
OXYGEN EBHANCEMENT OF THE ELECTRON CWTURE DETECTQR 
RESPONSE OF CARBON DEOXTDE 

Simmonds has reported that the response of the electron capture detector to 
carbon dioxide is markedly enhanced by the addition of oxygen. The kinetic model of 
the etectron capture detector has been modified by induding the reaction 

as well as the usual oxygen attachment and detachment reactions- This leads to a~ 
expression for fhe response which agrees well with the concentration dependency and 
t&e unique temperature variation; increasing at low temperatures, reaching a maxi- 
mum at 500°K and d ecreasing at high temperatures. From this expression, activation 
energie5 of&* = 0.95 j= 0.2 eV and &* = 2.16 & 0.2 eV are obtained_ 

INTRODUCTION 

T%e electron capture detector (ECD) has long been recognized as a valuable 
sensitive and selective detector. Recently, oxygen has beerr added to the carrier gas 
to modify ffie selectivity by means of ion molecule reactions of the oxygen negative 
ion. Grimsrud and co-workers’” worked ptiarily with halogenated compounds 
while Simmo&s4 reported the effect with carbon dioxide. In the case of the hzlo- 
genated compounds, the constantcurrent mode was used and a steady-state kinetic 
model was devised by assuming that the pulse frequency is proportional to the electron 
concetration3. SimmondsJ used the constant-frequency mode which has been studied 
more extensively from a theoretical basis, but he did not present a kinetic model for 
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the rezct~ons. Znisteah a number of possiile reactions were presented to expti the 
phenomenon. Ca the basis ofprevious studies of thermal energy prouses in mixtuFes 
cor;tainiog carbon dioxide and oxygen using drift tubes-, ilowing &rflows’~’ and 
mass spectroi3.l~c nletbd ““, the enhancement reaction is cl&y: 

This is a specik case where a second negative ion, if formed, is in equiliirium with 
tfre 0;. It is the purpose of?.& paper to extmd the kinetic model of h ECD &&diy 
_ores%sf?d by wentworth et az_ I3 to this type of elthanement !ceaction and to apply 
ES&S of this in& to the d&a presen*%xi by hnmonds4 for the cast of carimn 
dioxide. The d&&s of the exact derivation will be presented in a future paper along 
v&h data for other react&s of t&s nature- 

REACTION ScEiEME FOR THE OXYGEN EEmCEbM WA THE FO,WMATiON OF 
A NO&D IsSOClAW NEGATIVE ION 

‘l%e reactions taking pIace in the ECD in the presence of oxygen are: 
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In the pzsence of a s_pecies, AB, w5ch can react a.ssc&itiveIy with 0; we 
ha= t& reaction: 
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and the nentralizztion of the new ne@ive ion: 

fn gmeral, the new negafke ion can be formed by ffie three body reaction: 

AR + 0, f e- - b.AB0; 
k -3 

or cm be formed by the reaction of _AB- with oxygen: 

AB + e- W k -- 
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In the zqecific case of carbon dioxide, the direct electron a~chmeflt is very small so 
that the latter nzactim sequence is negligible. The three body reaction is not obviously 
negligible bnt in fact, the temperature dependency denronstrates that reaction 7 is 
much fess probabfe than reaction 5. 

The reactions l-6 lead to a series of second order di%reatial equations which 
should be solved by an exact iterative procedure as given recently by Wentworth and 
Chef +. However, if the fraction of the elections removed by the reaction with carbon 
dioxide and /or oxygen is Iow, Le. IO-20 %, then the second order equations approach 
first order equations as a limit and the steady state ressts can be obtained simply as 
given in previous references =*15. The first order rate constants are designated as 
kD = k;, 101; ku = kt, [@I and ku: = k& [@I. Also, the conmtitions of 
oxyew and carbon dioxide are assumed constant and are designated as (t and c 
respectively. Then assuming steady state for the concentrations of OF, C0; and e-, 
we derive expressions for the ekctron concentration with no capturing species, 
designated 6, the electron concentration in the presence of oxygen, designated Lee-]&, 
and the ekcfron concentration in the presence of oxygen and carbon dioxide, desig- 
nated le- IQ&- These GUI be combined to give the relationship between ti enhanced 
response and the various rate constants. 
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This gives the response as a function of five ratios of rate umstants, two of 
which are characteristic of oxygen, and three of which are characteristic of tie en- 
hancement reactions. The rate constant ratios can be expreked as a pre-exponential 
term times an exponential term, Le. k = A(T)e(E/kT). Eqn. 11 then forms the 
b&s of the comparison of the experimental data with the kinetic model for low 
Capture. 

RESUL’FS 

The thermal electron capture data for oxygen have been reported by Van de 
Wiel and Tommasse@ and by Fmzz~an~‘~ The former obtained an electron afkity of 
OS eV for oxygen while the latter obtained an electroa a&&y of 0.43 & 0.05 eV and 
an activation energy for attachment of 0.07 & 0.05 eV. The data obtained by Freeman 
are shown in Fig. 1 where ln KP is plotted vemt.s l/T. The slope in the high tempe- 
rature iegion is proportional to the electron &.niQ while the slope in the low tern- 
per&me region is proportional to the activation energy for the forward reactior~~~~~. 
The line drawn through the data is the feast squares line calctited from the para- 
meters given above. 

The oxygen enhanced ECD response reported by Si.mnonds+ for carbon 
dioxide and nitrous oxide have been converted to electron captme coeffiti~ti, K, 
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and are shown in Fig. 1 as ln KT3/’ vs. l/T_ The s&ability of the temperature depen- 
dency data obtained by Simnonds is indicated by the fact that his nitrous oxide data 
blends continuously into 2arli2r data obtained in the normal IX33 mode by Went- 
worth and a~voik2rs=~~ which are also shown in Fig_ 1. 

The enhamxd rcspo~se can be calculated as a function of temperature by 
u&g various values of the pr2-expon2ntiai and 2xpon2ntid terms for the rate con- 
stants in eqn. 11. Ttis has been done on a II-58 programmable calculator and the 
results are shown in fig. I where the agreement is obvious. The param2ters used in 

this chdation are giwm in Table I. ‘Ibis set is probably not unique but does represent 
a reasonable set based upon previous data as will be discussed in the next section. 
Ihex -parameters ~2~2 ah used to calculate the concentration depend- of the 
enhmced mpcm. md the a_ment obtained was good- 

=TE C0NSfAN-i’ =TIOS USED IN THE CALCULATiON--OF THE ENEZANCE, 
RESDONSE 

k&k, = 3 
k&kD = 2640 e.. (-0_07O/k2-) 
k_;k, = 3.3236 I-= ecp (-O.Slo/kz=) 
kdkm = 2.2619. IO9 tip (-OJS[kT) 
kmrjku = 63.720- 101’ F exg (-2_16jkT) 
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D-ON 

Thetitstepin examinkg the ECD results is to consider the response to 
oxygen alone, The elec%oa a&&y has been determined experim~My by several 
techniques with the “best- value being the photodetachment result of0.440 & 0.007 eV 
(ref. XI)_ The fkst a ccurate experime~tai determination of this quantity (0.43 eV) was 
by Packs and Phelp9 who studied the temperature dependency of the attachment 
and deta&ment processes. This is essentizUy the same type of determination as carried 
out in the ECD and the a_=ment between the ECD values of 0.5 eV and 0.43 eV 
and the above “best” value is good L6*L7- The most extensive data for the activation 
energy of the attachment process comes from the ECD results given by Freeman”. 
This value of 0.07 eV is a rather low value and is qualitatively in agreement with the 
zero activation energy reported by Packs and Phelp? and Van de Wiel and Tommas- 
sen’d 

The parameters for the enhancement reactio~zs are not as well established as 
those for oxygen alone. The ratio of the recombination rate constants, k,_JkLx, for 

tie negative ions CO; and 0; respectively, should be in the range 0.1 to 10 and 
should be relatively independent of temperature. In the calc~~!ation.s, this parameter 
was varied over this range and for the particular activation energies obtained in the 
next section, a value of three ultimately gave the best fit to the experimental data. 

Several estimates of the thermochemical Ability of CO; re’ative- to 0; ad 
carbon dioxide LIE, have been made and are listed in Table II. Packs and Phelps6 
also obtained estimates of the rate constants kz and k_-2 at a single temperature, 
450°K. The only estimate of the activation energies Ef and E_*, comes -from an 
indirect caldation. Pacansky et al.= estimated that the ener= reqked to bend 
carbon dioxide in tke formation of CO; is 0.76 eV (Table n). If it is then assumed 
that the formation of CO; requires a similar bending, then E,* would be about the 
same. 

ENERGE-iXCS AND ACTIVATION ENERGIES FOR THE REACTION Oz- i C% = co,- 

EZ (evl 

O-9, & 0.1 

0.76 

AE, (eV1 Me&ad References 

-1.2 * 0.2 ECD temperature This work 
depeudence 
CaIculatiOnS Ekansky et al.zl 

-o_so & 0.1 DrSt tube temperature Pa&s and PheIp+- 
dependence 

-0.8 Flowing aftergIow Adams et c1.” 
-1.1 * 0.2 Photodetachment Vestal and Mw.Ic~~’ 

Thus these parameters were ti3ken as starting points to try to fit the experi- 
mental enhancement data to eqn. 11. However, the dramatic temperature dependency 
could not be reproduced. Therefore, the magnitudes of the rate constants at 460°K 
were held constant and the energies varied.~til a good fit was obtained. The final 
results are given in Table XI. The ECD rest&s for LIE, agree well with the photo- 
detachment RX&S. The agreement with the other values is not bad and could even 
be within the experimental error. 



I.EI order to appeciate the way that these parameters zt.Eect the temper&e 

depedenq of the eslhalced response better, the low a.ud high tempera- limits of 
ecp 11 wii be exam&d. At low tempeatnres, the reverse reaction r&e cor;sts 
become sm& and the recombination r&e szonstmts predomimte. Le. ku > k_2 and 
kU>k_x~thateqaIIbeccmts: 

, 

Thus ‘Lhe steep positive slopz in the Iow tempemti region is due to the product 
klk&_, or the sum of the activ-ation enesgies EL* f e f Ef,_ At high tern-m, 
&e reverx reaction rate corstzrs~f.s predomizute over the recombination rate co-& 
i.e- k_,>k, andk_, > k,sothateqn.tlbemsnes 

d.b-e k&k 
- = k&-Sk-z ac e (13) 

The stcqp xxg&vc slope in the high temper&u-e region is due to the product 
(kJk_3 &ik_d or the sum of tie activation energies, q -I- _&? - F_, - Ef,. The 
s.bap maximmn is due to the trznsitio~~ from osxe region to the other occwing over a 
aarrow ‘&mpera%uTe range, 

(1) The e~&~~cement of the ECD by oxygen doping in the case of carbon 
dioxide is. due to the formation of CO,- by the reactiozl of 0; and CO,. 

-fz) Tbe kinetic model of the electron capave prw canbcmodi%dto 
i;lclrrdc tie above ntacsion and the recombination of CO; and Ieads to an expression 
for the ch& response which qgees with the temperature and concmtration 
%zxiatim of the experimental reslllts. 

(4) The value of E$, 095 * 0-L eV is txas&ent with the calcuMed v&e of 
the enenz~ requkd to bend carbon dioxide prior to ekctron atib&21. 
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