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SUrMMARY 

A survey of signal enhancements for various classes of compounds was made 
using selective electron-capture sensitization (SECS) with nitrous oxide-doping_ This 
technique was used to aid in the identification of five phenolic compounds in a 
complex oil shale waste water fraction_ The three-fold dBerence in the enhancements 
found for or&o- and para-toluidine and the twenty-fold difference for benzo[a]pyrene 
and benzo[e]pyrene indicate that SECS can be valuable for identifying these isomers. 
Enhancement factors are presented for other aromatic and heterocyclic compounds. 
Thesignal from water was enhanced 260-fold, allowing trace determinations at part- 
per-million concentrations. 

INTRODUCTION 

The sensitivity of an electron-capture detector (ECD) to a variety of com- 
pounds that do not rapidly attach electrons can be enhanced markedly by the ad- 
dition of nitrous oxide to the carrier gas stream of a gas chromatograph. The basis of 
this enhancement is the application of ion-molecule chemistry to reduce electron 
density in the cell indirectly. For the case when N,O is added, the reactive ion is O- 
(ref. 1). Signal enhancement is observed when the rate of the reaction between O- 
and an analyte is faster than direct attachment of electrons_ A similar sensitization 
has been observed by Grimsrud and co-workers2p3 when 0, is added to the carrier 
gas. in that case, O;, which is in equilibrium with neutral O= and free electrons, is the 
reactant with analytes. 

The sensitivity of an ECD toward carbon dioxide, carbon monoxide, hydrogen 
and hydrocarbons can be enhanced by the addition of N20 to the nitrogen carrier gas 
stream and we have termed the technique selective electron-capture sensitization 
(SECS)**‘. It has also been shown that SECS with N20 can lead to an improved 
se&five analysis of vinyl chloride in air 6_ In the present paper, we report data for 
nitrous oxide-induced signal enhaucements for various other classes of compounds_ 
Because the magnitude of signal enhancement appears to be quite reproducible for a 
given compound and varies greatly from one compound to another, these data could 
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aid in the qualitative identification of compounds in complex matrices. Analysis of 
phenolic compounds in an oil shale waste water sample exemplifies this type of appli- 
cation- Studies of aromatic amines and polynuclear aromatic hydrocarbons (PAKs) 
show substantialIy differing sensitivities for closely related positional isomers, which, 
when coupled with ccmparing retention indices, can be very helpful in co&rming 
isomer identifications_ Marked improvement in the detection limit for water by NzO 
doping will be demonstrated_ Additionally, anomalous responses sometimes occurring 
in the ECD operated in the SECS mode will be discussed_ 

EXPERISIENTAL 

Imtnnents 
Most of the experiments were carried out with Hewlett-Packard (HP) Models 

5730 and 5713 gas chromatographs with 15 mCi 63Ni constant-current ECDs. The 
Mode1 5730 gas chromatograph with dual flame ionization detectors (FIDs) and 
single ECD was equipped with a Grob-type splitjspiitless capillary injector’. The 
eflluent from the ECD was passed through a heated 25 cm x l/S in. 0-D. stainless- 
steel tube which was connected to one of the FIDs. This aided in confhming the 
identiry of peaks by allowing simultaneous recording of the ECD and FID respon- 
ses’_ The Model 57 13 gas chromatograph, equipped with a single 63Ni ECD. a Grob- 
t,ype capillary injector, and a 1 O-port Valco gas sampling valve. was also used in these 
experiments_ Both ECDs on these instruments are identical in design and perform- 
ance_ A Tracer Model 560 gas chromato_mph equipped with a 63Ni ECD and a 
Tracer capillary injection system was used for some experiments_ The Tracer ECD has 
a coaxial design with a considerably larger cell volume than the pin-incup design of 
the Hewlett-Packard detector_ The Tracer detector also has the capability to be 
operated at 4UO’C_ compared to a temperature limit of 35O’C for the Kewlett-Pack- 
ard ECD. Tbe higher temperature capability constitutes a definite advantage for 
SECS experiments with N20 owing to the temperature sensitivity of the formation of 
O- (ref. 4). 

The detector pulsing rate of all ECDs was monitored with a frequency counter 
connected to the detector pulse circuitry. Frequency measurements provide an indi- 
cation of the relative cleanliness of the electron-capture cell and help determine wheth- 
er the system is operating properlyg_ 

Gas pur~jication and nzi_ring 

USP grade nitrogen (General Air. Denver, CO, U.S.A.) was used for carrier 
gas and make-up gas. Electronic grade nitrous oxide (Scientific Gas Products, South 
Plaitieid, NJ, U.S.A.) was added to the carrier gas. Before use, all gases were passed 
through 3/8 in_ O-D_ copper tubing containing molecular sieve 13X which had been 
activated by passing nitrogen through the sieves while heating at 350°C. The nitrogen 
carrier gas was passed through an oxygen scrubber composed of 3/S in_ copper tubing 
packed v&b R3-11 <Chemical Dynamics, South Plainfield, NJ, U.S.A.), a copper- 
containing catalyst, before it entered the molecular sieve cartridge. This catalyst must 
be activated by passing hydrogen through the catalyst while heating to 150cC1’. 

Two different devices were used to introduce nitrous oxide into the carrier gas. 
The first devicei was a 0.25 mm ID_, type 3 16 stainless-steel capillary tube that was 
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crushed nearly flat with a vice and twisted 3 complete turns over a length of ap- 
proximately 5 cm (see Fig_ 1)_ This flow restricting twisted capillary device was con- 
nected to both the HP 5713 and the Tracer instruments through a stainless-steel tee 
placed in the carrier gas line before it enters the gas chromatograph. 

f-f 7 

02 13-x 

TRAP TRAP - 
iw3TED 
CAPILLARY 

Fig_ 1. Twisted capillaq method for the addition of NZO. 

A permeation device similar to one used by Goldan et aL6 was constructed by 
sealing the end of a I.5 mm 0-D.. 0.5 mm I.D. PTFE tube by melting the end of the 
tube in the heated tip of a sealed disposable glass pipet_ -The sealed end of the PTFE 
tube extends about 2 cm into a tee interposed into the carrier gas line. This particular 
permeation device was used with the HP 3730 chromatograph. 

The column flow-rate for all packed-column analyses was either 30 or 40 ml 
min-‘; the N,O Ievel was approximately 20 ppm- 

Chnicais 
Ai1 chemicals analyzed were obtained either from Chem Service (West Chester. 

PA. U.S.A.) or Aldrich (Milwaukee. WI, U.S.A.). Solvents used for preparing stan- 
dards were of the highest purity available_ Distilled-in-glass hexane and toluene were 
purchased from Burdick & Jackson (Muskegon. MI, U.S.A.) and Nanograde cycio- 
hexane was obtained from Malliqckrodt (St. Louis. MO. US-A_). For those analytes 
with boiling points less than 120X, it was necessary to redistill these solvents to 
remove compounds that produced interfering peaks in the solvent chromatograms’“. 

When N,O was present in the carrier gas, all the analyses performed with the 
HP gas chromatographs were at 35O’C, the detector temperature of maximum sensi- 
tivity5_ Under normal electron-capture mode, most analyses were carried out at 
350°C with the exception of the PAHs for which the detector temperatures were either 
250 or 350°C. Identifications of compounds were confirmed by retention time analysis 
using an FID_ 

A signal enhancement value was calculated by dividing the response of the 
detector in the SECS mode by the response Observed with normal electron capture for 
the same amount of compound. 

Signal enhancement = 
Peak height with NzO 

Peak height without NzO 
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This value reflects the rate of reaction for the analyte with O- relative to normal 
electron-capture mechanisms. It is most useful in detector response ratioing or in 
identification of unknown peaks in the chromatogram. 

When 20 ppm N,B was present in the carrier gas, the noise level normally 
increased to approximately 4 to 5 times that during normal operation without nitrous 
oxide addition. To reflect the true improvement in detection limits attainable with 
N,O doping, a signal-to-noise (S/N) enhancement must be calculated. 

Signal-to-noise enhancement = 
S/N with NzO 

S/N without N20 

RESULTS AND DlSCUSSlON 

IdentQZ.ation of pt;enois in oil shale waste water 
The signal enhancement that is observed when nitrous o.xide is added to the 

carrier gas of an ECD can be used to assist in identifying the compounds giving rise to 
particular chromato_mphic peaks in very complex matrices. This approach was used 
to help identify fit-e phenolic compounds in a waste water sampie derived from the 
pyroiysis of oil shale. 

s 

A sample of waste water was obtained from a Colorado oil shaie retorting 
process. This water was steam distilled and the distillate components extracted into 
hexane with a Nielsen-Kryger apparatus as the condensed steam passed through a 
layer of this solvent- After removal of most of the hexane by rota-evaporation, 2 ~1 of 
the condensed sample were injected (split injection technique) into a gas chromato- 
graph for analysis. A 25-m long fused-silica capillary column (0.25 mm 1-D.) coated 
with Carbowax 20-M (Hewlett-Packard. Avondale, PA, U.S.A.) was used to separate 
the components with the Modei 5730 chromatograpb Fig- 2 depicts the analysis of 
this sample with an ECD operating in the normal and sensitized modes. The complex 
nature of this sample, even after fractionation, can be seen in both chromatograms. 
Aithoug5 the resolution of the capillary column was excellent, there was still a large 
number of unresolved peaks. Identification of these peaks is ordinarily very difficult 
without an expensive gas chromatography-mass spectrometry (GC-MS) system. 
Esen with a GC-MS system one may have problems with sensitivity and isomer 
identification with such a complex sample containing so many overlapping peaks. 
Indeed, attempts to analyze the sample by GC-MS failed to identify the phenolic 
components in this sample because of their low concentration and the compIe.uity of 
thk mixture. However, it was possible to identify these components by GC-IMS in a 
different sample (toluene fraction of Iiquid-liquid extraction) in which the phenols 
bverepresent in higher concentration than in the distillate. 

The identification of the GC peaks by ECD was carried out in a number of 
ways_ Addition of N20 to the carrier gas produced a large increase in size of a number 
of peaks in the chromatogram. This allowed more ready location of these peaks from 
one chromatogram to another. A number of compounds that could possibly be 
present in this sample were obtained in their pure form and retention times measured 
in a search for compounds that would match the enhanced sample peaks. When 
several possible matches were found, each compound was tested to see whether and 
how much the signal for it was enhanced by SECS (Table I). Finally, a small amount 
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Fio -_- 1. Identification of phenols in shale oil waste water. Z-PI split injection_ temperature program: 5& 
1OO’C at Z=C min-’ make-up flow-rate. detector temperature 35O’C. Top, SECS with 30 ppm N20 in N, 
carrier gas stream. Bottom. same sample analyzed by ordinary (ECD) without NzO. 

of the pure compound corresponding to each suspected analyte yas added to the 
original hexane sample and the analysis re-run to confirm the identifications. This 
allowed identification of the peaks with a relatively high degree of certainty_ Even 
hi_gher levels of certainty can be attached if the degree of enhancement matches that of 
authentic samples_ This constitutes 2 form of signal ratioing. The presence of phenolic 
components in a sample related to oil shale is not unusual13, but the identification of 
these compounds in a very complex matrix at levels too low to be detected with 2 GC- 
MS system is significant. 

This analysis of an oil shale waste water fraction exemplifies the use of SECS 
enhancement to identify compounds in a very complex sample_ Because only certain 
compounds were enhanced, only some peaks showed large changes, making the iden- 
tification of these compounds much simpler- 

T.4BLE I 

SECS ENHANCEMENT OF PHENOLS 

Compound S[qnal S:X 
mhancmwm ml~ancrmcm 

Phenol 7 1 
o-Cres4JI 14 3.5 
nz-cresol 12 4 
pCXSOf 1.5 

2.6-Dimethylphenol 2 2 
3.CDimethylphenol 12 4 
35Dime:hylphenol 12 4 
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Aromatic amines 

The SECS detector response produced by a number of aromatic amines was 
investigated. For these at&y_- a 30-m fused-silica capillary column coated with SP- 
2100 (J & W Scientific, Orangevale, CA, U.S.A.) was used with the HP 5713 gas 
chromatograph. SampIes of l-100 ng of the amines in hexane were injected (splitiess). 
At low nanogram levels, there appeared to be some irreversible adsorption of ar- 
omatic amines in this system. This may be due to the intrinsic acidic nature of the 
frised-silica surface or to the activity of the wall of the siianizcci glass injection port 
insert_ Attempts to sohe the adsorption problem led us to investigate two other 
cohtmns: a 2 m x 2 mm I.D. glass column packed with 4% Carbowax 201&l t 0.8 % 
KOH on Carbopack B (Supelco) and a 2 m x 2 mm I.D. glass column packed with 
5 7: KOH on Chromosorb 102. Both of these had earlier been reported to he very 
satisfactory for analysis of amines 1-r*15_~Due to excessive column bleed and appear- 
ance of various ghost peaks from both columns, even after one week of conditioning, 
we were unabIe to use these columns for analyses of amines. 

All six of the amincs studied showed large enhancements and exhibited some 
interesting isomeric effects. Table II contains the observed signal enhancement values. 

Acilinr 70 20 IS4 
I‘;-?dsihylaniIinr 46 12 196 
S_S-CinethyI2niline 3s 9 194 
o-Toluidinc 100 3 200 
m-Tohidias _- 33 9 203 
p-ToGdin+ 35 9 100 

The differences in the toluidine signal enhancements presented an excellent 
example of how SECS could be a valuable tool for isomer identification. &rho- and 
para-toluidine have the same boihnu points. but they can he separated with some 
columns. The three isomers of toluidke exhibit different enhancement values so these 
data can be used together with retention data to confirm the identifications. The 
addition of N20 to the carrier _s of an ECD makes it possible to determine relative 
response factors for each analyte. Comparison of these values with values obtained 
from standards allows ready identification of which isomer is present or indicates that 
a peak consists of a mixture of two or more compounds. 

PAHs were studied to determine whether SECS could be used as a tool to aid in 
the identification of these compounds. It was also of interest to compare results using 
X0 doping with those obtained by the O,-doping technique of Grimsrud and 
Milleri and Miller et al ii - . 

Several workersl**ig have shown that PAH mokcuks capture thermal ela- 
trons in a non-dissociative manner and therefore larger responses for these com- 
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pounds could be obtained by operating the electron capture detector at lower detector 
temperatures. For this retion, the responses for PAHs when NzO is added to an ECD 
at 350°C have also been compared to the normal ECD responses at 250°C. This is a 
more r&is& measure of the improvement in sensitivity of this new method over one 
currently in use. The detector temperature, 250°C. was chosen to maintain a detector 
temperature 50°C above the maximum column temperature. 

The results for seventeen PAHs are shown in Table III. These compounds were 
analyzed with a 1 m x 2 mm I.D. glass column packed with 3 o/0 OV-17 on Gas- 
Chrom Q, that was installed in the Model 5713 chromatograph. The carrier gas was 
25 ppm N,O in nitrogen at a flow-rate of 30 ml min- i. Samples ranging from 1 to 50 
ng of PAH per injection were prepared by dilution with toluene. 

TABLE III 

SECS ENHANCEMEh? FOR POLYNUCLEAR AROMATIC HYDROCARBONS 

Anthracene 3.2 
9-Methylanthncene 1.5 
Phenanthrene 9.7 

Tetracene 1.4 
I .2-Benzanthracene I.3 
Chrysene 5.5 
Triphenylene 9.5 
Py-ene 6.5 
Benzo[a]pyrene 0.6 
Benzo[ejpyrene 3.5 
Peryiene x2 
Acenaphthene 4.0 
Fluorene 1.7 
Dibenzofuran I7 
Dibenzothiophene 18 
Carbazole s.2 
Acridine 3.7 

0.s 
0.4 
?A 
0.4 
0.3 
1-d 
1.4 

1.7 
0.2 
0.9 
0.s 
1.0 
0.3 
1.3 
-1.5 
0-s 
0.9 

6.3 1.6 
5.9 1.5 
s-1 2.0 
1.6 0.4 
3.2 0.s 
6.5 1.6 

17 4.3 
11 7.8 

1.7 O-4 
zi4 S-5 

6 1.5 
4.0 1.0 
1.5 0.1 

29 7.3 
73 6.3 

8-4 2.1 
14.4 3.6 

* SECS response at a detector temperature of 35OO’C divided by the ECD response at 250%. 

The signal enhancements observed for many of these compounds were relative- 
ly small. However, there were substantial differences in enhancement factors for a few 
of the fused ring systems. The most notable effect of structural variation is il- 
lustrated in the case of benzo[e]pyrene contrasted with benzo[a]pyrene, for which the 
signal enhancement values dilfered by a factor of twenty- This may be due partly to 
the fact that at 350°C the normal EC response of henzo[e]pyrene is si_&cantly 
smaller than that of benzo[a]pyrene. The enhancement for triphenylene was also 
si_gnilicantly larger than those for the other compounds containing four fused ar- 
omatic rings Overall, the more linear fused ring systems tended to exhibit smaller 
enhancements. Therefore, for certain compounds, it would be possible to use relative 
enhancement values to dilTerentiate isomers in a difficult analysis of PAHs. This is 
particularly significant because the mass spectra of isomers of PA!& are very similar, 
and not of much use in assessing which isomer(s) are present. 
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Dibenzofirran, dibenzothiophene, carbazole and a&dine are heterocyclic mol- 
ecu!es in which oxygen, nitrogen or sulfur are included in the ring system. The signal 
enhancement values differ widely, from 1.5 for fluorene to 28.3 for dibenzofuran. All 
heterocyclic compounds e.xhibited MUCh _ larger enhancements than fluorene. the 
carbon analog. 

From a comparison of our signal enhancements with those reported by Miller 
et nl.” several interesting features can be noted. Triphenylene and dibenzothiophene 
exhibited relatively large enhancements with NzO addition, although they were 
among the least enhanced compounds when O2 was added. Substitution of a methyl 
group at the 9-position of anthracene decreased signal enhancement slightly with 
K1O, while the response enhancement values increased by a factor of two with 0,. 

For determination of actual improvement in detection limits of PAHs, the 
SECS response was compared to the response from the ECD operating normally 
without N?O at 25O’C. The increased noise levels resulting from the addition of N,O 
must also be taken into account_ The noise level when N1O was present is ap- 
proximately four times that without NzO_ The best signal to noise enhancement from 
our data was achieved with dibenzothiophene. for which the detection limit could be 
lcwered by a factor of 45 Of the seventeen PAHs studied. there are only six com- 
pounds with signal-to-noise enhancements greater than one. Signal-to-noise enhance- 
ment values less than one are actually degradations in sensitivity that are only useful 
to aid in the identification of compounds if detector-ratioing SCheMeS are employed_ 

C_dic heteroatontic con~por~nds 

The effect of the presence of a hetero atom on the observed enhancement was 
investigated further by examining the detector responses for a number of cyclic com- 
pounds containing a sulfur, nitrogen or oxygen atom (Table IV). These analyses were 
performed with the HP 5730 instrument using a 25-m fused-silica capillary column 
coated with SE-54. Whenever possible, splitless injections were used for sample intro- 
duction For thiophene and other compounds with boiling points below 110°C it was 
necessary to use split injections under isothermal conditions in order to obtain ad- 
equate separation of the analyte from the hexane solvent tail. Furan and tetrahydro- 
furan proved particularly difficult to resolve from hexane. In the case of furan, it was 
necessary to use toluene as the solvent and measure the furan response before the 
solv,ent was eluted. For tetrahydrofuran, it was necessary to use a 10 ft. x 2 mm I.D. 
glass column packed with 100-120 mesh Supelcoport with a 10 % loading of SP-2250. 
The last analysis was performed using the Tracer instrument, raising the possibility 
that the enhancenient observed may not be strictly comparable to the results for the 
other compounds measured with the HP instrument. However, in most cases the 
responses of the Tracer chromatograph were very similar, if not essentially identical. 
to those obtained with the HP instrument. It shouid be noted that the enhancement 
values reported here are not necessarily a constant for a given compound, but are 
dependent on detector design and cleanliness and may be dependent on other factors. 
It is necessary to determine these factors for a given instrument on a periodic basis as 
detector cleanliness changes. 

Examination of the first five entries in the Table IV reveals that responses of all 
nitrogen-containing compounds were enhanced to a certain extent. The responses of 
the Grst four compounds demonstrate that the detection of aromatic compounds was 
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TABLE IV 

SECS ENHANCEMEhi FOR HETEROATOMIC COMPOUNDS 

ConIpolir?J SigllQ~ S;A- 
enhancemenr enhancemenr 

PyrroIe 75 15 
Pyrolidine 20 4 
Pyidine 35 11 
Piperidine 5 1 
Quinoline 7.5 z 
Furan _* - 
Tetrahydrofuran 800 120** 
Z-5-Dimethylfuran 0.8 0.3 
p-Dio.xane 7 1.5 
Thiophene 1.8 0.3 
Tetrahydrothiophene 25 5 

* Response to 100 ng of furan without and with N20 = i-SS mm peak height. 
** Analwis performed with Tracer 560 gas chromatograph at a detector temperature of 4OO’C: all 

other mea&rements made with HP 5730 gas chromatozgaph at 35O’C. 

enhanced to a greater degree than that of their saturated analogues. Addition of one 
or two benzene rings to pyrrole or pyridyl moieties resulted in smaller enhancements_ 
The response enhancements for quinoline. a&dine and carbazole demonstrated that 
the nitrogen-compounds had improved responses over those of the carbon analogues, 
naphthalene, anthracene and fluorene. 

The oxygen-containing compounds produced more unusual responses_ Furan 
produced a small positive response with normal electron capture, but addition of 
N20 to the N, carrier gas resulted in a large negative response when furan is eluted. 
This negative response increased with the concentration of furan in the solvent, 
asymptotically approaching a limit determined by an injection of neat furan. The 
signal for dimethylfuran was always positive, although not enhanced by N,O. Tetra- 
hydrofuran dispiayed a large si_gnal enhancement with N,O when the Tracer dhroma- 
tograph was operated with the detector temperature at 4OO’C. Dibenzofuran e_xhibits 
a much larger signal enhancement than that of furan. This effect was the reverse of 
that observed with the anaIogous nitrogen heterocycles, carbazole and pyrrole. 

The signals produced for SECS of sulfur-containing compounds appear to be 
intermediate in magnitude to those for the nitrogen- and oxygen-containing com- 
pounds. The enhancement of the thiophene signal was very small, but this could be 
considered intermediate between the negative response for furan and the large en- 
hancement observed for pyrrole. The tetrahydrothiophene signal e.xhibits an enhance- 
ment less than the aromatic analogue thiophene, the reverse of the trend observed 
for nitrogen compounds. However, the value was greater than that of pyrrolidine and 
less than that of tetrahydrofuran. 

Aromatic compounds 

Analyses of aromatic compounds were done on a 3 m x 2 mm I.D. glass 
column packed with 10 y0 SP-2250 on Supelcoport_ Examination of signal enhance- 
ment values of these compounds indicates that addition of N20 to the ECD improved 
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FIB_ j_ Respnse enhancement of benzene and toluene with and without N,O. Tracer gas chromnto- 
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ar.d toluene. 

these responses significantly (see TabIe V)_ The detector response for benzene and 
roluene with and without N1O in the ca&er gas is depicted in Fig. 3. 

AU aromatic compounds studied produced somewhat unusual responses with 
the ECD. Benzene signals appeared to be extremely sensitive to impuritks in the 
carrier _eas. Under some circumstances, it exhibited negative response with normal 
electron capture’. Styrene, however, always produces a negative response with 
norm& electron capture and positive response when N20 is added. Biphenyl and 
naphthalene sometimes produce a “W”-shaped peak, which wili be discussed in the 
section on anomalous responses. 

Although the detector responses to ail these compounds were increased when 
N,O was present, their sensitivities were not superior to those obtainable with an 

TABLE V 

SECS EKiANCEMEM FOR AROM4TlC COMPOUNDS 

Cmpomd 



SECS OF WATER AND ORGANIC COMPOUNDS 155 

FID_ However. because SECS makes it possible to detect both n-alkanes and ar- 
omatic compounds used as retention index standards, this may facilitate compound 
identification based on retention indices when ECDs are used. 

Water 
Water exhibited a relatively large enhancement factor, 260 (Fig. 4), and can be 

sensitively cjetected with SECS. Unfortunately, the Porapak Q column operating at 
110°C exhibited a substantial level of bleed, resulting in a high baseline when N,O 
was present in the carrier gas. Therefore, signal-to-noise enhancement with the Po- 
rapak column was only a factor of 21. The major problem with the chromatography 
of water is poor column performance_ Porapak Q has been the most common column 
ptcking used for GC determination of water; however, recent evidence indicates that 
these columns cannot be used for the determination of water in most solvents because 
the solvent can displace the small amount of water adsorbed on the surface of the 
st:Tenedivinylbenzene polymeric beadslo_ This could create false peaks if the solvent 
were eluted before the water. To avoid solvent displacement of water, a lOO+l gas 
sampIe loop was constructed from I!16 in. 0-D. PTFE tubing to introduce gas sam- 
ples containing water. A flowing gas system consisting of a bubbler filled with distilled 
water, thermostated at 30°C and a tee to add dry make-up gas (air) was connected to 
the gas sample loop with l/4 in. 0-D. PTF_E tubing. In this way a gas stream saturated 
with water vapor at 3O’C could be diluted to desired levels with dry air. It appears 
that, with suitabie low-bleed columns that give sharp peaks without tailing for water, 

_d 

RETENTION -TIME 
(minutes) 

Fig_ K-Response enhancement of water with and without N,O. SampIe was 3 ng of water. 1.8 m x 1 mm 
I.D. glass column packed with Porapak Q at 1 IO’C. The peak labelled “i” was an impurity. 
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it should be possible to measure water sensitively by SECS. As a coro!lary, attention 
must be paid to drying the carrier gas carefuliy. 

Anomalous responses 
The fact that SECS can enhance the detector signal for a compound to which 

the ECD does not respond has led to the study of many compounds that would not 
normally be analyzed by electron capture. Some compounds have produced unusual 
detector responses_ The requirement that the detector be operated at a relatively high 
temperature (JSO’C) when N,O is added to ‘Lhe carrier gas has alsc led to some 
interesting sign& for other compounds that are normally analyzed at much lower 
detector temperatures with normal electron capture. 

A good example of this is the negative response observed for some PAHs and 
aromatic hydrocarbons_ This negative response was not simply an inverted peak, as 
Grimsrud and ~Miller’” have reported, but rather a “W”-shaped peak. The leading 
edge of the negative response was very sharp, but the bottom of the peak was gener- 
ally rounded and the return to the baseline was very siow. As more of the compound 
was injected, a positive peak would appear, superimposed on the negative component 
of the peak. The mirror image (positive peak) would appear to tail very badly. If a 
very large amount of analyte were injected, the negative component would appear as 
a slight drop in the baseline just before the large positive peak. The negative compo- 
nent was observed with pure nitrogen and sometimes with N,O in the carrier gas and 
when using either packed or capillary columns. The size of the negative peak seemed 
to be influenced largely by the cIeanliness of t&e septum and the amount of column 
bleed_ Therefore, avoidance of negative and other anomalous responses depends in 
part on maintaining as clean a chromatographic flow system as possible_ It appeared 
that whenever a compound produced a very poor detector response, there was a 
strong possibility of observing negative peaks- 

For the purpose of estimating enhancements, only the positive component of 
the peak was used. The peak height was measured from the base of the negative signal 
to the top 0’ the sharp positive peak. 

A second type of negative peak was observed for olefin compounds_ This was 
truly a negative peak, reasonably synumetrical, similar to that recorded for hydrogen 
at low detector temperature*. There was no positive component, and the magnitude 
of the peak increases in the negative direction (decreasing frequency) with increasing 
amount of analyte injected_ Hexene and octene are examples of compounds that 
produce such negative peaks with or without N20 present in the carrier gas. 

Support for this research was provided by AFOSR under Grant No. SO-OOi 1 
and by DOE under contract DE-EV10298. 
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