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Chapter 1. Introduction / Description
GC-SOS is a software application for the simulation and optimization of capillary gas
chromatography separations, for method developers and education. The program is developed to operate
TM
under the Microsoft Windows operating environments, and presents a standard GUI format for ease of
use. Designed to be flexible, it is intended to provide maximum utility to the user with minimal input. It
features a rich set of powerful functions in a package designed to be intuitive and easy to use.
GC method development is often a time consuming and challenging task. Optimization is typically a
balancing act between peak resolution and total run time. Even veteran chromatographer’s can find it
difficult and time consuming to manually optimize a method. Using simulation software, predictions of GC
separations are made instantaneously. Several ‘off-line’ runs can be made in less time than it would take to
actually make one run, and the overall time required to optimize a separation can be enormously reduced.
GC-SOS will calculate the effects of temperature programming conditions, pressure programming
conditions, and column size changes. Accurate predictions of peak retention times and peak widths are
made instantly, including automatic calculations of inter-peak resolution and plate numbers to assist in the
analysis of separations. Powerful flow calculations are included to assist in the location of optimal pressuretemperature values. A sophisticated auto-optimization routine is included to assist by automatically
determining an optimized set of conditions in just seconds. Simply enter the desired minimum resolution,
and GC-SOS will calculate an optimized set of temperature conditions under conditions of constant
pressure, flow, or velocity. The auto-optimized separation is usually far more efficient than a manually
optimized one.
In order to simulate your GC separation, data is entered into the program from one to three actual
chromatographic runs to provide GC-SOS with a mathematical description of retention behavior as a
function of temperature and pressure. Sophisticated numerical algorithms have been developed and
implemented to allow for a wide range of data input run conditions. Results are displayed and output in
several user selected formats, and data files can be saved to disk for permanent storage or later use.

Chapter 2. System Requirements
- PC running Microsoft Windows 7 or later
- Hard disk with approximately 80 MB free space.
- Recommend processor running ~2mHz or higher
GC-SOS is a processor intense application which relies on the use of many numerical routines to
process data. It performs literally millions of calculations during a normal session of use. System speed is
designed for relatively modern processor capabilities. Program speed may be limited on older, slower
machines.

Chapter 3. Software Installation
The program uses a standard installation procedure for Windows. The installation process is
accomplished by running the enclosed installation program called "SETUP.EXE". GC-SOS and all
necessary files are shipped in a compressed format and must be installed in this manner. The setup
program creates a new directory titled '\GC-SOS' on your harddrive, and then transfers the program files
needed to run GC-SOS from your installation disks. Next it creates a program group within Windows, and
adds the corresponding icons which are used to start the program.
- To Install GC-SOS:
1. Download the install file ‘GC-SOS6.zip’ to a temporary folder on your PC.
2. Un-zip to create the 3 installation files: setup.exe, GC-SOSv6.CAB, and SETUP.LST.
3. Run setup.exe by double-clicking.
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4. Follow the setup instructions on the install program.
5. The installation routine will install corresponding GC-SOS items within the Start menu to launch
GC-SOS.

Chapter 4. Getting Started / First Time Users
For first time users, a step by step introductory procedure for using GC-SOS is described below. It
begins by using a sample data file supplied with GC-SOS. It shows how to start GC-SOS, open an existing
data set file, simulate the separation under various operating conditions, and print your results. Assuming
that the program is correctly installed, it will take about 1 to 3 minutes to complete. Detailed instructions
follow this section on setting up and running GC-SOS with your own data.
Step 1- Start the GC-SOS software application. Double click on the GC-SOS icon.
Step 2- Open a GC-SOS data file. For this introduction, the data from a sample file will be used. To open the
sample file: from the main menu select File - Open, or click on the corresponding icon from the tool-bar. A
dialog box will appear which allows for selection of the data file to be opened. Select the data file
"01SAMPLE.DAT", which should be installed in your program directory, and click OK. The data file is opened,
and displayed by GC-SOS. The program window that is now showing is referred to as the ‘Main Window’ of
GC-SOS. All simulations are carried out entirely from this window. There are other windows accessible in GCSOS for data entry, printing, Help, etc., and these are discussed in other sections of this manual.
Step 3- Simulate the separation under a different set of operating conditions. For this example, let's say
we would like to try out different temperature conditions and see if we can shorten the total run-time. Let's try to
start with a different initial temperature, for example 75 ºC. To do this, we need to change the temperature
conditions on the Main Window. Note at the bottom of the Main Window there is a rectangular ‘tab’ control
which contains six ‘folder tabs’. Select the Temperature Tab by clicking on the first tab.
The Temperature Tab contains an area which is similar in appearance and function to a common
spreadsheet program. Locate the cell which contains the initial temperature value, and change it to 75 ºC.
Now, to see what the separation will look like under this new set of conditions, click on the "SIMULATE" button
from the main tool-bar which is located near the top of the Main Window. This process can be repeated with
different operating conditions until a satisfactory separation has been achieved.
Switch to the Analysis Tab by clicking on the last tab, and then move the mouse across the
chromatogram display. GC-SOS will display real time tracking analysis data to assist in the analysis of each
separation.
Next, let’s try the Auto-Optimization function. Switch to the Auto-Optimization Tab by clicking on the
appropriate tab. Enter a value for the minimum inter-peak resolution desired for this separation. Click on the
‘Auto-Optimization’ button. GC-SOS will automatically calculate a set of optimized conditions, load these
values into the ‘Main Window’, and calculate and display the resultant chromatogram.
The effect of different pressure programming conditions and/or column sizes can be evaluated in a
similar fashion be selecting the appropriate ‘Pressure Tab’ or ‘Column Tab’, entering new values, and clicking
on the " SIMULATE " button.
Finally, take a look at the Animation function, which shows the current separation as it occurs during
the run.
Step 4- (Optional) The current data set can be printed and/or saved in a file if desired. To print data from GCSOS, select File - Print from the main menu line, or click on the corresponding icon from the tool-bar. A
window appears which offers the user several printing options. To save the current data set to a file, select File
- Save from the main menu, or click on the corresponding icon from the tool-bar. A dialog box will appear
prompting for the name of the file to be saved. Graphic files can be exported by right-clicking on the graph.
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Chapter 5. The Main Window in GC-SOS

This window is the Main Window in GC-SOS. Most of the operations performed in GC-SOS are
performed from this window. A description of each section is given here.

Overview
At the very top it contains the Menu Line which contains a hierarchical structure of commands used
to control program execution. Beneath the menu-line a series of icons located in a horizontal row constitute
the tool-bar. These are also used to control program execution. Also, located at the same level, a
rectangular progress bar is used to indicate program progression. Below the icon tool bar, a large
rectangular region called the Main Output Display Window is used to display a chromatogram, or text
version of a current separation data set. Right below the Main Output Display Window there is a rectangular
‘tab’ control which contains the ‘six tabs’- Temperature, Pressure, Column, Auto-Optimization, Analysis, and
Animation. New simulation conditions and auto-optimization parameters are entered on these folder tabs.
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The Menu Line
The Menu Line contains the hierarchical structure of commands given below:

File - New: This command displays the Data Input Window so that a new simulation can be started.
File - Open: Opens a dialog box which allows for selection of an existing data file to be used by GC-SOS.
File - Save: Opens a dialog box for selection of a file name, then saves the current data set to that file.
File - Print: This command displays the Print Window, for selecting printing options.
File - Exit: This command terminates the execution of GC-SOS.
Edit - Simulation Conditions: Provides access to the Edit Simualtion Conditions sub-menu:
 Temperature Conditions: Switches to the Temperature Tab.
 Pressure Conditions: Switches to the Pressure Tab.
 Column Conditions: Switches to the Column Tab.
 Auto-Optimization: Switches to the Auto-Optimization Tab.
 Analysis: Switches to the Analysis Tab.
 Analysis: Switches to the Animation Tab.
Edit - Input Data: Provides access to the Edit Input Data sub-menu:
 Run Description: Edit the Run Description Input Data.
 Instrument Description: Edit the Instrument Description Input Data.
 Column Description: Edit the Column Description Input Data.
 Number of Data Input Runs: Edit the Number of Data Input Runs Input.
 Run Conditions: Edit the Run Conditions Input Data.
 Analyte Information: Edit the Analyte Information Input Data.
View
View
View
View
View
View
View
View

- Display C-Gram Output: Use this to display the current data set as a chromatogram.
- Display Text Output: Use this to display the current data set as a text table.
- Adjust C-Gram Scale: Loads a utility window for scaling the chromatogram display.
- Load last Simulated Run: This loads the Main Window with the last simulated data run.
- Load Data Input Run #1: This loads the Main Window with the first Data Input Run.
- Load Data Input Run #2: This loads the Main Window with the second Data Input Run.
- Load Data Input Run #3: This loads the Main Window with the third Data Input Run.
- Temperature Coefficients: Plot temperature retention coefficients.

Setup - Graphing / Display: Setup the Graphing and Display configuration and options.
Setup - Peak Widths: Setup the Peak Widths calculation options.
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Setup - Defaults: Setup the Defaults, misc. configuration and options used by GC-SOS.
View - Animation Viewer: Loads the Animation Viewer for displaying a separation cartoon.
Help - Help: This command launches the GC-SOS context sensitive on-line Help program.
Help - About GC-SOS: displays the About Box, showing specific program, version and author information.

The Tool Bar
Beneath the Menu Line there is a horizontal row of command button ‘icons’ located near the top of
the Main Window. This is the Tool Bar. Various program commands are executed by clicking on these
command buttons with the mouse. A description of each button is given below.

File New- This command clears the current display, and then displays the Data Input Window so that a new
simulation can be started.
File Open- This command opens a dialog box which allows for selection of an existing data file (*.DAT) to
be used by GC-SOS.
File Save- This command opens a dialog box which allows for selection of a file name, then saves the
current data set to that file.
Printer Window- This command displays the Print Window, for selecting printing options.
Edit Input Data- This command displays the Data Input Window so that the information entered into GCSOS can be edited.
Display Graph- Displays the current results on the Main Window using a chromatogram.
Display Text- Displays the current results on the Main Window using text.
Simulation- This command button will initiate a simulation calculation.
Animation Viewer- Executes the GC-SOS chromatogram separation animation viewer. A schematic
presentation is made of your current separation as it occurs along the column. (great learning experience!)
Undo- Undo to the last chromatogram displayed.
Display Simulated Run- Loads the Main Window with the last simulated run.
Display Input Run #1- Loads the Main Window with the first Data Input Run.
Display Input Run #2- Loads the Main Window with the second Data Input Run (if applicable).
Display Input Run #3- Loads the Main Window with the third Data Input Run (if applicable).
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The Main Output Display Window
The GC-SOS Main Window contains a large rectangular section which is used to display
information about the currently loaded separation. This information may be presented as either a graphical
chromatogram display, or a table of text. The Display Text and Display Chromatogram command buttons
are used to select between a chromatogram and text display.

The chromatogram display is a high resolution simulation of a chromatogram (signal vs. time) plot.
The chromatogram display is configured with the Edit – Graphing Display selection from the Menu Line.
Other user selectable options include: draw temperature profile, and draw pressure profile.
The chromatogram display can be zoomed at any time with the mouse- Select the upper left
corner of the zoom area with the mouse cursor, press the left mouse button, and drag to the lower right
corner of the zoom area, and then release the mouse button. Right click on the chromatogram display to
reload the original display (i.e. to un-zoom). The graph display can be configured, and images can be
exported to a file or the clipboard by right clicking on the graph.
The mouse cursor is also bound to the Analysis Tab to display tracking data as the mouse is
tracked across the chromatogram display. The Analysis Tab must be selected to view the analysis tracking
data.
If the option is chosen to Display Text instead of a graphical chromatogram display then the Main
Output Display Window will contain a table of text. This text lists information about the analytes during the
current separation. This information includes column hold-up time, analyte retention times, adjusted
retention times, peak widths, areas, inter-peak resolution, and plate number.

The Main Window Folder Tabs
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The 6 Main Window folder tabs, Temperature, Pressure, Column, Auto-Optimize, and Analysis,
and Auto-Optimization are located on the bottom of the Main Window for adjusting simulation parameters.
These folders are accessed by a single click of the mouse on the appropriate tab.
Temperature Tab

The temperature tab is used to accept temperature programming conditions for the
simulations. It consists of a rectangular grid, which appears and functions much like a common
spread sheet. The first section, named section zero, consists of two entries- the initial oven
temperature and holding time at this temperature. The following sections all consist of three
entries- ramp rate, final temperature, and final time. Up to 51 sections are accepted for simulated
runs. Note that the units for temperature and time are ºC and minutes, respectively. The example
temperature conditions shown above translate into the following: start with an initial temperature of
130.5 °C for 0.63 minutes, then ramp at 60 °C/min to 165.42 °C, hold for 0.82 minutes, then ramp
at 60 °C/min to 233.07 °C, and hold for 5 minutes.
Pressure Tab

The pressure tab is used to accept pressure programming conditions for the simulations.
It consists of a rectangular grid, which appears and functions much like a common spread sheet.
The first section, named section zero, consists of two entries- the initial oven pressure and holding
time at this pressure. The following sections all consist of three entries- ramp rate, final pressure,
and final time. Up to 51 sections are accepted for simulated runs. Note that the units for pressure
and time are PSI or kPa (depending on the unit selected) and minutes, respectively.
The Manual Pressure Settings and Constant Pressure Settings options are described
below:
Manual Pressure Settings
Use the pressure settings manually entered into the grid.
Constant Pressure Settings
Use either a constant pressure (isobaric), or calculate pressures to give constant velocity
(cm/sec) or flow (ml/min.). GC-SOS automatically determines the constant pressure
settings required for each option, and loads these into the pressure grid.
Column Tab
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The column tab is used to accept changes in the column size values used in the
simulations. Column length, internal diameter, and phase thickness can be adjusted here to
observe the affects of a different size column. Automatic calculations of phase ratio and column
internal volume are made and displayed on this tab. The values for the original column are
displayed for reference.
Auto-Optimization Tab

The auto-optimization tab is used to control the auto-optimization routine. The parameters
for the auto-optimization routine (minimum inter-peak resolution, temperature ramp rate, and
pressure option) are entered here. The minimum inter-peak resolution value represents the
minimum inter-peak resolution which is desired between any adjacent pair of peaks. The
temperature ramp rate is the temperature programming rate which is used by the auto-optimization
routine. There are three options available for selecting how the auto-optimization routine
determines pressure conditions- constant pressure (isobaric), constant velocity, and constant
volumetric flow. After all desired parameters are entered, an auto-optimization is initiated by
clicking on the auto-optimization command button. GC-SOS will then attempt to determine a set of
temperature and pressure conditions which give the desired minimum inter-peak resolution in the
shortest amount of time. If a set of conditions are found, these values are automatically entered
into the temperature and pressure tabs, and the resultant separation is displayed. If an optimal set
of conditions cannot be found, a ‘run-time exceeded’ error will be displayed- in this case, try a lower
resolution.
Analysis Tab

The analysis tab provides a convenient display of useful data for inspecting and
quantitatively assessing the quality of the currently loaded chromatogram. The values displayed on
this tab are determined by the location of the mouse cursor within the chromatogram display of the
main output display window. As the mouse is moved across the chromatogram display, the
corresponding time, temperature, pressure, calculated flow, and calculated velocity are displayed.
If the cursor is located between two peaks, the inter-peak resolution is given along with the name,
retention time, and peak width of each peak.
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Chapter 6. Using GC-SOS - Instruction Summary
A brief summary and instruction reference is provided below. Later in this same document, each
topic described below has a dedicated chapter which provides greater detail.

INSTRUCTION SUMMARY:
1. Perform actual chromatographic separation(s) of your sample. In order to use GC-SOS,
actual run(s) are performed on the instrument that is to be modeled. One to three actual
chromatographic runs (training or Data Input Runs) are used. GC-SOS uses powerful numerical
algorithms to allow for runs of variable temperature conditions. Up to five separate temperature
segments may be used (isothermal, ramp, isothermal, ramp, isothermal). In many cases, your
existing separation may be used as an intitial training run. A mathematical relationship of retention
behavior as a function of temperature and pressure is calculated for each analyte based on the run
conditions and retention time(s) from these runs. The number of Data Input Runs necessary is up
to the user, depending on the level of accuracy desired for simulations. In many cases, one Data
Input Run will provide sufficient accuracy, while for more rigorous work, additional data can be
added to provide more accurate simulations. Based on these Data Input Runs, the retention
characteristics of each analyte is evaluated.
2. Enter data into GC-SOS program. The results from the Data Input Runs are entered into GCSOS via the Data Input Window. The Data Input Window accepts data such as Run Description,
Instrument Description, Column Description, the Number of Data Input Runs, Run Conditions, and
Analyte Information. Much of this data is not required for using GC-SOS. To facilitate ease of use,
a minimal amount of data is actually required- namely, run conditions and retention time data from
just one run.
3. Simulate separation under various operating conditions using GC-SOS. The next step is
to see how the separation looks under different combinations of temperature and/or pressure
programming conditions, or with a different size column. This is accomplished in seconds by
entering in the new conditions on the Main Window, and then a click of the mouse initiates the
separation simulation. The simulation data is immediately displayed for visual inspection, and a
powerful Analysis feature simplifies chromatogram assessment with the automatic calculation and
display of inter-peak resolution, instantaneous time, temperature, pressure, flow, and velocity. Time
efficiency calculations are also displayed.
4. Optimize the separation. Optimization is achieved by iteratively repeating the simulation under
possible sets of operating conditions until a separation has been achieved that meets your specific
needs and sample requirements. Step 3 (above) can be repeated as necessary to achieve the
desired separation.
Alternatively, a unique and powerful Auto-Optimization feature can be used to
automatically determine a set of optimized operating conditions. Simply enter the desired minimum
resolution and GC-SOS will determine conditions which give the desired resolution in the minimum
amount of time.

Chapter 7. Performing actual chromatographic separations of your samples
One to three actual training runs must be performed using the gas chromatographic set-up that is
to be modeled. The ability to use one to three runs is provided to give flexibility to the user. The actual
training runs that are entered into GC-SOS are referred to as Data Input Runs.
All Data Input Runs must be done under isobaric conditions (with the constant column head
pressure). There are no temperature restrictions, and the runs may be isothermal, or consist of up to two
ramp profiles and three isothermal segments. Baseline separation of every peak in the Data Input Runs is
not required, as long as retention times are available.
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A great feature of GC-SOS is the ability to perform simulations from only 1 Data Input Run. This
simplifies the simulation process significantly. You can enter your existing separation without having to
perform any additional training runs. A common strategy is to enter your existing separation and then
optimize it using GC-SOS. Then re-run your separation using the new optimized conditions. This run can
then be entered into the program as a second Data Input Run for higher accuracy.
If two Data Input Runs are used, the only requirement is that they do significantly differ in
temperature conditions. In general, the calculation error for a particular compound decreases as the
retention time difference between the two runs increases. For example, if Data Input Run #1 was run
isothermally at 100 ºC, and Data Input Run #2 was run isothermally at 105 ºC, the retention differences
between the two runs would be rather small, and may introduce more error than if Data Input Run #2 was
run isothermally at 150 ºC.
The two runs can be any combination of isothermal and/or ramp segments as needed (up to 5
segments), and there is no requirement that either run be made under the same temperature range or the
same number of isothermal and ramp segment combinations.
A typical approach would be to initially run a long, low temperature separation with a low
temperature ramp rate just to get a crude idea of when your samples will elute. Next make a rough guess at
a set of improved operating conditions using GC-SOS. Run your separation under these conditions and
then enter the results from this run as the second Data Input Run. Remember that it is really not important,
or required, that each peak is resolved in these Data Input Runs, as long as a fairly accurate retention time
can be determined.
A third Data Input Run can be entered, if desired, for more accurate pressure calculations. It needs
to be performed under the same temperature conditions as one of the other two runs, except at a different
column head pressure. For example, the longer of the initial Data Input Runs can be rerun at a higher
column head pressure, or the shorter run could be rerun at a lower pressure. For best results, you should
always evaluate the Van Deemter curve for your instrument configuration and try to work in the linear range
of the curve, somewhat above the Van Deemter minimum.
A typical approach for is outlined below:
Step 1- Run your sample very slowly the first run. Use a low temperature, low ramp rate and low column head
pressure to insure that you can account for all of your analyte peaks. It should take a good long time, but don't
worry- you'll more than make up for this time by using GC-SOS. For example- Start the oven temperature at
near ambient temperature, hold for a couple of minutes, then ramp slowly (2-5 C/min.) to a final temperature.
The final temperature may be the column maximum temperature, or a temperature high enough to insure
elution of all analytes. Set the column head pressure to give approximately 30 - 40 cm/sec velocity. (NoteThere is a hold-up time estimate calculation utility which can also be used to determine an approximate head
pressure value to give the this velocity. It is located on the Data Input Window Run Conditions Tab.)
Step 2- Enter the run conditions and retention data from this Data Input Run into GC-SOS. Optimize the
separation and save the data file.
Optional Step 3- Enter a second Data Input Run into GC-SOS for more accurate temperature simulations. A
good idea here is to run the separation under the optimized conditions that you worked out in Step 2, and enter
this data into GC-SOS as the second Data Input Run. You can retrieve the existing data set and directly modify
it to accept this data. These first two Data Input Runs must be run with the same isobaric column head
pressure. The two runs may be isothermal or consist of up to two ramp profiles. The only requirement is that
they significantly differ in temperature conditions. In general, the calculation error for a particular analyte
decreases as the retention time difference between the two runs increases. For example, if Input Run #1 was
run isothermally at 100 C and Input Run #2 was run isothermally at 105 C, the retention differences between
the two runs would be rather small, and may introduce more error than if Input Run #2 was run isothermally at
200 C.
Optional Step 4- Enter a third Data Input Run into GC-SOS for more accurate pressure simulations. A good
suggestion here is to run the slower of the first two Data Input Runs at a higher column head pressure, or
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alternatively, the faster run could be run at a lower column head pressure. It is a requirement that this third
Data Input Run have the same temperature conditions as one of the first two Data Input Run, but a different
column head pressure. Remember, it is possible to add an additional Data Input Run to a data set that has
been previously saved to a data file if it is determined that additional accuracy is required.

The Recommended Conventions for entering Data Input Run(s) into GC-SOS:
Use your existing separation as an initial Data Input Run:
-

Enter the run into GC-SOS as Data Input Run #1
Generate an optimized set of conditions using GC-SOS.
Re-run the separation on your GC using the optimized set of conditions.
(Optional) Enter the optimized run as your second Data input Run for more accurate
simulations.

Alternatively, use new separation(s) as Data Input Run(s):
For 1 Data Input Run:
Input Run #1- Lower temperature run (long retention times) at pressure = X.
For 2 Data Input Runs:
Input Run #1- Lower temperature run (longer retention times than #2) at pressure = X.
Input Run #2- Higher temperature run (shorter retention times than #1) at pressure = X.
For 3 Data Input Runs:
Input Run #1- Lower temperature run (longer retention times than #2) at pressure = X.
Input Run #2- Higher temperature run (shorter retention times than #1), at pressure = X.
Input Run #3- Lower temperature run (shorter retention times than #1), at pressure = Y.
Where the temperature conditions between input run #1, and input run #3 are
the same, and pressure X > pressure Y.
An alternative convention is:
Input Run #1- Lower temperature run (longer retention times than #2), at pressure = X.
Input Run #2- Higher temperature run (shorter retention times than #1), at pressure = X.
Input Run #3- Higher temperature run (longer retention times than #2), at pressure = Y.
Where the temperature conditions between input run #2, and input run #3 are
the same, and pressure X > pressure Y.

The information GC-SOS requires from the Data Input Runs is at the minimum- running conditions,
retention times for each compound and column hold-up time. If desired, peak width and area inputs are
accepted, if not, GC-SOS supplies a default value for these. GC-SOS requires that the column size data is
supplied for all flow calculations. Additional descriptive information can also be entered as a convenient
record keeping purpose.
A note about column hold-up time (the time of travel for an unretained solute to reach the detector
after injection.) This important parameter is of key utility for gas chromatography calculations. It is typically
measured by injecting an unretained analyte, and measuring the time until it is detected. The hold-up time
varies considerably with temperature and pressure, and should be measured accurately for each Data Input
Run. The hold-up time is required for GC-SOS calculations and inaccuracies in the measurement of it may
lead to serious inaccuracies in simulations. It is modeled, much like the actual peaks are, during a
simulation for the most accurate prediction of retention behavior. If the hold-up time cannot be accurately
determined, you should choose an approximate value and enter this value. If a constant value is used for all
Data Input Runs, this will cause GC-SOS to use this constant value throughout the temperature simulations
for the hold-up time, rather than model it. There is a utility provided within GC-SOS for estimating the
column hold-up time in the case that it cannot be accurately measured. It is accessible from the Data Input
Window ‘Run Conditions’ Tab.
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Chapter 8. Entering Data into GC-SOS
There window used for entering the input data required by GC-SOS is referred to as the Data Input
Window. The Data Input Window is automatically loaded when the user selects File-New to start a new
simulation. It can also be accessed to edit a currently loaded data set from the Main Window.
After any data entry has been completed, GC-SOS will check for common detectable errors and
prompt the user if they are found. The program will then mathematically interpret the retention behavior of
each compound so that predictions can be made under other operating conditions. The program will then
return to the Main Window, and display the first Data Input Run. Simulations are then executed entirely from
the Main Window in GC-SOS.

The Data Input Window
The Data Input Window consists of 6 ‘folder tabs’ for accepting various information and data. All of
the information GC-SOS requires for operation, along with some optional data, is entered here. The six tabs
are Run Description, Instrument Description, Column Description, Number of Data Input Runs, Run
Conditions, and Analyte Information. Each individual tab is described below.

Data Input Window Tab #1 - Run Description
The first tab on the Data Input Window is the Run Description Tab. It contains two fields
for entering data labeled Analyst and Run Description. The data on this form is optional, and not
required for operation. It is simply provided as a convenient record keeping utility. (* Note: All
heading found on this window in italic indicate optional information.)
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Data Input Window Tab #2 - Instrument Description
This tab is for entering information about the instrument and the configuration you are
using. Optional data fields (shown in italic) include Instrument Description. Required information
includes Pressure Unit, Carrier Gas Type, and Outlet (Detector) Pressure. For most detectors such
as the FID, TCD, or ECD, outlet pressure is equal to 1 ATM. For vacuum detectors, such as mass
spectrometers, a value of zero can be entered here.

Data Input Window Tab #3 - Column Description
The Column Description tab is used to enter data about your column type and size. The
column description is optional. The column size data is required for flow calculations and for
modeling the effect of different column sizes.
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Data Input Window Tab #4 - Number of Data Input Runs
The Number of Data Input Runs tab is used to indicate the number of actual runs that you
are planning to enter into GC-SOS. This number can be from 1 to 3. The number of Data Input
Runs necessary is up to the user, depending on the level of accuracy desired for simulations. In
many cases, one Data Input Run will provide sufficient accuracy, while for more rigorous work,
additional data can be added to provide more accurate simulations. Your existing separation can
typically be used as an initial Data Input Run. For additional information, see the chapter in this
manual titled ‘Performing Actual Chromatographic Separations of Your Samples’.

Data Input Window Tab #5 - Data Input Run Conditions
The Data Input Run Conditions tab is for entering in the operational running conditions
used for the Data Input Runs. Information required includes column hold-up time, temperature
parameters and column head pressure. Depending on the Number of Data Input Runs specified,
this window will contain room for one to three Data Input Runs. In the example shown above for
DIR#1, the temperature conditions translate into the following: start with an initial temperature of 45
°C for 2.5 minutes, then ramp at 3 °C/min to 180 °C, hold for 0 minutes. For DIR#2: start with an
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initial temperature of 60 °C for 1 minute, then ramp at 10 °C/min to 200 °C, hold for 0 minutes. A
plot of temperature vs. time is shown for each DIR for reference.

The ‘est.’ command button found on this tab is used to estimate the column hold-up time. This is
provided to allow estimates for the hold-up time to be made in cases where it is difficult to measure
accurately, and to provide verification checks on measured values. Clicking the ‘est.’ button
launches the GC-SOS Flow Calculation Utility (shown above). It is recommended that hold-up time
measurement be accurately made for each Data Input Run if possible. See the chapter in this
manual titled ‘Performing Actual Chromatographic Separations of Your Samples’ for additional
information about the requirements and formats for entering more than one Data Input Run.

Data Input Window Tab #6 - Analyte Information
Analyte Information (retention data) from the Data Input Runs including analyte names,
peak areas, peak widths, and retention times. Depending on the Number of Data Input Runs
specified, this window will contain room for 1 to 3 Data Input Runs. The minimum information
required on this form is the retention time(s). Information not entered will be filled in using default
values.

Chapter 9. Simulating GC separations with GC-SOS
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All simulations are performed from the Main Window in GC-SOS. The first thing that needs to be
done is to load the Main Window with an Input Data set- either by creating a new file, or opening an existing
one. Once a data set is loaded, all simulation parameters can be modified and simulations are carried out.
A typical simulation takes only a few seconds of calculation time on an average computer. Data sets can
then be saved to a file and results can be output in a variety of user selectable options.
There are two ways to load a data set into the Main Window. An existing data set can be loaded by
opening a GC-SOS data file (*.DAT). A new data set can be started be selecting File - New from the Main
Menu. This will load the Data Input Window for entering all the information required to perform simulations.
After the Data Input Window has been filled out GC-SOS will use the data from the first chromatographic run
to load the Main Window, showing the operating conditions of this run, and displaying a corresponding
chromatogram.
Chromatographic simulations are made by changing the temperature and/or pressure programming
conditions, and/or the column size parameters on the Main Window, and by selecting "Simulate" from the
Main Menu (or by selecting the corresponding command button on the icon-bar). As GC-SOS performs the
necessary simulation calculations a progress bar is activated which indicates the progress of the current
calculation routine. After a simulation has been performed, the resultant simulated chromatogram will be
automatically displayed. Simulation results can be displayed as text on the Main Window by selecting the
"Display text" icon from the icon-bar. If desired, either of the Data Input Runs can be made active and
displayed on the Main Window by selecting the appropriate icon on the icon-bar ( 1 - use run #1, 2- use run
#2, 3- use run #3, X- use last simulated run).
GC-SOS always appends extra time to the pressure running conditions to insure that the pressure
program is of sufficient length. Should the simulated run take longer than the temperature program, extra
time will be added to the end of the run to include all peaks. If the time required exceeds the extended
pressure program, GC-SOS interprets this as a possible error in operating conditions and prompts the user
for corrective action.
The temperature and programming conditions are read from left to right. If a rate equal to zero is
read, this is interpreted as the end of the temperature (or pressure) program. A preliminary check is made
on the data entered into the Main Window right before a simulation is conducted to check for any obvious
errors and/or omissions. If this preliminary check finds an error and/or omission, it will notify the user and
discontinue all calculations.

Chapter 10. Optimizing a Capillary GC Separation
In general, a separation is optimized in terms of inter-peak resolution and total run time, along with
the consideration of several additional factors- such as instrumental (internal) restrictions, external
restrictions, sample content and matrix considerations and restrictions, precision and accuracy, just to
name a few. The particular optimization strategy you employ will be governed by your specific needs, and
may vary for a number of different reasons. Given the wide range of factors which must be considered, a
straightforward, logical, step-by-step approach may not be possible or effective. Instead, optimization is
usually done by iteratively repeating the separation under possible sets of operating conditions until a
separation is achieved that meets your specific needs and specifications. The benefit of ‘off-line’ computer
simulation is obvious, as it immensely reduces the time required to accomplish this. In addition, GC-SOS
features a powerful and unique Auto-Optimization feature which can be used to help find the optimal
conditions. This feature automatically searches for conditions which give a user specified minimum
resolution between all peaks in the minimum amount of time.
GC-SOS provides a handy Efficiency calculation for each chromatogram to help assess the quality
of a separation. The calculation determines the ratio of peak time to total time. A maximum efficiency of
100% indicates no ‘wasted’ time occurs during the run.
Optimization Considerations
Some considerations which you should consider in your optimization strategy are
discussed below. This list is by no means comprehensive of all necessary considerations, but
hopefully it will provide some general ‘food for thought’ to assist you in optimizing your separations.
For very early eluting peaks, consider the different effect of the solvent peak under
temperature and pressure programming variations. In some cases it becomes important to
separate early eluting peaks not only from themselves, but from the solvent peak as well.
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For exceedingly late eluting peaks, it may be more advantageous to change columns,
rather than attempt to operate near the column maximum temperature and pressure.
For capillary GC's with efficient ovens, it should be possible to heat the oven reproducibly
at much higher rates than with traditional packed columns. Trial and error, followed with statistical
verification is usually required, but rates of 40 degrees/minute or higher are common. Newer GC’s
offer enhanced heating rates >100 degrees/minute. When optimizing a separation for short overall
run times remember that under some conditions oven cooling time can become quite significant.
This is most dramatic when very high temperatures are used, of course, as well as when near
ambient temperatures are desired for the beginning of the next run. Try to avoid near ambient
temperatures, unless you are doing isothermal runs, or have some type of cooling option. If you
use temperature programmed injectors, the cooling time of the injector should be considered as
well. Know your maximum and minimum oven temperature, and maximum and minimum oven
heating rates. This data will often need to be considered.
For user's of pressure programming- it is much easier (and faster) to decrease the column
head pressure after a run than to cool an oven to near ambient levels. It is also advantageous to
use pressure programming as an alternative to very high column temperatures when possible to
minimize the risk of sample decomposition and unnecessary column fatigue. Bear in mind that for
accurate pressure programming calculations, GC-SOS works best when pressure programming
ranges are in the linear range of the Van Deemter curve, somewhat above the Van Deemter
minimum. Know, and consider your maximum and minimum column head pressure and your
maximum pressure programming rates.
One useful approach is to identify areas in your separation where inter-peak resolution is
most important, and use these areas as a quick 'benchmark' to judge separations. Sometimes the
need to resolve two close eluting peaks will dictate the overall separation conditions.
In some situations it is beneficial to optimize the run conditions for the first peak, then
gradually work your way down the chromatographic run to the last peak.
For optimizing a mixture containing several peaks of similar retention character, an
entirely different approach may be necessary as compared to one that would be appropriate for a
mixture containing analytes of a wide retention range.



“Most separations are optimized by combining a careful consideration of all significant
separation factors, and settling on a best, compromised set of realistic conditions.”

The GC-SOS Auto-Optimization Feature
GC-SOS features a unique and powerful auto-optimization algorithm which can be used to
help find optimum temperature and pressure conditions. It is accessed from the AutoOptimization tab on the Main Window. Three parameters are required to direct the algorithm- the
minimum inter-peak resolution desired, the temperature ramp rate, and the optimization pressure
option selection. Once these values are entered an auto-optimization is initiated by clicking on the
auto-optimization command button. GC-SOS will then numerically search for the temperature and
pressure conditions which will give the desired resolution between all peaks in the shortest amount
of time. If a suitable set of conditions can be found, they will be loaded into the temperature and
pressure tabs, and the resultant chromatogram is displayed. The search algorithm is proprietary,
so an exact description is not provided. We believe it is very difficult, if not impossible to provide a
more efficient separation using any other technique. Please let us know if you find this untrue!
The minimum inter-peak resolution parameter is the most significant parameter that is
entered into the auto-optimization algorithm. Inter-peak resolution is a measure of how well
adjacent peaks are separated, or resolved, from each other. For peaks that are roughly equal in
size and perfectly gaussian, a resolution value of 1.0 gives peaks that are, by definition, baseline
resolved. But, for practical applications, this value should be considered a lower limit. It is much
safer to aim for resolution values that are higher, as this overcomes problems that arise from nongaussian peak shapes, indifferent peak sizes, peak tailing, retention time drifting, instrument
limitations, etc.. Generally speaking, as resolution increases, so does run time. Therefore, a
compromise between resolution and total run time must be made. In some cases, GC-SOS will be
unable to find a set of optimized conditions for some separations and some values of resolution.
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When this occurs, you may want to consider using a lower resolution. You could also try changing
the column sizes entered to give more retention (longer length, smaller ID and/or thicker phase
thickness).
The temperature ramp rate parameter determines the temperature used for the
temperature programming conditions. In most cases a higher value will give a shorter run time. Try
a separation with the maximum heating rate your oven is capable of.
The pressure option determines how GC-SOS sets the pressure for the optimized run.
There are three options to choose from- constant pressure (isobaric), constant velocity (cm/sec),
and constant flow (mL/min). Compared to a high temperature ramp rate, pressure programming
doesn’t really contribute as much to separation efficiency. It is beneficial though if you are trying to
maintain a constant flow for a flow sensitive detector.

Chapter 11. Data Output from GC-SOS
GC-SOS outputs data in several different ways. Complete data sets are saved in a GC-SOS
ASCII text data file. These are intended for use with this program only. From within the program, the data
can be printed and chromatogram images can be saved to a graphics file or transferred to the Windows
Clipboard. The printed reports from GC-SOS give a comprehensive hardcopy of your GC method and serve
as a convenient and effective record keeping device.

Graphics Output
The chromatogram graph can be captured by right-clicking on the graph, and selecting ‘Export Dialog’. The
following window is used to save the graph in a number of graphics file types (wmf, bmp, jpg, or png), or to
the clipboard. A text file containing X, Y data can also be exported to a file.

The GC-SOS Print Window
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The Printer Window can be accessed from the Menu Line of the Main Window, or by
clicking the corresponding command button on the tool-bar. There are several options available for
printing a detailed simulation report. The individual printing options are described below in the order
in which they appear.
Run Conditions - Temperature conditions, pressure conditions, and column size information.
Retention Data - Retention data includes peak retention times, widths, and areas. Also, the
calculated values of adjusted retention times, inter-peak resolution, and the number of effective
theoretical plates (# ETP) is included.
Chromatogram - A copy of the chromatogram is printed.
Instrument Parameters - The parameters that describe your particular instrument.
Misc. Simulation Parameters - Miscellaneous information.

Graphics Output
The chromatogram graph can be captured by right-clicking on the graph, and selecting ‘Export
Dialog’. The following window is used to save the graph in a number of graphics file types (wmf,
bmp, jpg, or png), or to the clipboard. A text file containing X, Y data can also be exported to a file.
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Chapter 12. The GC-SOS Animation Window

The Animation Viewer allows for the visualization of a chromatographic separation as it
occurs during a run. A symbolic instrument is used to display analyte positions as they migrate
from the injector, through the column, and into the detector. This is an excellent way for visualizing
how ‘chromatography works’. Each analyte starts at the injector and moves down the column at
differing rates. The effect of band broadening is illustrated as the peak migrates down the column.
The separation is also tracked on the graph display as it occurs during the animation.
Instantaneous time, temperature and pressure are also displayed. The animation speed can be
adjusted by clicking on the Animation Speed slider.

Chapter 13. Configuring GC-SOS - The Setup Window
To configure GC-SOS for simulations, a Setup Window is provided which allows for the selection of
various options and setup preferences. This window contains a series of three folder tabs- Graphing &
Display, Peak Widths, and Miscellaneous.

If OK is selected, then the current session will use the values specified. If UPDATE is
selected, then the current session will use the values specified and the values will be saved as
the default values to be used in future sessions. CANCEL ignores all changes, and returns to the
main program window.
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Setup Window #1 - Graphing & Display
The Graphing & Display tab consists of 2 sub-categories- Graphing options, and Graph
Annotations.
The Graphing options include check boxes to specify whether or not the temperature profile &/or
pressure profile are drawn on the chromatogram.
Graph annotation selections include none, Peak names, or Peak retention times.

Setup Window #2 - Peak Widths
The Peak Width Measurement Convention refers to the way GC-SOS interprets peak widths. The
peak width value that are input, processed, and displayed can be either based on the width at half-height
(w½), or the width of the peak base (wb). The convention you choose should be the same as the one your
instrument uses.
GC-SOS handles the calculation of peak widths during a simulation in one of two possible ways. A
constant value for peak width can be used, or the peak width can be calculated based on a time dependent
diffusion model.
If the option is selected to use constant peak widths, then the value that is entered for each peak
width is used as a constant for all simulations.
Alternatively, peak widths can be modeled during simulations based on a time dependent diffusion
model. With this type of approach, the contribution for extra-column broadening effects can be handled as
either a constant value, or as a percentage of the peak width value entered for each analyte. Extra-column
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broadening effects are the effects of band-broadening that occur outside of the column, such as in the
injector &/or detector.

Setup Window #3 - Miscellaneous Options/Defaults
The default unit of pressure and the carrier gas type are selected here, along with Autooptimization, analyst, and instrument defaults.

Chapter 14. Temperature Retention Coefficients
To view the Temperature Retention Coefficients, select View -> Temperature Coefficients. A plot of
Log Rm vs 1/Temperature(K) for each analyte is provided along with a table of each coefficient.

The temperature retention coefficients represent the base model for modeling retention as a function of
temperature in GC-SOS, and most other simulation programs. The simulation accuracy of GC-SOS depends
upon many things. In most cases, when using 2 or more Data Input Runs, peak retention time prediction
errors are less than ~1-2%. When using 2 or more Data Input Runs, we have found GC-SOS retention time
simulations to be typically equal to, or better than competing programs. When using only 1 Data Input Run,
peak retention time prediction errors are typically less than 10%, and often less than 5%. As far as we know,
GC-SOS is the only program that provides the capability to simulate from only 1 Data Input Run. This allows
you make simulations from your current separation, and if desired, additional runs can be entered later for
higher accuracy- making it easier than ever before.
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Appendix A - Getting Additional Help
Readme.txt
A file titled ‘README.TXT’ is installed with GC-SOS in the program directory. It contains the latest
information on installing and using this product. It may also contain a list of known program bugs
and/or work-arounds for specific problems. This file is kept more current than the User’s manual
and Help files, and should always be consulted in the event of any problems.
On-line Help
GC-SOS was supplied with additional help information in the form of a context sensitive on-line
help. It can be accessed any time within a GC-SOS application session by selecting the function
key F1, choosing help from the main menu line, or clicking on the appropriate icon with the mouse.
It may contain additional information not in this document, and should be consulted first when a
need arises.
Contacting the Program Developers
GC-SOS was developed by The 4S Company, and can be contacted if you encounter any
problems, or have any suggestions which may improve GC-SOS. It is the sole intent of the
program developers to provide the finest product available, and your help towards the realization of
this goal is greatly appreciated. Also, please inquire about becoming a beta-tester for upcoming
versions of this, or similar, programs. The 4S Company can be reached at the following address:
The 4S Company
6728 Pine Knoll Drive
Cincinnati, OH 45224 USA
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Appendix B - File Handling and Directory
File Directory
Using the default install procedure, a directory titled \GC-SOS6 is created, and the following files are copied
to the program or system directories. (ATTENTION- note that the file sizes, dates and times may be
different for your specific version. In addition the directory information may be different if specified by the
user during installation. Due to the rapid and continuous nature of software updates and revisions, the
following information is subject to change without notice. Nonetheless, this information is provided as a
general guide to the users. Please contact your program distributor if further information is needed.)
01/02/2017
03/08/1999
05/31/1998
02/16/2010
01/19/2017
01/19/2017
04/01/2004
01/23/2017
01/23/2017
01/23/2017
01/23/2017
01/19/2017
01/23/2017
12/09/2015
03/31/2014
07/16/2016
04/12/2000
03/08/1999
12/10/2016
09/21/2006
02/16/2010
05/07/1998
02/16/2010
01/19/2017
01/19/2017
01/19/2017
01/19/2017
02/23/2004
01/23/2017
02/23/2004
01/19/2017
02/23/2004
06/03/1999
02/16/2010
07/15/2000

11:29 AM
12:00 AM
12:00 AM
03:22 PM
08:42 AM
08:28 AM
01:24 PM
06:43 PM
08:15 PM
08:12 PM
08:15 PM
08:35 AM
07:10 PM
07:58 PM
10:46 PM
06:42 AM
12:00 AM
12:00 AM
03:02 PM
10:04 AM
03:22 PM
12:00 AM
03:22 PM
08:38 AM
08:32 AM
08:31 AM
08:50 AM
12:00 AM
08:15 PM
12:00 AM
08:33 AM
12:00 AM
12:00 AM
03:22 PM
12:00 AM

4,159
147,728
22,288
155,984
5,462
5,462
1,369,264
64,845,194
147
2,461,696
827
4,780
6,558
1,070,232
130,712
1,386,496
598,288
164,112
2,736,128
548,864
100,160
174,352
218,432
4,862
5,464
4,451
4,380
139,776
5,346
249,856
5,662
73,216
17,920
221,504
101,888

Aromatics.dat
ASYCFILT.DLL
COMCAT.DLL
ComDlg32.OCX
DWM01.DAT
FFAP_MIXnewv6.DAT
FPSPR70.ocx
GC-SOS6 MANUAL.rtf
GC-SOSv6.BAT
GC-SOSv6.exe
GCSOSv6.DDF
GM_NEWGC - Copy.DAT
M0614.DAT
MSCOMCTL.OCX
MSSTDFMT.DLL
msvbvm60.dll
OLEAUT32.DLL
OLEPRO32.DLL
PEGRP32C.DLL
Pesgo32c.ocx
PicClp32.Ocx
RICHED32.DLL
richtx32.Ocx
RX02.dat
SAMPLE04x2.DAT
SAMPLE07.DAT
SAMPLE08.DAT
SETUP.EXE
Setup.Lst
SETUP1.EXE
SHOTGN1B.DAT
ST6UNST.EXE
STDOLE2.TLB
TabCtl32.Ocx
VB6STKIT.DLL

GC-SOS I/O Files
GC-SOS uses and creates several different files for input and output of data and graphics. The following list
gives a description of these.
File
*.DAT
GC_SOS.INI
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Read
X
X

Write
X
X

Description
Proprietary data files created by GC-SOS to store data.
GC-SOS initialization file. Program configuration and setup info.
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Appendix C - GC-SOS Software License Agreement
The 4S Company - Customer GC-SOS SOFTWARE LICENSE AGREEMENT
 NOTICE: Please read the following agreement before opening your software
application. Installation of the software package implies acceptance of the terms and
limitations set forth in this licensing agreement. If you do not agree completely with
the terms of this agreement, notify your program distributor IMMEDIATELY upon
receipt for return authorization assistance. Failure to notify your program distributor
within 5 working days from the delivery date of this product will imply acceptance.
1. Background. This agreement is made with reference to the following facts:
(a) Owner (The 4S Company) is the developer and owner of all rights (applicable Copyrights, Trademarks, and Trade Secrets)
to the Software Product identified as GC-SOS.
(b) Owner desires to grant a license to the Customer for use of the Software Product in accordance with the terms and
conditions of this agreement.
2. Definition of Terms.
(a) Owner. The party hereby known as The 4S Company.
(b) Distributor (or Vendor). The specific vendor from which this software product was acquired.
(c) Software Product. The term "software product" means the executable code version of the proprietary computer software
identified as GC-SOS, and any subsequent modifications thereto furnished to Customer by Owner or Distributor.
(d) Documentation. The term "Documentation" means Owner's standard instruction manual normally provided to customers
who license the product, whether in printed or computer file format.
(e) Customer (or Licensee). The term "Customer" means any person to whom Owner or Distributor grants a license for use of
the Software Product in accordance with the terms and conditions of this agreement.
3. License Grant. Distributor grants to Customer a non-exclusive and non-transferable license to use the licensed Software Product
and Documentation, under the terms and conditions set forth below, on a single computer (CPU) at a single location. The use of this
software on a network is expressly forbidden.
4. License Fee. Licensee and distributor have agreed to the terms and conditions of the sale specified in regards to the grant of this
license, and the fulfillment of which are required for the activation of this license agreement.
5. Ownership of Software. Licensee acknowledges that the Licensed Software Product, Documentation, and Software Program
Logic are the sole property of Owner and covered under all applicable copyright, trademark, and trade secret laws. Licensee has no
rights in the Software Product except those expressly granted and allowed by this Agreement.
6. Confidentiality. Licensee acknowledges that the Software Product and Documentation contain valuable trade secrets which are
the sole property of Owner, and agrees to use reasonable care to prevent other parties from learning of these trade secrets. Licensee
will take all reasonable steps to prevent unauthorized access to or duplication of the Software Product and Documentation.
7. Rights to Copy Software and Documentation. The Software Product may be reproduced only one time for backup purposes provided that such reproduction is made solely for uses consistent with the terms of this Agreement, and provided that all of Owner's
copyright, trade secret and confidentiality notices are reproduced on each copy. Documentation and other printed materials may
not be reproduced by any means.
8. Use Restrictions. You acknowledge that the Software Product, Documentation and associated material are confidential and
proprietary trade secrets for the protection of which we have certain legal and equitable remedies. You shall exercise your best
efforts and good business practices to keep in strictest confidence the trade secrets at any and all times. You shall make no effort,
nor permit your employees or agents to attempt to convert object codes to source codes, uncompile, translate, reverse engineer,
disassemble, create or market derivative or similar works from it, nor use it in any way other than those specified in its explicit
purpose and intent. You understand that you, your company, employees, and/or agents of are to be held liable for the misuse, and
damages resultant, of this Software Product.
9. Copyright and Patent Indemnification. We represent and warrant that the Software Product, and any changes, additions, or enhancements do not and will not infringe upon any patents, copyrights, processes, or designs owned by another.
10. WARRANTY DISCLAIMER. You acknowledge that the Owner and Distributor make no warranties, expressed or implied, in
respect to the functioning quality, performance merchantability and fitness of the Software Product. This product is marketed, sold,
and delivered solely on an 'as-is' basis
11. LIMITATION OF LIABILITY. IT IS UNDERSTOOD AND AGREED THAT OWNER AND DISTRIBUTOR LIABILITY WHETHER IN
CONTRACT, IN TORT, UNDER ANY WARRANTY, IN NEGLIGENCE, OR OTHERWISE, SHALL NOT EXCEED THE RETURN OF THE
LICENSE PAYMENT PAID TO OWNER OR DISTRIBUTOR BY LICENSEE FOR THE SOFTWARE PRODUCT. UNDER NO
CIRCUMSTANCES SHALL OWNER OR DISTRIBUTOR BE LIABLE FOR SPECIAL OR CONSEQUENTIAL DAMAGES (INCLUDING LOST
PROFITS) OF ANY CUSTOMER, OR ANY OTHER THIRD PARTY, EVEN IF OWNER HAS BEEN PREVIOUSLY ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES. NO ACTION, REGARDLESS OF FORM, ARISING OUT OF THE TRANSACTIONS UNDER THIS
AGREEMENT MAY BE BROUGHT BY EITHER PARTY MORE THAN ONE (1) MONTH AFTER THE EVENT(S) WHICH GAVE RISE TO
THE CAUSE OF ACTION HAS (HAVE) OCCURRED.
12. Licensee Modifications to Software Product. Licensee shall not alter or modify the Software Product in any way.
13. DEFAULT. In the event you are unable to fulfill the terms and conditions of this Agreement, then you shall be deemed in default
of this Agreement and we may immediately elect to terminate this Agreement.
14. Assignment. This Agreement may not be assigned by Licensee to any other person, firm, or corporation without the express
written approval of Owner.
15. Entire Agreement. The parties have read this Agreement and agree to be bound by its terms, and further agree that it constitutes the complete and exclusive statement of the agreement between them which supersedes all proposals, oral or written, and all
other communications between them relating to the license and use of the Software Product.
16. Governing Law. This Agreement shall be governed and interpreted in accordance with the laws of the State of Ohio. Jurisdiction for any dispute hereunder shall lie only in the federal or state courts located in the State of Ohio.
17. All Amendments in Writing. This Agreement may not be changed or modified except by a written agreement signed by all
parties.
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Appendix D - Glossary of Terms Used in GC-SOS.
Adjusted Retention Time
The adjusted retention time is the absolute retention time minus the column hold-up time.
Analyst
The name of the user, or the name of the person who performed the GC input runs. This
information is entered into GC-SOS via the first Data Input Window "Instrument Parameters"
Analyte Name
The Analyte Name is the name given to each analyte used during the current simulation
session. It can be entered by the user, or a default name will be given by GC-SOS, such as "Analyte n"', where n is a
sequential number.
Calculate
To initiate a simulated separation after appropriate running conditions are entered into the Main Window, the
user can select CALCULATE from the Menu Line, or click on the appropriate icon in the Icon Bar. A progress bar appears
to track the current simulation progress. After all analytes have been modeled, GC-SOS will display output results in the
Main Output Display Window.
Calculated Total Run Time
After a simulation has been performed, the Calculated Total Run Time is displayed on the Main Window. It is
calculated by adding a small segment of time after elution of the last peak.
Column Description
The Column Description is used to enter any information necessary to describe the current column installed in
instrument being modeled, such as make, phase, serial number, etc.. This information is entered into GC-SOS via the
Data Input Window.
Column Length, Internal Diameter, Phase Thickness
The Column Length, Internal Diameter, Phase Thickness are used to describe the specific dimensions of the
current column installed in instrument being modeled. This information is entered into GC-SOS via the Data Input
Window.
Column Internal Volume and Phase Thickness
The Column Volume is calculated if a length and diameter is entered. If, in addition, a column phase thickness
is entered, the column volume is corrected, and the phase ratio (ratio of column volume to liquid phase volume) is
calculated.
Data Input Format
The Data Input Format refers to the number of Data Input Runs that will be entered into GC-SOS. Three
different Data Input Runs are supported by GC-SOS. This information is entered into GC-SOS via the Data Input
Window. Data input Runs may consist of up to 5 temperature segments, and must be run under isobaric (constant
pressure) conditions.
Data Input Run
The runs referred to in GC-SOS as Data Input Runs are the actual runs that were performed on the instrument
modeled. Depending on the Data Input Format, there may be one to three Data Input Runs.
Data Input Window
The information GC-SOS requires for operation from the Data Input Runs is entered into the Data Input
Window. This window consists of six ‘folder tabs’ which contain the following categories:
1.
2.
3.

Run Description
Instrument Description
Column Description
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4.
5.
6.

Number of Data Input Runs
Run Conditions
Analyte Information

Default Pressure Unit
For accurate simulations to be made, GC-SOS requires that the correct pressure unit be
specified in the Setup Window. The two choices available are PSI or kPa.
Default Peak Width
The default peak width is selected from the Options Window. If a peak width for an analyte is not given on the
Data Input Window, this default value is assigned.
Detector Type
The Detector Type refers to the name type for the specific detector used. This information is entered into GCSOS via the Data Input Window.
Display Chromatogram
The user may select to display the current data set graphically as a chromatogram in the
Main Display Output Window by clicking on the appropriate command button from the Tool Bar. The chromatogram may
be displayed in various formats depending on the options selected in the Setup Window.
Display Text
The user may select to display the current data set as text in the Main Display Output
Window by clicking on the appropriate command button from the Tool Bar. The text format display includes analyte
name, retention time, adjusted retention time, peak width, peak area, # ETP, and inter-peak resolution.
Effective Theoretical Plate Number (# ETP)
This term originated in the dark ages of chromatography, yet still lingers as a descriptive
measure of efficiency for a chromatographic system. Although there are no actual plates in a
capillary column, the original principles are still applied. The basic concept involves the relationship between peak width
and retention time:

where

#ETP

=

16 * (t'R / w)^2

# ETP
t'R
w

=
=
=

Effective Theoretical Plate Number
adjusted retention time
peak width

The larger the effective theoretical plate number, the greater the efficiency. With the origin of this concept in
older chromatographic systems, it is less than completely descriptive when applied to modern techniques. Its main use is
for theoretical treatments, or for general comparative purposes. Another related term is the Effective Plate Height, which
is equal to the column length divided by the # ETP.
Hold-Up Time
The time of travel for an unretained solute to reach the detector after injection. This ever important parameter is
of key importance for gas chromatography calculations. It is typically measured by injecting a known unretained solute,
and measuring the time until it is detected. The hold-up time varies considerably with temperature and pressure, and
should be measured accurately for each Data Input Run. The hold-up time is required for GC-SOS, and inaccuracies in
the measurement of it may lead to serious inaccuracies in simulations. It is modeled, much like the actual peaks are,
during a simulation for the most accurate prediction of retention behavior. If the hold-up time cannot be accurately
determined, you should choose an approximate value, and enter this value as a constant in all Data Input Runs. This will
cause GC-SOS to use this constant value throughout the simulations for the hold-up time, rather than model it.
Instrument Description
The Instrument Description is used to enter any information necessary to describe the
current instrument being modeled, such as make, model, serial number, etc.. This information is
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entered into GC-SOS via the Data Input Window.
Inter-Peak Resolution
A measure of how well two successive peaks are separated, or resolved, during a
chromatographic separation. It is quantitatively calculated using the following formula:
R = (2 * d) / (wA + wB)
where

R = resolution
d = retention time difference between two successive peaks (A & B)
wA = peak width of peak A
wB = peak width of peak B

The larger the value R, the better the separation. In theory, for peaks of similar size, a value of 1.0 corresponds
to about 98% resolution, and therefore generally considered as baseline resolved. Although in practice, this value should
be considered a minimum accepted value, especially when considering peaks of dissimilar size, non-gaussian peak
shapes and retention time drifts.
Isobaric Head Pressure
Isobaric Head Pressure refers to runs with a constant head pressure throughout the run, i.e. no pressure
programming used.
Main Output Display Window
The GC-SOS Main Window contains a large rectangular section which is used to display
data. The user may select to display the current results in either a chromatogram or text format.
The chromatogram display options are configured from the Setup Window.
Menu Line
The Menu Line is located at the top of the Main Window of GC-SOS, and contains a hierarchical structure of
commands which can be executed for various tasks by using the mouse or by use of the appropriate Alt key short cut
combinations. Most of the common operations are duplicated in the Tool-Bar for ease of use.
Peak Area
The area of a peak as integrated by an integrator or other methods. Roughly equal to one half peak height
times baseline peak width, or peak height times width at peak half height.
Peak Width
The width of a peak in time units. It is usually measured and expressed in one of two conventions, either width
at peak base, or width at half height.
Pressure Programming Conditions
The pressure programming conditions describe the pressure profile for the GC column head pressure during a
run.
Print Window
The print window offers several choices for printing and output of data from GC-SOS.
Recommended Convention
The recommended convention for entering the Data Input Runs into GC-SOS is :
For 1 Data Input Run:
Input Run #1- Lower temperature run (long retention times) at pressure = X.
For 2 Data Input Runs:
Input Run #1- Lower temperature run (longer retention times than #2) at pressure = X.
Input Run #2- Higher temperature run (shorter retention times than #1) at pressure = X.
For 3 Data Input Runs:
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Input Run #1- Lower temperature run (longer retention times than #2) at pressure = X.
Input Run #2- Higher temperature run (shorter retention times than #1), at pressure = X.
Input Run #3- Lower temperature run (same temperature conditions as #1) at pressure = Y.
Where the temperature conditions between input run #1, and input run #3 are
the same, and pressure X > pressure Y. An alternative convention is:
Input Run #1- Lower temperature run (longer retention times than #2), at pressure = X.
Input Run #2- Higher temperature run (shorter retention times than #1), at pressure = X.
Input Run #3- Higher temperature run (same temperature conditions as #2), at pressure = Y.
Where the temperature conditions between input run #2, and input run #3 are
the same, and pressure Y > pressure X.
Retention Time
The time between injection of a sample and detection of a particular analyte by the detector.
RT 1 (retention time #1)
The retention time of an analyte during the first Data Input Run.
RT 2 (retention time #2)
The retention time of an analyte during the second Data Input Run.
RT 3 (retention time #3)
The retention time of an analyte during the third Data Input Run.
Run Description
The Run Description is used to enter any description appropriate for the current run. This information is entered
into GC-SOS via the Data Input Window.
Setup Window
The Setup Window is used to set-up and configure GC-SOS. It includes graphing and display options, peak
width options, and other miscellaneous options.
Temperature Programming Conditions
The temperature programming conditions describe the temperature profile for the GC oven during a run.
Tool Bar
The Tool Bar is located at the top of the Main Window in GC-SOS. It consists of a horizontal row of command
buttons which are clicked with the mouse to execute various tasks.
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