
arid thrn drcrrnws rapidly as frrrl rate 
is further inrrrnsrd. This is Yttrihutctl 
tn n fa11 off in fl:tmc tcm~icr:iture a t  in- 
crrasrd f l c ~ ~  ratrs. Similar rrsults 
w r r  obt:iinrd in our 1:ilmr:ttorirs. 

i t  is :LIW l)roIi.tIrIi,  1Ii; it. :it I i i ~ 1 1  fw .~1  
rr i t rg,  tlic c:ncrCx !Ilirr:iti*d 1)). the fl:tmc 
per uni t  weiaht of mn1plr is low. l l uch  
of it may be usnl in evaporating thc 
solvent instcnd of exciting the metal 
atoms. This would muse a profound 
clccrriisc in emission intensity. HOT- 
ever, it is nppnrrnt thnt cnrcful ron- 
trol o w r  fecet rritr is cssentinl. The 
frcd rates usrd in this work, shonn in 
‘Table 1, were mrnsured directly by 
weighing the enrnplc nnd coiitnincr 
hchrc and hftrr aspiration for a known 
~wrind of tinic. 

The optimum f e d  r:ik found was 
:rpproiinintcly ten tinirs 3s grcnt xs th:rt 
rqiortcd previously. ?‘his niny tE dric 
t I  I cliffcrewccs i n  burnrr &sign. 

Solvents. A s  cnn Iw svrn from 
*I’;111le 1. orca!iic solvrnts i t i  ninny 
c:is+.s csiitisncr t!ie ititrnsity of wiiissirin 
f i l r  n given m r t a l  \vlirn intrntluc.ril into 
tlic fl:trnr. I t  was nl)si*rvc*rl t h n t  
t I i f ivrrn t orc:i r i  i c sf 1 1  vci: t s  :I fTvr t the  
iiitrrisity nf (hi. rriiispinn tliffi.rc~ritly. 
‘l‘lii$ is I1liirtr:itrcl i t i  ‘ i : ~ I ) l t ~  11, tvl i ir l i  
yi the ri*I:i t i  t~ i*rnis.sirrn i i i  t i*ii:-i ty 
~ ~ l ~ i l i i t ~ ~ ~ l  by nii.ki.1 i r i  clifTt-rrrit sol- 
Y<. I l tS .  

Ii H:imr tc-iiilwrnturr :~luiic i .~: : t r~i l l i~~l  
t t i r  intwsitg of rrni+iim, :ill nrg:tiiir 
solvrnts woulrl give siri1iI:ir c~ri1i:rnrr- 
mrnt effrcts. 3irir-r thip is not tht, t.npr. 

it srrmo tha t  thr pfiicirnry of ;iroiliir- 

iric ttir cmit!it:g .spccir.s is nt I c c t  :i.~ ini- 

1)nrtiiiit its t.lw f l :mr 1*milwrrrturc~ (,?$ 
I’liysicd prolirrtira of the solvent nhic,li 
am cnusr n chnirge in cmission include 
stability in the flame, the cnse of coin- 
bustion and liberntion of the cwited 
metrtl atonis, drop a i m ,  nnd ~ R S C  of 
evaporation. No doubt some of tlic 
vnrintion in the inknsity of siQd 
btxtwern different organic solvenb rnn 
be explained by vnrintion in nsltirntinn 
ratrs for x given fl:imc condition. 
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b An anolyticol procedure i s  based 
on electrcnicolly counling the indi- 
vidual phosphorescence photons follow- 
ing light-excitation for the rneasure- 
ment of scintillotion grode zinc sulfide 
particles on moleculor oir filters. The 
zinc sulfide wos collected on these 
filters duimg meteorological studies 
of particle dispersion. The analytical 
procedure involves dissolving a zinc 
sulfide laden filter in an ethyl olcohol- 
ethyl acetate solvent, exposing the 
somple to a fluorescent lomp, allowing 
the sample to decoy (in the dork) for a 
predetermined time, then counting the 
phosphorescence photon emission. The 
counting equipment requirements ore 
similar to those commonly used for 
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counting tritium. The conditions of 
excitation and measurement yielded a 
sensitivity of about IO-’ gram. A 
sensitivity improvement of one to two 
orders of magnitude could probably 
be obtained b y  minor procedural 
chonges. The precision of the zinc 
sulfide meosurements on cleon ond 
dirty filters i s  about &370 and f670 
stondord deviation. Corrections for 
loss in counting cfficiency on dirty 
filters ore mode from absorbance 
measurements with a colorimeter. 

ISC WIXPIDE Pn\vi )m (fliiorrsrrnt Z pigment, No. 2210, U. S. I L i l i u m  
Corp., llorristown, 8.  .I.) is tiwd a 
tracttr in - studying down-wind liar- 

FOLOOA uIA 



WIUI, o r  ut1it.r :ur-bornr i l i r t  \ v l d i  LS 
frryiiriitly cdlecltd nloiig with ttic 
:?!IS. Visual counting techniques wcre 
:tlso unsatisfncbry when the filter 
vont:tinrd dirt. 

In tin investigation of possible nl- 
kriinte methods of analysis, i t  wns ob- 
srrvcd that the phosphorescence com- 
Imncnt of light-cxcited ZnS was of suf- 
l i i i v n t  intensity nnd durntion to provide 
>I  w r y  sensitive indicntion of its prrs- 
w r c .  Utilizing this propcrty of %iiS, 
:in:ilytiral procedurm were dcvclopcd 
lor i t s  mcmurement in trace nmounta 
(a* low as IO-' gram) on both clean 
: m i l  dirty filtcrs. Initially, n prorrdure 
WLS devrluped which rcqriireit riinnunl 
rmtrol of timing nnd ssmplc position- 
iiig for the 2118 mr:purrniriit. 'I'he 
iirocrdurc WIS su1)srvliicntly inodifird 
for  automatic opmrtion to fnrilitxtc 
:I lnrge nir snmpliny prtgriim. 

This study wns pcrformt~d to dmion- 
i t  ra te  the prncticability :iricl p t c n -  
ti:il sensitivity of this new trchniqiie 
!I itlrout msliing n major i i f T i b c . t  to obtain 
t h r a  ultimate srnsitlvity of the iiic*ttiotI. 

THEORnlCAl 

' l ' l i c  results of the absorption of n 
1lir:intum of radjntion by molcculrs 
: t i i d  crystals, particularly zinc sulfiilc, 
11:rvt- Invn ndequatcly suinrnnrizcd by n 
riirinbrr of workrrs (e, 7). Absorption 
, d  :I tight photon by zinc sulfitlr results 
i r i  tlir trunsition from a stnblc grouritl 
.t:ttc. to an excited stntc or condurtioii 
I wid. 'I'he cnwgy dificrc*iice k-t\vcrn 
t l i i w  Irvcls is of tlic order of e few 
(,livtron volts. Thrre arc severd pstlis 
( q j ( m  thc excitisd mollwles in addi- 
t ion to nonradirrti\*e trnnsfvr pructscs;  
r t w  of these result in the emission of 
lirtit photom. 'l'hrg mriy immrtli:ttrly 
I i n  I O - n  to IO-' siscond) rr-vmit photoiis 
elf iithvr the mmr or a Ir,nlar friqiirncy; 
I tiis ismission is cullt~il fliior4wrric.c.. 
1,:iiiission of photons niny I I I S O  tnlic 
I , l : t w  more slow 1) by pliosi'tiori.acl,iicc. 

1 1 1  tlir inorganic cryst:il. s1iri;itiniis 
' ! l ~ , (  to lattirc t l o f t ~ t s  or impurit: cvtitc-rs 

1, u i r  ivluctr producr rlrrtrrinir rnrrgy 

A U T O M A T I C  C O U N T I N G  I 
A R E A  I 

Zinc Sul f ide  Sample  

A U T O M A T I C  B A C K G R O U N O  .... A. 1 ' 
0 5 io I5 20 25 30 

l q m e ,  Munulrr 

Figure 1 .  Zinc sulfide phorphorer- 
cence decay 

bands in tlir normeliy forbiddrn rvgicin 
below t,he conduction band. 'I'hc 
nbsorptiori edge for excitnt.ion of zinc- 
activitkd ziiic eulfidc is about 33M A. 
while the inclusion of mtrngnimr im- 
purity rcsults in R shift to 3GCa A .  1 . 3 ~ -  
trone thnt hnvc t m n  rnisrd to tlir con- 
duetion bnnd by excitation niay thrn 
entcr an empty impurity level i r i  tlicir 
vicinity. ' lhrsr levrls provirlr the 
mcclinriism by which trniisitions to tlic 
ground stlit(% result in liglit cmissioil or 
fluorrscciicc. The dr-cscihtion p t h  
of concern i i i  this study is n coiisrqiieiicr 
of the sn-cnllod trap rnrctinnism. 'I'his 
mrchenisni rorictms lcwle from which 
trnnsitioiis to the ground state nrc 
forhiddcii. A s  n rcwlt ,  c.lt!ctrone must 
return to thr roilduction band I d o r e  
de-c~citrttion. This dehg  mrc1i;riiism 
for light imisaion producrs an :iftrr- 
glo\v a r l l t d  ~~l~osphorrscencc.  

'lhc dwny of tlic zinc sulfitlr plios- 
phon-wivirc is illiistratcd in Figiirc I .  
'l'licsr rt,sirlts w r e  olkiinrd :iftvr :I 
2-miiiiih~ irrnilintioii iit n h i t  14 iiiclizs 
from n G()-a-:itt fluort-wcmt Iniiip. Tlir 

L o) I- 

ti,.(.;,?. ni tlit- ~)li~~s~iliorrsccricr: is rela- 
tivrly ritpid, iriid the grentrst sensitivity 
for its inensiirrmcnt IS within the first 
miiiute of decay. In the manual unit, 
a finitc time of s h u t  20 ecconds for 
m m p k  transfer from irradiation to 
counting necrssihted B delay of 30 
seconds before measurement of the 
emitted light. An iinmediste 30-second 
count of the phosphorescence after 
tho 30 errond ddsy proiidcs a very 
high scn~iti \ . i ty for the mensurement. 
A background mrmplc containing no 
zinc sulfide was uncxcitrd and constant 
nfter similar treetmcnt over the time 
interval niraaurcd. \Vith the nuto- 
matic unit, e.wnplca were dclivcrrtl 
from tlir irradiation position to the 
counting position in 6 srcontls. and 
the rrquircd sensitivity was obtnincd 
nftrr  an itnmrdi:itc IS-sccontl count. 

A study of thr phospliorcscmce in- 
t,rnsity : ~ 3  a funcbtian of irradintion time 
shnwrd rm-ntially no incrrnsc in in- 
trnsity \vith irrsdistion timrs longer 
thnn n ,frw sccontls. In prncti-e, P C  
irrariint.ion tinir of 2 minutiis w:ia usc~d 
with the ni:inii:illy oprntetl  unit. t;iiice 
sernplts roirld not bc hantllrd rtt n 
much f:istrr r:itts. \\'ith eutnni:itic 
opvriition A 5-wro1111 rxposure WIS I I P ~ ,  

sinre this gI:lss v i d  sample, containers 
wcre found to exhibit short-livril phos- 
phorrerriirr i i i  t l i r  A to 18-sreonil count- 
ing ri+ri tvtiich iiicrrnsrd with tax- 

t rnf l iu l  oxpowrt.. 
'I'!I- ntwrv(v1 plior;pliorrs..1.iii.~ is 

c l iuc .  t o  thc rinis.siim of singlr liglit pho- 
tons from thr  i-seitrd cryr;t:tl. 1 1 1  thc,ir 
Ortccticm u i t l i  :I niiiltiplicr plwtoti~lie, 
D photon ran,  st  bwt.  produrr oiic 
photot4vrtron :it thc photorntliodc. 
.Actii:ili!.. the qrianturn c.tlicieiiry of the 
~ l t i ~ l t ~ J ~ : l ~ t l l ~ ~ ~ l '  i.d imly :iIwiit  Inr;, ttilis, 
a h i t  W' (tiit of t t v i  of t h i n  ~ ~ I : i q h w s -  
ct>riw ii!xtt(iiis iv!iicli  -.trik(, tlic photo- 
clrtliorl(4 t t i l l  r v l t w i ~  :I Iiliotot,ll,i,trciii: 

'I%r p i i h  tiqBigtit ri)t,ctriim ol.>t:iicrc.d 
from tllr niriltip!irr plioti>tii\ir \ v i ~ l d  
thus l w  t h c .  rtwilt of t 'w ninplifmtioir 
of siiiptv ~iticitcv.lc~c~triiris i n  l o w r  111:rs~ 

s:inilJ(,* : i r i f f  ~ l i ~ ~ u ~ ~ ~  t w  :iliiioet idriitical 
t i l  tliict fJIJt:lili<'<l fr'mi tritiurn. nitli a 

T r i t i u m  i n  o Liquid S c i n t i l l a t o r  
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E n e r g y  
Figxc 2. Comporison-of spectra of zinc sulfide and tritium 

VOL 33, NO. 9, AUGUST 1961 1231 



rc*l:iiiu,i> i i i ~ ~ t l i ~ ~ i t ~ ~ i i  I i c ~ c i i 1 1  >i.iiitiliib- 
tor. (Evc~ri I I I  :iI* i4it.icwt liquicl acin- 
tillation solution. tritiuiii products only 
n few pliotoelectrons per tlirintcgration.) 

The iiiultiplicr pliototube oiitput 
spectrum from zinc sulfide, nftrr anipli- 
firation. was nicasurccl with :I multi- 
rhnnnd nnnlyzer, and it is coliipnred 
with the spectrum of tritium, from nn 
aqueous ndsptrrblc liquid srintillntor 
( a b u t  counting ctiicicncy), in 
Figure 1. In tlik wiiiti1htor, sini*r the 
average cncrKy per tlisintegrntion is 
a b u t  5 k.e.v., II lsrye proportion of 
events will give only one or t \ \o  phutu- 
c1ectror.s frcun thc tulir cathntlr (0). 
I t  is appnrcnt frcni t l i t w  ciirvw thut 
tlir s p r t r n  :ire vcry +iuiil:ir. I Iy :I r n r e -  
ful study of ttitw i1:it:i. using :I iiic~tlind 
for t h r  csnniin:it:m of qicctrn r c d t i n g  
frurii sin& photnelrctron cnii.4orr ( I ,  
5 ) .  it tvns pnssillc to t-stntJlisli t h t  t l i c  
rpcctrn reprm-ntcd irlc~~tic-nl cncrgy 
distrihutinns :rnd t h t  they were h t h  
the resilt cif ~ m i ~ i a r : ~ l ~ l ~ ~  plioturlrr~(ron 
eniiscion from tlir Iikotin,:ifliodr. l'be 
instrurncntul rtquiroii(.nte for mrneur- 
ing zinc sulfidc srr t l i i i . :  similar to  those 
usrd for coiintinK tritirrni Iiy liquid 
win tiiiii  t ion t r i ,  tin i[liii,s. 

Zinc ~ulf idc  msy IN. rlctcrtctl using 
alpha. hc-t:i. qr  g:in~ni:i radio:ic*tivity 
fur wcitation and ptiototul)c for tlc- 
tection nf the i r n i i i t d i : ~ t c  light flucirca- 
cenw. This approsch is not :ittr:irtive, 
sin, 11 the anioiints of rudir,uc.tivity rr- 
quiri.il to prntliitc 9 fliioriwtw~c. coni- 
pnrablc to  ttic Iilin.1itiorcscc,rir,c N I i i c l i  
follow light esritrition c:iniiot Im 
hnnrjled rorivenimtly. ;\ko, ttir mens- 
urement of phnsphorcscmcr, follnn.ing 
light escitation. critically limits in- 
terferciire. even from impuritics which 
fluoresce. 

INSTRUMENTATION A N D  EQUIPMENT 

Manual Unit. The instrument usctl 
for counting the s3 i i ip Ivs  mas 3 etnntl- 
ard liquid scintillation spcctrorneter 
(Trj-Carh ~ J I J I I C I  314, Packnrd In- 
strument C ~ J . ,  I-nGrungc, Ill.). The 
detector system W I I B  contnincd in z 
deepfreezc and mainttlinrd a t  approsi- 
rnatviy 0' i'. t n  niiiiiriiizc t u l w  rioisc. 
For cnrinting. the 24r:ini viiil s:rrnple 
containcrs \ v t w  plnccvl vf*rtic.nIly in 
a I*,,.-inrh deep by '/,-tnch disnieter 
well of a 2-inc h cliaiiii~trr t!y ?-inch 
long Lucite light l i i lw  ( 3 ) .  I'lic light 

ipe was viecved a t  e ~ ( . l i  end t>>. 2-inch b umont 6292 rnultii~lier photritubes in 
the conventional arrangrment for co- 
incidrnrc counting. ( In  actual count- 
ing, the coincidence frature wns not 
usrd since single photon events were 
being measured; tlxrefore, the signal 
from only one tiibe was measured.) 
A magnetic stirrer was centered directly 
under the well of the light pipe to pernlit 
stirring during the mamurementa. 
Mixral  oil (Scintillation Counter Min- 
eial Oil, General Elcctric Cat. 
9776C95P1) waa used 8s n light coupling 
agent between the well surface and vial. 

Figure 3. Automatic counting equipment 

' 1 ' 1 ~  tlrt*j)frc*ezc \\tis c . n c * l o 4  in n "l{l:ii.k 
Room" m:icle id 2 l:i!.c-rr; of vvlvvtivn 
originnliy designed to Iirrvcrit i)t ioto- 
tube rsc.it:ition ivliile s:iiii~iIe cli:inging. 
1 his ;irr:ingc*nrcnt \\:IF 1i:irtiid:irIy usc- 
fill in Iirvvcntinp w-cspisurc of s : i ~ i ~ p l c ~  
during their tr:inrfu ((J ttic voitritr~r. 

1 he nppnr:ttus for light rsc,itation 
consistcd of CiO witts of fliinriwrnt 
lanips Iilawd : i~i~ir~is i~i i : i t~~Iy 1-1 irirlirs 
atmvr n iivipnvtic stirrvr. ' l ' t i t ,  ~aniii lc 
was ctmtcwd in a vibrtii,:il IJiJ5itlilfl in 
n sm:rll I h r k  h ~ s  on ttiv $tirriLr. 'ftie 
tms \!.:is fittrd with II lid \ \ t i i i 4 i  ~ ~ u u l t l  hc 
c l o ~ c d  i n  :itJout 0. I s t ~ ~ ~ i i i i l  to Ircrniit 
rrwon:ctily accurate timing Iwtwen 
twit:ition : i r i i l  i a i i i t i i i K .  Ilricir to the 
light c*uit:itiotr. tlii. wni1iIi.s wcrv 
1 1 1 n n v l  nn :i nirrh:inir:il h k e r  for 2 
rninutcs to further rii.siirr' vvvn tlislirr- 
Finn of the ZnS iind dirt in tlie s:irnlil(*s. 

Automatic Unit. A st:intlard IIodrl  
314 S Tri-Cnrb liquirl scintrllntion 
eprvtronietcr was niodificd i n  tlic 
following niunncr to dvtcrt 2115 ptios- 
phnrrsccnce. The nutriniutic shield 
R'RS changed to aiwrmniorlnti* ?-drnm 
vinls, 3 1o:id-iinInn~l s t v i t v h  nrldcci to 
replacr the nutoinntic samplr chnnaing 
mechniiisni, and a st*cnricl hidi  S ~ I Y Y ~  

transistorized scnlrr adilcd ir i  the 
tens unit to nccnrnn1od:itc tiw cs- 
Iremcly high coiinting rate o l ~ ~ r r v c ~ r l  
i n  so~nc  sninp1cr nftcr tlic G->l~r'ltlld 
delay period. 

Eescntinlly, tho rsnic tcchiqiirs w r c  
used for snrnple prepnrntian nnrl count- 
ing as in the mnnunl i ~ ~ i r r : i i i ~ ~ n ;  IIIJW- 
ever, an optical rou~iling Iwta.rcn 
sample nntl (J) IOtOC8thodC \SUE not used 
in the automatic operation. Tlie light 
excitation and counting rquipnicnt is 
illustrated in Figure 3. 

A Klctt - Summvrson roliirimeter, 
which was modified to accvlit the Z-drniii 
viala, was u r d  without fi1tc.r to meiisurc 
the relative ~ l ~ o r l i n n n !  of the wnililes. 

,, 

,. 

EXPERIMENTAL 

The npplication of this new count- 
ing technique required n solvent for 
the filkra which would not phos- 
phoreace, quench the phosphore?--ence 
of tlie ZAS, or diwolve the ZriS. A 
m a n s  of holdinE the ZnS in n rcuson- 
ably uniform sunpension in this solvcnt 

RESPONSE A N D  MASS CALIDPATION 

Manual  Operation. .Is dtsrrilii.ci 
under Instrumentation and F ~ q i i i \ ~ -  
ment, 2 - d r ~ m  glass vinls (nppru\i- 
mntely 8.5 nil.) wcrc used as s n r n l ~ ! ~ ~  
containers. To drtcrmine the r": 
a onsc of tlie coitntcr ne B function ( ' I  
tge ZnS weight in these snmph- 
stnndurd slurries of ZnS wcre prepnr**ei 
in the follo~virig niunlivr. Xpprosi- 
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curvcs in Figirrts 4.  'l'lir inchi i icnt  
response WBS wit lirrrar. 1111 WN the 
cn&c with thc i i i : ~ n u i i \  cquipiticllt, but 
WIM Lwtttbr dc!srrilcd hy the wprcssion. 
log S - d + f l (  lily . \ /I  + C(lnp . \ / ) a  1 i 

wticre I\: is tlir roiiirtinp rat0 iintl .\I is 
the maw. l 'hk responw is not fully 
understood; honrwr ,  it rniiy Ix nli- 
sociatcd with the extrenicly high counl- 
ing r a t a  rluring the first frw sccondr of 
counting tiriic (srr Figurr 1 ) .  Thun. 
a greater frartion of lnrge or multiple 
pulma, whose detrvtion d?iriency s a r i ~ s  
as  n powrr function, would now con- 
t.rihute to the btal counting rRte. 

In Figurr 4 the intrgrnl counts tohl 
300,000 in 18 rconds  with n b u t  IO-& 
gram of ZnS. This i e  the niirxiniurn 
rounting rnte which could tw Hcrurntrly 
htlndled by the instriirnrnhition. An 
upanrd t*stm~irin i i f  t h r  ralitirntiirn 
region could h: iii~c.oiniilirlird through 
an amphhuition ri~ihicliun which reduces 
the qiceific counting rate, or, us waF 
found more dcsirabk Hnii is illuut,rated, 
through increase of the dday h r t w r n  
expoeure nnd counting. 

Reproducibility of Measurements 
on Clean Filters. Six tiltrrs on which 
%nS wns collcctctl tltinnp: actuiil fivld 
tests were obtnincd : r i d  countid ttirrr 
times ench to tlrtvrirrine tlir wpro- 
duribility of tlrr counter. Tlic oh- 
servrd counting ratrs with thvir r R I -  
culatcd atnndard rlrviritions arc i n -  
cluded i i )  'l'abl~~ 11. 

The tlwrngr suriation in counting 
for indivicliial rirniplvs in thc rnngr of 
IO-: to IO-'gmiii is f 1,55C;.. 

Measurement of Zinc Sulfide on 
Dirty Filters. ' l l i i ~  irlicivc ranrplrs 

Table 1. Data for Zinc Sulflde Mass 
Counting-Rate Calibration 

(?.:$ti pg.  /rnniplr) 
l>ili i! i iJi i  A l i q i t o I  0 1  i w r  v w  I 

SO. sa. ( ' < J l l l l ~  

? I 53, l ? i  , S l . l K 9  

3 I 56, I!M 
? 52, 130 
:{ Si ,058 

Av. r i ~ ~ i i l  - 53,178 
FM. t l w .  - f? 951-p 
roiinb/pp - 52,lil5'?,:itj - ? ? d  x IO' 

- 
Table II. Reproducibility in Mcosurement of Zinc Sulfide on Field Test Filters 

Saniple I'w Cent 
Design u - Firet $ ~ * C U I l d  Third Standml 

tioil ( 'OUl l t  Ccrulll Count A wri i  gv 1)rviat ion 

I??, 59 1 118,192 123,2a3 121 ,x29 0 22 
12,128 13,1w1 12.536 12,022 4 2.5 
3,518 3,384 3,517 3,473 2 2'1 C n 6,750 6,600 0 ,  773 6,710 1 35 . 

E 28,8i1 30,971 31,690 ;)0,51 I I 52 
F 58,581 55,908 55,564 DU,i11 0 W!) 

i 

Av. sa. dev. - 1  75 
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L 
--I 0 .. _._-_- - I _ -  A 

O O o -  200 400 600 * 800 O k -  ----- 200 400 600 
R e l a t i v e  A b s o r b a n c e  

Colorimeter  Reading Fiaure 5.  Effect of air-borne dirt on counting effi- 
cilncy sf zinc sulfide 

determine the reproducibility uf count- 
ing dirty filters, a r ~ d  were then spiked 
with LL knowi :iniount of ZnS :iiid re- 
counted to dctrrmine their counting 
efficiency. \Vithout remoring the 
snniples from their P-tlrani vi:ils, they 
were sliuken ou a nict.hnnicn1 shciker 
to g i v ,  fairly cveii diytrihution of the 
dirt ;inti ZnS, nntl their :ib.;orbanc,c% to 
white light wns measurtd tvith H Klett- 
Sumrnerson colorimeter. 

l h e  duplicate counts of t l i r ie  dirty 
filter samples, iilong with their st:iiir!ard 
devia!ions, :ire iiiclude!l i i i  'fnldr I I I .  
.Us0 iu~,ludctl ::v their i,ountiiig ef- 
6cieui.ir5 relative to ~ I V : ~ I I  filter. (8s 

meneured by s1)ikiiig witti Zn81. C I I I ~ J  
their :ihsorLnnre tip rnciisurcd I):*. the 
colorimeter. 'The variatioris i i i  rc- 
petiti\.r* counting of dirty t i l t r i p  iire 
greater than L!io.r ntiwrvcd 0 1 1  the 
clean filtcrs (see 'I'alle 111. 

To better illustratr the rvlntinnshil) 
betrvrvn this counting c,ffi&*rii.ic.$ of the 
dirt? filters 2s mcnrurwl I)!. t l i q .  ~1)ihing 

Figure 6. 
counting efficiency 

Correction factor for oir-borne dirt on zinc sulfide 

Reproducibility of Dirty Filter Counting Meosuremcntr and Comparison 
of Their Counting Efficiencies with their Absorbonce 

Av.8t.d. dw.  of Count I and Count? = zt5.9.57 
1 In meter Iinic* o n  KlettSurnmerron colnimcter 

Figure 7. Zinc sulfide wind flow 
pattern 
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titiout thr s:iinplc. l’liis light Iiitcrisity 
f i t  t lw sample, nncl tlic resulting phoe- 
ptiurcscence of the samples, could 
probnhly be increased by an order of 
ningnjtudc. Secoad. the optimum ex- 
cit.ntion frequency could be detcrmincd 
and a strong light source of this fre- 
quency used. ‘l‘his would, of course, 
increase escitation of the ZnS, but 
shoulcl nlso minimize excitation of 
the g l w  container or a i ~ y  dirt in the 
sample. Third, the phosphorescence 
emission saries ronsiderably Mween  
types of ZnS pigrncnt, and no attempt 
\vas nindc to  selcct the pigment which 
n.ould optimize scnsitisity. 

I n  addition to pro\-iding a new and 
unique method of nnnlysis, this pro- 
cedure has hrrn used to calibrnte the 
alplia escitution instrurnenb (8) (wllicli 
nicasure ZnS directly on clean filters) 
and to demonstrate that  their response 
ia linenr on cleon “field-run” filters. 

This technique could be applied to 
the mensurement of particle diatri- 
butinn (wing ZnS a8 a tracer) on ground 
surfaces in different types of terrain 
and under d8e ren t  meteorological con- 
ditious, aince ZnS can be memured 
in the preaence of dirt. In a more 
general way, this technique could be 
applied to the measurement of any 
materinl which ha8 a sufficiently high 
phoephorescence yield and a su6ciently 
long decay rate. I t  is approaching the 
dtimate in sensitivity, aince the in- 
dividual phoephorescence photons re- 
sulting from electronic excitation of 
single molccules nre being counted. 
The technique could be further refined 
by using optical spectrometric tech- 
niques to separate the desired wave 
lengths prior to measurement. 
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Absorption Spectra of the Lanthanides in kused 
Lithium C h 1 or i d e-Potassi u m Chloride Eutectic 

CHARLES V. BANKS, MERLYN R. HEUSINKVELD, and JEROME W. O’LAUGHLIN 
lnrtifute for Afomic Research and Deporfmsnf of Chemistry, low0 Sfofe University, Amcn, Iowa 

b Spectro ore presented for solutions 
of praseodymium, neodymium, soma- 
rium, europium, godolinium, terbium, 
dysprosium, holmium, erbium, thulium, 
arid ytterbium fluorides in fused lithium 
chloride-potassium chloride eutectic 
at 400’ C. These spectra are d k -  
cussed and compared with similar 
results which have been obtuincd in 
the some and other fused salt media 
and in oqueous solutions. Molor a b -  
sorptivities for selected absorption 
bands of the rare earth spectra which 
might be useful in quantitative ana- 
lytical determinations ore also given. 

t i €  AUSORPTIOK SPECTRA of fused T salts have k e n  of interest for some 
tiiiie ns aids i n  studying tlic chrmical 
coiistitution sn(! electrotiic structure 
of these media both as pure suits 
(12, 14-17, PI) and as solutes in fused 
salt solutions (3, 6-9. I8,  19, 21-84, 
,?G-2“?). This investigation is con- 
crrned with the dc.termination of the 
unique absorption spectra of dilute 
solutions of various lanthanide f l u e  
ritles in fused Lici-h’Cl eutectic 801- 

sent, and the determination of the 
rnolar nbsorptivities for significant ab- 
sorption bands from these spectra. 

The molar absorptivities of the band8 
of andyticnl interest are tnbulnted in 

the same form that ‘Janks and Kling- 
man (8)  used for their renults on q u e o u s  
Solutions of rare earth mixtures. The 
absorbance of the solvents used s-as 
determined nt the snrne temperatures 
and in the snme quartz cells used for 

recording the spectra of the rare carth 
eolutions, and then was subtracted from 
the absorbnncc of the solutions to 
obtain the absorption spectrn of the 
solutee. 

y 6ALL a M T  

Figure 1. Eutectic purification and 
tlltering apporotus 

EXPERIMENTAL 

Apparatus and Reagents. The  
spectra were obtaincd with a Cary 
hlodel 12 spectrophotorueter using an 
electrically heated cell-block furnace 
as the cell holder. The high tem- 
perature cell asseniblv was similnr to 
the one ueed by Sundheirn and Creen- 
berg (2%). The tem erature fluctuated 
*0.5’ C. in the cell bock and less thnn 
* O . I o  C. in the fused salt solutions 
conteined in the o ticnl cells. The 
optical absorption r e i s  used were one- 
piere quartz cells having 1-cm. light 
paths. These squnrr cells were con- 
nected to a borosilicate glrrss bnll joint 
by a graded senl. The ball joint could 
be connected to either an outer joint 
fitted with a vacuum stopcock for seal- 
ing the cell or to the outer joint of the 
filtering apparatus used in filling the 
cells with molten eolutions. The graded 
EIA and tubing between the cell and the 
bnll joint rovided the necessnr cn- 
pacity for tKe LiCI-KCl eutectic wien i t  
WBB loaded in the solid stste. The 
lanthanide fluorides used were prepared 
at the A m e s  LBborntory of the Atomic 

Commission and analyzed for 
and rare earth metal content. 
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