
EkFECFS OF- DIMENSION AND DENSFIY IN ELECTRON CPTURE 
DETECTORS’ 

SUMMARY 

The response of di&rent electron capture detectors with 63Ni and %3 sources 
has been measured in relation to interelectrode distance and cell pressure. Results for 
d-c. operation are in agreement with the suggested dependence of response on the 
difference betwmn reversed-field and regu!ar-field voltage pro&s*. 

INFRODUCT-IOFJ 

In a recent study’ we suggested an alternative mechanism for d-c. electron 
capture detector @CD) response. In contrast to the cIa.ssical view (for a review of it, 
see ref. 2) of accelerated neutralization, the proposed modus operandi was the im- 
pedance offered by migrating (heavy) negative ions. Since their mobilities are com- 
parable to those of typical positive ions, we suggested that the ECD voltage pro& 
(“voltage prome” is a common term for the current vs. potential plot of a detector in 
the absence of peaks) under reversecMeId conditions should correlate with the 
magnitude of response. More preci.seIy, the difference between the voltage needed 
to cotiect 1% of the maximum current under reversed-field condition, V,t, and the 
voitage needed to do the same under regular-field conditions, V;-, should be roughly 
proportional to the dc. response of this detector to a standard amount of analyte, R, 

This should hold true for various settings of density (cell pressure) or dimension 
(interelectrode spacing), provided experiments are done within linear range and other 
conditions remain the same within a test series. Ideally, it would be the same as that 
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used for analysis (ii most we&functioning detectors around 9072. To measure Y* 
values at I = 90x, however, is experimentally difhcuk under certain conditions 
such as high cd pressure. Ergo the values of 1% had to be chosen within the 
accessible range for eack zt of experiments- It is reasonable to expect that an 
approximate proportionality as indicated by the quation above should still prevail, 
Voltage pro&s are subject to many conditions, primarily the choice of carrier gas, 
the nature. of the radioisotope, the interehztrode distance, the cell pressure, aud, 
generally, tke cleanliness of the detector. For this study, nitrogen served as tier 
gas and 63Ni and “H foils in cylindrical and planar form as radioactive sources. 
These were used in cehs that could be pressurized and whose electrode position 
could be altered. 

Diit current was the predominant detection mode; however, puked (con- 
stant-frequency) o_peration was run alongside d-c. for reasons of general interest In 
our opinion it would not be appropriate to compare (such as: Which has the greater 
response?) the d-c. and plulsezd modes even where they are shown in the same graph. 
The reason for this cautionary attitude is simply that optimimtion of d-c. response 
is easy and involves one parameter: voltage; while the same for puked operation is 
difEcult and invokes three parameters: width, interval and amplitude of the pulses. 
Only the firsi; two were optimized white full puke heigkt, 60 V, had to be used 
througkout. Up to certain interelectrode distances (ca. 4 mm for ‘H and ca. 10 mm 
for 63Ni under our conditions), optimimtion was possible. Beyond that, “reasonable” 
puke conditions had to be ckosen, since conditions as close to d-c. as the pulser wouId 
permit were clearly better than any other puke conditions that the equipment (Tracer 
electron capture pulse power supply) could generate. 

ISU’EEUMENTAL 

Fig. 1 shows in schematic form the ECD configurations A, B and C used in 
tkis study. “Regular-field” refers to the radioactive foil being the cathode; “reversed- 

F~l.Schem2ticofE~~~tionsanddetectorconstruaion:a =elcctmde withn&oactive 
foil; b = quartz tube; c, d’ = i&t and outlet for cxrier gas; f = mM Swagdok; e = adjust- 
able ekurode. 
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field” to it being the anode (regardtess of which is the c‘polarizing” and which is the 
%olkztingn electrode). 

_ At the bottom of Fig. L is shown a typical ECD drawn to scale. It is made 
from a 9 mm 0-D. quartz tube with modified stainless-steel Swagelok fittings. The 
electrodes enter through Vespel (p&&de) reducing fermles- The carrier _w nitro- 
gen, enter-s and leaves through l/l6 in. stainless-steel tubing silver-soldered to the 
suitably drilled 3&l/4 in. Swagelok reducing unions. The tritium foil is carried ff at on 
one of the parallel plate electrodes; the 63Ni foil is a cylinder in contact with the 
electrode. 

The ECD is kept at the proper temperature by an enclosing aluminum block 
with cartridge heaters. Other details conform to conventional ECD practice_ The 
standard test compound is a popular fungicide, ~3,5,6_te~c~oronitrobenzene, 
(TCNB), usualIy at the I00 pg level. 

RESULTS AND DISCUSSION 

The aim of this study was to prove or disprove our earlier prediction1 that 
ECD response should correlate with the difference between the reversed-field and 
the regular-field impedances, defined as the difference in voltage necessary to produce 
the same current (of some experimentally convenient magnitude) in either field 
diECtiOIl. 

There are, in essence, only two experimental parameters that can be con- 
veniently varied to influence response_ According to our alternative mechanism 
for d-c. ECDs’, one needs to maximize the countefield created by migrating negative 
ions in order to maximize peak size (response). This can b;r done by having the 
center-of-ionization situated as close as possible to the cathode and as far away as 
possible from the anode. Hence one can either move the anode further away from 
the radioactive foil, or increase the pressure in the detetor cell. 

Obviously, one could also use different /? emitters with varied #I range, how- 
ever, only the two conventional ones, 3H and 63Ni, were available to us during the 
experiments. We used both in order to demonstrate that the predicted ef%ct could be 
found with either type of foil. 

Tritium, because of its shorter B range, was used only for experiments in 
which the intereIectrode distance was varied (con6guration A in Fig_ 1). Typical 
response and voltage profiles from these are shown in Fig. 2. As expected, and as is 
well known, response increases as the electrode distance increases. 

Fig. 3 shows that this increase in response does correlate with the difference 
between the reversed- and regular-6eld voltage profiles (here measured at 25% of 
maximum current). 

It must be noted, however, for this as well as for the following experiments, 
that the fact of finding the predicted correlation does not necessariiy establish 
beyond doubt the proposed alternative d-c. ECD mechanism. (One could, for in- 
stance, argue that the increased response may be due to an increased number of 
electrons being captured in the larger active cell voIume.) 

Variations both in interelectrode distance and in cell pressure were used in 
conjunction with the 63Ni foil. The general trends, not surprisingly, were simihr to 
those measured with the %I foil. 



Fig. 3_ Cm-relation plot Vtim of n2spon.s in coulombs peak aii vs. difkence bctsm *Itage 
pro6ks cm re%used- and re&ar-f%eId direction) mesuxed at 25% of mzimKrE4 alrrent- Gal-- 
tion A; d&a conespoztd to Fig_ 2. 



VOLTAGE 

FZ_ 4, V~tion of interelectmde distance. Similar to Fig. 2, but configuration B with “Ni cylinder 
asIadi~ivesource. 

Fig_ 4 shows a series of respouse and voltage profiles for tierent inter- 
electrode distances; Fig. 5 shows the correlation between response (that is, the 
mamma response at each given distance) and reversed- and reguiar-field voltage. c - 

Changing pressure produces another set of curves, shown in Fig. 6. The in- 
creases in response and maximum current with pressure have been reported earlies. 
Fig_ 7 depicts these increases. It &SO lists, in percent, portion of total ava&ble 
current at each setting where best response was obtained_ Here as in other experi- 
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Fii 6. Variation of cell pressure. Response pmtiles (upper part) in a~uIom5s peak area and vo!tage 
profib (Iowzr F;art) in 2mperes t?aseline atrrent_ Numbts refer to pressui-e settings 2s i&iC&A. 
Co~tion C, 63Ni cylinder, interekctmde spacing 15 mm. 
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Fig. 7. Piesure e&as on maxiInum& cumnt (in ampens). % of maximum cell clslznt IKcssay 
for nzisirc~ response, and maximum response (ii coulombs). lkta from Fig. 6. 

merits, %sponsen means "maximum response”; Le. the value mezmred at the tap of 
the response prome (peak area vs_ voltage curve). Even ti~ou& the maximum cell 
axrent in- coasiderabiy with pressure, the “percent of mzxbmm current 
required for maximum response” stays practically the same. As in most well- 
functioning ECDs this vahe lies around !30%_ (Lower values caa be found at short 
electrode distances-) 



Fig. 8 agnin shows the predicted correlation between response and voltage 
di&rence. (It was unfcutunately necessary to measure the difference in voltage 
profiles at 5% of maximum current in order to cover the whole range.) 

Thus, both variation of electrode gap and of pressure appear to con&m tie 
predicted correlation, At this point, a short speculation involving the relevant plots 
(Figs. 3, 5 and 8) is in order. 

/ 
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Fig. 8_ Correlation plot, D&a from Fii. 6. 

If response were based on the classical mechanism (accelerated neutrali,zation 
of heavy anions compared to electrons) then some response shoufd always be present, 
regardless of electrode spacing or pressure. If, on the other hand, the alternative 
mechanism proposed by us is the on& one operative, then situations where 
V’ - V- = 0 (i.e. the ECD impedance is the same for either field direction) should 
result in hardiy any response at all. 

Thus it is interesting to extrapolate the curves of Figs. 3,5 and 8 to the point 
where Vf - V- = 0. Response at this point should indicate whether or not (and if 
yes to what extent) the dassical mechanism is operative. A rough overall estimate 
on that basis would lead to the surprising conchrsion that the classical mechanism 
contributes at best a rather small amount to the typical d-c. ECD response. 

However, the data from the low response region are neither precise or 
numerous enough to allow anything but outright speadation on this point. 

To the same point, it is interesting to measure response not just under d-c. 
but also under pulse conditions. Puke conditions with their iong, field-f&e intervals 
have been considered in the hterature as being much closer SO portraying the 
“true” electron capture reaction than the d-c. mode. 

Unfortunately, there are technical and conceptual diEcuhies involved in tbis 
endeavor, as shortly alluded to in our preceding papeti and reiterated in the in- 
troduction to this one. At electrode distance beyond CQ. 4 mm for 3H and ca. 
10 mm for -Ni, no optimum in puke conditions could be found (other than 
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operating as close to d.c. as the puke power supply wouid tiow) and arbitrary pulse 
conditions had to be substitated_ Even with this fact in mind, however, it is in- 
teresting to consider a comparison of &c. and puke mode response as it depends on 
interekctrode distaxce. Such a cemparison is shown in Figs. 9 and 10 for 33 and 
63J%, reqextively. 

1 ’ I ’ I - I ’ I ’ I ’ I ’ I ’ 
0 4 8 12 0 5 1.a 15 

Electrode Distance mm Electrode Distance Cmm 1 

Fig_ 9. Variation of reqxmse with ~~terefectrode distance for d-c. and pulse conditions (see axt for 
explanation). Percent current graprrs on top refers to d.c. mode- caution A. scandim tlitide. 
vnbknt prssute. 

Fig. 10. Sixnihr to Fig. 9, but cxc&urati~a B, “Tai. 

Puke response levels off at greater distances when it can no longer be optimized, 
but at shorter distames it k&ows, very approximately, the same trend as the d-c. 
response_ This could conceivably imiicate that pulse response, too, is subject to space 
charge e%cts. 

Before such conclusions are drawn, however, one wouid need to establish 
that the electron capture reaction proper is not simirar~y afE&cted by the changes in 
detector geometry. A study with this ain is now under way. 
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