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chlorine atom. As an example of this use, an improved analysis -procedure for methyl chloride in
ambient air is demonstrated. The enhancement of the ECD response of 32 simple chlorinated molecules
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derived from ECD data obtained in the manner described here.

Many polycyclic aromatic hydrocarbons (PAHs) also possess greatly increased ECD response with
oxygen doping while the response of several other PAHs is only slightly increased. The basis of these
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oxygen doped ECD are reported. Simple Hiickel molecular orbital theory is useful for predicting the
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A potential source of error in GC-ECD analyses which occurs following hydrogen cleaning of a 63Ni
ECD has been identified and shown to produce significantly diminished responses to oxygen and
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several alkyl monochlorides are shown to be non-linear. Several possible causes are discussed.
Superior calibration curves for alkyl monochlorides are obtained by the use of intentionally oxygen
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ABSTRACT -

The addition of oxygen to the n1trogen carrier gas of a constant
current electron capture detector (ECD) is shown to provide greatly
increased sensitivity to compounds having few and particularly only
one chlorine atom:. As an example of this use, an improved analysis -
procedure for methyl chloride in ambient air is demonstrated. The
enhancement of the ECD response of 32 simple chlorinated molecules
caused by the addition of oxygen to its carrier gas has been deter-
mined. The effects of size and isomeric differences for alkyl, vinyl,
allyl and phenyl chlorides and several chlorofluoromethanes are
reported. Oxygen doping is shown to be useful for compound identifi-
cation since the magnitude of the response enhancement varies greatly
with compound type and is reproduc1b1e for a given compound. A
mechanism previously proposed is further developed here into a
detailed model of instrument response. It appears that gas-phase,
relative rates of the reactions of 02~ with chlorinated hydrocarbons
can be derived from ECD data obtained in the manner described here.

Many polycyclic aromatic hydrocarbons (PAHs) also possess greatly
increased ECD response with oxygen doping while the response of -
several other PAHs is only slightly increased. The basis of these
observations is discussed and mass spectrometry measurements of the

negative ions formed in an oxygen doped ECD are reported. Simple Huckél_;

molecular orbital theory is useful for predicting the reactivity of
the PAHs in the ECD, with and without added oxygen. It is suggested
that the structure dependent, oxygen caused response enhancements
observed for PAH molecules might assist in their identification during
their analysis by gas chromatography. Several instances are pointed
out where oxygen addition might be gainfully applied to the problems -
of isomer elucidation.

. A potential source of error in_GC-ECD analyses which occurs
following hydrogen cleaning of a 63Ni ECD has been identified and
shown to produce. significantly diminished responses to.oxygen and
several chlorinated hydrocarbons. Calibration curves for the response
of a constant current ECD to several alkyl monochlorides are shown to
be non-linear. Several possible causes are discussed. Superior
calibration curves for alkyl monochlorides are obtained by the use

of intentionally oxygen doped carrier gas.




INTRODUCTION

" General Instrumentation

In 1958, 1in response to the groﬁjng_need.for a simple sensitive
~ gas chromatographfc défector,'Love]ock first reportéd fhe use of the
electron capture,detectbr (ECD) for the détection of solutes in the
eff]uenf of a gas chrpmatbgfaphy column (1)} This early ECD was in
- reality a simp]é enclosed ionization chamber confaining a radioactive
sdurce'(sH beta partic]e emitter) and a”pairgof‘D.C.'electrodes to
monitor the cell current at a constant Tow applied potential. Thé
current prodUceqlin the ECD arises from secondary electron production’
through both e1astfc_and inelastic collisions between the B particles .- .
and carrier gas molecules (2). An‘eléctron—attaching substance absorbs
‘secondary electrons forming slow-moving negative ions thereby
decreasing the electron density which results in a reduction in the
. standing current and hence a response. Although its fespoﬁse was very
nonlinear and unpredictable, the D.C. ECD was soon pressed into use
for trace pesticide aﬁa]ysis (3) because of. its very high sensitfvity
and se]ectivity of response. '
The erroneous and sometimes totally.false resSponses of the D.C.
ECD were ;hown by ‘Lovelock (4) to result from electron mobility
effects, space charge effects, contaﬁt potentials, applied voltage
effects, ionization cross section effects and metastable atom

jonization processes.. By adding a polyatomic gas sdch as methane




2
to argon or helium carrier gas, ionization cross section effects and
metastable 1oniiation processes,dre eliminated because the “quenching
gas" thermalizes the secondary electrons and removes the mefaﬁtab]es
by deactivating collisions as fast as they formed (4). Nitrogen
carrier ga§ adequately serves the same-pufpose as these carrier gasf
mixtures (6). '

To avoid or reduce the other sources of anomalous response,

_Lovelock (4) introduced the pulsed sampling techniqde. Instead of

applying a steady D.C. potential to the collecting electrode, brief
pulses of 0.5 to 1.0 usecond width and 100 to 200 psécond period of
sufficient magnitude to collect all of the electrons present in the
plasma are used. The current thus measured largely reflects the

chemical events occuring within the gaseous plasma during the field-

- free period between pulses. If the difference in standing current

which accompanies sample elution is taken as the ECD response, the
Tinear dynamic range of the constant frequency pulsed ECD varies from
50 to 500‘debending‘up0n the type of radioactive source used (5). |
This Tinear range corresponds to only about 10% reduction in_the
standing current (6). For certain substances the sensitivity may be
three to four times higher in the constant frequency pulsed mode than
it is in the D.C. mode (4). -

. In-iheir studies of pulsed electron capture detection, Wentworth

and coworkers: (7,8) derived a response relationship based on steady-
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state kinetic approximations which extended fhe,ECD's Tinear fange of -
response to four 6rders of magnitude using analog conversion (9).
. Wifhllqng pulse periods (1000 usec), they showed that the difference
| in standing current divided by the sémp1e current is linear up to 80%
reduction of the standing current. For the 1ong:pulsé periods under
which Wentworth's relationship is valid, extremely stringent conditions
of cleanliness are requfred to ensure adequate eiecfron concentration )
in the detector for sétisfactbry operdtion. Detector cleanliness.may
thus seriously affect the rahge of linearity when Wentworth's response
re1ationship‘1s'being used for signal processing. |

Wentworth and coworkers also showed that the two majéf mechanisms
of e]ectron'attachment, dissociative capture and resonance capture
could be'd1§tinguished by'their temperature dependence (7,8). Durbin
et al. (10) confirmed Wentworth's use of temperature depehdehce for
distinguishing electron capture mechanisms by identifying the products
formed.in representétive dissociative éapture and-resonance capture
reactions by gas chromatography-mass spectrometry. ‘Wentworth's work
also indicated that at higher temperatures the sensitivity of the ECD
to certain classes of cdmpounds was greatly enhan;ed. Conversely, the
response to other types of compounds could be suppressed by high
. temperatures. Chen (11) used this temperature dependence of ECD
responses as a qualitative aid of compound‘idéntity'and as a means of

reducing the effects of 1nterfer1n§ substances.




. 4
. In 1967, Simmonds et al. (12) developed a coaxial ECD containing -

63N1',source capable of safe operation up to

.a‘gold‘foi1 plated with
4OQ°C. ‘PrevioUSTy used titanium trftideﬂsources cou1d not be heated
-in‘excess'of 225°C withbﬁt signiffcént'loss of titkfum‘thereby '
degrading the soufce and'produéing somewhat of a radioactive hazard
(13,14).j Using argon-10% methane carr}ef gas and wenfwofth'ﬁ response
relationship the constant frequency 63N1 ECD of Simmonds et al. was
1inear over ét least three orders of magnitude; furthermore, the
largest sample concentfation injected represented 86% electron absorp-

3H-Sc source became available

tion (12). 1In 1971, a high temperature
(15). The temperdture limit of this sourcé was 325°C and its sensi-
tivity to peﬁticides was three times greater than the standard SH-Ti

- 147

source (16).. A Pm-Au foil capable of operating at temperatures up

to 400°C hés also been used as an ECD source With pfopérties.comparable
to thosé of 63Ni'(17). Besides expanding the temperature range'-
avaiTab]e for analysis purposes, these high_temperature detecfors
significantly reduced thé prob]ems of source contamination (5,6,12,16).
*In.1971, Maggs et al. (18) described a new mode of operation of
the pulsed ECD in which tﬁe detector current is held constant while the
frequency of the applied pulses is varied. ’When a. compound enters the
detector and absorbs'eleétrons,‘the,pu1se'frequency will increase to.
collect more e]écffons and keep the current at the predetermined level.

In this way the change in pulse frequency which accompanies sample
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elution becomes a measure of-sanple concentration within the detector.
Using a 63Ni source with nitrogen and_S% Ar-CH, carrier gases, the

constant current ECD response was estimated to be Tinear over a range

of 5 X 10%

with detection Timits of the same order as those for
constant frequency or D.C. operation (18).

| For optimum operation most users of constant current electron
capture detectors use Ar—CH4 carrier gas because tne electron drift
velocity in this mixture is about ten times greater than in nitrogen

1 93i ECD

(]9). Patterson'nas reéent]y reported a disp]acgd coaxia
that functions well with nitroéen carrier'gas (20). This ECD uses a .
narrow pulse wjdth (0.64 psec) -and has a 0.3 ml cell volume in which-
the carrier gas flow is counter to electron flow. This arrangement
permitsnSUfficient electron collection to ensure satisfactory detector
performance (20). A 11n§ar dynamic'range of néar]y‘fiV¢ orders of
.magnitude can bé obtainéd from this ECD cell (20). Patterson also
found that the response of this ECD is Tinear until tne electron
density is reduced to ieﬁs than 0.5% of‘its original magnitude. By
examining the effects of flow rate and retention time on the range of
linearfty, Patterson demonstrated that this ECD functions as a
cbncéntration-type detector rather than as a mass sensitive devi;e in
agreement with Maggs et al. (18).

A high frequency constant current ECD employing a hlgh intensity

1-curie 3H Sc source of small cell volume (O. 18 ml) with a linear range




6 .
of 106 for strongly electrophilic compounds such as aldrin has also
been developed (21). The sensitivity of this detector is comparable
- to that of Patterson (20) or Maggs et al. (18).

- A major advantage of the wide 1ineér dynamic:range of the constant
current ECD is its general tolerability to modest 1eve1$ of detector
contamination (18). Anotﬁer jmportant advantage of pulsed electron
capture detection is that it provides ah'inherently more stable base-
line than D.C. 6peration (18). fhis allows the use of column oven
temperature programming to improve peak shape and reduce analysis
time (22). ‘

Contamination by Oxygen and Water

Throughdut the development of the ECD, the presence of tréce
amounts of contaminants, such as oxygen and water, ih the carrier gas
has been deemed undesiréb]e due to its suspected deleterious effects
upon sensitivity and 1fnearity. In his earliest studies, Lovelock (4)
observed that the presence of oxygen in Ar‘-CH4 carrier gas caused a
marked reduction in the standing current of a pulsed ECD at re]étively'
‘Tow concentrations. Shortly thereafter, Guilbault ahd Herrin (23) in
their attempts to use air as the carrier gas for pesticide analysis
reported a ten millionfold loss of sensitivity to chloroform. They
also found that the étanding current of their ECD éorresponded to a
94% réductﬁon in the normal saturation current. Using air carrier gas,

these workers observed that sensitivity decreased as the interval
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between pulses was increased such that at intervals over 50 usec no .
signal was seen. This effect is completely opposite of what one
normally encounters in pulsed operaticn usingltypical “c]eén" carrier
gas (4). ‘

More recently, Van de Wiel and Tommasseh‘(24)‘using a fixed
frequency ECD showed that at 80°C only iO ppm 02 in N2 carriér gas
reduced the standing current to 1e§s than half its maximum value.

They coanuded that “drastic removal of oxygen is essential to obtain

a high standing current". These workers also noted that at higher
detector temperatures the influence of oxygen on thé standing currént
was considerébiy smaller. Oxygen contamination also apparent]y
increased the sensitivity of the EbD to butyl bromide at high detectbr
temperatures. These results suggest that iat lower temperatures,
oxygen mainly influences the standing current but its chief effect at
higher temperatures is to change the sensitivity to the component fhat
is to be detectéd“ (24);- Van de Wiel and Tommassen have further shown .
that if the carrier ga§ does not contain electronegative contamfnants,
the standing current Wi]] be independent of temperature and flow rate,
and they credibly argue tﬁat the results of Devaux and Guiochon (25)
which reveal a large increase in standing current at higher temperature
are due to‘the presence of contaminants which have a non—diésociative
eiectron capture mechanism, e.g. oxygen. In light of these results it

is understandable that most ECD users take great pains to e1imﬁnate




oxygen from their carrier gas.

: Added understanding bf ECD carrier gas impurity effects has been
made possib]e’by the very recent development of tﬁo new analytical
techniques: plasma chromatogfaphy (26) and atmospheric pressure
ionization mass sbectrometry, APIMS (27,28). In these instruments,
temperature and pressure ‘conditions within .the §3N1 ionization source
are 1Qéntica1 to those of the ECD. Instead of measufing electron |
density as in the ECD, these devices allow measurement of the ions
produced from electron-molecule and ion-molecule reactions.

 Using a plasma chromatograph with air carrier gas, Karasek and
Kane (29) found that at 125°C 90% of the electrons in their ion source
.react with oxygen and water in the air tq form (HZO)nOZ' ion-mo]ecu1e
complexes where n varies from 0 to 3 and is a function of water concen-
" tration and temperature. At 190°C only about 20% of the electrons are

| cohverted to the (H20)n02' jons. The identity of these negative ions
formed with air had been previously established by coupTing a plasma
chromatogrqph directly to a mass spectrometer (30). These workers also
observed that the addition of H20 to nitrogen carrier gas containing
apprec1a51e oxygen resulted in a much larger decrease 1in é]ectron
concentration accoﬁpaniéd by the formation of greater amounts of the
negative (Hzo)noz' jons than the mere brésence of the oxygen by itself.

The addition of H20 to carrier gas devoid of large amounts of oxygen

had 1ittle appreciable effect on the electron density and only affected
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the relative concentrations of thé-(HZO)nOZ' specieé by shifting the
equilibrium to favor the higher water ciusters. .

Spangler and Collins (31) similarly identified 02' and (H20)02'
as the predominant negatiVé'reéctqnt ions in plasma chromatography
using zero grade air as the éarrier gas. They also studied the effects
of water concentratidn upon the identity and aBUndanCe of reactant | |
jons and.presented findings consistent with those of Karasek and Kane
(29). 1In addition to 02' and its hydrate (HZO)OZ", carr (32,33) also
found appreciable quantities of C03', O(HZO)Z' and 04' fn his plasma-.
chromatograph when usiné zero grade air as the carrier gas. bzidic.gg
al. (34) using an APIMS easily identified 02" and its hydrates in high
purity nitrogen carrier gas thought to contain approximately 100 ppm
02 and 10 ppm H20. "They also sﬁowed that chlorinated aromatic hydro-
carbons predominantly ?drm phenoxide negative jons of mass (M-CI+0)
when using ultra high purity nitrogen carrier gas thoughf to contain
about 0.5 ppm Oé. Grimsrud et al. (35) observed the (M-C]%O) |
anion of p-chloronitrobenzene and other chlorinated compounds when
using ultra high purity nitrogen carrief gas in.‘their GC-APIMS system.

Horning and coworkers (36) usfng an APIMS whose ion source was a 63

Ni
ECD observed 02' and 02'(H20).to be the bredominant jons in the |
negative ion spectra at 100°C for nitrogen carrier gas containing
épproxfmate]y 2 ppth 02 (V/V). They also noted that 04' becomes

detectable at higher oxygén concentrations. Siegel and Fite (37)
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similarly found that in addition to 02' and its hydrates, 04- is also
‘a favored terminal ion when using air carrier gas in'ah APIMS. |

From the studies described above, a Tikely basis for the undesi-
rable ECD effeéts caused by oxygen aqd water readily emerges. In
carrier gas containing oxygen there will be a mixture of electrons and
‘reactant negativé jons, (H20)n02', whose. relative composition depends
upon the amount of O2 and HZO'in the carrier gas. The formation of
stablé negative ions removes a significant portion of the electrons
thereby preventing them from performing thefr function of reacting
with the sample (5,6,21,29,38). Samp]e constituents entering the ECD
therefore undergo the competing reactions of electron capture and
charge exchange ion-molecule reactions with the (HZO)nOZ' species
(6,21,24,29,31,32,33,34,35,36,37,38). Since the ECD pfoduces a
response by measuring a decrease in the electron currenf, this dual
reactivity leads to anomalous sensitivity and linearity effects whén
oxygen is present (6,21,29,38).

The serious problems posed by oxygen contamination have been
abated to somé extend by the development of high temperature detectors
(5,6,12,16) and the introduction of the fréquency;modu1ated (constant
current) pulsed mode of electron sampling (18). 1In 1977, Grimsrud and
Stebbins (39) in a study designed to "demonsﬁraté the importance or
unimportance of oxygen and water as carrier gas impurities on the quan-

63

titative response of a modern ECD" used a constant current "“Ni ECD to
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measure "the baseline frequencies and the molar responses of several
‘selected compounds as a function of the concentfations of oxygen and
water intentionally added to ultra high purity nitrogen carrier gas”.
Their sample compound§ reflected "different electron capture mecha-
nisms” and previously reported "types of terminal negative ion
products". Their results will be summarized below.

For the' constant-current ECD, the baseline frequency is analogous
to the standing current of a D.C. or fixed-frequency pulsed ECD and
méy be used as-an indicator of cleanliness (39). Grimsrud and
Stebbiné found that adding oxygen to the carrier gas predictably
increased the baseline frequehcy. The effect of oxygen on baseline
frequency was noticeably greater as the detector temperature was:
1oweréd. This finding is consistent with the resonance e]ectron
capture mechanism (7) proposed for oxygen and other similar compounds.
Water itself produced very little or no effect when the oxygen con-
centration was lTow. Only at high oxygen Tevels did the baseline
frequency begin to be significantly affected by water content. This
observation is consistent with the results of Karasek and Kane (29)'
and Spangler (31). '

Even with 2000 ppm (V/V) intentionally added oxygen in the
nitrogen carrier gas at 350°C and 250°C, the baseline freduency was
well below the point at which non-linearity of response begins to |

occur due to instrumental saturation.(20). At 150°C non-Tinearity
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was encountered with 800 bpm of oxygen, é level of oxygen contamina-
tion many times in excess of that usually encountered in normal ECD
operation. Because of the great1y increased 1inéar dynamic range and

the high temperature capabi]itfes of - their constant current 63

Ni ECD,
Grimsrud and Stebbins concluded that "oxygen contamination of the
carrier gas is much Tless harqu] to the chromatogram baseline than
had been previously reported for earlier ECD models" (39);

For the hfgh]y chlorinated hyﬁrocarbons studied by Grimsrud and
Stebbiné, a significant effect of oxygen on their molar responses was
observed only at the ‘highest Tevels of oxygen doping and only when
using lower detector temperatures. However, 1-chlorobutane had
large reshonse enhancement factors, 10-55, with from 1000 to 2000 ppm
added 02; Anthraﬁene behaved quite differént]y; its'response had -

a large oxygen depeﬁdence even at the very lowest levels added.

At 230°C the presence of 2000 ppm of O2 in the carrier gas 1ncréa§ed
the response of anthracene.to 82 times its response using ultra high
purity nitrogen. The effect of oxygen on the molar responses of
several compounds in‘carrier gas containing 10 ppm of water was also
determined. "No significant effect at this amount of added water on
the sample was observed where oxygen 1tse1?‘had causéd no effeét'or
response" (39). |

Usfng kndwn thermodynamic values, Grimsrud and Stebbins have

calculated the relative abundances of the ions 02', (H20)02'.and 04'
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with the clear resuit that'Oz' is the dominant negative ion at the
temperatures studied. From kinetic considerations of the electron
attachment-detachmenf equilibrium with 02 they have been able to
explain the oxygen dependence of the baseline frequency. Two mecha-
nisms have been proposed td account for the enhanced responses
described for the halocarbons and anthraceneucaused.by the addition
of oxygen to the carrier gas. |

For the halocarbons studied, a mechanism very similar to tﬁat
mentioned by Van de Wiel and Tommassen (24) has been proposed by
Grimsrud and Stebbins. Through an ion-molecule reaction involving 02'
and sahp]e coupled to the electron attachment-detachment equilibria
with 02, 02- is thought to serve as a cafa1yst for electron attachment
by the sample. If the rate of this addftiona1 02' catalyzed route of
electron attachment is faster than the rate of direct electron
atfachment, an enhanced ECD response would be expectéd from the
Grimsrud and Stebbins model.

In their second mechanism, a radical anion formed from the sample
serves as a catalyst for the achievement of the electron-oxygen
equilibria within the ECD. This model was postulated to explain the
oxygen dependence oBserved for anthracene. A moré thorough discussion
of fhe merits of these mechanfsms will occur in the results and

discussion section of this thesis.
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The Use of Dopants for Chemical Analysis

The intentional addition of dopants to the carrier as a means of
improving the analysis capabilities of the ECD was first reported by
Grimsrud and Milier in April, 1978 (40). Their earliest publication
(June, 1978) presented é genera1'characterization of the effects of

63\i ECD to five halo-

oxygen on the response of a cohsfant\current
genated methanes (41,42). The ECD sensitivity to compounds having few
and particularly only one chlorine atom was greatly increased. As an
exampTe of this, an analysis of methyl chloride in the atmosphere was
reported (41,42). Their enhancement studie§ were later applied to 28
addifiona] halogenated hydrocarbons, among which were the environmen-
.tally impdrtant f]uorochiorohydrocarbons (Freons 11, i2, 13, 14 and
22) and vinyl chloride (43). These results, published in June,.1979,
presented a detailed model for instrument response with oxygén doped
carrier gas and discugsed how and why response enhancemehts varied
with chemical structure. Two additional papers by these authors
containing supp]ementary information concerning the oxygen doping
process have recently appeared in the literature (44,45). Grimsrud .
and coworkers (46) have very recently concluded their preliminary
study of the respdnse of the oxygen doped ECD ‘to five selected
polycyclic hydrbcarbons} At 250°C the ECD responses of anthracene,
pyrene and 1,2-benzanthracene are increased very substantially

. while those of phenanthrene and tetracene are only incfeased
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slightly. The basis of these observations has been discussed, and
APIMS measurements of the negative ions formed in the ECD as a result
of oxygen doping are reported (46). |

Simmonds (December, 1978) has used high purity nitrogen carrier
gas containing intentionally added oxygen (100 ppm V/V) for the
anaiyéis of éarbon dioxide and nitrous oxide in the atmosphere (47).
The addition of oxygen to the carrier gas produced a signal for carbon

dioxide while preserving the usual response to nitrous oxide, thereby

~ allowing analysis of both gases from'a single sample of ambient air.

Simmonds postu]atéd a charge transfer mechanism involving 02' to be
respoﬁsib]e for the increased response to C02 using oxygen doped
carrier gas. 'His mechanism is almost jdentica] to that discussed by
Grimsrud and Stebbins (39) and M111ér and Grimsrud (42,43).

An oxygen dopéd GC-ECD system is currently’beihg used for the

continuous on line mohitoring of -bis(chlormethyl)ether in the

workplace environment-of Dow Chemical Cohpany,vMid]and, Michigan (48).
This fully automated GC-ECD system performs the monitoring tasks
previously done by operator-assisted GC-mass spectrometry with
considerably less expensive equipment and significant financial
savings iﬁ operator expense.

Rasmussen;and‘coworkers (49) have very recently -(April, 1980)
reported the usé of oxygen doped nitrogen carrier gas télmeésurg the

latitudinal distribution of methyl chloride in the atmosphere with a




- 16
constant current 63Ni electron capture detector. These data were
obtained from én anafysis brocedureAvery similar fo that reported by
Grimsrud and Miller (40,41,42). More recently (June, 1980) Rasmussen
and Khalil (50) have reported the first measurement ever of_aﬁbient
atmospﬁeric concentrations of CHC]F2 (Freon 22).. These measurements
were obtained with an-oxygeh doped ECD opeérated at 275°C using the
techniqués previously descfibed‘by Rasmussen et al. (49). Miller and
Grimsfud (43) had previously ;hown that the normal ECD response to
Freon 22 cou1a be significantly enhanced by addirig 0.2% oxygen to the
carrier gas at 250°C..' -

In September, 1979, Fehsenfeld and coworkers (51) reported that
fhe éensitivity of the ECD to COZ-,'H2 and CH4 could be enhanced by
the addition of nitrous oxide to the carrier gas. Shbrt]y thereafter, -
Sievers and coworkers (52) further characterized. the N20 enhancement
process and demonstrated that a nitrous oxide chemically enhanced ECD
responds to alkanes with about the same sensitivity as the flémé
jonization detector. The proposed mechanism for thiS~enhancement':
process (51,52) postulates fhat a fast irreversible charge exhange
ion-molecule reaction between 0 and the samp]é is responsible
for the detector response. Goldan et al. (53) were able to detect
part per billion levels of vinyl chloride using a NZO doped ECD. This

represents a very significant improvement when compared to the normal

ECD detection Timit for vinyl cH]orﬁde of approximately 1-5ppm (V/V).




RESEARCH OBJECTIVES

The 1nitia1 observations made by Grimsrud and Stebbins (39)
suggested that the intentional addition of oxygen‘to the carrier gas
might be a means of 1mprov1hg the sens1t1v1ty of the electron capture
detector to mono- and di-halogenated hydrocarbons and polycyclic
aromatic-hydrocarbons To accomplish th1s, the conditions necessary’
for opt1mum detector response must be 1dent1f1ed and carefu]]y
evaluated.

ATso worthy of careful examination was the’pdssib1é use of
okygen-caused response enhancements as qualitative indicators of
compound identity. Response enhancements were different for the
various isomers studied by Grimsrud.and Stebbins (39) and there was
no reason to suspect that this would not be the case for other
compounds.

Thus, the intent of this study was to further characterize the

63Ni constant current electron

effect of oxygen on the response of a
capture detector with the intent of using the enhancement process for

analysis purposes.




EXPERIMENTAL

Instrumentation

The data reported in this study were obtained with a Varian Model
3700 gas chromatograph equipped with an Aerograph 63N1 congtant
current ECD and an Aerograph Flame Ionization Detector (FID). The
électron capture cell is a ceramic-metal assembly capable of operation
at temperatures in excess of 400°Q.' Figure 1 presents an illustration
of the unique cell geometry of the Aerograph ECD. This cell has dis-
placed coaxial cylinder geometry. The larger cylinder contains a 7.5‘

mCi 63

Ni foil and the second cylinder serves as the electron collec-
tor. Carrier gas from the GC passeé through the collector cylinder
first, then up through the foil cylinder. This particular arrangement
minimizés the diffusion and convection of electrons into the collector
cylindér. It also reduces the number of long-range beta particles |
striking the co]]ector.- Thus, this cell minimizes the “fie]difree"
background current. The cell is polarized by applying negative
voltage pulses of 50 V amplitude and 0.64 usecond width to fhe wa]is
of the large cylinder while groundfng the collector cylinder. This
causes the electrons within the foil cy]ihder to move against the gas
flow and to be collected during the time the pulse is on. This unique
geometry has allowed the cell volume to be made very low (0.3 mL) for
increased sensitivity.

The cell current is held constant at 0.3 nA using nitrogen

carrier through the use of the electronic circuit illustrated in
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Schematic illustration of the displaced coaxial
cylindrical ECD used in this work
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Figure 2 (20). The cell current, I 1° is combined with an external

cel
reference current such that their difference is the input to the
electrometer. The e1ectrometerloutput determines the pulse frequency

which, in turn, determines the magnitude of I fhe syétem works.

cell”
by electronically varying the pulse frequency to maintain Ice]] =
Iref; Since bu]se frequency is the quantity which is'a1ways changing

in this method of operation, the output signal is a voltage propor-
tional to that frequency. .

Ice11 is proportional to the concentration of free electrons in
the cell and the frequency f of the applied pulses (20). The pulse
frequency.with pure carrier gas is defined as the base frequency fb of
the system. When an electron capturing sample (A) enters the ECD, it"
converts some of the free electrons into negative ions, thgreby
decreasing the electron- concentration in the cell. f must increase to
maintain Ice11 constant. This produce§ an output signal with peak
height proportional to the frequency increase, fA - fb, where fA
is the frequency corresponding to a sample concentration [A] within
the ECD: Maggs et al. (18) have shown that the increase in frquency

(fh - fb) is proportional to [A]. Thus, there is an inherently
Tinear re1ationshib between the peak height signal and the sample
concentration (20).

Most of the data for this study were collected using the GC-ECD

system described above. A small'portion of the data were obtained
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hsing a flame ionization detector. The Aerograph ?ID has a Tinear

7 -12

range greater than 10° and a detectivity of less than 2.7 X 10 g-

C/sec (54). This FID uses a ceramic fiame tip to minfmize the effects
of sample degradation at.meta11ic surfaces. The small contribution

to the system noise by the electrometer a]]ows thg FID system to -
operate at a maximum sensitivity of 1 X 10']2 A full scale.

A11 chromatograms were recorded on a Varian Model 9176 strip
chart recorder. Integration of peak areas was done eiectronica11y
with an Auté]ab'Mﬁnigrétbr (Model 2300-010). The reliability of this
Minigrator was verified.by manual integration of peak areas using a
K & E Model 4235 Compensating Polar Planimeter.

A specialized ECD which is also an atmospheric preséure ioniza-
t%on mass spectrometer (APIMS) was briefly used for certain aspects
of this study. This home-built ECD/APIMS instrument has an jon source

63Ni ECD's and includes a

of internal volume (1 cm3) typical of
coaxial pin which serves as the ECD anode. A five-eighths inch nickel
disk of 25 um aperture in its center provides a controlled leak of the
ions source contents into the vacuum region of a quadrupole mass
filter. With this instrument, the ECD response to an electron cap-
turing compound can be monitored along with mass spectral measurements
of the ions simultaneously formed in the API sburce. This API-ECD

instrument has been described in much greater detail elsewhere (35,

55).
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Standard Preparation

AT1 halocarbons studied were reagent grade obtained‘from
commercial suppliers. CH301, CH3Bf,‘CH3CH2C1; CHF2C1, CF3C1'and
CH2=CHC1 wére obtained as gases froh Matheson Gas Products, Lyndhurst,
New Jersey. Gaseous CFZCEZand liquid CFC13 were purchased from PCR,
Inc., Gainésvi]]e, Florida. Liquid samples of CH3CHZCH2C1 and
' CH3CH2CH2CH201 and solid p-dich16robenzene were supplied by Eastman
Kodak Company, Rochester, New York. Liquid C014; CHC13, CHZC]é’
C1CH2CH2C1, CH3CHC]CH3, (QH3)3CC1, chlorobenzene, benzy}ch]oride and
. o~dichlorobenzene were purchased from J. B. Baker Chemical Company,
Phillipsburg, New Jersey. Liquid CH3CHC1CH2CH and vinylidene
chloride were obtained from Aldrich Chemical Combany, Milwaukee,
Wisconsin. C1,CHCHg, C1,C=CHCHy, CICH=CHCH, and CH~CCICH were pur-

chased in Tiquid form from Pfaltz and Bauer, Inc., Stanford,

Connecticut. Liquid samples of cis-and trans-1,2-dichloroethylene

were obtained ‘from ICN Pharmaceuticals, Inc., P]aihview, New York.
Liquid samples of CHC]=CCi2, C12C=CC12, CH2=CHCH2C1, C]CHZCHZCH2C1,
C1CH,CH,CH,CH,CT m-dichlorobenzene and tggﬁ§;1,4-dich]oro-2-butene
were obtained from Chem Service, West Chester, Pennsylvania.

| THe polycyclic aromatic hydrocarbons were obtained in solid form
from commercial suppliers. Anthracene, phenanthrene, triphenylene,
tetracene, acridine, xanthene, carbaiole, dibenzofuran, dibenzo-

‘thiophene, 2-methylanthracene, 1-chloroanthracene;-2-ch10roanthracené,
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9-chlorophénanthrene, 5,6-benzoquinoiine and 7,8-benzoquinoline were
purchased from A]drich Chemical Company. Perylene, pentacene,
dibenza(a,h)anthracene, 9-chloroanthracene and 9-methylanthracene were
shpp]ied by Pfaltz and Bauer, Inc. Chrysene, beth(e)pyreﬁe,
7,12-dimethyl1-1,2-benzanthracene and 1,2,3,4-debenzahthracene were
purchased’ from ICN Pharmaceuticals. Pyrene was obtained from J. T.
Baker-Chemical Company. 1,2-benzanthracene was purchased from Sigma
.Chemica1 Company, St. Louis, Missouri. Dr.‘Sam Rogers of the MSU
Chemistry Department kindly supplied a small amount of Aldrich
research grade 3,4-benzopyrene. ‘All of the PAH and PAH-Tike samples
were research grade or better. Further purification of both these
samples and the halocarbons was unnecessary because the method of
" introduction to the ECD was gas chromatography which provfded the
necessary separation from impurities.

Standards of halocarbons having boiling points Tess than 100°C
were prepared as gaSes and those with boiling points above 100°C were
prepared as 1iqujd§. Standards of the PAH and PAH-1ike samples were
prepared as liquids. Standard concentrations which provided small but ”
easily measurable peaks were used so that the Tikelihood of instrument
saturation effects could be minimized.

- Gaseous standards were prepared in the following ways. 'For those
ch]orfnated hydrocarbons which were gases, 0.5 to 5.0 mL of pure gas

were added to 1 L flasks, previously modified to include two Teflon
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stop cocks and one injeétion port, containing nitrogen (Chemetron
Corporation).

The nitrogen source was first.ana]yéed to ensure that the tank
used contained acceptably Tow Tevels qf the substances of interest.
One to ten mL of this mixture were then injected into a 21 L glass
carboy with an air-tight stainless steel 1lid. Additionq] nitroéen
Qas then added. to the carboy to create a pressure of 5 psi above
atmospheric pressure. In this manner, many test samples could be
wi thdrawn by syringe without contamination of the standard by room
air and without fear of di]ufing fhe standard. Using this procedure,
gas standards of 20 ppb tq several ppm (V/V) were easily.prepared.

Two to ten microliter-aliquots of chlorinated hydrocarbons having
boiling points below 100°C were added witﬁ gentle stirring to warmed
1 L flasks containing nitrogen. After one or more additional
dilutions of this mixture into other 1 L flasks, a final injection
was made into the air-tight 21 L glass cafboy. In this manner,
‘standards ranging from 0.5 ppb to 5 ppm (V/V) were routinely prepafed.

.In these dilution procedures, a Hamilton 2 mL g]asé syringe was
used for gas aliquot transfers in the first steps. In the Tast
transfer to the g]éss carboy, a Pressure-Lok 5 mL gas-tight dlass
syringe with a Teflon piston wasAused. Fdrty mL of the prepared

contents of the 21 L carboy were transferred toa2m gas samp11ng

loop using a 100 mL ground g1ass syringe equ1pped with a Hamilton




26

shut-off valve.

Of the 35 halocarbons studied, CICH,CH,CH,C1, C](CH2)4C1,
. c120=cc1é, trans-1,4-dichloro-2-butene, chloroberizene, benzylchloride
and the three isomers of dichlorbenzene were the only standards pre-
pared as Tiquids. From two to ten ﬁicro1iﬁer aliquots of C](CH2)301,
C1(CH,),4CT, CT1,C=CCT,s benzylchloride, ;rgg§71,4—d1ch1oro-2—5utene, |
.b-dfch1ordbenzene and m-dichlorobenzene were diluted to 10.0 mL with
hexane or benzene. Two to ten microliters of these mixtures were
further diluted to 10.0 mL with hexane or benzene to produce standards
varying from 10'8 g/1 to 10-6~g/1. The ch]orobénzene standard was
prepared at an approximately one hundredfo]d increase in concehtraﬁion
‘when compared to the other halocarbons. Seventy mg of p-dichloro-
benzene were dissolved in 10 mL of benzene. This mixture was further
diluted 1:10 with benzene. Five to ten ul of the second dilution
were further diluted to 10.0 mL with ﬁore benzene to produce a.
standard of approximately 5 X 10'7 g/1 concentration. de pl aliquots
of these liquid standards were subsequently syringe injected into the
normal injection ports. | |

Standard§ for the PAH énd PAH-1ike samples -were prepafed in the
following manner. One to five mg of the solid sample were dissolved
in 10.0 ml-of thiopheﬁe-free benzene. This mixture was subsequently
diluted 1:20 or 1:10 with benzene. If necessary, the second mixture

was further diluted such that the resulting sample size was °
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sufficient to produce small, but easily measured, peaks. These
sample sizes varied considerably and encompassed a wide range of
concentrations. For ekamp]e, sample sizes of 600 ng, 300 ng, 40 ng,
40 ng, 10 ng, 5 ng, 2 ng and 1 ng per 2 ul injection produced easily
measureable peaks for dibenzothiophene, phenanthrené, anthracene,
1,2-benzanthracene, carbazole, 3,4-benzopyrene, tetracene and
chloroanthracene, respectively.

Chromatographic Parameters

A ten foot by 1/8 inch stainless steel column packed with 10%
SF-96 on Chromosérb W was used for the gaseous standards. For the
~preliminary studies involving five halogenated methanes, the column
temperature was 26°C. For the air analysis to be described later,
the column temperature was programmed from -50°C to 10°C. For the
other Qaseous standards examined, the column temperature was varied
from 30°C to.60°C depending 6n the compound examined. For the
halocarbons prepared as 1fqu1d‘samb1es,_a 1.5 foot by 1/8 inch
stainless stee1.co1umn packed with 3% OV-17 on Chromosorb W waé used
at column temperatures up to 110°C. This same OV-17 column was used
for the ana1ysfs of the PAH and PAH-1ike samples. The column tempera-
ture was varied from 140°C to 250°C depending upon the substance
examined. The injection port temperature was generally 20° to 30°C

higher than. the column temperature.
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The carvrier gas was ultra high purity nitrogen (Matheson)
specified to be greater than 99.999% pure and was passed through
traps containing activated charcoal and 13X molecular sieve.- An
oxygen scrubber (Alltech Oxy-Trap) was occasionaT]y added to the
carrier gas Tine to test the effect on the ECD response of residual
oxygen in the ultra high purity nitrogen. When heated to 200°C this
scrubber is specified to reduce oxygen content to less than 0.1 ppm.
The ECD measurements reported for the halocarbons were obtained
without the use of this scrubber. The Oky-Trap was installed for all
measurements reported for the polycyclic aromatic hydrocarbon
samples.

The pressure of the nitrogen carrier gas was maintained at 20 psi.
when ﬁsing the SF-96 column. With this pressure, a flow rate of 30
mL min'] was obtained. When using the OV-17 column, a pressure of

1

20 psi produced a flow rate of about 55 mL min ', For those PAHs

with Tong retention times, a flow rate of approximately 75 mL min']
was obtained by increasing the pressure to 25 psi.

Sampling and Oxygen Addition

The normal carrier gas flow system was modified to include
additional devices to allow gas sampling and controlied oxygen
addition to the carrier gas. Theée are shown in Figure 3. If
valves A, B and C are all off (bypass\position), carrier gas goes

directly to the GC. Gas samples are introduced by flushing the 2 mL




air sample

carrier
gas GC

Figure 3

Carrier gas flow system for the controlled addition and mixing of oxygen
with the carrier gas and for gaseous sample introduction

62
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sampling Toop (Carle 8030) with sample and turning the valves at C on.
The normal injection port and a 10 uL syringe were used for introdu-
cing the liquid standards. Variation of the oxygen concentration was
accomplished through the combined use of a 4.8 L stainless steel
sphere (B) which served as an exponential dilutor and another loop (A)
of 11.5 mL volume (27 inches of coiled 1/4 inch copper tubing). With
this loop, aliquots of breathing quality air (Chemetron) were added
to the carrier gas stream via valves A. With valves B open, each
aliquot of air introduced increased the 02 concentration in the
dilution sphere by 0.5 ppth (volume ratio) assuming air contains 21%
02. Any desired concentration of 02 in multiples of 0.5 ppth was
established by quickly filling and expelling the oxygen loop (A) into
the dilution sphere (B). In a period of 0.5 hours the established

oxygen concentration would decrease by less than 10% at which time

the initial concentration was reestablished by adding small amounts

of air via one of the valve pair A. The magnitude of the ECD
baseline allowed a continuous monitor of the carrier gas oxygen
concentration. The air was passed through a 13X molecular sieve
filter and an activated charcoal filter before going into the
dilutor. It was also analyzed by the ECD system to ensure that it
contained an acceptably low amount of ECD active contaminants.

For the halocarbon studies and the preliminary study of the

PAH's, oxygen was added to the carrier gas in the manner described
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above. With this approach, oxygen is present in the carrier gas prior
to the injector or column. Oxygen has had no observable detrimental
effects on the 1ifetime or performance of the columns used to date.
During the later phases of this work, oxygen was added as a make-up
gas after the column just prior to the detector by combining the
carrier gas flow with nitrogen gas containing 2.4% oxygen. This has
been accomplished by using the H2 flow system into the universal
detector base upon which our ECD is mounted. By adjusting the flow
rate of the 02 containing N2 make-up gas to produce a baseline
frequency indicative of some known oxygen concentration, measurements
can be made at a constant oxygen level. The results obtained for the
PAHs have been found to be independent of the method for introducing
oxygen.

Measurement Procedures

The ECD chromatograms of individual compounds or mixtures which
were easily separated from each other by gas chromatography were first
obtained using ultra high purity nitrogen carrier gas. The molar ECD
response value of each compound was determined by dividing its
electronically measured peak area by the moles of the compound. The
relative molar ECD response of each compound was obtained by
normalization with respect to the lTowest calculated molar ECD response
value. Aliquots of air were added to the carrier gas and the analysis

of each compound was repeated with each subsequent addition of air.
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Response enhancement values were obtained for each compound from the
ratio of the peak heights, with and without added oxygen. The
baseline frequency was also monitored and calculated in the manner

prescribed by the ECD manufacturer for all oxygen concentrations.




RESULTS AND DISCUSSION

Preliminary Characterization of the Effects of 02

Grimsrud's and Stebbins' previously discussed results suggested
the possibility of using oxygen doped carrier gas as a means of
improving the ECD detection capabilities to chlorinated hydrocarbons.
To investigate this possibility, a systematic study of the effects
of added oxygen on the ECD response to CH3C1, CH2C12, CHC13, CC]4 and
CH3Br was conducted. A major purpose of this early study was the
determination of the oxygen concentration and detector temperature
necessary to produce the most favorable signals for the sample
components.

The halogenated methanes were chromatographically resolved from
each other and could, therefore, be run simultaneously. Since the
CH3Br peak overlapped slightly with that of CH3C1, these were not run
simultaneously. Typical chromatograms are shown in Figure 4. Chro-
matogram A shows the normal ECD response to a prepared standard
containing 620 ppb CH3C1, 960 ppb CH2C12, 68 ppb CHC]3 and 17 ppb
CC]4 using ultra high purity nitrogen carrier gas at a detector
temperature of 300°C. The marked difference in the normal ECD
sensitivities of the various compounds is readily apparent from the
peak sizes produced by the differing amounts of respective compounds.
It is also obvious that the ECD does not normally respond well to
mono- or di-chlorinated alkanes. Chromatogram B is the ECD response

to the same standard using carrier gas containing 2.0 ppth oxygen.
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Figure 4

Typical chromatograms in the studies of oxygen's effects on
the ECD responses to chloromethanes. (a) Normal ECD conditions of
pure nitrogen carrier gas, (b) Same standard run with 2.0 ppth oxygen
in the carrier gas. Detector temperature is 300°C. Concentrations

avre 620 ppb CH3C1, 960 ppb CH2C12, 68 ppb CHC]3 and 17 ppb CC14.
Sample loop: 2 ml. Oven: 26°C
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The greatly enhanced response to CH3C1 is readi]y appareht. The
response to CHZC12 is also significantly increased whereas the

responses of CHC]3 and CC]4 are only slightly changed by the presence

"of oxygen. Chromatograms similar to those in Figure 4 were obtained

with from 0.5 to,S.O ppth oxygen added at detector temperatures from
ZOOfC to 400°C. A summary of this data.is presented in Table I.

A1l va1ue§ 1i§ted under the first column, "No 0, added", are
relative molar responses calculated from peak areas per mole and are
all referenced to the Towest value, that of CHsC1 at 300°C. Data of
this nature would be obtained from measured peak areas such as those
in Chromatogram a of Figure 4. This column thus provides a compari-
son of the relative sensitivities of the different compounds at |
various temperatures under normal ECD conditionsAof‘"clean" carrier
gas. A comparison of these relative ECD sensitivites confirms the
expectéd trend (56) that an increase in normal ECD sensitivity is
caused by the successive addition of chlorine atoms to methane.
Methyl bromide also respdnds considerably better than does methyl .
chloride. | |

The response:ehhancemeht values Tisted in columns 2-10 in Table
I are also relative responses but are referenced to the value in the
first column of each row. These vaTues.are determined from thé_ratio
of the peak heights of the compounds with and without added oxygen.
The values 6f column 9 thus indicate that the peak heights of CH3C1,




Tab1e I

'Effect of oxygen added to carrier gas on the ECD response
' of several halogenated methanes

bex?x;z;i?:rle, No O, - Oxygen concentration, %, 7

°C added 0.5 - 1.0 1.5 2.0 2.5 3.5 4.0 4.5 5.0

CH,CI o 4 : : :
400 1.2 6.5 12.3 18 23 29 44 -

© 350 1.0 10.2 20 31 41 53 ’ 101
300 1.0 21. ‘40 61 . 95 114 197 i 307
250 - 1.2 31 76 145 208 295 450 575
200 1.3 39 126, 254 288

- CH,CI,

400 2.0 1.8 2.8 3.8 4.8 5.6 7.8
350 4.9 2.8 5.3 8.3 11.8 14.7 25
300 2.9 5.3 9.9 20 28 32 46 57
250 - 1.9 14 36 66 88 109 136 : . 162 .
200 1.2 25 84 144 151

CH,Br ]
400 - 25.5 1.4 1.8 2.2 2.6 3.1 4.1
350 -13.9 1.8 2.6 3.9 5.2 6.5 11.3
300 8.9 3.1 5.5 8.9 13.1 15.7 24.1 33
‘250 4.8 7.2 17.8 33 47 62 82 100
200 2.7 13.2 45 82 88 )

CHCl, . _
400 5.0 X 10? 1.1 - 1.1 1.1 1.1 1.1 1.2
350 4.4 x 102 1.2 1.2 1.5 1.7 1.9 2.0
300 4.7 x 102 1.3 1.5 1.8 2.0 2.5 3.2 4.9
250 2.6 X 102 1.9 3.9 5.2 5.9 12.1 - 15.6 21
200 1.9x 10? 1.7 6.9 13.7 18

cel, ,
400 1.6 x 10¢ 1.0 1.0 1.1 1.1 1.1
350 1.6 x 104 1.0 1.0 1.1 1.1 1.1 1.3
300 1.5 x 10¢ 1.0 1.1 1.2 1.3 1.3 1.6 - 1.8
250 1.4 x 10* 1.2 1.4 2.0 2.1 2.6 3.6 4.5
200 1.3x 104 1.4 2.3 3.3 3.7 -

@ The responses listed under the column “No O, added” are all relative to the lowest in that column, that of CH,Cl at 200
°C. All other responses listed are relative to the fn'st value in each row.

9t
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CHoCy, CHgBr, CHC15 and CC1, with carrier gas containing 4.5 ppth
oxygen will be 575, 162, 100, 21 and 4.5 times greater than their
respective peak heights with no oxygen added at 250°C. 1In fhis
| manner the effect of oxygen on the ECD response for a given compound
at severaf temperatures is readily displayed. .

In Fignre 5 the relative responses (response enhancenents) of -
all compounds at 300°C are plotted againet oxygen concentration. Two
important observations are apparent from this figure. First, the
amount of response enhancement appears to be inversely related to the
‘normal ECD sensitivity of the compound. For examp]e, CC14 has a
relative mo1%r response 15,000 time that of CH3C1, but its response
enhancement is only 1.3% that of CH3C1 with 2.0 ppth oxygen,

Second, the amount of response‘enhancement increeses as the oxygen
concentration is increased for all compounds, particularly so for
CHaC1 and 'CH,CT,. These observations are consistent with Grimsrud's
and Stebbins' proposed mechanism involving electron capture cata]yéis
by 02' (39).

Since oxygen doping may be a means to 1mprove the ECD's analysis
capabilities for CH3C1 determination of the optimum detector .
temperature and oxygen concentrat1on that produce the most favorable
response is of vital importance. The effect of detector temperature'
on the oxygen-induced response enhancements of CH3C1 1s'shown in

Figure 6. It would appear that the lower detector temperatures might
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Figure 5

The effect of oxygen doping of the carrier gas on the ECD response
to several halogenated methanes at a detector temperature of 300°C
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Effect of detector temperature on the oxygen-induced response
enhancements of methyl chloride
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be best if only large oxygeneinduced responses to CH3C1 dre.desired.
However, in choosing the optimum analysis condition, the factors of
baseline frequency and baseline neise must also be considered. In
Figure 7 ts shown the etfect on baseline frequency of temperature for
the variqus levels of oxygen doping; The increase in hase]ine
frequency which accompenies‘oxygen addition is undbubted]y.due to -the
oxygen. electron capture equi}ibria-reaction (39). Since this
reaction 1is eXothermic, it is disfavored by higher temperatures.
_Thhé at the lTower temperature of 200°C, oxygeh's effect on the
baseline frequency is seen to be too great tor ana]yeis purposes.

The loss of linear response due to instrumental satuhétion begins to
oecur at about 100 kHZ with our instrument (20). 'At 200°C, this
point is approached with the addition of 1.5 ppth'Oé. At the higher
detector temperatures however, the baseline frequency is not in-
creased so drast1ca11y and a s1zeab1e range of 11near response to
sample compounds still remains even with the add1t1on of relatively
large amounts of oxygen.

The magnitude of baseline noise in an ECD is inherently related
to the random disintegration rate of the radioactive ionizatioh
source (57). The noise level wi]] he increased if an electron
;absorb1ng compound such as oxygen is added to the carrier gas because
of the decreased popu]at1on of electrons: ref]ect1ng the rad1oact1ve

-63

decay of the "“Ni source. The effect.of oxygen doping. on baseline
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Figure 7

Effect of oxygen on the ECD chromatogram baseline

at several detector temperatures
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hoise is shown in Figure 8, where the peak to peak amplitude of.noise '
is plotted against added oxygen for all detector temperatures.
 Figure 8 closely resembles the pattern of Figure 7 indicating that -
the noise Teve] roughly parallels baseline frequency. Again, fhe‘
.higher detector temperatures are preferable with respect to providing )
minimum‘basé1ine noise with oxygén doping.

In order to increase the sensitivity of an analysis technique,

tﬁe signal-to-noise ratio for that tecﬁnique must be increased. The‘
éombined effects of response enhancements and base]iné noise are’
shown in Figure 9 for CH,Cl where the relative signal-to-noise ratio
is plotted against oxygen concentration for aT] temperatﬁres. ~The
‘re1ative signa1jto-noise ratio is obtained from the ratio of thé
response enhancement and the nofse enhancement’ where the noise
enhancement 1s»equaT to the peak to peak noise amplitude with édded
oxygen divided by the peék to peak noise amp}ifudé withoﬁt.any
oxygen. As_an example, the noise 1evé1 is 3 Hz at 250°C with'no :
oxygen added and.increases to 37 Hz with 2 ppth oxygen. The noise
enhancement is thus 37/3 =.]2.3.‘ From Table I, the response enhance- -
ment of CH3C1 at this-oxygen concentration is 208; therefore, the
relative signai-to;nbisé value for CHéC] at 250°C withlz-pbthfoxygen
is 208/12.3 or 17. - This implies that the signal-to-noise ratio for
CHéC] with 2 ppth oxygen is 17 ffmés greater than the éorresponding

‘signal-to-nosie ratio without any oxygen at 250°C. Fof analysis
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Figure 8

Effect of oxygen doping on the baseline noise
(peak to peakg at several detector temperatures
















































































































































































































































































































































































































