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Figure 1- Worksheet for producing c6-c10 alkane vapor standards. 

zNose Performance Report 
Detection of Common Volatile Organic Vapors using 
Helium and Nitrogen carrier gases in short and long 
db-624 columns 

Description of Methods and Tests Performed 
A portable chemical vapor analyzer  (zNose™) was used to quantify the concentration of common volatile 
organic vapors.  The zNose is a GC/SAW containing a miniature tenax preconcentrator-injector, an ultra-
fast gas chromatographic column, and a solid-state surface acoustic wave (SAW) detector.     

This report describes an initial investigation focused on the exploring the use of nitrogen as a carrier gas 
rather than helium.  Both handheld and benchtop instruments equipped with 1-meter and 5-meter capillary 
(db-624) columns were used to detect 15 common volatile organic vapors.  Test vapor standards were 
created by injecting septa-sealed 250 mL bottles with measured amounts of hexane, heptane, octane, 
decane, benzene, toluene, ethyl benzene, 1,2-dichloroethylene, carbon tetrachloride, trichloroethylene, 
tetrachloroethene, and o-xylene in methanol.  

Three different standard vapors, designated as n-alkanes, BTE, and Cal2, were prepared according to the 
worksheets shown in Figures 1-3.   The top portion of each worksheet describes the preparation of a stock 
solution used for injections.  In Figure 1 a stock solution of 2000 microliters of solvent (methanol) to which 
is added 5 microliters of hexane and 124 microliters of heptane, octane, nonane, and decane is described.   

The lower portion of the work-
sheet calculates container vapor 
concentration after injection of 
a selected amount of stock so-
lution.  In Figure 1, injecting 5 
microliters of stock solution 
into a 250 mL container pro-
duces alkane vapor concentra-
tions in the low ppm range.    
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Figure 2- Worksheet for producing BTE vapor standards. 

 

 

Figure 3- Worksheet for producing Cal2  vapor standards. 
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Figure 4- The model 7100 zNose® is a portable 
benchtop  GC with an internal tank for carrier 
gas.  Approximately 300 measurements can be 
performed with a single tank of gas.  Both 
disposable and re-chargeable tanks are available.

Figure 5-testing three bottles containing BTE, 
Alkanes, andCal2 vapors. 

zNose® Quantification and Testing Procedures 
The zNose™ is an ultra-fast gas chromatograph which can speciate and quantify volatile organic vapors in 
as fast as 10 seconds.  The system is equipped with a vapor preconcentrator, a direct heated 1or 5 meter 
capillary column, and a solid-state non-specific detector 
with electronically variable sensitivity.   The sensitivity 
of a measurement is controlled by the detector crystal 
temperature and vapor sampling time.  Compound 
identification is based upon retention time.  An 
expandable library of compounds and their odors using 
retention time indexing (Kovats indices) to n-alkanes 
vapor standards is part of system software.   

Three zNose® instruments with dB 624 columns were 
used for testing vapor standards.  System A was a model 
4200 (handheld) with a 1-meter column.  Systems B and 
C were model 7100 (benchtop) with 1-meter and 5-
meter column respectively.  Linear temperature 
programming from 40oC to 160oC was used. Two GC-
method files were created to allow testing with either 
ramping rates of 5oC/sec or 10oC/sec. 

Three standard vapors (Alkanes, BTE, and Cal2) were 
prepared in septa-sealed 250-mL bottles.  Replicate 
measurements were used to test each of the standard 
vapors.   A series of vertically offset 10-second 
chromatograms illustrating the procedure used is shown 
in Figure 5.   A 1-meter column and a 5oC/sec method 
produced half-height peak-widths of  200 milliseconds 
and a maximum of 50 compounds can be resolved in 10 
seconds.    

Once an analyte (peak) was identified single-point 
response factors were assigned to that analyte based 
upon the system response (peak areas in counts, cts) to a 
standard vapor of known concentration.  Analyte 
response factors (e.g. counts/ppm), alarm settings, 
retention time, and other peak attributes were stored in 
special peak files.  Since response factors are GC-
method dependent, peak files are linked to GC-method 
files.  

Warm-up time for the zNose® was typically 10 minutes.  
Calibration only required verification of an n-alkane 
vapor standard vapor response.  Calibration of the 
instrument required 3-replicate vapor measurements and 
took less than 5 minutes.   Once calibration was complete the response of the system to any analyte (peak) 
in a test vapor could be displayed with Kovats indices and concentration in user units (e.g. ppm, ppb, pg, 
ng, etc.) or in detector counts.   Run to run measurement time was typically 90 seconds or 45 vapor 
measurements per hour. 

 



 4

Figure 7- Response parameters using helium carrier gas. 

Figure 6- Alkane response using helium (top trace in 
red) and nitrogen (bottom) carrier gas.  Top trace 
used a 1 second wait state to remove solvent 
response while bottom trace had no wait state and 
shows prominent methanol response. 

Testing System A 
System A was a model 4200 handheld unit with a 1-
meter db624 column.  A GC-method using a 
5oC/sec temperature ramp rate was used. Standard 
vapors were tested using a 10 second vapor sample 
which extracted 5 milliliters of vapor with each 
sampling of the 250 mL bottle.  A vent needle 
allowed air to enter the bottle during sampling and 
this produced a 2% dilution with each sample taken.  
Bottle standards were never sampled more than 10 
times (16% dilution).  A detector temperature of 
30oC, representing only moderate sensitivity, was 
used.  The internal valve temperature was set at 
50oC and inlet temperature set at 75oC.  These 
system temperatures were adequate since all 
analytes tested were below C10 

Alkane Response 
Alkane vapors, C6 to C10, produced peaks whose 
retention times were also used as time standards for 
Kovats indices.  The alkane response  using 
nitrogen carrier gas produced only a small shift in 
retention time. Nitrogen carrier gas did broaden the 
peaks slightly and reduce the analyte response 
factors or sensitivity by 40 to 50%.   

Chromatogram results using helium and nitrogen 
carrier gas are shown in the peak file listings shown 
in Figures 7 and 8.  Response factors are in counts per ppm. 

Figure 8- Response parameters using nitrogen carrier gas 
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Figure 10- BTE response using helium carrier gas 

Figure 9- BTE response using helium (top trace in red) 
and nitrogen (bottom) carrier gas.  Top trace used a 1 
second wait state to remove solvent response while 
bottom trace had no wait state and shows prominent 
methanol response.  

Figure 11- BTE response using Nitrogen carrier gas 

BTE Response 
 

Standard vapors of benzene, toluene, and 
ethylbenzene, produced peaks whose retention 
times were quantified and indexed using alkane 
retention times.  The BTE response  using 
nitrogen carrier gas produced only a small shift in 
retention time. Nitrogen carrier gas broadened the 
peaks slightly and reduced the analyte response 
factors or sensitivity by 20 to 30%.   

Chromatogram results using helium and nitrogen 
carrier gas are shown in the peak file listings 
shown in Figures 10 and 11.  Response factors 
are in counts per ppm 
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Figure 13-Cal2 response using helium carrier gas 

Figure 12-Cal2 response using helium (top trace in red) 
and nitrogen (bottom) carrier gas.  Top trace used a 1 
second wait state to remove solvent response while 
bottom trace had no wait state and shows prominent 
methanol response 

Figure 14- Cal2 response using nitrogen carrier gas 

Cal2 Response 
 

Standard vapors of 1,2-Dichloroethylene, 
carbon tetrachloride, trichloroethylene, 
tetrachloroethene, and o-Xylene, produced 
peaks whose retention times were quantified 
and indexed using alkane retention times.  The 
Cal2 response using nitrogen carrier gas 
produced only a small shift in retention time. 
Nitrogen carrier gas broadened the peaks 
slightly and reduced the analyte response 
factors or sensitivity by 20 to 30% 

Chromatogram results using helium and 
nitrogen carrier gas are shown in the peak file 
listings shown in Figures 10 and 11.  Response 
factors are in counts per ppm 
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Table I - Performance Summary for System A 

 

Summary System A Test Results 
Analyte Kovats indices and response factors in counts per part per million (ppm) are tabulated for System 
A and shown in Table I.    

 

Although the use of nitrogen instead of helium did not make a significant change in retention time it did 
cause a reduction (approximately 30%) in sensitivity.   The root cause of the reduction in sensitivity is due 
to peak broadening and the fact that the detector responded to the net amount of material condensing onto a 
temperature controlled quartz surface.   In general the response factor for the selected analytes is propor-
tional to the analyte’s boiling point or molecular weight.  For low molecular weight compounds (C6 and 
below), the minimum detectable signal level was approximately 1 ppm while for heavier compounds up to 
C10 the minimum detectable signal level was as low as 1 ppb.      

It should be noted that a detector temperature of 30oC was used and this represents only moderate sensitiv-
ity.  Reducing the detector temperature to 0oC could improve sensitivity for all analytes by approximately 
one order of magnitude. 

 

 

 

 



 8

Figure 15-Helium carrier gas 

Figure 17-Alkane response (system B) with helium carrier gas 

Figure 18-alkane response system B with nitrogen carrier gas 

Figure 16- N2 carrier gas 

Testing System B    
System B was a model 7100 bench top unit with a 1-meter db624 column.  A different GC-method using a 
10oC/sec temperature ramp rate was used.  Standard vapors were tested using a 10 second vapor sample.       
A detector temperature of 30oC, representing only moderate sensitivity, was used.  The internal valve 
temperature was set at 50oC and inlet temperature set at 75oC.    

Alkane Response  
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Figure 19-Cal2 response with helium 

Figure 21-Cal2 response with helium carrier gas 

Figure 20-Cal2 response with nitrogen 

Figure 22-Cal2 response with nitrogen 

Cal2 Response 
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Figure 23-BTE response with helium 

Figure 25-BTE response with helium 

Figure 24-BTE response with nitrogen 

Figure 26=BTE response with nitrogen 

BTE Response 
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Summary System B Test Results 
Analyte Kovats indices and response factors in counts per part per million (ppm) are tabulated for System 
B and shown in Table II. 

Comparing the results obtained with a handheld (system A, page 7) with those of a bench top model run-

ning a faster temperature ramp rate (10oC/sec) and no wait states, it can be seen that comparable sensitivity 
is achieved.   The use of nitrogen rather than helium produced the same reduction (approximately 30%) in 
sensitivity as well and the increase in sensitivity with molecular weight (boiling point) followed a similar 
pattern.   It should be noted that a detector temperature of 30oC was used and this represents only moderate 
sensitivity.  Reducing the detector temperature to 0oC could improve sensitivity for all analytes by ap-
proximately one order of magnitude. 

 

 

 

 

 

Table II- Performance Summary for System B  
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Figure 27- Alkane response using a 1-meter column 
(lower trace) and a 5-meter (upper trace) db624 column 

with a 5oC/sec temperature ramp rate. 

Figure 28- Peak separations normalized to peak width 
reveal a 2-to-1 improvement in resolving 

System C Model 7100 with 5-meter column 
System C was a model 7100 bench top unit with a 5-meter db624 column.  A GC-method using a 5oC/sec 
temperature ramp rate was used and standard vapors were again tested using a 10 second vapor sample and 
30oC detector temperature.  A comparison of retention time, resolving power, and sensitivity using the 
longer column is presented.  The system performance using nitrogen and helium was also compared.   

Long Vs Short Column  
 

Retention time is proportional to the square of 
column length and resolving power is propor-
tional to the square root of column length and 
this is evident I the chromatogram comparison 
of Figure 27.   

Physically the peak widths achieved with a 
long column are larger but the number of plates 
(resolving power) is much better as can be seen 
in Table III. 

Looking at peak separation normalized to peak 
width (Figure 27) clearly displays the 2X im-
provement in resolution achieved with a 5 
times increase in column length. 

Table III - Peak width and Plates 
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Figure 29- BTE response using 5 meter column, 30oC 
detector, and 10 second sample time. 

Sensitivity with Long Column 
 

Sensitivity is reduced with a longer 
column because of the peak width is 
increased.  Since the detector responds to 
the net amount of material condensing 
onto the temperature controlled quartz 
surface, sensitivity is reduced if peaks 
are wider.  

Scale factors for  benzene, toluene, and 
ethyl benzene (Figure 29) are only 25% 
of what can be achieved with with a 1-
meter column (see page 7 and 11). 

. A similar reduction in sensitivity occurs 
for the analytes of Cal2 shown in Figure 
30. 

   

 

Figure 30- Cal2 response using 5 meter column, 30oC 
detector, and 10 second sample time. 
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Figure 32-Alkane response using nitrogen carrier gas, 
a 5-meter column, and a 0oC detector. 

Figure 31- Alkane response using helium carrier gas, 
a 5-meter column, and a 0oC detector. 

Nitrogen Vs Helium Carrier gas  
 

Using nitrogen instead of helium carrier gas with a longer column produces even more peak broadening 
and as with the previous results, the sensitivity is reduced.  Reduced sensitivity due to peak broadening can 
be offset to some extent by reducing the detector temperature.  This is illustrated in Figures 31 and 31 
where a 0oC detector is used.  
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Discussion of Results 
The objective of this report was to show experimental results using nitrogen carrier gas and to assess 
performance using a subset of compounds selected from a much larger general list shown in Figure 33.  
The compounds are sorted by boiling point since this is the natural way to estimate performance with the 
zNose.  As a general rule the SAW detector used in the zNose operates by condensing compounds onto 
a temperature controlled surface e.g.   physical absorption.   The minimum detector temperature currently 
available is 0oC so it is not surprising that compounds with boiling points below zero are not detected well 
if at all.   In fact to achieve ppm sensitivity it is necessary to limit compounds to only those with boiling 
points above 30oC.   Compounds such as mercury with boiling points above 350oC are really not volatile.  
Furthermore they will not pass through a 200oC  zNose  system.  

 

Figure 33- Compounds of Interest 


