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WEEE Compliance

This product is required to comply with the European Union’s Waste Electrical & Electronic
Equipment (WEEE) Directive 2002/96/EC. It is marked with the following symbol:

Thermo Fisher Scientific has contracted with one or more recycling/disposal companies in each EU
Member State, and this product should be disposed of or recycled through them. Further information
on Thermo Fisher Scientific’s compliance with these Directives, the recyclers in your country, and
information on Thermo Fisher Scientific products which may assist the detection of substances
subject to the RoHS Directive are available at www.thermo.com/WEEERoHS.

WEEE Konformitit

Dieses Produkt muss die EU Waste Electrical & Electronic Equipment (WEEE) Richtlinie
2002/96/EC erfiillen. Das Produkt ist durch folgendes Symbol gekennzeichnet:

Thermo Fisher Scientific hat Vereinbarungen getroffen mit Verwertungs-/Entsorgungsanlagen in
allen EU-Mitgliederstaaten und dieses Produkt muss durch diese Firmen wiederverwertet oder
entsorgt werden. Mehr Informationen tiber die Einhaltung dieser Anweisungen durch Thermo
Fisher Scientific, die Verwerter und Hinweise die IThnen niitzlich sein kénnen, die Thermo Fisher

Scientific Produkte zu identifizieren, die unter diese RoOHS Anweisung fallen, finden Sie unter
www.thermo.com/WEEERoHS.
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Conformité DEEE

Ce produit doit étre conforme a la directive européenne (2002/96/EC) des Déchets d'Equipements
Electriques et Electroniques (DEEE). Il est marqué par le symbole suivant:

Thermo Fisher Scientific s'est associé avec une ou plusieurs compagnies de recyclage dans chaque état
membre de I'union européenne et ce produit devrait étre collecté ou recyclé par celles-ci. Davantage
d'informations sur la conformité de Thermo Fisher Scientific 4 ces directives, les recycleurs dans votre
pays et les informations sur les produits Thermo Fisher Scientific qui peuvent aider la détection des
substances sujettes a la directive RoHS sont disponibles sur www.thermo.com/WEEERoHS.




Read This First

Welcome to the Thermo Scientific, FlashEA for IRMS!

About This Guide

This FlashEA for IRMS Operating Manual describes how to setup and
and use the FlashEA for IRMS.

Who Uses This Guide

This FlashEA for IRMS Operating Manual is intended for all personnel
that need a thorough understanding of the instrument (to perform
maintenance or troubleshooting, for example). This manual should be
kept near the instrument to be available for quick reference.

Scope of This Guide

This manual includes the following chapters:

Thermo Fisher Scientific

Chapter 1: “Prior to Measurement” describes precaution measures
and important steps to be performed in the beginning before a
measurement is started.

Chapter 2: “ConFlo III Interface and Elemental Analyzer” describes
how to get started with ConFlo III plus Elemental Analyzer.
Furthermore, it treats the general principles of editing methods and
sequences.

Chapter 3: “Elemental Analyzers” describes hardware layout, reactor
filling, chemicals and gas supply. It treats the 1108, 1110 and 2500
Elemental Analyzers and the FlashEA as well.

Chapter 4: “Nitrogen Measurement” describes creating a gas
configuration, zero enrichment (standard on/off test) and linearity
test for nitrogen. Furthermore, it provides a glance at nitrogen input
by autosampler and oxygen dosage. Hardware preparation, method
editing and sequence editing before a nitrogen measurement is
started are extensively treated. Finally, results of this measurement

are displayed.
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Note This chapter treats the principles of blank measurement, reference
measurement and amount percent determination. As they can be
generalized for nitrogen, carbon and sulfur, the chapter already contains
the remarks valid for any of the three elements. A

Chapter 5: “Carbon Measurement” describes creating a gas
configuration, zero enrichment (standard on/off test) and linearity
test for carbon. Hardware preparation, method editing and sequence
editing before a carbon measurement is started are extensively
treated. Finally, results of this measurement are displayed.

Chapter 6: “Dual Measurement” describes creating a gas
configuration, zero enrichment (standard on/off test) and linearity
test for dual measurement. Hardware preparation, method editing
and sequence editing before a dual measurement is started are
extensively treated. Finally, results of this measurement are

displayed.

Chapter 7: “Sulfur Measurement” describes creating a gas
configuration, zero enrichment (standard on/off test) and linearity
test for sulfur. Hardware preparation, method editing and sequence
editing before a sulfur measurement is started are extensively treated.
Finally, results of this measurement are displayed.
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Contacting Us

There are several ways to contact Thermo Fisher Scientific.

Assistance

For technical support and ordering information, visit us on the Web:
www.thermoscientific.com/ms
Service contact details for customers in Europe are available under:

www.thermoscientific.com/euservicecontact

Customer Information Service

cis.thermo-bremen.com is the Customer Information Service site aimed
at providing instant access to

* Latest software updates
*  Manuals, application reports, and brochures

Thermo Fisher Scientific reccommends that you register with the site as
early as possible. To register, visit register.thermo-bremen.com/form/cis
and fill in the registration form. Once your registration has been
finalized, you will receive confirmation by e-mail.

Changes to the Manual

% To suggest changes to this manual
* DPlease send your comments (in German or English) to:

Editors, Technical Documentation
Thermo Fisher Scientific (Bremen) GmbH
Hanna-Kunath-Str. 11

28199 Bremen
Germany

* Send an e-mail message to the Technical Editor at
documentation.bremen@thermofisher.com

You are encouraged to report errors or omissions in the text or index.

Thank you.
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Typographical Conventions

This section describes typographical conventions that have been
established for Thermo Fisher Scientific manuals.

Data Input

Throughout this manual, the following conventions indicate data input
and output via the computer:

*  Messages displayed on the screen are represented by capitalizing the
initial letter of each word and by italicizing each word.

* Input that you enter by keyboard is identified by quotation marks:
single quotes for single characters, double quotes for strings.

*  For brevity, expressions such as “choose File > Directories” are used
rather than “pull down the File menu and choose Directories.”

* Any command enclosed in angle brackets < > represents a single

keystroke. For example, “press <F1>” means press the key labeled
F1.

* Any command that requires pressing two or more keys
simultaneously is shown with a plus sign connecting the keys. For
example, “press <Shift> + <F1>” means press and hold the <Shift>
key and then press the <F1> key.

* Any button that you click on the screen is represented in bold face
letters. For example, “click Close”.

Topic Headings

The following headings are used to show the organization of topics
within a chapter:

chapter1 Chapter Name

Second Level Topics
Third Level Topics

Fourth Level Topics
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Safety and EMC Information

Safety and Special Notices

Thermo Fisher Scientific

In accordance with our commitment to customer service and safety, this
instrument has satisfied the requirements for the European CE Mark
including the Low Voltage Directive.

Designed, manufactured and tested in an ISO9001 registered facility,
this instrument has been shipped to you from our manufacturing facility
in a safe condition.

This instrument must be used as described in this manual. Any use of
this instrument in a manner other than described here may result in
instrument damage and/or operator injury.

Notice on Lifting and Handling of Thermo Scientific Instruments

For your safety, and in compliance with international regulations, the
physical handling of this Thermo Scientific instrument requires a team
effort for lifting and/or moving the instrument. This instrument is too
heavy and/or bulky for one person alone to handle safely.

Notice on the Proper Use of Thermo Scientific Instruments

In compliance with international regulations: If this instrument is used
in a manner not specified by Thermo Fisher Scientific, the protection
provided by the instrument could be impaired.

Notice on the Susceptibility to Electromagnetic Transmissions

Your instrument is designed to work in a controlled electromagnetic
environment. Do not use radio frequency transmitters, such as mobile
phones, in close proximity to the instrument.

Make sure you follow the precautionary statements presented in this
guide. The safety and other special notices appear different from the
main flow of text. Safety and special notices include the following:

Warning Warnings highlight hazards to human beings. Each Warning is
accompanied by a Warning symbol. A

Caution Cautions highlight information necessary to protect your
instrument from damage. A

Note Notes highlight information that can affect the quality of your
data. In addition, notes often contain information that you might need
if you are having trouble. A
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Identifying Safety Information

This guide contains precautionary statements that can prevent personal
injury, instrument damage, and loss of data if properly followed.
Warning symbols alert the user to check for hazardous conditions. These
appear throughout the manual, where applicable. The most common
warning symbols are:

Warning General Hazard. This general symbol indicates that a hazard
is present that could result in injuries if it is not avoided.
The source of danger is described in the accompanying text. A

Warning Electric Shock Hazard. High Voltages capable of causing
personal injury are used in the instrument. The instrument must be shut
down and disconnected from line power before service is performed. Do
not operate the instrument with the top cover off. Do not remove
protective covers from PCBs. A

Warning Strong Magnetic Field. Strong magnetic fields are used in the
instrument. Keep away from heart pacemakers, computers, credit cards,
and any other magnetically sensitive device. Do not bring compressed
gas cylinders within close proximity to the instrument. A

Warning Burn Hazard. Treat heated zones with respect. Parts of the
instrument might be very hot and might cause severe burns if touched.
Allow hot components to cool before servicing them. A

Warning Frostbite Hazard. Careless handling of cryogenic liquids
might cause severe personal injury including frostbite. Wear protective
clothing when operating this equipment including insulated gloves and
face shield. &

Warning Corrosive Material. Wear gloves when handling toxic,
carcinogenic, mutagenic, or corrosive/irritant chemicals. Use approved
containers and procedures for disposal of waste solution. A

Warning Laser Radiation. Avoid eye or skin exposure to direct or
scattered radiation! A
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Warning Radio Frequency Radiation. Radio frequency radiation is
generated to produce plasma. This radiation is present within the torch
box area. Never attempt to override or defeat the interlock system. a

Warning Ultraviolet Radiation. Intense ultraviolet radiation is
generated by the inductively coupled plasma. This radiation is present
within the torch box area. Never attempt to override or defeat the
interlock system. A

In addition to the above described, every instrument has specific
hazards. So, be sure to read and comply with the precautions described
in the subsequent chapters of this guide. They will help ensure the safe,
long-term use of your system.

Observe the following safety precautions when you operate or perform
service on your instrument:

*  The system should be operated by trained personnel only. Read the
manuals before starting the system and make sure that you are
familiar to the warnings and safety precautions!

*  Accurate results can be obtained only, if the system is in good
condition and properly calibrated.

*  Service by the customer should be performed by trained qualified
personnel only and should be restricted to servicing mechanical
parts! Service on electronic parts should be performed by Thermo
Fisher Scientific Service Engineers only!

* Before plugging in any of the instrument modules or turning on the
power, always make sure that the voltage and fuses are set
appropriately for your local line voltage.

*  Only use fuses of the type and current rating specified. Do not use
repaired fuses and do not short-circuit the fuse holder.

* The supplied power cord must be inserted into a power outlet with a
protective earth contact (ground). When using an extension cord,
make sure that the cord also has an earth contact.

* Do not change the external or internal grounding connections.
Tampering with or disconnecting these connections could endanger
you and/or damage the system.
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e The instrument is properly grounded in accordance with regulations
when shipped. You do not need to make any changes to the
electrical connections or to the instrument’s chassis to ensure safe
operation.

*  Never run the system without the housing on. Permanent damage
can occur. When leaving the system, make sure that all protective
covers and doors are properly connected and closed, and that heated
areas are separated and marked to protect for unqualified personnel!

* Do not turn the instrument on if you suspect that it has incurred
any kind of electrical damage. Instead, disconnect the power cord
and contact a Thermo Fisher Scientific Service Engineer for a
product evaluation. Do not attempt to use the instrument until it
has been evaluated. (Electrical damage may have occurred if the
system shows visible signs of damage, or has been transported under
severe stress.)

*  Damage can also result if the instrument is stored for prolonged
periods under unfavorable conditions (e.g., subjected to heat, water,
etc.).

* Always disconnect the power cord before attempting any type of
maintenance.

*  Capacitors inside the instrument may still be charged even if the
instrument is turned off.

* Never try to repair or replace any component of the system that is
not described in this manual without the assistance of your Thermo
Fisher Scientific Service Engineer.

* Do not place any objects — especially not containers with liquids —
upon the instrument. Leaking liquids might get into contact with
electronic components and cause a short circuit.

Safety Advice for Possible Contamination

viii

Hazardous Material Might Contaminate Certain Parts of Your
System During Analysis.

In order to protect our employees, we ask you to adhere to special
precautions when returning parts for exchange or repair.

If hazardous materials have contaminated mass spectrometer parts,
Thermo Fisher Scientific can only accept these parts for repair if they
have been properly decontaminated. Materials that due to their
structure and the applied concentration might be toxic or that are
reported in publications to be toxic are regarded as hazardous. Materials
that will generate synergetic hazardous effects in combination with other
present materials are also considered hazardous.
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Your signature on the Health and Safety Form confirms that the
returned parts have been decontaminated and are free of hazardous
materials. Download the form from decon.thermo-bremen.com or
order it from the Thermo Fisher Scientific field service engineer.

Parts contaminated by radioisotopes should not be returned to Thermo
Fisher Scientific—neither under warranty nor within the exchange part
program. If unsure about parts of the system possibly being
contaminated by hazardous material, please make sure the Thermo
Fisher Scientific field service engineer is informed before the engineer
starts working on the system.
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chapter 1 Prior to Measurement

Precautions

Thermo Fisher Scientific

The Thermo Scientific Continuous Flow Interface (ConFlo III)
provides an efficient and flexible way to couple an Elemental Analyzer
(EA) to a stable isotope ratio mass spectrometer (IRMS) on-line. This
combination has become standard for determining the isotope ratios of
carbon (C), nitrogen (N), sulfur (S), hydrogen (H) and oxygen (O) of
combustible organic materials in bulk samples. ConFlo III and
Elemental Analyzer form an integrated and optimized sample
preparation inlet system, which can be connected to any current
Thermo Scientific IRMS equipped for on-line isotope ratio analysis. As
a particularity of gas isotope mass spectrometers, any samples must be
converted into simple gases prior to introducing them into the ion
source. This is achieved by the Elemental Analyzer via oxidation and
reduction furnaces (Elemental Analyzer) or by High Temperature
Conversion (TC/EA). Passing through a gaschromatographic column
the produced gases are separated and consecutively enter ConFlo III.

The ConFlo III can be connected to any current Thermo Scientific
Elemental Analyzer and Thermo Scientific IRMS equipped for

Continuous Flow application.

Caution Place the system on a flat and solid surface that can carry at
least 100 kg. Ensure that the ConFlo III is not exposed to direct
sunlight! Keep the system away from heat, for example radiators, to
avoid damage to the internal circuits and the external surface! A

Caution Do not clean the ConFlo IIT using paint thinner, alcohol or

other organic solvents! Do not put any objects, especially liquids, upon
the ConFlo III! A

Warning Avoid using aerosol sprays near the system as this could cause
sudden ignition of the spray! a
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Prior to Measurement
About this Manual

About this Manual

This manual intends to be a user guide for working with the combined
system of Elemental Analyzer (EA), ConFlo III and Isotope Ratio Mass
Spectrometer (IRMS). As the system consists of three separate
instruments with the Elemental Analyzer and IRMS having manuals of
their own, this manual will mark on specific information about the
ConFlo III system. It starts with an overview about Elemental Analyzers
of different types followed by basic information about ConFlo III.
Finally, isotope ratio determinations of C, N, S, H and O using
ConFlo III are explained in turn. It is assumed that the user is not only
familiar with clean operating procedures and sample preparation but
also has already some working experience with IRMS and the Isodat
software.
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chapter2 ConFlo 11l Interface and Elemental Analyzer

This chapter describes how to get started with ConFlo III plus
Elemental Analyzer. Furthermore, it treats the general principles of
editing methods and sequences.

It treats the following topics:

*  “Getting Started with ConFlo III and Elemental Analyzer” on
page 2-2

*  “Defining a Method” on page 2-6

*  “Defining a Sequence” on page 2-15

Thermo Fisher Scientific FlashEA for IRMS Operating Manual (P/N 1158550, Revision B) 2-1
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Getting Started with ConFlo Il and Elemental Analyzer

Getting Started with ConFlo Il and Elemental Analyzer
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To get started with ConFlo Il and Elemental Analyzer

Connect the Elemental Analyzer to the ConFlo III for the transfer
of the start signal.

In case you have Teflon tubing, replace it with stainless steel at your
Elemental Analyzer, because atmospheric N, passes Teflon and
interferes the quality of the determination.

Connect the reducing valves to the gas supplies (He, O,, N,, CO,).
Connect the gas tank of O, and He to the Elemental Analyzer.

Connect He, N, (as Ref 2) and CO, (as Ref 1) to ConFlo III.

Open the main valves on the gas tanks and adjust the pressure. Refer
to “Gas Supply” on page 3-5 and to “Working with Gas Tanks” on
page 3-6.

Leak-check all connections and valves outside ConFlo III.

Make sure that the Elemental Analyzer is set up (for example
oxidation and reduction reactors are packed and installed, water trap
is installed, autosampler is fixed etc.).

Connect the Elemental Analyzer to the computer, if the Elemental
Analyzer is run by separate software, that is Eager software.

Connect the Elemental Analyzer to the 220 V main power supply.
Connect compressed air to ConFlo III.

Connect compressed air to Elemental Analyzer if necessary
(depending on the autosampler).

Connect ConFlo III to the IRMS (rear panel).

Ensure that the IRMS connection cable is connected to the driver
board of the computer.

Make sure that the ConFlo III configuration has been installed
during Isodat 2.0 setup.

By using the ConFlo III device window in Isodat 2.0, make sure
that the respective pistons of ConFlo III are movable (click on them
using your mouse) and watch them moving in the combi inlet of

ConFlo II1.

Connect the fused silica capillaries of ConFlo III to the needle valve
of the IRMS.

Switch on the Elemental Analyzer.
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ConFlo Il Interface and Elemental Analyzer
Getting Started with ConFlo Il and Elemental Analyzer

19. Adjust the gas pressures of the Elemental Analyzer and ConFlo III.
Take the settings of Table 2-1 as a guideline.

Table 2-1.  Adjustment of gas pressures

He Elemental 100 kPa
Analyzer
0O, Elemental 120 kPa
Analyzer
Purge helium 110-200 mL/min depending on your
with autosampler:
AS 200 and AS 128: 10 mL/min
MAS 200: 200 mL/min
He ConFlo II1 0.8 bar
N, ConFlo II1 1.3 bar
CO, ConFlo II1 0.9 bar
Caution To prevent atmospheric air from entering the open split cell,

never set the helium flow on the ConFlo III to less than 0.5 bar. a

20. Switch off the ion source.
21. Inject the He dilution capillary to ensure only helium entering the
source.
22. Open the needle valve slowly.
23. Make sure the ion source high vacuum is between 3x 10 mbar and
1.5x10°° mbar.
24. Switch the ion source on. The expected background after
approximately 30 min should be as summarized in Table 2-2.
Table 2-2.  Expected background after approximately 30 min
mass measured in cup for mass resistor [?] expected background
28 28 3x10° <20 mV
29 29 3x10"° <20 mV
18 29 3x10" <10 mV
40 29 3x10" <10 mV
Note Background values may vary depending on sensitivity and focus

settings. They are given here as a general guideline. A

Thermo Fisher Scientific
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Getting Started with ConFlo Il and Elemental Analyzer

25. Leak-check the needle valve.

Note Leak check can be performed using a triggling stream of argon
while monitoring m/z 40 on the IRMS. A

26. Switch the needle valve heater on.

27. Switch the ion source heater on.

28. Leak-check all connections of the Elemental Analyzer.

29. Heat up the following parts of the Elemental Analyzer in three steps.

See Table 2-3.

Note The Elemental Analyzer should not be connected to ConFlo 111
yet! A

Table 2-3.  Heating up Elemental Analyzer parts in three steps

Part Step 1 Step 2 Step 3
oxidation furnace 400 °C 750 °C 1020 °C
reduction furnace 400 °C 500 °C 650 °C
column 40 °C 75 °C 120 °C

30. Leak-check after each step and wait for two hours after reaching the
final temperature.

31. Keep the system overnight in the last status to remove organic
material and water and for column conditioning.

32. Also leave ConFlo III under the conditions mentioned above
overnight to remove all organic material from the fused silica
capillaries, connection lines, valves, manometers etc.

33, Cool down the GC column to 40 °C for measurements.

34. Before connecting the Elemental Analyzer to ConFlo III, measure
the helium flow at the end of the stainless steel capillary. Adjust the
pressure at the Elemental Analyzer to set the flow to
80 mL/min-100 mL/min depending on sample and application to
be performed.

35. Connect the Elemental Analyzer to the ConFlo III.

36. Make sure that no standard gas is injected, He dilution is off and all
other valves are closed.
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The expected background is as shown in Table 2-4.

Table 2-4.  Expected background
Mass Measured in cup for mass Resistor [Q]
28 28 3x10°
29 29 3x10"°
18 29 3x10"°
40 29 3x10"

Expected background
<20 mV

<20 mV

<2mV

<10 mV

Note Background values may vary depending on sensitivity and focus
settings. They are given here as a general guideline. A

Note The above ion intensity depends on the sensitivity of the IRMS. If
the ion intensity is higher than expected and no leak is present, the
background must decrease after two or three days and stabilize. A
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Defining a Method

Acqu

isition

& CorFlolll &AS M

C02

O

B

New

The Acquisition mode of Isodat allows fully automated isotope ratio
determination. All parameters relevant for data acquisition of a sample
are stored in a method.

Caution As with sequences, you must create and save a new method on
your own! The predefined methods delivered by Thermo Fisher
Scientific (Bremen) in the Examples folder are only example files. They
only show guidance through helpful default values, but must never be
used for measurements! Never overwrite an example file with a method
created on your own! Depending on your software version these
examples may not work properly. A

2

+ To define a method (here C, that is CO, as an example)

R

1. Open the Acquisition mode.

2. Select a configuration for ConFlo II/I11
applications, for example ConFlo 11 & AS.

3. Select the gas configuration for Bc
determination, that is CO2.

4. Click on the New button.

AS2000 PeripheralVii...

[ oc ]

-

Method Sequence DataExport

EEI]I35| h

A200S Trace

). =2

ISL

Cancel |

- 5. Mark Method and confirm by OK.

]

The new method is structured in tab pages: Instrument, Time Events,
Evaluation, Peak Detection, and Printout tab. In the following, the
parameters of a CO, method will be explained.
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Instrument | Time Events | Evaluation@C02 | Peak Detection@C02 | Printout@CO2 |

Experiment Continuous flow
Configuration ConFlo
Comment _.J
Gasconfiguration [502 ‘— ZI
Acquisition Script IAWSi'iDJ’l-Sd — =2
— lsotope MS
Integration Time | 0.200[s) _:] Peak Center Predelay () Pa
Peak Center Cup |Cup 3 L] Peak Center Postdelay () lw
— Reference Device
[ Use Scripts
Reference Port |Reference 1 =l

Figure 2-1. Instrument tab - gas configuration and acquisition script

Select the gas configuration for '°C determination, that is CO2. The
acquisition script controls the acquisition cycle. See Figure 2-1.

Note It should only be edited by users trained on script editing. A

Isotope MS
Integration Time [ 0.200 (3] ﬂ Peak Center Predelay (5] igg
Peak Center Cup [Eup 3 :J Peak Center Postdelay (5] |1 0

Figure 2-2. Instrument tab - Isotope MS

Integration time: time integrated to form a data point triplet, for
example 0.200 s. Select the Peak Center Cup, for example Cup 3 as
narrow center cup for m/z 29 in a triple collector.

Peak Center Predelay is the time the system waits between activation of
the reference gas and start of the peak center cycle, for example 20 s. See
Figure 2-2.

Note The retention time should be set to the Reference Out value of the
respective reference gas pulse (in the Time Events list). This
accomodates for the delay of 7-10 s associated with the gas passage
through the capillary to the IRMS. a
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Time Events Tab

Peak Center Postdelay is the time the system waits between the end of
the peak center cycle and the start of data acquisition, for example 10 s.

~ Reference Device
I~ Use Scripts

Reference Port Reference 1 :]

Figure 2-3. Instrument tab - reference device

Select the appropriate Reference Port for peak center, for example
Reference 1 for CO,. Choose between Reference 1 and Reference 2. See
Figure 2-3.

The time events list controls all operations during data acquisition. See
Figure 2-4.

Instument Time Events | Evaluation@CO | Peak Detection®CO | Printout@CO0 |
e &8 BB & SXE@

@ Time [s] Start Sampler | Elemental Dilution - On Reference 1- | Reference 2 - | Switch Gas
Anal. - On on on

20 Q

E @

70 Q

90— [+ —

o5 Q@

100 Q@

380 Q@

380 @

400 Q@

420 Q@

Figure 2-4. Time events tab - time events list

=]

Insert lines using the right mouse button or click on =3

Edit the Time [s] at which the individual event will happen.

Double-click the field of a valve or use the space bar to set/toggle its
status to active Q or inactive 0

Acquisition Statt [immediately | Acquisition End Time 5] [450 =t

by GC
by Enter Ke:

Figure 2-5. Time events tab - acquisition start and acquisition time
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Select the Acquisition Start. The acquisition start defines the signal
source to trigger the start of data acquisition. Choose between
Immediately, by GC or by Enter Key. In the vast majority of cases,
Immediately is used. By GC refers to a trigger signal from GC, while the
user gives the trigger signal via keyboard by Enter Key.

Edit the Acquisition End Time. The Acquisition End Time is the end
time of data acquisition. After the Acquisition End Time, no further
actions will be executed from the Time Events list. Allow some time to
finish the last event before ending the acquisition. See Figure 2-5.

{Evaluation Type:

{co2_ssH ~| »»

Figure 2-6. Evaluation tab - evaluation type

Select the Evaluation Type, that is the ion correction type (for example
CO2_SSH).

Click on the | ** | button to add own scripts for ion corrections. See
Figure 2-6.

Ref. Nr.: | Ref. Time: | Ref. Name: d 13CM2C | vs. d 180/160 | vs.
1 90.00 COZ Lab.Tank w| -25.220 VFDB | 0.000 VSO

Figure 2-7. Evaluation Tab - defining a standard

Select a Ref. Name from your standard database (for example
CO2 Lab. Tank) or edit the related & values. In the latter case, User
Defined will be shown at Ref. Name. More standards can be added

using the right mouse button.

Enter the retention time in s (that is, Ref. Time, for example 90.00) of
the standard peak(s) defined in the Time events list, which are used for
calculating the corresponding & value(s). See Figure 2-4.

If the assigned time for standard peak detection falls in between the Peak
Start and Peak Stop marks of a peak, this peak will be used for 6 value
calculation. See Figure 2-7.

Note The retention time should be set to the Reference Out value of the
respective reference gas pulse in the Time events list. This accomodates
for the delay of 7-10 s associated with the gas passage through the
capillary to the IRMS. a
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Peak Detection Tab

— Reference/Blank

Significant Peak Start [s] |1 50,000 Significant Peak Stop [s] |220,UUU
Amount Percent [%] I 27 460 Uit Img

Figure 2-8. Evaluation tab - reference/blank/amount percent
determination

Note The unit, for example mg, does not influence any calculation. It is
used for reporting purposes. Keep it constant during method definition,
for example do not switch between mg and pg. A

Blank: For a blank determination, a time window needs to be defined by
significant peak start and stop in which the corresponding sample peaks
will appear.

Reference: For Amount Percent determination, type in the appropriate
element’s weight percent of the reference compound used for
calibration.

Instrumenll Time Evenlxl Evaluation@C0 Peak Detection@CO Plinloul@CGl

[ Perform Peak Detection [V Perform Background Detection [V Detection on Mass | 28

Figure 2-9. Peak Detection tab - peak detection and background detection

Mark the respective checkboxes, if you want to perform a peak detection
or background detection, respectively. Type in the corresponding
detection mass, for example 44 in case of CO,. It is recommended to
keep the default values. See Figure 2-9.
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Instrument | Time Events | Component Names | Evaluation@CO = Peak Detection@CO |Ptiriout@l:0|

Perform Peak Detection [V Perform Background Detection [V Detection on Mass | 28 ‘
— Detection Parameter - Background Parameter 1
Start Slope [mVs] [02 Background Type | Individusl BGD k|

End Slope [mVs] | 04 History [s] |57
Peak Min Height [my] | S0

Peak Resolution [%] [0
Max Peak Wicth [s] [180

Perform Timeshift 3

~ Auto Square Pulse Recognition / Timeshift Supression
‘ Enable r Factor 055 rarea Pk Width / Pk Height

Advanced Parameter > [

Figure 2-10. Peak Detection tab - detection parameters

Edit Start Slope, End Slope, and Peak Min Height or keep the default
values: A five point average slope of 0.2 mV/s (Start Slope) and of

0.4 mV/s (End Slope) is recommended for safe recognition of the peak
boundaries. The best slope values depend on the nature of the
chromatogram.

Peak Min Height limits the number of reported peaks as it allows to
exclude small ones from evaluation. Default is 50 mV. Individual BGD
is the default Background Type. See Figure 2-10.

Perform Timeshift v 4——

Auto Square Pulse Recognition / Timeshift Supression
Enable [~ — Factor 055  rarea /Pk Width / Pk Height

Figure 2-11. Peak Detection tab - Auto Square Pulse Recognition/Timeshift
Suppression

As chromatographic peaks emanate from a GC column, an isotope
effect is noticed during their detection: a slight delay of heavy isotopes’
signal positions occurs compared to those of lighter ones. When
integrating chromatographic peaks, this needs to be compensated by a
timeshift (detection trace is fixed; the other traces are time-adjusted to
the detection trace).

Reference pulses however, lead to square peaks. Here, no timeshift is
necessary, because they simply are fed into the open split and do not
emanate from a GC column. On square peaks, one does not want to
perform a timeshift, whereas on chromatographic peaks, one wants to

do.
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The shape of a chromatographic peak or a square peak can be
characterized by its height/width ratio, cf. the factor fin Figure 2-11.
The factor f is dimensionless and defined as:

with:

A, raw area of the chromatographic or square peak (in Vs)
h  peak height (in V)

w  peak width (in s)

As square peaks and (gaussian) chromatographic peaks are considerably
different with respect to f, this factor can be used for peak
discrimination. It ranges between 0 and 1. A high f value alludes to
square peaks, a low one to chromatographic peaks. Its default value 0.55
should be satisfactory for most chromatogram types.

In any chromatographic system however, chromatographic peaks may
sometimes occur, which are of quite similar shape as are square peaks.
Thus, although a peak is no square peak, it might wrongly be identified
as such. In this case, it is recommended to change the default value of f.
However, for most ConFlo IlI situations, f can be kept default.

Mark the Enable checkbox to automatically detect square peaks and
suppress the timeshift correction of square peaks. If you unmark Enable
and simultaneously mark Perform Timeshift, timeshift correction will

be enabled for all peaks.

As default, Enable is unmarked, because old chromatograms might have
been calculated without automatic square peak detection. In case of
recalculating them, Enable can be marked to include now automatic
detection.

If Perform Timeshift is unmarked, no timeshift correction will be
performed on any peak. Decide, whether you additionally want
automatic square peak detection/suppression of timeshift correction to
be performed or not.

As an example, you can perform a timeshift and additionally let the
square peaks be automatically detected.

If you do not want to detect them automatically, you can define ranges
instead where a timeshift will be performed or not (for example in case
of many different peak shapes, one single factor f might not be
sufficient).

Marking Enable is only useful, if you simultaneously mark Perform
Timeshift as well.
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Instrument | Time Events | Evaluation@CO | Peak Detection@CO  Printout@CO

Printout Templates
Single [Default ResulIRW O
Sequence lS'nge ResultIRW a

Figure 2-12. Printout tab

In Printout tab, the use of printout templates is controlled.

Single selects a print template from the Result Workshop for an
individual printout per sample.

Sequence selects a print template from the Result Workshop for a
reduced printout per sample within a sequence summary.

Caution You must create and save a new method (and a new sequence)
on your own! The predefined methods and sequences delivered by
Thermo Fisher Scientific (Bremen) in the Examples folders are only
example files. They only show guidance through helpful default values,
but must never be used for measurements! Never overwrite an example
file with a method or sequence created on your own! Depending on
your software version these examples may not work properly.. A

After you met all your decisions throughout the tabs of the method, you
must save it.

< To save a method

Save command

Click on the Save button to save a
= . method (or sequence) previously

Save
created on your own.

Save As command

. _ Click on the ~ arrow and choose
(= I Save as... to optionally choose a new
rooave, ) B name and folder for the currently
g Smeal active single document (for example

Save as..
I. method or sequence).
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g

Save As ? E]

= C:\FinniganiIsodat NT\Global\User\Conflo IT Interf...\Example
Save in: | () Example ~| - B ek E-
_)(H-ro) zero.met JCO zero.met :_;;JHD+C0+He.met
_,J(N-&C)_zero _quick.met _,J CO-only.met _-;—"',"'JNZ_ONLY.met
_,J(N+C) zero.met _,JHZ zero.met __'—,';JNZ_zero.met
=coz_s2005.met EHD_Co.met “Anz+C02.met
=2)co2_ONLY-He.met E2UHD _only.met ANz+CO2Z+He. met
=l coz_zero.met EIHD+CO. met ElNz+CO2-He.met

< 3|
File name: CO2 zero.mel | Save |
Save as type: |Method (*met) | Cancel |

Figure 2-13. Naming a method

Notice that the particular folder is shown that contains the currently
active method. Choose the folder above the Example folder, not the
Example folder itself! This ensures not to mix or even overwrite the
predefined example method with your own method.

Give the method a significant name, for example similar to the sequence
it corresponds to. Keep the extension .met. Confirm by Save. See
Figure 2-13.

Save All command

‘ Click on the ~ arrow and choose
&= é

v Save All to save all currently active

W Pr
Lesave | . Isodat documents (for example
-: methods, sequences, result files,
Ve as.. Result Workshop files).

They will be stored without changing names and folders.
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After editing and saving a method (refer to “Defining a Method” on
page 2-6), a sequence must now be edited.

Caution As with methods, you must create and save a new sequence on
your own! The predefined sequences delivered by Thermo Fisher
Scientific (Bremen) in the Examples folder are only example files. They
only show guidance through helpful default values, but must never be
used for measurements! Never overwrite an example file with a sequence
created on your own! Depending on your software version these
examples may not work properly. A

% To define a new sequence

1. Click on the New button.

x
= B ™ 3
Method Sequence  DataExport
Eﬁ} 2. Mark Sequence and confirm by OK.
£890 42005 Trace
2
1 n E
AS2000 PeripheralVi... ISL LI
[ ok | conce |
x
3. Define the number of samples, for example 3,
and confirm by OK.
Line i Amount | Type AS Sample | AS Method | Identifier1 | Comment | Preparation | Method
1 v | 0285 Sample ¥ Disabled ¥ N2_zero.met w
2 v | 0272 | Sample * Disabled w N2_zero.met w
3 W | 0.201 Sample ¥ Disabled ¥ NZ_zero.met w

Thermo Fisher Scientific

Figure 2-14. Editing the sequence list
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Edit the sequence list as follows:

Line: each line refers to an individual sample, that is it denotes the
sample number.

procedure prior to measuring the particular sample. This ensures the ion
current to be centered on the cup selected in the method (always
recommended). See Figure 2-2.

Amount: amount of sample (unit was selected in the method. See
Figure 2-8).

Type: here Sample

AS Sample: a sample position will be loaded and communicated to the
autosampler.

AS Method: an autosampler method will be loaded and communicated
to the autosampler.

Note The columns AS Sample and AS Method only appear, if an
autosampler for liquid injections (AS 200) has previously been selected
in the configuration. A

Identifier: optionally, edit text to identifiy the sample.
Comment: optionally, type a comment.

Preparation: optionally, type information related to preparation.

Method: important; the IRMS method edited in “Defining a Method”
on page 2-6 can be selected here from the pulldown list. By selecting it
here, you determine the particular IRMS method to be used during
measurement.

Note You get immediate access to the IRMS method by pressing the
Shift key and the left mouse button simultaneously in the Method
column. A

Note Without a selection from the pulldown list, no measurement will
take place. Instead, the error message “No valid method found in
sequence grid” will occur. A

Note After you typed data in only one cell of the sequence grid, easily fill
each of its columns: therefore, right-click the column and choose the Fill
Grid with Data command. A
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As done with a method (refer to “Saving a Method” on page 2-13), after
defining the new sequence you must save it before it will start.

Caution The predefined sequences delivered by Thermo Fisher
Scientific (Bremen) in the Examples folder are only example files. They
only show guidance through helpful default values, but must never be
used for measurements! Never overwrite a sequence example file with a
sequence created on your own! Depending on your software version
these examples may not work properly. A

% To save a sequence

Save command

Click on the Save button to save a

= . sequence previously created on your

Save
own.

Save As command

Click on the ~ arrow and choose

B . ¢ Save as... to optionally choose a new
Save Pr

: L[S, name and folder for the currently

g Saveal ’ active sequence.

| sevess.

Save Ais E]

fm;‘?;’ C:\FinniganiIsodat NT\Global\User\Conflo II Inte...\Sequence

o - Bk E

) Example E,JHD__CO.seq i_:f,‘JSOZ_zero.seq
= dacquisition.seq E';JHD_only.seq

B SN2 + coz.seq

“Aco_only.seq  FAN2-2ERO.seq

~ACO_zero.seq E.JSNZ_onIy.seq

= IH3-factor.seq E,‘JSOZ_onb'.seq

Save in: | | Sequence

File name: | Save |
v Cancel |

Save as lype: [Sequence [".seq)

Figure 2-15. Naming a sequence
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Notice that the particular folder is shown that contains the currently
active sequence. Choose the folder above the Example folder, not the
Example folder itself! This ensures not to mix or even overwrite the
predefined example sequence with your own sequence.

Give the sequence a significant name, for example similar to the method
it corresponds to. Keep the extension .seq. Confirm by Save. See
Figure 2-15.

Save All command

Click on the ~ arrow and choose

= é

v Save All to save all currently active
Save Pr
- : Isodat documents (for example
g ve Al methods, sequences, result files,
ave as..
I Result Workshop files).

They will be stored without changing names and folders.
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> To start the sequence, click on the

Sh Start button. Figure 2-16 appears.

x
Isodat Object -
0 TemplateDataSequenceHeader
~Results
Folder Name Pre || Post |[ACO-Resuts ]
I Auto Enum
File Name Pre | Post [[Acquisition
[V Auto Enum
— Export -
Format |E>¢cel (.xls) ;I Modify Template List I
Export File Name Pre | Post IIEupozl
~ Prinkout Resultworkshop Templates
" No " 1 Printout/Sequence
& Yes 1 Printout/Sample
— Propetties
Comrment [No Comment I~ | Measure orly Selection
 Sequence Scripts
Pre Script l = @
Paost Script | =2
[ ok ]| cencel |
=

Figure 2-16. Defining results export and printout parameters

Results: define folder and file containing your measurement results.

Export: define the format of measurement data to be exported. Choose

between None, Excel, Lotus, and ASCII. Name the export file.

Excel (*.xls)
Lotus 1-2-3 (*.wk1)
ASCI [*.csv)

Printout: decide, whether you want a printout. If so, choose between
one printout per sample or per sequence. Finally, confirm by OK. See
Figure 2-16.

If an error message indicates low memory, close other applications. The
measurement will be started.
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chapter 3 Elemental Analyzers

This chapter gives an overview about working with the Elemental
Analyzers EA 1108, EA 1110, EA 2500 and Flash EA 1112. For
operating the TC/EA refer to the TC/EA operating manual

(P/N 1127601).

The analytical method of the Elemental Analyzer is based on the
so-called flash combustion. This reaction converts all organic and most
inorganic substances into combustion products by instantaneous and
complete oxidation of the sample. The resulting gaseous products (CO,,
N,, NO,, SO,, H,O etc.) pass through a reduction furnace and a water
trap prior to entering the chromatographic column with helium acting
as the carrier gas. As a result, isotopes of C, N and S are determined of

CO,, N, and SO,.

After separation, the components are detected by the Isotope Ratio Mass
Spectrometer (IRMS). The IRMS allows precise determination of the
isotope ratios and the concentrations of the individual components of
the mixture. See Figure 3-1.

SOLID SAMPLES
Autosampler AS128, AS200, MAS200, MAS200R

solids
MEASUREMENT OF

viscous liquids (e.g. honey, grease, serum, olive oil, etc)

‘'———— LIQUID SAMPLES
Autosampler A200S, AS2000, PAL (mostly GC PAL)

liquids (e.g. water, alcohol, urine, etc)

Figure 3-1.  Schematic diagram of running solid and liquid samples

The chapter treats the following topics:

*  “Procedure” on page 3-2

* “1108 Elemental Analyzer” on page 3-8

* “Elemental Analyzer Types 1110 and 2500” on page 3-9
*  “FlashEA” on page 3-16
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Procedure

The samples are packed into tin capsules (preferred) or silver capsules
and placed into the autosampler, where they are purged with a
continuous flow of helium or O,. Upon a signal from the control
software, they are dropped into a vertical quartz tube maintained at
900 °C- 1050 °C (combustion reactor).

When the samples are dropped into the reactor, the helium stream is
temporarily enriched with pure O, and the sample and its container are
oxidized by flash combustion reaction. Organic compounds are
completely oxidized under these conditions.

Quantitative conversion is achieved by passing the mixture of gases over
a catalyst layer of for example Cr,O; or CuO. See Figure 3-2.
Combustion gases then pass over copper at 650 °C to remove excess O,
and to reduce nitrous oxide to N,.

Note Flash combustion temperature depends on the filling material of
the reactor: in case of CuQ, a temperature of 900 °C is reccommended.
In case of Cr,0Os;, a temperature of 1020 °C is recommended. A

sample —.

———<€ He

L——<« O

flash combustion |
T =900-1050 °C

oxidation catalyst
(E.g. chromium oxide
or copper oxide)

o T

Figure 3-2. Flash combustion principle

Following the reduction furnace, the reaction gas mixture enters a water
trap, filled with Mg (ClO,), or Anhydrone. See Figure 3-3. Then it
passes a chromatographic column (Porapak QS). Here, the individual
gaseous products are separated. They elute as a function of time: first

N,, then CO, and SO,.
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He+ gas mixture + H,O0 »——p _:']y—. He + gas mixture

Anhydrone or Mg (CIO,),

Figure 3-3. Water trap

Hardware Layout

The two reactors of the Elemental Analyzer are located in the single

furnace section, with two independent heating elements. See Figure 3-4.
The oxidation reactor is maintained at temperatures of 900 °C-1050 °C.
Several packings for oxidation and reduction reactor are possible. In this
manual, the most common reactor packing is explained for the different

applications (N,, CO, and SO,).

B sample
He
3 I
TN

N Mo o]
flash
combustion * -

/-_—_-‘\ water trap

N

—[-eepeer Anhydrone
or Mg(CIO.),

oxidation —
catalyst 1

\-T-/ \T/ ((ithCcolumn
oxidation

reduction

Figure 3-4. Elemental Analyzer reaction scheme

Chemicals

A basic kit of needed chemicals is supplied together with the Elemental
Analyzer. The chemicals should always be kept under dry and cool
conditions. They should be of extreme purity and by no means allowed
to be contaminated by organic material.
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Oxidation and Reduction Reactor Filling

Carbon and Nitrogen Measurement

R
—
Quartz wool (50 mm)
e
B Quartz wool (10 mm)
Chromium oxide or Copper (350 mm)
Copper oxide (120 mm)
Quartz wool (10 mm)
Silvered cobaltous oxide (30 mm)
Quairtz wool (50 mm) Quartz wool (50 mm)
Oxidation Reactor Reduction Reactor

Figure 3-5. Oxidation reactor and reduction reactor filling

Note The number of samples that may be analyzed without changing
the packing of the reactor tubes depends on many factors, for example
sample type, weight, etc. Roughly 1000 measurements can be run
without changing the packing of either the oxidation reactor or of the
reduction reactor. Exhaustion of the copper reducing agent is indicated
by the formation of a dark coloration of the copper due to the presence
of CuO (black) or/and Cu,O. Replace the copper at this point. It can
not be seen from outside! A

When packing a new reactor tube or replacing exhausted material take
care that:
* The packing is dense and homogeneous.

* Reactors must be packed tightly without leaving dead volume spaces
by carefully knocking on the outside of the tube.

*  Chemicals used are extremely clean. In no case they may be
contaminated with any organic matter.

* The glass tube is extremely clean.

34 FlashEA for IRMS Operating Manual (P/N 1158550, Revision B) Thermo Fisher Scientific



Elemental Analyzers
Procedure

*  You carefully clean the reactor tube outside using alcohol to remove
any organic material (finger prints) after changing the reactor.

Gas Supply

To operate the combined system of Elemental Analyzer, ConFlo IIT and
IRMS several gases are needed either from a gas tank or from the main
gas supply provided in the laboratory (for example compressed air).

The purities summarized in are necessary. Refer to the ConFlo III
chapter in the Delta™ XP Pre-Installation Requirements;
P/N 1991001.

Table 3-1.  Gases and their required purities

Gas Pressure Purity

carrier gas (He), purge gas (He) 200 bar 99.999 % He
standard gas (N,) 200 bar  99.999 % N,
standard gas (SO,) 4 bar 99.98 % SO,
standard gas (CO,) 60 bar 99.995 % CO,
standard gas (COY 200 bar 99.997 % CO
standard gas (H,)’ 200 bar ~ 99.999 % H,

(-200 %o vs. SMOW)

oxidation gas (O,) 200 bar  99.995 % O,

" for TC/EA application only

Note The pressure of a new gas tank is about 200 bar (for example
helium tank and hydrogen tank) or about 60 bar (for example CO,
tank). The pressure needs to be adjusted to approximately 4 bar via the
reducing valves mounted at the gas tank. See Figure 3-6. The pressure of
the SO, tank must be adjusted to approximately 3 bar. a

=02 O—-

GAS 5

main valve

manometer 200 bar (He)
manometer 4 bar (He)
on / off valve

reducing valve

gas tank

b wMnN =

1

Figure 3-6.  Gas supply
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Working with Gas Tanks

Warning It is strongly recommended to install the gas tanks firmly.
Anyway, tumbling has to be prevented! A

Warning Fire or an explosion may be caused by a leak in the hydrogen
(H,) and/or oxygen (O,) supply! &

Warning To ensure operational safety, a CO,, SO, and H, detector with
an alarm must be installed! A
Warning When working with carbon monoxide (CO) or sulfur dioxide
(8O,), good ventilation is essential. Otherwise, these gases can be
@ hazardous to your health! A

Install an exhaust tube on top of your ConFlo III as shown in Figure 3-7
to remove the toxic carbon monoxide (CO) and sulfur dioxide (SO,)
from inside of ConFlo III out of your working area.

[+— Fan
Exhaust tube -

/2
/2

R
R
Y
R
R

o O
ConFlo llH—",0
20
Working Outside of
area working area

Figure 3-7. Exhaust tube

’0

% To perform a leak check before starting the system

1. After mounting the reducing valve to the gas tank, both valves that
is the on/off valve and the reducing valve, should be open. See
Figure 3-6.

2. Open the main valve for two or three seconds to let the gas purge
the whole valve system. See Figure 3-6.

3. Close the on/off valve.

4. Close the main valve.
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Mark the manometer positions of on/off valve and main valve.

Wait for 10 min-15 min.

Nooaow

A leak may be present, if the manometer positions have changed.

8. To detect the leak, brush all valves and connections carefully with
soapsuds.
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1108 Elemental Analyzer

Figure 3-8 shows the front panel of the 1108 Elemental Analyzer.

© O O ©

KPa M R KPa

© O O O
O e

@ Fi DWO§T BY Oi':‘OE)F F @

Vent  Vent AlR
M

Figure 3-8. Elemental Analyzer 1108 - front panel

Regulating Carrier Gas Pressure

%

%+ To regulate the carrier gas pressure
1. At the helium gas tank adjust the carrier gas pressure to 4 bar.

2. Adjust the pressure regulator marked M at the front panel to 80 kPa
(flow rate 80 mL/min-130 mL/min). See Figure 3-8.

3. Connect a flow meter to the outlet connector marked Vent-M on
the lower front panel.

4. Adjust the pressure regulator to a flow rate of 80 mL/min-
100 mL/min. See Figure 3-8.

Regulating Oxygen Pressure

2
o

To regulate oxygen pressure
1. At the gas tank, adjust the oxygen pressure to 4 bar. See Figure 3-8.

2. Connect a flow meter to the outlet connector marked Vent-O, on
the lower front panel.

3. Adjust the O, flow rate to 20 mL/min.

Note Be aware of leaks! o

Regulating Compressed Air

To regulate compressed air, adjust the compressed air pressure (servo air)
via IRMS or the central supply to about 4 bar. Use the pressure regulator
marked AIR. See Figure 3-8.
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Elemental Analyzer Types 1110 and 2500

The Elemental Analyzer types 1110 and 2500 differ from version 1108
by the number of regulators at the front panel (right) and in the added
touch panel. See Figure 3-9 and Figure 3-10.

© O O

KPa Carrier o, KPa

Vent

Figure 3-9. Number of regulators at front panel

O 0O 0O o o o o o
= o
52 T » 8 8§ &8 ° &
5z H & 8 & 2 2
o (@) “ — = o % 5
4 o 0O 45 F O
o o = -
= T = -
samplg run = m
O O L
w
- =
m T &
L O 2
m O
‘@ hg 02 SPC SET
OFF FUN uP
EAMPLH
et sTarT| | A | [sToP
ENTER
TIME
O O u| OFF 4| |V||p
ON ON ON

Figure 3-10. Touch panel

These versions feature an automatic flow regulation for the carrier gas
pressure. It is managed via the touch panel at the front panel. It
possesses an own processor and memory. Parameter input is made via
the function keys on the touch panel as shown in Figure 3-10.
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Working with the Touch Panel

Activation of the SET UP key results in the display of the parameter sets
as given in Table 3-2:

Table 3-2.  SET UP key and parameter sets

SET SET MAN GAIN
TEMP CYC ZERO x10

The parameter to be edited is flashing.

Change the parameter to be edited using the P function key and additional parameters will be
displayed:

for SET

example:

FLOW etc.

The A key (that is ENTER) has two functions:
a) to enlarge the number

b) to select the input

Regulating Gas Pressures

This section outlines how to regulate the carrier gas pressure, the
compressed air and the oxyagen pressure.

Regulating Carrier Gas Pressure

Note It is recommended to operate in Manual mode when performing
applications. A
% To regulate the carrier gas pressure
1. Adjust the pressure at the gas tank to 4 bar (400 kPa).
2. Press SET UP.
The parameter set is displayed (with flashing parameters).

3. Select the parameter to be edited (SET FLOW) by pressing P> four
times. SET FLOW is now flashing.

4. Press ENTER. The following will be displayed:
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Flow He

mL/min nn

5. Select the He flow rate (approximately 80-90 mL/min) by using the
V¥ and A (that is, the ENTER) keys.

6. Press SET UP again to leave the input.

The carrier gas supply is now adjusted automatically via the helium
controller of the Elemental Analyzer.

Note It is not intended to regulate the compressed air flow via the
Elemental Analyzer. A

% To regulate the compressed air

1. Connect the compressed air to the IRMS.

2. Adjust the pressure to 4 bar.

Note The oxygen flow needs to be regulated manually because no
automatic oxygen controller is available. A

% To regulate oxygen flow

1. Set the pressure of the gas tank to 4 bar (400 kPa).

2. Adjust the O, pressure regulators to 120 kPa.

3. Open the O, purge from the autosampler and connect a flow meter.

4. Adjust the flow rate to 40-50 mL/min. See Figure 3-11.

Autosampler
—— Oxygen loop
Automatical
1] —— flow controller
f (He)
0, purge (VENT O,)
PURGE

inlet

Figure 3-11. Elemental Analyzer 1110 and 2500 - top view
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Additional Set Up Functions

Temperature

Three different temperatures may be set via the SET UP function of the
touch panel:

* left: oxidation reactor

* right: reduction reactor

* oven: column

% To set temperature

1. Press SET UP. The parameter set described above will be displayed.
2. Select the parameter SET TEMP and press A (that is, ENTER).

3. Select the left oven temperature using the A and ¥ keys.
Note Temperatures below 400 °C and above 1100 °C are not valid. a
4. Switch to the right oven temperature using P>. Set the temperature

as discussed above.

5. Proceed the same way to set the column temperature.

Analysis Time

The parameter SET CYCL controls the Elemental Analyzer to be ready
for the next acquisition.

Press SET UP, P>, A (that is, ENTER).

The parameter set is displayed:

END CYCLE OXY
sec 100 50

Move to CYCLE and select the time to end the cycle.
Note The total analysis time is set via Isodat. A

Injection of Oxygen

In case of most samples, additional oxygen is needed for the combustion
process. Set the oxygen injection time via the SET CYCL parameter in
the SET UP program.
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< To adjust oyxgen injection

1. Press SET UP, P>, A (that is ENTER).

2. Move to OXY using P>.

3. Select the time for oxygen injection, for example 50 s after

acquisition started.

Note Excessive use of oxygen causes early exhaustion of the copper
within the reduction reactor. A

0,
*

To save oxygen overnight

1. Activate SPN FUN.

2. Select STBY parameter and A (that is ENTER).
3. Move to the parameter O2 ON/OFFE
4. Select O2 OFF to shut down the oxygen supply overnight.

5. Save by SPN FUN. The LED O2 CLOSED is now on.

Additional Applications of the SPC FUN Function

Thermo Fisher Scientific

This section summarizes some additional applications of the SPC FUN
function.

CNT (COUNTER)

Note The COUNTER function was invented to enable the system to
count the number of measurements for each part of the system, for
example the water trap. This is due to the fact that different parts of the
system need to be replaced after different measurement cycles. After
replacement of the respective system part the counter may be set to zero
individually. A

< To use the COUNTER function
1. Move to the CNT parameter.
2. Press SPC FUN, A (that is ENTER).

The display will show:
A: nn B: nn C: nn
ZERO ZERO ZERO

3. Continue with P>.
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D: nn E: nn

ZERO ZERO ZERO
4. Set the counter to zero by A (that is ENTER).

It is recommended to name the counter parameters as follows:

A autosampler
oxidation reactor
reduction reactor

water trap

oo N::

column

CLK (Set Clock)

Set clock SET ABSOLUTE CLOCK
Y = year D = month/day  H = hour/min

Note It is recommended not to use the functions AUTRDY, MAIN
ZERO and GAIN in conjunction with ConFlo III. A
% To set the Elemental Analyzer to IRMS configuration
1. Switch off the Elemental Analyzer.
2. Press € and P> simultaneously.
3. Switch on the Elemental Analyzer while holding € and P> pressed.
4. Select the relevant configuration:
EA 1110NC MS P> or
EA 2500NC MS by pressing the A and ¥ keys.
5. DPress Start to confirm.

For most applications, it is useful to operate with a manually set carrier
flow.

< To set the carrier flow to Manual mode
1. PressSETUPD» » » Db

SET FLOW and FIL ON are displayed. FLOW flashes.
2. Press ENTER.

FLOW mL/min and He 60 are displayed.
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3. Press V¥ several times until FLOW mL/min and He OFF are
displayed.

4. Press SET UP to exit and save.

Sometimes, it may be useful to operate without an oven heater, for
example dual measurement of N, and CO, in one run, if insufficient
resolution is delivered by the GC column (the GC column is too short).

Note This procedure can be set only, if the Elemental Analyzer has
already been set to IRMS configuration. A

< To set the TCD heater off

1. Select the parameter SET TEMP and press A (that is ENTER).

2. Select OVEN and set the temperature to OFF using the A and
V keys.

3. Press SET UP to confirm.
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Note When operating Flash Elemental Analyzer, it is recommended to
read the corresponding Operating Manual carefully. a

The Flash Elemental Analyzer is shown in two versions in Figure 3-12
and Figure 3-13.

Figure 3-12. FlashEA (before summer 2003, with external carrier box
outside) - front view (closed)
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Labeled Components: 1=oxidation furnace, 2=reduction furnace, 3=half filled,
A=filled to top, b=water trap, 6=pressure regulator for helium (and pressure
display), 7=pressure regulator for oxygen (and pressure display)

Figure 3-13. FlashEA (since summer 2003, with external carrier box
incorporated) - front view (open)

The GC column is located next to the water trap on the right. It is not
shown in Figure 3-13.

Figure 3-14 shows the FlashEA in top view.

Labeled Components: 1=autosampler (here MAS200R)
Figure 3-14. FlashEA - top view
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2 in Figure 3-14 must be screwed off when exchanging the reduction
furnace. The capillary 3 comes from reduction reactor and leads to water

trap. The capillary 4 comes from Elemental Analyzer and leads to
ConFlo I1I.

Figure 3-15 depicts the principle of the FlashEA.

autosampler

(I oxygen pulse

He \@J
carrier O;

. water

/ . trap
flash combustion

//av .R m GC column
oxidation furnace \\

reduction furnace

|

to mass spectrometer «— G 0 &

open split interface
Figure 3-15. FlashEA - principle

The FlashEA can be run with autosamplers of different types. The most

common autosamplers are:

e MAS200 (with an electronic control)
* AS200 (with a pneumatic control)

* AS128 (with a pneumatic control)

AS200 and AS128 need an external carrier box to operate with FlashEA,
because they require compressed air supply.

Note The most recent version of Flash EA 1112 has built-in pressure
regulators for helium and oxygen. The external carrier box is no longer
necessary. With this Flash EA 1112 version, operating AS200 and
AS128 is not possible anymore. A
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Regulating Gas Pressure

The Flash EA is equipped with electronic flow controllers (EFC). To
overcome these controllers, the carrier gas flow is set to 300 mL/min in
the Eager software, and the actual flow is regulated manually via the
pressure regulators.

Gas Connections and External Carrier Box
The gas connections and the external box are shown in Figure 3-16.

to auto- to auto-
sampler sampler

S8

oUT oUT OUT  OUT  sampler
1

O O He AUX Al A(IB‘2 O
Carrier Aux Gas _O O O
|
IN IN AIR
: b front panel He AUX IN
external box
rear panel o—05 -
to He tank
Flash EA rear panel to IRMS
|
| Auto-
I ] | = sampler
|
RS 232 aux connector G_
computer ConFlo
I
O
He
€.
* to O, tank

Figure 3-16. Gas connections and external box

Connecting Reactors

After the oxidation reactor has been packed, install it carefully.

< To install the oxidation reactor

1. Place the O-ring on top of the oxidation reactor as shown in
Figure 3-19.

2. Carefully let the oxidation reactor down through the oven.

3. While twisting the reactor, gently push down the reactor in the
lower tube connection with one hand on the upper side and the
other hand on the lower side. See Figure 3-17.
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.._‘fo‘:_; ]

......

==

Figure 3-17. Pushing down reactor

Note Older versions of the Flash EA are equipped with bottom
connectors. See Figure 3-17. Newer versions, however are treated
according to Figure 3-19. A

After the lower connection is properly done, the autosampler can be
installed on top of the reactor as shown in Figure 3-18.

nut

O-ring

(viton; Part No. 112 1120)

reactor

screw (fixed)

autosampler

It is important
to set the O-ring
with the oblique
end looking to
the screw!

reactor
(upper part)
reactor with O-ring

Figure 3-18. Installing autosampler on top of reactor
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———— oven

reactor

nut

O-ring (viton)
- quartz tube

— Screw

bottom

connector | ] 1 O—tf— 2

M6 screw with
olive (Al, 2 mm ID)

O hole for steel rod

Figure 3-19. Preparing reactor - schematic

Figure 3-20. Preparing reactor - overview
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Figure 3-21. Preparing reactor - cut-out

1. Connect the M6 screw with 2 mm (ID, that is inner diameter)
Al olive to the bottom connector (1 in Figure 3-19).

2. Connect its other end (2 in Figure 3-19) to the stainless steel
capillary (2 mm) leading to the other reactor.

3. Insert the steel rod which is part of your equipment into the
respective hole in order to apply counter-pressure when twisting the
nut. See arrows in Figure 3-20 and Figure 3-21.

Note To obtain a good connection, ensure that the quartz tube and the
O-ring are free of dust or other materials to avoid leaks. It is important
to set the O-ring with the oblique end towards the screw! When using
1/16” capillaries, make sure that the Al olive also has 1/16” ID. a
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Water Trap Filling

Figure 3-22 outlines the filling of the water trap. The tube has a length
of 120 mm and an outer diameter of 15 mm. The thickness of the
Mg(ClOy), zone varies depending on the length of the water trap.

Quartz wool
(10 - 20 mm)

Magnesium perchlorate
(or Anhydrone)

Quartz wool
(10 - 20 mm)

Figure 3-22. Water trap filling

Circuit Diagram for Using Both Reactors for CN Analysis

Figure 3-23 depicts the circuit diagram for using both reactors for
CN analysis. For details, refer to the Elemental Analyzer manual of
Thermo Fisher Scientific (Italy).

=

0. AS
EVA l_; 3

S1

He —e i L = ¢
Ao =

Nep =

EVP2 g R1 RO
PE— .
i ll'zh TCD 1 | — |
L1 1
E trap 2
(only for special  trap 1
EV3 applications)

Labeled Components: 1=purge, 2=carrier gas, 3=reduction furnace exit to
water trap, 4=vent to ConFlo Il

Figure 3-23. Circuit diagram
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Table 3-3.  Components within circuit diagram
Component  Description

EV1 Two-way solenoid valve

Controls O, inlet

EV2 Three-way solenoid valve

Controls helium inlet and allows switching between
helium and oxygen

EV3 Two-way solenoid valve
Controls inlet of helium flowing back from the
TCD detector analytical channel

Normally open, but closed during leak test.

S1 Electronic flow sensor for helium as carrier gas and O,
during sampling stage

Cooperates with EVP1 electronic controller
(proportional valve)

S2 Electronic flow sensor for helium as reference gas

Cooperates with EVP2 electronic controller
(proportional valve)

EVP1 Electronic flow controller for helium as carrier gas and
0,
Controls the flow rates of gases according to the set flow
values

EVP2 Electronic flow controller for helium as reference gas

Controls the flow rate of gases according to the required
flow value

Flash Checklist

2
o

Before installing the Eager 300 software, work through the following
checklist.

1. Both reactors are filled and properly installed.
2. The water trap is filled and installed.

3. Helium and oxygen gas tanks are connected and pressure is adjusted.
When running oxygen via pressure regulator, set the oxygen pressure
to 3 bar (300 kPa).

4. All gas connections are established (purge, carrier, O, etc.).

3-24 FlashEA for IRMS Operating Manual (P/N 1158550, Revision B) Thermo Fisher Scientific



Installing Eager 300 Software

Thermo Fisher Scientific

Elemental Analyzers
FlashEA

When operating with the external carrier box: it is installed and
connected to the autosampler plug of the Elemental Analyzer.

When operating the autosampler with an RS 232 cable (for example
liquid autosampler): it is connected to a COM port of the
computer.

The FlashEA is connected to the ConFlo III via two pin connector
marked AUX connection and via RS 232 to a COM port of the

computer.

When operating the autosampler using compressed air: the external
box is connected to Mass Spectrometer compressed air, and the
autosampler is connected to compressed air of the external box.

The FlashEA is connected to 220 V power supply, and the system is
operating.

Note The Eager 300 software requires either Windows 95/98 or
Windows NT or Windows XP operating systems. The free space on the
hard disk of your computer must be at least 30 MB. A

0,
*

1.

To install the Eager 300 software

When the CD is introduced into the CD drive of the computer, the
installation menu is shown on the desktop. If the installation menu
does not automatically appear, start the CD autorun program by the
Windows Start > Run command.

Start the installation by clicking on the INSTALL EAGER 300
FOR EA 1112 button.

Follow the instructions on the screen step by step.

At the end of the installation, in the START PROGRAM EAGER
300 page, double-click on the Eager 300 for Elemental
Analyzer 1112 icon.

Eager 300 proceeds with the registration and the activation of some
drivers needed for the proper operatation of the software.

Click on OK to confirm the displayed answers step by step.
At the end of the operation, reboot your computer.

Start Eager 300 by selecting Start > Programs > Eager 300 >
Eager 300 for EA 1112.

Double-click on the icon of the selected instrument.
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The program is designed to work with four instruments. Each icon
corresponds to one instrument. See Figure 3-24.

%A Eager 300 for EA1112 : 10| x|

File Help
IE fE OE
EAT11Z#1 EaT11282 EATTI283 OFF-LINE
EAT112
|Doubleclick on the EA1112 you want to start 7

Figure 3-24. Starting Eager 300

9. Follow the displayed instructions. At the end of the software
installation, the main menu shown in Figure 3-25 is displayed.

i x4
2

Fle Run Edt View Recalculation Tools Helpl
@@ &8 e & cdT] »@] el

Actual | Level fuv) Time [ status |
1 (No name) Offine * 0.00 min  Waiting stant  Default methog
»

<]
I Y

Labeled Components: 1=Edit Elemental Analyzer method command,
2=Elemental Analyzer status command

Figure 3-25. Eager 300 main menu

Getting Started with Eager 300 and FlashEA

Initial Setting

1. In the Main Menu, select Edit Elemental Analyzer method (that is
1 in Figure 3-25) or click on the corresponding button.

Figure 3-26 appears. Set the parameters as shown there.

3-26 FlashEA for IRMS Operating Manual (P/N 1158550, Revision B) Thermo Fisher Scientific



Elemental Analyzers
FlashEA

EA 1112 Method - Delta Plus XP.eam 5’

File Edit Help
Temperature | Flow / Timing | Detector |

— Fumaces

Left Funace: v 400 ‘C

Right Fumace: [V 400 ‘C

—Oven
Oven: v I 50 ‘C
~ Other

Set Instrument to Stand By [

e | Send“r Hep | [ ok |

[Turn the oven on or off

Figure 3-26. EA 1112 Method - Temperature tab

2. Click on the Send button. Select the Flow/Timing tab. See
Figure 3-27. Set the parameters as shown there.

EA 1112 Method - Delta Plus XP.eam 5’

File Edit Help
Temperature Flowahiulel

— Gas flow
Carrier: v 300 ml/min
Oxyger: v 175  mi/min

Reference: |7| 50 ml/min

— System timing
Cycle (Run Time): I 60 sec
Sampling Delay: I 23 sec
Oxygen Injection End: I 3 sec

G | sed | Hep | [ ok |

[Turn the carrier flow on or of

Figure 3-27. EA 1112 Method - Flow/Timing tab

3. To change the time of oxygen introduction, enter the desired value
at Oxygen Injection End.
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4. To change the oxygen flow rate, enter the flow value at Oxygen.
5. Click on the Send button.

6. Set the helium flow to approximately 1 bar (100 kPa, 90 mL/min)
using the pressure regulator in the Elemental Analyzer or in the
external box.

Note The helium flow can be checked at the vent of the FlashEA (4 in
Figure 3-23) using a flow meter or in the Elemental Analyzer status
menu. The flow is set to 300 mL/min. The actual flow must be
regulated via the pressure regulator. A

7. Click on the OK button.

8. The system reminds you to save the parameters. Click on the OK
button and define it (for example Setup).

System Overview

In the Main Menu, select Elemental Analyzer status (that is 2 in
Figure 3-25) or click on the corresponding button.

HEA 1112 Status

Figure 3-28. EA 1112 Status - General tab
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Figure 3-28 shows the set parameters and the activity of the
Elemental Analyzer. The Eager software offers an automatic leak test
which can be performed when the Temperatures Ready LED is
green.

Note The leak check should be performed any time a component of the
system is replaced. A

% To perform a leak check

1. Select the Special Functions tab. Figure 3-29 will be displayed.

EA 1112 Status

Figure 3-29. EA 1112 Status - Special Functions tab

2. Click on the Leak Test button.

Caution During the leak check period, ConFlo IIT is not purged with
helium coming from the Elemental Analyzer. Therefore, it is
recommended to put in the dilution capillary of ConFlo III to prevent a

dry out of the IRMS. A
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Figure 3-30 will be displayed.

Leak Test [ |

-~ Leak Test Status -
Carrier gas outlet closed: v
Reference gas outlet closed: ¥
Leak test time: [ 128 sec
Carrier flow: [ 1 mimin

Reference flow: 0 ml/min
[ Done I

Figure 3-30. Leak Test window

3. Click on the Start button to begin the operation. A window will
appear where you will be requested to perform the Autozero.

After max 300-360 s (leak check time), the carrier flow and the
reference flow must be within 0 and 3 mL/min. Higher flow values
indicate that the system has a leak.

Note Leaks in the system are generally due to incorrect closure of the
reactors and filter locking nuts. On rare occasions, leaks may be due to
the autosampler. A

4. To terminate the leak check and restore the flow operating values,
click on the buttons Stop and Done, respectively.

Note A passed leak check via Eager software does not necessarily
indicate that maximum possible leak tightness was achieved. A

Take the automatic leak test as a rough and fast indicator for medium

leaks.

Purging Oxygen

R
“0

To purge oxygen

1. Make sure all parameters are set as described above and the
Temperatures ready LED in Figure 3-28 is green.

2. 'To start the Elemental Analyzer select Run > Start single run
acquisition at the Main Menu. See Figure 3-25.

3. Repeat step 2 a few times to ensure that the oxygen line is purged
properly.
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Conditioning the System Overnight

Note The following procedure is necessary after the initial setting and
from time to time after changing the reactors. A
< To condition the system overnight

1. In the Main Menu, select Edit Elemental Analyzer method or click
on the corresponding button. See Figure 3-25.

2. Figure 3-26 appears. Set the parameters as summarized in Table 3-4.

Table 3-4.  Parameter values in Temperature tab

Parameter Value

Left furnace 1020 °C if using Cr,O;
900 °C if using CuO

Right furnace 650 °C

Oven 100 °C

3. Select the Flow/Timing tab. See Figure 3-27.
4. Set the parameters as summarized in Table 3-5.

Table 3-5.  Parameter values at Flow/Timing tab

Parameter Value
Carrier 300
Oxygen off
Reference off

Settings for Analysis

1. At the Main Menu, select Elemental Analyzer method or click on
the corresponding button. See Figure 3-25.

2. Set the parameters as shown in Figure 3-31.
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EA 1112 Method - Delta Plus XP.eam z[

Fle Edt Help
X
Temperatire | Flow / Timing | Detector |

— Fumaces

LeftFunace: ¥ 900 °C
Right Fumnace: [ 620 ‘C

~Oven
Oven: I7| 45 C
—~ Dther

Set Instrument to Stand-By: [~

e | gerd | Hep | [ ok ]

[Turn the left furnace on or off

Figure 3-31. Settings for analysis - Temperature tab

The temperature of the left furnace depends on the reactor filling
material: 1020 °C if using Cr,O5 or 900 °C if using CuO.

3. Select the Flow/Timing tab. Set the parameters as shown in

Figure 3-32.
]
File Edit Help
Temperature Flow / Timing | Detector |
— Gas flow
Carier: I7| 300 ml/min
Oxygen: 72 175 ml/min

Reference: v 110 ml/min

~ System timing
Cycle (Run Time): | B0 sec
Sampling Delay: I 23 sec
Oxygen Injection End: I 3 sec

e | send | hep | [ ok ]

[Turn the carrier flow on or off

Figure 3-32. Settings for analysis - Flow/Timing Tab
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4. To change the time of oxygen introduction, enter the desired value
at Sampling Delay.

5. To change the oxygen dosage increase the flow rate of oxygen at
Oxygen or increase Oxygen Injection End. It depends on the
particular combustion. Here, just a recommendation is given.

6. To change the oxygen flow rate, enter the flow value at Oxygen.

7. Select Main Menu (Figure 3-25) and then Elemental Analyzer
status.

Figure 3-33 appears showing the set parameters and the activity of
the Elemental Analyzer.

EA 1112 Status

| omim ¥
(-

Figure 3-33. Settings for Analysis - General Tab

The system is ready to operate when the Temperatures Ready LED
is green.
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chapter 4 Nitrogen Measurement

Thermo Fisher Scientific

This chapter describes creating a gas configuration, zero enrichment
(standard on/off test) and linearity test for nitrogen. Furthermore, it
provides a glance at nitrogen input by autosampler and oxygen dosage.
Hardware preparation, method editing and sequence editing before a
nitrogen measurement is started are extensively treated. Finally, results of
this measurement are displayed.

Note This chapter treats the principles of blank measurement, reference
measurement and amount percent determination. As they can be
generalized for nitrogen, carbon and sulfur, the chapter already contains
the remarks valid for any of the three elements. A

The chapter treats the following topics:

*  “Creating Gas Configuration for Nitrogen Measurement” on
page 4-2

e “Zero Enrichment of Nitrogen (Standard On/Off Test)” on
page 4-5

* “Linearity Test of Nitrogen” on page 4-11

*  “Blank Measurement” on page 4-12

e “Reference Measurement” on page 4-23

*  “Amount Percent Determination” on page 4-28

*  “Starting Nitrogen Measurement” on page 4-34
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Nitrogen Measurement

Creating Gas Configuration for Nitrogen Measurement

Creating Gas Configuration for Nitrogen Measurement

-

Acquisition

4

Editors

Ratio Editor..
Standard Editor..

|  Gas Configuration Editor..

-

4-2 FlashEA for IRMS Operating Manual (P/N 1158550, Revision B)

A gas configuration determines a combination of masses, which are
collected in the cups, for evaluation of ratios and eventually 8 values.
The gas configuration is specific for the particular gas and is combined
with a magnet field value taken from the mass calibration of your IRMS.
The ratio groups determine the reported ratios of predefined masses.

Prior to defining this gas configuration ensure that the connected IRMS
has the cups for the simultaneous detection of m/z 28, m/z 29 and

m/z 30 and that the mass calibration for these cups has already been
performed.

For a ’N measurement, a gas configuration must be available for
m/z 28 (that is “"N"N), m/z 29 (that is "N"N) and optionally m/z 30
(that is "N'°N). Otherwise, it must be created as follows.

< To create a gas configuration for nitrogen measurement

1. Open Isodat Acquisition.

2. Open the Gas Configuration Editor
(Figure 4-1).

It is only available, if no acquisition is running.

Gas Configuration Editor

Name | Cupd | Cup2 | Cup3 | Cupd | CupS | CupB | Cup? | Cup2 | Calibration | Ratio Groups | Magnet | FC-Offset
Cument [JB SP 11.01.02] | CO2 10481 |0

Figure 4-1. Gas Configuration Editor

Per default, the gas configuration CO?2 is being created as the first one.

If the gas configuration N2 has already been created, it occurs in the list
of Figure 4-1. However, if the gas configuration N2 has not been created
yet, it does not occur in the list. In the latter case, proceed as follows.

3. Click on the Add button to add a new gas

configuration.

Thermo Fisher Scientific



New Gasconfiguration

Name

3

|N2

Template |C02

[ ok | conce |

S

Isodat Acquisition -

(2)

Confirm Formula,

Name : <N2>
Formula: <C0O2>

x|

Press <Yes> for continue or <No> for edit Formula,

[ 1]

o |

Ratio Groups |

X|

Evaluations

Enable

coz

B[&[5)8

s02

CH3CI

SF6

Argon

Alr

$0-502

4

o]

Cancel

Thermo Fisher Scientific

Nitrogen Measurement
Creating Gas Configuration for Nitrogen Measurement

Type N2 for the Name.

Select a Gas Configuration as Template, for
example CO2.

In the context menu, only the already existing
gas configurations are displayed. When
creating the first gas configuration, CO2 is
displayed.

Confirm by OK.

Type No.

If you would type Yes, this would
automatically mark the template (that is CO2)
instead of N2 in the Ratio Groups window
below.

8. Mark N2. If Ratio Groups other than N2 are

marked, unmark them all.

9. Confirm by OK.

Gas Configuration Editor

a X

Add Delete

Configurstions |

Name | Cup1 | Cup2 | Cup3 | Cupd | CupS | Cupb | Cup? | Cupd | Calibration Ratio Groups | Magnet | PC-Offset
coz 44 |45 45 Current [JB SP 11.01.02] w| CO2 10461 |0

Nz 44 45 45 4—— Cumrent [JB SP 11.01.02] w| N2 10461 |0

Figure 4-2.  Creating new gas configuration

The new gas configuration N2 appears in the list as a row of its own. See
Figure 4-2.
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Creating Gas Configuration for Nitrogen Measurement

10. In the Calibration column of Figure 4-2 select your current
calibration file.

Note Figure 4-2 shows a common cup configuration as used in most
Delta mass spectrometers, that is universal triple collector. If you have a
special cup configuration, the respective masses will be collected in other
cups! A

11. In Figure 4-2 type in the correct masses (28, 29, 30 replace for
example 44, 45 and 46) to the appropriate cups specific for your
IRMS.

When highlighting the specific gas configuration by a click on its
row, the number of cups required for measurement is displayed
together with the assigned masses (m/z 30 is only necessary for
special applications). See Figure 4-3.

Mass Info

Number of required cups : - Masses required :
Mass Info

MNumber of required cups : 2 Masses required : 25,29

Figure 4-3. Required cups together with assigned masses

12. Select a calibration, which is valid for the selected cups.

13. Click on the Save & Close button .
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Zero Enrichment of Nitrogen (Standard On/Off Test)

We assume that the user already has working experience with the
ConFlo III interface and IRMS. It is recommended to perform a simple
check in order to test the analytical condition of the ConFlo III and the
IRMS before measuring any samples. The most important checks to test
the analytical condition are zero enrichment and linearity test.

Note Use the method N2_zero.met from the Examples folder of the File
Browser which will be described below only as a guideline! A

Instrument Tab

Instrument | Time Events | Evaluation@N2 | Peak Detection@N2 | Printout@N2 |

Experiment Continuous flow
Configuration Conflo
Comment =
Gasconfiguration |N2 j
Acquisition Script IAcquisiIiun.sd U
— lsotope MS
Integration Time | 0.200(s] j Peak Center Predelay [s) Igg
Peak Center Cup IC“P 3 LI Peak Center Postdelay (s) |1 ]
~ Reference Device
[ Use Scripts
Reference Port IFIefe:ence 2 j

Figure 4-4. /ero Enrichment of nitrogen - Instrument tab

In Figure 4-4 select the reference port your reference gas is connected to
at the ConFlo III interface (for example Reference 2).

Adapt the reference gas port to the respective column of the time events
list: for example, if you choose Reference 2, the on-off entries must
occur in the Reference 2-On column of the time events list. See

Figure 4-5.
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Zero Enrichment of Nitrogen (Standard On/Off Test)

Time Events Tab

Instument  Time Events | Component Names | Evaluation@N2 | Peak Detection@N2 | Printout@N2 |
e d & S XE

@ Time [4]

Start Sampler | El

0
-
D
3
L)

Switch Gas

Anal.- On

=]
El
[=]
2

20

40

60

80

100

120

160

180

200

220

240

260

300

© © © © © © © ©

320

Acaquisition Start ] Immediately

=

Acquisition End Time [s] [35073

Figure 4-5. Zero Enrichment of nitrogen - Time Events tab

Recognize the eight on-off pulses shown in Figure 4-5 in the expected
chromatogram, Figure 4-10. The off-time of the for example forth
reference gas pulse is 160 s. See Figure 4-6.

Evaluation Tab

46

Instrumert | Time Events Evaluation@N2 | Peak Detection@N2 | Printout@N2 |

—Evaluation Type:

[n2

&

Ref. Nr.:

Ref. Name:

d 15NAM14N

VS,

Reference/Blank
Significant Peak Start [s]

Amount Percent [%]

160.00

NZ2_zero w

0.000

Air-N2

0.000

0.000

Significant Peak Stop 5] [0.000

Figure 4-6. Zero Enrichment of nitrogen - Evaluation tab
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Nitrogen Measurement
Zero Enrichment of Nitrogen (Standard On/Off Test)

Note At Ref. Time, the off-value of an arbitrary reference gas peak
according to the Time Events list must be typed (for example 160 s as
the off-value of the forth reference gas peak). See Figure 4-5. &

Peak Detection Tab

Instrument | Time Events | Evaluation@N2 Peak Detection@N2 | Printout@N2 |

Perform Peak Detection ¥ Perform Background Detection [V Detection on Mass | 28
— Detection Parameter Background Parameter
Start Slope [mV/s] I 02 Background Type |Individual BGD ~]

End Slope [mV/s] | 04 History [s] | s
Peak Min Height [mV) | S0
Peak Resolution [%] | 20

Max Peak Width [s] 180

Perform Timeshift 2

— Auto Square Pulse Recognition / Timeshift Supression
Enable u Factor 055 rArea/PkWidth / Pk Height

Advanced Parameter > |

Figure 4-7. Zero Enrichment of nitrogen - Peak Detection tab

<% Bdvanced Parameter ||

el |
Peak Detection Parameter Sets
N.: Start Detection [g] Stop Detection [s]
1 -1.000 -1.000
Smocthing
’V Smooth Type Standard Smoothing ¥ Number Of Datapoints ' s

Figure 4-8. Zero Enrichment of nitrogen - Advanced Parameters in Peak
Detection tab

Note A value of -1 denotes unlimited. a
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Zero Enrichment of Nitrogen (Standard On/0ff Test)

Printout Tab
Instrument | Time Events | Evaluation@N2 | Peak Detection@N2  Printout@N2
- Printout Templates
Single INZ_UNLY-Resdl.IHW 0]
Sequence [Single ResutIRw/ =
Figure 4-9. Zero Enrichment of nitrogen - Printout tab
14. At the corresponding pressure regulator of the ConFlo 11, set the
ion intensity of m/z 28 (that is NN to 34 V.
15. Create a new sequence. Refer to “Defining a Sequence” on
page 2-15.
16. Click on the Start button and confirm by OK.
The expected data after three or four measurements are given in
Figure 4-10 (chromatogram) and Figure 4-11 (result grid).
,‘ Isodat Acquisition - [N2_zero.cf] _.J_g_'ll
) File Edit View Quant Help =& x|
Pl & A | X | » | m % % X %
Edit Metho., StartRe-E.. | Def Peak Def Bad Scan Delete Stop Save Def  Delete Def Delete all..  Load Def
File Name: CAFINNIGANUSODAT NT\GlobalWser\Conflo |l Interface\Results\N2_zero.cf
W 2ors
0954~
0.90 r
0.85-
2 0,80
E 0.757 1 ' 1 1 3 i
0.70 1 1
2 | | W ]
060
20004 M zs Wz #% 86.32 128.03 165,95 205 66 245 57 28520 32520
25004
2000+ 4 —
I 15004
§
£ 10004
5004
o
50 100 1 5 280 200
Time i

Figure 4-10. Zero Enrichment of nitrogen - chromatogram

Recognize the eight peaks shown in Figure 4-10 as the eight on-off
pulses in the time events list, Figure 4-5.
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[per mil]
ws. Air-N2

-0.013
0.004
0.000

0.035
0.036
0.058
0.037
0.047

&y, Fill Grid with Data
M Columns

£B3 Fit Cells to Grid
Fit Cells to Text

Font
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Nitrogen Measurement
Zero Enrichment of Nitrogen (Standard On/Off Test)

N2 }Errnr [ Extended | Seqguence Line |

Peak Nr. | Start | Rt Width | Ampl. 28 | Ampl. 20 | BGD 28 | BGD 29 | Area All | d 1 AN | AT% 15NM4AN |
sl 5] fs) [m\] [m\] [m\] mv] | Vs [permil] | [%]
s, AirNZ

1 270 |964 (232 |2:205 2016 17.0 120 52610 |-0.013 0.366467
2 669 |86.3 |23.0 |2805 2017 175 124 52656 | 0.004 0.366473
o 1066 ) 126.0 | 23.4 | 2812 2022 1786 125 52500 | 0.000 03668472
4 1466|1659 | 232 | 2810 2020 176 125 52725 | 0035 0.366485
5 186.2| 205.7 | 234 | 2805 2016 177 125 52696 | 0036 0.366485
6 226.1| 2456|232 | 2815 2024 178 125 52822 | 0058 0.366493
7 2658|2853 | 234 | 2813 2023 72 1286 52720 | 0037 0.366435
g

3058(325.2| 230 | 2810 2020 178 126 52829 | 0.047 0.366459

Figure 4-11. Zero Enrichment of nitrogen - result grid

Note The standard deviation of 615N (15N14N/14N14N) should be
less than 0.05 %o. See arrow in Figure 4-11. A

< To obtain the standard deviation of all eight peaks

1. Click on the column header of the
d 15N/14N [per mil] vs. Air-N2 column.

It will be highlighted.

2. Right-click on the column header.
3. Choose Calculate.

The results will be calculated and summarized in Figure 4-12.

Calculate Results @
d 15NM4N

Mean 0.026 L
SqrSum 0.004 Ilf
Std.Dev. 0.025 '
Max 0.058

Min 0013

Regression Slope 0.000

Regression Offset -0.015 |

Close

Figure 4-12. Calculation of results
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Linearity Test of Nitrogen

Linearity Test of Nitrogen

Use the same method as defined for zero enrichment in “Zero
Enrichment of Nitrogen (Standard On/Off Test)” on page 4-5. Start the
acquisition as a single run. At each detection of a peak de- or increase
the reference gas pressure at the ConFlo I1I.

The expected data after three or four measurements are shown in
Figure 4-13 (chromatogram) and Figure 4-14 (result grid).

File Name: CAFinniganiisodat NTWGlobal\ser\Conflo Il Interface\Results\N2_Lin.of

- L YL N
_ L

Ratio
L

0.704
065
050+

0.55+
0.50

¥
2000+ 286 02

245 47 r—‘—J
6000+

e U i Y N (Y [ Y N N N Y N

Intensity [mV]

o

T T
&0 100 150 200 250 300 350
Time [s]

Figure 4-13. Linearity test of nitrogen - chromatogram

N2 |Errar ]Exiended Sequence Line

Peak Nr. | Start | Rt Width | Ampl. 28 | Ampl. 29 | BGD 28 | BGD 29 | Area All | d 15NAM4N | AT% 15N/M4N
2} [5] [ [mV] [mV] mv]  [[mV] | [vs] [permil] | [%]

Vs, AirN2

1 275 |440 | 219 | 1109 800 368 278 20817 |0.050 0.366420
2 672 | 776 | 222 |2008 1449 367 277 37.623 | 0.101 0.366500
3 1069| 1178|224 | 2809 2026 368 277 52.679 |0.000 0.366472
9 1458|1566 224 | 3577 2581 369 278 67.121 | 0.016 0.366478
5 186.5| 191.1| 226 | 4758 3433 370 279 80.271 |0.046 0.366480
=] 2265|2465 224 | 5932 4281 371 280 111.019 | 0.097 0.366507
7 266.4)| 286.0| 224 | 7029 5072 373 281 131.2499 | 0.113 0.366513
g

306.1( 3257|228 |8194 5813 375 282 152882 (0170 0.366534

Figure 4-14. Linearity test of nitrogen - result grid

Note The linear regression of the 615N/14N values vs. the working
standard should be less than 0.06 %o/V. A
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Blank Measurement

Blank Measurement

This section outlines blank measurement of nitrogen and carbon,
respectively. A blank measurement is an acquisition without a sample
that can help to enhance precision. It is commonly used to determine
the influence of a potential contaminant introduced with the sample, for
example air or tin capsule. It is recommended to perform a blank

measurement before a measurement of very small or highly enriched
samples.

Nitrogen Input by Other Sources

Nitrogen is abundant in ambient air. Thus, for precise nitrogen
measurement an absolutely leak tight system is necessary. If your system
is sufficiently leak-tight, there are still two more possible sources of
nitrogen input: autosampler and oxygen dosage.

Autosampler

K2

% To determine the nitrogen input of the autosampler

1. Start a run as for blank measurement. Refer to “Blank
Measurement” on page 4-12.

General | Detector | AutoReady Special Functions I
— Command
LeakTest.. |
Auto-Zero Gas Channels |
~— Control-
Disable Sampling:
Disable Dxygen Injection: <+—
Disable Time Advance: g

Step Sampler Tray Position | Help | | 0K I

|Level -3399 ¥ | @MNot ready

Figure 4-15. Disabling Oxygen Injection in Eager software
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Nitrogen Measurement
Blank Measurement

2.

Before starting acquisition, switch to the Eager software and disable
oxygen injection by clicking the Disable Oxygen Injection button.
The button will turn into orange). See Figure 4-15.

The intensity of m/z 28 should not increase more than 10 mV. If the
measured value is 1.5 times higher than expected, increase the
He purge and repeat the test.

Note Neither Reference 1 nor Reference 2 nor He dilution should be
open during the test. See Figure 4-16. To activate the solid-autosampler
manually click the button in Figure 4-16. A

: ConFlo II III Interface . -0 x|

2 X

@
Q
(]
5
-
&
4
18
=
o
(&)

MS ==

Helium Dilution

Figure 4-16. ConFlo I/l Interface window

Oxygen Dosage

4-12

To determine the nitrogen input of your oxygen

Start a run as for a blank measurement. Refer to “Blank
Measurement” on page 4-12.

Before starting the acquisition, switch to the Eager software and
disable sampling by clicking on the Disable Sampling button. The

button will turn into orange. See Figure 4-17.
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Blank Measurement

EA 1112 Status =

General | Detector | AutoReady Special Functions |
— Command

LeakTest.. |

Auto-Zero Gas Channels |

Disable Oxygen Injection: ﬂ
Disable Time Advance: !|

Step Sampler Tray Postion | hee | [ ok ]

|Level: -3393 0¥ |@Not ready |

Figure 4-17. Disabling Sampling in Eager software

3. Proceed as described in “Autosampler” on page 4-12.

Principle of Blank Measurement

Thermo Fisher Scientific

The resulting blank value is subtracted from the sample peak. Thus, the

chronological order to proceed normally is:
1. Blank

2. Reference

3. Sample.

Blank values are stored in a separate database. In the result files, two
0 values are given:

¢ the non-blank-corrected § value and
e ablank-corrected 6 value.

The blank value is stored in the database until a new blank value is
determined.
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Blank Measurement

Blank Command

R
“0

To measure samples directly, that is without blank and reference
bhefore

1. Load a chromatogram (that is a *.cf file) via the Result tab of the
File Browser.

"4 Isodat Acquisition - [Conflo N+C.CF]

2 File Edit View | Quant Help

= Edit Method... :
0 ot Start Re-Evaluation 2 >
MNew Open tions Help
Scan o
F Define Peak VAN
Edit Metho.. StartF  Define Background Scan
File Name: C:\Finnigan 2Ai6% D':"'EED erface\Results
Clear Conflo BlkjRef DB b
20| M 2928
18 Delete Peak

Figure 4-18. Deleting a database entry via Quant menu

2. Select Quant > Clear ConFlo Blk/Ref DB. See Figure 4-18.

Note Deleting the blank value will also delete reference values obtained
during calibration for amount percent determination. Refer to “Amount
Percent Determination” on page 4-28. A

In the following sections, the different commands for blank
measurements will be explained.

Note In the Method column, select the IRMS method for the particular
blank measurement type (for example N2_only.met for nitrogen,
CO2_only-He.met for carbon). See Figure 4-19 and Figure 4-20. a

Line ‘ Amount | Type pldentifier1 | Comment | Preparation | Method
v

Blank w| Blank NZ_only.met v

Figure 4-19. Blank measurement of nitrogen - Blank command

Line | @k [ Amount | Type, _isentifier1 | Comment | Preparation | Method
1 v Blank ¥ | Blank Coz_ﬁly-He,met -

Figure 4-20. Blank measurement of carbon - Blank command
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Start Blank Mean Command

Add Blank Mean Command

Thermo Fisher Scientific

Nitrogen Measurement
Blank Measurement

Line a Amount | Type entifier 1 | Comment | Preparation | Method
1 v Blank | Blank Sﬂmet -

Figure 4-21. Blank measurement of sulfur - Blank command

From the Type Menu, select Blank. The previous blank value will be
deleted. Instead, the result of this current blank measurement will be
enlisted as new blank value.

At Method, choose the IRMS Method suitable for your blank

measurement.

Line & Amount | Type Kldenﬁﬁen Comment | Preparation | Method
1 v Start Blank Mean | Blank N2_only.met -

Figure 4-22. Blank measurement - Start Blank Mean command

From the Type Menu, select Start Blank Mean. The previous blank
value will be deleted. Instead, the result of this current blank
measurement will be enlisted as new blank value. Further blanks can be
added that are taken into account when determining the blank mean.

At Method, choose the IRMS Method suitable for your blank

measurement.

Line & Amount | Type Identifier1 | Comment | Preparation | Method

1 v Add Blank Mean 7| Blank NZ_only.met v

Figure 4-23. Blank measurement - Add Blank Mean command

At Method, choose the IRMS Method suitable for your blank

measurement.
From the Type Menu, select Add Blank Mean.

The old blank mean will be corrected using the new blank value to yield
the new blank mean according to the equation:

4 Wlbxﬂb'{'b

m =
b
ﬂb'{'l

with:

m;' new blank mean
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Blank Measurement

my, old blank mean
n, number of previously measured blank values (since blank start)

b new blank value

Procedure of Blank Measurement

2
o

To perform a Blank measurement
1. Take an empty tin capsule and wrap it carefully.
2. Place the capsule in the autosampler.

3. For both carbon and nitrogen, adjust the system parameters as
summarized in Table 4-1.

Table 4-1.  Adjusting system parameters for Blank measurement

Parameter Value
oxidation furnace 1020 °C for Cr, 0O, filling
(900 °C for Cu filling)
reduction furnace 650 °C
GC column 45 oC
He flow 80-100 mL/min
purge 110 mL/min (depending on autosampler and

Elemental Analyzer)

reference gas approximately 3.0 V

He flow at ConFlo III 0.8 bar

Nitrogen
Perform a normal run using a tin capsule without a sample in order to
determine a blank value for the database.
Check the system performance with N, input from autosampler or N,
input from O,. See “Nitrogen Input by Other Sources” on page 4-12.
Carbon

Perform a normal run using a tin capsule without a sample in order to
determine a blank value for the database.
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Sulfur

Nitrogen Measurement
Blank Measurement

A blank input of sulfur is not expected from air or capsules but may arise
from impurities in the copper. Thus, the copper quality can be tested by
starting a single measurement without sample material.

Defining a Method for Blank Measurement

Thermo Fisher Scientific

- Reference/Blank — — I — —

Significant Peak Start [s] |1 50.000 Significant Peak Stop [s] |220. 000
Amount Percent [%] |45‘545 Unit |mg

Figure 4-24. Method for Blank measurement - blank information

Note In case of blank measurements, only Significant Peak Start and
Significant Peak Stop are important and will be considered. The
Amount Percent value, however, is unimportant. However, in case of
reference measurements, all four parameters shown above are important
and will be considered (including the Amount Percent value). See
Figure 4-24. A

Instiument | Time Events | Evaluation@N2 Peak Detection®N2 | Printout@N2 |

Perform Peak Detection ¥ Perform Background Detection [V Detection on Mass | 28

— Detection Parameter . Background Parameter |

Start Slope [mV/s] | 02 Background Type |Indivbdue| BGD j
End Slope [mV/s] | 04 History [s] [s

Peak Min Height [m] | 2
Peak Resolution [%] | 20

Max Peak Width [s] 180

Perform Timeshift v

- Auto Square Pulse Recognition / Timeshift Sup
Enable r Factor 055 rarea Pk Width / Pk Height

Advanced Parameter == [

Figure 4-25. Method for Blank measurement - Peak Min Height

Note Set Peak Min Height (mV) to 2 as shown in Figure 4-25! If the
blank is smaller, it will not be detected and no database entry will be
created. A
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Nitrogen Measurement
Blank Measurement

Defining a Sequence for Blank Measurement

To define a sequence for Blank measurement see Figure 4-19,
Figure 4-22 and Figure 4-23.

Note The ion intensity of blank for mass 28 should be less than 15 mV
or the area less than 0.3 Vs. If the measured value is by the factor 1.5
higher than expected, increase or decrease the purge. A

Note The ion intensity of blank for m/z 44 should be less than 10 mV
or the area less than 0.2 Vs. If the measured value is by the factor 1.5
higher than expected, your current batch of capsules may not be suitable
to perform measurements. In this case, use a batch of capsules
containing less carbon. A

Note The ion intensity of blank for m/z 64 should be less than 10 mV
or the area less than 0.2 Vs. If the measured value is by the factor 1.5
higher than expected, your current reducing agent copper may not be
suitable to perform measurements. In this case, use another batch of

highly purified copper.. a

Results of Blank Measurement

Nitrogen

The blank values for the following calculation are stored automatically.

Figure 4-26 shows the sequence line for blank measurement of nitrogen.

N2 | Error | Extended Sequence Line 4]‘—

Line | & | Type Weight [mg] | Identifier 1 | Comment | Method
10 | v | Sample N2_ONLY.met

Figure 4-26. Blank measurement of nitrogen - sequence line
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Nitrogen Measurement
Blank Measurement

A typical chromatogram for blank measurement of nitrogen is depicted
in Figure 4-27, whereas Figure 4-28 shows the related result grid.

4 Isodat Acquisition - [Blank N2 (2m¥).cf]

2J File Edit View Quant Help

;a‘ﬁ_f}_?\’){

Edit Metho., Start Re-E..

|

5top ‘

e e

Ak A%

e S §

Def Peak Def Bgd Scan Delete Save Def  Delete Def Deleteall..  Load Def
File Name: C:\FINNIGANUSODAT NT\Global\User\Corflo 11 Interface\Results\0K-03-05-14\8lank N2 (2mV).cf
so00- W28 53.95 108.12
4000
2000
z
=
g
2000
=
1000-
25?1.13
il + + } +
Ll T ] Ll 1 L
50 100 150 200 250 200
Time [s]
Figure 4-27. Blank measurement of nitrogen - chromatogram
N2 |Error I Extended] Sequence Lhel
Peak Nr. | Start | Rt Width | Ampl. 28 | BGD 28 | d 20N2/28N2 d 15N/14AN | AT% 1SNM4GN
[s] [5] 5] [m\] [mv] [per mil] [per mil] [%]
vs. N2 Lab.Tank | vs. Air-N2
1 394 | 590 |229 |4629 473 -1.235 -1.235 0.366021
2% 896 | 109.1|22.7 |4640 4q7.2 -1.250 -1.250 0.366016
3 2309|257.2|287 |2 47 1 -174.294 -174.894 | 0.302572

Figure 4-28. Blank measurement of nitrogen - result grid

Carbon

Figure 4-29 shows the sequence line for blank measurement of carbon.

co2 |Error ]Extended Sequence Line«—

Line ‘ Amount | Type

Identifier 1

Preparation | Method

1 |v

Start Blank Mean

Blank

|

Figure 4-29. Blank measurement of carbon - sequence line

Thermo Fisher Scientific
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Nitrogen Measurement
Blank Measurement

A typical chromatogram for blank measurement of carbon is depicted in
Figure 4-31, whereas Figure 4-31 shows the related result grid.

File Name: C\Finniganilsodat NT\Global\WseriConflo |l Interface\Results\CO2_blank cf
147 M asma
13- J ‘l
12 | S 1 ( ! 1 —
o
E 1.1 |
1.04
0.94
03]}
Ma BY' W 9838
Fo00+
r_._.J
B000+
e | ——4
5000+
s‘ =’
£ 40001
2
4 3000
o
£ 20004
1000+ 303]_“
(1] ¥ + + + +—
Ll T Ll T Ll Ll T Ll
50 100 150 200 250 300 350 400
Time [s]
Figure 4-30. Blank measurement of carbon - chromatogram
Cco2 |Error |Extended l Sequence Line]
Peak Nr. | Start | Rt Width | Ampl. 44 | Ampl. 45 | BGD 44 | BGD 45 | BGD 46 | Area All | Amt% | d 13CHM2C
@ |8 |8 [mv e (e [ (v (v (6 | permil
vs. VPDB
1 272 |466 |276 | 484206 5636.7 19 24 30 90837 . -26.020
z= 768 |963 |276 |482349 56138 21 26 32 90821 . -26.100
3 3749|3940 259 (68 749 08 1.2 14 0.122 - 23699

Sulfur

Figure 4-31. Blank measurement of carbon - result grid

Figure 4-32 shows the sequence line for blank measurement of sulfur.

502 | Error | Extended Seauence Line ffmmmm

Line

Amount

Type

Port | Identifier 1

Preparation | Method

21

Sample

blank

=

Figure 4-32. Blank measurement of sulfur - sequence line
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Nitrogen Measurement
Blank Measurement

A typical chromatogram for blank measurement of sulfur is depicted in
Figure 4-33, whereas Figure 4-34 shows the related result grid.

File Name: CAFinnigan\lsodat NT\Global\Wser\Conflo Il Interface‘\Results\SO2_blank.cf
501 Meema

4.5+
4.0
3.5
3.04
2.5

2o{ >~

1.5+

Ratio

Intensity [mY]

15

100004 Mea Hes 405,
2000+
5000 blank — se—)p
4000
m-
. : -

T T T T T T
50 100 150 200 250 300 350 400
Time [s]

Figure 4-33. Blank measurement of sulfur - chromatogram

02 |Error | Extended 1 Sequence Line |

Peak Nr. | Start | Rt Width | Ampl. 64 | BGD 64 | Area All | 566 | 6345 Amount%
[s] |[s] |[Is] |[mV] [mv] | [Vs] [%o] | [%o] [%]
vs. VCDT
1* 376.1|405.1 | 625 | 1932 12.4 56.369 |[5.130)8.130 0.0000000

Figure 4-34. Blank measurement of sulfur - esult grid
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Nitrogen Measurement
Reference Measurement

Reference Measurement

Reference Gas Calibration

Nitrogen

Carbon

Sulfur

Reference measurements are a means to determine the 8 value of your
reference gas and amount percentages (that is weight percentages, wt %)
of unknown samples. Therefore, the system needs to be calibrated using
a sample of known § value and a sample of known amount percentage
(not necessarily the same).

The combination of Elemental Analyzer, ConFlo III as an interface and
finally the mass spectrometer has become standard for isotope ratio
determination of combustible bulk samples. Reference gas calibration
can be generalized for both N,, CO, and SO,. As an example for
reference gas calibration, the determination of isotope ratios requires a
standard to calculate the ¢ value.

To calibrate this reference gas versus atmospheric air, you must combust
an internationally valid reference like the IAEA N1 (ammonium

sulfate): JAEA N1 615N = 0.4 %o vs. atmospheric air.

To calibrate this reference gas versus PDB, you must combust an
internationally valid reference like the IAEA-C-6 (sucrose):
013C = -10.43 %o vs. PDB.

The determination of § **S/*%S ratios requires a standard to calculate the
0 value. To calibrate this reference gas versus VCDT you must combust
an internationally valid reference like NBS 123:

NBS 123: §°*S = 17.088 %o vs. CDT

The measurement is performed using the ratio of masses 66 and 64.
Therefore, the following approximate formula must be applied:

5715/7%s = 1,00 x8%s50,/%50,
Combining both equations yields:

1,09 x 5°50,/%50, = 17.088 %o vs. CDT
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System Settings

Thermo Fisher Scientific

and finally:

Nitrogen Measurement
Reference Measurement

5%50,/°*50, = 15.677 %o vs. CDT

Table 4-2 summarizes system settings for reference gas calibration.

Table 4-2.  System settings for reference gas calibration

Parameter

oxidation furnace

Value

1020 °C for Cr,0O; filling
1020 °C for WO; filling (sulfur)

(900 °C for Cu filling)
reduction furnace 650 °C
GC column 45 °C

100 °C (sulfur)

He flow (Elemental Analyzer)

80 - 100 mL/min

purge 110 mL/min (depending on
autosampler and Elemental Analyzer)

reference gas is set to approximately 3 V

He flow at ConFlo 111 0.8 bar

oxygen 175 mL/min

cycle 60 s

sampling delay 23s

oxygen injection 3s

1. Define a method, for example N2_only.met for nitrogen,
CO2_only.met for carbon or SO2_only.met for sulfur.

2. Inits Evaluation tab, type the retention time of the sample peak into
the Ref. Time column (for example 200 s, as example for nitrogen,
see Figure 4-36 or 350 s as example for sulfur).

3. Type the § value into the

* d 15N/14N column (for nitrogen, for example 0.4) or into the

e d 13C/12C column (for carbon) or into the

* d 34S/32S column (for sulfur, for example 15.68)
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Nitrogen Measurement
Reference Measurement

Note The entry in the Ref. Name column changes to User Defined. See
Figure 4-35. A

Ref. Nr.:

Ref. Time:

Ref. Name: d 15N/M4N | vs.

200.00

Uszer Defined w ] 0.400 Air-N2

Figure 4-35. Method for reference measurement - Evaluation tab for
nitrogen

Figure 4-36 shows the chromatogram of a reference measurement for

nitrogen.

File Name: CAFINNIGANUSODAT NT\Global\User\Conflo |l Interface\Results\OK-03-05-14\N2_only.cf

Ratio

Intensity [mVv]

0.95+
0.50+
0.85
0.804
0.754
0.704
0.654
060+

Co | B0 21
Wz Wz
—.—ﬂ FE—
K
T T T T T
50 100 150 200 250

Time [s]

Figure 4-36. Reference measurement - chromatogram for nitrogen

4-24

4. Define a sequence. Refer to “Defining a Sequence” on page 2-15.

5. Put for example 346 pg ammonium nitrate IAEA N1 in a tin
capsule, wrap it carefully and place it in the autosampler (for
nitrogen).

Put for example 120 pg IAEA-C-6 sucrose in a tin capsule, wrap it
carefully and place it in the autosampler (for carbon).

Put for example 200 pg NBS 123 in a tin capsule, wrap it carefully
and place it in the autosampler (for sulfur).

6. Start the acquisition and repeat the measurement a few times.

The ¢ values of the reference gases are now determined vs. the
sample peak.

7. Calculate a mean value of all reference gas pulses and assign this
value to your reference gas.

FlashEA for IRMS Operating Manual (P/N 1158550, Revision B)
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Nitrogen Measurement
Reference Measurement

4

Editors |
Ratio Editor..
The standard gas database will be shown. See Figure 4-37.

Gas Configuration Editor..

8. Open the Standard Editor.

Standard Editor X

Mewy Add Delete
Working Standards |
Name Gas Delta Value Primary Standards ~
H2 make up H2

d ZH/1H -2567.290 VSMOW v
CO2 Lab.Tank @¢—— coz

d 1807160 -25.5490 VSMOW i

d 13CHM2C 25.420 4 VPDB 54
N2 Lab.Tank ¢— N2

d 15N/14N -1.245 €——TAirN2 v
S02 Lab.Tank s02

d 345/328 £2.130 =7t VCDT =

d 180/160 0.000 VSMOW 5
CO_zero co

d 180/160 0.000 VSMOwW bt

d 13CHM2C 0.000 VPDB >
H2-zero H2

d 2H/MH 0.000 VSMOow v
S02_zero s$02

d 345/328 0.000 VCDT |V

W Cancel

Figure 4-37. Storing mean value in standard gas database

9. Enter the value calculated in step 7 in the standard gas database:

*  The calculated § "N/"N of standard gas is - 1.24 %o vs. air in the
first measurement and - 1.25 %o vs. air in the second measurement.
The mean value of - 1.245 %o vs. air is taken for later application
and must therefore be stored in the standard gas database.

s The calculated § °C/"*C of standard gas is - 25.44 %o vs. PDB in
the first measurement and - 25.40 %o vs. PDB in the second
measurement. The mean value of - 25.42 %o vs. PDB is taken for
later application and must therefore be stored in the standard gas
database.
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Nitrogen Measurement
Reference Measurement

e The calculated & **S/*%S of standard gas is 8.22 %o vs. VCDT in the
first measurement and 8.04 %o vs. VCDT in the second
measurement. The mean value of 8.13 %o vs. VCDT is taken for
later application and must therefore be stored in the standard gas
database.

Note To obrtain the correct 6 values from the SO, measurements, take
into account that sample and reference may vary in their oxygen isotope
content. The oxygen used for the combustion in general will have
another isotope ratio than oxygen of SO, reference gas. To eliminate this
problem the SO, reference must be corrected daily. A
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Nitrogen Measurement
Amount Percent Determination

Amount Percent Determination

This section outlines amount percent determination.

Identifying Significant Peak's Position

Calculating Amount Percent

Thermo Fisher Scientific

In the Method's Evaluation tab, an amount percent determination can
be chosen for the significant peak of references. It cannot be performed
in case of blanks.

All calculations of amount percent determination refer to the so-called
significant peak. To first and foremost determine its position, in the
Evaluation tab of the method an interval must be defined by a
Significant Peak Start value and a Significant Peak Stop value.

Since this interval will not automatically be identified, a sample
chromatogram must be recorded which reveals the position of the
significant peak. Consider that the position can vary slightly over time
due to alteration processes. Choosing a sufficiently broad interval will
prevent the significant peak from migrating outside it.

Amount percent determination bases upon the relationships between
peak area of the significant peak and sample weight.

First, a reference (that is a well-known substance; not necessarily
identical to the compound of the later sample) is measured to obtain the
k factor according to the formula:

The weight percent w of the reference and its mass m, ¢ are given,
whereas its peak area A_;is obtained from the measurement. Possibly,
A ¢ can be used blank-corrected to enhance the precision of k factor
calculation.

A linear relation between k factor and the mass m ¢ of the reference is
stored in the database. This linear relation is now used to determine the

k factor of the unknown sample using the known sample weight m, ..

The peak area A

sample from the chromatogram (possibly
blank-corrected), sample weight m,,, ;. and k factor are now well
known, so that the parameter of interest, the sample's weight percentage

W, can be easily obtained rearranging the above equation:

sample?

— ke x Ammg/e
Wample ~
mmmp/e
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Nitrogen Measurement
Amount Percent Determination

Commands

Reference Command

Start Reference Mean Command

Three procedures, that is commands, exist to perform reference
measurements:

e Reference
e Start Reference Mean

*  Start Reference Regression

From the Type menu select Reference. See Figure 4-38. The previous
reference value will be deleted. Instead, the result of this current
reference measurement will be enlisted as new reference value (one-point
calibration).

Line & Amount | Type Identifier1 | Comment | Preparation Melhod/
1 v | 0.285 Reference w| Reference NZ_only.met w
Line | & | Amount | Type ~lentifier 1 | Comment | Preparation | Method —~
1 v | 0.285 Reference ¥| Reference CO2_only-He.met ¥

Figure 4-38. Reference measurement - Reference command

From the Type menu, select Start Reference Mean. See Figure 4-39.
The previous reference value will be deleted. Instead, the result of this
current reference measurement will be enlisted as new reference value.
Further references can be added that are taken into account when
determining the Reference Mean.

Line g Amount | Type ( Identifier1 | Comment | Preparation Metl'wd(
q W | 0.285 Start Referénce Mean w| Reference NZ_ofly.met =

Line | & | Amount | Type Identifier 1 | Comment | Preparation Methock
1 v |0.285 | Start Reference Mean ¥| Reference CO2_only-He.met ~|

Figure 4-39. Reference measurement - Start Reference Mean command

Note A mean value is determined. This is only recommended, if the
samples do not vary significantly in amount (for example liquids
injection). A
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Add Reference Mean Command

Nitrogen Measurement
Amount Percent Determination

From the Type menu, select Add Reference Mean. See Figure 4-40.

Line | Mt [ Amount Typk/ Identifier 1 | Comment |Preparation Me?
1 v | 0.285 Add Reference Mean w| Reference NZZMly.met w

Line | £ | Amount | Type Identifier 1 | Comment | Preparation | Method (
1 v | 0.285 | Add Reference Mean ¥| Reference CO2_only-He.met *

Figure 4-40. Reference measurement - Add Reference Mean command

The old Reference Mean will be corrected using the new reference value
to yield the new Reference Mean according to the formula:

! —_

-
n,t1

m, X nr+r

with:
m,_ new Reference Mean
m, old Reference Mean

n, number of previously measured reference values (since reference
start)

r new reference value

The Reference Mean is calculated in case of References of very similar
weights. With References of considerably differing weights, it is
advantageous to generate a reference calibration curve. Measuring a
sample afterwards, a k factor can be acquired using the calibration curve.

Note It is recommended to weigh at least three samples of different
weights, which approximately cover the range of unknown samples. A

Start Reference Regression Command

Thermo Fisher Scientific

From the Type menu, select Start Reference Regression. This
command corresponds to the Start Reference Mean command. See
Figure 4-41 and refer to “Start Reference Mean Command” on
page 4-29.

The previous reference value will be deleted. Instead, the result of this
current reference measurement will be enlisted as new Reference value.
Further references can be added to extend the Reference calibration
curve.
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Nitrogen Measurement
Amount Percent Determination

Method

Figure 4-41.

Add Reference Regression Command

4-30

command

Line ‘ Amount | Type Identifier 1 | Comment | Preparation

1 v | 0.100 StadRefereng Regression w| Reference NZ_only.met w
2 v | 0.150 Add Reference Regression | Reference N2_only.met w
2 v | 0.200 Add Reference Regression W[ Reference N2_only.met w
4 v | 0.250 Add Reference Regression w| Reference N2_only.met w
Line | 8 [ Amount | Type Identifier 1 | Comment | Preparation | Method

1 v [0.285 | Start Reﬁ{eﬁ'egression | Reference CO2_0$He.me! =
2 v [0.285 | Add Reference Mean | Reference CO2_only-He.met ¥
3 v [0.285 | Add Reference Mean *| Reference CO2_only-He.met ¥
4 v 0285 | Add Reference Mean ™| Reference CO2_only-He.met ~|

Reference measurement - Start Reference Regression

From the Type menu, select Add Reference Regression. This command
corresponds to the Add Reference Mean command. See Figure 4-42 and
refer to “Add Reference Mean Command” on page 4-30. A new point

on the calibration curve is enlisted.

Line ‘ Amount | Type / Identifier1 | Comment | Preparation | Method

1 v | 0285 Add Ref: Regressi | Ref N2_$Iy.mel -
Line | 8 | Amount | Type Identifier 1 | Comment | Preparation Meth

1 v [0.285 | Add Reference Regression | Reference CO2_only-He.met ¥

Figure 4-42. Reference measurement - Add Reference Regression

command

Note After finishing each reference measurement Isodat stores the
corrected calibration factor in a database. A

Note Once having calibrated the amount calculation, the analytical
condition parameters should not be changed. As with all reference

materials, it is recommended to choose material that is close to the
sample in terms of matrix and “origin® (organic/inorganic). A
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Calibration Procedure
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Nitrogen Measurement
Amount Percent Determination

The system, that is ConFlo III and IRMS, requires a calibration
procedure in order to calculate the amount of nitrogen or carbon in the
sample.

K2
0’0

1.

To perform the calibration procedure

Weigh a reference compound, for example 0.285 mg of urea, in a tin
capsule (in case of nitrogen) or a silver capsule (in case of carbon)
and wrap it carefully.

Note The precision of weighing is directly related to the precision of
amount percent determination. A

2.

3.

- Reference/Blank

Significant Peak Start [s) |1 50.000 Significant Peak Stop [s] 1220.000
Amount Percent [%] |45_545 < — Unit |mg

Place the capsule in the solid-autosampler.
Click on the Evaluation tab of the method.

In case of nitrogen, the method N2_only.met is described in detail
in “Starting Nitrogen Measurement” on page 4-34. The amount
percent value of 46.646 % refers to urea. See upper part of

Figure 4-43.

In case of carbon, the method CO2_only.met is described in detail
in “Starting Carbon Measurement” on page 5-11. The amount
percent value of about 20.00 % refers to urea. See lower part of

Figure 4-43.

Reference/Blank

Significant Peak Start [s]  (200.000 Significant Peak Stop [s) |3UG,000
Amount Percent [%] 20,000 ¢—— Unit |mg

Figure 4-43. Reference/Blank information for amount percent

4.

determination

In the sequence grid, select Reference in the Type column. In the
Method column, select the appropriate IRMS method. See
Figure 4-44.
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Nitrogen Measurement
Amount Percent Determination

Line i Amount | Type /'ldentifiem Comment |Preparation | Method

1 v | 0.285 Reference w| urea N2_only.met -
Line | 8| Amount | Type Identifier 1 | Comment | Preparation | Method

1 v | 0.285 | Reference | urea CO2_only-He.met ¥

Figure 4-44. Sequence line for amount percent determination

p 5. Start the sequence.

Start

Note Once having calibrated the amount percent calculation, the
analytical conditions should not be changed. To obtain reasonable
results, this calibration needs to be performed daily and after changing
any parameters of the system, that is ConFlo II/IIl and IRMS. A
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Starting Nitrogen Measurement

Nitrogen Measurement
Starting Nitrogen Measurement

Before you start a nitrogen measurement, make sure that your system
meets the hardware requirements summarized in Table 4-3.

Table 4-3.

Parameter

oxidation furnace temperature

Hardware requirements for nitrogen measurement

Value
1020 °C for Cr,O; filling; 900 °C for CuO filling

reduction furnace temperature

650 °C

GC column temperature

45 °C

helium flow

80-100 mL/min

purge

helium flow must be sufficiently open

standard gas (N,) on ConFlo II/III

must be available

needle valve (ConFlo II/III-IRMS connection)

must be open

standard gas intensity (N,)

is adjusted at about 3-4 V (as with zero enrichment)

Isodat

must be set to ConFlo configuration. See Figure 4-45.

' - Accessories - x
Q@ EE - * 4
ConFlo Il 11l Interface CACICE
Ref 1
Ref 2

®

MS ==

Helium Dilution

File Browser

WWSISequencele)qwﬂlResulsllSL |Se‘|’

CACAC

Name [ Created

) Example 10/09/03 14:45:36

._._'J Time Event List 10/09/03 14:45:36

Elnz_zero.met 11/12{03 12:00:17
Wb < / >

- K
& ConFlo&AS

vQ coz -

Figure 4-45. ConFlo configuration in Isodat

Thermo Fisher Scientific
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Nitrogen Measurement
Starting Nitrogen Measurement

Defining a Method

Instrument Tab

Time Events Tab

From the Examples folder of the File Browser, take the method
N2_only.met as a guideline.

Instiument | Time Events | Evaluation@N2 | Peak Detection@N2 | Printout@N2 |

Exzperiment Continuous flow
Configuration ConFlo
Comment ;[
=
Gasconfiguration |N2 LI
Acquisition Script lAcquisition.sct o] Ej
~ |sotope MS
Integration Time | 0.200 [5] vI Peak Center Predelay (s) Izo
Peak Center Cup ICup 3 -.I Peak Center Postdelay (2] Iw
- Reference Device /
™ Use Scripts
Reference Port | Reference 2 |

Figure 4-46. Starting nitrogen measurement - Instrument tab

Select the reference port your reference gas is connected to at the
ConFlo III interface (for example Reference 2). See Figure 4-46.

Instrument  Time Events |Evalualion@N2] Peak Detection@N2 | Printout@N2 |
e d& X

@ Time [s] Start Sampler | Elemental Dilution - On Reference 1- | Reference 2 - | Switch Gas
Anal. - On On On
20 Q@
e ®)
60 Q
& @
% 9
105 @
Acquisition Start |Imrmadiate!y j Acquisition End Time [s] 4300 3

Figure 4-47. Starting nitrogen measurement - Time Events tab
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Evaluation Tab

Peak Detection Tab

Thermo Fisher Scientific

Nitrogen Measurement
Starting Nitrogen Measurement

Instrument | Time Events Evaluation@N2 | Peak Detection@N2 | Printout@N2 |

[n2 | E

Ref. Nr.: | Ref. Time: | Ref. Name: d 15NM4N | ws.
N2 Lab.Tank w|-1.250

Reference/Blank

Significant Peak Start [s] IZDELUEIU Significant Peak Stop [s] ]300.003
Amount Percent [%] 2670 Unit ]rng

Figure 4-48. Starting nitrogen measurement - Evaluation tab

Instrument | Time Events | Evaluation@N2 Peak Detection@N2 | Piintout@N2 |

Perform Peak Detection ¥  Perform Background Detection  [v Detection on Mass |28 |

~ Detection Parameter . Background Parameter '
Start Slope [mVis) I 02 Background Type ilndivldual BGD j

End Slope [mV/s] | 04 History [s] | s
PeakMnHeignt(nv] |10

PeskResoution(%] |20

Max Peak Width [s] | 180

Perform Timeshift v

- Auto Souare Pulse Recognition / Timeshift Supression —
Enable r Factor |0-55 rérea / Pk Width / Pk Height

Advanced Parameter = |

Figure 4-49. Starting nitrogen measurement - Peak Detection tab
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Nitrogen Measurement
Starting Nitrogen Measurement

Printout Tab

Defining a Sequence

4-36 FlashEA for IRMS Operating Manual (P/N 1158550, Revision B)

- Peak Detection Parameter Sets
Nr.: Start Detection [s] Stop Detection [s]
1 -1.000 -1.000
- Smoothing -
Smooth Type |Standard Smoothing v|  Number Of Datapoints | °

Figure 4-50. Peak Detection tab - Advanced Parameters

Note A value of -1 denotes unlimited. A

Instument | Time Events | Evaluation@N2 | Peak Detection@N2 ~ Printout@N2

Printout Templates
Single |Default Result IRW =
Sequence |Single Resul IRW 1

Figure 4-51. Starting nitrogen measurement - Printout tab

R
0‘0

To define a sequence for nitrogen measurement

1. Place a sample in the solid-autosampler, for example 0.285 mg of
urea.

2. To create a new sequence click on the New button.

Thermo Fisher Scientific



Sequence Properties

Thermo Fisher Scientific

Nitrogen Measurement
Starting Nitrogen Measurement

s*@ -
Method Sequence DataExport
R2005 ;
E [
6830 A2005 Trace
P
1 n Q D ﬁ
AS2000 PeripheralVi... ISL _:,l

| oK I Cancel I

Figure 4-52. Creating new sequence

3. In Figure 4-52 mark the Sequence icon and confirm by OK.

4. Define the number of samples, for example 3. Confirm by OK.

5. Edit the sequence grid as shown in Figure 4-53 and Table 4-4.

Line i Amount | Type Identifier 1 | Comment | Preparation | Method

1 v 0285 |Sample ¥| urea N2_only.met v|
2 v | 0273 | Sample | urea N2_only.met
3 v | 0291 | Sample w| urea N2_only.met w

Figure 4-53. Starting nitrogen measurement - editing sequence grid

Table 4-4.  Sequence grid parameters for nitrogen measurement
Parameter Comment

Peak Center Enable v to perform a peak center prior to
measurement (always recommended).

Amount amount of sample
Type Select the kind of species, for example Sample

Identifier ~ Type in text to identifiy the sample (optionally)

Comment  Type in a comment (optionally).

Preparation  Type in information related to preparation (optionally).

Method Select the IRMS method (here N2_only.met).
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’ 6. Click on the Start button.

Start

7. Define a folder to save your result files as well as export and printout
parameters. See Figure 4-54.

start sequence x
Isodat Object =
@ TemplateDataSequenceHeader
Folder Name Pre I Post HACQ-FIesuIts 3
[~ Auto Enum
File Name Pre I Post !|Acquisilion
[V Auto Enum
— Export
Fomat  [Excel (xis) ~]  Modiy Template List |
Export File Name Pre | Post | [Export
~ Printout Resultworkshop Templates
Mo € 1 Printout/Sequence
@ Yes & 1 Printout/Sample
— Properties
Comment lND Comment I™ [ Measure only Selection
~ Sequence Scripts
Pre Script I O @
Post Script | ]
[ ok | concel |
=

Figure 4-54. Starting nitrogen measurement - defining export and printout

parameters

Events during Acquisition

4-38

This section summarizes the events that happen during data acquisition.
See Figure 4-47, Figure 4-55 and Figure 4-56.

1. Peak center procedure

2. First N, reference gas pulse activated at 20 s (duration: 20 s).

FlashEA for IRMS Operating Manual (P/N 1158550, Revision B)
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Results

Nitrogen Measurement
Starting Nitrogen Measurement

3. Second N, reference gas pulse activated at 67 s (duration: 20 s). It is
assigned as standard pulse for 6 value calculation. See Time column
in Figure 4-47 and Peak No. 2 in Figure 4-56.

4. Start signal to Elemental Analyzer and oxygen injection.

5. Autosampler activation with delay, that is sample input. The delay
depends on the settings made in the Eager software. See Figure 3-27.

6. Depending mainly on the carrier flow, the sample peak appears
approximately 200 s after acquisition start time (that is about 100 s
after autosampler activation). See Figure 3-27.

7. Acquisition stops at 300 s.

After finishing data acquisition a data output sheet will be created as
defined by the selected Result Workshop template (*.irw). The results
are also exported to a spreadsheet file, if the checkbox was marked in
Figure 4-54. Figure 4-55 shows the chromatogram and Figure 4-56 the
related result grid.

-’File Name: C\Finniganiisodat NTWGlobal\Wser\Conflo Il Interface\Results'\N2_only.cf

055 M 2ons }
0,904 [
0.85+
o 0.80+
& 75 X
0.704 .1
0654
050+
871 86.21
R sample peak
3000
< 25004 4 y
E
= 2000+
E 1500+ 0033
£ 000
m-
\.
O-.
T T T T T
S0 100 150 200 250 200
Time 5]
Figure 4-55. Nitrogen measurement - chromatogram
N2 lError i Extended] Sequence Line
Peak Nr. | Stat | Rt Emdth Ampl. 28 | Ampl. 20 | BGD 28 | BGD 20 | Area All | Amt% d 15NM4N | AT% 15NM14N
B8 |8 (v m (e (w1 fpermil) | (%)
vs. Ai-N2
1 273 |496.7 | 222 | 3500 2531 3841 286 65582 | - -12.802 0361765
2* 672 |862 | 222 |3502 2532 381 28.7 85813 | - -12.840 03681747
179.2| 2003 | 60.0 1181 870 359 270 15.845 | 2.6700000 | 5.185 0.368389

Thermo Fisher Scientific

Figure 4-56. Nitrogen measurement - result grid
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chapter 5 Carbon Measurement

This chapter describes creating a gas configuration, zero enrichment
(standard on/off test) and linearity test for carbon. Hardware
preparation, method editing and sequence editing before a carbon
measurement is started are extensively treated. Finally, results of this
measurement are displayed.

This chapter treats the following topics:

*  “Creating Gas Configuration for Carbon Measurement” on
page 5-2

*  “Zero Enrichment of Carbon (Standard On/Off Test)” on page 5-5
*  “Linearity Test of Carbon” on page 5-10

*  “Starting Carbon Measurement” on page 5-11

Thermo Fisher Scientific FlashEA for IRMS Operating Manual (P/N 1158550, Revision B) 5-1
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Creating Gas Configuration for Carbon Measurement

Creating Gas Configuration for Carbon Measurement

5-2

-

Acquisition

4

Editors
Ratio Editor..
Standard Editor..

|  Gas Configuration Editor..

-

A gas configuration determines a combination of masses, which are
collected in the cups, for evaluation of ratios and eventually 8 values.
The gas configuration is specific for the particular gas and is combined
with a magnet field value taken from the mass calibration of your IRMS.
The ratio groups determine the reported ratios of predefined masses.

Prior to defining this gas configuration ensure that the connected IRMS
has the cups for the simultaneous detection of m/z 44, m/z 45 and

m/z 46 and that mass calibration for these cups has already been
performed.

For a carbon measurement, a gas configuration must be available for the
m/z 44 (that is ’C'°0™0), m/z 45 (for example BC0™0) and

m/z 46. Otherwise, it must be created as follows.

< To create a gas configuration for carbon measurement

1. Open Isodat Acquisition.

2. Open the Gas Configuration Editor
(Figure 5-1).

It is only available, if no acquisition is running.

Gas tonﬂgl:lat;; -Editor
£ X
Add Delete
Configurations i
Name | Cupi | Cup2 CupSiCuM;Cup& Cup8 | Cup? | Cup | Calibration _Ratio Groups | Magnet | PC-Offset
N | 28 |20 |'30' | —I ) “Cunent B SP 11.01.02] +| N2 17800 o

Figure 5-1. Gas Configuration Editor

Per default, the gas configuration CO?2 is being created as the first one.
If you have deleted CO2 however, another gas configuration (for
example N2) is shown in Figure 5-1.

3. Click on the Add button to add a new gas

configuration.
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5. Select a Gas Configuration as Template.

Name |503

Template |N2 <—

[ ox ]

| In the context menu, only the already existing
gas configurations are displayed (here for

example N2). When creating the first gas

Isodat Acquisition

\‘\’r) Confirm Formula.

-

Mame : <CO2>
Formula: <N2>

Press <Yes> for continue or <MNo> for edit Formula,

Yes

Mo

configuration, CO2 is displayed.
6. Confirm by OK.

7. 'Type No.

If you would type Yes, this would
automatically mark the template (that is N2)
instead of CO?2 in the Ratio Groups window
below.

Ratio Groups

x|

Evaluations

Enable | &

coz2

v

co

H2

N2

02

N2O

S0z

CH3CI

SFB

Argon

Air

S0-502

Thermo Fisher Scientific

8. Mark CO2. If Ratio Groups other than CO2

are marked, unmark them all.

9. Confirm by OK.

Gas Configuration Editor

a X
Acdd Delete
Name | Cup1 | CupZ | Cup3 | Cupd | Cup5 | CupB | Cup? | CupS | Calibration Ratio Groups | Magnet | PC-Offset
N2 28 29 30 Current [JB SP 11.01.02] w| N2 7800 |0
coz 3 a5 46 - Cument [JB SP 11.01.02] «| CO2 10481 |0

Figure 5-2.  Creating new gas configuration

The new gas configuration CO2 appears in the list as a row of its own.
See Figure 5-2.
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10. In the Calibration column of Figure 5-2 select your current
calibration file.

Note Figure 5-2 shows a common cup configuration as used in most
Delta mass spectrometers, that is universal triple collector. If you have a
special cup configuration, the respective masses will be collected in other
cups! A

11. In Figure 5-2 type in the correct masses ( 44, 45 and 46) to the
appropriate cups specific for your IRMS.

When highlighting the specific gas configuration by a click on its row,
the number of cups required for measurement is displayed together with
the assigned masses. See Figure 5-3.

Mass Info

Number of required cups : - Masses required :
~Mass Info

Number of required cups: 3 Masses required : 44,45 46

Figure 5-3. Required cups together with assigned masses

12. Select a calibration, which is valid for the selected cups.

13. Click on the Save & Close button .
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Zero Enrichment of Carbon (Standard On/Off Test)

We assume that the user already has working experience with the
ConFlo III interface and IRMS. It is recommended to perform a simple
check in order to test the analytical condition of the ConFlo III and the
IRMS before measuring any samples. The most important checks to test
the analytical condition are zero enrichment and linearity test.

Note Use the method CO2_zero.met from the Examples folder of the
File Browser which will be described below only as a guideline! A

Instrument Tab

Instrument | Time Events | Evaluation®C02 | Peak Detection®C02 | Printout@C02 |

Experiment Continuous flow
Configuration ConFlo
Comment ;]
4|
Gasconfiguration |502 _:J
Acquisiion Scipt  [Acquisiion. sct 0
— lsotope MS
Integration Time I 0.200 [s] :J Peak Center Predelay (5] 120
Peak Center Cup ICup 3 j Peak Center Postdelay (5] 110
— Reference Device
™ Use Scripts
Reference Poit |Reference 1 |

Figure 5-4.  Zero Enrichment of carbon - Instrument tab

In Figure 5-4 select the reference port your reference gas is connected to
at the ConFlo III interface (for example Reference 1).

Adapt the reference gas port to the respective column of the time events
list: for example, if you choose Reference 1, the on-off entries must
occur in the Reference 1-On column of the time events list. See

Figure 5-5.
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Time Events Tab

Instrument ~ Time Events | Evaluation@C02 | Peak Detection@C02 | Printout@C02 |
e d&8 B8 & SXE

@ Time [s] Start Sampler

Diluti

-On

0
-

Ref, 2. | Switch Gas

Anal. - On

E
2 .

On

20

40

70

120

140

170

190

T

220

240

270

320

340

370

© © © © © © © ©

360

Acquisition Start Ilrnmedialely

=

AcqustionEnd Times] [0 =]

Figure 5-5. Zero Enrichment of carbon - Time Events tab

Recognize the eight on-off pulses shown in Figure 5-5 in the expected
chromatogram, Figure 5-10. The off-time of the for example forth
reference gas pulse is 190 s. See Figure 5-6.

Evaluation Tab

5-6

Instrument | Time Events Evaluation®C02 | Peak Detection@C02 | Printout@C02 |

—Evaluation Type:

|co2_ssH

&

Ref. Nr.: Re"l’ime: Ref. Name: |d13CHM2C |ws. d 180/M60 | vs.
1 190,00 C02_zero w| 0.000 VFDB | 0.000 VEMOW
Reference/Blank

Significant Peak Start [s]

Amount Percent [%]

0.000

0.000

Significant Peak Stop [s] |n.uun

Unit

—

Figure 5-6. Zero Enrichment of carbon - Evaluation tab

FlashEA for IRMS Operating Manual (P/N 1158550, Revision B)
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Carbon Measurement
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Note At Ref. Time, the off-value of an arbitrary reference gas peak

according to the Time Events list must be typed (for example 190 s as
the off-value of the forth reference gas peak). See Figure 5-5. A

Peak Detection Tab
Instrument | Time Events | Evaluation@C02 ~Peak Detection@C02 | Printout@C02 |
Perform Peak Detection [V Perform Background Detection [ Detection on Mass | 44
— Detection Parameter Background Parameter
Start Slope [mv/s) [02 Background Type | Inividusl BGD =
End Slope [mV/s] I 04 History [s] I S
Peak Min Height (mV] |5’5|
Peak Resolution [%) |20
Max Peak Width [s] |180
Perform Timeshift v
— Auto Sguare Pulse Recognition / Timeshift Supression

Enable m Factor |055 rArea / Pk Wicth f Pk Height

Figure 5-7.  Zero Enrichment of carbon - Peak Detection tab

<< Advanced Parameter ]
Peak Detection Parameter Sets
Nr.: Start Detection [s] Stop Detection [s]
1 -1.000 -1.000
- Smoothing
Smooth Type IStandard Smoothing v| Number Of Datapoints |5
Figure 5-8. Zero Enrichment of carbon - Advanced Parameters in Peak
Detection tab
Note A value of -1 denotes unlimited. A
Printout Tab

Instrument | Time Events | Evaluation@CO2 | Peak Detection@C02  Printout@C02

 Printout Templates
Single [Defaut Resuit IRwW £4]
Sequence ISingle Result.IRW -

Figure 5-9. Zero Enrichment of carbon - Printout tab
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Zero Enrichment of Carbon (Standard On/Off Test)

1. At the corresponding pressure regulator of the ConFlo III, set the
ion intensity of m/z 44 (that is 2C0™0) to 3-4 V.

2. Create a new sequence. Refer to “Defining a Sequence” on
page 2-15.

3. Click on the Start button and confirm by OK.

The expected data after three or four measurements are given in
Figure 5-10 (chromatogram) and Figure 5-11 (result grid).

,‘ Isodat Acquisition - [CO2_zero.cf] = |g |ﬁ|
) File Edit View Quant Help eS|
= - o , : |

s ‘ = A & ‘ X Dy ‘ [ L x X 1t
Edit Metho.. Start Re-E.. | Def Peak Def Bad Scan Delete Stop Save Def  Delete Def Delete all.. Load Def
Fi:emm; CAF ANUSODAT NTVGH AConflo Il Interface\Results\DK-03-05-14\C 02_zero.cf

B a5044
1.3
124
4

o 1 \ 1 ' !
& 1.0+ + P 4 .

0.8

0.8

0.7

Has Was w748 9663 126.34 166.26 208,18 245,80 26581 32562

o0 —" 0 A A A

5000
z
T 4000
£

20004

1000

0 i 1 ' i i .J 1 ' i

T T T T T
S0 100 150 250 300
Time [s]

Figure 5-10. Zero Enrichment of carbon - chromatogram

Recognize the eight peaks shown in Figure 5-10 as the eight on-off
pulses in the Time events list, Figure 5-5.

€02 |Eror | Extended | Sequence Line | /

Peak Nr.| Stat |Rt | Width | Ampl. 44 | Ampl. 45 | BGD 44 | BGD 45 | Area All d13g{c AT#% 13CH2C | d 180160
s s [s) [mV] [mv] [mV] [mV] v [per M) | [%] [per mil]

vs. VPDB s, VSMOW

1 273 487 |232 |s040 5875 39 2.7 98,047 |0.055 1.105719 0.084

2 670 [866 |234 [s061 5807 4.0 28 96074 |0.008 1.105666 0.031

3 1089|1283 234 | 5081 5308 40 29 98.170 |0.000 1.105650 0.000

4 1468|1663 | 232 | 5053 5850 40 20 25,101 |-0.019 1105637 0.025

5 186.5| 206.2| 234 | 5055 5990 40 29 98.144 |-.0.019 1105638 0.012

[ 2265(2458| 232 |s08s 5004 4.0 28 28209 |.0.033 1.105622 -0.000

7 266.2| 2858|234 | 5086 5903 4.0 29 96.132 |.0.019 1105638 0.004

2 308.1| 3255|232 |s5056 5302 40 29 96.162 |.0.008 1.105852 0.001

Figure 5-11. Zero Enrichment of carbon - result grid

Note The standard deviation of §13C/12C should be 0.05 %o or less. A
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d 13C/M2C
[per mil]
vs. VPDB

0.055
0.006
0.000

-0.019
-0.019
-0.033
-0.019
-0.006

& Fill Grid with Data
P4 Columns

£p3 Fit Cells to Grid
Fit Cells to Text

Calculate

Font

Thermo Fisher Scientific

Carbon Measurement
Zero Enrichment of Carbon (Standard On/Off Test)

0,

< To obtain the standard deviation of all eight peaks

1. Click on the column header of the
d 13C/12C [per mil] vs. Air-N2 column.

It will be highlighted.

2. Right-click on the column header.
3. Choose Calculate.

The results will be calculated and summarized in Figure 5-12.

Calculate Results @

d 13c/2cC

Mean -0.004
SqrSum 0.005
Std.Dev. 0.027

Max 0.055
Min -0.033
Regression Slope -0.008
Regression Offset 0.031

Close

Figure 5-12. Calculation of results
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Linearity Test of Carbon

Use the same method as defined for zero enrichment in “Zero
Enrichment of Carbon (Standard On/Off Test)” on page 5-5, that is
CO2_zero.met. Start the acquisition as a single run. At each detection of
a peak de- or increase the reference gas pressure at the ConFlo III.

The expected data after three or four measurements are shown in
Figure 5-13 (chromatogram) and Figure 5-14 (result grid).

File Name: C:\Finniganiisodat NT\Global\Wser\Corflo Il Interface\Results\CO2_Lin.cf

141 W asma
1.3

1.2 5 A ; f A 1 !
1.1 '|
1.0
0.9
084
07 -
429493
120001 M as Bas Has

10000+ 24031 r—J

0639
i ¥
2000 166 .47

Ratio

Intensity [mVv]

Time [s]

Figure 5-13. Linearity test of carbon - chromatogram

co2 | Error I Extended | Sequence Line ]
Peak Nr. | Stat | Rt Width | Ampl. 44 | Ampl. 45 | BGD 44 | BGD 45 | Area All | d 13CHM2C | AT% 13CM2C | 4 180M160
sl & 8] [mv] [m\V] [mV] [mV] [vs] [permil] | [%] [per mil]
ws. VPDB ws., VEMOW

1 275 |469 |23.0 | 1643 1910 123 154 31.347 |-0.020 1.105637 0.126

2 874 |862 |234 | 2450 2847 122 153 48.763 | -0.002 1.105656 0.132

3* 107.1| 1265|238 | 3343 3886 122 15.3 63.796 | 0.000 1.105659 0.000

4 1470|1665 | 245 | 4660 5417 123 153 88851 |-0035 1.105621 -0.123

5 186.7 | 206.4| 249 | 5514 B410 124 155 105362 | -0.083 1.105567 0213

6 226.7| 2463|253 | 6583 7650 125 156 125480 | -0.123 1.105525 -0.340

7 286.4|286.0| 25.7 | 7203 8373 127 158 137413 | -0.181 1.105460 -0.4922

8 306.3| 3258|257 |8011 9310 129 16.0 153.033 | -0.223 1.105415 0580

Figure 5-14. Linearity test of carbon - result grid

Note The linear regression of the §13C/12C values vs. the working
standard should be less than 0.06 %o/V. A
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Carbon Measurement
Starting Carbon Measurement

¢ For blank measurement of carbon, see “Blank Measurement” on

page 4-11.

¢ For reference measurement of carbon, see “Reference Measurement”

on page 4-22.

* For amount percent determination of carbon, see “Amount Percent

Determination” on page 4-27.

Before you start a carbon measurement, make sure that your system
meets the hardware requirements summarized in Table 5-1.

Table 5-1.  Hardware requirements for carbon measurement

Parameter

oxidation furnace temperature

Value

1020 °C for Cr,0O; filling

900 °C for CuO filling
reduction furnace temperature 650 °C
GC column temperature 45 °C

helium flow

80-100 mL/min

purge

helium flow must be sufficiently
open

standard gas (N,) on ConFlo II/III

must be available

needle valve

(ConFlo II/III-IRMS connection)

must be open

standard gas intensity (N,)

is adjusted at about 3-4 V

(as with zero enrichment)

Isodat

must be set to ConFlo
conﬁguration. See Figure 5-15.
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Defining a Method

Accessories ‘x|
QAR ¥+
ConFlo Il Interface S
Ref 1
@ | Ref 2
I MS ==
Helium Dilution
File Browser CIEIG
Methods |Semenoes|E>qwrt|Resuls|lSL |Se ‘l’!
[ [ Created
|2 Example 10/09/03 14:45:36
._) Time Event List 10/09/03 14:45:36
Elnz_zero.met 11/12{03 12:00:17

2
@ < / >

' @ ConFIo&g v <p C02 =l

Figure 5-15. ConFlo configuration in Isodat

From the Examples folder of the File Browser, take the method

CO2_only-He.met as a guideline.

Note CO2_only-He.met is a method without dilution (-He). Some
samples with high carbon content may require additional He (dilution)
added in the sample section of ConFlo III to reduce signal intensity.
This becomes more important when running samples of low nitrogen
and high carbon content in a dual measurement. Refer to “Starting Dual

Measurement” on page 6-9. A
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Instrument Tab

Time Events Tab
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Carbon Measurement
Starting Carbon Measurement

Instrument | Time Events | Evaluation®CO2 | Peak Detection®C02 | Printout@C02 |

Experiment Continuous flow
Configuration ConFla
H=
Gasconfiguration Img 3
Acquisition Script  |Acquisition.sct =2
~ lsotopeMS ————— — — —
Integration Time ] 0.200 (3] j Peak Center Predelay 3] ]20
Peak Center Cup 1Cup3 j Peak Center Pastdelay (5] ]10
-~ Reference Device
™ Use Scripts
Reference Port lﬂele(ent:e 1 Ll

Figure 5-16. Starting a carbon measurement - Instrument tab

Select the reference port your reference gas is connected to at the
ConFlo III interface (for example Reference 1). See Figure 5-16.

Adapt the reference gas port to the respective column of the time events
list: for example, if you choose Reference 1, the on-off entries must
occur in the Reference 1-On column of the time events list. See

Figure 5-17.

Instrument  Time Events | Evalualion@C02 | Peak Detection@C02 | Printout@C02 |

e d& S X[E

@ Time [s] Start Sampler | El tal Dilution - On | Ref 1- | Ref 2- | Switch Gas
Anal. - On On On

1 Q
20 @
@ Q
50 Q@
55 [®}
340 Q@
380 @
380 Q@
400 @
414 @

Acquisiion Sttt [Irmmediately ~| Acquisition End Time [s] |420 3

Figure 5-17. Starting a carbon measurement - Time Events tab
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Evaluation Tab
Instrument | Time Events Evaluation@C02 | Peak Detection®C02 | Printout@C02 |
~ Evaluation Type:
|coz_ssH =] | == |
Ref. Nr.: | Ref. Time: | Ref. Name: d 13CM2C | s, d 180/160 | vs.
1 260.00 CO2 Lab.Tank w| 25420 VPDB| -25.5490 VEMOow
Reference/Blank
Significant Peak Starts]  [150.000 Significant Peak Stop [s]  [250.000
Amount Percent (%) |-| 9.997 Unit |mg
Figure 5-18. Starting a carbon measurement - Evaluation tab
Peak Detection Tab

Instrument | Time Events | Evaluation@C02 Peak Detection@C02 | Printout@C02 |

Perform Peak Detection [V Perform Background Detection [ Detection on Mass | 44
— Detection Parameter Background Parameter

Start Slope [mVis) |_°-2— Backoround Type | Inividual BGD 7
End Slope [mV/s] |'14 History [s] |5

Peak Min Height [mV] |5

PeakResoution(®%] |20

Max Peak Width [s] [0

Perfarm Timeskift v
— &uto Sguare Pulse Recognition [ Timeshift Supression

Enable r Factor W rArea { Pk Width / Pk Height

Figure 5-19. Starting a carbon measurement - Peak Detection tab

5-14 FlashEA for IRMS Operating Manual (P/N 1158550, Revision B)

Thermo Fisher Scientific



Printout Tab

Defining a Sequence
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Carbon Measurement
Starting Carbon Measurement

== Advanced Parameter I

- Peak Detection Parameter Sets
Nr.: Start Detection [s] Stop Detection []
1 -1.000 -1.000

- Smoothing
Smooth Type [standard smoothing »]  Number Of Datapoints [

Figure 5-20. Starting a carbon measurement - Advanced Parameters

Note A value of -1 denotes unlimited. A

Instrument | Time Events | Evalustion@C02 | Pesk Detection@C02  Printout@C02

i Printout Templates -
Single |Default Result IRW |
Sequence [Single Result IRW/ ]

Figure 5-21. Starting a carbon measurement - Printout tab

% To define a sequence for carbon measurement

1. Place a sample in the solid-autosampler, for example 0.285 mg of
urea.

2. To create a new sequence click on the New button.
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x|
=
Sequence DataExport
R2005
B
6830 A£2008 Trace
IHIIE L@ %
AS2000 Peripheralvi... ISL ;I
[ ok | cance |

Figure 5-22. Creating new sequence

3. In Figure 5-22 mark the Sequence icon and confirm by OK.

x|| 4. Define the number of samples, for example 3. Confirm by OK.

5-16

5. Edit the sequence grid as shown in Figure 5-23 and Table 5-2.

Line ‘ Amount | Type Identifier 1 | Comment | Preparation | Method -

1 v | 0285 | Sample w| urea CO2_onh:-He.met w
2 v | 0273 | Sample w| urea CO2_only-He.met w
3 v | 0.291 Sample w| urea CO2_only-He.met w

Figure 5-23. Starting carbon measurement - editing sequence grid

Table 5-2.  Sequence grid parameters for carbon measurement

Parameter Comment

Peak Center Enable v to perform a peak center prior to

measurement (always recommended).

Amount

amount of sample

Type

here Sample

Identifier ~ Type in text to identifiy the sample (optionally)

Comment  Type in a comment (optionally).

Preparation  Type in information related to preparation (optionally).

Method

Select the IRMS method (here CO2_only.met).
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Events during Acquisition

Thermo Fisher Scientific

Start

6. Click on the Start button.

Carbon Measurement
Starting Carbon Measurement

7. Define a folder to save your result files as well as export and printout

parameters. See Figure 5-24.

x
- -
Isodat Object j
@ TemplateDataSequenceHeader
~ Results
Folder Name Pre I Post |[ACO-Results |
[~ Auto Enum
File Name Pre | Post |[Acquisiion
v Auto Enum
— Export
Fomat  [Eycel () > Modiy Template List |
Expott File Name Pre | Post IIExport
— Printout Resultworkshop Templates
" No " 1 Printout/Sequence
% Yes @+ 1 Printout/S ample
- Properties
Comment |Na Comment I~ | Measure only Selection
— Sequence Scripts
Pre Script | 0 @
Post Script | =2
0K | Concel |
=

Figure 5-24. Starting carbon measurement - defining export and printout

parameters

This section summarizes the events that happen during data acquisition.

See Figure 5-17, Figure 5-25 and Figure 5-26.

1. DPeak center procedure

2. Dilution on at 1's.

3. First CO, reference gas pulse activated at 20 s (duration: 20 s).

4. Start signal to Elemental Analyzer and oxygen injection at 50 s.
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Starting Carbon Measurement

Results

Autosampler activation with delay, that is sample input. The delay
depends on the settings made in the Eager software. See Figure 3-27.

Depending mainly on the carrier flow, the sample peak appears
approximately 260 s after acquisition start time (that is
approximately 200 s after autosampler activation). See Figure 3-27.

Second CO, reference gas pulse activated at 340 s (duration: 20 s).
It is assigned as Standard pulse for & value calculation. See
Figure 5-18. Refer to the Time column at topic “Starting a carbon

measurement - Time Events tab” on page 5-13 and to Peak No. 3 in
Figure 5-26.

Third CO, reference gas pulse activated at 380 s (duration: 20 s).

Dilution off at 414 s. Acquisition stops at 420 s.

After finishing data acquisition a data output sheet will be created as
defined by the selected Result Workshop template (*.irw). The results
are also exported to a spreadsheet file, if the checkbox was marked in
Figure 5-24. Figure 5-25 shows the chromatogram and Figure 5-26 the
related result grid.

File Name: C:AFinniganiisodat NTVGlobal\User\Conflo Il Interface\Results\COZ_only.of

M a5199
1.3
1.2+
o 1.14
W
@® 1.0+ = r,
0.94
084
L
6000+ M a4 Was®' Mas 365 23 05,15
sample peak = r*"“
5000+
! — 4
4000+
z 25446
> 30004
$
£ !
1000
0 : 4
T T T T T T T T
50 100 150 200 250 200 250 400
Time [s]
Figure 5-25. Carbon measurement - chromatogram
€02 |Ermr ]E:demedlSequemeLhe]
Peak Nr. | Stat | Rt | Width | Ampl. 44 | Ampl. 45 | BGD 44 | BGD 45 | Area All | Amit% ‘11304’120_&1'% 13CAM2C | 4 180160
I8 BB [mV] [m] [mV] [mV] [vs] %) lper mil) | [%] [per mil]
! | ! | vi.VPDB_ | |vs. vsmow
1 273 | 487 |240 | 3974 4525 20 286 75271 | 1843658454 | 25002 1078214 0175
2 230.2|2545]|490.3 | 2180 2593 14 19 20833 | 73.0037281 |-9.865 1.084871 12575
” 3458|3852 | 240 | 3977 4829 20 28 75078 | 1828882012 | -29.860 1.075988 0,000
4 3B5T7| 4051|238 | 3089 4542 24 27 75215 | 184.2206058 | -29.924 1078332 0.120

Figure 5-26. Carbon measurement - result grid
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chapter 6 Dual Measurement

Thermo Fisher Scientific

It is possible to perform dual measurements of nitrogen and carbon
from a single sample with the system (that is, ConFlo II/IIT and IRMS)
in less than eight minutes offering fast sample throughput and high
productivity. The technique is suitable for both solid and liquid samples.

SOLID SAMPLES
Autosampler AS128, AS200, MAS200, MAS200R

DUAL solids
MEASUREMENT . o .
viscous liquids (e.g. honey, grease, serum, olive oil, etc)

—— LIQUID SAMPLES
Autosampler A200S, AS2000, PAL (mostly GC PAL)

liquids (e.g. water, alcohol, urine, etc)

Figure 6-1. Schematic diagram of running solid and liquid samples

As shown in Figure 6-1, different autosamplers are used to measure
different sample types. Concerning the installation of the autosamplers
refer to the manuals of the corresponding manufacturers.

This chapter treats the following topics:
*  “Procedure” on page 6-2
e “Performing Jump Calibration” on page 6-3

*  “Starting Dual Measurement” on page 6-9

FlashEA for IRMS Operating Manual (P/N 1158550, Revision B) 6-1
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Procedure

Procedure

For the analysis of two isotopic species (nitrogen and carbon) from a
single sample, a method, which comprises both gas configurations must
be defined. The acquisition can be completed after less than eight
minutes.

Due to the separation of the gases on a GC column, nitrogen appears
first. As soon as the nitrogen peak (3 in Figure 6-1) has been identified,
Isodat stops the nitrogen acquisition. The magnet “jumps” to the CO,
configuration (see Switch Gas column in the time events list of

Figure 6-10). A magnet jump means that the magnetic field is changed
due to the entries from the mass calibration enabling the system to now
collect m/z 44, m/z 45 and m/z 46 in the cups used for N, masses
before.

If no nitrogen peak can be found, Isodat waits a certain time, which has
been set in the method, before it automatically switches to the CO,
configuration.

Amplitude Jump to
4 CO, Gas
Configuration
ST ST
ST ST 1 [ ]
1 2 3 F —
» Time
Start of Start of carbon acquisition End of
nitroggrj Acquisition acquisition
acquisition End Time
of nitrogen

Labeled Components: 1, 2=reference gas peaks (N2), 3=sample peak (N2)

Figure 6-2. Dual measurement - schematic chromatogram
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Performing Jump Calibration

Instrume
nt Control

& ConFlolll

Thermo Fisher Scientific

To determine the isotope ratios of different elements during the same
run, switching to another gas configuration is necessary.

In contrast to a single element measurement, in which the magnetic
field runs the gamut from high to low and after that to the
pre-calculated magnetic field, there is not sufficient time in dual
measurement to perform this procedure for the next gas configuration.

For this reason, a Jump Calibration from the first gas configuration to
the next gas configuration is necessary. It calibrates for a fast variation of
the magnetic field.

After the Jump Calibration has been performed, the computer finds
exactly the peak center even without performing any peak center
procedure.

Temperature changes may influence the magnet performance on a daily

basis. Therefore, a Jump Calibration should be performed daily.

Note Both gas configurations used (that is N2 and CO2) need to be
configured prior to Jump Calibration. A

Note A ConFlo configuration needs to be set up. A

% To perform a jump calibration

1. Open Instrument Control of Isodat.

2. Switch to ConFlo configuration.
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The ConFlo II III Interface window (Figure 6-3) must appear at the
Accessories toolbar. If it does not appear, refer to “If ConFlo II 111
Interface window is not visible” on page 6-4.

ConFlo Il Il Interface CiE0
1 Ref 1

+ T | Ref 2

2 A 4

Fle—t MS ==

Helium Dilution
Figure 6-3. ConFlo Il Ill Interface window

The ConFlo II III Interface window allows:

* reference gas inlet and/or dilution (1 in Figure 6-3)

* autosampler/Elemental Analyzer start signal (2 in Figure 6-3)
*  Movement/activation of capillaries by mouse clicks.

Open Reference 1 by a click on Ref 1 capillary. If CO, is connected
to Reference 2, click on Ref 2 capillary. Thus, the blue capillary
symbol elongates and CO, enters the system.

K2
o

If ConFlo Il Ill Interface window is not visible

1. Right-click somewhere into the Accessories
toolbar. Click on the Administrative
Panels... button.

Administrate Panels. ..
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x
— Dialog visibility
Dialeg Visible
MS v
MS State v
Focus Delta v
ConFlo I Il Interface v
Object Properies

ISL Seripts
File Browser

———

[~ Support Scrollbars

I

Figure 6-4. Windows visible windows at Accessories toolbar

Figure 6-4 allows to mark dialogs (that is windows) by + . Ifyou
mark a dialog, the respective window will be shown at the Accessories
toolbar.

2. Mark ConFlo II III Interface and confirm by OK.
The ConFlo II III Interface window will be shown at the Accessories

toolbar.

Note If only the Title bar of the ConFlo II III Interface window is
visible, click on the Unshrink button F8 at the right corner of the Title
bar. The ConFlo II III Interface window will appear. a

Before Starting Jump Calibration

o

% Before starting a Jump Calibration

Scan | Window  Help 1. Select Scan > Jump Calibration... or
Start Ctrl+R . .
Stop 2 Alternatively, click on the Jump button on the
toolbar next to the Instrument Control
Tune ind
0 window.
Options Ctrl+0 Jump
| Repeat
Calibrate. .

Jump Calibration...
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6-6

The list of available Jump Calibrations appears. See Figure 6-5.

Available Jump Calibrations C . E-II

No [[Z]stat |[FSlow [[FFast [EHY | |Description
00 7840 10461 10506 58731 W | N2> CO2

RN

Figure 6-5. Available Jump Calibrations

2. In the list of available Jump Calibrations (Figure 6-5) mark the one
for N, = CO, by clicking on its No., for example 001.

Slow: compensate hysteresis by Max/Min settings of the magnet.
Fast: magnet setting of Jump Calibration
HYV: high voltage setting of Jump Calibration

Note Before pressing the Recalibrate button, make sure that CO,
reference gas is activated, that is that CO, enters the source. A

3. Click on the Recalibrate button.
If no Jump Calibration is available in the list (Figure 6-6), create a new
one.

Available Jump Calibrations i x|

EFlstat [ slow [FFast [EEHY | Q)| Q Creation info

ar i

Figure 6-6. No Jump Calibration available
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% To create a new Jump Calibration

1. Click on the New button.

n
2. Define the parameters of the new Jump Calibration as shown in
Figure 6-7.
x4
From Gasconfiguration |N2 j
To Gasconfiguration |Cl32 :]
Fre Jump Delay [s] |1I] Post Jump Delay [s] !r
Magnet Window [Steps] Im—
0K | Cancel |
Figure 6-7. Defining parameters of new Jump Calibration
At From Gas Configuration select N2.
At To Gas Configuration select CO2.
At Pre Jump Delay [s], Post Jump Delay [s] and Magnet Window
[Steps] accept the default values.
3. Confirm by OK.
= 4. If you have already opened the Reference Port

for CO, as shown in Figure 6-3, confirm by
,/‘ Make sure that the Reference Port for
{ % for COZ is open. Yes.

Continue?

| Yes I Mo |

Instimont: Cintred 5. Confirm by Yes to start the Jump Calibration.

@ Recalibrate Jump from N2 to CO2
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Performing Jump Calibration

R
“0

To perform a Jump Calibration

1. Jump to CO2 along the hysteresis curve.

2. Perform a peak center for CO2 to get the signal height.

3. Jump to N2 along the hysteresis curve (N, is origin).

4. Jump to CO2 (not along hysteresis curve).

5. Perform a peak center for CO2 to catch the peak. See Figure 6-8.

- Standard Peak Center

Charnel: Cup 3 Macio: Peak Center
Pass 1
_| ©Mass 44.00[C2] MMass 45.00[C3] S Mass 46.00 [C4]

(= n )
B /
g /
E o0 2.95 }j'
- 2 L T E I_'_ T ll T = T

200 282 2949 296 298 3.00

Pass 2

_| ©Mass 44.00[C2)
0000

High Voltage [Kv]

EMass 45.00(C3] € Mass 46.00(C4]

& 0000

iy

/
£ 20000 ;
G /

T L} T L]
2.90 282 294 288
High Voltage [kKV]
L O O L L LT LT

Int:

—Jump Calibration Cycle 1
Channel Cup 3 Macro:  Jump Center
Pass 1
_| ©Mass 44.29[C2] EMass 45.30[C3] SMass 46.31 [C4]
soulL
z |
E 40000 |
£ |
g 20000 i )
- n - L 2-89 L L L L : L Ll L}
288 2.80 282 2949 2908 288 3.00 3.02
High Voltage [KV]
ANRRERRRRRRRRRRRRRRRRRRENRRRA RN RRRRRRRRARRRRRRRRRRRERRND
Pass 2
_ | ©Mass 4429(C2] MMass 45.30[C3] ©Mass 46.31[C4]
ouoLO
anooo
&
£ 20000
= + ] ) ~ /
‘2.&3 2.60 2,62 ‘2,64 2.66 253 3,&) 3.62

High Voltage [KV]
L L L LT

5(C02)

Figure 6-8. Performing peak center for CO2
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Starting Dual Measurement

Defining a Method

Thermo Fisher Scientific

Dual Measurement
Starting Dual Measurement

Before you start a dual measurement, make sure that your system meets
the hardware requirements summarized in Table 6-1.

Table 6-1.  Hardware requirements for dual measurement

Parameter

oxidation furnace temperature

Value

1020 °C for Cr,0; filling

900 °C for CuO filling
reduction furnace temperature 650 °C
GC column temperature 45 °C
helium flow 90 mL/min

purge

helium flow must be sufficiently
open

depends on the autosampler

standard gas (N,) on ConFlo II/III

must be available

needle valve (ConFlo II/III-IRMS

connection)

must be open

Standard CO, intensity

is adjusted at about 3-5 V

Standard N, intensity

is adjusted at about 3-5 V

Note Methods taken from the Examples folder may not work properly!
Therefore, use them only as a guideline and create new methods on your

own. A

From the Examples folder of the File Browser take the method

N2+CO2.met only as a guideline.
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Starting Dual Measurement

Instrument Tab

Time Events Tab

Instrument | Time Events | Evahuation@N2 | Peak Detection@N2 | Printout@h2 |

Expeniment Continuous flow
Configuration CorFlo
l [ |
=
Gasconfiguration |N2 :]
Acquisition Script [Acqusitionsct - w
~ lsotope MS
Integration Time IWLI Peak Center Predelay (s) Izo
Peak Center Cup |cupa "I Peak Center Postdelay (3] |1o
- Reference Device = -
I~ Use Seripts if N, is connected to Reference 2 of ConFlo Il
Reference Port W =]

Figure 6-9. Dual measurement - Instrument tab

Instrument  Time Events | Component Names | Evaluation@N2 | Peak Detection@N2 | Printout@N2 |
e d& SX

@ Time [g] Elemental Dilution - On Reference 1- | Reference 2- | Switch Gas |
Anal. - On On On 1

20 Q@
o ®
60 Q@
80 (*]
a0 Q
105 @
200 oz ——
420 Q@
440 Q
480 Q
430 Q@
404 Q

Acquisition Start |Immedialely LI Acquisition End Time [s]  [500 3

Figure 6-10. Dual measurement - Time Events tab
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% To define parameters for method switching

1. Double-click on CO2 in the Switch Gas column to edit. See arrow
in Figure 6-10.

The event time is active since for example 200 s. Figure 6-11
appears.

[ x|
Isodat Object
% MethodSwitcher

Enable MethodSwitcher 4
Gasconfiguation  [02 =
Event | Isodat@E val@PeakFound .'J
WalingTine[s] [0
Post Script | a

= X

Figure 6-11. Parameters for method switching - without post script

2. At Gas Configuration, select the gas configuration to be switched
to, for example CO2.

3. The switch will be performed when the peak has been found. This is
defined at Event by selecting Isodat@Eval@PeakFound.

4. Type in the last jump time at Waiting Time.

At for example 200 s, waiting for the peak begins. If a peak is found,
the jump takes place. If no peak is found, the waiting time elapses
before the jump takes place.

5. Click on [ to browse to the ConFlo folder for a post script which
will be executed during the jump. See arrow in Figure 6-11.
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open T

Look in: | =3 ConFlo x| « & ex B

StartSampler.isl

File name:  [Dilution On.isl Open

Files of type: |]sudal Script Language [*.isl) _ﬂ Cancel I

Figure 6-12. Browsing for post script

6. Select your post script, for example Dilution On.isl.

This means that with a jump to CO,, the dilution capillary in the
ConFlo III is automatically activated. The selected post script is now
displayed together with its path at Post Script. See arrow in

Figure 6-13.

7. Confirm by OK.
[ |

Isodat Object
3 MethodSwitcher

Enable MethodSwitcher v

Gasconfiguration | co2

Event I Isodat@E val@PeakFound j

‘Waiting Time [s] |5|:|

Post Seript [confiodiution on.i! \ &l
[ ok | concel |

Figure 6-13. Parameters for method switching - with post script

Note For N, and CO,, different Evaluation tabs, Peak Detection tabs
and Printout tabs appear, for example Evaluation@N2 and
Evaluation@CO?2. A
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Evaluation@N2 Tab

Peak Detection@N2 Tab
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Dual Measurement
Starting Dual Measurement

For the Ref. Time value in Figure 6-14 (40 s) see the time events list
(40 s line of Figure 6-10).

Instrument | Time Events Evaluation@N2 | Peak Detection@N2 | Printout@N2 | Evahustion@C02 | Peak [

—Evaluation Type:

Inz A [=]

Ref. Nr.: | Ref. Time: | Ref. Name: d 15NMAN | vs.
1 40.00 N2 Lab.Tank w|-1.250 AirNZ
Reference/Blank

Significant Peak Statt [s] I180,000 Significant Peak Stop [s] |250.000
Amount Percent [%] Imggg Unit Img

Figure 6-14. Dual measurement - Evaluation@N?2 tab

Instiument | Time Events | Evaluation@N2 Peak Detection@N2 | Printout@N2 | Evaluation@C02 | Peak Detection@

Perform Peak Detection [V Perform Background Detection [¢ Detection on Mass |26
~ Detection Parameter Background Parameter
Start Slope [mVis] |°-2_ Background Type | ndiviclual BGD =
End Slope [mV/s) [oa History [s] [s |
PeskMnHeight(v] |0
Peak Resoltion [%] [

Max Peak Width [s] |180

Perform Timeshitt 2

— Auto Sguare Pulse Recognition / Timeshift Supression
Enable u Factor |u.ss rérea / Pk Width / Pk Height

Figure 6-15. Dual measurement - Peak Detection@N2 tab
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== Advanced Parameter [

- Peak Detection Parameter Sets

Nr.:

Start Detection [s]

Stop Detection [s]

1

-1.000

-1.000

- Smoothing

Smooth Type | standard Smoothing v |

Number Of Datapoints | S

Figure 6-16. Dual measurement - Peak Detection@N2 tab - Advanced

Parameters

Note A value of -1 denotes unlimited. A

Printout@N2 Tab

Instrument | Time Events | Evaluation@N2 | Peak Delection@N2 Printout@N2 | Evaluation®C02 | Peak Dete

Printout Templates
Single [No Printout IRW a
Sequence [No Printout IR/ £

Figure 6-17. Dual measurement - Printout@N2 tab

Note Usually, the printout of results is performed not until the complete
measurement has been finished. Therefore, it is recommended to choose
No Printout.irw at Printout@N?2 tab, because at this moment, data

acquisition is still running. Instead, printout options are defined in the

end at Printout@CO2 tab.
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Dual Measurement
Starting Dual Measurement

For the Ref. Time value in Figure 6-18 (440 s) see the time events list
(440 s line of Figure 6-10).

Instrument | Time Events | Evaluation@N2 | Peak Detection@N2 | Printout@N2 ~Evaluaion@C02 | Peak |

- Evalustion Type:

|co2_ssH ~|

Ref. Nr.: | Ref. Time: | Ref. Name: d 13CHM2C | ws. d 180/60 | vs.
1 440.00 CO2 Lab.Tank w| 25420 VPDB | -25.5490 VSMOow
Reference/Blank

Signiicant Peak Star[s] [300.000 Significant Peak Stop 5] [350.000
Amount Percent [%] 70,100 Unit mg

Figure 6-18. Dual measurement - Evaluation@C02 tab

Instrument | Time Events | Evaluation@N2 | Peak Detection@N2 | Printoust@N2 | Evaluation@C02 Peak Detection@

Perform Peak Detection ¥  Perform Background Detection [V Detection on Mass | 44

~ Detection Parameter Background Parameter
Start Slope [mV/s] [02 Background Type  |Individual BGD =
End Slope [mV/s] r History:[] |5_

PeckMnHeghtmv) |0
PeskResoltion(%] |20
Max Peak Wickh [s] [0

Perform Timeshift 2

-~ Auto Sguare Pulse Recognition / Timeshift Supression
Enable w Factor |0-55 rérea / Pk Width / Pk Height

| Advanced parameter »» |

Figure 6-19. Dual measurement - Peak Detection@C02 tab
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| << Advanced Parameter |

Peak Detection Parameter Sets
Nr.: Start Detection [g] Stop Detection [5]
1 +1.000 -1.000

- Smoothing —— — 1 — — —
Smooth Type Standard Smoothing v Number Of Datapoints |'

Figure 6-20. Dual measurement - Peak Detection@C02 tab - Advanced
Parameters

Note A value of -1 denotes unlimited. A

Printout@CO02 Tab

Time Events | Evaluation@N2 | Peak Detection@N2 | Printout@N2 | Evaluation®C02 | Peak Detection@C02

Printout Templates
Single | Defaul Resuit IRW O
Sequence |Single Result IRW M8

Figure 6-21. Dual measurement - Printout@CO2 tab

Defining New Sequence

R
0‘0

To define a new sequence

1. Place a sample, for example 0.281 mg of urea, in the
solid-autosampler as shown in Figure 6-23.

0 2. To create a new sequence click on the New button.
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Dual Measurement
Starting Dual Measurement

Sequence DataExport

= B o

6890 A2005 Trace
P
1 n Q D ﬁ
AS2000 PeripheralVi... ISL _:,l

Figure 6-22. Creating new sequence

3. In Figure 6-22 mark the Sequence icon and confirm by OK.

4. Define the number of samples, for example 3. Confirm by OK.

5. Edit the sequence grid as shown in Figure 6-23 and Table 6-2.

Line i Amount | Type Identifier 1 | Comment | Preparation | Method

1 v | 0.281 Sample ¥| urea NZ+CO2.met w
2 v | 0.291 Sample | urea / N2+COZ2.met w
3 v | 0274 Sample | urea N2+CO2.met w

Figure 6-23. Dual measurement - editing sequence grid

Table 6-2.  Sequence grid parameters for dual measurement
Parameter Comment

Peak Center Enable v to perform a peak center prior to
& measurement (always recommended).

Amount amount of sample

Type Select the kind of species, for example Sample

Identifier ~ Type in text to identifiy the sample (optionally)

Comment  Type in a comment (optionally).

Preparation  Type in information related to preparation (optionally).

Method Select the IRMS method (here: N2+CO2.met)
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Start

Events during Acquisition

6. Click on the Start button.

7. Define a folder to save your result files as well as export and printout
parameters. See Figure 6-24.

x
Isodat Object =
@ TemplateDataSequenceHeader
— H .
Folder Name Pre I Post HACQ-FIesuIts 3
I~ Auto Enum
File Name Pre I Post !|Acquisilion
[V Auto Enum
— Export
Fomat  [Excel (xis) ~]  Modiy Template List |
Export File Name Pre | Post IlExpo;t
~ Printout Resultworkshop Templates
Mo € 1 Printout/Sequence
% Yes 1 Printout/Sample
— Properties
Comment lND Comment I™ [ Measure only Selection
~ Sequence Scripts
Pre Script I O @
Post Seript | )
[ ok | concel |
b2

Figure 6-24. Starting dual measurement - defining export and printout

parameters

This section summarizes the events that happen during data acquisition.
See the time events list (Figure 6-10) and the result chromatogram

(Figure 6-20).

1. Peak center procedure

2. First reference gas pulse (N,) activated at 20 s (duration: 20 s). See
Figure 6-10 and Figure 6-26.
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3. Second reference gas pulse (N,) activated at 60 s (duration: 20 s).
See Figure 6-10 and Figure 6-26.

4. The Elemental Analyzer gets a start signal from Isodat at 90 s See

Figure 6-10.

Note After receiving a start signal from Isodat, the Elemental Analyzer
follows its own protocol (that is oxygen injection, sample delay). A

5. Sample peak (N,) appears approximately 80 s after combustion. See
Figure 6-26.
6. Jump at 212 s. See Figure 6-26.

7. Sample peak (CO,) appears approximately 200 s after combustion
See Figure 6-26.

8. CO, reference gas pulse activated at 420 s (duration: 20 s), See
Figure 6-10.

9. CO, reference gas pulse activated at 460 s (duration: 20 s). See
Figure 6-10.

10. Dilution off at 494 s.

11. Acquisition stops at 500 s. See Figure 6-10.

Results

After finishing data acquisition the printer creates a data output sheet as
defined by the selected Result Workshop template (*.irw). The results
are also exported to a spreadsheet file, if the checkbox has been marked
previously in Figure 6-22.

Figure 6-25 shows the first sequence line for a dual measurement.

Line & Amount | Type Identifier1 | Comment | Preparation | Method

1 v | 0.281 Sample | urea N2+C02.met w

Figure 6-25. Sequence line for dual measurement
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Dual Measurement
Starting Dual Measurement

Figure 6-26 shows the chromatogram and Figure 6-27 the related result
grid.

" Isodat Acquisition - [N2+C02.cf] =181 x
) Fle Edt View Quant Help =&l x|

;-_a‘m/\m‘y‘{‘oy‘,_-_i::—:i:xﬁf

Edit Metho.. StartRe-E.. | Def Peak Def Bad Scan Delete

File Name: CAFINNIGANUSODAT NT\GlobalWser\Conflo |l Interface\Results\N2+CO2 of

149 W zans M 45094
134

1.2+
1.1
1.04 +

0.8+

Ratio

05 2
| Mz [ W Bas Was

- H/ . A/ f\

50 100 150 200 250 300 350 400 450
Time [s]

Labeled Components: 1=Elemental Analyzer activation, 2=N, sample peak, 3=jump, 4=C0, sample peak

43467

L
I

Intensity [mV]
g

Figure 6-26. Dual measurement - chromatogram

N2y |coz | Emor | Extended | Sequence Line |
th\ Statt | Rt End |Width | Ampl. 28 | Ampl. 20 | BGD 28 | BGD 29 | Area All | Amt% d 15N/14N | AT% 15N/14N
Ns] sl [s] [s] [mV] [mV] [mV] [mV] [Vs) [%] [permil] | [%]
vs. AirN2
1 272 | 4966 | 905 |22.4 | 4565 3274 147 1.1 85505 | - 12030 | 0.361751
2% 671 |865 |80.2 |222 | 4524 3288 147 1.1 85647 | - 12040 | 0.361747
3 1758|1866 2115|357 | 2850 2068 143 107 25117 | 10.4000000 | -0.760 0.366194

Figure 6-27. Dual measurement - nitrogen-related peaks

The N2 tab of Figure 6-27 reveals information about the
nitrogen-related peaks.

N2 Cco2 lError | Extended [ Sequence Line
Peak Nr. stah Rt | End |Width | Ampl. 44 | Ampl. 45 | BGD 44 | BGD 45 | Area All | Amt% 4 13C/2C | AT% 13C/HM2C | d 180/160
[s] [s] E] [m\] [mV] [mV] [mV] [vs) [%] [permil] | [%] [per mil)
ws. VPDB ws. VSMOW
4 2005|3087 | 344.2| 447 | 2281 2649 33 15 33.246 |71.1000000(-20.781 | 1.073084 14.238
5 4253|4448 | 9487 | 224 | 4140 4813 33 15 77788 | - 26100 | 1.077112 -0.000
6 4850|4247 | 428.4| 234 | 4141 4802 35 17 77876 | - 26204 | 1.076908 -0.128

Figure 6-28. Dual measurement - carbon-related peaks

The CO2 tab of Figure 6-28 reveals information about the
carbon-related peaks.
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chapter 7 Sulfur Measurement

In comparison to isotope ratio measurements of nitrogen (""N/'*N) and
carbon (*C/**C) in organic and inorganic matter, the analysis of sulfur
(>*S/°*S) has always been difficult. Analyzing biological sulfur makes
experimental difficulties caused by the low abundance of sulfur in
organisms (for example 0.2 wt % [mg/mg] in plants), as well as by the
fact that sulfur is present as a mixture of organic and inorganic
compounds. Difficulties in using the Elemental Analyzer arise due to a
large amount of carbon in the same samples, which quickly exceeds the
capacity of combustion reactors. This causes incomplete combustion.

Thermo Fisher Scientific (Bremen) has developed a technique for
precise, accurate and fast sulfur measurement which puts it on a par
with carbon and nitrogen in terms of ease of use and sample size.

Due to the high natural abundance of the heavier isotope 343, less
amplification is required and may become necessary for all Delta IRMS
before Delta?™ XP (since 2002). It is recommended to use a smaller
resistor (1x10'° Q) on the cup for m/z 66 (usually 3x10'° Q).

This chapter treats the following topics:

*  “Procedure” on page 7-2

e “Sulfur Measurement Kits” on page 7-3

*  “Preparing System for Sulfur Measurement” on page 7-5

*  “Before Starting Sulfur Measurement” on page 7-8

*  “Creating Gas Configuration for Sulfur Measurement” on page 7-12
*  “Zero Enrichment of Sulfur (Standard On/Off Test)” on page 7-15
*  “Linearity Test of Sulfur” on page 7-20

o “Starting Sulfur Measurement” on page 7-21
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Sulfur Measurement
Procedure

Procedure

Sulfur measurements are performed using a specially equipped
Elemental Analyzer. Combustion and reduction are carried out in a
single reactor filled with tungsten oxide (WO;) and copper (Cu) as
reducing agent. Alternatively, CuO can be used instead of WOj.

The technique used for sulfur determination is based on the quantitative
“Dynamic Flash Combustion” method. The samples - sometimes
together with V,Os - are wrapped in tin capsules and placed into the
autosampler. Then they are continuously purged with helium (or
oxygen using NA 2500 or EA 1110) to remove any traces of water and
nitrogen. When a sample is dropped into the reactor, the helium stream
is temporarily enriched with pure oxygen. The sample and its container
melt as the tin promotes a violent reaction (flash combustion). Under
these favorable conditions, even thermally resistant substances are
completely oxidized.

In the reactor, for example BaSOy is thermally decomposed within a tin
capsule. The following reactions can then take place:

BaSO,— BaO+ 50, + 30,
BaSO4— BaO + SO,

1
§0; - 50, +50,

Note Refer to Bailey, S.A. and Smith, J.W. (1972): An improved
method for the preparation of sulfur dioxide from barium sulfate for
isotope ratio studies. Anal. Chem. 44, 1542-1543. A

Although the process does not require oxygen, better combustion has
been experienced when oxygen is injected and vanadium pentoxide
(V,0q) is added to the sample. If either the oxygen pressure is low or a
bad catalyst is selected or the reactor contains too much ash, combustion
will proceed slowly. A slow stream of SO, through the system causes
adsorption at the tubing wall.

Note It is important that enough reduced copper is present in the
combustion tube. If this is not assured, SO; will only be reduced
partially and isotope fractionation will occur. “Light” isotopes (32503)
are reduced more easily than “heavy” isotopes (34503). Therefore, SO,
gas is depleted in **S compared to the original sample, and the § value
becomes more negative. A
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Sulfur Measurement
Sulfur Measurement Kits

Sulfur Measurement Kits

To perform a sulfur measurement you can get two sulfur measurement
kits provided by Thermo Fisher Scientific(Bremen):

¢ sulfur measurement kit for ConFlo III and

¢ sulfur measurement kit for FlashEFA

Sulfur Measurement Kit for ConFlo Il

The sulfur measurement kit for ConFlo III has the P/N 1157100 and
consists of the parts summarized in Table 7-1.

Table 7-1.  Parts of sulfur measurement kit for ConFlo Il

Designation P/N Qty.
attachment for exhaust tube 1121390 1
self-adhesive heating foil for ConFlo III 1141180 1
power supply for self-adhesive heating foil for 2048580 1
ConFlo III

Sulfur Measurement Kit for FlashEA

The sulfur measurement kit for FlashFA has the P/N 1157110 and

consists of the parts summarized in Table 7-2.

Table 7-2.  Parts of sulfur measurement kit for FlashEA

Designation P/N Qty.
sulfanilamide 1069140 1
Teflon® GC column 1141170 1

Al olive (2 mm) 1141210 5

nut 1121370 5
Teflon tube 11412200 3.5m
combustion reactor (packed, “ready for use”) 1118121 2
union 1141230 3
capillary tube (1/16°x0.8 mm) 0605470  0.05m

" For additional part numbers (for example of nuts) refer to “Installing Teflon® Tubing” on
page 7-5 and especially to Figure 7-2.
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Sulfur Measurement
Sulfur Measurement Kits

\ Warning When working with sulfur dioxide (SO,), good ventilation is

‘ essential. Otherwise, the gas can be hazardous to your health. A

Warning To ensure operational safety, a CO, SO2 and H2 detector with
an alarm must be installed! A

[— Fan

Exhaust tube

ConFlo Il °9

20
Working Outside of
area working area

Figure 7-1.  ConFlo Ill Interface with exhaust tube and fan

The exhaust tube should be installed on top of the ConFlo III Interface
as shown in Figure 7-1 to remove the toxic sulfur dioxide (SO,) from
inside of ConFlo III out of your working area.
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Sulfur Measurement
Preparing System for Sulfur Measurement

Preparing System for Sulfur Measurement

< To prepare the system for a sulfur measurement
1. Install the exhaust tube on ConFlo III. See Figure 7-1.

2. Install the self-adhesive heating foil as outlined in “Installing
Self-Adhesive Heating Foil” on page 7-6 and especially in
Figure 7-3.

3. Install the properly packed reactor within the Elemental Analyzer.
Refer to “Filling Reactor” on page 7-7 and especially to Figure 3-5.

4. Replace all stainless steel tubing with Teflon tubing. See Figure 7-2.

5. Install the SO, GC column. Refer to “Stainless Steel GC Column”
on page 7-10 and to “Teflon GC Column” on page 7-10.

Installing Teflon® Tubing

To perform a sulfur measurement, a part of the stainless steel tubing
needs to be replaced by Teflon tubing. Figure 7-2 provides an overview.

.OZEI

reactor olive / nut connection
olive (Part No. 114 1210)
nut (Part No. 112 1370)

water trap

Teflon (Part No. 114 1220) GC column

(Part No. 114 1170)

M cap nut 1/16” (Part No. 052 3610)
back ferrule 1/16"" (Part No. 052 3210) |-
front ferrule 1/16"° (Part No. 052 3440)

Teflon
(Part No. 114 1220)

union
(Part No. 114 1230)

1/16" stainless
steel capillary
(Part No. 060 5470)

ConFlo Il

Figure 7-2. Installing Teflon tubing
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Sulfur Measurement
Preparing System for Sulfur Measurement

Installing Self-Adhesive Heating Foil

Note SO, is liquid at higher pressures. Therefore, the manometer should
be heated to avoid condensation of SO,. The temperature must be
between 60 °C and 70 °C. It may vary with ventilation. A

< To install the self-adhesive heating foil

1. Remove the backing paper from the self-adhesive heating foil.

2. DPaste the heating foil in the middle of the rear side of the manometer
(of Ref 2) as shown in Figure 7-3.

=i

I 40V AC
Yy |_

220V AC

=¥

Y oY

- H;—
1k

il

manometer back view:

=
o
0 self adhesive
= heating foil

Figure 7-3. Installing self-adhesive heating foil

Note Take care that the wires of the heating foil point downwards when
pasting it on the rear side of the manometer. A

3. Simply insert the wires into the plug socket where they fix
themselves.
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Sulfur Measurement
Preparing System for Sulfur Measurement

Filling Reactor

We recommend using a Thermo Fisher Scientific “ready for use” reactor
(P/N 1118121). The reactor is 470 mm long. If it must be packed by
the user, the packing should be as shown in Figure 7-4.

About 150 to 200 analyses can be performed using the reactor type
described above. With the exception of tungsten oxide, no parts of the
reactor can be used a second time.

———
— 1
K =—— Quartz wool (10 mm)

CE Part No. 338 222 00
—

Tungsten oxide (60 mm)*

| CE Part No. 338 246 00

. +—— Quartz wool (10 mm)

CE Part No. 338 222 00

Copper (110 mm)
CE Part No. 338 353 13
especially for SO,

Quartz wool (50 mm)
CE Part No. 338 222 00

Figure 7-4.  Packing of reactor

Note Instead of tungsten oxide also 60 mm of copper oxide (CE
P/N 33821710) can be used as an option for packing the reactor. A
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Before Starting Sulfur Measurement

1-8

We assume that the user already has working experience with the isotope
ratio mass spectrometer.

2
°

1.

10.

11.

12.

Before starting a sulfur measurement make sure that

The Elemental Analyzer is set up, that is the SO, reactor is packed
and installed, and the water trap is installed.

The special SO, stainless steel (or Teflon) GC column is installed.

The connection between reactor, water trap, GC column and

ConFlo III is made up of Teflon tubing.

The gases needed (He, O,) are available and have been connected to
the corresponding positions.

Leak-check all connections outside the ConFlo III by brushing all
fittings carefully with soapsuds.

The exhaust tube is connected to the ConFlo III and ventilation is
working.

SO, is connected to Ref 2 of the ConFlo I1I.
The self-adhesive heating foil is installed/switched on.

Compressed air is connected to the ConFlo III and to the Elemental
Analyzer.

A ConFlo III configuration is installed and has already been in use
for for example nitrogen or carbon analysis.

The IRMS has been calibrated for SO, measurements.

Switch the eElemental Analyzer on.

13. Adjust the gas pressure of the Elemental Analyzer and the

ConFlo II1.

Take the following settings as a guideline.
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Settings for EA 1108, EA 1110 and NA 2500

Table 7-3 summarizes the settings for EA 1108, EA 1110 and NA 2500.

Settings for FlashEA

Thermo Fisher Scientific

Sulfur Measurement
Before Starting Sulfur Measurement

Table 7-3.  Settings for EA 1108, EA 1110 and NA 2500

Parameter Value
He (Elemental 100 kPa
Analyzer)
O, (Elemental Analyzer) 150 kPa
Purge with O, 40 mL/min
Purge with He 110 mL/min
(depending on the autosampler)
He (ConFlo III) 1 bar
Ref. 2 (ConFlo III) 1 bar

Table 7-4 summarizes the settings for the FlashEA.

Table 7-4.  Settings for FlashEA in Eager software

Parameter Value

Carrier 300 mL/min

Oxygen 175 mL/min

Reference 110 mL/min (depending on autosampler)

Cycle run time

60s

Sampling delay

23s

Oxygen Injection End

3s

14. Switch off the ion source and inject the He dilution capillary.

15. Slowly open the needle valve. Make sure that the needle valve is

heated.

16. Make sure that the ion source heater and the change over valve
heater are operating, if available.

17. Switch on the ion source.

18. After approximately 30 min, the expected background at the
respective reactor and column temperature should be as summarized

below.
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Stainless Steel GC Column

Table 7-5 lists the backgrounds to be expected when a stainless steel GC
column is used.

Table 7-5.  Expected backgrounds using stainless steel GC column

reactor column mass 28 29 Ar H, 64 66
temperatur temperatur O
e e

cup 28 29 29 29 64 66

range mV mV mV V m mV
Vv
30 °C 30 °C 50 60 180 1.5
400 °C 100 °C 11 140 350 1.8
0
1020 °C 100 °C 70 65 220 1.2 <5 <10
" Ri=10"Q

Note Background values may vary depending on sensitivity and focus
settings. They are given here as a general guideline. A

Teflon GC Column

Table 7-6 lists the backgrounds to be expected when a Teflon GC

column is used.

Table 7-6.  Expected backgrounds using Teflon GC column

reactor column mass 28 29 Ar H, 64 66
temperatur temperatur @)
e e
cup 28 29 29 29 64 66
range mV mV V.~V m mV
\%
30°C 30°C 29 223 09 39
5 3
400 °C 100 °C 42 337 13 5.6
2 0
1020 °C 100 °C 33 243 09 21 <5 <10
0 9
"Ri=10"Q

7-10 FlashEA for IRMS Operating Manual (P/N 1158550, Revision B) Thermo Fisher Scientific



Sulfur Measurement
Before Starting Sulfur Measurement

Note Background values may vary depending on sensitivity and focus
settings. They are given here as a general guideline. A

Note Teflon tubes are not absolutely tight against atmosphere.
Therefore, the backgrounds of argon and nitrogen are higher than those
of carbon and nitrogen measurements. Nevertheless, take care of

leaks. A

Note When using normal amplification (that is, resistor of 3x 101 Q on
cup for m/z 66), the background values will be three times higher. a
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Creating Gas Configuration for Sulfur Measurement

A gas configuration determines a combination of masses, which are
collected in the cups, for evaluation of ratios and eventually 8 values.
The gas configuration is specific for the particular gas and is combined
with a magnet field value taken from the mass calibration of your IRMS.
The ratio groups determine the reported ratios of predefined masses.

Prior to defining this gas configuration ensure that the connected IRMS
has the cups for the simultaneous detection of m/z 64 and m/z 66 and
mass calibration for these cups has already been performed.

For a >4$/°%S measurement, a gas configuration must be available for
m/z 64 (that is 348160160) and m/z 66 (that is *S'°0'°0). Otherwise,

it must be created.

2

% To create a gas configuration for sulfur measurement

@’ 1. Open Isodat Acquisition.

Acquisition

2. Open the Gas Configuration Editor

4 .

e | (Figure 7-5).
Ratio Editor.. . . . c .. . .
ShImE It is only available, if no acquisition is running.

Gas Configuration Editor..

Gas Configuration Editor

Add Delete

Configurations |

Name | Cup1 | Cup2 | CupZ | Cupd | Cup5 | CupB | Cup? | CupZ | Calibration Ratio Groups | Magnet | PC-Offset
coz 44 a5 46 Current [(JB SP 11.01.02] +| CO2 10461 |0

Figure 7-5.  Gas Configuration Editor

Per default, the gas configuration CO?2 is being created as the first one.
If the gas configuration SO2 has already been created, it occurs in the
list of Figure 7-5. However, if the gas configuration SO2 has not been
created yet, it does not occur in the list. In the latter case, proceed as
follows.

3. Click on the Add button to add a new gas

configuration.
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New Gasconfiguration

Name [soz

Template ||:c|2

Isodat Acquisition

Confirm Formula,

MName : <502>
Formula: <C02>

Press <Yes> for continue or <MNo> for edit Formula,

No |

Ratio Groups @

Enable | A

Yes

Evaluations
coz

co

H2

N2

02

N2O

s02 v
CH3CI
SFB

Argon
Air
§0-502

o]

o

Cancel |

Sulfur Measurement
Creating Gas Configuration for Sulfur Measurement

Type SO2 for the Name.

Select a gas configuration as Template, for
example CO2.

In the context menu, only the already existing
gas configurations are displayed. When
creating the first gas configuration, CO2 is
displayed.

Confirm by OK.

Type No.

If you would type Yes, this would
automatically mark the template (that is CO2)
instead of SO2 in the Ratio Groups window
below.

8. Mark SO2. If Ratio Groups other than SO2

are marked, unmark them all.

9. Confirm by OK.

Gas Configuration Editor

a X

Add Delete

Configurstions I

Name | Cup1 | Cup2 | Cup3 | Cupd | Cup5 | CupB | Cup? | Cup2 | Calibration Ratio Groups | Magnet | PC-Offset

coz 44 45 46 Current [JB SP 11.01.02] w| CO2 7800 0

s02 64 66 Current [JB SP 11.01.02] w| S0O2 7800 1]
Figure 7-6.  Creating new gas configuration

Thermo Fisher Scientific
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Sulfur Measurement
Creating Gas Configuration for Sulfur Measurement

The new gas configuration SO2 appears in the list as a row of its own.
See Figure 7-0.

10. In the Calibration column of Figure 7-6 select your current
calibration file.

Note Figure 7-6 shows a common cup configuration as used in most
Delta mass spectrometers, that is universal triple collector. If you have a
special cup configuration, the respective masses will be collected in other
cups! A

11. In Figure 7-6 type in the correct masses (64 and 66 replace for
example 44, 45 and 46) to the appropriate cups specific for your
IRMS.

When highlighting the specific gas configuration by a click on its
row, the number of cups required for measurement is displayed
together with the assigned masses. See Figure 7-7.

Mass Info
Number of required cups : - Masses required :
Mass Info
Number of required cups: 2 Masses required : 64,66

Figure 7-7. Required cups together with assigned masses

12. Select a calibration, which is valid for the selected cups.

13. Click on the Save & Close button .
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Zero Enrichment of Sulfur (Standard On/Off Test)

We assume that the user already has working experience with the
ConFlo III Interface and IRMS. It is recommended to perform a simple
check in order to test the analytical condition of ConFlo III and IRMS
before measuring any samples. The most important checks to test the
analytical condition are zero enrichment and linearity test.

1. Use the following method SO2_zero.met from the Examples folder
of the File Browser only as a guideline.

Instrument Tab

Instrument | Time Events | Evaluation@S02 | Peak Detection@®302 | Printout@502 |

Experiment Continuous flow
Configuration ConFlo
Comment L]
Gasconfiguration | j
Acquisition Seript  [Acquisiion.sct am
— |sotope MS
Integration Time | 0.200 [s) LI Peak Center Predelay (s) Izg
Peak Center Cup |Cup 3 LI Peak Center Postdelay [s) |1 il
i~ Reference Device /
™ Use Scripts
Reference Port IHelerence 2 :J

Figure 7-8.  Zero Enrichment of sulfur - Instrument tab

In Figure 7-8 select the reference port your reference gas is connected to
at the ConFlo III interface (for example Reference 2).

Adapt the reference gas port to the respective column of the time events
list: for example, if you choose Reference 2, the on-off entries must
occur in the Reference 2-On column of the time events list. See

Figure 7-9.

Thermo Fisher Scientific FlashEA for IRMS Operating Manual (P/N 1158550, Revision B) 7-15



Sulfur Measurement
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Time Events Tab

Instrument  Time Events | Evaluation@502 | Peak Detection@S02 | Printout@s02 |

ed&8 SX

@ Time [s] Start Sampler | Elemental Dilution - On Reference 1- | Reference 2- | Switch Gas
Anal. - On on On

% Q

E Q

110 Q

130 @

180 Q@

200 Q@

250 Q

270 @t

320 (*]

340 @

390 Q@

410 @

460 Q

420 [+

50 Q

550 @

600 @

620 Q@

Acquisition Start |lmmadiately :I Acquisition End Time [s) lm—3

Figure 7-9. Zero Enrichment of sulfur - Time Events tab

Recognize the nine on-off pulses shown in Figure 7-9 in the expected
chromatogram, Figure 7-13. The off-time of the for example forth
reference gas pulse is 270 s. See Figure 7-10.

Evaluation Tab

Instrument | Time Events Evaluation@502 | Peak Detection@502 | Printout@Ss02 |

- Evaluation Type:

|9°?4T | El
v

Ref. Nr. | Ref. Time: | Ref. Name: | d 18060 |vs. d345/325 | vs.
1 270.00 S02Z_zero w| 0.000 VEMOW | 0.000 VCDT

- Reference/Blank

Significant Peak Start [s] IB.WJ Significant Peak Stop [s] ID.OOO
Amount Percent [%] |g,an Unit |“-,g

Figure 7-10. Zero Enrichment of sulfur - Evaluation tab
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Peak Detection Tab

Printout Tab

Thermo Fisher Scientific

Sulfur Measurement
Zero Enrichment of Sulfur (Standard On/Off Test)

Note At Ref. Time, the off-value of an arbitrary reference gas peak

according to the time events list must be typed (for example 270 s as the
off-value of the forth reference gas peak). See Figure 7-9. &

Instrument | Time Events | Evaluation@502 Pesk Detection@S02 | Printout@302 |

Perform Peak Detection ¥  Perform Background Detection |V Detection on Mass I 54
Detection Parameter Background Parameter
Start Slope [mVis] [02 Background Type | ndivicual BGD |

End Slope [mVis] | 04 History [s] | 5
Peak Min Height [mV] | 50
Peak Resolution [%] r

Max Peak Width [s] 180

Perform Timeshitt v

Auto Sgquare Pulse Recognition / Timeshift Supression
Enable r Factor 055  rarea Pk Width / Pk Height

Peak Detection Parameter Sets

Nr.: Start Detection [s] Stop Detection [s]
1 -1.000 -1.000
Smoothing

Smooth Type Standard Smoathing vl Number Of Datapoints |

Figure 7-11. Zero Enrichment of sulfur - Peak Detection tab

Note A value of -1 denotes unlimited. A

Instrument | Time Events | Evaluation@S02 | Peak Detection@S502  Printout@502

Printout Templates
Single [Default ResultIRw 0
Sequence [Single Riesult IRW =

Figure 7-12. Zero Enrichment of sulfur - Printout tab
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1. At the corresponding pressure regulator of ConFlo III, set the ion
intensity of m/z 64 (that is **S$'°0"0) to approximately 3 V.

2. Create a new sequence. Refer to “Defining a Sequence” on
page 2-15.

3. Click on the Start button and confirm by OK.

The expected data after three or four measurements are given in
Figure 7-13 (chromatogram) and Figure 7-14 (result grid).

Sile Name: C:AFinniganilsodat NT\Global\Wser\Conflo |l Interface\Results'S02_zero.cf

557 Mesmsa

5.0-

4.5-
o 407
B a5

3.0

2.5-

2.0+

Wsa W 02 136 58 206,39 27598 345 58 415.30 48498 554.70 62439

-4 4 a4 d a4 a4 A d r
g 15000+
£ 40000+
i

5000

Ao i
. - e - ..r—’k__ :r‘l ﬁk_ - ﬁL
100 200 300 400 500 600
Time fs]

Figure 7-13. Zero Enrichment of sulfur - chromatogram

Recognize the nine peaks shown in Figure 7-13 as the nine on-off pulses
in the time events list, Figure 7-9.

02 IError IExiended Sequence Line _
Peak Nr. | Stat | Rt Width | Ampl. 64 | Ampl. 66 | BGD 64 | BGD 66 | Area All | Amit% | d & |d3asm2s
[s] [s] [s] [mv] [m\] [mv] [mv] [vs] [4%6] 6650254502 | [per mil)
[per mil) ws. VCDT
vs, S02_zero
1 478 |67.0 | 637 | 4085 19953 335 1629 |79.345 | - 0.021 0.022
2> 117.4| 1366 | 644 | 4061 19838 241 16868 |79.141 | - 0.000 0.000
3 187.2| 206.4| 640 | 4070 19878 24.0 166.2 79308 | - -0.040 -0.044
4 2562|276.0| 644 | 4072 19887 339 1658 |79.329 | - -0.042 -0.046
5 326.4|3456| 642 | 4075 19204 339 1659 |79.465 | - -0.042 -0.052
5] 396.2| 4154| 63.7 | 4068 19869 338 1658 |79.164 | - -0.076 -0.083
7 4658 | 485.0| 63.7 | 4094 19995 338 165.2 793909 | - 0072 -0.085
g 5356 | 554.8| 63.7 | 4091 19981 338 1659 |79.386 | - -0.105 -0.114
2 605.2| 6244|640 | 4083 19244 339 1662 |79.401 | - -0.117 -0.128

Figure 7-14. Zero Enrichment of sulfur - result grid
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Sulfur Measurement
Zero Enrichment of Sulfur (Standard On/Off Test)

Note The standard deviation of § *SO,/**SO, should be 0.05 %o or
less. a

< To obtain the standard deviation of all nine peaks

1. Click on the column header of the
d 66502/64S02 [per mil] vs. SO2_zero

column.

It will be highlighted.

2. Right-click on the column header.
3. Choose Calculate.

The results will be calculated and summarized in Figure 7-15.

Calculate Results @

d 66502/64502
Mean -0.054
SqrSum 0.017
Std.Dev. 0045
Max 0.021
Min -0.117
Regression Slope -0.016
Regression Offset 0.028
Close

Figure 7-15. Calculation of results
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Linearity Test of Sulfur

Linearity Test of Sulfur

Use the same method as defined for zero enrichment in “Zero
Enrichment of Sulfur (Standard On/Off Test)” on page 7-15, for
example SO2_zero.met. Start the acquisition as a single run. At each
detection of a peak de- or increase the reference gas pressure at the
ConFlo III. The expected data after three or four measurements are
shown in Figure 7-16 (chromatogram) and Figure 7-17 (result grid).

" u Isodat Acquisition - [S02_Lin.cf] &) x|
) File Edit View Quant Help eS|
o N a n ‘ ) 4 ‘ Dy ‘ @ ‘ L x X 1t
Edit Metho.. StartRe-E.. | DefPesk  DefBod Scan Delete Stap SaveDef Delete Def Deleteal.. Load Def
File Name: CAFINNIGANUSODAT NT\Global\Wser\Conflo || Interface\Results\SO02_Lin.cf
551 Mesma
5104
4.54
4.04
2 354
E 304
2.5+
zu-\'
1.5
Hes T
13658
150004
208,18
w757
E 10000+ 345 58
.“:‘ 41518
E 48477
G ﬂ g 523.76
T T T T T T
100 200 300 400 500 800
Time [s]
Figure 7-16. Linearity test of sulfur - chromatogram
S02 IError ] Extended ] Sequence Line | y;
Peak Nr. | Stat |Rt | width | Ampl. 64 | Ampl. 66 | BGD 64 | BGD 66 | Area All | Amt% | d 6650254 d345/325
sl 5] G [mV] [mV] mv | [mV] | [V %] | [permil) [per mil)
vz, S02_zero vs. WCDT
1 475 |66 |566 |3280 16053 227 1028 |63885 | - -0.008 -0.009
2 117.4| 1366 | 56.0 |2964 14464 | 248 1137 |57.796 | - 0031 -0.034
3" 186.9| 206.2| 545 | 2579 12586 | 252 1154 |50.025 | - 0.000 0.000
4 256.8|275.8|53.1 | 2046 9036 2449 1142 |[39.707 | - 0.038 0.042
5 326.4|2458|51.2 | 1728 8433 242 1108 |33.405 | - 0.099 0.108
6 306.2| 415.2| 405 | 1448 7066 236 1076 |28036 | - 0.131 0.142
7 4658|4848 481 | 1146 5590 229 1041 |22.150 | - 0.260 0.283
g 5356| 5548|472 |972 4744 221 1000 |[18758 | - 0.288 0314
9 605.2| 6238|458 |827 4034 215 |968 15917 | - 0350 0.392

Figure 7-17. Linearity test of sulfur - result grid

Note The linear regression of the 6GSOZ/ 64502 values vs. the working
standard should be less than 0.06 %o/V. A
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Starting Sulfur Measurement

Sulfur Measurement
Starting Sulfur Measurement

Before you start a sulfur measurement, make sure that your system
meets the hardware requirements summarized in Table 7-7.

Table 7-7.  Hardware requirements for sulfur measurement
Parameter Value
oxidation furnace temperature/reduction furnace temperature 1020 °C for WO filling
GC column temperature 100 °C

helium flow

80-100 mL/min

purge

helium flow must be sufficiently open

standard gas (SO,) on ConFlo I1/1I1

must be available

needle valve (ConFlo II/III-IRMS connection)

must be open

standard gas intensity (SO,)

is adjusted at about 3-5 V

(as with zero enrichment)

Isodat

must be set to ConFlo configuration.
See Figure 7-18.

= - Accessories -
QEEFE - ¥+
ConFlo Il 11l Interface

Ref 2

®

MS ==

Helium Dilution

File Browser

WWSISequencele)qwﬂlResulsllSL |Se‘|’

CACAC

Name

[ Created

) Example
| Time Event List
_—,‘J NZ_zero.met

10f09/03 14:45:36
10/09/03 14:45:36
11/12/03 12:00:17

- K
& ConFlo&AS

vQ coz

Figure 7-18. ConFlo configuration in Isodat

Thermo Fisher Scientific
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Sulfur Measurement
Starting Sulfur Measurement

Defining a Method

From the Examples folder of the File Browser take the method
SO2_only.met only as a guideline.

Instrument Tab

Instrument | Time Events | Evaluation@S02 | Peak Detection@502 | Printout@S02 |

Time Events Tab

1-22

Experiment Continuous flow
Configuration ConFlo
Comment ;j
&
Gasconfiguration I El
Acquisition Script  [Acquisition.sct )
~ Isotope MS
Integration Time [0200%s] <] PeakCenterPredelay ) |20
Peak Center Cup ICup3 EI Peak Center Postdelay [s] Im
~ Reference Device
I™ Use Sciipts _/
Reference Port [ Reference 2 |
Figure 7-19. Starting sulfur measurement - Instrument tab
Select the reference port your reference gas is connected to at the
ConFlo III interface (for example Reference 2). See Figure 7-19.
Instrument Time Events | Evaluation@S02 | Peak Detection@502 | Piintout@502 |
= 88 B8 & SXE
@ Time [s] Start Sampler | El tal Dilution- On | Ref 1- |Ref 2- | Switch Gas
Anal. - On On On
® Q
80 Q
110 O
130 [®)
180 @
185 @
Acquisition Start |!mmedialely :I Acquisition End Time [s] |5gg E

Figure 7-20. Starting sulfur measurement - Time Events tab

FlashEA for IRMS Operating Manual (P/N 1158550, Revision B)
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Evaluation Tab

Peak Detection Tab

Thermo Fisher Scientific

Sulfur Measurement
Starting Sulfur Measurement

Instiument | Time Events Evaluation@S02 | Peak Detection@502 | Printout@s02 |

—Evalustion Type:

Retf. Nr.: | Ref. Time: | Ref. Name: d 180/160 | vs. d 345/328 | ws.
1 130.00 $02 Lab.Tank w| 0000 VSMOW | £.130 vCDT
Reference/Blank

Significant Peak Start [s] ]30&000 Significant Peak Stop [s] ]45&000
Amount Percent [%] ]7_440 Unit ]mg

Figure 7-21. Starting sulfur measurement - Evaluation tab

Instiument | Time Events | Evaluation@502 Pesk Detection@S02 | Printout@s02 |

Perform Pesk Detection [V Perform Background Detection [V Detection on Mass IS‘T
- Detection Parameter Background P

Start Slope [mVis] IM— Background Type |W BGD .'J
End Slope [mVis] |0.4 History [s] |5

Peak Min Height (mV] [0

Peak Resolution (%) [

Max Peak Wicth [s] |13|J

Perform Timeshift v

~ Mo Square Pulse Recognition f Timeshift Supression
Enable u Factor IU-55 r&rea f Pk Width / Pk Height

{dvanced Parameter => ||

Figure 7-22. Starting sulfur measurement - Peak Detection tab
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Sulfur Measurement
Starting Sulfur Measurement

| << Advanced Parameter |
- Peak Detection Parameter Sets
N Start Detection ) Stop Detection [5
1 -1.000 -1.000
- Smoothing
Smoath Type [Standerd Smocthing v|  Number Of Datapoints | -

Figure 7-23. Starting sulfur measurement - Peak Detection tab - Advanced
Parameters

Note A value of -1 denotes unlimited. a

Printout Tab

Instrument | Time Events | Evaluation@502 | Peak Detection@502  Printout@S02

Printout Templates
Single |Default Result IRW |
Sequence |5hg|e Result IRW O

Figure 7-24. Starting sulfur measurement - Printout tab

Defining a Sequence
% To define a sequence for sulfur measurement

1. Place a sample in the solid-autosampler, for example 0.355 mg of
BaSO4.

2. To create a new sequence click on the New button.
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Sulfur Measurement
Starting Sulfur Measurement

e
|
Method Sequence DataExport
R2005 ;
E [
6830 A2005 Trace
P
1 n E D ﬁ
AS2000 PeripheralVi... ISL .:I

| oK I Cancel |

Figure 7-25. Creating new sequence

3. In Figure 7-25 mark the Sequence icon and confirm by OK.

x|| 4. Define the number of samples, for example 3. Confirm by OK.

Edit the sequence grid as shown in Figure 7-26 and Table 7-8.

Line i Amount | Type Identifier 1 | Comment | Preparation | Method

1 v | 0.355 Sample w| BaS04 S02_only.met w
2 v [0352 | Sample w| Bas04 S02_only.met w
3 v | 0.358 Sample ¥| BaS04 S02_only.met +

Figure 7-26. Starting sulfur measurement - editing sequence grid

Table 7-8.  Sequence grid parameters for nitrogen measurement
Parameter Comment

Peak Center Enable v to perform a peak center prior to
& measurement (always recommended).

Amount amount of sample

Type Select the kind of species, for example Sample

Identifier ~ Type in text to identifiy the sample (optionally)

Comment  Type in a comment (optionally).

Preparation  Type in information related to preparation (optionally).

Method Select the IRMS method (here N2_only.met).
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Sulfur Measurement
Starting Sulfur Measurement

’ 5. Click on the Start button.

Start

6. Define a folder to save your result files as well as export and printout
parameters. See Figure 7-27.

start sequence x
Isodat Object =
@ TemplateDataSequenceHeader
Folder Name Pre I Post HACQ-FIesuIts 3
[~ Auto Enum
File Name Pre I Post !|Acquisilion
[V Auto Enum
— Export
Fomat  [Excel (xis) ~]  Modiy Template List |
Export File Name Pre | Post | [Export
~ Printout Resultworkshop Templates
Mo € 1 Printout/Sequence
@ Yes & 1 Printout/Sample
— Properties
Comment lND Comment I™ [ Measure only Selection
~ Sequence Scripts
Pre Script I O @
Post Script | ]
[ ok | concel |
=

Figure 7-27. Starting sulfur measurement - defining export and printout

parameters

Events during Acquisition

1-26

This section summarizes the events that happen during data acquisition.
See Figure 7-20, Figure 7-29 and Figure 7-30.

1. Peak center procedure

2. First SO, reference gas pulse activated at 40 s (duration: 20 s).

FlashEA for IRMS Operating Manual (P/N 1158550, Revision B)
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Sulfur Measurement
Starting Sulfur Measurement

3. Second SO, reference gas pulse activated at 110 s (duration: 20 s). It
is assigned as standard pulse for § value calculation. See Time
column in Figure 7-20 and to Peak No. 2 in Figure 7-30.

4. Sample input (solid-autosampler)

5. Autosampler activated by compressed air from ConFlo III at 180 s.

6. Sample peak appears approximately 350 s after acquisition start time
(that is 170 s after autosampler activation).

7. Acquisition stops at 500 s.

After finishing data acquisition the printer creates a data output sheet as
defined by the selected Result Workshop template (*.irw). The results
are also exported to a spreadsheet file, if the checkbox was marked in
Figure 7-27.

502 | Error | Extended SemenceLineI

Line

i

Amount

Type

Port

Identifier 1

Comment

Preparation

Method

13

v

0.355

Reference

BaSO4

'S02.met

Figure 7-28. Sequence line of sulfur measurement
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Sulfur Measurement
Starting Sulfur Measurement

,‘ Isodat Acquisition - [S02.cf]

Figure 7-29 shows the chromatogram and Figure 7-30 the related result

grid.

) File Edit View Quant Help

=18i x|
=18 x|

=

7y

A

DefPeask  DefBod

-
Scan

iFile Name: C:\F

ANUSODAT NT\GI

WCorflo 11 k

5.0
4.5+
4.0+
3.5
304
254
2.0
1.5+

Ratio

Mesma

16000+

140004

12000+

Intensity [mY]

—

36039

T
250

Time [5]

Labeled Components: 1=first SO, reference gas pulse, 2=second SO, reference gas pulse (assigned as standard pulse
for 6 value calculation), 3=sample peak

Figure 7-29. Sulfur measurement - chromatogram

502 |Error | iExtende::lI Sequence Line]

Peak |Stat |Rt Width | Ampl. | Ampl. BGD |BGD |AreaAll | Amt% |d d 3457328
Nr. ] fs) [ 64 66 64 66 V) [%6] 66S02/84502 | [per mil)
[mV] [mV] mv] | [mV] [per mil) ve. VCDT
vs. 02
Lab.Tank
1 a78 670 |[854 3182 15505 |231.4 |1627 |61.789 | - 2.129 2.129
2% 1176 | 1266 |642 3188 15523 |2327 |1703 |618678 | - 2.130 8.130
3 3358 |3504 |934 2394 11688 |[176 |919 |36.499 | - 12.873 13,300

Figure 7-30. Sulfur measurement - result grid
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Glossary

This section lists and defines terms used in this manual. It also includes acronyms, metric prefixes, symbols, and

abbreviations.

A B CDTEFGH I J K LMNUOPUOQRS STUVWXYZ

A

A ampere

ac alternating current

ADC analog-to-digital converter
AP acquisition processor

API atmospheric pressure ionization

ASCII American Standard Code for Information
Interchange

B

b bit

B byte (8 b)

baud rate data transmission speed in events per second
BEST Brightly Enhanced Sample Transfer

BF backflush

c

°C degrees Celsius

CE European conformity. Mandatory European
marking for certain product groups to indicate
conformity with essential health and safety
requirements set out in European Directives.

cfm cubic feet per minute

CI chemical ionization

Thermo Fisher Scientific

CID collision-induced dissociation

cm centimeter

cm® cubic centimeter

Continuous-Flow (CF) Automated preparation device
and mass spectrometer in which sample analysis is
conducted in a continuous stream of helium carrier

gas.

CPU central processing unit (of a computer)
CRC cyclic redundancy check

CRM consecutive reaction monitoring
CSIA Compound Specific Isotope Analysis

<Ctrl> control key on the terminal keyboard

d depth

Da dalton

DAC digital-to-analog converter
dc direct current

driver A device-specific control program that enables a
computer to work with a particular device.

DS data system
DSP digital signal processor
DSQ™ Dual Stage Quadrupole

See also ITQ™.
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Glossary: Dual Inlet (DI)—IEEE

Dual Inlet (DI) Inlet method in which a pure gas
sample is admitted into an isotope ratio mass
spectrometer (IRMS) by a variable volume bellows. A
reference gas is admitted into the IRMS via a second
variable volume bellows. The bellows are balanced to
provide sample and reference signal responses of equal
intensity.

E

ECD Electron Capture Detector

EI electron ionization

Elemental Analyzer (EA) Automated sample
preparation instrument in which samples are
automatically converted into pure gases for isotope
ratio analysis. An elemental analyzer contains the
following elements: (i) furnace for combustion,
reduction or pyrolysis of sample material; (ii) chemical
traps for analyte gas purification; (iii) gas
chromatography for time separation of these analyte
gases.

EMBL European Molecular Biology Laboratory
<Enter> Enter key on the terminal keyboard
ESD electrostatic discharge

ESI electrospray ionization

eV electron volt

F

f femto (107"

°F degrees Fahrenheit

FID Flame lonization Detector
FM flow meter

forepump The pump that evacuates the foreline. A
rotary-vane pump is a type of forepump.

ft foot
FTP file transfer protocol

FWHM Full Width at Half Maximum

G-2 FlashEA for IRMS Operating Manual (P/N 1158550, Revision B)

G

g gram

G Gauss; giga (10%)

GC gas chromatograph; gas chromatography
GC/MS gas chromatograph/mass spectrometer

GISP Greenland Ice Sheet Precipitation. International
reference standard for hydrogen and oxygen isotopes.

See also SLAP and VSMOW.

GLT Glass Lined Tubing

GUI graphical user interface

H

h hour

b height

HF high flow

HOT OC High Oven Temperature Cold On-Column

HPLC High Performance Liquid Chromatography.
Standalone liquid chromatography system (or inlet for
mass spectrometry detector).

HTC High Temperature Conversion
HV high voltage

Hz hertz (cycles per second)

IAFA International Atomic Energy Agency
ICIS™ Interactive Chemical Information System
ICL™ Instrument Control Language™

ICP inductively coupled plasma

ICP-OES inductively coupled plasma optical emission
spectroscopy

ID inside diameter
IEC International Electrotechnical Commission

IEEE Institute of Electrical and Electronics Engineers

Thermo Fisher Scientific



in. inch
I/O input/output

ion optics Focuses and transmits ions from the ion
source to the mass analyzer.

ion source A device that converts samples to gas-phase
ions.

irm isotope ratio monitoring
IRMS isotope ratio mass spectrometer
ITQ™ Ion Trap Quadrupole

See also DSQ™.

K

k kilo (10%, 1000)

K kilo (2", 1024)

KEGG Kyoto Encyclopedia of Genes and Genomes
kg kilogram

L

[ length

L liter

LAN local area network
Ib pound

LC Liquid chromatography. A process that separates a
chemical mixture carried by liquid into components as
a result of differential distribution of the solutes as
they flow around or over a stationary or solid phase.

LC/MS liquid chromatograph / mass spectrometer
LED light-emitting diode
LF low flow

log file A text file, with a .log file extension, that is used
to store lists of information.

LVSL Large Volume Splitless Injector

P micro (10

Thermo Fisher Scientific

Glossary: in.—NPD

m meter

m milli (107)

M mega (10%
M* molecular ion

MB Megabyte (1048576 bytes)

MH" protonated molecular ion

min minute

mL milliliter

mm millimeter

MP measuring point

MS mass spectrometer; mass spectrometry
MS MS" power: where n = 1

MS/MS MS" power: where n = 2

MS" MS" power: where n = 1 through 10
MTBE methyl tert-butyl ether
MVEFC multifunctional valve cluster

m/z Mass-to-charge ratio. An abbreviation used to
denote the quantity formed by dividing the mass of an
ion (in u) by the number of charges carried by the ion.

For example, for the ion C7H72+, mlz=45.5.

N
n nano (107)

Natural Abundance The concentration of isotopes as
found in nature.

NCBI National Center for Biotechnology Information
(USA)

NIST National Institute of Standards and Technology
(USA)

noise Any random disturbance that obscures the clarity
of a signal

NPD nitrogen/phosphorous detector
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Glossary: 0C—TCP/IP

0

OC On-Column
OD outside diameter
OS open split

Q ohm

outlier A calibration data point that does not appear to
correlate to other calibration data points within
experimental error.

P

p pico (109

Pa pascal

PCB printed circuit board

PDD Pulsed Discharge Detector

PE protective earth

PEEK polyether ether ketone

PID proportional/integral/differential
P/N part number

P/P peak-to-peak voltage

ppm parts per million

psig pounds per square inch, gauge

PTV Programmable Temperature Vaporizing

RAM random access memory

relative standard deviation A measure of the
dispersion of a group of measurements relative to the
mean of the group. Relative standard deviation is
expressed as a percentage of the average value. The
percent relative standard deviation is calculated as:
% RSD = 100 - STD
X J—
where SD is the standard deviation and % is the
sample mean.

G-4 FlashEA for IRMS Operating Manual (P/N 1158550, Revision B)

RF radio frequency
RMS root mean square
ROM read-only memory

rotary-vane pump A mechanical vacuum pump that
establishes the vacuum necessary for the proper
operation of the turbomolecular pump. (Also called a
roughing pump or forepump.)

RS-232 An accepted industry standard for serial
communication connections. This Recommended
Standard (RS) defines the specific lines and signal
characteristics used by serial communications
controllers to standardize the transmission of serial
data between devices.

S

s second

serial port An input/output location (channel) for
serial data transmission.

SIM selected ion monitoring

SLAP Standard Light Antarctic Precipitation;
international reference standard for hydrogen and
oxygen isotopes.

See also VSMOW.
SPME Solid Phase Micro Extraction
SRM selected reaction monitoring

standard deviation In statistics, the standard deviation
SD is a measure of the dispersion of a group of
measurements. For example, masses, times, or
intensities. Standard deviation is calculated as follows:

See also relative standard deviation.

T

TCD Thermal Conductivity Detector

TCP/IP transmission control protocol / Internet
protocol

Thermo Fisher Scientific



TIC total ion current

Torr A unit of pressure, equal to 1 mm of mercury and

133.32 Pa.

turbomolecular pump A vacuum pump that provides
a high vacuum for the mass spectrometer and detector
system.

U

u atomic mass unit

UHV ultra high vacuum

vV

V volt
VAC volts alternating current
V DC volts direct current

VEC voltage-frequency converter

Thermo Fisher Scientific

Glossary: TIC—WEEE

vol volume

VCDT Vienna Canyon Diablo Troilite; international
reference standard for sulfur isotopes.

VPDB Vienna Pee Dee Belemnite; international
reference standard for carbon and oxygen isotopes.

VSMOW Vienna Standard Mean Ocean Water;
international reference standard for hydrogen and
oxygen isotopes.

See also SLAP.

W

w width
W' watt

WEEE European Union Waste Electrical and
Electronic Equipment Directive. Provides guidelines
for disposal of electronic waste.
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Index
Symbols

*.cf file 4-15
*irw 4-41, 5-18, 6-19, 7-29

Numerics

1/16" capillary 3-23

1108 elemental analyzer 3-8
12C160160 5-2, 5-8

13C 2-6

13C determination 2-6-2-7
13C160160 5-2

14N14N 4-2, 4-8-4-9

15N measurement 4-2
15N14N 4-2, 4-9

15N15N 4-2

325160160 7-12

32803 7-2

34S 7-2

34S/32S measurement 7-12
345160160 7-12

34503 7-2

A

accessories toolbar 6-3—-6-5

acquisition 2-9, 3-13-3-14, 4-2, 4-11-4-13, 4-25, 4-40-4-41, 5-2,

5-10, 5-17-5-18, 6-2, 6-18-6-19, 7-12, 7-21, 7-28=7-29
data 2-6, 2-8-2-9, 4-41, 5-18, 6-14, 6-19, 7-29
nitrogen 6-2
start 2-8-2-9, 7-29

acquisition cycle 2-7

acquisition end time 2-9

acquisition mode 2-6

acquisition module 4-2, 5-2, 7-12

acquisition script 2-7

acquisition start 2-8-2-9, 7-29

acquisition start time 4-41, 5-18

acquisition time 2-8

action 2-9

activation
autosampler 4-41, 5-18
reference gas 2-7

active 2-8, 6-11

actual flow 3-29

add blank mean 4-16

add blank mean command 4-16

Thermo Fisher Scientific

add reference mean 4-30
add reference mean command 4-30—4-31
add reference regression 4-31
add reference regression command 4-31
adjustment
time 2-11
advanced parameter 4-7, 5-7, 6-14, 6-16, 7-26
air 4-12, 4-18, 4-26
ambient 4-12
atmospheric 4-23
compressed 2-2, 3-5, 3-9, 3-12, 3-26, 7-8, 7-29
servo 3-9
Al olive 3-23, 7-3
alarm 7-4
alcohol 3-5
alteration process 4-28
ambient air 4-12
ammonium nitrate 4-25
ammonium sulfate 4-23
amount 4-29
carbon 4-31
nitrogen 4-31
sample 2-16, 4-39, 5-16, 6-17,7-27
amount calculation 4-31
amount percent calculation 4-28, 4-33
amount percent determination 2-10, 4-15, 4-28, 4-32, 7-22
carbon 5-11
nitrogen 4-28
amount percent value 4-18, 4-32
amount percentage 4-23
amplification 7-1
analysis 7-7
carbon 7-8
CN 3-24
nitrogen 7-8
sulfur 7-1
analysis time 3-13-3-14
analytical condition 4-5, 4-33, 5-5, 7-15
analytical condition parameter 4-31
anhydrone 3-2
application 2-4, 3-14, 3-16, 4-26-4-27
ConFlo II/III 2-6
Araw 2-12
area 4-19
raw 2-12
Aref 4-28
AS 128 2-3
AS 200 2-3
AS Method 2-16
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Index: B-C

AS Sample 2-16 new 4-17

AS128 3-19 blank-corrected 4-28

AS200 3-19 blank-corrected d value 4-14
Asample 4-28 board

atmospheric air 4-23 driver 2-2

atmospheric nitrogen 2-2 bottom connector 3-21, 3-23
attachment for exhaust tube 7-3 box

auto square pulse recognition 2-11 external carrier 3-17-3-18
automatic detection 2-12 bulk sample 1-1

automatic flow regulation 3-10 button

automatic leak test 3-30-3-31 new 2-15
recalibrate 6-6
save 2-13, 2-17

start 2-18, 4-8, 5-8, 7-18

automatic square peak detection 2-12
autorun program 3-26
autosampler 2-2-2-3, 2-16, 3-2, 3-12, 3-15, 3-19, 3-21, 3-26, 3-31,
4-12, 4-17, 4-24-4-25, 6-9,7-2,7-9, 7-29
activation 4-41, 5-18

liquid 3-26 C

solid 4-13, 4-32, 4-38, 5-15, 7-26 cable 2-2
autosampler activation 4-41, 5-18 RS 232 3.26
autosampler method 2-16 calculation 4-19, 4-28, 4-31, 5-18
autosampler plug 3-26 amount 4-31
autosampler start signal 6-4 amount percent 4-28, 4-33
autozero 3-31 d value 2-9, 4-41, 7-29-7-30
AUX connection 3-26 k factor 4-28

calibration 2-10, 4-4, 4-15, 4-23, 4-31, 4-33, 5-4, 7-14
jump 6-3, 6-5, 6-7

B mass 4-2, 5-2, 6-2, 7-12
one-point 4-29

b 4-17 reference gas 4-23-4-24

background 2-3-2-5, 7-9 calibration curve 4-30-4-31

individual 2-11 calibration factor 4-31
type 2-11 calibration file 4-4, 5-4, 7-14

background detection 2-10 capillary 6-4

background type 2-11 1/16" 3-23

background value 7-10-7-11 dilution 3-30, 6-12
Bailey, S.A. 7-2 fused silica 2-2, 2-4
barium sulfate 7-2 helium dilution 2-3, 7-9
basic kit 3-3 Ref 1 6-4

BaSO4 7-26 Ref 2 6-4

batch of capsules 4-19 stainless steel 2-4, 3-23

biological sulfur 7-1 capillary tube 7-3
blank 2-10, 4-14—4-16, 4-18-4-19, 4-28 capsule 4-17, 4-32
blank command 4-15-4-16 batch 4-19

blank determination 2-10 SflVCI' 3-2,4-32
tin 3-2, 4-12, 4-17, 4-25, 4-32, 7-2

capsules 4-18
carbon 1-1, 4-15, 4-17, 4-19, 4-24-4-25, 4-32, 6-1-6-2, 7-1
amount percent determination 5-11

blank information 4-18
blank input 4-18
blank mean 4-16

add 4-16

blank measurement 5-11
new 4-16 N . o
old 4-17 inearity test 5-

reference measurement 5-11
blank measurement 4-12—4-16, 4-18—4-19

carbon 4-12, 4-15, 5-11
nitrogen 4-12, 4-15, 4-17, 4-19-4-20
sulfur 4-16, 4-22

blank value 4-14—4-17, 4-19

zero enrichment 5-5-5-8
carbon amount 4-31
carbon analysis 7-8
carbon content 5-12
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carbon measurement 3-4, 5-1-5-2, 5-11, 5-13-5-19, 7-11
carbon monoxide 3-6
carbon peak 6-20
carrier 3-25, 3-32, 7-9
carrier flow 3-16, 3-31, 4-41, 5-18
carrier gas 3-1, 3-5, 3-24-3-25
carrier gas flow 3-20
carrier gas pressure 3-8, 3-10-3-11
carrier gas supply 3-12
catalyst layer 3-2
CD 3-26
central supply 3-9
change
temperature 6-3
change over valve 7-9
check 4-5, 5-5, 7-15
leak 2-2, 2-4, 3-7, 3-30-3-31, 7-8
checklist 3-25
flash 3-25
chemical 3-3-3-4
chromatogram 2-11-2-12,4-6, 4-11, 4-15, 4-20-4-22, 4-28, 4-41,
5-6, 5-8, 5-10, 5-18, 6-2, 6-18, 6-20, 7-16, 7-19, 7-21, 7-30
nitrogen 4-25
sample 4-28
chromatogram type 2-12
chromatographic column 3-1-3-2
chromatographic peak 2-11-2-12
chromatographic system 2-12
circuit diagram 3-24-3-25
ck 3-15
closure 3-31
CN analysis 3-24
cnt 3-15
CO 3-5-3-6, 7-4
CO2 2-2-2-3, 2-6-2-8, 2-10, 3-1-3-3, 3-5, 3-16, 4-2-4-3, 4-23,
5-2-5-3, 5-18, 6-4—6-8, 6-10—6-12, 6-19, 7-13
CO2 configuration 6-2-6-3
CO2 intensity 6-9
CO2 method 2-6
CO2 tab 6-20
CO2_only.met 4-24, 5-17
CO2_only-He.met 4-15, 5-12
CO2_zero.met 5-5, 5-10
collector
triple 2-7
universal triple 4-4, 5-4, 7-14
column 1-1, 2-4, 3-13, 3-15, 7-9—=7-10
chromatographic 3-1-3-2
conditioning 2-4
d 13C/12C 4-24
d 15N/14N 4-24
d 34S/32S 4-24
GC 2-4, 2-11, 3-16, 3-18, 4-17, 4-24, 6-2, 7-8
Ref. Name 4-25
Ref. Time 4-24

Thermo Fisher Scientific

Index: C—C

Reference 1 - On 5-13

switch gas 6-2, 6-10

time 4-41, 7-29
column conditioning 2-4
column temperature 3-13, 7-9
COM port 3-26
combi inlet 2-2
combustion 3-14, 3-34, 4-23, 4-27, 6-19, 7-1=7-2
combustion gas 3-2
combustion product 3-1
combustion reactor 3-2, 7-1, 7-3
combustion tube 7-2
commamd

save as... 2-13, 2-17
command

add blank mean 4-16

add reference mean 4-30—4-31

add reference regression 4-31

blank 4-15-4-16

reference 4-29

save 2-13

save all 2-14, 2-18

save as 2-13

start blank mean 4-16

start reference mean 4-29-4-30

start reference regression 4-30-4-31
comment 2-16, 4-39, 5-16, 6-17, 7-27
component 3-1, 3-25, 3-30
compound 3-2, 4-28

reference 2-10, 4-32
compressed air 2-2, 3-5, 3-9, 3-12, 3-26, 7-8, 7-29
compressed air pressure 3-9
compressed air supply 3-19
computer 3-26
concentration 3-1
condition

analytical 4-33
conditioning 3-32
configuration 2-6, 3-15-3-16, 6-3

CO2 6-2-6-3

ConFlo 4-34, 5-11, 6-3, 7-22

ConFlo III 2-2, 7-8

cup 4-4, 5-4, 7-14

gas 2-6-2-7, 4-2-4-4, 5-2-5-4, 6-2-6-3, 6-6, 7-12-7-14
ConFlo configuration 4-34, 5-11, 6-3, 7-22
ConFlo folder 6-11
ConFlo IT IIT interface window 6-3—6-4
ConFlo II/III 4-33-4-34, 5-11, 6-9, 7-22
ConFlo II/II application 2-6
ConFlo II/III interface 6-5
ConFlo II/III interface window 4-13, 6-4—6-5
ConFlo III 1-1-1-2, 2-2-2-4, 2-12, 3-5-3-6, 3-19, 3-24, 3-26,
3-30, 5-12, 6-12, 7-3, 7-15, 7-18
ConFlo III configuration 2-2, 7-8
ConFlo III device window 2-2
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Index: D-D

ConFlo III interface 2-1, 7-4, 7-15 peak center 2-7-2-8
ConFlo interface 4-36, 5-13, 7-24 cycle run time 7-9
connection 2-2, 2-4, 3-7, 3-20, 3-23, 7-8

AUX 3-26

gas 3-20, 3-25 D

lower 3-21
tube 3-20 d 13C/12C 4-26

d 13C/12C column 4-24
d 15N/14N 4-26

connection line 2-4

connector
bottom 3-21, 3-23 d 15N/14N column 4-24
outlet 3-8 d 34S/32S 4-27
pin 3-26 d 34S/32S column 4-24
container 3-2, 7-2 d value 2-9, 4-2, 4-14, 4-23-4-25, 5-2, 7-2, 7-12
contaminant 4-12 blank-corrected 4-14
content non-blank-corrected 4-14
carbon 5-12 d value calculation 2-9, 4-41, 7-29-7-30
nitrogen 5-12 d13C/12C 5-8, 5-10
continuous flow 1-1, 3-2 d15N 4-9, 4-23
continuous flow interface 1-1 d15N/14N 4-11
control data 4-8, 4-11, 5-8, 5-10, 7-19, 7-21
electronic 3-19 data acquisition 2-6, 2-8-2-9, 4-41, 5-18, 6-14, 6-19, 7-29
pneumatic 3-19 data output sheet 4-41, 5-18, 6-19, 7-29
control software 3-2 data point triplet 2-7
controller database 4-14, 4-17, 4-28, 4-31
electronic flow 3-20 entry 4-18
helium 3-12 standard 2-9
conversion 3-2 standard gas 4-26-4-27
convert 1-1 database entry 4-15, 4-18
copper 3-2, 4-19, 7-2 dead volume 3-4
impurity 4-18 default 2-11
quality 4-18 default value 2-10-2-12, 6-7
copper oxide 7-7 delay 2-11
correction post jump 6-7
ion 2-9 pre jump 6-7
timeshift 2-12 sample 6-19
counter 3-15 sampling 4-24, 7-9
counter parameter 3-15 Delta IRMS 7-1
counter-pressure 3-23 delta mass spectrometer 4-4, 5-4, 7-14
Cr203 3-2, 3-32-3-33, 4-17, 4-34, 5-11, 6-9 Delta plus XP
Cr203 filling 4-24 pre-installation requirements 3-5
Cu 4-24 Delta plus XP pre-installation requirements 3-5
Cu filling 4-17 desktop 3-26
CuO 3-2, 3-32-3-33, 4-34, 5-11, 6-9, 7-2 detection 2-11, 4-11, 5-10, 7-21
cup 2-3, 2-5, 2-16, 4-2, 4-4, 5-2, 5-4, 6-2, 7-12, 7-14 automatic 2-12
mass 66 7-1, 7-10-7-11 background 2-10
narrow center 2-7 peak 2-10
peak center 2-7 standard peak 2-9
cup configuration 4-4, 5-4, 7-14 detection mass 2-10
current detection parameter 2-11
ion 2-16 detection trace 2-11
curve detector
calibration 4-30-4-31 H2 7-4
reference calibration 4-30 determination
cycle 3-14, 4-24 13C 2-6-2-7
acquisition 2-7 amount percent 2-10, 4-15, 4-28, 4-32, 7-22
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amout percent 4-28
blank 2-10
isotope ratio 2-6, 4-23
isotope ratios 4-23
sulfur 7-2
device
reference 2-8
diagram
circuit 3-24-3-25
dilution 5-12, 6-4
helium 2-4, 4-13, 7-9
off 5-18, 6-19
on 5-18
dilution capillary 3-30, 6-12
dilution off 5-18, 6-19
dilution on 5-18
dilution on.isl 6-12
discrimination
peak 2-12
display 3-11
dosage
oxygen 3-34, 4-12-4-13
driver 3-26
driver board 2-2
dry out 3-30
dual measurement 3-16, 5-12, 6-1-6-3, 6-9-6-10, 6-13-6-18,
6-20
dust 3-23
dynamic flash combustion method 7-2

E

EA 1108 3-1,7-8
EA 1110 3-1,7-2,7-8
EA 1110NC MS 3-16
EA 1112 method 3-28
EA 1112 status 3-29-3-30
EA 2500 3-1
EA 2500NC MS 3-16
Eager 300 3-25-3-27
Eager software 2-2, 3-20, 3-30-3-31, 4-12-4-14, 4-41, 5-18, 7-9
editor
gas configuration 4-2, 5-2, 7-12
standard 4-26
EFC 3-20
effect
isotope 2-11
electronic control 3-19
electronic controller
EVP1 3-25
EVP2 3-25
electronic flow controller 3-20, 3-25
electronic flow sensor 3-25
elemental analyzer 1-1-2-4, 3-1, 3-3, 3-5, 3-10, 3-12-3-13,

Thermo Fisher Scientific

Index: E-F

3-15-3-16, 3-19, 3-26, 3-30-3-31, 5-18, 6-19, 7-1-7-2, 7-8

1108 3-8, 3-10

1110 3-10, 3-13

2500 3-10, 3-13

activity 3-34

flash 3-17-3-19, 7-3

part 2-4

reaction scheme 3-3

set up 7-8

status 3-34
elemental analyzer 1108 3-8, 3-10
elemental analyzer 1110 3-10, 3-13
elemental analyzer 2500 3-10, 3-13
elemental analyzer manual 3-24
elemental analyzer part 2-4
elemental analyzer start signal 6-4
elemental analyzer status 3-34
elemental analyzer status menu 3-29
end slope 2-11
enriched sample 4-12
entry 4-5, 5-5, 5-13, 7-15

database 4-15
equipment 3-23
error message 2-19
EV1 3-25
EV23-25
EV33-25
evaluation 2-11
evaluation tab 2-9-2-10, 4-6, 4-24—4-25, 4-28, 4-32, 4-37, 5-6,
5-14, 6-12,7-17, 7-25

tab

evaluation 2-6

evaluation type 2-9
evaluation@CO?2 6-12, 6-14—6-15
evaluation@N2 6-12—6-13
EVP1 3-25
EVP1 electronic controller 3-25
EVDP2 3-25
EVP2 electronic controller 3-25
exhaust tube 3-7, 7-4-7-5, 7-8

attachment 7-3
exhaustion 3-4
export parameter 4-40, 5-17, 6-18, 7-28
external box 3-20, 3-26, 3-29
external carrier box 3-17-3-20, 3-26

F

f2-12
fvalue 2-12
factor
calibration 4-31
f2-12
k 4-28, 4-30
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Index: G—H

factor £ 2-12 furnace
field left 3-32-3-33
magnetic 6-2 oxidation 2-4, 4-17, 4-24
fil on 3-16 reduction 1-1, 2-4, 3-1-3-2, 3-19, 3-24, 4-17, 4-24
file right 3-32
* of4-15 fused silica capillary 2-2, 2-4

calibration 4-4, 5-4, 7-14

result 2-14, 2-18, 4-14, 4-40, 5-17, 6-18, 7-28

result workshop 2-14, 2-18 G
spreadsheet 4-41, 5-18

file browser 4-5, 4-15, 4-35, 5-5, 5-12, 6-9, 7-15, 7-23 gas 1-1,3-5,3-7, 3-25, 4-2,5-2, 6-2, 7-12

carrier 3-1, 3-5, 3-24-3-25

filling bustion 3.2

Cr203 4-24 Cofj 95“03‘1 .

Cu 417 oxi atlgorsl -

WO3 4-24 burge -

] reference 3-25, 4-5, 4-17, 4-23-4-25, 4-36, 5-5, 5-13, 6-6, 7-15,

filter locking nut 3-31 724
final tem_Pem“re 2-4 standard 2-4, 3-5, 4-26-4-27, 4-34, 5-11, 6-9
finger print 3-5 gas configuration 2-6-2-7, 4-2-4-4, 5-2-5-4, 6-2-6-3, 6-6, 6-11,
first measurement 4-26 7.12—7-14
five point average slope 2-11 Gas Configuration Editor 4-2, 5-2, 7-12

flash checklist 3-25
flash combustion 3-1-3-2, 7-2
principle 3-2

gas configuration editor 4-2, 5-2, 7-12
gas configuration menu 6-11

gas connection 3-20, 3-25
flash combustion principle 3-2

Flash EA 3-20-3-21
1112 3-19
Flash EA 1112 3-1, 3-19
flash elemental analyzer 3-17-3-19, 3-26-3-27, 3-29, 7-3, 7-9
flow 2-4, 3-12, 3-16, 3-20, 3-29
actual 3-29

gas isotope mass spectrometer 1-1
gas mixture 3-2

gas pressure 2-3, 3-11, 3-20, 7-8
gas supply 2-2, 3-5-3-6

gas tank 2-2, 3-5-3-8, 3-11-3-12
gaschromatographic 1-1

. . GC 29
automatic regulatlon 3-10
carrier 3-16. 3-31. 4-41. 5-18 GC column 2-4, 2-11, 3-16, 3-18, 4-17, 4-24, 6-2, 7-8
carrier gas 3-20 SQZ 75
continuous 3-2 stainless steel 7-9
Teflon 7-3

helium 2-4, 4-17, 4-24

reference 3-31 teflon 7-8, 7-10

GC column temperature 4-34, 5-11, 6-9, 7-22
general tab 3-29, 3-35

flow controller

electronic 3-25
flow meter 3-8, 3-12, 3-29 glass tube 3-4
guide

flow ml/min 3-16

flow operating value 3-31 user 1-2
flow rate 3-8, 3-12, 3-25

helium 3-12

02338 H

oxygen 3-34 h212
flow sensor H2 3-5,7-4

electronic 3-25
flow value 3-25, 3-29, 3-31, 3-34

H2 detector 7-4

fAow/timi b H20 3-1, 7-10
ow/timing tab 3-28, 3-32-3-34 hard disk 326
folder
hardware layout 3-3
ConFlo 6-11
front 158 510 hazardous 7-4
ront panel 3-8, 3-
f° t,pa € He 60 3-16
ncti
unetion He off 3-16
setup 3-13 health 7.4
function key 3-10-3-11 calth /-
heater

1-6 FlashEA for IRMS QOperating Manual (P/N 1158550, Revision B) Thermo Fisher Scientific



ion source 2-4, 7-9
needle valve 2-4
oven 3-16
TCD 3-16
heating element 3-3
heating foil 7-3
heavy isotope signal position 2-11
height/width ratio 2-12

helium 2-2-2-3, 3-1-3-2, 3-5, 3-25, 5-12, 7-2

helium controller 3-12
helium dilution 2-4, 4-13, 7-9
helium dilution capillary 2-3, 7-9

helium flow 2-4, 4-17, 4-24, 4-34, 5-11, 6-9, 7-22

helium flow rate 3-12

helium inlet 3-25

helium purge 4-13

helium stream 3-2, 7-2

high temperature conversion 1-1
high vacuum 2-3

high voltage setting 6-6

hole 3-23

hydrogen 1-1

TAEA N1 4-23, 4-25
TAEA-C-6 4-23, 4-25
identifier 2-16, 4-39, 5-16, 6-17, 7-27
inactive 2-8
individual background 2-11
information
blank 4-18
initial setting 3-27, 3-32
injection
liquid 4-29
oxygen 3-14, 4-12-4-13, 4-24, 6-19
inlet
combi 2-2
helium 3-25
02 3-25
reference gas 6-4
inlet system 1-1
inorganic 4-31
input 3-11-3-12
blank 4-18
N2 4-17
nitrogen 4-12-4-13
parameter 3-10
insert
line 2-8
insert line 2-8
installation 3-26, 6-1
software 3-27
installation menu 3-26

Thermo Fisher Scientific

Index: |-K

instrument 3-26-3-27
instrument control window 6-5
instrument tab 2-6-2-8, 4-5, 4-36, 5-5, 5-13, 6-10, 7-15, 7-24
integration time 2-7
intensity 4-13
CO26-9
N2 6-9
signal 5-12
standard gas 4-34, 5-11, 7-22
interface 4-23
ConFlo I1I 7-4, 7-15
internationally valid reference 4-23
interval 4-28
introduction
oxygen 3-28, 3-34
ion correction 2-9
ion correction type 2-9
ion current 2-16
ion intensity 4-8, 4-19, 5-8, 7-18
ion source 1-1, 2-3, 7-9
ion source heater 2-4, 7-9
IRMS 1-1-1-2, 2-2, 3-1, 3-5, 3-9, 3-12, 3-15, 3-30, 4-2, 4-4—4-5,
4-31, 4-33-4-34, 5-2, 5-4-5-5, 5-11, 6-1,6-9,7-8, 7-12, 7-14-7-15,
7-22
Delta 7-1
IRMS configuration 3-16
IRMS method 2-16, 4-15-4-16, 4-40, 5-17, 6-18, 7-28
Isodat 2.0 2-2
setup 2-2
Isodat 2.0 setup 2-2
isotope 3-1, 7-1
ratio 1-1
isotope content
oxygen 4-27
isotope effect 2-11
isotope MS 2-7
isotope ratio 1-1-1-2, 3-1, 4-27, 7-1-7-2
isotope ratio analysis
on-line 1-1
isotope ratio determination 2-6, 4-23
isotope ratio mass spectrometer 1-1-1-2, 3-1

isotope ratio measurement 7-1

J
jump 6-12, 6-19

magnet 6-2
Jump Calibration 6-3, 6-5-6-7
jump calibration 6-3, 6-5, 6-7
jump time 6-11

K

k factor 4-28, 4-30
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Index: L-M

k factor calculation 4-28
key
function 3-10-3-11
setup 3-11
keyboard 2-9
kit
basic 3-3
sulfur measurement 7-3

L

laboratory 3-5
layer

catalyst 3-2
layout

hardware 3-3
leak 3-7, 3-23, 3-31

medium 3-31

leak check 2-2, 2-4, 3-7, 3-30-3-31, 7-8

leak check time 3-31
leak test 3-25
automatic 3-30-3-31
leak test window 3-31
leak tight 4-12
leak tightness 3-31
left furnace 3-32-3-33
light isotope signal position 2-11
line 2-16
connection 2-4
oxygen 3-31
linear regression 4-11, 5-10, 7-21
linearity test 4-5, 5-5, 7-15
carbon 5-10
nitrogen 4-11
sulfur 7-21
liquid autosampler 3-26
liquid injection 4-29
list
sequence 2-15-2-16

time events 2-8-2-9, 4-5, 4-7, 5-5, 5-7, 7-15

low memory 2-19

lower connection 3-21

M

m/z 28 4-2, 4-8, 4-13
m/z 29 2-7, 4-2

m/z 30 4-2, 4-4

m/z 44 4-19, 5-2, 5-8, 6-2
m/z 45 5-2, 6-2

m/z 46 5-2, 6-2

m/z 64 4-19,7-12,7-18
m/z 66 7-1, 7-12

M6 screw 3-23
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magnet field value 4-2, 5-2, 7-12
magnet jump 6-2
magnet setting 6-5
magnetic field 6-2
main gas supply 3-5
main menu 3-27, 3-29, 3-31-3-32, 3-34
main power supply 2-2
main valve 2-2, 3-7
manometer 2-4, 7-6
position 3-7
manometer position 3-7
manual 1-2, 3-3
elemental analyzer 3-24
Manual mode 3-11
manual mode 3-16
MAS 200 2-3
MAS200 3-19
mass 2-3, 2-5, 4-2, 4-4, 5-2, 5-4, 7-12, 7-14
detection 2-10
nitrogen 6-2
predefined 4-2, 5-2, 7-12
reference 4-28
mass 28 4-4, 4-19, 5-4, 7-14
mass 29 4-4
mass 30 4-4
mass 44 2-10, 4-4, 5-4, 7-14
mass 45 4-4, 5-4, 7-14
mass 46 4-4, 5-4, 7-14
mass calibration 4-2, 5-2, 6-2, 7-12
mass spectrometer 3-26, 4-23
delta 4-4, 5-4, 7-14
gas isotope 1-1
isotope ratio 3-1
material
organic 1-1, 2-4, 3-3, 3-5
reference 4-31
sample 4-18
matrix 4-31
matter
organic 3-4
Max/Min setting 6-5
mb 4-17
mb' 4-16
mean
reference 4-29-4-30
mean value 4-25-4-27, 4-29
measure 4-15

measurement 1-1,2-4,2-16,2-19, 4-4,4-8,4-11-4-12,4-23, 4-25,
4-28, 4-39, 5-4, 5-8, 5-10, 5-16, 6-14, 6-17, 7-14, 7-19, 7-21, 7-27

15N 4-2
blank 4-12-4-16, 4-18-4-19

carbon 3-4, 5-1-5-2, 5-13-5-15, 5-18-5-19, 7-11
dual 3-16, 5-12, 6-1-6-2, 6-9-6-10, 6-13—-6-17, 6-20

first 4-26
isotope ratio /-1
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nitrogen 3-4, 4-1-4-2, 4-12, 4-34, 4-36-4-42, 7-11
reference 4-18, 4-23, 4-25, 4-29, 4-31
second 4-26
single 4-18
single element 6-3
sulfur 4-27, 7-1, 7-3, 7-5, 7-8, 7-12, 7-22, 7-24-7-26, 7-30
measuremnt
nitrogen 4-36
measuring 2-16
medium leak 3-31
memory 3-10
menu
elemental analyzer status 3-29
gas configuration 6-11
installation 3-26
main 3-27, 3-29, 3-31-3-32, 3-34
quant 4-15
type 4-16, 4-29-4-31
message
error 2-19
method 2-6, 2-13-2-18, 4-5, 4-11, 4-18, 4-24—4-25, 4-28, 4-32,
4-35, 5-5, 5-10, 5-12, 6-2, 6-9, 7-15, 7-21, 7-23
autosampler 2-16
CO22-6
dynamic flash combustion 7-2
EA 1112 3-28
IRMS 2-16, 4-15—4-16, 4-40, 5-17, 6-18, 7-28
method switch 6-11-6-12
Mg (ClO4)2 3-2
mixture 3-1, 7-1
gas 3-2
organic and inorganic compound 7-1
mode
acquisition 2-6
manual 3-16
module
acquisition 4-2, 5-2, 7-12
mref 4-28
msample 4-28

N

N2 2-2-2-3, 3-1-3-3, 3-5, 3-16, 4-2—4-3, 4-23, 4-34, 5-2, 5-11,
6-2—6-3, 6-5-6-7, 6-9-6-10, 6-12, 6-19

N2 input 4-17

N2 intensity 6-9

N2 reference gas pulse 4-41

N2 tab 6-20

N2_only.met 4-15, 4-24, 4-32, 4-35, 4-40, 7-28
N2_zero.met 4-5

N2+CO2.met 6-9, 6-18

narrow center cup 2-7

nb 4-17

NBS 123 4-25

needle valve 2-2-2-4, 4-34, 5-11, 6-9, 7-9, 7-22

Thermo Fisher Scientific

Index: N-0

needle valve heater 2-4
new blank mean 4-16
new blank value 4-17
new button 2-15
new reference value 4-30
new sequence 2-17
nitrogen 1-1, 4-5-4-8, 4-12, 4-15, 4-17, 4-24—4-25, 4-32, 6-1-6-2,
7-1,7-11
atmospheric 2-2
blank measurement 4-12, 4-15—4-17, 4-19
linearity test 4-11
reference measurement 4-25
zero enrichment 4-5, 4-9
nitrogen acquisition 6-2
nitrogen amount 4-31
nitrogen analysis 7-8
nitrogen chromatogram 4-25
nitrogen content 5-12
nitrogen input 4-12-4-13
nitrogen mass 6-2
nitrogen measurement 3-4, 4-1-4-2, 4-12, 4-34, 4-36-4-42, 7-11
nitrogen peak 6-2, 6-20
nitrogen trace 7-2
nitrous oxide 3-2
no printout.irw 6-14
non-blank-corrected d value 4-14
NOx 3-1
nut 3-23
filter locking 3-31

0
02 2-2-2-3, 3-2, 3-5, 3-25, 4-17, 7-8-7-9
additional 3-14
02 closed 3-14
02 flow rate 3-8
O2 inlet 3-25
O2 off 3-14
O2 on/off 3-14
O2 pressure regulator 3-12
O2 purge 3-12
off-time 4-6, 5-6, 7-16
off-value 4-7, 5-7, 7-17
old blank mean 4-17
olive
Al 3-23,7-3
on/off valve 3-7
one-point calibration 4-29
on-line isotope ratio analysis 1-1
on-off 4-5, 5-5, 5-13, 7-15
on-off entry 4-5, 5-5, 5-13, 7-15
on-off pulse 4-6, 5-6, 5-8, 7-16
open split 2-11
operating manual
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TC/EA 3-1
operating system 3-26
operation 2-8
operational safety 7-4
option

printout 6-14
organic 3-2, 4-31
organic compound 3-2
organic material 1-1, 2-4, 3-3, 3-5
organic matter 3-4
origin 4-31
O-ring 3-20, 3-23
outlet connector 3-8
oven 3-13, 3-16, 3-20, 3-32
oven heater 3-16
oven temperature 3-13
oxidation 1-1, 3-1
oxidation furnace 2-4, 4-17, 4-24
oxidation furnace temperature 4-34, 5-11, 6-9, 7-22
oxidation gas 3-5
oxidation raector 2-2
oxidation reactor 3-3-3-4, 3-13, 3-15, 3-20
oxy 3-14
oxygen 1-1, 3-32, 4-13, 4-24,7-2,7-9
oxygen dosage 3-34, 4-12-4-13
oxygen flow 3-12
oxygen flow rate 3-29, 3-34
oxygen injection 3-14, 4-12—-4-13, 4-24, 4-41, 5-18, 6-19
oxygen injection time 3-14
oxygen introduction 3-28, 3-34
oxygen isotope content 4-27
oxygen line 3-31
oxygen pressure 3-8, 7-2

P

packing 3-4, 7-7
reactor 3-3, 7-7
panel
front 3-8, 3-10
rear 2-2
touch 3-10-3-11, 3-13
parameter 2-6, 3-11, 3-13-3-14, 3-16, 3-27-3-34, 4-18, 4-28, 4-33
advanced 4-7, 5-7, 6-14, 6-16, 7-26
analytical condition 4-31
counter 3-15
detection 2-11
export 4-40, 5-17, 6-18, 7-28
printout 2-19, 4-40, 5-17, 6-18, 7-28
results export 2-19
parameter input 3-10
parameter set 3-11, 3-13
PDB 4-23, 4-26
peak 2-9, 2-11-2-12, 4-9, 4-11, 5-8-5-10, 6-7, 6-11, 7-20-7-21
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boundary 2-11
carbon 6-20
chromatographic 2-11-2-12
height 2-12
nitrogen 6-2, 6-20
reference gas 4-7, 5-7, 6-2, 7-17
sample 2-10, 4-14, 4-24-4-25, 4-41, 5-18, 6-2, 6-19, 7-29-7-30
significant 4-28
square 2-11-2-12
standard 2-9
start 2-9
stop 2-9-2-10
width 2-12
peak area 4-28
peak boundary 2-11
peak center 2-8, 2-16, 4-39, 4-41, 5-16, 5-18, 6-3, 6-7, 6-17, 6-19,
7-27,7-29
postdelay 2-8
predelay 2-7
peak center cup 2-7
peak center cycle 2-7-2-8
peak center postdelay 2-8
peak center predelay 2-7
peak detection 2-10
peak detection tab 2-6, 2-11, 4-7, 4-37, 5-7, 5-14, 6-12, 7-18,
7-25-7-26
tab
peak detection 2-10-2-11
peak detection@CO?2 6-15-6-16
peak detection@N2 6-13-6-14
peak discrimination 2-12
peak height 2-12
peak min height 2-11, 4-18
peak shape 2-12
peak start 2-9-2-10
peak stop 2-9-2-10
peak width 2-12
performance
system 4-17
pin connector 3-26
piston 2-2
plug
autosampler 3-26
pneumatic control 3-19
porapak QS 3-2
port
COM 3-26
reference 2-8, 4-5, 4-36, 5-5, 5-13, 6-7, 7-15, 7-24
reference gas 4-5, 5-5, 5-13, 7-15
position
sample 2-16
post jump delay 6-7
post script 6-11-6-12
power supply 3-26, 7-3
pre jump delay 6-7
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precaution 1-1
precautions 1-1
precision 4-12, 4-28, 4-32
predefined mass 4-2, 5-2, 7-12
preparation 2-16, 4-39, 5-16, 6-17, 7-27
pressure 2-2, 2-4, 3-11-3-12, 3-25
carrier gas 3-8, 3-10-3-11
compressed air 3-9
gas 2-3, 3-11, 3-20, 7-8
oxygen 3-8
reference gas 4-11, 5-10, 7-21
regulator 3-8
pressure regulator 3-8-3-9, 3-19-3-20, 3-25, 3-29, 4-8, 5-8, 7-18
print template 2-13
printout 6-14
per sample 2-13
printout option 6-14
printout parameter 2-19, 4-40, 5-17, 6-18, 7-28
printout per sample 2-13
printout tab 2-6, 2-13, 4-8, 4-38, 5-7, 5-15, 6-12, 7-18, 7-26
printout template 2-13
printout@CO2 6-14, 6-16
printout@N2 6-14
process
alteration 4-28
processor 3-10
program
autorun 3-26
proportional valve 3-25
pulse
N2 reference gas 4-41
on-off 4-6, 5-6, 5-8, 7-16
reference 2-11
reference gas 4-6, 4-25, 5-6, 6-19, 7-16
standard 4-41, 5-18, 7-29-7-30
purge 2-3, 3-24-3-25, 4-19, 4-24, 4-34, 5-11, 6-9, 7-9, 7-22
He 4-17
helium 4-13
02 3-12
oxygen 3-31
purge gas 3-5
purity
gas 3-5

Q

quality 2-2
quant menu 4-15
quartz tube 3-2, 3-23

range 2-12,7-10
rate

Thermo Fisher Scientific
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flow 3-8, 3-12, 3-25
ratio 4-2, 5-2, 7-12
height/width 2-12
ratio group 4-2—4-3, 5-2-5-3, 7-12-7-13
ratio groups window 4-3, 5-3, 7-13
raw area 2-12
reactor 3-2-3-5, 3-20-3-25, 3-31-3-32, 7-2, 7-5, 7-7, 7-9=7-10
combustion 3-2, 7-1, 7-3
filling 7-7
filling material 3-33
oxidation 2-2, 3-3-3-4, 3-20
oxygen 3-13, 3-15
packing 3-3
ready for use 7-7
reduction 2-2, 3-3-3-4, 3-13, 3-15, 3-19
SO27-8
tube 3-4-3-5
twisting 3-20
reactor filling 3-4, 7-7
reactor filling material 3-33
reactor packing 3-3, 7-7
reactor tube 3-4-3-5
ready for use reactor 7-7
rear panel 2-2
recalibrate button 6-6
reducing agent 4-19
reducing valve 2-2, 3-7
reduction furnace 1-1, 2-4, 3-1-3-2, 3-19, 3-24, 4-17, 4-24
reduction furnace temperature 4-34, 5-11, 6-9, 7-22
reduction reactor 2-2, 3-3-3-4, 3-13, 3-15, 3-19
Ref12-2
Ref 1 capillary 6-4
Ref 2 2-2
Ref 2 capillary 6-4
ref. name 2-9
Ref. Name column 4-25
ref. time 2-9
Ref. Time column 4-24
reference 2-10, 3-32, 4-14—4-15, 4-23, 4-27-4-30, 7-9
internationally valid 4-23
Reference 1 2-8, 4-13, 5-13
reference 1 5-5, 5-13, 6-4
Reference 1 - On column 5-13
reference 1 - on column 5-5
Reference 2 2-8, 4-13
reference 2 4-5, 4-36, 6-4, 6-10, 7-15, 7-24
reference 2 - on column 4-5, 7-15
reference calibration curve 4-30
reference command 4-29
reference compound 2-10, 4-32
reference device 2-8
reference flow 3-31
reference gas 3-25,4-5,4-17,4-23-4-25, 4-36, 5-5,5-13, 6-6, 7-15,
7-24
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reference gas activation 2-7
reference gas calibration 4-23-4-24
carbon 4-23
nitrogen 4-23
sulfur 4-23
reference gas inlet 6-4
reference gas peak 4-7, 5-7, 6-2, 7-17
reference gas port 4-5, 5-5, 5-13, 7-15
reference gas pressure 4-11, 5-10, 7-21
reference gas pulse 4-6, 4-25, 5-6, 5-18, 6-19, 7-16
reference mass 4-28
reference material 4-31
reference mean 4-29-4-30
reference measurement 4-18, 4-23, 4-25, 4-29—4-31
carbon 5-11
nitrogen 4-23, 4-29-4-31
reference port 2-8, 4-5, 4-36, 5-5, 5-13, 6-7, 7-15, 7-24
reference pulse 2-11
reference time 4-7, 5-7, 7-17
reference value 4-15, 4-29-4-30
new 4-30
reference/blank information 4-32
registration 3-26
regulator 3-10
O2 pressure 3-12
pressure 3-9, 3-19-3-20, 3-25, 3-29, 4-8, 5-8, 7-18
resistor 2-3, 2-5
resolution 3-16
result 3-1, 4-29-4-30, 4-33, 4-41, 5-18, 6-14, 6-19
result file 2-14, 2-18, 4-14, 4-40, 5-17, 6-18, 7-28
result grid 4-11, 4-20—4-22, 4-42, 5-8,5-10, 5-19, 7-19, 7-21, 7-30
result tab 4-15
result workshop 2-13
result workshop file 2-14, 2-18
result workshop template 4-41, 5-18, 6-19, 7-29
results export parameter 2-19
retention time 2-9, 4-24
right furnace 3-32

rod
steel 3-23
RS 232 3-26

RS 232 cable 3-26
run 4-12-4-13, 4-17, 6-3

S

S13-25
S23-25
safety

operational 7-4
sample 1-1, 2-4, 2-6, 2-16, 3-1-3-2, 3-14, 4-5, 4-12, 4-14-4-15,
4-17,4-23, 4-27-4-31, 4-38-4-39, 5-5, 5-12, 5-15-5-16, 6-1-6-2,
6-16-6-17, 7-2, 7-15, 7-26-7-27

combustible bulk 4-23
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enriched 4-12

input 4-41, 5-18

number 2-16

unknown 4-28
sample amount 2-16, 4-39, 5-16, 6-17, 7-27
sample chromatogram 4-28
sample delay 6-19
sample input 4-41, 5-18, 7-29
sample material 4-18
sample number 2-15-2-16, 4-39, 5-16, 6-17, 7-27
sample peak 2-10, 4-14, 4-24—4-25, 4-41, 5-18, 6-2, 6-19,
7-29-7-30
sample position 2-16
sample preparation 1-1-1-2
sample section 5-12
sample size 7-1
sample weight 4-28
sampling 4-13-4-14
sampling delay 4-24, 7-9
sampling stage 3-25
save all command 2-14, 2-18
save as command 2-13
save as... command 2-13, 2-17
save button 2-13, 2-17
save command 2-13
screw 3-23

M6 3-23
script 2-9

acquisition 2-7

post 6-11
second measurement 4-26
section

sample 5-12

single furnace 3-3
sensitivity 7-10
separation 3-1, 6-2
sequence 2-13-2-15, 2-17-2-18, 4-8, 4-19, 4-25, 4-38, 5-8, 5-15,
6-16, 7-26

line 4-32

new 2-17

summary 2-13
sequence grid 6-17
sequence line 4-32
sequence list 2-15-2-16
sequence summary 2-13
servo air 3-9
set

parameter 3-11, 3-13
set clock 3-15
set cycl 3-13-3-14
set flow 3-11, 3-16
set temp 3-13, 3-16
set up 3-11-3-14, 3-16

elemental analyzer 7-8
set up function 3-13
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set up key 3-11
setting 2-3, 4-41,5-18
analysis 3-32-3-35
high voltage 6-6
initial 3-27, 3-32
magnet 6-5
Max/Min 6-5
system 4-24
shape 2-12
peak 2-12
shut down 3-14
signal 3-2
start 2-2, 6-19
trigger 2-9
signal height 6-7
signal intensity 5-12
signal position
heavy isotope 2-11
light isotope 2-11
signal source 2-9
significant peak 4-28
significant peak start 4-18
significant peak start value 4-28
significant peak stop 4-18
significant peak stop value 4-28
silver capsule 3-2, 4-32
single element measurement 6-3
single furnace section 3-3
single measurement 4-18
single run 4-11, 5-10, 7-21
size
sample 7-1
slope 2-11
end 2-11
five point average 2-11
start 2-11
Smith, J.W. 7-2
SMOW 3-5
SO2 3-1-3-3, 3-5-3-6, 4-23, 7-2, 7-4, 7-6, 7-8, 7-22
condensation 7-6
reference gas 4-27
reference gas pulse 7-29-7-30
SO2 condensation 7-6
SO2 GC column 7-5
SO2 reactor 7-8
SO2 reference gas 4-27
SO2 reference gas pulse 7-29-7-30
SO2_only.met 4-24, 7-23
SO2_zero.met 7-15, 7-21
SO37-2
soapsud 3-7
software 2-2, 3-26
Eager 2-2, 3-20, 3-30-3-31, 4-12—-4-14, 4-41, 5-18
software installation 3-27

solid-autosampler 4-13, 4-32, 4-38, 5-15, 6-16, 7-26, 7-29

Thermo Fisher Scientific

source 2-3, 6-6

signal 2-9
spc fun 3-14-3-15
special functions tab 3-30
spn fun 3-14
spreadsheet file 4-41, 5-18, 6-19, 7-29
square peak 2-11-2-12

automatic detection 2-12
stage

sampling 3-25
stainless steel 2-2
stainless steel capillary 2-4, 3-23
stainless steel GC column 7-9
stainless steel tubing 7-5
standard 2-9, 4-23, 6-9
standard database 2-9
standard deviation 4-9, 5-8-5-9, 7-19—-7-20
standard editor 4-26
standard gas 2-4, 3-5, 4-26-4-27, 4-34, 5-11, 6-9, 7-22
standard gas database 4-26-4-27
standard gas intensity 4-34, 5-11, 7-22
standard on/off test 4-5, 7-15
standard peak 2-9
standard peak detection 2-9
standard pulse 4-41, 5-18, 7-29-7-30
start

peak 2-10
start blank mean command 4-16
start button 2-18, 4-8, 5-8, 7-18
start reference mean 4-29
start reference mean command 4-29-4-30

command
start reference mean 4-29

start reference regression 4-29—4-30
start reference regression command 4-30-4-31
start signal 2-2, 6-19

autosampler 6-4

elemental analyzer 6-4
start slope 2-11

status 2-8
stby 3-14
steel rod 3-23
stream
helium 3-2

substance 4-28
sucrose 4-23, 4-25
sulfur 1-1, 4-18, 4-24—4-25, 7-1
biological 7-1
blank measurement 4-22
linearity test 7-21
zero enrichment 7-15
sulfur analysis 7-1
sulfur determination 7-2
sulfur dioxide 3-6, 7-2, 7-4
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sulfur measurement 4-27, 7-1-7-3, 7-5, 7-8, 7-12, 7-22,
7-24-7-28, 7-30
sulfur measurement kit 7-3
sulfur zero enrichment 7-15-7-19
supply

carrier gas 3-12

central 3-9

compressed air 3-19

gas 2-2, 3-5-3-6

main gas 3-5

main power 2-2

power 3-26, 7-3
suppression

timeshift 2-11
switch

method 6-11-6-12
switch gas column 6-2, 6-10
system 6-2

chromatographic 2-12

valve 3-7
system performance 4-17
system setting 4-24

T

tab
CO2 6-20
evaluation 2-9-2-10, 4-6, 4-24—4-25, 4-28, 4-32, 4-37, 5-6,
5-14, 6-12,7-17, 7-25
flow/timing 3-28, 3-32-3-34
general 3-29, 3-35
instrument 2-6-2-8, 4-5, 4-36, 5-5, 5-13, 6-10, 7-15, 7-24
N2 6-20
peak detection 2-6, 2-11, 4-7, 4-37, 5-7, 5-14, 6-12, 7-18,
7-25-7-26
printout 2-6, 2-13, 4-8, 4-38, 5-7, 5-15, 6-12, 7-18, 7-26
result 4-15
special functions 3-30
temperature 3-28, 3-33
time events 2-6, 2-8, 4-6, 4-36, 5-6, 5-13, 6-10, 7-16, 7-24
tab page 2-6
tank
gas 3-6
TC/EA 1-1, 3-1
TC/EA operating manual 3-1
TCD detector
analytical channel 3-25
TCD detector analytical channel 3-25
TCD heater 3-16
teflon 2-2
Teflon GC column 7-3
teflon GC column 7-8, 7-10
Teflon tube 7-3
teflon tube 7-11
teflon tubing 2-2, 7-5, 7-8
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temperature 3-3, 3-13, 3-16, 3-33, 7-6
column 3-13
final 2-4
GC column 4-34, 5-11, 6-9, 7-22
oven 3-13
oxidation furnace 4-34, 5-11, 6-9, 7-22
reduction furnace 4-34, 5-11, 6-9, 7-22
temperature change 6-3
temperature tab 3-28, 3-33
template 4-3, 5-3, 7-13
print 2-13
printout 2-13
result workshop 4-41, 5-18, 7-29
test
leak 3-25
linearity 4-5, 5-5, 7-15
standard on/off 4-5, 7-15
three-way solenoid valve 3-25
tightness
leak 3-31
time 2-7-2-9, 3-2, 3-14, 3-28, 3-34, 4-28, 6-2—6-3, 6-11, 7-7
acquisition 2-8
acquisition end 2-9
acquisition start 4-41, 5-18
analysis 3-13
cycle run 7-9
integration 2-7
jump 6-11
leak check 3-31
off 4-6, 5-6, 7-16
oxygen injection 3-14
reference 4-7, 5-7, 7-17
retention 2-9, 4-24
waiting 6-11
time adjustment 2-11
time column 4-41, 5-18, 7-29
time events list 2-8-2-9, 4-5, 4-7, 5-5, 5-7-5-8, 5-13, 6-2, 6-12,
6-14, 6-18, 7-15, 7-17
time events tab 2-6, 2-8, 4-6, 4-36, 5-6, 5-13, 6-10, 7-16, 7-24
tab
time events 2-8
time window 2-10
timeshift 2-11-2-12
timeshift correction 2-12
timeshift suppression 2-11
tin capsule 3-2, 4-12, 4-17, 4-25, 4-32, 7-2
toolbar
accessories 6-3
top view 3-13
touch panel 3-10-3-11, 3-13
trace
detection 2-11
trap
water 2-2
trigger signal 2-9
triple collector 2-7
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tube 3-4

capillary 7-3

combustion 7-2

exhaust 3-7, 7-4-7-5, 7-8

glass 3-4

quartz 3-2, 3-23

Teflon 7-3

teflon 7-11
tube connection 3-20
tubing

stainless steel 7-5

teflon 2-2, 7-5, 7-8
tungsten oxide 7-7
two-way solenoid valve 3-25
type

chromatogram 2-12
type menu 4-16, 4-29-4-31

U

union 7-3

universal triple collector 4-4, 5-4, 7-14
unknown sample 4-28

urea 4-32, 4-38, 5-15, 6-16

user guide 1-2

vV

vacuum
high 2-3

value 4-19, 4-25-4-26
amount percent 4-18, 4-32
background 7-10-7-11
blank 4-14-4-17, 4-19
d4-2,5-2,7-12
default 2-10-2-12, 6-7
f2-12
flow 3-25, 3-29, 3-31, 3-34
flow operating 3-31
magnet field 4-2, 5-2, 7-12
mean 4-25-4-27, 4-29
off 4-7,5-7,7-17
reference 4-15, 4-29
significant peak start 4-28
significant peak stop 4-28

valve 2-2, 2-4, 2-8, 3-7
change over 7-9
main 2-2, 3-7

needle 2-2-2-4, 4-34, 5-11, 6-9, 7-9, 7-22

on/off 3-7

proportional 3-25
reducing 2-2, 3-7
three-way solenoid 3-25
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two-way solenoid 3-25
valve system 3-7
VCDT 4-23, 4-27
vent 3-24, 3-29
ventilation 7-4, 7-6, 7-8
vent-M 3-8
vent-O2 3-8
view

top 3-13
volume

dead 3-4

W

w2-12

waiting time 6-11

water 2-4

water trace /-2

water trap 2-2, 3-1-3-3, 3-15, 3-19, 3-24-3-25, 7-8
filling 3-23-3-24

water trap filling 3-23-3-24

weight 4-30
sample 4-28

weight percent 2-10, 4-28

weight percentage 4-23, 4-28

window
ConFlo II IIT interface 6-3—6-4
ConFlo II/III interface 4-13, 6-4—6-5
ConFlo III device 2-2
instrument control 6-5
leak test 3-31
ratio groups 4-3, 5-3, 7-13
time 2-10

Windows 95/98 3-26

Windows NT 3-26

Windows XP 3-26

WO3 7-22

WO3 filling 4-24

working area 3-6, 7-4

working standard 4-11, 5-10, 7-21

wref 4-28

wsample 4-28

wt % 4-23

Z
zero enrichment 4-5-4-8, 4-11, 4-34, 5-5, 5-10-5-11, 7-15,
7-21=7-22

nitrogen 4-5

sulfur 7-15-7-19
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