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ev~ilst- 1 ! 1 ty of x•u tri1.. z, ~ t v vl- :;:. .1. L:r i.t:. ·ri rf.. ... l.:;' c ~ -~ lrloRl, 

oft~c ~-(\' in ... i;r;~ f" ~: -.~r- tL ~ ~li-.Ju..n1 ,Jf r:tt~.:~ i . · ... ~ :. ,_~::. 1 by 

to t.·~l ""'..":! OU.nt p rt' ~:. t t r~ n :. • • r· t c-.. l:o---p fi~- ~i o., -~l ~ . '"L'l'le 

e.l ):c. t d: ntt·lti J f' t b nH tu~E- o> ... t~; v · !d.r.;u ~ ~>?.:t:! J.t~- -)c- 11 

~m;> .. t· t :;r, t i n f"''' rleo1 n oi .~oe .. c .. 1l inc;•f!ns · t,;-, \l"fl1 leb 11 1\Y 

c:.f' i l;nsc !lntoni" t;utrt <.:;i.s t.; pet~ < t •• tm d t hu" to:~ t ruar&aae 

13oil t'el"t.tlity , 

'1'ij~:: vru v ~r t.it>n .;~ t6 . i ft!' il;l"!. inv ~... t ·/ f:.- 1 i r: svr !:1o · -afl"Pl :xes 

be tllt ~~ an1oM ouc~. a a ollt;tl::l. L!i> unJ :·huGph~t·e and t i.e 1rJ<Hv1dual 

s ol :< pa r• t.iolee is v&r:; atr.all 1n r·d ,. Li on to the u .• n au a ~>hole , 

Bec.l\ltl <l o~· ttlta i t 11> uu·: t~ul t t. .. iUV <. rll i ;<&a~;; the ,/I'OP<ll't1eB 

involving J;hcue eo plexo,. •. r • . 111,;.\:; t.-. be hi..: c!cn t.y the 

J'fE•\l 1.i .;n ul' u ... 51<.~ 11 (or t uoJ'I pu;•t<:~ uf J.t t.'lat rea.:.1. 1n 

80il! 1 'lBJT w1.\h ttui f\di,; autL, ll ~L: J.) f•bi,-:rl, rw.t.J\<..6 ~:;l .:;\Je b og:r iiA \ 

prvvor : ton o.< tli<' sye !.t><A t.ei••K t. •u.di ·.d . 

'.fllir. J.if'l tt•u.u..r u.' b H.<.:{;,dnb wl• r<.lic tJ. .,r > ;,l' ~tl~Y 12 

VE!l'Y li!iJi!lll propt>rt1on <•i' " ~ e ll !RI.If.l·l• , .,,. .,., y i.lth ~r GlE Ull 

whe1•.:l n t.n tQ tal tunvWI\. u1' till.\' 1.* r· t.1oular t•;.o;•t'a.:u~ oo;upl.~x 

tt!l -~ I''f O!~NJl l in r .ul,; t.lc;n ~ tOt wiiOl< Bil.U•, 1~ , 0"'11 '>e OV61'001'11t!l 

w1 1. 1 u.., w. e ui rH<i\vllwt.Ji'f.l& , 11" u., s niQn tnvvlv t;d tn 



n ;;,11 ,.~'\0 il oom,..l~x , .. t th I' 'J il , 'Jf' !I ~'l !'tiou t w:• rrsc t1on o~ tbe 

s o U , 1_, to'l .'t O'l<:!t1v;1y l'1lH>1 1 "!! t n ~.,..,~ ""''1 , t ht" t ota l tnnount 

or t!UfJll R orJl'l\:pl ex e~n b t me111 s u r e<! v t· l'y r< "~ny . I f t bo 
32 

:pb'!lt<l'mt t ~ ~n1. or. ""!t ~1 f'1, u6 1 n •: r!l1t ~ ~ett'l'c ;> h-:~" h:;;riUJ ( P) 
- 14 

no em.,un t or 5 x 10 tlll" • of ~h ~'!l pb~t r. o ouh'! bt (f~ teo ted 
31 

!'el! ~ t l;r 11' t .... phoP."'h"te .. ., ~ ., ,..r ~ t <" l"-f~ ·~~ " ( 1 . 11 , no i" 

pl!"tt!l-t'tl t ) . ( 'thl!' ~h llVfl ll!lloun t 11'3 '1 11!'1! ·.' 1 ')· n o'm f111g <'ff1ohnoy 

3tld I! o::mn t m tl! , 10
3 ""'lnt-, >;>~1' ~. t nu t~) . 

ra11oan t1v~r phCUJ ~·h'l te ue • ti wAs only 0 . 01;. 
- 10 

l'lii&Unt 11'oul d ~<; t.il l b ... n l l)w '1 11 c; x ' 0 

32 
7'7 en u· t he 

'\' t t e de t eo t nble 

S tud1"" on t ll9 tot ol a •nount or phoeph<•te , Ql:' o\bor an i.:~na, 

on t ho attrt't'lo c " f' •~»t l pa,• tt ol;;w .J.J:tlJ !> e ouPr t •!d o:\ t by the 

det(·t ~t m·.j b:r ttG<1tn! i\ •• lrn1t11 n'.i.,lmt ·J1' !'1 :l•!r•lttv~:y l no • l led 

&ll1on iu un t<Jll:l Ubr1>l'll l:lt '", r. t L li'O ll 'l• .d '' ~< ·:>l.u ttol'l or tG e 

t ntlO t1 ve ant on. 

an i on t u t ll 1 oob"l!l,l:.:\ :t.i tb t,h mbn in the t:'ltl ut1on 

h.l tha t t inu; . 

o'bte1nt J'ii( a me•u1 u.re o~ tb• " v" U " bU1 ty o:r t hts tu!1cn , t'r om 

t he eurfl'lc e oolllr>l lt •..-1 th \be e~> il , to plan. or o t.tlt> l' 



fliUhc hwcce 111 t ht. uo i 1 u olu tion C:"-1·""1'' ut' rer.loving t t·.e 

&l>i o n f r .;om uolu t.ion. 

l>'; ·t,.;l oJtu lloo"!!" e t uo.a ..,e 11&1'-~ •· . .liouc t.i v o: ~:~nl.l>llC tbe 

exl& ·r.u.:b ol ·li .L"ft: i:*o:": ~ . t. O.JUt.a~ ;., '-iun i:: i "t.\.·D iJ.ilb o . eu. Ut..JUQ ...... d 

8 t >1 &JWIIbt,l' Qi ' .lH'ft.!l'<e& ~. o 1elul t.J;.c.eouul,v OO '>Ul' l ing ,rs t.e& 

be t>< .:~n U•.l ; l end l!lolu i.i on. i>'•• ,HJl thl.fl 1 t lu. ~,; been 

CiJilOL U<l•.:l thr1t tb o..,l'~ ott•e dH'.t't> t't;llt t,y,p<tlU wi' t.l t t·s ill ""iltl 

fl t. "iliuu til'.. V<l'lO<Hl llllliOilll lH<l.liJ; 8 t•l<li"'d IH' <; O<llll)ll.,): OO , the 

dif.ft·1•cn 1. ;~t t,;, l>vir,g ohou•ac t< •·i .. •.d by di:ft'tH'<< • t N> ~e!!l .;;f 

t• •<lfm•w ul' ';.he: a nions tnto .. .., . uti on. l,t'tf;r r aJtonotive 

l&lHlMDIJO w·l tl• ttJ, a oil 18.8 taken vl~Joe 1 t h1 l)<~&aiblt: to 

u Lud,y tb" V>AI'ioun CtlliUun l.a o:4' .-.. J l•>ti<l t i V< ~Y l.ab ~ll <ld anion 

t.ba t oan be e;r. t r&o t • d :rl'ur,; 'l.ha B\111 '411. Lh J 11':!'t:rau t .,~ tl'a<l t.-

antls . " Uo i, ar .. um ts "*'Y 1.heu 1:>11 o ,o~lJaJI'fui wi t b .h;;, l!lmount.s 

ext.rnc t l!d with <i i:f't .,r el. t r Bl:(rmt.s i n tb., ounv.,r. Uor~~;~ l 

•. l boolc or ,,., t.· ·••ll>11 b t.1or1 ut' ;.:,, ""'" il61:iiU t)l vf' nu trien t 

llR1on5 ln t"" llo1l . !lt;>ltH~ Of 1.u.e l' •di!Ul ta tba t llliVO 

b(l0n obta1ueu h)' ;;r, .. .,<, rl'd10il<l t1v"' t .;o hn iqu, e M r~ d1uouesed 

bls~ •·h< r .. 1n tli1 1> thea1a ( !le• 11ee 'l.i.~.>n on ap}.;l i ""' tiotl gt' 

r >AJ1ois<Jtu;;>'"' t..> eoil prol>l<>ma p . 20 1 , 

U~tr.g to tb o; Chlllli'l "x1 .If o l' s u il it 11! n oL 1'"'"'"1l¥ 

po•H•tblt' t.o ob\ •in l.nt'or rAAtton '"' to the e;>eac t tur11 



6. 

S t:> i.!. e. t wh11.!h su~ h c:om :, l ex•1 ~1 c o>ll•l e xL: ": t t t r> '"'! tN ~~ly 

dtrf tou '! t to ~.rF-Hi _ n nn.v r~ rttcuts r c..,vmr' rcx ( 11s ohnr-n -·~ t~·,... is tid 

by fdl P-'C cll' t !}.t~ t\""~ t t- i":t•cu Holtt t inn !'fJr tn·S' ~llO~ ~ "; n B 

p!u•t1o ~"t!1 l"- t:s :,y e f ~ 1 1 te .. ": ~' nl' licr 1 > .,V f' f!O C ~ "i~~ th,.s 

dtt '.' ir!u.~,. ·~. 1 ~ ta denirrchl ~~ th.,~ ~":n1 1et' b~ :":JH1e IJn t:, ,.. nnton­

!lllrfac" c .. et:,l•.::: •:fl :. •' tt·,.,. v•. l"iOIHl l ::Hvt.ln•J l c :. rll~tt rw ~. t:: t.hr~ t 

tol.'!ll<!i l!. ·y 1'.Hl iori·J ;·· l t h U<" o"' l ~ ,r> ttc1 -.. lllll'f'<t<HG m·;•r h" 

o':.lt'l i ncd ·ry l~a~int; c x~ll l!1, t1,n~ (;r tl; .- V•n•1otJe no H 

oonsU tuc•nta in C·Jn t!'·J1l., J. <'I•'••Jill\te , In t h1$ ~'"'Y •m 

unJers ta:J ·ilng or •1 ll. i ll • IF<Y2 in '>~h'loh t he vsrtouu na t:-hn ts 

!'!!<;t il:lr eJ by phn t.a :;~ r ~ LJe l.i by th .; Sv tl w:z y C'f<'!ll tu'll ly be 

obtained . ·,;uc :; ~no·• l!dgtf '"~ •1!! b n vn luab l t; !'l ~·o l"'!~ 1n~ 

out ae11nG ot' overaoii l l'l& Yll. l' io us nu. t;~1 .. ~~ t. t: tl}r to ~·;e 1n oo tl 'l , 

el~ho<r oy ·Hl.'!iti •J'G .,r il1&o 1n.t ·"l' rtEr.tg or b;t 'J '> I!!<' tr •M tlMn t 

Gt t h<!. CJ C)il 1.r.• r~t.Jer :G;>re "'''" lily .• v.~ 1ltlbh mn:rt !! t. t3 a l~ad,y 

pree<~n t • 

. n lar111e ? l'O_>ort.t .>n ot t;,~ Ytil'lou ~ ~nl;;o.oitl !:tltl· ! zn te 

r uqui rc.i :,y :vhn t& s .c<.<;t; ~ ... ... xts t 11. 1.!.- ~t>U '-'" <Jt; r!' ee 

Oo!Rp l cxee 'l"i tll v.u· lout> .:le;! K·ll• ·· N• l &. ·n f ·. l'I•UI~ t. ~ \y 1 t 

i ll di ff lautt to obt in i nd ivitlu" l ol»Y 1ntn• t•i!elo frv t' t• om 



oft e n ca us e a t l et~et pn !' ti tt l Clf'ntruetion or the clay mi ner a l 

llo~<·.- v P. r on-e gr ot•p of 'll&y m1nn•G l e . t hat can be 

ob tai ned i n a "pure state" is t he mica group .. ~eott use 

at: t bie 1 t t>'QII de e i.:! e <! to tttQ•'Y t t. A 8 <Jr <' tton or 11!' •n:• on 

( phe>S !lh3 t e wee t h<' ant on o hoecn ) onto t <." oul":f,c:e •, f' thift 

mi nt,. ·1 g roup, 

r . ., presence of mte"'e tn e l ay!l h11 ~ In • n r enagllleed 

si ne e t he f ire t mieroeoope 1!1 tll•1 1e s of ar?; l llaceoue IM tet't.,la , 

It t o now known to be ~ td~ly d i strt butP.d a l ~ o among the ftne 

'c'.l'll il'.ed !'ractlone Of' claye (:.f , (h"•!W;n , 19f:.1) , 'I'll" o truo t11re 

o:f mica '"w 11mong t hE' f trs t ot' the clay mt ne r tt l e to be 

llluoidat<d , eh 111i oRl oompo& ittone and struo'l.ur 1 4evrm1 t1 one 

bdng os rrl f' d out by \'. t ncbell (1 ')25 a , 1925 b ) llauguln (1 927, 

1928a , 1 ::128 b), P~tuling (1 9.30) Md Jecks .m and ~ .. a 'I. ( 1:150 , 

19J,) , 

It w•e eArly ~ ogn1aed a ~ a resul t of t hee e o tud t ee 

tbe t t ne e true tur of the non-ewe Uing mi •' t~ group Wa" very 

oimilar to t hAt of" th<' awell. t ng montmor i llonl te gr oup of 

ole;r i111no.rfl la ( llof'mnnn , Endell tmd 'li ilm , 1 ;.4) , Bo~b 

trouutt ot' clay mtn< .. nls hav" a l ayer a truotu.re o a., poeed o~ 

two tetrahedral etl 1ce f.lheet.a ~< 1th" oentl'~tl oo ta hc.,t'<ll 

a lumtna ah~ct , aa aho~n dia~ra~tioslly tn r t gur e I; 



o a. 

Si 

O,OH 

AI 

O,OH 

Si 

0 

I:::,.:.u~ :, .n t ~ \.lrill ·J -, J l te (ut· ';l 1c;· ~Jtr~J :.i.Af.'l,, ; 

Th B t ~ mrd.r. ·11f! \ n ... ~ .Hl l: O h ~ t .. <:o r. t L. P ·- t ·uo o l l·ll-.. Sos · o~ 

oltty ~ n~rolla ro · 1a1 t'1n i J t · "' 1 .• , .l~.. ,_l~r c u t1ona Z'Li.l 1:1 the 

tt--~ ~ ,. ";n t e layt" r:-~ '!u ~ .. L.' tG .. , .y:'.·! ~o (w auOeti r.u.t~ on. Thu 

m1<l <'1H htl ..,. t: "O!If'1.flfl f' nb h : !.O · • ~'J l' : h •.•CI!' f!.•l O!J c1I,Utlu ll , ~ :J;.c· llt:il ly 

ot "! l_u._Tl r: i~t "i-.J l .. S) 1."'.. 11.!-.Jr. ·n ·!\ 1. -.;t ·· 11 ~-~. r.~ l ut1 t t , ~~· vt.ng 

ua l Ut.!) · • i ~ eh· 

o. 7 Pt:" un1 t <Hill . 

l n tll,. micou o:•· UG~; \ l ;r tt, .. •·l \!.ul 1 Wf.. tul ~ onG p ~ l••ea1uta o r 

ao,l 'lum (oul o:o~~~ le vr"' m-;.: h ;. 11 t111..·· tt'!. · .. 1 ~~ ~!c , .rrtursari 'l-6) 

t:b{~l-' (;. b-~ ;, ~ · \ d \. l .. dl~. f~ v:· o a ! i'-)OS f:lt:l / b\: ftULJ OCi a ta .. i t b 

son~1110r1l J. on1 tu r-inn·!lln. 

li o!1Cl1• c l<o a mi Jel'.:',H'llon (19):)) b!!Vc e~;taulbileu tlla~ 

there li: 1B te a ao:avl~" l•olylflor . 1.& 1e 1n ~t" >"~>h!ts !J b • .::~ td Oil 

th.., al tcr n8 U v a!'1t.nta tiune of eu<.:: .: t>evivu equsl. l"'Y"N' • 



!'h .. N , 1'1<'"11 1.(' N \\1 > <> 1 11! ~• 1 e "~YI! t n vtb\at. the m1 9 h Y' !' f' WIY 

be fl.~"'k"" on t o" of' d!ll ot• o t.h PI' 1» '"n or.,er~C! tM n T>e l' ( Ss·t tb 

&l"d YoC!t' \" 0 19•·6) . 

t o oht· l.n 111 1" '!',. , pur l!' !'<t n!pl""' ? f t h 0 v u r , o11" 11t eM 4' \ n • ,. <!! l e . 

1!1.a•' "'Jrhtb it " pe l'f'eo t b "!!l"l ol<!IIV'Iae ,~t l"l t ttJ r, ... "' on ll' the 

001 r lror, .. ( 0 ~ ~11! ) l. 'l t o ·-ury t h1 n , f!1 11100tb rl ~ t.uo ,...., 1cb l'l 'l't' 

t'l e 7. 1hl "' """ ' •1 • •d1c, 'l'h~ cnr :fn e c-:1' th ~~r ph t~ l! 1!1 6l moo t 

OC1111Pl " t.• ly • ··~ e t h ev•• l'l "' t ~ mol • eul"l" l e• el, && ~ !'eenl t 

or t t.-.l 't ' "' r .,•ei t-1 ,. t n ,b t P1n ' nhe• 1. or mtoq, tt.e "' U1'1'1!1oe 

Of 11h1e h h·•" (>n l y ~ 'I"< r y li!'M l l f'I'~;:> Or t1on Of' t' !7!'1!! t.o tb" 

$1l rf,.,~. ll !'~ fl . TllUI! 1 t t fl pc>•I'U> r- t!) tt tuj1' ,h., no"'l'~'i oe " UI'I'1ng 

only on the- ''"ln', ee ot e -, ttce , r 1111"" , !lr o:>v1 1 1nv t h f otl t.P 1 ~ e 

ed~!e ""? euit• l>l y eht•l"""' (e . ~ . w1 t h 1\'!. t'afft ll li'Dr ) , Th\e 

ll•bl ·· e t.be ,.d ., ~ r:- t1 9f' of ., .., I onA ':<fl te " ltnol>"t) c l ~y .•1t l!•• :r» l 

surf"., e e t !' l.o ~ s tt• ~ t d 11' t Pol .,Hon f't- )>n <:~ th .-1", -poee H•l :v 

O(!!llpf' ttn.,. , r ••o t t'J op , 

Tht< e•1rl'• !?f' .,r 111to <! t ~ " h -, ,. ,· ~: o 'l l be"" t e .r ., .. y ~ren 

atoml!l . 1't. te eu rr· ~ t h P 1 ~1l "' r t r e Tru ... t.tl'" '-' t ' t ha t 

ot ~ r nm'>'l: r o"' ., t !J!' ,. _, loty . t nPr ,., l t" !"l.le ll "" .,., r; mo~!.l l?r.tt !l 

( both e"rfi\Ms of' 1b" p r t 1.t:tl'.'!'l), <r P'I'IIl' " ul!te(b o th '!ll rt'~cu ) 

btl l lo .,. e11 c, erll \-a o11 T' t te (en• t> llt'f"ee } "< '!'!~ t!ther• . 

In f!ll rn io " tt.~ rt" 1,. 1!1 n• t ne!jn t1ve o h~ r P q p ~,.., t ,. t.e" 

W'1'b f'll Ch .ll l\tt (H·l l h~<'l~l n C! o f ii'C><llO t' p ho t1'l P Ul> !l t1. f U Hon 



wt thin the la tt.lae . Tbte eubetl tut.ton t & fJI:t' two typee, 

in tho t t rabeur a l eh~et "'bFt'f' qundrt-voll"nt at toon atom,. 

arc r eplaced by trival ent nlu01n1um lone ( Beidelll ta 

eUbett tut1on} , and in the oatah dral abeet ~hero Aluml ntu. 

ta replnced by tone o~ lower VAlr,noy , p9r t1oula rty 

ma!;':nelllum { lo!on tntortl loni te eube t1 tu 1.1 on) . 

10 . 

these t "'o 1qpee or eubett t•ltion ttrc ellown tn t'tgur., 2 . p . l Oa. 

lost o1' th aub11t1 tutton 1n mtca te o~ the 8e1 ell1 te 

tJpe, weU orystallUsed m1oa ll'AV1na 25)• o:t' tht! aUtoon 

atoms r eplaced by aluminium (Grim , 195,}. 

llaecOTt te 

·ta ll d\Qotahe4rat 111 a , tb!l t is onl7 ho thtrda ~Jf tbe 

posatbl.e oot&hedr 1 posltioila er~ t illed , nnd the oo tohedro.l 

tlheet 1a POPUl.at6d only b;r allllllln1WII atoms . Tbue there 

would b · ve~y 11~ l e , tr any, at tbe Uon tmortllont t e 

eu" t1 tu t1on ln tbG atoa oatWples aotUtlll)' etu<Ucd . 'l'be 

1 truo turs 1 t .n •lllub :ror UtU.Il<l ovitc 111 ( Oli) K ( 1 Al ) A l 0 
4 l 6 2 1: 20 

0 
,mill rsl t.t ln l t.u unit cnll , h .cls hr ~ i) '.menoiona flc ~ . :" ·, , 

b .. 9 . C ~, c ,.;::o.o 
0 

, j3 .. ;:15 30' ia .:: .npoueu o~ t ··., 
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ORIGIN OF EXCHANGE SiTES 

IN THE LAYER SILICATE"S 

Jackson (1963) 
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I 
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I 

® Aluminium b H'>,~d rcxy I e Sil icon 

@ Magnesium 0 C xygen 

FIGURE 2 
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a t of t h ll 11'!11 t Oflll "~ 11 be 1 . Tlll'l t 1. "' 1 thn,. ~ wtll 
0 

be e b .,u t l)!le nep;"tt"e oh""!! . 1!1' ll"i - 'iO •'l· t.. on ~~ oh 

cr d- "1' le ':' t • ~;•r eour. tf:rr. n,.,_ lllf>1 "'l th Mie n erd r\r~owR , 

e.ul. t hin .a.1~,. ! Cl •.;·.• n rr r•':: !': t.o • l'~ l"rmlt r.n:nh ""~"""" ~ 



1 2 . 

tb1oknec B<>fl of' •toe· into the eenei tlv eo volu111e of' the getscr 

oounter. 'l"ne ani on o hoaen for the oo!"p tton 11 t ud i ee on 

a1ca eurt~c ea ln th1o thesis wao ~be orthopboephote anion 
J-

PO ' hoephorufl le one of the major rcquir~~n\8 f'or 
4 

plant n\ll,ri tion , nnd oone~quentl.Y tbe ftutton of t.chosrhA t e 

bt eo1la 1@ & major probl~m Sn 11o1 l eoience . Uen.v 

workera b8ve lnveatt gated the fixation of' pboe ~te by 

aolle ue1ng both r edto&c t1.,e end non- ra<l 1onot1ve plloephe te • 

lloll work bee alt~o been carried out on th~. f'txntton of 

pboapMI t e by partioull'lr oley mtnr M~la euob .,. m lea ( Pe!'k lna 

an~ ~ ing , 19h3) v ermioulite (¥1tra end ?rakoeh ,1 955) and 

aontaor1llon1te (•arttn ... nd 1A!Iudc.lout , 1959 ; 1961 ) . 

Pl<'r'k' tna and Ktr.g tound tb!lt aoet pboa;>hate :rtxetton depended 

on atruo ural aluminium, onlt a ~mall pero~ntBi• ot tb 

to tal ttxa tton bt>tng dUI" to o ~> ttone pr tP.en t. on the lllioa 

e~o~rtRoe . In th~ pre~tnt theeh ont.Y sct~orptton by t ba 

eurtaoa of mtos la ooneta r~d , tbe ed£ea ot \ le mi~s ahee ta, 

at wh1ob adsorption onto etruotuN.l al\1181n1um and eilioon 

oould oocur, being lat•goly eliminate<! :f'.rom til t r esotiol' 

etotem (of. p . 37 ) • 

t'b11 tlon b;v the hydrous ox ideo or 1ron 

and al 1nium has b tcn inve!ltl~at d by swenaon ,Cole !lnd 

8tal1DS (1749 ) , IIUd (1950) , Ksr•lhr and Gr ewel (1 J6o ) anol 

8 tud 1u ~tll the r-e oxtdea er• oolll))ltoe t.ld bJ 

e tr Yariabl~ oOtRpoal t1on en<l epeoU'1o aurt"eof<e, tbe 



1}. 

1apor14tDCtJ or l\•b1ch boil! bo r n 8:4pb•u•1a d by Perklne tlnd 

rtnr (1 9411) , n r , liMIIlnd 'l'llo:'!!U (1947) an..s Colwfrll (1 959) . 

the dotu~l metho..S of ph~apnorue rt~ t1~n ,•hetner by 

pr-ec1p1tatton uf: l neol ubl€ pbot~ tlb8te111 o•• tb eurf'1l.ee ot 

tb• Yllrlou" eoU eonetl tcenta et' by ~tdllor:-tton , ei tlle r 

ot'f'er~ nU~nce t • f'avoUP o t' both th;;tv !IIC thot1!1 , "nd t t 

•eaiR poe11tble tmlt differ .. r.t o onett tu ~nta tn the 11o1l 

1U7 oa uoe b otb :Mtht,~a& of f'\:utton \o occ ur at. differ ent 

lvanov ( 1955 ) , Bl tti'Hlhet ( 1J;'19) ,0ol"'<'ll ( 1">9) , 

t'lcbdl and Jol"J&n ( 19')9) a n:! o tbera deduced tho t flhoephfi te 

• ortUn.g on 'l l um1u1u•& ,11•on eM odol U!ll oompoundt> .. nd iin rtln 

end I.aude-lout (19)9 ) wt.o carri ed out. etu·.11 e ~> on t o<" f'ue t1 on 

of oe pha1.e by th• c:l ~ty 'lll ner"l atont.llo r11l ont t..e ea1d Ula t 

p aphntt> 1'b'11Uon Wf!<ll ~ obfl~1oal preoi ,p1 tA tl on. 

Btu.1lee bJ KllnWIIl' I'ID1 " " n •l ( 1 ~60) l ed th t1M to the 

b elht, tl'ol!l • Of)lle \ dtiiNo Hon of' th< mohoul11r Mt1oe ot 

elao aaloule 

t oe pba 

Jlawever tbc:r 

d fr>'~ll t ht> wont\ lower 1'1) tto of' P<'
4

/ c"' oo3 

1,; unly ~tdt~orb ,· J 11nd no t pveot pi \&ted on 



r Hll.lY n-one (1 9 64 ) bae obta1ned r .. ult.. that e .< m to 

tn41ca te tr ... ~ the f'ilt ~ ~hn or ••b<~ epbA t~t by tr•n a nd 

al ln1uil! hydroue oJ<11lee oocura 1n t~U!.g<>o ) pr~,,l ;•i \.'! tton, 

oh~t~~~laorptior. I!IJ\' p!lyetoal 81e~Jr !• t1on ttll ooourr1ng 1n the 

'l'be OGI&poet\ton of' prro1 ~· 1 ta t • ;:, t phoopha t e wtth 

iron ~Jn.l n1umtn1wa hy1roua oY.1de~ h g 1Vell by a nulllher 

ot eu oMJ in the 11 tern ture . 

then one pboeph" te £roup sesoa ia t (;d "1 tb ""ob lllwatnlUII 

(or iron) hydroxtlle lliOleeule tn Uu;~~~ pl'ec 1; 1 to tee . 

eneon, Cole >H•<I St ~el 1ng (1 9 'l9 f'ourl:! tl t t.be P!"eci 'j,) l tatee 

fll -td h· d th 

when the ra Uo 

e echantom tor 
/ Ofi 

Al \MaO) - 01.! 

OM 

oompoet ion to l (H 0) (01") ~ t·O 
2 3 2 4 

even 

of ~PO I! I .~ l ,. 9:1 . The;( _:~oe tul n te4 

the tor11e tion or th<! prM1 v1tn t.e ee : 
011 

+ 1\ i"O - ______:. Al{ H 0) / vJt 
2 4 ....------ '2 3'-.....__ 

~POll 

+ vtl 

'lbe eV!btll ty of .the riuht band elde> o l" thb eque tion ho 

~e tb~ pH v lae of the s oil 

The oo~~a1 t 1 yn or th~ pr e oipl~ te c tven 

b7 he (1 96~) whteh ill Al. (H
2

PO } (UI),. 1& tt llilo 
4 n "' - n 

pen ent on the pll V ' lue of th< t~olutionll f ?-om wt•tcb 1 t l e 

In hh t' ormult!l n.1 for l'H vsluel'l leee t han .J . '\ 



colllpound or tron pboephu te , J'e ( 11 , .0 ) 8 
( Oh)., n 18 loa11 

2 11 _,-n , 

tban 1 tor all pH value• gre•te~> than i . 5 . It lma b~o~en 

~oporte~ by Sea ts (1994) th~ t , tr st~dl ea on the ~qutl lbrls 

'beh~<en tlllllll1n1UIS &M l ron phos bate~< { At "0
4 

t<n 1 Te · o
4

) 

ebd rA <.'l !.os., \tvdy l ebell c:1 phoe pila to tn eolutt on , 1 t Bppt•a rs 

or Fee :·o
4 

P41.1ue of 1 1 1. 

1 be he l d more stron ly , 

It to clear thll t the exao t 11\e;ohlll.nhm whereby pboepba te 

1e rtxed i n tbe soU MB llQt be~ n o omple t l!lly reeolvod a!! yet, 

a eaaulle of tl'l e 1 portormE!ti o.r ~t. tt a v llabtl1 ty (or non­

eva1leblL1~) or ~hosph&te ib the eot l to pl"nt s ! rowtns 

tberG1n llllY wor k that oan help to eluntdnt t1 the exact 

ahanlem of phoo pb~tte ftxaUon b eA p ot.• d to be ot 

oonatder~ble benetit to e otl ~cienoe . 

'lbe preucnt l nv~<et11Za t.ion b~> to tu; <'n earr1ell ou~ on th 

ateorptton ot' phoe pbate cmto t he aurl'eoee or 1!1 ollly mtn..r al, 

e eLl ve ohllrae h : neutralia;o;4 by tb """err ton or 0 11 1 ·ne 

onto Ule eu·rtacea ot tbe l'llill9 !)l!lrtlolee . 

1 te!"ft'"r" 1 t is e'l14ont tb!l t th~ amaunt of' eot"!>r ptton b;y 

neaat1Yely ohorgeJ cley minerel~ of phoep~~ta (and other 

ant one ) 18 \ nt'luence<J by the na \ure or tb .. o·iaorbed cation 

1 5 . 



pres nt 1n ae oatn t:!.on wi th theao o lay mir~ttt·t! le , 

It ball be rn fcuw4 tha t the pr•oeence cof' mult1Y>llen t 

oa totona asaocb t.tt:1 wt t b c lay IB11Jt- r•~tla causea more pboepbt< te 

al!aorvtion (or t'1KA Uon) tbar; doca 'tf•tl prese:nc:e or mcnov~tlen t 

lone. Rog l ,nd and Seny (1 9~7 ) t'o11n<1 that al1111inium 

aatlll'nted clay roincrnls r e tne<l more phosphate tb;Jn d1d 

th altme olaya wben aatuNted wt th aa~\oiWII tone . S1m11arl.y 

sehlilal.z ( 19'5)) observ•d tbll\ calcium ast.urnted b t.ntoni ta 

adaorbed mor e pboapha t e· thzu:1 did aroo:oni Wll ton ea tura te4 

benton1 t e from the same ;; hocpba to 111olu t1oa. tl e · aleo f ound 

tbat more pboopbatc wae requtr d to eaturatc· osloium 

bentonite than &lllll01l1WII bentcni te , Ruasdl and ·.ow( 19~4) 

found tha t t he greatest amount ur pboapbete adaorbsd by 

J£aol1Dt te wee obaerved 1n tbe presence of" aJ.um1nium 1ona. 

rt1n and i>!!lldelout (1959 .1 961) toUJld that. , al t bou.gb 

oona14erable pbceph8te t'ixa tion oocw-rod .:1 t b oluon1n1WII 

astura d ~ont.or1llon1tc Guepona1onP. , none o~curred wben 

the nontmor1Ucnlte was oatUNited wttb ao<l i ..m tone . 

tl\udlca on the eN'ect of tt:e e:orchanscoblto oat1on on 

th ter:tion of sulphate by clay on1neralll mvs nho 

r led the l!l'e&ter eff\o1 noy or mul\1Y·' lent 1ona 1.n 

1noJ'ee.e1 a<iaorptlon . 

ob tned an order or eat1on err tctency i n aiding sulphate 

zo ntton. Itwna A.l3+ ) ca2• > r: + > t~H*) Na+ , They 
4 



17. 

eaid tb!t \ \ba 1 ntlueno of thG cll t':t'erent cations 'Rill " due to 

two te tor•J the aotulll l oetlon tuelt >~1'111 the pJI 'Ylllue ot 

e eol tione o onte1ning 1 t, the l.o!O'ar tbe nlue the 110re 

eulpba a-1eor ptton oeourl!'ed. 

wltb the oley •tnet'fil net tlegfl t.1 ve otutre:••· 'l'bt'ly po nW 

o t tl\at tbe uao of' th"' trtvalent oaUon nl tntu.'ll 28"8 

adeorp tton reeul b tt•a t were osm 1 tei'J t~ bY the low!"l" pf\ 

the neutral eye t~m or, tor exa~ple , yt~r1um (y3+) tonu ehould 

atve btgher anion r~ t• nt1on ~~~~would a ayatem with a 41valent 

oatioD. 

114 (19,3 ) atud1a4 the retentt.on ot phoe phate by olaye, 

aabeoll oonta1ntnr clay matertala , atumtnlu~ aul pbeU. 

(A12( o1.>_,> a•'l4 alll!lltohlll aat.urated t on exohflnef' rutne. 

ne ••'-bl1~tt:•l1 that tbe llobanreable oet1o.ne t nttoenoed 

tu alu 1n1u111 1n tbeae 

., .. 
etn t)Lae reeulte, t'lld a1nta1ntog tba t. e • tber,o0'otb1 

•ollld a ppl,. He tbouaht th« t .. ~ Ua• r Vllrtoas cl' t1~ 
I 

V~> t'lO • tt<ounta ot a lll<llll'ltum, tb "lur l nttia 1 toelf 

o uaS thE' retent.ton of' phoettb te, or t>l& t> tbl1 t tbe 

••a ett \e oat1one et"teetM tlle dietrlbotlon of' oa phftte 

loll 1lll 'tb• Gauy laJer find tblo factor 4• rmtne"- the aliOUDt 
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~r phos~nate e o~p tton . 

Tt.1 e l ae t expl flns tton of the etf'eo t of d 1ff'eren t oa tton.a 

on the r •· ten t1on or t~ho•pb.ste by el&:y mtnf'r'll!l tn t el'lllf! or the 

aouy t~l ee tr1oRl llo1tb l c byer hila been dhoueeed by v .. rwey 

and 0. r >- e ak (1 91J8) and alao I' f'e rred to t')' Oli~Jng end 'l'holll!l8 

(1 963) . Ve!"> eY and Overbeek •t..te thl\ t gr ea ter adsor p ttoc 

of' a nions le poeeible f or clay ays t e1na con tain i ng d1Yel ,n t 

cs't1one than t or tboee conte tn1nl! monov11lent oe tlonR b ('onuee 

tr1 t h lar ger o a tton1o oberses t he 1 tqut d ohftrge i s oon.:>en tra ted 

c loser to the surf'ooe of' the clay mi nera l pa rt1clee . Tb 

correepond1r~ i noreaee o~ the doubl e layer oe~ao t ~ implies 

a l arger t> opuleion for smal l d tatenoea t'rom t be partiole 

eu.rfeece . liowev<!ir tl;e oorree pond l ng e~n trac tt on of t t.e 

doubl\" layer i.ll fl th" re!!u l t t ile t the r £puletve ;>c t er ttlll 

to~ anions dG0811! more rapidl y wi t h 1r.or$~s1ng 1 1a~noee 

and 11 111 tbul' be d1m1n1ehed t'or f! l't& ter diat.. no t~s fr •Jfli the 

pal'tlcl e s u.rfaof' a . 

tor aalon , ~tt a d l F.tl•noe , from t r. e clay 11tn .. rll l p1.1rti l e 

eurf'aeea when th6 ftur1'aoll'o Are e11 t111'" too r;i t h mul tt va len t 

0 thAn trhen they 8 1'ft 8 t Ut'>' t~d Wi t ll IIIODOV -' l eD t. 10111!, P!ld , 

oo~e ue t1y mor e opportuni ty ex111 te for a nionic edoor p tton 

onto tb c lay Allrf cure. 

8<>118 e tudiee have be(m 188de on ' be a dctor p t1on of 

rtoua ea tione on to c l ~e;t llline r s l ~Ul"f'•· o ee . Oook ,ou tl el" , 
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Utll , f a1n~or th end Oblad (19S3) and Ooato~ and 'nde~eon(1 955 ) 

found evidence tor th~ p~esenoe of two dt~feren t ~~ea of' 

sodium a~eor ptl on stteo on montmor1llon1te , It wns 

suggee ted tbtt t tile Be d tf'feren t at tee l!llty b~ dU •' to 6-

c oordl.nate and 4- o oor•d.lnBte olumintum in th'! mon1.:nor11lon1 te . 

Nye , Gratg , Coletlllln and Raglan<! ( 1961 ) have ehown , f'rom exchange 

isott.erma , tM .. luminiurn i onl!! are Ol)rbed moT'e s t rongly onto 

exchewge s i tee in montlllortllon i te An1. lo'lol1n1 te than are 

potasoium , eodilml and c,;loium 1one. The ~•-la tive etronftb 

of bonding of' ca tions tn tiJe !llkaH l!lnd allcflliro" e11rth series 

( 11 th1um,aod1um , potas!!1Ufl! , rnbidiurn , IH lllium,oe lcium, strontium 

and barium) on to th e surf'aoes of wr1oue m tell m1neJ'>~la has 

been i nvP. ~ti~Ht• d by MoDowell and ~arehall (1962) . 

In the pree znt 'll'ork atudtee bave lH,en mde f)f the 

adeor ~tion And deoorpti?D of' I'A<Ho·•otive ph·,ephnte t'rom 

ot~ tion astul"etf> d mtoa ou~:raoee,uatng sodium sn t ur> t P.d and 

aluminium saturated m1o ' eurf'aoea, over s wtde rsnge ot 

pH vs lues ( 3 . 0 to 9. 0). In ad rti tion ·lenorptlon eJ<pertmPnta 

have b 61'n pe-;-f'oMil.,d "i th mice. surfaces afl tura t ed w1 t b other 

cations , and also w1 th 'lluwi n tum oxtde eur>f'soell . The 

ettecta ot: dry in~ , t empPr>iture oha ngf>l!, , 1\dsorption t 111les e nd 

deeorp t1on time a on oxp<c1'1meu t,. ,l ree11l t n oove b een tnvce tiga ted 

and eom at.ud i ee oarT'iod out on th~ etfe~ts on the deeorpt1 on 

of' r ad1o;,ot1ve <·hos vh>.l te from slv.lllin1um saturated mte • 

aurfacea, and alumi nium oxide aurfa oea , o~ diff'er~n t reag~n ta 

uaed in 1N1l phoa pba te e x trao ti on procedures , 
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A etudy hoe be t· n l!lllde i n thi6 theeh or th 11 sorption of 

rad1o~t1~e pbosphnte on to t he aurfaoe ~r e aotl mlner el, 

namely musc ovite m1Ga. Th~ f iret uee of r adloao tlvft 

phoe ph& t e 1n t he probl eroe of 11011 scienc e wee by Heveey , 

lndere trom-Lang end Ol ~en ( 1 J36) who stud ies pho~ phorue 

Si nce tb~n much wor k has been done 

i n tnvee tige ttng; the ptoobl e aefi oOia t ed w1 t h coil And fe l" t.U 1e E'l' 

r ee <laroh using tb1a end other hotopee as r •HHoAct1ve tra o re . 

( 8ee for e•a~ple revt~we by Her bet , 1953 ; V.c t '1ngl y,1 J57; 

tUngl y " nd 'l'aUbudeen, 19 61 ) . 

A number of d t f f er cnt tvpee of probl em in eotl sci ence 

ve been t ·nvea tl!f& tod by the ue e of r d1o1eo topce ae trttcere .. 

One of the 111oet bae1c tnvee tlga t1on• tba t 00 11 be en 11111de tn 

thh way bee b een t he d s term t oo U on or the to ta 1 a1110unt ot 

po taea1t>ll tn a a otl eem:>l e by measuremen t of the amount of' 

the na~ lly occurring ndio~totlve t oo t upe 4° K presen t 1n 

th Boil (Se c tor i netance RoJ r t guez and Ua t t1ngly 11360; 

~ aen, 1k1for ov and i rldman , 1961) , Trace amounts of 

·rad1oecttve e t lver ( 110Ag) bnve be n ueed by Bftreno~ek1 

and ora (1 961 ) 1n order to etuay the amount of eoU 

cUalooa tton o~ ust!d by eu l Uva tton. Ao th< ettver does 

not take part 1n any plAnt- eoil t n t et•actlons , it ill a very 
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aood awnne or follow1'£ th~ amoun t ~r eo11 movement wtth tlme. 
89 

Uee or the r•fld 1 ono t.1 ve teo to pea <l!' a t ron t l us ( 8 r and 

90ar) to fltu<l,y t he adeor p tlon o~ e tron t111111 b7 e ome of the 

clay mt net•ft le preoen t in oo !lo hloe be• n 11111de b7 llp l teyn 

an4 Or omov (1 959) 

abl e t o n tu<l;r t he ot't eota of tho preee11oe or 11beenoa ot 

oalctU!tl tone on t be amoun t of a<leor p lt .n by ol11Y mt n<: ra le ot 

very 8111011 a moun ts or ll trontlUlll from t h e eotl eolutlal). Thh 

t t ot particular tmport •n r beoeuse or the &moun t of 90ar 

tormo4 Sn nuclear t ee te. Once tt becomea ade orbed onto the 

aoll i n a etmlle r mAnner to cnlot um tt.ould b e ovatleble to 

plants a rowi ng on auoh ooil, 8nd t hue , ul ttma t fll y , to hi he l' 

torme or li te where 8Coamuta tlon 1n bone etruo tur ee c ould 

cauae o neldersbl ~ rftdta tlon dam8ge . 

A o oneide.-ab l e Dmount ot work h t\11 bM n done on .,lftnt 

uptake or tl'1ooe r >41oleot.opoe that • ••e •l• I,oeited on the 

eoll eurtaoe er- a reeul t ot Dll<lloar t'a llou t t'ro:a 8 t·~lli1 0 

\ea \8, r cbetrer end l ud- ts (1 961), trom t h 1r wor~ on the 

UJ) lte or r •dloeo ttv" aaeeitlll ( 137oe ) e n:! et l'ont lU111(90!"r ) 

1 plenu , ooM 'l llded th11t t.ht: e e h o t opee e r e &tron!fl3 t bed 

1n tb eoU , en,, tllue not rea-'111 lll&e i mllr.l tect. 

lllll<!b 11110 11<-e been ~~~ade of t he r lld loiaotopee of n r1oue 

olemeate tba t sre IIHteorbl!ld on ootl eurtaoee, By a tud.l' l llfl 

tbe exoballjte be t"e ~ n l oM h. e olu t1 on e nd tllooe of' tbe t!eme 

a ot ee a4eorbec1 onto th~ eurt eoe or ei th~r the e ot l 8e 8 



w o1e , or 1 te cons tt t uentR, i t 1G poseH>l <! t o a.• tn 11011111 

tne1 t\ b t 1n to the ao tuft l we tho~~ or euch a~o<l);ltion. !I tud1ee 

on a o tu ft 1 eo! la have b een !ll!lde t n thh ma nn·' r ¥'1 t h a number 
22 

o~ di.N'el'ent. e l<>!De!Jt"' sueb 0 11 eodtum ( !Ill) ( fi~::Onook ,1 960; 

.?4 
1 1!111" 1' 1191>3 ) , llllutgon cae ( ;ln ) ·, lr aud lltll" r'' '""•ti and 

22 , 

cala1tt!ll (4'>ca ) ( l'lorhnd an i llr i Lem <> 1er,19'i01 !->in ! tl> ,lilumet ~tnd 

Vl1t-uak:r ,1953; ra H 'ba.locn, 1 -:156; ne nd€0,1 \160 •mJ l'hher,1 963 ) . 

SotM P.Xolv.mg-e o t u1 1eu h!!lve a l so b e;;n oer.ri ed Qll t . •n the 
GO 

adeor J• tion ot' a " tlone lllh1h Il l! o obal t , uai nqo Cu (Rnc1cer end Oi e-

e ekin.,; ,1 954) , ont.Q ln<t lviu. u~c~i olny mine1'~<1.A " " d a l >~ o onto 

oa t ton exabP.nge res1nq, 

end ant ona de t ent.od by 1e o tr.J p1o IM: t.hod,. " " " by t ·,*' c onventton~~ l 

phyaioa l and ohllmiaa l method8 c! nn,. ly!>\,. , !'lnl"h P turHee 

hav b een oon.tuoted by Jtende (1 ':'60 J f m• "" lo1um ( 115c,. ), 

~) 32 
a ul pha t e ( sot, > ~tnd ;:hoRph111 teo { 11\ ) ionr, , «n•J hy F' 1 t~ her 

(1 963) tot' onla 1um (45cll ) , rlll'" nq •fnm ( 2744 .. ), r•·· to.., c1um(42r) 

tnd aodiu~ (22
ua) 1on!l. 

'l'nl1budeen ~1 9 <;6 ) ruw ., , ., f'n "'" .,M.,onnt n.l' ~thoda !'or 

e tt• ttngo t he BJH!Ott'!.c <~ otf. v1 t y n1" r <> l.-tun ,<lt • "l)n.l' , n ttr oa t)n, 

in eotl an i! fertiliser l' f' II N\reh. S tudi e s ~ 1 th nttY'ognn sre 



oa .-r t ed out using oompoun1A oontA1ntng enrl.ohed !l'llounte of the 

b8MYi t'r hlo tope 1 :>11 a s th~ re "rP no r B'l h>~o t1 v.- i eo t opel.l ot' 

ni trogen Vl l th ~ui"flctently l ong lm11"-l1v! e i"'Jr uee In a o1la 

on tt;e ~ptakc by r. o11s 1'1•om volution or. vr;ory 1'1'11311 amounts 

of tl'tHl L elements . Rllodl's ( 1957 ) h •s r> tml1!'d t.lle u p tlik.e 

tl'O aoluttonfl COlltatntng l e a p; t l'k" i l 1 x 10 - ..:1 <nol r. n ' " r U tre 

ot JOJ nul'llbcr o:f el. emen ts no t norrnelly f'ounll 1n eolle in 

'TIJ t el er.len t s t.hu t he baa 11 tudied 

nd tbe raclioactive 1ootope o ueed were : co.eatum ( U 7c e ) ; 

carlum (144c e) ; niobium (95.,b) ; plnt ontum (.!..):t ,. u ) ; r utheniUDI 

( 106au) l 'ltNntium( "~sr); yttrium (91y ) anll ztt<oonium( 95 ;· r) . 

Ra11ohotopeo ll!ilve b • en U$&d i n t he eluc1 1- t ion ot' b ' l!liO 

etructur• l p"robl e<~•e dea ling .. t th ootle . Jncob ~< and Tamura 

(1 960) hev• , ua!TIIl' e r scl toactlve taoto or cl\ea i UIIl ( 137cs ) , 

!.nvto e ! '!A t Pd the method of nxe.tion ot' Ofl ~etum by E: lt pandtng 

lnttlc f' c 1fi.Y' l!'!inFr'lls in l'Ch ti on to the colla vs £ of" the 

They h11ve bet.n able to de> tect 

• he h r Ul" caaBtum i n entt"•pp e ll ~· 1 th1n Ult! eltpandcd l attice , 

or lluer el;r fix ed on tile ou t er surf ace or edgee o!' o lsy m1n., T'sle . 

The r -'.lioe c Uve isotope 01' p botr ;,horue, }4! P , h 9B b ll:n uaed 

t n the tnveetl gB t! ~n of' s nw er of the pr oblems i nvolving 

eotl ani\ p o phllte ft.xotlon, releoe.- , etc . I n exp~ r imenta 

Ua1 1eotopee one of: the seeumptlone IlB de la that the c ompound 
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1ne orpo!'8t1ng th<! r tHHonc tivt' 1a C> t·)yE: l' <'lllct.8 "' th•' 13 Br.lE: 

"8t.8 !Ill <'f oe th<l c orre!l;' O!'Id i :>g coopo:~nr,.:l which c or.ta1ns 1naottve 

a tom!! only , .~ number oi' Vl't> r kerl'· hav t 1nv< G tts:u t : d t Lis 

assu111ption 1n r'!ln ll.on to the ll.leorr• tl on nnd ~x hange, of' 

pho!lpbste zrours ~nto n t~bere o~ d1f'~ervnt s1 t eo . ~rr1sge 

e Cunha , 8 1m; eo 11 r,d nr.l'oto ( 1 960) stud1<"<3 t he e <lGor ::; tion of 

both ra.UoMtive (32 :>o4) er.1 non- r,.j<oaottve (
31 '0

4
) phoophn te 

onto ion exohenge ree1ne, th~ Rpcciric oites o~ ~h1c h e re 

comparable to many of the adsorp tion si te e ~ound 1n soi l 

eystsmo , They found thnt th<"rc ~aa no ~1ff'ercnce in tbe 
31 

re tes o~ eu1sllr !' t1on of t he t wo diff e r en t epecil'e ( " C4 ttnd 

32Po
11

) . Simllsr otud 1<'e have be~Jn made by other wcrlo:ers 

on dtN'errn t sy10 tem • 'ilP•·n nn.i ' " t !!DAb e {1959) etmHuJ 

tbe ad e or p tlon of' phon rh·• te hy g 8BG ~>nd by a nmnber of 

d if'f'er en t eo U s . 

31 
a~sorptton o~ P0

4 

Th"V found n;') d 1 ffcr..-nce 1 n the rn tea of 
32 

end 1'0 
11 

mtnernlD such "~'~ apatite has b f'en detcrl'lltned by 1 otopto 

excbong (Rlokeon , 1952 ; Csn o ~Ui% and T~l1hudeen , 1, 57; a nd 

Sobei'f.'er, :nrtch ~tn.l Beneo1<e , 1961) . Tht ea:~e method bee 

aleo b een spilled to t .e de t ern1oot1on of' the tot.ll ou rt'ace 

area of' ar t1~1o ia 1ly 9l'"!po r ed phoe phatts ouob ss d1c~lotum 

pboepbate ( 01sen , 19'12 ; Rlol<eon, 1952 ; 8ehef'fer, ll lrloh and 

Beneok:e 1q fi1) , and 'lf' bone end oUler ell1ed r:m ter a la 

( lfeuuum ar.d MulryBn ,1 950 ; l!euman , l'\e ik l and l<'eldman ,1 954). 



The Ac tu6 l pr ocl!>du.-r· f ollo,.,<'d '"' t-> eq · llibrntl! the 

phouphflttl :nt neT'a l "'t the nhoeuttl\t.E' s olu t i on of 17n o,.n ;-11 " " lue . 

After coutltbrRtton I !' compl e t (! t he> s olutt on nho!' r> l"., te 

oonoentr~tion tr tll not ohqnge w! t.h time , ,\ e'll~t ll arn <:>llnt 

of oe rriero tree ra'lt ooc t tve pho,.pha t e (s<:> "" ·no t t <:> Rlter 

tbe amount or phos ph"t" pres en t i n t he sol u tl.on ll i '.' ntf icsn tly ) 

i li adde,j to tile eouil i b r i um s olut l on . Thh eolution i e 

then .analysed et V'l rioue t1 r.oe 1 nterv~ Ll'!l , 11nd t hf' j ecre11 ee in 

tbe emount of radi oaotiv~ phe:epb11te pr et>< en t notPd , Tbe 

r eeulta <.t exrerimentlo lly de t e ll i ned ourv el of' the fractio n 

ot ·rt~ <Hoao tive •> hO !';Jhe t~ r rne t n t n>: i n aolu tton af t e r var ! oua 

$1 ea , due to 1Po to p1 , ezch>Jn !l~ b• keen eo1 u 11on lln·:5 eo lid 

at ohelll1oa l e qu ilibrium, is o cmpose<! 'lf t wo excht>n!'e u ro oceaeea . 

This pr ocess dtffer a fr~ tb~t ~ tu1 i ~ d 1 ' th t e the e1e ~here 

there i s no at t emp t to pr es erve che:n t e~<l eouU tbri um. The 

metLe m!l tioel me tho :l of ane lyet e of' ttie equilibri um e xpn•imenta 

deacribed !lbov c b'IO been :r tv ~o n by " nllmber of' auth or!! (MA o" aY, 

1936 1 Be t te ,1 948 ; l·ahl .,n,J l:lonne r , 19'51, eto . ) 

There er< a ~re~t numb~r f d if'f~ r-n t MctholR of' obemio'l l 

analyaie of' the 11moun t e ,r. pbosph"t~ tn . otl or in v~rious 

1'1'«o ttons o f th r: non r •;>or t t>d tn t h" l1 tem ture . '• numbe r 

ot tbeAe me thoda ha v e h u:n ovmpar e•l 11'1 th the de t e rmin ·1 t t on 

ot· the a mount& of' tot:J l o r "I! VA ilabl~" ( to pl'ln ts) phospha te 

ln t!\e eoll ae oRloul t e1 r rom r~>.l tMottve t~xohange( "t>pe t>l , 

1959 ; Moe~l and B~rayc?.ak ,1 J?J ) . h c onetjer , bl~ amoun t 



of u tmly on u .. ! amount <·t' t Lc. etif'f'••rm extrflctl>bh phoopho te 

f J•actl ons of t he RoU (!~c>stz , 1'3'>4 J Duc et 11n.1 VuL.d<.;l'•·'• ll.e , 

1959 ; JJrft~, Lutllo·,ic e •t:td i\enda- ,1 ::;r.o ; <tA<>; <>n:d~: l'JG2) and 

on the fo r m" of u: trAc tll b l<· l.lt h i non-E'X trn~ t1~i' 1<' ,.h o:e ptu. te 

tn th ~ so i l (Tendllle,1 959 ; Trndl lle Bnd lynn r d ,1 959) hna 

b en c •rri cd out . The l t tll t men tl.oned Buthot•a hu v~ nlo., 

stud ieJ tn.- difi'ust•J il nf ;;:hocphs te t on!' tn a oil llynte lls loi th 

.i. : usn.~ l" OUB a t u 1 <t e , suah 

ae t 1o~e by !,rl'iog!l e Gun ha nnd ·:,ores ( 1960) !HJ. F!>;f!"a , Nagn1 

and R" t o(1 'J51) hav< b t'• n c!trt ·i.< d Oil t on t h··· nv~ 11 P b ili ty 

o~ pnoeph'l t P t r. differ en t soil a . Taltbu1een (1 9 'j7s ,H57b ) 

hae d ee c: ribed a nUlllb f' r of ill" t ho.ls (ff' de termini g tt c amoun t 

of lsotur los lly crchange•bl e , boophoruo ln noll& ~ nj thclr 

One of tb" gre~ t a.:lvHr. ta~~ e of t he uae of r nJ lotic t.1ve 

phosph!!te t A ht"t the meahen!sme f e nl.on a :: svr p tlon onto 

eoilP osn b" r ~Gt ly otullej un,~r v~ riour conjitlon~ . 

numh e r• ol" atuJ t ee hy r,• c~<uHffe , t:~ l l , 0lon an1 lten1rl.o\l:a 

(1 947 ) , ;..g,....,!l , l'l~t ;:rfl i nn1 • i to (1 YJ 1 ), IvRnov(L:55) on:l o tt.ere 

h vc shov. n tb-. t moe 1 r·ho- r;ha te i s o js;orb ctl on t o th · aurfaoee 

ot' tl'l • V·>rioue ~c tl oonF tl tuen ts . 

onl. on ~; oi l ,. , {H>'I tn , 11nJ va rl uur clCly mlnr ;•aln I!UOh ue 

kilollni t e ,hlllloynt t < , e- 1bbl'1 t e , ili~s porf' , -lO< tll 1 t t , t: tc . 

tlolnt'r , ~~~ tf. 1'\ nd 1':• nde ( 1')?7 , ban r· t u :lh d LM' l< t r.e t l ct! 

ot uptake of phosph,. tl" by twll e>eu,p l (" from eulution 



contain i nfi. r d1oactlvtl:; l flb e ll e<i p bosphs t e a < a t'unotion or 

t1 e . TI\Gy round tbet there wae a Hn~el' r c. l etl. onehtp 

bet cen tile amoun t taktm u ;.. by the e o1l and the original 

conoentrntton ot the radio,•otive pboepb • te eolutton. 

Recently OuMr.Y (1 96.!1) bae uaGd J2 p to a: udy the 

tnrluenoe or •cwpcrnture , end aleo the diff~rf noee from 

1011 to eotl, on t.he lllllOunt or pboepb!lte adeQrbed by the 

eoll and the tlae r oqutred to r e'<oh 1eotople equU1bl"illlll. 

H r ound tbo t lot:er1nz tbe tet~~pera ture trora 23°0 to 3°C 

oaueed a 55~ drop tn the amoun t of 1 otpp1o dilutton 

He deduced that the l!llo'"' rete ot a t t!ltnment 

or botopto equll ibl"lwn tm)' be due to n r edtalJ•ll:lutton, on 

tbe mtoro aoQle , of unevenlr npplted rnd1oactlve pboephn to 

to the eotl . 

The • orR under · ken l n tb1A theal e h&s beer. partly 

en attempt. to el uolda t e t he M tul'e or eome or tbe oomplexea 

1'o:r111 d between 1'41.~11 oao t1 ve pboaph"' te end t t " eurt .. oe ot a 

pe~ttoulor aotl ~ne~al .m1oa . A number ot prevtouo 

workers bav, , ae 11. 1" eult of' ell per1menta lth rBd1oMtiv,ly 

lebOlled pho~pba te , deduced Uat u i t< t tmoe of' ll DU!IIber of' 

<lift r en t phoe~te-aoll C Oill~lexee . 114rbter and 

~eakh'fl 1oa (195') aatd that tb exchar.ge between ~>boa phate 

ppeaen t in the eon tul<1 l'hoapb!lte edded as :fertillzer 

pr.ocae4e w1 tll two a1mul tftneour; ·r htee , one rea ter thtl ' the 
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other. Si mila r r t eul ta have b een obta1n.ed :for exohllnge 

with phospha te minerals suoh as a pa tite by Uano Rut~ and 

Talibudeen (1 957). M$tl,Latkov1ce aDd Kende (1 960) 

obta1n .. d results that suggested that pbosphllte le :fixed in 

the soil ea a number or compounds o:f dir:feren t solubilitJ 

thus lead ing to a number o:f different velooitiea of exchange 

proc esses . Talibudeeu (1957a, 1957 b) has said that the 

total amount of' phosphate present in eotl mll7 be subdivided 

into :four f'rac tiona . These oonolue1ona are re~ ched on the 

bae1s of t.he ab11 1 t y of the s oU phoepha t e to exchange with 

phosphate ions {that hove bcrn radioactively l nbelled)preHen t 

1n the soil solution. From studies of t he phosphate 

equilibrta in acid soils Taytor and Gurney (1 ~62) have 

educed tb t- preeenoe o:f at l ell!t t two :fol'll18 of phesphate 

proeent i n t he a oil lr1th dit:fer nt degrees o:f labil1 ty. 

Seatz (1954) ban oarl"led out etucUeo with J2p on tbe 

equ111brium between phoapbste in solution and t n eo11 samples , 

and pe rf"ormed a ~rapb1oal onalyeie of the exchange data 

obutned . H a plotted the ra tlo rad1oaot1v1 tJ' ln thll soU 
totel rad lo.,c tiYi ty 

a ainet logeri tbm (time) and obtained e curve with two points 

ot t nnexion. From this he deduced the exietenoe or three 

dlettnot pbaeee to tbe exchange reaction, oorreepondlng to the 

eeence , - on the a oH sample, of' thr e ditf"eren t phosphate­

soll oomplexee . 

Tbe 1'1ret mention t n the literature ot the use o:f 
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t he method of i soto pic exobange b e .een ions on the surf ce 

ot e particula r compound and t n sol ution wee by Paneth and 

Vorwork(1922) . They prepqr ed s amples of verioua i nsoluble 

lea il aelts and equilibrated them with solutions containing 

t he same t one u those c one t1 tutlng the salt.' By the uee 

of very small amoun t s of a rsd1os ct1ve isotope of l ead( 212 Pb) 

t ht<: specific eurfeo ea ot tl'le i nsoluble l e3d s Al te w• re 

l nveP ttgs t ed from the exchange of t he r ad ioactive lead tn 

the solu tton • 1 th 1ns c tt ve lead on the eu r f 11c e ot t he lead 

salt cr1s tale. 

Phoapborue - ;52 bae b e£n us ed t n an anslot;!oue IIIBnner to 

study the adsorp tion ot phospha te onto cley m nersla bJ 

MoAul1ffe , Hnll , Dean end Hendrtoka (1 947). They ueed clay 

mlner a le and naturally occurring me t.!ol hydroxides t1111 t are 

round 1n t he soil, and etud i ed t he e xcha nge ot phos pha te tone 

adeorb ed onto the hydroxi de e urteoee of t hese oompouada . 

Tbey observed t vo dift r en t r eac tiona oocurr t ng . However 

tb9interpr e tet1on of' the ir " Ork is complicated b7 the pres ence 

of othel' epeo1f1o eitee on which phoepbate tone mi ght be 

exp£oted to be o omplexed i n some way . In stud i es on tba 

clay mlner a l kaolini te tor tnetanca (which wae one or the clay 

111nerale atu<U ed by i<lcAullffe et al) there r e three different 

altea on which t>hoeph8t.e lll8Y be eJ<peote•1 t o b e "fixed" 

(lo Ci , fortcing some \y pe ot' OOIIIpl ex Wi th the BUrfA.Ofl 8 t tha t 

point) in acme way. Kaolin t te haD o l8lfer e truotur e ( see 

ttaure 3) l th one eurtac ~ c one1s t1ns of a ah• et ot 
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hydroxyl gr oupFJ a nd the o t lle r s urfac e be i ng a ahee t of' 

oxygen t oms . 

Figure J , 

OH 

AI 

0 OH 

Si 
0 

D11!1!P 'II111D1S t1e r epreaenta t ton of keol1n1 te la ttice 
a true t ure (from !lr ov.n, 1961 ) 

Ae can b~ ·s een fr ·om Figure 3 t here AN' t hr ee d tt'1'erent 

typee of s ite t o ., hl ch phoephe t e may b ll s ttacbed tn soma 

nn ~'• Thc:y e r t he l.:fdroxyl group aheet (top of 

• trure 3), t he oxygen atom sheet (bo ttom of Figure 3 ) and the 

edges of each kaolinite crystal . The ao tua l ev" tleble 

sites at these edges ell l d rpend on t he broken bonds whtoh 

Y be presen t ther e , depending on just whe r e t he oontinuou8 

lattice struc ture shown ln ~igure 3 l a i n t errupted. 

Becaus e of theee uneert•, lnti a aa t o the a ctual type 

at att on wbi ob the phospha t e !!' r oup is "fixed" the r e are 

oonalderable dU't'toul the l n the 1nter pr e ta t1 on of the exao t 
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d1 tf' tcul ty \ e< ev en mort prouounceJ i f any :let••t led i nveetign t:. 
between 

of' t he n• t •n· e of t tw o o•~ptt'XBEI f'or-med / 1,h •)s pha t t, s; r oups and 

A method of ob t a 1.n1.no; 1P.forcno t i on !\bou t e oi t - :·hoe phate 

c omplexes using anio n exch•• n~<' r cs i nl• hllF b ee n r epor t ed by 

Amer ,Bo~l di r. ,Bla c k And Duke (1 955 i They mea<'u r e-d the 

r a t e o:r atiBOl' [' ti on of phos r.ha te by an enicn exchan~e resin 

tn c ontf.lo t with a eo 11 aHmpl e , The rate of a de orption 

by t !Je- r e, in i t. contr oll ••d by the r At e of release of the 

phosphnte from thP soil. ~· rA;>h of t:;unn t.i ty ot" ·•hospha te 

versus time VJe>P I'Np>:> r ed fr ~m t he data ob t a i ned nnd resolved 

into t h-r-ee ''" rts , c orreepo'''Hn" t o t he ext ~ t.;-nc o of: three 

stmul t neo•J ,.ly occurring proct: s s es or r e l eAse >:f' vhos pha te 

by the soil . These yroces r. es differed only in t lle i l:' 

ratv,c!'l ch b c i r.g f'~rGt or il <' r v.tth r espect t o the rhoepha. te 

ccvo twirn Hon . 

~1 tb phos : ha t e <-ol uti on tt ') ing 32r . The y 1'ollnel t.t.e s ame 

thr ee p r ooesM·o of : hoa phu te r e l eee e· fr c' m t he sol 1 eerr.ple , 

ll;ct. p t t lln t t h( -r-e t e for t he· ol ow<: E- 1. reat:t1on WRS epp;r ently 

1 M.eper.dr n t ,Jf time . 

reou1 ts ob n i ned by ,\mer et. a l t~ 60ffi<-VihJJ t E~ i m1l" l" 1o that 

I t i e " " "ullled the t , 

provid i ng the r eac t i on time i s l oni encugh , t he t wo fastest 

rates hav e gone almos t. to cotllpl<" tion whel'<, ., e the compl ex with 
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Ule slowest rate u!' deeorp t1on is et1ll present in oppr "c h ble 

amounts. The rete constant and in1t1el llmount of' thte 

oo plex prePcnt in t he llOil ar~ c a lcula ted :t'rot~ date obtained 

atter the tit's t boo complexee t~re tlasum~d to have disappea red •. 

'l'beee valu<.o e r e tllerJ uaed to help oalculs t e the rat cona tan t 

and ini tia l amount of' th~ middle and t hen l astly th~ fas test 

r~t ta of remova l or exch,.nge ot' phosphate 1'ro111 the eoil . 

S1mt1Rr methods f or ma tht>lll,~ tic" l an~>lYste of data ob te1ned 

tJoom the exohan1e of' e oH end solution phosphe tea using 32'P 

have been \lorked out b,y ~otlefter,Ulrioh,Benecke and ' Sendler 

(1 960)( and 11lso Bene ke ,1 953 .) They heve obt.A1nt! d lues 

1'or the rate aonetnnta end i n1 ttal amoun ts of' eneb soil-

phos phate c omplex present. They aho calculated the actua l 

rate constants for t he gene ral oaee where the r <> are n differen t 

compl exes . One of the n a tUII:mry oondi t1ons f<Jr the 

validi ty of' their oalculotiona 1~ tbRt the difter -nt l•hoe phste 

traottonl!l excheng o a t greA t l.y dif'fering ra te~R . In other 

words U' R l' R:~ • • •• ••• Qn R. r~ the ra tee fo r the exot:ange8 of 

th dif'1'er~;n t phoepho te frRo ttons then R1 J) R2') •••• . • • ~R n • 

Thte enabl 8 the dtfferen t exchange reac tione to be oonsidered 

to occur a t dif'1'er ent timee, the first ono being almoat 

fintabed before the s econd one has ll.pprec1ably commenced , the 

8 oond one being almoe t t'f.n1ehed b et' ore the third one hoe 

appreciably commenced e ta . 

The use of a gr aphical me thod of anslye1a,e1m1lsr to 



Ti. · y d <iluc ed t tls t 

there we re- ~; t l cn~>t. fi''' ~~t ' Ml of mang-Ar>Ese - r;oil co r.plex 

" th 1U'f•·t•<r. t rAtes o f <volwr e t. tP1 mM•<;:fiT e e (lnJ, e l l ed 

" lth 54~n) i r• eolu tton . Th< y actu•11ly dt<. Hn !! ui•, lled 

?D~ c h•H'Il<'t<rt~ r;:l f'•JUr ll i ff'n•r-nt nll'lll !6DH• Il-~o1l 0011. exce . 

g!'ap h ~ ,., . , 11f t ••r " nolyrll. t• , " tll curve~ t he;: d E> ·1uced tha t 

thera ~ere proh • b l y <~t l~er t t ~o mor~ forT~ o~ so1 l - ms n g11neee 

oompltl: nr<·•·en t . Tf th<- r e h< 1 b e•·n or.ly <:>t: t: o 1hr r soil-

linf' . l\rc~ uf'e of tt,p uno rt·• i nty of the !1U-:lt time coord i na te 

ot the c1pn•1mentel poi nts on t hflr l l''i . ha and th e f'5o t tha t 

t l!ir fir · l , tot• rtl ully r ~ c ulv c Cl ··. r "' l>f' ,. ~, only ovE'r ~ ttme 

o- o i r. t. ~r~n c:f 0 to e p , r cJtilll ' t ·:o ly <; mtnutea , 1 t wee n ot 

ee1 blt f ~ r tlt e!ll t o pr o<:'e ;,('l 111 ny f or tb .. r , \ th the rr·go lu t 1on. 

et< t (' e> t d tffl zu l tl. <' e , l e~·ltn ·: to unoertstnty 

in t h• ir r e 11 UltP 1 t n tt. t i:o eTp<' r \ mE·P h v.~ l) t~~ f >l o t th ~ t it 

tlll n o e ~ .,.· r y t o '· · -~ :> n :< l 1·1uot of t.h r ~ o l n t.t0n \ · ~on tao t 

wi t b t he 8() 11 •m,1 ev>:> por>Jtf' t t: l s t ? trym •e ,. befor~ c'l• t el'lll1n1ng 

thta 

pro 9dUl'l' toolr ,,bou t t • n '"'"onll~ t''" c. c t11nl t 1 .nt- n t wh1ob 

xoh ng., wonl r1 h~v ' n t <Jp·•c 1 .,o•fld b r: v , ry un ~e r t ·· 1n f'or t otal 

xob n~e t1 111e11 of' tht'l order o:f' onl' m1nut" .:~r leee . Fro:n 

t heir quo t ed r eults 1t appc•• r ed tha t 11101'" thftn 97/ of t h• l'Adto'-
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aCtiVe ml.\ng•neo e in the eolU tion had C:<llhtUill; !\d With th L Roi l 

~~~t~nga ee n in less than t en ~1 t nutus . Thu" t h£ c·.q :•; rllnN til l 

r eeul t ;> that t h t:-y h~ ve ob t · i n~d a p ly to leas tha n .3.' ot the 

to tll l ~xch!UJgcabl t> mangfl r,f f:e or. th< e oi l . Tt,e aceur:t te 

r eol ut:t cn of' t his omc.tmt i nto four :lif'fr: r u ot typ~s of c omplex 

&f eme vrzry Hff1cul t when the numh' r or e:'tpo: rimer• t ·· l pot n te 

ror the r~ phie~ l anely~!~ l e r El Btlvel y eM• ll Dec r uee of 

tbe c omplu proc edur e r e f! U1N .1 t o ob t t n U•cm . It <·ems 

tho t a sys t C!IIl of eon t1nuoue mon tto r·t ng of t h!· sol ution (or 

ebll) eueh o& ho ~ be• n dcv r lopt d i n thte thcc le ~o~ld 

,t1V<' mu oh >r ester Pl' OIS PEC ts ~ eueee ,;e ful interprEt~ t i on of 

the Y< holf E'Xcbn,-gc pr~o elta , 

Xoc t e tull ~ e o r tt.e g;1s or r 1.ion or " f'1 l'e l1cn" of j•llosph te 

i n r t: l l' li on ta eotl pr ,c l v•~ l.avo.: be tr. o ~ rr ic d ou t ~ 1 Ul 

tcl t sell • • mpl ts . Th i s l eod r to z r~• 1 Jlfflo~lti cs of 

i nter ppc t.'l tton t r 1t i t· d u i r el t o l'lucUat. t he a c tu.s l 

meoha nt s m or pod ti»n of RM c r r · ~ lon , o ir,~ to the c ompl ex 

1'1'.1tUN o! t. c sot l E· e mp1 ~ t ; >- u :, a ~ ~ wbcle . 8om~ work hoe how-

ever bu en donr >O l. tls va r ioul! clay ;ut r.< rale a n·i nyd r oul' c ~ t d ee found 

i n t be ecil . 

Perki ne and Ytng ( 194)) r.tudt ed thr f1yat l ?n of phospha te 

They dciuoed that 

lllOIIt pbol!phAtc fh: q t1 on wt< !' <iuE t o struct\t~ · or anionic 

alumtntum grouptnge ,onl y a ~1nor part betng pl~yed by 

oettonle alumi nium or ma: nc. eium end possibly by the hy1ro~1de 



tUcle , 

o~poUlld!! t'o•· :'bon ptl~. t~ etud.i <. f! , nou.nly 'c t•T t.on1 ta (DOr1 ng , 
1956) nn3 thf l<;t:.Ql1 n1.te 1'llt>l ly of c1Ry ~1n<J x•a lG (16c \ ul1:l'f e , 
Rnll , D.r. &n Rn1 !knd ••1 ulrn , 1947 em.2 also Diirt:>g.) Dor1ng 
otUdi.r:O thr ~11101.1nt r; f l'ho•'r>h" t~ fU:ntlon 'ty t be(ltl ~>vdcl 

o or.een \!'n tton, 
ttme of ocnmot or t h <tH el~y rr. 1 ~~ .-e lo •• 1H. t t.e ''ho aphnte 
sol11tton, !In.~ ohet: rJ:e in the ,.a vol u< o:'" the ~·h ·le::h l\ te 

uolut!;:m. " ·' ulii'f•- et ul u tu '1 " .1 t il .: aJeor . tion ot' 
1'ttd1oro !lt\vP. !•ho - ·1hntt u~· t c lhe ~'!'Jrr.xyl!.: !1U!'1'tH.:q; ,.r b o th 

ol111r ~~:' n <" Nli\l "r:tl •J:' ~ number of h;t:lroull ·~,; ides ( g i !/t>s1te, 
dilln);lorc r1o:d :'o<- th1 ta l EH! •· :!'unc: tton .,~ t 1110r. anJ r!educed 

the e:<1e t •:noc vf.' t.~. o <Hfi"<•r e<. t r r·e. otion " " t co f,; r th1a 

fldeor11 t1 on . 

Th • l'<nott on e t •·•·<!'n ph oo ,>b r: t • u n-1 hy iru•~ o:l:l .hfl of 

1 on ""' " \u:dntum tl'll' b r-n ntw'hn ~'Y ·- tt. •rln\.:. nu.l J'a c l':!lon 
(1 956) • !\l nr. l'~t• t (P5'J) Col 7. .. 1.1('<)"9) F·-.:ch e ( 1!>61.1) 1mil 
c ther o , !!In(! a numb< r e~ f d1f't'<r N, t o t)nolul'ian.\1 d t'IJNl 8~ t o 

tb method or m" tho<1 r , of' flx>!lt! on ot' ~'bospllr" tt: by thot!e 
o poundt .. 

8t11dtes on t h•· R.lPI> t' ;• t!.on or f'{Ttl t.i on or phospha te 

by 1ndh•tdn'lll conflt!. t~Ent.s or no11 " lead t~ !'c n~.<l te th&t 

tll'e lllOl'e rred il;:,r ).nttoJ•pr <'l "! t hr•n ru\I.J.tll obtA 1r cl ?r017l the 
aotl e s a whole . Uow~vt'r m<:~SJ t ,J f t.l.t irJ.11\·1.3u..l 

oomrt1tuante (ol ny 1211Mrlllo,tl)'dro~ oxtdo11) .. tth 'flh1c l'l l'Or k 



• pi! or raao :ton Ill t e f or• ~hue plm '"' f1nJ t.1on. Thus there 

1+ 1.111 ao:r.c roo•~ f J!' u;pecul;; tion ln tllc!'ll. <-xv~ r1men Le nP to 

juat 11 bieb t.y i·G vt: r e, c:ti•)ll t•it.., i s rrn ;;•;n<,ihl•, ;~ oi' the 

tix·• tton o!' all , or eo•l·e· p&l't of t cR t.•o t 1 l'l.mount, of the 

phosplm te a,!lsorbcd b:f th t co:npoun·! he1n, "tu<lltod . ~'he 

dea!lr1b cJ l.n thill tt. c u1 " oveT'co:ucs tht A l1ff1cml ty Rnd c an 

l ead to more .ld'in1 t•: c uncluBI.on• Ill !' t o tn< .Actual <' 1 t<>EI f or 



\1 11 ''l'd~ 3 

lill\'f , ·"l·' LS U' '- 1> 

'l'hia theeh b t>e been an l nv r stlgatton tnto t •. chnlque• f'o r 

e ln t t.e ad ·· orp t1 un of' vartcHll' teri~tlo euoh as <Jnionlo 

1rouva ( in pA r• ttoular ph.,a r na e) on to known a'llld aurt'so•• · 

The 110 tu'll Solt 1 l'lllr t'.-cE'P inTeR tlga t t d "'er r { n) thto 001 eur t',.ae 

of' eu•oov tte mloa ebt ate and (b) the- oxt!!illcJ eUI'f'Aoe of' 

aetall ie !llllll!1n1 WII , 

} • 1 1(!1!1 

Two diN'e rc>nt &ouroee M' m loa h'IV< bu n II IIP.d , ( 1) muec ovi te 

•toa wbiah t'or:ros the end wtrldo~t- or t be 'I'IVI'!n tie t.b Century "l ectron1• 

m ea end- ,..tn otr fl l'i gor - !'ull o:r c oun t~>r t-.;pe "' ,3H , and (,) sbeete 

apl1 t from a p1ec r; ot muaoov1 te 111 1ca aut··;..lied b7 r rotcsaoP K, VI, 

Ylal lman ot the OFol ogy D< pertlllcnt , Vto tor ta Unlvor ei ty ot 

elltna ton. 

The ma jority or the wor k done ror tbi r tbee i a hen been on 

t.ba ~Jtudy or tll .. <haorptton o ' r111toaet1vely l >Jbelled ortho-

p oapbate solution f"rvm t~> t eurt11ae of tD1oa aht!e te , ! n the 

~ree ent. tho&fl! no <t itlll!IJ: t has b t<en nuu1e t o study tile dn u)rp tton 

of phoapbl! t c f"roa tbe <"dgea of tb e mtca ehuett. , a.e th le would 

l ead to a 11ore o0111pl e:Jt ptcture which c ould b<" oonetCier,.bl)' 111ore 

4U'tloul t t o \ nterpre t . In OPl er \o e. U •tn11te the vo etbl.ll t:r 

ot aft¥ adsorp tion (,.nd tbU.R any aub pequtmt d<'l• ol!p t.1on) ot 

oep te ontu t he e~gea of" t b mtc~ ehee _ , t heee edgee were 

~ ~~ men tioned aboTe the mica etudled 

'11118 ob ia1ne l :'r o'll t .- o aourc t. e , end before < xpe?' tlll~nutt on the7 



were prepareJ t n different "eye. 

The m1Cfl 1'ol'lll1ng the end w1ndo" of: the end- 1!11ndow geigcr 

counte r ta oe!llu Jted i nto a metal f'l'tune which forme the bo ttom 

or t he getger counter. ( A d1a s r ,.nma Uc r epl'el!en1.a Uon of the 

eiger counter 1s pre .. ent d e lll ewtlf•re (Figure 
6 

p.
50

) ) . To 

al1m1na t e the po'<!eiblli ty or adeorption •.m to the edges of' the 

mice eheet , or onto tne me t&l trsme i nto wblch the mice had been 

cdented , a cooti ng of wax Wa t'l appl ied around the edg~., or the 

11ico eh~ et , l.eov1ng aU but the outside l.: " char of' wax . Thle 

wax c oating ti'IUl continued ove r the mt tal frame end up the aide 

o~ tbe glaoe ou tside et the getger counter tor about one inch. 

thh fmeur ed that nothing othe r then the mica sheet under study 

a the surfece et th~ paraffi n wax came 1n contact wt tb any 

aolutlons (both radioactive and non-rad ioactive) b 1ng studied. 

In or;:Ier to "neure tha t no radtoaottve pnoeph>l t f' waa edeorbed 

by the paraff in wax, a gclge r counte r waa treatud s a abov e excep t 

t the mica wi ndow was completely wax ed over. Af'tel' dete r mtntna 

t baclqfl'ound count rate ( "" 50 counts per minute (c . p. m. ) ) the 

aei &or counte r wa oo 1llllliere ed 1 n radioacti ve phos phate eolution :t'or 

30 111tnutee . T10 e obeervej count r a te at tb 1 e a tage wae "'-' 2 , 000 

c . p. m. on r emoving the geiger c ounter from t 1.e radioactive 

pboephe te .dution and rtneing 1 t ln d \. t t lled Ilia t e r to r move all)< 

xoeas drope of rad1oact1ve phospha t e ad hering to th~ wax coated 

en window of' tht geiger counte r the count. rete wa s found t.o be 

atUl ~50 c . p. m. thus showi ng ttls t 1.ht!' r e had been no adsor ption 

or n41oao t 1 v~ phoe pha t~ on to t n< 11ax. 



Some o~ t il e l u t r >or k Wile d or.e "1 t il mic ~> shee ts . The m tea , 

lfblcll wae lllll@c ov t te mt oa ob 1ned :f'r 01:1 tll Geol y Dep!l r t.rnent , 

Vt ctoJ'1& Un1vero t t7 of' .e lltng tcn , wu& epl l t l n a atream of' 

41atllled wa t er . ~ pt ec of' mica abou t two t nohce equar~ wa a 

ken, and one a ide ~<a a eo,.plc t e l y ouate '.l ,.-t th wa.x . 'l'hc other 

•t4o, wb1ch wae tbt' alde tbst had be ( n f'r ea hl y a pllt Wlder 

d18tUled water , we11 a ll!lo oomph t eol7 cua ted "i th wax l'll<Cept 1'or 

a olruular a r ea of a iJprox1liiQ tely one i nch dh me t e r in tb t c ~o ntre 

ot th1a a 1de , wb1ch wae l ef t un oated . A abort leng th of wl re 

waa a t t aohed tQ the mica allee t .,. i t b wa x , and wu cJ fo r about 

1 - 2 tnobee along each e14e a way rrolll the mtca aheet. Tbla 

wir wee ueed t o s tt& h tbe mica ahee t~ a n en<1- ,.ln!ow gei<Ter 

oo tel' or thE> t7pe ua e<1 1n the rest ot the wo rk ( eec figure 4 

w\ r e ( 11 ~ tachf'd to 

top Ctf gt>leer counter) 

wax c oa ting 

l' lgure 4 

Tile llllca end-,. i r~dow of tllte ge i ger coiUlte r Wli B compl f' t~ ly 

OoYere •1\b wax ae d~ecr1be<1 above t n the cuntrol experiment 

to eatabllah tbc non- a dao r ;, ti on or phoopllat• by wax . I t "ae 
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round that radioactive phoephorua cou ld renJHy b e detect~<d 

t~ouah tbte thlcknees (two m1oa aheeta plus two lsyere of ps ra rfin 

wax plus one small air gap ; of material . In order to ob t a n 

r eproducibl e oondi tion11 tram on<> expe r iment to anoth.,. r the nJ'ea 

unwaxad on the aurtaoe of tbe mica ahee t wa~ mad to ooinotde ae 

olo8elY oa posatbl e with the effective counting area of the end­

window go:tger counter. 

Difficulty was e)perieno ed In stopping tb~ Mica sheet from 

ful'tbt' r epl 11. t1 ng around the e dge e eYen 11tter t t bad been waxed 

a r oun them. It WB" :roun" tha t 1t a not poeeiblt' to aeal 

pei'!Mnently the edge a wt th 1tox, a A on prolonged Poak1J>g in "8 ter 

(or a d ilute aol utton of the cation under etndy } a plttttng of' the 

ate o curred with c oneequen t epl1tttng of the ~x sealing the 

eda••· In order to counteract thte and tbua to el iminate the 

un4ea1rabl <i puea1b1l1 ty of' rod toeott Ye phoepha te pene t re ting to 

the ln tertor or the mica and thue bt~tng tra pped : he re 1 t .. -88 

e11'entually round neoeeeary to e oe l the edges of' the mica eheet by 

ooatl around them wi th glue. Af t er tt hod dr1c , tnia glue waa 

then covered wt th parat'f'tn 'll'a:« like th reat of the mica Fhee \ 

(except f'or the c entra l c i J'cl e f' ol r edeorpticn etud t ce on one tace ) . 

Tbta wee then f'ound to lae t ea tiof'ao toril:r. 

A further neocoetty for r eproJuotbtllty h tha t the mice 

lh eta be placed t n the same position rele ttv~ to the getger 

counter f'ol' eoch expr rimnnt. Jn order t ,, obtain this oondt t t on 

1 t wae con tdered ft t"CBIIAilrY to place the m toll ebee t ea oloee to 

tb a~l er counter end• . i ndow 88 poaelble ( 1 . e . vren~ed hard 

up a 1nat and pel"ftllel to 1 t ) and to till the gap oa uaed bT 
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t be pro ;tee ting tlangee of the ge1gcr o oun tef' " 1 t.h we t e r. t t ,.e a 

11eoee a ry to in t raduc e water t n to th le gap because i f' th i 11 1raa 

not done !lilY subaequen t l~alwge ot' trs t e l' 1r• t o the ttir gap would 

tea4 to a ohllnge tn the obs erTed coun t ra t f' wh1oh oulJ u ~·ee t the 

r eults bei ng obtained . 

llnfof' tunll t e l y tt was !'ound t M. t t he i ntr oduc t i on of 11 l a;yer 

t w41.ef' b "been t he getger o ountt r ena- winduw a r.d t he CP t c a ehce t 

oauaed 1!1 o one1de l"abl e lowerint o!' t be c ount ret!l , owi ng to the 

tac t t hat e v n a thin layer { the c t uel tht okJulao in t roduc ed 1rould 

b 3- 5 IBlll} of ~<n ter was eDOU!fh to a top a ll b u t t he moat ne rgetlc 

traction ot t h" fi partiolt e em1 tted by r adioaottve phOIIJ>horWI . 

An eo ttv t ty cf f-' tt, ooo o . p. IA . when rnear<ur C'; with an ai r gnp bet.-Een 

t be llllca she<. ~ and the ge1ger count.e~ enr1- wt udow ftpp< a r ed t o be 

onlt ""'-" ':400 o . p. m. when wn ter waa i ntr oduced into the iBP· 

l n e n endeavour t o 1noeea ae the d teo tabl e oouni ra t~ a f ter 

' ln troduotlon of wa t e r into t he gap b e t ween t he mica ahee t 

and the ge i ge r c ounter end w indo~ , a h i ghe r epEo1t1o aotiv tt;y of 

redt o U v e phoa pho t e wa s ul!l ed , q iv1n« an 1ntt1al c ount r a t e ot 

~ 25 , 000 o . p. m. On odtH tton of' l"ater however t he count r a t e 

••• tlll r educ ed to 11 l ow va l ue {""-' 500 o. p. rn . ) 1 t '"''" t here-
tor e dec ided tha t a aya t em ould have to b e 4e e1gne4 t o ove l"eome 

the 11eoeall1 ty or t n t roduot ng <.fl t e r between the gcige r o vun ta r 

erut 'ltlndo" end t he mtoa ehee t , flitbout i ntr oducing ant t'11 otor 

lUtelv to affect the r prod11e lbtl1 t:y of t he reaul ta. 

In order t o do th1a it 'fi!le dec td~d to tt t " ahel l a round 

t he 1e1aer ooun t e r " tth a 1111ca wi ndow i n l t , eo t na t the ge1ger 

e o nte r wee oo~ple tr l7 r emoved from oon tact wi th \be -ater • 

• 
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14 pieoe of meta l t ubing of' a lightly g r eater internal diame t e r 

than the widest part of' the end- window geiger counter ( i . e . the 

se 1 ring onto whi ch the mica end window ie cemented ) w~e taken, 

end a me tal disc WI!S a ttaohcd t.o one end of the metal tube . A 

bol& of' diame t e r slightly greater than the effective counttng 

area ot t he ge1ger counter ~• then out in this me tal disc . In 

t be upper end of' the tube ( 1 . e . the end away f rom the meta l dtec ) 

two ho l es were bored . Y1 1re thread d through these bol es was 

aaed t o a ttach the t11be to t he getger counter. A diagram of t hte 

111etel container 1a aho• n in F1gare 5 • p. 4l!a. 

The o 11 t e1de of' the r ema inder of' the me t al disc , a nd t he 

out idee of' the me tal tube !'or 1 - 1 b l.nohee above the dh c , were 

coated with par atr1n wax . A mica ebcet wae ob ta i ned and epl1t a e 

described prevlollely A roughly circular pt oe of 

m1oa alig li'l.ly small er than the outatde d1nme ter of' the me ta l disc, 

but r r a t e r than the dbme t e r of the hole 1n the d tee, wae cut. f' l'om 

a sheet , and le id on tbe d1e o wi th the f' r esbl y s pl it f'aoe outwa r ds. 

The edrea of' this mica ere then ooa ted wttb wa~ , and thlle the 

mica sheet wes sea l ed onto the meta l d lao on the r.nd of t he me t a l 

tube. A a u1'1'1c1C!nt amount of' t he mica sheet. wa~> coa t ed " 1 th wax ao 

tbet the r ema1 n1ng , uncoated a r ea wae leas than t he etf'ective count­

ing a r ea or th<- aetser counter. 

tel' the l'llaa sheet bad be n a ttached to t he me ta l conta lner 

1 t was 1mmeraed1n we ter tor 24 hears t o see 1f' the r • wer e any hr> kn . 

These l eaks could bE duL t o eithe r incompl e t e s enlini of' th~ mlca 

ab et onto t he m~:; tal container 101 th parsff'ln wax or to a crack in 

tb Pleoe of' mice sheet ael eot't!d , It 11 l eak 10aa de t ected the 
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•dt a or the mica sheet wer~ r eooatwd •l th wax and the mtoa 

•1P ow of' t.be cont .. tner 11Mleraed in water fo r a further 24 houra . 

lt tb r e was etlll a l eak tne pie e ut' mloa wae r ejected a nd 

r placed with a !'re ob pi t oe , and \b leak tea tinH procedure 

rep a ted. 

td1en 1t bad b t~en tu~ct-rto ln ~d that tht>N' I'IU! no l eak , 

i . e . t \ the m1oa ab et ~~• pro~arly sealed onto the meta l 

lac on the and of' tb oontotner , toe other aide o! the mtoa 

all et l!U't\de tbe con~~> iner •a a ooe t ed w\ tb wax also. The 

Id n ga o!' wultl( the 1Da1de aurfaoe or tbe 1111oa ahee t 

(t , o . that eurt'1ce that ,.ill t'aoe tb getger counter ) to th t 

tba poaatbi l l~ of' tb~ m1oa aheet developing a leak which will 

&41111 t solution t nto t be metAl container , and thua a ro und tha 

This t P de~trable 

eoaus£ , altboU!b thert is a .ax c oating all over t he end of 

t aetger count r and f'or 1-1 1! 1nclle• up th o14ea. tt ill 

aatble tha t in 1neer\1na the. getger counter toto the metal 

eoll lner a part of tbh V>IIIX coattng 111117 be rubbed ot:f. There 

1e a del1bar a t <' l.Y ell t. t'1 \ tn ordar to fac111 ta te the eooura te 

9l1oementar tb~ a i te r o ounter ond window r e lative to the 1111ca 

• et be1nv e t~41 e4 . 

'fhe aetger ooon hr llldee are only •a.ud tor 1 - 1 \ lnohea 

fra. the end window upwards b oauae tb re ia no ohonoe of' ony 

eolut1o11 tbat 111111 penetrate 1na14a t he mett<l oon\atnor oomlng 

l to oon tact w1 tb the aldae an,y 1'urt.b r sway fr0111 the end 

•tndow than tbte . The outside of: the etal container h 



1mmt~reed to a depth of no g r eater thsn hAlf An 1no b into the 

various aoluttona used , and thtl gap betlleE:n the walle or tbe 

1111t6l contAiner and ~ho getger counter le l a r ge enough to 

el1m1na \e the poeatbili ~ of onpillary a ttrsc tion eaueillY, thr level 

of' tbe ..-a te!"." side (11' any ) t o be aignU"loantly p; r <'s t er than 

the level ou tetde th me l con t •tnel'. The lnl' iae surface 

of' the m .. tll l dtac on the b ot tom of' the metal con tainer waa 

a l et> ooa t ed 111 tb par af'f'1n \OBJ: , 88 Wel'e t he, t nP\de wa lla 1'ro11l 

tile metal 4 1ao up1rl.l !'da to a dletrtnc e ot about one tnch. 

Another advnnt.age oi' coating t he i nsid e aurf'11ce ot tbe 

aica sheet ia that the tbickneae of' the we~ coating 1a 

ustmll.Y g-res t er than that of' the m1cJII sheet. '!.'hue, prov ided 

tbla wax coa ting la kept of constan t tblckneae {an wao endeavoured 

t o be t h case), tbe e:rt'eotive total. tb1ckneae o1' the window 

will be mor e neorly oonetant 1~ t he mtoa sh£et thtcknEee vartee 

al1thtly f r om experiment to experiment. ber6v~r poaalble, 

th1e tb1okn~ea variation wa o elimlua tcd by out t ins a number 

or eh11ets 1'ol' the mete l oon tslnere from the eame large :r"ahly 

aplt t m loa ehee t before ea oh a e r1 ea or eltJ)erlmcn ta . However, 

when one(or more ) sheet l eaked et any stage it ~81!1 not 

neoeoeertly l'~plaoe« b7 a sheet or the aame t bto knee a . 
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~t Alllm'lntum 

ixper1ment8 were alsa carried oGt on th~ dcsor pt ton ot 

r 1ustoact1ve pboe pb~tte f'rom alum1n1\llll, The same mica end-window 

a:e11 r c oun te rs a• were used f'or t he deeorp t1on or rad toaottve 

pboephate f'rom mica eurf'ac~e "ere used t n these experimentB, 

1o roUilllY o1rou1ar f' l at piece of' e 1Wil1n1Wil b"et "e" cut f'roll. 

s l umtelum of' tbt~knee3 0. 05 ~. >toot of 

\be expcr1mon t.s osrr1eCS out wi tb the oluxr.tn1Ulll ellee·t were 

perto od using \be mr: tnl tub !! s r ounl the ge1ger ~:ounter an 

4eecr1bed ebov , !neteed of' n mien shee t being waxed over 

tile hole 1n th P. metnl dine on thE end of the tube an alom1n1ulll 

ebeet ••• uaed, Thio woe out ll't t.h e aligbtly emaller d \ ameter 

thin the outside dtu1eter of the met.t d1oo , plaosd oYer the <Ueo, 

end tb11 outside edges waxed o to till! llh•eady waxed flloe of t.he 

setal dine w1 th persrnn "'"X· t n tbitl Jtay the alu:llinitllll nh"e t 

as eea led on to the metal coutn tner . The i ne tde surface of 

the ll.lulll1n1um elleet was n o t ooa t eJ w1 th ~~oax aa wer<" the atcR 

It wu. t hought t.llat .,. tbe 

al~&lllln1um ebee1. wou.ll1 , beceuu ut' l'l.a gr uter eft'ccttv e wetgbt 

( •e ight of mic a used W9B 1-3 . 3 ~. per square om ; W£ 1gbt of 

a l 1n1um eh et._. 14 m~m . per aquare am. ),trenemtt a lower 

percentage or thej3 parttalee emitted by the rad1oaot1ve 

phoaphoru8 . Tnue , tf a layer~ wax wee plaoeCS on top ot' 

the alUllltnl.Uill abut , tile total th1akneae mtgnt l ead t o too 

.lo an obe erv~thl count nte . Ale O 1 t YtOUltl not be BY.IICOted 



tb!lt. a ora 1t would dev elop In the &llllll tniu:Jl she-e t tbus a llowing 

t.M p ne tration of radio!lattvo phoe pbtlte s olution to t he int~lde 

oft • tat container . 

7or an experimen t on tnu deaor p1ton o~ radlo~a tlve phos phate 

rr al tnium using eo lu ti onn with a pH valuecr 9 . 0 it was 

onoarr to UM the t otally ~noloeed a px:eratue (c~. p . 91 ) . 

or tbie expert~en t a p t eae o ~ aluminium eh~ et was pl aced on the 

• of an end- • t nd ow g e i 11er eoun ter, ""<1 W!ls cut oo ~~~ t o be only 

~ t leee i n diame t el' thttn the ou t11 \de cH ame ter Qf' t he me tal Iliac 

l!oid th 111\CA en,] WiOdQW. The <' dg .:.oc of the alumtntum 

ebt~et were ooate.l with wa11t eo"" to ~eal it onto the al r ell1)' 

wa~ ooa d ge l~~r counte r end- wtn1ow. Thi ~ gelger c ounter wae 

'ben 1neertt d i n \he r ubb er atopJ)er ila deeoribed 1 n the eect1on 

on hia h pfi Vlllut expe f'imen te ( p. 92 ) 
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l&l lop Bxebange Rep1ge 

xpertments performed tn thi e t heele neo e~sltated 

\h use of ton e change r ee ine . The ca tion exoh~nge r ePin ueed 

1188 :Pel'lll t lt I on xcht<nge Zeo- Ka rb 225 ( 1) liydrogen f'orm Cli tion 

a Uon exol\ange r er.t n AD•i aod\mn oation exchange r en in . The ion 

exc nae resin sae baokwanhed t hrough an ion eJeh~nge o ol~n to 

reeo•• t mpur ttiee . 'l'o pr epsr a the hydrogen r eo\n a ppro:~< tl!l!l t eo ly 

2 J •Anelar" hydrochlorto ac\d 'IIAO paeae<1 throug h the r ' a in ln 

th oolumn too ennur e tha t 1 t w~o oumptet<' lY ln tbe hydrogen 

t o D1e1>1ll ec1 we t er wae then pseeed do..-n the column un til 

\he t aiJlltns a t er wa a :f'r ee of all trac ee ar acid , to r emove 11\l 

exoeee bTdrochlorio acid . 

The aodium r esin wae pr cp~ red by passing 8ppr oximA t el y 

21 ~A l~r~ sodium chlor ide solu tion down a QRO ~· aahed ion 

xchanae column of r eetn Wltil •el l ar t or tbe t a~u 1ng solu tion 

wee no l onger a1gn1ttoen tly a o1d . The ool u<nn ""e t hen a"hod 

with diattll <d wa ter , BP deaor1~ed above , t o r emov e all exoeae 

aodt lone . 

Wben tbe ton exchange r es i na bad been prepared in the 

• ove manner tboy •er e " tor ed i n dif•tllled wa t er ~n s t oppl'lr ed 

flaeka until r equtred. 

(1) Uenurac tur ~d by tbe Pr.rmu ttt Company Limited , ro~utit 

llOW!e , Gunnerabury /.ven ue • London , 1'. . 4 . 



In tile pr~P" !'•t ti on of' deionlse . .. attor , An.1 t'or come ;.; t' the 

exp r~ent~ carried out , the mixed cation an.1 anion exchange 

reeln Blodeminer~li\ ~ae used , Tbie t on exchange ree1n , wb1oh 

i& aleo 1118nut'aotured b.Y \he >'ermutl t Coorpan,y, oone lr;h of' on 

equal mixture of e strong cation exchange r ee ln ( Ze o- Karb 225 ) 

and a trong anion exchange re s in ( De Acij tte PF) . Beoauoe 

1 t wee not poeeibl e to r emov e any tmpurt ttea the t •ni ght have 

een preeent by baok1r!Uih1ng , ee thi 11 !W •>Oedure .-ould a .. ps r ate 

out. tbe t wo dtft'erent N>e l uo ue11d i n the mixture, the !ll!xed 

rea in was uoed ae ob t Rined rro~~: tbo IIK\kere . 
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~9 !dtoAqttve Pho;phgrua 

fht radioaottve pbo pbste used in tht e tfieu1 a wee obt~ tned 

Cl'OIJ 'ltle Rad 1oohm1ca l Centre , Alller~• bsm , 8uc lr1hghnmeh1re , England . 

lt aa f.n t he f'ol'lil ot' orthophoa~• borlo aotd ad j usted ill a pH 

value of' 2- 3 with di l ute hydrochloric ac id . It wss quoteJ ea 

btlJllt of b tgh epect t ic lln t 1vtty ( > 1 ,000 ou'!'teo/ gm. \") and bad 

a ode nUIII'oer !'SS 1. Tw"n \ y mttUourie (mo. ) qudnt\ ties "ere 

ob tned a time ea t.h ts wo" :round to be t h moe t economica l 

way t puror~ee , owi ng t o t he rel~ iively uhort balf- lite ( 14 . 30 

•7•) . 

nt t wenty me . were au ppl h:l in. a total volume .r about 

one eUUlitre . S too k ee lutt one WOI'e lllade u p t'rom th te by 

d1lut1nt abou t 4-1 0 or mo~e drops (d pend l.ni on how olJ the 

pul'obaaed eolution W&A) to 1 50- 200 n~l. . wtth a 10 llll . a;y ri nge . 

'l'h• e1r1nge was 11tored i r. n plastic boak< r1n tH etllled w~ ter, 

and oa111 t n to contact wt th no t.b1 ng exa ~p t the orll{lns l r aJ lo­

aott• • pboaplmte so lution and J1st.!. lled "" ter , i n or der t o 

en ve tba t ther e was no o ontam1net1on of the r adioactive 

phoapbate . 



~eratue 

'!'he work done in thi s th~eio lllll!l be.:n concerned 11\ th the 

11urtacea . 

at various tlm~• wer e "'tuc:l tea w1 th the use of end- window 

ae1ger oounte ro • 

.!t.:,11 Ge t qe r Countflre 

'l'he ge tger oount~ra u&ed 1n tb1 a thenh ""~'" liiSnu.f'aotured 

by 'rnn thth C<lntury !:leotron 1oa T. tro1ted . '!'boy '"'l't' type 

No. J<.\'I)ll. 'Tbeeo ge il!e r coun ter s oonl!i !l ~l't ( eM 1'1f1u r e 6 ) 

of 11 oyl1nd1'tnsl glass envelope which hail El t htn ahe t>t of mica 

across one end a nd 'll h 1ah Wfl r< ee!!.led at th e ot.he r e n<1 . 

l!lat.al cHsa oontftiPing 
111.oa window 

I 
I 
I 
I 

! 

li'tlt!!l:ee 6 

1+--7""' thode 

The C"' thode cone ie.t.ed af a e~tnlese n teel cylinder placed 

ooncontrically 1na1da tt.e glaes envelope . A wi re a~tachetd to 

t he cathode wa e oealeJ th r ough the top end ( i . e . tbe end !IWa.y 

tl'OUt the mica wlndo.lt i to provi de t be ne!!& t1v~ tn•minal for 1.be 

ToUage eu pply . 'fbe anode waa a cen tral t ungatt:n wi r e nea l ed 
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Tbe bottom end or tbe 

anode wtre •~P a glee~ ba l l or ~h ou t 2 mm . diameter su pended 

about 0 . 5 cm. ebov e the m1cll " na - w1t.dow of' the geiger• counter . 

!ftle t op of' t h<i glese env l cpt< ba j tot b11.kel i tl! oap, wl th etgb t 

~'he oe t.llod e a:td 

enode Ptr~s ;~ ere 3o1n~d to t too of.' t hese plt:l{;e a•htoh were all 

1naulatea f r om each othe~. 

A metal ;1 il!oe wAn 11 ttr;r.hed to the b c t\.ot!l of tbe gl!lee 

eavel opl'l or t.h 0 geige r counte r , e.r.d to thta dtae & !.hin sheet 

of aloe •as comcntGd •. 1'he mtca eheete< "'er " out f:rttru ') em. 

acpl!INJ sheet!!! of mice acl WtiJ'II spl1 t t'IO tht. t the thic kneeo of 

the !lh<ete ~f:d c orresponded to~ ...-.,t~ ht of 1 t o 3 · 3 tA!lltgrams 

The m1o~ we e che c ked fo r even 

tlltol!:nes!' over t.he w1ndcY> area in e ;:>o taPt eE-d light strain 

Yitwor • 

... ,b~tng hel be tv een t,.o pteo<efi ~ f' clean fl'lJ)<'!' d uring the 

o tt1nm oper e tton . Finally the m1cs ot rol. e we n cleaned 

wttb e t he r bf.l.t'o r e being c eme n ted tnto pord. tton 1M1CI<' the 

tae l dhc ( 1) . 

Al l t,t,e oute ide of t h gles ~ o mre<lQp be t ife<'n tb.e bo t tom 

etal d!.Pc an1 the_ oep eut'mo ;mttng the t.np of t t 5a fl pa inted 

lritb blaok paint l n order to <>ne•u•e tha t no lti bt p~ n<' tra t d 

l.nto th r flE'l~ er ooun t lll' thJ>ov.gb the eiJ1e!: an1 oa\lf' <n! a n d '1'eo t 

on the count rate o)bee!"Vabl e durtng tbe Utle of the ,, ,_,. e r 

oounter . At t.t rnea ·duri ng: tbe rreaen ~ •ork the ge t ger counters ~ 

Wet- ope••eicd 1o atr , -..1 t ll noth tng surroundt n~ the end window , 

(1 ) Twt~ntleth Century Jo: lec t.ronioe Lt d . PA 1Al sht et tor ~ .L . • }}l 

~ 
"' "' ... 



and t.r..t-n t t would b e> ;)oae11lle , 11" the;r we r e ligh t aensl th•t~, 

toro tbe oouu t. l.'at to be afl"ec t <>d by tiH9 amount of 11JI'ht 

fal ling on t he mloa end w1n<low . liowever, othe r thinge 

b t tna e~u~ l 1t wae not t'ound t ~ t tber r waa a~ ohange 

in the ooun t rot« de tected bet,. e en ru.:r and n1 gllt-t111 

witb all llgJJ t e in t:. e r ootll vx t il'l<!uiel'.ed . Ther efore 

1t wout.:i • ~e c.1 tha t t hese ge 1ge r ooun te rl't a re n o t U gllt 

e ne t t.ive et l ea at hrough t t:c tr lll1 on windo~re. 

On ao me (l ;!' tbe g:~ ig,; r o olln tet":s used 1 t lfll3 t'ound 

tbe t op c ap was &llgnt\y loose t o tr;e touch . Wh~ re 

tMc wt.a t'ound e poxy- restn glue wae appUe.• to the Join t 

between t he g l aea "'nil the oap 1r. <Jrda r t ., p romot<o a good 

ee 1. It Wli t< far d tMt t!' thte wee not dou<l , c oMtant 

llan411ng , "'· tb connetquer. t r u1(1l tlV I! mov raen t of' t he cap 

and t he r em •tnder or the ge lsar oounter. , migt. t onuec the 

joint be tq:en e ithe r t he> oa thode " r anode wt r e anli the 

l'tapeo tiv t: ~~~~ t<> l ? l ug 1n the cap t o eeak~>n. 1.!' this 

join t broke , l>loYt'>llen t mi ght giV<' r l n e 1o an lnte.rm1 Uent 

oon te.o ~ . wl t.h the ef'1'eo t t r.a t t he getger ooun t er would 

onl7 runct.ion lnte 1tt<tn tly eleo . 'J:hts c ould be very 

undee·l rabl t< ln the middl e '> f' 6111 ~ :r! p .. r.lra n t , ae , wbectl 

edaopp t1 on or rt~ •l laac ttv r: phoaph8tte onto t tle mica eurt'aoe 

ot thG ge lgor oottnter t:"nJ - ,.l.ndow 1111111' b t ir>g o tud1&4 , 1 t 

woul" no t be possible to r plao• the f l!lul ty ge l!fo!' counte r 

wltb a n • w one . 



One e:xpE>r 1mer;t "'" " pe rform~d uai n9; !I d i f'te r e n t t ype 
o~ ge1go r oo~, te r to t he t used for a l l the othe r work , the 
a i m he 1og to study the adsorption and dceo~ption of radi o-
ncttve phoe phate f~om alwuini\111 , Thta g t 1gcr counter 

was o type 1 B8 5 Thy rod~ counter tube Dill d e by the Vie tore en 
Instrument e o . , Uni t ed ''tn t.ea of Ame ,.1ea . It oonshted 
of a eyl1 ndr1oa l aluminium oase one end o~ wbio h .as s eal ed 

OYer . Tbl.n ca s e 1 ts e lf' wa n the c !l thode for the geigel' 

counter, Tile anod r, was a oentt•l'll v·i r e 1ne;1de thu go1ger 

counte r Id t h a oonn l!:ot1on throu-.h to the top of the gc t ger 

counter ( of. F igure 1 ) 

anode 

a luminium case 
(cathode ) ~---1 

li'tgure 1 

wnx c oa t tng 

The ea thodc an.! anode t e r mina ls we.r e i nsu l ated from each 
other a s !.' ho,•n in i'ig-ure 7 

Be . orc uee the t op par t of t he c a thod e or the ae1ger 

coun ter wa e coa t e d '>" i th parn f !' in W&Jr: . Thu&, pr oviding the 

geiger ooun r wtle illl<lle rs~<:d in the v &r 1ous s olutt ons used 



to 8uoll rm extent tha t some of t he bottom of t he wax oost.tng 

w 8 always in the solu tion , o uonstant, repro~uc1ble a r ea 

of aluminium would be l. n contact with all solutions ueed . 

Tbe bac kground count r e t e for thl o gc i ger c ounter "ao 

determined with the buttom,unwaxed , pert immersed in 

die tilled wa ter. I t WBI!.' found t o b•. c one1de!'ably JUgMr 

under these> c onditions (rv 350 c , p, rn . ) tha n the bac!l'..ground 

coun t rate usually r ound with the mica nd-w ind~w geiger 

oountere. The adsorp tion, and subsequen t deaorpt i on, 

experimen t •as performed in n n1m1la r manner to tha t 

when the end- window gc iger counter~ wer e used . The 

experimental r ei.'Ul t e a r e described in the s ection on th e 

deeorptlon of r~ 1 1oact1ve phoapha t e from a um1n1um surfacee 

( p. 1!08 ) 



~1 2 Qe teatinq anj Recording ' RPtratue 

The eleo tron1o appal'a tua used tn o11njunc tion w1 tb the 

gelgor c ounter wee ea fo l lows see Pl a te 1 

( a) A :'h1 l1pl'l Hi gh Voltage ~upply/Amplifier No . P . \' , 11022 

( b ) A l"h11 1pll Ra t e lle t e r No. P . ~ . 4042 

(a) Philt pl! Hec tron1o Counte r No. 4032 

( d ) A strip chart r ec orde l' 

and 

( ) An elec trontc quanoh oirou i t (Q), 

The Floc tronic Counter , 1'l11 t e • eter and High Voltage 

Supply/~~pl1f1el' (top to bottom) e r • shown tn ~la te 

Voltage to the ic 1ger counter ( 0) 1e supplied by the 

High Vel tsge Supply/ '>mpl1fi er th r ous t. the electr onic 

qu nob unit. 

t.henever a gc 1ger counter ..-ee uecd for the 1'1ret 

1 

ttae 1t 11111 e t e At ll< d to ems ure tha t it bad r eliable counting 

o r aotcris ttce . The geiger coun ter wee conn ected to 

the Hi gh Vol tsge Hupply/Amplitt er through the e l ectronic 

quench unt t, on1 the v oltage inaeeae~ elowl;r until it 

b son to c ount. 'lbill was ueunlly t'ound to occur at 

about ll50- 500 vel ta . Tht a velull le known Rll the threahol ~ 

vol tase. It wa t' ound that at' t e r " nllllber o'f deeorptton 

expertaente hnd been per t'ormed wt th the same gei g~r counter, 

tbe threehold volt11ge ot'tcn rol!e up te about 600 volte , 

Once th< gc1ger co un te r had comm.ence~ to c ount the 

vol tage y;ae raise~ and the pl a teau lengtb de t er mined. 
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PLATE 1 



lost new \l'<' i ger counters of this t,y pe had 11 plat~au l eng th 

or 200- 3 00 v oltG. The avt'r,.gE. background count rete 

(in ai r ) weo~> then d t t er;n tned and. thie \?B e~ usual l,y found t o 

be a pproximately 4D-50 c. ~ . ~ . If the background wa s 

xoeMltv e. y h1 gh, or• the pl ateau l eng th very short , tbe 

ge1g~ r counter would b e r e jected as unoatiefac tory fo r 

the t ype of r ork C$rried out. 

I f bo th t.hr background conn t rott and pl atefl u lt>:ng tb 

ol'1 t.erta we r e oa th>f'nctory the goiger ooun t er was then 

coated with waxes des~ribed earlier ( p . ,a ). The pl ateau 

lmgth ana backgr ouni c ount r a t e we re cheoked onc e more af t e r 

the gei eer c ounter had b een coata d wt th w11 x. 'l'h ls was to 

ensur e tha t. the huattng , to which the g e igcr coun te r had 

been subjec t ed whi l e the ooa tin~ c~ molt~n wax waE appli ed , 

bad not alter ed these oharao t e 1·ie tioo eign1~1oem t.ly . 

Ao was mentioned pr 6vto uo l y , tb~ threshold vol~ge wee 

usually round to 1ncrenr.e af t er deoorp t.ton ex pe riments had 

been per~or~ed with the g e t ger c ounte r. Theee ex pe rimen ts 

involved placing the mica end- "indo- or the g• 1ger c ounter 

i nto aqueous Rol utl one for c onsiderablll p riods of time . 

It i a aeeumed that this procedure wee reapone tble tor t he 

threshold vol tage increase in acme way. 

'Jb E' to t.!\1 n umber c:f experiments t hlil t wer e pe r formed '1'1 1 th 

eac h geiger counter varied cons ide r ably. All the g < iger 

countere used ~or the pur poee of etudy t ng t he adsor p ti on and 

d Bo1'pt1 on of Plld1o-aottve phoepha te f rom the surface or tbe tr 
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aioe end wi ndows ev~n tuolly rP.1l ed to b~ or further uee . 

fbi e 1"a 11 ure wae of t wo type a . P. ome of the gel.ger counttora 

sudde nly otopped counti ng for• no e J:.arent reanon . rt wae 

found ths t ev en r•h H• t he npr-1 ted Yol tli>(e V'f:tl 1na reaned to 

a lii h1 e;h "' " 1 , 500 Yol t o no e oun t r e t ( was obne M"t>d. !n the 

oth r type of fa ilure the plotc ... u len!l' th wao round t o dJ>c r eaae 

to 11 VPry Rm&ll vnl111' , usm1l ly lesn than 20 v ol te. Thue at17 

a t t empt to operate t he geiger c ounte r eent 1t l.nto eon t.lnuoue 

diec ht• rge . 

All gcige r co unte-r" t ha t bad failed i n et t he r lllll nne<r 

11'~re sto r ed ti i"I'-"Y r c. r f•~r tt. <' r teoUng. It war. aor•<> t1met~ 

round tha t af t er a leng P• r1e>d (three to six (!' On he 'J I' mor e ) 

the geiger count~re apn~er~d to r~eover &~d bo rea~y ror 

uee again. 

\'itlen t hey wer e first obta ined, t he gc iger counters 

d a bllolq;r ound count r a t e or 1.;0- 50 e , . m. l. n a ir. Af ter 

tb 'I had be ~n used fer an e"periment, e ll thl!' 11deorb ad 

radioacti ve phos pha t e was not al~~ye r emoved. Th1~ l ed 

to the r esul t that th ~ ba cltgroomd onunt ratr for sube equent 

experim~nt!' Y!'lril'd aone 1.dera bly, ratl;isg u p to about 100 o. p.m. 

tn some oaeee . I t f<BII :f'd t thAt a 11 prplonged. soaking of the 

llioe end- wi nde>w o'f th"' geiger ec>\tnte r in a vari e ty ot 

eolutt one hed not r emo" e :i th h b.P t Rutoun t of' aoti vit;v,the 

tubeequent expt r1Mvnt wa s unlikely t o 4o oo either. Thue 

1\ would no t b e ex pected tha t the b l'wkground ooun t rate would 

o nae euf~1c1ently during the cours e of an ~xperimen t to 



58 

u.peet theo !'ePulie obtlllned. It was a lea poeaibl e the t the 

increase t n tht bse~round count I'll t e wee not clue to a vecy 

em!!!ll amount of r ems !nlng ede-o r.b <'d ra11os ot1ve phoa r>het.e . 

'l'he 1ncreai'P may hev e been e e us ed by a ob!lnge in t he 

chRrocter1et1ce of' the getger oounter d iJ<> b lte< prolonged 

tmmer~1on in the ~ olutiqnP ue ed . ln th1m case no elgn1r1cant 

eh!lngr '"oul d b e e7;>rntl"d In tbe baokgrotmd count re te during 

a :furth r •ll'pt>rllllent. 

The r r eolvl ng time f'or the el ctrontc Quench unt t wae 

determined by thl' Ul!le of the " pe!rf'd source" method (Cook 

and Dunean,195?) . All <'leetronio quenc h unlto ua"d were 

adjus ted I!'O thnt thei r reflolv1ng ttme ll'AII approximate ly 

500 microseconds . 

'l"he grtger ooun tere were op !'11 tE<d during the eltpertments 

at a ppro:~tima t e ly 100 vcl te grea ~er t han the thres hold vol tege , 

The atgnal e from the e a iger coun ter were f'ed rram the 

elec tron1o quen'lb un1 t through the high voltage supply/ 

amplifier to th~ J'B t .. m.e t er. The rete me ter ia connected 

to eatrlp chnrt r eoorde.r ( shown on the bot tom ri ght or 

Plate 1 ), and n leo b an el ectronic counter . The 

electronic counter wa s used t o ob t a in aoou J"a te value s 

tor the count rate by counting tor a much longE<r ttae 

intcJ"v!ll then tba t over Jtbioh the rs t e meter av eregee 

ou t the c ount r a te . The longest time oonst!lnt ava ilable 

on tbe rate me ter w~e 100 eeoondP, whto h can be con~ldered 

to b • equtval;m t t o a counting period ot 200 s <'conae 
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('Pr1edl l'l.nder and Ke.rmedy,19':i7; Crotty,1962), wher u9 the 

background oount rato,for example, oould b e dete r·mi neJ 

oYer a period of ono hour wt th the use of A a top -.tob, 

Tbl8 l onger counting period would enable a more accura te 

yaloe !'or the backgr ound count ra tc: to be de t ermined . 

'lbe a lea tronio counter woo also uaef'ul for g iving an 

apvrox1matc,but ra p1Jly determintd , value of the oount 

rete a t the b eginning ot' a n (l](periment , thus enabling 

the rate me t er to be eet at almoa t t he right poet tlon 

tlall.ed ia te ly , Thi enabled the very beg inning of the 

4eeor}Jt1on expEriments to be studied '1'1 th gr e:a ter accur acy . 

So:ne of' the later experliiii n te were e tud 1ed over a very 

lon& period of time (or the order of 500 hoUr€) , li'or tt.e 

letter part of these experimen t s the count rate woe de-

oreae1ng yery slowly. In order to determine accurately 

tbe slig ht dtfferenc c 1n count rate over per1o4e of 24 

holll'e , t he count rate was do t e tned on the electronic 

counter !'or periods o!' approx I. Ilia t ely 1- 2 houre . The 

act 1 change in count rete oYer t he coun t1ng period was 

al11oe t negligible at this a t oge , and !l.ll.Y decrease 1n the 

oount r a t e would be the 81lme over the fire t half' of the 

oounttng peri od as over the second half'. Thus a very 

accurate va.lue ot' the count rste was obtained for the 

tt11e curreepon41ng t o the midpoint of the counting period 

by uee of the electronic counter . 



TW o diff er ent ~trtp obert r Pcordere were used i n the 

00uree of t he wo r k don e f or this tbee i e . Th~ r1r11t we 11 

a oonttnuoue r ecording Br own r ecor der, and t he aPcond wae 

a elx channel l:i oneywel l !!ro'l'in r<'o ade r . Bet'or e uee 

(a t r que:n t ly t hereaf t er ) t he r eccwder used wee c a libra t ed . 

In the c as e of t he mul ticbanne l r ec or de r each channel tba t 

was uet~d was os l1br a t ed .l. ndt"penden tly. Ftrst th r ecorder 

was ad~ua t ed to r ead zero •1 th no x t rnal oonnec t t on to 

tb 19te me t er , Tbt n it Yiaa connected to t he rete 111e t er, 

and tbe ad j ue tlng screws an the r a t e me t er wer e ad j uoted eo 

that the r ecorder r ead : ero when the rate me t er r.ae reading 

aero. and r ead 30/100 when tb~ r e t e me t er wile ewi to bed to 

"oalibr ate" t ho t i s wben exactly 50 cycles per second we re 

be l nl[ t'ed t hrough 1 t t o the r ec or d.er, 

I t wae not poee ible to ob tain a re~CI 1ng on the r ec or der 

w1th t he rflte me t e r ewttohed t o '' oa l 1br a te '' and ac tually 

oolUlect cl eimul tane oual:r t o the h t!fh vol tHfCe au ;>ply/amplttier . 

Pr v1oue work by the au thor ( Fur kert ,1 962) hae ebown t ha t 

tbe actual method us ed doe ... ,howev.,r,gt ve valid r es ul te 

wi tll r eap6c t. t o the whole e l ectron i c e rra~Jgement. 



ju2 CG.l N'l! :,rl "l!~>C"JJllil 

At the comrner.c emt.nt vf each exper i ment the mice 

en - wi ndow of a ge1g <r countt r which b~d been wnxe ~ and 

t eaJ t cd nn<'l f ound to b e e9t110fec t ory " " e eeu111bra t t>d 

" 1 t b va r1 0ua ooluti onc to the reouired <lZtc.n t. The 

de ta ils of thls equ1li t>r sti on tl r e dtecueee1 el se,.be re in 
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tbie tbee h ( of . p , 116 ) • Afte r equH ibl">t tt on the g eiger 

counte r end- .,. i ndotl' i"' itlli!if! r s• d in th f' Ap propri!l t e re '' u t r ed 

aol ,t.on in " two- 1 l tre bt'ek.e r {or ;:·olythen" con ta in~ r ) es 

ahown in '' le te 2 

On tne bottom of thf bea ker i B a g l a ss enc losed 

'lhil' sett• !HJ a f ollowe r for the llltlgne tio 

a ) whi ch is and er the b~elcer (a t-e ?le te 2 ) • 

The eolu tion in the bea ke r if! slowly s ttrred by the rotn t.1on 

ot the follower und e r t he i r.fl ucnc~ of the r otating m~gne t 

b low. This pr ucedur e e11m1na t e e1he need to have anythi ng 

externa lly pl s oed Into the ai.ut1on (apar t from the f ollower 

itself ) ~he re it could beco~e r ad t oac tive ly con tRmina ted. 

Sti rring 1s oA.rr1ed out. fairly Eiowly to avotd the 

crea t t c.n or too deep a vortex in the eolu tion. C~ re ie 

n ded to e ee th'l t th is 'fvr> tex does n o t become eo gre11 t 

tbe t bubble of ai r b ecome R trapped under the mic~ • nd-

Window of the ge t ger count~ r. If this occu~ then no t 

all of the mica eu!'t'ace 11 ny b e in contuo t w1 t':l the eolut1on. 

'rhh 'IS 111 hav e t h e ef'ft·ot of altering the count rote 8lifhtly , 

due to a d iff~ rence tn the backs ~ ttcrtng eff ects of etr a nd 
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watf-1' f or phosphor ue - 32 , if' t h is bubb l e f'o:rm., t i<m occ urs 

(lur ing t he eubs<-QU!<D t d•u•or p t1on expur 1.1r.cn t . 1\l a o , 1:f 

t he r e h1 ~ n fl iP but>hl <!: oov~ r1 ng eo:nc or the mton a ur f 11ce , 

dasorp t ton of rod ionc t~ve ph nPpheto from the srrec t ed Aren 

,!fill not occur. 

'I'he backg r ound c o tmt re te :!'or t he f!e i g e r c ount<' r, wt t h 

1 m1ea end-w i ndo~ i mmersed in t he t wo l • t re o of s ol u t ion, 

w e d e t ermined. A!'ter this had been don>!> , the .g<> i gel' 

counter end w!ndow was r tmov ed !'rDm the sol u tion , and 

pl a oed in " r ad i ,JActi v " phos ph"te sol ution f or a de !'1n1te 

time , whilo; r adi oaoti ve phosphate !!'All sdeorbed unto the 

m1ca eurfao e . 

Oe :>t;nd t ng on the amount. of r"u ioao t i ve phos phate l.n t he 

adoorb l.ng sol ution , t hfl c oun t r ate when the ll:el.ger c oun t e r 

end- wtndow ">lfl 1m.'llto r s d in thi s e ol u ti on wne some t i mes gre>~ ter 

than c ould be !llea eur ed by t ile r a t e me te!'. f-hen thi s wa s t he 

c aae the vol tag e a!J}l!. ed t.o t h€ t;;eig er count"r wee lo•er ed 

below the three hol d v ol t.A ge durt ng t he t i me th11 t th( g 1g er 

c ounte r end- wtnJow wae tn the rad ioacti v e phoer hB te siu t i on . 

Af t e r remova l f' rom th r aJ i Mo tiv<o phoeph>.~te sol uti on 

t he t hreshol d volta ~e ror t he gP1~e r coun ter we e c he okej to 

enaur th~t n o un obe,. r v ed vari ~t tl.on hll.d occur r ed . l f necessar y 

the swi t oh poe l. t1 one cm the high v ol t ego eupply/ empli fie'" we re 

s l tto r ed oo t hl!l t th• g <- l g e r c ounter "'"'" 11 t U 1 o re··e ttng 100 

vol t e a h ov e the t hre ehol d v oltage . 
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V·h n th~ r equ ired qJeorp t1on peri od had elAps ed the 

111ca surraoe or 'the ge l ge r coun te r end- • tndow "'"" r 1110ve'd 

from the r edtoAot1ve phosphate soluti on , r 1need in d reorb1ng 

eol u t1 on a nti then r .. pl aeed tn the t wo 11 tree or d ~Porbing 

solution wher~ in t he background c oun t rtlte h" d been 

deterudnt.d . Cere wan t><lt en tu onsur" t hat no a ir bubbles 

wer e t •·•l p,:ed a g., inst the mica surface of the end- window 

or tll gt: 1J!t r counte r in t he process o r 1neert1on o:f this 

eurr ... ce into th t >'o t 1 tres or deaorbt ng so lution. 

The exac t ttme o:f t ntr t)ductlon o!' the f!liC8 end- window 

ot: the gf:i ge r coun ter i n t o the ho l1 tre beaker oonte tntng 

the deeorbtne: sol ution Wall noted on t he e t l'l. !J cha rt r oorder. 

The r ec or der ~as run at a s~eed of 4 inches per hour during 

tbe 1n1t1Eil portt un of t h d e orp tt on, whl1e the c ount r a te 

waf! <!rupplug r~ptJly . Af t , r eome t1111e (usually 3-4 hours) 

whim the r a te of decre .. ee of the c ount r a te W!Ul elowt! r , 

tb r ecor dE'r cnnrt e peed was change j to 1 tncb per hour . 

It .. ·11 e round th a t a fttl r about 40 hour<~ t ile rat<' L>f' 

deoresee or acttYit.;r 41ift" R f'unctton of time "'as, af ter 

auitable ma thematica l snslye1s, r r ro vable aa a stra i g ht 

line . Jn order to en11ure thAt ther e was a reasonable 

amount of tim when there waa only thl P stra i ght l t ne 

tn the a~lyeed c urve , moa t experi ments were allowed to 

run for spprox iftl!t t c ly 100- 150 houra . 

Once tbe r ad ioactive phospha te h a been dveorbed 

rrom the mica en<i- windott of t bt· gt:tger c ounter into the 



b ake r of d eRorb l ng s o luti on it ~ 111 ma' e no s igntftca n t 

ccntributlun to the oount r>~ te ea de t f.rm in r d by the 

aetaer counter . Thts ata t~.moni i nvolve s the ns l.'lump tton 

t the volume of d aorb1ng a olut.tun ts e o g r eat th11 t 

t ere ia no oha nc of enough r ad ioactiv e hoaphorua atoms 

d1!11ntcgN tlng su!'t'1o 1en tly c lose to t ile geigel' counter 

t o hove A eignli'loat. e i'1'ec t on tlJe obe e rv•d oo,JD t !'O te . 

In order b ensu r e t ha t tllh ""' " oo , after cone tdorable time 

tor deaot'p t1on bad e lf1ps ed , and t.ne count r At e wae no longer 

decreasing ra p idly , the vol~e of deeorbing s oluti on, in 

which the mic a s urface of the gc ige r counter enj- window 

••a illlme ree ,J , "a" t•eplaced with another, equ'-1 1 , freob volu•n~ 

ot d t orbi n~ e . lution . If this e had a ny etfeot on 

t e o~erved c ount r ate the n t he 'lOlume WAS l r, eufrt ctent 

to ltmi na t t he effeet of d eflorbed r ad i oacttve p llo!lphfl te 

on the c ount r o t e . Tb l s t':feo t \? H O not obs e r ved with 

d eaorbtng s olution volumes of greE~ ter than one 1 tre , and 

eo al l deeorp t t on ex pertmt>ntn were carried ()Ut in two 

H tr beaker s . 

\ a a further check tha t ther e was no contributi on to 

th eaoured coun t r a t from r ad 1oac tlve phoopha t c desorbed 

into the d< aorb ins solution , eo~e ~ f tile deoorblng s o lution 

woe tuken and the coun t r a t e duo to it de t ertn ineJ . Tbe 

~ 1ftt1n1te thlckneoe~ fo r the )9 r aJ1a t1on from pho~ phorue 

-32 i n wate r ia o p~roximBt< lY e t r h t mtllime t rea . In order 

to aeell.lw r Adtoa cUve the ,t t. aorb1ng aolutlon wnR , the 
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following p:roce.:lure .,,,,. os :rri ed out, 

A Pll1l.1 pe leed cos tle was uaeJ wt tb a mica e n-1- windo,. 

t;\.,3H g e iger coun ter lnac:rt<.d in to I t, s o tbo t t he end window 

pro truded tllr· ough i nto the oount.tng l!l!'ea , The mi cA end­

window or the ge1gcr c oun ter was coat~ tth a thin lay~r 

It hfiB " 1 r eoojy been S'lo., n ( .1> . 38) th!l t 

r ad ioactive ph~sp hate ln no te sorbcd onto parnffin wax. 

The end wlndo of' t he getger ·coun ter wee then ;~laced in 

a b e ker w1 th a diame t er twtc e tnet <£ t he end "1ndow or 
t he geiger counter. 'l'hero ea u n d ~p th >J f .};)- c m. ( i,e , 

approxilll!l t ely t'our times the " i r.flni te Tbi kneBR'' fc :r 3~ ) 

uf' eolut.t :m b< l ot< the !Olndow or the 'get ge r counte t' . 

The background c oun t rat •a~ d Pt e rmtned with t he 

end wi ndow of tho getger counter t~ne t'med ln dts t l l lod 

wa t er ( e ee figure 8 ) • 

to coun ti ng an ea>bly 

b• aker of solution 
(w1th waxed g lger 
counter r.d- lll t rJ<1 -JW 
lmme reed in 1 t ) 

Figure 8 

window gei!!CI' coun t..o r 

"ex coa tlng ove r 
mic a end window 

Af'ter the bsakground count t'a t e bad been de t e rm1ned t be 

lLI 



beaker we ~ f1llel nith eo~e ~ toe t wo litres of solution 

into wblcb tile r a :HORctive phosphate f'rom a mloB sbeet 

bite b een df'sorbed. ~f ter ~; t;;nding for some •r.inuteo. the 

eolution was diec a rded and replaced wttb another filling 

fro•l! tbe t l'to litres •>f deaorb1ng solution. Thle was 

done e nWilber or tlmee to ene•. re tlla t t.be cou.n t rete of 

the mlutlon would no t be undul.Y low du., to adaorvtlon 

of r adioactive phosphate on to t tlc v:alta of the beake r. 

It 1s ree~oneble to assume tha t t his adsorption does 

not r emove ~> 11 r~dioective phosphntlt from the solutton 

aB t f this HHI so there wo •: ld b t' n., sett vi ty tn the 

eolution aey .. ay !' 1!1 l t would llav• All been a J aorbNJ onto 

the wells o:r the t wo li tr4' bealter tnto which the orig inal 

d.eaorpt.\on experiment t ook place . 

Ptnslly the count rete wne de tf:r;n tned 'Ni tb the wax 
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ooa ted mtca elld wtndu"· o:r tht! getger counter 1~Persed in 

tne be~ker :rull of ome o:r the orig1nat deoorblng solution. 

It wae f'ourul that the actual count rate of' the eolu.t1on 

(equa ls obaerYcd count N1te - background count rate) wae 

bout 1 ~~ or lllaB or the lo•es t count rate observed tn the 

or1g 1n,~l dceorp \lon expe riment. Thus t't i e apparent that 

w1. thin tl.e li'mi ta of the <'iXper1ment 1 t ts possible to 

i gnore an,Y ettect on tile iletiull d c l.eotc.d count rate• during 

the ex pt>rimen t by the aolut1on into which desorp tl on 1a 

carrted ou t . 
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4 , 3 l'roce ee1ng ..• ~ tm ta 

At the c o111ple tion 4lf e lilc h experirot:n t t he r ccor:ler 

oh, rt 1e us ed to ob t 11 in t he c ount r " t." at euit .b l e 

in rvo ls o time , The valu e giv~ n by the r ecorder 

o~ le taken, a ootncidenoe correction is added , and 

tt;en the va l ue or t he ba ckground count r ate tor the 

particula r ex periment ta subtracted . As t he half lite 
32 

ot F te only 14 . 30 :lays ( Fri e<t l ender a nd Xennedy 1957 ) 

d eoreaRe in t ho ac tua l coun t r ate due to r ad ioa c tive dec111y 

Will hav e 11 a lgn t1'1cant ettcct ~or periods of time gr eAter 

than a bout 10-20 hours . Thue 1 t 18 neceeto~try to oor,.eot 

eo ,h count r a t e oalcul n t o:d aa 11.bove f or r adioRotive 4ec ny. 

A table of fao tors WII.C' cons true ted fro111 e eem1loga r 1 thlll 1c 

plo t of percentage aot v1 ty r ema t ntng ver.,us time ela ps ed 

.C after z e ro tillle when t h"' lll1oa our f'aoe of the getger 

counter end 1ndo~ ts first 1mme r s•d in t h dceorbing 

s olution) , the pec·ocn t ·tge ac tivity r elllll inl ••S: af t e r 14. 30 

days being 50.0. Tbe s e ri es or values obtained by 

these va rious step~ are given f ur a ty pica l ex periment 

in Ta ble 1 • 

The values tha t ere fi na lly ob tained (Column 5 , 

Tabl e 1 a r e plotteci ~n s emtlogarl tnmt c gr•,.ph pnper 

ouch that a plot of' log (count ra te) v ereue time ie obts1ned . 

It 1e t'ou.nd t.bat , af t e r a c erta in ti tlle , " str aight l ine c a n 

b e dr~~n through a ll the re~~1ning po ida on the graph. 

This line 1e dra~n and 1e ex trapola ted back until i tcuts 



t he ttme • 0 >U:tll a t a po lnt "Z" . 

'thi s extrapola t l'd line lo round t o ltc b r l ow the 

r emaining po1n te t hat bav~ b een plo tted on the graph. 

The value given by the line at t he s ame U me all e ·· c h 

68 

point ftlr.-A ly plottf>d ill subtracted from t he point al reajy 

plotted , and a new ser ies or points obt-.tned . 

Time 
( houre) 

1/6 

1/3 

1/2 

2/ 3 

5/ 6 

1/6 

1/ 3 

12 

2/3 

5/ 6 

2 

2 1/3 

2 2/ 3 

TM3L2 1 

Cb!' crvod 
c ount te 

15 ,1 50 

14,000 

1.; , 200 

12 , ):<;.) 

1 2 ,ooo 

11 , ">00 

11 ,1 50 

1 o ,8'io 

10 , 550 

1o , y ,o 

10,1 '50 

10 , 000 

9 , 600 

9 ,41 0 

i- Cotnoldence - llackg round x :::or-
correction r oc tlon 

18 , 650 

1 C: , 9JO 

1 5 , 800 

14 ,77J 

14,1 .;0 

13 , 450 

12 , ?50 

12 , 5">0 

12 ,1 50 

1 '1 ,850 

11 , 580 

11 , 3'i0 

10 ,900 

10,6SO 

f'or 
decay of' 

--------llp------

18,511 0 18,600 

1fi , 830 16 , 8')0 

1'i ,730 15 , 7'l0 

1l. ,700 14 , 720 

1 h , -.~30 1 u ,05U 

15 , 380 1.) , !100 

1? , 81\0 12 , 900 

12 , 480 12 , 510 

12 ,080 12 , 110 

11 .780 11 , 820 

11 , 'i10 11 , '150 

11,280 11,320 

10,850 10 ,~·'\0 

10,580 1Q, f,30 
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TABLE l co nt . 

Time Obs erved -tCoinc tde!lce - t!.c kgr onnd x Cor r ection 
(hours) c ount rate oorreott on tor deor,y 

ot .32-P 

3 9 ,1 110 10 ,31\0 10 , 31 0 10 ,370 

3 1/ .3 9 . :)P,Q 10 ,220 10,1 50 •0 , 210 

3 2/3 6 , 960 10 , 050 9 , 980 10 , 0110 

t, 8 , ll00 9 ,850 9 ,780 9 ,850 

4 1/,3 f\ ,720 9 ,740 q , 671) 9 ,750 

4 2/ 3 6 , 620 9 , 630 9 , <; 6o 9 ,6'io 

5 8 , 500 9 , 480 9 ,410 9 , 510 

5 1/ 3 6,390 9 , 370 'J , .300 9 ,1,10 

5 2/3 8 , 300 9 ,260 9 ,1 90 9 , .310 

6 8 , 220 9 ,170 ' 9 , 100 9 , 220 

6 1/ 3 8 ,1 '>0 9 , J 0 9 , 020 ":1 , 140 

6 2/ 3 8 ,1 0'J 8 ,9''0 '3 , 910 ) , 0.30 

7 8 , 010 8 ,890 8 ,820 6 , 950 

8 7 , 1150 8 , 650 8 , 5ft0 8 , 730 

9 7,620 8 , 400 8 ,330 6 ,490 

10 7,470 6 , 230 8 ,1 60 8 , 3LO 

11 7 , .3.30 ll , J50 7 , 96J 8 , 11\0 

12 7,1 f.O 7,86? 7 ,790 7, 9JO 

13 6 ,970 7 , 620 7 , '>50 7,750 

14 li ,81 0 7,L20 7 ,350 1, ';?0 

16 6 , 640 1,no 7, 1'>0 7,3')0 

18 6 , 1150 7, 02() 6 , ')50 7 , 220 

20 f , 290 6 ,800 fi , 730 7 , 030 



Tlme 
( hollre} 

24 

28 

32 

36 

40 

44 

48 

52 

56 

60 

611 

68 

12 

76 

80 

84 

87 

TABLE l cant, 

Observl!'d + Colnelder.ee 
11nt r ata oorrectlon 

5 , 940 

5 , 690 

5 , 550 

5 , 4?.0 

5 ,300 

,000 

4,910 

4, 900 

4 ,820 

4 ,750 

l~o680 

4 , 650 

4,430 

4 ,390 

6 ,390 

E ,1 00 

'i ,940 

5 , 7)0 

5,660 

5, 500 

5 ,330 

J , 220 

5 , 210 

r:; ,1 30 

5,050 

4,970 

4,930 

4, 810 

4,740 

4,700 

4 ,655 
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- Rockground x Cor­
r ection 
t'or 
dectty ot' 

6 ,320 

6 , 030 

5 ,870 

'i , 720 

5 , 590 

5 , 4.:;0 

5 , 260 

5 ,150 

5 ,1 40 

5 ,060 

4, 980 

4,900 

4,860 

1, , 74 ' 

4 , 670 

4 , 00 

4 ,58<; 

6, 650 

6 ,400 

6 ,280 

6 ,170 

6 , 080 

5,820 

5,730 

·; ,760 

5 ,720 

5, 690 

•; , 640 

·· , (,40 

5 , 5110 

5 , .'10 

'i , 'i10 

5 ,1~90 

These n lf'w points a r e then !,lotted on t he s ame graph 

on he esme time abcia ae se the original pointe . 

It 1o then ~o11nd tha t l t 1e poeal ble to draw a 

strRtgt.J t line through a n Uillber or t he ne.,ly obtr.1ned 

po tnts wt ill the g r ea tee t t1111e coor.HM te . On extrapoln tl.on 



of th is line bF~ ck. to t he time .:: 0 axis (cutting tt at a 

point '"Y") 1 t le :round that eome of the ;>o1ntR '< 1 th the 

shorter time coord1na t t-s li e above this line ~Y" . The 

aubtr.,ction proeese t;; r .. poatt-J .- tth the line "Y" an-! s 

l ine drotvm as b efore through t ile p-oint& obtained . 'l'hia 

process is r epeated nn tU a 11 ne 1s dr!!l wn which pass ea 

through all t he :r..~~~a1n1ng potnta including theM w1 tb 

tne ahorteot time c oordinates . Tne total number of 
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straigh t lines obtained by the above process ot' gra phical 

snsl.yels varied with dif:ferent experiments . In e. large 

n u ber o1' tlles e ex periments three strl!ll !!h t li nes were 

ob t.a1ned . 

The 'I"Nlolved grB ph from the data gi ven in Tahle 
1 

is sho.,n on p . 194. It wt ll b• ae"n that threE: straigh t 

l1n ~Jr; were obtained f'rom this experiment , correspondl__ to 

thr ee d1t'fer~n t de sorption prooeneee of r nd 1 o>~c tt ve pboe r he te 

from the mica ~.urt'ace . 

'toe pr ooe s e being studied ta one o.f deaorp tton of' the 

radi oacti ve phospha t e· t'rom the mte .. eurf'ace of' the gc tger 

counter end-•dnd .o\\f , !>r f'ro:n the eurf'·• oe r.:.f a mtc s sheet. 

This d£"eo!'p t1on wtll b t!!i n to occur immed :>tely the deeorbing 

solution co"L ee into contact »t th the micA eur f'ace,s nd thus 

the r e . ..,1 11 b to no elapsed t1me while di1'1"ue1o n or other 

uod~strehl e 1n1t1ettng prooeseee occur. 



Gli o\V1'Fll ;5. 

llA';'U : l/:'-'l'J0/\1:. MI A :..f~IS (JF ;)i, TA , 

Pr-:-1 1!ll t n(<l'Y exper imen t e on t he dcaorp tion of' r l'ld to­

active phos_plla t e f'roUI o.a tiun saturated miuf• :aur1'soee 

showed the. t the Dlllount o£ r adioactive l·i•.., s plla te rema.1ning 

on the m loa BUt>t'aoe deorenafld wi th timtt. 'l'he amount 

ot' N >d ioGC ti ve p llo s .;>tu!l tilt l'ema1ning on the mica surface 

t:ll£! mefl&ured cont tnuoualy and plotted on a a ·~ri l,J oha.r t 

r f,cordor 11!> t.t func tion of ttme . Af' ter sui table 

proce s el ng of' this data (see ;· r-ooeee1ng o!' Data p . 61 

" s~r 1ee of' tle tu.a l count Mte•·- ,corr~;s_votldlng to smounts 

of' 1•o r!1o11e tl.ve phospha te remn1n1 ng on the tllica surt'ace, 

at " a rt ous t1fr.f< intarva J.e af' t u r the coaun~noetllen t of the 

der;orp tion experim" nt were ot•t&lned. 

Deeorp t1 on of 1'6d1oact1ve phoepb>.~ te wa"' carried 

out- l nto a r; u~oue solutt .. r.~ . 

stirred c on tt nuouFly so that onoe rA.d toA<l t.iYtJ \'hOF>phate 

gr oups bad be en deaorbcd they wer ~ re moved f'roro the 

countin~r v olltmc o:r the end - Yi Jndol'< !l'e1ge t• oountu'1: used. 

'l:tme tt.e only r adlo6c t1ve ..,ncepllorue a t oee whos e 

I·t>d io11e tlv e d1£J1t.iqsratio n~; were m&!SaUr t'd ' 'ere th~:>ee 

actually pr eeenl. l,r.s ;· holl r.J>atc; ions } adeorbe<1 onto the 

aur:rBc ee b e1 ng s tud1e:d . 

The deeorb lng solutions use cl in tne t..X !J• rimen te 

perrormed in thi s theeie c ontained no phospha te groups 



( r sd i <>•L tiv e or in~ ctive} oxo.,p t t h otl" t11!jt had al r eA"Y 

been d c.: e orbed f rom the our:t'a.Jee und er a t u.:.ly . The 

tlmount ot such ph OI! L>ha t e g r o•Jpa ~· e~> BO s:nall tto<> t t t wa a 

n co t nece~eary t o oonnlder t he pocsi bili t y or ree 1sor p t1on 

of a ny or t he gr oup <s on t f) the a urfa c e being " t ud t ed in 

t t. ll ma thematicn l 1n t erpr <ota tl on of tlw. r· ~•eutte ob t -. ined . 

The r ad t oectiv<: phosr, ha t~ ~rr uupa o J sorb ~d onto 

the surf "lo •.e u nde r r,tudy Oiou ld b t> ex pec t ed t o ce 

adF.l orbcJ on t o some r srtioul a i" t ype o!' si t c or pc t: n1 bly 

a n uu.h er of di~fe r€n t t y pes or e tte . I L l<>.tS nssumed 

in t hla thes is th5 t t he r~tJio~'> c t 1. v ~ :ohouph~ te !HifluC1. 'l t ed 

with the e nrfacee being ~>tutl1ed was,).lres~n t eo so:ne t ype 

o~ ade ot' p t ! on oompl E: :x (or oorn p e xe<B) !lnJ n o t aP !I ,,., 
) . 

On pl Ael r:g t .. c s ur f .'ic e !l atud l i!'d t n oon t>:~ ot ~ ith 

vnr1 oue ool u tiona ( f t r>r ade!l r p t1on of r J io <J c t l v e 

phos phAte h'"i occurred ) 1 t "' •' 8 ot>aer·1rr-d t h t t he r »•l1 ooct1ve 

phtlll !J h81.<• gr oups we ·t deoor b ed t n to t t.e d eeorbitg e ol u t 1 one 

used . 

rt ""ll n ot Clons t tier e d th'.l t t he d~•aorp tion o f the 

r ad1 o&ct1ve ph oA]Iha t <. g r ou•;s f r om th <& llilaor p tion Ai tee 

on t ne e urf'l'l c es etu<H tld WBtr. a cc o ~.,,. n t el1 1>.' "ll:lY o the r 

ne Cles oa ry occurrem~e ouch se t he . replaeemo::n t o!' t be ee 

gr oll p& by so1ne e ther s pecie s such tte hy<l ro:r. i <le . 

believed th !!> t the r 11J 1 oae t l ve oe phl! t e g roups YH' t'e mer !' ly 
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adnorbed onto the e e eurraces it ~ae n o t necessary tha t 

any othe r g rou p ( ph os phate or othe r ion1o e pec1ee) be 

preo en t at these adf:'o r p tion s i tee . Thus tt,e likeli-

ho od of any par ticular r ad i oscttve phos phate g r oup 

b l' ing desorbe.l a t any tlme wo uld be d E'pe nden t only on 

the e treng th of the ltnl<:age b&tween th<' r edtoa o tlve 

ph oepha te group Bnd the pe.r t tcule r adsor p ti on 61 te 

t ha t 1 t Wil e aeeoc te t ed with . Conaequen tly the 

deeorp tion of r a d ioActive phoephatf g r ou ps f rom eny 

pa rt1oulBr ~pe of adsor p tion s ite would be 'a firs t 

order procee6 , the r a t e dependtng only on t he number of 

r mH o >: ctive phoephate groupe a t tached to adso r p tion e1 t f o 

ot' this par ticular t ype . I f tbe r f' v ae 111ore th•~n one 

type of' R.d e or p tion r- 1 te for r ecl ioaottve phosphat e on the 

eUt•t'a oe B t ud i ed tt. ~. n the ovet'Bll de~ot'p ti on r ete would 

be eq unl to t he sum of the 1nd1v1 clual tlrst ot'der 

deeorp tion ro t cs fo r each type of' adsor ption s1 te pre sen t . 

1t' th re Me mor e t o"n ont· t,ype of adeor p tton site 

for r adioac t i v e phosphate from which desorp tion was 

occurring s1rnul taneously the mathemati c a l s na l ysia of: th e 

deoor p tton process wo 11ld be the aame '"' the t. of the 

re•' olution of' a mix t u r e of' raJ1o18o:;opea d ecay ing 

etmu l t11neouely "'1 th fi rst orde r k i ne tic s. The mathe-

ma tica l a na l y e ia of this l a .. t proces s (d ec ay or 11 

mixtu r~ vf r a d toinotopos ) has b e • n dea<> ribed by a numbet' 



of authors ( e . g . Prie d l~nde r a nd Kennedy,f 1?7; Cook 

and Dunce n,1 952) . 
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A neoeaeary coma ti on for euoC)e eet'ul mathema tica l 

ana l yele i e t h9 t t11e half'- 11vee of t he mixture of r a .Jio-

isotopes be Widely di ffering in time . If' thle ie n o t so , 

r elia bl e s epar a tion of the components t e very difficul t . 

This c onattion would a lso appl y to a e1m1lar ma themtioa l 

analys is of the probl em of des orpti on of r adioactive 

phospha te from a numbe r of' d ifferent ~pes or adeorp tton 

ei t e . Tl:iA t ia the b8lf'- ltvee f' or e ach of' the t yp a 

of r a :H oact.ive phospha t e - surface comp lex ( t he half'-

life of one of' these oomp1e:x ee te• t hf' time reQuired 

f'or h81f' of' the amo\Uit of' r<:~d 1oac t1 ve phospha t e presen t 

at a gi v en time to be deeorbed ) would ne r: d to be " i d d y 

s e parated 1n ttm~ , e . g . , 1 hou r , 10 hours , 100 hours. 

Another cond i tion reQuired befor e the above­

men tioned me thod of ma themattoo l analysis woul d be 

va l i d was the t there was no 1nteraot1on be t l"' t!eO 

radioactive phospba t e groups adaorbed onto dtrrer en t 

t.l pee of' aJsor ption a 1 t e , or b " t 1Yeen g roupe adeorbed 

onto the ·a -e ty pe of' adsor p tion s i t e , a nd a Jj ec en t 

to on" anothe r . I n the wor k ea r iled ou t on oa tlon 

satu~ ted mtoa eurrac ee t he numbe r of' ca tions presen t 

wae onl y one e ve ry 50 eq . ~ • that t e one cb tion eve r7 
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0 
7 A in eaah direction. I t s e emed moat unl ikely 

tha t the r e • o uld b \0' more than one ratlio~c t've pb oe !Jhe t e 

grou p pe r c a ti on a e the rtsidu~ l positive cha rge on one 

Rlumin ium ion (the hi ghest charged cation used) would 

not be e lt ;>ec t ed to et tree t t r o pb ospha t e group" when the 

to til l 8Ur!'ace l'las no t e a tura t<!>d fi t th phonpho t.e g roups . 

It wa~ b elie ved t he t eome o!' the edaorbed r adio-

acttve phoPpha t e ions were a s s ocia t ed 1 tb the mica 

aur:f'ace 1 tseU' . Howeve r t he amount or thi n t ype 

or adaorb~d rad ioP.cttve t hoephete complex was 'elweye 

leas than ha lf' or the total amount of r , dioactive 

ph oe phB t t: adaorbed a t all pi:J values s tudied. Ther e fore 

there •·ould not be more tha n one r adioactive phoa pha t e 

grou p be t \\ e c-n etw h oe t1on, and 1 t s eemed t he t euch e 

number could b < eccommoda ted on t he mtca aur:f'ece w1 thou t 

nec ce eu rily being eo clos e to one anothe r as to lead to 

en 1nter ee.ct1on bcheen them the t would ll.f:t'(.o L their 

deeorp t1on rate. Tbue it IH' emed thn t thill c ond ttton 

would b e aettaf t ej , et least :f'or mica surt"!lcea . 

By anA logy v;tth thf' mathe!lllattca l amo lyeia of the 

dec ay of a mix ture or r •>d1o'leot.:. pee the pl ot of the 

loga r1 t hm of the amount of r ad ioac t1 ve !'hoaphe te 

r ema ining adaorb ed (on the eurt"aoe under r. tudy )aga inat 

time might b t: ex pected to be enelyaa blr. i n to a number 

of a tr" t g h t linea, one !'or eac h t,y pe ot" adso r p t ion e 1 te . 



The deaorption curves obtained ~rom tbe e~perimente 

performed i n this thea1a were 1.n fact r Ps olved into a 

numbe r of stra i ght lines . Prom this 1t h8s b~en 
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concluded that the r e wer e nctuelly a nwnber of df.~feren t 

1;Vpea ; f odsorptlon si tee for r n•:U oacttve phos phate 

g roups on the surfaces studied , from whi ch these r adi o­

active phoephate g r oups c a n desorb with f irst orde r 

k i nettce. The ac t ua l ma themattcn l me thod of analye ie 

is se :follows : 

Aeeume that the r e a r e n d t f f e r en t typ11s of aJsorp tion 

s ite on th~ s urface b eing stud i ed, If th~ r a!ltoao tive 

phos phate gr uupe deeorb from thes e sites with f irst order 

kin t1oe t hen the r ete cons tan ts for desorp tton will be 

k , k ' ..... le • 
1 2 n 

Le t t he initial amounts of each c ompl ex (thilt i s the 

amoun t or rad i oactive pboephsU! associated v i th each t n;>e 

of ad.sorptton site) be A , 1\ , • • • • 
1 2 

A • 
n 

These 

a r e t he amounts pr esen t at T = 0 . 

The amounte of each compl ex pree en t after a desorption 

time t ha e ela psed wi ll be: 
- k,t - k t, - k. t. 

A e ' 
Ae 2 • • • • • • • • • • A e n 

1 2 n 
It 1B !l88UIDed tha t. the s pecific a ctivtt,y of each 

complex is the s nme e nd a l s o that only r>~d ioactive 

phosphorus a toms d1s1n t egr ating on the ads orbed surface 

er<' de t ee t ed . Thus the measured count ra te 



v1ll be J>ZO rU.onal to the total llll><>unt of ra41oaot1ve 

pboetbato p.t>esen~ a4a0rbed on the el&l'i'aoe under otudy. 

'l'be iftitial coant rate w1ll be pro rtional to A Vhero 

A = ~ •A2 ••, + • • •• +A.
0

• 

!rbo to~ -.unt of radioactive pboopbak present 

at tlme 'l'oO 1s equal to A, t1nd tl".o aDOunt pr acnt at 

time ~· t will bet 

-k t 

"le 1 

U tho pro;:crtion of tbe amount of radloaouve 

pbOaphate preaont that 1a detected by the geiger 

counter 1Jl tben the 1n1 t 181 ~»unt rate wUl be 

. A. 81'14 tbe count rate aner tilae t will bot 

. ··•·••··· 
!rbo losartti!ID of the oount rat e wUl be 

(los
8 

a. '\ -~ t) + (los
8 

••1 - k2t) + ••• , +(lege B. A0-;t~t) 

s..e. 2. :>0, 108 (count rate) • (2. 303 log • -~ t) 

+ (2. 303 log a."2~t) + • •• •••• + (2. 30' log B. A0-k0t) 
•• •••• ••• (1) 

Ae Slllll be seen from equatiOn (1) the_ ODunt rate (whl ch le 

pl'O rtienal to tho total a.wunt of adaorbed rad10aot1w 

pboephllte pr&Mot) con ll8 reoolved into a aer1eo of 

78 
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l ogari t hmic t e l'!lls •hich on a plot of' log (count r a te) 

versus t i me will be r epre en t cd a A a series of etrs1ght 

lines . 

The proportions of the to ta l initia l count rate 

that r epreaen t tbe smoun ta of' each compl ex prescnt 

initia lly will be g iven by the interc ep ts of each of' 

thes e a tra1 ght llnes 1 th the time ,.o axte . The 

actual value e obtained will be B. A1 , B. A2 , • •••• a . An. 

Thus 1 t will be poaeible to obt81n the rel a tive Bill ounta 

ot e "ch complex preeen t. a 1!' e traction or the total 11111ount , 
of' r adtoaotiva phosphate present . It will no t be 

possible to o loulate the actual amounts of eacb complex, 

or the actual to ta l amount of r adi oactive phosphate pree <'nt 

unleaa the proportion B of' the s moun t pres en t that 1e 

actwltly detected by the ge tger counter 1a known . 

IH th tbe us e of' s em1logar1 tr:m1c gra ph p<•per a plot 

ot count rote versus time is prepared and gr aphica lly 

analysed tnto a s eries of' straight linea. The actual 

de t oi l of' thi s graphica l enalyels is given in the pr&oed1ng 

eeo t l on on the proce 8a 1ng of' the ex ,,e rtmentl!ll data (p. 67 ). 

From the elo pes o'f t he e tra 1g ht lines obtained on the eern1-

logar1 thllllo plot 1 t 18 possible to csloula t e the hal'f-livee 

of' es oh comp lex. The halt-l ife tor a complex te the 

t i me r equire 'for the amount of' the complex of rA dioactive 

phosphate with the eurta oe b e ing studied to deoreBs., to half' . 
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As t he deeorp t1on or r~ d loa c tive ph oo pbste t'rom ea ch complex 

l A e t'iret order pr ocess t he r ate cons tants fo r de Porp iion 

k , k • • ••• k are i nvers ely proportiona l to the bel f - 11vea 
1 2 n 

tn the same ""Y li S f'o r r ad io ' C tlve decay, name ly, 

1011: 2 l og 2 log 2 
8 e e r 

kl k2= ___ ; ••• k 
n 

( t ) (t ) ( t ) 
1 1 

2 ! n ll' ; 

Thus 1i is possible from tt1e a nalys ed data tocalculate 

th E' r e te c one tants for t he dee or p tion ot' each complex f'rom the 

eurrs ce b e ing s tud ied. The se r ete cone tan te will be 

characteris tic of' t he ease or desor pt1on of tile r s d ioa ctive 

ptoephate from the surface , t he hi ghe r the r a te cons tant 

t.he mor e readily desor pti on will occur. 

As wa s menttoned previously the r e l ative amounts or 

each of t he o omplexee pre r;ent l a g1v e n by t he interc E p t~ of 

the resolved straig ht lines with the time "' 0 ax i a . I!' the 

complexe s dete c t ed ac c ount f or a ll t he r adi oactive pho,phAte 

a ll sol"bed e11to the ~tur!'sc e a bfling studied , the sum of' t he ini tiel 

c-ount ra tea of' e a c h oomple,: should b e equal to the to tal 1n1 ttal 

ooun t r ate detected . I n t he e x pe r1ment8 conducted for t hi s 

t hesis this was !'ound to be t he oaa e , the to t a l a moun t s ot' the 

different comple xes aetected 8c1d i llg up to t he same val ue 

( 11'1 t h in about 1;., i as was obtftined by g r aphica l 6xtra f> ol at1 on 

of t he or1 <; 1nal ourve , frolll the des or p tion experi me n t, back 

to zero time . Thus it ca n be ee t n that the r e a r e no 
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othe r r ad ioa ctive ph osphate- a urr a oe complexes pres ~n t in 

eigntrtoRnt oono en tra ttons on the eurraoes b~ s t ud i ed . 



l!XT't· RI lol f.ll 'tAL. 

mien sur-race - ea t1on - pboi! I·ho te ey e tem. ''r e liml.nat-y 

expe r1men tEI •ere conducted ueintt mien surf'oouo sa turft U.d 

~ 1th a l uminium and aodtu~ ions. r n ordef' to do t hil! 

eol!ltad <n 11 0 . 5S so lution of' the required ea tion. Thte 

was done at leaatt'our t1me a , t i.a geiger c ounter end­

.-indow being lert in the s olution for at least thirty 

minute& ea .h time. 

It "ae ro\lll!j the t tile mice a~:~rf'lloe sa tura t~d 1>\ \.h 

a luminium ton~ a Jaorb ed cor.et.ierab'ly more- n,:J loao t1ve 

phoa pbn t~ ( 1n th~ eume period or time ) then 1 t :11d l'lhtm 

1 t ~ea GaiuraieJ w! tb eoH1.1a~ ions . On ;, lac1n~ tt.t< mlca 

~nd-~indow or the get(er eountar ( nrter ads~r~ tton o~ 

r bl:tioa.ot.lve pt:wa phat.tt ) 1n o.. beal<er •1 f 1'1!\t t? r , the a wount 

Q-F !'!'ldloaetlv e phonphAte ~ .jeorbo'i on the end-'lfindow '"'l!l 
:t'ou!ld to decrease ll't th time . '!he lll!lount o:t' r>:> ·Hot'lctivtt 

plo tted , a s t1 t'unetton of time , on "' atrtr oh•u• t r ee Jrder. 

The eount rato/ t tme dil ta " "s praceesed and i11"th-., mt>tioatly 

anl!lys~d ae tndlcated eltn• here (nee section on llll'l\.hemalicAl 

andyai o ot <1!1 ta p . 7~). 
Analy s is ,, f <: ~ v<>riuan \s wt tll botll so.1ituU ea >uro tt.ll i!nd 

a l u.ain i um es ture ted mien I! Urt'aoee gave deeor p tton curvee 



wb1"h 1nd1ce t~d tba t t b e!'e 'tltt"£ tbx•ee different t;y p e11 of 

at! !'!Ol' J.• tion s ite fro!l! whl.cb the re <Hoac t i v e phoapba te wae 

being dc~orbt-d . Tbe d es or r t1 on r a t e t1 ~ried wiCiely , 

indicating tll!lt t l',e V8 r1 ouR typer5 of t~dsorp tion e1 te 

bound tbe r .. J io>.~otiv"' phoa p bl!ta wtth il 1f'f'er~;nt etre nq the . 

The etronse r tb& U nkaJ?;e bebeen t he r •; d i c.-ct1ve phospha te 

sr,d the a- eol'ptt on tJt t .. _, t he l ees r ea lily desor p t1 on of 

t ho phosphate in to t he weter 1<0•lld oooul' . The t otal 

amount of r -·d1oao t1v• ;moa pllflte;res!'rt t "!Ill ohee J"ved to b e 

g l' eB t e-r tn the o~ aeaf alumin i um tban when sod1.um .ra e use d 

ttf. the ex·eh&n!!'enble c a tl. on on the miou su:rfa oe. 
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6 . 1 Co!l.!!:£1 o t.' the nli Vlll ue vf l x oer Haent!! 

Ttle pr <" 1.1min ••ry ";gi'..,t'H IW> t.e t ll"' t hov e ju.u t been 

deacr1 bed wer·e ca r r1 ed cu t wi tbo ~< t EIIIY "tepo b~ 1ng t<tken 

t o o ontrol. the pb valve )r e1 thel" the r a<li o., o U ve pt1oepha t e 

a ol u Uon or the 1ons adaorbd l onto t r.e mica surfr·c e . Once 

11aa r·de orbe<l on to t he 1111oa eurf'!lce i n eoro ct ma nne r , ond that 

the de&orpt on of' tble pbosyllate o ou ld be !'~ solved tnto a 

nu!'-be r <Jf oO!Iiponen t s , 1 t to 111.1 dcc iiled t.ba t tbeae e o!nponen t e 

would b e stud 1t'd ove r e r s net! of' [)ll ve luce. ·ro avoid the 

poee ib 1.11 \.)1 ot tile r e bet ng an.v et't'ec t on tb~ etA te of e 1 t ber 

the !'fi11 oact.t ve p hoar•ha te or t he tone (e epeo1Ally the 

a lumi n lulll iona) A :1 ~;orb~d on to tha m1c!l eu.r:t'aoe , b)' thei r 

tn t~rao tion ' ' hen 11t 1 tN'<·rent pli 17Blues , b o th the r.,~li o­

ac t tve phos pha t e s ol ot1on and the ~dsorbed ions en the 

A d;)ue i;n~n t ol' t he rt~>1ioa c t1ve phos-phate &olutt on t o 

tb~ t'l'!l!ui r ed ph val ue t.as a r <l a\\ vel y almpl ~ proo<"S ilre , 

a phoephs t e tone ir. s ol ution lll'fl butfflr~d to a c ons1Je r Rble 

ex t n t by lll!IIHl& d.' the t'ollo~<tng equtl. t br 1a : 

li3 !>04 

ll2 P()~ 

HPOl.- . 
4 



li Pv 
2 4 

l\t any plJ v.t~lue all fo ur 
2- 3-

HPO and ? 0 
4 ~ 
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n1' t hr. e ;>eciee , 1. e . li PO • 
3 4 

J>l ll b <. prct'en t 111imul taueone ly 

althoug h no more tnan t>io Will be pret> tn t In s tgn l1'tcan t 

/
. Es5a 

conce n'tr'l ti one &l any one pli v&lue. Table 2 gl v e the 

re l ,;o t t ve conoen trn tl ona ( tn .nolcs pe r cent) ol' t he four 

·orttlu:_.. hoe ;-tJ&to: ec·e<:iee over n range of pti valuce . 

'!'r:e vH value of' th~ r al!1oactive phos phate solutions 

w.el' adju.-.tftd to ttHl !'"Quirt'<l v r lue by the add ition of 

e l tnt r eppr ox i ll2'> t •· ly 0 .'1 :. izy.:trochloric sc1d :t• o pr roxtll>!l".fly 

pr o::p11r•d by dtlut\on ot' "an l!ll!lr" ![l'Ftll" hydrochlori .J aoid 

(or eo•Hol'll h,rc1roz'ide) ,.1th detoniet.d "e~ter, the r t<ag nte 

the 1ntrouuotion o1' ar,y ot.b~r i on!'< tnt '' t.h E' aclnthms . Ae 

l ntrod11ce any furthe •• e. vco1es lnto the r ad1aaot1ve phoe piHite 

so Lution. 

'fh1~ ;,l! vo lu~ of All s oluaons ueei t r. th ' s H>!'l<. y;ea 
(1) 

meaflt< r~d !¥; tt. & ;:<i t :Hli{' t er -;y ,,e 23 1-'h "" ter eepa r n te 

va l ue f r~J 1oaotiv e sul<Ationto , ,.,d e ElJ:>eoh• l 8< t or beakers 

tor atandnrJ butfe r solution, d t~tllled wate r r1nn~ , oample 

(1) llanut'·> otut•t-1 by tbe R•1d tom t e r Company, 
72 Bmdrupvej Copenhagen N.'' . Detllllll rk . 



TABLJ: 2 

The 7' ro por t1 on o:f Phosphate 1one in Solution per 100 !ll ol r. . o:f Dissolved 
Phoa vhate . 

(C.3l culated fr()m Buehr er , 1932} 

PJL ___ ~ 2 __ 4 5 _ 5 · 5 6 7 8 9 

3x10- 2 6x1o- 3 3x10- 4 4x10- 6 - 8 llola . ot' H3ro
4 

9 0 •9 0. 1 5x10 

-Mole . o:f ~PO 91 98 ' 9 96 
4 

94 82 33 3 0 • 5 

2- - 2 
l.l ol e . of H "0 2x10 0'2 2 6 18 67 97 99 •5 

4 

3- - 12 - 10 - 8 -7 6x1~ - 4 - 3 - 2 Mole . of no
4 6T10 7x10 7JC10 6x10 2x10 3x10 4x10 

Cl> 
VI .. 
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aoluti on, e te ., wna lter•t eol d y r'or us e .. 1 t b these e l ee troilee . 
All'o , fo r enob pH value meaaur~ent, an aliquo t WIH< r t!llloved 
t·rul'll tbe. eoluti <> n bavi llg 1 ts pt1 v •; l ue ~dJuet.ed, and,a1' t er 
measurement, this ws a dtno~ rd ell. Thus tne posstb tlt~ 
or ~sd ioaot1 v e ~r o t her oontamtn~t ion or tb~ pr<~red 

soluti on "''"' eliml.ne t e d . 

It w•• et r'o11nd to be sRt1e1'ao tory to uoe onl y 0 . 1R llCtd 
or a lkali f'or· t.he a!l;j'ustme n t f plf valuee. The actual 
ooneentt•a tion of pboa phste in the r Rd iooot\ve phoapha te 
eolu tion is extr• e ly EHlla l t , lin:! "'' I tb t he volUJtle e of 
solution usually ua~d os s took solution for the rad io­
active phos phate ' ot the> orde r et' ' 00 ml . or l ees 1 it wa s 
fo~md t.ha t onl :r a f <:w dro ps of e i i.hc r aold vr alkal t were 
evt r r~qulr~d over th6 r s nse of pH valu~o e tudi cd ( 3 t o.9 ) 

~ ... - 1 

The adjae~r,ut of the p~ vftlu~ or the ions a da orbed 
onto the miofi sur!'aee under e t ud,y IH\ B a more dtfftoul t 
t ae k than f or the rt~dioao tive ,l)blls~h!'lte solution. I n 
ord et• t o main t.s t n the ph va lue tha t bsd been obtained 
throughout the ec. urse of an ex pcrt mem t 1 t ••s neeesoa ry 
t o carry ou t t!le. dee orp tton into a solution o~ the eame 

value ar. the. t of tilt: t·a~ ioa o tive phou phb te aolut1on 
and the t ons on the mica eurfr oe. 

l!nt'ort~.:nate l;r, it .,. ,.,~ r e~ lte f"d th~ t t t l!iould no t be 
pcosible to us < but'fer solut ions aa desorb t ng solu t ions 
tor the expt r1mentn b e ing peri'ormed. Ana solu tion thst 



a on tAl.nea !UlY poelt1 v" o r negativ e i on s t ha t il81"e dl f f& r en t 

frol'l thol! e untle r ,. t udy ( i . e . s lumin ium. aod tWD . hydrogen . 

hy:l r cxyl. phoe p t!B t e -r c hl or lde) "ottld l ead t o ~'<'flul tJ! • the 

i n tor~·re ta t1on of' l"hiab would he open to QUU ti on . Th i s 

1& becaus e , during the t ime t ru. t t he mice surfa c e t s In 

con te c.t 101 t h t he d ct~orb tng oolu t\t>n , whil e the b ···ckgr ound 

coun t r•ttte tor th" ays t crn i s dett'rmi ned beror e the 

commenc ~men t ot t he adnor ?tlon or ra j i oacti v e phos pha t e , 

s ny othe> r i ons pr e:' <o nt wnu l a be c apa ble oi' d 1e plllc 1n!& the 

iuue under e t u..l.r , 11.nd l eadi ng t o eff ec ta r~ lat i ng t o the 

8deor ;:. tion and deeor~. ti on of t.bes ~ o the r tons • 

.1<n7 poa1 t1ve ions pN :Mm t :u i g n t r e:p : acto t h"' i ons 

ads.-rt>ed on to tile 111 ica eur i'•• c e , n t· u tr&l t d ng t h<> ne t 

neJ u tiv£ o!lal'gll t ber e on , t o a grt> •J t er .:r les a e r ex t t,nt. 

'l'his wou ld l ead t o tile poea i ble f o1'!111l. tt on of s o;ne c om ~J l ex 

be t een t he J';';di ooo tive pbQ&plla t <O and t ile n ewl,v !.n troduc cll 

:voa J ttve i ons . Tne deaorption of t h< r adioa c tive 

phoa phe.te f r om 8 complex with these t one would be expec t ed 

to b e t n eomo "'"Y o bar so t u riP tic or t hv eo t u11l i on . 'i'hua , 

t f the .~mount of ouoh en ion pr erocnt on the mle n sur f• ·- ce wa s 

no t ~ no~n, tt ~ould be extremely d ifftcult, i f n o t i mpoeRtb l e , 

t o c orr c lly in te r pr ll. t th<" r eeul t 11 ob tn l ned fr om the 

deeorp ti on oxpcr1men t s . 

4tlY n egu tiv c t onn . othoi:r loon phoe pt'a t.e , pr es an t coul d 

possib l y be therns~ lvce ~~soroed ~nto the mic a eurfnce in 

SOllle wey thus c1 ther c ompl etely b lock i ng r< ome s1 tea :ft'om 



r8d1 o 4ctt ve phosphate sd~ or~ tt on or el s e n t least oe usl ng 

the r adioac tive ph,, epha e::lBorp tt un to t nke plac e a t a 

Th is l a tter case would b e 

expect•·d U' the eompe ti~ a nion w~; r; leee :Jtrong-ly cot~:pl~xt':d 

w1 th tla: mi oA e u:rfe ce th~n t he. r"d i otu:tiYe ph osph!! t e tone 

~ould be . I f this ~8S 80 th~n the o the r tone WOUld b~ 

di s pl aced by t tw r l!ld toao t.lve rhos p h" t~ ueed in the ex pe riment. 

ft owt~ver , tlle eaae ot: t ble di rplae ~rn en t ~ould .lepend on the 

JUt tur~ or the 1n l. ttally eo•nplGX~;.l t on. \lnles c l t wa s 

lmo~<n J ue t tlOw 1'6fdil y t he l:'e;>lae~ment of' t he t n itially 

c ol!lJ) l exed t on by th~ rad ~ osc tive· iJhos;~ha te c ould t<~kt< tJl a c e 

1 t would n ... t b « r-oa81 bl e to ftwrr. «ny uone lustons t' roll! the 

amo•mt of.' red i oBc tiv e pboe pha tu lie t •l •'Uy adsur l!ed on to 

the ~1oa ~ urt&ce . 

If the buffer eolut i on us~d to ob in t he r en.uired 

pli va l ue t n tt.e de~Jorb tng s olut ion c onta i ned anv ,,• hoe vba t e 

ions a n o t ber <JI t'f' tcul ty woul::l arise . 'Thes e phoepba t e tone 

e ould b r 1! -lsorbt~d •.·n t o the miotl eur1'•Hle dUJ"ing the pr eliminary 

sMtdnp,: of' tho mlea e urta ce "M le the bscl<.!!' r ound c oun t r a t e 

tor the ~xperiment ~<Be b etng ~ekrmined . Them, when the 

mtea rmr:fec e tra P e oe.ked !.n tb" r< 31one t 1ve phoeJ)b!l te 

e olut.i on , a ll poeetb le a . .tnorr ti on si t~ o would h~ '' •' e. lr~ady 

b een II N tl.st1e6 b,V t t:.fl ads or p tion vf' inactiv e nh o!!<pll!l• o 

ions 1'!- v r~ t he buf't'~'> r s ol u tion. 'l'bue th~ only phenomenon 

tba t would occur wo uld be tl:it. excha nge l; e t f>cen 1M e t i ve and 

I'!!di ollc tive pr;oa pllo t e on t he rttloa s ur t'>loe . Tber tt :fore 



t he eubee <aueu t desorpt lon exper imen t would only be 
/ 

observ ble ln r t.epec t ..,f that 1'r ec t :\ on of r ·".l1 oac t1 ve 

pll oe ):htl t e wb tch had t>xc htonged w1 t h iliac t1 v e ph oe p ll!i t e 

du r !.ng t l.e time t hR t t t•e mic& eurfaoe ""s i o ooJl tact 

I t t:ould no t 

be p oss ib l e f r om suc h a n expf? r imf.n tt,o conclude an:r t hing 

about t hf, actu••l or rf:' l e.tlv ~ amounts of t h e V>ll'io ue 

[ pho s pha t e) - ( ml.c tl e urr " c e] (or f!,hc Bpbe t.e] - [ Msorb r.d 

os t l on DD •1loo tiur f'~ ce] c orl'ptex ee , unleet> somo d e ta 

we · e obt.Atnfed abou t t he r a.te:; oi'exc bgngetebce n the 

l.nRc ti v e and r eatosc tl. ve phoavhn te t one F.dBor beLt on to 

tbe mic~ a urfece. 
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t.noth~ r ait'1'1eul t,y tbs t the use or a buffer sol uti on 

WO•> l d haY<. crested Is t t,r. t a l most , if' not all , of the 

SQl ut t on s r egarded .ea bui'fer s olutions c onta i n at le .e t 

one cb el ill t t ng a£en t. Thi s wou ld be ex pected to a t tac h 

1 taelf rJo 11 trolle<; l.l" to any poss ible ode!>r p tlon si te llA 

to be lnoepabl e of dte plec em n t by t he ruJioactive phospha t e 

~~~ion when t h16 c ame in c ontact with it. Thit'! woul d 

lead 1b the observa tion of ei t her n o radioactive phospha te 

a dsor pti on a t a l l , or else m t he adr.o r p t t on only on t o the 

c bel a t ing 11gcr. t 1 t oel!' . Oone~Quen tly, in ei t he r ca s e 

1t ... ou ld not b e poea l b l e to ob t A.tn an)' data rela t i ng to 

t he ads orption vf r adtoo c li v e ;;hos phntf! on t o t he D!1C& 

s urf'a ce,whioh b••d b een the ob;) Lct or the exper i ment. 

Thus it c a n b e s een tha t it is no t poaetble to ue e 



a buf't'el.'- ail.l:ll't i on to ohtaln •l d"sot•l:l ing s ol u t ion of the 

r ,;qutred pR v~tlu~. '·~ b consequence or thts, to obta in 

the l'f,qu1.red pll vnlue t'or the d eRol:"btr.g aolu.t1ona ,solutions 

ot' the o hlortd~ of t he 0 11 tton undft!' " t wly 11ere prrpered 

IJbere poaatble. 'l'hte solutton wa s then el! juate:i to tbe 

said o r eppro~1Qete ly o . r~ sodium hYdro~id ~ as required • 

. Vor aluml.n t uro e turat>,d •• loll s u rface l< perim..,nt!' !t wee 

n ... t possH>le to Pl" •~.pnr r solutions of alurn1n imn oblorlde 

(or aey othE.r alac;1n1wo oolt; wl Lh A pH value p;ree ter 

then abou t 4. 5 , owing to prect p1 t<ll"tion of eluminillm 

hydroxide . 'ttulr&:fore , tor ~xv •it•1menta on alumtntum 
l..v-<-1 

saturated mica ourfacea,S'Oiuttotl~dlstllled "n ter were 

uaet! , tne r~q nired pll va l ue fer tte ex pe rime nt being 

ollta tned as obo"'<: udng by.ir r><:hlorio >1oid '' " s •Hul!1 llydroxide. 

J. t wa ll round that 1'or pli ve.luca oi' 5. 5 or 1 eas, the 

s o tual pH value ot e olutlona pr epari!d l.n tlH'. above !llllMer 

r emained oona t.anttbll' a number of' dayo. 'l'he pH Ya l ue 

or such tdutions wae checked at tiDies 4ur1ng ex pe.r1ments, 

and rrom time to time treeh amounts or solution ~ere uaed 

to replace tbe original solution w1 t hout any s (gntt1cant 

cllSng& 1n the pli Yah\e belng ol>ee1•ved. 



6 . 11 Problems of • xpc:r1mtont.oJ tion at llish pJJ Vnluea 

Some experiments were peM'or rned ,.1 th an alui111n1ulll 

eaturat€d mtoa surfa ce at a p~ va l ue of' 9 . 0 . Sol utions 

of d t et llled •~ter plua a small amoun t of approximately 

o. tN eodtum hydroxide were pr epa r ed havt~g a pH value 

of 9 . 0 . However , after stAnding overnight , it waa 

t'llun~ t hBt t he pi! value bed dropped to approx i mately fi . O 

due to t he a J., or r• tton or 0•1 r non dioxide f'rc!lll the flt r . 

Tbue 1 t. ""' e ap!',flrcnt that , t n order to ma1ntR1n the pli 

valnc of the eo l nt1on a t 9 . 0 f'or tbe l eng th of' t1111e 

required for nn UX!Jf! riment ( usually of the order of' 
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100 bouro) , etcpa would have to be taktm to exclude al l' 

t'rom t ilt: EX{J( rirae nt , l eyst<;lll , 0 1• a l t e rnn HvEl.Y perform 

the . exper1mtmt in .,n atmce pbere devoid :Jt' c arbon dloxt<l P. 

~ a 11. s ~e11ed lllort· p r ao ticabl o t o exclude air 

sl t ogether , !lpp&r~>tue Mle designed to enablt UJ1a io be 

d one . The easieat way t o do t.bie s eemed to be to use 

a c on tatne r that "a r s ea led apart t'rom the hole neeeaoary 

t'or the geiger c ounte r . Then , on introduction of the 

ge1ge r ooun tf.r to thell)'etelll , there would b e r.o reliiS ln ing 

gepeo t or ll1r to pen e trate through . f,f !er some exper1men t-

at t on t be t'lnBl apparatus designed WA~ ae ehoon i n ~lAte ' 

Tt. 1o e onetete ,,.fa tr~o 11tre fla t-bottomed 1'laek Y! lth "' 

•idrned neck into wh1o b le tneerte1 a rubber stopper 

c ontaining a number of' hole s . ~ solid rubber stopper 

wae t aken, ~nd a hole 1r 1ll ed in tt thst weP. onl7 Juet wtde 



PLATE 3 
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enoullh to t'tl. an omd - w 1ndow ge ige r COI.\D ter at 1 to narrower 

p8rt ( i . e . not inc luding the greater diemeter a roUild 

the end- window} . 

t. ge iger eoun ter wao taken and in the UR\Ull o:ay the 

edges aro und the end window end the e1dee or the geiger 

coun ter were ooate ! wt th perar:rtn wax . Aftllr coa. t1~ 

the sides of the end window geiger counte r ~> 1th parsffln 

wax 1 t r l'quir d coneider•• ble effort t o ins • rt 1 t into 

the hole in the r ubber "top;>«<r . nhen this had be en 

done 1 t 111111 found that water dtd n ot leak bt t.w> een the 

oidea of the ge1gcr counter and the interior wa lla of 

the hole in the bbAr a topper. 'l'bua ! t would n ., t be 

expec t ed tM.t !lluoh oerhon dioxide would ·.Uf':f'uese do"n 

be t1!'een tht" aides of' the geiger counter an:i the rubber 

stopper into t U aolutton brlow. Any small a01oun t 

of c arbon d1oxtde thto t did ao <11ft'us.: would no t b e enough 

to alter the pH val ~e of tho solution at gn trtc~ntly . Atter 

the getger o oun ter ll .1 been im~ert~d i n to \he ho le 1n the 

rubb<r stopper, t oe -lx coating on 1t ~a~ checked , and ,it 

it ~ppare~ to hev~ b ~en cr •cked in any •ay, a fresh layer 

of ~"'' r a :f't'in wx wee oa& ted over the t1U<:d areA a till 

a oe" a\bl e . 

A~ well a~ the large hole In the rubber ntopper ,thr~ ugb 

which the end-~<>indow !{~is; e r countep wae ineerte1 , three 

mor e ama ller bol c.<e were bar d thr:)llgh the r ubbe r stopper, 



arounJ t.n .. aide of the larg" hole . Through one of theee 

holee ,, 100 ml. eepar<o ting runnel y,·t tt; ex t cnd<>d equ.are-cut 

out let tube was l.neert~d . TMa wae arr<, n!Jed with the 

square-cut e nJ ft t t1ng flush 1Yl th the bot tom of the rubber 

cor le ( 1 . e . the e n<l a t which the v1t:dl}•· of th end-wtndow 

ge tger counter ~a ~laced ) . The aeoond of theae holee 

'liae bored parallel to the s1op1og aide of the rubber 

e t.opne r as eho~< n tn rtgure 9 

bole f o r stirrer- bol ~ fo r 

pamllel to aide geiger coWl ter 

o!' et•)p[,e r 

! n to tbln hole " plec e oJf g l ee" ~IHng CJ f ex t e r m>l 

. diameter eqWl l to the tnte rn •l cHe.:~et<J r of the hole wee 

i n ertE.d . Tbla we" plaoed eo th!l. 1 t ~ae fluah wl tb 

the bottom of the rubber etop~er . Tile othr r end W9B 

madeto protrude :for a ri' r oxiwatt·ly 10 ems . pset the top 

o1' tbe rubber ~ t c pper . 1'hroug-h tb! e gll'le r tube a 

c entrl.f'ug, l ettrrer •"e inserted . Beoauee of tbe 
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angl e of t he hol e i n t he rubber sto pper ,the bottom of this 

c entrit'ugal stirrer was al.oost di r ectly below the <~~l oa end 

window of thf end- window geiger counte r that we e in the 

middle of the rubbe r stopper . The c entrifuga l stirre r 

11111' driven by a " Towers" brand overhea d stb-ter motor . 

The o <ntrifugal stirrer constoted Qt' a g lass r od onto 

one end ' f .hl oh wa~ joined a pi ec e of g l a es tubing. This 

tubing ended in a h ollow '' T" p i ec e ( eee fi g ure 1D ) • At 

the upper enll uf' the g laes tub e , ju t belol'l where 1 t was 

joined on to t he gl a ee r od , therE was a hole ~< 1 th a lip 

which protruded to one side of it. 

"T" p i ece 

--~-- = d i r cott on of ater n ow 

!o' IGURE 10 

When the tube r o t a t ed in t he di recti on indica t ed by 

the arrow water •• a " ORught by the hole ( the protruding 

lip helpi ng to forc e more water do~n the hole ) and wee 

sucked tn a t the to p of' the hollow s ec tlon of the 

c en t rtfug nl attrrer,:rorcE'd do•:n t h< tube , and out both, 

ro tating , e nd s of the "'f" p iece . The directi on of water 

t'lo~' i s indicated by t he r ed a rr owed ,line . 



l t .,,.. 11 n ec est>:u•y to up~; " o e n trt fuga 1 e tt rl'er o!' 

thie ty pe , r 11th r u,,. n an o tllC "I'fi BP pr e.f"er .tbte !M.gne ttc 

etlrr<'r on:l !'ollowel" ,,., 11-ao uei"'d in t r.c reet of the 

deeorptl.on r.o rk tn. tnt o t hesia . ( 'l'ne l'llll J>ne t1c 

· d hovr- th~ g r cn t edvon tli ,; c tba t It ' ould 

ellmtnatt t oe n eed for eny ;~ trect c onnecti on "ith 
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t.oe oute t de of t.ae other~· t ec tot!ll ly enolol'ed ap!)aratue) . 

Tbe reason !'or this i s tbi!lt the &!> Pfll'llilla te tol.ally 

encl o~eJ >~ni1 the r e in no a ir & ' P abov e the solution. ' a 

a r esult of tbte th~re would n o t be a vorte~ !'ormc 1n the 

sol ution . Thus the Hqutd preoen t would only be 

etlrred in 8 bort zontt>l plane , and' there 1\ould be no 

.al xing f' r om t.., ;) t o bo t toll ot' th£ t!lo lu t 1 pn . 'l'his 

wool~ be ~oet uneatfef~ctory, n~ , when eo e of the 

rec! l.o~ctlve ~hoe phe t.e b elj' n to b e deeorbe l 1nto the 

eolutton, 1 t would not b e r n uov ed to a grt~a t Jtl"t.~nce 

a• a.r f' r •Ill t he end window, an-.1 t.hue> t he Bene t t1 v e volume 

of' t be geiger coun te:r . 'Ibufl eomF> , rtt leaet , of the 

deeo rbed r !l l1oact\ve phoe l•h>l t <, would et111. b e c ountf'd 

by Ule ge1£er counter. 

If' this e1 tu» 1.1on l'lr osc 1 t would leau t o er~Pneoue 

r eeul t v. , as tile AC t.w l loee of' cpun t rA t.e would be le e ll 

tllan tlle true lose .;f radtot~ ctive os pba te .from tbe 

mt ca eur!'~ce of the end window v f tht geig cr c oun te r . 

Also t.he r oo <> ld be tne poes t b1 t 1 t,r th t> t some of the 



r ad toac t i v o phoapha t e , if' tt stAyed i n c l one enoug h 

pr ox 1m1 ty to tt; E< micA our fac f'or " auf'f tc ten t l&n!! t h 

of t i me , ooul.:l be r< ~ jsorbed on t,o t he mic a su>'face . 

Tilt s 111onld make t oe ·~bae rvo:>d r esults ev <· n more d t fft cul t 

to t n t e r pr <. t , as there would be lft!l r <' t.b!m one phenom<"no n 

betne- oba l' rved a 1m1Jlt8ne ously (l . e . both 1 ee orp tion and 

rtH dsorp tton) . 

A t hi r d e mall h ol <' 'II'Re >~ lao bored thr ough the r ubber 

etopver , emaller t ha n t he holes for e ither the ettrrer or 

the a qm r uting funne l. Th1.s y;es to llow air to esc ,. pe 

frQm t he 8 1-JP'l t"B tu a 88 l. t i<Bf! f" U led 10 1 th e ol U lion Af ter 

th"' rubber stopper haa b een l. naer t e.d into the neck of the 

t wo l1 tre rla ek. 

At' t r the eep, ra i1ne tun nel, end- wtnd vw ge 1ger counter 

snd gl as s \.ube to t.ol:l t he c entr tf'us-e l s ttr•·ero had b fe n 

tt tteJ to t he r u bber e t:~l' , t he bottom and s1dcn o:f the 

stopper 'll'tl' rtt cos t d " t th •s.x . 'rh to 'llfiX served a tv:ofold 

purpose . lrirBtlY 1 t el1mlna tfld -t.lle p oeat btlity of any 

r il toact1ve p hoop hate taa t might hav <r oo:ne in c ontact T. ith 

the rubbe r etop!>er being adsorbed t he r e on . 'l'hla r a d io­

active phos phate mtgh t ba v r , enbeequen tly , el th,.r <H r e tly 

tncreesed the amount of r •l d1 o'lott v1 ty d e teoteJ by the 

getger ooun~r , or , on b('t~ deNorb~d into the s olut l on 

in t he t l> o U tre t'lHsk , be s ut'f'tci cn t to i ncr eas e the 

backgr ound c ount r a t e due to the s urround i ngs of' the 



geige r c ounter• end thus invalidate tbe dst.<> obtlltned. 
Such a poes1 b 111~ existed beoa uee, once tbe g~ tger 

c ounte r bat! been tnaerted in the rubbe r stopper , the 
backgr ound ooun t r 8 te 'liS& de t el"'ll1ned "lth the end. wln<iow 
of the geigel' counter , 811 well aa tlle bottom of tlle 
rubbe l' s topper ,oovered ~itb eolutt on in the t~o litre 
~last. Tbe mica end wtna ow of the ge1ger c ounter 
was then pl a oe;t l n r ' d io .. otlve phoephate solution !'or 
a eutt..bl e time. and then, af t er r1ne1ng i n a portion 
of deaol'btng solution, the S•iger counter and r ubber 
stopper were reinaertcd in the ne7k of t he o litre 
t'laek Whic h was then completely filled w1 tb aolutton, 
and the deeor ption exp~rlmen t performed. The gelger 
coun ter wae not r~moved rrcm the rubber stopper during 
the period of tb 1mmere1on of 1te mice end ~1ndow in 
the radhectivt~ phoeplulte soluti on , end "bile endeavours 
w re lllll4e to t-.rae only the ve!'y llll4 or the ge1ger 
counte r oonta1n1ng the mien end l"indow into the r aJi o­
!lo t tve phosp h9.te solution , 1 t WBe poes1ble that the 
bottom ot t he r ubber stopper came into con tac t wi th 
the N:l1 ooct1ve phosphate solu tion at leaet for a ehor t 
time during t he 1na rtton or remow•l of the mice en4 
window from tt1o s oluti on . 

A s econd reaeon for coating the r ubber stopper with 
wax 1t1 that th&r e oould be 1mpur1 the i n t he r ubb er which 



could be desorbed on prol onged contact with the deaorbing 

eol utlon. Tbee i:npur1 t1 s could then possibly be 

rett deorbed on to the mica l<'tndow t o some degree thus 

poeat hly aN'ectlng the reeu l to obtained . wox coa tillg 

would pr ev en t. t be r ubber of' the a topper ac tUBlly coming 

1n con tnc t w\ th the deaorb tng aoll)t l on. Such a coa ting 

would thoret:ore eliminate the poeelb111ty of the deoorbtng 

eolu tion ( 1.1nd pose ibly aubeequen tt:r the mica sur:taoe 

ot' the geiger coWiter end 1'11ndow fJ>olll 1 ta contact •t th 

this solution) being contamina ted by any i mpuri the 

th.4: 1111!iJht be <>n the ourt:'sce of' 1'll rubber stopper . 

Tbe whole apparatuo for use at high pH values 1e 

shown aeeerubled in Plate ' 11•91& The two 11. tre 

:tlaek v;·al!! filled to about one inch bel ow the neclt w;i th 

the required e olutton . Th n t he J>Ubber stopper, 

with the end- • t n ow ge t ge r counter , eparat1ng runnel and 

centrifugal et1rrer rt tted , was tneertel into the nec.k 

of the flaak. The S «' P IU'& ting funnel woe filled wt t h 

more of the solution hAving the re~ uir~~ ~ va lue . Thte 

a olution wetJ then rm i nto tb . t >·. o Utre floelt until 

tbe aol 11tton level ~ae alllloot u p t o the botto:n of' the 

rubber stopper. 

At tbia a1.age the C t< n 1.rlf"ug •> l a tirrer was epun 

ra pidly by band a ntUllber of t imt'e un ttl All otr bubblee 

trApped tne t de it were forced out the bottom or it 



throu~b the "T" piece . ~ore af the solution in the 

eoptU>;4'G'l8 runnel was t hen rnn t n to ths bo 1 i tre fl a etc. 

un ti l 1t b eg~n to ove~fl ow throu~b the sir- ~cape hole . 

4 vt ~u~l exeminst1 on woe then c onducted for bubbl ee 

remaining on the surface of' the mica end-whJd ow of tbe 

getger counter , or on the und~reurfsce of the rubber 

s topper•. If' any but!iee wel"e obeel"ved the whole 

appa r stul! wee tUt~ elightl:r and J"ota t ed untll they a ll 

van !Abed up the ail" cso~tpe hole . A 11 ttl e I!IOI" C 

soluti on wa s added until the s ir esca pe bol e was again 

:t'ull . This hol e was then ttltb.tl.V.. s toppo,r.. wt t h a 

glass e topper. On OJ;<cning tile "~ ;>'H'e t1ng funnel a top 

cock once mer€ the s ol ution wee made to rise up the gap 

b et<" e c;n the. c en trU'ugnl e ttrrer a nd the g lass tube tbrougb 

which 1 t 10ae t o rotate, to a he1ght of about 5 cm. above 

the top or the r ubber ~opper . This wee tbe only seal 

batlieen the 61r a nd the sol ution i nside t he two litre 

.J:'l~{!~. Tile total a rea of' sol ution u poaed to the 

.. t .r in this 1113nner would be less than 0 . 05 am. 
2 and the 

a i .r a bove this solution would not excb~nge with tbe rest 

or. the a ttnoepher e ve ry readily , ao 1 t would be trapped 

between tt,c stirrer shaft end the gleee tube eonts1ning 

1 t . and could only dttfuse tn and out r elatt v ely slowly. 

'l'hue l t oan be eeen that tbe amow:t of oarbon dioxide 

adsor;:> tton by the solution through t.bta Mal would be 

very slllllll, and would not be expected to sN'ect the pH 

value of th ~ solution ~1gn1ficantly . 
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f, l! 0 teo t or the l'lbtll ty or t.h6 llp~ ra tus to lll!l in t n 

a sol u Hon aonnh ling ~nly of' dh Ul:td water plue a elllllll 

amount of' sodi um hydr ox id e at a pH value of' 9 . 0 tor a 

lengthy pc;;r1 cd or ti a>t! , !I e olll t1on wa ll pr ps r cd Slld the 

appa;ratuo assembled aa described above . 

pH value of th~ solu tion us e~ wao 8 . 9 (! 0 . 05) , and after 

cons tant a ttrring f'or one •ee'k the pH value "'as found to 

• 
bave d. r op;.ed <)lily to 6 . 7 {- O. <J5) . Tbio wag considered 

sa t 1s:f'ac t.ory fo:r the expe rl m~n tl!- to be per to:rmed , ea t t was 

felt that , so l ong ae the pH value was rna1n t.a1 ned o\ 9 . 0 -

0.1 dlli't ng tl,t~ courato or an ex pe riMen t, there wo.1ld be 

very little , 1f ony, ef't ect on t he r sul t e obtRlned . 

the a cl ut1on , whloh bAd bee n fre s hly mode up wt th the 

pH vo lue ~~~~u~~~~ to 9 . J , wbleh ~au place~ in the e epe rftttna 

funnel. V."aS U$1.1n 1. l y ;"MOl'£ tl>-'n WIIG r er,utred t o fill Up the 

o litre Clerk ac de cribcd above . f\!'Ur the baclqr round 

c o un t r e t e bed been •leta rmtned , tht> r u bber etoppe,.. ~<!Ill removed 

f r om \h( flank otnd t.h~ mle<t end- windo'l of' the getger counter 

otoel<ed in tll • l'a·11c•lo\\1vt- phos phate eolutlon tor !1 eut oble 

p~:rlod of ti e , Bc t~r~ replaotng the r ubber ~topver in 

the neck of the t wo-11 tt.'e flo 6k eo me ol' the a olu t1 on we a 

elilp t i cd out , snJ tht:n tlltJ f 1ll1ng pl'ooedura repeated once 

more . The eolu tion r<~a1n1ng tn the eeparotin£ tunnel 

flooili th(. Ume tbti bsc kgr <;Ulld c oun t r f> te !lleaeuremen t •11n 

com.:euce.l un tll the t1tne t tH! actual deeorptton el!pt!rimen t 
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com:r . .,IJoed a e nat found tG e% hib 1 t any ohnnge in ptl value 

dur t r.fi tlHe period or time . l t •· a ~> left exposed to the 

air tn the uepar&t t ng ftmnel, but the insertion of a 

gr ound g l a oe e toppe r tn ta t he top or the a •·)>ara ting 

funn el ac t ed ~ a a barrier ~ t he air outetde. hf t er 

the •• c t ua l det~oPption ex pe rimen t had commenced any eurplue 

ao l u ti on r ema ining t ·n the s e pa rs ttng runnel 'llfe s r <'moved 

lllith a p i pe tte and Ji!lcarded . If tile t~>.>lu t1an t o the 

t>H) 1 1 t r t. J'l a ak v.as r evhc <Sd with a f r (leh amount du ring 

the cours e .o t" an ex p«r1mcnt (fc1• exa :nple to check that 

the r e ~a e no oontFibution to the observ~ d caun t r a t e from 

l1 eao1•btd r Md l. oo ct.tve phos;,>hll t e 1n the solu tion ) the 

s t•pa r !' ttng runnel was r efille d 11 1 th .fres bl;r !llade up soluti on . 

Pe r• t.lle atar-t >1' t he actuAl d ea or p tion eJ<p(· rimen~ in 

t he tot.l ll y e nclosEd a p Rratus , z e ro time wAs t •1kcn "5 the 

moment when the deaorb ing sol ut! on f' tre t c ompletely 

cover~d the mtc a aurt'ao e of' the end ~< i nd Ji\! ot' tll.: ge tge r 

.~ t thi s time exac tly the otr i;:> char t in 

the r ecor de r ¥·Pt; marked at 1!8"0 hourr , ami then tbe 

r cms inde:r of' t he >l tr 6 pr;,ce inl'li de the aprnr atus eltmt nawd 

in the pr e v i ousl y d!lsoribed manne r "" 1Jutc !tly Bl< poe fl ibl e . 

I t wo e found tha t conet d erable e a re w•• f'i needed t n 

pl "! ei ng the t •,o ll tre f'l &l"k eo t h" t. t he " "" t1• lf'ugol 

s tlPr <r r o t8 t<:d evenly in t he c ~n t ·r e or tl .e ,;he a tube 

thr ou.;rb whicll it pass e I ..-ben 1 t "'68 conn t,otcd to tile 
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ov rb~· stirr r mo tor . r r th$ ltning ~p or tbe stirrer 

mot-or, stirre r aml g lass tube oont tntng til e sttl"re r was 

no t almost perf~ot 1i ~ss no t possi bl e to oaus~ the 

I t "B B of t en. found 

t hs t conel-' er•• bl e mani pu.la tion wo s t'eq u lr~>J bc:t'o r e. a 

ea tls :t'a~ t.ory a tirr1ng e peed could be obta ined . 



~1£_£gntrol of the pll Value of t he f pecieey on tbe 

li:l. oR Sur 1'ac e t 

As wPl.l. Ill' the rad tooctl-ve phoopba te solution 

a n :: t )lj, d l:aorbing soluti on t t. 'l<:ilt> necess.,ry to. ad just 

pool i1vr. ions nd.eot>bel onto the micA surt'aoe Wl<.ler 

. study to the ph val ue at wbto ll it ~·& a de ,.1 Nld to 

perrorm the deeorp tton experimen t . It e ~ eme unltk~ly 

tba t tt. ls would b~ qu it~ s a 1mportnn t for monovAl en t 

o••t1ons such as tlodium 3 6 t ~ ?Ioutd be f Cl T' muiUvRl .. n t 

c•' ttona ouch 'lA a lurnlniu.ru . In Ltle e>~ae of flvdlum 

tone fol" instance , tl ere is only one poa i tive ollai•ge 

pe!' cation , ond thtu 11 111 b < :'~lly n.:cutraltze-1 by the 

r0sidu!< l neg'J tt v e charge on t t.e mic" eurfuoe • Thu.s 

1 t woul d n_u t be ex pec t eu tl".8 t a chMlge in the pli value 

ot til e env i ronmen"\.t~l aolu t l on U(lUld beve 111Ucb e f'f'c ot 

on tile nature or tne oodt um ion" c onoider ts d as adeorptt on 

et tes f'or ph .Jep ha t~ ions . 

I n t ll11 r:ork thl\ t bse beer: undm· t t>ken :tGl' th1 & thesis , 

adsorpti,,n 1!1 tc.m :·<:J r ;)bocpb!l t .. r .ola ~od to the edgc·e of the 

mtc:a obc e te b H Vtl n " t b~cn c onG idf' re l 1' . l' " tudy . Jn 

tac t, st( ~o• s have been t &kerJ to e l iminate , or a t least to 

mlni.,nl ee , th<~ Glll•>un t or the edge a ot' t he 111101; t> he e te 

poet t i oned where a dsorption ooul •l O<'eur . i'•h1le it would 

bo tiX {}< Ct ed that dl f ferenoes 1n pli -.alues l'IOllld ht~ve a 

pr ofoun d e t'f'eet on any sites suoh r•s tbFse c~ge sitee , 

whtoh "'ou ld p!'ohab ly be duf" to broken bon~e, <~nd e o 



cspable of el(isttng se el ther poeit.ive or ncg;, t i vl> 8ltel! 

accor<.iing to tt;e pH val ue (fvr an account <:>f tllie t,ype 
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of be ha viour a.:~ for example Fh l<l ea and tichu!'leld( 196<>-}- ) , 

1 t dO<·e n v t 8('8!11 prob ~ ble tt,at tber.- would be ve ry much 

ettec t on e 1 eor otion !'\ tes r • la t ed to tbr " c tu'l l :race 

of' the :ntc" eh< ete . 'l'hun 1 t doee n •) t ""6111 vcery l ikely 

that , tn t he naee of' 9od1um (ol" othe·r lllonoval<·nt oatlon ) 

ea turs t ed mic~ aurf'ac<' ~ , the pli vcalue of' the eolut1on tn 

contact wt ti:l the m!c 9 sur1'ace wou l :1 be very importa.nt. 

Mum the o se ut" a mu l t'lvrtlen c c" tion, su.::h s s 

slWllinium, neu tl'tlliz1ng t b'" n t ne"a tive chttrgu on the 

mica surface ie c;,ne1 dered ho,..evur ; a d i ffere nt P.icture 

pz·e~en ~ i tn!!l1". If ut;ly one p<>s 1 Live .::~h> , rge. r•er 

CBtion is Utle;;t I n the neutra11zat1on of the net nego ttve 

c h11 rge on tlle m1c· ou1•1'uoo , tll E>n ther" 14ill be u nc or 

mor (be 11" alum1niWl1 in the c a t lr..n c oneider ! d ) .:>oat tive 

obot•ges N 't8a ining unneu trsl tze.J by t ile mic" surt'01ce . 

;>epencling on the pH value of the aolutl.on , thee;; r..1ght 

be tlXpucted to exi s t either S ol pus! ti ve oharg<>s 0 1', U' 

the pli va lue woe euf'f'ioi e- ntl;r hig h, t o have hyd roxyl 

g roups a ttaohe :l to them. !:1.' th<·r (· \'!e r e o Iller n egA t.tve 

ion"' pre~ent in the surround i ng solution the n thee~ i onn 

eou1 d 8 lao poselbl,V be a ttscheJ to tbe r cma lnl.ng poe1 ttve 

charge e un ~l;e O'l tion. 



f> .1 21 The ~t~ect or Cnanaes in pH va lue on the Na ture 

or Alumini um Ions 

The rautt1valent c 'l tion on wh i h moa t work hRs b'Ben 

d one t n t he pr esen t thesi s 11' alumin i um, a nd t he e f fec t 

ot' changes in the pi! va lue on th i r< cat i on will now be 

c ons ide r ed . In sol u tion , at s ufri oi entl y low pll 

va l uet3 the a lumin ium is present fl s the hYdra t ed ion 

( Al ( li,P) )
3

.. the WP. ter mul ecul es b eing presen t in 
6 

oc ta hedral c oord i na t i on around the c en tr'l l alumi n i um 

a t om : 

• .. H 0 molecule 
2 

e = AL atom 

Al - H
2

o b ond 

wh i c h will b e r epr t:sen ted by: 

li 0 
2 

H o / a o 2'---- ~ 2 
Al 

.h2.0~ 1 ~H20 
l 0 
2 
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,~ a the p H va l u.e is lncreasecl u g r tu1ua l change takes 

pl oc e tbJ•uug h a number of a t epa un.tl.l ev" n t ua.lly a pro;c 1p i tate 

of' a l uminium bydr o,-:ide AL (OH) 11; :formed . The pr ecise 
3 

nature or th ePe change s does n o t s eem to ha ve b een eatabllshed 

wi t h :f'insli ty . llos t of t he •lV ,• il ~tble lite r!\ t ure ds.ta 



seeM to •avoa•• We ftr"t otep as beiag ono of t>1o prooeo eet 

eith~ Al (~f:!O)r • H20 ~ ~l(H2o)5o~ 
2.. + H-,0+ 

whidl t!1af be written more simp)¥ (leaving out Ulo -~ 

1110leoul.oo as90c1ated with th<> alll!lliniW!I) 

or 

Vbi ctl MY be written as 

'l'ha atraot.u-e ot the a11.101n1t1111 OOllplu t&.l'lled by (1) 

OH 

. .,.'---.\ / 'i' 
Al 

H20/ 1"'1120 
H

2
0 

while the alllmini.ll!ll COIIIplu dimor in (2) ha!! tbe 

106 



t hotr a11l6].e r1apt1ve charso be : ween tllG two alw!ll.niwa atO!!IS. 

• • 0 11 group 

• c n2o molecule 

• "Al. a~ 

- .. .u ___ ll20 bOod 

- c .U·- - (Oll) boncl 

Tbe ftrot !)MCGaa !'(letulated for the first b¥d1'0lyoia atep 

(1) :Us t11o 111rlp1er of the two and would \le tba f1rnt of a Dll"'bGr 

of o:l.mUar a • o:~a 1t tbero was no tendency 1\)r con4ensation ~ 

l:he ooaplex 10na fol'llllld . 'l:hes<h atap., woUld bet 

,. ---"'- ( ) 2+ .. ( ) 
Al. + H20 ~ AlOH . • Jt • ••••••••• •••• l 

(AlOH)2+ • a2o ::;;:::= tu<OH>; r • 11 .. ... . . . .. (,) 

(.u(OH); r + ~0 ~ Al(OH)3 + H+ , ,,,,, . (4) 

.U(OH)
3 

+ H
2
o ~ ~(Oll)~- + H+ ,,.,, ,,,(!)) 

Thore eoiii!IS t ;, be no mention t~~~~Vber" in \he literatare of tbe 

existence of step llo, ( 4) . .Ut boUiJb no refo oncec to ita fll~tlon 

by equatiOn ( 3} wera found, tbe exiateOCG of the epeoiee 

hao been poatalated by Treadwall aD4 Lien (19,1) , 

'i'be exiatence of this a ctee ie, hovevar, r efuted by I UatiiGl, IUaes 8ll4 



xo~eld (1935) and a1so by Sollchaf (194o) . 

Stope (5) wbiOh ie perhapo better written asl 

Al(OH)
5 

+ OH- ~ [A1(011)J-

1a the d l.seol .. Uon ot soUd lllusi.n1WD hfdtox.tde to fOrm the 
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alwn1nate l.<)n. This etep le f a irly well establ1shed an4 has an 

equilibriWD const Mt for the above equation 

l • 
~1(0H)~ 

E-t<oll )~ ~HJ 

the actual values quot ed rangi (nt 25°C) trQII 101• 54 by 

'£110 phellOftlcna ocCI11'I'1ng 41U'1ng the 1oU1al etage:> of 

bydl'.'oly.gis have been 1nveoUgnte4 by a Rw.oor of ~rkers. 

'l' reeJv ll and Ziircher (1932) pt'tlparod basic solable 

chloride of alu;uioium by Ue~olviog al.U1111n1WII 1u l.JleUi"fioient 

hydrocltlrl o nc14 . Tbey also s howed th8 ' H waa po1W1ble 

to O>l'Qpa:'c tlleoe baaio ooluble chlor1dea by diet.clving 

with the same proporttee remllt b'oe d ies olv1118 tro!lhly 

preoipi tat<·d aliJ<ll1niWII bfdrolrlde (.U(OH)
3

) 111 eitber 

1n8Urtlo1ent hydrochloric ao14 or insuffic ient aluminium 

chloride solution. However these las t two 'lethods ot 

pl'Opu'BUon t endo<! t o give clo14<ly soluUono 11114 Ill) wero 

not reco~~~teoded. T 1 trat1one of tho pro .,.....d baoiO 
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ohloridee ;,1 th alka li 1L'ere per t oMied eleotrotner ios lly 

ue lng a plotimun el ec trode wtth s 0 , · oalo:ne l • leotrode 

ae r e fere no c e l eetrod{' , flor king ' 1 th carbon d i ox i de 

i"re .- s l luJl i, en,] in an ine rt atmoepbe r e , th i'Y obtotned 

r e oul t s that t hey l~<ter J;ret~d es giv inf.( evidence tor 
+ ( • the '->X1stence ot the a pee iee .U(OH)2' ~ OH)'} 

a nd t he oom iJl ex: 

0 + 
Go- u / ~~ 

--0/ 
formed by toe el1m1na t1 on of wr.~ ief' thus: 

2u(on); + 011- ~ ~-u(:)~+ • ~o 
alth,,:gh th E- ~b ove e1J U& t1on 11!' a l most c ertalnl y on ly 

the end r esult o:f a n.umt.>er or e t epa . 

This c omplex ta t nter eattng h ecauee or the appar ent 

pr e e enc e ._.:f' an oJ<ygen bridge between t wo alumin ium etome . 

·rreedw~ ll .-. nd z \ircher a l!!o 1'oond tha t on 11d,H t1on of: more 

a1ka l! th € n 'b ove eomnle.x is oonvel"tPrl to u hydr fltt'd o~ 1de: 

whic h they t!'!Y is t our time!" more soluble i n allc:e l1 Ulan 

t nt: ll!~ unl 

The t~ o e uooeseiv ely rorm~d eom~lex 1ooe Al ( OH) ; 

a nd Al 
2

(011); are a 1eo deao r1bed as b eing vr epar ed 



Kuntsel , Rieea and Konig:teld (193')) bf:lieveJ tt111t 

the process of hydrolysta 

'l'resd wtll and Ziireher . 

more o orep l ~~ than did 

't'hey euggea t t.t.e exiB tt-noe 

or two prooeaeea (11) Prillltlry hyd.,.o lys.la 1'11th consequent 

for mA tton of , b"eic s>~ l t; lind \b) ~' olyt~wrtza tton or 

the b" sic salt t_. g 1v., a n e •. form tha L l R r e a L t>J:> t to 

aotds. This hypotneats wo u ld ht!l p to ex pl a in why 

the titra tion of a lUllllnlulll Mlt:; wi th al\<.:• 11 is uo 

dif!' i ou l t i !' n v t 1mposaibl e to N V<.r>J:; onee ur,y pr eo 1pttate, 

E> 'l. ;Jposcdly of 13l umlni nPJ hydro:x l.<i~ 'is 1'o·tmed . This 

pl"et! lpttate 1r; very r ea\lily fol'flled , even ot low pH -vr. lues 

( leas thon ::; ) anl no o.u1ount. or a ,;: tt ... iton uf th"' solution 

S<lM•a to oom;;1e t~ ly t'(:d isa ol ve i t. 

etion of a ba sil:: salt of' n l u:n i n t u .. , a l.".:! in ·•gr cemer. t l' lth 

slmUur oono l usiona r~ache<i by EJ c,n•,· u:n ( 191 .) ) as a ruaul t 

of ·bie \<ork. wilh ohromiu.m s a l ta. 

Soue hfl:/ ( 19411) t'ound,by oy ··oaoo:>io meu,ur eruF:nW on 

Pu t eotio l'at >~ e ll t u;~ ni t r ·> Le/ice cni ll turea1 deftn1 to evi;ienoe 

f or tlle exletenc e of the s ;.ec1es (Al.OH)r H.., sa i d 

t ha t the r e Gm<-t 'b e a contlnuol ag :reg~> t\ on o f the s pecies 

t'rom x =1 t o X= 2 . 2 

uo 



a11.1111n1wn enlt) at whtel'l ·>Oint precipitation vas oba,;,r.,.d 

to oo• \11' 00 allowing the oolut1 >ns to stand t or ro1110 time. 

fhi,. Lheory 1a ulightllf diff~rent from that or Jander and 

1111lkel (19:n) wllo bol1ev9d that condensation occ-..r•'e<! 

It ba:• been ostulatod by l'a..tel'ler;-s (1J4B) , (1954) 

4ietinct proce1111•u~o WbiOil of tbe"e p.c·oceeses 18 predoa . nant 

depends upOn t he concentratiOn or tllG aluminium ions. 

Three concen t.rat!.on rnDBeo are coll8ide-·e4. 

(1) ll:lr an al••inluGI 1on concentration of sreater t han 

1 11 10-2 IIIOlaa par lit.nl . rhe rre4Minant r eanion na.·e tal 

,. ___, 
2Al • 11120 ~ (AlOII)~+ + 2H + 

aod the b,pdro1ys•e constant 1:
1 

la g iven by 

[.uos>~ &:P 
~'~ 2 

(2) l'ol' an allllliniWD ion c:>nC<Jntration of leas than 

5 X lQ-:5 ao!oa por Utro. r he predominant l>peol.ea produced 

in tll18 conce nt rati<>n l"'I..IG" is tho IIIODOIIIel' (Al 011)2+ 1 

u'• • 11
2
0 ~ (uoM)2+ • 11• 

wit~ the bydrolyeio constant K2 
tor this reaction being 

~uo11>~u'j 

~'1 
( :5} l n llo ooncen :re l.on r anse (f or al.Wilinium iOoo) 

lU 
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between 5 a: 10• ' D01e3 per liV'e and 1 a: 10- 2 11101s~;; per 

litre the two ions (Al OH)2+ and (Al 011):• coexist 

in ee-~ivalcnt propol't10na. 

!r tu1 hydl")IJlln ion roooentre.tion [nj is Qi Ven by the 

eqtlllltiODI 

VII~ c • concentration 
of alt1111:Ln1wll ioos 

from tbia e quation it U poa ' 1ble to CtllO!>lata K
1 

an4 tt
2
• 

The value~> euoted by li'aucherre llht 

and 

K1"' 5. 82 ll 10• 9 for ionic a~reiiiJVI ::!!: 0. 60 

~· 8.72 a: 10-9 for ionic etrongtb. :::!!:: 0. 12 

~" 1. 07 :1t ll>-6 tor ionic et~ :::!: o. 60 

K2• 1.~ a: ll>-6 for 10nic atnll8tb .:::!:: 0. 12 

~be actual ra.,.>ltB obtained by l'al&eherre di d !lot 

completely agree with the theor y axpreeaed above , and ho 

aeeunuit\ that thi s vae becauee of 'the p.reaance of G!118ll ll.'liOUllte 

ot high<U' apec10a even at an early atage in tile tUrat1ona. 

t.iV1denoo f or the for:aat1on of oondeno"'l CO!Iples lone 

in eore concentra ted eolutlona 1a Ill eo available tor other 

iooo than aluminiua. An elellll,.ls ot thi s U the work of 

Geloao and Fllucberre (1948) on the 1\Yclrol¥111& of lee4 nitrate. 

'l'hey found that at c.ncontratlO<lB of lead ( p].Ut4lloW11) nitrate 

groot;cr than 1 ll 10• 2 110las per li ~re t he 

4+ 
ws ( Pb Oft ) 

4 

0 111naat 8P8C18B 



wh11 at c onc en t ra tions leaA thBn 5 J: 10- } 

ll t.re produm1nantly { i· b CHi+ wae f ormc:d . At in ter -

aaedta tc c onc n1 t t1 c:ma " mtx t urt? of the bo 111 olea wee 

obt91ne4 . 

!lor e r t<c en tly , de~Ucd e ;,uJy o!' poall1ble mec haniAma 

for t he hyd rolysis of t he ~tlwntn lum ton in dtlute aqueoua 

aolu tl on l'l hsa been pe r t'or ed by !<'rink and Peeoh (1 96} a) . 

Th y atud1 e<l tb lly.lrolyat a or a luminium chloride sol uttone 

1n t he c ?nc entr•att on r ang e 10- 2 to 10- 5 moles ~r ti tre . 

After c ~nelderstten of a number of poe tula t~d !"P-Action 

mecbantams they ottme t o the conclusion tM t the mos t 

probable ~oe th staple fo~DB tion of the uncondeneed 
. 2+ 

complex ( Al OK) t . e • 

.u<o2o>r · n2o ~ .u(R2o>5oa2• • u,o• 

Bec aune the h;tdrolyab constant wae found to b e too 

high on d iluti on th~ ex planation we s of'ter~d th" 't ao:ae 

alnmtnlum hydroo.x ide .bad b tl e n J•l"<' c lpl tl\ted . This 

e lum1ntu• hydroxide wae pr esumably present by the more 

<-X na1Ye hydrolysi s o:f a e<llflll por t ion of the a lwainil>m 

tone ..-resent. The by pothea1n .l&td waa thn t Ule &fJ l ution 

wae s upe rsaturettlJ <, 1 th s lum1u 1uan h.t.:l roxide r,J on dilution 

eome of tMs ae e pPec1p1tatod out tbue upa t • tng tr.e 

equU1briiWl and caua t ng an 1ncreaoe tn t he nydrogenion 

o onoe n trn t1 on and thus in th by ll ro lya1e c onstan t . 

Fur ther work oos l> een oarrt~a ou t by the a o ;e authora 

VICTORIA lJNivl R;ITY m 
'tb'ELLitiGTON liBBARY, 
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ion in lleot orite and mntmorUlon1te eue poms ioae . They 

b~1evod t hat i nitial llydrolye :us procee.led as t hey descr1bad 

aoove, snll, tl'otll uolut13ne ot aJ.ue~iWil in 80diu111 chlOride, 

tbey bave oaJ.o>llated a vallle tor tile ttydro1Ya18 cons ant 

or 10
4

• 9• On soil mat<>rials alu,. i niUII 1a preeeut ae 

Al 3+ ions. e other aluainiue le retained as 

alwt1n:lwl hJI\l'Oside and does aot lower the exchange 

oaiJa Clt y of the :~oU. The MoWlt of hJdroqe is ot 

alu"Uni um .,... e~ted to be lover on the ow surface than 

When t he alwd..tlWD W 9 present in uolutian, aooording to 

( 7+ 
A,., OH),2 

and aany otl'l re . A IU!IIbe.l.' of tbeoo aN reforr od to in the publication 

ot .BJ•=• Sollwarnobe.Cil and Sillen (1958) po. 20-21. 
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'l.be 1lllllled1" tely pr~.oeding d1aoues1oD has been on the 

eN't<ot uf o ngea 1n the pH value of' the so lution on 

aluminium 1o4o tuwrein. Hcwever, l n this thea1e, 

a\.ud1ea bHYe been ma>te on t.be a dsorption of' rad ioactive 

phoe pba tc l one on t o t r.e !l'urt ... ooG c!' m1oa l! t\eeta M. tura ted 

li'it.h alum1n1Wll iol!a , 'llluu , t he ~1 IWir.. !11111 i oiUl the t 

Ivtve 'been invulved tn th . wor',f til'lt b:Ja b~fm o11r:ri ed out 

hav e not been 1n tr•~ aam · 0<1'fi?tJama;Jt an tbe:v w"uld have 

been ln aa a luminium aal t eolu.tlon. 

Theee ions , that are b.l~orbed on ~o the eurf'8ee of' a mtoa 

ehee t , neu tral1~e the net ne ss t1"~ ohsrges J"es1Cusl on the 

m1oa aurfaoe. 

" ono e e"''ery 50 l'.q. A on the our!'• ou ,r the mt~a elleet. 

Tbta means that, 11' aluminium i ona •we a ·lsorb <!td onto the 

eurt'aoe of the mic,. ahe:s-t to ilf.••; t<· ~u '!HI the negAtive 

chargee tbere on , t he individ;,~el 111 ·amtnl m11 ato'll!.& would be 
0 

approxima t.el.J 7 A Ae a l'ellul t 

of.' th te dletance of' eepara tion t t aeeftle vtn7 unl111:el.J that 

any polynuclear oompl~xea or 8lumtn1\~ will b~ formed 

on the mlca eurf'ao e <lu.e t11 b,yul'o1.;ve1a o!' the alwa1n1Ulll 

tone wl th 1ncreeee i n the pM -vulue at' the env i ronmental 

solution . Tbue the only likely chsngca, on ohenge 1n 

t he pH value , will be in the pre•enoe end number of' the 

free ohargea r emaining on e ·cb dl~~in1wa atom over end 

above thll t r equired tor neutralization of the ne t negative 
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olwre:e " n tht! ;:; to. , !hJ l'fAoe . 1be V t< rl o•.>~ !,IOilG'.ble 

oon:t't ;J:UI'F.I t1 ons tll>l! t •• 1¥1l t. tH>. e.>: ,t.c t c.! •H V '< I" I oue ph lffllUNI 

hllV . b ,.,en dlec->&Be;i < ll!l< •ncrc J; , tlllo thee! a ( p 122 ) . 

'fll~ n e t\.1111 <n<! tho:>tl o:t' br tng 1r,!( tt.t! 11\tco surf',oe , .-1 th 

1to e~Ja~ t>b e:-1 o "tltHlA , t~ t l:<; re··:n i r .-j :•h vo l ue ror t he 

deo o r. ~) t. 1un f'jt"Tt r1rue. ;·. t t.o be un.dc P t.~~~f"il Vi-lr:c d ~1;1 th be 

w1.1~ bel r.~ 11 tH ·:l l e:1 1 t ~·"" poeR1bl <r t o eneur•t the ;;ref' enoe 

of t h ' a c:H ti.::n 1r. £>11 sol ul.lons t c, t<hloh thf: mtc • ourfr> ce 

bc1ng etu.i t u<l tt;c;v W(r~ pr q>OJ I." !.''<'J b;'l aoek!n;: the mtoa 

surf11 ce ln I'C!)fta t •· .i a.11uunta ~f ll'l eo-:lluo: obl or1de e ol utton . 

'!'11a m loa •'n :rf~o ~ ""u t r.cn ;1 O• d tn contaot wl tb e 0 . 2N 

oolution of ao.11um c hlor1(!tJ . i'lHo solution ~m" at tbe 

lP.s trr.d ;>li vslue: fo r tll<• e x ;,< rta.er,l , lld jUGW\cr. t. o r tha 

or1g1nul , h value to t.:w ik~:>i rcJ pM vslue t>e1ng 

eeco,::tpl !slled w: t h O.lll bydroohl or 1c acld 1>r• ().lN or.>ol illiD 

1n tllc eolu tton o !' t!Jt; r < ' U\r<" J piJ V(l l ue M>e< oorrtuj o u t 

at l"'os t a1x tl.m'"' "'' th ::' r c!lh Gl11Qunt9 .:>1' ec. l ut1on , -.aob 

It fill S 

cor.~!~-1r re:i.l tn>~t t>y t h!l' tl m~ 11 1 Hlt<"r~tt>le ~ <>et.- ,. ><luLl be 

1.n t ~•£: f'-o~ tt1~y norc.!i"t ly a~ttl..lnl ttd tt t. tt;c j~l: v ._. luo untlet e tndy . 

7be uer< .; f 'n·ll UV" tl'ir.t o!'l tion~ , 8'10tl B" alv·n11llu11l , ae> 

Uw n >Ro r bt-·:1 en \tone en t h . m loB eurtec<~tn ll l'elh r, tr- ll'lONl 
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ditt' tculti <. e however . I t ie no t po&aibl e t o pr epare, -

ex perimen \ally , solutions oon taintng aluminlwa lone With a 

pH value grea ter t han about 4, 5. ~· ben a eolutlon of an 

alU!IIi.nium s a lt {auch as the cblor1de ,n1 tra te or sul p ha te) 

in r has 1 ta pli value de t el"mined this 111 found to 'be 

a ppoxima t al)' pH 3 to pH ) . 5 t'or a cone en tra tt on of anl t of 

the order of o . 1 mol e s per litre . This ta due to the 

hydrolysis ot' tb eel t of s ~teak botse (alumini um hydroxide ) 

with a strong ac i d (h)'droohlort o , nttrtc acid,etc . ) in 

aqueous solution. Add1 tion or elliaJl a mounts of alk·aU 

( e . g . a odt um hydr oxide) t o the alwa~ium salt soluti on 

raises the pH value of t ile solu tion aUgh tly, but e'bove 

a pH va lue ur ~ bout 4 , 0 - 4 . 5 pr eoi pitetton of a lumin ium 

hydrox i de occurs . It is believed that the rea son for 

this is that ad itton of t he elkal1 • evf n in small amounts , 

o uaee the pH value to riee v er7 sharpl y a t the point of 

f1ret con t a c t or the t t o soluti ons (added a l ka li and 

alum:nt um sa l t solu tion) , This leade to the preo1p1tat1on 

of' a lu10 inlum hy,j rox i de at thts po t nt. 

contrary to th~; 61tuation tn moet t1tra ttona . the elum1n1UIII 

hydrox i de does n ot r ed1eeo l v e on shaking of the solution 

mixture . It s eems tha t . a l though de t'1ntte values ere 

quo ted in tho li terature f or the '!lolub111\V pr oduct of 

a l uminium hydroxi de {values gi ven a t 20°C r ange bet ·een 
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10-29 · 92 acc ording to Korell!ll8 n,Frum and Kud.inova {1 953 ) 

and 10-32 . 9° accordi ng to ~: zab rf, C~yi a nd R:va1 (1 955) 

additi on or a ka li to a solution of aluminium t one g ives 

a pr eci p1t8 te that is not s ol uble even over a long period 

or time . 'Ihe most like ly exphna tt on of this phenomenon 

is th~ the pr ecipitate formed has colloidal properti es and 

has no t properly crys tallized out. 

As ,. consequence or the 1mposs1bil1 ty of' prepa ring 

al\llllintum s olutions wt th aut tably high pH va lues for a 

great proportion of' the YJ ork that 1 t wa s desired to 

undertake, 1 t was nec essa ey to a d.fuAt the pll value of' the 

alumini um ions adsorbed onto the mica surtne i n some other 

way . The mica s ur:raoe was r epeatedly (at least four 

ttmee , f'or no t less tha n 30 minutes e ach ttme) soaked 

in 0 . 5N eiution o~ a suitable aluminium s alt. 01st1lled 

water ""'s t aken a nd, by the addition or e ither O.lN hydro­

eblor1e acid or O. l R Rodium hydroYi de , its pH va lue was 

adjusted t o tha t at which it wa a desired to perform the 

subsequent deeorpt1on experiment from the aluminium 

satur ated mica surface. The mica surface , which ~~d 

b een ea tura ted wi tb aluminium tons by the above procedure , 

wa s then sos.ked in this solution of' distilled ll'a ter wl th 

the des ired pM value a t l c nst six t imes f or 30 minutes 

or. more each time. The al wn1 n i um lone; pr es en t on the 
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ml ca surface to neutr'lllze the e:~rceeA 11egs tivc charge thcreon 
wi ll bave the b o r emaining poet t1ve cbel'gee no t a seoole t ed 

with the mica surfac e either free , or aasoot n t ed wtth eome 
anion, probl'bly h,vdroxtde . 'l'hc only cllar.ge ln thv state 

of' the a l umini •Jll tba t would be expected a t th a cbange 1n 

the pl va lue or 1te surrounding sol ution " ould be in the 

lllJ801< e , if any , that ¥~ere aet:ocia t t.j '4'1 th the t 1<o remeintng 
unneutralized , positive ohargell . I t hao slready been 
shown pr .. v 1ously ( p . 11~ t hat 1 t wouB no t be e:~rpeoteJ 

tt.at there f< ould b e 8flY 1nte1•ac t.i ou beiwtJe n ad Jac <m t aluminium 

atome on tbe lUes out>f'a.oe . I t 10 o cmeidt·r ed tha t the 

amount ot eoeking i n solu tions of th l! r equirt>d pH ve lue 

the t woa !!: 1Ven each nluminiu.'ll sa turated flliC A eurfacfi woul d 

b e enoug h to bring about the equilibrium situation , of the 

alumi ni um tone p r esent , at t hat r~<Qu1rl'd pH value . 

Although it would hl'Ve been possible to UBI! solutions 

of aluminium saltA at the pH value of the subsequent 

desorp t! on experimeT•t t. he r e the renutr('a pll val ue 71811 

~ or lees , it ~as ~ecided t o do all exper i ments on aluminium 
satura t ed ~ loo sur faces ueing the prooedur~ ea deacr1 bed 

above . 

An ex per1mer. t conduc t tld wt t.L all s pe c ies brou!tht to 

a pH value of 3 . 0 wee performed 1r. which the pH value of 

the alumin ium saturated mte ~ surface was ad j us t ed ~ ttb 
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o. ill al uminium nitre t e eolutione. Thio expo•i :~~en t 

prodoo ed th<' same r eeul te ea did exp<'r1Dtent~ ;a't:.o'Piut d 

at e pH va l rJe of' } . 0 w1 th the pH value of th ,. al uminium 

e8tul'att-d mice eurt'ace <:on trolled by the us e or ::ltatilled 

water (oontsin i ng hydrochloric ac i d) in tb~ manner 

described above . 'fbur; 1 t app•·arl'l t be t , at l east a t 

p}l values or 4 . 0 or l ess , it makes no l N'erenoe whe ther 

the alumin ium ea tur" te<:l mica ~urt'aoe 1& e ook.t!il in 

solutions containing aluminium tons or not when the 

pit value i e b e ing ed3us t ed. 



6 . 2 :.deo£P_~1on or Rlld1Qacttve "ho&J2hAte onto 03 t Lon 

§tl tura ted Mica ~ ,lrt'ac ~e 
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The prel i minary ex periments tb~ bad be n ca rried out 

on tbe desorptton or r ad ioactive phosphate from s l umintum 

saturBted and f rom so· ium eetureted rntca a~ . ~~ ~ere 

re peated 1ri th all tbe r e leva nt s olutions, and the mice 

eurfaa t~ e, controlled t~ tue aa.ue p!t V1Jl1ua. The 

reeul te obtained were e1ailar to thos e obtained prev1ouel:r
1 

thst 18 , there a ppc;ared tQ be more r adioactive phospha te 

adsorbed by the alumin 1Ulll ea ture t s •1 mica 1.mrt'aoe of a gelger 

counter end- window than by a simila r but sod ium sAtura t ed 

Deaorpt1on expe~im~nta from both eya t eme 

tndica t ed the eJ<ie t enc of tbree dif'ferent complexes 

as ohllrocterieed by dt:!'f'erent deeorp t1on rates from the 

cAtion eaturate<2 mica eu-rr~ce . Jo rom the dif't'erenoee 

in the tvt• l emounte or re<11oect1ve hoepbete edeorbed 

by the mice surf'8ce when it ""fl saturated w!Ut differen t 

cations (aluminium end ooo1 1um) t t apJ'{'a r ed thl!l t t he natu-re 

of the c ation muet play eo;ne part tn a cme at le•u~t of the 

diff'erent compl~xes formed. 

The ca tions aJeorbEd on to the eurfa c•s of mica pn rticles 

ne tl tr11lize the net nega tiV<~ char ge prel'CT• t due to i s omorphous 

!'&pl acement wi thin the anica struotut•e . 

ollla r ge s et'feottvf, ly occur appr ol<11118 t ely once tWery 1)1.1 q . fi 
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0 

there ~ 111 he abou t 7 A bet~•en negat ive chargee . 'Jbua 

1Ul7 B<laorbcl )J Oe1t1vt: tnonato!Jiic opccles v.Ul r.etraliae only 

one n t- ga ttvc chnri!;t:. e-n th~ mica eu:r1'ace. 

i\-ben t he mic" tmrtace le M tlll'!l t ed 111 th sodium lone 

there will not be any e xcet'l s poe1 r 1ve ch'l r gr • as each 

sod i um i on wt ll be completely neutralt~ed by one ot the 

residual n egc t!v e chargee on the mic < surface . I n tile 

e n se •here t he mica surrae e 1 s sa tllJ'a t ed wt th alum1n1Wll 

lone .ho flve:r . the nee>.~ttve charge on the rnion aur1"aoe will 

only neutN11ze one or t:•e poai ti v~ o~ee QD the alu1111ntum 

ions . which ar" trivalent. Tbls ~~&ne thu t the aluminium 

t one wll.l h~tv e t"o poet tiv t: charges r~md!ll1ng . Dt:pcnd1ng 

on the pll value or t he solution tn whtch the aluminium 

88tura t ed mic~ s urface is pl aced , e a ch e1um1n l um ton 

may b t aAsooiate<l with 0 , 1 or 2 bydrox;yl groupe ,sueh 

thAt t he totAl o1" h,yjroxyl groupe pl us poal ttve cMr&es 

equal s bo (as tile thlrj ohnrge on 1.aeh allllll1n1um 1« 

st'l ~ oc\&tl':l • 1 tb the mica eur!'ace} . The three posetb111t1es 

.. R(Oil • AI + .. + 

MICA MICA 

+ OH 

• AI •Rl 
+ + 

(1 ) (2) 
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(3) 

If tl•c a bov e pol'"ibtl1 tf " a sr• correot 1 t ~' O t> ld be 

t;T. pco t « l th~ t a t eu1t·· bl e i n terme d i ate pll VBlues ( •wd 

evE- n pos ~ i c ty at all r!i val nl'" stud i ed ) th .,.., mi ht be 

. a mtx t 11re of' s ome , or all , of' (1) , ( :< ) and (3 ) abov e 

I f o n,er nega t1 V6 ione we r e pr ee e n t 1n t r1 e ex pt·rtmcn tA 1 

ey s t~m be lr•g tud led ; t wo.J ld be possible !'o1• so.o c of these 

ion s tu be pr !'er~n t. tally 8 !." ' 00111 t~d • 1 th ao .ue w!' t he 

pcsi ttvc cha1•gee of t ne 111um1n1um that r t<oi<' 1n unueu traliz, d 

by t ne m1os surfa ce . 

n egR t.lV <. ion s "'"' mintmle' d us mueb as poes i ble , end 

th os e pres<~.<. t were mos tly the monova lent enlons clll ortdc 

a nd Ill tra t e '<~ hie , s rr, not r .:g., l'ded a s r ., ,,;: tly f'orming 
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comp leJ<«<Il with alutnintum ions in dil u te so l uti on& . 'n1ue 

1 t aeemo unlikely th~t t aey such alumtn1um - anion ( o the r 

t.han hydr oxyl or phosphate) o ompl cxee would f orm 11 si gnit'tcont 

part oi' t he <'Xperilllentsl system being tnvee tl!j'At~d . 

From the abov e d1eoues1on 11 would bP expected thr. t ther e 

" oul!1 be li t Ue or no pbol!l phat.o aesooia t cd l'r1th the sod i um 

ions ot' sod i um satur11ted mice eu rt'a oe e . Whtle it '!1<&8 

poss ible that there c ould b~ s ome en&cototion bet~een the 

pbosph& t e g roup and t he sodturn i ons adeorbed onto t he mica 

aur:face , euoh an aaeooh t1 -:.n would not be expl'cted to be 

v ery str ong . The sodium tone , having tbelr only positiv e 

charge neu t ralized by t he nega t i ve or~rgc~ on t he m1 oo 

eu r :fac , would n ot h nve any per~ioular attraction for the 

n egativ ely charged pboa pba te g r oupe , Thue any !:lond 

be been t be pboevne~ t~ gr.:.~p and the eodiWll ton e wh t ch were 

bound onto th mloa aurf'soe w o<~ ld be ex .-eo t ed to be consider ­

ably w:eskcr tt.an t he bon j,a formed be f.>,een phoayha t e groups 

ond a l umin i uot tons 10hioh e till poas el!eeJ a r <st1ual pol!i tlve 

obo r ge not neu t -r- l1zed by the mi ca surface . 

l' l"oV1d 1ng ther e -.as nut a leqfe ao t1•8.j.ion energy 

f a ctor to b e c on r. 1de.r ed :for t he desorption Qf radio •· ct1ve 

pbosrhate g r o upe aseooia~d with the eod tum tons it would 

b e ex peo ted tho t t he rs te of de,.orptt on or eny phoepha te 

aeeoo 1P t ed ~ 1th the sodium lone present on the mi ca aurfaoe 
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would be cons i d e r !ibly !"as t e r th n Any other r a t es of 

desorp t1on or the · otht< r oomp1e7'en for>med be een phosp hate 

gr>o·Jps and alwr.1n1um ions . Aa th re ~a@ no ev td t nce 

for any e•1o h !'auter desor p iton proce11s It 11ould n o t s e em 

that th er could b e ~ny plllP,phate aaa~~ 10 1 th the sodium 

i ons that t:ere neutr,. Uzinll the e xc e8¥chor ge on the 1111ca 

sur:t'a ce. 

Ho·illt>Vt:r, !'r om t he r t sul tl> 1Jb t8 1ned , the tib Pc r.c e ,; f' a 

phos phrt.e - s od lua1 c oar.p le.x did n r) t a<- <C m to b e aupported , there 

ll.ypearing to b e three t y pes of' pboa phill te adsor p tion site 

on b oth th E- s odium ea tura t . d and a'lu.'ll1nilliB s tura ted mic a 

surt'acc a . If' t lle re •as ac t ua lly no phos ;:bete aasoc1at<;d 

wi Lh \ l'le s odiWII 1cns on tbf.l m1oo aurf aee t hen '111 tbr~ e 

types or ads orp ti on c omplex YroulJ bolve to b e 1!1 soetn t ed 

with t he mice eur!'ace . The three typee of a ds or p tion 

complex found wt th a lumin ium ea tura ted mi<lll ourf11c ee v.ere 

found to h 'J! Vt s i mila r r>.~ t e const.!lnts !'or deeorp tton fi e we re 

t he thre e comp16lteB w1 t h pboe pha t P asf' oc is tl!d •1 th sodium 

aa tu r·•J t e:l mtc 11 ~ur1"aces . '1b11e 'It a <! omo:>d rea e onob le to 

E:f'nume t h" t. t h e ttrree d••eorj) t1on c ompl e xr e e r (! of' 1!1 8tm1l a r 

n11tur•e in both ee t o of ex l,)E' rtmcnte. If this w>~ ~ the ca s e , 

then the conc lus i on •oull! be t hfl t 1.1' the r e \"lflf< n o phoa hate 

as s oc ia t ed ~i th t he a odturu tone on sod i um saturated mica 

sud'nc<'n , then e1m1l,. r ly ther>e ,.ould b e n t> phQe poote 



ass ociated ~ith the aluminium ions present neutrP.l tging t he 

net neg·' ti v e c harge 0 11 mi.aa eurfaeeei 

The poel:'lb11t ty o1' th~ re be i ng d!:N'ere!'l t ejeo r p t1on 

processes •' 1 th t he same r a t•: o onet'lr. t e lll the t 10 o t :vpes 

of mi c " t~u r:f'aoe -cation B,I' Rt em b elr.g etodl.ed oeemed r emo te . 

rr there 't/8.:> , frJ r lnetnno<: , one p r .)o eee ae i! OOl <> t e <l with the 

a l uminium ione PI;eeent toa t ha d the s ome r a t e constan t fo r 

•heorption of I>hO!!;Jha t e fl/1 dld one of l he deaorp tton 

p roc eS8fl F· f' r ora th~ n;1CP. &tlr t'>iOI! 1 teel f , t hen the Btnount or 

tlli!s pnos pha te - s ubs t Buoe ( i. e . mica surfa ce r lus 

li<.t uui iniulll ions) c ompl ex as chnrnc tcriaed by the PRI'tia ular 

-r•~tte cotlstnnt would b o; conoidcra blj big ller , r t:lstive to the 

other types or complex tban -r>!Hm obse rved l. n e:lf pe> rtmen te 

~ lth so~ium miou . 

1n the tn i t1sl cJ<partmen te, and so o tt1e r ex r>l ana ti.one 

were oonflide r ed t'.n• the e1milar1 ty i n appt tll'!\llc or the 

r eeul t e f r om the t'ltper i mcn ta on sodi um and a1 Wllin 1wa 

saturated sie s eurrr cee . 

i!'rom t;;., g~ne rol !rnowlcdg" of the r ol e of aluminium in 

so\1 - phospba t c sy•·tems ( ee.e- introduction p. 16 ) 1t would 

be exp<tcted Jthat al uml.niutn wou1d f'orm very r ead U,v ..._ one 

or more complexes ot sorr;e ty pe w1 th ph ot'!pha t • ion11 adl"or bed 

on to tbe "ur.faot!: of' mi c& . Tl'lu s 1 t B• ewed tha t the 

e xpl ana t lon o~ t be e 111lllar i ty or the 1ni tiel series o.f 

expe riment>l w" e v e ry u.r.like ly to be thg t th~re was no 
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ph oll i:b!J t e aoeoc1 a t ed 'Il l t h t.be aluminium 1ona '"hioh were 

bo un! to tiHI mica UU J':!'fl c e And n e u tra11z1ng the E:Xc ees 

ch8.rg e tht>l'Con. 

The only o t he J' rea sonob l s ex planll tt .m ro .,- the 1n1 t1a l 

r e eul t& t he t r e c: d ily sugg ested t to •· l!' r.a s t bo 1. for aome 

r!' ;tti>D!l t he 01.tca s urf'a ce ~s o n o 1. so t ul'a tt: d .. t th aodiWII 

ton~> , b u t tt.a t t here we.re still some a lW!i1n1w t ons 

r ema 1n1 ll!l: o r. t oo mi cu. eu rr~oe a nd neutr!Lltz tng tbe ne t 

negat tve c ho r g•· t b< r eon. An 1 t bad b um obs e rYed tha t 

the total a111oun t of rnd1oe c ttvv p hoe pha ttt !l.dl!lox•bed 

by the slUI!linim~ s a t ur a t ed 1111 c a surt'ee e l'ae g re li t e r tbftn 

t ha t a.iso r b e.1 by wllfl t ,.ea believd l t o be a s o 1um eatura t ed 

mica ec rf&ee, 1 t. ¥>oul::! B eEllll t hli t on ly oome o~ t be el W111n1ua 

ions hn j b een r "pls c .. u wl t b so11ma ions. !!' the r e wge 

no phe~J ph&t<- s a ,. ccia t ed v.1th t.h~ Bo!.li am ione pr sen t on the 

mtoa uur!", ce t hen it "outd b e expected t ha t t he t o tal amount 

of' r ad io,, c tive phoflphll t c; adeol'be'd or. to t Le tn1c ,, e urta ce 

wou.l d b " r educ f'd r l'la tlv< t o the amount adaorbed • hen the 

surfac e wne compl c t e ly B" tur a t e :l "1 t h a l um i n ium tone . 



1; . 21 !'N- f er s tton of t. lum1nitlJ!I F'ree ft)dtum !"!! tura t.ed I.UeM 

Surt•ao"s 

1\e th 1~M~ed 111 tely pr~e e:l ing hypothesis B l!l~me'1 tile 

most re~sonable E>Jtp lenat1 un of' t h<' tntt1111 re s ul ts obtained , 

rur ther ex.p~rtmen t F " ere deat _.ned to t.ze t It. The 

d1N'1cul ty t hat had to b e overoome 1'!1ill the ~eneurtng 

the re onov ~ l of' all t he alurntntum tone present on the fll io.a 

eurt'nce b~ing stu:lied !!nCI their re plac ement'! th etl'l illlll 

tone . Tbe most l i kely w~thod f ur s ucoeaB in tht e under-

taking appeared t o lie in tb~ uec of i~n excb~nge r eetna . 

t t would b e expec t ed tba t e t t her the !l-odtu.n form 'lr the 

hydr ogen f'orm uf' e o tton exohang<· I'estna would b F equally 

e N'eot1ve in the rcmov r. l ot al umi niuJI , Cl' oth!:'!' '!lul ttvelent 

i ons , fr om t Le s urf' a ce of a m tea ahee t. 

Tb~ sodium !'orm of' a ea ti on excba ngtc rea in (sod! um 

res i n ) Y'iNld r epi.ac e t he s e ions di r ec tly wt th sodium i ons . 

The hydrogen r esin t>oul d rerlao e. a ny ions presen t ~ 1 tb 

hydrog<•n t one , and these c oul!! l. n t u rn b< r epl uc<•d r eadily 

w1 tb aojl.u~ ions by eoakl.n!:' the ·mica surf'a ce i n eonc<ntratell 

sodi um chlort1e eo lutt on . 

The use Jf eodtul!l r ce ! nt!! would h>~Ye t h<' aj•~<•ntarre 

that the i ona on the mtc o eurf'eo e hAVt- sod! um tons 

euba ti tutt•d tor t hem in o n e t ep thaa lee!J-C'< >i nrr the 

possibility ofmy outetde con t,HaiD~>ticm o:r t he mica surface 

after t he r e-lllov' 1 ot al l uot'equir- r. d ions . l :t' hyj rog e. n teeill 
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wen ueeJ to rt'!move a ll othe r l!&tione r r om the mloa 

eur l"noe • It """ t hen J>OAS 1b le to sa tu re t e the eurf'~tc e 

rJ 1 t h a ny <2ee1r d OA tton euo h ae e odtum res·Hly. Tbue 

it WR~ n o t. ne c ee snry, by uet ng th te reBtn , t o pr f'pa re 

ll l a r go- nwnb" r of d11'f'eren t O'-' t t on t'o r'ln$ of ton eX<lhtonge 

r ,.s t ns t o a tudy n series ... r dU'fere tlt e a t1 on" odoorbed 

on to ~tea eur t'H c ee. 

I t 11! poestl>le to t'eJiov c; t he poe it1ve 1ouo , r r Eollent 

neu t r·al! zing t ne ncg,• ttve ohll rg ~ on tht> ourfa c t' , f' rom 

l eye.,. s tructure ol.ay 1'11 1n~ral~ th .. t b"ve !l rc ~< t d ua l 

neg .; t 1 ve charge on t he s urfa c e uf the lQc re ,\u t.o 

teosorphoup r pl a c em• nt , by the uoe or tbe hyd r ogen 

fa~ of ca ti on excha nge r eeins . In thi s •AY atl 

o t he r poa i tiv~ lone ere repVto~ by hyd r ogen tone . 

'rhcs t> hyd r ogen 1on11 may h • r e •l eoed by any o l hflr t on 

by t Rkt ng t he f r t'ehly tre~ t~d ol ~y mtne r~l and 

b ring i ng 1t i n to o on tect >tth oono .. n tr .. ted olut1ons 

ot the r equlre::l ton . ( The m tbod of' trea tment of 

the clAY :lllner e l won l.lnorU l en t'-" i n t h i s man.n ~r ie 

deo cr1b d by Yu r ke r t , 1 ~2 ). 

\9 hen tt.e hydrogen :f'orms ~r clDy mi nE r tsltl a re 

p r epa l't'd in the sb uv o manner t t t e nflo el!l118 l'.f to trea t 

them 1m:~~"d 18 t cly wl lh o t he r eo tton l! . 

:form ls n" l o t .. bl e , a r.J 1:r • tot" t~ r pr eP" l"!ll.i or. , the 
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clay mintor,; l i e left to et8nd 1 bre10kdor n of" the cV•y 

mt n e1·R l beg tna t o ocout' . Aluminium i ons are libRrat~d 

by t his :>rel'lkdotrn , And r e place t he hydrogen tone prencn t 

neutra l izing the reeidul'!l neg~ ttv~ ohArg~ on the clay 

miner11l eurt"•Jc e e . Br eP-k::lo '-' n of the cla y mineral only 

occ ure untU eul't' icl e-nt alumtn1ua !one b~tve been l1bornted 

to r eplace t he hydrogen ions pre!le nt. 'lbe rete o1' th1 a 

bre ·kdown decrea11<·e ~<' l th tncre.,elnJ~; remova l of' llYdrogen 

tom1 a nd \heir re p lacement by alu:utnium ions , and af t er 

50;" ot the b,)' Jrog~. n tone have b een r~; placed t he r Ate of 

clny min er a l br eakdown la ex tre~ely elow. 
' 

'fllie bt•e okdown of the clhly min rale aud thei r 

subsequent r eleseear aluminium lone occurs a t th~ edges 

!'or th1e theete 1111e11 lllla t he clay •n1neral us ed. 

desired to '' t udy a c1Rurv ttoo nnd de aorp t1on pllt:nomen" 

l"ela ted only to thG ourf'ac e ot" the mica , the edge a of' the 

eh,oete were , aa~ ae poeatble, el1IR tn4 t~;d :from the 

expe r tmentftl eye t ent 'by coattng them wt tb lfnll:'. Tber etore , 

1!' the mica n nrfoc " R being studied were to b<> as tu r s t ed 

wt t h hydrogen tone tt would aeem unlikely tha t br~a~down 

of the mtcs could occur wi th tlme . 

1.ba t the byd rog t n 811 turs t 1. d m le•• surf'• c~ l1rmt d be 

r~Rons bly ste ble with time . 
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br.,a ltdown of thfl etruo t u r e l'.ould occur at tnoae few cdgee 

tlla t 1 t 1 ~'> asautlled would be preet:n t acrose tllo a res of' 

eurtao.. under e tudy ( np.,r ox 1ma tely 6 sq . am. ) but t.hell'e 

would n()t be a V t' l'Y large amount uf' breakao.-n over a 

reaeon!ible pert ad of' time ( e . g . two to ttlr e weeke) . 

The llydt•ogen reet ne and eocHum rel!ine ueed in t he 

tree tment of tbe m to ·• eurt'aoe move been der•oribed 

earlier p . 47) . 

In .an ~nd~~vour to ~epare a ml os aurtaoe that ~ae 

elmoat· entire ly !'Y.'e e trOll! alumtnium ( or otht>r mul t t valen t.) 

tone a numbe r of' procedures were inves tigated . Succeee 

wns believed to have obtained wbenalmoet all r aaluactlve 

pboepba te a ·ieurbed wae .round to deeoJ'b wt th onl:y the one 

rale aonB tan t. ( l t OIBII not :f'oond tba t I. t fiBS pose l.ble 

to ovm.ple wly eliminate other dl'!sor p t1on ra tes . However 

three c de a Vf:.!")' naiB ll oontt•ibut lUZl to the tu tal a otivi ~ . 

cr. Or aph of' d<:aorp tton experiment p. 285 ) I t was 

believed that thh r a \ t oonotan t "us rel1.1t d t o rad i~<H>tve 

pboe phit te adl!OI'bed on to t r,e mice eurf'aoe 1 tsel:t', And eo 

found to be preP ell t regardlt>os of' 1'1hich oa t1.Wt wee 

adsorbed on to the mica surf'lloo . 

'!'he expc!'iments c onc e rning ;n-e par•ntion o:r sluminilllll 

!'rNl ood iu:ll setnrnted mioa eurf'"lc ~ e we.r·e csrr15d out on 

the 1111oa end- wtndowR or end-windo~ geiger counters. 

A ne• gelger c ounter Y:e e obtained tor the fl.ret 
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attempl. to ;>rl:pnre an ulum1n ium ~l'f!e e::.d tum saturated 111lca 
a ur•faoe . t fter being prepa r ed and coated with P"ruff'tn 
~<ax tn ti.c Ut'ual way ( of' . p. lB ) t t.e 111te ,. surf>Jce o.ae 
plac ed in t~ o 11 trea of dit• tU l!ld we ter ~on t!J ining 
bydr ogt>n saturated i on exohnnge resin. 1. polythene 
contained '"'B used !'or this s olutton, whic h was stirred 
contl.nuoualy , by n:eens of' a magnetic stirrer and 11 

polythene &nd parat'1'1n \<S X coated fol! or:er , for ll per!od 
of thrC!Ie days . After this time tbc: m1oa "urtace was 
taken and soai<.ed in a solution of' 0 . 5 N Podium chlorid.e , 
wb1ch 1\'ae con tnined i n l:i poly then~ beak<. r . Tilts 
eoa k lng '""' r e1;eo ted f'our t1flit8 , a nd lasted for a t l ea et 
30 minutes e1wh tlm • 

Ttit> go, i get• 'lt•'.m ter mic €> ena-~>1ndort woo then placed in 
t wo 11 tree o!' dectn•; rlllBl eudiu.'ll chloride tn t!l polythene 
oont111ne1t. 'tbit! sudtum ontor1de aolut1on h"d be<> n 
prep>i rod by d1asulv 1ng ~anol!ll' ., eod1Wll c:tll or1do:~ i n deion1sed 
10ater , pre;v-rh1 by paeeing d18t1lle:'J W'\tt'r through a 
col n 3~ cm . hlqh and 3 c m. in diame t er whtch ~a~ !'illed 
with t he m1Jr etl cation 01nd anion exchange r esin .. 1'l1odeminel'l'il1 t" 
All de1on1sed ~ ater Dr epa r ed In t hte manner waa stored 
t> xclu.stvely in golythene cgnt,. tnera . 

Af te r th"' ge11!er co>mter mica end- wt ndo!r had r ematnt'd 
t n the sodium chloride s olution for some time , during 
whtoh ttme t he background count te or tll gdger counter 
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with its e nd - window immerse~ i n toe aol utlon was de t ermined , 

1 t 'W8 8 !'<l tliOV<d • The mtoa end- wi ndo" was t hen pl ac ed 1n 

a sol ut'lon con taining radioactive phospbtte for a su1 tolb l e 

time ( in tilts ex pe riment ten mi nutes) an l t hen re pl aced 

1n the poly thone oon tainer t'ull of sodium chloride 

solu tion . 'fhe lose in th<· radl.o ••otivt ty t'rolll the 

mloe end- wtndol\' wss then f'olloflt'J. se a rune tton of' time 

on the stri p ollart r ecorde r in the usual manner . 

Upon grnpllical analysis of tll., r ea11l te 1 t was t'oW!d 

t na t ther<' still app<-a r ed tu be thr~<e deeorp tion pr ocesses 

whoee rate oons tan ts were c omparab le to those ob tained 

w1 than alumi nium saturated mic a surf ac e a a the l!.daorber 

sur:raae .for the r .•1.Hoclc tivc> phoe pllH ta , Thus 1 t wae 

c onclud ed tha t 61lurdn1uro tone had not b e en r emoved from the 

mlca s urt'nce of ttu! g e iger count~r end- window , or et 

lee et not o OOlp lf'tely . I t Wfl!' not poBetble to a ec ePt.s in 

what peroen ta '{e of r 8d lMc t1 ve r hoe pha te bad b E" en 11deorbed 

by the m tea r urfaae 1 n t his e:xpe rimen t, r elo tive to the 

amount that would h" v E bEen ,gdeo rbe ll by a CO<IlPl f'tely 

elumin!um eatura t (' d mioa eurface, Thte would h ,.ve 

re'l nired. t he a d sor p t ion o.r the sa me r~clioft otive phoeph!lte 

s olution onto U,c eall\e mic • end- v.· t nd ov. whto h htld b een 

c ompl e t ely e1.1torsted wi t h elum1n1om tone, a nd this 

e.l(pe r1 ment wse not c8rried out. 

The mic~ e~-window of o geiger counter tha t bad 
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been ue .d ror a previ ous exp~r1ment wes taken end s oaked 

t or some hou rs in a solution contstntng 1 gm. ot aodllllll 

d1 tht on1te ( Na2s2o4
) in 50 ml . o:f 0 . 3 M So:liam ottrRte 

(Ns C 11 o
7 

··2H o) a olutton . 
3 6 5 2 

'Ibh sol•ltion ese used in 

an endee?our to r~~ove all ions :from t he mica surfac e . 

I n the stepwlee prcoejur c fo r the r~~ovKl of phos phate 

:from eotld deMrtbed by Chang and Jaokaon (1 95 7} 1t is 

sta ted t ha t the us e: I}!' the sod i um di th1on1 t e/eocHUIII 

cl tra<e J" t!:agen t l'Omovea all ll'on bound ana r eductant 

Qluble phos plla ta. The mica eud-win~ow of the geiger 

c ounter ~na then pleo ed in a I•oly thtme b l!ak'lr con ta 1ning 

fl st1 rrtod " •11od£s1nsl' l'l l 1t" - wa t er ;;,txtl.ll'e f'or 12 hours . 

It •se t>xpcu t ed that t.hi& wo uld r emov e 1.UJ3' exceso ions 

wnether po;,l!l. tiv<~~ or negstl.ve f'ro:n lil t~ mica eupface . 

Af t e r thi~ tree tlllen t the rates eur.race d: th« gdger 

c ounter end- window wae &Jal<ed 1.n 1 . 0N sodium chlor ide 

soluti on f ive times tor at leas t 3 J mlnutee ea~ b time . 

Tbe I.JO<lium chloride sol ution waP< pr e.,ared by 

di ssol ving the required I'C i ght o:f "ana l ar" sodi um 

c lll c ri<'le 1n t •, o litres o:t:' dt:ion i sed n ler in a polythene 

,\ eu t table amount ( 10- 20 g r sme) of" hydrogen 

form ton exchange resin u·<a added and the solu tton "t1r!'Cd 

conttnuouely tor 21., boure. 'l'hc eydrog t n r et!ln waa us ed 

in ord e r to r emove any t r ac es or o ther poatttvv lone tbnt 

mt ght be preaen t t n the e odt•.1m chlor ide s olution. These 
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llligln 1HI d>ll! e t tber to impul'i ttc s in the sodium chloride 

used or e lee b e tr~. HI i ntroduoe3 in t he chemtonl 

mani pulll tiona , e . g . •e igbtn~ ar .d Ul'e <Jt' me t•ol "Pl\ tu la . 

The bydroqcn r eoin would 8lso r eruov< eor.re of the 

s odium tone f l:'om t ile solation en:l replac e them wl th 

byd i•ogcn tons . 'lhte had the e.t'.t'ect. or low"ri ng the 

pl'l va l ue of t he s olution to be t veen 2 and 3 . l:io weve r 

whl' n t.bc e:rper1mente wel'c pcrt'ormed et a const•1 nt pli 

v-. l ~•e , tb" P" of.' t ilr; f.'inal l.y used sodium clll.orlda 

solu Uone was adjuo t ed to t u .. N .q u ir t:d vs lue hy the use 

of either O. lM hydrochloric acid or O.lh sodium hydr ox i de 

,both of' which reagents " e r . p r pn r ed by dissolving 

t h e ~analar~ 0 0111po und ·tn de ionised water und e 1.or1ng 

1n polythene bottles . 1DU8 th~ !owel'ed pH value 

ot the l N s odt um chl oride solution • ould not lt ad to 

the subeequen t 1n t r odue tlon of' a ny lone liltf:ly to cauf!e 

!lDY inter!' r cr.ce r. t tb the exper imen t s . The actunl 

amount ot' eod 1I)Jll l one r e:r>taoed b;y hydrogen ionl! •rould 

not have b een v ery great. \ s t he a trflngtll of" the 

sod ium chloride solution w~ s not a crtt.ioa l rac tor in the 

xpe rt ment , the alight lowering of this strength ( ~t tb 

respect to t ha sodium tons) would not a~ect tbe results 

ubte 1ned . 

At' t.e r soaktna in tbe eodtum chloride solu ti on , tbe 

mtca surface ;,f t h<· getg.;r c ounter end- window "as plac ed 
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1 n t wo 11 tres or deionised wate r 1n a polythene oontniner. 

The d e 1on1eed wa t e r had had ita pH va l ue ~dju~ \ed to 5.5 

by means of the e oluttons described above. After a 

sui table leng th of time , t he backgr ound co>1nt r ate of the 

ge tger coun ter having been de t e r mined , t he mica surfAce 

"''-'B remove j and moaked in a rodtoac tiv ~ phospbll te 

solution for 30 minutes , and then r eplac ed in th e polythene 

container as before. The deeorp tton eJO;"per i ment 1'11e then 

followE;d anJ t he data obta ined a na lyaeJ in the ueual manner. 

Analysis of t he results obtained f l" om tbts expert men t 

showed tba t tber<> Yl ere e t ill three d t!'fer en t ,etmul t.a r. eo u!!< ly 

oceurrtng , d eeorpt1on J"a t ea of ra ~ioeot1ve pho!lphate from 

the roioa cnd-<~;tndow o!' t-he g e l ger counter . TbiB s eemed 

to eugg c: s t the t a l U111 1niUlll, or aome other o ~ tt on whl.ch wa ll 

ca l)>'~ ble of 1'orm.1ng some type or adsorp tion oomp l ex wt th 

phoa pba t t> , was o till preeen t on t he micA surface <:lf' the 

ge t ger connter end - window. 

At t h conc lusion oi' t t1ts l ae t expt: riment the same 

getge r counte r ~as t "ken and s oaked in 0 . 5N aluminium 

nttrate solu tion fourtime& fo l' at least 30 sinutea each 

time . In t bta wa1 a ll the a J sorbed ca ti ons would be 

expected to be r eplaced by alum! nium tons . The m1ctt 

wtndol" was then soaked six tlm,;e tn dt a till ed water 

having a pH value of' 5.5. Af ter t bia procedure (to 

brir.g the mica s u rface of' the g~iger counter t> nd-w1 nd.oll' 
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to the e a me ste.t e as in the pr ev i ous experiment eJCoep t 

r or the r c plec cment of e n1 sod ium ions wi th ~lurntnium 

ione) b~ d b een followed , the lilies w1ndo~ waa i mmersed 

in t o l itres •> f dlf' t i lled " ate r wtth s ptl vnlue of 5. 5 , 

a nd the bs cki round count r a t e de te rrr.t ned . The mtoa 

wtnd or; a-sa th•en s oaked in a 1'ur thc r por•tion of the 

s a •ne r satoa e t tve phos pha te s ol u ti on so wa f.l uecJ ln the 

ab oV<' experim•n t on what wap s >l ppoee:l to ha vP. been " 

sod ium s a turated mic ' surface . 

Subsequent deal.lr p t1 on ot' t he r adt oact1ve phosphate 

a ppear ea to ooOIU' w1 t h three e t mul neoue r s tee a a had 

been ex pected f or a l um i n ium ea ~ura ted mica e urfooee . 

Afte r a correc ti on hnd b P-en appl ied to the to tal &'llount 

of' r ,.d toact\ve phos phate ·• c!aorbed by tile a luminium 

satur!l t ed mies surfac e beca use of t ht J'8 d1 oaot1v e dee·,y 

of' the 
32

.P ll!otope (h!IH'- 11f'e " 14 . 30 daye ) tn tt.e t n t eJOVa l 

ba t \· ~en t he c O!IICiencement of th<J t 'l<o experiments , tlle total 

emoun ta of' r "d t CIBO t1 v e phos pha to ocS e crbed by the mica 

window of the g eiger c oun~r i n each ex perimen t • ere 

COIIIp&rcd , It was r ound tbn t the amoun t adaorbed by 

the mica v.1ndo-r. in the s econd ex pet•imen t , w1 th a l um i nium 

only betng t he satura ti ng oe tton , t>llB slight.ly less th!ln 

i \C e the a mount (3,90~ c . p . m. "' 2 . 000 c. p . m.) adeorb11 d 

by the mica ~ 1 ndow when a ttempts had been made to eliml ns te 

all a l uminium lone .fr om 1 t, a nd r tcpl sc, t hem wt th sodium 

ions . 
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Tlw <li f'rn·~nnee \ !I in1 t1al count r 'l t t!! bet· t>en 

experime nts on ~t~ lumtn1 nm sntura t ed mioa eul"tn c en nnd 

in the exyt"rtmt.n t" t r.tttaUy pcr:f'oi'I!lf'd i n tht ,- tbests 

l!l l-l'Hll \bet the lAA t _:-r ocu:iurt d"scrib t·d for tb< r emova l 

of' a l u.nl ni ur~ ions bad n& t mt t "t th Rny pnr ttcula r 

pr;w eases. 

As a ru ,· t he r ctleck. t.llA t th ee :fIrst D;e th'> l t.rt ed :for 

1be pr epa r ,. t.i on or al\l!lltntur.~ i on 1'!'ce !!o:itu:n s;;turated 

mica eurt'>'Joee ( p. l32 was n ~ t suh ceseful , the J:"l'Cced ure 

w~a r epea t.,.J o r. anotncr :fres h geiger c ounte r " tth llnused 

~ bil e tt sbe~ed unl i kel y , tt ~ae 

thou:;:b t t !.at t he reason i'ur f11ilU1'f to pr e:;n r < 8 e o~1um 

eatur· . tu~ 111108 sur1''1C8 m1gb t l i e in t he t r ohn1que of 

banJ 11 ne uee J , r .; ther than ir. the method tt,c lf. However 

the rcaul t 11 ol>tst ncd i'rv<r. t t.ls experi ment were th ~ same 

ae 'befor t , t ns t is there ~« re thr •e .leeor p ti'ln r'!. tee 

of r8di ouo tt vc phoa pha te rrom thc rate" a ur f·aoe observed . 

/lt' ter u,te , c, furth" r t'Xp< rimen t v:ae pe rfortn<! d "'1 th 

tbe slim e ge l ger c olln t~ t· /'~'b e ea~.e r "' .ltoac t! V ' phce phe te 

eolu tio r:; , i r. t nc ,. ay which bEt s bcu, :leecrited abo <re , where in 

the ruics sut·fact. ot' the gdgt:r coun t er cnJ - v,tr.dotr t s .fi ret 

eatnr a tea -.1 tn a luminium t one . ! t ... as found thn t the 
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t ... o experiments "'Br .. , once BJ?,ain , approxi mately in the 

~tio 2 :1 ror aluminium s atura ted mioa surrace taodiu~ 

ea tur·a. t.ed roio <~ aurt'a ce . The ' otual 1nl tiel count 

rotes oalc uJ.a t !.'d tor tht> t ;; o ex;>., riments were 1,000 a . p . m. 

and 4'.10 e . p . m. , and while tbl a r11. tio "!Hl sli ghtly hi gher 

t han th8 t oba erve•1 Ylhen t he sec ond pr;)aedur•' h11d been 

:t'ollowed the dU't'c r eno e d i d not e r.,e .. r very stgnii'icant. 

As auooeeu had not b een ob t~•1ned by ci tber o:r the 

abov e pr' OO t>d U!'&e a third me t hod NaB 1nveet.lgs t ed , A t'urtber 

tn the usual way , an,] tbe ml.oe su rface of 1 ta ;;n<J- wtndow 

!'he mic·• v: tndo"' wss then taken and 

S?l'llti!! ·~ 1n 1 , 0!1 !'odium ehlorid" eol ut1on .foul' tlmen , and 

t h en tn o .2R 80d i uro ohlortde solution l!'hicb h11d o 'len 

adju~ ted t c> h»ve ~ -pH value of ').? i n tile ue1111ll manner . 

'!'bts la >< t tr~'ltment w11e C1 l'r1 ed out !!h. 'tiiDI.'& . The 

lilies surtr- ce of t hs geiger c ounter enJ-•tnd~w •~a placed 

l.n t''• O 11 tree~; of: 0 . 2 !i ao(J1um chloride aol11t1on w1tb a 

p1l val lltl or 5 . 5 . Hl the ,~boVE. steps •- o ·•rr1 ed out 

111 polythene b er.lte l"e an·1 aonta1tHH' fl • 

~ tJl ori :'l.tl nol o ti onr, wer e l' l'<'p& red "! tll "slHl l er" i!'O:l tull 

ehlor1de and de1onteaa wa ter a nd hydrogen resin ae 

deeo!'ibed tn the account of th"' pr ev ious me tbod attempt<'d(J.,. ) 
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Afte r d ~ terminfit t un of t~e b~ ekground count ra te for t he 

ge t ge r counter, t he mic end-windo~ wa s pl a c • d 1~ a oolut1on 

of r adi oa c t ive phospha te ror } U minu tes a nJ t hen rins ed t wice 

1n 0 . 2~ aod iu~ chlor ide s olution or pH valu e 5. 5. Followi ng 

t his pr oc e dure , t he mlca ~> indo" v.a n r~> iam: er ,.ed i n t h" o U t'l'eo 

or B0·11u.n c hl oride s olu tion 1n t h .: ,Jolytbene oon v.• 1ner a nd 

th!l de Porp t.l on c urve f or t he r ad i oacttv,, ;:>hOSi)ha t e X' • corded 

a nd sna l y a ed . 

Aa a furth e r p r ec au ti on :1.!'' 1ns t t he poss 1b11 1 ty of 

t n troduott on or any oAt 1one o the r th>•n s od i um t o the s yf'!tem 

unde r a tudy , t he r n d1oac t 1ve phos ph'ltE' s ..> lutt on , 1fb \c h hnd 

a l wttys b ee r1 s t ort!d tn a puly then~ , c ont.A t n<r t o mi n i mise 

the ad!'o r r. tt on or t he- r a •\ios otiv e ohos pha t e srou 'Ps (wh l ch 

were present tn e 11 tromel y small c or.o en t rt< t t on ) on to the 

1te l l a of' t he con t a tner, wa a 11l11o store 1 ove !" it mtt!lll amount 

( s •>.· t·oxlrut tely on fl g r .. m} ot' sod i urA r e ,. 1n . I t '11 !1 8 hoped 

t h111 t th i s t on exc ha ng e r es i n would r~rnove any t r ,.c es of' 

alumini um or other ""ulti va~nt ions t. i'mt u. i g h i. hav e ori g i na l ly 

b een pr e s en t i ll t be raJ ioao Uv• l>h ua pha t • solu t ·l on. 

lHlil e th s <- ion s ..,oul d no t b e ex pected to hav e a !!, r es t 

ef!'e c t on t he sya t tcw bctn2' stud i ed , it wHs thoo ~ t, t t llat 

t c.ey eo old r.oesibly ex c h!!TU\tl wi tll , a nd s o J .l o,pi <Joe , eome 

(J'/.' t ile s oilhUR i on& pr es<.nl. on t he ~:. tea aur t"a e e of the 

ge i g~r counte r end-~inaow dur ing t he t i me of ~Jsurp t lon 

of.' the r fo .11oaot1v e phos pl;a t e on to t h i ll lll i<l tl s urf~o o e . If 
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r·a~ ioacttve I' hos pb.-t• gr oup!" also proo~nt l. n the r.o lut1on 

to be ,.l€'C•l"bc ~ on ttl tnese n ewl.- cre11 t ' d e1 t cs thus g1 v1ng 

11 .fa'lM• , rm.l unduly h .~h , p ie t1.1re .,r the amount of 

aiJ.eo r pt.1on actulllly occurr ing ol'!to the e od1>=n> sP. 'tlll'll ted 

tlioa surf't!oe . A polyth~ne c on OH' " IlB llleo used f or 

the r "':H OII\ltiVE' pbooplwte solution during th<: ac tuel t1m~t 

Jr n-:le;or p tion or.to tht' mic" surf'..,ee . 

1 t. 'lRO c ons1dered thl.l t 11 poE<s tbl e oompl 1o'l ttng t'ee tor, 

'l eaJ1n'l to a al i :;htly b1 '!h i n tl. n1 c ount t.e f<Jr the 

J ~i''>l' y t\on ex:;>er'\ment , llltr;ht b ( t li"' pN!$H\<H" n f n !!11118 11 

a:u<>un t af: r tt1 1ono ttvo ph :.>!tph•l t e f!O 'lntlon A<l he Y"l'l't to the 

surface or tbe ~ioa enJ - wlndow or t he ge1 gor oounter. ~ny 

r ullol'l ctlvt: r boeyll" te s o pre At'nt r.ould be r llp11ly wa .. bed 

into solution . ~b1 s woul i g1v e ri~~ to ~n sno~lou~ly 

r.tgh coun t r 11 tc for t be !'lrst :n1.nllte o,. so or the dee ,,rp t1on 

t:xpe rimant, • c: ~ ord1ng1y 1 t ,~.., deohted th" t 1 t \\ Oilld be 

more eatiat'ac tcw it' tho 1dca ~urf'sc c of t tJC end- w1ndo" 

vf t ho getgPr counter ~o" ~a ~hed in a ~Qrtl~n or Aolu tton 

oi' l.ht s&me o ol'A;;>08 1 t1on ns th~ cv~ntua l desorbl.np; solution. 

'l'ht s v;o uld tmf1 u r e thto r o!llov 1 or t~ny ~-'her1ng tl r ops or 

r a :11oaotlvc IJ lloe ,,hatE: solution tbot tuilo n o t b" en det11obed 

f rOlll the :U1C' r. surra:~e on 1 t e r t>moy•,1 rr·om t.hc l"F\;li onctive 

pbOiil l·h&t£ oolu ti on it h··:l b een plEoCr d tn for Ul! pnr "Po&ee 

!nic w~ohing prooedur~ wnn oa rr ed ou t 
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tw1.ee . 

' e the toti!l ti:~e for t he ""'' htn.g!l 11as less lh"n 10 

a cconds, tbere does not ""~m t :) b.;; <illY poastbili ty tt1at 

any s1:;n1!'icant amount of rall o~,.,tivc .•hO B!>ha t~ woul•1 be 

desorbed by this vroc e1 ur , i v.rl H' " e o<~~ •ler e::de t ed 

w~ th a h!ilf'-t me <:lf deoorpti on "' '' ellor t fHI ?J aeoonds , the 

!Mjori ty of tne amount. !lf suob a spcot es ;'rese .• t •ould not 

b e removed by thls W!lshing p r oe,.Juro , snJ SG 1 ts pr e sence 

t~ou1 •1 still b e detected r end 1.ly on aual:rsta ot' the 

eubsequently obtai ned deaorption curv~ . 

The most ra ~idly deeorb~d e~ol~s actual l y d e tected in 

aey of th" Jesorptlon elq er!men ta •pa rforilled b' · j a halt'- 1 tt'e 

or dc sor~tlon of' 0 . 5 to 0 . 6 hours . 

de aorb t>d opproxlmate ly 100 timea ae elo•ly a a the llypothet1r.a l 

Al so t t ~•ns atlo"' n ( 6' e m themu t 1co l 

t ll>t t tbc:. a c tu oil s pecies de teo t ed 

sooowlkd i'or all tht< rr..1 1oac tive phoephate 1nitlli11Y 

a Jsorb '-<1 or. the 111101\ surface unJ.t~r s tu(fy , l11!!! , 1i' 

a very r ap idly Jeaorbe.:J specit:s oes <.xtet it must be 

present in very a •tiB ll ounoer:t.r-.t ton r elc.tlv e to al l the 

o ther spec tee .1e t~ a ted. 

l:f tt:e r e • s any ra.11osot1vE pbo~rba t<: eolutlon l Pf t 

adhtrtng to the mica .; ur:fllce of tilt< end- wln.lo" of the 

gti~ar counter this would giv< an appal' r. t inttilll. oount 

l"ate t h8t. '1 s htgller then th<: true tniti!i.l count rnte 
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due aol•l.v to the to ta l amounts of tbt- varioue r•: .. 1io&otive 

phoO !>h ~ te - eat! on s r-. tura ted mic'l surt'eoe com:plex!'s t'o:rmrd . 

Tl'w &!ilour. t or tnerr.na~ ot' the ooun t rr; t~ due to the 4dhertng 

r ·d loact1v e · b or> pllnte sol ution l<O•lld prol)~b ly b•· co~w r »ll le 

:for 1.1l1 the expc1"111lf'n t~> pr rforme:d r. 1 th the c-ot>(' r~d1oaetive 

r hoe r,h!l te a olu tlon. Tlms th~ relf t.1v• ef'f'eo t on t he 

ln1t1al, count r~ tf of Rtl expe rimen t tmtr•;r ., eodium eetur·ated 

mica eurt'act" would be g re>1ter th>m ~ben an aln:r.inium 

Sll tura tc.d m loa eur.t'rJot' "'"'P. used a" the ~Jaor!>iug surt'aae . 

Tilts could lc·e •:!. to e cone tderl\.b le nl tn•,• t.1on in t.tJI! r " l! o 

of' t he 1!l ttt91 aunt rates t'oi' the t.~iJ e:x~e rtments. 

Another poselble j i e~dv~ntair. of the presence of 

adhering r aHoacti ve ~·hOII?hat~ solution on the mica surt'•ooe 

WO»ltl be th. .. t 11' it ti'I>G left t'or tlllf l er1~ t h Of time bt>f'Ol'B 

the commenor·men t ~1· t he d eaorj'J tion cxperimen t ( ot• bf!lf'ore 

tH~i ne;: rine E>d o1'f ..- 1 t h descrbing so l utl ou) fur ther aJoorpl.ion 

of r 1dioac t t ve ;.:husphat~ ions oo·Jt.i oo!lur onto the ml.aa 

~a 11! sho'lfn elaewh~re in U'lls thesis (p . 197 ) 

the 1' "-' l a ttve a mounts tli' tt,( various s pecies ~jsurbed over 

a r anqe o~ time ~o~o n~t alter . 

amonnt adsorb "'(! lncreaeca Y>i th inoreuaing time of 

adaol' ; tton 1'rort t he ,..,aoactivc ,,bos ;..b r tc solution . 

Thus t he r r lr. tiV{: e •r.o un t:;< ejsorbcd. in t~<o .:o.x;.erimen ts 

c e n only ba e ·lcul!< ted wheN: be th il.l eorp tton time s a re 

the esme . Th1a noight no t td'f'ectivf' ly b E eo if in ono 
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CJ:7>ts rt m+:;nt. fJ lc:lq:or t1~rre •Jlfj o:.:• .sJt -:\ bt:.tl .-•l'"· rt t"t:::, O'•'&'j1 of tha m(of\ 

8\ir·r~·et· f "'' ... m the ~-l~{lr•b 1tHr volnt.; ·Jr. "M"} 8U b!"f~f"!UI!"nt de no:r,~ lon 

or ~lc:-~i1rt~·, "~ht~n tnn th-t" ot~ r·~ !t1 tla) tH!t..r (t iJd , o:..:·.:.'f:rat. ivt'! 

P.T.~;t· i~~nt . 

l·ltlllJPir< •:•r u,,. ,z,.,t~ ub'., ine·l fl" ua• t.l> t· AF· ,..tmen t j u s t 

1•·P.<'!'tiH d E:~"<~ ! • i'f 6C r <r::-:. I'<'>' ' J l t!' 1:1.-oll l.i;one ;>h t• tn d 

I~Jti a lly ~decrbtJ ~·P l o•cr tb,n h P1 t • en ~hAerv~ d 

t'or ; J'~Vl.0\1£' Ct;·q• \ na·n t~. . T t T "· t• f''<\ln .l tt .... l ~1 11lOflt 

e.ll 1.b.f' f'wlto•·et. tv r~ ··t~or.;·h,.·tc \\:'1 ~ .. • !esor-b11.1 r.~.·h £ J:1 • te 

c vnstan t sl ~r1l··r to tt~ t of' th.-.:· l(<·t\ At r• ,.., l 1,y ~ ~e'.H"bed 

~;t~<~i(f! 'Jliserv ... ·:i Cir~ nluo:lr.l•J.~i fH~1.~ 1rA'*" ·~ ml0 '·1 tt'·~· C · ces . 

'f!~l~1 1~tr. ltO to t~H c .?rc,,u!l.i ...: n tt;n t ~lraor \ nl l 

... ,,!:~ 1 niut1J er v t~ ~'-'f\" '1'Jl t~vr.lt nt tor•~ tl'ij been Pt ;f!"I"!Ve~ 

!',.. ...,~, tt e ·~t) 'r'1"r e ,,.,.. t!"t~ rt ~r- -. fl'C t - ~lr-·l•')vo :,r ~-t"-r· !'1!1g'( r 

f'l'P\ t..ter 1.hot c ·· t 1cr: t·l~ ~;a., rhcd t:\r1to thr ~i.en s ~!'"n ee. 

T.rt• t fr- r e'""~t1.1!. on c•f: t ht· •1boYr.- ~'X~'!,..ir":t:;nt. z(_. .. .,tt. tht~ fl.!~j,l!l f! 

t~ ~Fn:.L~r , f\rd P.'' 11. ''~~ l)fH'nl'Q~1. tt~~ 't~ ,11 "l ennl, A t th:e ,-,tt 

···q ~ f' ~:!J t l'tl'l, , .-:::(;a· (t' \ .'.1:-n t ~ ( 1 . ') ~ U1ert· :r~e ~ Oe\i'!. t.l' :-e of' 

oom..,.l£>x :rorm"'d 1:1~ t~>ec:n ptloa pha t c itmt' and t.lle ao tuol 

ouf'tact i.)~ U.e :• L a , t :1J<.utuJu: t of' any ea tt ene also p reecn t 
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t.o neut!"9l.1ee t~.(' ne-t nag .. ttv e ohotrge on the mtol!! surf• oe , 

'jv .: r ha.-: or t:. E' tat.tl ">:ll!'orb <! <l r ·· Ho-!oti"'" boe ;>b!l t e 

'fht r tma tn<ier of 

the &c ttvi ty lOllS nut sufnclf! n\ ta anetyae !'t: llF.bly tnto 

a1;y Or.l'~>pcneot•· · ou t i t htt<l AD t~p ro:><i~te 1181!'- tl'l\e fo r 

Afte r oomp~ 'tl "n or: tlie .it-sorr t1on ex;>< · 1m«n t on tbe 

"" l i <l ,.,. \.ui"U l.t:: llli<: · sur1'••oe of' tb oe. gr.tge:o counte-r en:l-

lescriueJ on p . 136 ~>ue foll oo;;ad , '!hus ; t · as poe · ible 

to 1! 90"rt l n t~.;: r~ r to a!' toe to tat a!Dounts of' r 11Jtoncttve 

with &1.Uill1oiwo 1one, an· 12he1. ea tur>< to<l wt th so11 Ill ton 11 . 

• l.'ter C·ll'r<:Ctton f:>t' """ tv •otlv t dec<~y of the J;;>p etolllll 

mlc" eur f .. ce. 

aube ·. Q.Ucntly rcpe . te\1 twice on otbere;ets~r o ounterllltoa 



end-~> indo"s · 

in botll cases . 
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Silllil!H' reeul ts to the abov e "~re ob~ined 

Tbe r a tios of th<> total ~mounts of 

r dio.,ctl.v c ";J llosphate a .lsorbe:l by the al U<11intum nnd 

s odium 8at:>rated mic . aurt'aoes wer" observ 6d to lle 8s 1 

anJ 9:1. It 1e coneidc: r o.J t h11 t these :f'i go1 res are i n 

satisfactory ugr e oemen t wl th e ~toll other i n v i ew of' the 

dif'f·tcul t1e:s 1r:volv<'d in t ile: pr.,p .. r ·• tton or: the a l. untinium 

ion !.'t· ec s odilllll sa to...ra t cd atioa ~>Urf'r. o es . 
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6 , 2?. Sod tu m s a tu r e ted MicA ;lurf'l!ce; 

Sodi U:JI ea t.urf.l t.ed mica surt' •· cee wb1oh had be t~ n prep tu•ed 

:rr .. e ot' e l. um ln1um ions in tbto fiftY 1nd1or, \Ar'l in the pr eo cd tng 

B<!<oti on were tt lec etUd1ed at othe 1• pH vs luee . .'· t 6 pl:f 

va l ue of 3.0 it ~>as t'ound tbu t when an alutaillilllll f ree eod ium 

pboep ll& t.. , tha euba u1ue n t deflorptlon exv~r lment y t elded 

on ~tnn l. y a l.f' ve r y e1mtla r r eeul te to t hoac ubt>llued ln the 

pr eviously deec ribed >.urk at a vli value of 5 . 5. Over 

90:" of U1e to t.a 1 e oun t o r r e .:I 1oao t1 ve pboeph;t u tt:leorbed 

by the a odium liiA t -Ul'e t t d mic a s url'li<Je appea re<1 to be COlllplexed 

w1 th the m<. e A eurt'ace tn the one t ;rpe of complex. The 
I 

rete oonetant for t h i s s pec iee >•8!1 9 x 10- 5 minute e-1 wh1ch 

ie of oomt'f) ra b le ma~rnt tu11., to t ha t or the a pectea f'oUJii! on 

sodium saturet d mica atw:t'ac e11 at a p£ v-..l ue of 5 , 5 (5 x 

1o- 5mtnuter - 1 ) . 

An attemp t "8 8 Gl8de l.o obtn i n a va l ue for tbe ratio 

of th" 8.1110im ta adoorbed by sud 1um aa t ur" ted mica &IU'f'acea 

a nd by alu1111 n1um a a tu r t.• t ed m1oo Blll't a c es 8 t a pH value ot 

) ,0. l 'he procedure d scribed tn t r.e pr~v1ous eeot1on 

for ewd 1v.m ,, nd alUlnin ium Sfl tura t ed mic ,. eul"f.,n e a at the 

nacne pli value wqs followed ror one of the s uccesat'ul 

expe r1111ent.s on !I aod1UIII sniuJ•II i ed wt;:o suri'ac e (that is an 

exper 1men t in whio 1 t liPPErli r ed tlla t lll tAo G t all o:f t 'l'O 

of t he a peci ea noMa ll;r pr ee <!ln t on sl.um1nium ea tura tad 

mica s urfaces at a p li value of 3 , 0 wer~ abAen t) . 



148 

e lU'ortuna. t ely the totql 1n1 ttal S.:ilotmt ?f r::~t!\o <Ct1Vt\ 

SQrf'~ ce ~as ~pproxim~
t~ly 1) ,00G c . p.m. As it "as 

by an alulll1n 1um El'> tu:- • tad ruioa 011rf~o c at the ~a~e pli value 

or 3 .0 would oc consirler.-,bly •tar e thew tbi!l, a .?e:riod of 

Si'PNxim • t ely two h!ll f-ll.•tee of the 3~ (e:nn•ox!mntely one 

•nontb) w s a llowed to t'l a ;:>a e before nollltl'.,n<Fment of the 

B.xpur1mc·n t uet ne rad!oa ot1ve ph?~t !'h .. t e and the elnminilllll 

aa tur11 td mto ~ eurtec e . 

r v~n d't<er thitl per1 ad of' tt'111e M <I elapsed 1 t was 

attll :rount5 tb.-, t the tot• l amount of' r Bd ioaettve pboepkutte 

tril tially ajfiorbej ,.·as £I'M ter t h11n co11l d be plotted on the 

s trlr· eh9.r t r eco r der . The t~tr1p oh»rt recorder ws e 

mnrY.t>d 11ccur& trly for zero tl.mc for t he desorption 

experiment , tha t h .. en t he mtea fl urtaoe waa 1'l. ret plac ed 

in th e deeorbill f' mul ut1on, end left rll1'ln1ng wbil ~ the 

deeor!)t1ou took place . It. ... ., !'ound tha t af' t fo r about 

lli hours the ocunt rate tu.cl drop..-ed tt.> a meafwrable 

!lmoun ~ wll ieh YINS then tolloll'ed out on tile s trt p cha rt 

rcco:rd.er. 

As this e xperiment M.d b een pertonned on an s1W.in1 um 

eetural.ed 1111ea uurt"·~ce et lt pH va l ue oi' J , U it 'i>ae thought 

tha t t he aotu" l e eorp tton curve would b e expected to have 



the ea me shape ,;a the o tbt:r ~;q~rtr.:cn te carrhd o>J t on the 

eone!de l:' ed . 

of tt:e tnitlal c ount r.t,. to 1.h<o connt r•• t ,: observed :d ter 

obtr>intd " re g1v n in Tt.blf: 

l e bel!ed 

' ---------------- ··---------

Count Re t e ~:r tur 5 hour&~ 2. 06 

!ni tt al coun t r r. t e 

- --- --·-- --------~----

l'. ere tn k'en und 

:rmlt1:>1il)•1 by the oboerv~d count ra.tes, r.c r 5 hours find 

oscertnin the !n1t1el c onnt rate. Tbe aonn t r" te af' t e r 

des or:> t1on h<t<l ~·roneeded ror J boUJ"f' .,_,.,. '"OI!!CI'"VNl to be 

y: , JOC• c. p . rn . , on..i "f' te~· 1::> hullrP to !:>t' 31 , <)0i, c . p . m. 

in1 t1Al c cun t r " te o!' : 

(over) 
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y :; , ..:;ou X 2.u6 .::£!:: 7') ,000 o . p . l11 . 

j~'" , _!.Q; :r: 2 .1 0 ~ ?(. , 000 ... . 1.) . ;r . 

31 , j(J() " 2 . 7_ 7 :!k 7( , O' •) c . !) ~ :11 . 

:51 , 90:i X ? , I 1 -"- 77 , 000 C. l) • n. ---.... , ___ 
.\v e r~>ife value 76 ,000 ". f' ·'"· ------
'lb•le !'rom tne 3bov <- c , lcul., t1ot;S 1 t eeem~.:l tho ~ the 

}'or th< n e.rp< rtm~n t tloe lua. l'c.tut.'l sa tur: • tul tt.ica 

eul ,.llt> t~ ( >'12 ( :::o
4

)
3 

) aolu t 1 llO E . <Jubet·qucn t »ork 

( eee p . 183 ) Me oho•' n tl.e t mica eu c-:fnc: <!s et~ t.lra tcd 

thr t:6 tt :n~e aa 1>1uoh radt~>ec iivo , hca,.Me ae dv •nica 

eurf'!\Cf!ll aatord t€ 1 ..,, t b <!tther ftcu it.inivm n it..-nte or 

slu~lnlum chl oride , 

r 'l teu and UH .. rel a tive amounte IJf t l1e d ! ff.erent Etuee1ee 

presr::n \.. tU'~ tht:: a HA C . 

,\a all eo !Up:; ri s en e.xperir:~en ts 1101 tb llO•ll wn a nl1 

aluminium &atur t .ed mic" <mr•rao'e at a pli val ue of' 5 , 5 llo>d 

betn c!lrrhd out uatng allllll1n1u:n nttrAt~ eolutlonR , tn 
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o rder to hAve a bnf!'to of comj'tl r1 Eion eo ~w£ en th~ t "' o I li 

VBLUC£1 (.!, , () llfl·l 5 , ? ) i t""'" fcl t t h • t t l'" Cl< c u1 a t ed 

i n itiAl o ou r:t r a t e I' 76 , 00J c . ;:- . rr. . f'o r- t he a lum1n 1um 

e u l phatt e a\.tJNtl • 1 mi cR All rt'.,ee wtth s pi! vs l ;t(' o f 3 . 0 

shou d . bP. d t vtC! ed by th r t> e . i hi & gov~ on equtvalen t 

• tJ cn til e ln1H!l l coun t : ·u t e <>1" 2 '; , ) 00 " · >• . m. f'or 

tne a lllll'l i n t urn s o tu r " tea mien surface wae c orrcc t<~d f or 

tile rt: i o HC tiv< d~cuy of til e j :? P a ,,orus d uri n!!' t oe ela ps E-d 

cmr·:re c e - r nd ioac ti v · p t·Host.' llA t c ::l~so r t • ~ i on e x ;:>eri me n t 

t~nd c .;,nHr.eno <r~t<· n t of th t a i1n il1H' r, i p..r• i ment ur. thtl 

a lu crJ ! t,ium s uturrded mi oEI s urr, e., tilt' vulu" obtttined W>l e 

1 11 < r · lio of t.h itJ count r at.., t.o the 

1r11 t.ia l c ount r•• t c or r a lt r.ao ti v e J>hos J•h•t te adeorbed 

hy tile sodium aAtUl' a t cd mi c " nurf'a c e wA s 1 \JB ,O~O or 

1 ,!, , 000 

hetv.cen fl : 1 and 9 : 1 , l'. h il e 'thi l' t'l!/'Ul'e 1e ve ry 

uno e r t•1 t n, o,. tu: to th<! munber of' """tll!lptl one i nvo l ved 

! n tts c a lculal1on , it c · n b e s•en tha t, i f th<•I!IE! 

aseump t t onA n r· <' b "l oally veU.d , t her. t he r a tio ot' the 

tot.ql o.moun ts cf' r nJ. 1o ~ ct1. vt: 1 h o~ pha t c a l s o rbed by 

glumi ni urn oa t ul'a tcd m t e a E>u rfaces enJ by soJ ium l'O. tu ra t "d 

mic ·• eurt'a o .;s is c omperable a t ph va lu~s of 5 . 0 and 5. 5 . 

•·-n eavours I' ere •fl!ldt. to s t uJ y t nr adsorp tion a nd 
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eube u1 uent dea •J l' t·t i<>n of r >'l l 1.'J>c tiv c ,• h'ls ph'l t e onto a 

'.lod 1um sot•mt•c•l mica surt' ,.o e 1. 1 tt, ll :,a v!> lut. or 9 . 0 . Owing 

to t he d1ff i<;Ul ti e ,; al r e 'l•iY <lesc t'ib~cl tnvolv d in i'ot• k i ng 

1!1 t h1 ;!h pl1 Vtl lUf. f! ( c1. p. 91 ) 1 t \ •>1! n~O t!! R'il"Y to U8(; 

t.h~ t o t ally .-no los£1 IIPl a1•a ~us th ot t h :l b u:n des i gn < d f or 

' or ~ 1l t \h tS L 1.1: va lu e !J, linf J rturw t e!y t hir- apparatus 

l.e ICr.id c o f q; l !t i'H. •1h l ch ~·o ul1 not be sRti13!'actory fo r 

o;per t ·tKnts • it ll aoil 1un; s r, t•Jrli t td n.icl'l aurf~;~c e !l , b e c i!!Uetl 

of the nceeE;s 1 ty to eJ:cl•l~c All trqc E: s oi' al umi ni um f r om 

E:x ,r.cr 1tHn ts • i ttJ t.hll! s y.stc,:n . r ... 1 t dU n e t ~~ em 

prRc t t c able t e> m~ k• n elmilar p l te ce uf sppa r atu< •>ut o:f' 

'"J l :Y then t: rua t f' rla le , s ome ""Y had ' to c e Liev i ~e<l to e l1mtn'l i e 

1! 11 cor. t.,ct b• i ''t~ n <my g l aa s ar, ! t he solutl.ons wh t o h the 

sodi um s •tnpa t e d m!c G Rni -w lnd o~ of t ~ ge lge r oo~ nte r • ~ a 

to be imme rsed i n .. 

'The o <"n t r>i'!'u q:» l a ttrre r ~as coa t !J w1 th r .. , ,.,\f ~ 1n l>fl X 

both t na t de a nd cnotf' i J(· tiO t''l r ll ? B P the poi rtt " t which 

it en t .a r " j tht ::l'l "lsa t ube throu;rh the t·ubbor a to _p:>e r . 

Il l Wou ?·h UJG Jeeort·1·~s: sol ul.l•)D W•JUld rl.l'c• u p this g 1i!lee 

tube s .~ .~~ .H o t 'l 1. c c- ( Qb (><l t 1 .1 c . w. ;mPt tht• oo t to·n of the 

l!top .,,e-r) 1 t >. a s Il<. t pos a :lbt-s to coAt ti t.ner t be ')Utetd e 

oJ' tt. ~. e tirr•<! r h& f t <:> 1' the ~ rw l u " of ttH ~l'>SP t ube in 

•·hich t!~t: a Lii•r·., r rol:R tt: •i " I ti-. pt• J••, f'ft n H>Jt . Th te 

v. ae b ~ tl <J Utoe t he amo unt of' c l<. r -qoc IWH.> such tha t th e­

t nt.r oduc ti on of RI'.Y ,.a;x woJ t rl stop the sttrr e r rot.a ttn !£. 
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rn an !lttell!pt t.o exoluJe ti l! ;rlaee o.f t he •·;:. llo of the 

t wo 11 tr~ :!'lfi s lt «blob held t he J esorbtng solu tion f rom 

o ;>ntact wi th th ir; soluti"n , a ~o1ytne ne bug wa" i nse rted 

into t be t'b fl k , nn1 tht> dtHJorbi ng soltltlon placed t netde 

t his ,, ... g , This poly thene bag WMJ big enough to pro trude 

through tho; nee le of' tile t ,;o li tt• l• .~ 1 ""' !<: , an-3 tile rubbe r 

et.oppt.> T c ont~ 1ning the ge: i ger counter,ettrrer. eto , wee 

1nRertcd inAid e t t . V. hen fUle cl "'i t11 solution the 

bag ewtDf'd oll t to hold u lmo Fi t he e~me v-oltm.e ae the 

t wo 1 l tre fl >ll\k wo11l.d have. held had the bAOO not be en 

pr esen t . Thtr•! y;.-s ll nmell vcluroo aroun<l thfl sidee 

thE<t Clid n o t hHvo- ~myth1 nl;( but ai r fllling H . 

r.v e n thc-ugh the r.c,lythcne b ~>r W6El ch eoclted for leaks 

bai"o r E use , 1 t ""'~ 't'ou cl t hat the ~mp ty gpac c b ~ h·e en the 

W!i lle u:f tbe ho litre t'la s!< a nd t h<J outetdc cf the 

polythene b '·!! g r aolu,. lly t'il1e ,1 \\ 1 t~, l11JU1.1 11h~;1 t/le bag 

( tue t de the t "'o l1 t re t'lsak) had bee n fil led v:llb solution 

and >~11 owed to s t '<nd for G Oilll'l time . I f thitl was to 

hs p : e n d!l r l ng a d~.sor p tion , ,; p.: rimer,t , ti.• l cv .;l of' the 

d.eso:Pb l n(l oolu tlon tn tht~ poly then'! bag ir.e idc the t wo 

1 t t r t f l o!'l<: would d r op. Tni " \V oul d. llt\vo t !"•< tff bc t 

o1.' br,!l kin!t thl'l cont,ct betlwen the mica sur1"Hce of' 

the ge1.ger counte1• < nd -~· iml oll snd thf' deaorbing e ulut t on . 

Such a hl! ppening 'il'lUld o!luse tn terferenc r w1 th t he 

d~sorption of th e r~d1oaotlve phoa phete , thus 1nva l td~ t1ng 
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tl;e iiRt.t obtaineJ ut' t v r t!lie point, a s ev en u/l.0f~ntd wae 

adQe d tilt- time ec a le wou ld be roea nint l E' ae unl CI'; fl th e 

~x11 c t time t oo t t he rule a eurf'aoe ~>ae o u t of c on tact ~" t th 

th~ so luti on wae known . 

I n oJ"d<=r to a to p Ua- desorp i 1or, s oluti on l •·ve l 

fallin g a •. ay fr om t.h.- mica surf'ec•· un der atudy c.'! nr ! ng 

An e x perimen t , tt,c volwnt bc ti'.F.£ n the polyth<'nf' t>ag 

Mlcl th ""lle of the, to litr f' fl ae k -.a a A 1~> o 1'Uled 

51th d c eorb ln! aolutton . Provided the r fl t e of' mov e ment 

of the solu ti rm thruugh the ><e. ll& of the poly thene bag 

wa a a lo" enoug h 1 t. wo u. ld not b e expect d the t a e i gntficAn t 

!Ullount ot' " luminium ions f r om tt.e' g lar~f' could penetr.~ te 

i n to the pol ythene b ··~ in the p ri od of time reou lred for 

t• d e oorp t 1on e:q;<' r1U>cnt. Ao t he r t! t e of. les kage of 

solution tbrou[( h the polyttume bag in t o the !'. i r gap 

hetween 1 t ao.l the t ~>o li t r t; f'laek W!H: obse r ve d to be 

olow ( a pcr·iod of: some day a be i ng re r, u 1 r~.d to fill the 

gnp)
1 

s nJ 1!11 thco r a t e would be expec t ed to b slo ~re r w1 tb 

solution vr. t ·ol h s 1Jes of t beo polythene b · g i t ·.il d not 

a t-em like ly th.~t t cootmninatton of t he sol ution would 

ocour in th1e way. 

011re was t.'lite n t o e neur e thl\l t the bot t o:!! omd or the 

rubbe r ~< topper " htch \'io~ld be i n c ontact • 1 t h the 

d £.eorb1ng: colution ,;a e co~> trd wt th wox . TLe protruding 

edg< o or t h<' t wo glaeo tube s that c Ame thr ou g h to the 



throm;h whioh S •ltte ,r t he deeorbl nit eolutloc we1o added 

r equ il'ed to oompl~ t f'ly fU 1 the spac e Ul'OUll•l ttJ ~ se iger 

counter em'l-':7tnd"1t ln!11de tb" tt·o l t trc flank . Thie wae 

done ttlr ol\gh 'l ~lall>' a t! p:l r a t 1n :· funnel . 

No rnf' th"d o1' overc oming til e- n ec:H:.u!l ty of UBlog tbie 

y.laas sepAmtlng funn e l WA e devt ned. To mi niml.oe -.any 
I 

undeeit'a bl.e effect thll t the uBc o f · th ie: glii!Hil oe'G>t'.r lttng 

tunnel m1 F.h t. hR ve on tbe ex r: e rimen ts " 1 t h soc!\um · ea tura tod 

mica eur t'aOPf.i, ll<" muah rel ut! on ss possible r.all t>.:M ed 

df. r eet.ly in to the pol ytt>e r•e bag i nside t he t.•·o 1 tre g lee" 

f l a$k be:t'orf t b f rubbe r ~ topr.er pl us !{e l ge r eou:ntel' , eto . , 

"'-'e 1 nser t cd . The s e pa ra Ung !'wmel ~•u l"inac•.t out 

eeve r a l ttmta f. ith the deeorbi ng eolutton, a n d th4! n , af t e r 

the rubb er stopper ll'ld been inaert"'d 1u t.h '" \lro 1 i t re f l aslc , 

de:Jorblng solut!Jn was !JOUI'fl tl into th" R ~P." t•a tlnr; :t"tlnnel a nd 

r a p1r'lly ,.v.n i n to tb" flt~si~ un tl.l al l th ,; !JJlSC!J below the 

rubber et.opr,t: r was r u l l of the desorb J.r,g solution. If a ny 

o:f t hE> dea orbi nt' oolu tl on rcllltl. tned 1n thL at'<" ro ting r unnel 

af t er thic; pr ooedure h"J b~ en o•· rr 1ed out 1 t wee t mme.ih• t c ly 

w1tbCra · c nn1 d i eo · r ded . 
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".11 the solu. Liono use d ~·er e ,:rqm r e:l in tht same manner 

sn dc3crlbcl oarll..!r ; ).39 ) fat• ex 1>ar tmnnts on •ll<lmi n ium 

ton f"r~e sodium ur- t ur•ot..:;J r.~1on cur!"t:J.o ..: r; at t1 ~l:. value of' 

5 .. ::-. , f·~{O !.p t thr~ t they 'l.' l?. rt~ .1 1 it.Jjuo tt. d t o u ph value of 9 . 0 . 

Jl1 t ho'.:..:t.h ex i)t· rim.P 1 t:.; on the aoJ t uu. t;.~ tl r-~u i..f· o m tea 

!:'urf':c c :~ I' ·J g(!ig ;;: r.~ co un kr euc1 - Y;1rJJO\' wer t c..:~ rr i.t~i ot:t 

r:Ior-: thrm once 1n th~ UII.Hll1<' t' d~sc rib cd ebuvc , 1 t a ppeAred 

thn t r,uccenc ill tl~ t5in1nt; nluto1 1. ltlum lon t·~·ee «o<ll.tllll 

au turu t ed micH <'llrf'acc" l'ia'El n ot been :rcbU1rel; 'd e t this 

p! ~ v alue . 

mlco SllJ•f»c>:: bel.ng P tudl.<.d. 

same rate c onf'tants f'<.r deaorp tlon " '' thor.;c. observed fo r 

6l umln tum ea ttn·n t ed :r ic " Ul!'f a cu; " t Cl •.H velue of 9 .0 . 

'l'he to t ·• l amoHnt of ro dlo ·ct1ve phoB!thate ed5 orh cd by the 

pr e pa r ed m\ ca eurt'ace wan ahou t hP l.f' 0f ttta t ni:>orb n·:\ by 

alum\niu:11 snturll t ,'ti mtc .1 Gu rf'flce " un1er the nllrne condi tions . 

'l'!les <> r Psui. t'' V•ere s 'm!.lar to thoo e obtal ne5 a t f.'1 rat 

r 1 th sod i um sa t c.r:'t t.t;1 m!c supf'~ct's thn t we r e eubse·qu ently 

shm•o t o have a CtJm>i dernb l e, emonn t of a1 u:ni n i .,m ion n otill 

rtHH~onable to c onelut! ~ tha ~. , during the ex 1 ('r i mr.. n 1e 

p ,;rt'orme d on sodl.nm on tt.>rotej r1 ~. c l'l e llrf aoe a ~>1 th a pli 

val ne of' 9 . 0, alumi n i um \on~ were s 1Ul t>ree e nt sdeo rb erl 

on t o thf' rolca I!Urfaces, \ n abou t half' the concentr 'l tion 
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n or rM-ll.l y 'fou nd ·=· i t b : r•cp•l r ,·;] r ... l nmtr..Juui r.o t: 1ro t.~7- d m· c a 

t1 UrfnC ~t~ B . 
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L.t.~~-.=.e.t.::: .. t~E:..~ .···:..~ -.. ~1r. tt.~ J ~j 0~ --:..:r·f e --1 .. ~ 

··-~· ,_; ~t' t f.o inl t.t a t l .#' ;a t• ,Ui il nt;;: h·~ -~ PhO l'i! t 1 ·.t. -n toa 

SU'r .f:HL S ,en tu r-.~: l ~ wit:l ;J lul'il;t•in:r. t -; n r.o or..}c ')rb ~·! t'q ~J uiH: ttve 

f' h..J S'1h'l( t~- i.'t'~"~t C Jl;· J. r-:.uht'•"f!U. t iL tl.y 'tJt· ..:.;f"s:",VJ"b1.'i t r.-t o e u1u ton , 

!\tr't. 'c . l"'l ~ •'t\! 1 1e:~ Ol• t-~<• t' 1 fo •u"l1ve , h •J C) d ~ ·toF-I?"~lu~. n1um/m1ca 

i:· er1.! d l cu .!-'~ rf,)L',(;t' 1 • t c u • ,~ 1Usr· L l J b 1 il_ ~: l. f' (~ . ~, ; , 1~ nd 

: a··~tt." ( 2: . 0~ . l Vulal.£ :.:.:.~ ) . 1
) , 1 1. ur d_ , 1· to :J .. U=.j1 the 

(.: h •t'.'". ·:~· 1.rt t i.r ~h f;;.ll"; .. t t orA r· h t n. .:r.u ... t lb rl1. h o iud. ~r: in ph Vii lue . 

n:5. j . :) hf. I' t c n •.!'l tr] t;•. t in t CJ .... u;:.u.·t l r .• . J Lc tc, t.>< o li t re 

v· 1u- . 

I ; .. 118 l • 

: · .... rf c • s ; t ti". ,; · L vH I ne ;)f ·.., . ~i ?•t.' r "'" pr r· r orl!d '- u~ I ng t he 

H ?-t:~ o.!1 -' Ili" l er.: ~· n r . .J , t vtn l ~y to:!Cl of '-.!\ Hi:J ! IN.l~M tae ( n e t.: -· r ob l crra; 
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the e)( crinu•.nto• at lovcc h valu ~·u <X Cept t.he c soln ltona 

~r dlatilhj v.a tN· lhvi r.g a J'll value ot · 9 . 0 "~ "" Ul'l ed 

tt.t> 1. 11••1 b "' n pre pa r ed tm:r.c•d1•• ~cl .. pr i o r to be ing r~qu 1red . 

One ~r tl.~ aoau:r.p t l one th•· t I•' : br 'r. ma jt- in this work 

. r.<u • us•· th< rE 1.~< rnr more r nd l o-

nct1v• >hoe phat< a1toorb n! on tc. 'llum1n1um aatU>'"'"'d mica 

fturf'acee th n on t~J .odium (or o l.t e r ·onovol€Jnt l.on } 

e- r ovpn <U'6 a& r o01 "<teu "'t th tt. o aln71i r.~ um tonll f n s Qme 

"'"Y· AftN• r. .sor ;>t.l on cf ~ h r.> e ;.·h~ te tbe eituat1on 

r: t u ,., ru tcn EH· r:t'ace c a n be r t pr E>nentL I a" ill f igure 11 

rut•lli eurtuoe 

r~st :ur.: J. nci£ 
ct'!;rgca 

d\ ··gi'I'II!lr:lti t.!c al ly . 

---®----® 

---® 

---®----® 

G~lo ' n ""' ~ - - - - ) th .-r <" be1r•'!" no im nl1C' t1 on '>8 to 

wlmt !!' ort o l 1nkBi"' m9y A otu~>l ly .('Xist. V hen 

d<eur;:>t1.on occ ur!' it t ~;~ ltnoMl thAt , b eoa u,•e of tbfo loee 
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O!lc t s t he 

[): ,. li I,~. ) 12 t.;· ,c I'H n•· :s~.ll.sbc 1ng 

('~ ,· ,.·~ 11 
3bov e , 

-- ---@ ® 

---® 

-----@ ® 

' l11 <.s i ~ i '. lue tr l'l t ed 

• , f l.rr•Jr<:J l 3 

®----® 

- ----® 

)'i "·U r e l3 • 

If' t he second poa e1b1l 1 ty occ urred ( f'l !!'U'I'a 13 ) , the 

r eaid uRl n ega tiv e o bAr ges on t he llltCA " urf'ac <" tr10t1 l d be 
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' l'<t' U J t o I' tiJ 1 \'\ , o t.n .;, r pos 1 t1 v e- ionrJ p:re'lcn t i n the 

.; thes e 

12 , , . 

o th~r pos i tive lons. 'fhe only 1 liti vc t one t he t v; o u ld 



162 

~:;lution !\ uecl • o •.t: b •• IHltlium..n::;. hy dr ogen Iona . ~l ame 

ut' thl rt:n L:i. lln l Tlt.g t. iV { cha rg, a un tL c. :"t 1c· t t.. r•f e ctt 

'- Ot.n ... : ht-r•l·or t bo rn"ul.r·nl itf·d by t ht·E, ·.an :.·VAl£D t. t on e . 

r t. tu;d lli i''- ''~Y CH'n C:l!i~ .. blir.bo::d tbat mic!l fJlJI' r &c• !' e&tura te<! 

wl '-b r.1 or.ov •• l e n t 1oza; --. ~ l!orb ~: il f · r· l USf; r a1 fu ac t 1 vc ;.'h :;s ph" te 

Ulan 1 hut. ·t t.t·y ·.· e r <. al'i 1 ur~tt!d 11 th " l utt L11ua: t one ( or 

ptJOII ph& tc "~ "' a dso rb ~d or. to tlw ~t~ icr. r.<l rfac '- t'o :r 't second 

timc, ,. i tbo ~ t 6:17 prLU. IXI l!!'' "Y trr" t -11"' t o f ' W t• rot .:~ a sur:t'~>ce, 

it ~- o · .. ld bt· t·X pectt•d 'tbt~t l ee wo u l :l b ~ &.1t ort<'l ,olltng to 

tnc l e&~cr .. :nount of: Bl1Ui lr. 1ll1. tone pree<m t. 

I f , ho"!•Ve:J· , l.ue 1'1rt~1. : ouio111 ~Y f .:~x · u. , ' attorptton 

!If tb< ··~d lo~c-.. ! v t pl•Oil !Jh S t < ':.ha t ,, r .!II'~ Uf>Se<: ( tee 

12 

mio!O f: ur :t':; ~ t- 1~ f l : .& ~t ,; ( <~> fttr 1esor; t i cn cf ,u rad!oHctiv!l 

} tJC£. ,,h;.,t•) !r, · u-.~ s ...re Ot•n;jit\ on c.m it MC t n it.t ~> ll] , b efor e 

~r~ ~deor ,.~ t ,. n ~r r d t o~c tlv~ ; ho~pba tE h~~ oc~urred . Thus 

e r:~rU.t· z- tr e·· ~:r.e r.t • I t t. r .. Jl oll ct1v ( 't.>H!I ;;ha V stoul"- l ea d 

the mlc" E: Or f " o '' v,,, ~ J.ol &CE-1 in ttw r''~ ~ o~c tl·n ~ ·•oe rh!l te 

th lutl on . 

'l.o lf:S t ; 't'.. 1.::h or t!"lt t ·.• u pOt;f ~b i 1 t Lie n r.~ ,. :!C l'TCOt , 

t 'l"o o cn"ceuHve ilf~, r p tion "'"'pu• t m, n ts were r~ rfol"'''l~ d . 



f, rnica crHi - \·. 1.odo.,. g:eig(: r• e o nr.t.t-r ·,·,;:-)~_, tk1!n: .. :-., l! . .:l , u f t.c r 
38 

) t he .t1.c<, end 

m1 eq v:tn·Jow tvfHf GOMkt:d in -ll ~t Ll. i.! d ,, 9\.r!r h ,vJ.:-!g a p::l 

v"l"~ of' } , 'i si• ti !Au ll in ol'J er t o 'H1juu t the ) · vulue 

in a 

ll~e- j t l~ ~ • .c· Ct;UD t t.. l" J.O 1 ~ a ed wt th 

~<at~r " 1 tt• a pR value of j , ') , Tt•e tn tc s. eur:r~ c r waos atlowed 

·to equUtb r ate wi t h the t wo 11 tf'es or jlo t1ll ~d " '' te r , and 
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flJLltl ;n . •.· i n~ C1 ~;·\\ v~~ 1 ·.te .. ,r - ;. . <; < 

l ".3t!h .. r · t i ou . 1'r·o; ... ]~ .r : ' i):{ tl r. ' ' 
.. t: " . . · " fo1• t be 

it:· ttlf. ''lcr.ease I n 

pad toac ti'lre phoapho t c v.as oJeorb eJ on t o t he mioa eur:ffJ c e 
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This 

rt!a ult t e tn P'!' r remen t v ith tht' f'i r at deaorrt!on poas1b11.1t;v , 

that ta1 th~ t tht b ond l' hloh brer;d'!ll un 1cso r p t! on 1a between 

th~ all1:!11n 1um i on nnd th~ :-h ca r h , t e '];rou p , e nd oo1 b e t ween the 

~lmninium to·n a n d t.ht• mtc!l Ru r f e>ees . 

(lver 'I'~ l' l>!fl$:1' of fll V L~ lUtl !.' ~tu H ~d the r e pyesred t o 

be Lhr e 1lffer(•p t dee DI'p tlon ra t~s f or th e r aH oaotive 

phos r ·h~ t·· edsorbe1 on to t nt s lu'111n i um s s t ur.t t etl mica surtaae. 

':'yp1o l expert me:n t s R t e~ch pH v ~ lue studi ed a r e s ho wn in the 

ll !JC tion Of 1h ~ ~ t hee le l'lb f're in 'i!O'II ·., Ht} t w; l t!:X ~)~ri1:en ta l 

rceul t~ !l"e '1'1 V ~n ( p . :!82 ) . From " a Ludy of the r~; te 

ctlne t antc; ass ocla t ed •:t th e " ch of tn " d e.,orp tton "a tes 1t 

f.!<•etned thH t t h <:> surnc t b,-ee J1ffe r 11n t ,reaorp t 1on ra t es , and 

heno e , pre surnubly, t he sll'l:G thr<•e type'! l)f H·lsot' p tion "omplex 

ll' ere ;;re. ·e u t 11 t oll ph 'Values. 'l"ahle 4 g! v t:~ the 

r Rt e c orltt.!lnte (I<~ , kb 'lnd k~) f e r e 'l~ h of the three 

<l es ·)!' 'J tion r 01 t eo !'•1<' ~w'!le of the o:r. pt •'tmente th11 t have been 

,,csr:t:'rr'!le-1 .. ~ vnrtoue pll Vll. lue s . 
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~£.2!?-_B~!l!.!..llL.;.su: .. U1.:: U~r· '" ._. d·~ ;or··) t~io !l, 

~ 
- 1 

!': (.<< inutes ) 
a - --------------·:::2-

;. . ~ ~ 1 • 7 X ·1 J 

- 2 
3.0 ? . 1 X 1 0 

- 2 

J . ~ · ? ,1 X 1J 

?. 5 =! .. ~' ]( 
10_ ;• 

~J . '1 1.7 1')- 2 

- ~ 
') . 'j 1.7 ]( 1 J 

- 2 
5. 5 1 . ? X 10 

9 . t~ J. . j X 1 - 2 
' 
- 2 

;..- . D 2 ' . , X 10 

k 
'· 

"ir.l.d t. t.e 
b 

-3 
2. , ;; ~ 1v 

-.;, 

2 . u X 10 
- ;. 

2 . _ ;< 1:) 

1.7 X 1 .J- 3 

:;> , 2 X 10- .3 

- 3 
1. ) X 1 0 

1. 7 x~ o- 3 

' · ~ ). 1 J- 3 

-3 
2 . j X 10 

- 1 
)k. ( olne . 

- 1) 

c 
- 5 

l .8 l< 10 
- 5 

') . 7 X 10 
- 5 

11 . o X 1:) 

) . 6 X 10';'5 

.• 8 X 10- 5 

,, .1'. X 1 o- 5 

~ . 8 ,. 1()- 5 

; .9 X 1 o- 5 

r, .o X 10-

it e~eu;c J l' <: asonab le 

pH v a lues o. t, le~e1. in tilt p'· Ntng e :; - ') 1 1'r.cu t he 

!!ll OV C dots . bi;~i l•.riy ft ll tb, V!'lU~f' 'J UC.t<, f Ol' 1\ , 

both i n r tpea t eJ "XJJr.l'l.mcnte a t the same rH value , ar-d 



>- >: l.< 4 ~l, vcru.ge y .. , llh.;. 

., ' ,,-'i ' t - l 
• . ' ·,J .m1nu es • 
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th<, ·> V'e ra ge 

•Jf 1< e~ th\ r-; . ll val.11e 
u 

<11 rcc tly ft.• tnu t.i _~ c reea nur~mtn t of tr. t !Jal '·--l i.fe ·1 f ::: e h 

\• h'lA b een 

0~11ng t.o tt>e almos t 

ll vriz on t " l position uf tr .. , a trai!!:bt l i ne co r res pond ing 

\ 
\ 
\ 



uf i n l'iCC llf'ti"Y i.ll t.l :.:, J.et.-r·u.i m . Llotl oJ' t he t;elf- 1 il'e 01" 

pro ! ~ o1 · ·,: j una 1 to tnc:. r rt t. •. <><.m~tt.>ut (·,.= log . 2 ) '• ( 

~ y ) 

~ c 

8 

ir ter-o ,.p te ot' th6 t•eetJlV<'..l s t r alf'tJt '! in s w! t b the time 

.,o axie . 

be t ween tne r e! icaotive r hos j?lla t e and the !ilum1n1um 

oa t ura ted mica e uf'tl' oe a r c designa t ed aa .. ,~· ( 1th l"n te 
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( ~ i . 

" 
~.: __ 

-------- -----·------·-----------
~- ~1 v t:. l u e \J t 
\; ;,1 r.: h e.:.o. ~~-r·­

i r:H'!lt II'!'.B 
C O:lOilC ted 

3 . 0 

~.o 

Rel Ativ e O!ilOtHt t 
~_'""If' ,f ,\ .t -~(..,}v:.,c! __ _ 

51 

43 

29 

19 

23 

:?. 0 

~ " 

21.: 

27 

26 

16 

;n 

.30 

311 

35 

.31 

33 

31 

! 1 

- -
48 

ljlj 

J t will oc a~en fr>.:>rn t he Rbovc· t Able thet the r a l e tive 

a~nounts of e :n!h co11p lE;x ·~ ._ ,. • ''B'' and "Q " --. r e o;;>prox tm'l t e ly 

-~~ ·cone t ... r. t for " "eh pi! ve lue Etud iel. .' s <.as lllE!l tton ed 

pr ~;v ion r ly If' cc.r.s ld e r c. ble ;,mou r, t of 1crk: ""'· e rricd out 

t'or t nc relAt.iV t- lll1Jountn o1' the three d iffer<-nt apee t e s 

at this pH V!i lue Rr~ in v ary good agr eemen t . Ot.ller 

-
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~ - .... ..: t .. _•• 

6 

,,, v t4' I. ut-

I ;U - 1;~ 

0-3~· 20- 2" ~45 

·------

rrl~ U vt- amount of ··~: · '""" le.nat ,,tol l tho pli va l ues 

r~ tr, er: one r: f 1J1 

surf ace 11 ea1e•l to have n rate constant i'o r deeorp tion 

of 2 " 10 - :. wi nutu 
- 1 ( ., kb) . 
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1\t. pli v·ala<Js o.r 5.5 s.rd b~lcw tt.e p re-3 o!ll 1 r.3n t. oomplex 

av.oci ll!!; p ree.,t.t se(1rucd to be ty })e ''•I " , tt.e amount o:t' th1e 

e c.-cies prest>nt bf. i t;g slightly l~SL ttJJ!n h3lf of' the totAl 

tur.oUt)t ;;t' r•ldioAe'l.ive pbof'pludt: eiec.rb · J onto tt.e alu.111n1u111 

l tht:n tb~ iJii va lut Joas increased 

tu 9 , \J bo\\£Vf.r, tt.e x•el ative lilllounts of •·:. •· &no "t: " were 

111. t<.re\J , 4 t this ph VB lue '0'' tnt S thto I Cl!! t pl't:dODilnan t 

s~cies pret5tmt , tl~ F r ? tio of the amoun.ts uf l·:u Rnd fl 4 u 

b 61ng the l'f'Vo;rae o1' 'tboit observ n1 'J t. lov.u· ;l. V'llues , 

Tht- umounts ot' er eh of tL(; cou.,._.~..GXt.l~ "-~~ · , uc " tt nd 

"c~ <Ja 1 <JUl Fl teu &bc·v o. t<r't: or.ly known N .. l,. tiv~ to ollt. enother. 

tmotli<·r interestin!f pr·oblem '- OZ' thy of 1r.v.;st!;r.u~. 1on io the 

msntl< t' tn wt.ich tht- totAl arooll n t of ade ·wbed l"f<d1oactive 

.t:-ho eiJh ·-- t~, , nnd bene c t.hr .. tHzlE;un t of 0~1 0 \J ot" thf' tht•ce 

cllfftwe;nt oor.. ple:o: t-<, , vprio;d a~ the 1-'h valu.: o? the 

eyf'ttm •mdoJ• :J tudy {that is, tilt> r· di.oactivo phospha te 

eulut t en, ttlu Ut \Oii urf,ce nnt.l the <·quil1bra tlng li !tl! 

" l •t!OestJ>tT'Y prerequ1a1 te 

fuJ' any atna:.ca of t tltl' na~urc v.ould be tl'>< ;•J'et-ui"ution of 

Nld1o· ctive ,oh c•e;>t.u te uolutlons larlng •i l.fTtsl''--' '~ ]'). vnluee 

but th._ u••·•<= ac•nc entra liou of ,... hos \•h"'t" p N lH<>t>t :.1 them, 

lhis I'O lllcl not b e 11n !Hle.Y ta el<' , f'•: r l. t l•i•tl no:ocssa ry to 

Bdd s mall amounts •Jt' oo id or '-<lkalin« l.'cl.ution to the r adio­

active ph oapha te eolu tton i n order to al t er l t s rJli value. 

lln leae the total amount.. of aolutlon adiled to each portion 
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01' tb~~ T' •iH~i 0~ (; ~ 1v c ~l hOE l'Lfiit. flo l ut ion \'~ ('r-t t (!·u,:o l, having 

f' «\?S I"d t c· th , t c-c-•1 lim.,untc£ so l ~:<i. t v o r• r es on t l r. each 

p i.H•ti on , tbi!' tJ J.nC f; !1tf~ t1 ~!iti c f f. t1e :Jl t ftr<' r!t por t 1ons 

woul<i he::orre ·'lH'f'w i"~ n t f'ro.n ·m e unotbe r . 

' C"! li>P •l" ~ "'r.m w ~ e ·~ a ·J. e of ttl" t o tu l a·ao tj n t $ 0!' rad io­

s otive ;:.thos ) hot" o ·l so;•bed by :~11 .c; l >J.nln 1 • J~ . t;.wr" t ._i mi ca 

ph o l! :-:-hn t t' £~ o l '..! tl n:n v:a te 1J t' \7 1)1::U? t d tEFl d. i '\f tded 1.n t o t wo parts. 

'rhe £- e !'1l~ t::. "A.·£ r e mA de s. R er-ua l in quanti. ty na c ould be 

j ur.tnrtd , J:tnd fc: t or•e d t.n t:H.; p U l"P. te pa l y the t;e r:on ta 1nc Pe. !, a 

b o th eolntl.on e we"E a bcu t 1 C0-1 ')~ ml . in VCll tL'r.C •m error 

of .~b \l U i S> tr t 111 l i tre woud no t h"!Ye g t'e" tly up!!C t the 

• r;u~ l l ty. . l t ,, .,,. .l ~£ i l' "'d unly t.hq 1, ttl ~ t\\v c rJlUt1one 

1\AV P the e~:J:l' ; ::o a ) ha te a)nc ent.•J t ! vn ~t itll in + 1 oJ• 2~ , 

a" th ,· a 11• of th e ex ;: C!' tmcn t wun l<l tl l'f' l y ~- o s ee l r t.here 

"'!l e any s1 s nif tcant J tti' er ., ,;c e t n the t o tal am.,un :s o:f 

r"-'·f~Hvfl ;;>h •J u. r.-t t c o d,~ ol''oe ,l or. LG> th~ el utdnl u;a s>~iura ted 

It. I' ll '' n o t ooneidevcd 

thM L a n ini 'tir.; l e xpe!'truo n t juP. t·J :!'! cu 'tht. un" <llld 1mb a e quent 

r~d1oae t 1ve o ont~ mi ll&t !un or p il)c t t f'£; , e tc. 

'l'he pH " eilue s of' Uw t v:o noluti.o m' of r 9 :Ji or•e t 1ve 

vh oe t:btJ t .o " E'I' e .,d j ueted ~o tile req u tr" rl v&lu~ ~ i.n the 

U" t>,(-) 1 IH! Y (c!' . p . 85) 

the et~me time , and ooneideraol e oa1•e '~<l!l& t aken t o eneure 



( tl r a1ktJ l. l.} flf,p n 0t r ., ,·, u il'<'.! for• ~n~ t•f u,-. t • c t' oluil.ona 

e rlrvp ot· d1a till(~ d va t.eY• v.A~ add~-~ ~t kee p th, . tHJ lUtlon 

17) 

'l11e "ll v-a 1 U<· " •ll' t hr t " o s ol utiona 

-".n cnd-~ 1 ; . .1o~ gt':tge.P c: ou tJtcr F· 2 tskuu :Hl!' flfter 

:.t••t;p,.H'H tb.>n ror uae tl"a: mi c ' cw:l - \'. 1. tulo" tftl~ r;n tu~ct t ed 

t>i t h alulll i nlunt i o n s l n tl:c ""Y ~t h ic h hes b < o·r. d escribed 

e•n·l i or (?.US 1 , 'i'h~: f'lut.:inlu~• ions tl.incrb< 'i on to 

·Li-.e rd ce. SU I' i'~< c e v. ,;r·<: .,J j u~;ttd to a pli V11lue u!' : .5 r• nd 

t.t .Lti1 tht.. wi.eti t.. ttJ - t.-iJ dui· (;sf' Un gt i.gu:r coun ter f, nn 

f:ttUil 1 n rot.t tt~d 'r lth t>;;~ o lit!'ee of U'r-~ t1ll.ed ws tr: r- \~·~ th. a 

ph vn"l ue of' 

3 •. 3 ! 'ot• " sui t.e.l:ole p<:dod of time (1 ") mtnu tt·<!~ . ~ f'ter 

this p\!r1m! or tl;.nt. had e:l;tps cd the m1Ctl \".i 11 tl o·~· ~: ·-· e 

:t'l!~uvi!d truin th{. rad J o u c ti v·e ;.~b~e>toryt~4 sol 'J"l ion, t·.f nsed 

in di s till e d W9 te r h9v1ng a pH value of J , 5 , ~nd then 
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il•l o,; ,·.>.J t._ .r& c c 1- 1 :, h f), p!1 v.~ l.1c ~ 5 . 5 nR ·:\ ot\L'n obtained. 

'Itt~ --:i!~:lu"' ~ ... ., tn~n ple:cc<l1n tr'Q l1fr•e!l of dJai..i ll ~d 

1!' :,;- : lo·.- w:w rhm:.lvt:1 f 7")11. t ll<. t,· o ll t"' t>tl :>1' fD l <l tion 

;m<J pl •.,o.:.i L11 t tw !' !lu'iuacttv<J ph~'!J;.h?t.<' fl c: lu t J.on tbo t 

rin!l<<:hl it. u !r; tll tOol "'-'t~t· havir·c; Li p!l vul11c .) r 'i . 31 
and 

P<:p'l•••;c 1 ln the t''• <l 1 l lt·a~ <Jf' •.1 ' 'tU le 1 '"' te :• ·. t t h il pll 

V'1lue ~~ '3.? !nto .,.;li.eh tb•" rtlflC!T'')•Jd l'"·~ lon~ tl.ve ·•hosphe te 

1'1>1<1 1ellarb<\d . 

~r !) 111 Jln~ l ;~a1r. , .; t !ltt esa~t!ti on · c ~trv (• !l :._ ._ ral1oaot1ve 

;- nue,>n~te ·1 t th t 11o pi: vnl11co, tl'JP in<. t ltll co•mt r>.~tea 

aroon(l ex per!mon t hsd of' neces•• t ty b f"en ~ !Xlnenoed !lome 

time af t er the first exphr1ment , the observt!\7 i nit ia l 
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: . ·l h ll; >;J ~ s t .::1 ! \. d ;ur. lJ '1 ·; li!U ~. d t. ..! f: ·,.,m tl'J.L HOOVl! data . 

,"f{L"t'Hil -.d : ]?_~-~- d ( ~ " YlLlli" ui "L 2 

"' CJ , :S JO ~ I 
t;I ~-..:Ji!-_1_2 t " itHJl' D ~ 1 ,,j ., pH \ T·ll 

' o:f_,?-'2 l:.. J 1 

l'ela'Llvd,y l cH,. J. n l tiul co >m t r ate (7 )0 c . p. m. ) lio"!iever 
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t hA dt- IJ •· T' '\.i on C~. :H;n ~. P.~ t ' :pr· ' ' r ~u t"., G ·ie t fo . tf'l Vf 1 t n ·4 J\.qte 
- 5 -1 

c •J fu2; i !'tn • ,_..(' 3. 6x10 Dnu.tes 11rt ~u r~ n a. muun t :t f r·?! U t OH C t i ve 

LI1n~ t t ,.~ ~ n b f" ~ - i :l th t\ t the 

c l~ - --~ 8!' 11t. fl ~,H vnl u~ '::- f' 5 .5. 



( r-N· ') . 122 

f ! <m r·, ' 14 

171 
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the alum1.n1.um f." l.ve· ri se to qn e i'f'e,-,t1 v e si n<:; ll' r.~9;ative 

Att:iJ nho~ ~h ~:1 te ~t~ ')npF: ~Yr C~F: · !t ~1t v \··r-y high ~H 

value & (IU-14 ) wouiJ b e eithe~ hPO 
4 

ions s ilo~n i n F i gure 14 

alpe;.Jy nega t"iv e f> hOS pha te g t•oups . 

2 - j -
1') (' !'0 

4 
Both 

I t was f'ound tt,a t 

on placing the mica surf'ac e into a eodium hyd roxide 
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·. ~ . 
j 4 

r:. ·. 
;. t: 

b .n J e i t 1 

ll "() 
" 

- j 
-: 4 ' 4 

2 - 3-
,>ej Tl~uo_; it -"'j :JlJ no t be 

4 
~y ec ~( ··:,:; t h·' "' 1n ,;r 

o1' J'd' t t o-

ln blt.:i :O: Jf 1_.. ~ri. r~. n~:- r t! l lt iv ~Y J.:.ttl ~ ·~ 'lo. ·~tl\7-!: 

c oY:du ct ~- d •11 t h a pH V!llue or 1 . o w~s ob t n i u'- d by the addition 
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·.tms tne 

~ · .... t. l y ; i·. ;; c .• ·p . u, . ,\ f Lt;i" ~ .c1n 'f, tt u t! i t.Bhle uo-rr '- <1 tion ,. 
L ·o~ ~ · the rca .l io~ ct..i •i t-· UC C: :r..t$" uj 4'\~ - 1p ~ t Ort'IS in 'tJle ~6 .1! 0-

~·· lJ \;J:. u ··. ).I. : . ,) •l t .l ~~ u OIJU t 1 u~· tn.• 1. 
A0 

u j~ tJr ritJ u. IJ:f an 

.'illl ::. t .: !. ..:.1'1. ..... uP l , :ut eo aut· r [sc e , l i .t t.iJC: a:rJme 1 i<ne 

, . '"' . 

WF s PI' ( pa r ed for uae il' tll e tlXp~rl tlll: nt a t a pll va lue of 

o.o. '!hll" ll "'D e n o t po,. Rible to ce tima tc the am<lunt 



l.81 

1 

-i~ - "i 
400 1 • ;~ 1..... ; ' ~, ~; iue 

''" l · t ,,, r. t : ... c. , :::. . ... ~~ i t .;. . • ~· ,. t , ~)\1 .. th~ 

.' J :.;I' vt': '· liJJ.l J " I •cl·· .. J. ;, f~ .,., \·. .. ),!' :..a:-l t s 

; .. '"~ ...... L.;j l iJ'.lJ ._,;Jt! t.l"\i \.. i fJ: ; l r!i{ nt.s 

·"'· ~·· 
L · } ·.: )J .. I1 , _ . '~r• t. 



bct.r.eerl t h!:" r;·~ , l l0 "'1 ~t1V f.; p h oPp hA t e und the alumin imn 

s n '... tl :'.'l t < :1 1!1 i u."1 L:: U r-f'AC! ,. :.~r £.. 9•:-n t. a i th~!: s .- pH v s 1.Ut' s conld 

h '~ J r a t·. n . 

r ~ - ~lr; · ctivc !rh::lS lJhatt tt , Jrso l~b e r: 1. R v ~i:•y i. i tt te> a t th~ee 

1';; V H ! Uf. ('l t r"C l. ,t t t •1 t to t n .... P li!O l;~.ntB qd('Orbe j ~ t h1 '?.'h e r 

182 
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I11 sll th,. e p< r i mcn t.s on !llumtnium I!IJ tura t td m tea 

it • ~ l um i ici o.Ul' ion s olutions . Th .. worl< th9 t has b een 

u.o r,,., 1 r. tht" thee tn h!;" btH n dt·t:<l t r.'! w ~ th vc •y smal l 

'Ibe gres tee t 

t• dcahtr ul' alm.,l.nt• lCi t oll!~ t hn t would be ex ;,ec t otl to he pr esent 

,Jr. th .. micfl nurf'n<J e un der RtuCly ''"' " one t'ot• en e h nog~;~ ttve 

o lln~!>G p renent. on the t11ica eur f •l'"' d ue to \nte r lAyer 

'l'h<> n urnber· of' n egt•. ttve ohBrge e 

>::t'~' "en t en un e r <Ht r;t" mien such a e thRt s tudied \cbout 6 

15 
l'Jt; . om . ' WPA "l'P t' (•Yimately 10 (~<> · p.273 This number 

<.;!' r tum tn 1um ton!! wonld be eQu1 v al nt t o 10' 5 x ?. 7 
--- 2j 
() X 10 

O.t' 

- 8 
r ... ') X 10 nt c. 1.cs ')'f a1 unz!.n1u.rn . I'll t.h aucl'l a sraall 

a•n-::.•mt c " -~ lurn l nlum r•reeen t on the rn1oa 0lll':face a ny 

''''" m!c9 I!'Ur·f~ <! ' ~<'.lu ld have a roark.eu <> f'f'(<!t on t.he r el evance 

Tbe Jnly re• l ily av,; il a bl s luu;ioium e-aLt ootalnable 

; l th ~ 1 e<; r€' <- u1' ;>•. ri ty c <. rr<spol,d l ng t c '' &llC. l ar · r e <? ui re-

.t.e.>• ~"' ·•se a J:,.,·tni •'m enlJ!ba t e (.~ 1 (s~ . 168
2°) 2 {/3 

Cunec.(<uf.'n ily til l s salt t>:l 3 us ed f ..>I' eo u< l. uf Lue exper i ments 



.;..:.• •lSillG .,.l.J.1nl J.r. l. lt.t• •. t~ (. 1 \ i,,l _J , Jt\·Y 
"" ) .. 

).~ tili& 

uUit :.1(.,1 ' ~ ;: •t, · .. .ll.li o..~ O td.ir.tt b1t.: !.lJ ". I!. •lY...1.r;:-;. ttj -: tu.t 1ll1. ..: l.o'\ 

alwni n iUIJl wl ta , pt' O"T1d t n!J t h" l'Lleve.n t e;<;:c r il!lt>n t s \7~re 



Tbn3 t h "'; on i :1 ~;o sa i. ble 

J it1'e\• (. n .J ( ou~ ~:s c d b:_.r tho::. uno o"f' fjl 1t:"" 1nium ~ 'Jl ~-- t•1te l"',>ithe r 

tll 'ln ·'l l•l ·: tn tcun r, 'l '~ "" V~ "oul ·l t" i ll t he t ~· t .. 1 ,n·. ·,n t l)t' 

L'acJ1. :w: .. 1.1l lv t: ;.h u~·;.ho t•:. J .l~urb .,:-'1 1r.1 t \·1l·1_~: :'r110 P ; lt!lca 

fi.. ' lrf er; . 

:.~~· t h13 !R i.."': ~"1 -~ \l"f•f •H'tft or t h -- ..-.,, : - ·. ; , i )·". '"'.'f> . ,, ' \ 86 

,._.;,_nn l Hi.J p .:>;;aiblc f (,.r .. t.i"Jc t."'o :'<" f'\ '1:..· .,... ~""'1\ IX'I tc.·p~ . 'nt: 

.•je l .jc r r~·) Unte"!" h·'l .l i t.· ~ ril~~ P n .J·-iJi ... J .·, r-~ ·"Gt .... ~ ·i. n •. :;, N 

.So th 

v=u t.l!r l'! l t.!~ ""'\ h Vli 1 >.H~ ')- { ' 1_). 1 . "- ~··: to. · .... n~. "'~i :"~·~.,·. a·,·-1 

C•) <~n t 1•o Lt.:!" . it.: 1.1. ~ Hi.l i t-ll. H,U·'t.:~. l l\1.e~--t ~ n .\- ~: 1.n.!,,-:. '-· - s ~ ben 

8Qf!kc(, ~-:-o, • tt. !I .~J .. c 1"'<- ri. ()J l'"f t1. H\~ 1 n poP -r.. t o1;n o tntt 

€ ';h.ti:. t' 1 : i ,): .. ctl Vt. lk•i,f! i JJi-tt: f:h• lu t 1,>11 ot o1 J. V~\Vf* ·, .5 .. 

' f tt._ ,. l't.1lS l i•~ :...~p· t.t .. : t:JiCn tHH'f.l-• tJ:· !:1 ol' tl:t ~-, it;·._:r 1tounter 

J,.:.. - 1.1 ,j -'"s t1"~ ;.;i: l11' 1 Ci €. f.v l' ' ~ ll.." n r- ;<t .· ·. r·l ;,~ ... n. \ r . 1-r·t- pltr.tor•lned . 

j t . r·n~. !.'u lln ~i on alN:il.r ~·jff t.:l' t. rw d eft (•1" '~-i. :on cnt•v ee so 

o b t •t .i.l1t;·.l l.tJ •:•. t.:. ~~ mlr.~ ~.! gv.r·Ctt Vt: (t 1 -bt r•.,.t~ i \iti. tr. Ml\l ,.J l n i ucn 

l!! ld pl.:. ~ udlilorb<;.l ll>Jv••ox1a"' t~ly th,.., ., t1mee ae nmeb 

ralltoAct.ive phoe nba t e as d i d t be mlc11 aurtace tha t bad 



.. . i• r , :y , s!-. · . · ··· 11 ~~~ 'l l tA l. ~ i. Ji' l' l. r Hr n :> .J.·.o.l f.:. rt= t· ~~ i.r. the 

I :X~t ;".~'/.• ~o t,.(. l r~-~·:··· :; ... ,'U ~,.o \:d •• .! by 1
;,.£lt U.St 1,) 1 \' 1 \.he r .E: l umi n lum 

Thh 

F ·~l '.f. • •. V li• .. .t:! t : ~ ·.Ji' t th h_y p l.) t i :t~~t ~ ~ tn~ .. t. t he J 7ff e r e nce 

·jn t fl• t.0 : .. d .:.l H!.H.i.b U': 0~ l'•.L~i v~~ c ti V c. ):J t ~ u f'uHB 't t" tl<.H.>O t'be d 

~l :.n tli11a.1·1i !J .. J 6U..:. h u l..t" • X! ... •l.i.. Utul ni tct h.l t.r, , 1-~~:. ~~~. ... l n. tions 



6,24 Other Ca tion Sa turated Mica Surfaces 

From a oombtnatton of' evail l'ble kno·•ledge obout mtoa 

eur:fao ee, a nil the expertme.n tal r eeul w the t have been 

ob t e!ned i n thi e thee in, 1 t we a believed the t there wne 

no rad ioaot\vo pho.s phate aeson\>ted w1 th eo,Hum tons 

preeent on a mica eur1'Bce neutr<· ltz tng 1 te net negnt\ve 

charge , '!be main rel!eon fcl' this W'le the f ee t that 

sodium is e ~onovalent ion and eo, after neutral\ztng 

the exoese nega tt ve charge on the mica euJ'f'eoe, there 

wo•lld be no r em&tntng pos1 ttve ol!rge c apabl e of ne,.ooiattng 

with any nega ttvely chargfld r "d ioRot1ve pboephtte g roups 

pres ent, In order t o obtain oonf't rmat1on of tb1e 

bel i ef exp~rimcnts were performed i n which other 

monova l ent t one were ueed to eatura t11 the mica eur:fa ce. 

Mica eurt'aoee,eatursteJ with po ta ss ium and ammonium 

1one and ad j uated to a pH v~lue of 5.5, were pre pa red 

by analogous procedure s to thn t used in the prepare tion 

of eod iWII ea tura ted mioa eurf'aoea ( p , 139 ) l"Xp~rimen te 
on the adsorp tion of' dloaative phos phate 11 nd 1te 

suboeq uent des or p t!on into solution were performed on 

these mica aurf'aoeo tn the &alii way ea had b~en done 

with s od ium sa turated mica eurt'acee. 

'!be el! pe r1mcr.t using the po taer.t um sa t ura ted mtoa 

eurf'a ce wse p<'rf'ormed fire t. It " ne t'ound that the 

increase in co unt r e te et' t e l' adsor ption of' the l'l!<l1 o­

aottve pt•oephe te MJ II Ieee than 100 o. p. m. Conseq uently 
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1 t wa11 no t poss ible to a t t emp t an onalyE;h of the deaorption 

curv~ !.n or t!er to ob t."'tn the r o t e c onettm t (or constants) 

of Oeeor p tton . An sppro:dll'lll t e ealouln tion s howed tha t 

the amount. ot' r adionctive pl!oepha t e Rd eorb ~d t'rom the 

rad ioactive phos pha t e eolutton used was less tha n t en 

per c~n t of the amount that had been a daorbed on to an 

aluminium satura t ed mic~ ourfqc e , a t the same pH vr. lue , 

from a porti on of the eeme soluti on. From this 1 t 

"as cl ear the t tbere could hnv e been v e ry 11 ttle ,tf' any , 

rad1o •ct1vc ph , e pbs t e aeoocts te~ with tbe potes s1 um tons 

present on the mtoa s urface . V.hen c omparable a 111ounta 

of r e los cttve phospha t e bAd been adegrbed by sodium 
' ea tur a ted mica s urfa c es 1 t had been shown thg t ell the 

radioactive phoepbate bed been eeeoc h.ted with the mica 

surf' .. oe 1 t nelt. 

For the experimen t of adsor p t ion of' radioact i ve 

),lhol!lph!to onto an alltllont um ion eature t ed mi c a surfac e a nd 

1te subs equent d6!&orp tion into solution e radiosctive 

phoa ;,ha k s olution of' higher epec1 t' ic eo ttvtty we e used . 

'lbl! totr. l amo•lnt· ot redioectivt ty l'ldsorbed ini tiel l7 

was appr oxi m!'l tely 11 80 o. p. m., and the deeorp ti on curve 

wae analysed i n the usual wey . I t wes found the t 

the r e er e thr e" •H ff'er ent complexes present with 

rate oonetsnte fo r deeorp ti cn se fo llowe1 
- 2 -1 

1 . 9 X 10 mi nutes 
- 3 -1 

2 . 3 x 10 1111nutee 
and 

4. 6 x10-5lninu t es-1 
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It c .n r etdily be se a ~ (cr. p , 166 ) that the !'1 r e t 

t wo r<~ tt~ cons4mtn <Juo i .. abov "' f,! J:'C s1m11 <: r to 1.hoa:e 

aatuN.teJ rdcn s~.<r:t' ·e ~<s . The t hird r st., acne t!lnt , 
- 5 -1 

4 . (. :x 10 011nu t es , ia ap ' roxim..; t e ly th<> s,;:nt as that 

'ollnd in_ ~;cpn r1mente or. b<lth so.lltl!ll ss t ur•, ted tmd 

alum 1l11Um s .. tu r·r• t .;; j mic a e-urfao e e . It i e be li ev ed 

that this r atE: cons ta n t is o tm racte ristio of a eo<Dplelt 

b•: t H. t:n ths t•&d 1oa o t 1V<' piloG;>llate •E<l t h e mica Gllrfa c e 

i ts t l f . 

By nnalo;o' wt th tne e:x pe r illlental l'fll! ill ts ob ta i n ed 

~;aturl\ ttJ.J mice sur fac r. s would be eXpf'c t ed to :f'or"~ 

~:tm<r. on 1 •~m ond so:!lum ions are both monov9lent. -~1!1 

blf the c»ft'e r tont r a t e cont> t.&nto of d esorp t\ on , t he other 

~; ; o ooc;pi.ex es ,-,.,uld b e o1thc r &Ysoc ia t ed wJ.;;h tr.e 

atr.rnoniun: 1ona pree<Jn t or e l t•e " i th &omc 11 t wr.l lllum 

iona tt.at. b<od n ot be<Jn r·£mov ad f r om t.h-.1 mtcr. sllri'a oe 

11' tr.c:· t 1111.1 other ao.nplexeo pre s ent were 3Ell' O<l1a t ed 

thei r r·a t e oc.ns -:.,, f,·te fo r deaorv ti on of th~ r e io,w ttve 



pbos pha t e wou l d no t neoeasori ty be t he sar~~e as the r a t e 

cons tants fo r deoorp tion of ra•H oa'lttve phos pha t e from 

c ompl ex es wt th alumin ium t one on an ~:~ lumiotmn M turn t ed 

mt o .. eurf~o e . The t o t<'\1 emotmt of' rad t rpcttve 

phos pb' t e odeorbed. on t o t he ammonium 1 on ss t ur e t ed m to a 

s ur:t'ao e was f'a r l e es than the amoun t tha t 1 t wee xpea t ed 

would have bee n adsorbed bad t he mica e ur :t'a oe been 

s a turated ~tth a l umi n ium ions . 

The eo t ua l i n 1 t i o. l amount of r sdioo.o ttve phos pha t e 

J;N· •~en t ne a oompl f\ll wt tb the e malles t r B t e c one tan t o:t' 

,1esor1•tt on was very s i mila r (630 o. p . m. to 545 o . p. m. ) 

t o tt,e amoun t .ida or b(". on to a sodfulll satura t ed m1oa 

surfac e i n an ex pe r i men t oon.luc ted wt tb a portion of 

the samE" rad i o ·cttve phospha te sol uti on . Thie amount 

~>1116 55:'· of the total " mount of' r ad i oac t ive phos phate 

adsor bcd on to t he mt o•1 sur:t'aoe 1n1 tial ly . These 

taete ouggeetcd tha t t he r adloaottve phosphate 

pr esen t ae eompt exefl " i t h rllte oonf!;t.ants of deeor p t1 on 
- 2 _, - 3 - 1 

o!' 1 . 9 x 10 rntnu tes an•l 2 . 3 x 10 minut es wae 

ae r. oo11t.e.1 wi t h a s mall amou:1 t or e lttm1:n l um lone pr esen t 

a(!.l:lo rbe.:l onto t he otlle r l'!tee ammonium i on M turltf':1 mica 

surts1 c e . Ftlrth.: r ev i denc e f or t his wee t ile f a o t 

t ha t t he ra ti o of t he t n i th<l amounts or the two c omplexes 

pr t een t (350 o . p. rr •• 20v o , p . m. or 44 :25) n~t a the st~ me 

a s the r a \to of the a mounts of the oomplex ee wt t h the t wo 



hi ghes t l"a te c onstants p1"e1umt tnttiltUy in 11x pe rtment1! 

on aluminium ell t ur A t e d mic a l!ll rf',. oes at t his pH val ue 

ot' 5. 5 (et'. T11b l e 5 p. 169). 

The mos t ltkttlY c onoln!lion f' r om th above d ! s oue aion 

seems to be thll t the 1Hmnon1um t on en t ura t to>l mica eurf'a ce 

~d a ~~ell proportion of' ellli~1n1um tone adeorbed onto 
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it. Apart f'rom a small smount of' r ad1onot1vt> phoa pll!'l te 

aseocie t eJ with thea r alwnintu:11 ion., the only r edtosottve 

ph os phate aeeooiu t ed v. i th the el!llllontum ion estura t ed mica 

eurf'a oe is ac tually aeAootateli Y-1 t h t he mtoa eurf'aoe 

1 te e lf'. 

Prom t he ab JYe exper1r:l£>n t s it appear ed t he t, as ta 
I 

the ca s e wi th e od1Ul11 tons , there wee no rad 1oBc t1ve 

phoa phll t e a ea oats t ed w1 th e i ther amr.~ont um or po tses1 ura 

1ona whe n theee l one wer e pres ent neutra lizing t he 

exoeee nega tive c bPrge on a mtoa au~eo e , end thie 

eurtao e was brough t in t t) conteot ~;rt t h a aolu tton o!' 

rtldioactiv~ ly l Ab elled pboe;,hlt" l.Qna. 

Exp6r1 mentA on hydrogen ton eatur~ ted mica sur~oee 

were per formed at pH values of' 1.0 and 3 . 0. Very 

li ttle rad1o!lot1ve ,,hospha t e .,se ade orb ed on to the mioa 

surfac e s t >1 pH valu e ot 1. 0 . This was no t tmou:pectod 

as , a 1. this pH V•l lu<l , the rad1o&ct1ve phos phate wo uld 

b e praeen t ma lnly ae H
3 

1•04 rAolooul ee , whlcll a r e unoharged, 
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a nd so 1 t ¥1 oul :i be ur•l1kel y to t'or m e strong ly bound 

compl ex with tilt mtoa s urfac e 1 ts E> lf o t' any ion" that 

he r·r>ened to be pree er. t lideorbed on t o the mice e ur!'a oe. 

,q, a pli value cf' 3 . 0 h o'fl f: Ve r , all hi!IG been shown earli e r , 

t he r e t o e l.l e or p tl on of radioActive p hoa ph'l. t e onto the 

m1oa ,enrfa c e t te e lf'. Also s t t his 91! va l ue en,y 

multtvelPnt ioDP s uc h as al umi n i um pr es en t ~deorhed onto 

the mtoa aurf'ao ~ " i ll !'o compl exes wltb tbe r a dioactive 

pl:loe plla t e i n c on ta ct ~<l th 1t. 

1\ mica eu rt' ft o e wae pl e.o ed in c on tact with hydrogen 

f' ol'ill t on exohl\ng o~ r eetn tor .fo ur 10 ee lts . 'rne surfa c e 

"ae then a d jus t e•l to a pU val 11e of' ,3 . J a r.d an <'Xpe r1ment 

perfo r med wi th rad lor•ctlv ~ pboe ;~ha te e t a pH v.cll.ue of 

3 .o. A 11 the e olu t1one used :tor ad j IU! tm~ n t or the 

ph va l ue , an<! t he o;iesor'b i ng e olutione , were made np 

w1 tb d e i on ieud ws ter con t a i ne d t n poly Lbene bealt~ re and 

oon te tne r s. tna lye ls of the dec ur p t ! on c urve t or 

thin ex pE- r1 tnen t ahowell the pr esenc e o t' thre e f1 r l! t 

ot-da.- .:l e s or :l t i on 9r oees ses 1'or dee or p t1 on of toe 

ada or boe d r ndl. onotlve p ho~< pna te o orreapond t ng to 

thr ee cl H '.r(> r o n t u ompl m: ea .. i t h t ne hy1.r og tm t cm 

s ii t ul' " t e .l Llic tt 6\lt'L' ace. 

7he r fl t < conai'.8nt" th"' t wer e o1J ta1nt d , 1. 9x1o- 2 

minutell - 1, 1. 6 x 1o- 3mtnutes-1 an<l 6 ,1 1: ·Hr; n1tnu tee-1, 

gav€> ri ee to t he bolie f tha t the r e wer e a t tll eome 



~lumtntum tons 9.rea en t on t he mica eu rt~ne b~c~uae of 

t lleir n1:nt l n.r1 t y to t he r s t.- oon~ tr;>n te ob f.! crv rd !'or 

the d. eoor ni'ton ,, f' rn1 1onc1.1v~ 'lbotS pllJlt .. !'r orn alnm 1n t um 

~<~ntur\\ 1.c d :!li c e surf'!lC!HJ ( c r . p . 166 ). ! f' t h111 woe 

s o , 1 t ao,l l d be beo~ u Ae the me thod. o1' '=' r epa r l! t \ on of the 

hydrog en ton R>t tura t c j mioR tHtr f' ,. o e cHd n o t tHro lude 

a l l tra c es of' n l uminl um ion"' :~u .f'"' l c t entJ. y wr·ll . 

Cl ay m1nel'n l u i n z bto t o ne t n t" gn t 1ve oh,•r g• on t he 

s u rf'a ee of' th" o l ay P<' r ticler. I. <! nN'tr~t l 1z ed by h:·drog cm 

ion s 81'e n o t normal ~ stable . ~ h r utl<d o":n t ende to 

oec ll'!' wt th the l1. be r s tlon ot' '11 um1n1 u1~ 1ontl 1" h1 oh r e pl oo e 

the hy dr og en i ons on the eurfa c es . Howev e r, a ~ wa s 

d tac uea eC: <a rli •r ( p . 130 ) , th i s bre •· k.d <:.w n \P<r c r.o naid.el.'ed 

unlt kf' ly t.o occur s1 ;_sn t t'1 oan t ly in tb 'l nr ttool't r; ,rk , due 

to t he nl. lllOHt c e~mple te shiel ding of" the edgf:e c.t· t h e m1oa 

ebe e tt' ueei! ,. l t h ~ax . ! hun t 1. ~ou la n o t h~v P been 

t::xpcct" .,. th ~ :_. ti'~ ~ !:'\ al t.;n1.nt um wvul.d h'""Ve b~en ;· l'"~ (..at· r.. t on 

t.b!)l.nl.on eurf'oce 1'rom anoh a b r fl ;\ \<1 own. 

I t bB~ pr -. vl.o n r< l Y b f; e n round ( ;; • ·<? :t'or 1 n s tsn f.' e 

t he d l! !lort n ti on o!' th~ el< ne ri;;~r nt •>D on omreon i um ion 

o:~atur" t f d mt -,11 ,., ,_,r f',l e e( p. 188 )) ~hil t tb~ pr P.,P.!lce 

or onl y n rel.n tt~ r ly s mall ~~oun t of' n l um t nt um t ons 

i o adN' l.c 1ent t t' f!'l V ~ r l se t o a r ea d ily d~ t•· otab1e 

amotm t or the nomp1ex ea aa~ oe t e ted wi t h the e~ ions . 

!t may w<>l. l b P tb" t ther e \\' os a o tuall;y a ll!Do l l amount 



T t .~·>y not 

b e poasible t~ ;n·.V <'tlt tht· ,H'' ilhl<::e 1' ooch PJ n ll!il •>unt of 

alll!To i t: i •Jm 1.oD~ 00 i\ hy:l'C"OII:<':'l J on s·~t\i!''it ~ :J 'lt<'• 0 ' lt'f~ ce , 

Ev r-n the ~rn .'{ll ··,.n.!)u:tt -~f P.tt-ucturs.l bl .. '-' "fl •:'l"!"\ ~):' the ntioa 

surf'·•. c e mny l''!leaac a o o1"1'1c1 cn t <'il'l·'lnt.l t y of "lum!.ntum 

ions so tbA t th .. M1lo•' O tlv<" A1os ;>hate th:• t b-:com.,s 

ns oetn t e.j wi ill t.htom m3k H u ~· a a1g;ntf'tc". n t ~¥'opor t1on 

o.r the lo t;;1 a.nount sdscorbed. .~ &erl es o1" furLlia r, 

r1'£;'~TIG11 pc!"'l'>n·r.:~d ( .. llh r egJ(!ro t •J tn.- e:.<<ll ueivn of 

!l.l nm\nium tons) , •·:x:oN•imtr.t... on hyjr .,,a n 1»n s e.luroa ted 

m loa sllrf a o e& cou~,i b., ~t·fur:n~d t o 1nves~1!!"1 ~o thta 

tn~>tter . 

1':14 
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Y:Jt·l=j~jl) i.J~t's :JJ :t.:n .·. r-~ t.~. ·.n c ... IL!llt.x bt.t-:.t. <:n tbe 

r J. ~ ~ o:;~..·. ~-~ v .._ 1 t~t...~ _ t.t.i. Lt. .:.: ...... tbt; <:c. tier. S[. tvr~ 1~ \i mif;! t:i eor•f"aae 

t ·:r=; r.: i ,.: .l i.;:.. ;u \toi -~· tJ !~ e i.L --~:- ~ L ..: rtrH' 1 it~ :1.~ L . .. H.o. ~· so ln tton . 

It. ~, 1 ... r · z..,:.::,·,r~ 'f L~t~.c1' t; ,~.: .l :.L;.t.r~ !.C~ tH~t·•,(;.:"~ U tb~ VariOUS 

c. ~·~:. l '.~ cr:.i: ·\·~--· ·, ,J · r-~lh ... ; c.., '"'6 pree. 1.~-.,; t... '- L sbst!noe 

t ~ ~--i't :.· ,, o .~. ..... ¥t. ~-- ur .. "~.:·•.u. l-! o!. l ~it ,. f'.W .. h:: <Ji Lt:t.·l':1 . Ir 

\,~-~-- ~ ; ,; ;;w ; . !,.t. ~.- <J l. .. d.l v:1.' tbc. ·-~-. ·!.ll P. .l. O Y.U" .. · i ~ l'tt. t ... aff'ect~d 

t~ · tLc ; __ ,_!yt, ] u ! -OY t~ w.t'~•l i-tl\ \·rRt· · r tt,o ·~ ~'1·\H oni.y lQ~ ~ely 

t. ~ ' r. ·.(le ~:·, • .~n l;t.,.,~for.: (. ~ .. :'J ~H~ HtJ·.! l!.t Lion 1.• i U. l .. tr.t.. Il tiH~ 

u i; t: ·: ..... t·-n~o ~ tf' ,_~.i , t.L~- por.iliv~ iut~D 1-hcrton , t': thtb 

r. 'rur:;: . .:.. r· 3~~ ,._,,e ~j ,r, , h .:c\, tJatt ·~l_;!t.f! ·l l ~e . :.IlY C'h ~~e 

1(' 'if~ !>l t ~· r- i!t i ,,n of' tb t! "" '- L t 1vt peD ;·o r~.lcnf vt ttd: e"mpl exes 

&:t · ~ · · ·r .l.rt~ ..... . ~. , •.!i. -l~ t.~ :.t~ . .,Ct St·-iv~!J i l.J .:c t( (:tf.~ 1'1·.:>r~ a nolyeta 

(;!' 1 j l\' f''~ .. ,; t,,. 

C .. i.~l t -~,. 

1. ·1 :. f t l ~ • .I I 

· .• tli e <:: h» ng e 

·.r.o rete 



196 
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. (t. ·;-e.t' 1".;HFJt1 t ha t 

~ h· ~· \ ~ ' ' 

-..n · 1 t. r~ ·1 . 

' . ."' •. ~~ l '- •" u•.'! i 11 t wi 
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i; . ~· 'T<;___i]\~e t wJ'_..:i_isul:.k_t.ion Time on t ht. . \ !11 -~ lJJ!Lqf_~.!l.Q.­

~-::::L~:..._~.:.:!li~~ 

Tl; ... ~ l· l::.:::.t o~ ~ l ~<;~..: :;··o i· . hi~h J"fhi iuJ_!ctive )hunphat~ 

•. ,J,:.orbh.i or.. to t.tlt tHi cu Rur·fnc e un 1e1• s ~ ad y .;.-:; .J one 

tJf ' t L :.t ~ fq_ctor;.; Jct.-: ,., r, lnL'"!C l n f. h•Honnt o~· ,Jo...1:::orvt.lon 

~.:Y.iJ•~J·tfr,t.J ~ "'~ o -~ ·G c • .., r .r it Lt o;; t • :i_t.n tta s u.: ~o .... et·:li:J'·'r~t ion time 

f.ll' t 1Ch "=· x p~ l' i t iiCLt- , cuw_t.)·:n· isvn. s coul i be r.tad~ b c.. t we en 

.;. r ,:dviU.Uhl tP:pt!' i!a r~ ·.., r~ i n tia scci.e~ , .. ithuut havlng to 

c onsiu <n• tl1c ef'i'ec t of' the e.Jborpt~ on.ti me . 

~\ i'ter vn uth;ortJlion ti mt tJf ..J J r.t:aut.~ s t h e cu"ba fH) llPnt 

OCHO t' : ' "..i on U lH'V t .. _,f' .ca diO <~ C t1V~ v hOG :l tlA. t u fr0{/J ..:tl umintum 

::w tm·Hi t. d 1diCH SVI'f~tOE:s ~.du ar,alys ;:,; bll- irl "v o tra•c e differen t 

dt:sor:: Viun r a t.es .. 

di1~:fr:-r~r1t deeor~.1i..iun p r ·)Cess tB cor-x·oe !)onJ.eJ tc tnree 

d i :ffer·f:.ni.. i Yi•C 8 01· I'~ l ..:t ~ o ..., c Live 1Jhdl3;.:.1J1lit.- - Rllittlin i u:n 

in c ontact'; t b PQ!le o n t' s oluti on . l\'t Uif'- l i V L 6 i n 

t hi s conte>. t i s me rnlt the time r>en uir td ::'ol' halt' the amount 

of r aci oactiv ' ]Jhospha t c vresu,t a t ar>..y onto momen t to desorb 

in to aolu tion . 

Th es e half-liv es , whic h are l.nver se ly propor tional to 

the rate constants associated with each complex species 
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d ff'erttlt .:::u ril!,JJ.txco fr-om Lht, elu :;ii.nium sl:ltUI"t~ t 3d :t: ica e uz•face . 

Becqus.;... uf Lh l· L~r~e d1!'f'Lt·~n ~;;s i n tne !llLHSn i tu.i ~J ~ of t hese 

tJ·>l:'- l iv~s 1 t migl1 t be expec t t•:. t c,, t in a given a ,l,.or p tl.on 

somet>o11 r-<.l"l t ed to t.r.c JJi't'er•ent complex es 

!:f' th:i s 1,,~.33 eo , t hen a-lt10r !1ti on f or a 

d 1 f.l"~r< r. t J. <.n•;. tl: ... f t ime mig h t be ex-pec t e'.i to lee i t o a 

c ti;;nl.~:~ Ln thL rel9:t iv .: amounts of t he ti'Jrec c omvl'. Xf!B 

pr.,strl t , n" ., . .:11 a ~ t o n variation in the to tal amount of' 

GQDBt:Q UtD tly i t \"IBA 

d cc ld etl tb invtlstlg;)te t his poesibi:lity . 

'1'.::. a tumtni '-l m sa tur8 t e:d wica t:.uri'.ac,~s we r-e ,pt~~p~ r ed 

Bn j uU ju~ tc~ t o a ~b value ur 5 . ? . t~llee Ls o . .' f reshly 

n;>lit .ni ce , .. Ere us~j , tog ~ tc~tt' 1-ith t ;J<o "'eta l conta i n e r 

t ba t. h . .:. b< er, de signc•1 f'ur us. in c on junction ~>i th them 

(nc.c P•41 ) • 

eu11.e mica shLtJt ,. e,djs.ce-ut to ettch o t:bcr , eo u..., t o hav e the 

mica ihi c:kn ess as nea r to id<-n tlc>Jl for ttJ <- t1 u ;•iec es used 

as l:o.;siblc. 'Ihe edges ut: the mica s o.ri'aces so c ut were 

ewe t t.~.1 ·· i th I r~ffj n \' a.x s o the. t AS eq t;c.. l a 11 t r(;t"l ae ,Possible 

p·as l ed't unY.ax ~...J. t.tnJ r en ... ~y fof• r ndioncti'.l 0 J. h i..TI.- il rt te 

prepared having a ph value o 5 . 5 . b. peri men ts were 

carried ou t on tbe t wo al umlll i um st1 tura. t ed mi ca sur f'a c es 



199 . 

· ~ l'!A lyR is of ttw t.1 o lt · a o r : ~ t i on CiJl•v r:~t: Rh ow·~U that f'or 

cc nn t c) n"te :rer· t he thr c; e ·1esor pt1on r :t t e s) . 

r• lf>tive pro;o o!' tions of' en <~h comr,lex t o the to tal amount 

'frd. s 

V C f' J" s! .i j L::r.:' . 

The toto! amount of alsor p tion or r aJ io•c tive 

t n t he r nituoct1 ve pho s pha t e s olutl on f'o~ jO ~ lnote e 

'l he count r At e s t t he c ommencement 

of t tl€ depcr~ t t on exp~ rimEn t af t t r ~(; m t nut~s s oaking 

~ ~& 3~, 50J c . p . m. , snd t he ini tfql C8Un t r e te 8fter 

'!'hu" .. r t e r 30 

'!! lnntes soak i ng i n r a dioa ctive ph ospha t e solution 

~ or 1 . 8 t i mes a s much r a dioac tive phospha te 
20 , 000 



was a.isorb c.d onto ar~ s.ltun i r.tum saturHted mi.cfol AU,..f'ac e a s 

cr t c ·' rj ! Ji n u.t..t.:.~ f-30tt'<in<~· . 

'il1e v .AJ..·;:J.:_;,y o f t he ulJJVL r~-~.!.u •lf t b1 · t J t ·. -~ a mounts 

1,;f r-'"1:l:l.o • c.::t i vt.~ t.l:II • .-P :llat..; ~J..:!. u ·..~ Pb~·ll 'Ji1 t f.l t he Rlu:n1 n ium 

S .IJ t tl'-~ t -. J tni C•l Sll!.'f<I i.!e f:.H' tv, o Ji:'!"'t!rt-!J. .. t ti1ue i n te:: r va le 

a_·· ,;.J ~ o P . ~ j ... ~l i·,·u .... :J. • .. yc;::.!t~~ t on t.ht. :::·c Ocih:S uo ~ i.Q'ntt'icaDi 

dif'f'cr~dcu b '-· ~cr~ thu t \-JJ) ~n ic u SI!Be ta us e J ""'' t:Ja 

.ir1 v r.d~r to ~ ll 1 ina t e: s uc h a i'1-3:ctJ r :from 

c vnn id t: !':..l t.:l .;n in th~ ca.!.cul tt t ion of the ! 'a tiu oht;t ine d , 

i' :l: · th c.s:• ~A ;.:~.-· im. c.~~t.::~ v.E r' E. c :.lP I'it!-1 out . ~; rtnP u 1.l the 

1· ·1 l~o .. o ti vec ~IJ uSl; ll -t. tu ha- D·-t.n ro t .noveJ ft' Vf!l t lH-: t : u mica 

mi<"3. S Li.'f·:tu::e~ . .::: t. .l 1, ill Le c.:.:.l l cd rR 11 and. ''8'1• 

~D l l,u firs t p~ i r uf e1 pErimeh t s eurf~ ce •rq '' ~as s oaked 

in rediou cti~e p ~ 1 o s ~ h s te foP 5 n! ln ut ~ s n n J sucf hcc ~s' ' wa s 

Thua th .-~ onl y ··1 i_:rt'er enoes 

ir~ th t t ·r..:o e1 pf~~c t ~ ~.!• ,.o t cou l d b .. ~ ve hn 1 a.n lF:tJt ton t ed e:ffect 

on t t. L. r·;1lo -')~ t h E: tc t ·Jl ~'1r oun te or & df cP ;,:~ tion '1 oul d ~~ ve 

e .:.2n .Hrf'cr<.O <.:~c i r t he t okt s r•to• ev.~ il ~ b l.<: f' J t> ~ 1sorp t1on 

t.I· ~rJ 1hl cf'f t...~t.iv: tbic j;: r. esset __, f' ·thl "! i e~ f.'l· !'f 'A."!es (that 

i s , ~he t hic kne s a of the mi ca s ur f a c e 1 tsel f pl us the 

200. 



coa t i ng of' wa~ that h tHl b e en appli ed to tire i nside aur i'>< ce 

0f t i,e rr, t c El ei >c tt ( s e ; • 
43 

) ) • 

;\ n o tr!t r poss i b le fa ctor lead i ng to ~~ d i.f.f'e rt·!1 C6 in 

t he obs e 1~ ve j c_ount rB te~ c . lH3f d o t her th~in by d i. f f e r en t 

U.u, ,- s _,_:. ad s ur·ptiol o:f t Lt· r aai oa ct i. v e : h us p i1 Ht e could 

c w unt~ .!.· \~u o ll e ~.:d i'. i ~ .... h <::: a. c h of the 1ne t a 1 conts 1.IJer-e us ed so 

th -~; t r emova l ti n U r E·in tertion of t fi t:. ge--:t. rJ er counte-r-s 

CJUld n o t l ea d to a chRn~e in t he co unt i r q n hnre ~teristlcs 

of the !{t: igc ;· c ounter l. lus rr.e'oa l cont3int·r ( r; i th ridca 

8Ut•1\H.: 8 ~vnxed ov er on e end ) to~ S Hf :•l·hly . 

1':\ s i i.. Yo~a u des ired to er:1surc t l1n t n on e of the t hre e 

Fi r st of' a l l t h e t ··o 0·s iFc r .~ounte::-a 

v;'i_ th a e h othf:: ?' so ttm t t hf• v,eig-e r conn t~n · thAt ~t ' .-.J B 

cri" tn"' lly t n t he m• t>• l cor• t fl i ntc , .. ••i t h the mica su ri'ace 

Hptt ,, 

phos phAte from t he mina sur.fac ee nR" a nd ugn were then 

carri ed ou t. Ho•nevei' the r e l a tiv e udsorpt i on times were 

201. 
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c r1r r-i e:.i out . 

5 ~i nu1~ s adsorption t1mt . 'Ibe i nc r e""'~ i ll count rate 

Cif tnc 111 i.Ga ;·ur·:f'E1Ce "'R'' aft(r __,;) 1.1~ nu tt.s uHS Or t?ti o n t'mc 

\'.In[ ... Lt , :J O'.J c . p . ttl . Yr 01;J tbe::{q.;. t\·.'~ C:~liu:r ea tb{. 1···:tio 

of t h e toto l a moun "t of Atl so r ption o2 l' ''di o,,c tivo >hns pl1n te 

<.Vlsor:;t1 on t~ !tl.e to t cH. &t!Jou nt a1 surb £;J !.> ..L"ttr' only 5 mi nutes 

:,dscrpti.on 1. t tr. (' !a E: e t::n i 0 be 11..222 or 1 . 6 to 1 . This 
? ,Roo 

f i gure . is i r.l go;...d Rgr<: o1' E:r,t_. •. 1 th t un t. ~; _il C UL:i t eli f'r oPl the 

r trs1- pa i r 0f exre ri m~n ts ~ i Lh the se ao s0r[Lion ti.mce of 

i . 8 t o 1. 

i ht... total udr:ur•pt.ion oj rad i oa. ct:!.ve :.· h os pc.:;. ·\. t onto an 

cJlU ~I; i r .. ium sc. tt...l''J it;O ill ic c. su.r-f'ec t : ~ ~ c ... !Jn VFc.l V.t t.: f ' 5. 5 

v,as appr·o;<iau· t , ly 1 . 7 tirn<..s os mudl .'tf' tu· " ~0 T::tnute 

J.usot>ption of radioc, c tive phosphe tc. on t o olamin iurn 



aatur s ted miou eur~aoee haft b~sn o~rrled ou t for peri ode 
of U tll\1 up tu 60 mtnu tea. t t wae 1'0!11'1<1 tba t more 
ra;Stoao tive pboapllat.~ "llll &dsorb.,d tn n~rtmente wt tb 
longer adsorption t1!11!'1! , but no eYil\oce wota obtained 
tllat eugeea d that there were other ~n tbree d l1'1'eren\ 
COillpl e.xea toMied wt tb the ea "'e rela the ao~<; W'l\eo • • were 
adeorbe~ aft r 30 • tnutea a4eorptlon tl••· 

.l'roa~ tee above e11ptor1111enta 1 t. oan be oonol ude4 tbet 
the adsorption or red1o• ottve pboepbate on to alu• t ntua 
a& t.uro t $d ~ioa ourtecea ae ems to l ead to the 1'ormatlon or 
three dlf.f'fir<!.nt rod iOBot1.Ye l'hosphete - lumtnt\111 an tur11ted 

The r o t e eonatsn ta for the 
4nor p t1on of th~se eo111ple.xes lnto aqueoua eolutioa, and 
tbe rel!tlve propGr tione ot' esoh coapl u preao;n t eee111 to be 
1ndep~ndent of t he adsorp t ion tlm~ , Bt ltaee tor adeorp tlon 
times ot up to one hour. Tbe ao t uBl a~ount or adeorption 
appesre to tnoreeae w1tb 1noreee1ns edeorpt1on ttae. 



6 , 5 Re lat1ona h1 p or Temp~rature t o ~A.:l io,.otho l·hoephllte 

Adi!Ol'Dt10D 

All the ex pe riments th11 t have betn osrr1ed out in 

thie thee1 o h·.v e be en ca rri ed ou t Bt room t empera ture . 

All t ne de~orp tiona of radioactiv e phosphAte wereoarr1 ed 

out into t" o 11 tres of' solution that wee continuously 

s tirred . 'I'lu t o•rpe r atur e of' theoe aoluttone wa s 
0 

found to stay f '• irly constant at t~b ou t 23j 1 C for all 

the exp~rtmen te during thr. ooure ~ of the ~ork done . Thi s 

temperstur•· was slightly above thP. r oom te1Dpel"8tur e which 
0 

wee ueu9lly about 20 c. The 1ncr c as~d t emperature is 

beli ev ed to b e due to the he11t fro~ t ile magne tic stirrer 

on whic h the two 11tre o of deaorb !ng solution were placed 

and also , possibly, due p8rtially to the work done by 

tile etirrer 1teelt. 
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The three dtff'e r en t desorptton r ates de t ec t ed for the 

lleeor ptl on of' r ad1o'lct1ve pboe phttt.f: f rom slU1111n1um saturA t ed 

~1oa aurtaous migh t be dependen t on the t~mperAture a t 

Whic h the d ceorp t i on t ook pl a c e . l n an endr·qvour to 

test the likelihood of thte poss1b111ty en a ttempt was 

made to do a n experimen t a t a marKed ly dtff'cr en t t emper a t ur e 

from that a t which a ll the reat of th <' work bad been done . 

0°C, the t~mperA ture of melti ng t oe,eeem d the mos t 

1\ l arge , i nsulA t ,.d , 

equar• box Pas obtained {MtullltY " the•'!lloe t wl thout 
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a c entral r ot!:tttng spi ndl e) and tbte WRA pscked wi tb an to e/ 

wate r mix tu re . A t wo lttre beaker almost fUll or ~Bter 

W!IA i mmer Aed i n t his ice/ wate r mt tur eo thAt the outsid e 

l ev el (o~ the 1o e/wa t~r mtxtur c) ~ae sligh~ higher than 

the l ev el of tho interna l solution. 'lb 1P t\l. o 11 tree 

o~ wa t e r was e tirr ed w1 th en overhe>'d stirrer motor 11nd a 

o en trt~ugal stirre r ( thl' s ame one ao WI' B used in the 

111pertmen ts conduc t ed at a pH value of' 9 . 0 (see p. 91 )) . 
to ensur e good circul t1 on o~ the t 10 0 11 tree of wate r . 

The temper " tur e of the tr 0 11 tree of " " t e r lVII A mesa ur .-d 

over •l period of 12 hours and found t o be c onstant at 

Thus by a tw ice dal!ly r enewal of the 

1ce/ 1Ya ter mb t u r e t he t wo 11 treo of water could be kept 

at this constant temp,rature • 

. A getger counter was taken and , a:t' t e r 1 t bad been 

checked and found t o bE> t'unc t ioning eatief'aotortly , the 

mica aur:t'ace of' the end - wi nd oll ~<a s i lll>ne r sed in the t wo 

litres o~ water a t+ 1 . 0°0 . The outside edges o~ the 

gei ger co unter end- wi ndow ho d already been coe t ed wi th 

WS> 8R USuil; At'ter aoi'le time bed elapeed to all ow the 

ge I ger counter to re .. oh the te mpcl'fl tur£ of th•· water t t 

111 11 5 coiiJlected to t he electronic appRrB tue . It we e round 

the t the plateau of' the s~ l(!er oounttlr , whi ch bed previously 

been grea ter t hAn 200 volts in l .. ngth, 1\'!8 very short a nd 

the geiger counter r eadily ~~· ~ nt into con tinuous discharge . 
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As " check thn t a sudd en bre l!:d c.'t< n 1n the geiger counter 

hn~ not occurred i n some way it we e r emoved rrom the e olution 

and nllowr;d to wa t"m up to r oom t empera ture . I t WAs then 

found to b e funot1oni ng eatil!fActorily . \'!bile still 

connected to t he electronic apr e rat.us, the g e t ger counter 

end- ,. l nd ow 1\'IU ! once 1110re i mmersed ill the ·o li t ree of l'itl ter 

The platra u l eng th of the g~ 1ger counter 

wae observed to decrease wl th t1me, until it was impossible 

to meas ure tne bsckground count rate at all , 

Fr om the above. exp<' rlments 1 t appear ed that the gel ger 

counters used were n o t capable or be i ng us ed a t such a 

temperAture with their mtca end- wi nd ows 1 erael in water , 

Ae, accoJ'dt ng to the manufac turers , t hey were s upposed to 

function s a ttef'ec torily over 11 wid't' rmge of' temper e ture f rom 

belo" 0°0 u r·wa r da , 1 t s eeme-d tbB t illlmers1on of the ge tger 

counter end- window t n solution reduc ed the t empera tu re 

r ange over which they c o11l d satisfac t orily be used, 

Becaus e of the f a ilure of' this ex pcrim~nt an 1nv~ etig6 t1on 

of' the effects of t empe r a ture oh~nge on ei ther the na ture 

or the a mount of the va rious oo•np.le:xes of the r adioac tive 

phoe pha t e on ea tion aa t ur B t ed mice s urf'oces haa no t b een 

ca rri ed out . 

The above ex pf,rimen t e were C•• rried ou t b ef or e the 

a l t e rnt> tlv e me thod of ex pt:rialente t ton ue t ng the IIKlta l 
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aontat ner 0 wl th a mtc., eurt'ace on one end • aurroum:l1np; a 

ge i ger counter hBd b <·en devised , I t aetJme pollsibl e 

tba t e eucceeet'ul experiment at r educed temper" turee 8ould 

be pert'ormed usi ng th1e a pPftratue . The end- window 

geiger counter . not be ing in actual c on tact with any 

soluttons 0 mi ght b E. .round to function sat1efac tor1l;r 

a t these loll tem.ver aturee, Further exp~ rimen ts mi gh t 

also be possible at bl.g her ..t:el)tt>rita\W:>oa (say 35 - 45°C) 

end thus ac tivation energy date could possible bt• oalo ull• ted. 



6. 6 Ra dioactive Fhosphflte ,\ J eorption on to Hydra t ed 
A twn1n1um Ox i df! Surfaces 

lfost of' the desorpti on experiments i n this thesis 
have be n carri ed ou t ~t th mica surf aces . However the 
experim n t al me thod co uld be applied equally well to any 
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other surfaces , providing aut . ble me thods f'or the de t ection 
of' the r ad 1oucttve phos pha t e (or "- flY other a ~ eorbtng group 
with s suitabl e r8d1oisotot'e tha t it wa s des irtid to s tudy ) 
could be found . As 8 conetder .,b l e amoun t of experiment-
at1on h~d been done on al uminium satura t ed mica surf'aces it 
we e a l s o decided to atu~ the adsor ption and eubaequent 
desorp t ton of r adioactive phos phate f'rom aluminium surfacea . 

The actua l aurf's ce s tuJt ed wi ll no t be pure alumini um • 
Th t re will be a thin film of aluminium oxi de on the aurf soe 
of the aluminium s t udi ed and there ~Y be some hydroxyl 
groups present 80 well . 

For the f ire t expe rim£n t on an aluminium surface a 
dttferent ty pe of geiger counter wee used. Tbta WS S !l 

t ;; pe 1 B 85 '!'byrode Coun ter Tube . (For details of thia 
ge t ger ooun te r s ee p.- 53 ) . The outside or this geiger 
oounter w·se an alumin ium tube . As the ge1ger ooun ter 
was designed f or use ln s portable monitor (Victoreen 

( 1) 'fbyac Gur vey Me t er , :.l odel .389t.: ) the a lumin ium well (·wht ob 
( 1 ) Manuf'actured by The Victoreen I ns trument Co . Clev el a nd, Ohio, u.s .A. 
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was s e tually the ea thode) would bave been thin enough 
.32p • 

to eas ily transmi t the_,B part1cl ee emt tted by 

The top o~ the aluminium tube w~s coa t ed with pa r afrin 

wax eo that s constant a rea o~ alumini um could b t' etud\ed 

Th is a r ea o!' al11111tnt nm waa SOAked in dis tilled water wi tb 

a pR val ue ot 5, 5 atx times for at leBat 30 m\nu t ee e~ob 

time . t t was hoped by this procedure t o bring sny 

hYdroxid e or othe r grou pe , the n~ ture o~ which migh t depend 

on the pH val ue , to tbe c onfigura tion tha t they would be 

eJ<pec t ed to have at this pH va lue . The alumini um surface 

ot the geiger counter was then i mmer s ed tn t~o li tres of 

dis til l ed wa t er having a pH value bt 5. 5 and t he background 

coun t ra t e dete rm in&d , A!'t e r the bec!Qiround count r n te 

o~ the getger o oun ter i n th e t wo litres of eolu t1on had been 

determined, the a lumini um aurt~co of the geiger coun ter wee 

im:nereed in red iouc t1 ve phoapha t e s olu t1on w1 th a pli value 

ot 5. 5 for a suitabl e peri od ot time (30 minutes ) , removed 

and rinsed in disti l led water wi th a pH value or 5. 5 . 

The ooun t r ate or t be ge i ger c ounter due to the adFIO rbnS 

r adtoaotive phos pha t e ~a s now de t~rmtned . It MR r ound 

to be about 50 , 000 o . p, m. ( uncorrec t ed for c oinctdence 

lose ) which ~a e t oo high to meaeure on the rHte me t er end 

e trt p ~ hart r oorde• . If the oxide layer on the ou t e tde 

or t he alumin i um tube we e not too tigh tly bound to the 

a l wniniwn 1 t mi ght Mve belln posA 1ble to rub s ome of thts 
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aR ilC•~ ta ted wl tb 1 t, It we~ a leo poeeible th~t such 

rubbing '~""'l1d r~llloVt' t.be ede;o!'br-4 r adi oac tive pboaphtte 

t~lone . In al'dsr tl" meo 11" the n'bove yoe s1b111 t1ee 

cxtote~ ':h ~ a lUll! nlnm eurf'e oe '1188 rubbed wt th eheeta 

of !'11.t.er ::Ul J"I'I', e"r e bllinll taken n o t to t ndaoe :radioac tive 

uontl.lm1n• t! ' n ot" nnyth1nt (exct.p t t he tll ter pe per ) . Af ter 

1,1r olont;od 'l'!lhhtnp; 1. t we a found t hn t the count :rate waa 

r educed t <> t> bo•1t :!'/ J,OOO P. . p . m, ( IIJlcorl'eoted) at ~<'hiob 

et'l"e t.h~ alul!1n1u ,.urf'll6e wee r e1111111ereed 1<; ~h t wo 

11 tro~; a.t' M lll t.f.on s nd the oheng,. in c oWl t re t ~>i t.b 

t.t:m~ :!lel!t:lUl'<'d 41 R UI'U"'l o 

The ob "" l"V~•l onunt r11 t t!' dl!loreeaed very lilo.,ly 171. th 

t1:na , l!holl':l. n~; t b<tt· th re r>11e no longer prea.mt e<ny 

OOIIIpl~:XIIfl bet" e"Tl the Nl<HO'IO tiYe ) lioapMe IIOd tbll 

the A lU111tnt Uti .;ur1'noe itfloorbin.J w1 th a ronp1J rn te. 

Owtr.g t~ t he h\ .'lb <'•?lJXl1 " " tei'J 1fi"Volved, '"' oura \e 

calnu l!ti.J!.l o(' th<> o ofnol<l.<:!l., l" l~oe • af' ve ry dlt'" J.oul t, 

end. beoii U:Hl of' tl1 ~ ve!'Y !'1 t-"' rs t e o:f lose o~ tbo r ad 1oeo t1ve 

f'boopht~tl! thP oo11nt r!ltt. "'t e,..oh U llltt tntervnl need ed t.o 

b , , knOI7!1 IIC <: :t !'fl t,.l~ tf' RlM1ya1e ot' the d i"S O>'pt1.0fl Q\li'VII 

w<~e to b <' fttt&P.>pt l-lll. Tha count rate O"-laul t'l ted ai'ter 

deoorp tlon bttd ooo•u•red tor :50 mt nu t ,.., 't'l'll! about 43 ,000 

o . p. m. and at ter 420 minutes ( 7 h ur 11) abou t 4? ,0c•u c,p. m. 

Becauee or t his ve17 slow t'ttll in the oount rate no attempt 
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was made t o analyse tbs desorp ti on cu rve into 1 ts components 

(if a ny ) or to calcula t E' a ny rate oonstRnts . 

~fter desorptton had occurred for some time (about 

40 hour s) the getger counter became unstable snd very 

r ead ily went into c ontinuous discharge . Th" plBteeu 

leng th wee found t o have diminished from grea t er t han 

200 v ol t s to "b ou t 10- 20 volts . Accordingly the 

getger counter wa e pu t aside ae b e i ng of no fUrther 

use at the time . 

l.nother way of studying the alleor p tion of r>~ d to­

ac ttve phoe phs t e- on to al umtn t um eurf'aceo easployed 

was by use of thtn ehee t e of alumi nium 1D%~e~~ or mtoa 

sheets as had b en used f'or some of t he ;· ark in this 

tbesh wt th the me tal containers . Thin a beets ot' 

aluminium (thlcknese = 0 . 05 mm. ) were obtotned and were 

attached to the me tRl c ontainers tn the s ame wa y ea the 

mica s heets had b een . The pr epara tton of tbeee 

aluminium sheets pl us me tal oonta tnere has been dencr1bed 

eerl1 r (see p. 45 ) • 

U:perta~en ts wer e perforrn<·d on these alumtn t um sheets 

a t e l'Bnge of ph values (3 . 0 - 9 . 0 ) . l!.xpcrimen ts wsre 

not Cfl rr1 ed aut at very hi gh or ve r y low pH value s ae 

alumin i um 1e s oluble in both actds end el~a11e . The 

experiment per formed a t. a pH value ot' 9 . 0 was c ·rri ed out 

w1 th t he t otnlly enclosed a ppera tus designed f or I" Orlt 

at thie pit value (cf' . P• 91 ) . The al~~tn ium she t 
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was eeAh<1 ove r· tile end- YJ1ndow of' th£ ge l ger counte r 

uaed wi t b tills appara t us wt tb "ax , a nd the experiLUent 

perr ormed in the aame ~ay as with the mica eurt'~ce of the 

g e i ger counter encl- wt nd ow a t th l a pH 'ffllue . 

Before commencing each experimen t on the a luminium 

surfac es the eur f'a ces were soaked in dtetil l ed wa ter 

pr eviously 'l d jue t ect to the pli Vll lue at which the E>Xpf' r1ml!nt 

""El t o take plftce by the use or hyd r ochloric acid or 

ood 1um hydrox i de , This soak ing we~ oBrr1 ed out six 

times t'ot- a t l east 30 minut .s each time . The usual 

experim~nta l procedur e wae then c a rried out and, at' ter 

desor p tl on of the adaorbed rad 1oac t t v e ~hoe pha te into 

die tilled water w1 t b the enme pfl value ae tha t 11 t •h1ch 

the exper 1mfln t ·1YaB be ing performed , the resul tant deeor ption 

curve waa analysed , 

Tbeecperiment c ondue t eJ at a pH value ot' 3 . 0 "as 

carr i ed out b1ce. Rea sonable agre<ment was ob tained 

between the va lue s calcul a t ed for the rate conat.anta , and 

alao bet~ een the rela t i v e amounts ot' e oc h corresponding 

c omplex . The values obtained r or the r a t e conetnnto , 

and t he relativ e amounta of eac h oorr t spondtng complex 

a r e giv~n t'or tb~ t~ o oxp~riments pert'ormod at a pH va lue 

ot' 3 . 0 tn Ta ble 7 
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First 
~1ment 

rate constant 1. 9x10-2m1ne ,-1 • 
for !'1 re t com-

Second 
Experim~n t 

Average 
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plex " E"( ·k~ ·~ 
- .3 -1 - .3 -1 - .3 - 1 

rate constant 1 • 7111 0 rntna 
for second com-
plex "1"~ ( .. k}) 

ra t e constant. 

1. 0x10 mina · 1. 3x10 :n 1nl:!. 

f'or third c'lm- - 4 - 1 - 4 -1 -1+ -1 
plex "G"("kk ) 3. 7x10 mine . 3 . 3x10 mtne . 3 . 5x1 0 mine. 

- - -
rela ttve 
amount of' "F" 41 % 
( 100 ,.. of' total 
amount) 

relative 
8RI01Ult '.L npu 44% 
(as % of 
amoun t } 

to t al 

relative amount 
of ''O" 1 5~ 19.~ 
(as :·, of total 
amount) 

As can be eeen from Table 7 there ere appal'ently 

three different r Adi oac tive phoepb!te- alumtn1um compl exes 

preaen t et e pU va l ue of 3 . 0 . 

The Bdeor ption of r ad ioactive phoepha te onto an 

aluminium ourt'ace was also performed onoe a t pH values 

of 5. 5 and 9. 0. From a study of the deeorption cunee 

91' r ad ioactive ~6pba~ from aluminium et these pH values 



the!'e eppei!lred to b(' th!'ee d u·rerent oomplt~xee preeen t at 

a pH value or 5, 5 and only one c ompl ex at a pH value o~ 

9 , 0 , The r at<- constants and the relat ive amount or 

f:ac h oO!Ilplex d e t ected at the bo pH valueo are g tven 

in Tr· ble ·'l•t·' 

TABLE 8 

,P}l,v ,alue radioactive rate cona~nt relative 
phos pha te - (minutes - ) amoun t or 
alWIIlnlum oollplex 
complex presen t 

- 2 
5. 5 ~H~ Jtli,Q· 8x1 0 32'f 

- 3 
5. 5 "I" 1ctc0, 8x10 21l'i 

- 5 
5. 5 ~J" k 3.3. 9x10 475'· 

- 5 
9 . 0 ~' L" kt=) . ) x10 100% 

The rate constan t k1 or tht~ only de t ected complex "1.'' 

pr sen t at a pH val u o~ 9 , 0 ie t n good agreement wt tb Ule 

smalles t r a t e constant k j obt.<l lned r rom t he deeorp tlon 

curve o~ the expe riment performed at tl pH value of 5 • .5 . 

From tbta it may b e considered that tb~re 1e a poee1b1ll ty 

that both the complexes cha r >' c t erieed by t he !'a te oonetRn te 

k and k a r e or '· almll" r n" ture . 
j l 

Thte e1m1l11ri t7 or 

214 

r e t e constant ; tth i;, h i e b>~ aed on onl y one pair or eJrper1menta 



cannot hOVI~Vfl J' be taken ae ooncluatve evidence of s uch a 
eim1lar1 ty bet• .. een the t wo c omplexes . 

The t wo othe r r ate o one tan te fo und at a pli value 

10""? 
- 1 - 3 of 5. 5, kh (:0 . 8 X m1 nu tee ) and kJ(= 0 . 8 X 10 

- 1 
minu tes ) are oomparable in magni t ude to the t wo 
l a r g < at r " t c o ona tan ta caloula ted f r om the exp r i ml!n te 
c onducted at a pH value of J . O, namely k (= 1. 7 
minutes ~ 1 ) a nd k ( ~ 1.3 x 10-

3 ~1n~~e~-~ ). 
f 

- 2 
X 10 

Al ttl OUgh 
the agr eemen t bet~een the t wo aeto of fi gures is by no 
means go~d , the t wocomplex s peo ies pr esent at t hese t wo 
pH values may be the same . llore duplit.~ FJ te ex perimen t s 
v.ould be needed to be done to inv13stig11te tbts point 
furthe r . 

If the two complex spec i es we r e or t he s ame type 
it v:ould appear that the r elative proportions of the 
two al ter mArkedly wt t h the change in the pH val\Je . At 
a pH value o~ 3 . 0 there were approximately eq ua l amounts 
o~ the h ·o c omplexes " !i " an" "F" , th er a pp•. a ring to be 
sligbtl.y mo r e ot "F" (eee Toble 7 ) . At a pll value 
of 5. 5 howev~r , there was ap ~roxime tely one and a halt 

times ss muoll o:t' "li" , wh1oh may correspond to " To. " , .. a 

the r e waa or " l " (corre s pondi ng to "F" ). Also the 
percents ge of the total ,~orbed r adioactive phosphate 
which 111 99 pr e s e n t ··· a tbeee t wo aompl xee altere" v.·1 th the 
change in pH ,q,ue • ,:" plus "I' " fl ocounted f'or abou t 



80;v o!' t ne t o te l amount o:r ad.eorb ed. r ad ioactive phoe;,ba te 

on the alumtnimn eu rt'A<HI a t a pH va l ue o!' ) , 0 , whil e 

"Ji" and " I d made u p only about 505'~ of the t o t a l <.~de orb t!d 

r ed1 oact 1ve ph os phate a t a pH va l ue of 5 . 5 . 

The l)llla ll eet r a t e cone t en.t f ound at a pH va l ue ot 
- 4 -1 

3 . 0 , k (,. 3 . 5 x 10 minutes ) Wile a pj\roxima t ely t en 
i 

times a " la r•ge 11s the comruon t'atc cons tan t f ound a t 
- 5 pH va lues of 5. 5 and 9 . 0 ( sve t'Age o:r kj and ~ •3. 6 x10 

- 1 
minu t es ) • Tbue 1 t l!l eem.ed v e ry u nl1 kely the t the 

r sdioa otiv e phoe pha t e- a l um1n 1um eu r f nc e c omplex "0" 

a etwoia t ed w1 th k l:tiA t he same c ompl ex B n wee fo und et 
g 

h i gher pll va l ues ( "J~ a nd "L" ) . 

216. 



6 .? The d:' t'ec t ef' Desol'ptton Ttme on the .Ana.lye~e of 

Renul te 

Tt.e techniques devis dl by the author i n tble tbee1e 

h" ve t'ecently been applieO by other worltere to a study 

of m toe ea tura ted ''1 th aome o theY' ea tione . Some work 

has b en done by Morris ( 1964) on iron sa turated mice 

eurt'ace e , He stud1e4 the deeorp tion of previously 

adaorbed rad ioactive phosphate f'r om 1r·on e11turatc<1 

mica e nrt'eoee :C or VOJ'Y long pel'iode of' ti!lle . 'l'he 

reeul t e the t he obtained were B11111lar to thoe ll obtdned 

to the pre aen t • ork with a luminium ea tu re t ed mica 

surfaces with one s1gn1t'1cant dtt't'erenoe , I t app<ared 

that the: re wae a r sd toao ttve phoe pha te-tron ea turu ted 
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mic~ surface complex with an extremely small rate constant, 

about one tenth of the smallest rate constant observed 
- 5 - 1 . 

in the prea en t wor k of' about 5x10 minutes The 

existence ·~f thi s very slowly deeorbed OOI!lpl ex we" det.-c tad 

only by carrying out deeorption expt-r1menta for much longer 

periods of tlme tbun had been done i n the author ' e work 

with al uminium s atur ated mica surfaces. 

Analyeie of deaorp tion experiments bee been carried 

out graphically t n tht e theaie ae bee b een explained 

earlier ( p. 6? ) • The informs. tion actual ly deteJ'mlned 

from tbe deeorp t1on graph wae the hal:f-ltvee o:f the 

complexes on the en tlon 11a tu re t ed mica aurfaoea. Theee 
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half - liv es are inversely pro porUonal to the rate c one tan te 

for the deeorptton of e~ o h c omplex. When the deeorpt1on 

ex p~ rtmenta we re perfo rmed. :for up to 200 houl'a a ll th e lose 

of' r a dio<oe tiv -. phua pha t e t'rom the mica surface could be 

eattsf'actorily accounte <l t' ~J r by t he e.x t~>tonoe ot' ll complex 

with a ha l f - ltt'e ot' ab out 250 hour s ( which is equivalent 
- 5 -1 

t o a rate constant of 5:x10 minutes ) plus two c ompl exes 

with abor t e r half-lives, I n the work done by Mor ris 

the exi s t ence Df the complex with a v ery long half - life 

( eq uiva lent to a very low rate constant) was only apparent 

after c onside r a bly more t ban 200 hours~ the graph of the 

deeorp tion ex perimen t had b een antllyaed, Ae a conseQuence 

of this 1 t '"'B decided to perform a d eaorp t1on ex periment 

wi tb an allllllinium s atura t ed mica surf'a c e for a considerably 

longeP per iod tha n had boen done before. 

An alwni r.illlll s ·• tur" t ed mica surface was prepar ed in 

the us 1 ntann <J r and adjusted 110 that it hod a pH value 

.ot 5. 5 . Af'te r adeor p tt on of' radioactive phosphate, 

deaorptt on wa s carried out tnto t wo litres of dia tttled 

wa t er with a pM val ue o:r 5.5. The f'trat 120 hours 

wer e fo llowed on the e t r i p chart r e; oorder. ,\f'ter this 

time the count rate was measured periodically with an 

elec tronio counter , As the c bange in count rate was 

very small after e110h a long deaorp ti(ln time tHo aocura te 

value of the count 1•ate at va r' ioue t1mee wAo moat important. 



1he total number of counts over a long pe ri od of time 

(1 - 2 hours usua lly ) wa11 de tc rm tnted , and tbue the 

219. 

uncertainty in t he count rate wae r educed . The electronic 

c ounter wa~o checked egatnet the atri r> chart r ecorder and 

f'ound to give the same V!! l >lf: f'or a fixed count l:'fl te (using 

a uran ium source) ever a range of count r a teo . Tbua 

tb6 v~l ues of tbe c ount rate f'rom both the stri p chart 

r cord er and the eleot·r on1c counter could be ea tiE~fac t ori ly 

use ;l together on t b.e same gr aph w! thou t the n ec eaei ty for 

any correction of one r elative to the other, The deeorp tton 

exper i ment wa s :fol lowed for a tot" l period of 770 hours . 

Graphica l analysis of t his ~xperiment r vealed t he 

pres enc e of f'o~r complexes with dttrer en t r a te cons t ants , 
- 2 -1 

!·wo of t hese rate c onstants , 2 , 3 ll. 10 minu tes and 
- 3 - 1 

1. :1 x 10 m!nutl9& , wer e a ppr ox t m .. tely t he a Bme as two 

of' t be three r ate constants tha t h11d been de t ected in 

the pr ev ious ex;1crimilnts on alum1n i wn e~ tureted :nlca 

surfaces . The other t>to r a t e c ons tants wer e bo th 
- 5 -1 

<lif'i'ert·n t t o tbe third ra te constant of 5x10 mi nu teo 

which had been d • t ected in pt•eviou!l exper1 rnenta ,one 

being o;rea t er and one l e as than this val ue, 
- 4 -1 

'l'he ac t ua l 
- 6 -1 

v~ luea obta ined ~ ere 2. 4x10 minutaa and 10x 10 mi nutes ·· '. 

The smalleut rate constant wan l'i i th tn a 1'actor of tv.o of the 
- 6 - 1 

va l u 6a ob~qined by Morris (1 ,64) of 4 . 5x10 minutes 
for this very slowly deaorbtng com plex on an iron .,, tura ted 

mlc tl ourface . 



The ~ hove expe r imen t invulvtng deeor ptlon fo r a very 

J.on ~r J>" riod of tt:ne ~tme r epea t e::t 1n the same "'ay. F.j \J r 

differen t rste oonetarlte ,.er e 11 .\Jsln obt,. lned, t heir 

values be ing: 
- 2 - 1 

(1) 1. 9x10 minutes 
- .3 -1 

(2) 2 .1x10 mtnutee 
- 4 -1 

{3) 2. 2x1 0 minut es 
- 6 -1 

and ( L!) .3 . 0x10 mtnutee 

The thret- lsrr;ee t ra t.e c onetnn t s s;ere ver7 e1m1lor 

to those obtained 1n t he> firet axpe rimen t " hcr e tn tbe 

~eeorp tion wee followed for such e long p~ri od of time . 
- 6 -1 

z~o . 

The omGlleat rete constant of 3x10 mtnutee was BUillewbs t 

differ ent from t ha t obtained in the first experiment,but 

it was s till o:f t he ea:lle order as tb value f1l'tlt obta ined , 

end e leo of the 811\'lle orde r ae the val ue obta i ned in tbe 

work: wi t b iron u t uratt"d. mice aurt"aces. 

Thus 1 t appears tha t tbe r adiOActive t· lloepbate-

aluminium aa \.urs ted mica surf' c e compl ex whic:b w e 

pr cv.touoly thought to ex ill t and to have s r a t e constant 
- 5 -1 

for d sorpti on into dl~ tilled water of' 5x10 mtnutee 

10oe actually a mixture of t wo c omc.lexee wt th r a t e constants 
- 4 -1 · - 6 - 1. 

of robon t 2x10 mtnutee and 5x10 Ja 1nutee The 

aetu~t l nlue t'or the mlll!! ll .-at r a t e oona tant MIB not obtained 

wt th g ren t c e rtain t)'. A aligh t difference i n the gra phical 

ana lyst a could lead to a oonaideroble veri a tton in th 

actual vnlue obtained , but it aeema def ln1tt l.Y to be bet'lleen 



- 6 - 5 -1 
10 end 10 minutes 

Aa ·111 b e acen trom tbe valu ~e quote~ ~bov~ f or the 
lar~ree t b p' r n t e o o1111 t>.>n t e f' or deaorp t.ton , wbtcb e r e ve ry a1m1le r 

to tbe value11 obta1 ned in tbe pr evtoue ~xper1mtonte of 
- 2 - 1 - : - 1 

2:x10 m1nutee and 2x10 minutes (see p.1 66 ) the 

a pl1 t ttng of the oompln a eeoota t d w1 t h tbe tblrd,amt\llee t 

l'tl t e o onetont( ao ob 1n6d in t he pr v t oua ex pertmenta)tnto 

t .. o pa rts haG nut bad aey ett'eot on the 1'1rat two,leaa 

strongl y bonaed,oo~plexea. 

'l'he e pli t U ng up or tbe moe t ttght.ly held oompl u 

i n to t~o compl exes haa onl y botn perfo~ed et the one pH 

As tba orig i nal ~hree complexes were 

de t eo tel ove r t he r ange of pH values detected (:;.o - 9 . 0 ) , 

1 t ae<;lllU proba ble thll t tbe r e a r ll!tuelly :t'our aomp lex 

apeaie& preeE1nt a t a ll tbv pf! valuea i n the 10ange atudi eod. 

Fr om the t wo experiawntn pert'ormed wl th ve17 l ong 

<lea orptton it mea the r e l e t1 vo amount& Qt' the tft'o oor.tplexee 

with the smallest rat~ aonetante have been ca lculated st 

a pR val ue or 5. 5. If' t he tl<:o c omplex es ar~ called 

"C" nnd "D then the aCJo\Uit of "C " PLus ~D" r el a t1Ye to 
1 1 

t ho . to tal amount of' adsorp tion of' r e dloac ttve ,.boa ;.ba te 

wt ll b~ the eame a" WQ & or1g1nlll ly f ound f··or tbe oD~Dplo:K " C" 

tlla t 'IJAe bel1eved to e:Kie t. 

ot 5 . 5 , wae 30..35 )... of t be totol amo\Uit of' r => J ioaottve 

phoepbate presen t (eee T•.ble6P• 170 ) 



,-,,.,9 . ,_- . 

In t h~ t wo experim.en t s described above the ra t 1o of 
"D" t o "C1" was round to be 1,870 a. t) . m, ; 590 c. p, m, or 
3 t1 :ror the f i rs t exp!!r imon t and 3,600 o,p, IR , t 1,760 o. p, m. 
or 2:1 for t he second experiment, Tbue 1 t appears 
that there is be been o and three times as much of the 
compl ex with the 1 011e t rate cons tent Bll ther e h of the 
complex with the next lowee t r o t e o onetan t , The 'r e l a tlv e 
amountu of tach of the four oomple.!:ea •· :, " , "B" , "Ot and "D" 
n ow believed to be present ins t ead of the original three 
ccmplexee "A", "B" , and "O" ur e given in 'l'••ble 9 tor 
a pH value or 5.5 . 

rtldloacttve r ate conetant r el ative amount phoepha t e- of' c gmplex of complex ( $> ) aluminium ( minu t ea- 1 ) aa tura t ed rn toa 
e urt'ace complex 

tt A u 2x1o-2 
40-45 

"Btt 2x1o-3 - 25 
"CV 2x1o-4 ......... 10 

"D" - 6 5x10 20- 2? 

Aa wae mentioned ab ove 1 t ISeeme probable that there a re 
aotual l;r :rour complexea prelle nt a t the other pll va l ues 
studied (3. 0 - 9.0) . To ob in t he r f:'leit1ve a!llounta 

ot ea ch of these o0111plex ea 1 t would b e neceel'Bl')' t o 
perform experilllenta at these pll valuee in which deeorption 



was carried ou t ~or some hundreds o~ hours as in the 

experiments described immediately previously at a pH 

value o:f 5 . 5 . 

When the d esorp tion o~ r adioactive phos phate ~rom 

an aluminium satura t ed mica eur~aoe was carried out ~or 

a period o~ a bout 100-200 hours analysis o~ the desorption 

curve obtained indic a ted the pres ence o~ three complexes 
-2 -1 

with rate constants ~or desorption o~ 2x10 minut es 
-3 -1 - 5 -1 

2x10 minutes and 5x10 minutes I~ however, the 

desorption experiment was carried out ~or 500-1,000 

hours , subse<Juen t analysis r evealed the presence o:f 
-2 -1 

wer e 2x10 minutes 
-6 -1 

:four complexes whos e rate constants 
-3 -1 - 4 - 1 

2 x 10 minutes , 2x10 minutes and 5x10 minutes 

Examination o~ these ~1 0 series o~ ~igures suggests an 

interesting possibility. From the data. obtained 

there seems no reason why the complex with a rate 
-6 -1 ~ ·. 

cons tan t :for desor p tion o~ 5x10 minutes does no t 

actual ly consist o:f' t wo complexes with r e t e constants 
- 5 -1 - 7 - 1. 

o~ 2x10 minutes and 5x1 0 minutes However 

with the r ad ioactive counti ng techniques at present 

avail able there s eems little hope o~ veri~ioation or 

otherwise o~ such a hyptelthes is. 
-7 I 

In order to de t ee t a rate constan t o~ 5x1 0 minu t ee-

it would seem, by analogy wi th the resul ts obtained 

~rom the above desorp tion times , that it would be 



224. necessst•y to f'ollow the desorpt1 on f"ot• a period of' time of' the 

order of' at l eas t 5 ,000 hours . Thi s does not s eem possible 

owi ng to the 1111g n1 tude of' the necessar y cor rection f'or the 
32 r adioactive decay of the p stoma. The ma ximum count 

rate t hat can be measured r eliably with t he preoent electronic 

arrang<men t i s cer ta i nly not more than a corrected count rate 

of a bout 40,000 c . p . m. T his correspon.J s to a measured 

count rate of about 30 ,000 o . p. m. b f< f or e correction f'or 

coincidence l .•s s. 

The amount of' the complex with rate constant 
- 6 -1 

5x10 minutes iebnly 20- 2 5 ~ of the t o tal amount of' 

rad ioactive phospba te ini t18lly pres en t on the alumi niulll 

satura ted mica surface (s ee Table 9,p. 222) . The suspected 
-7 -1 complex w1 th rate constant 5x10 minutes would be only 

part of this, and so the maximum initia l count rate due 

to this compl ex would be lees than 10,000 c . p. m •• If this 

a mount of' r adioactive phosphate wee allowed to decay through 

eight half -lives the count rate would be t hen l es s tha n 40 c. p . m. 

above t he backgr ound count r a t e , an amoun t tha i could be 

s ecur e t ely 

bal!'-liV<O B 

this woul d 

meaeured only Vl i t h dif':t'1cul ty. But e i ght 32 
fo r P (t :1 4 . 30 days) 1s only 2 , 800 houra , a nd 

k 
cer t31nly no t be long enough to enable ons l y sfs 

or t he deeor~ t1on curve to revea l t he presenc e of a c om plex 
-7 -1 wi t b a ra t e constan t ror desor p tion of 5x10 minutes , 11" 

such 8 coQplex · ex isted . 

If' the exi s t ence of suc h 8 complex were to be 1nv.e ~> tiga ted 

1 t would be necessary t o obte i n c ount i ng 



' qu t p~~en t t hlt could meneuN•, with s ol!le degree .,r accuracy, 

very high r.lcunt r ... tea . One poee1b111ty mi ght be the 

use of a s o l n t t llation c oun t er in g ame way, but t hi s 

would give r l !lE' to techntoul ;;~robleme owing to the-

dee l)rbtng nrron{' <!l~en t n cc eeasry. Five thousand hour s 

te e~uel to !lbou t ~ourteen h~lf-11vea for r Rd ioec ttve 

ph .10 phorue . Consequen t ly t f it r.ee desired to have 

a fina l coun t r ?.tc , a f t e r the pas t>age ot' such a pe.rtod 

nf t1me , of 100 c . p. m. a bove the backgr ound count r ate , 

the i ni t t nl conn t r ete would h~ ve to be gr eate r than 
6 

1. 6:r10 c . p . m •• 

One poeP1 b le method of 1116' euting euch a high initial 

c oun t r e te would be by us t ng the metal c on ta iner plus 

m1ce surface d el!ligned duri ng the course of t his thesis 

end tnsertl ng ao .~ url'l wly known t hickneaeee of le11d 

be bee n the mica aur~a ee and the geiger counter end-

wi n dolO du r inz t !w enr l ier part of tile ecper l men t , I:f 

thll coun t r a t e eoul<'l be reduc ed by a factor of exactl y 

1 00 f or instance , the ac t ua l inittel coun t r e t e could 

be o !llcula t ed from t he obs erv <!d 1n1 tta l eoun t r ·; te . 

Vhen th~ c ount rlltc had 1roppc•1 oonslo~rably (after 

about 1, 500 hours) t~e lead c ould be removed , and 

the observed count r: • t e would then be come 1 CO times 

grea t er. In tllis ooanmu• it woul" be ))ooaible , the ore tic-

ally , ue tng the presen t electronic srl'ang,..ment , to have 



6 
an ao tual tn1 tie 1 ooun t rete of 3x1 0 o . p. m. 

Flv e thousand hotlrs is approxim>< t ely s ev en m on the , and 

ov~r ..,uch a long period of time dl!'fioul ty lll i gh t be 

encounte r ed wt th thfl mi ca sheet epli tttng , or O·>n.e such 

o t.her f'ac tor U!>Be t ting the exp~rtmen t . Beonual' of this 

lt seems th~ t the hy pothesis of t he existence of such a 

r t:l d too t1ve pho~:~ pha te-alUlllinium natura ted mica ourt'nce 

compl ex will not lead t o a practioel 1nvco t1g•, tion'. 

'!'!le ex pe r1m tm te per:f'ormed on the deso·rp t1 on of' 

r edio!lc t1ve phospha tf. f rom aluminium setnratt:d mica 

s urfaces f:or long pe riods of' tima h ·d shown the t the 
' - 5 

ocu•plex "1 th a rute constan t !'or dea orpti on of' 5x10 
-1 

mtnut~e wae actuall7 a oom~ina tion o~ t wo c~plexee 
-4 - 1 

wl th r e t e conatuotP for de sorp tion or 2x10 .n1nuteo 
- 6 -1 

and 5x10 minutea Previous experl~enta on sodium 

aR tur& tt- .1 mics fiUrf'aoes had Ji ven rise to the belief' 

the i there was only one radioeo ttve pbospb!l t t'- aodltim 

L!lG t.ur r• t c: d mica surface complel<' r r eflent. It W~l! 

believed that this complex had a similar r a t e conatsnt 

for deeor p tl on to the t observed wi th aluminium ae tur~. ted 
- 5 - 1. 

tni(;" surt'a c t.a, namely 5x1 0 a:inutee It therefore 

s eemed l'"' r tinent to 1nvr a t1gn te the desorptton of 

r adtoactlve ;,) has j,hatE t'ron• a sodium ss tuz•a t od mica eurt'Roe 

!'or a long period o!' time as ha! been done wi th the alum-

inilllll ea tura t ed m1 un BUl'f'ace . 



.?~ { . 

An expe ri ment wa s conducted with rlldio, ctive ph os phate 

and a sodium saturated mica au~a9e . The same precautions 

to ensur e tha t the mica s urr Ac e studi ed was rree or a lumin-

ium ions were taken a s has b e en described for the ea rlie r 

experiments on sodium saturn t ed mica surre c es {p. 
139 

) . 

The desorp t 1on of' the radioaotivEl phos phu t e was roll owed 

:t'or 350 hours as it l:as r el t that by this time it would 

be possible to ascertain it' there was a complex s pecies 

pre sen t wi th a r a te constant f'or desorp tion of' less than 
- 5 - 1 

5xJ_O minutes or not. The experl!Dent waa conducted 

at a pH va lue or 5 . 5 . The actual deaorp ti on graph may 

be t'ound i n the section or thi s t.heeia giving some actual 

experimental reaul ts { p . 3 12 ) , 

Ana lysis or t he deoorption curve showed ~e existence 

of' only one complex a ccuunting for the majority of' the 

initially adsorbed r adioactive phoapha t pres en t . This 

oo mpl ex had a r a t constant f'or desorp tion of' the r adi oactive 
- 6 -1 

phos pha te of appr oximate ly 6x10 minutes Th1e was in 

good agreemen t wi th the emall eet r a te cons t ant observed 

ror t he desorption or r~di~tve phoopha t e rrom an 

alumin i~~ s atura t ed mica surface , The 11 ttle amount 

of adsgrbed r adioactive phospha t e tha t was not desorbed 

with this rate constant app;,a'Nidto ha v e a fail'ly hi gh 

r e t e constant (::!:2x 10- 2mi.nutes- 1 ) anJ ,..,,s a l mos t 



An expe ri ment was conducted with rod ioactive pb os pha te 

and a sodium sa t urated mica su~~~· · Tbe s ame pr ec autions 

to ensure the t the mioa surf~ ce studi ed was f ree or a lumin-

ium iona were taken a s has b e en described for the earlier 

experiments on sod ium eaturr, t ed mica eur:t'a oee ( p . 
139 ) . 

The deeorp t ion of the radioactive phoe ph!i t e wee :t'ollowed 

for 350 hours a e 1 t ..,as f el t the t by this time 1 t would 

be possibl e to ascertain if there was a complex epeoiee 

pre sen t wi th a r a te constant for desorp tion or lees then 
- 5 -1 

5x D minutes or not. Tbe experi!llent was conducted 

at a pH va lue o:t' 5 . 5 . The ac tual deeorpti on gra ph may 

'be t'ound in the section of' thi s thesi s giving some actual 

expert men tal reeul te ( p. 312 ) • 

Analysis of' t he deoorp tion curve sh owed tile existence 

of' only one complex a ccounting for the major1 ty of the 

initially adeorbed r adioactive phoepba t e pres ent. This 

oo lllplex had s rate constant f'or des or p tlon of' the r adioactive 
- 6 -1 

phos pha te of' approximat<•ly 6x10 minutes 'l:h1e wa s in 

good agreement wi th the smalleet r a te constan t obse rved 

for the desorpt1on of r~ di~ive phosphate from an 

alumin ium saturated mica surface . The 11 ttle amoun t 

of adsorbed r adiosc t1 ve phos phate tba t wae not deeorbed 

'll'l.th this ra t e oonst,.nt 8PPea !!ddto have a fa irl y high 

r ete constant 



oertstnl;y due to the ,.reecnoe of a small percentage (relativ 

to the number of sodium tone present ) of alumin ium tone. 

Th re was no evi~eno e for the extetence of a complex 

w1 th a rate cone tent comparabl e to the t discovered in 

the long deeorp t1on ex periments with olumtnt um sa turoted 
-4 -1 

mica sur:recu (2x10 minutes ) in tbe above experiment 

w1 th o 8MiW1 ea ture t ('d m1os eurtaoe . Tbte e •,gges ted 

tha t t he three 1 nrgee t -) f the four r ate cone tAn te for 

deeorption found 1n the expert menta w1 th aluminium 

saturated mice surfaces were rel~ed to the presence 

of the aluminium lone. The ot.hE'r rate constant which 

appear ed to be presen t in exp .. rlmente wl th both sodium 

ea tu!'e t ed and aluminium 88 t.ura ted mic 11 surfaces seemed 

the!'efore to be r ela t ed to a complex be t\\een tbe radio­

eo t1 ve phoe pha t e end the mica surface 1 taelf'. 

The above resul t s obtained from the experiment 

wttb e sodium saturated mica eurtsce suggest tha t the 

ear lie r expe rimental resul ts on this syetcm,wbiob 

indicated the ex1e t enoe of' onl;y one comple~ apeciee 
_., -1 

wtth a rete constant t'or deaorp tlon o:f 5 x10 · mtnuteo 

111111 be ln error. Further exp~rimente wi th long 

d<Hiorp tion timee would need to be done to obtain 

complete clarifioa tlon of' the reeul te. However 1t 

does s eem t o bave been es t obliehed t.bst there le very 

little retlioAot1ve pbosph!ltf' aesooie ted wi th s odium 



~-. tul"'teJ :!il.cn surt'ae~ s , >tnd what o'llcunt tll er ~ 1<> , i s 

a oGool.n ted "1 t.h the m1oa sur f ace 1 tF t'l f :rather then the 

ao.UUIIJ i ons . Tr.is eo!llr. tex lleb8eo the red1ofl o ttve 

t h cs ;.,ha t t and t he mic~ "ur:f'ac e bas e.l s c been dl" t o ted 1n 

exper tmer. te 7< 1 t.b aluir,tn1um se t ura t ed ml C!l surt'acea . 



6,8. The ~~ecto or Var1oQe Sub!tanc s on t he Deeorpt1on 
or Red1o8cttve - hoepbate 

An 1nveot1got1 on woe carried out on the e:N'ecta on 

thl> deeorJ)tion of r~~d1ooct1ve pboephe o.r conduc t tng 

suoh a deoorptlon into verloue solutions . Su ch etud1ee 
can gtv e en idea of the errt olenc1ee of vartoue oube~noee 
tor t he r emo'Ntl of rrfll.oao ti"'-' phoepba t c ~om t he eul"1', oee 

etud1 ed (mt oa end aluminium) . 'l'here are 11111ny methods 

given tn the 11 tore turo for the extrao tton of' pboe pbt'l to 
f rom eo!l eamplee . The various porttonl!! or pbospbft te 
extrac t ed by differ~n t reagents I ve often been attr1bute1 
to different adeortl t lon a t tee tn the eo11, e . g . , alu •• 1n1WII 
bound iJhOil l1htlw , 1ron bound pboepb!lt<. , 0!'£'1'n1cally bound 
;'hoepha t e , etc . 

lloe.t o!' the " tud.te11 undertaken on t he eN'ects of 

v.-. :rtoue eube noes on the desorp tton rate or rodtoaotive 

phosphate we t•e curried out ""1th alwn1ntum ea n:r11ted mloe 

eurfaceo . Deeo~t1on into soluti ons of these eubetances 
wae etudtel1 c:>l;;· 11 1'1er the usus t deeorp tlon expe r111enta 

had been a llowed to continue ~or some ttme, ueually about 
100 hours. By th1a tlme all the ra d ioBotlve phoo phllte 

- 2 -1 prel!eot 11e c omplexes wtth r e t e oonetanta 2 x 10 mt nut & 
-3 - 1 

11nd 2 ll 10 mt nutee wtll have bt>en d esorbed Into the 

deeorbtng e olu tton. Thus wba t wen oo tllftlly bet ng 

2,30, 

s t udied wafl the e.f'f'eot of' tbeoe- v~trtoue rea pente on tbe dt:>ooroptlor 



of' r &d1o•; c tive phos >•ha te !'ram the ra1 cu aur!'aoe 1 teel:r, 

ee 1 t il! believed thH t the complex ~> 1 th the swslles t 
-5 -1 

rate oonatsnt for deeorp ti on or 5 x 10 minutes is 

n c omplex bet.. een rad i oactive pboephato a nd t ile mica 

sur:t'&oe , no t b etween r <"di oe o tt V(' phoopha te e n:! <m::J O!i t l ono 

adao rb e1 onto t he mics eur.rs cc . How t•ver it 1a though t 

that the presence of' aluminium ions a dsorb•'d onto t he 

rdoa surface Goes have some r elAtion to the amount of' t hie 

r ad1oa o t 1ve , hoe phate - mica e ur!'ooe complex , os t here i s 

eone1 de r a blJ lllore of this colllpl c;,x t'ot'llled on alunolnium 

saturated mi c tt aurt'o.oeu \nen on aodiuro l!B tura t nd mi c !I 

aur1'acea . ~hi$ hy poth~a1a 1s ,.Pr opounded in the e e o tlon 

231 

of' t bie thca1e dlecusstng the experimental reeulta (eee p . 
332

) 

The ef t eo te on t he deeor pt1on rate of the ,.,.r 1ous 

reagen t e studied may the r efo re possibly be r elat'td to t he 

extracti on of' a luminium bound phospha t e from son samples . 

the e1'f'e-::t of eo n~<tober of r eagents was etudhd . These 

r flagent'!l "er eas f'ollowo: 

1 . Ct trlc Jtcid HOCC, CH •C( OH) (GOC"; !i) •CH? •CCCH , lt,O 
2 Conoentrvtlon• 0 •2U 

2 , 'l'ri - aodium et tra tc/o1 trio fiO id buffer solution. 
Con()entre tt on of both rea t'nto • 0 •211 . pli value of 

bu:t'f t: r used=4· 6 

3 , Distilled w&ter satur ated v.tth c a rt-on d i oxide . The 

pH value of t hiB soluti on waa 4 •7. 

l~o Sodium hydroxide NaOH. Conc en t rat ion "' o •toN 

5, r, u1phur1c acid u2so4. Conc entra tion= 0 . 5N 
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6 . l!yd roo hlorio acid ~C l. Conoentrat lon, 0 •5 N. 

7. Ammonium f luori de Nil F. Cono en tretton a 0. 5 M. The pH 
4 value of this s olution wee 

adjus t ed to 8· 5 with concentrated 
ammonium hydroxide (Nu

4
oH) 

The pr ocedure fo llowed " 1th eac h of thes e r eagents we e 

the same. The amount of rad ioactive phosphate on the 

mica surface we e measured i n terms of the obeerv~d count 

rate wbi t e t he mic a aurfaoe well i mn:ersed 1n water. The 

eatual coun t r a t e we e falling gr adual ly ee the complex wt th 
-5 -1 the Sm8llest r a t e constant (5 x 10 minute s ) wee desorbed 

tn t o the water. The mica aurtace wee then immersed in 

e soluti on of one litre of the deeorbing reagen t being 

e tudied, and the r a h of the decreaae in the ooun t rs te 

se a r esul t of the pr esence of thi s reagent wee plotted 

on t he etri p <Jhe rt r ecorder. I n this Wfl7 it we e eaey 

t o eee it' the r eagen t used c a used any tncre'· fHl tn the 

r ate of' r emovnl of' the r 11dtoac ttve phoepba te t'rom the 

mica surfac e , over end above the rate of' r emovAl al r eady 

be ing caused by the dis t i ll ed wete~ tnto which the 

deeorption h~> :l :· r t-vtously be en taking place. 

I t was found thn t ci trtc acid solution., tri-eodium 

ci tre te/ et trio a aid butt' e r solution an carbon d1ox1d"' 

ea tur a t ed wa t er bad 11 t tl e etfec t on the rete of' r emoval 

of' rad i oa o ti ve phoaph" te from an aluminium ea turs ted mica 

surf'sce . The re t e Qf decrease of t he observed count 

rs te y;ae only s lightly enhanced by the pr esence of aey 



of these thre e r eagen ts in the deeorbing s olution. The 

af'oremen ttoned thre e r eegen te toe r e chos en beC>l UGe 1 t has 

be en eugges ted by some •orkers tbl!l t the pree !:'noe of c a rbon 

d1olC1d e and or various orga nic aoide, such as oi trio 

23) . 

acid , in eo1le, d ue to root and f'ungal metabol1em , 1nfluenceli 

the co•aplextng of phoa pha te by iron and 11luminium compounds 

(see for exampl e J ohneton, 1959; Pe euw, 1955) , 

In the elCper1men ta in which the tri-sod1um o 1 tra te/ 

c1tr1o •>aid buffe r eolutton end the carbon dioxide sa tur-

ated • \ te r were used as deeorbing agents the in1t1a l 

deaorp tion ex perimen t in t o di e tUl ed wa ter woe b etng 

conducted at 11 pH wlue of' 5 •5. Con tact of' the mica 

eurface wi th thes e soluti ons of pll va lue 4.6 - 4.7 

might hsv e OIHJe ed 111 lowering of the pH va l ue of the mica 

aur~aoe which we e saturated with aluminium ions, and 

which h~d some r a dioac tive phoephBt e ions a dsorbed 

onto it. 

It oo s b een shown previous ly in this the e la ( P• 175 ) 

that the amount of rad io' ctive phospha t e a d~> orbed by an 

aluminium sa tura ted mice eurf&ce fo r a 30 minute 

soaking time le conside r a bly lees a t a , a va lue of 3 •5 

t han at a pH value of 5·5· There i s no r eason to 

suppose tha t the amount of rf.ld 1oeot1ve phosphf.lte adaorbed 

onto a n Blum1n1um s a t ur ated mica surface doee otht' r Ul!!ln 

decreae e con ti nuously .-1 th a f'l ll in pH va lue ove r th1s 



'lbuo the "mount o1" r•• HoMO ttve 

exp<.~ e tt-11 to be lee" Ul!l.n the amoun t a <1eor h.;d ll t A pll 

tnerorwc tn the r a t e cf' r emovl'll or r 8d 1.o,.ottve phoJtpha te 

1'r»m ft lum1 nium ea t urs t ed Ill te a eu rfa oee e a\lee .-1 by theee 

tvlo. r ea!;en te ( tr1- sod tum of t r a te/ ci tr1" , o i d bnf'i"er 

s ol u t ion aml o ~:~ rbon dloll't •la sA t11~ t ed "'' te r ) hllll not 

b een tl.eotlled but 1t ae<' !lle th~tt t t mRy be r e l a t ed lar ge ly 

to t he lowerin!! of' the pH va lue th!i t their use l'culd oauee. 

Tbe et't'ect. or on <) •2 r.l eolu tton, of' nltrto t<eid on the 

de eorpUon ot' t'•<•H oaoti v<' p boeph!lte 1'\"olll a mtot• eurf'aoe 

was tnver: t ig•1 t od durtng t t.o prd 1111t nary t'XP"· r 1men te t ha t 

vere perf'orwed 1n tb1~ theeta. The ~perimente concerned 

lmd not been cer\"i ed ou t 11 t a oon trolled pll va l ue' , bu t the 

actual pH value would hnve be en abou t 3 • 5 · '!he e1't'eot 

ot til t ci t r io acid would ha ve bfl~n t11 loY~er t he pH value 

or the mica surface and adeorbed redlodotive phospha te. 

Ao\108 discuss ed above •1 t b the other reagents ( tr1- eodi um 

e t tre t e/c1 tri o acid buffer oolut1 on en<l se ture ted eolu t 1on 

of c e rbon di ox i de ) th!B lo•ering of' the ll Vlll UE' IIIBY· be 

at l eaet par tia lly re oponl!l~ble f'or the enhl.lnc ed q t e or 

r vleoee ca used by t lle uee or e1 \rtc a ctd oolu tl on . 

The use or sod i um hydroxi de ee a deaor btng r Pagent 

for ra <Hoeotivf phoepbste on alumini um e ' t urated 1111ca 

I 
f 



surfac es wa~ investigated . The use of 0 •111 sodium 

hydroxide has been reported in the literature (e . g . by 

Ghani, 1943J Williams, 1950; Chang and J ackaon,1 957) 

as a r eagen t for the ex traction of phoapha te i'rom the 

soil. I t is believed to extract all aluminium e nd iron 

b ound phospha t e from the soU . It v:as found that on 

pl acing the mica surface in O•iN sodium nydroxide the 

rate of removal or radioactive phospha t e was greatly 

2.35 . 

acc el era t ed. A large Billount o f the radioactive p hospha te 

was desorbed a lmost immediately (within 30 minu tes or lees) 

and the remaining amount was removed t"airly r eaJ.1ly so that 

the observed count rate t"ell almo's t to background in a 

rew hours . 

The pH value of o•1N sodium hydroxide i s 13. Conse­

quently t he pla cing of the mica surt"sce in this solution 

would be expected to raise considerably the pH value of 

all the various species associ a ted with the mio A surface , 

that, is the alumin ium ions and the radioactive phos pha te 

ions . As has been discussed earlier ( p . 177 ) , at 

hi gh pH values, such ae migh t be expected to exiet on the 

mica surt'ace when placed in contact with 0•1N sodium 

hydr oxide, the a luminium ions on the mica surfac e would 

have u Rimila r configura ti on to the aluminate ion, tha t 

1a, have effectively on e negat ive cha rge associa ted with 

them . Simila rly any sites on the mica surt'a ce itself 



tbe t. C·>·•l., be 

e h t'g~1 lf 11t i!!ll poeeio'le . 

The rad l o•l otiTe ph oa pblt t.- ton'f , un,1er- t t:e i"l"J.ue nce 
o!' thtJ 0•1 N ~<:>d tum hydr o'll i d t. , .,outJ be expe o tc1 to exist 

3-mo tnly no PO 
4 

t ons . ·'·9 th""~ ionA ,u•a htg h ly negat v e ly 

cha r ged ato o 

b e X"JH.oted t ba t. t i:IP.t•e -.·ould be 1! t t le i f a ny a t.tr11ct1on 
be t lY en t he r 9dloa ot1v u ;.>h oopha te l one and t hF. nl•,minlum 

sa tur~t<::d mic a e ur 1'tll oe undl'l r t h ,.ac oond l t i onfl . Thtte 

ea ~•Jra t~!'l :~ toa surfa c e YIO Uld he "'" P<'oted on !'lo e tno- t hin 
eurr'oo e in oon tlh\ t • t t h o • 1N e oll l um hydrox i de nolu t! on. 

1'h t s phen omenon "'A" n"tu.otll:r obat~ rvlld in >! number of 
t'.XJ>el" i ta<.mt.. oe rri <:'d ou t et r~tl.\1!8 of pti values :f r •Jlll ;s . o-
g·o . 1 t t hus o pp~l:lt'dd t h•> t the p l Ac lnq or a luml niu:ll 
eatur& t td mi c a surt'a o <·e , on wh i ull t•n1toaet1 ve pbo11 ;-hate bad 

pr evioualy b "'"n 'l<l&or bud , i n to I' • ,1N s odi llm hyd l"oX \ cte aol ut1on 
r a i a.f>d t o" pli va l ue vf tt.u aurtaut to ~> v••lu" greater tha n 
9 •0 , w1 ~i. oonseqllfm t cor ~ rapid dt'8Dr ptton of' ttw l"ad ioaot1v e 

;:> t•oa.,na t". 
1'he t:t'!'e o t. on tt.e t:aor p t ton r ail!' :>!' r ndioal•tl 'l'e vhoe ,·ba te 

1'r om a lulllinium sil ~ura t ed m toe eurfs .:e e b;y pl a e i ng t bea e 

eurtaoes i n s trongly actd ic medt~ haa a l a o b een 1nvee t 1r,st t d . 



Jialt- n or:n .l sul phuric acid b•• & bee1. W!ed by Dean ( 19.38) , 

Ohong and Jackaon (1957 ) and otb~ re to extr~c t caloiu~ 

bound l-lloepll8 t o t'rom t.be eoU . I t h 'lll also belln a bown 

t ha t this reagen t wlll xtr not a oonolder'lbl e :t"r aot1on ot 

both a lumtnlUIII bound and iron bound phoepht~ te f'rolll the 

a oU {GI'.ont , 194)1 l'i illlame , 1950 ) . 

2:-7. 

Tht~ e!'teot ot pl!!cing a mioa aurtao l' , whleb had bf'en 

ea turatco. wtth u lum1n1um and on which r ad1o>lot1ve phoeph!lte 

had been adeorbt d, into a o . ~N aulphurio aotd solution 

ltould be to lower tbo pH values of' theee a peo1es to a 

f'atrly low value (at most to the pH value of 0 •5 R 

aul phurlo a cid whtch 1e 0 · 7) . A. t l ow pll values the 

radioacttve r hoephate groups would exte t m81nly as 

Theee mol aoulee " Oilld not be bound 

onto the mtce eurtftOe 1 tselt (or o n to the alumlntum tons 

adeorbcd on to tt) al!l ti ghtly u l f' they we!'e negatively 

ohar ;ed ae the mloa aurtaoe will be e ltber neutral or 

&lightly po 1 \ive ly charged ( j ue to ob&rgee on the aluminium 

tone pl'e&en t.) n t l ow pll v" l uea . Thue it would be expec ted 

t ha t the preaence of.' 0· 5N eulpburlo acid tu• 1;1 de eorb 1ng 

eol utton would oa u•u' the r s.Uoao ttve p hoe pl'la t.e to be 

d ( eor~eJ more r ad t ly then a e olutton or aomowhB t hi gher 

ptl Vl.ll ue • 

~pel'lmente uetng 0 • 5 oulpbur1o a cid ae a deaorblng 

solution ahowcd a :rapid loos of' r A·Hoaottve phoe phate t'rom 



•1 lu:n1n1u:n a a t u rH te.:l niaa surface@, ae would hav e been 

cx pcc to j. . It 'It'll~ .f'oni1<1 that most of t he r ad ioactive 

phoepha te p r oRen t t:<ae r emoved w1 thin 11 f f>W hou r a . llo t 

ell of tt1e radioac ttv e ph'>Flp ba t e wan r emov ed in a reasona bl e 

9"~1od or ti~e (24 hours). It s eemed tha t 0 · 5 N sulphuric 

acld did n ot r emov e nl l the ra :Uo.~ot1 'T ·3 ph ospha t e pre eent 

on alu.n1 nium a~>. t.nrated m1oa aurt'a c ee, Th11! wae 1n 

oontrae t t o the \l !! e of 0 · 1 N eodi um hydroxi de whic h had 

b ePn obaer.red to rernove al l A1eorbe1 rad 1oac tivl't phoephs te 

f'airly l'epid ly (24 honre or leas). 

'TlleFJe ras ul ts .-are in Rgr eement ..-i t h the t<ork of Ohang 

r.n<l Jaokeon ( 13'l7 ) , llhan i ( 1943) , • I~Ul1 an1e ( 1950) and othe rs 

wh.;, hs v e fo und tha t while 0 •1 N sodium hy droxi<it> r emoYed 

>< ll alum1tl1um bound ph!JSJ)hti to in the eo 11, 0 . 5. e.ul phur1o 

aciJ re~oved a c onetder ble f r ac t i on, but nut ell of th1e 

r honyi'.B t P.: . 

'.a h«"' b een sho<lll eleer1h~re l n t hts the sis ( P• 183 

tht- use o:r e 1um1tt1um e ul phs te to forrn an a lumin1um 

.. AtUl'&ted mtoa sur:f'aoe h9s been aho~>n to l ea(! to the 

r etf.ntt .Jn or more r atl 1oa,lt1ve ].>hosphs t e: 'in 30 :nlnutee) 

than the uoe of &ltL'llinium nttrate or alumt ;<.ura a lllori de 

Beo~:tuoe o'' thi :!: l t w:: s thought 

that therr. a oulu puesib l.y be a n ~!'f et on the t!tsor p tion 

of' ra c11 oa ot1ve phosphate oaueed by t.h<" sulphate ions in 
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0•5 N sul phuric acid . To tes t this poee1b111ty the effect 

of 0 •5 N hydr ochl oric aoid ae o deeorbing r eagen t wae 

.t nvt:e tiga ted . 

The effect un the deeorptlon rete of r~ d ioao tlve 

pboapba t e f'r om aluminium aatur a t e 'l mica eurfaeee of 0 · 5N 

bydroohlorlo s old wee f'ound to be the s ame as the effect 

of' 0 . 5.11 eul phu.rio ao td. lloet , but n o t all 1 o:t' the r adio-

aotlve pboaphate was removed f airly r ead i l y by tb1a reagen t. 

Thus 1t oan b e eeen that there ts no appa r ent differ ence 

be t ween the ef'flctency ot' theee w o reogente as deeorbtng 

r eagents :t'or ra!ltoRctive r hoe phate from a luminium satura t ed 

mica eurtaoea. 

The use of ammoni um fluoride aa e reagent tor the 

extrao tton of pboepba t e from 11 oil bee been widely r (':l"erred 

to in the ltterature ( Br ay and Kurtz , 1945; Owenaon ,Cole 

and St eltng , 1949; ~ee tz,1 954; 61 nh9 en~ ~sndal,1955; 

Ginzburg ,1 959 and others.) Turne r and Rice (1954) f ound 

that neu tra l ROI!Ilon1nm 1'luoride ( p.li7. 0 ) dtaeolved alllllltnium 

phoephe te but not 1ron phoa pha te, and thte r eagen t ( wt th a 

strength of 0 . 5 Molar) ~s us ed by Chang and Jao keon(1 957) 

i n the ir l'r ooedure to r the ey ~ tematlc :t'ractione tton cf 

soil phoephorua . Later work (e. g . F1.te , 1959) has 

ehollln tha t the uee of 0 · 5 M ammontum fluoride at a pH 

value of 8.5 giv<. e be tte r r esults tor the s elective 

extraction of alumini um bound phospha t e s opposed to iron 



bound phospha te . 

The uae of this r Eagen t ( 0 . 5 11 ammon.twn fluor1de, pH 

YSlne 8 . 5 ) ae a cleeorbtng eolutton f or th.: ra pH removal 

or r ajt oecttve phosphate :t'r 0111 both elumtntUll esturatl'id 

mtc '' our:t'Aoee and aluminium oxide ooa t ed eurfeuee wra e 

tnveet.1glf1"ed in th ie thceh . It n•e found t ba t t his 

r eagent caused the rspld r emo• ,, l of radiooottve phos pha te 

from both the &urtae ea studied , All the r od toect1ve 

phos phate edaorbed onto en alumtnt 112 oxide ooe ted surface 

wan l"emove d in 11 few houre by the ammoni um :t'luortde . 

l?l!d i oective phoephe tf' was al Ae r emoved a l most comple t e ly 

:t'rorn aluminium saturated lllloa eurt'aoee in e short epaoe ot' 

t:lols by ammonium fluorides t a pfl value of' 6 . 5 . 

In the proced ure of Chang a nd Jaokeon (1 957) tor the 

sys t em" tic f r ao tton" tton of soil phoephorun1 ex trao t ion of 

aluminium bound phosphorus • lth ammonium ftuori~e la 

ca rri ed out for one hour. I n the present work the gr eH t 
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majori~ of th& r adioactive phoephtl t e lldaorbed on to alumtntum 

eatur "' t"J mtoa aurf,• aee , and on t o alum1n1um oxide coa t ed 

aurfac ee, i s r emoved i n one hour u~ 1~ th1 e reagent. 

From the above experimen ts it appear ed that 0•5 1.1 

amrnont.;m fluoride at a pH ve l ue of 6• 5 wae e goo~ ex trllct.en t 

for rad t o·.<ctt vc phosphate bound onto aluminium oxi d" c011ted 

tmrtaoea, or allllll1n1um ton s a tu rated eurf eoee . Thte te 

in !ICoord wt th the 1 1 tora turn , end ao 1 t would be 



interes ti ng t o see u· any suocese at. r ad1o.,o ttve phos pha te 
removal from e lthe r iron eurfao ~e or iron saturated mica 
eurfao ll o ould be obtlltned with th18 r eagent. From the 
11 tera ture t t would not appea r like ly that much, 11" acy , 
aooe l e r " tlon or the rate of' removal of' radi oactive phospha te 
t"rom the above iron containing eurt"aoe e w'nld b r, ob ta 1. ned 
by the uee of at~etine a mm onium fluoride. 



§..:.2.. Stud i es of' 2hoqpha tt> 1\dsor n ti on a nd r xchange 

The thre~ phenomen.· the t may b ., n twlir>d in re la t1on 

to the i nterac ti on be t we<; n ml.o .3 sur:t' co c es ~>nd orthophospha te 

!;r oup:. , uning r adioac tive ;>hoa pha t e , a r e t b" l'!daor p tion 

a nd d <>s or 1" t.ion of' rod1ooc tlve uh os phate f'rom t he mica 

ourfac e , and the exc h8nge of' radioactive ( 32po ) a nd non-
31 4 

r a11oocti v e ( Pu
4

) phos pha t e g ro ups ads orb Pd :>n to the mica 

aurf'ace . The gren t ma j or>i ty o!' the work undert •• ken in 

th is the s is ha s b een on the desorp ti on of' rad io~ctive 

phoevlm t e from mica s urfaces af t e r 1 t has been adsorbed 

unJer certain conditions . 

6 .91 Aje or p tion o:!' Radioa ctive Phos pha te 

The initia l adsorp tion o f r ad ioac tive ~hospha te onto 

the mica aurt'ac A under s tudy occurred during a p~ri od of 

time with the mioa s urt'a c s in contact ., i th a s rJlution 

contAining rsd iofl ~tiv t: ly l e b e l h1 orth opllo spha t e mol ecules . 

Tile ac t ual speci t~s pr esen t would de!)cnd on the pli value of' the 
32 32 32 2-

aolu ti on an:! wo ul d be H3 Po4 , H2 r o;;- , . H P0!
1 .32 3-

?04 • 

or 

32. . . b >- hosphor us - }2 { or P ) i s a pur e/_ emitter having a 

r adi oactive ha lf-life of' 14.30 day s and gtv!ng of'f' ;& 
particl es " 1 th a ma •imum energy of' 1 • 701 Mev ( Fri edl>mder 

and Kenn edy , 1957 ) . Ol<illg to this high w• l ue f'o r the 
32 

ene r gy of' the jl particles em1 tted by P , an end- window 

g eiger coun t e r plac ed 1n a s olution conta in i ng r Ad ioactive 
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phoaplu;te 'lloul d count al l th<;: rad ioeottve dhitttegrat.ton e 

oocurrir,g in the solut1c.n oloee ly eurrot.ndl.ng the end 

window, ae w t~l l 1\ 9 thoefi or r " d1oao t1ve ph., aphate g roupu 

aa tna ll;y adaol"bell onto the m1 oa aurf't> c e ·~ f the and window. 

Thus there would bo;. no fll) ;'l l"eol.able al tllr" tton tn tie obeerYed 

oount rete , t<B meoeur e<t '«itb the gei,gf>r counter , ee the 

amoWit of' r ad1olot!ve phoopha t e sdaorbcd on to the mtoa 

eurf'aoe of t he ge1ge r counter end windot~ , Which W88 1l'lrllereed 

1n the re·.Hono tive ~>hoaphlte a olu tton , ooonged "'1 th ttme. 

Conoequently 1t ie no t posoib l e to study the rate of' 

a~sor p tton or ra<11oect1ve x!hoapoo t e on t o t he m1ea end-window 

of a ge1ger o ou:ntt' t' ea 8 f'u:nc t ton, or ttme by 111on1 tol"ing 

th - eolut1on of r tt<11ooo\ive ;:- bo~pba te continuously . 

Slrdhr worlt t o t hat being done for th18 ttleaie 1'1Ith 

r l'ld1 ollativtt ,• boa ;Jhate bs s b een Wldertnken r~c entl:y wttb 

rad lor<ottve sul phatt~ {Rstlkin ,1 964 ) . The I s otope used 

in thie l' t< BI:l!lr<::h was sul phur - J"> ( or35s) , whtoh 1e also 

a pure (3 p&.J:"tioh emi tt~r. However t he !i!Mrgy of' the;8 

particle of 35s h or.ly 0 , 167 Mev ( Fr1 edltllnder and 

Kenne<.ly ,1 957 ) . Beoa•lllt' uf' tb t o l o~ter e ne::-g;r, the only 

ro Ji oootiv !'l dlointvgr s tlona of' 35s s toma t hat s r e menf!'ured 

by a n e n1- •· indow ge 1ger coun t er "t th 1 ta mtos end- wlndow 

im~e raed 1n a soluti on oontetntng ~d1oaot1ve l ~ l abelled 

t'llll pllt~ te g roups are tt.oe c ooouJ'Ttng a ctually on tbo m1oa. 

end- •indow or i n very eloae prox1m1 ty to 1 t . It ta 
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Ul~refore poeeible t o study Ule ad11o r p tlon of radioactive 

sulpha t e onto the mica end- windo·t of a geiger counte r in 

a d irect manner by mer ely meaauring t he increase in the 

count r a t e ae a function of time , while the ~ iger counter 

end - window remai ns i n c ontact with the radioactive sulpha te 

solution. 

Ae it •ee not possibl e to study t he amount of r adi o­

active phoepha t ., l'.ldeorbed .o n t o t he mica end- window of 8 

geiger counter 88 a fUnction or time in the same way ae 

could be done with radioactive sulphate , &ome other way 

would have to be f oun~ if 1 t \<8 8 desired to s tudy adsorption 

phenom~na . By f t n1tng out the ,total amount of each of 

the differ en t complexes (as 1nd1os t ed by the deaor p tion 

experimen ta ) the t were formed be tr.een t he r ad I oao tt ve 

phoaph ·, te and the mica surface, 1 t would be poalli ble t o 

ca l cul a t e Ule total number of phos phate groups involved 

in eau h type of' complex . Thie informntion would b e ve ry 

belpf'u l in elucidating the exac t nature of each fltpe ot 

phospha t e- mica surface complex . 

It seemed tba t a possible way to obtain some of thie 

information would be by etud:y i ng the to t!l l amount ot 

r Rd1 oa ctive phospha t e adaorbed onto a mtoa aurf~ ce, in a 

f i xed pe r iod of time, from solutions oon ta1. n 1ng differ en t 

amoun ta of r hoepha t e 1. n tnem. It t t wee delli r Ld to ttnd 

the r elative amounts of each or tbe diffe r en t oomplexee 

formed , the ueual deao r p ticn experi mcn t a could be perf'ormed 

\ 
I 

\ 
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with a t!llllllb-er · ot' ·~milar- m1c s sur f'aoe.f!, on which were rad to-

Prom tl~ e l l•i'ormuti on ga ined 1!18 a 

r r s ul t of the nho v e experimente , it would h£> p cf;aible to 

;• lot edAorp t!.on- oorac e ntr!'t:ton r~l" tionAhi pE. :for the tota l 

e.dt• Ol'bed phospba tt. and fo r e"ch of' tlw 111oe pbn t e -ml.ea 

o urf'ace complexes f'ormed . 

It "'B" dec ded to conduc t. s ome pr t> limtnru7 AJ< per i men t e 

on the ads or p tion of' ratH o,;ctive pboeph,.te onto " lumintum 

e-..tu r .;; t e d mica s ur:tac es. 'i'he object oz' these ex periments 

t,,..,, to e ee wh!t , i f any, rt>la tionehi 9 existed bettli ean t he 

cone en tra t i one of' tne redioa c t i vc vt:osphn t e B•JlU tions 

uee<l onu t he a lllounts oi' r l."dionc t 1ve phos pha te a c< aorbed . 

'l'ne amo un t e,dsorbed wou ld b e ex pec t.r.d to increase wt t h 

i ncreas i ng ttme of adsor p tion (exp<.! rlmcnte pr.rformed 

pr•eviously tuo~d ~;. l re a.dy demon~;~ tra t ed this ) &Zld s o adsor p t i on 

from var•ious ra d to ecttve phos phed.e s ulut tone e ould only be 

C·"mpe red if ea rrt ed out for the ~;ame time inte1•va l. 

'ihes e pr eliminary tllpe rim.o•• t u wo •; ld not lead t o 

true ad s orp t i on i ao t hel'ltis as thP. smoon to o t' r <J d'loae t i v e 

ph oBp ha t e ad s or i:>ed t' r eo!l! t w> rud toac t lve phospha te solution s 

us -.u we re n ot th~ t ota l amounts t hrt t could b E· a J.eorbed 

f'rorn thes e solution:~~ . 

time untll an equ ilibrium was re ~ <:hed :for each r adi oactive 

phos pha t e eolu ttcn c one en trs tion . However it woul d be 

t' 
I~ ,, 
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CJOssibl e to see 1\hs t r e l A i.ionflh! o, i.f a ny , ( Xis t ;d between 

00l ution c<:mccntratlon n.nri l!mount. o!' Mlr.•;r-\.ton of' r adioactive 

R1 RrJ !H. c a r r ie<l o>J t t o determinre t he amoun t o1' <Jd ao r p t i on 

r r on a n.oluti on of' c onR'tbr; t. •~ndio·•ctive ph o11 p!1ote c oncentration 

a s , :!'unction ol' ads or p tion time . 

,, s erl<· a of' c:xpeP tmen t e wr> s p~ rf'ormed i n ord e r to see 

the e.N:'ects of a e~ rtes :>f' »·isorptt on f'ru:n lncroasing 

streng ths of' r adioactiv e phos phate ,f'or a f l xed time, onto 

a mic" surf'<l c e . .~n em\- windo" gs t ger counter was taken , 

prepa r s:i for use and washed i n 0 . 5 ll aluminium nitra t e 

eoluti <JD :four tilnes , :for a t leas t 30 minutes each time . 

'!he ba ,~Jtground count 11a s th en dete r mi ned tn s1 r, os 1 t wa s 

i n t ar.:teJ to d e t ermi nc t tle count r a t e of' the adsorbe·! 

r ll ~ t oa o t i ve ptloe pba t ~; 111 a 11· . Onl y t he t o tal amount 

of' adsor p tion was t o h <' det<>rmined . 

A stook. solo. t i on of' r adiouc tiv ~; phos;;ha t.c 1!.'1HJ prepared 

~ 1 tll e~ cQunt r a t -= o~ g r Ea t e r t hRn 80,000 e . p . m. ( on portabl e 

monitor ) . Ten ml. of thi s s oluti on were t t< iwn wlth a 

vipe tte , and diluted to 100 rul. ._.ith d tstilled wa t e r 

{sol ution I). 'lt'te r &tl.r r i ng , 10 rn l. of: s oluti on I 

wel'P t l'l k en and dllu t &d t <J 100 ml . l.n the s ame way (soluti on 

I I) . 'fl>io p1•ocedur•e wAs J'~ JH~ Il t cd nn t l 1 ·r our more solutions 

(III , IV ,V ahd VI) had b ~;e ll pr~p5re<l , a ll s i x soluti ons b!'ltng 

in sepa rate glass beak rs. Thus a s eri es of soluti ons 



w1th a rf'lnge of oonoentt'a t ic:.ne o!' :rnclio,;otive r>h o& philte 

cf 105 ;w"" preP<•r&d , 'Theoe aolut1onc v.cr e otol'ed 

tn S}>Hte benkera • >l nd 1 t would be eXp!co t od tht~ t some 

ndso:rpt t or. of ttJ<· r ndiooo t1ve t'hospha te gr•oupll on to 

th~ glae11 !!light occur . Hot:cver 1 t Yo uld be expec t ed 

thn t the o~~o ::- 1' oono '.!ntra l.c 1 solutio .s o!' ):hot• J•Ila te would 
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!J.'lve o orr ea ;: on.! l ng1y e ore vhooptute: aJaor'b<:1 onto \he 

.;: Lil!IIJ 1tello of' tht- be!!K.,r a . aud eu thP effect 111 ould b e 

o omvareble to t.he 1ni H.9l &mount of r>1·Uosol1ve ;;llol!l !'h&te 

rrceen t . 

rho e,_h~Jte 1n e~c t• soluti on 1ltght ,be ex peote•J to be more 

or l tes u~alte:red . 

'I'he ge1ger oortn t er pr epor e1 as .. o.,v e ltlH aoaked 1'or 

c •hort per i od cf' time (ayprox1tnate ly 1.1 :llinut• a ) in each 

of the eo luti~;n!l YI to T in that order . By atart1ng 

dth the Wtllkt et nolu tl on i't ret, snd t>or'k1n£ th~ough to 

the ntrongt·"t • tt ~>IlB not ne:ceol!lnry to r emove the .adsorbed 

rnd1onct1ve r· ttt>l1 pha te <t.f t t r evoh eclu!.lon ha" 'been uaed . 

The total m~ount e.Jeorbed onto tie ~tea surf'~o~ by 

sol u tion III !:or ins t~ ncc- ~rou11 b(' the .,·m•· 11' it wn e 

all aJaorbed f':r .;,ol aolu'l.lon Iri or t r ttcme r11<' nlren17 

alit~orbell 1'rom eoln t~on T.l1 , 

It waa too.nd that no r"J to~~<.Uve phosphate ap;.>u r ed 

to be ndsorbed from eolutions Vl and V, The count 
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>.~b .Jve the llr.u~<~rm:nl count r flt.-, ·md this cm!!ll amount 11!8Y 

h"ve L ~cm c~c-r ly du~ to, l'!tot1etlc M1 t'l uc tlltlti-Jn &15 the 

":lle c a un t rtt te of 

"'olt' t.i on . 

'<elution~ J IT , II! , 1! lllld I l.nc t• e•• s1ng llm<>unts of r'l11oacttve 

! TT 

rr 

t 

The 1noreBoea 

( eem,. t irJe tntl!' rv 1 '>f a1sor p t1on, 

60 

1!70 

!i , 270 

!"roll' t!w ~·)·~v~ fiJurc :. 1 t c'ln be s•. en tbnt the 

tncr~tua 1n tho UIOUII t o:!' ade orbed rad loac t1 ve phoephe t e 



ie ~tpproltilllll tel;y B fa a tor of tom w-i tb eaah t enfold tnoreaee 

in solution rto.!ioaotive ~:>lloaphate ooneentr11t1 on . 'l'b1e 

te the same ra t.e ot 1nor eaae a& that ot the eolut1on 

.:~onc en trat tons , and s o it seema t hat there 1• a linear 

rlll •< tionab1p be tween the amount or r e-iio,.o ttve phoepb<Ste 

pret' tmt and the &tRount adsorbed by the mtoa s ur'f<'ce, over 

the range o!' concen tra tions !S tudted . 

:?bospha te groups th!! t are a ·:l eorbed on to a m1oa surt'aoe 

are all negntivuly cha rged over the range of pH values 

studied. The only non-neg11 ttvely charged epeotee 

prel'~nt oould he H
3

Po
4

• ot' <>bleb tb~rc would be only a 

f'ew per O<• rlt even u t the loweet pH Vftlue studied 

ex t enstvely tn this thesis () . o) . 'rhlll'e'fore 1 t \'00 u l d 

not be expec tea the t th<!!re would be llltloh, lf' ell)' , l!lUl t1layer 

adsorption of' phos phate gro ups onto mica eur!'acee . 

Y• e1r and lloper ( 1962) bttv e f'oWld that the total 

adoor;;>tion of !'> dtoao l.iVll plloepbn te by soUs follows a Lens­

:~~utr l:ldoorpt.ion iaothel"lll tor amounts o!' up to 20- 30 j< gm . 

u1' l>hoeplloru:l per ml . 

( 1959) t'ound 11 f,anglllU1l' !H:l80l";>t1011 J.sothel'l!lfbl' JlbOaphftte 

a~eorp tion by aotls up to a eolutlon oonoentrat.t on or 
20 ~ gm. !/fir ml . A s or ption e:xpertme<nte wt th phos phate 

and aoile h•• va been carried out by a n umber of' other 

vo1•kera aleo , euoh as 'Aolnrfr , Mlt' and .Kende(1957 ) , 

Oleen and i. a tsnab<ii ( 1957) end Ruaeell snd Low ( 1954) . 
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1'l>e l·•c t, tMn tton• ct <tU t r.o ra ·, Ruesell ~tnCI ·.ow ) i'evour d the 

!' '. tt ing of 13 ~t'-'ln<Hloh lldtoorption isotherm to the adaor p t ton 

c •Jrve cf ('how·n'!te <:>n l<!nl1nl t<' , but .·,l~en An.J I'Ht.anAb<' 

s tf; t PJ t i1H t .n il<• "Ph~ tc s riP or p tion by ooila aho.,n! A c learer 

£ r <: t. rr.en t ••! :!, th6 tr.n>::anH r n•i., or p t,oll lsother·rn them 101 th 

Thu~ frorn t he abov e 

C •)Volnf' i.·.;t1<' c· f ottw r • o r k<: r" i ~ would a-ppE<!Jl' rea~or.ahl e to 

«tY. ;lPOt th"t tl 1•1 !'re•,.nt shl .l 1~P, 1f o~Jrrl.ed out at equtl1br 1um , 

I:f t hh 

""'~ "? • n:::d " uffio i ent1y ll1gh cono e ntrutionl9 of '.hoe ph a t e 

r·!! r~ Uf'! •d , n;on'>lay~r se tu rot t.\on ,,f thl'! :u1an eur:t' a e woul d 

ooeur . <In 1 1'10 more o: h ·le •tl!l ta wr,ql,~ be "r\ !I ')!Jrl'! on i nore >fling 

t he , llo!'lphate oon •n t r,.tt on o · t h" Rlso r b1.ng sol u t i on. 

Adl/•) r pt1oll nt>nitiO'I .,-: yhrwphAte on to 7: - r a:r •l.U()I'pholl& 

··u 1 u:nt n1 n•r, hy:lrt):-o; 1·tc. ' f",Av e be r· r, (,1 O.i.l'tuc t r:d by !teo dnd 

F Nl Fi\~ (1'1C2 ft ) . Tt<.<y ili.!iO llf\>' tt.e 11m~tRt t an<l or the 

·.~n~ mu\r· •ld<!O t'll ti rJr, l!.'<t>l.t:e rro "h"'' o ;,;,llcri tol.he Ade<o r p t1 on 

of' t onl' , v i <8 ,,1· the ll 'J!d1 t1CID£' 1'or t hle 1Ro\.{]erm ts 

t!m t t her e 1l• " !'rll'c llyBOb &t•ound the fodeorb1ng var t 1ole!l , 

un.qft'~cTf:' •:l t·;r other ~·,rtlclrB ( l r• tt.l s o.~t·<' 1om;) , They 

tht r d"o r e e o .c1uJ" t t. 1o t the r.a niJ u lr -~tJP-o rp11ou isotherm 

1" or l r val11 v.hr tr. ~ lnt\"rfrn·tr,;: toroc. Jue t~> lnter ­

&etlrf{ ! ·:· r<' lr nq·l l !"'ble r e ·;r ~. t!lin t . 1't.c initial 

!'!Y. '~ t.'i. on of hcnr.·h"ltr by ·· - ·r~y ~'"~'o rp'ttr;~F~~~ 1mn 1 ni u"r. 

h;.rd !'o:x 1de'' is pr111'!1r1ly <'lun to en nl!eorpt1•J n r e..a t1 on . 



This is ra pid a nd is rollowed by a s low decomposition­

PI' cl p i ta tion prooess. 

Further I.'Or l< ht>e been done by ttJe same eu t!lors ( ti eu 

and Renni e , 1962 b) usi ng &lumi nimo saturated cation 

exchange r t>o ins . They believed tha t the exchangeable 

aluminium ions on the oa tion exchange r~s1n pNlC1p1 ta t!e d 

phoe ph&e from soluti on . Hoftever the preo1 pitat1 on 

data obtained corresponded to adAor ptton isotho, rms . F l'om 

this they r uobed the conclusi on th.t the close agr e ere n t 

be t ,.een a dsorp tion teothermq and pt.oe phe te ri::r. a tion de ta 

may not neceeaariiy imply en a eorpUon t•e .,.ction in s oils, 

owi ng t o the r eo ·triatione on th<o val i lii ty or tht: 

adeor p tton 1eo thcH•m disc us., ad in t helr 1'1re t pap er( 1962a) . 
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I n the preeen t work 1 t is believed the t the roa 1oac tive 

phoepha t<l - a lum1ntum en tura ted mic a a urraoe uolllplexee ar•e 

ade or p t1 on and no t pr ~c1pi t.a \. ion ,,benomenu . F.v1dence 

f or this fact be sed on the s1mtler1 ty ot' th<J l'C (' ul ts of 

oirc ilar wor k 118 lng r aaiosctive aul !Jhate. ( ~ank1n,1964)1s 

discussed els ewhere i fJ this tbesle ( p . 337 j. 

Owing to the eolub1lity of aluminium sulphate 

(A12(so
4

)
3

) 1t " ould ha r d ly be exp..-c t ed to form a 

precipt ta t e . If' prec1 p i t.a t1on i t' nr> t occurring in 

t he pres ent " ork w1 tn aluminiurn s11turnted mica ourfaoes 

a nd r ed 1ocotlve p boe phe.te , then it eeerns mos t likely 

thB t the r esults obtained , onJ delli o l'lbed, will actually 

be r e l ated to t he amount of' adsot" p tion of' I'R<Hoftotiv<:' 
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l•hospbo t " r al111 th01 to tl\e omount vree~on t In the 11-li!I<J rbing 

eol utlone . 

Tn ord • ,. to calculate any <Jotft :rro= euo h 11Jaorr Uon-

c onc (•n trnti <;n r t' l fl tl onshl r a 1 t •r.mll be necee~t , ry to lwo~> 

eurt'aoe . 'the r11<11 oao t1 v pl-ioa ph6 U! eolu tl on tb" t waa 

obtatnedft'om H •a l orli.l o on 1A1 n~a 20 mUHouriea or32P ot 

blgb epeo11'1c ao ttvt cy , It llii!II!J not "oaRible to oelcuht.e 

the number ot stoma ot'thospborue actually pr e•,nt from this 

tnforillll tl ou , and the lictlllll a111oun t ""ll f'sr too ltffill l l to be 

es 1.1mo t ••d by any of t.be oonvent1 olll'll me thods t'or the 

qUBn t.1 tat.tv• det~ I'Ul l!W t1 'ln of' pbo~phorua (20 mtlliouri<>e 

of' pur tt 3:i''F { " o~t "r i e r t'T' e32P " ) wvuld c on in only _, 
7 • 0 x 10 grne . or pho~<pllorun ) • 

Tbe beet 1y t o t'lnd ou t the 11o tual Blll0Un1~ ot l>hoapbol'\U!I 

pr ee<'nt. tn th l'll diollottve pboapbate aolu t.ton a eeauH1 to be 

by diluti ng th ~ aolutl on n ltb ll knl)wn amount of tMottve 

vhosphlil t.e . Ill! \he 1DCreaao 1ro adRor v t ton of' pboa ptm te 

wt tb inc reee t ngll:llutton oonoentr11t1 n "'a" linear over a 

Nnge or concentrati on of' at l eAI! t 1cY, adr.lttt on of 11 

Ruf't'tohntty BCIIIll ~~mount of' tDAotiva J.)b oa phA t.e to t he 

rlld to11o ttv e :'hoapbe t~ aol uti on aould not necae"ar1ly 

11fteot the obaet"Yedoount re te . 

Su ppose th re are .x ~" · of' r haa phorull tn the 

r ad loeo tive pbo11t!h11te aolutt orl , llnd nr t.e,. adt~ol'ptlon 
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on to t he mtos fl ttri'<.Hl <! of' Rn F.nd- • tndo" !_:el J<!: r counter the 

1nc r ca9 c 1 n t,he obs ~ 1'V• d coun t re tt' 1 s x1 o . p , l'l . This 

c oun r ate ·~t ill correepon1 t .) the p re e~nce of' X gms . of' 

Ther ef'o re 

the f'rac tion of' the radimat1ve · hoe !•htlk. ad~o rb t<d Dn to the 

tr. 10l' I'Urfac~ 1.8 ! Jj' y !':n•E, of' iniiC t tv e phosphate 

X 

are then sd:::ed to t he rodioac t!ve r•hoe :•he t e solution the 

t otal 11mount of' ' ·ho<';:>horue prer,<;rot In the f'olutl c n 'Pill 

Aoeum1ng th'l t t he mica surf'ace t>.ss 

not hHn an ~ura t<. <l. w1 th ph os;>ha t "' g r oupt. , t he s li:ne 

propor tionRl amoun t or >t~oeophorus v: ill h e edsorbed on to 

Ther d'or<' 'the ac t.uel a111oun t of' 

phospboru .- aclecrbed on to t he mto" aurf'aoc Tiill 'be ! . (x + y) . 
X 

Tba t 1e the emoun t of phosphorus adaor b ed 

f'rom the added non-rad ioa otivepboe phorue ¥111 be ~ • 
X 

The amoun t of' phosphorus 11<1eo rbed !'rom t!ie phosphorus 

in t he ori g inal rsdioaotive phosphate s oluti on will be 

-1£.:4. or X. ~ e X gme . of p hosphoru~ f'rom the orig ldal 

X 
r ad ioa ctive phosphate sol ution «ave rise, on adsorption 

on to the mica en!"taoe of' t he ge iger ooun tel" end window , 

to tl c ount r ate of' x1 o.p. m. 1 t oan b e metn that there 

w\ 11 be no detectabl e effec t on the adsorption ex periment 

by U1 e ad 1 tion of' 1nac t1ve phoa pha te t o the r adi oao tive 

phosphate s olution , providing that the total amount ot 

ph ospha t e i n the solution le not euftlclent to lead to 



ea tur" tt on or the m tea e urt'l!loe. 

The oth~ r poee tb t ltty t o be oonetder d ta when the 

tota l amount of: ;.hoi!!pho t e preoen t becomes mor e than 

out'flohnt t o l ead to ea tura tion ot' t he ml oa e urt'a oe 

be ing utud l~ . In th1 e c aoe there ~ill be e n effect 

on the observed c ount r ate after ed111or p t1on. Us ing 

the eame eymbol e a.e bet'ore, tne amount or l'hoapha te 1 n the 

r~~dlo••ot1ve ,,hoevbote eolu tlon x gme . will g ivt ri M , 

af t er ad11orp tion , t o liln obocr v ed ooun t rate x1 o. p . m. 

where x1 ie pr oportiona l to x. Le t y
1 gma . b e the 

amoun t or tnoottve phoe phorua added eo ' ho t thtre l e juet 

enough ; hoephoruEJ , ( x .. 11 ) Jlmll •,, pr CPt•n t to 1eed to 

aatura tlon of the mica aurt'aoe. Then the ao tus l 

amount adeo rbed will be X (x • y ) pe. Tht" val ue , i 1 
! (x • y 1 ) l e the r e!"ore th•· amount of ph011 ph:te prea111nt 
X 
on the mt oa eurt'aae Bf ter eaturnti ' n wt t.ll phoe ph!l te 

eolut1on. Th1e oorrcaponde to a :freotton a1eorb•·d o:f 

A ( x • Y1) which •! , t he name 1'l'eotton ae :for non-
ll 

{x + Y1) 
X 

ell tura Uon or the mt o s ourfaoe . 

It' Y 2 lflllll • (y 
2 

) Y 
1 

) of t naa t1 v e phoephoru sre 

aJded ( ae r,hoB J>h!lte ) to the redtoec t1ve phoaphAte solution 

the tota l llwount of 1Jhoephol'U8 vreef:n t (• (x + y 2 ) Slll~'~ • > 

will be mol'~ than i s r·q u lr~d for eatul'atton of the m1oa 

a urt'ao e . The notua l emotmt of' phoepborue preee n t on 



the mic a !!Urf'aoo "rt .. r a <111 ·• r r. tlon 10 11 1 t.h '3 rofot'" still be 

J! (x • y 1 } ~ m11 . Th " l"ra<' tton or the totn l clloll phorua 

" pre t!<'ll t adllt' rbea "" t o t ho Rile 'I l!Ul'face 10111 no11 be 

.1 (x ·• !' \ 
X I 

( l: + Y2 ) 

•·111 bll partly t r ofil the ol'1g inal r e1 1o, ottve pboepllete 

solution ( o on ~1n1ng x gma . phoa pllol'ue) . Tilt BC tual 

amount or pho e phol'll.a 

will be , s s b&~ol'e , 

pboa phoru e a deorbod 

ade »rbc:d f'rom tile or1g1r.a l solution 

equal to thfl ft<ao tlon of the tot.al 

(~ (x + Y1 ) ) mul t1 plicd by the 

(x • y2) • 

at:~ount or l'hoe?horue i n tbis original s olution , x g81s . 

'!'he t 1fl , the no tlUll. amount wtlt b equa l to! ( :r + 11 ) x 
Y, 

or X gma . 
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'' "' Y2 ) Y1 , Jr • 1 2 ) x • :r1 and the r efore (~ < 1 · 
(x + Y2l 

It "'"n t he r t'.fore b " e f!e n tb" t th" tot<~ l llfllount of phGs phoMJn 

s<l aorbed f'r o!ll t he ol'i ~ 1 nal r ad to ' ct1Ye I•ho o; pha t e aolutl on ,when 

the to t:; 1 a!lloun t ot' uho~S vbo:ruA ?X'M,.m t 11! 1110!' <! thnn enoUjJb 

t o a" tul"O te the lllio» •urf'!lco , 1fl l e s11 th!l ll tll11 t nd11orhed 

when th<! r e 111 eci th" l' juP.t enoua h , ..,,. leee than e noug h , 

'11lue , All 

the obaPrv~d count r a t e is proportional t o th" "mount of 



factor cf (~) 
X l· y

2 

Theno calcula ti ons a r c al l made fo r a c unstant 

ad()orp tion tt.ne for oaeh of the s J sor p tion ex p• rlmente . 

~s is discussed elsewher e ( P• 197 ) the amount o-r 

phos phl!l te adr• orbt d by mica eurfa o6s a ppe6ra to lnoreaee 

ll'itb increasing adsorp tion time. 

'Ihe ab ove mathema tical trea tmefit involves the 

assumptton th·• t ther e is an e'fllal t ( ndency for r a d ioac tive 

and non-rad ioactive phosphate ton~ ( or mol ecules) to adsorb 

onto the mlea surface (apert :rrom considers tlono of the 

r e l a tive ooncentra tl vns of the t wo apeo1ee) . The onl.7 

possible r e11eon f'or a ny dU'f c r enoe ln a dsorp ti on r'l tee 

2'56. 

would appear to be due to the diff eren t gram 1on1c we i gh ts of 

the two s pec1es. 
32 2-

and H PO , the 
4 

96 and 97 grnms. 

.31 2-Anwning thn t tha l(;);e c1e s are H F04 

o gr am ionic we i gbte are reep~ct1v ely 

Thus it wo11ld be expected t ha t ~ ny 

di.:'fer ence i n t hetr r a tee of adeorp i1on onto a 1111ca 

eurt'll c c would be very 1!111811 , an!1 consequently unllkel.y 

to affec t t h1 a n ork. 

If t he epee1e e ~ree~nt r.ere 

the r flti oe or t he g r am i onic ~'"1~l'J tll f ur tiJto l'88peot1ve 
31 

oompounde oonte1n1ng 32p and P wou l d also be very oloee 



-•o unity. ~'be valu,.e fo r t he 1nd1vtdual r &tioa a r e : 

32 3-
?04 

22 1 . 0105 --- 95 
31 3--·o, 

4 
2-

H32 ;oo 
_ _ _ l;_ 

* 
., 1. 0104 

I-131 PO 2-
4 

H 32 , 0 
2 4 .2!1 1. 0103 

3 1 J 7 
li PO 2 4 

32 
end li3 1~c 

4 22 = '1 . 0102 

31 PO 
:Jfl 

tl3 4 

'l'hua 1111 thin the l1m1 ta of t!Jc ex p••,•ime nta l l' >.~r!>. the 

abov" as s umpt i on S H !IUS to be quite jus t 1fie1 and 1 t is 

posnible t o neg lec t the exi !; tence of t~ny ieotope e ffect . 

Some e.xper1ments were P"rforme1 i r, an el'ilel!l vour to 

257. 

ea tur a t t a mica eurf .. ce w1 th :phcspha t e groups . The g e tger 

count~ r mica em1- 91 tn aowA were r.ot use : , but S'P"t mi c11 v.a e 

t aken e nd ~> pltt a nd uaed " 1 th the metal oontniners a e 

described e a rli e r (p. 42 The mica s urfaces so 

pre,.s r et.! were s oe l< et.! tn 0 . 5N a lumini um nttrnte solution 

four times , t'or o t l~as t 30 mtnu t toe '"'~ eh time , They 

were then a oa~ed 1nd1stilled water with a pH value of 5 . 5 

six times i n ord~ r to ad just the pH va lue of the aluminium 
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The bacl<ground count 

re t e fo r o;ch mica aurtsce plus 1ncloaed getger ooun ter 

wee ile t.er-.ll t ned !n 11tr ae it WI'B tntrn,le tl to dt t e r ill in .. the 

a~oun t of adeorbeJ raj1oaot1ve phoaphnt~ in air , sn1 

not 1m:r.e ree.l tnto ll e olut •on nnd eubeflquently de"orbed . 

A stoo k sol uti on or very hi !{hly rad1osottve r hoepha t eo 

sol!lt1 on wP.a prepsrt:d (the count rate of this eolu tton waa 

lA t e r oaleulA t ed to be of' t t.o or d r of' 1 o6 
e . p . m. ) 11nd 

A aer1ea or aollltt one I , TI , III • • • •• • vr , contntnt ng 1o-1 , 
- 2 - 6 

10 , •• • ••• • 10 tiMes s& muob of' theradl.oacttve t•hoe, -hate 

stock solution , pr epn r "1 tn the s ame wny se has been 

jeeor 1bed earl i er ( p . 246 ) . These s olutions ~ere 

made up tn polythene beoke:re: to m1n11ll i&e the l oee ot 
phot.;1 ba t e f'toQIIl eo l u 'Lion by edeor r tt on on to the "111ls of 

t he o .m ta1ner. Immed i Ate ly before UHC por ti ons or 

these a olutione were roured tn t o glllen be lt r e , but 1 t eecms 

unlike l y t ha t the!'e would be ae l~Uob oJaor p tlon onto t he r:, lla 

or these beak ers 1111 11' t lk r d1oaot1 ve h OSlJhote aol uttone 

had been lef't a te nding tn them overni ght. 

The pH value or the ortg l na l oto k solution of 

MH oaottve phosphate wse ad ,uBted to 5 . 5 , anJ all the 

d ilutions we~e made with de1on1eel wa te r t ha t hs j been 

adjue t eJ to a pH value of 5 . 5 alf•o . '!'hue 1 t woul,l be 

expeo t tld t hll t the pli value of each or the dtluteJ. eoluttone 

wo •·l cl b e reAsunnbly aloe t o 5 . 5 . It WAS not llOI!Blbla 
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to ad j uet t he pil valul! or t he d iluted e olu ti one to exactly 

5 · 5 by t he edJ1 tton of small a 1:1ountA or se 1<1 or alkali e a 

th1a would have alter ed the o ano on tratlon of r e ltoeottve 

ph osphAte preo.,ut by ohangtng the e olutton Yolume . 

Solut1 ons of 1naot1ve pboepha t e weJ;"r pr e PBr e<.l hav tng 
- 1 - 3 - 5 ooncentrs tt one or 10 , 10 and 10 grarne of.' phoapborua 

per 1 t tre ln them, Tbce ~ eoluttone were pre per d by 

d1enolv t ng eodtum 1 i hyl r oge n orthophos phate i n distill ed 

water on ~ ,, 1l11ting t o the l"equlre1 extent. 

water with a pi:! value of' 5. 5 wae used !'or the dllutlone , 

the pll v~t lue vf t he final s oluti ons wou ld have b een between 

'l'he 1naottve ,-.ho~phstt~ aol ut1one were 

pr<~<pe re.l within 24 hcure of their betns r equ ired t n order 

to ml n1m1ne t he U rM lurtne wbtot. the v ecy a!llllll oone en trnt1one 

ot phoepha te 1c thene e oluttone aoul<.1 b e turthe l' reduc ed 

by the ao tlon or mlero- organ tams . 

f, prep!!l r '.l m1ea aur:f':>ce Wile taken anJ soaked for a 

fi~ed pr r1 od of ttme (5 minutes) in e~c h of the atx 

pr~pa rdl r !ldloActtve pboepbll t c eoluttona a l'tlDg w1 tb 

thE •eakell t , an-1 then uetng the next etrong~et ont~ , eto . 

l,fter tht " pel'to<l of eoaklng , the m tea aur:rao wea rtne"d 

w1 tl:l Clto t tlte<'l wa t e r having " pt! value of 5 · 5 , an1 t he 

tncr ellB I' t1 ooun t rate , due t o adeQr J't l cm or r d1oao tlve 

pboe pba t" on '-o t.be m to& eurt'gceJ; w e then de t el":ntned . 

It ~<ee roun<l tha t some r ad ioactive pboepba t tt seemed 

t o be edsor bed f r om all a1x e olut l ona . The tncreaae 
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1n count r 8 te af t <.>r adsor ption from t h!> WE'ak eet solution 

r~ s r: o t grea ter t han tht- uncertainty in th~ c ount r a te 

( "'"'"' 'r• 'ble 11 e~nd so l1 ttl e i f a ny phospha tr :nay havG 

'l'he resul t e of these ex perimen t s ll're 

e umrne r is eJ in T'l b l e 11 

Gul u t to n 

VI 

V 

IV 

HI 

u 

I 

W,l,U: 44 

Cvnct:n t ~·ti ~lun of 
''hoephrt.e r e l a t1 ve 

In..:t rcur e !.n ~:aunt 
Ra t e ( o . p . u: , ) 

t o \Jtoc lr. ;Jo l :l t::.:i:.:u.:n:::...---------------6 
10 

-5 
10 

1u- 4 

-3 
10 

10-2 

10-1 

j .. ? ,~ 

-' ' .) 

8 ... 4 

70 

5 , 97.) + 20 

I t c on 'be s een that th~ 1nc1'oo se 1r. c oun t r a t e is 

approx1 mo1,.·ly t~nt' old !'or f'.o luti onG TTI , I! nnJ !. !he 

fr om thh dl l utl0n of Polutlon~ I , li a nd III . 

mean that t he .-Jc t.u •t l amounts ~ r a-'toec t ! ve r:hoB i>hate 

eilE>vrbed "n 'Le tile :al.C!l eurt'11cO ,;re e lig h tl y higher tha n 

wou ld o t.ht r•- l. se hcv e be· en expt c t ed by o: t.l'!.>l'Oia tiun to 

these very low p hosphate c oncentrations . Howe ver , 
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f'Qrtht r mor e ac cura te work ~ould be require d i n tb ie 

c ono fm t ratl. on r a nge b et'ore the results could b,. accepted 

l'i th cont't d enc e !la , ea peo1a lly tth sue r. l ow a mount s , 

a s ma ll amount o1' e. x tre ra J toac ttve phos phate i n troduced 

by ~'8 of' , l! . f! ., t ,le 10 ml. pipette US ( d f or thiS :J tlutione 

woal <l ha v~ a cor..si .J er••ble ef:t'eo t on the obs e rved oount 

r s tee '.lf' t e t' u ,Jeor p tion huJ onour r ed . 

Th e abov" e:xpt :rime:o t s l:»>v ing a e t"v <=d to v "rif t the 

B.\>)H' oxt ma t e 1 1neoar1 ty ol' tllo r e l a ti on sh i p be t we en 

r a •li ouettv" pbosphutc in ~oluit on a nd tllo amoun t Gf 

this pboepila te a d aorbed un to a n a lurAin i uro en tu re te d mioll 

eurf'e·v in a !' tx11d time , :furthe r experi men te wez•e peJ•formed 

in whic h a s1hture of raJ I.t.~'letive a nd non- r a dioac tive 

phospha t e v.a a uaed . 

Ten mil l.ilt t r <o e of t he s t oo k' r 2 H o'' "ttve ·d'o"!'hfl t e 

sulutton wer t a ken with 10 wl. of t he> tnflotiv e !'hoep?1a t<>. 

e olutton contAining 10-!5 £ fflP . phosphor-us pe r l i t rr•, s nd 

d tlut~d to 100 ml. ¥11 t h d lA tllle J ,.a t e t' l'.:•ving a pll v~>llle 

of' 5. 5. 'f ht o ne" aolu tlon (I' ) cont i n e> -:1 the same 

amonn t of r ed1oact1ve pho !C< ph'.l t e ea did Solu tton I sbove , 

plus 10-7 gma . inacti ve phos phorus in 100 ml . This 

sol ution WAS re pea tedly dtlut~d t enrol J a~ b~fore , giving 

Rolutt ona I I', Ill ' , I V' a nd V'. The ailctu d llution 

wa s no t 1118de a s the a mount of' r e J 1oact1ve 

ads or bed from thi s s olu tion I' s e ve r y small (see above 

Table 11 ) • 



The -' Onten ts of ea ch uf tht pr ope r e:1 s >lu tione 11'1 g iven 

ln 1'abl (l 12 , ti>>J amount or pb .J3pboru~ in 10:) m1s . of' 
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tn" or1gl n <l l stoo l<: s olut ion be 1n~ ilee i a.n&ttJ e a ''A " gme . 

!iolut1on Amoun t of Ra.1 toa c tive t.rooun t of Md ed 
... ~1c· el. :1or us/1 0d ml. =: tuH'! ti v e · hoop ho r us 

/100 ml. 
- 5 -11 

v• 10 A gme . 10 g ills . 
- 4 - 10 

H" 10 A grus . 10 gme . 

1;1 ' 10- .3 A gms . 10-9 gms . 

II ' 10- 2 .. gma . 10 
- fl 

gms . 

I ' 10-1 " gms. 10-7 gms . 

A ne~> i're shl .v pt•epa. r eJ mic" surt'doe was '!A k~n , and 

... r t cr the ba clq0ruunj count r A t t wt th 1 t ha d b c en 

det~r.;.t ned in air , 1 t vss e oakcl t'o i' 1.110 sa mf, t1ma 

i nttl rva l aa befo r <l (5 minutes ) in M ·J h v!' tbc s rJlutl.ono 

v • to I ' 1n tha t order. 'fhe i noreo ii!O tn tht~ o ount 

rat e ov " r t nc backg r ound oouu L r 1. tt. dul!l tv a .: ... ur f< t i on 

i'x•uru et:.cb oolu t.i on 1a g iven tn Table 1.3 It will be 

B ~ C r. t b,, t til e rcl t~ ti ve a rnounta ot• r~t rt toa ~ tcv e r h os j;lhote 

adcorbe1 by t he .ll i oti aurtao ~ trom eae h e olu t i on are 

appr ox 1mn t ely tht': sam~ .!H3 those f ur the f 1rst s et•1cos o:f' 

a Jc or p tl on :s ~rit. n o inoottve , honnhst.e !• ddl':d (of. Tilble 11 

p . 260 ) . The ao tue>l a iDountlll adsorbed f rolll e ach 

so l uti on a r e slightly hi ghe r than t hose observed for the 



f'tr&t '"' r1"s or exptrtmcotll , but th i n le probably due to 

tb ~ E! ccond mio6 tJt.ee t belng d1t;h tly th inner thlln the 

:f.!.rnt etee t , nn•l cou&~quu r: tl;r allo» l nr; a ht :;:her pro ;lort1on 

of th~j3 :1.>61' '•1eleo tmittd by t h'. J!a1 r; t~.!( rgtt ng t"'l ·l1Met1ve 

;,h ., ,. , hor •JB a t <Jme lhrougb i n to tb~ oountt n.,- v ~lur.~e of' the 

T! B!..!f 1J 

Gol utton Totcil Qmo~n!. >)f " hosphorue InoretHH! t n 
:n 10:3 ll': l . a vl •.J t i cr. (.~n:<- . ) Ct;· •Jn t qn t~ 

f o, p. m. ) 

V' 1 ')-5/l - 11 
~ 10 16 + 4 

rv' -4 - 10 
10 A + 10 711 + 6 

- _; - 9 
T!I ' 10 t. + 10 535 + 10 

Jl ' 10- 2 ,\ + 10- a l.t ,5SO + ?.0 

- 1 1 c_., r• 10 . ?' ,76" • 4::> 

of t be ili!C s n u.rfhCtl t.m .: or < t>.<Jy d~;. rtng tll<' wl l'lor ;,tton 

tt a;e for the ubov~ u<•ttJI" ' ir.nthne (5 :•.• nutee) . A8 

tht: grt'eter.~t l!llllount of pho l'Ji ;hotc uet'd .,a"' ir. t>clut1on I ', 

or >>l.luaplilic in 100 ml. o<7 aol u: inn r x; ir ··d t~r B!i tut"tl tion 

,..r the alumtn1um sa t.urtJ bd mic a BUrf 'lae f'or a ttve-t11lnu t e 

adf!.o l' p tt on time could b• se t e t (1 0-
1 ~ .. 1 0-

7
) ~o . 
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phoS!)ha r uu Vlile r e A grns . ~>as the a.r.ou n t or phosphorus 

pre se n t:\.'1 1'l0 ml. of t he ori £1n!l l stool' rad. t oaet1Te 

p ho s phorus solution . 

' f urthe r s eries of s olutions were ;>rl pared by diluti on 

of t he a took rrl.d ioac tiv~ rhos ph a te s olution er:;d addition 

of <nore o onceni:ra t t>d i.nsotiTe ; ho P;,hat( eo luti.on . Only 

thr~ e s ol utions ( r• ,I I " a nd T!I") werf• pr e"[P!red, 13 olution I" 

c one1 e< tin :;r or 1 0 ml s . ot' t he s t ock r ad tafl ctive !) hte pbate 

s olution r.l us 1 L1 ll' lf> , of s s e>lu tbn con ta ining 1o- 3gms . 

inac tive phos phorus P·?r 11 tre pl ue !',Q ml .; , or d i s t illed 

water . Solu ttons II" !lntl I! I'' we r e pr,.par ed by t enfold 

d il u tt ons FIR bef't- re. It was !:J. ot ncc £· BS'H'Y to pre pare 

any more d tlu te sol u tl.one tr.an I II" , 

The tota l amou.nt of phosph orus pe r 1:JO ml. in 

e olutlon I!I" ( (1o- 311 + 10-7) gms , - se( Tabl e 14 was 

leas than t he lowe r limit ror sa turati on of t ha mice 

surface of ( 1 o- 1 A ~ 1 o- 7 ) gms , e a lcula t ed r r o:n the 

e ~cond ee ries of exp~rimcnta . Thu s the addition or 

t he 1na!ltive phos phate to solutton III " s hould no t ha ve 

b tid ttny effect on the observc,d 1ncrellee. i r. count r a t e , 

whi ch should b e t he s a:nr "'6 thllt found fe r the c orresponding 

soluti ons (!II s.nd III ' ) i n t he fin;t t wo s eries of 

Cc ne~quer.tly the a ctual amount of radio-

active ph oe phate ad e or bed onto the euri'ac e oi' t he 

aluminium s aturated mica sheet from aolu tlon II I " would 
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e~u b l e the oa loullrt t.1cn o r the a mour.te of iii :H,~o ttve phos pha t e 

tha t uhoul4 be a<lao rb t.d onto Lhe 1111oa eurt'aoe t r ;Jhos pha te 

s a t.ura tt on hod not b een r e a ched v• 1th t he amount of i nactive 

ph m ph,. t e atM.e!l. 

As t bc phapho te s ol u H o no I to VI a nd ! ' ~~o v • had 

b t• en p r epa rr. 3 t n the same .po l y t he r: e be .,lrc r e( a nd used 1n 

t he s ame g l 11 o• bH l l{•; r e ) th• a:no unt or r adl o,.c tive phospha te 

tha t ha~ b ecome e d norhed ? n to th~ a i des of th ee ~ u ~a k. rs 

h&d b ~c o tr. t · qui t.t' c un!l t der!lb l e f or tt1 e taorP. r Hd ltn•o ttve 

a ol u ttons . I n orde r t o GJ1tJLn l l'ie t he ~~oun ~ o<' "dGorbed 

rad it~t~c tiv~< phoaphote on the b u >l<' e r walle rela tive to the 

phoa;>ll·• t e <:: Q nc ~ n t!"at1 on i n aolut. i op, l'Jolutione ! 0 ,I I " a nd 

Ill" we r e :;!'n m r e d ( olld u aed ) !n tn<• Dtl ,. kc t•a 1. 1 ~<~ ~ haJ b• e n 

ue u>J pr e v i ously f or solut ion~.> IV , V &nd VI. l \ wo ul d not 

bs !l>: peotc <l th~:r<:l'orc , tha l. the tl.l" p • ri•~• ·••tll l r e s u l t s 

obt~ i n~d r r om t h s.aorp t 1ons of ~osphat~ on\o the a luminium 

satu r a t ed lllica surf"~ c c 1'r mQ t h<ill• t hre e a olutionu oo11ld be 

at'!' eo t c: d by th~ s rtt~ll a 111ount.!!' Qf p.'l ot~ ph& ~ Al r eu v..;' adeorbed 

or to th t1 beake r "a lls. 

'!h<' ~n m• eltp<rt:n.;lJ \ 1!1 1 proc •:tiu r e ust.ci i n t h tJ f iret tl>. o 

aeri • e ot oxperi~~ n t ~ w~a follo~~d ~ i th solu tion~ III" , II" 
And 1 " . 'ttl!' lt•c re" "'"'" 111 the. obnc r v " J a oun t x•a t e due 

to 9de or p 1.1 on of: t hn Nlli l ouc t.i ve pb.:..l! ph& t" i <. th ~ aol u t t one 

ou to anothe1' 1'r r·a h1y v r ep!l!"f'J altttn l n lu"' ••n lu t•a tt·<1 m1c .1 

sur~a ce a r( g 1ve n i n Tob le 
14 
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Sol ution 

rr r 

T: ·· 

I'' 

--------- - ---
Tot" l !.'t>oun t u!' 
~) !'lje ~!!:)rrts L:1 
10:.> ool.aolu~ton 
~ ·i!lH:' . ' 

-3 -7 
10 " • 1:1 

- 2 - 6 1Q .\ ~ 1.) 

- 1 -5 10 f + 1J 

!" n~r'ea e r tn Count 
rate (a . r . m. ) 

400 • 5 

,, , ) 1\;) + 1 j 

19,_500 + 30 

It ol'ln t>•! ncw n t rn• t the incr essc in co o:Jnt :r~ t e caue ed 

~1Dl ut.t o n II , t he 1ncre•"" f.' or w11lch ~~~s <'>nl;'l' J /HO a . p , :n . 

'i'hf' ectu{!l !nor"""'" of ll , <;80 c . p . ru . ""'~' m~rP 1! \ T" i.lar to t ha t 

p263) 

f irst t'"'o tS hee t" 11""" · 
It alAo flt•rmf!d thfl t t.he to tat S!lloun't of r>h'lc pba t e ln 

S?lution !!" '"'"" nc· t mor'" t,t.,r. thnt re'lll 1r~tl t o Les <:l to 

!HI tu r~ t l on of t be micA I'!Urt'ace. !t the to boil B!llount 

pr .. nrn t in th~ 8olutton "''" n mor f! thon Ull! t r enu ire<1 fo r 

slltnl"!tton t he observed inorr.a • t r ccunt r>~ tr •ould b os 

l ose tt.an t en tlm( a 9 8 I!I>Jch !Is tbe l nc reaH~ caueed by 

Sol uttQn nr, 
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B' r om th e above conc l usion a nothe r lowe r l i mi t :ror the 

to tll.l amoun t o:r ph osphorus ( as ph os phate ) r equ l r e d to 

s atu r At e t he alumJ.ni um s a t ur a t ed mica sur:ra c e with p hoepha te 

in a n a dsor p tion t i me of f ive minute s can be ob ta i n e d , 
- 2 - 6 

'l'h i s n ew lol'l e r l i•nit wi ll be ( 10 A + 10 ) g ms . Whic hev e r 
- 2 - 6 

of t he s e t wo loa~ r l i mi t s ( 10 A + 10 ) gms . or 
- 1 - 7 

( 10 i< + 10 ) gms . i s t he h i g he r wi l l d epe nd on the va lue 

o:r "A" t h e amount o:r phoe r lwru s i n 100 ml s . of' t he or ig ina l 

s t oc k rad i oe ctiv e pho s p hate s ol ution. 'rhe diff'e r ence 
- 2 - 6 

be t ,vcen t h e late r ca lcul a t ed l owe r limi t , ( 10 A + 10 )gms. 

ph o s p horu !> , a nd the 
- 1 -7 -2 

( 1 0 J\ + 1 Cl ) gms . 

f i r st ca l cul a t ed lowe r limit, 
- 7 

phos ~ho rus , i s ( 9 x1 0 - 9 :X 10 A) 
- 2 - 5 

g ms. , t ha t i s , 9 x 1 G ( 10 - A) gme , 'l'he r e f ore , 
- 5 

p r ovid i ng t ha t " A" i s le s s than 1 0 gms . the 1 oVIer l1m1 t 

fe r the am ount of ph osph or u s r eo uire d f'o r• e a t ur" t i on of 
- 2 - 6 

t he mica s ur:fa c e will b e (1 0 A + 1 0 ) gms . 

The tota l a mount of' pa di oac t i v e pr,oe phoru s t ha t wa s 

us ec.1 to make up t he s toc k r ad i oact i v e phos phate a olu t l. on 

was lee s than t wo mi ll i c uri es . As was s t a ted prev i ous ly 

(p .
2 52 

) t he a mount of ph os .(>horo s i n 20 n•t ll1c ur1 e s of pure 
32 - B 

( ''ca r i"i e r f'r e e " ) P is only 7 • 0 x 10 gme . '~hue t he 

amo un t o·f r ad ioac t i v e p hos v ho r us in "A" (the a c tuii l v ol um e 

0 :r " A" pr epa r ed was !,-bou t 1 00 ml s . ) wou l d be l ess t ha n 

7 x 1 0 - 9 gms . ~ven i f the number of r ad i oa ctive phosphoru s 

~ tgm~ !~6 t~~1br~~~ n~~l~ ~~~&~~~a nB~gfi8~~g~1tl!eaB~~~¥~y~ue 
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r~d io!l c tl.v e ;> bos pha t.e s olu t1 on , t he t o t al a moun t of' 

pllu sphorus in " ·~" :<r;ul ·i be :>n l y 7 :< 1 o- Ggr:Js , , th!t i s , 

s t lll less t.l .a n 10- ·:'grus . I t se orns unli ke l y t 11a t 

t he pr Cl ;•or ti on of r acl i o•>C tiv e. phos phor u s a tome would 

b e a s 1 ow a n ( or loll' e r tha n ) one 1r. a th ol1silntl , and eo 

'' ,\ " may b e ea:re l y t aken a c• l es a tha n 10-5 gme . The 

lot• e r limi t f or t he smoun t of phos phorus pres en t in 100 

m l e . of !l<is!lrbt ng e olu tion rc~ u1red to s e t ura te the 

Fll um1n1um aaturatt: d mien s u r f o c e i n fivfl minutes 

- · I - :;_: - 6 ther e1'or e c a n be -' p!l.aoed ~ a t , 10 A + 10 ) gms . 

~'rom the i ncrease 1n co un t rete c a us ed by Soluti on 

I I" it wo uld be. ex pec t e •l. t ha t the, tnc!"eas e 1 n the c ount 

r~J t" o1' the mica I!Urf~;~c e d ue to a dsorp ti on of' r f!d i oacttve 

phos ;>ha t e from '-elu ti on 1" WOltl d be abou t 1~0 ,000-50 ,000 

c . p . m., pr ov11 ing t hll t t he t otsl amoun t of r hoe phRte in 

a olu t1 •m a s n o t mo r e t han t hat requ.tred :f or eaturntt on 

of t he alum1n1uw a~e~ tura t ed 'll i c g s urt"ece , J. a c ~otn be 

seen f' r ·:•m TAble 14 t he ac t u11 1 i ncrea se 1n c oun t r ate 

c uuonJ by ad , or p t.1on f' r om 8 olu t ton I " """'' on l y 19,300 

c . p . m. , or ttbl)ut. half" ot' t h e e;cpec t~d mtue . F rom thte 

t t e <' em<' J t ha t t he am ount of' pho npha t c tn :~ elu t i on I " VIae 

miJ r c t. han t he a moun t r equ1r P.d for satu r•atton of the mi c a 

fmrf o.c e . 

Previous l y ( Jl • 256 ) t t tv fl f' s hown ma them" t te>illy 

the t t he c ount r ate inc N la ••e af ter adsor p t i on f'r om a 

phospha t e solution conta i ning a gr ea ter a mount of phosphate 



than tt1a+, r •· qu ir"~ :ror s atura tio n wou l.d bF r educed by a 

i ',tc t or o:r 

(:__~~) :X ... y 
2 

r e1at1vc to tt1!" 1.nor<•fJEH'' ob!lerved 

r,· ·[ •h t n e BO <O. C 8 Gl OUDt of' l"Rdf.o .. e> tive p hOB!'h>il h• UUt ins uff i ci e nt 

t o ta l ,' hoe pha t e to sa tu ra t e the mic a surface . In this 

c a s e t bt inoresee i n c oun t rate ha s be ~n r educed by a 

:f'!!.c t or of ~ 
40 ,000 

or appr oxi rua t e ly ·1· 

'l'tma t he rda tionslli v it~ obtained : x + y 1 

X + y2 

or 2x + 2y 1 ., x + y 
2 

Y2 = Y., + (x + Y1) 

- 5 lu ow y 2 "'amount of added lm•c ttv c:; ph oa ;>hO l'UA=10 fl111 B· 

'!he totnl amount of pho epboJ•tts r equired 

for aat.urati on, x + y
1 

y
2

- y
1 

= 1 o-5 - Y1 

t.P.. " + y1 = 10 - 5 - y 1 ••••• . •••• .••••• • ••• • ( 1) 

a moun t of inac tive nhoF~?hcrus r • quired to 

b e ad ded to p roduc e saturation, and it iA known :f'J"om the 

s ec ond aer1~s of ad~ornttor ex~Pr1mentR perr or~ed th~ t 

-7 
thie le grea t e r th'!t n , or eqna l to, 10 gm I!' . 

t .e. :v 1 ~ 10-7 

1 o:-5- y1 -7 
. . - - 99 ;t1 0 

~ 10- 5 - 10.:.7 -

Thue ( equntton (1 ) ) x + ~ 1 

Le . X + y 
1 

99 " 10-
7 

............... ( 2 ) 



Also s 1 1 ~ 10- 7 and x • y 1 > ' 1 (x ~ ~ostttve 
C[Ul'lnti t,y) 

-7 
then x + y 1 > 10 ••••••• • •• •••••• • • ()) 

no. 

The 1ot>er 1 11111 t for the total a1210unt. of . hoaphorue 
- :< - 6 

r eC[o1re<l rot• eatul'"8 t1on 1a (1 0 A + 10 ) gma . As 1n 

tbe above oa. lcuta t.1 on e x 1e the amount or phoephor ue 

present. tn tile 1'1111oac tive phosphorus eolutl one uat>1 , 

end the oaloula ttone or e being !llllde on t be solutions 
- 1 

!iiving the b1 g heet inoreasea in count r at<l , x .. 10 ,\ gma . 
-1 - 6 

'l'llue the lower 111111 t oan M wrt tten a s (10 x + 10 )gma . 

J\11 the e1110unt requ ired tor satura tion h ( x + ;r1) the r e 

reuu l te the r eb t1oneh1p: 

10 - 1 - 6 
X + 10 

or 0.9 x + 1 1 

i . e . (multt ply1 ng by1Q ) ( x + r
1

) + 1 Y1).!.Q lit 10- 6 .... ( 4) 
9 7 9 9 - 7 If the subst1 t.ut.ion 10- 1e uaea ror y1 (:r

1 
~ 10 ) 

there ie an unoortn tney tn troduoed into the Equation 

( ll } above 

For 10 tt 10- 6 -r 

Thus the right nand aide of e<Juatlon {h) ha& been 

r epl Aoed by ~ lar ger va l ue , and may no longer b lese then 

the lP.ft hMnd etde, If' the eubet1 t<Jt lon 1& 11111<.\e the 

reeul t 1e! 
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T!le vnltJ 1 cy or 1~tok of' vul1d1ty o!' eq uation ( 5) wUl 

It CAn be 

oolovl.att.>d ttl111t eque. t1 on (5) en-~ equ•Mon (4) alAo , ftl'fl 

volHI f ol• ~n ..,nluen eo!' x pr :.wB.1 ng y
1 

i e g t'e'l ter t hen 

- 6 I!' Y1 1e lea~ than 10 g=o 

then it ie neoeRna ry that x be 11u.ff1otuntl;y ltlr!le , tbe 

oetvol VAltHI " f x l' ... 'lu1r<'d f or th!' vn.l1Jt\y n!' e•lU!I t1on ( 5 ) 

iaore&ll'\ ng , ,,., y 1 •'-I:O!"!'"A''' • t o" v ot lu-s o.f 1 x. 10- 6 gme . 

"' .. 10- 7 '· or y 1 rcmt• ,. 
Frot'! t:J e 1tbove oalouln tiona 1 t oan be oeon thn t t t.ere 

to l1 ttte v atue l.n U&lng uqua t1on ( 5 ) to obtal.n •w so tunl 

lOl' f' r limit for the tot!ll !!I!~OUtlt df ·hoe phOl'Utl l'fi '}Utl'fld 

!'or ee t~!Nl tt on of' the m1o11 P.urf'Bee • unles~t or . ,.n1'or<HI t1on 

1 s obt9lned ebout ~ ttber x or y 1 . 

The range o!' poes!hl~ ve1uee ror the amount ot 

phos rhoru'-' r er:ui <1 f'<:'t- !le tumtton oan be o~>loul!lted 

from er:u11 Hone (2) and {3). 

8 '/U"'tionl'! •me ob\ntr>a: 

99 Jll 10-7 ). (x + >"
1

) > 10-
7 
............. ( 6 ) 

r Quation (6) a p o~rte ~ the poea1ble r Ange ~r tbe 

emount. or phoe l'horout• , 1n .q; roms per 10::> mle . of oolut1 on , 

r equire"- for l\fltlll'lltton or tht7 elumlnlum P.!aturstcd mtoa 

eur:raoce under a tu,ly "Bi th an ~t1eorp t.1on t1111e of f'tve 

m1nut.,o. c ~"l!l idertn.'!: t.htl aoo uraoy of the ex::>e r1mentel 

da t e equ s tton (6 ) m.<1y beet be wrtt. n ne t 
- 5 - 7 

1 .. 1 0 > (" + y 1 ) > 1 • 1 0 .............. ( 7) 



that ie the t otal amount of phospboPu r-· r ·~ q~: ired f'or 

saturation l e be b :atn ~o-5 and 10-7gr,.nus . 

272, 

Assuming tbat the great majority of tb~ phosphorus 

present in the solutions r rom which adsor p tion ie taking 

place is 
31

P, it te possibl e to clllculate the ltmtte 

tor the number of phos rA1orue a toms, and be nee the number 

ot: phoaphete gr oups , in tbeee solutions . 

The number or stoma of r·hos pborus in one g r e l89 tomlo 

weigh ·t, ths t 18, in 31 gme . 1" 6 . D2.3 :;o: 10
23

• 

the number of 8 toms i n 1 x 1 o-'1 gms . wUl b e 

23 
T. (, , 02,) X 1 0 ~ 

nll!llb e r of' a to:nn tn 
17 

15 
2 J( 1 'J 

- 5 
X ~ 0 

Ther efore 

X 10- 7 
31 

2 x 10 a toms . The phosphate S(•luttons used oonsi otell 

o.f' orthophonpha t e ( no ) groups ss the r;nly r•hoor horue 
4 

containing e pecitte present. Tho number o!' r hoap hate 

groure prencnt ill thus e()uPil to t he nlllllber of' phol!l ;.horna 

etomE P ~'<' "ent in th~ e ol u tion. Thi s F" iV tl!l the 

r el8 t!.on!l hipl 
17 

2 x 10 > number or l'hor, !'hA tco p; r.,ups p l'l!lr,en t in 
15 

s ol uti:m tor eatur£Jt.ion > 2 x 1 0 

Ae ~gp men t 1oned Pl ewher e ln th1~ th~s te (p . 121 

there 1e 8 ne t nerative charge on the m!oA eurtAee unaer 

s t udy . Thh charge \sb!'l!tneell b)' the l'dMr !' t1on o!' 

pos itive ions such 8$ alumini um onto t he mica eurf's ee. 

There 1e ef'f'eo tive ly one negative charge ~ver~ 



0 
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The m t ea s u r i'ac e fl ;;udi e .'J bud a d i ame t e r 

! nc h nr.d !ihl a aurt'ac "' a r t\) of a bout 6 e q ,om. 
16 0 

a r ea of the sul't'a o e wnt> 6 :r 10 sq • 11 
0 
t. ) . Thus the number of negativ e chargee 

on t he s urt'ac e , wbl.o !l o or re !lponds to t he number of' sdsorb ed 
16 15 

ca t ions ( <!f, p. 121 ) , wou1cl be 6 x 10 or 1. 2 x 10 

50 
'i'lJ i a numbe r u1' oharg es ( and e o a.davrbed 

e a t ions) on t htJ lll1<h BU!'fdi~;:e ir. :!i ppr oxime tdy hal f of 

the mi nimum number vr ,oh os pha te l<l' OUPil pree ~;n t i n the 

eol u t1o11 . 

t he tnorea<Jee 1: oouut r e. tt; qbse rvo:i on the m1oa 

sur·t'ao ee untlel• s tudy we r e be tween one t hird &nil one 

qua r t e P of the no t u!il ~li '-'S I n the count r a t e llltl8ured 

w1 1.h t he mi c & surfa ce ;llU& gt·iger c ount e:- HO t ua ll.Y imrneraed 

in t h t: adsor b i ug l'lolution . The &otl.lSll va l u e 1'or the two 

1ncrease s in ecnm1, r a t e >H~d t h•; l' :a t lo o!' t he t wo va l o<le are 

~ iven fo r a number o!: tile ex pcr1 m~nt:; perforn;cd i n T:o. hlto 15 . 



Sol ution 

IV 

III 

E 

IV1 

III ' 

II' 

111'' 

II" 
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I ncrease tu Count 
Ra t e 11deorbed 
on t o ml ca s urf'a c e 
(,. B C. l> . m• ) 

I ncreiW •; i n Co1mt ]! 
Rate in d e e: orbing: 0 
e olu ti on ' 

(BC c. p . m, ) 

70 275 ··"} ''""'' ' for firs t 
400 1 ,850 0 . 22 s eri e s of' 

3, 970 1 5 ,ooo 
ex per-

0 . 27 imente= 
0. 25 

78 265 0. 29} ....... 
.for eeo-

535 1 , 520 0 . 35 ond s e ries 

14 ,660 
of exp~ r-

4 ,550 0.31 i mente 
"' 0. 32 

1400 1 , 350 0 . 30} ave r:age 
f'or third 

4 , 580 n ,ooo 0 , 35 ser i es of' 
ex pe r-
imen te 
= 0 , 32 

ThE r e t"u l t~ from Pol u t i on" V! , '' ( T9bl c 11 an cl V' 

( Table 13 ) e r e n ot g tv"'n ~e , owi nr,s t o t h.., r .. l a tiv e l y emall 

increase in aou.'lt r a te ~> bile the rate s surf a oe wa s imme r sed 

in t be ade orbl.ng s oh t tionll ( a p"·r ox 1m" t Ply 100 c . p . m. er 

leas ), the va l ue of thi s tnc r ease was determined very 

approl< i uw. t a ly . '~ o a ttemp t wa s mad e to d~ termine the 

increa se i n c oun t rate r ecorded by t he mica s urfac e plus 

g e 1ger counter JrhiJ. !· t he mic a eurfa c " '" "' t m er Red in 

ol utions I , I' or I" , The ac t ual count r o t e fo r these 

eolu tione v ould have been of t he orde r or 1 o5 
o. p. m., 



wh1ob W!UI t oo b1gh to meoeure wt th the oleo tron1o 

arrangelll8nt being ueed. 

From the ave tla ble ds ta 1 t wee not possible to 

oeloulate the ao t ual nUIIIber of phosphate groups adaorbed 

onto the mtoa eurtaoe. 

needed abou t the re la tionahit' be t ween the aotual 

dietntegrHtton f'Hte ot the r8d1oacttve phosphorus atom8 

adeorbed {aa pho&pbate) onto the mioa aurtaoe, and the 

ohaerved count r a te . It doee appesr ho,.ever,from the 

above cBloulatmn, that the number of phonphate g!'oupe 

aotuall:y adeorbed onto the a lumintUIII eatuf'Hted mtos 

aur.f'ace at ea ture tion 1B constderliblt 1ee11 than the tot&l 

number or adeorbed oa t tone pree~.nt . 

The aotual volumes o.f' the adeorbtng aoluttona used 

wer e about 20 ml . and eo the saturattng solutton would 
1li 16 

oonta1n be t ,.een 4 x 10 end 4 x 10 phoa pba :c groups . 

The count re.te or tbc a daorbtng oolutlon, af t er soaktng 

the mlon sur1'soe in 1t for" f'l'll'e minutes, we e not gr eo tly 

lower then before the soak ing 1'or the var toue adoorbtng 

eoluttons lleed . Thus only a 8lllllll pero.,nta ge of tbe 

phoephliltc g roups present tn the solution cen 1'11\ve been 

adeorbe~ onto the mtaa aur1'aoe during the adsorption 

t1H. 

Prom the pr~ ltm1ne r:v • .xpeP1men ta on the emoun ta or 

adsor ption of rad1oact1ve pboephate onto ll1UIII1ntum eatur-

ated mica aur.f'soee doeor l bed above t~o oonolue tons onn 
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be dra~<n. The actua l amount of phosphate adeorbed 

in a f' tx sd tlme is di rectly proportional to the amount o:f' 

phos phate in the adsorb1ng solution over a wide concentrat i on 

range. The ac tual concentration r ange is only known 

appro.x1ma t c ty ss the ex11ct a •aount of radioac tlve phosphate 

presen t in the adeorbing solutions wee not calculated. 

The linear r el8 tionE'hipb et.,cen the &mount of 

phosphate adeorbed on to an aluminium eaturated mica 

eurfe oo and the amount of' phoophate in a fixed quantit,y 

of' ad eorbing solution exists over " oonc entre tlon r ange 
3 

of e t lel!ls t 10 , f'or an adsorption time of' :f'tve minutes . 

The uppe r limit f'or the concentra tion of' ~hoephate le 
-6 -6 greeter than 10 gme . of' phos phorus (= 3 x 10 gms . 

phoa vbetc) per 100 ml. of' a<i sorbing eolutlon. 

hi gher concentra tions of' phosphate it le possible to 

ea ture t e t he mica eurt'ace w1 th ph11s pll8 t e gl'oupa in an 

adaorptlQn ttme or 1'1ve minutes . 

Providing the t11tel concentration of' phos phate in 

the sdaorbing solution i s insufficie n t to c nuee saturation 

11f the mica surface , f or the adsorp tion time studied , the 

amount of' rndtoact1ve ;.hoephate adeorbed ta unaf't'ec t ed by 

the amount o1' inactive phospha t e als11 present. Thus the 

amount o1' adeor p ti11n of r adi oactive phosphate i P n11t 

d ependen t on thv epectfic Rc ttvlty of the ph11aphote 

solution used for ada11rption . 
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(. , <)2.__2:£h.onre 0.f:..Y_:_~Qb.£_'t;~e <r,l :·Jlll::rr ~'.L>::.<:; ttv"' .~ hoapi'Ja te li 

fl wae men tion nd }"rev1onsly , another " h <' nomenon tha t 

c ould be st·.Jdi.ed wtth the us e of'" g e t qer counte r mica 

l'nd -~: l nSow r.r>d r'lh'1o" ctlve phN p hq t ,. nolu1:1r>n l.i? the 

<" YchAnqe b ~: tw€e n nds orb ed ~oh o'!pha t e on tht- eurf''-l c e or the 

mica ond hos r hn t <' ir. >; s>'Y't".wn rlln;.> co l utton . Theee 

n tudieEC c ollld b e o , ~c1 e 11' th r eP. v.ey:o,nn l y t\'.c of which ar(, 

p-.:-n cticahlt~ fGr tb' a ee of' nfilol'c t lve " h rys nhs t <- . The 

tbree poes ibll. 1 U. ee a r t' ,,. f ol1 e>I"B : 

1.:. 1'tJe mi c·, curt's c c of th€ <:'E 1r-er· coun te r e nCl- windo¥1 

r.o~•l-' be fl r <>tl y socl~r- <l. 17' t nc.~ t1•t "' ! h of'· h •• 1e solution . 

! . .fter· a suliHl!l t t ime- f'or <.n utl1tJr;,t~ n of the "!l l. ca 

BUrt"s.ct.. 1' i th ·:.he h os ~·,hFJ t £ se>l u tlon ~ a t=~ tna 1 1 :J. tr,ount of 

r ad ioac tiv e phosphate l;.'o J ld b e 1 :r.~roouc eil i n to the s oluti on 

The actual 

n unlaer of , h ~E,;ha t e gr oupc tha t :. cr·e tr.tr ocuced would be 

ve.ry e toa ll i n com;>a r i son Y1i th th0 'vnount of J•9C tl.ve 

">h oe pha t f: al r -:.st i )T ;:re :: c n t ·in thB sul n tt o n . 'Th us thf~ t'C 

l< OJllLi be n o e ign t.f tmm t e f f oc t G dut' to tne ):'I) O>:ti 1J1l.l. ty 

cl' gr ea t r p tl, sphr, t e aci.NJ P ~ t1 ull or. to the mica o:, r f'Rce 

bec a us " of' a n i n c t> ea:'L d l't,ln ti Qll f: ho q.h'i te cor.c<n tr~t1on. 

:. r; lO Clif as th ~ n ctusl volun,e of t llc sol u:t .Jn """ grea t 

e nough 1.he incresuL in t l,<· btwkgr cun J -: count -rs t:: o•" the 

geigar c ounter wo ul d n ot be v. y ~ r~n t l nili~lly . 

The aolu t1on tn whit: h the mica eurf'Hce •·,as J.m:nel•sed 
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·~ould b e cont lnu,, ns l y e tirred . 

that tllere is " con ttnuous exch, n;re b e tween th <" phospha te 

g ro\lps ads orbed onto the ~ urfac e and tho sE l. n the surrounding 

aolntl.on . When any of' t he r ad i oac t1v e r ho•' r ha t e g r oups 

c a :ne s uf':f'ici un t l y close to t he mlca sn r :f'a c p it 'T' ould be 

p06Si bl R r or the~ t o PXChBn i B MI th inBCtlve n h ~POha te 

r, ron ps al r eAdJ' IJ d~.urb ed tlle ee on . This wonld lead to 

an inc r ca!le Jn thP obse r v ed co nn t rate . 

c; on~id. er <:.t b l •. (;. r fct-) UtionA ~"Y c.:nlld. hnvt.:' t o b e t , ... 1ren beca us e 

tt~<.J ge.ige r counte r wouJ.d 1\lso d <~ t e,et the rad ioac tive 

disiutegr a ti un of' any r ad i ouc ti·;.:, phos ;;•ha t .- q r o1Jps in the 

sol u ti c.n close to t he mi ol.l eur·:f'ac e of tt1e .f?:V I g el" counte r 

encJ-<;; i nclov. . It would be r.ece ssa ry to s hield the solu t ion 

f'row t h0 f a c e of t ue mic :> end-~.indow i n so mE way whil e s till 

all otdng euf' .f' tcl t:!n1. c vn tac t .for e..c..cila H~.: t o t..'1k'e place. 

~ The geiger c ounte r mi c a e nd- Pi ndow cuu ld be soaked 

in radi oa c t i v e phos ,,hat~ solution fo r o <!uit.ab l t time . 

It. could t~J cn be pla cf. d in a l t>rge vo l u.~re or l.ne ctive 

phoa j; ha t e sol ut i on . llesor p ti'ln or th~ r c;dfnoc t i ve 

phos r.h" t e would occur as in the major· i ty 0f t he l"ork 

df.e c rl.b ed 1.r: t hi R t.hes l s . Howev tr the r e '"DU l b e the 

s t mnl tan e •)ll s a •l, orp tion of inC~ c t l.ve ;>hoe;:> ha te on to any 

vac r· nt AdsfJr!, t1 on fli t 1.s or the rr:l. ca s ur·f ace . I f' the 

mic a sur t'ace had not been ini tiff1ly c orep1 et• l_J' !"a tura t ed 

wt t h the radi oa c t i v e !-'h ospha t e t hen t he re would be 

adsorp tion sites immed ia t ely a vai l a bl e fo r t he i nactive 



pbuPph<~ te gr-oups. 

\'. he ther oom r·1<' te """ t:~,.~ tl.on of th!l! mica s urface had 

been aob&ed or no t 1111 th t he r adioactive phoephat!J , as 

aoon ae some or tht e ~d h~~n dePo~~e~ Into the s olution 

ad11or p tton si a •·•ould b(l freed for t h e 1nectl.ve ph ol!l phete 

in the eolut1on . Suoh eube~t'luent adeorp tton _,ould. 

r-oesibly l <:' ad to a dtrr .. r .,nt ps~ttern of desorption of the 

radioa o tive ~' two pile t" from the mica eurfl!loe . Fr ov1d1ng 

the amount of e oluttorl oontaln1ng the 1nt~ct1ve 1·ho" pha te 

waa lar•;ce enough, ar,J sd <qua t Ely e. t:lrred, t-he r e would be 

nG l"fl&di!O t• p t1 on or r " d 1oac t1 '7e ;: ilos pha t c , or o tll~ r et't'ec t 

on the obeerv d count rat') due to'tue pr,.eence of the 

deeorbed rad i oactive phoeph&e close enough to the mtca 

en - window of' ttifl geigei' oo •mter f'or 1 t e r adiOtlCtive 

die1nte£rat1o.n to b o;: d~tected . 

l:. The o vpoai t l' si tua tton to tba t deooribed under 

poe11tbllt1.y g,. could also b <' stud t ed , that t s , t he mica 

surface of' the ge 1ger counter end- w1n:1r.>ll1 could b ~ eoak:ed 

in 1n&c tiv e uhospbs t e eolu t1on and thor- pl lloed in a 

c ontainer of radio11ot1ve pho s o>hate. Howev,.,r, as , owing 

279 . 

to the great energy of' t he j3 psrt1ol e em1 tted by 32p, the 

getp;er counter could de t ec t 911 th!l rlld'o!'lctive phosphate 

i n the solution imn•edia tely c1urrovndtng th " mica end-wlndow 

(to o o.ist.\nce or almost 1 cm . ) th t r e "oul<i be no cnange 

in the observed ec>11nt mtE a s the rn d1 onct1ve phosphate was 

aclsorbed . Thuo , thie procedure would not be a p··l1oable 
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It could 

perhsp:.'l bt> co oe td.ert-..t fo r uat~ t ~ <; tuU e~ on tt"' :;>henomtona 

or 'ldour ;) t l on of' ~trre rent 'l! po <::t ~ e f.:Uc:h n~ e~.o 1.;yt.l.lte , the 

r nJ 1oho t vp., or eul phur ( 35s) e•'lltt!r.z ''f .. ,,_c·~-(lte o~ mueb 

lee s e>nf!l"£Y t.ll,; n tlle t of 32
p . 

similar t o that deecrtbed tn 1 . 

71rl. ol" t e> ! tn Fdoor p tlon . 

ve r y d tl ut.P Pol u t t on~ , >¥tl lch '11oulct le11 ·! U1 " very slow 

ettrf'aon , 

0. 5 !I alnmtnt um n i trate sol ution f ou•• tl\llt , fo r .. t leas t 

eolu tlon . 



1n~ct.1vc phos pha te s oluti on for "oCJe bourn and rluring 

this time t he. backgr .• und c ount rate f'or thE g<'ige r 

plaed in r a dioacttvc phol! ph'l te eolution , n loo 1'1th a 

2!H . 

._H va lue of' 4 . 9 , for a au1 table tiroe, and th en, af ter 

r inoir"e tn sorue 01~ the inac t1 ve vh osphtt t.e buffer 

solution , replaoo,d in the two l i treB of bttff tc .r soluti on . 

Th P. amount of roj1 osc t.ivc ~b oa pha\.e 'ideorbed by the 

mtc ll aur.t't<c e ill this avmn6r ""s V<"rY a~M ll ( /'--1 ~·0 c . p. m. ) . 

Thie amount "a6 .for l e a c than wag usually fl<lsorbed by an 

al um1nt wr. s ture t ed mica our1''lc ll which had not been soaked 

in 1naot1V<; phospha t r solution. From the N 'eul ta 

obtained in this ex periwe11t it CIHl b e s e en thn t the rate 

o!' exchange ot' i n >cttve and r-"' dt oectl.ve phoe pha t ,; on the 

aurf:oce of '-lt: a l ll.l{.! n i u<ll aE! t1.1ra t ed :nlca eheet 1e "onstde r e bly 

a loweP tn&n t r,e l"!l tP. o!' lldP.orp t.ion of r ad l cac tt v o ,-,hoe phn t e 

.ii r ec tly on to a lumini urn eA tu r a t.ed m! c e surfaces, 
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CIUPT!;;R z. 
RESULT8 

The re~ulta of a number of deaor ptton exp<rimen te,typicel 

of those f erf'ormed i n thia thest !! , are r cpr e , en t ed in 

gr aphica l f'o rm in t hP following pages . Only one experimen t 

is shown f or most or the pli va lue s an 1 surfa ces " t ud1ed. 

Pa irs of' experiment~ ~re shown f'or eome or the sys t ems on 

whl c h a considerable llmount of' 10 or l< '"""' ca rri ed out ( '•lumi n1um 

satur a t ed mica su r f ac es at ph values of' 3. 0 , 5 . 5 and 9. 0 a nd 

sodium saturated mica surfaces e t a pli va lue of 5 . r, . ) A number 

of' expe rim~nta wer e pt! r f' ormed w1 t h some eurf'aces ( e . g . a lumi nium 

"" tur!l t e.l mica eurf'aces a t 8 pli va :i. ue of 5 . 5 J to a t udy 8 number 

of phenomena s uch s s t he effect of a ds orption time, the 

r t l ti ons hi p of t he r l ative amounts of r adioactive phospha te 

adsor be.:l by s od ium sa turated and b y a l umintmn a"ture ted 

mica eur:f'ec eA , eto . , end t he rate cons tan ts and r e l attve 

amoun ts of th va riou s compl exes de t ected have b een given 

for many experimen te i n the tex t ( see for example 1\<bl e 

4 , p . 166 E~ nd Tebl ~ 5 p.1 69) 

I n the gr aphs on the fo1lowt ng pages the eur:f'ec ee fr om 

whic h the de eor p t1on of rad ioactive pho~ pha te WeA s tud i ed 

e r e given (either as c~ tion sa tura t ed mtce or a s hydr ated 

e lum1r- 1om oxide eurfe oe ) toge the r w1 th t he pH va lue a t wht oh 

the experiment vma c 11 rri ed ou t and the rate constAnts f or 
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ee h of the ~eeorption c ompl exes de t ected . The majority 

of' exper1mE'nte hav.e·, a:t' t e r par t i a l anal ys t s , ha:l the ini tial 

portion of the de~ crpt1on curv~ r eplotted on ~ l a r ger t i me 

ece le ir. orde r t o enable mor e a c curate ca lculati on of' t he 

l e r ges t r~ t t' con s t>o n te ( oorres ;> ·;nd i n !? to the ehortee t half'-

u .v <ffi :for dee or p t1on) . J n these exp< rtments the vAri ous 

plots are e ho" n on succ essive pegee . 

The r~ le t1ve pro portions of t he va rious re ~ioact1ve 

pboephate- e urf'ao e oompl exee " A'' , "B" e tc . (corresponding to 

r a t e conetante k. , k etc . ) e r e given by t he i nte rce pts of 
8 b 

the s tra i ght 11rte s , t ha t v.e r e obtAined by ana lys i s , with the 

time .. o axis . 

The actua l g r Aphs e r r. os f' ollowa 1 

S odium oa t ura t eJ m toe pli 3 "0 p . 265 

Sodium ea tura t e:l mice pH 5"5 pp . 286 and 287 

Alumini um aeture teJ mi ca pH 3 • 0 pp . 286- 9 and 290-1 

Alun• 1n1um ea t ura ted mica pH 5· 5 pp. 292- .3 and 294- 5 

A l um1 n t wn oatu ra ted mioa pH 9.0 pp. :>96- 7 on d 298- 9 

Alumi ni um B" t.ure t ed mi ca pli 1 . 0 p . 300 

Al uminium a a tu r a t ed m ten pH o.o p . 301 

Ammon iu$ , ion aaturs t ed mica pli 5 · 5 p . 302 

U umi n l Ulll a n t ura t ed mica dri ed over s 111cn gel ( s ee p . 195 ) 

pH 5 • 5 pp. jOj - 4 

Hydra t~ d s luml n tum ox i de s ur f nce pH .3 . 0 p . .305- 6 

Hydr ated alumi n ium ox i de eurt'ace pl15" 5 p • .307 
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Hyd rate~ aluminium oxide sur~ace pH 9 • 0 P. 308 

Aluo1 1nium a a tura t ed mica dcaorb ed ~o r a much gr eeter per io~ 

o f time ( s ee p.217 ) pli 5 • 5 pp. 3 09-11 

Sod ium se tura ted mica deaorbe~ ~or a much g rea ter p r·iod 

of' time (s ee p . 217) pH 5 . 5 p.312 



SODIUM SATURATED MICA 
pH:3·0 

k = 8 · 9x10-5min utes-1 
c ,...' I_?• 



SODIUM SATURATED MICA 
pH=5·5 

k c =4 · 9xlO.sminutes-' 

286 
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SODIUM SATURATED MICA 

pH :5·5 
k =5· 6x10·s minute s-I 

c 

287 



ALUMINIUM SATURATED MICA 

pH =3·0 

kb =2 ·4x10-1minutes-' 

kc =5· 7x10-s- minutes-' 

288 



::n 
.l> 
--1 
r1 
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ALUMINIUM SATURATED MICA 

~-.. 

pH =3·0 
k

0 
=2 ·1x10-2 minutes-l 

k b =2·4x1U1minutes-J 

k =5 ·7x1cJs-minutes-1 

c 

289 
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ALUMINIUM SATURATED MICA 
pH =3·0 

kb = 2 ·2x10-3 minutes-1 

kc =8 ·8x10-s- minutes-1 

290 
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ALUMINIUM SATURATED MICA 
pH =3·0 

k0 = 1·7x10-~inutes·' 

k b=2·2x10-.lminutes-r 

kc :8·8x101ninutes·l 

291 
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ALUMINIUM SATURATED MICA 
pH :5·5 

k b = 2 ·3x10-1minutes-l 

kc =4 · 8x10-~minutes-l 

292 



-----------~=-~- -------------- - ----. 

ALUMINIUM SATURATED MICA 
pH =5·5 

k =1 ·7x10-""minutes-l a 
k b =2·3x10-.Jminutes-1 

kc =4 ·8x10-5mi nutes -I 

293 



ALUMINIUM SATURATED MICA 
pH =5 ·5 

Kb =17x10-3minutes_, 

kc =3 ·6x10-5 rnin •.Jtes-' 

294 



ALUMINUM SATURATED MICA 
pH=5·5 

k
0 
=2·3x10-~minutes- 1 

kb=1·7x1cJ3
minutes-' 

-s . kc=3·6x10 mmutes-' 

295 



ALUMINIUM SATURATED MICA 

pH :9·0 
k b =1 ·8x10"3 minutes·' 

kc =3·9x10-sminutes·1 

296 
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ALUMINIUM SATURATED MICA 
pH:9·0 

k
0 

=2 ·3x 10-l.minutes-' 

kb=1 ·8x10-3 minutes-l 

kc =3·9xlo-~ minutes-• 

297 
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ALU M INIUM SATURATED MICA 

pH :9 ·0 

k b =2 ·3x10-3minutes-l 

k :S ·OxlO.sminutes-1 
c 

298 



ALUMINIUM SATURATED MICA 
pH :9·0 

k =2 ·3x10-1 minutes-' 
a 

kb =2 ·3x10-1 minutes-' 

kc :5·0x10-5'minutes-' 

299 
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ALUMINIUM SATURATED MICA 
pH =1·0 

k
0 

= 1 · 3 x 10-4m in · Jtes-1 

.... __ __ 

... I( 
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ALUMINIUM SATURATED MICA 
pH= O·O 

k
0 

=1·5x 10->.minutes-1 

k. =1Ax10-3 rninutes-1 

0 
kc = 9 x 10-s m inutes-! 

TIME (hours) 

301 
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AMMONIUM ION SATURATED MICA 
pH :5·5 

k
0 

:1·9x10-,.minutes-' 

kb=2·3x1G3 minutes-1 

kc:A · 5xlo-s mi nutes-1 

3 0 2 
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ALUMINIUM SATURATE D M ICA 
(Dried over sili ea gel ) 

pH= 5·5 
kb =1 ·7x 10-3 m in utes-1 

k =5 ·8 x1 0-s-minutes-' 
c 

0 

303 
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ALUMINIUM SATURATED MICA 
(dried over sil ica gel) 

pH =5 ·5 
k =1·9x10-1 minutes-1 

a 
kb =1·7x10-:sminutes-' 
kc =5·8x1<)5 minutes-1 

--------. ----...... . -~ --- -. )( 

304 
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HYDRATED ALUMINIUM OXIDE SURFACE 

pH =3-0 
kf =1·0x10-3minutes-1 

kg :3 ·3x10'4minutes-l 

" '>. 

" 

305 
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HYDRATED ALU~J11NlUM OXIDE SURFACE 
pH=3·0 

ke=l6x10-.l.minutes-' 
k; =1·0x10-3 minutes

4 

k
9

:3-3x10-"'minutes-1 

0 

" " 

·· ~-----~ -

306 



HYDRATED ALUMINIUM OXOE SURFACE 
pH =5·5 

kh =0·8x10-"'minutes-1 

ki =0 · 8x10-:sminutes-1 

kj =3 · 9x1o-sminutes-1 

307 I 
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HYDRATED ALUMINIUM OXIDE SURFACE 

pH =q 0 

k 
1 

= 3 3x10smi nutt"s - I 

()' -

~ L~· > R .•• > •• X " I( X X " 

I 
r-

L 
I 
! 
I 

1031 L I bl_ -----1-8 ·-'-
l 

16 24 
TIME(hOIJrS) 

l .J 
32 

h 
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ALUMINIUM SATURATED MICA 
(Longer desorption time) 

pH ::S-5 

kc =2 ·2x10
4

minutes-' 

kd =3·1x10-6minutes-' 

309 



ALUMINIUM SATURATED MICA 31 0 
(Longer desorption time) 

pH:5·5 
k b = 2 ·1x10-3'minutes·1 

kc =2·2x1CJminutes-1 

kd =3·1x10-6minutes-• 



3 

ALUMINIUM SATURATED MICA 311 

(Longer desorption time) 
pH =5·5 

k
0 

= 1·9x10-'-minutes-1 

kb=2-lx10-Jminutes-1 

kc =2·2x10""4rninutes-f 

kd =3·1xlo-6 minutes-J 



SODIUM SATURATED MICA 

(Longer desorption time) 

pH :5·5 

kc :5 ·8x10-6minutes-' 

312 



Cfl,F•TJ-'"R 8 , 

!)l <lCTI<;R TQN 0~ !<rSDLTQ 

Ill ttlia t hee :le fl a tudy bee bet~: · mode of the Bti~<orp tton 

of r d tor.r:~ttv<' i• hoBJ-h&tt< ont. v.;r toue e urf'a c "'c; under the 

int'luenoe ot' • numbe r of t'actora . Tb~ G~ajort t y of the 

urBtrd. a n.l e odlum aatnr,tr d rotes surf'lc <' o . Tile rceul ta 

ob t · tncd l nd i e ~ h.:! t tH!> t tt.e r ~ •e r .. tt.r • c d! N"~t·E.r• t rs ;1 1ouottve 

!ObO"T'h· t"-El \l 'll1.n 1vm se tu A tr.<d mica IHJrfs c e O Oit~ lexe:> and only 

one r ••l1o•· o t1 vr: -pboephl' te-~>od1um a" tu''" t~j ;n ios sur·!'11oe co!!rplex , 

thh l'•e t c om~lcx h•·- vin!l t he l!!ti'De .r 11 '1.e oonotsn t fo r deeorptt on 

U> t he- leant r e J i l y desorb ed c o~t : t l!'x on !.be a luminium 

ee tur~ t • d mic3 out'fnco . 'Tb ~se o omplexee a ll s pp ea r ed 

t~ cx1~t tn ai rntrtcen t r~l a ttv e amnun t s ove r a wide r~nge 

of ~~ vAlues ( 3. 0 • 9. 0) . 

llorce- -cx pe t'1 ment.a t h• t ••ere perfor:nd a t tho en·J of' th1a 

thea t ,; 1n11 ca t f'd t hftt , a t l eao t. ot one -pH v!llue (5 .. '3 ) the 

l ea~t r e j ily de·orb ~d r 1d io ot1ve phoaphste eo plex, proe &nt 

r.ith both e lumin1U11l n<~ t url.lted ~ r•d sudiul'l srd.ur , l <>l mica 

9Urfecea , mAY be o om~osed of a :n t xture of t wo Oo~,lexea 

one of .,h1oh ha~ nn ex trer~~e l.v l ea; .>flttt o on~·.nn t ro:r deeol'p t.i on 

( ee• chrv>t el" 6 . 7 p 2 17 ) • Tho c\ e bot to1t t>f the ox ietonoe 

or. t hia Vef'Y elowl; deaorbcd oom;.,lex hn.1 no effec t on tbe 

anell71.l l'1 r ete o onst..·m te :for t ht: t \'i O moAt r ea ! ily df:o,JrbecS 

c omplexes . 

The miC'' t< \1 1'1'8 e us t:d i ll Nelioli ct.tve phos ph., te 
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a-.l>~or v t.ion wns th• JiJ1 :C'ec" of mue<'l cvi te mica . Ao deeoribed 

in the i r. troduction (p. 
9 

) almo ~ t all o th~ r pooolble 

rdec.•• v Lion t<i '" " on the :nico pl\ rtic le e urfac ~s fiere exc l uded 

Tlluu t,,., V8 l'lOU8 ue?Ol"P ion 0 illpleT. ee det<-c t< d rroust hove been 

to n~ utrel l z.e u,.- rl(•l n <"ga tiv<> cha r yc thr. t'eon. 

The methoJ ol' "'n :lon aJsor r lion OJ'\to cl~y mtne rel surt'eoee 

IW.S b£ en diSCUSSed by D l niPl' vU~ I!Uthor~ in t.he litcr r•tUre a n\1 

!le t ts ·: n( 19.31 ) believ ed 

iona oy a nions ot the added salt. however s11oh a hjfpotfu.sts 

f'att a 1.<.> ex1·L •in why tb t. pl:i t~ lue of t,lle adsorblng !~-.>lutt on 

oe.l.JOQJ r•1 c.ee <.lh ,, J:J i Llon of th t- !Hill. and in .t3~ t i e usually 

lo10ered . S:ch<)l' ield 11nd " •u eon ( 1 9'>4 1 beli e v ed t llu t the 

~·o :. i tiv t. l.Y onn·g~d by proton adt'lO> r pti on 11t l ow pli VHlueon . 

r<· •noved from solu tton to<? ' ther. 

t.hie rneohan i olll i e t r.e rnenn f! r i n .. h'cnh the number o:f a nion s 

re l.l. i neil iocl'eas c e l¥ 1 tb time. 

one o! tiJ ~ F;fJ a ·.nt;ors u ,ollofie ld , 19il0) h'· d ~tvr:n l'l.flf' to tile 

euggtoe t1on tb11t c i .y partt ol eo aoAy hB ve both pee l t1ve a nd 

nega tive cll·· r g ee euf'f1c1 en tly flar art~rt to b ~ eeparetely 
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balanced by cotione end antona . 

The I!U !!g'&etion by Ayr ero and Ha !1 i bara (1953) that t he 

edoorption or ion ~ onto clay miner~l aurtaoee muet be 

molecular , b,.eed on thP e1mul tAneoue ltl' ppc: 8rance of' 

cations end entona "••om solution , eecme moat unl i kely . Such 

e phenomenon would be moe t unex pec t ed especially f'or such 

hi ghly 1onief'd sal te BB aodium chloride , potll s e l um s ulphate , 

etc . There h a lso no mean" to expl11 i n the o han!je in 

t be pH VBlue ot' the s olution tba t ot t en ecco111po ni ee ad or p tt on. 

Bc hell end Jor dan (1 959) ae a r esult of the ir etud1ee 

w1 t h pur e clay minerlll l a , postulated t ha t &n ion ads or p tion by 

olslye WF8 partly due t o eubetl tutton tn the lattice t'or 

a l um1n1UIJI or e 111con B tome . Such a nions •ou l _, be releafled 

only by prol onged electrolye te. Thc•I believed thot the 

more reaHly e J<changeeb l e anions were lldsorbed e t ther on 

exchsn.;e s i tee or elee aF e n ex t en11i on to the l attice 

struc ture . 

I n the pree ~nt work only n eln~le c l ay eurfnc e wee 

ava ilAble !'or !Hieor ;-. tt on an" thus 1 t 10ould be unl t ltely that 

there woul d be any l atti ce eubatltvtions or eJ<tr ne1 ons caus ed 

by edJIIo r ptt on of' the phoeph~ te ions . I t h bc·. lhved that 

e orn e of the adeorp tton complexes f ol"!!led wrr•f. s& Pocln t n l 11· 1 th the 

exchAngeable c a ttone pr ecent on the mica surtecee being studi ed. 

The r aJt oac tt v~ :•hoBphs t e-ca t 1on sa t ura t c·J m lea surf Ace 

oomplel< lA1 tll the lo" t st rete con e tent (or lon gest halr-Hre) 
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for dcsor ptton thAt we11 d E- teotf'd weR found to be pre ,. en t 

whe tevr. r ea t1 on WAS used to •. ur11 te t he mica surface . Beoeuse 

of thit-, . .,, it • ould not be exp ot. d thn t monov .. l en t on t tone 

suc h as eodtum, potAes iurn , ete . , wou l d r orrn any c0111plexes wt t h 

rad io>~ ·· t1 ve poe vho te tone when ttJelr s in . l e pos t ttve cha r ge 

was a lrea•j y bei nP.< uae .1 to neutrel tze \he ne t n ego t lve oh•l r ge 

on the mica surtaoe ,i t ~s s believed tha t t his c om plex i nv olved 

the adsor ption of r ed1oaot1ve ;>hooph8 te onto th" 1111oa surface 

tteelf. 

J::xpt rimon t s r.- 1 th the mul ttv11len t cs tion a lumi nium hAve 

sho l\ln the pNeence of t wo mor• r 'ldto"c Uve pbosph" te- e • t ion 

( a luminium) a" turn t ed mioa s urfece O ~lllplexes . Thee • extr a 

oolllp~ex«:a were not de t c ted when the m t ea surface under e tudy 

111111 b~en oomvl etdy sa t urated with monovalent cations such as 

eod ium. It 111 thus believed tbn t the .o compl exes a re 

formed b e t~een the r adioactive pho pbllte tons end the aluminium 

tone t.helll8elvea . The r ate cons t 11n te. f or the deaorption 

o~ r ad ioactive phosphate from these complexes are both gr ea e r 

t han the rate constant for deaorptton or t he oomplux deteckd 

wi th all the ca tion saturated mtce eurt'eoe6 studied . Tbue , 

aeoum1ng that the activation energ1ee f or the deoorpt1on of 

r oll ioll otive pbospb"' t e from ell t he d i ft'er ent typ03 of c ompl ex 

form•d wer e com pe r nb l s t n magn itude , t!Je r Adi oactive phosphAte 

would bsvc be en held lee t l [ h tly tn the com. l xea betw~ en 

tt and t he a l uminium ions vreF~n t then 1n the complex ~ 1th 

the mica surf ace itself. 



ll'rom th• ex pe riments ths t have been perfof'flit: ~ t t 9ppeara 

that there a r e two J 1fre r ent r ad toactive phosphate-alumintum 

ion oompl .,xes , wnt r e the aluminium i a aJsorbed onto s 111ica 

surfac e to neu trsl iz ~ t ne ne t negative charge the r eon . 

t~o c omplexeP appear to exi s t in s1 gnit1oant proportions over a 

rsna e of pll vslu e. & a t least .t'ron. pH ,3 . 0 to pH 9 .0. il t a 

pH value of' ,3 . 0 a lmost a ll 91 %) the phos phete will be 

pre>ot?nt as H2 l'O tons , l'!nd a t s pli vn lue of 9 . 0 the pbos pbnte 
4 2-

pr eaent will be almoet exclusively (99 . 5%) ll ro
4 

iono . At 

inter medi ate pli valuee va rying pr oportions of theE' s t wo ions 

" 111 oo <'xist (ee . Tlltll 2 P• 85 11 

The 8o tua l na tuY'e , 8 t va rious pli valuee , of' t he s lum1n1um 

t on when lt ie sdaorbed onto a mice aurf'noe is unknown. At 

lo* pH values (about 4 or leee ) a luminium ex t nte in eolution 
3+ 

AB Al ions, wh ile a t hi gh pH valuee ( ~rester t han about 9) 

t he alumi nium spec i es proAen t i s e i t he r Al ( OH)3 or Al(OH)
4
-. 

Alumi ni um ions sdeorbed on to a mica surraoe wi ll hov one o~ 

t he ir three poet Uve chargee us ed to neutrf! lize t he ne t negn ttve 

charge pres entcP th e mice ourtace . 

o!' t~ t eri o ilU'ficul ttea (ate P• 115 

I t le aaeumed becauee 

t ha t each alwntntum a t om 

can n utraltze only one nega tive c ha r ge on the miol!l surface . 

It might thus b ~: expec t ed that s t low pH valuj!s eo•no at least 

o!' the aluminium ions a~eorb tod on t o the mice sur!'soe would be 

ef'feo ttv ely ( .. 1 th regard to thl' eurY'oUntHng solutton)doubly 

charg .. d 811 shoY< n on page 122. 
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Ae the pH value or th6 solution 1n contact wi th the mica 

eurtao e wae r a ised the possibility or one or more of the 

r ema ining two positive oherges on the adsorbed aluminium tone 

being neu tral ized by hydroxyl groups would arise , OWi ng to 

the solubility of the aluminium salts us ed it i s not thought 

that the anions of these ealte{e .g , the nitrate ion ) would 

rea dily f orm complexes with aluminium i ons t hat were adsorbed 

on to a mioa surface , The nature of an a l uminium satur a ted 

mica surface wt th one or t wo hydroxyl g roups per a l uminium ion 

1e shown on p. H~2 and p, 123 . 

If' the abov e hypotheses of the na ture of an alumi nium 

saturated mica surface et various {but unknown) pli VAlues ar e 

correct an explanation can be advanced fo r the prseence ot 

two difrerent radioac tive phosphate-aluminium saturated mica 

surface complexeo , aes oo1ato~ wi th the aluminium ions themselves, 

at a pH value of 3.0. It ie known tha t almost all t 11e r ad io-

active phosphate will be pres~nt as H
2
Po

4- ions , and it la 

assumed t h t ther e is a significant amount of the two differen t 

types at adsorbed aluminium lone , those wi th two free positive 

chargee and those wi th one tree oharge and one hydroxyl group. 

These t wo d1 ~f'erent ~pes of' a lum1 ntum ion are abown together 

on a mica eurf'aoc i n figure 15 



+ 
+Al 

OH 
+il l / 

+ 

Figure 15 

It v;ould be expected the t a oom~l t!' Jr be t•-een li£P0
4

- lone 

and the uppermos t group eho~ in F1gure 15 • where the 

aluminium ton hae two rree positive eharge£ . woul d be lees 

readily d1saoo1a ted than a complex between t he H2ro
4 

ions 

and the lowe r a lumini um ton groupi ng ehown in Figure 15 
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Thus the de orpt ion of red1o~ ottve phoephete from an aluminium 

saturated mtoa eurfaoe at thi s pH value {3. 0) Y- ould be expec t ed 

to yield two d 1fferen t deeorption ra t ea f'or r lldtoea ttve 

phosphe t e to no ao tuB Uy oomplexed w1 th t he aluminium lone . 

The t wo dt~er~nt r aJt oao tive phoephote- al umtntum ion 

complexes t hat »ere actually de t ected at a pH value of 3 . 0 

bad rate constcnts for deBorptlon of' 2 " 10-2mtnutet>- 1 end 

2 x 10-J tdnutee - 1 • It 18 b l1eved thA t the rut<- conatent 

or 2 x 10-2mt nutee- 1 ar i eeo f'rom the deeorptlon of e complex 



mica 

surface 

aluminium groups , 

1!1108 

surface 

r 
+ 1\l 

+ 

S1Ia\lnrly desorp t1on of the opmplex 

+Al + 
+ 

aluminium groups gives rise to t he deeol'p tton rate constsn' 
-.3 - 1 

of 2 x 10 minute s 

At a pH value- of 5, 5 t he r ad ioactive phospha t e would 

still be prt~een t predomi nantly 88 H. "'04 ions ( 
94 

?') but 
2 2-

there would b e an a ppl'eo i eble percent ge of H Po4 tone ( 
6

;:. ) 

pre eent al s o. ExperimentA l reeul ta at thiB pH vAlue r evea led 

.320 

the preeenoe of t wo r ad ioactive phos pha t e- aluminium ion complexes 

wt th th~ same rate acme tents, and t r. appr oxt llla tely the same 

relt4 tive 1u ounto a11 the t wo c omple7ea detected at a pH value 

of' 3. 0. 1 t would b e expeo t ed that at a p!l value ot: 5 .. 5 

there would be lees of t he ~pe of ndeorbed a luminium ions 

wt th two tre e poet ttve charges ( l. e . t he uppflr alUDt1n1 o.m 

ion tn F1£U'e 
15 

) t.nan at lower pli values such ae pH ,3 . 0. 
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If , however , t he r e was still eo!!ie or th1e species o~ alum1n1ulil 

l on pre ent th re c ould b e !'our poeeible rs dto~tcttve ;>hos ph8te­

a1Ulll1n1um ion complexes pre r1 e u t &I' shown 1n ?tgure 16 

1111C!l lltiCM 

+ - ·• 2-
+ J\1 •••• li ;·o 

+ 4 
+.Ill ......... H

2
PO 

+ 4 

surface eurf'ace 

( 1 ) (2) 

mice l 
eurflloe\ A 

mica 

·• 2-
+ft l ,,, ,,,, H "0 

H 4 

• ••••• 11 p 
H 2 4 

eu.r~ace 

(3) 

ll't gure 16. 

'l'he c c111ple~ depict.e<l ln Fl !! ur• 16 8 ~'> ( 3) t the e111me 
- 2 -1 

oomple" t ha t t he rate- constant or 2 x10 rdnu t a wao 

at tr1bu t ell t o at a pH value o f .3 . 0 , Wh ile 1 t te known 

tbat t iH! rl'1R t 1v c amount. of 1•hoephlilte J.)l'ea en t an H PO ions 
2 4 

ill l eas at a :·li value o£ 5 . 5 t.ruo.n at ., p value or .3 , 0 

tt. woulJ also be expcc tc.1 that t he r<l.aUv, Bll':Ount ;:!'the 

a •lsorb<d aluminium l ona pr t> r r.n t ,. ,. 1 

mice I 
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would be e r ea ter at th18 hi gh r i•h value. The ovcr , l l 

reaul t or the cha •·f!e 1n the(« t wo epee tee could l ead to tl. e 

BRlll~ pr o por t tCJn of t h., total amount of> rlil d iollc tlve phosphate 

a sor be.'l at the t ..... o pll value!! i n quest i on (5 . ~> and ~ . 0) 

beir.g pre•·en t in tht.; t_1pe of comr.lex ( 1 . e . Fi gure 16 (3) ) . 

'l'his Yill8 actually observed, b eLr- eon 40 and l15 per cent of 

t be to ta l r,deorb d rsdtos o ti ve phoe pha te de~rorbtng with a 

rate conatant ,,f 2 x 10- 2mtnutea-
1 

et ph v" luef! of both 

3. 0 and 5. 5. 

T be other eJaorbe J redio~cttve pboepha~-alum1nlum ton 

complex that t e believed to exist et a pH '17alue of.' .3 . 0 la t he 

16 
aem Bf! that ebo n in Figure •as (1) . ~e wee d i eouneed 

above 1 t " ould be exp<'o ted the t thio oomplu: would also be 

pr esent at a ph val :e of 5. 5 . However as the relative 

conoen trl!l t1one of' 'both the tl -2 P04 ions "nd the 

m lea 
+ 

•· Al .. 
eurf'ace 

grou pe would be lee s a t >l P•i va lue of' 5. 5 tlls n et a pH value 

of' } . 0 it would b o ex pec tcd the I. the amount ( r< l o tive to 

the total amount of adeor 'oed r d1oo.ot1v phoapho te ) of' a 

OOID!llex sueh as thl!l t GhO" n in Fi gure 16 a ( 1) llou.Ld be 

not.tce•bly leee 10t tt•e higher pH value . 'l'hh wae no t 

to~ exp rt•entoo lly, tile r~lativ amounts of the compl exes 

with r ate constant:! x 1o- 3mtnutea - 1 bEolng the 11ame 

{e p;:>r~tm • te ly 2~. ) at both ph vnlues . ( i !'I htHI Alrea dy 



b H n <Hacusoerl ! t v-so bellev d t hat t h r complttJt in queetlon 

{t . e . Figure 16 (1)) 111 a f<eociatvJ 1"1th thio rat . oonet.ant 

!:or de sor p tion or t.tle redioa otivt! pb.;ephttte at l ee ta t a 

p~ value or 3.0) . 

The c omplex shov;n to Fi gure 16 sa ( 1 ) i nv olv e@ the bonding 

in eomo msnn•·r ot' en l'ttective ly dou bly oh~ rgrd s peoieet 

mica 

.. 
eurft~ce 

wt th etngly charged spec tea (H PO ) .' 1 t llli !_< ht be BX P"Cted 
2 4 

tbH t t .. e complex shoen in Fi gure 16 se ( 4) , which also 

involves t he t'ormation of a linkage between a doubly charged 
2-

epeolts (11 " 0 ) and tm ef't'ecttvely singly cberged epeoiee; 

mica 

eurtace 

4 

+ 
+ Al 

would a l so bsv~ a simi l ar r ete conetsnt t'or desor p t1on or the 

r adtonct1vc phospbat<' tone as would the complex (1) tn 

F1gur e 16 If' theee bo comr·l xee did have the same 

(or v tn•y a1m1la r rate cons tan te t>or ;2el!or pt1on ot radioactive 

phos phate ions t he ex peri111ental r aul ts "'ould only 1ndl.co te 

the existence or one t.ype of complex , t he amount of' which would 

be eq u111 t.o the sum of the aotual amounte of the two compl exeP . 

Thus the tot" l Amoun t of M<lto · cttve phoeph .. te with e rete 

conetnn t f or de., or'{l tion ot 2 x 10- 3mtnutee - 1 tha 1 wea 



dt> t eotablt· at~ ph value of 5. 5 o o11ld still b.e tlJ( same 

pr o po r t ion of' the to ta l amount of rod 1 o < o t1v~ phooph8te 

adeorbe:i at thh p!l value as t he pro vorl1on of' adeorbed 

r~ttl ioao tt ve !)hoe phe t e wl th t his eeme :re t e oon11 \.an t r or 

deRo r ptton de t ec t ed a t a pli va l ue o!' 3 . 0 . Such a n 

324. 

PXpl anation ae thit; c oul d acc ount !'or th e ei m1lar1ty of' the 

experime nta l r esul te ob t<l ine d et t he t Vto pll va l u t> e o!' 3 . 0 

a nd 5. 5 . 

I f Figure 16 repr eo t n te a true pic ture of ti .e c ompl e xes 

f or med be t we.• n r d l uao t1 v e phospha to ions and the adeorbed 

elu~1n1um i ons on \ he mioa s urfa c e a t a pH va l ue of' 5 . 5 it 

i n ettl l nec es sary to account !'or the existence of tbe complex 

( 2) sho¥>n i n th18 figure . AoJ only e s:~~all proportion of the 
2-

r :tdioll c ttve p hot>phe t e preB~nt will exbt as U Po
4 

t ons a nd 

1 t i s o l a o exp , t~d that tile e lum1n 1um ions .. 111 exi s t mos tly 

1111 the effectively e l ngly c hll r ged i on preo··n t i n eom~·lexee 

(3) and (4) , t he r el a tive amount of oompl Gx ( 2) will be amft ll . 

This c omples 1e formed by a bond of some type b etween ~o 

do uble- cha r !red apcc i ee and thu& 1 t would b e leev r eadi l y 

d1 f'~ oeia t ed thlln a ny of' t he othe r t.l:l r< e c ompl exes shown in 

Figur•e 16 Thus t he ra te oona·tan t for the de&or p tion of 

radl ot~ otive phosphate ions f'r om euoh a complex would be expected 

t o be lower than c1the r of .th . o ther tt< o r ate o onetan te 

dieous sed above. 

Jl a b8 e been men tioned pr eviously ( p)17 ) s ome expt- r 1mente 
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c onducted at a pi! value of 5 . 5 in whi ch deeorption wae carried 

out. for a much ton, er period of time tllll n ur ua l r evea l ed t he 

~xte tenoe or four difftrent, & t~ul taneounly occurring deeor ption 

Tbe tl<o f~>a tes t :.. f these de nor t; t1on retell wr r ., the 

esmE< so ha:1 b • en de t ee t~d 1r. o the\' exper t men t s s t thi lll and 

o thor pll vs l ue,. , nemel y ;7 x 10-
2 
minu t~;~s -

1 
and 2 x 10 - J mtnu t ee-

1 

The. a l o"'ee t rs te con r, t an t U.i'l t hBJ b een observed i n 

other ex p;· r1mente , 5 x 10- ;nltnut c; -
1 wae n <>1. obs e rv eJ in 

theee exp<r1men t a . 

rate oonE~tenta 2 x 10- 4 •n ' nu teo -
1 6 - 1 and 5 x 1 o- minu U..a 

eer e de t eo ted. 

has b~en attril)u ted to a oom;,l ex betwe<n tile r adi oa ctive 

pboapha t e iona and the mi os s urfac e 1 ~ell:" (see p • .316) . 

Cons eq uently i n these exper1mt~nts a t a pU va l ue or S ~ r; 

i nv olving very long desorp tion timea l t was beli ev ed that 

the complex b e t ween t h• r Ad1oeot1v" phospha t" tone and t he 

mice aurt"a oe 1 t selt "as r epre ,..,n ted by t he dee o:rp t1on r ete 

oons t •n t o:f 5 x 1 o-6 m1nu tee - 1 • 

'l'he only r a t e. cone tan t fo r desor p tlon of' the r-"d io ~o tive 

pb oephste ions ttmt bl'lfl not be~n ao ounted for i e 2 x 1o- 4 

minutes - 1 • 'l"he e'llount or tlle compl ex as ~ ooto ted with tbls 

de!lor p tion 1'!1 t e W!l" le ea (only ab on t 1 ~ - of' tr. .. t o tR 1 Allsorbed 

ra1torot1ve phoapha t e ) than thf' oth~r t wt. oompl ex e11 or r odio­

a c ttve phosphate ions ~ 1th the adsorbej e l umtn1um tone on the 

mica f'Urt Roe . Fr om t h e abov e cone 1dcrBt t ona , tt a ~pesred 
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tt,a t the r ate cone tan t fo r th~ clel!orption of' r~ d1oac t1v~ 

phoe;.ha t e ions of.' 2 x 10- 4 mtnut ·"' -
1 

W11A a raoc1a t ed w1 t h the 

complex shown tr. B'igure 16 on p. 321 as (2) . It >ti!U\ thus 

possibl e to account for the ex1otence of all four of' the 

poe t11la t e- 1 r- adloac ttve ph oepha te - aluminium ion complexes at 

a pU value of 5 . 5 . 

hxperimen 

tbe pr es enc6 or three deaorptton retee includi ng t hos e or t wo 

rod1oaot1veJilo~tpha te- alumtn .um tor, c0111plexes "'t tb the s ome 
-2 - 1 

rat conet .nte f or deeorptton or 2 x 10 minutes a nd 
- 3 - 1 

2 " 10 m· nutt\a a s hms bc:en dc,tcoted at oUter pi' ve l uee. 

A t a p!:l v>l lu of 9. 0 all the r adioActive phoephat would be 

pre een t se ll r-o 2
-

4 ions (see Table 2 It s eemed 

very unllke ly th" t '' t s uch a h1 1':h pH vulue tiDY of' the e dsorbed 

alWIItntulll tone would be preeen t "'n t he effectively doubly 

ohergrd 1ont 

ll tce 

eur:rece 

.. 
+ Al .. 

lt m1gll t be u peot.ed toot eon:e o:f th aluminium ions 

would be pre ..,., n t lla thoe effec t1 vely etng ly oh11 rged e peo1ee 

wt t n o1:e hydroxyl g roup , while the r lllll i nder would exiet as 

the e:f:f ottvely unchergt>d ton with two ettrtched hydro.xyl group.a . 

These t'llo poee1btl 1 tt ee are sho»n tn fi gure 17 : 



mica 
+ 

+ Al 
' oH 

Figure 17 

It would also be expecte.:1 t hat "t such a high pH va lue 

there woul d b• more of the ef~ectiv~ly unche r gedgl um1n1um 

ions tlltln of' t he e:!'i'ec ttvely s i ngl y chs r ged tone. 

It' the t 1'0 a pecies o:f 8lWJt1n1um tone •hown i n tbo 

s hove fi gure era the only for me of t he slumtnium ion which 

e:ltie t at taobed to a mica surface & t a pti value of' 9 . 0 th€n 
2-

i t might be poeoibl«' ~or H i'O 
4 

ions to .rorrn a complex wi tb 

each s pecies . Thin ~oulu i ive ri se to t wo rates of 

d e eor p t1on ot' H t-o4 
2

- ~rom t he mica eur~nce wt.! oh would be 

expeo ted to be cons iderably dit't'e r en t . The compl ex bet weeJJ 

t he r Rd ioa c tive p~Utpha te tone a nd t h e eff12c tivtly eingly charged 

s pecies o:f aluminium ion sbown in Figure 17 1s the fll\me IH! 

t be eomple;.: eho"n in F i gure 16 BR (4 ) and ~>d 1eved tu ox1s t 

t o a amall ext•m t a t a pli value of' 5 . 5 . '11'1ue t'rom e 

ooutp.;~ rt aon of' t he "'te cone tl.lnte t'or the c1eeorp tion at· r s dto­

ecave phosph,.te tha t were de t eoted at ph values o1' 5 •. 5 und 

9 . 0, 1 t would s eem that et e pl1 VAlue ot' 9 . 0 th" rate conetHnt 

for deeorp tton of 2 x 10-3mtnutee _, that bee been de t ected 
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i a a t t ributu b l e to a complex bet••een the H P (l 
2

- ions and 
4 

t he eff'~' cttvely singly charged a lumini um i on s hown at t he top 

or F.tgure 17 The ott~ r r ad ioactive phosphate-

aluminium t on c omplo: the t "' ould b ~ formed s t a p!l vol•Je of' 
2-

9 . 0 woul.1 b e be t \\ <' en H l'C. lone and : 
4 

mica 

euf't'aoe 

grOU)',) ll o Thto com;,lex would be mor e r eajily dissociated 

than tt~e similar oo::~plex i nvolvi ng effectively s i ngly oh!I J'Sed 

a l umin ium lone described above . Thus it ~outd have a 

hi gher r a t o cone tt.r. t :for de e ~rption . 

Aa th1~ oomplex i e bet~ een a doubly ~h~rged apeo 1ea a nd 

en eff'ect1v t- 1Y unoh r. rge j speci es 1 t woul d b e possibl e f'or 

i t. to hav e 11 aimil r r a:c cone ta n t fl'r l'lesor ptlon 1.o tbat of 

a oomple" betw~ tJn two s i ngl y oha.rged v:pec i ee , ThUI'I the 

r a t e eol'let.Ar;t fer deeo l'ptton fol' tb1 u com!)l ex b e t~<e t>n the 
2-

11 PO 1 ons a nd t he 

mica 

!!;I'OU'' c ould posef.bly b<e similttr to the observed t•a te conetl!ln t 

ror d 61!or pUon ot' 2 x 10- 2 minu teo - 1 t'or the oomplex formed 



at lower pH valuee b . t ween H2PG; ·. tone and 

•tea 

aur t a oe 

.. 
+ Al .......... 

01i 
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g rou:r-a . Ae t t.e o tbcr r e t e oonot tan t !'or desorp tion aoeoll i e tecl 

101 t h radioac t.h· ., r.-boepha t.e- a l Wilinlum ton COillple:ua 11 t a ptl 

value o~ 9. 0 Yas alao 2 x 10- 2 m1nates- 1 tt •eo b lieved 
2-

t h!i.t t1111t r·at• oc u!ltent W>fl£ i ndeed a£soo1 s. t d with the ll Po
4 

11!1011 

surt tt o 

,...,.- on 
+ Al ....._ 

-....... CH 

oomple.x at a pll value or 9 . 0 . It t ht- abovr auu~;~p ttono a re 

e~rPect it t e. thus pooa ible to aooount tor the ezta tenoe or 

the t "' o l'" t e cone bnts f'or deeorp tl on of 2 x 10-2•inutee - 1 

- 3 - 1 
and 2 x 10 minutes a t" pH va1u£ o1' 9 . 0 , 11 tr 11 ae !lt 

t o•er pP. Vftluee . 

I n tht" ebove tr' tt tmen t 1 t bElt! beN. ai?!'Uillf' d tbP. t the 

energy or s ot1va t1on t or tbe deeorp tt~n of t h< v r ouu forme 

of' r~d io.!!oUv~ phoeph~te fro m t he $lumtntum tone ed.eorbed 

onto n mics eurf'ece Pee comrara bl ~ f'or ell the dttft r en t 

rad1o~ o t1vc hoe>phBte- 1! eorbt'1 ~tlum t nhlm ton oo::m!'l exee <Hecuseed. 

The V8lldtty or tht e aeeu~ptlon coulJ well b e 1nveet1geted b7 

!Jertor~atne deeorp L1on expt. rllll<>nte ovel" & r ange of tempereturee, 

a ll < rl ( 8 which cou ld b un.Jer•to ken Ul th• futu r e . 

Ae wae 01en tloned pr evious ly ( P• 316 ) one deeorp t ton 
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complex was f'ou nd to be present i n all experiments regar <1 l ess 

of the saturati ng c ati on uee<1 or t he pH value at which t he 

experiment wa s oarr1e<1 out. Because of t his it ~as bel1eve<1 

the t tht s complex wss forme<1 b etween t he radioactive phospha te 

1onl!l 1111d the mice surf'ace 1 tee lf'. 

The mice. l attice consi s ts of' ~o t e t rahedra l silicate 

l~yere with an octehedral aluminium l ayer a~ ndw1che<1 b e t ween 

t heDI. Some o:f the s i licate i ons a r e x•eplae t>d by a luminium 

tone ttme crea t i n!': a negat i ve charge. Thts negative cha r ge 

could b e s atisfied by the oxygen stow on the mic e surf'~ ce 

acquiring a hydrogen a tom f'rom the environment o:f the mica 

surface a nd thu o; becoming i n eff et a hydr oxyl group as s hown 

i n Fi ,;ure 18 

H 
0 0 0 0 

I I I I 
-Si-0-AI-0-Si-0--Si-

Figure 18 

It t:f were poes ib l € .for tht a hydro)o/1 group t o diss ociate 

1 t could be r eplac ed by a nega th·ely c harged phosphate g r oup . 

!:f' p husphate groups were adsorbed tr. t h i s ma nner they mi ght 

be expeo ted to be ;held more tightly than ph oepho te groups 

tha t Ytex•e asnoc1ated w1 th the exchangeable cations , uch se 

a luminium , t hat were presen t on the mica r- urface. Thus , 

it' t he a ct1v.9 t 1on energies f'or deeorp tion of phospha te t'rom both 
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ty p~a.o:t' a daorpt ian site (echa n geabl e c a ti ons and te trabedally 

bour,d a l urnin1 um in the mica eur:t'ace} were comparabl e , 1 t would 

b e eicpe~ te-1 that the complex betwe en t he r adioactive phospha te 

and the alumi nium <i toms ttm t were part of' the mica eurf'aoe 

1 t-s lf' would d1s s oc1a te less readily t han t he o tber complexes, 

thus leading to o lower rate cone tan t :t:'or desorp tion. The 

only rete eonstllnt f'or cleaorp tion that " ·S present o;1th both 

alumi~i~ saturated and sodium s a turated mica surf'aoee was t he 

lor.eat r ate constant observed in experim~ nta ' ' ith alumini•l.OI 

e~ tura t ed micA aurf'ac ea . This complex b!ls ther e:t:'or e a rate 

oone tan t ( relo ti ve to ·the othe r l'a te cons tan ta obeerv <ld) the t 

would be expected if' 1 t were ac tualiy a r adioac tive .Phoepha te­

m1ca surface coMplex. 

'I'he r ate conetant !'or desorp tion of' radi oa ctive phosphate 

from the complex i nv o'..v1ng t he mica sur1'a ce had the same value 

5 -1 
( 5 x 10- minutes ) ove r a range of pi! values from 3 . 0 to 

9 . 0 . Over this range of pi! values the actual phos ph'l te 

2·· 
species ch&ngea from H 2?o

4 
ions to 11 ? 04 

i ons . As 

there ill no cha nge i n the .rate cons tan t :for deAorpti on r;t th 

change tn pli value J. t would appetn' t hat the a trength or the 

r adiosctive p hosphate- mica aur:fsot, compl ex did not alter 

markedly over this p!i range . A possible exp lana tion t or 

this is the t 1 t is only possible for one ot the nega tive 

chargeo on the phosphate i ons to be aasoc ia ted with t l.!e 

tetrahedr a l 81Wllin1um atom in the mica HUrf'ace. 
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Thue 1 ~ t he phosphate ion hod a s econd negative c ha rge ( s e 

in the H PO~- ion) this second cha r ge would t ake no part i n 

t he l"adioa c tive phoepba te - mica sur~ace complex . This would 

ex pl a in the obse r ved r eeul t , namel y , t hs t t.h r e was no 

appr eciabl e change ln t he strength or the rad ioactive phospha te­

mica surfac e bond whe !.her the phos pha te ions prea en t were 

H2:--o
4 

, H :>o
4 

2- or a mi x ture of' both. 

Some expe r i men t o hb vc be en C A rr led out i n whi ch the total 

a moun t s of r e dioao t ive phospha te adeorbed by s odium satura ted 
mi ca SDf oee, a nd by a lumi nium saturated 

mioA eur:rac.;e , 6 t the same pi:i valu.e , has been deter mi ned 

{ e ee Chapter 6 . 21 p . 128 ) • The to ta l amount or r adioac tive 

pbos pha te a de orbed by a n alumini um ae tura t ed mica surface has 

uEam shown t o be a ppr oxima tely t en times s e gr eat a s the 

a mount ads orbed by the s ame mica aur~ace when compl e tely 

saturated ~ lth s od ium 1ona at pH values or 3 . 0 and 5 . 5 (the 

only pll va lues a t which this comparison has been made.) All 

the radioactive pho epha t e adsorbed by the sod ium 89 tura ted 

mtoa sur~aoe we e pre ~ en t as a single compl ex with a rate 

conaten t for de eorp tton of 5 x 10-5 mtnutee- 1 • The a mount 

of r adioactive ph ospha t e ads orb ed by th<> aluminium s a turAted 

mica surfa ce and having the s ame r a t e ctlnstan t ror dee or ptton 
- 5 -1 

or 5 x 10 mi nutee wa s abou t 3(); of the t ota l amount of 

s de orbed r ad ioactive phosphate . Thus the amount or this 

complex pres en t on the aluminium satura t ed mi ca sur fa ce we e 

abou t three times a e great as t he amount pr esen t on the sodium 

s e tura ted mtc 11 surface. 
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The r eaeon ror this increase in the adaorp t1on or r adio­

active phosphate by the !lll<la sla•:faoe itself when saturated 

wi tb al umtni wu ions may be rl'll a ted to the eft' eo t or the 

mul t 1val;,r, t aluminium tone on the Gouy elcctric •• l double layer. 

As has a l.ree t.ly b c• n me ntioned tu the int roduc tion ( p . 
18 

t he lerg r ionic cttarg t: e o:t: wul t iv:o leut cations hav<> the 

ef'f'ec t u:r oumwntr>~ ting tr•~< liquid ch>~l"ge clos er t o the eurf'eoe 

of' tl•e mioa particles . 'fhue there is less scr eening eff'eot 

for anions at a d ie tJ.tnc e i'J• om the mior. surt'ace and consequently 

greater opportuni t.y !'or phos phate adeor p tton . Beca use of 

thi s it might be expected that, in the aac»e time interval, 

there would bo gtoeater radt oao t1V~> phoepllll t e a daoi' i•tl on onto 

a mica eurt'ace 1 taelt' when it was sa tura te d " 1 t h alumin ium 

ionf! than when it was ea tura t ed with nod1um !ono. Th1e 1e 

wha t has ao tually been observed in tho comparison x pe. r1mente 

pe1•t'ormed on m1c Et eur:t'aces ea tura ted wl th sodi um and alu.'ll1n1um 

tone . 

A e tudy llas b een madL i n thi s thes io vn the ef'tec t of 

va rytng the time f'o r Wilio l• r aJ ioMl t.ive phosp1 u te ~:~a.e ad a ox-bed 

onto an aluminium aatur · ted mic~ eur:rae~ on t he amount or 

adsorpt ion (chapter 6. 4 p .
197 

} . 1 t has be en foun.i that, 

for a cle or p tlon times ul' up to at lea t· t one h JUt•, the nu111ber 

and rel.> tlve amounts of the deeorp Lion complexes formad 

r cma1 ncd e one t:m t . 'lhe only change with 1noree c e in 

adsor ption time was an 1noren a e ln the to tn l amount ot' 

r adi oActive p hoe p te adeor~ ti on. Aa A r esul t of this 
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1 t sp9c•u•c d thtlt th• adg or ptton of radio ••o t1ve phospha te by 

t h<' v •· t•1ouR t,y pee o f ttVailao l e si t e on a llun i n lu•~ s Btura · ed 

tUioa sur:fuc es cou l d occur ¥ i t h eq ual .f'aclllty a 1~d th .. t there 

was no tendency :for pr efer t..ZJ tia l adeor ? t ion on t-o scy parti cular 

fi.Ype cf a dsor p t i on o1 te . 

Vii t r. s u:ffi ci on t ly long pc rioda or' a dsorptioa time 1 t 

nrlght be expeo ted tha t the r e woul d be a gr coa l<!r per c en ta ge 

of the complexes wi th l<Jwe r rate c onstente :for des or p tion 

detected . \"i hen t he radi ot~ctive pho!!ph8 t r: solu t ton wa e in 

c ontAct with the mio ~;~ surfa c e phos pha t e i ons ll'ould b e con t1n-

uouoly adsorbing an<l des orb ing. .Beca us e <leoorp tion would 

occur roore r a dily :frolll those t,y pee of' adsor p tion e i t e having 

t he hi ghe r r a t e constente :for desor p tion of phos pha te the 

ef'f'ec t1 v e m te ·J f i ncr ar·e of adsorb ed ph oopha t e on the l eao t 

r ead ily dea or b i ng si t.e e would be g r eater t !.e n t ha t on the 

more r ea dily des orbi ng si tea a s th~ e e l a tter si t ee .• ould more 

r np idly a ppro&<)h t hCl ir equilibrium cone n. t r>J ti on of r .d .loact1ve 

phosphs te. 

Up to an adeor !,J tion tiwe of r,bu ut one hour th e r e appeared 

to be no a l tern t1on in the proportion of the varioue. r edi oao t1ve 

phoephe t e-aluminium e A tura ted mica our:race comvlexca f or med . 

A poss i bl e rea c on i'ot• thi s woul d be tha t a ll the compl ex es 

were formed v ery re Ji ly , provi<11ng a phosp ha t e ion a ppr oached 

euffiot e ntly close to the a dsorp tion s ite on t he mica s urface. 

Thus, t he only factor contr olling the adsorp tion woul -1 be the 



amount of the radioactive phosphate in the adsorbing solution. 

If the nbove explana tton were correct 1 t would still be 

expectrd th8 t eventu,. lly the tot:•l number of adsorption si tee 

with n phosphate ion oompl ex ed to them would be relatively 

greater f'or the sites wi th the lower rete constants f'or 

deeorpt1on, ae these sites would have loet least of' their 

adeorbed rsd1oaot1ve phosphate lone throu~h slrnulteneoualy 

occurring deeorption proceeses . It would thue appear t hat 

f'or adsorption times of at least one hour the desorpt1on rete 

of' the most read ily deoorbed radlo•; ctive phoEphote- alum1n1um 

saturated mica surt'•ce complex was not sut'f 1c1ent to give 

a e1gn1f1cant r eduction in the relative amount of' thlo complex 

t'ormed by the end or the adsorp tion period. 

In the course of' this work some experiments have been 

c a rried out on tte adsorption of rediouctive phosphate onto 

the surt'ace of' aluminium (see cha pter 6. 6 p. 2oS • Tbe 

aurt'ace of' aluminium la always cove red ~lth an oxide coating. 

Under perfectly dry conditions this coating 1e very thin (about 
0 

10 A ot room temperature (Keller and ~ dwards,1 94fl a~ ) but 

1\ henever the surt'aoe enc ounter" moist conditione the !'ormation 

of hydrous oxidee oocur s , the ultimate th1.oknees of thi s hydrous 

oxide coating not being re oohed f'or many months or even years 

(Cabrera and Uamon ,1 947; s te1nheil, 1934) . It h&o however 

been ohown that the very thin oxide aoating 1.e Ati ll present , 
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0 
wt th a thickness of' a bout 10 A , on t he e urt"ac e of' the aluminium 

under the hydrous oxide layer in mo ist conditione ( Kell er and 

Edwa rds ,1 948 b) . 

I n t he present studies any adsor p tion of' rad t oa ctive 

phosphs te will hav e taken place onto t he outermost hydrous 

ox i de l ay e r on t he aluminium she e t studied. A 1 though 1 t ie 

recognised t hat tilt s outer layer contains appr eciable water 

(Hunter and Fowle , 1956; Kelcer and £"--arda,1948 c ) the exact 

na turee of' t he hydrous ox idee formed a r e no t known. Bt-letskii 

(1 953 ) hee poetull!l t ed t he exi s t ence o:f a c omplex mixture of' 

hydr ous oxides euoh ae Al o2H, Al 2o3 • H2o, Al ( OH)
3

, Al 2o
3

.3n2o 
and 1 t s eems likely ths t the s e tlllll ,c ompost tion of' this !lydrous 

oxide l ayer will depend on tbe ex t en t of' hydration. 

It would be expected t hat t r.e nature of the aluminium­

oxygen or aluminium- hydroxyl groups exposed at the surfac e of' 

these hydrous oxide layers on aluminium would be d~penden t on 

the pH va lue of an7 soluti ons tha t the alumi ni um came i n to 

con tao t w1 t b. Ae the exact na ture of' t.he surf'aoe or alumi nium 

is unknown it • ould be d1f'f'1cult to make e n accura te pr ediction 

of' t he na t ure of' the poasible sites f'or adsorpt ion or radt o»ctive 

phoo ba t e onto this surface. 

The rate constants for t he deeor ptton o1' radio ~cttve 

phosphate from aluminium surf c ee show a certain amount of 

similori ty to the !"ate constants obtained f or the deeor p tion 

of' radioactive phosphate 1'rom el umt ntum sstureted mtoa surraces . 

consequently some at l f' As t of t he complexes f'ormed w1 th the 
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hydrous o:x i de ooa ting on t hf! alumtniu1n eurf"ace may b e the same 

a s , or v~ ry simil ~r to, those rormed by the adsorption or 

r Adto<> otive phoe pha t e on to an alurftinilllll ea tu ra t ed mica surfa ce. 

However more wor~ would need to be done to establish precise 

values for the rate constants ro~ des or ption of radioactive 

p hos pha t e fr om alumi n ium surfaces be fore a ny detailed c omparison 

could be nade. 

During the cours e of thi s thesis s ome similar work was 

done by Ranl<:in (1 964) at Victoria nntvere1ty or Welling ton on 

the ads orp tion of r a dioact1vt! sulphate on to c a tion saturated 

mica eurf-,cea. He used the t echniques describ ed he r e and 

developed by th . preaen t author. Tbe results of desorp ticn 

experiments tha t he per foemed using radioactive sulphate and 

alum1ni wn ea tura t e.i mica surfaces were similar to t hose obtained 

in t he presen t t hesis . lie t hema tical analys i s of" hie r eeul ta 

in r· n ana log ous lllAnner to that described earlier i n thie thesis 

( ohllp1lr 5 p . 72 ) revealed the presence of A numb • r of d1trerent 

r>Jd1oao t1 ve eul pha t e- alum1n1u!n en tura t ed mica surfAc e compl exes. 

Rr d1oeot1ve s ulphate wo e found to desorb from theee compl exes 

at oomPflr"ble ra t ee to t he desorp tione of radioAc tive plloephe te 

i"rom aluminium s a tura ted mioa suri"ac ee studied in this work. 

As 1t 1e a ooluble salt ( eolub1li ty = 31. .3 gm./· t~O~o 
at o0 c (Hodgman , 19 62) a lumin ium oulphate would not have been 

precipitated on to the m1oa eur:fa o ee studied , es pecially at the 
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low oonoen tra t1one used . Thus tb<" atm11nr1 t.y or the r eaul ta 

ob tatne d wt th the radtoDc Uve phospha te ion rtnke 1 t seem moa t 

unlike l y the t the complexes be t ween thi s i on and an a luminium 

s aturated mt on surfac e could be of an entire ly differ en t nature 

to those obtained ~~~ n sulpha was the ndsorbed anion. 

The deeor p tton curves obta i ned i n the studies wi t h radi o­

a o t iv phosphate 1n t b t o work were o harncterist1o of adeorp t ion 

and not pr eo 1p1 tat1un phenomena . I f t he aotusl phenomenon 

obecrvf.J woe t he dissoluti on of a pr eoipi ta t e it would b e 

expec t ed that the r ate of' l ose of rad1oaot1vc phosphate from 

the mien surfa ce woul d be e 1 the r uniform or t end i ng ta 1noreaae 

w1 th 1nore•,s1ng solubilt ty of part1dlee tf dooreoetng size unt11 

th.: pr eoiptto t e ll'as all dleeotvod. This was not t he esse , 

the re t of los e or r adto nc t1ve pheephA. t e deo r eaei n!Z exponent1all.7 

eo t hR t t he aotual rate of' los s at any par t1oule r time 

pr oportiona l to thr a mount r ema i ning at t hat time . 

9$ 

Th1e 1e 

exactly the manner i n whic h deeorp tton of' on adeorbed s peot cs 

would be expectEd to ooour . It ca n t hus b e s~> en that the 

a ctual phenomenon s tud i ed i n thi s thesis has been the adsorp t ion 

of r~ dl oeottve p hosphate onto a ca t ion eaturAt d mica surface 

and 1 te e ube equent des or ption , nnd not t he f ot'lllation a nd 

dieeolu t 1on of a prea1p1 ta te . 

~'rom t he e 1m1lari ty of the r eeul te of t he deeorption 

, xpertmen te using hydr a ted nlum1n1um oxtde eurfs oeo t o those 

ob ta i ned wt.Ln t ile deeorp t1on or rad1ollc ttve pbospha te !'rom 

a l umiJiliWII ea tura t ed mica surfa c es VI BB A tud1 d it i s eviden t 
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that t he phenomenon a tud i ed wt th the alumi nium surt'acea was 

a l s o en adsorption end not a preo1p1 ta tion phenomenon. 



SUMMARY 

A t echnique has b een developed whereby t he adsor p tion 

of r Ad ioActive pho sphate onto various eur:f'aceA c a n be 

atudl cd a nd t he r ate or 1 te subseque nt d eeor p tion i n to 

e ui t ablt eolu.ti olllSuteeeured continuous ly . The surracee 

stud i ed have b een the 001 1:' -. c e of' mica ea turs t e ·l with va rious 

cati ons and t he e urt'ace of' alumini um metal which is hydrated 

aluminium oxide . 

A mathcm tice l me thod of' a nalysis bee been evolved 

whereby the deeor p tion of r ad ioactive phospha te from the 

eur:f'a c eo s tud ied can be shown to be cons istent ith a mode l 

where there are a numbe r of i nd ependen t f irst order (or 

pseudo f irst orde r) de eor p tion proc'eseee . These proc <ssee 

hav e wi dely differi ng ra t~ constants and it i s believ ed that 

these r B t e cone tan t s a r e charac t eria tic of dif':t'e r en t r ed ioac tive 

phoe phate- eur:f'sce complexes. 

The · deeor p tion of' r sd l. o ctive phospha te f'rom aluminium 

ea ture te l mic11 eur:f'acP.e and sodilllll ea turn t ed mic" eurt'a oee 

has been studied ove r a rsn~e of pH values (3 • 0 - 9 • 0) . 

It WB B found thst r o.:! toRctive ph osphate :rormed one compl ex 

wi t h the mic11 ourfe oe 1 tee lf' r egor:lleee ot' t he ea t.ura ttng 

ca tion . When aluminium Wl!e the saturating ca tion us ed 

t he r adioa ctive phos phFl t e wa s :f'ound to :f'orm t v o or more 

comvl exee wi th the a dsorbed a lumi nium 1onFJ t hems e lves . 

Simil a r c omplex es we r e n o t f'ound when sodium ""s the ea t.ure ttng 

ea tion . 
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The r e l A t 1ve a moun ts ot r .; d1o" o ttve pho 11 pha t s "deorb ed 

by a luminium s , tura ted and by sod ium saturated mtca surfa c es 

wse de t e r mined a t pH value s of 3 •0 and s·5. Inv ea tig t1ons 

wert ca rr1e4 ou t on t he eftecta on t he number a nd r e l Ative and 

tota l a mounts ut r ad ioncttve pboRphate- alumlntum sa tura t ed 

mica sur•fa c < COIIlplexes of the following : drying , t empe r t urs 

changes , ti rne of a de ~rpt1 on a nJ. time of de sor p tion of' r ad io-

active r,hoe pha ta . The r e l a ti ve amoun t s of' r r cl ioActive 

phos phate ad,.orb ed by llluml n1um S'Jturs t ed mica s urf..,ces e t 

d 1ff'e r en t pli Vll lues were also d e t erminfl d . 

The dea or ption of rddioactive phospha te f'rom o ther 

ca ti on s atura t ed mica s urfaces """ s tud ted briefly . 

Th" de e orp tlon of' r ad ioac t i v e phosphate f rom hydrated 

a lumin ium ox i de surfa c es r e s stud i "d ove r 8 r a nge of' pll 

va lu s ( 3 •0 - 9 .0) . 

The e f feo t s of' a number of s ubs t.Ano es on t he r a t e e of 

d esor p t1on of r ad ioactive ['hospha t e f r om aluminium e <> tura t ed 

mica surfs c ~ s and from hydrs t e J al uminium oxid surfa c es 

we r e t nv ee ti ga t .,d . 

Stud i e s were ca rried out on the amoun ts of' adsorp tion 

of phos pha t e from ra tl iof.J otive )! hoe ph8te eol uttcns of 

increasing o oncentra tl on ( of' bo th r •· .i ioa c the a nd non­

r A.i toa c tlv<:: vhos pha t e) onto a lumini \lll. s g tur .. t ed mica e11rf8ces 

at a pH v . lue of' 5 . 5 . The r a t e of eJC chs nge of r a l1oact1ve 

anJ non- r a n i Ollotive phospha tt acl e orb ed on t o l'l •nico IIUrface 

w~s atud t e d briefly . 
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