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IK1K0BUCTI0H 

In the beginning we mut define the adsorption process. 

It Is neitteer strictly a chemical nor a physical 

but possesses the characteristics of both, fhe qualitative 

picture presented here will serve as a basis for the quanti-

tative Investigation which is the subject of this thesis. 

Ve Bay s«« how absorption occurs if we exanine the 

crystal structure of seme ionic compounds. In tfeis case let 

us use silver chloride idiich exists as an interlaced simple 

cubic crystal m shown in Figure 1. 

Fig. l.-~AgCl crystal, interlaced cubic structure 
( 0 represents silver ionj o represents chloride Ion). 

We can see that each silver ion is surrounded by six 

chloride lorn, and each chloride ion is surrounded by six 

silver ions, fhere exists a balance ©f oouloabie fences 



of attraction and mptiteulm, )mm, m the crystal, Iattic© 

i« »table within the limita of atflnlo wifcratlooal aotions. ^ 

M l toft has a ssranatric spherical electromotive £«»* fMUi 

with which it tafiusiises surrounding l«u« Hi» aaoimt of 

IftfltiflMif it mmsf ha&% AwfrMMprtlai UBQO 111 also* . **A 

dtafaaiee fro© less* Inside mm laiftt®* ttm fmm 

fi#ld9 Of '%bm SlXVKP flhlartda ifSMt 0 1 liaBBUfatly fanl-ammmA.* 

But* of m » i ttawe ausfc lit a face t@ tt&s crystal. What'' 

happens with iwwet to Wmm tmOm fmm ttmMm at this 

SSlWFfeiBSS Jf thft2*e && SlXVAl1 <wm <w ti» 

•wv^pswf "*»Pp -P* ^jjp* *^(p|^gr 4ppf̂ |W!»WiP -̂ MP* ̂ ^PpPf'PPp jipp ĵpgp -̂ ^VPtP l̂n^P< 

eolutio11 bathing the fae® Hid? will be attracted to tl*» 

will occur. The Unit to this 
a*WBHffe»l tf»#wfefe Iwftiwii ADtSSPeut mImm* v» ft/>WK<tl*i> 8filaMlits» 
ixrodttot sbRKoasa* $2iere will be & tefiaitfi anwMMM»ta»»fe* mi 
|HP 'JP*' "^P IfPP^PPEPWP*' "PPr^p^- ^PMr *^phl•pwu^F-^pp^^£PF:, TKPC^^s^pir W p w 

I«r S.S6̂I jPBI' WSJUIi- W^^w' «Nfc SSMN̂ p̂̂ wNŴ Pw jUBk WmSlt-

oâ rstal l&t%iett» And tito oyfatal will still &«r« «n inter-

face full of wsMlMwft force fl«ld«« Xatwallar «t would 

ly^weS 'tow jpsmsABlBg in tls» ffaiuttqa %q â afoooli ti» 

SmNtiFfass WMAMPS&$&* ^ma mi' woiilil 

eĵ >eOt tl&e mnWlaaMw^ tfXPQQ to sStlWlt ||<*|̂t -

them loosely at Wm- interface. 

Bow let wi «n«nftiitt there «w < fwt» ot&eip Mmmm> 

of silv̂ p and t^Oxatldm tft soluticm, WmeWMmmm* let m 

say ttttk these Iom are nearly the same sise and have the 

-mm charge aa the ̂ l,apii» ions. These alien iona «1IX also 

M 8 M H t the m^rfa©® and its fopee fields. It t« possiblft 



t&at th» alien tm*. will b© attracted and held at %h& intar-

fao© d*i© to their ai*il*ritj to chloride loma. i&ea tfa© ' 

ali®» i a s may to# carried by the following pi»o®©as©a according 

to Y«fel and Borns®*̂  

Hi© tracer is iaoorporated 
into ^ p3?© Slllliabljf i, S QSlOffpllOtiSl̂  
stand maoro mcemtn of th© trae©* aa&'oawpias* eoapotiads 
f©l» laoiMtfplMNUi »lX©d Oryatala. 

Adaarptloa, 
& presipita* 

®) jtoaa^oms^ijeftd-fyystal yor&atioa. fh© tracer is 
apparently iaoorporated into tfa« crystal lattio© ©v©a 
though. 990*9 amounts of th© traoer and carrier oompouads 

mot foam iscaaorphous i i » d oryatale , 

_ trao©r is appareatly ad* 
m Bmf mm of groiriag crystal®, tto» result boiag 

a disooatlaiiioms laoorpQration of tli© tvaiN* la the pre-
cipitate. 

Proeeaaei * aad b are most clearly understood, and 
l i te laelwlea o and d &©oati»© i t i t not always possible 
to asalp. ©a»yi&g processes ua©f«i?o©ally to ©ifch&r a 
or It* Hi* diacuasion in thia section is p>©a«&tti 
according to lafea's claaalfioation. 

a. traoar ioa la efficiently egifisl' by 
an ionic p*©oipitat© i f i <1) the tracer ion ii- i f M * 
jteomalj laawpaawM lato tfc® |>r«eipitat©# or (2) th© 
tracer ion foiwts a 8ll$atly aolmfcl* or ali^itly dia~ 
soelated oo»poaad with th© opgoaitaly ehargad lattice 
ion and if the praolpitat© lias a large (Pirfa®© vith 
charge @®pislt# *» «ftt t»«M* l«* (i.©.* ....•'V. 
pr®s©ao© of excess of 1&© oppoaltoly oharged lattice 
1«*V 

aA. C. Wabl and *. A. Bonner, M 
C^Eigte* VP* 104, 265* 
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. WbbMqts Mtmtmz Msogpfigm of l a i m 

X* oyd©* to tlae ©lsQi*pfci©& pmeem m mm$ 

with '0m im%m* i m m imilmm# it.- ®*« two 

•rp®i| imports imUt* mmt 

i- i ) <m 4kwm *&• \v ; . 
...., a) » * #* o«po^-» f«w»4 f*«a tfo» f « i ^W;-' 

'' , J ' fciiat i s oopp©6ipil»t®€ «at rn» tm* of tfe* p # * \ 

otpit&to. ••.•'•;. 

'JREtmn̂  tmtm* w . •• . -; 
3) 

H) The order addition «f JNNHP**** 

"' 5) **• •»•** i f ttft PNWlti$«lt®» ftfMfttloa* ... :• 

6) $* some w m * 

M«0.«spt#» of Ma|ca» ftptaiNi . •, . 

*$m offoot of tfe* p**swm of m • » » » • of « • 

'''liltit# ions mm *« A*** fef «h* ms® of tb* ooMtp* 

double i»tj»od«s«d fey fiflNHtf* *§* liflpfe. ?;••'••. 

i- i | | ' •fciwuS p&fM f shows how tte« l&ttieo l o w la, t i m * ., 

- M m potomtial d e m i s i n g ma ttioy «ro attfrootod to to :; 

'••".• %« K. Mev»l*s«* sad I . 1. *Ml + m $ 
p. 3ft$* 

%«M « * * « * * » & l H « < P* ***• 



A#1 e-vyst&l 
•+• ** . 
§1 Ag 

if" 
" Ag1 

t* w 
' Ag+ 

Sigld lantr la?@a? 
|fe>t©&tial detsmiaiag 

#31' 
#x 

_ i-4-«*-
•f1 

llgid •*%** 3Ajiir 

llffiis© #niwr li|# 
fig* 2**4|IXm-ft!£arld» a*iat&l is ©assess p#i«;§i»' 

ottiUvlA*'* 

VHP** st® tfc*t m t adaorbecI <tlsi»£i® 
lagw* «r»© h&z& w to fep©#* between mm•• 

and Us* «Ur«r • lo&s la th© * ®ke • rigid ©*t®i» •• lag*!*'';' 
M'pmmrnima ims isaimld more Imml* in tiie same ftifcM*-:' 
*&•-- t9u»l»- cm the tlam depends upon • tfee wmmv • mad 
"mmm potential datwatiztl&g 1ms * Adsorption of an tttiu 
ion into tb» ©at®3» l&i©3* AspaasAs mpoa t&e couicanbiG 
potential of' til® «ds©3*b®d loss la tHe ̂  *igld inner' lâer. 

Atpsafts sipou tt># structure of tfce and IfeitfV'; 

distance of ol©»©st appfroaeh. Xa 91gu»» 8 tfay» ali#m ions 

adsorbed are positiv#. B*»j « l $ i t «l«o b© a#g&tiv© as l a 

l&fH*'?*' 

"V""* 1 

Ag 01 
or Ag+ 
•- si" " Af! 

t
+ if, 
~ Ag 

ligid' lz&i®r' lay©3? 
^ .'I,. d k * ,|lfr J t m Iiflff t f e ^ f iliTil' ill' .*?-&. * j j £ jLfii.. . J f r * 5 ® w@R̂i «9lL 3*11®®-̂'. 

T Rigid m$m • lag#';'••''< • • 
**3 
•*—- Blffmse »«ttr la$w* 

Fig. 3.—&ilir®* ahlorlds crystal l a assess al ive* 
n i t ra te . 



A m l m wiHek e m fit into the crystal lattie® Is 

classed as potential determining. It does sot follow tfa&fe > ̂  

this ion must IMP identical vim lattice ions, fit* specifi-

cations are tkat it must l» of & smitatel# size sod charge to 

allow it to fit iato tfc&s lattice. fhe potential determining 

i « mmt be idaatical witk lattice ions or capable of tmde*-

goiag replacement with than. 

Eabl# l*1 illustrates the importance of m vmmm of 

t&© anion SGif̂  needed to produce the negative emerge on Hie 

surface of necessary for carrying cations. 

#&af3B x 

CARRYIHO W M S W CaSD^ 

Excess 
0a++ 

<"•"' •' "1 
Excess 
SOj| = 

m y 
Carried 

600* 
10* 

M 9000 

1.7* 
5.2* 

m.m §§,0* 

It can be saea t&at ®iB is carried efficiently oaly wt*ea t&e 

~ ioa is in « S M M M , 

*8. Friedlander and f • W. Kennedy, 
, p. 



The effect of the solubility of compounds formed from the 

ion that Is copreclpitated a&d th® Ions of the precipitate ha® 

been previously discussed in the defining of different types 

of adsorption. It is apparent from the consideration of the. 

different types of adsorption that solubility is dependent 

upon effects due to ©barge* polarisation, and else* Another 

effect which must he considered is energy of hydration. If 

these properties ef the tracer end oppositely charged lattice 

Ion result In a strong interaction that leads to en insoluble 

compound or stable ceaaplex* this sa»e strong, interaction most 

probably leads to adsorption In the rigid part of the omtir 

electric double layer.5 

She worfc of £•. Jmpre^ shovs the effects of solubility 

upon the adsorption process. He studied the adsorption of , 

Mflta22*), mesothoriia 2(M228), and $hl(?b2ia) on the *ltf#r 

hslldes. She silver halldes vere shaken with solutions of 

the radieaatlve nuclides» separated by filtration thrombi a 

membrane, and analysed for their activity. She results are 

afeem in fable 2, 

®Whl and Bonner, _ OP. eit., p. 128. 

®L. s o n , War. Bum. A1S3. 187 (1931) 
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TABL®2 

=to 
Silver msim* jilt • & jP ipilli m $ Me&ot&orliAsi 

MacETbed 
3Ss(safitsB S 

AgCl 
AgjBw 
A»t 
•'w* 

ft 4 

l i f $ * m 
3*©5 
T«f 

MftlNHK* mlnv&m at ®*$ m w Si 
o.vnrx-% o.oosar, o.o3«\ • 

till &Mk M&& l̂ ît H Aisui ttaflffiilltt X H6H H&t* MM f*&mMlv 

Ifdhtaapftf* &$ UlSPjUM B* IfftHI ItilBSSllS ©f Tlt*!t<^i!?t^lwlf*'<1MB £ AlMt 

SWESWi X w&Q JNoCUft)&*» teat t f e o f l i s i a % a i m f t <M&y 

.wSLH.dM&m 80lubl®» ill* aftSOf&OrllStt 2* hatf4«g titopB* ̂pf MiAftfr 

In jaAiuaiiamMA. i» a wmafaw S3*6Bti ̂ »*» fefa**w4tw X* *&kl&k 

&as positive c&srgos. Tb« f»«iti«a« of m m W m ^ m $~ m & 

illkjfriMiii# iLliyk m i%;-jm'jMĥteiĵLî  w*0*m JKttiifffc1 HSkHHE ̂ttl̂  Âfe| îŷilKliltiilfc 

»giit̂ f i4fey $g> tifeo niiifi helid«. ^i« «%y && n^n $jg pax*t Hi 

tib® amrnrn'kmm mmtmiMM*M em sf®ISS A© +++ ttUd Sat+4" luKVH iA ttW' 
*̂PP(P(pr, JBSHir lIF'Pipf'™|pr̂WP̂iiPPP' iiiP̂|rlFwirw w1^ ̂ P̂F ~ WP1'̂,JWMl1 KjmuJiiwpitt-w <w •wfw-
heavier naid« ltftti » t polar is ability of W m h*ll$» i m 

t m m m m B m m m m m i m g m m « f i t e i o n . 

M l m m & l m . af IttMF fitiiwn 
! 

If Itei fraquenoj <ri"tti i©a» M i la 

vtth «it int«rfac© t«r«* fl»|d« it * fi»is%i«» of th«ir mermal 

vanilariag, temperature ̂ p a M i i is adsorption proessa#a is 

© W c t « d . If is Sap@9tfi&« th&t «te« teisperatur© effect 
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b© known m that the UmpmrnMsm be hold ®*aataat«' mm era®* 

of addition of d®t®»aln®8 iftmlfam the potential 

determining l@a la poaitiir® «r negativ® on either tM» of 

the ©qniiralaao® petit and, ttonffltti datowaia®® ift*th«P ad-

sorption oeenrs before or after the equivalence point. M - -

the oa»# 'Of a*rfao® aftmpttaa 1fe» alien i«wa ma? &© displsoed 

if lattice ions of like sherg® a** teroa#it to excess concen-

tration. While the number of alien ions adsorbed and the 

M M displaced, mi^t be mmlw aasa®, Ihe time Pates of 

adsorption and &mM. be fttite different. 1H»I-

fore ma ord«r of addition of reagents teeonn inereaaiagli 

important as th» tia® allowed for aSM*pK«ft «r diaplaftMtottt 

is gh®rt«n®d. X* tt» ens© of iaeeiGrplioita adsorption the ®wS®r 

of addition of raageata is not a® iâ ortaat* since tti^Un* 

meat la not llScelf to oee«r doping a abort time. 

Siiioo tlsa asiii©rption proeeaa occurs ©a near eoats©t •«f 

precipltat® interfa©® and charged lo*, we swat eapeet a<s® 

time dependence. ttta ap®ed ©f praelpitat® tmm&Um deter-

mine® the rata of adsorption* siao® it d®t®minea tH® rate 

of eryatal gr«fti* « * th® als® of iadî idaal ©rjstals. Ad-

sorption varies direetljf with the preeipit&te^ area t® 

«ait wlsw® ratio. 

Tfaia ratio 1® d®p®ad®at *ip©a the ©oaditloas affaetiag 

precipitate fewatioa. fh® ®ff®at® of ekaaglag Hi®®© 

tioas tail be fcnowa, m Wm mmtttlawi amat not be allowed to 

throughout * quantitative iavea tigatlon. Stirring rat®. 
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rat# ©f flow of tltraaat, and t©»p©rat*ir® sr« *«*t»tttaNU 

factors affoetlag proelpitata formatioa. 

®wr a lung piflM of timo adsorption ®aj b® «ff#@t§d 

tftt* to digostieii. ®i« fetoe £»«0»v«9Ui a2Imi la oasporiifteatal 

w l prosaatod la papw are aot of s*fflel«at ImgVh ' 

to allow digastioa to oooisr to m appwwJiabl® axtaat, 

tt# purposo of felt lavostigatioa is to w#«l tfe® 

«ff«®ts @f tlio forosamtioiiad factors affaotiag adsorptioa 

Ob some specific precipitates. It is feoped that the oboioe ' 

of precipitate types *111 e&afele exteasloa #f the l a f m m M m 

gained feor© to ottier precipitates similar to those t»r##tt$*ted, 



m&vmm xi 

mmmmmm wmmmm mm mmm§ 

Xa ©*da* to males & det®imiaati©B If «*!*<» 

»#t*i« aatkods Itos followiag eoaditioaa are nwiaaaaryt1 

1} tb® »»«#*&«». a&cmld <pti©fcli g© t® w t f U t i o u 

t ) Th»r© stioiJld toft ©all ©a® s»«a«tl©a t*3S*Jig place. 

3) fin*?® m a n to© a M90m& mmm i» *«® property ', 
of fe» $#S«feii» at tl*« fttet«fe£ctt*ta»i* poiat. 

4) Wmm im m txMmtm available nfeieii *124 
skew the mmm i « l ^ l i i i W « points 

®ifffi@nltf wttfe votafftyl* pr®«lpitatioa i s 

due to the lask ©£ ia&ieat©*® sh©* tla® '•.-

All Its® yeaetioas isv®sitigated Hi this tkasts «p§ 

ft**ipi%«$i« *®oisticsis. Si® imdieato*3 *apl©s®d w®*® 

fiNt* yadioaetiir® isotopts i s t*a»®* ©oa©«at*ati©aa. 

As a p*©eipitat® Is fotaod la t&® pr®t®ao® «tf a wflU* •'. 

' active tsotep® i«a» «f tto® tyao®* isotope ma* fc© ads©ri»d. • 

1% i s poasibl® nftfe surfae® adsorption that a na l̂ead ^ 

4* the mmmt of t*ae®r @w*i«d fcf tia® p*®®lpitat® . 

##@m at tiia atoielii€«a©ti»i® poiat. If tfe® charge ©a &» . 

i s ©prosit#- tls® e&arg® @f tta* i^adit^ti*# i©a 

*W. e* aad 1. X>» Sa®aisok, 
p. 89t« 

11 
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before the stoichiometric point, adsorption «hould Increase 

as the mmmt ef ppt®ipitate in©3?eases. After the stoichio-

metric point th© potential determining lrai *111 have changed 

o&msing reversal of the charge on the preelpltat#.. tens* of 

the adsorbed rastioaotii?# i mm sigrt then be displaced, 

a change is not likely to be aotioed fdm isoaorphoms adaorp-

-$u*« 

figure 4 sehematlGalXy shews the apparatus w S tt *&»•' 

investigation. 

XPCii 

fig* 

m e reactions w®e ©arried out in eylisdrioai sry«ialli»i&$ 

dishes nfcieh m m fifty millimeters deep and on® Malvgd 

iiljsllaaiters la dis®eter* for ea@h reaation the dish was 

mounted on tiie top of a magnetic stirring device. lit '<*&»' 

that ea&h dish should be placed in exactly the sense position 
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% 

•;m tim a ©lrcl© eajwaspoadlag to tb® olrouafaroaoe 

of tbe dishes was dram m tb® stlrriag aalt. ffa# aftUWHng 

rate was kept eoaataat tbro»$i©ut tbe entire investigation. 

Activity in tbe solmtloa was followed by the count*? tub© 

mooted above the disk. fh« tub® ways momted la a find 

position so that the gesastry of tlie sltiiatioa was M A aoa~ 

staat. Jk measured faaatity of ©a® of fto reastaiita was added 

frcm a biarette mounted above the disk. ffee position of the 

burette wm fixed, aad t&e rate of flow of titreat was tap* 

as constant as possible. 

Wi&mm tvm tbe eouater tmbe were received and recorded 

by a deeade scaling wait. Aa electric tl»er was started by 

the sane switch tliat activated tbe doe ado uait. 

al Frocedtire 

A blank was rua in order to detesmlae tb® total effect 

of tbe followlBg fastest 

1) Bilutioa of Wm a»tlm solution doriag the titratloa. 

2) Change la heigit of ttus active aolutioa dwiag ad~ 
ditlon of the titraat. 

3) fassiag time allowing possible adsorption of the-
se tivity om the surface of the dish. 

procedure for nmatag the bleak was idea t leal witii 

that for the reaetloas, tistpl distilled water was tssed la 

the burette as titraat and la the dish as solveat for the 

radioactive isotope. 
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W m pp0Md®t t m wwmim *&© reaction detensi&attoi* 

aa follows: 

1) fix the concentration of the rea©t*Bt in the dlah 
so that Hie atoichlosietrle point will theoretieiillj 
ba at 25,0 ml. titrant. 

y^M * TBTT AiTiira>i mtei mil Mhi-drafrm -JSfc -dfc- - —n m -jtL-

*£} wwGBt * Dacicgrouttd oount. 

3) A M radloaeti?® isotope xmtil the aetivity «f tte 
sol*itio» reaohes the dealred l**tl. 

4} Srittg the total voliase of the aolmtioii to & fixad 
value* 

§} Vith Mi® apparatua In place as shown in Figure % 
record the setiTitj of the solution la the dish. 

6) Segii* the titration. fitraat Is to fee added %» 
5.0 al. portions aatil 2©.© al. hare I m added. 
It Is then add*d im 2.5 ml. portions mtil 30.0 
ml. have been added, after 1M9I two 5.© ail. 
o»« 10. G ml* pari;ions are added. 

T) ffcte solution la stirred at & eonstaat rate 
2.0 minutes after each addition of tttraat» 4 
time interval of 2.0 Blmtes fa then allowed for * 
settling of tli© preoipitate. ©le aotiviti of the 
solution is then measured ova* a 1.0# minute time 
interval. 

8) After the titration is ecatpleted the diah la re-
moved attd & baofegroiffid soml la ta&en. 

The concentratun of reactanta were sain low enc>ugh to 
insure that Wm preelpitatea foiled woiald occupy * aiaall 

volume with respect to the total voltaae «f solution in I*he 

dish. After settling of the precipitate the solution afcove 

it a© ted as cat absorber for beta and alpha psrtielea. Wmim^ 

f ore the only activities observed oould have been alpha and/or 

feeta partielea from the top few millimeters of ti» solution 

and/or gsnaaa es&saioa from the total eontenta of the dish. 
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Slaee each tltratlGa toolc little more than ona boot, 

temperature mm easily mad[stained. Room tempera- ' 

tare was checked sad fotrnd to be eoastaat ov«r tlie deter~ 

aiaatloa time. 

Feasible effects due to m r s « l of the order of 

edditioa of rea®eats were Investigated* Each preolpltate 

was foisted twice, w e for each reageat m iltrsnt. 

ftee radioactive Isotopes used as Indicators were la-

trodtieed ©aly la tr«e«r concentrations. Macro amourits of 

' Hie tracers miafct for® precipitates wit& sens of tlie reageats 

used. lowever* concentrations of tite Isotopes were so low 

that tiis solubility-product constants of possible precipitates 

were aot exceeded. 

Adequate pretentions la handling radioactive Isotopes 

were taken to insure tte safety of ISie iBvestigator. fise 

followiag amies for laboratory proeed*ire were followed wtiea 

they applied to tlie situation t 

1) . . . "mm protective clothing i» t^e laboratory— 
. , , keep It there. 

2) Wear pocket chambers during all laboratory periods, 
* . . Awid Jarriag them severely# 

3| ©o aot ixse tSie moutb for plpettlag sad do aot put It 
la co&taet with any other appsratms la the laboratory, 

$} Do not smoke or eat la the laboratory. 

5) Vse hood la all eases where radloaetlve material ma? 
tee lost toy volatilisation, by dwstlag, or by spray-
lag or spatter lag. Work m m ©losed eontai&ers 

possible. 
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6) MMn* all 9ail*ii»ti9» samples and timtemim the safe 
working diatom* m shielding p9oa*d»y# before be-

Witftl thSSU 

~ T) A?«4d &*®dliBg swiples in aw* a *af that say radio-
aetiirt aattffial <&m toe trqfcafamd §© tfcie hands m 
other parts of the l$i|* 

$) KUja J08f work OflttMl; «4»<wt a* ffry 4f̂ |gff!r •ft '• 
spilling radioactiv© material. Wsgft ow abaop̂ at 
papa* «# that .if ali#*t Immn mmw the? vill b© .' 
ean#t l»f ffee paper, ukisfe it disposable. • * « ' 

9) • • • 

10) If radioaotiv# i»&te3»ii& should t$ spilled on the V, 
J l i U i *mL.L Xkir, . W ^ J * - -I--. • ^ •*- -A MfjkvJK ĴLg ji*. -M&, sat.. „A Î JHfc ..^ . .̂ ..Aaa, •>» .s'-̂Uu • 

floor, G&smeaoe talcing 3?e%&i8ite steps iw ©iea&img 
it up immediately. . . . 1 

|1l) Seter f@m inkiiu spaee at the tMNdsKtag #f the 
working f$»i od and again «i Hi* ond. 

12) ffear riiliteer glovea in the la&orat$&§ tikii# jaaaipii* 
lating active materials. 

13) All radioa&tiir© wast© must he disposed of i& ©ob-
Jfai i••] i f #aii iiiii i f lA T tw ih^a i iwWwi t ^ 3 .-jft m i i n nim A i s c , ^ T t ,Jafc .&*. I # ft „ 

SSUMflMB jplPSV*6Ad eSpeOisHjf f 63? JBMLS pfflPpOS* • -M0-m 

itMAil̂ t waste is to ft# iwiad.® 

fa&le 3̂  8noirs the j?e©os®eaded daily toleraaoe done as 

established fey Hi* Waited States AtmU mmm 0<w&i88ioa* 

Present tolerance levels mm Xmm thm those tfamm teal#?* 

She toleraaoe htmX tm feata m& &mm radiations is now •, 

®#3 * & p«v tn«k» 4©s#s i® the table b©lo¥ mm 

•sumsstd to apeeBt̂ iis (*), roaatgsa stmivalaBts mwmaX (vm), 

and etuiiralsiita lOiysioal lw)« 

2S. Blouler and G. jr. a©ld«aim# IxEĝ Lmgntal ̂ elueiAss.# 
X̂p» 1**15» ' •• rV-vv 

Ŝ̂ iA*# P» T• 
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w&mm 3 
m&im mim&sm worn 

Tolerance Bos© fo r 8-ixr 

fype of ladiat lon 
* rem rep SI 

X rays 0.1 # . i 0*1 • e * tana rays ©a 0*1 0.1 e # • Beta p e t i o l e s • » « ©•1 '#*1 * • * 

Past neutrons • • • #.1 0,62 0,01 
Slow neutrons # * • 0*1 0,02-0.05 # • • 

Alitoa par t ic les • e a 0.1 0.01 ' # * * 

ffets [t&© roentgen] * wait of energy disslpatioa, 
_ • mt% of s*«tt«i£oa intensi ty . f t i s d e f i e d as i t"" 

of 1 radiation (or gamma radiation) for itiieli 
fk» psr t ie les eai t ted pw O.0O12$3 $ ©f a i r 
( = 1 enp a t normal oonditioiia} jvwtaMr* I s a i r , leas • 
carrying one «sm of e l ee t r i e i ty of ei ther s ip t , I» * • 

• . . dteriwl uni t , the _ 
(mpi* Wwm, i s as teifi* that taunt 

W t l E l i l i m i vfcich staffers m itoMCptf,m £» t issue m 
£g « v i » 

Siaee various types of radiatlcax a# not prodae© -
precisely the same biological e f f e e t , i t has I t w pro-
posed ttiat a second derived w i t wMefc t t f » i Hits factor 
into fseoant fee ased. Die re la t ive Mologioal « f f#e« i» -
* « i C»l®) ®f t issue ionization «w» to a ©attain tip© of 
radiation I s taJsea as the n t i o of the ionisatioa pro-
duced by gamma rays to ^a% due to t l » radiation, under -
osmslde^aMeii which wil l prodme the saae Mologieal 
e f fec t s , WmtmtmmMj, »p to tit* present, there ar© 
W l good values for 1SS in man. a value of 
wilty for feeta radiation and values fr<* 5 t© 10 f w 
a p t o w and alpha par t ic les k m t>Mm recommended. , . 
f&e derived m i t taking these e f f ec t s into account i s 

(or man) (r®»). I t i s 
atioa iftuLeb, when < that quanl absorbed b ; M m s # 



produces an offoet to th© adsorptioa of on© 
roentgen of X radiation o«» gamma radiation. e » ai*:"-
then, is &%m£ to 1 rep/TtHE; or the § w ® a|s®pW 
witfe a dose of X ram is to 93 org/SSS.1* 

S#st0.ta 

Pour radioactive isotopes *©r® «sod ia t&is 

fh©2? m ratdi ogtwigiltepagis (P^2), radioiodia# 

b&lm-lmthmcms. a»d rsdioooriw-praaoodii 

Inwstigatie© with F^* 

©a® radiô ospiioromB msod va» obtaiaod tt» Oak 

national Laboratory. It was prod̂ eod >j (a>p) *^2 

svtrtiau Its chemical fora »m phosphate i» VMifc HC3. (<®.5K), 

and it mm Wj> P̂ BPe witti * M#» apeeifie afttivlty (~0.025 sag • 

p/mc), $h* total solids pnnBl wore Sam tfcan 5 »&&«• fo* 

our ptirpoaos the radiopihoapiierous was earrier-free. f&SS' 

partio»l«* fatal of f®* Is rea&iIf av&ila&l#, as it la • stoek 

item. Ill prio© is r»«i»®Basbl#' at $1.10 per mo pirns $10.00 

service eta®?®© per (ffdir* ©se half-life of 1®^ is 1%*3# dagrs, 

and it ia & pure tieta emitter giving off keta partieles of 

l.?12 «•*. 

fhm water JalaîE ewrve for radloph©8phor0»s is sfa&m in 

Figure 5. fee following titration m»m» for p3g ®s iadio&tor • 

torn normalised at 80*0 ml. titr«at with roapeot to tfli*: 

water Mamie ewft l» Wtgmm 5* 

p. 5. 
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Avttmty in eomta pea? mlmrnt® 

26,000^ 

24,00^ 
* * 

.a2*00eu! 
m * 

2G*0Q0̂  

18,00^ 
m 

m* 

14,00©; 
m-

'rm 

12,000^ 
m 

1©#00©< 
m 

8,000^ 

6^060^ 
m 

*,000-
Hh 

*,000-
i® • i® 

Wig* mmm fmr *a&l©ife©agk©3?oms 

fin* e t f m t of mmmsmmt&m was to g lw & t i t r a t ion w i 

afcoirliig mo ftfftets to to dilution mgoa aMitloii of t i t r a a t , 

ehaaag® %n faaigkt &»• to addition of t i t ra&t, and possible ĝ L-

sorption on th0 am?fae« of Ha* £ls& ©fwr t&® t&irattJSi p®a?io&. 

Sh# fomala f©^ aofmallsatiom %mt 

I .JL.lf£r 
% J 

vhere A I s «h» aetiiri ts o» th» water blank ®w*w at » * # at* 

%• Is Hi# as t lv l t f ©a «at©£ blaok c a m at * *&< 

tttMfc* and % is act ivi ty ©a tiw» titi*ati©a eapf« at * 
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s3.* titrant. % is ttsm val«© for tli© activity m tarn nmm&k 

ized titratio® curve, f A lis called tfe« »©i?»alizatioii 
L avl 

f&etor. fable M gives morjaaliz&tioa factors obtained . 

frota tli#- ?32 water hlwik 

wtrnMAmzLAmtm FACTORS FC® f3* M l TOTWAI* founts ̂ H ' 
jlSttCEBBW Oî  fXfEyif ??© 6o»o XI*. 

XI.* fitraat Sofs&alizatioii Faotor 

o • „ , §,?$§© 
5 . , . 0.8258' 
10 0.1?#% 
15 • • . , . , 0.9505 •• 
20 . . . . . . X.0000 
m*$ 1.0360 . 
m * + . .i*os&r> 
ar.s i.orrs 
30 « 1*095$. 
35 . . . . 1.1514 
4o . i*vm 
50 » * . 1«2753 • 

Division of the activity at volwa® v of ti treat on tlie fol-

lowing titration s®?is by the eorrsspoiidlag somsaiî atioii 

fifitQf at mat volume pilfis tue jô ofsi&liseci Tains or 

activity essperiiaestally observed. 

9m to fee ram&m nature of xsaelear transitions a sta- ̂  

tiptical error will- always b® present in measori&g activities. 

3h* error will bo nearly :%%mX to tfcte square root of «be mea-

sured activity, Hie stŝ tistieal errors involved in 

activity frus F^2 aresiaall witi* respeot to tbe activity. 

®*®y are tisereforeolosely represented toy tiie thickness of tt» 

lines drawn to r#p*esent ttoe titration oiirves. 
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ta each titration the radioptiosjiliQroma urns preaaat I*;..-

a traeer Q & m m W a M m in the dish. tha solution being £•< 

titrated was niwy brought to 60.0 b1< total volume vith , 

distilled water beginning the titration. 

Fig®?® 6 shews the titration ciarves obtained In pMeSsft* 

tatlng A©A8®% la the presence of P32 as K)if. 

lonaalissed activity to counts per *iimt® 
-$5t#0©. 

3 t * m 

;f§iW. 

20,000 

* & M r 

•'o , ' 

10*000 

Curve M 

Curve 3 

is-

Ml. titrant 

Pig. 6—Aĝ AsOjj la the presence of 
*3t 

fhe stolehlomatPle point in curve A is theoretieall* 

16.66 aa. tltrant, mis in toe onli &m*ptins, «fc* atoWWEfc# 

ŝ trle points for all other titration <rerves la this tiaasis jNW 



at 25*© ml, t i t r a n t , i# * fim mmtpttaSm m& 

ocmpl#te a«ttXlQg was not ofctalawd, 

' . @ # n A I * P t g w t # *«#«&** f*am adding 0*885 X 

.$ * a tt&iitM #®ei«lil§Bg 12,50 a l * ©f 0*30* * Ag |%* W W $ 

S» f k i sara® f f t f M f M « l l s f r o # ttftt&ag 0.15© * 0© «-v.-'. 

. t i i i l i tt&oa eofttodslBc ®§«® ai l* 0*150 H Kagll&sOlj# 

• f t g w t ^ww» <&• tttJNfctw* w w w i «fet«ia»ft W 

tafcing AgCBS I n tha jgN*»«MNl «C «» f®% • 

Sonaaliaad 
40,000 

HliDUt$ 

Cu*v» A 

!©#©a©s mwwwwpi 

Jl l * t & t r a * 

F i g . T H ^ p i te too j p w w b w « f * 
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§wpm A £ft Figure ? results tx<M a&&iRg 0.150 II Sa£S$. 

*0 * solution coatatalag 12. $0 ®1. ^ ®*3» * MP*3> 

insults f*Gm adding 0.150 * *#©3 t© a salmttssi a^aMatlat^,; 

f§.-t ml. of ©,150 M «afl»§. settling was not eeaplnte. 

HQst ©f tfe* pr«oi|KLtst# W8«t to t&» feottea, bat ©»©*if$i -*•"•. _ 

maln«d suspewSaa. la ®w solmtlon to male# i t tmrtJid-. 

\ f i g w o « s&0»3 tk» titration owves ofetaioed by 

tatiag AgCl la th® p3?@s@as® of ?32 *s PÔ  * 

IfoMMllstd activity la oomt# p*ff ml»t# 
75,000, 

65,000 

Curve 4 

55,000. 

45,000 

35»OG0 

15,000 
GSBFWf H 

H ir i?§~ i r •star 
*1. titrast 

rig- 8--*gpi in tu® pp®s»a&« ©f *32 
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k results £&m adding 0,150 M X£L to a so lut ion •; 

[wtimaaSag 12.50 ml* of 0.300 m AO®3. ton* ft 

o . l $ 0 X A#t% t o a s o l u t i o n conta in ing 2 5 . 0 ml*- of / ' . • ? 

0 .150 * KCl. -:""^ 

@upda of A«B1, f l o a t e d dta?lag the t i t r a t i o n Sm 

was prevented f a ttoe t i t r a t i o n f o r o w v e B by the 

::11,1a of' "Joy* l i q u i d de tergent . S t &©«& t i t ra t ion i t aoa# Mg* 

vas f®du©ed t o Ag° by photochemical a c t i o n . 

• Figure t *M«* *•» t i t r a t i o n etirves obtained toy 

&gr% in, presence of P^2 a# F0J| . 

goimal lzed a c t i v i t y 2» c o m t s per minmte 
35»«©0kL Curve B 

$0*000. 

2§,000, 

20,000. 

IS , too . 

10 ,000 
Gwro A 

XI* < t i t r a n t 

P i g . I s the presence of ?32 
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iunre A In Figur© 9 iresuLts from adding ©4I50 II H&IO3 

to a soltttioB eaatslai&g 12.50 ml« of 0*300 M * Curve B 

la th® same wmtikta fa?aa addtss 0*150 M AgUOj to a • . 

solution containing %5*Q mli of 0.150 M Haldj. Settling of 

AgI03 Mm good, with w?f llttl* precipitate left suspended 
:i& solution* *. wv,; 

Figaa?e 10 ahcmB th& titration ewvta ©kt&ined by 

AflgVty to Wm presenca of ?32 as P©n * 

Sognttallsad activity la counts p&w ainmte 
S^OOO^. 

15,000^ 

Curv» 4 

1D»00Q 

5,00© 

1 Iff 
XI* titrant 

Fig. 10—Ag^FO^ in tito presene* of *32 

Curve A results firm adding O.lfjO II AgKOj t® a solution 

containing 25.O ml. of" #,150 m KBg?0j}« « w » B ftw* 

aMlag 0,150 M 182?©$ to * solution containing IS.O ml. of 

0*300 * 
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Settling of His pt*©eipitat© was wry good iritis. v®*y -

littl# 3.9ft is smsp»Bsie». 

Figaro 11 skews tbe titration curves obtained if J 

t&tlng S&SOjj la the of F^2 ag , . :::,;>• 

Hotmallî d activity is sonata per minute 
£0*900 

Curve 4 

10.006 

5,000 

*1* titraat 

fig, 1 1 * « I s $t» $ffe««ie# of ?32 

0tfvi A *•«&*• f»« adding 0,100 K »aC*%)-t *© * 

tio& ©ontainlng 25.0 *1. #f 0.100 K *«gi04. S w » B restUta 

frcaa adding 0000 K Sae*h| t o * »®lmti©» eantalMng 15v* 1 % 

,«r 0.100 m &4i%)f • 

- Settling of $h* precipitate vas good irl̂ k little WHitefe' 

sioa in solution, -;:v 
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Sf tvest lg f t t la i wltfe X* * 1 

*a&io iMi iss ms«d was obtained fir» tU* Qtk Ridge 

M&Mtmml I t % wm produced bgr f i s s i o n « S iiad * 

& a l f ~ l i f # o f • l ^b . t days. I t trat empvlm~fvm im ttoe fona ©f 

99$ ptxra X«Z l a *%$@g so lu t i on of feasielty O.OO5 X t o 0»O5 

» HsOB. 9h» rad ia t ions fi?«*a X 1 ^ «*» l i s t ® # 1b fab l# 3 . 

I K i . § 

OP I 1 3 1 1 * WT 

Bata 

0.33 
0.60 
t a § 
o . s i 

a g p 

:©•! 

JPSfe. 

ua&Haa 

0.110 
0.364 
0.284 

~0.l6 

S t l s p a r t i c u l a r 

able stock l t « a 

s«j*vie« charge p#* 

f lga*® I t a&ews 

fas® of Fa&loio&ia® i s a **adi lsr ava i l -

reasonably a t $0.75/mc pli ia $20.00 

th® va t *? blank «MVf» f « * X*31« 

A e t i i r i t f l a oosmtia P®3? « l«a ta 
^ji 

SoW, v©1t»» i n diali. i n ml 

F i g . 12—Wat«f> bl®Pk s u m f«a? I 1 3 1 
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Valve* £03? n&mal l zMon factors 1m fali la 6 m m dbvlTsd 

in W&mm 12. 

l ! 3 1 

m . Titrant »os®ali««ti©n Jprntms ' WWWftl If fttl, CT ̂ s t o r s 
f o r I n i t i a l m m f o r I n i t i a l Volume 
- * f J® of i®ft m * 

0 1.0525 0.9838 
5 1 . 0 W 0 #58091 

10 1.0336 0.9924 
1 5 1.0212 0.9961 
t o 1*0000 1.0000 
22*5 0.98*6 1.0022 
2§ 0.9506 1 » M 8 $ 

• 2T-5 0«9333 1.0062 
m 0.9288 1.0084 
35 • 0.9®77 1 .0&35 
40 0.9320 • l*0Slti0 

, 50 , '. 0 . 9 * 0 2 , • - ..MWPft ,,, , , , 

f&® s t a t i s t i c a l arro*® involved im maaswiiig tta© a©tiiriti«s 

frcBi # 3 ^ ar# ygpofeMfeted fcj vtrfciefll H a t s tteoagk the poiute 

m the eixnras f o r X3^1 . 

Tb» fol lowing t i t r a t i o n ennrss for X*3* as laiisa-tta? have 

\mm neasaalizad at 20.Q ail. tifcrant Witt* !««$«©% l o t&© water 

blame ©ujptt* it* Figure 12. 

Im the t i t r a t i o n s represented l a E p e s s 13 M l I t fee 

tiding t i t ra ted ww# brou^it to 6®.# ml. to ta l w«3pm* 

irlth distilled. water before beginning Wm t i t r a t i o n . In. tfee 

t i t r a t i o n s represented in Figures 15 and 1# tho solut ions feeing 

t i t r a t e d m feroo#it t© 100.0 ml. t o t a l volume witfe d i s t i l l e d 



wa%#r before %&® feitspatioa. Wm i»stiili©iodtii® v«s 

present $m ft taKssMWP' ecaaGftafepatloia i» tbse disk ta eaoh ti~ 

tr*ttoa« 

• Figure 13 tikms Wm titration eww* olliiMi fcf preolpi'" 

t&tlsg AgOl in tli® p*@s@B©# of 1*31 » 1 " 

lfoxmlls»4 
• 2,000 

astivlty la eos&ts pn* minute 

Owro A 

31,00© 

cwv» B 

JKU fcitffaat 

fig* 13—AgCl is tfc© PIM8$« of 1̂ 31 

@iro A Fssmlts fpeia adding 0.250 U MXfl to a solmtloa 

eontaiaiag 12.50 ®1« of 0-300 X A$%. Ctow ft f»*«l» f*an 

.ffMtug © .150 X Ag£®3 to a aolutloa containing ff.O 4l« of 

©.15© » wn. 

«3oy" 1fjsgnML date^gsat *«» t@ iwnmto flo&ti&g 

5ovst9?i tot tint fop ®WW A tSus®*® w®y© a 
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floating tip to 10 w£L* tltMftt* *# ©*»®» f M M %m tut t&« 

tration ft* mmm. «» UN t«ito As mm 9»6m9& to A# I* 

SfP 'HP W 3 p ^ ^ p M P 3 P F * ^ ^ p p v --w 

Figure 1# tHnaes tha titration. taiwi 0t*tati»i& tof £Ml$fe 

tating A«I03 ift fee | M « ^ ©£ I533, «i X ̂  

8̂ ma3.i2«d artMftar to 
2»OOOJ 

CtfJMTe B 

Owre jt 

m* tMm* 

fig. AgXOg J» H» *131 

Carve A results 2M «ttt«* O«&50 * *• * Mftatttafc 

8 W » waits £**« 

adding ©*19& II SaS% t@ » solution containing 12.50 <& 

0.300 % #$m%* 

Settling ©f «*» •JMP% p*^ii»it*t* m» ©aasellimt *tm **• 

I M M I i MmwlK'lk JWWWi». ' 
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f£po*» 15 u&mn titration obtained by proelFl-

tatlng in m ® pp«s«ae© ©f #31 a S i 

Jfcamallaed activity £ft coals per mimta 
1,500,_ 

Curve A 

1 #0®0> 

Curve B 

Si 
Ml. 

Fig. lf»*AgCHS to tiia presence of J*31 

€*•** 4 Ptsnltsi fJ*©si aiding ©.IS© * * & * % to a m l u M m 

eoat&iBiag 12.jp ml. of 0.300 II »aC8S. ;»- *#a«lts fmm 

adding 0.150 * laSUS *» -* containing 12.50 «!• of 

0.300 K A ^ 3 * 

Xa M f e titratlsas Hi* ppaeipitat# mm6Xm& ®S,mm&m& 

in solatia witk poor settling mp t© 20.0 ml. U W m t * m m 

miMs f©aa#<t and «* ̂ :.l*g feneaBia t»tt»*. Mm***, * M m * * 

remained floating far tH* m m M * * of item titrations. 

Figisra M sli0«ni the titration ««*«•• obtained by pg»*ipi~ 

tattag BaSO* s» the prasano# ®f I 1 3 1 1® I"-
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KoraaUzed astivitr i» eottls l«? rntrnme 
2,500-

2,000 

C u m 4 

is 

l*00ft 

HI. titrant 

Fig. 16—Sa®4 la til# p?®e*ae« ©£ I131 

0urr« 4 fpttflis from aidlag 0.100 )( lagUOif to * solution 

containing t5»© Of 0.100 ft >*(103)2 • CftS??® £ fHMI 

adding ®*im m mim%h *• * ts*o sou ©f 

0*190 SagS04. 

Swfcfcllag .n*» good J» ̂  titration for e w w A and «3»ftl-

lemt in tt» titration for ewfi ».. 

iBfff'UgaiiA witt* 

The la1*0*#*1*® maed i» this iiw*stigatl<m wa« ototaliwd 

<**» the Oak *li» lafcioma lavatory- It ̂  ps^@«a «y 

fissioa la1*0 (12.8a)>-^Lali|0 to a parity of 9&* 

Gf daii#*t«i*. « » elMH&ieal fan was as <sfci©*ia®s i» **»« 
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thm one normal HC1 villi no addad earriai?. Radiations fr<m 

ar® g l m Is 7* 

•KtJI 7 

lAlttlMRI fSeK BaA,,0-LaA,u W KSf 

Isotope 
Radiations 

Isotope 
lata Gatama 

o.*8 iWV 
1.022 

0*306 
0.16© 
0.5*0 

L.1*0 1.32 (70*) 
i.ir l a w 
2.26 ciop} 

o . W 
@.335 
0.*f 
0.82 
1*6 
2 . 5 5 I W 
8.9 (6.1)0 

*m$.s foiw of Ba3**0-!®1*0 is jsroeassad at three ooBth 

intervals and p*iead at $L.OO/fes plus $10.00 service charge 

p m m&»T* $&a half-lif* of Ba**0 is 12.8 days, and tfe# 

fcalf-llfa of la %© hours. 

®*e vats? blank curve fos? Ball,0-I«allf0 la shown la Figuo?© 

17. 



3* 

tetlvlty In eounts per minute 
2,300 

2$%M 

1,7©0 

XI, t i t r a a t (I2O) 

F ig , l ? - - « * t w blank e n m f o r la1*10 1*0 

Normalization factors derived frea* this # w » ar® s&©w& 

in Table S. 

mmtmzmm mmm mm mm wmM* wimm 

B2F0RB ADDITIGH OF f f f lUSS BQML f© IQO.O ML. 

*1 . ?lt*a&t Normalisation Factor 
o . . . . . . . . . . . . . . . . . . . Qsm 
5 . t ^ * t 

1 0 . . . . 0.950S 
15 0.9773 
20 1.00*0 
32.5 . . . . . . . . . . . . . . . . . . I.OO85 
25 1 .01® 
27 .5 . . . . . . . . . . . . . . . . . . 1.0fil»9 
30 . . . . . . . . . . . . . . . . . . . 1.031S 
p . . . . . . . . . . . . . . . . . . . 1 J I© .................. . 1.0! 
5© . . . . . . . . . . . . . . . . . . . 1 J 

Following t i t r a t i o n e t f f n i are aomaallzed a t 20.0 st l . 

witii respect t© the irater blank ei»v« in Figure 17. 

18 easli titration the la1*0-!*1110 irer# present im, $&mm 
vQmmtwmttmm la the atah. fhe solmtloa being titrated waa 

always M m & M to 100.0 ml. total volume irlth distilled water 



35 

I f e o g i m i i i i g to t i t r a t i o n . Im tta® t i t r a t i o n 

fel fflgaa?® 21 #3p®»ss LaltJO^ m i l addad t© t&« s o l u t i o n 

d i s h j u s t b«for® feegla&lag tfa® t i t r a t i o n . l a t k » t i t r a t i o n 

i*®j>i*a8«mt®d toj f i g u r e i t «ap8*** M % was aAdad t o the eo la -

t i o n Im: the d i s k m t w m fe#gi»iag t ko t i t r a t i o n . 

" ' '' S t a t i s t i c a l m v m z InTolvad I n measuring a c t i v i t i e s f rom 

Sa l J | O-ka1 1 1 0 i n f o l l o ¥ l a g d a t a m i a a t i o i i s are represent#4. -

w i d t h o f M i t i t r a t i o n e w ? i , " • ' • ' ' • ' ' S i 

Figure 1ft shovs tin* t i t r a t i o n ©tirras obta ined by p r e c i p i -

t a t i n g AgCHS im ttoe presaae# of l a 1 * 0 - ! ^ * 0 as B a * * a»i. %e£*i~> 

temalizad m % l * l i » l a counts pay a l a a t e 

e«??« 4 

/ 
.*.- — mm 

(nary® H 
IT" I 

23,000. 

M*m 

a i ^ M i 

tSiSQQj: 

: $ M » , 

X?,0©€>, 

.16,000. 

4s#too 

Ml , t i t r a n t 

F i g . lS~~A$DM i n tke pvasenoe o f la i^Q~i»a3-^0 

^ 9fa*v# A r e s u l t s f r o n adding 0.30© ft AgSG-j to a e o l u t l o n 

©oatalnimg 25.0 o l . o f 0.3Q§ X laSllS.. Cwve B r e s e t s from 
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adding 0.300 M KaCm to a solution containing 25.0 *1. of 

0.300 IK 

Settling of the ppocipitato was good *it& w | littlo 

mmpmatm is solution. 

Fig*»e 19 s&oim the titration cuttm obtained if pr«-

eljjitatiag *££@3 in tfa» pa?#s«m«e 

and La 

SoBaalizad activity in eomts 
24,00$ 

as»0@<t 

ai»ooa 

20,000. 

1#,000. 

ii,oo©XI 

IffOmJI 

16,OOOl 

minute 

Curve B 

,M*ooo. 

10,000 
(Jaw A 

m . tifcpaat 

Fig. X 9 ~ * & % to tfa® gPAMiies of ffai3.$0«T.JU0 
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Curve 4 la Figas© If *•»«!*• fro® adding G.$00 B 

to a sols&Usi containIng 50.0 ml. of G.150 II SalÔ . Cupw B 

la t&» same #t$wt tmm adding 0,150 H XaXÔ  to a 

solution containing 12,50 ml. ©£ 0.3G0 II AgpOj. 

Settling was «;m£laat a© B»tie*«b3* nsiatlii Is 

solution. 

Plgttw fO &ows tla© titrations evcrm obtained by precipi-

tating B&SOjj • $M %km presence ©f as Ba++ ami W"1"4*. 

ismalised activity .Is counts pa? minute 
3§*««©>L 

30,060 

25,©0© 

20,000. 

15,000. 

10,000 

C m i A 

Curve B 

W 
Ml. titi?aat 

fig. 20~*aa0* in the presence of 
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+-»-+-

@nmm A vmuXt® twm adding ©.1®® H laCllOjIg a stalm-

tion containing 25.0 ml. of 0*100 M HagSOij. . fww l mmm&Is 

£*0® aiding O.lOOll HagSOl* *» * e ©staining 0,100 It 

• • 

Settling of .m» p»@®ipitate mm emellmmt witfc tttry -

littla nofcieaa&le wpnslM 1b *tMUm* 

Figm 21 8hm® to titration earn*- obtained fey 

tating MO* pfaaeae# of ®a^#^e^0 as W+ an& l®f 

and exeess L&CROĵ . 

Xowaaliaed mWM%$ 4a eomta p«i* minsit® 
'If ,000. 

18,000, 

If ,000, 

i£#ooaT 

15»OOOX 

14,000, 

13,000. 

12,000. 

11,0004. 

10,000 

@89H B 

Qmm A 

,1 
Ml. titraat 

Pig. 21r~BaS% in Hi* 
X*fto$)3 as • 

presence of la^^-lia3^0 and iamw 

4 *ralt» fro» adding 0,100 IK Ba<lK>3)2 to a solu-

tion containing 25*0 ml. of 0.100 Magmk and exe«ss 1̂ (103)3 



B resulta tmm adding 0*100 B to a con-

fcainiag t$+o ml* of 0.100 8 BaC®03)2 ta wtmm '/v. 

f igure 22 mm® th* t i t r a t i on curves o^ ta tmAIf 

i&ii&g BaS0<| l a the of as Ba++~an& La 

aad osesoss 

+• +• +• 

Homallsed 

10,000. 

ill counts pup aiaaite 

6 l ? f l j§ 

i m 

HI# Wl®FHBw 

Fig*. 22*HtoftG>j| £& tti* psm«B0# of a£it excess 

@W» A fww&t« fro® adding 0.100 M SaC 803)2 to * solu-

eoataimiag t*k§ ml. of 0,100 K SagSO4 aa& excess 0aHO3. 

1- v*s«lt» frc® aMlAg 0*100 X lagSO^ to a solution coa* 

25*0 ml. of 0.100 X iidftg-fa a®& eiEeoss laSO^.-

Sott l isg of Wm p**o©ipitat» iras good m m l i t t l * tfoili*' 

to solmtioau 

la-reatlgatlc® witfe 

fli# 0#-t****»|,»-tn*t used tm tkia is^ostlgfttioa if as 

tfe« ©afe lidg® *«Ucmal lafcoratori a t fl.OO/bs jalms 



ko 

mmtm mm®» P** It was fey fisaioa §@3M 
|27fja)/3->?i*3M to j«a*i% mmimim of S#il{3\ ft" was 
caa?rier-fr©® as CoCi3 fit leas thau tiws# normal 101. «fci 
e<me#afepmtloa of v«» l#sa t&an 10#. TkU tmm ©f 

Is » readily ®vailaii2# stock item. Its yadlft* 
fcicma are listed i» fatal* f«. 

mmai 9 
w p m prom m mm 

Isotope 
Radiations 

Isotope 
Beta tmmm 

0.3 • oar 
#.13 (stfctiig) 

Br4, 3 . 0 {-90%) 
2.3 
0.8 

a .a-j' 
S.§1< Curt o.?J 

Wm Jw*3.£~lif# ©f O®3-1^ is 275 d«i«# *»A t&» MLf'-llf# of 
***** Is' 1J.5 minutes. 

®N> wafe©t> Mask ®Tmm tm $•***-#»*** 1# d^n in Flgore 
*3. 



Aotivlty la coimls p®s» alaat® 
€4,00© 

60,©OO 

54,000, 

50,000 

It,000 

II. titrant (%0) 

fig. S3—ttetap fclaiifc mami for 

S&e MuaisafcUft factors abows in 9*ML» 10 «•»• derived 

I M H» w«fc«* ««w» la ft#®# 23. 

W l 10 

m M M x t t m m m m m w m w o t jmtiu. n a m 

n x m MBs/mm or m m m w m & to 100.0 w,. 

Kl. Titrwt lonwllr.tlon Pastor 

5 » • • • * 

15 . . . . . . . 
20 . . . . 
22.5 . . . . . . . • 
2 5 . . . « . 
».5 . . . . . . . . . . . . . . . . . . . l.jggL 
30 |-*|ggf 

40 , * . . . » » • • # • • « • • • • • » » 1.1069 
50 . 1.1T07 

0«$U* 
0.SMS 
0.< 
©.! 
1.0000 
1*4 
1.< 
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f&® following titration eurvts for fiaW-fspW as iadi* 
have i£mm mmmO&m* at 20,0 ml. t u r n * wltb. shpi«|. 

to tlio water bla33k curve la Flgur© 23. 
Sfe ««efe Mixtion the wore pa?«8«afc i® tmM* 

la th® 4£*ti. Sl» solution fc&ing ttftmM' 'Wig 
i N P to i©@#t ml, total wim ll«HUiA water 
b*fc*» li«giisi*tag th* 

JftatiatUal errors tiwr#l«t4 in measuring frcsa 
im following determinations mm 1represented 

&f ttoa wi&t& of tha titration ©urifes. 
Figure 2H show3 Wm MftamMm mmm obtained I f 

tating in tlia papas#©®® of as and fx***. 

lanutlisaA afttlvlt? l& ooaats 
100, 

ewvi £ 

90,000. 

80,000. 

70,000 

60,000 
©timre B 

; *u; 
Fig. rn mm rmrnmrn of Sa^-fr^1* 



§wpm A insu l t s farna aMimg 0.300 X HftCHS fj© * •&&*!&>*-

•gsfetibttig t§„# m3U- @f 0.300 X AgHG3. Curve S resu l t s t e m 

aMtug 0.300 X *#@3 to a e©stalmij*g f§*0 ml. of 

0.300 X HaCHS. 

Set t l ing la boiai tltr«ti<3®» became excellent oaif «fM> 

IS.® *1. solutions were fcapfeM up t© ttmt pes tat* 

Vl&m 25 s&e^ Us* «*»*»« obtained b j posse I p i -

f» the preeence ®f as 6«*++ sad , 

Sosnallstd aeeMvifcar i n eomts per minute 
f0#©00. 

Curve B 

70*000. 

s v m 4 

l i 

10*00ft 

HA » wFSSftw 

Fig. 25—It^lOa tft t3a© presence of 



' 4 wemiXtB frcm aiding 0.300 M to % sotofcioa 

$©n%«£»img 50*0 ml* of 0,150 X lat%» Starr© » *©#t&ts 2Mt 

aiding 0»150 ft IW% to * solution cG&fc&i&iag 12*5© ml. of 

0.300 11 A#%. 

Settling M «3B2#llea%. vitti ao aotieoa&l# si*sp@asi<m 

In the solution. 

Plpwt 26 s&gsjb tfe® titration ©urvaa obtaiaed tef pracipl-

in tii» pp̂ seiiee of c©1^-?*3^ m §9*** a©& f* 
+ + 

ic®ia#ll2#d activity la aoaats 
fOjOOOl 

7o,oo<C 

(tan* ft 

50,00CC 

30*000̂ . 

10,000 

Ml. tllwl 

W£g+ 26—SaS©4 tft tt» unmnmm* of 



*5 

&wnr& k results frcsa adding 0*100 X t# a solu-

tion oooti»i&l&g 25.O ml. of @000 H Bâ SOî . • Chirv© * T«»ult* 

Ijpca aMi&g 0*100. X Hagl!©̂  to a soSnt&oft ©o&t&i&iBg 25»6 ssl* 

of oao© » a*(iH }̂fi. 

S© ttlliiij was ?832K®H®s% ¥ito Y&P'S littles susponsion In 

solution. 

W$&sm- 2? s&ow$ ite# titration cw»s ofct̂ iiied jproelpi* 

t&tiag S&SGjj is Wm presence of Ce3-̂ *!̂ "^ as 0#+++' and Pr*"+"+ 

f&is £«iemiiiati®ii is it *»p©titioa of Wm on® wwtmm&A %m 

Pigup« 26 . S t *»» *«*• t o ©&#©& **pvofae lb lUt7• 

Jfo*iiialis«d astiiritj ia eoaats p#r aiimt© 
90,< 

TO,000 

CiQife b 

50,000 

6®VI 

30,00®. 

10»M. 

ML. titraat 

rig. 27~-«®i>©Mti©& of tk* tlteattflR s&owa ia Fig. 



&mm Jk Jesuits fmm aiding 0,100 % s&cstgjg to % solu-

tion etmtst&lag 25.© «3U of 0.100 M S*g3Ŝ , #ws«?® 1 

fSpcta adding 0*109 M Ha2<S0i| to & solution eoatal&l&g 25,0 ml. 

of 0.1C© II 

Settling ip excellent ult& w j lltfl® suspension In 

solution. 

Investigation witk Mixed Isotopes 

Figap® 28 shows the Vita* blank ctsrve obtained msing * 

of and F̂ S ̂ as673. 

-festivity t» M l t pe* minute 
£Ld,€9& 

m . tltva»t {%§} 

fig* 28.~4ftotar tolaniE m o m fa? mixture ©f Ge-^-
P32 tracers. 

fk© procedure tm obtaining tiie mmm $m Wlgvm IS mm 

follow® t 

IM ̂ 9 dlSfc 
= m& 

Ij Put 95»0 ml* di3tilled 
baokgFouoiS. ssmsbS on itj 

2) Add f3̂  and taice a count for 1,00 alnmte. 
" 5M>83.} 

3) Pauae 1,CM) sl&mtej then | M 
oornt f«p 1.00 minute; (Count - 101,182;. 
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4) Bring total volum© to 100.0 ml. vltSi H20. 

5) Iwftxi tta» titration folloifiag the pe«i»i w & 
la 9V*e«&tikg titrations. 

6) After ftalahl&g %hm titration tale® m bm*£P®m& 
oo*»t| (»a©te®?©*iii& = 130 ep*). 

Tha nemmlUnMm la Tafcla 31 m m deriwi frm 

th© curve in Figa*® 2$. 

*&«Qg ii 

FACTORS FOR A OP Cê -̂Pr1^̂  ASD 
WITS fMSWinL ««•«» ADDITION 0? 

TITRAUT EQ̂ AL TO }*»•*'&» ' 

Ml. fitra&t M©i®alimaticm faotor -

0 . . 0.9010 
5 0.9286 
10 ........... . •.fete 
15 . . . . . . . . . . . . . . . . . . . . o«9?fl$ 
20 • . 1.0000 
22.5 . . l«tOU 
25 . . . . 1.0213 
ar»5 i*<a%& 
30 . . . . . . . . . . . i . S w 
35 1.0656 
lo 1.0885 
90 » , . » « * • * » . 1*13?§ 

Hi* following titration ®mm» tm the at*te>r» of e®*^» 

ftp**** ant *32 fcave soaaialisod at 20.0 @1. titrant with 

m m m * tli« ownr© ia flg*a?a 28. ft* solution &@i®g titrated 

was always liromglit to 100.0 ml. total voliaas wife distillod 

HgO. 

Statistical ropr»s«»t«il Wm width of tti® 
^ - '^Utek dfttedKr yjifc A <ifc itel d a l 

IlllJrlPllll • 



9tgMPt *9 Wm i l m t t o i n a m 

" n 

WSmP 
^|gr^ir5f||Sv aWSfW^WI^. JPP JPi i!l%! ( 

0«P1F® B 

®mm a 

jaiiA. 
i& ;pp©8®a®# 4? A MjetaaN* si* 

* * 

fem> A s w a t s i m C.3GO M JfaQUS t© * 

• ^ p % * fto» £mmm 
«h» n a t i v i t y m *1,202 

8& I n t&» 
13W »̂SfsW 

Hi* 

aUtMntoiiiHifc.. i& MiiMiWI tssi &m#M& iWlirlw IP #|PIKtll»iPi Mlili 

of 

Hiayfc wm®m %liy, 
WBmm' WI^WmWm^Kig mwRm «W| ? 

4ft l » 

4JM|* 

B t o a 

fUm 

wm I 

44&NP j % f # 

fiflll 4f liMi'lMfe iitM MM Mil uakud<Stfc iMiiik*-. >**~,.^jeSL "Sfefciyttifc. 

mmW0 l p 

m s % i n t&» H M N N of * w$£$0m ot 



Aetlvi ty l a p m minute 

HI. ti$i»safc 

3|j£*laS®4 to tho presence of « mixture of 

& • p*oe«dm followed i s ofetaiiilag Figs**© 30 wast 

Sale* a background ($0 ©jm). 

2) M» t$«0 ml. ©£ 0,109 X 
?# *1. % 0 $111, 

>2 lB ttaa dlsli, 
a c t i v i t y (1033 e®»), 

31 Md aM MeevA a e t l v i t j -|i 

4) &pisg t o t a l f&laa® t© 100*0 ml. « l t b d i s t i l l e d H20» 

5) Begin Wm adding 0*10© ft 

6} Aft®* Hi® tifjpaMoa record background (61 ©im). 

Wo v«*«r tfUnfc ww ffim f o r Mi# mixture ©f 

, IP tfaMMi **» OBIJ #B©iigfei 1^31 fiaf one d»t@i®iiiatim. 



flUAFWei* I I I 

mmm&mm OP jfffqrppa 

Previous *oap& f a Mils f i e l d fey HenoaB ? . <114 

-sot yl«M the staae *»*«&%a ©fefcain®a tern*. 2ft 1fe» p?©vi©us 

wofclc « dipping counter tote® was wadf 3fa» aetiva s©a.m%i©a -. 

mm pmlXM ttemgk * f i l t e r s t ick into a «yl£ad*laal glass 

chamber In nMsfc the eotmtay tube va* placed. The active 

solmttssa vsii aaqpoaad to a g*aa.fc 4m& ©f glass wmtftmm* Qm 

suggestion maMm fcy P r . Siillooti was tiaat a&*twp%L<m of tfo© 

act ivi ty on the glass of the counter feilia prevented 

aafcisaafel® flae%*iatioaa l a measured molm&lm s®tt*iia? during 

tfe® t i t r a t i o n s . poss ibi l i ty i s t&at '%m tim l a ta*-

vals l»volir#t h w e not held ©®asist»»t. H * apparatus iss#& 

by Mr.,Btall©e& *as vaapy similar I s fiasigja t© t&at rased by 

*» M s M w t i s t i t r a t i ons witi* va&toastlv* ifeM**.-

e w v t A of mL0m. 10 i a Mils t r e s i s eompaapoials t@ saa® 

of waste*. £ t t i t r a t ed 0.003, X Ra^TOij l a asMBla a»& 

M»vmm Vmgam BaHeelt, Bflt« Adsorptlor ef l a d i e a e t l w 
i » # t 6 p » «a ^©etpltatets,*' ttopottXlrfbad Barter* a tfeaat*, Vtpfc« 
#f Gta&stry, Sorth Texas State Gollega, 195% 

% • J> ,1M* £3M** M* PP« i39-%0. 
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wmmlw& e&lcxrlA* nolmiios iritfa 0.01 M Vg@%. H p evr« 

©fct&la«€ fey I*ii@©3? shows the &wm \m&m±w at t3» 3tolehlo-

M®tpi© point as ©«?T# 4 of Figap® 10 la tills M s . § m m 

3 of Figa*® 3,0 it bsS 3?sl&t&d $® the vork of X*an@&3% @0 fw» 

«1»®S® l>la«®A M < r®ii©|&©s|)fctoi»o»s 1& the reagent I 

solution ws©<l la Hi® titration. 

€fosr«Bt»p£fttl6« of €®rv®s 

.. Several diffeyaiit s®f« %1®@* we*1# ©ta©we«I In tbls' •• •. 

fro tjn** vsv# $penlaa&t la til* lxnr&ttlgftr 

M«ms with, tM, and fakl© IS 

lists examples «f & m * two *&«"• 

lUffi®. 12 

*3FPe f; 9&f* XS .. 

Flĝ ap® #NP*9 ftgW# . . . . ft***- '• 

"\T A f 
§ Jb; 11 

t • 19 A to t • 
'a© • 4 24 A 
S5 A 25 S-S5 

26 1 

f3TP© 1 curw Haw f«^A aa#©spti©& *t the i m & m i m ^ 



titfca&lo* mm m*$Xmwam% of adsorbed wrftt#*v 

•stive ioas mmm& Mm etoleldaBetMe poiat. & « « » « 

•mrn'Mmrn adsorption until Hi# at©leM»&1afie point Is ' 

approached * m . rapid adsoFptioB aeoiffld the stoioMoiBiitJPis 

point a»d little after it. 

The *b«wt**ietle s h w of smm of tt» f©r ' 

Ag$2l is to to floating «* the pwml&itmtm. mm wlm lar •";" 

aotifiti m m m floating Irnmm t&at is «dwMi»iMI 

on th« preelpitatau 

' few- »**•* fc&Hfc ««** f®* I 1 3 1 ia *M«aiott» to «*e ««M* 

«tf*r m«fc ®vmm im this theeia. It is the oal* m h l i&Mfc 

tttitt* showing & riae ia qpe» dilution of tH» 

solmtioi** 1*3* *» 1»ft ©nil toiB*r to feasi© •efcctleft @f »a«. 

.tt* 9 a g % pmemfelf* added to it iwmmm that ttoe aodiw 

.g» i m M f l i ' liai M # i oowmbw^ to to #3i 

eirtMaftflft* It is pmttd* teat the aeOlus i m acta as a . 

• potoB-tiai detawimiiig ioa «* surfaee of the glass dialu 

Hi® bi&aviQr of tta* *®ti*itj in. eurwe 1, Wlgwm 16 ' 

faditatea sie©a#itl of sere iave#tigatio» l»»fo3?# 4Ht' 

iaterp»*t*fei«tt of fee X*3* data can fee »ad®. ' 

Change ®f Gtu&w* Vffce* 

. &t titrating Agiij with *al% i® tt«* pgweenae «***•;-.. 

*st*g«tt*»a? s&a3Pg@d £*%&«* $fee»9fe«*e io®» w© got twvt 4* 

;Kgwe 3). Oxcpve A is M&m W results t*m titrati&g lajHj 

in ti» p?«s«ae« «f poai*ii»lsr charged m%$m. 



barim iwm, Mfe mm similar to ®a*sh other 

that mm affaet ©f ©hanging tba e&arge of tlxa adsorbed 

ogê atim. Siis is f*n»tfca* shown fey eettslfevlttg tin* 

@F ewfi A> Figure U» e w t I, Figure 2©y and « w w 1, 

26. ©the* las* prominent similarities also imlieat® that 

effeot of changI®® charge is ©per&tiire In tliese 

If feet of M&itioa of tther Xaiertal# 

Figure 21 results front the preeipitatioii of BaSOij in the 

presence of and #m*a I»a{»%|3« Hie LaCxe^ 

fas introduced to determine ftu» effeet of preseno© of * 

easier for the 1*?̂ Q artSff&tgF* It is a$^m«t tfea* moat of 

t!h« measwed «©t£vf% showing heavy adsorption la Figure 20 

eases from aitopted lia?A® i«ig» ffih-t a is ©3E$>eeted fww& a. 

oo&slieratiom of the relative energies of beta emissios from 

Sa^° I#?-*®. fhe ®h«rs©teristl© nature 

g&l̂ -Iia3^0 m is destroyed by the addition of 

Figure 22 resmlts fmm precipitating BaSGi} in the presence 

of eod earns Ial®3 * tt* presence of SalO3 does 

afft tettorat fbi ekaraeteristi©. mat®® of tfete adsorptioaj how-

ever, it toes sot peimlt m. to oeour to the extent 

shown in Figaro ft. 

• . '(MUMttf alone prompted Hit iwrestigatloa with mixed , 

isotopes* ®WAW «n»fiHifrA to BT BO IN^OFAITMIIIS oa THE CHESP̂ ste2*-

is tie nature «f adsorption wltfe doable activities as 



5* 

Tm u*«& fop iwrttem? immti&aMlm of I131 determinations 

iateoAtie#* a mm qmntim* fm$mm tto* 

It not tii&io&Mirs of tfe» I M s t «f * dilntim I& 

Wm presence of tea®. i t a f t o on the surface of 

t&« glass Is depoB&e&t *#©» ions is the solution being titrated. 

-;®«ia, la'feat* &**!• mm to be renormalized If" 

tMs occurs to as geeat an #x3M&t ia and • 

.guiW f̂jpM as it wMKt&y tons t» 

d*4wnKl&*t£eaft * 

X& #tatif»S war of tfeoso ietomliiatioas tm aaalytioal 

'pmpmm «Manges dependent mpoa tb® #®t@iffli3j*afclim wast 13® 

made. I& same sirni Ibm ocew» * sharp ch.an®» mmt- the 

stc&©&toss®trio point. mis change «ai *»* *• flMt' 

©nomgb to as sure groat mammy la a&alftieal determination # 

Reproducibility om th* sore ®liarast®a*isti© ewns is good m 

$km& w *6 ®** 27. oat possim# 'a£4ft*s*9l. «gU««̂  

it*® mi$it fe» l&e ôlumrfeio t#temiaatl«m ©f BaS©̂. ' 

A possible jtoisi@a3. sppli©stioii isi#t fe» isai# in 

study of sedSjaeatatioii y*ft»s. Tim raftl«*ltias turn active :•..' ̂  

mrnsm̂  m tfe* smfmm of pwtl«l»» #gfc 

b© itisufei vltfc graat oeomey. 
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