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Abstract 
Two important funcƟons of gas chromatography are idenƟficaƟon and quanƟtaƟon of volaƟle materials in 

a sample. The goal of this research was to do both, analyzing an unknown sample known to contain two 

or three alkanes from a set of the following: n-hexane, n-heptane, n-octane, n-nonane, and/or n-decane, 

and determining their percent composiƟon. Using GOW-MAC 400 series gas chromatograph the unknown 

components were idenƟfied and quanƟfied.  

RetenƟon Ɵmes of standards were compared to the unknowns’ chromatograms to idenƟfy the 

consƟtuents. The normalized peak areas were used to quanƟfy those consƟtuents. Peak area 

normalizaƟon was the method uƟlized to determine the quanƟtaƟve composiƟon. Unknown sample #23, 

analyzed in this experiment, contained 70.1% octane, and 29. 9% nonane.  

All standards and unknowns were deemed staƟsƟcally valid, with relaƟve standard deviaƟons for the 

retenƟon Ɵmes below 2% and well below 20% for the peak areas. 

 

IntroducƟon 

In laboratory work, a chemist is frequently called upon to test for or idenƟfy a substance.1 QualitaƟve 

analyses are criƟcal to many branches of chemistry, from discovering new substances to determining the 

outcome of a synthesis. QuanƟtaƟve analysis forms the second leg of analyƟcal chemistry, quanƟfying 

substances that have been idenƟfied.  

Gas chromatography supports both qualitaƟve and quanƟtaƟve inquiry into samples of unknown 

composiƟon, so long as they are volaƟle and thermally stable. The process involves the vaporizaƟon of the 

sample within the gas chromatograph and traversing the GC column carried along by the carrier gas. The 

compounds usually travel at differing rates depending on the substances boiling point and chemical 

affiniƟes to the column material. The carrier gas, referred to as the mobile phase, is typically an inert gas 

like either helium, nitrogen, or hydrogen. The mobile phase travels, with the sample, through the column, 

packed with what is referred to as the staƟonary phase, to a detector. Detectors can be of many types. The 

type used in this experiment was a thermal conductance detector relying on the differing heat capaciƟes 

of the sample materials. In pracƟce a liquid sample is injected into the injecƟon port of the gas 

chromatograph, where it is vaporized and is carried by the mobile phase gas along the staƟonary phase of 

the column. The different affiniƟes of the sample unknowns to the staƟonary phase and mobile phase 

results in separaƟon of the different compounds in the sample, being expressed as peaks as they pass the 

detector and are displayed on a computer screen, or in the past, a paper recording strip. 2 

The length of Ɵme it takes for a compound to traverse a column between injecƟon and detecƟon is called 

the retenƟon Ɵme. The same compound should have very similar retenƟon Ɵmes if run on the same GC 
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under the same condiƟons. This allows the use of a standard in helping idenƟfy an unknown run, so long 

as they’re run on the same machine and under the same condiƟons. A close match is a strong indicator 

that they are the same. Comparing derived values, such as adjusted retenƟon Ɵme and retenƟon factor, 

helps normalize results for comparison3.  

 

By measuring the area under the peak created by the sample passing the detector, the quanƟty of sample 

present can be determined. Again, comparing with a standard of known concentraƟon is used in the 

quanƟtaƟve determinaƟon of the compounds present4. The gas chromatograph used in this set of trials 

uses a thermal conducƟvity method of detecƟon. It has a limitaƟon of varied sensiƟviƟes to compounds 

with different heat capacity/thermal conducƟvity. To deal with this variability when deriving quanƟtaƟon 

informaƟon is by use of area normalizaƟon. One method to account for this is the use of peak area 

normalizaƟon. This method uƟlizes the peak areas from known samples of given concentraƟons, generates 

correcƟon or normalizaƟon factors, then normalizes unknown sample areas based on this to generate 

corrected areas and concentraƟons. 
 

The purpose of this experiment is to idenƟfy the alkanes present in sample #23 and quanƟfy the relaƟve 

percent composiƟon in the sample using the peak area and the peak area normalizaƟon method. 

 

Experimental  
Chemicals: 
 
The following chemicals were used for preparaƟon of the standards and unknowns for the experiments 

described in this paper. 

 

Chemicals: n-hexane: 99+%, Acros Organics, Fair Lawn, NJ (CAS# 110-54-3),  n-heptane: 99+%, Acros 

Organics, Fair Lawn, NJ (CAS# 142-82-5), n-octane: 99+%, Acros Organics, Fair Lawn, NJ (CAS# 111-65-9), 

n-nonane: 99+%, Acros Organics, Fair Lawn, NJ (CAS# 111-84-2), and n-decane: 99+%, Acros Organics, Fair 

Lawn, NJ (CAS# 124-18-5). 

 

Equipment: 

The equipment included Series 400 Gas Chromatograph with thermal conducƟvity detector made by 

GOW-MAC instrument Co., a U1231A True RMS MulƟmeter by Keysight, GFM Pro Gas Flowmeter by 

Thermo ScienƟfic, a 10 l glass syringe #701, Hamiliton Co. of Reno, NV, a Handheld Meter Logger SoŌware 

by Keysight Technologies, version 2014-2015, and MicrosoŌ Excel. 
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Experimental CondiƟons: 

The detector temperature was set and read 202 oC. The injector temperature was set and read 202 oC. The 

column temperature was set and read 133 oC. The helium flow rate was set to 59.9 mL/min and the 

detector current was set to 100 mA. The column/stationary phase used was packed with poly dimethyl 

siloxane and the sample size used was 5 μL.  

Procedures: 

The unknown for this experiment was designated unknown #23. The standards used contain 20% each of 

each of the 5 n-alkanes, hexane, heptane, octane, nonane, and decane. Six runs were performed, three 

runs for the 5-alkane standard mixture and three runs for unknown #23 sample. The 5-alkane standard 

mixture contained 20% each of n-hexane, n-heptane, n-octane, n-nonane, and n-decane. Unknown #23 

contained 2 or 3 alkanes of those in the 5-alkane standard sample, but in an unknown concentraƟon.  

Each run used 5 μL of sample. Prior to each injection, the syringe was washed with acetone three or four 

times, then air-dried by repeatedly drawing air into the syringe. The gas chromatograph was a Series 400 

Gas Chromatograph number 5, with thermal conducƟvity detector made by GOW-MAC instrument Co. 

The non-polar staƟonary phase used was polydimethylsiloxane in a packed column. Helium was used as 

the mobile phase for this experiment. Prior to turning on the detector, the helium flow was set and read 

59.9 mL/min.  The detector temperature was set and read 202oC, the injector and column temperatures 

were set and read 202oC and 133oC, respectively. The detector current was set to 100 mA, and the RMS 

multimeter voltage zeroed.   

For each trial a 10 μL #701 glass syringe was used to inject 5 μL of sample into port B. The multimeter was 

zeroed prior to injecting samples and the recording software was immediately started. The run continued 

until peaks had completed their transit and been recorded. The software was refreshed after each run.  

 

The above procedure was executed for three trials of 5-alkane standard mixture and three trials of 

unknown #23. Each of the standard run took about 9 minutes to complete and each of the unknown 

sample runs took approximately 7 minutes to complete. 

Results and Discussion 

Standards Mixture Trials 

 Table one contains the data from the three 5-alkane standard mixture runs. Retention times (s), average 

area (mV.s) under the peak, averages (s and mV.s), standard deviations (s and mV.s), coefficient of 

variations (%), A1% (mV.s), and area correction factors (CF) are in the table below. 
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Table 1 5-alkane standard runs, staƟsƟcs, and computed correcƟon factors 

 hexane heptane octane nonane decane 
Trial 1 - tR (s)  63 101 166 281 481 
Trial 2 - tR (s) 63 104 170 286 480 
Trial 3 - tR (s) 64 102 168 283 486 
Avg tR (s)  63.3 102.3 168.0 283.3 482.3 
StDev tR (s)  0.577 1.528 2.000 2.517 3.215 
RSD tR (%)  0.91 1.49 1.19 0.888 0.666 
Trial 1 - A (mV.s)  105.2 105.7 114.0 119.4 123.5 
Trial 2 - A (mV.s) 106.3 105.1 110.1 112.4 115.3 
Trial 3 - A (mV.s) 106.4 105.4 113.2 116.0 119.7 
Avg A (mV.s) 105.97 105.40 112.43 115.93 119.50 
StDev A (mV.s)  0.666 0.300 2.06 3.50 4.10 
RSD A (%)  0.63 0.28 1.83 3.02 3.43 
A1% (mV.s) 5.30 5.27 5.62 5.80 5.98 
CF 1.00 0.99 1.06 1.09 1.13 

 

Experimental Conditions: the detector temperature was set and read 202 oC. The injector temperature was 
set and read 202 oC. The column temperature was set and read 133 oC. The helium flow rate was set to 
59.9 mL/min and the detector current was set to 100 mA. The column/stationary phase used was 
polydimethylsiloxane in a packed column and the sample size used was 5 μL.  

The alkane retenƟon Ɵmes (tR ) had an acceptable coefficient of variations, shown in Table 1 and all being 

below 2.0%. All the area (A) measurements were acceptable and below the 20% cutoff.  

The average retentions times for hexane was 63.3 seconds, for heptane was 102.3 seconds, for octane 

was 168.0 seconds, for nonane was 283.3 seconds, and for decane was 482.3 seconds. They eluted in this 

order due to the progressively higher vapor pressure each has. Looking at n-alkanes, each additional 

carbon increases both the molecular weight and the vapor pressure/boiling point of that alkane. This is 

why the alkanes tested here elute in the order seen.   

ExcepƟng standard staƟsƟcal computaƟons, the formulas used for the above calculaƟons can be found in 

the Appendix. 

Figure 1, below, contains an overlay of the three 5-alkane standards runs. The early porƟon of the graph 

contains a small spike in run 1. This is presumed to be residual acetone, not properly cleared from the 

syringe. 
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Unknown Trials 
Table two contains the data from the three unknown # 23 mixture runs. Retention times (s), average area 

(mV.s) under the peak, averages (s and mV.s), standard deviations (s and mV.s), coefficient of variations 

(%), corrected area (Acor in mV.s), area correction factors (CF) used, and % component composition are 

in the table below.      

Table 2 The retenƟon Ɵmes, peak areas, standard deviaƟons, RSDs, correcƟon factors,  

corrected areas, and percent composiƟon from the three unknown #23 trials. 

 peak 1 peak 2 

Trial 1 - tR (s)  169 284 
Trial 2 - tR (s) 169 289 
Trial 3 - tR (s) 172 292 
Avg tR (s)  170.0 288.3 
StDev tR (s)  1.73 4.04 
RSD tR (%)  1.02 1.40 

Trial 1 - A (mV.s)  377.2 166 
Trial 2 - A (mV.s) 383.5 173.6 
Trial 3 - A (mV.s) 381.6 162.4 
Avg A (mV.s) 380.77 167.33 
StDev A (mV.s)  3.23 5.72 
RSD A (%)  0.85 3.42 

Identity octane nonane 
CF 1.06 1.09 
Area corr (mV.s) 358.9 152.9 

% component 70.1 29.9 
 

Experimental Conditions: the conditions are the same for 
the unknown trials as used for the standards trials.  

Figure 1 An overlay chromatogram of three trials of the 5-alkane mixture  
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Figure 2, below, contains an overlay of the three unknown #23 runs. The early porƟon of the graph starts 
at 75 s, but before any informaƟve data appears. This was done to increase the differenƟaƟon between 
the three runs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IdenƟficaƟon of these alkanes are by retenƟon Ɵme correlaƟon. The idenƟfied component retenƟon Ɵmes 

showed a good correlaƟon with those of the standards. The octane tR was within 1.2%, and the nonane tR 

was within 1.7%. 

For the unknown number 23 trials, peak one, the average retenƟon Ɵme was 170.0 seconds, with a 

standard deviaƟon of 1.73 seconds and a coefficient of variaƟon (RSD) of 1.02%. The average peak area 

was 380.77 millivolt seconds, a standard deviaƟon of 3.23 millivolt seconds, and an RSD of 0.85%. 

For the second peak the average retenƟon Ɵme was 288.3 seconds, with a standard deviaƟon of 4.04 

seconds, and a coefficient of variaƟon (RSD) of 1.40%. The average peak area was 167.33 millivolt seconds, 

a standard deviaƟon of 5.72 millivolt seconds, and an RSD of 3.42%. 

 

For peak two, the average retenƟon Ɵmes were 288.3 seconds, with a standard deviaƟon of 1.73 and a 

coefficient of variaƟon (RSD) of 1.02%  

Figure 2 An overlay chromatogram of three unknown #23 trials. 
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All results for the retenƟon Ɵmes and areas for Unknown #23 were within the acceptable range for 

coefficient of variaƟon, being under 2.0 and 20% respecƟvely. 

Peak one correlated with the retenƟon Ɵme of octane, a calculated area correcƟon factor of 1.06, a 

corrected area of 358.9 millivolt seconds, and a percent composiƟon of 70.1%. 

Peak two correlated with the retenƟon Ɵme of nonane, a calculated area correcƟon factor of 1.09, a 

corrected area of 152.9 millivolt seconds, and a percent composiƟon of 29.9%. The computaƟon method 

used for compuƟng percent composiƟon is the peak area normalizaƟon method.  

 

ComputaƟons 

 

The gas chromatograph employed for this test uses a thermal conducƟvity detector (TCD). It has the 

advantage of being useful for most compounds, but a drawback is they have a different responses to 

different materials, because materials have different thermal conducƟviƟes. The following computaƟons 

normalizes the measurements from a TDC to allow for comparison between different compounds. 

 

ComputaƟon of the correcƟon (normalizaƟon) factor involved the two following equaƟons. This example 

will be based on a standard mixture with 20% of each of five alkanes, C6 through C10: 

 
A1% = avg Area (A) / (percent of component in standard mixture) 

Example A1% of heptane = 105 4 mV.s / 20 = 5.27 mV.s 

CFx (correcƟon factor for component x) = A1%s / A1%x  

 

         [where component s is a chosen reference. Hexane was the chosen reference. 

          The x represents a different standard value]   

Example CFheptane = 5.27 mV.shexane / 5.30 mV.sheptane = 0.99 

 

To compute a corrected area for an unknown, the measured peak area of the unknown is divided by its 

specific correcƟon factor. This normalizes it. 

 

Example Unknown Heptane Corrected Peak Area = UnknownHeptanePeakArea / CFheptane 

              CorrAreaHeptaneUnk =  2.33 mV.s / 0.99 = 2.35 mV.s 
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To compute percent composiƟon, all that remains is to sum all the corrected areas, divide that into 

whatever specific corrected area component being computed, mulƟply by 100 and that’s the percent 

composiƟon. 

 

 Example: using 8.91 mV.s as the total corrected peak area, the percent composiƟon is computed. 

                            PercentComposiƟonHeptane =  2.35 / 8.91 * 100 = 26.4% 

 

 

 

The compounds idenƟfied and quanƟfied were 70.1% octane, and 29.29% nonane.  

The method of quanƟzaƟon used, as described above, was the peak area normalizaƟon method5.  

 

Error analysis 

All retenƟon Ɵmes and area measurements, from both standards and unknowns, had coefficients of 

variaƟon under 2.0% and 20.0 %, respecƟvely. This was the criteria for acceptable measurements. 

 

Conclusions 
 

The goal of this research was to analyze an unknown sample containing two or three unknown 

alkanes, using gas chromatography, to determine the idenƟƟes of its consƟtuents and the relaƟve 

composiƟon of those compounds.  

By running a five-alkane standard mixture containing 20% of C6 through C10 n-alkane, retenƟon 

Ɵmes were established for all alkanes the unknown sample #23 could contain. Based on the known 

concentraƟons in the standard, calculaƟons using the known and unknown peak areas allowed the 

percent composiƟon of the unknown components to be determined. 

Three trials were run on both the standards mixture and the unknown mixture. This allowed 

idenƟficaƟons to be performed and produce peak area informaƟon. Using this data, determinaƟon 

of the component percent composiƟon was completed with staƟsƟcally acceptable results.  

The unknown peaks correlated to octane and nonane, being within 1.2% and 1.7% of the standards 

retenƟon Ɵmes. The concentraƟons of the idenƟfied alkanes were calculated at 70.1% octane, and 

29.9% nonane.   
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With the unknowns, the relaƟve standard deviaƟons for the retenƟon Ɵmes were 1.02% and 1.40%, 

corresponding to octane and nonane, which was comfortably under the 2.0% requirement. The 

relaƟve standard deviaƟons for the area under the peaks, for octane and nonane, were 0.85% and 

3.42%, respecƟvely, far under the 20.0% requirement for acceptability. The relaƟve standard 

deviaƟons for the standards mixture were also easily under the respecƟve requirements for the 

retenƟon Ɵmes and peak areas. 

The quanƟzaƟon was done via the peak area normalizaƟon method using the measured peak area 

data from the standards mixture runs.  
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Appendix 
Run Details 

GC Serial Number MY59170086 
GC Model Number U1231A  
Date  09/13/2023  
Time from 8.57 AM to 10:18 AM 

 

Formulas 
A1% = avg Area (A) / (percent of component in mixture) 

Example A1% of heptane = 105 4 mV.s / 20 = 5.27 mV.s 

 

CFx (correcƟon factor for component x) = A1%s / A1%x  

         [where component s is a chosen reference]   

Example CFheptane = 5.27 mV.s / 5.30 mV.s = 0.99 

 

Acorx (normalized area) = Ax / CFx 

Example Aoctane = 380.77mV.s / 1.06 = 358.9 mV.s 

 

%Componentx = Acorx / sum(all Acor) * 100 

Example %octane = 358.9 mV.s / (358.9+152.9) mV.s =  70.1% 
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Significant Figures 

    Significant figures used were the significant figures of the raw data plus one, for all calculaƟon results. 

 

Raw Data 

   Available on request. 


