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A SIMPLIFIED DESLGN FOR AN ELECTRON CAPTURE DETECTOR 

J. F. UTHE and J. SOLOhlOX’ 

SUhIXIARY 

A simple. rugged clcctron capture detector based 011 L concentric tube design 
has brcn dcvclopcd. The new detector functions as well as a current detector based 

on Kovur-glass insulations but has advantages in terms of ru== ~~~wiIlcss and ease and 

incspcnsi\-c repair. 
. 

INTKODUCTION 

Electron capture dctcctors m-c noted for their cstrenir sensitivity, p:trti:Ll 
spccilicity and cast of contamination_ Contamination c;ui be ;I severe probknl \vhen 
the dctcctor is used umier Ias Lhan optimd conditions’_ Pl;Ltins of the electron 
source by co~u~llI1 ciihmtt is ;L probkni partid;trIy when ‘H is used as ;I source 

due to rhc rather lo\\- apcrating tcn~pcraturc of the usual titanium tritids foils. Often 
this factw limits coluni~i operatin, ‘- teIllper:ltUre t0 kSS th:IIl 0ptiJlllIJll V:lhJcS. 

Two ~nt’;lns of purtiall_v overcoming plating problems have been used. The 
first is the use of high-tcIllperriture radioactive foils. such as “‘Ni or most recently 

SC 3 H. as rhc electron source_ Detectors using these t&Is cm be operat.ed at much 
higher temperatures mid colunin elilucIlts xc less likely to plate out mid niore casil~ 

t-e\-oiatilized elf of the foils. Thcsc detectors still have a problem \vith material 
plaring out onto the foils xvhich cannot be removed thCrJil:lIly_ The second nic;Ins 

of o~crcoming plating problems is through a detector design th:lt cnabics easy 

iT>il nl:~inten;ulce to be carried out. The Varian concentric tube electron capture 
detector (U-S_ patent 3.27736) is an esccllent csample and coupled \vith the cleaning 
method of Holdcn md Whc:i~ie~* _ a foil may be removed, decontaminated and back 
in service in a matter of hours_ The basic dctrctor design i?; bused on a Ko\ar-glass- 

Ko~tIr-~-lass-Ko~ur fuI:ction \vherc the $ass scrws as an insulator. The rclativcl_v 
thin-\xallcd $nss insulator of the Kov:tr detector is quite fragile and, once bmken. 

is ~cticrally beyond repair’* and quite cos;tly to replace. We \vish LO report 011 ;L nio- 

diticd concentric tube detector @nodular cell) that_ \vhile having the advantag-rs 
mentioned above, is ruged and easy to build or repair. 

- Prcsrnt addrc3s: Freshwater Institute, 301 University Crescent, Winnipeg, Xlanitoba 
R3T 2X6. Canada_ 

__ T\vo profr?;sionnl glass blowers, when requested to repair a broken Korrtr detector, 
\vt‘rc not succ~~ssfi~l. 
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COXSTRLiCTION OF THE DETECTOR CELL AND hliTHODOLOGY 

The basic design features of the modular cell are shown in Fig. l_ The stsinkss- 
steel vent cap (I) the stainless-steel cathode (Ii) and the stainless-steel anode wafer 
(V) we easily machined out of stainless-steel-stock. The anode tubing in this in- 
stance is made out of 17-gauge. st:GnIess-steel syringe needte tubing (obtained from 
a 17-gauge hypodermic needle) and is friction-fitted into the hole in the stainless- 
steel anode wafer_ The actual gauge size is relativeiy unimportant but must snugly 
tit the glass capillary tube section (IV and Vi). With the laryz number of sizes of 
hypodermic needles available_ the sc!ection of glass capillar_v stock to give a snug 
fit is readily accomplished. The cathode-anode Pyres insulator (IV) is made of 
stock Pyres capii1ax-y tubing. A glass ?;a\\- is used to cut the ends of the Pyres tubing 

square and the small depression in the insulator is made hv c+nding with :I - 2 

STAINLESS STEEL (ssl CAP - 

S.S. CATHODE (-1 

TR:TlUM 3H FOlL--- 

Nor.5 I -- 
CAVITY GROUND OUT ca 2mm 
DEEP AND 5mm O.D. 

3/32_VENT TUBiNG 2-6 =s.x 

114-x 5/16-0.0.x 3116”l.O. 
32 THREADS/INCH, KNURLED 

1116- 
Sf 32” 32 THREADS PER INCH 

l/4_ 
11/3Z10.D. 
1.0. BORED TO A PUSH-ON FIT 
ON A 7 mm. O.O.CAPILLARY TUBE 

CA-A;~Kl~o~NODE PYREX -r;nT; 13J32” 7mm O”.= 2mm ‘-D 
PYREX INSULATOR 

S.S. ANODE C-b) - 

PmmOD. L 1.5mm I.D. 

7mm O.D. S.S.WAFER WITH 
1116* GROOVE. MACHINED FOR 
PRESS-FIT S.S. # 17 SYRINGE NEEDLE 
AND PUSH-ON FIT PYREX INSULATOR _ -- ,__ 

PYREX CONNECTING 
CAPILLARY TUBE 
SELECTED FOR PUSH-ON -FlT on. TO 17 I S.S SYRINGE NEEDLE 

~~ 

DEPENDS ON TYPE OF MOUNTING, 
“LY HAKE AND MODEL OF GAS 

CHROMATOGRAPH 

--i- 

I. Espfodrd view showin g drsign ffltures of individual romponam of the nio&kw cd1 



ELECTRON CAPTURE DE3-ECTOR 171 

rounded Pyres rod and carbontndum po\vder. The detector uses a Ovarian 250~mCi 
Ti”H, foil and_ when assembled_ is stacked onto ;L vertical &tss c:tpill:try column 
efluent tube analogous to that described by Uthe cf crf.‘. In this study the detector 
was mounted on ;I Microtck MT 210 Gas Chrornatograph fitted with :t 6 ft. .--< 0.25 in_ 
1-D. &ss column packed with 3”,, OV-I on Cht-omosorb W (SO-100 mesh) using 
nitrogen as a carrier gas at a flo\v~rate of 90 niI!niin_ The operating temperatures 
\\-ere 30 _ ISO- and 242’ for the injection ports. column and detector block_ re- 
spectively. All tests of detector operation \vere carried out usins hextne solutions 
of lindatre. in all c:tscs comparison betwen the Kovat- cell atxl the modular cell 
\vere carried out using the s:l~lle co~u~lltl :ltlcl S;iJllt‘ radioactive foil. Following 
the completion of ;t test_ tI:e foil w:ts transfkred back to the original-detector atld 
its rcspotisrt again determined to ensure stability of all operating parameters es- 
pecially Gth regard to foil cotltamiti:ttiotl_ 

The detector castle wxs ;t statldard Vat inn design and Vat-km clip-on signal 
cables v.xe usec!. The castle wts JllOlillL~d on ;L heating block turned out of aluminum 
stock. The hexter block :tnd the astIc were insuktted by asbestos- paper overhtid 
1%.ith aluminum foil_ The thernlocouple and the heater cartridge \vere mounted on 
opposite sides ~>f- the hcatcr block_ The detector foil tanperature \v:w cdihrntcd 

againsr rhc lw:~rcr block ~~‘nipct-;tLurc by rcnio\-in g rhc “H foil atid placing ;I rhcrrno- 
couple inside the cell. For this pxticular design :I heater blcick tern@-rtture of 245’ 
gave :L foil opctxting tc’tiipcraturt‘ of 71-l -_ 

RESULTS ASI) DISCUSSION 

The lincxit>- of response :tnd the sensitivity of both ihe modular cell and the 

Kovar cell at-e sho\vn in Fis. 2_ The modular ccl! \v:ts slightly more sensitive than 
the Kovat- ceil_ huL borh responses Lx-ere \viLhin Lhc same order of mxgnitudc. No 
.iigiifiotiL Jilf;-retices in Lhc linearity of response kvere noticed bet\vecn LIE L\VO 

cells. Tftet-c 1~;:s IX) noticeable ditt>rence in noise nhn the detectors \vet-e operated 
at nix~iniun: scnsiLiyiLy ( Fig. 3)_ No evidence for osygen cotitarllitlatiut, of ~hc 

detector used in this stud_\- \v;tS found bec;iuse the standing current equalled that 
of the sealed Kovar cell 2t operatin, a* volta_es. This was rather surprising for it had z 
been assumed rhar small leaks \\ould be present in a friction-fit ;trr;tngement as 
used in the modular cell :tnd \vould lead LO increased noise over that present in :I 
S\\;rgcci system such as the Kovat- cell_ The snxLI1 up\vard baseline drift in rhe modu- 

lar cell tracing is due to operation of the detector 011ly ;t short time after placement 
onto the coluJifn_ 

The effect of varying Lhe collection (d-c.) voltage on detector rcsponsc is 

shoum in Fig. 1. Again little diikence \v:ts found het\vern the t\vo cells. both of 
them sho\xkg masirnal response xround 5 V and very similar response profiles_ 
Srttnding current tx \oltageprotiles are slwwn in Fig_ 5. The Ko\ar cell is appreciably 
brtrer ;lL louver vol:rtges_ but at masiJlxJJll Curret~t 110 great difference exists bet\veen 
the cells and at opcr,ltionnl voltagl-es (90 V) the standin, l I currents of both cells are 

essrntialiy the same_ The small increase in current in the modular cell at 90 V d-c. 
as compared to rhr Kovar cell is probably due LO rhe closer proniisity of the anode 
to the cathode in the modular ceil. This :tlso indicates that no problem of current 
suppression due to osysen level dill-usion 3 through the friction-lit fittings occurred. 
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KOVAR CELL. 

USC of both detectors in routicc malysis of organocfilorine residues has 
shown the modular cell to function ~1s ~~11 :ts the Kovar cell. The frequency at 
\vhich I-oils had to be removed and cleaned to restore detector performance NXS 
about the wne. The tease \\-ith wflich the foil could be removed from the cathode 
(it is open at both ends) made nlxintcnancc rcfati\-efy simple. 

In siuiini~ir~. the niodufar cell functions 3s \veff as the Kovnr cell. It hns. 
f~o~vcver_ certain advanta~e5 in term5 of manufncturc. ru g&nc~ and scrviccabifity. 
Xo cvidrnce ws found to suggest that joints tighter than friction-fit were- necessary 
for gootf perfornxtnce. The modular cell with a friction tit betlveen the inner t!Gn- 
\vaffecf stainless-steel tube and the outer thick Pyres insulation tubes. when heated. 
woulcf tend to f-mm a tigfltcr and tighter seal because the tfwrnxtf expansion of 
stainless stccf is greater than that of Pvrcs_ If a leak wre a problem. a seal made 

\vith ml rfectron-capture gradt * grease would probabfv suffice since pressures \vithin 

the dctcctor are only slightly above atmospheric pressure. The modular cell NX 
not tested \vitfi any of the high-tcmpertlture foils. but there does not appear to be 
any major obstacle to their use. as is the case \vith the Kovar c2ll. 3t tcnipertitures 
up to 300 (ref. 4) and use of a silica (quartz) cathode-anode insulator would extend 
the temperature range further”. No attempt was made to operate the modular cell 
in :t pulsed mode zs there seems to be little to be gained in operating concentric 
tubs electron capture detectors in this mode. 

Afthou~h no specific fragility tats \\-err‘ carried out, the use of ;I much rhickcr 
wIted glass insulator in the modular cell as compared to that of rhe Kovar cell 
would indicate decreased frn$fit_v of the modular ccff_ The frictiori-tit functions of 
the modultlr cell \vouId sfso not transmit imposed stress to tht = glass insultitor from 
the non-glass portions as readily as would be the case \vith the Kovar cell. 
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