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ABSTRACT 
 
A critical aspect of the gas chromatographic (GC) system is a lack of interaction 
between an inlet liner and the analytes which pass through it.  Without the 
appropriate surface deactivation, analytes can be irreversibly adsorbed and/or 
temporarily retained in the liner.  The result of which is poor, inaccurate 
chromatography reflected as tailing, broad or absent peaks.  For example, in an 
analysis of semivolatile components, several analytes are prone to inlet liner 
adsorption.  2,4-dinitrophenol, pentachlorophenol, N-nitroso-di-n-propylamine, and 
hexachlorocyclopentadiene are often the first compounds to show signs of improper 
inlet deactivation or inlet contamination. This is demonstrated as the relative 
response ratios of these compounds are non-linear over a calibration curve and/or 
below the minimum required values dictated by the EPA method. 
  
The analysis of compounds with a highly basic character poses an equally difficult 
challenge.  Improper liner surfaces can interact with basic analytes, resulting in 
adsorption and therefore chromatograms with severe peak tailing or an artificial loss 
of response.  Ethanolamines and polyamines are particularly prone to this, and 
selecting the appropriate liner is a key factor in accurate analyses. 
  
Four different types of inlet liners will be evaluated for their performance over a 
broad spectrum of analytes (i.e., from highly acidic to highly basic in character).  
Chromatographic and statistical results will be discussed to assist the gas 
chromatographer in the appropriate choice of inlet liner surface deactivation. 



Introduction for Semivolatile testing 

US EPA method 8270 is a comprehensive list of compounds varying from 
basic to neutral to acidic character.  The variety of compound functionalities is 
also highly variable, which therefore makes the 8270 listing an excellent test 
bed for chromatographic system performance. 

The inlet liner geography to be used for semivolatile testing will be a drilled 
Uniliner.  The injection mode will be splitless.  Since the samples will be 
injected at low ppm levels, a liner which prevents interaction between the 
sample and metal injection port surfaces will allow the isolation of liner 
performance only.  The bottom of the drilled Uniliner physically seals against 
the head of the analytical column thereby forcing the sample to interact only 
with the liner surfaces. 

Each liner was injected with 6 dilutions of the test mix:  4, 10, 16, 24, 32, and 
80ng on column for each component.  Test conditions are shown in the 
protocol listing: 



Liner Geometries 
 
Drilled Uniliner (for 8270 Semivolatiles testing – Siltek version shown) 

 
   
   
 

 
4mm Single Gooseneck (for basic compound testing – Siltek version shown) 

 
 

   
 
 
Liner Surfaces 
 
1. Bare borosilicate glass:  Raw glass surface with no deactivation 

 
2. Standard Intermediate Polarity (IP):  Proprietary polymeric deactivation 

 
3. Siltek Deactivated:  Proprietary chemical vapor deposition deactivation 

 
4. Base Deactivated:  Proprietary deactivation to impart a basic character to the glass 

surface 



Testing Protocol for Semivolatiles (US EPA 8270) 
 
Column:  30m, 0.25mm ID, 0.25um Rtx-5Sil MS 
Standard mix:  104 compound mix of US EPA 8270 list 
 
Injection volume:  1µl, 7683 autosampler 
Injection type:  splitless 
Hold time:  0.4 min 
Injector temperature:  300°C 
 
Carrier gas:  helium (1mL/min. constant flow) 
Linear velocity:  34cm/sec. 
Oven temperature:  35°C (2min) to 260°C @20°C/min, to 330°C @ 6°C/min 
(1min) 
 
GC:  Agilent 6890 
Detector:  Agilent 5973 MS 
Transfer line temperature:  280°C 
Scan range:  35 to 550amu 
Ionization:  EI 
Mode:  Full scan 
 



Figure 1.  Sample Chromatogram of US EPA Method 8270 compounds 

 at 24ug/ml with a Siltek drilled Uniliner 



Figure 2.  Average Response Factors for key semivolatile components: 

Average RF (4, 10, 16, 24, 32, 80 ng)
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Figure 3.  Average Response Factors for key semivolatile  

components at 4ng on column: 

4 ng on-column 
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Table I.  %RSD comparison of semivolatile subset 

no deact. IP deact. Siltek deact. Base deact.
N-nitrosodimethylamine 5% 4% 1% 3%
pyridine 13% 11% 14% 5%
aniline 7% 4% 5% 7%
N-nitroso-di-n-propylamine 17% 6% 13% 11%
benzoic acid 28% 16% 21% 26%
2,4-dichlorophenol 7% 8% 6% 4%
2,4-dinitrophenol 38% 20% 17% 33%
3-nitroanaline 8% 5% 5% 5%
4-nitrophenol 29% 9% 7% 7%
acenaphthene 13% 10% 12% 11%
hexachlorocyclopentadiene 12% 9% 5% 5%
azobenzene 11% 5% 12% 11%
pentachlorophenol 20% 9% 5% 10%
nitrosodiphenylamine 12% 11% 12% 10%
benzidine 35% 10% 13% 12%
benzo(b)fluoranthene 17% 7% 8% 12%
benzo(ghi)perylene 14% 8% 7% 9%



Discussion on results for various liner surfaces with Semivolatiles: 

1. Undeactivated borosilicate liner 

 The liner with no deactivation, exhibited surprising response factors that at 
times were superior or equal to one or more of the deactivated liners (Figures 2 
and 3).  In general, the amine compounds responded well on this liner, even at 
4ng concentrations.  This is unusual as borosilicate glass can typically display 
an acidic character.  The %RSD values, however, for this liner were 
appreciably higher than the deactivated liners as shown in Table I.  Therefore, 
individual values may be deceiving as data over a variety of concentrations 
will excessively deviate unpredictably from the desired linear average. 

2. Base deactivated liner 

 Overall, this liner displayed excellent relative response factors.  As expected, 
the basic semivolatile compounds had the highest response and best linearity 
on this liner.  Unfortunately, as shown in Figures 2 and 3, acidic compounds 
displayed lower response factors and higher %RSD values (Table I).  
Benzo(b)fluoranthene and benzo(ghi)perylene also showed low response 
factors.  These undesirable values are the direct result of an inherent basic 
character of the modified glass surface for this liner. 



Discussion on results for various liner surfaces with Semivolatiles (continued): 

3. Intermediate Polarity (IP) and Siltek deactivated liners 

 The IP liners and Siltek liners generally exhibited the highest average response 
factors (Figures 2-6) in conjunction with the lowest %RSD values (Table I).  
This is the most desirable situation in a test lab environment where the data 
needs to be both accurate and consistent.  Individually, the IP liners showed 
marginal superiority in overall average response factors for some of the early 
eluting compounds (Figure 2), but this statement does not necessarily hold true 
for the same compounds at 4ng (Figure 3).  Also, %RSD values were relatively 
identical throughout the EPA 8270 subset.  The Siltek liners did show slightly 
superior response factors (both overall and at 4ng) for the mid- to late-eluting 
compounds (Figures 2 and 3).  For this half of the study, Siltek and IP liners 
are shown to have equivalent performance for low level semivolatile analysis. 



Introduction for Amines testing 

The gas chromatographic analysis of low level amines, in particular polyamines and 
ethanolamines, is considered to be one of the most challenging.  Without a properly 
deactivated chromatographic pathway, severe peak tailing and adsorption can occur, 
thereby ruining quantitative results.  Inlet liners with the same four different surface as 
the semivolatile study were evaluated with a low level (2.5-5.0 ng on column) test mix 
with various amine compounds to determine each surfaces’ performance.  Compounds 
of particular interest were diethylenetriamine and diethanolamine, as these are 
compounds representative of the most difficult basic compounds to be analyzed by gas 
chromatography. 

The inlet liner geography to be used for amine testing will be a single gooseneck.  The 
injection mode will be splitless.  Since the samples will be injected at low ppm levels, 
a liner which prevents interaction between the sample and metal injection port surfaces 
will allow the isolation of liner performance.  The bottom funnel (gooseneck) of the 
liner will prevent this interaction so the variation of resultant data is reflective of the 
various liner surface composition.  

Each liner was injected 6 times with the test mix.  Data analysis will compare results 
with and without the initial injection in order to determine the degree of priming 
required by each surface.  Test conditions are shown in the protocol listing: 



Testing Protocol for Amines 
 
Column:  30m, 0.32mm ID, 1.0um Rtx-35 Amine 
Standard Mix:   Amine test mix in 50:50 CH2Cl2/MeOH 
   
Injection volume:  1µl, 7673 autosampler 
Injection type:  splitless 
Hold time:  1min 
Injector temperature:  250°C 
 
Carrier gas:  helium (9psi head pressure, constant pressure) 
Oven temperature: 40°C (1min) to 165°C (1min) @10°C/min, to 280°C(10min) 
@ 10°C/min  
 
GC:  Agilent 5890 
Detector / Temperature:  FID / 310°C 



Figure 4.  Sample Chromatogram for Amines (2.5 / 5.0ng) 
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  1.  pyridine (2.5ng)  5.  diethylenetriamine (5.0ng) 
  2.  1,2-butanediol (2.5ng)  6.  C12 (2.5ng) 
  3.  C10 (2.5ng)  7.  diethanolamine (5.0ng) 
  4.  2-nonanol (2.5)  8.  2,6-dimethylaniline (2.5ng)  



Figure 5A-B.  Results for Amine Evaluation, Injections 2-6 

 A.  Average Response Factors for Injections 2-6 
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Figure 6A-B.  Results for Amine Evaluation, Injections 1-6 

A.  Average Response Factors for Injections 1-6 
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Discussion on results for various liner surfaces with Amines (Figures 5-6): 

1. Undeactivated borosilicate liner 

 When analyzing basic compounds at low ppm levels, the liner without any 
deactivation again displayed surprisingly high relative response factors.  For 
the most demanding compounds (diethylenetriamine and diethanolamine), 
however, these liners predictably showed the lowest response factors and high 
%RSD values.  Also, this liner surface did not show significant priming when 
comparing RRF and %RSD values from runs 2-6 vs. 1-6. 

2. Intermediate polarity (IP) deactivated liner 

 Since the IP liner has a characteristically neutral-to-acidic nature, it predictably 
performed worst of the four types.  Most notably with the diethylenetriamine 
and ethanolamine, the %RSD comparison from runs 2-6 vs. 1-6 showed 
significant priming.  The %RSD of the triamine increase from 17% to 52% 
when the first injection is factored in.  Likewise for diethanolamine, the %RSD 
increased from 11% to 25%.  This liner surface also had the lowest overall 
response factors in the amines experiment. 



Discussion on results for various liner surfaces with Amines (continued): 

3. Siltek and Base deactivated liners 

 The Siltek and base deactivated liners performed to give relatively equivalent 
response factors for all test probes.  These liners also had superior performance 
over the raw and IP liners.  It is interesting to note, however, that the Siltek 
liners displayed less priming effect.  The %RSD for base deactivated liners 
increased from 12% to 20% for diethylenetriamine and from 7% to 11% for 
diethanolamine when factoring in the first of six injections.  Correspondingly, 
the Siltek liner decreased from 12% to 11% for diethylenetriamine and 
remained constant at 4% for diethanolamine.  This result suggest a slightly 
superior overall performance of Siltek over base deactivated liners for the 
analysis of basic compounds. 



Conclusions 

The choice of a correct liner deactivation has hinged on the type of analytes that are 
to be analyzed.  Typically, if the analytes are acidic, a liner tailored to have an acidic 
character would be used in order to avoid the possibility of peak tailing or 
adsorption.  Conversely, a base deactivated liner would be selected to analyze 
compounds with a basic character.  This study has shown that liners with surface 
characteristics which match those of the analytes do in fact give excellent analytical 
performance when operating in their designated environments.  However, the study 
also shows that Siltek deactivated liners perform equivalently or better than the older 
generation surfaces.  Within the design of this comprehensive study, the Siltek 
surface is capable of optimum performance whether analyzing acidic semivolatile or 
basic amine compounds. 
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