displayed
valueisalso used to indicate the flame status. If the value
isvery low (such as 0.3 pA), the flame is off. When the
value displayed is greater than the Ignition
threshold, theflameison.

Operating Manual
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FID Menu

Table 16-3. Detector (FID) Menu (Continued)

Ignition thresh

Flameout retry

H2

Air

Mkup (XX)

0.0-9.9pA The FID produces asmall signal current when lit. This
parameter defines the flame on condition. The TRACE
GC Ultra uses this value to determine flame status (on or
off) and control automatic re-ignition. If Flameout
retry iSon, the flame will re-igniteif the signal drops
below thisvaue.

On/Off Thisindicates re-ignition status. Press ON to program
when the flame re-ignition should be attempted. Refer to
Flame Out Conditions for more information.

On/Off, These indicate the hydrogen and air flow supplied to the

0-200 mL/min | detector. Press ON to turn on the gas flows and to display

for H, the actual and setpoint values. Press OFF or 0 to turn off
the flows and to display the actual value. These flowscan

ON/Off, be turned on independently when the flame is off, but

0-600 mL/min | they are cut off when the flameis turned off, or when the

for Air FID fails the ignition sequence.

On/Off, This indicates the make-up gas used with the FID. The

0-100 mL/min | type of gasisdisplayed in parentheses. Press ON to turn

on the make-up gas flow and to display the actual and
setpoint values. Press OFF or 0 to turn off the flow. The
flow turns off during the flame ignition sequence, then it
turns back on before the ignition threshold test. The flow
remains turned on when the flameis turned off.

Flame Out Conditions

When the flame is accidentally extinguished, either permanently because of
exhausted fuel gas supplies or temporarily, the Flame out messageis displayed
in the menu and a message is recorded in the Run L og.

If the Ret ry function isturned on, the system will attempt to re-ignite the flame
up to three times.
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OPERATING SEQUENCE

Programming an FID
Before you begin this operating sequence, do the following:

Verify that all detector gases are connected, a column is correctly installed,
and the system is free of leaks.

Check the oven temperature and injector temperature.

Check the carrier gas flow depending on the capillary or packed columnin
use.

A@WARNING! Hydrogen is a potentially dangerous gas. Refer to Using Hydrogen on page xxviii for
safety information.

1

2.

Press LEFT DETECT or RIGHT DETECT to open the DETECTOR (FID) menu.

Set the detector base body temperature. This must be greater than 150 °C to
allow flameignition.

Change the hydrogen flow rate, if desired, according to the analytical
reguirement.

Changethe air flow rate, if desired, according to the analytical requirement.

Change the make-up gas flow rate, if desired. When a packed column is
installed, the make-up gasis not used. Turnit off.

When the detector base body is at the set temperature, scroll to F1ame and
press ON. Thisturns on the air and hydrogen flows and initiates the ignition
sequence. The signal increases after theignition. A sudden baseline deflection
indicates that the flame is it inside the detector. After afew seconds, the
baseline should stabilize to the standing current level of the system.

Press LEFT SIGNAL or RIGHT SIGNAL to open the sTGNAL menu and verify the
output signal.

Refer to the Setting the FID Signal Parameters operating sequence on page 364
for instructions on setting the signal parameters.

Operating Manual
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FID Menu

OPERATING SEQUENCE

Setting the FID Signal Parameters

1. PressLEFT SIGNAL or RIGHT SIGNAL to enter the detector SIGNAL (FID)
menul.

2. Scrolltorange 10* (0...3) and set the electrometer amplifier input
range. o (10°) is the most sensitive.

3. Turnanalog filter ON if you want to filter the output signal.

4. Scroll to Autozero and press ON.

5. If offsetisrequired, scroll to of fset and enter anumeric value or press ON to
recall the last offset from memory.

6. TurnBaseline comp ON if you want to compensate the baseline.

p NOTE If the Range 107 is set 2 or 3, the small variation of the output signal is not detected. For
this reason, the, Signal pa, Ign. threshand Flameout retry parameters will

be not displayed in the DETECTOR FID menu.
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Electron Capture
Detector (ECD)

This chapter describes the operating principles and sequences for the Electron
Capture Detector (ECD).

Chapter at a Glance...
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ECD Overview
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The ECD has alow volume ionization chamber and increased contamination
resistance which ensure high sensitivity and reliability. The detector consists
mainly of a stainless steel cylinder housing a ®*Ni radioactive source.

The source acts as a cathode in the ionization cell while another cylindrical
coaxial electrode acts as an anode (collecting electrode). Heat resistant material
ensures effective insulation between the two el ectrodes and the detector body.
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The detector is heated by alow voltage resistor controlled by an electronic
thermoregulator. Figure 17-1 shows the ECD.

Figure 17-1. Electron Capture Detector

AWARNING! The Electron Capture Detector (ECD) contains a ®Ni beta-emitting radioactive
source of 370 MBq (10 mCi).

The®*Ni radioisotope, electrically deposited as metal on anickel foil, isin a
cylindrical source holder made of 6 mm stainless steel. This holder isfixed to the
detector body, also made of stainless steel, to protect it and make it inaccessible
from the outside.

The radioisotope is not released by its support at temperatures lower than 450 °C.

Thistemperature can never be reached by the detector, whose maximum operating
temperature is 400 °C. A safety device (thermo-resistor regulator complying with
standard DIN 43760) protects the detector and prevents overheating.
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Wipe Test

p NOTE

ECD Gas
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The normal operation of the detector does not involve any dispersion of solid or
gaseous radioactive material, and therefore the risk of direct or secondary
radiation (Bremsstrahlung) from the detector is practically nil.

The detector should never be opened or handled by the operator. Any maintenance
or service operations involving even partial disassembling of the instrument must
be performed ONLY by qualified personnel at alaboratory expressly authorized
by Thermo Fisher Scientific and specifically licensed to handle radioactive
material.

The ECD, before leaving the factory, istested for surface contamination by means
of awipe test (leak test) method. Each detector is provided with a certificate
reporting the sequence followed and the results of the values found.

The users of this detector in the United States are required to perform a wipe test on their
ECD at intervals not to exceed 3 years (36 months) following the reported sequence. For
other countries, please refer to the appropriate agency for their requirements.

Supplies

Operating Manual

Inthe ECD cell, the ®*Ni source releases 3 particlesthat collide with the molecules
of an easily ionizable carrier or make-up gas flowing through the detector to
produce low energy electrons. The commonly used gases are nitrogen or
argon/5% methane.

Argon/methane is recommended when a higher linear rangeis required or when
contaminants in the carrier gas make a high mobility of electrons necessary to
restore correct operating values. Both gases should be of high purity and must not
contain more than 1-2 ppm of oxygen or water vapor, since their presence would
reduce the concentration of free electrons and therefore, the probability of
capturing them.
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A@WARNING!

The gases normally used with the ECD are shown in Table 17-1.

Table 17-1. ECD Carrier Gases

Helium X
Nitrogen X X
Hydrogen X
Argon/5% Methane X

When using helium or hydrogen as a carrier gas with capillary or wide-bore
columns, the detector should be fed with nitrogen or argon/methane through the
make-up gasline.

Hydrogen is a potentially dangerous gas. Refer to Using Hydrogen on page xxviii for
safety information.

Operating Principle

368

The ECD operates according to the principle of gas phase absorption of free
electrons by electron capturing molecules.

The primary €electrons emitted by the radioactive source (beta emission) collide
with the molecules of a carrier or make-up gas (such as nitrogen) and giveriseto
an ionization process with the formation of secondary electrons and positive ions
[Equation (18-1)].

B*+N, = B+N,"+e (17-2)

A weak electrical field between the e ectrodes causes the electrons to collect
rapidly at the anode and generate a small current (standing current). The
possibility for heavy positive ions to recombine with electronsis negligible.

When an electron capturing substance passes through the detector cell, the current
is reduced because of the absorption of electrons by this substance, according to
one of the following reactions [Equations (18-2) and (18-3)].
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e +AB = AB +hv (17-3)
€e+AB = A +B (17-4)

In Equation (17-2), an energized negative molecular ion forms, whilein
Equation (17-3), after the electron capture, the molecul e dissociates (dissociative
capture) generating afree radical A"and anegativeion B™.

The energy freed during the capture in Equation (18-2) is the measure of the
electron affinity of the molecule.

The succession of phenomena determining the detector response ends with the
neutralization of the negative ions formed by capture. The detector responseis
therefore related to the loss of electrons that occurs due to capture in the system.

The decrease in the electron concentration is converted into an electric signal
proportional to the concentration of solute.

Molecular Structure and Detector Response

Operating Manual

The sensitivity and selectivity of the ECD response are determined by the electron
affinity of the substances entering the detection cell and are affected by the
operating parameters and analytical conditions.

In the case of organic compounds, the electron affinity mainly depends on the
presence of electrophores in the molecular structure as halogens, nitro groups,
organometals, or diketons.

For hal ogens, the ECD response decreases in the following order:
I>Br>CI>F

The response factor, and therefore selectivity, can vary between 1 and 10° as a
function of the degree of the electron affinity of molecules, as shown in

Table 17-2. These values are also affected by temperature which enhances the
detector response for those compounds capturing electrons dissociatively.

Considering the differences in response, you must calibrate the detector before
performing quantitative determinations. To calibrate the detector, inject standard
mixtures under the same operating conditions used for the samplesto be tested.
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The detector sensitivity is also affected by carrier and make-up gas flow rates,
since the detector response is related to the solute concentration of the gaseous
mixture.

Table 17-2. Relative Response to Some Organic Compounds

Ethane 1
Benzene

Butanol 1-10%
Acetone

Chlorobutane
Chlorobenzene

1,2 Dichloroethane 10%-10*
Anthracene
Keto-steroids
Tetraethyl lead
Benzyl chloride

Chloroform 10*-10°
Nitrobenzene
Carbon disulphide
Cinnamaldehyde

Carbon tetrachloride 10°-10°
Dinitrophenol

Diethyl fumarate
Dinotrobenzene
Hexachlorobenzene
Hexachlorocyclohexane

Constant Current Operating Mode

In the constant current, pulse-modul ated mode, the detector is controlled by a
PCB. During pulse application, electrons migrate to the anode, and therefore, their
concentration in the cell rapidly drops to zero.
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During the interval between pulses, electrons gradually return to their original
concentration and to thermal equilibrium in which the capturing processis
favorable.

In therelatively long interval between two short pulses, all electrons not
consumed by capture are collected at the anode that measures the electron flow
(cell current) present at that moment.

In Equation (18-4), the average cell current | is proportional to the concentration
of electrons [e7] collected at each pulse, and to the frequency of the applied
pulses:

| =K[e]f (17-4)

The cell current isforced to be constant, at a preset reference value, through an
electric feed-back loop circuit that compares the cell current to the reference
current at any time.

When an el ectron capturing compound enters the detector cell, the electron
concentration [e€7] decreases and, according to Equation (17-4), the pulse
frequency, required to collect the remaining free electrons, risesto maintain a
constant cell current.

The difference in the frequency, when an electron capturing compound enters the
cell, and the base frequency, when no sample is present, is converted into an
electric signal which is proportional to the concentration of the compound in the
detector.

ECD Installation
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This operation allows the correct installation of the ECD on your TRACE GC
Ultra. Refer to Figure 17-2.

Material required
e ECD Fixing Tool
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1. ECD 2. Detector Base Body
3. Lower Seal 4. Signal connector
5. Excitation Connector 6. Temperature sensor/heater Connector

7. ECD Fixing Tool

Figure 17-2. Installation of the ECD

1. Install the ECD on the detector base body interposing the lower seal. Secure
the detector by using the ECD fixing tool

2. Carefully, connect the signal, excitation and temperature sensor/heater
extension cables coming from the detector control card, to the detector cell.
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TheDETECTOR (ECD) menu contains the detector control parametersif the GC
has been configured for an ECD. Press LEFT DETECTOR or RIGHT DETECTOR to
open the menu shown in Table 17-3.

Table 17-3. Detector (ECD) Menu

RIGHT DET (ECD)

Base temp

ECD temp

Ref current nA

Freq kHz

Pulse amp V

Pulse width us

Mkup (XX)

Thisline is the menu title bar.

On/Off, This indicates the detector base body temperature.

0-400°C Press ON to turn on the heater and display the actual and
setpoint values. Press OFF to turn off the heater and display
the actual value.

On/Off, This indicates the detector temperature.

0-400°C Press ON to turn on the heater and display the actual and
setpoint values. Press OFF to turn off the heater and display
the actual value.

0.0-3.0nA Thisindicates the cell reference current expressed in

in steps of nanoamperes.

0.1nA

0-999.99 kHz | Thisindicates the actual value of the pulse frequency rate.
Refer to Base Frequency on page 374 for more
information.

550Vina This indicates the pulse amplitude expressed in volts.

continuous

mode

0.1, 0.5, or This indicates the pulse width expressed in microseconds.

1.0us Press ENTER to open the submenu.
An asterisk appears beside the pulse width selected.

On/Off, This indicates the make-up gas used with the ECD. The

0-100 mL/min | type of the gasis displayed in parentheses. Press ON to turn

on the flow and display the actual and setpoint values.
Press OFF the turn off the flow and display the actual value.

Operating Manual
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Base Frequency

Base Frequency

374

Base frequency is an important parameter in eval uating the operating status of the
ECD system.

For a constant concentration of thermal electrons inside the detector cell, the base
frequency is afunction of the reference current, pulse amplitude, and pulse width
selected. The frequency increases when the reference current isincreased or when
the pulse duration or pulse amplitude is reduced.

For agiven reference current, pulse duration, and amplitude, the base frequency
remains constant when only carrier gas and make-up gas flow through the cell.
The frequency generally increases, under the same operating conditions, because
of decreased € ectron population inside the cell or reduced electron collecting
efficiency. In the latter case, the collecting efficiency can be restored by cleaning
or replacing the collecting el ectrode (anode).

If the electron concentration has decreased due to contaminants entering the
detector cell, you must remove the source of contamination.With a high base
frequency, the probability of electron capture tends to decrease, and therefore, the

signal to noise ratio generally decreases.
You must select the appropriate reference current values to maintain the base

frequency at acceptable levelsin the DETECTOR (ECD) menul.
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OPERATING SEQUENCE

Programming an ECD
Before you begin this sequence, do the following:

Verify that all detector gases are connected, a column is correctly installed,
and the system is free of leaks.

Check the oven temperature and injector temperature.

Check the carrier gas flow according to the capillary or packed columnin use.

A@WARNING! Hydrogen is a potentially dangerous gas. Refer to Using Hydrogen on page xxviii for
safety information.

1

4.

Press LEFT DETECTOR or RIGHT DETECTOR to open the DETECTOR (ECD)
menu.

Set the detector base body temperature.

Set the detector temperature. Keep in mind the maximum column temperature
required for the analysis and the type of compoundsto be detected. The ECD
detector temperature is generally set between 250 °C and 350 °C.

Change the make-up gas flow rate, if desired.

p NOTE During the heating stage, the make-up gas flow rate should be increased up to 50% over
the normal operating flow rate.

5.

6.

Operating Manual

Set the reference current to 1.0 nA.

Set apulse amplitude of 50 V. If the GC system isideally clean, alower value
can be selected to reduce the excitation level of eectrons.

Scroll to pulse width and press ENTER to open the submenu.
Select the desired pulse width depending on the gas in use and press ENTER.

When nitrogen is used, a pulse width of 1.0 us or 0.5 us must be selected.
0.1 usisrecommended when using argon/methane.
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9. Read the frequency value displayed. After you set areference current of
1.0 nA, apulse width of 1.0 us, and a pulse amplitude of 50 V, abase
frequency lower than 5 kHz should be displayed.

Should the resulting frequency value be very low (1-2 kHZz), the pulse voltage
can be reduced to 15-30V and/or the pulse width can be set to 0.5 usto
increase the linear range and improve the signal to noise ratio.

10. Press LEFT SIGNAL or RIGHT SIGNAL to open the sIGNAL (ECD) menu.
Verify the output signal.

Refer to the Setting the ECD Signal Parameters operating sequence on page 376
for instructions on setting the signal parameters.

OPERATING SEQUENCE

Setting the ECD Signal Parameters

1. PressLEFT SIGNAL or RIGHT SIGNAL to enter the detector SIGNAL (ECD)
menu.

2. Scroll to auto zero? and pressON.

3. If offsetisrequired, scroll to of £set and enter anumeric value or press ON to
recall the last offset from memory.

4. TurnBaseline comp ON if you want to compensate the baseline.
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This chapter describes the principles and sequences for the Nitrogen Phosphorus
Detector (NPD).

Chapter at a Glance...
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NPD Overview
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The NPD provides selective detection of nitrogen or phosphorous-containing
organic compounds. A ceramic matrix thermionic source, positioned above the
jet, iselectrically heated in a dilute hydrogen/air environment to create a hot
chemically reactive gas layer around the source.

When compounds containing nitrogen or phosphorus atoms impact this hot
source, electronegative decomposition products are formed and ionized by
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extraction of electrons from the thermionic source. The negative ions are then
collected and detected through the electrometric amplifier.

A thermionic source with adifferent surface coating is also available. This source
provides high specificity and sensitivity to certain el ectronegative molecules
when operating in an inert nitrogen gas environment. Thisis the Enhanced
Nitrogen Selectivity (ENS) operating mode.

The jet, mounted on the detector base body, is suitable for operating temperature
up to 450 °C. Figure 18-1 shows the NPD.

Figure 18-1. Nitrogen Phosphorus Detector
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Thermionic Source Lifetime

Source lifetime can vary depending on the individual source, the operating
temperature, and the analytical conditions. The source heating current needsto be
just high enough to produce an active layer around the source itself.

When a readjustment of the source heating current is necessary, the magnitude of
the detector standing current or the response to a standard sample can serve asa
guide to the correct adjustment.

To prolong the source lifetime, we recommend you turn off the heating current
and the hydrogen flow when the detector is not being used for a prolonged period
of time (for example, overnight or on weekends) or when the carrier gasflow is
interrupted.

Bleed from silicone-based stationary phases or residual silanizing reagents (from
derivatization procedures) may contaminate the source surface with silicone
dioxide and reduce the operative lifetime. Also, the extended use of halogenated
solvents can adversely affect the source lifetime by the formation of reaction
by-products on the source coating.

NPD Gas Supplies

The gases normally used with the NPD are shown in Table 18-1.

Table 18-1. NPD Carrier Gases

Helium X X
Nitrogen X X
Hydrogen X (only with DGFC)

A@WARNING! Hydrogen is a potentially dangerous gas. Refer to Using Hydrogen on page xxviii for
safety information.

The carrier gas flow range depends on the type of the gas used and on the type and
diameter of the capillary or packed column installed.
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p NOTE

The fuel and make-up gases for the NPD are:
e fuel gas. hydrogen, air
« make-up gas. nitrogen, helium

Nitrogen is preferred over helium because it has a much lower thermal
conductivity and it requires alower heating current for the source.

A make-up gas is not necessary when a packed column is used.

The detector gas flow rates generally used are:
* hydrogen: 2—4 mL/min

e ar 40-80 mL/min

e make-up: 10-20 mL/min

NPD Installation
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This operation allows the correct installation of the NPD on your TRACE GC
Ultra

Material required
e Jetfor NPD
e Tool for jet

1. Placethejet into the detector base body housing and tighten it with the proper
tool. Ensure the jet is perfectly vertically aligned to avoid damaging its
ceramic part. Refer to Figure 18-2.

2. Install the NPD on the detector base body and secure it by using the fixing
screw on the front of the detector cell. Refer to Figure 18-3.

3. Carefully, connect the signal and ignition polarization cables coming from the
detector control card, to the detector cell. Refer to Figure 18-3.
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1. Tool for jet

3. Detector base body
Figure 18-2. Jet for NPD

1. NPD 2. Fixing screw
3. Detector base body 4. Signal cable
5. Ignition polarization cable

Figure 18-3. Installation of the NPD
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NPD Menu

TheDETECTOR (NPD) menu containsthe NPD control parameters.
Press LEFT DETECT or RIGHT DETECT to open the DETECTOR (NPD) menu.
The parameters are explained in Table 18-2.

Table 18-2. Detector (NPD) Menu

RIGHT DET (NPD) Thisline is the menu title bar.

Source cur, A On/Off, Thisisthe current applied to heat the thermionic
1.000-3.500 A source. It isexpressed in amperes.
in stepsof 0.01 A | Press ON to turn on the current and to display the

setpoint value.
Press OFF to turn off the current.
Base temp On/Off, This is the detector base body temperature.
0450 °C Press ON to turn on the heater and to display the actua

and setpoint values.
Press OFF to turn off the heater and to display the actual

value.
Signal pA Not editable This parameter shows the collector current in
picoamperes (standing current level).
Target curr. pA | 3—50pA Thisisthetarget level to be used as areference value.
Auto adjust Yes, No This line indicates the automatic adjustment of the

Signal pAtoreachthegiven Target curr pA.
Press YES to enable auto adjust.

Polarizer V 1.0-99.0in steps | Thislineindicates the source polarizing voltagein
of 0.1V volts.
H2 delay time On/Off, This parameter may be set to interrupt the hydrogen

0.00999.9 min | flow during the solvent elution to protect the source.
After thistime, the hydrogen flow is automatically
restored. Press ON to turn on the delay and to display
the actual and setpoint values.
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Table 18-2. Detector (NPD) Menu (Continued)
Menu Range Comments
H2 On/Off, This line indicates the hydrogen flow supplied to the
0-10.0 mL/min detector. Press ON to turn on the gas flow and to display
in steps of the actual and setpoint values. Press OFF to turn off the
0.1 mL/min flow and to display the actual value.
Air On/Off, Thisindicates the air flow supplied to the detector.
0-600 mL/min Press ON to turn on the gas flow and to display the
actual and setpoint values. Press OFF to turn off the
flow and to display the actual value.
Mkup (N2) On/Off, Thisindicates the make-up gas used with the NPD. The
0-100 mL/min type of the gasis displayed in parentheses. Press ON to
turn on the gas flow and to display the actual and
setpoint values. Press OFF or 0 to turn off the flow and
to display the actual value.
The flow remains on when the NPD is off.

Operating Manual
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OPERATING SEQUENCE

Programming an NPD

Before you begin this sequence, do the following:

« Verify that al detector gases are connected, a column is correctly installed,
and the system is free of leaks.

e Check the oven temperature and injector temperature.

»  Check the carrier gas flow according to the capillary or packed columnin use.

WARNING! Hydrogen is a potentially dangerous gas. Refer to Using Hydrogen on page xxviii for

p NOTE

384

safety information.

1. PressLEFT DETECTOR or RIGHT DETECTOR to open the DET (NPD) menu.
2. Setthedetector Base temp.

3. Scroll to H2 and set the hydrogen flow rate (suggested: 2.3 mL/min).

4. Scroll toair and set the air flow rate (suggested: 60 mL/min).

5. Scroll to Mkup and set the make-up flow (suggested: 15 mL/min).

6. Scroll to polarizer vandset3.5V.

7. Scroll to source cur, and set the heating current value. Wait for afew
seconds and verify the ignition of the gas layer around the thermionic source.

The suggested heating current is the minimum one, able to give enough sensitivity.
Sensitivity is not just corresponding to the absolute peak intensity but it is related to the
signal-to-noise ratio. A decline of the peak intensity during time is normal for a thermionic
source and doesn't necessarily correspond to a loss of sensitivity. In case that a higher
sensitivity is required, a slight increase of the source current can be applied. Do not exceed
with the source current. In fact, as showed in the picture below, initially the sensitivity
increases with the source current, but at too high currents the sensitivity can even
decrease, although the peak intensity is higher (this is due to higher noise level). Operate
at too high currents is a stressing condition for the NPD source and may jeopardize source
life time.
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SENSITIVITY
4

Ptz rnum sensitivitay,
source stressing

Suggested current, \
rnasimum source
lifetime

Useless stressing

bynition R
conditions

CURRENT

As a general rule THE HIGHER IS THE SOURCE CURRENT AND THE SHORTER IS
THE SOURCE LIFETIME.

To turn on the source thefirst time, follow the sequent steps.

a.  Switch on the source with aninitial current of 2.50 A. The backoff signal
can dlightly increase, but should remain within 0 and 1.5 pA.

b. Monitor the signal through the keypad or through the data system,
increase the current value by steps of 0.002 A, until an immediate and
strong increase of the signal is observed.

c. Wait five minutesto let the source stabilizes.

To check that sourceis correctly switched on, please proceed as follows:

— Decrease hydrogen flow to 0.5 mL/min until signal decreasesdown to
zero, then increase again to original value.

» |If thesignal remains around zero, it means that the source is not
switched on and it is necessary to increase further the current,
accordingly to the procedure just described.
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« If thesignal rises back to original value, it means that sourceis
correctly switched on

d. Increase the current value of 2% of the actual ignition current. Let the
signal stabilizes until its level drops below 20 pA.

AWARNING! Changes of gas flows and of detector base temperature affect the source current
value required.

8. PressLEFT SIGNAL or RIGHT SIGNAL to open the detector SIGNAL (NPD)
menu and verify the output signal.

Refer to the Setting the NPD Signal Parameters operating sequence on page 387
for instructions.
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OPERATING SEQUENCE

Setting the NPD Signal Parameters

1. PressLEFT SIGNAL or RIGHT SIGNAL to enter the detector SIGNAL (NPD)
menu.

2. Scroll torange 10" (0...3) and select the electrometer amplifier input
range. o (10°) is the most sensitive.

3. If output signal filtering is required, scroll to Analog filter and pressON.
4, Scroll toauto zero? and press ON.

5. If offsetisrequired, scroll to of fset and enter anumeric value or press ON to
recall the last offset from memory.

6. TurnBaseline comp ON if you want to compensate the baseline.

p NOTE If the Range 10*is set 2 or 3, the small variation of the output signal is not detected.
For this reason the Signal pa parameter will be not displayed in the DETECTOR NPD
menu.
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This chapter describes the operating sequences and principles for the
Photoionization Detector (PID).
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PID Overview

The PID detection unit, shown in Figure 19-1, consists of ahot cell assembly
surrounded by a stainless steel bell. The bell guides the gas that thermally
insulates the cell from the lamp housing. It also purgesthe external side of the cell
to prevent air from diffusing into the cell.
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1. UV Lamp Holder 3. Detector Heat Sink
2. Knurled Screws

Figure 19-1. The Photoionization Detector

All the gases (carrier, make-up, and sheath gas) |eave the detector through the exit
tube as shown in Figure 19-2.
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1. Heat Sink 5. Gas Insulation
2. Quartz Cell 6. UV Lamp

3. ExitLine A. Sheath Gas
4. Column

Figure 19-2. PID (Cutaway View)

The lamp housing, located above the bell, contains all the electrical contacts and
actsas asupport for thelamp holder. The UV lamp inside the lamp holder is easily
removabl e for replacement operations.

Thelamp housing and UV lamp are kept at alow temperature (<100 °C) by a heat
sink which dissipates the heat of the detector base body by convection.

The detector cell consists of an all-quartz ionization chamber containing two
electrodes (polarizing and collecting), to which avoltage of 300 V is applied.

The ionization chamber is the hot part of the detector. The UV lamp, the sealed
window, and the lamp housing are kept relatively cold by the heat sink and sheath
gas.
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Operating Principles

The PID operates on the principle of absorption of energy (photons) emitted by an
UV lamp by sample molecules. This leads to an ionization process described in
the following equation:

AB+hv=AB +¢&

This process occurs when the molecul es have ionization potential |ess than or
roughly equal to the energy of the UV lamp used. The use of different lamps
makes it possible to achieve different detection selectivity. As agenerd rule, the
lamp emitting the lowest energy photons provides the highest selectivity.

Appendix A, lonization Potential of Selected Molecules, contains information to
help you determine the lamp intensity necessary to ionize several different types
of molecules.

PID Applications

The PID is mainly used to determine aromatic pollutant compoundsin
environmental applications and to analyze polycyclic aromatic hydrocarbons. In
addition, this detector may also be used to determine alkenes and some inorganic
substances such as arsine, phosphine, and anmonia. The PID performanceis
better than that of the TCD in terms of sensitivity and selectivity for these
substances.

To prevent memory effects and contamination with the sample, operate the PID at
temperatures higher than 300 °C. It can be baked-out at temperatures of up to 400
°C. Dueto itsinnovative thermal design, the lamp lifetime is not reduced at such
high temperatures.

UV Lamp Types

Four easily interchangeable UV lamps are available for analyzing different
compounds. Table 19-1 shows the different lamps and their applications. Refer to
Appendix A, lonization Potential of Selected Molecules, to determine the lamp
intensity necessary for your application.
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Table 19-1. PID UV Lamps

84eV Thislamp isused for the determination of amines and
polycyclic aromatic compounds. It provides the
highest selectivity.

9.6 eV Thislamp is used for specific determination of low

boiling aromatic compounds (BTEX analyses).
10.6 =10.0(10.2) eV | Thislamp isused for general applications.

11.8eVv Thislamp is used for the determination of aldehydes
and ketones.

p NOTE All the UV lamps currently on the market that have 10.0 or 10.6 labels are identical. They
contain krypton gas which emits both 10.0 and 10.6 eV radiations. The krypton-filled lamp
also qualifies as a 10.2 eV lamp.

Life of the 11.8 eV Lamp

The expected life time of a PID lamp depends on how the lamp is operated. High
temperature, high current through the lamp, window cleanliness are all factors that
can deteriorate the lamp emission. The 11.8 eV lamp is constructed with a
Lithium Fluoride window that is needed to transmit energies of 11.7 eV and
higher. The Lithium Fluoride is especially subjected to alterations by the UV light,
emitted by the lamp itself, water vapor and high temperatures. This deterioration
can be clearly noticed when the Lithium Fluoride window becomes yellow. To
reduce the deterioration of your 11.8 eV lamp we suggest to use the lowest PID
temperature, compatible with your analytical method.

When installing anew 11.8 eV PID lamp, an initial steep response decrease must
be expected.

PID Gas Supplies

The PID requires three gas flows:

e carrier gas
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p NOTE

Flow Rates

394

e make-up gas
« sheath (purge) gas

The following gases can be used for the PID carrier gas supply:
e helium (preferred)

* nitrogen

» hydrogen (for capillary columns)

The carrier gas flow range depends on the type of the gas used and on the type and
diameter of the capillary column installed.

The following gases can be used for the PID make-up gas supply:
e helium (preferred)
e nitrogen

The make-up gas you use also depends on the type of detector used in series with the PID,
if any. Refer to Detectors Coupled in Series to the PID on page 395 for more information.

The following gases can be used for the PID sheath gas:
* helium (for detector temperature up to 300 °C)
* nitrogen (for detector temperature over 300 °C)

The following gas flow rates are recommended for the PID:
¢ make-up gas. 5-10 mL/min
e sheath gas: 3040 mL/min

To obtain the maximum sensitivity and resolution, the total flow rate of carrier and
make-up gas together should be 8-10 mL/min.
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Detectors Coupled in Series to the PID

You can couple another detector in series to the PID by connecting the outlet of
the exit line to the second detector base body, as shown in Figure 19-3.

1. Auxiliary Detector 5. ExitLine

2. 2" Detector Base Body 6. Inlet Line

3. Fused Silica Tubing 7. Detector Base Body
4. Column 8. PID

Figure 19-3. PID/Second Detector Coupling

The make-up and purge gas flow through the exit line. The addition of other gases
is not usually necessary.

The sheath gas should be nitrogen or helium, depending on the requirements of
the detector coupled in series to the PID.

Operating Manual 395



Chapter 19
Photoionization Detector (PID) Detectors Coupled in Series to the PID

PID/FID Configuration

The PID/FID coupling is the most common arrangement. The FID makes
troubleshooting easier and more indicative.

Use aselective UV lamp (8.4-9.6 €V) in the PID because the FID providesa
universal response.

The required gases are as follows:

e carrier gas—helium, nitrogen, or hydrogen

e make-up gas—helium or nitrogen

»  sheath gas—nitrogen or helium

The flow of hydrogen for the FID should be dightly increased to improve flame

stability and to prevent the flame from extinguishing due to sample overload.
Refer to FID Gas Supplies on page 357 for more information.

PID/ECD Configuration

The PID/ECD coupling is helpful for environmental analyses to obtain more
analytical information in asingle run.

The required gases are as follows:

e carrier gas—helium, nitrogen, or hydrogen

e make-up gas—nitrogen

e sheath gas—nitrogen

The PID sheath gas also provides make-up gas for the ECD. Decrease the ECD

make-up gas flow accordingly. Refer to ECD Gas Supplies on page 367 for more
information
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PID/NPD or FPD Configuration

/() NOTE

These configurations allow nitrogen/phosphorous and sul phur/phosphorous
heterocompounds to be selectively detected in addition to the PID response.
The required gases are as follows:

e carrier gas—helium, nitrogen, or hydrogen (with some limitations)

* make-up gas—helium or nitrogen

» sheath gas—helium or nitrogen

The make-up and purge gas total flow can affect the NPD response. No relevant influence
is produced on the FPD response.

PID Installation

Operating Manual

This operation allows the correct installation of the PID on your TRACE GC
Ultra.

Material required
e UV Lamp
» Fixing Tool

The PID consists of four main sub units. Refer to Figures 19-4 and 19-5to
identify the parts constituting the PID.

« Cell Block
It includes the detector cell assembly, the stainless steel bell and the insulation
jacket.

e LampHousing
It includes the detector cell assembly, the stainless steel bell and the insulation
jacket.

e Lamp Holder
It contains the UV lamp with the electrical cable for lamp ignition and
operation.
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Photoionization Detector (PID)

Heat Snk

It dissipates the heat of the detector base body.

2. Heat Sink

1. Lamp Holder

4. Cell Block (not visible)

Figure 19-4. PID General View

3. Lamp Housing

Operating Manual
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. Detector Cell Assembly

. Insulation Jacket

. Stainless Steel Bell

Seal

Seal

. Detector Base Body

. Viton™ O-ring for Lamp Holder

. Lamp Housing

. Heat Sink

10. UV Lamp

11. Viton™ O-ring for UV Lamp
12. Lamp Holder

13. Two-way Capillary Adapter
14. Silver Seal

15. Fixing Tool

©| o| N| o g & w| M| P

15

Figure 19-5. Explose of the PID Components
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AWARNING!

400

PID Installation

Toinstall the PID on the GC detector base body, follow the instruction below:
Refer to Figure 19-5 to identify the parts.

1.

2.

Place the insulation jacket (2) on the stainless steel bell (3).

Put the detector cell assembly (1) into the stainless steel bell (3) passing the
lower threaded section of the cell assembly through the bottom hole of the
bell.

Install the seal (5) on the detector base body surface (6) and the seal (4) onthe
threaded section of the cell that goes out from the hole of the bell.

Screw the cell block (detector cell assembly + stainless steel bell + insulation
jacket) on the detector base body, without overtighten, by using the fixing tool
(15) provided.

Make sure that the Viton™ O-ring (8) is correctly positioned on the lower part
of the lamp housing (7).

Pull the electrical cables of the lamp housing (7) through the heat sink (9) pay
attention that the external knurled area of the heat sink is oriented upwards
and the internal threaded section must be turned towards the detector base
body.

Put the lamp housing on the cell block paying attention to the proper insertion
of the two orientation pinsinto the corresponding slots of the cell block.

Mount the heat sink (9) on the lamp housing (7), then screw manually the heat
sink on the stainless steel bell.

Install the UV lamp (10), with the Viton ™ O-ring (11) on itsflange, into the
lamp holder (12).

Never install the UV lamp without the o-ring.

10. Install the lamp assembly (UV lamp + lamp holder) into the lamp housing and

ensure screwing the two knurled screws. Refer to the TRACE GC Ultra
Maintenance and Troubleshooting Manual.
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11. Mount the two-way capillary adapter (13) to the lower part of the detector
base body, inside the GC column oven, interposing the seal (14).
The result of the operation is shown in Figure 19-6.

2

)
-

1. PID Assembly 2. Detector Base Body
3. Two-way Capillary Adapter 4. GC Column Oven

Figure 19-6. PID Installation Result
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Connecting Capillary Column and Exit Line

AWARNING! Before connecting capillary column and exit line, perform the detector leak test as
described in the TRACE GC Ultra Maintenance and Troubleshooting Manual.

12. Connect capillary column and exit line to the PID as described in Chapter 14
on page 298. The result of the operation is shown in Figure 19-7.

1
1. Detector Base Body 2. Two-way Capillary Adapter
3. Inlet Line 4. Exit Line
5. Capillary Column 6. Exit Line Fused Silica Tubing

Figure 19-7. Capillary Column and Exit Line Connections
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ThepeT (PID) menu containsthe PID control parameters. Press LEFT
DETECTOR or RIGHT DETECTOR to open the menu shown in Table 19-2.

Table 19-2. Detector (PID) Menu

Right Det (PID)

Lamp

Base temp

High current mode?

Signal pA

Mkup (N2)

Sheath gas

Thisisthe menu title bar.

On/Off

This parameter indicates the UV lamp status.
Press ON to turn on the lamp. Press OFF to turniit
off.

On/Off, 30450 °C

Thisisthe detector base body temperature. Press
ON to enable the heater and display the actua
and setpoint values. Press OFF to turn off the
heater and display the actual value.

No (1 mA) This indicates the type of current applied to the

Yes (2 mA) UV lamp. Press YES to select ahigh current.

Not editable This parameter shows the standing current level
in picoamperes.

On/Off, This parameter indicates the make-up gas used

0-100 mL/min with the PID. The type of gasis displayed in
parentheses. Press ON to turn on the make-up gas
flow and display the actual and setpoint values.
Press OFF to turn off the flow and display the
actual value.

On/Off, This parameter indicates the sheath gas used

0-99 mL/min. with the PID. Press ON to turn on the sheath gas

flow and display the actual and setpoint values.
Press OFF to turn off the flow and display the
actua value.

Operating Manual
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PID Menu

OPERATING SEQUENCE

Programming a PID
Before you begin, do the following:

Verify that all detector gases are connected, a column is correctly installed,
and the system is free of leaks.

Verify the electrical connections.
Check the oven temperature and injector temperature.

Check the carrier gas flow according to the capillary columnin use.

AWARNING! Hydrogen is a potentially dangerous gas. Refer to Using Hydrogen on page xxviii for
hydrogen safety information when using hydrogen as a carrier gas.

1

2.

404

Press LEFT DETECT or RIGHT DETECT to open the DET (PID) menul.

If the detector requires conditioning, scroll to Base temp and set the detector
base body temperature to 350 °C for 2—3 hours. Then set the temperature at
the operating value for the analytical requirements.

Scroll to Mkup and change the make-up gas flow rate, if necessary.
Scroll to sheath gas and change the sheath gas flow rate, if necessary.

Scroll to High current mode? and press ON to select a high current, if
desired.

Scroll to Lamp and press ON. This starts the UV lamp ignition. A sudden
baseline deflection will also indicate that the lamp islit inside the detector.

A Lamp failure messageisdisplayedif the UV lampisnot lit. Refer to the
Maintenance and Troubleshooting Manual for more information.

Press LEFT SIGNAL or RIGHT SIGNAL to open the detector SIGNAL (PID)
menu and verify the output signal.
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Refer to the Setting the PID Signal Parameters operating sequence on page 405
for more information.

After you enter the correct parameters, the PID requires a short period of
conditioning to obtain a stable baseline.

To extend the lamp lifetime, turn off the UV lamp when the detector is not being
used for extended periods of time (for example, overnight or on weekends). Refer
to the Shutting Down the PID operating sequence on page 406 for more
information.

The detector base body temperature, the total gas flow, and the lamp current influence the
background level as well as signal and noise. The optimal values can be determined
experimentally.

OPERATING SEQUENCE

Setting the PID Signal Parameters

p NOTE

Operating Manual

1. PressLEFT SIGNAL or RIGHT SIGNAL to enter the detector SIGNAL (PID)
menu.

2. Scroll toRange 10™ (0...3) and select the electrometer amplifier input
range. 0 (10°) is the most sensitive.

3. If output signal filtering isrequired, scroll to Analog filter and pressON.
4, Scroll toauto zero? and press ON.

5. If offsetisrequired, scroll to of £set and enter anumeric value or press ON to
recall the last offset from memory.

6. TurnBaseline comp ON if you want to compensate the baseline.

If the Range 10*isset 2 or 3, the small variation of the output signal is not detected.
For this reason the Signal pA parameter will be not displayed inthe DETECTOR PID
menu.

405



Chapter 19
Photoionization Detector (PID) PID Menu

OPERATING SEQUENCE

Shutting Down the PID

Overnight
To shut down the PID overnight, use the following sequence:

1. PressLEFT DETECTOR or RIGHT DETECTOR to open the DET (PID) menu.
2. Scroll to Lamp and press OFF to turn the UV lamp off.
3. Reducethegasflows, if desired.

The operating temperature should remain unchanged.

Weekends
To shutdown the PID on weekends, use the following sequence:

1. PressLEFT DETECTOR or RIGHT DETECTOR to open the DET (PID) menu.
2. Scroll to Lamp and press OFF to turn the UV lamp off.
3. Reducethe gasflows, if desired.

The operating temperature should be reduced below 300 °C.

Long Period and/or Cell Maintenance
To shutdown the PID for an extended period of time or for the maintenance of the
cell, use the following sequence:

1. PressLEFT DETECTOR or RIGHT DETECTOR to open the DET (PID) menu.
2. Scroll to Lamp and press OFF to turn the UV lamp off.
3. Reduce the temperature of the detector base body to 60-80 °C.

4. Turn off al gas flows when the temperature is below 100 °C.
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Flame Photometric
Detector (FPD)

This chapter describes the operating principles and sequences for the Flame
Photometric Detector (FPD).

Chapter at a Glance...
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FPD Overview

The FPD, shown in Figure 20-1, is based on the measurement of the characteristic
radiation emitted by particular excited molecular species during their transition to
the ground state. Sulphur- and phosphorous-containing compounds introduced in
ahydrogen rich flame decompose, giving rise to excited S,* and HPO* molecular
species respectively, where * represents the excited atomic or molecular state.
The emission spectrum of S,* shows amaximum intensity of 394 nm while HPO*
has a maximum emission of 526 nm.
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These chemiluminescent emissions are isolated by appropriate narrow band
optical filters and converted into measurable electrical signals by a
photomultiplier tube. The interferential filter is placed between the emission
chamber of the FPD and the photomultiplier tube.

There is a quadratic relationship between the number of sulphur atoms introduced
in the flame and the S,* emission. Phosphorous compounds have a linear
relationship between the HPO* emission and the phosphorous concentration.

In addition to the traditional detection of sulphur- and phosphorous-containing
compounds, the FPD can be used for the selective determination of organotin
compounds. In thistype of application, a suitable interferential filter (610 nm)
must be used. Asin the phosphorous mode, the detector response is proportional
to the content of heteroelement (tin) in the sample.

1. Combustion Gas Exit/Light Baffle 3. Photomultiplier Tube
2. Detector Body 4. Fixing Nut

Figure 20-1. Flame Photometric Detector
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FPD Description
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The FPD detector consists of a combustion chamber, a narrow band interferential
filter, and a photomultiplier tube for measuring the chemiluminescent emission.
Figure 20-2 shows the body of the detector, including the specid burner, the
heater and the temperature sensor, the flame ignitor, and the heat shields
connected to the photomultiplier tube. The exhaust gases and the combustion
products are vented through the combustion gas exit. The detector is equipped
with both the sulphur filter (focused at 394 nm) and the phosphorous filter
(focused at 526 nm).

3
1. Combustion Gas Exit/Light Baffle 5. Fixing Nut
2. Interferential Filter 6. Detector Cell
3. Photomultiplier Tube A. Airinlet
4. Heat Shields B. Effluent from the column + hydrogen

Figure 20-2. FPD Cutaway View

Dual FPD

The analytical capability of the Flame Photometric Detector can be expanded by
connecting a second photomultiplier tube with different interferential filter on the
same detector base body. This configuration allows to process a sample for
phosphorous and sul phur profile simultaneously, or phosphorous and tin with
suitable interferential filter (610 nm). Figure 20-2 shows the Dual FPD detector.
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3 3
5 T eA
)
B
1. Combustion Gas Exit/Light Baffle 5. Fixing Nut
2. Interferential Filter 6. Detector Cell
3. Photomultiplier Tube A. Airinlet
4. Heat Shields B. Effluent from the column + hydrogen

Figure 20-3. Dual FPD Cutaway View

To perform Dual FPD detector configuration, the appropriate upgrade kit is
required. The second photomultiplier tube must be configured as auxiliary

detector.

Jet
The metal jet is mounted on the detector base body for capillary and wide-bore
(CB 71) or packed columns (CB 70).

FPD Heating

The temperature should be sufficiently high to prevent moisture condensation.
Considering that the signal to noise ratio improves by lowering the temperature of
the photomultiplier tube, you should keep the FPD at relatively low temperatures
(150-180 °C) and raise the base body temperature to a higher value (280-350 °C)
depending on the analytical requirements. Higher detector temperatures (300 °C—
350 °C) could be used for ECD/FPD tandem configuration when required.
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FPD Gas Supplies

p NOTE
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The carrier gases normally used with the FPD are shown in Table 20-1.

Table 20-1. FPD Carrier Gases

Carrier Gas Capillary Columns Packed Columns
helium X X
nitrogen X X
hydrogen X
argon X

The carrier gas flow range depends on the type of gas used and on the type and
diameter of the capillary or packed column installed.

The detector fuel gases used with the FPD are:

e hydrogen

e ar

Make-up gasis generally not required with the FPD.

The right choice of hydrogen/air flow ratesis of primary importance in FPD
sensitivity and selectivity. Suggested flow rates are listed in Table 20-2.

Table 20-2. Suggested FPD Gas Flow Rates

Gas Capillary Column Packed Column
carrier 1-3mL/min 30-50 mL/min
hydrogen 85-100 mL/min 100-120 mL/min
ar 100-120 mL/min 110-135 mL/min

The optimum air flow rate should be determined experimentally by analyzing a
standard mixture after correctly setting the hydrogen flow rate.

When operating in phosphorous mode, variations in the air/hydrogen ratio can strongly
affect the response for certain phosphorous compounds, while phosphorous and sulphur
containing molecules are unaffected. This characteristic allows an easy discrimination
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between organic phosphates and thiophosphates by simply lowering the air flow (for
example, from 120 to 90 mL/min), while maintaining the same hydrogen flow rate. This
possibility can be especially useful in the analysis of organophosphorous pesticide
residues.
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FPD Installation

This operation allows the correct installation of the FPD on your TRACE GC
Ultra.

Material required

e Jetfor FPD

e 5-mm wrench

e FPD fixing tool.

1. Placethejet into the detector base body housing and tighten it. Ensure the jet
is perfectly vertically aligned to avoid damage.

1. Jet 2. Detector Base Body
Figure 20-4. Jet for FPD

2. Place the FPD on the detector base body, paying attention that the al uminium
ring has been inserted in the correct position.

3. Tighten the fixing nut by using the FPD fixing tool.
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FPD Installation

4
2
1. FPD 2. Detector Base Body
3. Aluminium ring 4. Jet

5. FPD Fixing Tool

Figure 20-5. Installation of the FPD

4. Carefully, connect the signal, excitation voltage and ignition/heating cables
coming from the detector control card, to the detector cell.

2

i

L

1. Signal Cable 2. Excitation Voltage Cable
3. Ignition/heating Cable

Figure 20-6. Cables Connection

414
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FPD Menu
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ThepET (FPD) menu contains the FPD control parameters.
Press LEFT DETECT or RIGHT DETECT to open the menu shown in Table 20-3.

Table 20-3. Detector (FPD) Menu

RIGHT DET (FPD)

Thislineisthe menu title bar.

Operating Manual

Flame On/Off Thisline indicates the flame status.

Press ON to turn on the air flow and ignitor and turn
on H, for ignition. on isdisplayed if the temperature
is>120°C. If not, an error message is displayed.

Base temp On/Off, Thisisthe detector base body temperature.

30-450°C Press ON to turn on the heater and display setpoint
and actual values.
Press OFF to turn off the heater and display the actual
value.

FPD temp On/Off, Thisisthe detector temperature. Press ON to turn on

30-350°C the heater and display the actual and setpoint values.
Press OFF to turn off the heater and display the actual
value.

Signal pA Not editable This parameter shows the standing current level in
picoamperes. The displayed value also indicates the
flame status.

High voltage mode | Yes(900V) This parameter indicates the val ue of voltage applied

No (800 V) to the photomuiltiplier tube. Press ON to select high
voltage.

H2 On/Off, Thisline indicates the hydrogen flow to the detector.

0-200 mL/min PressON to turn on the H, flow and display the actual

and setpoint values. Press OFF or 0 to turn off the
flow. Thisflow can be turned on independently when
the FPD is off, but it cuts off automatically when the
FPD isturned from on to of £.
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Table 20-3. Detector (FPD) Menu (Continued)

Menu Range Comment

Air On/Off, This parameter indicates the air flow to the detector.
0-600 mL/min Press ON to turn on the air flow and display the actual
and setpoint values. Press OFF or 0 to turn off the
flow. Thisflow can be turned on independently when
the FPD is off, but it cuts off automatically when the
FPD isturned from on to Of £.

Mkup (N2) On/Off, This line indicates the make-up gas flow to the
0-100 mL/min detector. Press ON to turn on the flow and display the
actual and setpoint values. Press OFF or 0 to turn off
the flow.

Dual FPD Menu

When the second photomultiplier tube is connected to the FPD detector and
configured as auxiliary detector, the control parameters are contained in the aux
DETECTOR Menu.

Press AUX, then scroll to Detector and press ENTER to open the menu shown in

Table 20-3.
Table 20-4. Dual FPD Menu
Menu Range Comment

AUX DETECT (DualFPD) Thisline isthe menu title bar.

Signal pA Not editable | This parameter shows the standing current level in
picoamperes. The displayed value also indicates the
flame status.

High voltage mode Yes (900 V) | Thisparameter indicates the value of voltage applied

No (800 V) | tothesecond photomultiplier tube. PressON to select
high voltage.
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OPERATING SEQUENCE

Programming an FPD
Before you begin, do the following:

Verify that all detector gases are connected, a column is correctly installed,
and the system is free of leaks.

Check the oven temperature and injector temperature.

Check the carrier gas flow according to the capillary or packed column in use.

AWARNING! Hydrogen is a potentially dangerous gas. Refer to Using Hydrogen on page xxviii for
hydrogen safety information when using hydrogen as a carrier gas.

1

2.

7.

8.

Press LEFT DETECT or RIGHT DETECT to open the DET (FPD) menu.

Scroll to Base temp and set the detector base body temperature according to
the analytical requirement.

Scroll to FPD temp and set the detector temperature. This must be greater
than 120 °C to avoid water condensation on the heat shields.

Scroll to H2 and enter the correct hydrogen flow.

Scroll to air and enter the correct air flow rate.

Scroll to Mkup and enter a make-up gas flow rate, if required, or press OFF.
Scroll to High voltage mode? and press ON if high voltage is required.

Scroll to Flame and press ON. This starts the ignition sequence.

Positive variation of the Signal pA value indicates the flameislit. You can also
verify flame ignition by holding a cold, shiny surface (such asamirror or
chrome-plated wrench) to the detector chimney vent and checking for water
condensation.

After ashort time, the baseline should stabilize to the standing current level of the
system.

Operating Manual
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9. PressLEFT SIGNAL or RIGHT SIGNAL to open the detector SIGNAL (FPD)
menu and verify the output signal.

Refer to the Setting the FPD Sgnal Parameters operating sequence on page 419
for more information.

Programming the Dual FPD Parameter

1. Press AUX, then scroll to Detector and press ENTER to open the aux
DETECT (DualFPD) menu.

2. Scroll toHigh voltage mode? and press ON if high voltageis required.
Observe the variation of the Signal pA value

1. PressAUX, thenscroll to signal and pressENTER to open the Aux SIGNAL
(pualFPD) menu and verify the output signal.

Refer to the Setting the FPD Signal Parameters operating sequence on page 419
for more information.
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OPERATING SEQUENCE

Setting the FPD Signal Parameters

p NOTE

Operating Manual

1

5.

Press LEFT SIGNAL or RIGHT SIGNAL to enter the detector SIGNAL (FPD)
menu:

Scroll to Range 10* (0...2) and select the electrometer amplifier input
range. 0 (10°) is the most sensitive.

Scroll to Auto zero? and press ON.

If offset isrequired, scroll to of £set and enter anumeric value or press ON to
recall the last offset from memory.

Turn Baseline comp ON if you want to compensate the baseline.

Dual FPD Signal Parameters

1.

5.

Press AUX , then scroll to signal and pressENTER to open the Aux SIGNAL
(DualFPD) menu.

Scroll to Range 10* (0...2) and select the electrometer amplifier input
range. 0 (10°) is the most sensitive.

Scroll to Auto zero? and press ON.

If offset isrequired, scroll to of £set and enter anumeric value or press ON to
recall the last offset from memory.

Turn Baseline comp ON if you want to compensate the baseline.

If the Range 107 is set 2, the small variation of the output signal is not detected. For this
reason the signal pa parameter will be not displayed in the DETECTOR FPD menu.
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Thermal Conductivity
Detector (TCD)

This chapter describes the operating principles and sequences for the Thermal
Conductivity Detector (TCD).

Chapter at a Glance...
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TCD Overview
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The TCD is sensitive to any compound having thermal conductivity other than
that of the carrier gas used. The TCD isauniversal type detector. It has a broad
range of usesin the analysis of permanent gases and other organic or inorganic
compounds for which the Flame Ionization Detector (FID) is practically non-
sengitive, such as CO,, CS,, H,0O, H,, and N.,.
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p NOTE

422

Whilethe FID is more sensitive to most organics, the simplicity of the TCD often
makes it the preferred detector when analyte concentrations are high enough. The
TCD typically requires only onetype of gas, such as helium. The FID requires up
to four.

Because the TCD is a non-destructive detector, it can be connected in series to
other chromatographic detectors.

The TCD consists of a stainless steel block containing two filaments (generally
tungsten/rhenium filaments) which have the same electrical resistance. The block
is housed in an aluminum case that accommodates the heating elements and the
temperature sensor.

TCD with polyimide coated filaments is optionally available for the analysis of very
aggressive gas matrices.

Thefilaments are electrically connected to a Wheatstone bridge. Two gasflows, a
reference flow and an anaytical flow, enter the TCD cell, pass across the
filaments, and vent to the atmosphere. Figure 21-1 shows the filaments and gas
flows.
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I
$ B
| @j
1. Measure Cell A. Reference Gas
2. Reference Cell B. Make-up Gas

3. Column

Figure 21-1. TCD Filaments and Gas Flows

When the filaments are properly powered, they heat at atemperature (resistance)
that is afunction of the thermal conductivity of the gas flowing through the
filaments. When a chromatographic component elutesin the analytica channel, a
change takes place in the heat transfer followed by a variation of the filament
temperature.

The output signal is sent to a Thermo Scientific data system software. The signa
polarity isafunction of the thermal conductivity of the component relative to the
reference gas and to the user-selected polarity of the filament power supply.
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AWARNING!

The TCD filaments are sensitive to impurities present in the carrier, reference, and
make-up gas supplies. To ensure correct detector operation, you should use oxygen
and water vapor traps in the carrier gas and the make-up gas supply lines. We
suggest that you install an OXICLEAR filter (PN 281 131 40) before connecting the
gas to the GC.

TCD Gas Supplies

WARNING!

424

The TCD detector requires the same gas whether for the measure channel (carrie
and make-up gas, when necessary) and the reference channel (reference gas).

Helium is the recommended carrier gas due to its high thermal conductivity and
chemical inertness. Low conductivity gases (argon, nitrogen) are used for special
analytica reguirements.

With special precautions, you can also use hydrogen as the carrier and

detector gas.

Hydrogen is a potentially dangerous gas. Refer to Using Hydrogen on page xxviii for
safety information.

Table 21-1 contains information about the thermal conductivity of several gases.

Table 21-1. Thermal Conductivity of Gases

Hydrogen 4130
Helium 3363
Methane 720
Oxygen 583
Nitrogen 580
Carbon Oxide 540
Argon 406
Carbon Dioxide 343
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Columns

The TCD requires two separate gas lines. One connects to the analytical column
and the other connectsto the reference channel. The reference channel connectsto
the DGFC module. This eliminates the need for a second column. The column
effluent connects to the analytical cell along with the make-up gas, if required,
from the DGFC detector module. Should the use of wide-bore or capillary
columns be reguired, the connection between the column and injector must
necessarily be modified. When using capillary columns, the make-up line must be
activated. This line has to feed the analytical channel at the column outlet, thus
compensating the special flows required by capillary columns. For column
installation instructions, refer to Chapter 14, Columns.

TCD Operating Modes

The TCD can operate in constant temperature or constant voltage mode. It can
also automatically switch to a constant current mode when the filaments reach the
maximum allowable current value of 125 mA.

Constant Temperature

In constant temperature mode, the filament temperature remains constant at a set
value. A feedback loop circuit changes the voltage as the gas thermal conductivity
changes. If the required voltage reaches the maximum allowable value of 15V,
the system will automatically switch to the constant voltage mode.

Constant Voltage

In constant voltage mode, the filament voltage remains constant at a set value. The
temperature variation, positive or negative, generates a current variation, negative
or positive, that will give the corresponding signal. The voltage values range from
5to 15 V. If the current reaches the maximum allowable value of 125 mA, the
system will automatically switch to the constant current mode.

When the constant voltage mode is used, it is necessary to set the filament
temperature limit in the TCD detector menu (Table 21-4). If thisvalue is reached,
the system will automatically switch to the constant temperature mode.
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Automatic Switching of Control Options

p NOTE

426

The automatic switch function is always active. It allows automatic switching
from one operating mode to another depending on the parameters set and the
carrier gas used.

Automatic Switching From Constant Voltage to

Constant Temperature
The following is an example of TCD operating conditions:;

e carrier gas. helium (high thermal conductivity)
o cell temperature: 100 °C
* constant voltage: 10 V

» filament temperature limit: 200 °C

In constant voltage mode of 10 V with a 200 °C filament temperature limit, when
acompound of a particular thermoconductivity enters the cell, it causes the
filament temperature to increase. When the filament temperature reaches the
filament temperature limit, the system automatically switches to constant
temperature mode and the voltage changes.

Automatic Switching to Constant Current Mode

Every time the set values of filaments voltage, block temperature and filaments
temperature cause the filament current to reach the maximum value of 125 mA,
the system will automatically switch to the constant current mode and the
filaments cannot be heated more than the correspondent temperature.

This mode has good sensitivity and alinearity comparable to that obtained with
the CV mode. However, the high filament temperatures can potentially shorten the
filament life.

The constant current mode operates only when using high thermal conductivity gases,
such as helium.
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Selecting TCD Operating Parameters

The TCD can operate in constant temperature (CT) and constant voltage (CV)
modes. The mode you choose depends on the concentration range of the sample
and the required sensitivity. The CT configuration ensures the maximum linearity
of the detector up to concentrations of 1% (g or mL). The CV mode extends the
linearity range to higher values, but with a negative impact on sensitivity. After
selecting the mode, you must program the following parameters.

e detector temperature

» filament temperature/filament voltage

The detector sensitivity depends on the difference between the temperatures set
for the detector and for the filaments: the higher the difference, the better the

sensitivity. The general rule for the detector temperature isto set it higher than the
maximum temperature reached by the GC column oven during the analysis.

The temperature/voltage applied to the filaments depends on the mode and the
carrier gas used.

AWARNING! In case of TCD with the polyimmide coated filaments, the maximum operating
temperature is 300 °C for the TCD cell and 320 °C for the filaments.

Selecting an Operating Mode for High Thermal Conductivity

Gases

When using hydrogen or helium, the operating mode you select depends on the
type and concentration range of the compounds you are analyzing.

Using the Constant Temperature Mode

For samplesin concentrations not exceeding 10% (g or mL), use the following
values:

» detector temperature: higher than the maximum column oven temperature
during the analysis

« filament temperature: 80—100 °C above the detector temperature
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Thistemperature difference resultsin a high sensitivity required for trace analysis
(ppm). It also ensures alonger filament lifetime. Since the temperature remains
constant, this mode considerably increases the filament life compared to other
operating modes.

Using the Constant Voltage Mode

For samples in concentrations of awide percentage range 1-100%; g or mL), use
the following values:

e detector temperature: higher than the maximum column oven temperature
during the analysis

» filament voltage: 5-7 V

In this operating mode, the detector response is linear up to the maximum
concentrations.

Table 21-2 contains the selectable values for the detector temperature and the
concentration range when using helium as the carrier gas.

Table 21-2. Selectable TCD Parameters

Concentration Detector Filament Filament
Range Temperature = Temperature Voltage Mode
ppm—5% 100°C 180°C — CT
0.5-100% 100°C — 5V cv
ppm—5% 180°C 270°C — CT
0.5-100% 180°C — 6V Ccv
ppm—5% 240°C 330°C — CT
0.5-100% 240°C — 6V cv

When analyzing samples with a complete range of concentrations (ppm-100%),
you can use different operating modes for different applications. The range
between 5000 ppm and 5% allows a good linearity of the signal to linearize a
series of data and obtain only one reading scale.
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Selecting an Operating Mode for Low Thermal Conductivity

Gases

Operating Manual

When using nitrogen or argon, the operating mode you select depends on the type
and concentration range of the compounds you are analyzing.

Using the Constant Temperature Mode
For samplesin concentrations not exceeding 1% (g or mL), use the following
values:

e detector temperature: higher than the maximum temperature reached by the
column oven during the analysis, but not higher than 280-300 °C

» filament temperature: 120-150 °C above the detector temperature

Using the Constant Voltage Mode

When using low thermal conductivity gases, the temperatures reached by the
filaments are very high for the low voltage supply. Table 21-3 contains the
experimenta filament temperature values corresponding to the applied voltages
when using argon.

Table 21-3. Filament Temperature Values for Argon

Voltage (V) 5 6 7 8 9 10
Filament Temperature (°C) | 235 | 275 | 315 | 355 | 395 | 435

For samples with a wide range of concentration percentage (1-100%; g or mL),
use the following values.

e detector temperature: higher than the maximum temperature reached by the
column oven during the analysis, but not higher than 280-300 °C

» filament voltage: 5V

These temperature differences provide good sensitivity without compromising the
filament lifetime.
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TCD Menu

TCD Menu

Table 21-4 showsthe TCD control parameters.

Press LEFT DETECT or RIGHT DETECT to open the DETECTOR (TCD) menu,
depending on the location of your detector.

Table 21-4. The Detector (TCD) Menu

RIGHT DETECTOR

(TCD)

Thislineisthe menu title bar.

Filament power On/Off Press ON to turn on the filament power. Press OFF

to turn off the filament.

Fil status Ready/ This indicates the filament Ready or Not Ready
Not Ready status.

Block temp On/Off, Thisisthe detector temperature. Press ON to turn
50-450°Cin 1l | onthe heater and display the actual and setpoint
°C increments | values. Press OFF to turn off the heater.

Transf temp On/Off, Thisisthetransfer line temperature for the heated
50450 °C zone between the oven and the detector cell.
in10°C Press ON to turn on the heater and display the
increments actual and setpoint values. Press OFF to turn off

the heater. A value higher than or equal to the
oven temperature, but lower than the detector
temperature must be set.

Const fil temp? Yes/No Press YES to activate the constant filament

temperature mode and display the Fil temp
(cT) parameter. Press NO to display the filament
voltage and maximum filament temperature
parameters. The current operating mode (CT, Cv,
or cc) isdisplayed in parentheses.

Fil temp (cT)! On/Off, This parameter indicates the filament
50-450°C temperature.
in10°C
increments
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Table 21-4. The Detector (TCD) Menu (Continued)

Menu Range Comments
Fil volts (CV)? 5-15Vin1V | Thisparameter indicates the filament voltage.
increments
Fil temp limit?3 50-450 °C This parameter indicates the maximum filament
temperature.
Ref flow On/Off, This parameter indicates the reference gas flow.

0-100 mL/min | PressON to turn on the flow and display the
actual and setpoint values. Press OFF or 0 to turn
off the flow.

Mkup flow On/Off, This parameter indicates the make-up gas flow.
5-100 mL/min | PressON to turn on the gas flow and display the
actual and setpoint values. Press OFF to turn off
the make-up flow.

Carrier source R, L When the GC has two injectors, this parameter
tellsthe GC whichinlet, left or right, is connected
tothe TCD. This parameter is used to protect the
filaments on DGFC systems when the carrier
supply isinadvertently shut off, such asfollowing
a septum replacement.

1. Thisparameter appearsonly if the Const £il temp? parameterissettoYes.
2. Thislineappearsonly if Const fil temp? issettoNo.
3. When the TCD with the polyimide coated filaments is used, the max temperature is 320 °C.
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OPERATING SEQUENCE

Programming a TCD

Before you begin, do the following:

A@WARNING!

432

Verify that all detector gases are connected, a column is correctly installed,
and the system is leak free.

Check the oven temperature and injector temperature.

Check the carrier gas flow depending on the packed or capillary column
inuse.

When two injectors are configured, scroll to carrier source and specify
the Left or Right channel from which the carrier gasis flowing.

When awide-bore or capillary column is used, make sure the make-up gas
line is connected.

Hydrogen is a potentially dangerous gas. Refer to Using Hydrogen on page xxviii for
safety information.

1. Scroll toref flow and setthe appropriate reference gasflow. If thisvalueis

of £, the filament power is disabled.

When make-up gasis required, scroll to Mkup £1ow and set the appropriate
make-up gas flow rate.

Scroll to Block temp to enter the detector temperature.

Scroll to Transfer temp and set thistemperature to a value higher or equal
to the column oven temperature.

Scroll to const £i1 temp? to select the operating mode. When constant
filament temperature is required, press YES. Otherwise, press NO.

» If Y has been entered, scroll to Fil temp and set the filament
temperature. This value must always be higher than the detector
temperature. The greater the difference between the two temperatures
(AT), the higher is the detector sensitivity.
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Set this value depending on the high or low thermal conductivity of the
carrier gasin use.

e |f N has been entered, scroll to Fi1l volt and set the filament voltage.

e ScrolltoFil temp limit and set the maximum filament temperatureto
protect the system. This value must always be higher than the detector
temperature.

6. Scroll to Filament power and press ON. After afew seconds, the Fil
status line displays aready message.

7. Scroll to carrier source and pressENTER.
8. Scroll to theinlet connected to the TCD, Rr or L, and press ENTER.

If the reference gas or carrier gas is missing, the filament power turns off or will not switch
on. The carrier source you select in step 8 indicates the source of the carrier gas for this
filament protection sequence.

9. PressLEFT SIGNAL or RIGHT SIGNAL to open the detector SIGNAL (TCD)
menu and verify the output signal.

Refer to the Setting the TCD Signal Parameters operating sequence on page 433
for instructions on setting the signal parameters.

OPERATING SEQUENCE

Setting the TCD Signal Parameters

Operating Manual

1. PressLEFT SIGNAL or RIGHT SIGNAL to enter the detector SIGNAL (TCD)
menu.

2. Scrolltocain (x1 or x10) and set the desired value. When the gain is
x10, the system sensitivity is higher. This amplifies not only the detector
output signal, but also the electrical and mechanical noise.
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3. If required, scroll to Neg polarity and press YES to reverse the polarity
output signal as afunction of the thermal conductivity of the carrier gas
versus the sample.

4. With al gas flows and temperatures adjusted and stable, and with the
filaments on and stable, scroll to of fset and press OFF.

5. Zeroing the Signal.
Every time the set condition of filaments temperature and voltage are
changed, an adjustment of the Zero level may be necessary in order to balance
the bridge.Usually this operation is performed by scrolling to Autozero
function and pressing ON. In case of a particularly unbalanced bridge, the
Autozero function may not work. In that case it is necessary to adjust the
coarse zero potentiometer of the detector control board by means of alittle
screwdriver until asignal of 1000 isvisualized.

]
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6. TurnBaseline comp ON if you want to compensate the baseline.

OPERATING SEQUENCE

Shutting Down the TCD

At the end of the analytical cycle, the filaments should be turned off and the
carrier gas flow should be reduced to 50% of the normal operating flow to
conserve gas supplies.
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This chapter describes the operating sequences and principles for the Pulsed
Discharge Detector (PPD).
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PDD Overview

p NOTE

436

The Pulsed Discharge Detector (PDD), shown in Figure 22-1, isan universal and
highly sensitive non-radioactive and non-destructive detector. It is based on the
principle of the photoionization by radiation arising from the transition of
diatomic helium to the dissociative ground state.

This detector does not use radioactive sources.

Figure 22-1. The Pulsed Discharge Detector

The response to organic compoundsis linear over five orders of magnitude with
minimum detectable quantities in the low picogram range. The response to fixed
gases is positive with minimum detectable quantities in the low ppb range.

The performance of the detector is negatively affected by the presence of any
impurities in the gas flows (carrier, discharge) then, the use of high quality grade
of helium (99.999% pure or better) as carrier and discharge gases is strongly
recommended. Because even the highest quality carrier gas may contain some
water vapor and fixed gas impurities, a helium purifier isincluded as part of the
detector system.
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PDD Principle

PDD detector consists of aquartz cell supplied from the top with ultrapure helium
as discharge gas that reaches the discharge zone consisting of a couple of
electrodes connected to a high voltage pul ses generator (Pulsed Discharge

Module)
.
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1. Discharge gas (Helium) Inlet 2. Discharge Zone
3. High Voltage Discharge Electrode 4. Polarizing Electrode (Bias)
5. Collector Electrode (Signal) 6. Column

Figure 22-2. PDD (Cutaway View)

The eluants from the column, flowing counter the flow of helium from the
discharge zone, are ionized by photons at high energy arising from metastable
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Helium generated into the discharge zone. The resulting electrons are accel erated
and measured as electrical signal by the collector electrode.

The discharge and carrier gas flows are opposite. For thisreason it is necessary
that the discharge gas flow is greater that carrier gas flow to avoid the eluants
from the column to reach the discharge zone with consequent discharge el ectrodes
contamination.

The discharge and carrier gas are flowing out together from the bottom of the cell
where it is possible to measure the sum of both at the outlet on the back of the
instrument.

AWARNING! During normal operation, the detector produce ultraviolet energy (UVA, UVB), some
of which may be emitted. Do not watch the arc without eye protection.

PDD Gas Supply

PDD requires one gas flow only.

e discharge gas
The gas used for PDD discharge and carrier supply is helium

Flow Rate

For the discharge gas an appropriate calibrated restrictor ensures a stable flow of
30 mL/min with an inlet pressure of 60 psi (413 kPa).

Gas Purity
Helium must have a minimum purity of 99.999%, with < 20 ppm Ne impurity.

For trace analysis of fixed gases, it is strongly recommended 99.9999% purity
helium with < 0.5 ppm Ne.

AWARNING! The discharge and the carrier gases must always flow through the helium purifier.
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Gas Lines Connections

Figure 22-3 shows the gas connections detector system diagram.

Operating Manual

ra

1. Helium Supply 2. Helium Purifier
3. 3-way connector 4. Discharge Gas Line
5. Carrier Gas Line 6. Column

Figure 22-3. Gas Connections

Before connecting gas lines verify that:

The pressure regulators are commercial ultra-pure grade regulators with
stainless steel diaphragms.

The connecting tubes are thoroughly cleaned and baked before use.

The gas regulator and the helium purifier must be properly purged.
Refer to the following operating sequences for further details.
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OPERATING SEQUENCE

Purging the Gas Regulator

1

2.

Make sure that the on/off valve on the helium cylinder is completely closed.

Screw thefitting nut of the regulator into the helium cylinder. Go beyond
finger-tight, but do not tighten the nut all the way because some leakage is
required for purging operation.

Turn the output pressure regulating knob completely counterclockwise.
Open the cylinder on/off valve dlightly and quickly closeit again.

Adjust the tightness of the regulator connecting nut to allow a pressure
reduction of about 690 kPa/sec (100 psi/sec).

When the pressure dropsinto the 1.4 - 3.4 MPa (200 - 500 psi) range, open the
cylinder on/off valve slightly and quickly close it again.

Repeat the step 6 until it is certain that al the air is purged.
On the final purge, tighten the regulator connecting nut as the pressure
approachesthe 2.1 - 3.4 MPa (300 - 500 psi) range.

Open the cylinder valve to pressurize the regulator once again.

Close the valve and observe the needle of the high pressure gauge for 15
minutes. If it does not move, there is no critical leak on the high pressure side
of the regulator.

AWARNING! Never use leak detecting fluids on any part of the system.
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OPERATING SEQUENCE

Purging the Helium Purifier

1

Connect the helium cylinder pressure regulator to the inlet port of the helium
purifier by using the appropriate connecting tube and fittings.

Turn the output pressure regulating knob clockwise until the gauge registers
345 kPa (50 psi)

Wait five minutes for equilibrium, then turn the regulating knob all the way
counterclockwise.

Observe the needle of the output pressure gauge for 15 minutes. There will be
adlight initial drop. If it does not move after that, consider all the connections
aretight.

If necessary, use an electronic leak detector to locate any leaks. If aleak
detector is not available, tighten al the fitting (including the output pressure
gauge), and repressurize the system for another test.

AWARNING! Never use leak detecting fluids on any part of the system.

6.

Operating Manual

Uncap the outlet tube of the helium purifier and purge the system for 15 to 30
minutes at 60 - 80 ml/min to eliminate air from the purifier getting material.
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OPERATING SEQUENCE

Connecting the Gas Lines

1. Connect the helium purifier outlet port to a port of the 3-way connector
provided by using the 1/16” OD connecting tube provided.

2. Connect the second port of the 3-way connector to the discharge gas inlet
(calibrated restrictor), located on the rear panel of the GC, by using a
sufficient piece of the 2x1 mm steeling steel connecting tube provided and the
appropriate fitting.

3. Connect the last port of the 3-way connector to the DCC carrier gasinlet port,
located on the rear panel of the GC, by using a sufficient piece of the 2x1 mm
steeling steel connecting tube provided and the appropriate fitting.
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PDD Installation

This operation allows the correct installation of the PDD on your TRACE GC
Ultra.

Material needed
» PDD fixing tool
ACAUTION When packed columns are used (Only 1/8-inch OD), before installing PDD, verify that

all the preliminary operations have been performed as described in Connecting a
Metal Packed Column to an PDD operating sequence in Chapter 14.

1. Fused Silica Capillary Tube or Capillary Column 2. Silver Ring

Figure 22-4. Installation of the PDD (1)

1. Placethe PDD on the detector base body, paying attention to interpose the
silver ring provided.

ACAUTION Place carefully the PDD perfectly vertical paying attention to not damage the fused
silica capillary tube or the capillary column.
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2. Tighten the fixing nut by using the PDD fixing tool.

1. Detector Base Body 2. PDD Fixing Tool
Figure 22-5. Installation of the PDD (2)

3. Carefully connect the collector (signal) and polarizing (bias) cables coming
from the detector control card to the detector cell.

4. Verify that the high voltage cable is properly connected to the pulsed
discharge module.
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3
1
/ :
© /
2
1. Polarizing (Bias) Cable 2. Collector (Signal) Cable
3. High Voltage Cable

Figure 22-6. PDD Connecting Cables

Leak Check

It iscritical for the system to be leak-tight. Leak test is strongly recommended
before operating with PDD. Refer to the following operating sequences.

OPERATING SEQUENCE

PDD Cell Leak Check

Material required
o flowmeter

e seding tool

AWARNING! Do not use leak detecting liquids.

1. Open the discharge gas supply (helium).

Operating Manual 445



Chapter 22

Pulsed Discharge Detector (PDD) PDD Installation

2.

Set an helium inlet pressure at 415 kPa (60 psi) to have a gas flow of
30 ml/min.

p NOTE You may measure the helium discharge flow rate at the exit of the pneumatic module on
the rear of the GC.

3.

Cap the discharge gas exit on the rear of the GC by using the sealing tool
provided.

Disconnect the outlet column end from the detector base body.
Plug the column connection of the detector base body.

Monitor the pressure by using an external gauge (e.g. the gauge installed on
the bottle).

L et the system pressurize, then turn off the discharge gas flow. The shown
values should not change. If the values drop down, one or more leaks are
present. In this case:

Check the accessible, critical connections with a handheld electronic leak
detector to find possible leaks.

If no leak is detectable in this way, contact your customer support
organization. Refer to Appendix B, Customer Communication, for contact
information.

OPERATING SEQUENCE

System Leak Check

With the PDD installed and the column properly connected, operate as follows:

1.

446

Open the carrier and the discharge gas supply (helium).
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2.
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Set the helium discharge pressure at 415 kPa (60 psi) to have agas flow of
30 ml/min.

p NOTE You may measure the helium discharge flow rate at the exit of the pneumatic module on
the rear of the GC.

1
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Cap the discharge gas exit on the rear of the GC by using the sealing tool
provided.

Turn off the split and septum purge vents (if any).

Set the injector inlet to 100 kPa.

Wait until the system is equilibrated.

Turn off theinlet pressure and the discharge gas pressure.

The shown values should not change. If the values drop down, one or more
leaks are present. In this case:

Check the accessible, critical connections (column to injector, column to
detector, split and purge valves, septum cap) with a handheld electronic leak
detector to find possible leaks.

If no leak is detectable in this way, contact your customer support

organization. Refer to Appendix B, Customer Communication, for contact
information.
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PDD Menu

PDD Menu

The DET (PDD) menu contains the PDD control parameters.
Press LEFT DETECT or RIGHT DETECT to open the menu shown in Table 22-1.

Menu
RIGHT DET (PDD)

Pulse generator

Base temp

Signal pA

Table 22-1. Detector (PDD) Menu

Range

Comment
Thislineisthe menu title bar.

On/Off

Thisline indicates the pulsed discharge module
status. Press ON to turn on the voltage supply from
the PDD control card to the module which will
generate the high voltage required to supply the
detector. Press OFF to turn off the module.

On/Off,
0-450°C

Thisindicates the detector base body temperature.
Press ON to turn on the heater and display the actual
and setpoint values. Press OFF to turn off the heater
and display the actual value.

Not editable

This parameter shows the standing current level in
pi coamperes.
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OPERATING SEQUENCE

Programming a PDD

Before you begin, do the following:

Verify that helium purifier and discharge gas are connected, a column is
correctly installed, and the system is free of leaks.

Check the oven temperature and injector temperature.
Press LEFT DETECT or RIGHT DETECT to open the DET (PDD) menu.

Scroll to Base temp and set the detector base body temperature according to
the analytical reguirement.

Scroll to Pulse generator and turnit ON.

Read the signal pa value.

If the system is clean, the signal value must be stabilized lower that 2000 pA.
Observe the pink color of the discharge generated inside the detector.

If apurple color of the discharge is observed, impurities or leaks in the
discharge gas line are present.

After ashort time, the baseline should stabilize to the standing current level of the
system.

5.

Press LEFT SIGNAL or RIGHT SIGNAL to open the detector SIGNAL (PDD)
menu and verify the output signal.

Refer to the Setting the PDD Signal Parameter s operating sequence on page 450
for more information.

Operating Manual
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OPERATING SEQUENCE

Setting the PDD Signal Parameters

1. PressLEFT SIGNAL or RIGHT SIGNAL to enter the detector SIGNAL (PDD)
menu.

2. Scrolltorange 10* (0...3) and set the electrometer amplifier input
range. o (10°) is the most sensitive.

3. Turnanalog filter ON if you want to filter the output signal.
4. Scroll to Autozero and press ON.

5. If offsetisrequired, scroll to of fset and enter anumeric value or press ON to
recall the last offset from memory.

6. TurnBaseline comp ON if you want to compensate the baseline.

p NOTE If the Range 10*isset 2 or 3, the small variation of the output signal is not detected.
For this reason, the, Signal pa, parameter will be not displayed in the DETECTOR
PDD menu.
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SECTION

Vi

Autosamplers

This section contains informations about Al 3000/AS 3000
programming with the TRACE GC Ultra keypad.

Chapter 23, Al 3000/ AS 3000 Autosampler, describes how to program
and control the Al 3000/ AS 3000 autosampler by using the TRACE
GC Ultrakeypad.
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Al 3000 / AS 3000
Autosampler

This chapter describes how to program and control the Al 3000/ AS 3000
autosampler by using the TRACE GC Ultra keypad.

Chapter at a Glance...

AULOSAMPIEr OVEINVIBW ...ttt 453
Al 3000/ AS 3000 AUtOSAMPIEr MENU......coueriiriiieiecrie e 456

Autosampler Overview

Operating Manual

This paragraph contains the instructions to program Al 3000/ AS 3000
parameters.
The autosampler Al 3000/AS 3000 functions can be controlled from:

» aThermo Scientific Data System referring to the instructions reported in the
relevant operating manual.

« TRACE GC Ultrakeypad, referring to the instructions reported in this
chapter.

The functions that the TRACE GC Ultra can control include:
* Injection prewash volume and solvent
* rinse cycles, volume, and solvent

e samplevolume
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p NOTE

e injection, including special instructions such as.

— number of plunger strokes

— viscosity delay

— air gap volume and mode

— injection speed

— pre- and post-injection delay time
e postwash cycles and solvent
Groups of samples may be automatically run under different analytical conditions
programming a sequence of samples. A sequence describes how samples are
treated in the injection stage. The sequence includes the instructions for sampling,
number of samples and their position on the sample tray. Beside the sequence

specifies the method that will be used to process each samples group.
Refer to paragraph Sequence Programming on page 489 for instructions.

All autosampler functions can be programmed into an analytical method. Refer to
Chapter 26, Using Analytical Methods, for more information on developing a method.
A sequence cannot be programmed into a method.

Compatible Hardware

Several autosampler models can work with the TRACE GC Ultra. The menus and
instructions in this chapter apply to the Al 3000/ AS 3000.

Setting Up the Autosampler

454

When the GC is switched on, the presence of the autoinjector/sampler and its
configuration is automatically acknowledged.

The type of configuration is displayed by pressing CONFIG and selecting
AUTOSAMPLER.

The following non editable message is displayed according to the autoinjector/
sampler installed:
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p NOTE
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Al 3000/ AS 3000 Autosampler

CONFIG AUTOSAMPLER

Sample Tray

105

for the AS 3000.

CONFIG AUTOSAMPLER

Sample Tray

for the Al 3000.

Should the autoinjector/sampler not be installed or correctly connected, the TRACE GC
Ultra will display the message NO AUTOSAMPLER INSTALLED.
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Al 3000 / AS 3000 Autosampler Menu

Al 3000 / AS 3000 Autosampler Menu

To set the parameters of the autoinjector/sampler method, press AUTOSAMPLER to
open the auTosaMPLER menu shown in table 23-1.

Table 23-1. Menu of the Al 3000/AS 3000

AUTOSAMPLER

Sample volume

Sample rinses

Plunger
strokes

Pre wash
solvent

Pre wash
cycles

Post wash
solvent

Post wash
cycles

Extended
control

When no vial
abort

Thisline displays the menu title.

0-5uL This parameter allows to set the sample quantity to be

with increments | injected.

of 0.1 uL

0-15 This parameter allows to set the number of syringe pre-
washings with the sample.

0-15 This parameter allows to set the number of plunger
strokesto eliminate air bubbles forming during the sample
withdrawal.

A,B,C,D, This parameter allowsto select the vial, or combination of

A+B, C+D two vials, containing the washing solvent. Press MODE/
TYPE to select the solvent vial to be used.

0-15 This parameter allows to set the number of syringe pre-
washings with the selected solvent.

A,B,C,D, This parameter allowsto select the vial, or combination of

A+B, C+D two vials, with the washing solvent. Press MODE/TYPE to
select the vial with the solvent to be used.

0-15 This parameter specifies the number of syringe post-
washings with the solvent selected.

See table 23-2 Thisparameter allowsto set optional injection parameters.
Press MODE/TYPE to enter the submenu.

Seetable 23-3 Thisline shows the menu title.
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Extended Control Menu

In thismenu it is possible to set how long the syringe needle must remain inside
the injector without injecting. This allows to avoid discriminations caused by
evaporation of the sample contained in the syringe needle. In this way the sample
is completely drawn into the syringe and the needle | eft inside the injector and
heated for afew seconds before injecting.

Table 23-2. Extended Control Menu

EXTENDED CONTROL

Viscous sample

Sampl. depth

Inj. Depth

Pre dwell time

Operating Manual

This line shows the menu title.

Yes, No

This parameter defines the speed at which the sample
is drawn from the vial as afunction of the sample
viscosity. Select NO (default value) if the sample has
low viscosity. Select YES if the sample has high
viscosity.

Bottom, Center

This parameter determines the penetration depth of

selectableinthe | the syringe needle into the vial.
submenu Press MODE/TYPE or ENTER to enter the submenu.
Selecting Bot tom (default value) the needle goes
down to the vial bottom.
Selecting center the needle goes down to half vial.
Standard, This parameter determines the penetration depth of
Minimum the syringe needle into the injector.
sl beCtab'e inthe | press MODE/TYPE or ENTER to enter the submenu.
submenu
Selecting standard (default value) the needle goes
down to the maximum depth allowed.
Selecting Minimum the needle enters the injector and
stops immediately beyond the septum (Cold Needle
Technique).
063 sec This parameter specifies how long the syringe needle

remains inside the injector without injecting (Hot
Needle Technique).
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Table 23-2. Extended Control Menu (Continued)

Comments

Post dwell time 0-63 sec This parameter specifies how long the syringe needle
remains inside the injector after injection.

When No Vial Abort Menu

Table 23-3. When No Vial Abort Menu

Menu Range Comments
ON MISSING AS VIAL This line shows the menu title.
Skip to next If thisfunction is selected, the autoinjector/sampler skipsa

missing vial and goes to the next one. The sample
sequence and the sample table are not affected.

Abort sequence If this function is selected, the sequence is aborted after a
missing vial.
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This section contains descriptions of automated and manual control
options and sequences for the TRACE GC Ultra.

Chapter 24, Automated Functions, shows you how to automate signal,
valves, and external eventsby scheduling them either in real time (clock
table events) or at certain points during arun (run table events). It also
discusses the run log, an automated record of run deviations.

Chapter 25, Manual Functions, describes how to control signal and
valve events manually.

SECTION

VI

Automation and
Manual Control
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Automated Functions

Operating Manual

This chapter shows you how to automate signal, valves, and external events by
scheduling them either in real time (clock table events) or at certain points during
arun (run table events). It also discusses the run log, an automated record of run
deviations.

Chapter at a Glance...

THE CIOCK TADIE ...ttt e e e e e ettt e e e e s eee e e e seeeeereeeeesenans 462
TE RUN Tl ...ttt e e e e e e ettt e e e e eee et e e eeeeasreeaeaeenans 467
1 0 oo S 472

Operating Sequences

Creating aClock TIMEEVENL ......ccecci e 463
Programming Occasionally Occurring EVENtS..........covvvennenineneneecneseee 465
Editing @ CIOCK TIME EVENT .....c..oviirieieieeeesee e 466
Deleting aClock TIME EVENT ........oocv et e et e 467
Creating aRUN TIME EVENT ......coiiiiiieeerene e 469
Programming External Event Default Conditions...........c.cooveveveneeieeicncnenene. 471
Editing aRUN TIME EVEN .....cccue ettt 471
Deleting @ RUN TIME EVENT ... 472
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The Clock Table

Clock table events happen at certain times on specific days, based on areal-time
clock. The real-time clock, once set, is backed up by a battery that maintains the
clock time even when the GC is powered down. Among the functions you can
program are:

* loading amethod

e dartingthe GC

e dtarting a sequence

e opening or closing valves

» dtarting external events for other devices, such as a mass spectrometer or
automatic actuated valves

The devices you can control depend on the options you purchased and how your
TRACE GC Ultrawas configured at the factory.

If no events are programmed, the cLock EVENTS menu looks like the one on the
left in Figure 24-1. The menu on the right shows a CLOCK EVENTS menu with
eight events. You can store up to 10 events.

In Figure 24-1, theright cLock EVENTS menu specifies several events.

The TRACE GC Ultrawill load Method #10 at 4:00 Am. At 4:56 A.M., valve 2
shuts off. Then External Event #1 turnsonandvalve #1 (agassampling
valve) loads one minute later. External Event #1 turnsoff at 5:00 A.M.
Sequence #10 beginsrunning at 7:00 A.M. (using Method #10 loaded earlier).

The events shown in the right-hand menu in Figure 24-1 will occur every day
because the Mode parameter is set to cont cycle (continuous cycle). You can
schedule events to happen:

* once
Usesingle cycle toschedule aone-time event.

e every day
Use Continuous cycle to prepare and start the TRACE GC Ultrafor each
day’sfirst run.
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e oncertain days
Usespecific cycle to specify an event to happen on specific days of the
week.

You can aso discontinue clock time events for atime.

CLOCK EVENTS 2
04:00 Load meth 10 <
CLOCK EVENTS 04 :56 Valve 2 Off
<none> 04:57 External Event 1 On
Add clock event < 04:58 Valve 1 Load
Mode: not active 04:59 Valve 1 Inj
05:00 External Event 1 Off
07:00 Start seq 10
Add clock event
Mode : Cont cycle

Figure 24-1. Two Clock Events Menus (Empty and Loaded)

p NOTE When clock events fall during a run or an active sequence, the TRACE GC Ultra ignores
them. For instance, if you have scheduled a bakeout at 9:00 Am., it will not occur if the
TRACE GC Ultra is running a sequence of samples. To program an event to occur during a
run, refer to The Run Table on page 467 for more information on run time events. You can
include run table events in an analytical method, but not clock table events.

OPERATING SEQUENCE

Creating a Clock Time Event

Use the following sequence to enter new clock time events.

1. Pressthe CLOCK TABLE key.
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2. Scroll toadd clock event.

The Clock Table

3. PressENTER or MODE/TYPE to display the SELECT EVENT TO ADD
submenu, shown in the first column of Table 24-1.

4. Scroll to the type of event you want to add. Press ENTER or MODE/TYPE to
display the submenu for that item.

Table 24-1. Select Event to Add Menu and Submenus

Menu
SELECT EVENT TO ADD
Load Method

Start GC

Start seq

External Event

<

Submenu Comments
Thislineisthe menu title bar.
LOAD METHOD With the numeric keypad,

Method no.
Clock time

enter amethod number (1-10)
and atimein hours and

minutes (00:00-23:59).
CLOCK TIME EVENT With the numeric keypad,
Start GC at enter atimein hours and
Clock time minutes (00:00-23:59).
CLOCK TIME EVENT With the numeric keypad,

Start sequence
Sequence no.
Clock time

enter a sequence number (1-5)
and atimein hours and
minutes (00:00-23:59).

SELECT EXTERNAL EVENT to add
External Event #1

External event #8

Press ENTER to enter submenu
With the numeric keypad,
enter an event number and a
time in hours and minutes

Clock time (00:00-23:59).
Setpoint.
Baseline comp CLOCK TIME EVENT With the numeric keypad,

Start baseline compensation
at Clock time

enter atimein hours and
minutes (00:00-23:59)

5. If you are setting up amethod or a sequence, enter amethod number (1-10) or

a sequence number (1-5) and press ENTER.
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6. Usethe numeric keypad to enter the time you want the event to take place,
based on a 24-hour clock. You must enter four digits. For example, for 3:30
p.m., type 1530. Press ENTER to record the time in memory.

7. 1If you are programming an external event, use the ON/YES or OFF/NO key to
enter the setpoint. If you program External Event #1toturnonata
certain time, you should add another event to turn it off at alater time.

p NOTE Because the TRACE GC Ultra ignores any clock table event that falls during a run, you
should program any event you want to occur during a run in the run table. Refer to The Run
Table on page 467 for more information about run time events. You can include run table
events in an analytical method, but not clock table events.

8. PressCLEAR twiceto return to the main CLOCK EVENTS menu.

OPERATING SEQUENCE

Programming Occasionally Occurring Events

TheMode function lets you set the clock time eventsto occur at different times of
the week. Use the following sequence to program the days the events will happen.

1. Scroll through the main cLock TABLE menu to Mode. Press ENTER or
MODE/TYPE to display the cLock EVENT MODE submenu, shownin

Table 24-2.
Table 24-2. Mode Submenus
CLOCK EVENT MODE Thislineisthe menu title bar.

Not active Choose this option to suspend the clock
events indefinitely.

Single cycle Choose this option to make the clock events
occur only once.

Continuous cycle Choose this option to make the clock events
happen every day.
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The Clock Table

Table 24-2. Mode Submenus (Continued)

Specific cycle

CLOCK EVENT MODE

Use ENTER to selct/
deselct active days
CLEAR to exit

Sunday
Monday
Tuesday
Wednesday
Thursday
Friday
Saturday

Select Specific cycle and pressENTER
or MODE/TYPE to display the submenu.
Select the days you want the clock eventsto
occur and press ENTER after each selection.
The asterisk will appear on chosen days.

4.

Select one of the choicesin the cLock EVENT MODE submenu, depending on
how often you want the event to occur. Press ENTER. If you want the event to
occur on specific days, select specific cycle and pressENTER or

MODE/TYPE.

Inthe Specific cycle submenu, select the day you want the eventsto
occur and press ENTER. Repeat this step to schedule additional days.

Press CLEAR twice to return to the cLOCK EVENTS main menu.

OPERATING SEQUENCE

Editing a Clock Time Event

You can change the time of day that a clock time event occurs. However, if you
want to change the type of event that occurs, you must delete the current event and
add anew one. For example, if you want External Event #2 to turn on at 5:00 A.M.
instead of External Event #1, deletetheevent 05:00 External Event#l On
using the Deleting a Clock Time Event operating sequence. Use the Creating a
Clock Time Event operating sequence to add a new event for Valve 2 to load at
5:00 AM.

Use the following sequence to edit the time a clock event occurs.
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1. Press CLOCK TABLE and scroll to the item you want to edit.
2. PressENTER or MODE/TYPE to display the submenu for that item.

3. Using the numeric keypad, enter a new time for the event. Press ENTER. The
CLOCK EVENT menu now showstheitem at its new time.

4. PressCLEAR twiceto return to the cLock EVENTS main menu.

OPERATING SEQUENCE

Deleting a Clock Time Event

Use the following sequence to delete an event from the cCLOCK EVENT menu.
1. Press CLOCK TABLE and scroll to the item you want to delete.
2. PressCLEAR once.
3. Thefollowing message appears on the display:
You are about to delete the above entry. Delete it? Y/N

Press YES to delete or NO to keep the event.

The Run Table

You can program events to happen during arun. For instance, a valve could open
two minutesinto arun. You can include arun table for each analytical method you
create. You can program:

e anoutput signa adjustment, such as auto zero see Controlling Output Signals
in Chapter 25 for adiscussion of signal compensation)

» avaveto open or close (see Controlling Output Signals in Chapter 25 for a
discussion of valve types and options)
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p NOTE

468

The Run Table

* an external event from another device

Eight external events are available, but each extra valve (those other than inlet valves)
takes up two external events: one to open the valve, the other to close it. If you have one
valve configured, only six external events will appear on your menus.

Whereas the clock table events occur on a 24-hour rea-time clock, the Run Table
events occur on a decimal-minute clock that begins counting when the run starts.

Figure 24-2 showstwo RUN TIME EVENTS menus, one without entries and one
with several entries.

RUN TIME EVENTS ~L

00.00 RFID Off <

RUN TIME EVENTS 1.00 RFID On

<none> 1.00 RFID range 0

Add run time eventc 17.00 RFID range 1

Ext. event defaults 35.00 RFID range 0
Add run time event

Figure 24-2. Two Run Time Events Menus (Empty and Loaded)

Thefirst three events shown in the loaded menu in Figure 24-2 concern the right
detector, aflame ionization type (RFID). It startsthe run in the off position. At
three minutes it turns on and adjustsits signal to the highest sensitivity.

At 17 minutes the RFID again adjusts the range, thistimeto the lowest sensitivity.
At 35 minutesit returns the rangeto O.

You can program events like those shown in Figure 24-2 with the Run Time
menu and submenus.
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OPERATING SEQUENCE

Creating a Run Time Event

Use the following sequence to enter new run time events.

1. PressRUN TABLE and scroll through the menu until the selection arrow points
t0Add run time event.

2. PressENTER or MODE/TYPE to display the first RUN TABLE submenu.

SELECT EVENT to add

Signal <
External Event

3. Scroll to the type of event you want to add: signal or external. Press
ENTER or MODE/TYPE to display the submenu for that item, shown in the first
column of Table 24-3.

Table 24-3. Select Event to Add Options and Submenus (1)

Signal Select Parameters to add | Thislineisthe submenu title bar.

RFID Autozero Choose this option to perform autozeroing

RFID Range (0..3) Choose this option to adjust detector Range
External Select Event to add Choose this option to program up to eight
Event External event #1 external events

External event #8

4. Select the appropriate kind of signal or external event and press ENTER
or MODE/TYPE to open another submenu, shown in the first column of
Table 24-4.

Operating Manual 469



Chapter 24
Automated Functions

The Run Table

Table 24-4. Select Event to Add Options and Submenus (2)

Option

RFID Autozero

Submenu 1
RUN TIME EVENT

RFID auto zero
Run time

Comments

With the numeric keypad, enter a
time (0.00-999:99).

RFID Range (0..3)

RUN TIME EVENT

RFID Range
Run time
Range 10”

With the numeric keypad, enter
Range number [(0 - 3), (0 - 2 for
FPD)] and time (0.00-999.99).

External event #1 <

External event #8

RUN TIME EVENT

External event #1
Run time
Setpoint

With the numeric keypad, enter an a
time (0.00-999.99) and the On/Off
setpoint

For example, if you previously selected avalve event, at this stage you
designate which valve will be affected. If you choose Switching Valve #1,
pressing ENTER will bring upthe RUN TIME EVENT VALVE #1 SWITCHING

menu.

p NOTE

If you wish to set a programmed external event to be the default condition for an external
device, refer to the Programming External Event Default Conditions operating sequence on
page 471.

5. Fill the parameter fields by using the numeric keypad or the ON/YES and
OFF/NO keys. Parameters will differ among submenus, but each will require a
run time in addition to its other settings.

6. Usethe numeric keypad to enter an amount of time after the run starts for the
event to take place. Therun start time is 00.00. For example, for three minutes
into the run, type 3 or 3. 00. PressENTER to record the time in memory.
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p NOTE Time units for run time events are displayed in hundredths of a minute, not minutes and
seconds. For example, to program an event to occur 3 minutes and 30 seconds into a run,
you would enter 3.5 rather than 3.30.

7. Press CLEAR threetimesto return to the RUN TIME EVENTS main menu.

OPERATING SEQUENCE

Programming External Event Default Conditions

Before you can perform this sequence, you must have programmed the external
device event as described in the Creating a Run Time Event operating sequence on
page 469.

1. PressRUN TABLE, scroll to Ext. event defaults and press ENTER.
2. Scroll to the external event you to set as the default condition:

* PressON to set the external event device default condition to on.

* Press OFF to set the external event device default condition to of£.

The external devicewill return to the condition specified by the external event you
have programmed to be the default whenever the GC isin Sandby mode.

OPERATING SEQUENCE

Editing a Run Time Event

You can change the time a run time event occurs. However, if you want to change
the type of event that occurs, you must del ete the current event and add anew one.

For example, if you want the right FID detector to turn on at 1:00 A.M. instead of
the left NPD, deletetheevent 1.00 LNPD oOn using the Deleting a Run Time
Event operating sequence on page 472. Using the Creating a Run Time Event
operating sequence on page 469, add a new event that reads1.00 RFID On.
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To edit the time of arun event, use the following sequence:
1. PressRUN TABLE and scroll to the item you want to edit.

2. PressENTER or MODE/TYPE to display a submenu. Repeat Steps 1 and 2 until
you reach the final submenu for the specific event, such asthe RUN TIME
EVENT EXTERNAL EVENT #2 submenu.

3. Using the numeric keypad, enter a new time for the event. Press ENTER. The
RUN TIME EVENT menu now displaystheitem at its new time.

OPERATING SEQUENCE

Deleting a Run Time Event

Use the following sequence to delete arun time event from the RUN TIME EVENT
menul.

1. PressRUN TABLE and scroll through the menu to the item you want to delete.
2. Press CLEAR.

3. A message appears on the display:

4. You are about to delete the above entry. Delete it? Y/N

Press YES to delete or NO to keep the event.

Run Log

The run log keeps track of any errors or deviations during the run. This
information can be used to meet good laboratory practice (GLP) standards.

For example, if you interrupt the run for any reason, the run log will record the
time the run stopped and an interpretation of the event.

When the run log contains entries, the Run L og Status LED islit. To seethe
journal of events, press RUN LOG. The Run Log is cleared and reset at the
beginning of the next run.
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This chapter describes how to control signal and valve events manually.

Chapter at a Glance...

Controlling OULPUL SIgN@IS.......cceriririiiererese e 473
CoNtrolliNg VAIVES.......cceccieceee ettt st s s s s re s 475

Operating Sequence
Setting the Valve POSITION........cco e a77

Controlling Output Signals

Operating Manual

The TRACE GC Ultra provides output signals in two ways:
» digital datafor a computerized data system
e 0-1 Vand 0-10 V outputs for analog systems such as integrators

Each installed detector has a corresponding output signal; the left detector
transmits the left signal.

To see asignal’s current output, press either RIGHT SIGNAL or LEFT SIGNAL. The
SIGNAL menu appears. Use the editable items to make the output more
meaningful or measurable by:

shifting (offset)

« amplifying to focus on certain peaks (range or gain)

filtering electronic noise or drift (analog filter)

« forcing output values to start at zero (autozero)

473



Chapter 25
Manual Functions

Menu
RIGHT SIGNAL
Output
Offset
Auto zero?
Range=10" (0. ..

Analog filter?!

Baseline
compensation

Controlling Output Signals

Using these features can increase the accuracy of your analyses. Most can be set

from the sIGNAL menu.

You may set these options at any time during arun. The changes you makein this
menu during arun will override the run table’s programmed instructions that have
aready occurred. However, subsequent run table instructions will override the

earlier manual adjustments.

Table 25-1 describes each item of the sTteNaL menu. The menu will vary,

depending on the detectors installed.

Table 25-1. Signal Menu

Range/Options Comments
(PID) Thisline isthe menu title bar.

Not editable This parameter displays a 20-bit digital

0-1,100,000 unitless output signal corrected by any items chosen
from this menu.

On/Off, 0-65535 This parameter shiftsthe output signa to
bring baseline within range.

Yes/No This parameter automatically adjusts the

offset to zero (adigita signal of 1000).

3)*t 0-2 FPD, 0-3for al
other detectors

This parameter attenuates the signal by
powers of 10. Lower numbers are more
sensitive.

On/Off

This parameter reduces fast, spurious noise.

On/Off

This parameter allows baseline
compensation function

1. Notdisplayed for TCD, PDD or ECD.
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When To Use Signal Correction

If the chromatogram’s baseline istoo high...
If you want to automatically adjust the offset...
If the peaks are saturating the detector...

If thesignal istoo low to give ameaningful reading

with an ionization detector...

Chapter 25
Manual Functions

Adjust the of fset.
Usethe autozero feature.

Set the Range higher.

Set the Range lower.

If you're seeing significant high frequency noise... Turnonthe analog filter.

Controlling Valves

You can manually open or close valves before or during arun, overriding
instructions from the run table. You can affect the inlet valves and up to eight
external valves.

p NOTE Each external valve uses one external event. You can have up to eight external events.

Types of Valves
Possible valve types for the TRACE GC Ultraand external devices are:

Operating Manual

septum purge

split

secondary cooling

solvent vapor exit

gas sampling

switching

stream select (multiposition)
solvent

Backflush
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Controlling Valves

Most of these can be opened or closed using the ON/YES and OFF/NO keys from
the VALVES menu. The exceptions are:

e gassampling, which reads Load (press OFF/NO) or Inject

(press ON/YES).

e Stream select (Multiposition), which requiresthe port position of the

valve.

Table 25-2 shows a sample vaLVES menu and submenus.

Table 25-2. Valves Menu and Submenu

Menu
VALVES

Inlet valves

#1 Switching
Switch valve
default

#2 Gas sample

#3 Stream select

Submenu

Comments for Menu
Thislineisthe menu title bar.

INLET VALVES
R septum purge
R split valve
L SVE valve

L sec cool valve

SWITCHING VALVE

SAMPLING VALVE

This parameter controlsthe
valvesfor S/SL and PTV
inlets only.

Thisvalve switching
parameter may be set to on
or Off.

For the gas sampling valve
parameter, the rangeis
Inj=0n, Load=0ff

This parameter controls a
multiposition valve
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Controlling Valves Manual Functions

OPERATING SEQUENCE

Setting the Valve Position

Use the following sequence to manually set valve positions.
1. PressVALVE to open the vALVES menu.
2. Select either theinlet valves or one of the auxiliary valves.

e Forinlet valves, press ENTER or MODE/TYPE to move to the submenu.
Select the appropriate position for the valve and press ENTER.

p NOTE Inlet valves appear on the menu only if an S/SL or PTV inlet has been installed.

« |f theexterna valveisamultiposition valve, press ENTER or MODE/TYPE
to move to the submenu. Enter the proper position number and press
ENTER.

» For al other kinds of external valves, select the appropriate position (on
or off) for the valve and press ENTER.

The appropriate action takes place immediately, overriding any programming.
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SECTION

Methods and
Sequences

This section contains information on programming analytical methods
and using them in autosampl er injection sequences.

Chapter 26, Using Analytical Methods, describes how to set up
analytical methods that run automatically when specified.

Chapter 27, Al 3000/ AS 3000 Autosampler Sequences, contains the
instructions to programming a sample sequence with the TRACE GC
Ultra keypad when an Al 3000/ AS 3000 autosampler is used and how
to set up ranges of samplesto run automatically.
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Using Analytical
Methods

This chapter describes how to set up analytical methods that run automatically
when specified.

Chapter at a Glance...
INEFOTUCTION ..ttt ettt e e e e e et e e e e e e aeeeeeeeeeeeaannnneeeeeeeaaareeeeeeeeanns 481
M EENO ParamMELETS. ......eeeeeeee ettt e e e ettt e e e e e ae et eeeeeeaanneeeeeesaaannneees 482

Operating Sequence

Creating or Editing aMethod.........cccooooievi e 484
S (0 g 110 J= N\, =1 oo 487
Introduction

Operating Manual

A method controls the function of the gas chromatograph during analytical runs.
You may specify parameters for any zone and device (including temperature
ramps in the oven menu), as well as run table timed events and autosampler
parameters.

Up to ten methods may be programmed and stored in the TRACE GC Ultrain
addition to the default method.

When an autosampler is used, you may associate different methods to run the

analyses of group of samples connected to each other programming a sample
sequence.
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Using Analytical Methods

p NOTE

Method Parameters

A sample sequenceis basically atable where different batches of sample vias,
accommodated in the autosampler sample tray, are linked together with different
methods. Each step of the sequence requires the identification of each batch
setting and the method to be used to analyzeit.

See also Chapter 27, Al 3000 / AS 3000 Autosampler Sequences.

Method Parameters

482

You may specify many parameters in a method, such as:
e initial oven temperature

e Up to seven temperature ramps

*  post run oven temperature

* length of timeto hold post run temperature

e initial and final carrier gas pressure

e detector types and parameters

e inlet types

e timed eventsin the run table

e autosampler parameters
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When you press the METHOD key, thelist of stored methods appears.

STORED METHODS

Default
1: 09:30
2: 13:13
3: 15:43
4: 00:00
5: 00:00
6: 00:00
7: 00:00
8: 00:00
9: 00:00
10:

00/00/00
03/05/9800<
03/08/9800
04/10/9800
00/00/0000
00/00/0000
00/00/0000
00/00/0000
00/00/0000

00/00/0000

00:00 00/00/0000

Figure 26-1. Stored Methods Menu

The methods are identified by a numeral. The menu shows the time and date they
were created or modified. A row of zeros indicates that no method has been stored

for that number.

You can store ten methods in the TRACE GC Ultra. A default method is
programmed at the factory. If you are using a data system, you may store as many
methods as your hard drive permits.

Operating Manual
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Method Parameters

OPERATING SEQUENCE

Creating or Editing a Method

p NOTE

484

You can create a new method or edit a stored method during a run.
Press EDIT/ACTIVE to put the TRACE GC Ultrainto the editing mode. Your edits
do not affect the current run.

To create a method, press the METHOD key. Select a method number that shows
zeros. Press ENTER, then select STORE from the menu shown in Figure 26-2.

METHOD 1

Load <

Store

Figure 26-2. Method Menu

To edit amethod, select a method number that shows atime and date and press
ENTER. When editing is done, press STORE on the TRACE GC Ultrakeypad.

You can create or edit a method during a run by pressing EDIT/ACTIVE. The Non-Active
LED will light. The parameters that appear are those last edited, not necessarily those
currently running. (You may select a method from the stored list at this time.) When you
have finished resetting the parameters and have stored them, press EDIT/ACTIVE again
to return to the active mode. Your editing does not affect the current run.

The oVEN menu appears after you choose a method to edit or create. For more
information on the oveN menu, refer to Chapter 13, The Column Oven.

Initial Conditions
You need to set theinitial oven temperature and the length of time the oven will
remain at that temperature after the run begins.

1. Inthe oveEN menu, select Temp. Use the numeric keypad to type the
temperature for the beginning of the run and press ENTER. The number on the
right (the setpoint) will change to reflect your edit; the number on the left
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shows the actual temperature of the oven. It will begin to change to meet your

specifications.

2. ScrolltoInitial time. Typethelength of timein minutes that the oven
should remain at the initial temperature after the run starts.

During a run, the Initial Temp LED will light when the TRACE GC Ultra receives the start
signal and will remain it during the initial time. In the example in Figure 26-3, the Initial

Temp LED will stay on for two minutes.

OVEN
Temp
Initial time
Ramp 1
Final temp 1
Final time 1
Ramp 2
Post run temp
Post run time
L Post pres

R Post pres

40 40

250

10.0

Off

300

9.50

70

70

<

Figure 26-3. Sample Oven Menu

Ramps

You can specify up to seven temperature rampsin a method. After you have
specified one ramp, the display presents options for the next ramp. Use the

following sequence to specify ramp settings.

1. Selectramp 1 and pressON or enter the rate at which the temperature should
rise. In the example in Figure 26-3, the temperature starts to rise two minutes
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p NOTE

/() NOTE

486

Method Parameters

after the run begins. When you turn on Ramp 1, two more menu items appear:
Final temp 1 andFinal time 1.

2. SdectFinal temp 1. Withthe numeric keypad, type the temperature that
the ramp should reach and press ENTER.

3. SelectFinal time 1 and typethetime the oven will hold the final
temperature. Press ENTER.

Assoon astheramp 1 parameters have been filled, amenu item for Ramp 2
appears. If you want to program more temperature ramps, repeat Steps 1— 3 for
each ramp.

During a run, the Ramp LED will light during the first temperature rise and remain lit until
the TRACE GC Ultra reaches the last ramp’s final time. The Final Temp/Post Run LED
will light when the last final time starts. For the example in Figure 26-3, the

Final Temp/Post Run LED will light when the GC begins the 10-minute hold time for the
final temperature of 250°.

Postrun Conditions
You can specify conditions for after the run. You can specify:

e anoven temperature

* how long to maintain postrun conditions

» thepressureto hold for the carrier gas

The ovEN menu settings in Figure 26-4 would be appropriate to bake out the

column after arun. In the example, the GC will hold the post run temperature for
9.5 minutes, the Post run time, after therunisover.

During a run, the Final Temp/Post Run LED will blink during post run conditions.
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OVEN
Post run temp 300
Post run time 9.5

L post pres 70

Figure 26-4. The Post Run Conditions

Other Conditions

If you want to specify other parameters, such as detector or inlet types, carrier gas
pressures, autosampler parameters, or run table timed events, press the
appropriate key and make changes to the menus.

For more information about detector settings, refer to Section V, Detectors.
For more information about injectors, refer to Section 111, Injectors.
For more information about carrier gas, refer to Chapter 4, Digital Gas Control.

For more information about autosamplers, refer to Chapter 23, Al 3000/ AS3000
Autosampler or Chapter 25, Manual Functions.

For more information about the run table, refer to Chapter 24, Automated
Functions.

OPERATING SEQUENCE

Storing a Method

p NOTE

Operating Manual

When you have specified al the conditions necessary for your analysis, press
STORE, Method, and a number from 1 through 10. After you have completed this
step, the METHOD menu will display the time and date you created the method and
the number you assigned it.

If you are using a data system, you are not limited to 10 methods.
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Another way to store the method is to scroll to anumber in the METHOD menu and
press ENTER.

If you were editing during a run, press EDIT/ACTIVE to return to the active mode.
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Al 3000/ AS 3000
Autosampler Sequences

This chapter contains the instructions to programming a sample sequence with the
TRACE GC Ultrakeypad when an Al 3000/ AS 3000 autosampler is used and
how to set up ranges of samplesto run automatically.

Chapter at a Glance...

SequeNnCe Programming.......cceceeeeceeseereeereeerieseeeseessessneesresssesseessessnsessesssesnes 489
SEQUENCE CONEIOL......cueeieeereisiee ettt sn e 495

Operating Sequence
Running a Sequence with the Al 3000/AS 3000.........ccooeerriereeneeneeneseseeeeees 496

Sequence Programming

This paragraph contains the instructions to programming a sample sequence with
the TRACE GC Ultra keypad.

A sequenceisaset of instructions for arange of samples. You can save up to five
sequences in the TRACE GC Ultra. You may specify the following parametersin
a seguence:

e range of samples

e analytical method to be used
e sequence repetition

e post sequence method |oads
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Sequence Menu Overview

To open sequence menu press SEQ. Figure 27-1 shows an exampl e of acompleted
sequence menu.

Note that each sequence has two areas of dialog:

»  Subsequence, for the routine analysis of groups of samplesin thetray using
different methods

»  Post sequence, for repeating al or part of the sequence and loading a new
method

The sequence menu changes depending on your selections. After each
subsequence you enter, the option for a new subsequence appears.

In the example of Figure 27-1the first subsequence directs that the first 16
samples will be analyzed by method #2 and that each sample isinjected twice.
The second subsequence directs that the second half of the samplesisinjected
only once and analyzed by method #6.

After all samples have been analyzed, the post sequencing instructions call for the
samples to be rerun once. When the sequence is complete, the TRACE GC Ultra
will load method #5.
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SEQUENCE (Subseq 1) N
———————— Priority--------
———————— Subseq 1--------
Method # 2
Injections/vial 2
Samples 1-X
———————— Subseq 2--------
Method # 6
Injections/vial 2
Samples Y-Z
———————— Post Sequence--------
Repeat sequence 1
Method # 5

X,Y, Z Number of vias according to Al 3000/ AS 3000 sample tray

Stored Sequence Menu

Figure 27-1.

Sequence Menu

To access this menu you press STORE then SEQ or STORE, then select Ssequence

and press ENTER.

Method

Sequence

STORE

Thelist of stored sequences, like the one in Figure 27-2, appears.

Operating Manual
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STORED SEQUENCES
1: 09:30 03/05/9800<
2: 13:13 03/08/9800
3: 15:43 04/10/9800
4: 00:00 00/00/0000

5: 00:00 00/00/0000

Figure 27-2. Stored Sequences Menu

This menu contains up to five rows, numbered from 1 to 5, corresponding each to
a seguence.

The aready stored sequences are identified by a series of numbersindicating the
time and date they were created or modified. A row of zeros indicates that no
seguence has been stored for that number.

ACAUTION To exit STORED SEQUENCE menu press any key with the exclusion of CLEAR,
ENTER and numerical keys.

How to Modify a Stored Sequence

p NOTE You can also modify a not active sequence during a run.
Before starting, press EDIT/ACTIVE to put the TRACE GC Ultra into the editing mode.
Your edits do not affect the current run.

Sl ect the sequence number of the stored sequence you want to modify then press
any key (with the exclusion of CLEAR, ENTER and numerical keys) to exit
STORED SEQUENCE Menu.

Press SEQ, the sequence menu like the one in Figure 27-1 appears.
Modify the sequence following the instructions reported in paragraph Sequence
Set-up then store as described in paragraph Soring a Sequence.
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How to Create or Edit a Sequence

p NOTE You can also create or edit a sequence during a run.

Chapter 27

Al 3000/ AS 3000 Autosampler Sequences

Before starting, press EDIT/ACTIVE to put the TRACE GC Ultra into the editing mode.

Your edits do not affect the current run.

Select a sequence number with no data then press any key (with the exclusion of
CLEAR, ENTER and numerical keys) to exit STORED SEQUENCE menul.
Press SEQ, the sequence menu like the one in Figure 27-3 appears.

Subseq #1
Method #
Injections/vial
Samples

Subseq #2
Method #
Postsequence
Repeat seq

Method #

SEQUENCE #1 (PRIORITY)

Off

1

1

1-1

Off

Off

Off

Off

[4]

Figure 27-3. Empty Sequence Menu

Create the sequence following the instructions reported in paragraph Sequence
Set-up then store as described in paragraph Soring a Sequence.

Sequence Set-up

The following sections describe how to set up each part of the sequence.

How to Set Subsequences

You can break a sequence into subsequences to specify different analytical
methods and handling for various ranges of samplesin the tray.

Operating Manual
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You can specify up to five subsequencesin the TRACE GC Ultra.

Table 27-1. Subsequence Options in the Sequence Menu

Menu Range Comments
----- Subseq 1---- Thisisthetitle of the SEQUENCE menu.
Method # 1-9 Enter the analytical method you want to use.

Refer to Refer to Chapter 26, Using
Analytical Methods, for information about
programming methods.

Injections/vial 1-99 | Enter the number of times each sample
should be run consecutively.
Samples 1-8or | Enter arange of sample numbers according
1-105 | to Al 3000 or AS 3000 sample tray.
Subseqg 2 Press ON to set up another subseguence.

When you have entered the required data for a subsequence, a menu for a new
subsequence appears. If you do not want to add more subsequences, |eave the next
subsequence set to Of £.

How to Set Post Sequence Events
When you reach the post sequence part of the menu, you have the option of

repeating the sequence either a specified number of times or in an infinite loop.
You can also specify that a new method be loaded.

Table 27-2. Post Sequence Section of Sequence Menu
Menu Range Comments

Repeat seq Off <| On/Off, Enter ON or arange of samplesto
0-999, repeat the previous sequence.
Choosing ON reruns the same range
as specified in the sequence.
Method # 3 1-10 Choose a method number to load
after the samples have finished all
specified repetitions.
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Storing a Sequence

To store a sequence after you have specified its parameters, press STORE, select
Sequence, and enter the number you’ ve assigned to the sequence (an integer
from 1 to 5) then press ENTER.

If you were editing during arun, press EDIT/ACTIVE to return to the active mode.

Sequence Control

Use the SEQ CONTROL key for the following functions:

+ tostart a sequence

+ to stop asequence

+ to pause a sequence

+ toresume a sequence

» to check the status of a sequence

The SEQUENCE CONTROL menu change, depending on the current status of a
sequence. Figure 27-4 illustrates several forms of the SEQUENCE CONTROL menul.

SEQUENCE CONTROL
Status: Stopped

Start Sequence

Operating Manual

SEQUENCE CONTROL
Status: Running
Pause sequence
Stop sequence

Subseq 1 Vial# 7

Injection 1 of 3

SEQUENCE CONTROL
Status: Aborted
Resume sequence

Stop sequence

SEQUENCE CONTROL
Status: Paused
Resume sequence

Stop sequence

Figure 27-4. Sequence Control Menus
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OPERATING SEQUENCE

Running a Sequence with the Al 3000/AS 3000

To start a sequence proceed as follows.

p NOTE

496

Loading a Stored Sequence

1

2.

3.

When the Standby/Prep Run LED islit, press LOAD.
Select sequence and press ENTER. The SEQUENCE menu appears.

Select the sequence you want to run. Press ENTER. The sequence is now
loaded.

If you have not stored a sequence, refer to Sequence Programming on page 489. If you
press SEQ CONTROL and select start sequence without having created or loaded a
sequence, the TRACE GC Ultra will use the default specifications in Figure 27-3 on

page 493.

Starting a Sequence

1.

Press SEQ CONTROL. The sEQUENCE CONTROL menu should appear like the
first examplein Figure 27-4. If another sequence is running, aborted, or
paused, you have the option of stopping it.

Sdlect start Sequence and press ENTER.

Depending on the settings in the method you chose, the TRACE GC Ultra
may return to a Not Ready state. The Not Ready LED will light to indicate
this condition.

If you turned onthe Auto Prep Run featureinthe CONFIGURE OVEN menu,
skip to the next step.

If the TRACE GC Ultrais not configured to automatically do the prep run,
press the PREP RUN key.
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4. If you configured the TRACE GC Ultrato start when it receivesasignal from
an external device or programmed an automatic start in the method’s run
table, you need do nothing further.

If you have not programmed the TRACE GC Ultrato start automatically,
press the START key after the Ready to Inject LED lights.
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lonization Potential of
Selected Molecules
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Use the information in this appendix to determine the PID lamp intensity
necessary to ionize certain molecules from the following groups.

e Simple Molecules

« Paraffins and Cycloparaffins

e Alkyl Halides

* Aliphatic Alcohol, Ether, Thiol, and Sulfides
* Aliphatic Aldehydes and Ketones

e Aliphatic Acids and Esters

e Aliphatic Amines and Amides

e Other Nitrogen Containing Molecules
» Heterocyclic Molecules

» Olefins, Cyclo-olefins, and Acetylenes
e Olefin Derivatives
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Appendix A
lonization Potential of Selected Molecules

Simple Molecules

Molecule IP (eV) Molecule IP (eV) Molecule IP (eV) Molecule IP (V)

15.46 11.62 925 || HF 15.77
N2 1558 || HI 10.38 H20 1259 || H,S 10.46
0, 1207 || so, 1234 || HCN 1391 || HCI 12.74
= 15.7 co 1401 || NHg 1015 || N,O 12.90
cl, 1148 || co, 1379 || PHg 9.98
Br, 1055 || cos 1118 || PCl5 9.91
I, 928 || CS, 10.08 || AsHg 10.03

Paraffins and Cycloparaffins

Molecule IP (eV) Molecule IP (eV) Molecule [P (eV) | Molecule @ IP (eV)
methane 12.98 ||n-heptane 10.08 ||propane 11.07 ||n-hexane | 10.18
ethane 11.65 ||2,2,4 9.86 ||n-butane 10.63 ||n-pentane | 10.35

trimethylpentane
cyclopropane| 10.06 ||cyclopentane 10.53 ||cyclohexane 9.88
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Alkyl Halides

Molecule IP (eV) Molecule IP (eV)
methy! chloride 11.28 dichloromethane 11.35
trichloromethane 11.42 tetrachloromethane 11.47
ethyl chloride 10.98 1,2-dichloroethane 11.12
1-chloropropane 10.82 1-chlorobutane 10.67
methyl bromide 10.53 dibromomethane 10.49
tribromomethane 10.51 CH,BrCl 10.77
CHBrCl 10.59 ethyl bromide 10.29
1,1-dibromoethane 10.19 1-bromopropane 10.18
1-bromobutane 10.13 2-bromobutane 9.98
methyl iodide 9.54 ethyl iodide 9.33
1-iodopropane 9.26 1-iodobutane 9.21
1-iodopentane 9.19 CFCl 3 (Freon 11) 11.77
CF,Cl, (Freon 12) 12.31 CF5 Cl (Freon 13) 1291
CHCIF, (Freon 22) 12.45 CF3CCl3 (Freon 113) 11.78

Aliphatic Alcohol, Ether, Thiol, and Sulfides

Molecule IP (eV) Molecule IP (eV)
methyl alcohol 10.85 ethyl acohol 10.48
n-propy! alcohol 10.20 i-propyl acohol 10.16
n-buty! alcohol 10.04 dimethyl ether 10.00
diethyl ether 9.53 methanethiol 9.44
ethanethiol 9.28 1-propanethiol 9.19
1-butanethiol 9.14 dimethyl sulfide 8.68
ethyl methyl sulfide 8.55 diethyl sulfide 8.43
di-n-propy! sulphide 8.30 methy!| disulphide 8.46
ethyl disulphide 8.27
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Aliphatic Aldehydes and Ketones

Molecule IP (eV) Molecule IP (eV)
formaldehyde 10.87 acetaldehyde 10.21
propionaldehyde 9.98 n-butyraldehyde 9.86
acrolein 10.10 crotonaldehyde 9.73
acetone 9.69 methyl ethyl ketone 9.53
methyl n-propyl 9.39 diethyl ketone 9.32
ketone
methy| n-butyl ketone 9.34 2-heptanone 9.33
cyclopentanone 9.26 cyclohexanone 9.14
2,3-butanedione 9.23 2,4-pentanedione 8.87
benzaldehyde 9.53

Aliphatic Acids and Esters

Molecule IP (eV) Molecule IP (eV)
formic acid 11.05 acetic acid 10.37
propionic acid 10.24 n-butyric acid 10.16
ethyl acetate 10.11 n-butyl acetate 10.01
methy| propionate 10.15 ethyl propionate 10.00
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Aliphatic Amines and Amides

Molecule IP (eV) Molecule IP (eV)
methyl amine 8.97 ethyl amine 8.86
n-propyl amine 8.78 n-butyl amine 8.71
dimethyl amine 8.24 diethyl amine 8.01
di-n-propyl amine 7.84 di-n butyl amine 7.69
trimethyl amine 7.82 triethyl amine 7.50
formamide 10.25 acetamide 9.77
N,N-dimethyl 9.12 N,N-diethyl 8.89
formamide formamide
tri-n-propyl amine 7.23

Other Nitrogen Containing Molecules

Molecule IP (eV) Molecule IP (eV)
nitromethane 11.08 nitroethane 10.88
1-nitropropane 10.81 acetonitrile 12.22
propionitrile 11.84 acrylonitrile 10.91
ethyl nitrate 11.22 ethyl thiocyanate 9.89
methy! isothiocyanate 9.25

Heterocyclic Molecules

Molecule IP (eV) Molecule P (eV)

furan 8.89 tetrahydrofuran

thiophene 8.86 pyrrole 8.20
pyridine 9.32 2-picoline 9.02
2,3-lutidine 8.85
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lonization Potential of Selected Molecules

Olefins, Cyclo-olefins, and Acetylenes

P o)
ethylene 10.51 propylene 9.73
1-butene 9.58 trans-2-butene 9.13
1-pentene 9.50 1-hexene 9.46
1,3-butadiene 9.07 1-butyne 10.18
cyclopentene 9.01 cyclohexene 8.94
acetylene 11.41 propyne 10.36

Olefin Derivatives

P o)
vinyl chloride 9.99 trichloroethylene 9.45
tetrachloroethylene 9.32 vinyl bromide 9.80
3-chloropropene 10.04 1-bromopropene 9.30
crotonaldehyde 9.73 alyl acohol 9.67
vinyl acetate 9.19
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Aromatic Compounds

Appendix A

lonization Potential of Selected Molecules

Molecule IP (eV) Molecule IP (eV)
benzene 9.245 toluene 8.82
ethyl benzene 8.76 n-propyl benzene 8.72
n- butyl benzene 8.69 o-xylene 8.56
m-xylene 8.56 p-xylene 8.44
styrene 8.47 naphthal ene 8.12
1-methylnapthalene 7.69 anthracene 7.55
phenanthrene 8.1 fluorene 8.63
biphenyl 8.27 phenal 8.50
anisole 8.22 phenetole 8.13
benzaldehyde 9.53 acetophenone 9.27
phenyl isocyanate 8.77 benzonitrile 9.70
nitrobenzene 9.92 aniline 7.70
fluoro-benzene 9.195 chloro-benzene 9.07
bromo-benzene 8.98 iodo-benzene 8.73
benzotrifluoride 9.68

Miscellaneous Molecules

Molecule IP (eV) Molecule IP (eV)
ethylene oxide 10.56 propylene oxide 10.22
p-dioxane 9.13 acetyl chloride 11.02
acetyl bromide 10.55 phosgene 177
diethyl sulphite 9.68

Operating Manual
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Customer
Communication

Thermo Fisher Scientific provides comprehensive technical assistance worldwide
and is dedicated to the quality of our customer relationships and services.

This appendix also contains a one-page Reader Survey. Use this survey to give us
feedback on this manual and help usimprove the quality of our documentation

How To Contact Us

Use http://www.thermo.com/com/cda/resources/resource_detail/1,,12512,00.html
address for products information.

Use http://www.gc-gems-customersupport.com/WebPage/ Share/Default.aspx
address to contact your local Thermo Fisher Scientific office or affiliate GC-GC/
MS Customer Support.
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Appendix B

Reader Survey

Product: TRACE GC Ultra
Manual: Operating Manual
Part No.: 31709170

How To Contact Us

Please help us improve the quality of our documentation by completing and returning this survey.

Circle one number for each of the statements below.

The manual is well organized.

The manua is clearly written.

The manual contains al the information | need.
The instructions are easy to follow.
Theinstructions are complete.

The technical information is easy to understand.
Examples of operation are clear and useful.
Thefigures are helpful.

| was able to install the system using this manual .

Strongly
Agree

1

1
1
1
1
1
1
1
1

Agree
2

N N N N N N N DN

Strongly

Neutral Disagree Disagree

w W W W w w w w w

4

B T T S T S T~ N N

5

o oo o0 o1 o1 o1 o1 O

If you would like to make additional comments, please do. (Attach additional sheets if necessary.)

Fax or mail this form to:
Thermo Fisher Scientific S.p.A.
Strada Rivoltana km 4

20090 Rodano (M)

ITALY

Fax: 39 02 95059388
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Glossary

This section contains an alphabetical list and descriptions of terms used in this guide and the help
diskette. It also includes abbreviations, acronyms, metric prefixes, and symbols.

Operating Manual

>

ADC
B

b

B
baud rate
C

oC
CIpP
cm
CPU
CSE

DAC
dc
DGFC
DCC

ampere
alternating current

analog-to-digital converter

bit
byte (8 b)

data transmission speed in events per second

Celsius

Carriage and Insurance Paid To
centimeter

central processing unit (of a computer)

Customer Service Engineer

depth

digital-to-analog converter
direct current

Digital Gas Flow Controller
Digital Carrier Controller

509



Glossary

510

DS

ECD
EMC
ESD

oF
FID
FOB
FPD
ft

gan

GC
GND
H

h

h

harmonic
distortion

HOT OC

datasystem

Electron Capture Detector
€l ectromagnetic compatibility
electrostatic discharge

Fahrenheit

Flame lonization Detector
Free on Board

Flame Photometric Detector

foot

gram

A measure of the ability of an electronic circuit or device to
increase the magnitude of an electronic input parameter.

gas chromatograph - gas chromatography

electrical ground

height
hour

A high-frequency disturbance that appears as distortion of the
fundamental sine wave.

High Oven Temperature Cold On-Column Injector
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HV
Hz

ID
IEC

impulse

I1/0

LAN

LED
LVOCI
LVSL

high voltage

hertz (cycles per second)

inside diameter

International Electrotechnical Commission
See transient

inch

input/output

kilo (10 or 1024)
Kelvin
kilogram

kilopascal

length

liter

Local Area Network

pound

light-emitting diode

Large Volume On-Column Injector

Large Volume Injector

meter (or milli [10°%])

Glossary
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M

s}

MBq
mCi

meni scus
min

mL

mm

MS

m/z
N

n
negative polarity
nm

NPD

OCl
oD

mega (10°)
micro (10°°)
megabecquerel
millicurie

The curved upper surface of a column of liquid.

minute
milliliter
millimeter

Mass Spectrometer/Mass Spectrometry

mass-to-charge ratio

nano (10°°)
Theinverse of adetector signal polarity.
nanometer

Nitrogen Phosphorous Detector

On-Column Injector
outside diameter
ohm
pico (1013
pascal

printed circuit board
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PDD
PID
PKD
PN
PPKD
ps
PTV

RF
ROM
RS-232

S/SL
Sag

dow average

SOP

source current

surge

T

Glossary

Pulsed Discharge Detector
Photoionization Detector
Packed Column Injector

part number

Purged Packed Column Injector
pounds per sguare inch

Programmable Temperature Vaporizing | njector

random access memory
radio frequency
read-only memory

industry standard for serial communications

second
Split/Splitless Injector
See surge

A gradual, long-term change in average RMS voltage level,
with typical durations greater than 2 s.

Standard Operating Procedures

The current needed to ignite a source, such as a detector
lamp.

A sudden change in average RM S voltage level, with typical
duration between 50 psand 2 s.
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TCD Thermal Conductivity Detector
transient A brief voltage surge of up to several thousand volts, with a
duration of lessthan 50 ps.
U
UFM Ultra Fast Module
V
\Y volt
V ac volts, alternating current
V dc volts, direct current
VGA Video Graphics Array
w Width
W Watt
NOTE The symbol for a compound unit that is a quotient (for example, degrees Celsius per
minute or grams per liter) is written with a negative exponent with the denominator.
For example:

°C min"instead of °C/min
g L' instead of g/L
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Index

A
Action Keys 54
Al 3000/ AS 3000
Menu 456
Overview 453
Autosampler Menu 456
Sequences 489
Analytical Methods 481
Analytical unit 35
Arrows key 61
Automated Functions 453, 461
Clock Table 462
Autosampler
Interface 45
Autosampler key 64
Autosamplers 80
Compatible Hardware 454
Menu 456
Sequences 496
Control 495
Post Sequence Events 494
Storing 495
Subsequences 493
Setup 454
Aux key 56
Auxiliary Detectors 347
Configuration 349
Programming 350
Auxiliary Zones 78

B
Baseline Comp LED 50

C
Capillary Columns 278
Carrier Gas
Configure 100
Programming Parameters 101
Carrier Gas Control 36
Cleaning the unit 35
Clear key 61
Clock Table 462
Clock Time Events
Deleting 467
Editing 466

Operating Manual

Programming
Occasionally Occurring Events 465
Programming Events 463
Clock Table key 64
Clock Table LED 51
Column Evaluation key 58, 332
Column oven 35
Columns 41, 277
Conditioning 336
Fittings 279
Butt Connectors 281
Ferrules 279
Press-Fit 281
Retaining Nuts 279
Large Volume Injection 289
Leak Check 305
On-Column Injector 287
Preparing 283
Purged Packed Injector 293
Split/Splitless Injector 285
with Electron Capture Detector 297, 303
with Flame lonization Detector 296
with Nitrogen Phosphorus Detector 296
Compatible Hardware 454
Config key 58
Configuration 71
Configuration Main Menu 72
Configure
Autosamplers 80
Auxiliary Zones 78
Display 83
Handshaking 81
Keyboard 83
Left/Right Carrier 76
Left/Right Detector 76
Left/Right Inlet 75
on-column 75
Oven 72
Time 78
When to Configure 72
Constant Flow Mode 94
Constant Pressure Mode 95
Constant Temperature Split Injections 210
Constant Temperature Splitless Injections 210
Constant Temperature Surge Splitless Injections 211
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Index

Cool LED 52
Coolant
liquid carbon dioxide
hazards 222, 239
Cryogenic cooling
liquid carbon dioxide
hazards 222, 239

D
Data Entry Keys 60
Data System
Interface 45
Date 79
Decontaminating the unit 35
Detector Base Bodies 44
Detector Base Body 359, 380, 381, 413
Detector compartment 35
Detector Gas Control 37
Detector Signal Menu 351
Detectors 41, 339
Auxiliary 347
Base Bodies 341
capillary column 341
packed column 341
Configuration 340
Gases
Configuration 345, 346
Make-up Gas 344
Signal 351
DCC 88
Display 35, 49, 83
Display and Keypad 35
Display LEDs 50
DPFC 88

E
ECD Ingtallation 371
ECD. See Electron Capture Detector
Edit/Activekey 64
Electron Capture Detector 42, 365
Columns 297, 303
Constant Current Mode 370
Gases 367
Operating Principle 368
Packed Columns 312

516

Response 369
Wipe Test 367
Electronic compartment 35
Enter key 61
Error Conditions 68
Events 462
Deleting 467
Editing 466
Occasionally occurring 465
Programming 463
Run Time
Creating 469
Deleting 472
Editing 471
Extended control 456
Extended Control Menu 457
Exterior
cleaning 35
External Devices
Autosamplers 45, 46
Data Systems 45
External Events 471
External Events
Defaults 471

F
FID Installation 359
FID. See Flame lonization Detector
Final Temp/Post Run LED 52
Flame lonization Detector 42, 355
Columns 296
Flame Out Conditions 362
Gases 357
Jet 356
Menu 361
Packed Columns 312
Selectivity 356
Signal Parameters 364
Temperature 356
Flame Photometric Detector 43, 407
Description 409
Gases
Supplies 411
Heating 410
Jet 410
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Menu 415
Overview 407
Signal Parameters 419
Flow key 59
Flow Mode 93
Constant 94
FPD Instalation 413
FPD. See Flame Photometric Detector

G
Gas Control 36, 87
Gas Flow
Measuring 102
Gas Regulation 90, 93
Gas Sampling Valves 40
Gas Saver LED 50
Gas Supplies 88
Gases 87
General Navigation 66
gnition polarization cable 360, 372, 381, 414
GSV Menu
Multi Sampling 255
Single Sampling 254
GSV Programming
Multi Injection with the Automatic Sampling
Valve 259
Multi Sampling 257
Single Injection with the Automatic Sampling
Valve 258
Single Sampling 256

H
Handshaking 81
Hazardous material
decontamination 35
spills 35
High-voltage compartment 35
HOT Cold On-Column Injector 39
Injection 162
Autosampler 163
Manual
with an automatic actuator 162, 163
Technique 159
Menu 160
Overview 158

Operating Manual

Programming 161
with SVE Valve 161
Solvent Vapor Exit Valve 159
Hot Empty Needle Injection 116, 120, 121
HOT OC. See HOT Cold On-Column Injector
HS 2000 Autosampler
Menu 456
Sequence
How to Cresate or Edit 493
How to Modify 492
Menu
Overview 490
Programming 489
Set-up 493
Store Menu 491
HS Autosampler
Sequences 489
Hydrogen Leak 68
Hydrogen Sensor xxix

I

Infinity key 60

Info/Diag key 62
Information Keys 62
Initial Temp LED 51
Injection Systems 38
Injector compartment 35
Inlet type 75

Instrument Automation 45
Instrument Setup Keys 57
Internal Automation 45

J
Jet 359, 381, 413
jet 359, 380, 413

K
Key
Action keys 54
Arrow 61
Autosampler 64
Aux 56
Clear 61
Clock Table 64
Column Evaluation 58, 332

Index
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Index

Config 58

Data Entry Keys 60
Edit/Active 64
Enter 61

Flow 59

Infinity 60
Info/Diag 62
Information Keys 62
Instrument Setup Keys 57
Leak Check 58, 336
Left Carrier 56
Left Detector 56
Left Inlet 55

Left Signal 57
Load 63

Method 64
Minus 60
Mode/Type 60
Numeric 60
Off/No 60
On/Yes 60

Oven 55

Prep Run 54
Press 58

Ramp # 59

Right Carrier 56
Right Detector 56
Right Inlet 55
Right Signal 57
Run Log 62

Run Table 64
Seq 64

Seq Control 65
Shortcut Keys 58
Start 54

Status 62

Stop 54

Store 63

Temp 58

Time 59

Valves 65

Zone and Device Information Keys 55

Keypad 35, 53
customizing 83
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L
Large Volume Injection System Tee Piece 289
Large Volume On-Column Injector 39, 165
auxiliary purge line 167
Injection 176
Injection Technique 167, 170
automatic injection 173
sample desolvation 168
solvent effects 169
system regulation 173
Menu 174
Overview 165
Programming 175
Large Volume Splitless Injection
Reguirements 125
Large Volume Splitless Injector 124
Leak Check key 58, 336
LEDs
Baseline Comp 50
Clock Table 51
Cool 52
Display 50
Final Temp/Post Run 52
Gas Saver 50
Initial Temp 51
Non-Active Met/Seq Edit 51
Not Ready/Error 50
Oven Ramp 52
Ready to Inject 51
Run Log 50
Sequence 51
Standby/Prep Run 50
Status 50
Left Carrier 76
Left Carrier key 56
Left Detector 76
Left Detector key 56
Left Inlet 75
Left Inlet key 55
Left Signal key 57
Liquid carbon dioxide
hazards 222, 239
Load key 63
LV Splitless Injection Technique 125
LVOCI. See Large Volume On-Column Injector
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LVSL
Large Volume Splitless Injector 124
See Large Volume Splitless Injector 106

M
Make-up Gas 344

Configuration 345, 346
Manual Functions 473
Material Safety Data Sheets 35
Menu

Extended Control 457

When No Vial Abort 458
Menus

editing 67

sample 66
Method key 64
Method Storage and Automation Keys 63
Methods 481

Creating 484

Editing 484

Parameters 482
Methods and Sequences 46
Minuskey 60
Mode/Type key 60
Motherboard 35
Multidetector system 44

N
Nitrogen Phosphorous Detector 377
Nitrogen Phosphorus Detector 42, 377

Columns 296

Gases 379

Menu 382

Packed Columns 312

Signal Parameters 387

Thermionic Source Lifetime 379
Non-Active Met/Seq Edit LED 51
Not Ready/Error LED 50
NPD. See Nitrogen Phosphorous Detector
Numeric key 60

O

OCI. See On-Column Injector
Off/No key 60

On/Yeskey 60

Operating Manual

On-Column Injector 38, 143
Columns 287
Injection 155
with an automatic actuator 156

Index

with an autosampler 140, 141, 156, 163, 183, 196

without an automatic actuator 155
Injection Technique 148
Automatic 150
Manual 150, 153
Pre-Columns 148
Retention Gaps 148
Menu 152
Optional Devices 147
Automatic Actuator 147
HOT OC device 147
LVOCI 147
Overview 143
Primary Cooling System 144
Programming 154
Secondary Cooling System 145
On-Column Inlet 75
Output Signals 473
Oven 72, 263
Configuration 269, 270
Menu 272
Multiple Ramp Program 275
Safety 267
Single Ramp Program 274
Ovenkey 55
Oven Ramp LEDs 51
Oven Valves
Controlling 462, 475
Setting Positions 477

P
Packed Column Injector 39, 177
Columns 311
Connections 311
Injection 182
manual 183
with an autosampler 183
Injection Technique 179
Liners 179
Menu 180
Overview 178
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Index

Programming 182
Septa 179
Septum 181, 190
Packed Columns 305
ECD 312
FID 312
Imperial 307
Metric 305
NPD 312
PDD 314
TCD 313
PDD 314, 435
Cell Leak Check 445
Connecting the Gas Lines 442
Gas Supply 438
Flow Rate 438
Gas Lines Connections 439
Gas Purity 438
Installation 443
Leak Check 445
Menu 448
Overview 436
Principle 437
Programming 449
Purging the Gas Regulator 440
Purging the Helium Purifier 441
Setting the Signal Parameters 450
System Leak Check 446
PDD See Pulsed Discharge Detector 44, 436
Photoionization Detector 43, 389
Applications 392
Gases
Flow Rates 394
Supplies 393
Lamp 391
Lamp Types 392
Menu 403
Operating Principles 392
Overview 390
Shut Down 406
Signal Parameters 405
with Auxiliary Detectors 395
PID/ECD 396
PID/FID 396
PID/NPD 397
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PID. See Photoionization Detector
PKD. See Packed Column Injector
Plunger strokes 456
Pneumatic compartment 35
Pneumatic gas control 36
configuration 36
Post wash cycles 456
Post wash solvent 456
PPKD. See Purged Packed Column Injector
Pre wash cycles 456
Pre wash solvent 456
Pre-Columns 148
Prep Run key 54
Preparing a Glass Packed Column 328
Presskey 58
Press-Fit Connectors
How to Use 284
Pressure Units 88, 89

Programmabl e Temperature Vaporizing Injector 40,

197
Constant Temperature (CT) Mode 199
Cryogenic Operation 221
Configuring 239
Timeout 223
CT Split Mode 250
CT Splitless Mode 251
CT Surge Splitless Mode 252
Injection Techniques 204
Large Volume 207
On-Column 204
Solvent Split 207
Split 204
Splitless 205
Large Volume Mode 246
Liner
Installation 236
Liners 200
Menus 211
CT Split Mode 212
CT Splitless Mode 213
CT Splitless with Surge Mode 215
Inject Phase Menu 218
Large Volume Mode 217
PT Splitless Mode 213
Solvent Split Mode 216
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Overview 198
Septa 200
Installation 236
Solvent Split Mode 245
Split Mode 242
Splitless Mode 243, 244
Syringe 200
Temperature Ramps 247
Programmed Flow Mode 96
Programmed Pressure Mode 98
PTV
Backflush
Operation
Using Back Flushing 225
Large Volume Injections 226
Mode 1 (At once) 227
Mode 2 (Speed Controlled Injection) 229
Temperature Profile and Timing 232
PTV Back-flus 224
PTV Back-flush 224
Operation 224
PTV Cryogenic
Operation 221
PTV Injection Cycle 247
PTV Injector
Backflush Operation 224
PTV. See Programmable Temperature Vaporizing
Injector
Pulsed Discharge Detector 44, 435
Packed Columns 314
Purged Packed Column Injector 39, 185
Columns 293
Injection 195
manua 195
with an autosampler 195
Injection Technique 187
Liners 187
Menu 187
Overview 186
Programming 191, 192, 193, 194

Septa 187

R
Ramp # key 59
Ramp LED 52
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Index

Ramps 274, 275

Ready to Inject LED 51

Retention Gaps 148

Right Carrier 76

Right Carrier key 56

Right Detector 76

Right Detector key 56

Right Inlet 75

Right Inlet key 55

Right Signal key 57

Run Log 472

Run Log key 62

Run Log LED 50

Run Table 467

Run Time Events

Creating 469
Deleting 472
Editing 471

Run Table key 64

S
S/SL. See Split/Splitless I njector
safety symbols xxii—xxvi
Samplerinses 456
Sample volume 456
Seq Control key 65
Seq key 64
Sequence Control 495
Sequence LED 51
Sequence Programming 489
Sequences 496
Control 495
Post Sequence Events 494
Storing 495
Subsequences 493
Shortcut Keys 58
Signal 351
Signal cable 360, 372, 381, 414
Signal Correction 475
Split Mode 133
Split/Splitless Injection 139
Split/Splitless Injector 38, 105
Columns 285
Liners 111
Menus 128
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Index

Overview 106
Packed Columns 115
Septum 111
Split Injection Technique 116
Splitless Injection Technique 118
cold trapping 120
flooding 121
sample refocusing 120
solvent effect 120
Splitless Mode 134
SSL Injector
Backflush Operation 122
Standby/Prep Run LED 50
Start key 54
Status key 62
Status LEDs 50
Stop key 54
Store key 63
Subsequences 493
Surge Splitless Mode 135, 136
System board 35
System Components 34

T
TCD 313
TCD. See Therma Conductivity Detector
Temp key 58
Temperature
Programs 275
Thermal Conductivity Detector 43, 421
Columns 425
Gases
Supplies 424
High Thermal Conductivity Gases
Operating Modes 427
Constant Temperature 427, 428
Low Thermal Conductivity Gases
Operating Modes 429
Constant Temperature 429
Menu 430
Modes 425
Automatic Switching 426
from Constant Voltage to Constant
Temperature 426
to Constant Current 426
Constant Current 426

522

Constant Temperature 425
High Thermal Conductivity Gases 427

LowThermal Conductivity Gases 429

Constant Voltage
High Thermal Conductivity Gases 428

Low Thermal Conductivity Gases 429

Overview 421
Packed Columns 313
Programming

with DGFC 432

Selecting Operating Parameters 427

Shut Down 434
Signal Parameters 433
Thermal Shutdown 68
Hardware shutdown 69
Software shutdown 69
Time 78, 79
Time key 59
Tool for jet 359, 381, 413
TRACE GC
Extended Control
Menu 457
When No Via Abort
Menu 458

U
UFM

Ultra Fast Module 40
Ultra Fast Module Device 40
Unbounded Gas Flow 68
User Interface 47, 48
user interface 35

\Y

Valve Position 477
Vaves 475
Valveskey 65

W
When no via abort 456
Wide-Bore Columns 278

4

Zone and Device Information Keys 55
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Operating Sequences

EdItiNGg @ IMENU TTEIM ... bbbt b e et b bbb e 67
S Lo U= T = 79

S (o (g TC = (S 79

Configuring the Pressure UNIT ..........ooeoiii sttt st sneene e e s 89

Configuring the CaITIEr GaS .........coeiirueriiriirieieeeie sttt sttt se e sb e e b b e nnie s 100
Programming the Carrier Gas ParaMELENS ..ot 101
INstalling @aLiner @nd SEPLUM ......oviiiiiei ettt n e 132
Programming the SPlHt MOUE .......c.eoiceiiiie e et e re et et r e e sneas 133
Programming the SPHtIESS MOE ........ooiieieee e e st nees 134
Programming the Surge SplitIESS MOUE ........uveviciieecce e 135
Programming the Large Volume SplitlesSS Method ..o 136
Performing @ S/SL TNJECLION .....ocuoiiiiieiiiree et 139
Performing @ LV SL INJECHION ......oviiiiiiireeeee st 141
Setting Up the OCI for Manual INJECLION .........cceeiieiicieesee e e 153
Programming the OCI ..........ooic et e ee et e e e e ne e sre e e e e resneesneesneas 154
Performing an OCI TNJECHION ......cccviiieiee e s et e e e e e sae e sre e sae e s e e sreesneesneesnresnees 155
Programming the HOT OC INJECIOT .......ooviiieiiieeriesie ettt 161
Performing @ HOT OC INJECLION ....c.vcuiiiiiiiiiiieieesiese ettt 162
Programming the LV OCI ...ttt 175
Performing an LV OCI INJECHION ......occeiiiiie et see sttt et eae e s re e e ne e re e sreennas 176
Lz o = o 1o T T = o o S 181
Programming the PKD INJECLON ......cciiiiee e s n e s et s e s nneas 182
Performing @ PKD TNJECLION .....c..oiuiiiiiiiiiieeeeee et n e 182
REPIACING @ SEPLUIM ...ttt b et b ettt n e 190
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