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SUMMARY 

The effect of pressure and temperature on the current in electron capture 
detectors has been experimentally evaiuated using both =Ni and scandium tritide 
radioactive foils. The data were colkcted as a function of pulse interval and width, 
The data reflect the greater range of #i particks from a 9Ji source and under normal 
operating conditions suggest that the ionization region extends over the entire volume 
of the electron capture detector. On the other hand the ionization caused by fi particks 
from 3H is closer to the radioactive foil and more concentrated. The rate of loss of 
ekctrons has also been evaluated from this data and it appears to be ,wter for 
ionization by 3H than =Ni. Furthermore, the addition of traces of oxygen appear to 
increase the rate of loss of electrons to a greater extent with 3H than with =Ni. 

INTRODUCTION 

The high sensitivity and sekctivity of the ekctron capture detector (ECD) 
have made it a very powerful analytical tool in areas such as medical and drug 
research, among others. The ECD serves as a source of thermal electrons so it is 
also poss~bte to use it to study the mechanisms of thermal electron attachment 
(TEA) to mokcules1~2. 

The evident importance of the ECD along with unique operational problems 
have made this detector the subject of numerous studies1*3-‘o_ The objective of the 
studies on the ECD has been either to optimize its performance, or to pursue a 
better understanding of its operational theory. The kinetic model for a puked ECD’ 
has been very helpful to explain the results obtained from the ECD response to 
electron capturing species. More recently, the development of the technique of 
atmospheric pressure ionization mass spectrometry (API-MS) has allowed some 
research group~“-*~ to pursue the identikation of the products formed in the ECD. 
In consideration of the new information on the ECD, Wentworth and ChenX3 have 
revised the original kinetic model for the ECD’_ In this revision; Wentworth and 



Chen have removed the original assumption that the positive ion concentration 
remains constant at long pulse intervals within the ECD cell. 

Traditionally, radioactive materials have been used as a source of ionizing 
radiation in the ECD. Several particle emitters have been examinedr4~x5, and very 
recently Dwight et al. I6 hwe reported an 55Fe source of high-euer,~ Auger electrons. 
However, the radioactive sources of the ECD are practically limi+ted to 3H and 63Ni. 
In genera& 3H is preferred on the basis of high specific activities, and lower fl-- 
particle energies but it has a temperature limit of ca. 200X, or 325°C with sc3H,. 
The 9li can withstand temperatures of ca. 400°C. 

We have attempted in the present work a comparative study of the perfor- 
mance of ‘ihe ECD with both the scandium tritide and the 63Ni sources. This 
investigation will presumably shed more light towards understanding the behavior 
of the ECD. The resu!ts are analyzed through the revised kinetic model of Wentworth 
and C&en. The research includes the pressure and temperature effects, and the 
effects of the presence of oxygen within the ECD cell. 

EXEERIMENTAL 

A cylindrical geomew was used for the de’ator cell. It was made of 316 
stainless steel with a radius of 0.7 cm and length of 1.3 cm for the 63Ni detector, and 
2.1 cm for the WH, detector in the actual reaction chamber. The detector was 
sealed with a gold ring, and provided with a TFE insulated collecting electrode. 
The radioactive sources were: (a) a 15 mCi 63Ni plated platinum foil which com- 
p!etely covered the cell wall, and (b) a 150 mCi sc3HJ foil, 1 cm wide and 2.8 cm 
Iong. The following gases were u,ti as thermahzing mixtures: (a) argon -I- 10% 
methane from Linde with an oxygen content > 5 ppm; (b) argon f 10% methane 
from Linde with 5 ppm of oxygen concentration; (c) argon + 10 % methane from Big- 
Three with ca. 5 ppm of oxygen content; (d) argon oxygen-free grade from Linde 
(ca- 0.5 ppm oxygen), plus 10 7; methane UHP from Matheson (East Icutherford, NJ, 
USA_) (ca. 0.5 ppm oxygen). All gases were passed through a SA molecular sieve 
trap before entering the ECD. The flow-rate was maintzined constant at 150 ml 
mine1 (SIP). 

A pressure gauge wi‘h a 2 atm (30 p.s.i.g_) range was adapted to the-detector 
outlet. The pressure was varied up to a maximum reading of 1.2 atm (17 p.s.i.g.) 
on the gauge- The variation of the pressure was accomplished by restricting the 
flow with 2 needle valve. The temperature was varied from 300-350°C to 25°C. The 
ECD was covered with asbestos tape and mounted in an aiuminum block. -TWO 

cartridge heaters co~ected to a variable transformer were used to heat the aluminum 
block, and therefore the detector. A mercury *thermometer with a range from 0 to 
400°C with 1°C divisions was used to measure the temperature of the de&&or. T&e 
thermometer was immersed in the aluminum block and was kept as close as 
physiczhy possible to the detector oeli. 

Data of total electrons within the ECD as a function of time, temperature 
and pressure were obtained. The pulsed mode of operation was used throughout 
the en+& set of experiments. A Datapuise IO2 square wave generator was used to 
pulse the ECD. The notential was -40 V, a pulse width (r,,,) between 2 and 4 F 
-was used ;o as to achieve full collection of free electrons; the pulse period (f#) was 
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varied from ca. 10 to 10,000 tcsec, The current produced was measured by means 
of a Ckry 3 1 vibrating reed electrometer connected to a Houston Instruments singk- 
pen, strip chart recorder. The sensitivity of the electrometer and the recorder were set 
so as to keep the signal on scale. Typical values were 0.3 or I V in the electrometer_ 
For the recorder the sensitivity was set between 1 and 10 mV by means of ZL variable 
pot, but UnfortunateIy its absolute value was not measured at the time of the 
experiments. 

EUNETIC MODEL 

A kinetic model for the reaction occurring in an ECD was presented several 
years ago*e2. At that time the mathematical analysis of the kinetic model was siru- 
plified by making certain assumptions. In particular the positive ion concentration 
was assumed to be in excess and constant during the capturing process. This reduced 
second order rate expressions to first order, thus making the solution to the differ- 
ential equations quite amenable. However, in a receut publication Wentworth and 
CherP have solved the differential equations rigorously using numerical integration 
and repeating the integration over sufficient pulse periods to attain steady state 
conditions. In this analysis electron concentration was reduced to zero at the end of 
each pulse period to simukte the removal of electrons by the applied field. Simul- 
taneously, only a fraction cf) of the positive ion was removed which also could he 
due to the applied field or could account for diffusion to the wails of the detector_ 
In any event the positive ion concentration did not stay constant and generally 
decmased as the electron concentration decreased. Consequently, the differential 
equations must be solved considering the concentration of positive ions as a variable. 
If we let b represent the concentration of electrons when no capturing species are 
present, the rate expression for 6 is given by 

WI - = kpRB - k;, [@,,] [6] 
dr (1) 

where [&,I is the concentration of ions when no capturing species is present, 
k,RB is the rate of production of electrons aud positive ions as a result of the rate at 
which ? particles are emitted from the radioactive foil, and k;; is the second order 
recombination rate constant. 

Eqn. 1 is integrated over the pulse period at which time the electron concentra- 
tion is set equal to zero and a fractionf of the positives are removed. This process 
is repeated until there is no change in the final integrated values for b and [&J_ 
Numerous integrations have been made for different rate constants, mechanisms, 
puke intervals and concentration of capturing species. In all such integrations it was 
noted that the positive ion concentration was related to the electron concentration 
by the simple expression : 

(2) 

Since only a fractionfof the positive ions [Qo] is removed by a single pulse, it can be 
concluded that the number of ekctrons removed at the end of the pulse period wili 



equal the number of positive species removed from ffie ECD ceil. Substituting 
eqn_ 2 i&o eqrk, L gives 

The constants in eqn. 3 can be evaluated in a manner analogous to that 
carried out previously’ measuriug Lb] as a function of pulse interval, tP_ The initial 
slope oT this graph where tB w 0, is given by 

?Che limiting value of [b] at long pulse inarvals, [6]03. has a siope of zero and 

and 

k;, -= k&a -- 
f (CWY 

(4) 

Eqns. 4 and 5 were used to evaluate k& and kA/f as given in the following results. 

RESULTS AND DISCUSSION 

Eiectrolls collected versus p&se period 

ExperimentalIy in the operation of an ECD we do not measure the electron 
concentration directly. The measured quautity is an average curreut, I, as a result 
of the electrons collected at the duration of each pulse period, ?,. The number of 
free dectrous produced at the end of each pulse period N,- is simply (t,-I). If the 
vobxne in which the reaction occurs (V,) were known, the concentraGon of electrons 
could then be calcuiated, [6] = IV,-/ V,. Of uxrse the electrons are not homogeneous- 
ly distributed throughout the cell, so at best we could calculate only some average 
concenctition- This point will be considered in more detail later in the discussion. 

The results of this study are presented in Figs- 14 where the relative number 
of electrons as a faction of pulse period is shown. Different conditions of pressure, 
tc,mper&ure, and oxygen concentration are shown for both -Ni and S?H3 ~-sources. 
Note in Fig_ 1 that for 63Ni, increasing pressure at 286°C causes an increase in number 
of electrons at long pulse intervals, Ns whereas at 25°C there is an increase 
followed by 2 decrease_ For S@HS as shown in Fig. 2, IV,“- decreases with in- 
creasin,g pressure at both 296 and 25°C. However, note that curve c is very close to 
curve b at 296°C aud it appears that it is approaching the reversal shown by b and c 
at 25°C for =Ni. These seeming inconsistencies are readily explained in terms of the 
fmdamental constants k& and k’clp and the reaction volume_ This discusGon 
WiU follow. 
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Fii. 1_ Ekctroizs cdected per pulse versus pulse period: 65Ni fl- soufit, [O;l ca. 0.5 ppm. (a) P = 
31.7 p.s_i_a_ = 22ar.m: (b) P = 21.7 p.s.i.a. = 1.5 atm; (c) P = 16.2 p.s.i.a. = 1.1 Sm. 9, 286°C; 
v, 25°C. 
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Fig. 2. ElaztrQos cow per puke WrSzS pll25c period: SC%, 8- source, COJ M- o-5 PPm. (a., JJ = 
31.7 pS.i.2. = 2.2 atin; (b) P = 2t.7 p.s.ia_ = 1.5 atm; (c) P = L6.2 p.sLa. = 1.1 atm. *, W@C 

O,~“c. 

Similar data at [OJ > 5 ppm are shown in Figs_ 3 and 4. For -Ni there is 
very IittZe difEerezxe at t = 320°C compared with Fig. 1 at 286°C. However, at 
2YC, N,“- is nearly independent of pressure and much lower in magnitude. For the 
S&Z3 the cmvs are almost unagected at high temperature whereas the effect on 
N,“- at 25°C is dramatic. The curve at 25°C and P = 2.2 atm is so low in magnitude 
that it is ba&y above the abscissa (not shown in Fig. 4); i.e., N,“- is very pressure 
dependent at 25°C 
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Fii. 3. E!ectrms CoIIeaed per pulse VerSzLs puke period: %i /?’ source. [OJ ea. 5 ppm. (a) P = 
31.7 p_s.i_a. = 22 am; @) P = 21.7 psia. = X.5 atm; (c) P = 16.2 ps.ia. = 1.1 atm. 0, 320°C; 
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Fs. 5. Ekctmns COW pfs puke at short puke periods: QNi ip- smrce~ [Od M OS ppm (a) 
P = 31-7 p_si_a_ = 22 atm; (b) P = 21-7 p_s_i_a_ = 13 a&n; (c) P = 16_2 p_sia. = 1.1 atrn. e, 
320°C; 0.2vc. 

Fw. 6. Etcctmas cvikctui per puke at skort putst periods: SctH, fl- source, [&I M_ 0.5 p_nm_ (a) 
P = 31.7 p_s_i_a. = 22&m; (b) P = 21_7p_si_a_ = I.5 a&n; (c) P = 16.2p.sla. = 1.1 a&n. e, 
296°C; 0.2s”C. 

Rate ofprodhion of tbed electrons 

tdEb9 dt tg-0 =& - (G)tp_o= k& 



Of course since there is a distribntion of #3- particles with different energies there 
will also be a distribution of the ionization in the electron captnre cell. 7&e variable 
[6] would represent some average concentration of the ehzctrons in. the reaction 
volume, v,. 

The rate constant k&a actually depends rrpon three factors, two of which can 
be changed experimentzdly: (a) the flux at which the /3- par-G&s pass through the 
carrier gas, (h) the ionization efticiency for the @- particle, and (c) the concentration 
of the carrier gas. The ionization eEciency will not change unless the composition of 
the carrier gas is changed and this phenomenon is well understood in radiation 
chemistry, The ffux of #3- part&&s should remain essentialiy constant except for the 
decrease due to contamina tion of the radioactive surface or a release of the radio- 
active material to the carrier gas. The most dramatic change in kpRs is throngb 
the concentration of the carrier gas. At lower pressure this is easily predicted from 
the ideal gas equation and shouid be proportional to P/T_ 

The reaction volume V, is defined by the range of the @- particles, which is a 
function of the density of the medium 

where R,, is the range measnred in g cm+ and is assumed to be the same for ah 
materials. & at 1 atm and 25°C can be calcnJ.ated through the empiriczd relation 
given by Katz and Penfold” 

J& (mg cm-t) = 412 I&,_ 09 

where n = 1.265 - 0.0954 (In I&,& and E__ is given in MeV. Ewe again assume 
the carrier gas obeys the ideal gas equation of state, the density will be proportional 
to P/T. Consequently, through eqn. 7 the range and hence the reaction volume, 
providing it is less than the cell volume, is inversely proportional to P/T. Since 
k& and possibly V, are dependent on P/T, we have graphed in detail (d&/d*) 
at tD + 0 vs. P/T in Fig. 7. Note that the curve for 9% contirmously increases. 
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slowly approaching a maximum. S&&, on the other ban& shows an increaSe up to 
a maximum value which remains constant at greater P/T values_ 

These results are understandable if one consiaers the distribution ef 87 
particks in the cell as a result of the distribution of the fi- particle energies for 
SC%& and =Ni. Since the energy distribution for 3H and 63Ni is available in the 
literatrzrels*ls we have estimated f&e range of distribution (at STP) for both radio- 
active materials, and the res*&s are shown in Fig. 8. It should be noted that both 
distributions have not been normalized to the same particle density. However, it is 
clear from Fig. 8 that the @ particles from tritium have a sharper dis@ibution and 
smaller range than those from g3Ni, Et also should be noted that ICE, 30% of the 
distribution for =Ni is within 1.4 cm (the diameter of the detector ceil), and that all 
the radiation from S&I3 has a range smaller than 1 cm (&__ = 0.65 cm STP). 
Since the range is inversely proportional to the density in a gaseous medium, an in- 
crease in P/T will shift the distribution in Fig. S towards tb_e Ieft whereas a decrease 
in P/Twill shift it to the right_ Consequently, as PITis increazd the inaximm range 
for both sources is decreased and the B particles will be confined to a smaller 
volume. 

Fig, 8. Distriitior; of dism traveIled by /3- particks. 

The graphs in Fig. 8 are in agreement with the experimental results of Simon 
and Rorkzo who have measured the specisc ionization for SE5 and 6jNi as a function of 
pressure for spherical geometries They obtained the following resuks: (a) with a 
sphere of radius 5.08 cm, the saturation current increases when the pressure is 
varied from 1 to 760 Torr; furthermore, the saturation current measured for a 
sphere of 2.54 cm is identical with that in the 5.08 cm cell when twice the pressure is 
applied: (b) the spzcik ionization for 3H drops from CQ. lo-’ A ml-’ for a radius 
of 0.01 cm to CQ. 1O-‘o A ml-’ at 0.4 cm, at 740 Torr. For %i a gradual drop in the 
specific ioniz&ion at 740 Torr from ca_ 10es A ml-’ at 0.01 cm to -cu. 10-‘J A ml-’ 
at 6 cm is observed. The maximum range for tritium is 0.65 cm, and we have esti- 
mated a maximum range of 7.9 cm for 63Ni at 760 Torr, which we consider to be in 
good agnzement with the above experimental results. 

With the information in Fig. S we can account for the behavior in Fig. 7. For 
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the sc3H, source (&V&Q) at tB + 0, is a constant when P/T > 2 Torr “C-’ and 
then decreases as P/T decreases. The consttt value at higher P/T values is under- 
standable since the @- particles should be contained in the cell. For example, the 
range of 0.65 cm at 25°C and 1 2tm corresponds to P/T = 255 Ton oC-L and 
this is less than the radius of 0.7 cm and the foil width of 1 cm. As P/T increases, 
the range and reaction vollune decrease but kdr, increases in a compensating 
manner so as to make (dAr&lt) constant at tP --t 0 <eqn. 6). The decrease atPiT< 
Torr “C-l is understandable since the range of the #?- particles increases to the 
point where they zre lost at the c4.I walls. At P/T = 2 Torr oC-l the range is 
0.83 cm and this exceeds the cell radius and is comparable to the foil width of 1 cm. 
Furthermore, some /3- particles can be emitted from the foil at oblique angles such 
that they are lost at the curved cell wall or the ends of the cylinder. The decrease 
observed in Fig. 7 is small since only 2 small fraction of the ?- distribution for 
S?H3, shown in Fig. 8, has the higher ranges. At lower P/T values the distribution 
will shift sufliciently to higher ranges such that 2 hrge fraction of the @ particles 
will exceed 0.83 cm, and consequently (arV,-/nt) at tP --t 0, should decrease markedly. 
The decrease in PIT could arise from exceedingly high temperatures or pressures 
below 1 atm_ Since P/T is a measure of gas density, replacing argon (molwt. 40) 
with a lower molecular weight gas such as helium (mol.wt_ 4) or nitrogen (molwt. 28) 
woxld have the efl&t of lowering P/T. Consequently, for these ,s the discontinuity 
at 2 Torr 9Z-l in Fig. 7 would be displaced to higher values. For helium it should be 
at 20 Torr *C-l and for nitrogen 2-85 Torr OC-‘. This should be t&en into account 
when designing or using ECDs with these carrier gases. 

For aNi a constant value for (&V=-/dt) at tP --f 0, was never attained even 
up to P/T = 6 Torr OC-‘. This is expected since at- t = 25°C ad P = 760 Torr ca. 
30 % of the radiation has 2 range lower than 1.2 cm, less than the 1.4 cm diameter 
of the ECD. This does not mean that only 30% of the ionization will occur within 
a distance of 1.2 cm. In order to estimate the percentage of ionization within the cell, 
one must consider the energy for each #l- particIe and also include 2 fraction of the 
energy of ?- particles with ranges in excess of 1.4 cm since they will cause ionization 
in passing throu& the initial l-4 cm of their path. The calculations are even more 
complicated in that the angular distribution of the /?- particles as they leave the 
surf&cc must be taken into account and the loss OF p- padick to the ends of the 
cylindrical cell. It would appear from Fig. 7 that CQ. 70% of the ionization has 
occurred at P/T = 2.55 Torr YZsl and 83% at P/T = 6 Tori OC-l. Presumably the 
curve will attain 2 constant value at much larger P/T values, in a manner similar to 
that for sc3Hz_ For sc3H3 at P/T c 2 Torr “C1 and for 63Ni the constant k& is 
increasing in 2ccord with (We-/df) at tp --f 0, and eqn. 6. me rextion volume is 
constant since it is defined by the cell volume in this region. 

The limiting value for (dZV=-/dz) at t, +O, at high P/T values can be 
estim2ted from the following equation: 

where R,s is the activity of the radioactive foil in curies; F is the fraction of the #l- 
particles which enter the ionization region of the ECD; & is the average energy of 
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the fl- particks; W is the eneru required to produce an ion pair, typicahy 35 eV 
per ion pair; and C = 3.7. W” disintegrations see-’ curie-‘. It is difficult to obtain 
a va.Iue for P since it is a function of not only the geometry of the detector, but also 
the self-absorption of the #F particles within the foil. Pis certainly less than 0.5 since 
at least l/2 of the /3- particles are emitted in the direction of ffie metal. Others 
leaving at oblique angles to the foil must travel through additional solid material 
leading to greater self-absorption_ This is especially severe for 3H ?- particles which 
are very soft with an average ener_q of only 5.5 keV_ The #F particles from 63Ni 
are aIso considered soft, but their average ener_q of 17 keV is considerably larger 
than for 3H. Self-absorption for 63Ni is generally less severe than for 3H if the 
speci& activity of 63Ni is high, and only a thin layer need be deposited on the foil. 
F can be evaluated experimentally by measuring the limiting value for (d.&/dt) at 
tP + 0, since ail other terms are known in eqn. 9 for both 63Ni and Sc%13. 

In this work oniy relative values of (dIV=-ldt) at tP + 0 were detetined 
experimentally, so it is impossible to evaluate the limiting value on an absolute basis. 
Unfortunately, the sensitivity of the recorder utilized to measure the ECD response 
was varied to an unknown setting at the time of the experiment_ If we neglect this 
factor, we can calculate a lower limit to the limiting value for (dnr,-jdt) at-t,, + 0. 
These values are shown in Table I, along with the calculated value of (R&,&)/W. 
The calcuiated F values are 0.09 for se3H3 and 0.27 for 63pcT_ Considering our dis- 
cussion in the previous para,mph, these vahtes seem reasonabIe_ These values of P 
are also of si_gnificance with respect to the model for the ECD presented by Siegel and 
M~KeowrP-~~ in which oniy a small fraction of the electrons producgd in the ECD 
are actually colfected by the applied potential. These values of P suggest that it is 
very likeIy that all the electrons produced can be co&cted if short pulse intervals of 
the order of 30 qec are used. At longer pulse intervals a sign&ant fraction of the 
electrons recombine with positive ions, but all of the remaining free electrons should 
be collected during the applied potential_ This conclusion is also supported by the 
recent experimental results from (a) Takeuchi” who has measured a value of 1.7- 10” 
electrons sec- i for kdr, in an ECD, which is of the same order of magnitude as the 
results presented herein; (b) Loveiock and WatsorP who have conciuded that the 
thermal electron drift velocity, in a 30 V cm-’ field applied for 1 psec, is very 
similar to that of free unimpeded electrons in argon-methane: they used an ECD 
with a tritium source; and (c) Grimsrnd, et oZ_iz who have presented both experi- 
mental and theoretical arguments in favor of the view that the ECD current is a 
direct measure of the steady-state electron concentration_ They also argue that at 

TABLE I 

ELECXXCON PRODUCTION RATES FROM RA3IOACiWE SOURCES 
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kzst some of the cm-rent measxurd in the ECD is due to positive iozx migration to 
the eIectrodes, which is in agreezx& with the new kinetic modei for the ECD13. 

Second+rder recombination rate cmstant 
Knowing that f6] = i&-/Z’;, we can combine eqns. 5 and 6 to obtain an 

expression for k&lf: 

Jf k; is truly a second-order rate constant, not dependent on a neutral third body, 
&en we wculd expect kJf to be constant. The ratio, R = (&We-/dt) at t, + 0, 
divided by (N=)2, can be c&t&ted from the initial slope and the limiting value of 
the I?=- as zn + 00. Solving for this ratio 

1 

R= (10 

we -see that it is inversely proportiona to the reaction volume V,. As noted before, 
for the WHS source at P/T > 2 Tcrr “C-’ alI of the #?- ionization is contained for 
the most part within the ECD and the reaction volume is inverseIy proportionzl to 
P/T. Consequently, in this region we would expect a graph of R to be directly 
proportional to P/T. For S&I3 k the region P/T c 2 Torr “C-’ aad for 63Ni the 
reaction volume remains constant as defined by the cell volume and one would 
exm the ratio R to remain constant, independent of P/T. 

Graphs of the ratio R wrsm P/T are shown in Figs. 9 and 10 for 63Ni and 
SA&, respectively. Note that for Wli the ratio remains essentially constant, ranging 
from 1.5- 1W6 to 3- 10m6 set-I, in the region up to P/T = 4 Torr T-‘. A single 
data point at P/T = 5.6 Torr T-l is considerably higher at 5. lo-’ set-‘. For 
sc3HJ in the region P/I > 2 Torr “C-’ (Fig. lo), a constant value on the order of 

PT-’ CTorr ‘C-‘I 

Fii. 9. R vffszs P/T for 63Ni at [Od cu. 0.5 ppm. x , 1.1 atm; &25’C; 0,167”C; 0,286”C. 
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Fig. IO. R vcrs~~ PIT for S&Es at [Od M. OS ppm. x, 1.1 atrn; A, 25°C; R, 147°C; 0,296”C. 

PT-’ ( Tom ‘C’) 

2- 10m6 set-’ is observed. This value is consistent with the value observed for GNi 
in Fig. 9. On the other hand, in the region P/T > 2 Torr C-1, the ratio increases, as 
we would expect, due to a decrease in reaction volume. However, the increase is 
greater than one would predict from eqn. 10, as shown by the deviation from the 
dashed line. The greatest deviation occurs for data points at the lowest temperature 
(25”C), suggesting a higher order dependence on l/T. This would well be due to trace 
amounts of O;, in the carrier gas, as wili be d&cussed shortly. The carrier gas used 
for the data in Figs. 9 and 10 contains CQ. 0.5 ppm 0,. 

The limiting value of R for both 63Ni and sc3HJ is ca. 2- lo-& set-‘. Since the 
reaction volume is de&xxi by the cell volume of 2 ml for -Ni and 3.2 ml for 
sc3H3, we can calculate kh/f from eqn. 10 to be 4 10m6 and 6.4-10-q respectiveIy. 
From a previous studyx3, f is typically 0.02-0.05 so kk would be estimated as 
OX- lo-‘-2-10” ml secWL for 61Ni, and 1.3. IO-‘-3.2. lo-’ ml secWL for Sc3H3. 
This estimate for k’D in the mixture argon-methane (9:l) is in reasonable agreement 
with the vaiues for the ion-electron recombination coefficient reported for different 
gases at low pressures, which range between 10m6 and LO-’ ml set-’ (r& 24). The 
value quoted for argon in ref. 24 is 6.7 - IO-’ ml XC-~, which suggests that the value 
forfcorrld be higher than the one we have utilized to estimate k&. 

Efiect of oxygen 
The effect of 0, at a concentration greater than 5 ppm on iV,- is shown in 

Figs. 3 and 4. Recall that the effect was significant for both /I- sources but dramatic 
for S&Is at Iow temperatures and high pressures. Similar data were obtained for 
the mixture argon-methane (9:l) containing ca. 5 ppm O,, and an analysis using 
(dN=-/dt) at r, --f 0 and N,- was performed as described earlier. As somewhat 
expected, the presence of 0, has little effect on the initial siopes, (dIVe-/dp) at tp + 0, 
suggesting that kdr, is unafkcted by 0, even when [O.J > 5 ppm. For tbe carrier 
gas containing ea. 5 ppm 0, the prese~cc of 0, had little effect on the 63Ni source 
but a dramatic effect on the WH, source. This is shown in Figs. 11 and 12 for 
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PT-’ (T&T ‘C’) 

Fig. 11. R versrs PjT for %i 2t COJ ax 5 ppm. x, 1.128~3; A, 25°C; q ,147”C; 0,320”C. 

A 

PT-’ (Totr ‘c-‘1 

FG. Ii!. R versus P/T for S&I, zt [OJ ca_ 5 ppa. x, 1.1 atm; A. 25°C; 0. 147°C; 0. 296°C. 

‘%i and sc3H3, respectively. Note that Fig_ I1 for ‘3Ji is very similar to Fig. 9 in 
which [OJ = 0.5 ppm. However, note the large difference between Fig. 12 and 
Fig. 1C showing the extreme sensitivity of the sc3H3 /3- source for 0,. Most 
certainry this is due to electron attachment to 0, and not an effect on k$fI The 

electron attzchment to 0, is especially sensitive to temperature10 and most certainly 
this is the reason for the high value of R at large P/T values. Electron attachment to 
0, is also third-body dependent and this also accounts for the sharp increase with 
increasing P/T. The reason for the relative insensitivity of %ii towards 0: compared 
to sc3HJ is not compietely understood at this time._One possible explanation is that 
bJNi does not produce 2 completely thermal distribution of electrons compared to 
3H since electron attachment to 0, requires low ener_w Actrons. Further studies 
need be carried out to cIariff this point, 

In summary the following conchrsions can bc made: 
(1) Contaminants such as oxygen should be avoided as much as possible in 

order to be sure that the ECD theory applies. 
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(2) The tinge of the radiation plays an impoPtaut role in the production of 
thermal electrons, and in the size of the ECD reaction volume. 

(3) Et is possible in Fhe case of Sc3I4j to obtain 106) % ionization ef&iency f:om 
the J3- particles. En the case of 63Ni, and with the dimensions of the ECD used 
here, loO% ionization efficiency is only approached at P/T values larger than those 
at room tempcmmre. 

(4) The reaction volunre for 63Ni is essentially determined by the cell dimen- 
sions. For the tritide source reaction voEumes smaller thau for -Ni are estimated. 

(5) FracticaUy alI the thermal electrons produced can be colkcti at short 
pulse intervals. 

(6) The loss of ekctrons appears to be through electron-positive ion recombi- 
ll&iOSZ. 

(7) The second-order recombination rate constant appears to remain essen- 
tiaUy constant for both 9li and sc3N,, at P/T < 2 Tort oC-x, provided the 
reaction volume remains constant. 

(8) An ECD using a S&i, foil is much more sensitive to 0, contamination 
thao a =Ni foil. 
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