RQDEH L G

SUMITIED FOR THE DEGREE OF
o

e

CIOR OF PHll0s0cd

4Bk ZEALAND
1965



Chapter 1:
Chapter 2:
Chapter 3:

Chapter L

Chapter 5:
Chapter 6:

CONTENTS
Page

Introduction 1

Application of Radioisotopes to Soil Problems 20

Materials Used by 4
3¢1 Hica 37
32 Aluminium 45
3*3 Ion Fxchange Resins u7
34 Radioactive Phosphorus 49
Experimental Procedure 50
L*1 Apparatus 50

L4+11 Geiger Counters 50

Li*12 Detecting and Recording Apparstus 55
L4*2 Counting Procedure 61
L4*3 Processing of Deta 67
Mathematical Analysis of Data 72
Experimental 82

61 Control of the pH Value of Experiments 8L

6.11 Problems of Experiment:tion at
High pH Values 91

6.12 Control of the pH Value of the
species on the Hica Surfaces 103

6.121 The Effect of Changes in pH
value on the HNature of
Aluminium Ions 105

6°2 Adsaption of Radioactive Phosphate onto
Cation Saturated Mica Surfaces 121

6.21 Preparation of Aluminium Free Sodium
Saturated Wica Surfaces 128



6*27 ondium Saturated ¥ica Surfaces
6°2% Aluminium Saturated Mica Surfaces

6+231 Zxperiments at Very High and
Very Low ph Values

6232 The Effectd Different iluminium
Compounds Used

6+24 Other Ostion Saturated Mica Surfaces

6+3 The Effect of Drying on Radioactive
Phospha te-¥ics Suface Complexese

6+l The Effeet of Adsorption Time on the
Amount of Rsdioactive “hosphate
Adsorption

6.5 Relationehip of Temperature to
Radipactive Phosphate ‘dssrption

6+6 Radioactive Phosphate Adsorption
onto Hydrsted Aluminium Oxide Surfuces

67 The Effect of Desorption Time on the
Analysis of Results

6°8 The Effects of Various Substances on
the Desorption of Radioactive Phospha te

6.9 Studies of Phosphate Adsorption
and Exchange

691 Adeorption of Radloactive Phosphate

692 Exchange of Radloactive and
Non-Radioactive Phosphate

Chapter 7: Experimental Results
Chapter 8: Discussion of Results
Summary

References

Agknowledgments

177

183
187

199

197

204

208

217

230

2h2

277
282
313
3u0

350



'.

ys mTER

iny veacttop that oceurs betveen two subetances will
derend 1rnitisily on the ruaetlon, or lack of resction, of
the various stowe op maleculer that spe on the surfages of
the =ubptances belng hrsught into centaet with each other.
¥hen reantions jnvelvins submlonces of very swmall particle
sige spa tuvestign . tee actusl deiled acspeeliion of the
gunrfoce layor of these 2urtiales becomes of porsmount
iaporianse,

fac 1n nzade of psrtlcular surdaoe propeériice of various
sudetsnees iz many nspects of chemintey, Catalysis often
Involwas the pencticn of molecules or atome of two substences

st the mupface of » third subetsnce, in this care

the goupeslition of the rurifmee Layer of the catialy=t particlce
te¢ of far urecter 'mportance than the a -tunl ohemiaasl
aomroaition of ths entnlysi an awole,

The eheninal oprzseition of 2 meterial 57 rmall particle
nize dmy be marvedly inCluenced by the »percnce of adecrbed
atose {ur melzzuleg) on ine surface ¢f ipndividval particles.
This Jofluense say e aush thet chenlesl anslysis would lead
o the Belle!, “rom slolchicmetlric ccmposiilmn, that the
sctusl Susgeukd wos Atifepent from s sianilar cuvpound without

excess me terial alsgrbed onto 1ts surface, A lapge nwmber

VYICTORIA UNIVERSITY OF
WELLINGTON LIBRARY,



of snmrles of apatite {(»n basinz ealoius phosphets minepral)
whish have been o own 2y Yeray 2nalvels o Gave slallar
erystsl strnciupesn, have a very vile rangs of cuenloal

goupostiion {Hendploks £nd 513, 19230 ; Kousen @.d Beuman
po i

1953}, T4 has bern paloal=te? by Sorlatved {§959)
thatl the adeor: tlor of suly fwo op throes 2xceas phusphste

or asloium lone per usli: cel! on i gurfacy ¢i <rysisllites

of syntnetie apstite, of theoredfond a5 *5ue {“¢
2 3

&>2
eevld orume veristions &n the “a’ pa’'ilc frow 1., 10 2,0, Trus
it gan be. seen thet sorbed wterisls sny amrkedly sifeet the
eheriasl comrpeition of & substarnce while heving little effeot
on its boslic erystal structore.

Hany of the vhenewenn of poil chemiciry rre related to
effeotes ooourcing on the lerse aseeas of the surfeaces of olay.

minerels hydrone gxiter cta. whilah make up the woils Ylente

growlny in the npoil gh'e % iargc saount of their putrient
peenirements fros rairionteshich lncluide shosphs te,nl trate
or suinhate tore yreecnt in the 90l golution. «n these

materiale see resmved By o lan b they sre repinesed with

freah me terial by the r.tlen of lisselution wf the
putriente from efiher the eurfaces ol the soil psrticles
oy them#froee of varlove,ri iivily lusoludle sompounds
presont 1n the zotl cither maturally ossureioy or added as
fertiiizera,

The availablilty o the varicus anicnls nutrionts

(sulvhate ,sheachate ete.) to olest rosts ie a watier of
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great fmportence lo detaveialog e ebilily ol powitoular
golls to suppori vori,ue Cruie. tnewledge of this
availsbility of nuirienie 1o pluctbe fe sapg-ly &y irioal,
ofter heing bome’ sr the smount of aulrlout runoved by
various ehemicsl and plant exdrasisnts i p.lellon to the
totrl mmeunt prosent in & particuler soil saople. The
elneidation ¢ the petuvre of th verisue eolofeseil
auriscs somnlox: s Sbhatl ave presest iq zeils esnld bseme
tmportsnt in the desi D af #8ens 1o iperenas Whe ovallsbility
af these anioniz uutrients to plaais smd thwe 3 inorease
moil fertility.

The proporilon of woterlsl lovolved in surface gomplexes
petvesn anisne such a2 edphstle and phesphate and tie individaal
scil particles is very amall in relotion to the goil as a whole.
Becanse of shis it 1s Gif’feultl to luvostlgaie the propertlies
of ithese complexes by @onvoitlshal means, sny ropctions
iavolviag. ,thﬁs'm: gomplexss arc Likely to be hiaden by the
pecciion of the sull (or tusas pactm ol 1t that react im
soux way wilh the recgonis used) ehish saiee up suh agreat
propprilen ol the syeileu belug & euliide

Thie 4475 feulty of siudylng We resctl.ne ol bty &
very smsll properilon of o scll sample, vr Acy 2Wur syetem
whercln toe total smeunt ol any pertieular surface complex
is very omell in rolalisn ta thoe wuole nmn;,lu, aull DE QVEIeone

with tbe use of redicisolepes. 1T the anien invelved iB



Le
g surface gomrlex with e3l1l, or o particular Traction of the
goll, ir raftorotively 1ahelled 4n soms way, the total amount
of suat a comyplex cen b memsured very pesdtly, If the
phaenhate anfon wee shdied,vsins radlosetive phoenhsrus ('”P)
an grount of 5 x 10_w gz, 0f Thosphbate aould be dstected
rea?ily 1f the phesrhete war “escrrler<Cfres®™ { 1,s, no '
praeent), {The ahave amount masumeg 12 coumting efficicnoy
and a countmts of 10‘5 saunte ner winute), iven if the
radioactive rhaschats uwecd was only 0,010 32? the daztectable
emgunt woeuld still be 3= law ng 5 x m’m IB0.

Atadizn on ths itoti)l asount of phoephate, or other anions,
on the surfacc of avll pavcticlas suuld be earricd oul by the
uss of rediosetively labelled fonn, ss sguld the amsunt of
rendily exehangesable anion. The smount 2™ a papticulap
snlon presont in the 3011 ibst wes pee’ily szchanzesble with
a sainiion of that anion irn gontact with the 2011 enuld be
getepadned by wdding & asisute aunsnmt of rallynotively lobeslled
avion %o an equllidbrimm detve.n e goll aud 3 sslution of tue
innetive anion. Promw the ameunt of raiissative anion
admerbad by the e211 over g perisd o time LU would be
ro@nible to ozmioulate th: amcunt of the rurfage complexed
gaton that b ! exchang:d »ith the anton in the salution
in that time, Such Lnforwatisp would be uvseful in
obtaining s mewcure of thy =vsilability of this arlon, from

the surface complex with the svil, to planteor othep
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subsianced in the soil solulion capable ol reuoving the
anfon fres solulion,

Froa excbsnyge 8 ludbes Wslie r.diouctive snione the
eristence of 4iffepenl masorpilon elics Les boen deduced
{ vege Gump, 1363;. Lxehange bHae buch Foulid o ocour
at & asumber of diiTerent, siaulianeously oscur:lug,rsiss
betecen woil and selutlon. Frowm thle 1t bus been
gonoludcd thet thoeee are dilffercni types of sltes in soils
86 wotun tie veripue anions being s iudied are coaplexed, the
difierent oltesy belng characteiriacd by diiferenti rates of
peleace ol the anions intu so.ution. A ter pralivactive
exchange wiih the 8oll bae taken plnee i is possibie to
stady the vapricun novunile ¢f redinsctiveiy labelled eniom
that ean be extrsclcd frow the eoll wilh dirfsrent ex tract-
enis. Sgan smeudis wey theu be osupared with ‘he aucunts
axtracted with Jdiffeyect veagentes in the conven tionnl
me thode of Jdeterwing tion of e evalilabliility of nutrient
aplone in tus seil. Sewe of tue wesultle that have
besn pbtained by thoese redicactive teennlgues are digcussed
eleewhere in this thesis (ser seedioh on applivation of
radisisc tupes to eoil problems p. 20 Je

Uwing to the semplexi §y of evil 1t 18 not yeniily
possible o ebt:in talorme tion as te the exact nsture
and pesiiion of antomescll purface complexes, Keaause

of the large number of dliferent types of sites in the
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soii at which su~h complexes aonld exind 14 in extreuely

4477 1outt to arai-n any perticslar comglax (a3 charnsfiriced
by si exelnnge rate fros selulisn for i{nntanea) %o e
particulinr Lype . 2ile, ™ avder ) averaore this
4ifMieuils 1t {s denirnhle that stadlen be zade on e aniofn=
surfsce eomplenes 97 the varlous L0Aividoml esnotitucnte that
wmake up 4+ 8.1l saaple, Cnae the natnre of the surfses
gaariexes Tormed by the warlous snions with acil aoas il tuonte
bas besu eluaiint d, itue sosilete nigtare o™ the sumnlexoa
formed ~y aniono vith the es!) pirtlelc surfaces may he
obisined oy tesling eamdinatisns !l the variove soid
eonstilucnte in conirslled amounte, In thls way an
unisratandiog of all th: waye in vhileh the verlous nutricnts
required by plaats are Deld by the soll may eventuslly be
oblained, suei: knosledge #oall ba waluable in zorking

out meane of oversoming verlous nulri-nt ghertases im noils,
elther by addition of missliny nu'rlsnty ar By 2sme treatment
of She goil to render more reaiily svalladle nutrt nta already
present,

A largs pressrilon of tie werleus snionis zutrizate
roguired LY plants scous Lo exist 1x ths auil as surfioce
complexes vith varlous clay win rels, ipfortanstoly gt
18 diffieult to gbt in individusl clay aimreals fres from
other minepsls, Sepsration proccdurcs sre npol completely

effialent, and attempis to rcmove finsl ameunts of iururities
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ofter cause at least partinl demtruction of the o¢lay winerel
being sought, Kow-ver one zroup of alay minerale. that can be
obtained in a "pure state" is the mica group.. Beeause
of ihis 1t vas decided to study the adsorstion of 2r an‘on
{phesvhate was the anlon choson) onto tie surfoce of this
miner:1l group.

T e presence of miese inclays hes be n recosnised
eince the Piret mieroscope stulles of arzillaceous materials,
It 1 now known te be vidcly distrivuted aleco smong the fine
gpained Cpactions of claye {=f, Brown, 1964}, ihe Btracture
of mica wne aneng the Pirst of the clay minerals to de
elucidated, chemical eompusitiens and structurl deé ruine tione
bzing earrled out by Vinchell (1925 a, 1923 b) Hauguln (1927,
1928a, 1928 b), Pauling (1930) and Jecksun and Weet (1v30,
1933).

It was early recognised ss a pesult of theee ctudies
that tie structure of the noli-swelling mice group wao very
similar to that of the ewelling montmorilleonite group of
elay minerels (Hofmann, Endell »nd ¥ilm, 1974). Both
gvoune of clay minc ale have a laver structure corposcd of
two tetrahedral silics epheets vith s gentral occtahedral

slumina eheet, as shown diagrammatically in figure Ij
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There Besm to be elx elmple waye {0 which ths mies lay:ore may
be sigeked on ton of esoh other in sp prdepcd asmner (S2ith
ard Yader,1576),

The etrocture of mina ia well knose and it s roasidble
to eht in large, pure sewples of the yorieus mten rin:rale,
Hloe cxbibite pepfect hHrael elesvsve,nanlitiine aleng the
004 rleme { o sxiel inte very thin, emasth plates whioh ape
Plexinlis ant elestie, The gnrface »f these vinten fs slmost
gownle tely gvpcth even a2t a moleenlar lewvel, te 3 peeult
of thde 1t 1s poreibls to obtein a sheet of mwies, the -urfage
of whieh her only 2 wery small pronertion of edeesm to the
gurfane apse, Thue 1t 1s poesidle tp etuly shemomens cecarring
only on the eurface of @ pieee of mice, providing the guteide
edges are eultehly shielded ( 8,7, with pava®fin wox), This
enrsblive the adeorntiorn of anione s«nte & known slay minepsl
surfece ta be stu?ied 1 teolatisn from sther, poseibly
emppetine, recotione,

The gurfase of mies 2 = Boysrons]l shect of nyygen
s tome, Thie eurf 2e¢ iz slzilsr ir giructurs € that
of 2 rumher a¥ other 2lay minerale eush 22 montrarillsnits
(bath surfusze of 1he partieles), vermiawlitelhoth murfaces)
Ballozetts ard ksolirtitelenc surface) =nd others,

In a1l mies there 10 2 net negative ohaprge sacsolsted

with eaeh.unit eel) beopape of leomorphenas eudstitution
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within the lattice. Thie subetitution is of twe types,

in the tetrshedral eheet shere guadrivelent gilicon ntoma

are replaced by trivalent aluminium tons (Bridellite
subetitution), and in the octiahedral sheet shere alumintum

is reploced by lons of lewer valeney, perticulsrly

macnesivm (Zontmorillonite substitution). ixamnyles of
these twe types of eubstiintion mre shown in Tigure 2, p, 10a.
¥ogt of the esubatititution in mics is of the Beldellite
type,well erystallizmed wmica heving 255 of the sllicen

atoms replaced by alumintum (Grim, 1953).

All the experiments performed in this thesis on mies
gurfaves wer: corried sut using suscovite mioca, Huscovite
1s 2 dloctahedral mioa, thet is only two thirds of the
posaible ootahedral positions erc £illed, and the ocotshedral
sheet is populated only by aluminium » toms,. Thues there
would be very litile, 1f any, of the Hontmorillonite
subptitu tion in the mica samples aeotually studied. The

A1 JA1 O
» 2 L 20

strus tursl formula Por vusaovite is (Oﬁ)‘ ¥ (81€
1] 4

end the tleorciicsl gompewnitlion X0 = 11,87, £ Gy =L0,27,

515_105 = 30,50 and Hgd = Ladi. “apowviie is 8 wonwciinis
[

minersl sod the wndt eell, which hre dlmcomions o= 5,2 4,

o o &
D= 5.0 0, ¢ =203,0 +3% 30 iz c.uposed of tvo
¥ .
sllica-alumina~ailica laycre, Recause of igururshoue

substitulion voeh layer of the unii cell Las u net negeiive
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ORIGIN OF EXCHANGE SITES

IN THE LAYER SILICATES
Jackson (1963)
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S Magnhesium O Cxygen

FIGURE 2
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eharye of mhout 2, s aanh layer hog tog surfaceg the
nesstive oharge erapeioted with the surfase spen of one
gide of the wnit cell will be 1. Thet o, thars will
be about sne negative charge per 4% <50 en, 2 on smoh
miea surface,

fne of the aims of thie theeis wan to stndy the amsunt
of rafdisactively 1lsbellad shosphste thet wars ndnorbed 3nto
the enrfasee of wles sheote, #1az whiab 2or bemlit inte
very trin eheats s yepr aatinfactory “or this rurpsse
beesves the redizeetive vhegchete prer<cnt gsp be pescured
Shrengl the mice ghoet ftes1f, toe abheet belrng guffiatently
thin to trzpexit veel1ly the /B rertiales omitted In
4he Aepsy of the vriicratiwe rheertorae, Cormeralnl
end-wirdew zeiger eguntere or+ mede w!ith mien ernd wirdowe,
end thio nilee 1 n cnovch fte ftreremit muoh wenkrr/ﬁ
particler than those cmitted by ~hosphovrue 122, The/B
particle enidte? ¥ sulphue 3%, whleh ie orly one enth
ne energrtic es that from phoerhnrue =32, e dc tected
veadily with “hoer pelger ocunterns, fome of the work
done in thiz theslr wic carricd ovt using the zetusl
mics apdemindow of sn enflewirndow -eloer commter na the
surface for rad!aa;tive rhesohnte adasr tlon »nd demcrntion,
Giher work was Joue wl'2 mies shoetln thed wvere placed ovep
this end wirdew, the /ﬁ? nartioloa Cron the ratiopctive

Phosephoras bein: resitly teenaszitted throveh the twa
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thicknerscs of mien into the sensitlv& volune of the geiger
eounter, The anion chosen for the morption studies on
miga surfaces in thie theslies was ihe oribophosphatie anion
Pcs- . “hoephorus is one of ilhe major requircments for
plant uutrition, and conscquenily the fixation of chosphate
by soils is & major problem in esil science, “nny
workers have lnvestigated the fixation of phosphate by
seils using both rriiosctive and none-radiosotive phosphate
Gome work has also been earried out on the féxation of
phospha te by particular @lsy wmincrels euneb sa mica {Perkins
and ¥ing, 1943) vermioulite (¥itre and “rakeeh,1953) and
montmorillonite (Martin and lavdelout,1959; 1964).
Perkinre and Ring found that lb.t phosphate Tixation depended
on etruetursl sluminium, only a small perccntage of the
total Tization being due to ¢»tions present on the mice
surface. In the present thesie only adsorption by the
surface of mian 18 consideprecd,the edgee of the wias lhﬁctl’
atl which adeorptiion onto structursl aluminium and siliecon
aeould oeccur, being largely elivinated from the pemction
system (of, p. 37 }e

Fucephate firation by the hydroue oxidee »f iron
and aluminium has been invemtigat 4 by Swenson,Cole and
8feling (1949), %114 (1950), Kenw-r and Grewal (1360) end
thcvt. Btudies on there oxidee arc cowmplicated by

Sheir variable composition snd epeaific surfeces, the



i3
jmportance of whilch bas becn eupbasised by Ferkine end
wing (1944}, Orobam and Thomas (13L7) and Celwell (1959),

The aotual method of phosphorus fixation,whether by
precipitation of inscluble phosphates o ths surfaces of
the various coll conetituents or by adeorntiion, elther
physical or ohemioal,onte theas surfaces, gecwe to be
& lergely uwnresslved problem, Humeronn corkepe have
offered evidense 1+ Tavour of both thess meothods, and {1t
geems possible that different constitu ents in the soil
may cauce bolh methode of Tixation 1o eccur at different
eites, Ivarov (1955), Blanchet (1359} ,0sl=ell (1939,
fokell and Jerdan (19%9) and stbers dedused that phoephate
was bBeld on various elsy mineral nnd oxide surfaces by an
sdsorption wechaniem, “ittrick and Jaokeon (1356)
working on nlm!uim,iron snd caloluw compounds snd Haprtin
end Yaudelout (1959) who carried out studies on ibe Lixation
of phosphate by the cley wineral montusorillonite sald that
phospbate fixstion wes » shemiosl precipitation.

Btudies by Yasnwar and Groosl (1960) led them to the
belief ,from » eonsideralion of the meleoulsr ratlos of
Wh/lao’ (Ra AL or Pe) that fixstion invelved the formstion
of basie phosphates of iren and aluminicm, However thoy
slgo ealenimtsd from the muebh lowse patio of ‘r*f*k/-.‘:-o 00y
thet phosphate iz snly sdeorbsd sod net preeiplisted on

the surfece of calelum earbonate psrifoles, Yere
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peasntly Baobe {1964) bas obtained results that secm to
indicate thsi the fization of yhosphate by frdn and
sluminium hydrous oxides gesurs in etages; preaipitation,
ehemirorption and phyelfeal sdeorstion all oceurring in the
same oys tem,
The gompostiion of precoipitates of phsephate with
{ron and aluminium hydrous sxider 12 given by a number
of autzors in the 11tersiure, There aesms Yo be noi more
then one phosphute group aescelated with ench sluminium
{or iron) bydroxide moleeule in lhese prscipitates.
fwenson,Uole and Steling (1942) found thet the preeipitates
formsd bed the oomposition AL (52033 (Uma 212:’01‘ oven
when the retio of H.‘,i"oh t AL @ D21, They postulated
& meshaniom for the formstion of the precipliiste as:
wh oh
A (u,e)):ou . az;sou" - 120,007 ol e

OH PO
k2 b

The etability of the riyht band side of this equstion iw
greater nt low pH wvaluse. ig the pE velue of the soll
inereases equilibriuw 1» displaced to the left and phusphate
is veleasag, Ths eocupesitivn of ths presiplitate glven
by Bache (196hL) which is Al (Himz‘)n (C:H):‘ - iz slse
dependent on the pit v-lue of thr solutions I=om which it 1

formed, In his formuls net for 1 values lese than .5
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and 18 less then 1 for higher vli velges. in the aralssous
eoupound of iren phoaphs te, Fe (u #o ) {(0K) n iz less

2 y° e
then 1 for all pH values gremter than $e3%. It hee been
peported by Seatlz (4954) thet, from studies on the equllinria
petvesn aluninius snd iron phospbates (Al 70 #nd Fe 'Ob)
ahd radicsstively lsbelled chospbate in sslution, 11 Appesrs

thal there is not mueh phosphate held ip solle at 223170
or pﬂ:-gh ratioe of 111, However at other ratiss rhosphate

maxy be held more sirongly.

It is olear that the exact meetaniem whereby phosphele
48 fized in the soil has notl been cempletely resclved as yet,
Beasuse of the importanse of the av i1lanility (or none
availability) of phosphete in the seil to pleants grewing
thercin any work that cen help to elucidnt o the exact
meehanism of phosphate fixstion may be expeated to be of
sonsiderable benefit to swil secience.

The precent fovestigation hee been carried out on the
adsorpiion of phesphate onto the suprfases of # elay minerel,
nemely mies, #ion has = net megative ebharge resul ting
Prom §semorphous replacement within the unit selld. This
negative oharge i neutralized by the sdeorption of eatine
onts the surfaces of the miea partielen, Prom the
1ltepatupres 11 15 evident thet the amcant of edesorpiion by
nega tively charged elsy minerals of rhoephste {and pihey

antons) is influenced by the nature of the sdsorbed calion
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preseat in asnceiation with these clay minerals,

1% hes been found that the presence of multivslent
eations mssocinte? with eley minerale causes wmore phoephste
adsorption {or fiszatien) than decs the presence of monovalent
{ons, Raglend and Seay (1957) found that sluminium
@atura ted elay minerale retained more phosphate than did
the same olaye when saturated with cslolun lens. Sinilariy
Sehuale (19355) observed that ealelus eaturated bentonite
adsorbed more phosphate tham 41d swmonium ien esturated
ventonite from the same  hoophate solution. He: also found
that mere phosphate was required to saturate calefum
bentonite than smmonium bentonite . Russsll and “ow(1954)
found that the greatest amount of phnephate adsorbed by
kaglinite was obeerved in the presence of aluminiuw ioms.
Hertin and Loudelout (1959,1961) found that, although
eonaiderable phoephate fixation oceurred with aluninium
a6 turs ted montmorillonite suspensions, none occurred when
the montmorillonite was saturated with sodiuw ione.

Studies on the effect of the exchengeable eation on
the vetertion of sulphate by clay minerals have ales
vevealed the grester effiolency of multivelent ione in
inerecsing adsorpifon. Ohao,Harward and Pang (1263)
obtained an order of ecation efficiency in alding sulphate
retention, Itws a%*> > ' > nnh’>$=*. Tney
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eaid that the influence of the &fferent eatlons was due %o
two fmotors; the satunl estion itsclf and the pH value of

the solutione conteinipg 1t, the lower She nil velue the more
gulphate adsorptlon oseurred. Chang and Thomes (1963)
found elmilarly ithat divelent cationz caused more anion
adsorption than 418 moncvalent eatioms that wers aezoalated
with the olay minersl net nogative ohsrges. They pointed
gut that the use of the trivalent cation sluminium gave
adsepption vesulis that wers complicated by the lower pH
value esused by sluninium sslutions. They postulated thet
the neutral syetem of, for exsmple, ytirium (Y%} jons ehould
give higher anion reteniion than would a system with a divalent
eation,

W11d (1953) etudied the retention of phosphats by clays,
subsoll sentaining clay matertals, elusiniun sulphate
(“a(“h))) and aluminiusm saturated lon exchange vesins,

He estadblished that the exchangeable ¢stlone influenced

the amount of phosphatc asdsorbad by the slusinium in these
syetess, fwo alternative expiasns tiene wopre advanced teo
explain theme results, Vild minteining et either,ar Hoth,
sould apply. e thought that 2! ther verious ou
releaced veorious swounts of alusinium, the nlnmlmzﬁn 1teelf
esusing the petention of phosphrie, or else that the
exohangeable cations affected the dietritutien of pheephate
fone in the Gouy layer and thie factor determined the amount
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of pheepbate sorption,

This lset explunation of the effect of different eations
on the redention of phoephate by elay wminerale in terms of the
Gouy electrical double lryer has been discussed by Verwey
and Overtesk (19L8) and elso refepred to by Chang ard Thomas
(1963}, Verwey and Overbeek stete thet greater adecrplien
of anions is poseible for elay systews containing divelent
oations than for thoee conteining mencvalent eations beonuee
with lapger catignie charges the 1iguid charge i@ concentratled
closer to the sarface of the clay mineral perticles. The
sorresponding inerease of the doubls layer earaeity implies
& larger repulelon for smell distsnces from the particle
surfaces, However the gorpesponding contraction of the
double layer ias the pesult thst the repuleive oo ter tial
for anions desays mors repidly with inareseing distances
and w11l thus be 4iminished for grcater distances Irum ihe
papticle surfaces, Thue there is less sevecning effect
for snione, nt a distonce, from the elay wineral partiole
surfaces when the surfeees mre setorated with multivalent
fons than when they are ¢ turc ted with menovelent lomm, snd,
eonsequently wore opportunity existe for anienic edeorption
onto the elay aurfaces,

Bome studies bave been made on “he adsorption of

various sations onto oley mineral surfoees, Copk ,Cutler,
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F¥111l,7adsworth and Cblad (1953) and Gostes and “nderson(49%55)
found evidence for the presence of two 4different types of
godium mdsorption sites on wontmorillonite, It was
suggested that these different sites may be dur to B
eoordinate and L~ coordinate aluminium in the wmontmorillonite.
Hye, rais ,Coleman and Ragland (19€1) have shown,from exchange
isatherme, thdt »luminium ione are sorbed more stronzly onto
exchsage sites in wontmorillonite and ksolinite than are
potessium, sodium and esleium ifone, The relative etrength
of bonding of eatione In the alkali snd slkalire esrth geries
{11 thivu,sodium,potassium ,rubldivun,cacsium,eslcium, strontivm
and barium) onto the surfaces of various mica minerals has
been investivatcd by ¥eDowsll and #arehall (1962),

In the presznt work etudies bave been made of the
adeorption and desorptiosn of radiocetive phosnhate from
gation saturated miecs surfacce,using sodium saturs ted and
sluminium saturated mie: surfaces, over a wide range of
pH values { 3.0 to 9,0). Iin addition ‘lesorption erperiments
have besn performed with miea surfaces ssturated with other
eations, and also with aluminium oxide surfaces, The
effecte of dAryiny, temperature changes, adsorption times and
desorption times on experimentql results have been inveetigated

.and some studies carricd out on the effects on the desorption
of radiosetive rhosphate from aluminium saturatled mlc:
surfaces, and aluminium oxide surfaces, of different reagents

used in soil phosphate extraction procedures,
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AFVLRIQATION oF RADIGISOTUPIE T0 H0IL DEOBLENS

A study hos becn made in thie thesis of the sorption of
radiosetive phosphate onto the surface of a soil wineral,
namely auscovi te miea, The firet uee of padionctive
phosphate in the prodblems of s01l escience was by Hevesy,
Linders trom-Lang and Oleen(1736) who studies phoephorus
apiaice by plants. 8ince then much work has been done
in favestigeting the prublems aessooiated with eoil and fertiliger
regearch using this and other isctopes ss radiscactive trasers.
(8ee for sxecple revicwe by Herbat, 19533 ¥ot:ingly,1357;
Hattingly -nd Talibudeen, 1964),

A number of different types of problem in so0il selence

hawe been investigated by the uwee of r-diolsctopes ae trasers.

One of the most basic investigations that hae becn mede in
this way hes been the detersinstion of the totsl amount of
potagssium in a soil samyle by measurement of the amount of
the naturally gccurring radionctive isctope “oi( present in
the sofl (See for inetence Rodrigues and Hatiingly,1360;
Kogen,Nilkiforov and Sr1dman,i1561), Trace amcunts of

‘radicective silver ( #a

Ag) have be n used by Baranowski
and Bors (1961 in order to stiudy the amount of sofil

disloce tion crused by cul tivstion. As the silver does

not take part in any plantescil interactions, it is a very
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good means of followlig the amount of soil movement with time,
Upe of the radioanctive iectopes of strontium ( 931- and
Ws:v) to study the adsorptlion o strontiuvm by eocuse of the
elay minerale present in eo’ls hee be'n made by tipitsyn
and Oromov (1939} . By using theee radioisctuopes they were
able to otudy the effeate of the presence or abeence of
ealeivi ions on the amount of adeorpiti.n by elay minerals of
very emall amounte of strontium from the eoil eclution., This
{8 of particular import:nce because of the amount of 0pp
formed in nuclear tests, onee it becomes adsorbed onto the
sotl in a similar manner to osloium ftegould be aveilable to
plante growing on such moil, and thus , ultimately,to higher
forme of 1ife where mccumulatiosn in bone structures cculd
esuse ¢ nsiderable radiation damage,
A gongiderable smount of «ork has becn done on plant
uptake of those r:dioimotepes that are deposited on the
soll surface &= s pesult of nuclear fallout from atoaic
teate, feheffer and Ludwig (1961), from their work on the
uptake of rsdlosative gaesium ('°70s) and strontim(”?r)
by plants, cuncluded that these isotupes are atrongly fixed
in the soil, and thus not readily ascimilated,
: H¥ueh use bhes been made of the radicipotopes of various
elements that are adsorbed on eoll surfaces. By etudying
the exehange between ions 1 sclution and those of the same

species adsorbed onto the surfmoe of =ither the soil as &
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whole, or its constituents, 11 o poseibls to z3in some
insighl into the actual methoda »f euch adpapiion. Studies
on actual solls have been made {v thiz menner wilh a number
of different elements sush ne modium (22NG) {nebasek 19605
Flaber,1963), mangancse (Qhén) Colp and Willer,i1%52) and
ealeium (&SCa) {Borland and Heiteneler 1950; Smith,%lume and
Witbakor,1955; Talibudecn, 19565 dende,1960 and Pisher,1963).
Bom: exchange stulles bave slso beon gsrried gut on the
adecrption of cstions suah as ccobalt,using Loca(ﬂwrncer and Olew
seking ,1954) , onte individual clay minerals and also onto
cation exchange reains,

A number of vorkers have endeavoured %o wiudy the
relationship between the smounte of varisus sdenrbed ontions
and anions detented by ieotuple methodr ard by the conventional
phyeiocal and ohemical methods of analyeie, Bueh piudies
heve besn condueted by Hende (1960) for ealotnm (45ca),
lulphatc(yygoh) and choaphe te (3210L) {one, #n? by Filsher
(1963) Por ealetum (450a), meoneetum (27ue), e toes 1 um( B2x)
and sodius (“aa) fons,

Talibudeen {1956) hae siven an ssommt of methods for
estimating the epseifie sotivity of esletum,ezrhon,nitrogen,
potessiue,phos horvs and eulvhur in the soil, He also
discuamsen the general usee of {agtopically Tabelled aompounds

in sofl and fertilizer veacarch, Studies =1th nitrogen are



23,

earvried out ualng compounds scentaining enriched smounts of the
presvier 1sotope '5! ae there are mo redlesctive isstopes of
nitrogen v ith sufficlently long half-lives for use in molls
axperimente,

The use of radicisctures hars enebled studies to be wmade
an the uptake by solls from solution of wvery emall amounts
of trave elements. Rhodes (1957) hes mtudied the uptake
frpom solutions contsining less then 4 x 10" wmoles per 14tre
of a pumber of elements not normally feund iu solls in
appreciable amounts, The elenments thoi he bas studied
and the radicactive isotopes uped were : coesium (1J072s);
eertun ('4hce); niobtum (F55b); plutontum (247:u)jruthentium
(1%62a); 6tP0nt1“m(iJSr): yttrtum (3%Y) ana ztvcoriun(gsrr).

Radiolsatopes have been used in the elucid-tion of b-oasie
gtructur:l problems dealing with soils. Joeobs and Tamura
(4960) hsve, neing a railoactive isotope of caesiuvm (137zey,
invegtizated the method of {ixation of eseslum by expending
lattice eTay minerals in relation to the enllapse of the
olay mineral lattice. They have been sble to detect
whether the acsemfum is entrapped wiithin the expanded lattlce,
ar merely fixed on the outer surfece or edges of clay minerals.

The r-diesctive isotope of phowpherus, 2<P,hee beon used
in ihe investization of a number of the problems ianvolving
solls and phomphate firation, releasec,ete., In experiments
using isotopes one of the aseumptions made is that the compcund
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ineoppore ting the radienctive dsotope pencta at the sane

rate ag Adnee the corresponding compound which contains iname tive
ntoms only. A number of workers have investigatcd thils
assumption ir reletion to the adeorrption and exchange of
rhosphate groups onte numbers of 21fferent =ites, Arriaga

e Cunha, simoes and Grdolo (1960) studied the adsorotion of
both radloactive (32¢0h) and nen-radioactive (31’0h3 phospha te
onte ion exchange reeins, the specific sltes of which rpe
gomparable to many of the adsorption sites found in noil
aystems, They found that there was no Jiffercnce in the
rates of adsorntion of the two different species (31*0h and
52‘Y»Oh). Similar etudies have heen made hy other workers
on different svatems, sleen and Yatenabe {1959) studicd
the adsorption of phosph-te by zleez and by a number of
different eolls, They found no di{fference in the rates of
b3

¥ 532,
:oh an zck .

The total surface ares of natu-slly cceurring ohosphate

adeorption of

minerals such ae apatite hap been determined by isctople
exchange (Rickeon, 19523 Cano Buiz snd Tallbudeen, 1257;and
Soheffer, lrich snd Benecke, 1961}, The sawe wethod hae
also been appiied to the determination of th: total curface
area of artificislly prepsred phesphates such as dicaleium
i phosphate (Oleen, 19523 Riakeon, 1952; Scheffer,!lrich and
Beneeke 1561), and of bone and other allled materisls

(Beuman and ¥ulrysn,1950; Neuman,Velkel and Feldman,1354).



The actual procedurc followed 1o to equilibprate the
phosphate sineral with » vhesphate solution of Fnown N walue,
After ccuilibration ie complete the solution nhosnhete
concentration will not shange with time, A enell amount
of cavrrier free radiosctive phosphate (8o as nat to alter
the amount of phoerhate present in the solution sirnificently)
ie added to the eouilibrium solution, This solution is
then analysed at various tiwe intervale, and the dearenge in
the amount of radicsctive phoeephate ppesent noted, The
resul ta i experimentally deteruined surve of the fraction
of radfosctive vhosphete r matining in solution after variouvs
$imes, due to iectopic exebange betveen selution and solid
at ghemical equilibrium, is composed of two exchange vrocesses,
This process differs fror that ntudi=d 1: this thesis where
there is no atteapt to presepve chexiesl ecuilibrium, The
ma thews tical method of analyeis of the ecuilibrium expsriments
deseribed above has been given by s number of authors (Mac¥ay,
19383 Betis,1948; vahl and Bonner, 1951, eto,)

There ars a great number of diffepent methods of ehemionl
analyels of the amounts »f phosvhate 1n =oil or in various
fractione of the soil reported in the 11 terature. 4 number
of these methods have besn compared with the determinatiion
of - the smounts of total or “available" (to plents) phosphste
in the soil ae calculated from raliesctive exchange(“apetii,

1959; Moskal mnd Bareyazak,1359). A eonsidersble amount
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of study on the amount of the aiff:rend  extrsctable phosphate
fractions of the soil {Femtz,1354; Ducet and Vesderwslle,
1959 ; H{tg, Latkovice and Fende,1300; Xacienzie 1962} and
on the forame of cxtractable snd non-exirasteble phoephs te
in the soil (Tendille,1559; Tendille end Iynard,1959)has
been enrried out, The last mentioned suthors have eslse
studied tne diffusion of phocphate lons in ssil eyntexss with
the use of vadipactive phosphorue, Fumeroue siudiesn,such
as thoee by Arriaga e Cunhs and Lopes (1960) ard Fgews,Nagei
and 31%0(1951) have becn cervicd out en the avellebility
of vhosphate 1n different soils, Talibudeen (19578,1257p)
hae described & number of oethode of Zeteruining the amount
of isotupieally evehangesble phosphorus in socile and their
gdventayes,

dne of the grest advartazus of the use of radiosctive
phoschate 18 hat the mechanieme ¢of enion adeorpiion onte
soile cen be readily stulied under various conditions, A
numher of studies by ¥eAuliffe,lall,lcan and Hendrieks
(1947), xgews,Raral and Sato (1231), Ivanov{1353) and others
bave ghown thet moet rho-phete is ~isorbed onte th: surfaces
of th: vurious =gil constitpents. Stulies were carried
out on soiln, peats, and varlouc elay mincrale sush as
kéolinite,halloyni te,pibbelte,dinspore,10: thi te, e te,

olndr, ¥dtd and ¥ende (1957, hsve ctulicd ithe klnetice

of uptake of phoephste by soil eawples from solution
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eonteining r-dloactively lsbelled rhosphate av a funotion of
time. They found thet there was & linear rclationship
petesen the amount taken up by the so0il and the original
econcentration of the radiosctive phosph:te asolution.

Reeently Gunary (1963) bas used 32p 4o siudy the
{nfluence of ‘omperature, and alsc the diffepencee from
goil to soil, on the amount of phosphate adeurbed by the
goil snd the time required to resch isotopie equilibriume
He Tound that lowerins the temperaturs from 23°C to 3°C
esused a 55 drop in the amount of icotopie dilution
ghserved, He deduced that the slow rate of attalnment
of isotopic eguilibrium may be duc to a redistribution,on
the wioro scale, of wnevenly applied radionctive phosphate
to the soil.

The work undeptalken in this theele hse been partly
an sttenpt to elucidat e the mature of some of the complexes
formed between padionctive phosphate and the surface of o
papticular soll sineral mica. A number of previous
workere hav., as & result of experimenie with radloactlve iy
labelled pheosphate, deduced e existence of & number of
diffepent phosphate-soll complexes. Barbler and
Tysskiewics {(1783) said that the exehenge between phosphate
present in the eoil and chosphate added as fertilizer
proceede with two simultaneous pptes, one faster tha~ the
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o ther. Similar rcsults have been obtained for exchange
with phosphs te minerals such as apatite by Gano Ruiz snd
Talibudeen (1957). ¥dté,Latkovies and Fende (1960)
pbtained results tha/t suggested that phosphate is fixed in
the soil as 2 number of gompounds of different solubility
thus leading to a number of different velocitics of exchange
processes, Talibudeen (19572, 1957 b) has said that the
total amount of phesphate present im soil may be subdivided
into four fractione, These gonclusions are reached on the
bagie of the ability of the soll phoaphate to exchange with
phosphate iome (that have been radicactively labelled)present
in the soil solution, From studies of the phosphate
equilibria in acid solle Taylor and Gurney (1762) have
deduced the preeence of st leset two forms of phosphate
present in the soil with different degrees of lability,

Seatz (1954) hes earried out etudfee with 32P on the
equilibrium between phesphate in solution and in soil samples,
and performed a graphical analyeis of the exchange data

obtained, H e plotted the ratieo radiosctiv n_the
total radionctivity

againet logarithm (time) and obtained a curve with twe pointe
of inflexion, From thie he deduced the existence of three
dl’tlnot rhases to the exchange reaction, corresponding to the
presence, on the soil sample, of three different rhosphste-
80il complexes.,

The firet mention in the 1iterature of the use of
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the method of isotople exchsnge Betvreen ifons on the surface
of a particulsr compound and in solution was by Péne th and
Vorwerk(1922). They prepared samples of varisue insoluble
lead salts and equilibrated them with eolutione containing
the same ions se those conetitutine the sslt. By the use
of very small smounie of a radiosctive isatope of Iead(z‘epb)
the speeific surfaces of the insoluble lead snlts wore
inves tiga ted from the exchange of the radiosctive lead in
the solution with inactive lead on the surface of the lead
salt erystals.

Phoephorus “32 hss becn used in an analocous manner to
study the adesorption of phosphate onto clay minerals by |
Meliuliffe,Hall,Dean snd Hendrieks (1947). They used clay
minersls and maturally oceurring metal hydroxides that are
found in the soil, and studied the exchange of phosphate lons
adseorbed onte the hydroxide surfsces of these compounde.

They observed tvo different reasctions ocourring, However
theinterpretation of their work im complicated by the presence
of other epeeific eites on which phosphate ione might be
expected to be cumplexed in some way, In studliee on the
elay mineral kaolinite for instance (whiech wae one of the clay
minerals studied by Hciuliffe et al) there are three different
sites on which phosphste may be expected to be "fixed"

(1.6, forming some type of complex with the surface at that
point) in some way, Kasolinite has a layer structure {see
Pfigure 3} with one surface consisting of s sh-et of
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hydroxyl groups and the other surface being a sheet of

oxygen atomns.

Figure 2. ¢
Dlagremmatie representstion of kaolinite lattice
gtruc ture (from Brown, 1961)

Ae can be seen from Figure 3 there are three different
types of site to ¥hileh phospha te may be attzched in some
manner, They ape the Lydroxyl group sheet {ton of
Pigure 3}, the oxygen atom sheet (bottem of Figure 3) and the
edges of each kaolinite eryetal. The sctual available
sites at these edges will depend on the broken bonds which
may be present there, depending on Just where the continuous
lattics structure shown in Figure 3 is interrupted,

Because of these uncertointies as to the actual type
of site on wh{ch the phosphate group is "fixed" there are

considerable difficulties in the interpretstion of the exact
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nature of the various phesphate complexes formed, This

aifficulily 1= even more proncunced if any det iled investig:ta
between

of the n ture of the complexee Cormed/phosphets groups and

goll samples le attenpted.

A method of obtaininz informotion ubout eoil-rhosphate
complexes uming anicn sxchange resins hae been reported by
Amer,Bouldin,Black and Duke (1955) They messured the
rate of adscrption of phosphate by an anien erchange resin
in contecl with a soil seumple, The rate of adsorption
by the preein ie contrelled by the rate of release of the
phosphate frem the soil. " grenh of quantity of ~hosphate
yersus time wae prepaped from the date obtaincd and resolved
into three »nrte, correspondine to the existence of three
simul trneously occurring proceeses of rcleasc »f phosphate
by the scil, These nrocesses differed only in thelp
rate,each being first order vwith respect to the thosphate
eoneentiration, These authors aleo @ tudied the eauilibration
with phosrhate golution using J2p, They found the game
three processes of shosphate relesse from the soil e=mple,
except that the rote for the slowesl reaction was apparently
independent of time.

The msthem:tic 1 method of snalyeis of the grsnh of the
recults ob nrined by ‘mer et al 1e¢ somewhat sinllar 1o that
developed in this theels (e pe 72 ). Tt ie acruned that,

Providing the reasction time is long encugh,the two fastest

rates have gone almost to cowpletion where s the complex with
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the slowest rate of desorption is etill present in appreciasble
amounte. The rate constant snd initiel amount of this
eomplex precent in the soil are ealeuls ted frow data obtained
after the first two complexes are assumed to have disappearved,
These valuce ere then used to help caleulste the rate conetant
and inttiel smount of the middle and then lestly the fastest
pnte of removal or exchange of phosphate from the soil.

Similer methods for mathemstionl analysie of data obtained
from the exehanze of soil and eolution phosphetes using }2P
have been worked out by Seheffer,Ulrich,Benecke gnd ‘Sendler
(4960)( and also Benecke,1959.) They have obtained volucs
for the rate constants and initial amounts of each soil-
phospha te complex present. They leo geleulated the actusl
prate constante for the general case where there are n dirferent
gomplexes. One of the necessary conditions for the
validity of theip onlculations iz that the different phosphate
fractions exchange at greatly differing rates. In other
words 1f Ry,Ro eecvaealpy BIE the ratea for the exchanges of
the aifferent vhosphate fractions then RyPRoPeece-o- > LI
This enablee the different exchance resctions to be coneidered
%o occur st different times, the first one belng almost
finighed before the second one has appyreclably comuenced, the
gecond one being slmost finished before the third ore hae
appreciably commenced etle,

The use of a graphical method of analysis,similar to
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thet of ’mer, Bouldin,bla -k and Duke (1355),%cr the
tovestl = tion of the Corme 2 mansancse pre-ent irn the so!l
wap revorted by nelr and M{llep (1962), They doduced that
there were 61 least Tive “srus of wangenese~coll conplex
with d10ferent rates of exoben € vith meancerese {1lovelled
with 3b¥n) 1r eclution. They setunlly distinguished
end ebavacteriecd foup 4ifferent mansencee~s0ll con-lexee,
From the fael that the remainler of theip exprrimentsl
graph werp, after snalynie, o 111 curved they dejuced that
tiera&imre prebebly at lespt twp more forme of soil-mancanese
eomplex vrrecent, ir tﬁere kel been orly one pther aoile
maneaners comnilex the remninirs groch would h ve bern 8 stratght
line, Reesuee of the uncertiinty of the oxast time coordinste
of the experimental pointe on their graphe and the fset that
their fir-1,peptlelly recolved sreph wac only over o time
eo=ordins te epsn of O to aprrerims tely S minutes, it was not
poseible for thnew to procecd any CTurther vith the resolution.

Qne of the greatest A1fficultica, leadin: to unsertainty
in their results, In thelr experiments vse the faot thet 1t
wae neccssury to tote an aliguot of the egoluticn §- contaet
wlth the goil and evaporste this to Arynes: before dc tepnining
the quantity »f padiocctive manganese present. ‘=z this

Procedupre toox about ten seconde the actusl tine ot which

exehange wonld hevr ntopned would be wery uncertqin fop totsl

exehance times of the order of one minute or leas. From

_ihiir quoted resulte it appeared that more than 977 of the radiow
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aétive wmangsneee im the golution had exshanged with the soll
mangaesce in less than ten minutes. Thur the cxperimentsl
pesulte that they hove obtlalned ap 1y to less than 3 of the
total exchangeable manganese or the ssil, The acourste
rescluticn of this amcunt into four Jirferent typee of complex
geems very 3ifficult when the number of experiment-l points
for the 5raphiési analyets 1z relatively esmell deczuse of
the complex procedure recuired to obt:oip them. It scecns
that o sy=tem of enntinuons monitoring of the splution (or
esil) such s8 hae been developed in this theetes would
give much rreater prospecte of euceeseful interpre tztion of
the whole excharze precess.

¥oct =tulics of the sdesorption or "fivatiom” of vhosphn te
ip prelation to eoll pruslese have beern anreicd cut with
vhele scil =amples, Tris leade to zrest difficulties of
interpretation if 11 iv decirel to elucilal: the s tual
mechenien or poeiiion of alserpiien,oving to the aomplex
mature of t ¢ €01l somple toven mez s whole, Sgme work has howe
ever been done »ith verious clay mincrale 2nd bydroue prides found
in the soil,

Perkine and Fing (19L3) studied the firvation of phomphate
by the mice c¢roup of clay minerals, They deduneed that
mott phosphate fixation wes due to struetur:l or anionic
sluminium groupinge,only & wminor part being played by

eationie aluminium or marnceium and possibly by the hylroxide
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redicle, Jther clay mincocla Lave Boen used as model
egupounds for shosphate stulloe,notably bertontle {Doring,
1956) and the kaanptu Tamily of elay uinerale {Eeiuliffe,
Hall,Dven and Hendrioke, 1947 and aleo Dirimg.) Déring
otudicd the smpunt of vhowphe 4o fixation ty thess nodel
syatene as 2 funetion of solutiasn shogph te concentiration,
time of ccntaot of thes: elay minspalp with the vhosphate
solution, and ehenge in the v welue o the rhaenhate
polution, Faluliffe et ul pludied the adsor;tlon of
padionative shosphate onte the tydpsxylis surfacns of both
elay m'nerals and of s number of yirous cxides {gibbelte,
dinaporc and cocthits’ ap o Tunetion of Ume and deduced
the extetenge of tho AifTerent poection raten for this
edsorntion,

The peaotion betweon phosphate and hydirous oxides of
iror an? alumintium hae boen ntulden by Vitipiak and Jeckson
(1956), Rlanshet {1959) 201well{13%9) Frehe (4196L) and
ethers, and = numbir of di0fepent apnelueions drewn as 1o
the method or methods, of Tixation of shosplin te by ihese
Goupounde,

Btudies on the mdecrstion or Mrstion of phosphate
by individual consittwnte of soils lead to recultie that
&re aore resldily interprete? t'hm; reeul ie sbtained Crom the
801l 85 o whole. However most af the individusl

Sonsti{tuents (olay a2inerelo hydrous oxides) with which rork
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pese been undertcken have posaesped morce thar one peseible
tvpe of reaction site for vhesphaile Iiration, Thue there
Q’Ltill sons proom for speeulation in thesc experlments as to
juet wbieh type of rooctian site is responeivle Tor the
fix:tlon of all, or soms pert of the tut 1 emount, of the
phoephate adscrbed by the compound heing studied, The
mstho: of aiudyine ons p prileular surfaecre only thot is
desqribcdin this thesis overcomes this difficully and esn
lead to more definiic conelusions an to the sctual erites for

phospbate adsorption in varlous guil aonstitucnts,



BATeBl ks gard

Thie thesle hoe been an investigation into tochnigues Copr
etudying the adeorption of vericue materisles such ae snionie
grougs { in partieuler phoshate) onto known solid surfsces,

The aetusl Holidl aurfacer inventigated wepe {n} the U1 surfuce
of museovite mioca sheets and (b) the oxidiecd surface of
metallie aluminium,

.4 B

Twa different soupces »f mica have been used, (1) muscovite
miea which foras the end windov of the Twentleth Century tlectronis
migs end-window “eiger-¥uller counter type “V3H, and (2) sheete
split from & pleee of muscovite miea supilied by lrofessopr H.W.
wellman of the Ceology Department, Victeris Univerelty of
“ellington,

The msjority of the work done for thic thesis has been on
the study of the déoarpnon 6’ railoactively labelled ortho-
phosphate selution from tic surface of wica sheets. In the
present theeis no sttempt has been made to study the d:smavption
of phospbate from the edges of the miea sheetn, se thie would
lead to s more somplex pleture whiqh could be conpiderably mors
difficuit to interpret, in erier to climinete the poeeibility
of any adeorption (and thus any suwbrequent d-eopption) of
phosphate onty the edges of the mica sheets, these edges were

oo ted with pareffin wax, Ar mentioned above the mica sindied

. Wap obtainel fruom tve sourece, and before cxperimentation they



were preparei in different ways.

The miesa forming the end window of the endewindow geiger
counter is gemented into a metal frame whieh forms the bottom
of the gelver counter, (A diagramsatic representation of the
geiger counter is presented elsewhere (Figure ‘ p.so}‘ }o To
eliminate the posaidbility of adsorption onte the cdges of the
mica sheet, or onto the metal frame intc which the mics had been
egemented, & coating of wax was applied around the edges of the
mica sheet,lenving all but the outside ;" clear of wax, This
wax coating was continued over the metal frame and up the eide
of the gless outside of the geiger counter for about one inch.

Thie ensured that nothing other than the mies sheet under study
and the surfeace of the parafiin wax cawe in contact witih any
golutions (both rajioactive and non~radicactive) being stuiled,

In order to ensure that no radiosctive phosphate was adaorbed
by the paraffin wex, & geiger counter wae treated as sbove except
that the mica window was eompletely waxed over, ' After determ!ning
the background count rate (7~ 50 counts per wminute (c.pem.) )} the
gelger counter war fmmereed in radicactive phosphate solution for
30 ainutesn. Trhe observed sount ratle =t this stage was~~ 2,000
CaPainty On removing the geiger counter from tue radiocactive
phosphe te slution and rinsing it in dietilled water to remove any
€xcess drope of radlionrctive phosphate adhering to the wax costed

end window of the geiger sounter the count rate was found to be
8t11) A 350 ¢.p.m. thue showing that there had been no adsorption

: of padiomctive phoephste onto tue wax.
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Bome of the later vork wse done witih mies sheste. The mica,
which wae muscovite mica obtalned from the Ceology Department,
vietoria University of Wellington, wae split in a stiream of
dtetilled water. A plece of miea about two inches gquare was
taken, and onc side wae completely coated with wax, The other
eide, which wae the elde that bad becn freshly split under
distilled water, was aleo completely coated with wax exeept for
a eireular sres of approximetcly one ineh dlemeter in the centre
of this side, which was left uncvated. A short length of wire
wae atlached to the mica sheet with wax, snd waxed for about
4 » 2 inches along each side seay from the mica sheet, This
wire was used 1o atiach the mica sheetts an end-wirdow geiser

¥

counter of the type used in the rest of the work (see figure %

geliger counter wire (aitached to

top of gelger counter)

mioca sheet wax costing

Filgure 4

The mics cnid-vindow of this gelger counter wse completely
Sovered with wax as deseribed abuve in the suntrol experiment

to establish the non-adecrytion of phosphate by wax, it was



40
found that radliosciive phesphorus could rendily be detected
through thie thickness (two mice eheets plus two layers of paraffin
wex plus one small sir gap, of materiasl, In order to obtain
reproducible conditions from one experiment {o another the srea
unwaxed on the surface of the mica sheet wap made to coincide as
olosely at poseible with the effeetive counting area of the end-
window geiger counter.

Diffieulty wae sexperienced in etopping the miss sheet from
further splitting arcund the edges even after 1t had been waxed
around them, It wae found that 11 was not possible to seal
permanently the edges with wax, as on prolonged moaking in =ater
{or & dilute solution of the cation under study) splitting of the
mice occurred wiih conesequent eplitiing of the wax sesling the
edges. In order to counteract this and thus to eliminate the
undesirable puesibility of pedicaciive phosphate penetrating to
the interior of the mica and thus beinz trapped there 1t vas
eventually found necessary to sesl the edges of the mieca sheet by
cot ting around them with glue, After 1t had dried, thie zlue was
then coversd with paraffin wax like the prest of the miea rheet
(ucept for the gentral cirele for asdsorption etudice on one face),
This wae thenfound to last satisfactiorily,

A further neceselity for reprofucibility ie that the mica
sheets be plsced in the same position relstive to the gelger
eounter for cach exprriment, In opder tu obtain this condition
it was considered necesssry to plaec the mics eheet ag olose to
the geiger sounter end-windov as possible ( i,e, presced hard
Up against and parallel to 1t} end to F111 the gap caused by

@
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the projeeting flanges of the geiger counter vith watepr, 1t ssp
necesenry to introduce water inte thie gap beocsuse if this was
not done anv subesequent leakage of water ints the air gap would
lead to a change in the observed count rats which would upset the
resulte being obtsined,

infortunately 1t war Tound that the Introduction of a layer
of water betreen the geiger counter end-winduw ard the mica sheet
nuid a eonsiderable lowering of the count rate, owing to the
fact that even a thin layer {the aetuel thicknmese introduced would
be 3~ 5 mm) of voter wae encugh io stop all but the most encrgetic
fraction of the‘ﬁ psrticles emitted by radiosctive phosphorus,
An setivity of Al 000 a.p.w. when measure! with an air gnp betveen
the mice sheci and the gelger counter endwwindow apprared to be
only M<i400 oc.p.m. when water wae introduced into the gap.

In an emdesvour to inepease the detectable count rate afiep
the introduction of water into the gap between the mica sheet
and the geiger counter end window, a higher epeoific asotivity of
radiosotive phosphate was used, givirg an irnitial count rate of
NN\ 25,000 c.p.mte On addiition of »ater however the count rate
wae otill reduced to m low value (A/500 e,p.m.) It ves there-
fore decided that a system would have to be designed to overcome
the neceseity of introducing vater between the geiger cvunter
end windov and the mies sheet, without introducing any factor
likely to affect the reproducibility of the pesul te.

In order to do thie it wae decided to fit » shell around
the geiger counter with a mies window in it, so thst the geiger

‘Gounter was aompletely removed from eontact with the water,
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A plece of metal tubing of slightly greater internal diameter
than the widest part of the end-window geiger counter{ i.e, the
metal ring orto which the mica end window is cemented) was taken,
and a metal disc wee attached to one end of the metal tube. A
nole of diameter slightly greater than the effective counting
apen of the geiger counter vas then cut in this metsl disc. In
the upper end of the tube ( i.e. the end away from the metal disec)
two holes were bored. ¥ire thresded through these holes was
used to attach the tube to the geiger counter. A diagram of this
metal container is shown in Figure 5 . p.42a,

The outslide of the remeinder of the mctal diec, and the
outsides of the metal tube for 1 - 1} inches above the disc ,were
coated with paraffin wax. A miea sheet was obtasined and eplit asm
desoribed previously ( p. 39 ) 4 poughly eircular picce of
miea slightly smaller than the outside diameter of the metal diee,
but greater than the dameter of the hole in the dise, wae cut from
a sheet, and laid on the dise with the freshly split face outwards.
The edges of this mica were then coated with wax, and thus the
mica sheet was sesled onto the metal disc on the cnd of the metal
tube, A sufficient amount of the mica sheet wae coated with wax so
that the remaining,uncosted area var lese than the effective count-
ing area of the gelger counter,

After the mica sheet had been attached to the metal container
it was immersed in water for 2L hours to see i ther: were any lenks,
These lesks could be duc to either incomplete sealing of the mica
sheet onto the mctal container with paraffin wax or o a crack in

the piece of mice sheel selected, If a leak wae dctected the
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o hole for wire
\
tal T to attach container
comnteai?qer to geiger counter

metal disc

- " T T 7] paraffin wax

coating
mica sheet
%
Side View
mica sheet __ymetal disc

<+
(partly cut away)

section of
wax coating

Metal Container for Mica Sheet(see p.42)
Figure 5
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edgee of the mice sheet werc recoated with wax and the miea
window of the contsincr immereed in water fop & further 24 hours.
If there was etill a leak the pieoe of miea wse rejeated and
replaced with & frevh plece, and the lesk testing procedure
repeated,

When 11 hed been necertained thet there wes no leak,
ie0. that the mica sheel was properly sesled onto the metal
dise on the end of the container, the other side of the mica
sheet innide the eontainer was comted with wax aleo. The
advantspge of waxing the inside surface of the mics sheet
(f.04 that eurfgee that »111 face the geiger counter) io thet
the poseibility of the mica sheet developing a leak which will
admit solution intc the metal container, and thus around the
end of the geiger eounter, is ainimised, This 1s desirable
beeausc, although there is 2 wax eoating all cver the end of
the geiger counter and for 1wi! inches up the sides, 1t is
possible that in inserting thy geiger counter into the metal
eontainer a part of thie vax coating may be rubbed off, There
18 a deliberatcly $ight Fit in order to facilitate the acourste
placementof the gelger counter end window relative to the mios
sheet beiny »tudied,

The geiger eounter sides are only waxed for 1 - 14 inches
from the end window upwapds begause there is no chanee of any

8olution that may penctrate inside the metsl container coming

Ante contact with toe sides any further sway Trom the end
¥indow than this. The oulside of the metnl contalner is
——a
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fmmersed to a depth of mo grester than balf an ineh into the
various selutions used, and the gap beiween the walle of the
metal eonteiner and the geliger counter is large enough to
eliminate the poseibility of capillary atirsction causing the 1e§e1
of the vaterd#maide (if any) to be significantly greater than
the level ocutside the metul econtiiner. The inside surfuce
ef the metlal dise on the botlom of the metsl container was
alsc coated with paraffin wax, aze were the ineide walle from
the metal dime upwards to a distonce of about one inch,

Another adventage of coating the ineilde surfuce of the
mica sheet ip that the thickmese of the wex coating is
useally greater tban that of the mion sheet, Thus, provided
thie wax conting is kept of constent thickmess (as was endeavoured
to be the case), the effective total thickness of the window
will be more nesrly constant if the mies shecet thicknese varles
slightly from experiment to expepriment, #herever possible,
this thicknese variation was eliminsted by cutiing s number
of sheets for the metzl oontainers Crom the eame large freshly
split mies sheet before each series of experimentis, However,
when one(or more) sheet lesked mt any stage it was not

necenassrily replaced by s sheet of the same thicknees.

i A
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3,2 Alusinium

axperimenis werc alec carried cut on the desorptiion of
padlosctive phosphate from sluminiuva, The same mios end-window
geiger counters ae were used for the deseorption of radioactive
phesphate from mica surfacees were used in these experiments,
A roughly cireular flat plece of saluminiun sheet wee cut from
a large sheetof aluminlum of thickness 0.05 am, ¥ost of
the experimonts carried out with the aluniriun gheet were
perforucd welng the metnl tube avound the geiger counter ae
deseribed sbove, Instead of a micn sheet being waxed over
the hole in the metal Qise on the end of the tube an aluminium
pheet was used, This wae out with § slightly emaller diameter
than the outside dimmeter of the metsl diece, placed over the dise,
and the outside edges waxed onto the alresdy waxed fase of the
metal dise with paraffin wax. Iin this way the aluminium sheet
was scaled on to the metasl contatiner, The insilde surface of
the aluninium sheet was not ceated with wax as were the mica
sheets uecd in the same way, It was thought that as the
aluminiun sheetl would,becsune of 1te greater offcotive weight
(uclght of mioa used was 13,3 mgm.per square omj wmecight of
aluminium sheet was th mgm. per sQuare om.),transmit a lower
pereentage of thcﬁ particles emitted by the raiioncotive
Phosphorus.,  Thue, if & layer f wax was placed on top of
the aluminiwe sheet, the total thicknese mignt lead to too

low an obmervable count rate, 41go it would not be expected



m’g a erack would develop in the sluminiun sheet thus allowing
the penetration of radicastive pheschate solution to the ineide
of the metal contaliner,

For an experiment on the desorpifon of radlosctive vhospha te
from sluminium usine solutions with & pH wvelueol 9.0 i1t was
pecesssry o use the totally enolosed apparatue {ef, p, 9),

For this experiment a plege of aluminium sheet was placed on the
end of an end-window geiger counter, and was sut so se to be only
Just less in diameter than the outside diamelevrs’ the metal dise
that held the mica enl window, The edgez of the alumintum
sheet wers coate!l with wax so as to real 1t onto the alpeady

wax coated geiver counter end-window, Thirs gelger counter was
then insertcd in the rubber stooper as desoribed in the section

on high pE value experiments ( p, 92 )
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3.3 lop Exebenzc Reelne

someof the experiments performed in thie thesis neceesitated
the uee of ion exchange resine, The eation excheange resin used
weg Permutit Ton !xohange Zeo-Karb 225 (1) Hydrogen foram estion
exchange resin 14-52 mesh. From this wae prepared hydrogen
eation exchsnge recin and sodium eatlon exchange resin, The ion
exchange resin was backwashed through an ion exchsnge coluwan te
remove impurities. Yo propare the hydrogen resin approximately
2 K "Analar” hydrochleric scid was passed through the resin in
the column to ensure that 1t was eompletely in the hydrogen
fopi, Distilled water was then passed down the column until
the issuing water wac free of all tracesof acid, to remove all
excess hydrochloric acid,

!hq sodium resin was prepared by paesing spproximately
2K "Analsr” sodium ohloride solution down a hmekrashed fon
exehange eolumn of resin until well after the issuing sclution
was no longer significantly scid. The eolump wss then wanched
with dietillcd water, ar described svove, to remove all excess
sodiun ione,

When the ion exchange resins bad bsen prepeared in the
above manner they were = tored in dietilled water in stoppeped
flasks until reauived,

(1) usnufactured by the Permutlt Company Limited, Permutit

House,Cunnersbury Avenue , London, %.l4.




In the preparstion of delonisesd water, and for some of the
gxperiments carried out, the mixed cation and anion exehange
preein Biodemineralit wae used. Thies 1on exchange resin,which
ie also manufmotured by the Permutit Company, consiste of an
equal mixture of a strong cation exehange resin {Zeo-Karb 225)
and & etrong anion exchange reein ( De Aetiite ¥F). Beecaune
41t was not poesible to remove sny impupities that wight have
been present by backwashing, as this procedure would sepasrate
out the tvo different roepine used in the mixture, the mixed

reein wes used ae gbtained frowm the makers,
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3l Sadioactive Phospnorue

The radiosctive phesphate used in this thesls was obtoined
from The radiochemieal Centre, Amersham, Buckinghamshire,England,
It vas in the Torm of orthorhosnboric acid adjusted ® a pE

 walue of 2-3 with dilute hydroshloric ascid., It was quoted as
being of high spesific activity ( > 1,000 curies/zm,P) and had
a code number PBE 4., Twenty millicurie (me.) quantitiecs vere
..‘.uu_.;j*-‘s time ae this wae found to be the moet economieal
way of purcimes, oswing to the relatively short half-life (14,30
daye).

The twenty me. vere supplied in a total volume .f about
one millilitre. 9tocok sclutione were made up from this by
diluting adout 410 or mere drops (depending on how old the
purehased sslution wae) to 150-200 ml, with 2 10 ml,ayringe.
The syringe wae stored in a plastic beakerin distilled wotepr,
and ecame into contact with nothing exeept the original radic-
setive phosphate solution and iistilled w«ter, in order to
enpure thet there was no contamination of the radloactive
phoapha te,
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CUAPTIR Q
LY PLER T TAL  PROCIDURE
&.1 Apparatus

The work done in this thesls hee bsen econcerned with the
adsorption and dezorption of rsifonctive phomphate Crom mica
gurfaces, The amounts of this ralionctive phosphate present
at various times were studied with the use of end-window
geiger counters,

3011 Geiger Counters

The gelger counters used in thie ithesis were manufactured
by Tventieih Century Zlestronice Limited, They were type
Ro. EW3H, These geiger gounters sonsisted {(see figure 6 )
of & eylindrical glass envelope whioh hsd a thin sheet of mics

across one end snd which was sealed at the other eond,

%_———)ﬂakeuw sap
: | __—>arode wire
o .
glase envelope &—m 1
l
metal dise containing | Senthode
micr window i
Pigure 6

The cathode coneistcd of » stainless nteel oylinder placed
Soneentrieally inside the glass envelope, A wipe attached to
the ostnode waa sealed through the top end ( i.e. the end awasy

from the mica window) to provide the negative terminal for the

VYoltage supply. The anode waes a eentral tungsten wire sealed
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through the top of the glaee envelope. The bottom end of the
anode wire war a glasz ball of about 2 ma, dismeter suspendsd
ghout 0.5 om, ebove the mice end-wicdow of the geiger counter,
fhe top of the glase envelope bad a bekellle 2sap, with elght
pmall metel pluge pretruding from it, on it, The esthode and
anode wires were joincd to two of these plugs which were all
{psulated Cfreow cach other,

7 : A metal dise was attached to the botiom of the glass
envelope of the geiger eountesr, ernd to this dise & thin sheet
of mice wae vemented, The mics sheete were cut from 5 em.
gousre sheets of mice ard were split se that the thickness of
the sheete used corresponded to 8 weight of 1 to 3.3 m$lligrams
per scuarc santimstre, The zies wae checked for even
thiokness over the windov srea in 2 nolarieed light sirain
viewer. The miea wse cut inte cireles of diasmeter 34£0,5
m, ,being held betreen twe pleess of olean paper during the
outting operation, Finally the wmica cirels wes oleaned
with ethor bBefore being cemented 1nto position ineide the
metal aise (1),

A11 the outeide of the gless envelopr between the botiom
wmetal diec and the ecsp surmcontisg the top of it wae palnted
with black paint in order to ensure that mo light penctrated
into the gelger ecunter througb the sider and eaused an effect

on the count rate observable during the use of the gelger

Sountep, At times during the rresent work the geiger eounters

¥ere opermticd in alr,wlth nothing surrounding the end window,

Twentieth Contury Xlectronics Ltd.Data sheet for s.bh.3H

Tindow Ho.4 35«84



gpd then 1t would be poseible, if they were light sensitive,
fer the oount rate to be affectsd by the amount of light
falling on the mica snd window, Hawever, other things
peing ecusl 1t wae not found that there wae any change

in the count rate detected between day and nightetime
with all lignte in toe room extinguished, Therzfore

31t would scen thst these gelger counters are net light
gensitive at least through theipr wmion windows,

: on seme of the geiger sounters used 1t waz found
that the fop emp was slightly locse to tte touch, VWhore
thie wee Tound epoxy-resin glue was appiiesto the Joint
petveen the gless and the cap in urdsr {0 promote a good
seal. I¢ vas feared that {f this was not done,cons tant
bandling, with consequent rclative movement of the eap
and the rem-inder of the geliger counter, might osuse the
Joint betuvﬁeﬁ either the cathode .p anede wire and the
Pesprotive @metsl olug in the cap to weaken. If this
Joint nroke, movement wmight glve plse o an interaittent
gonisct, with the effeot tunt the geiger ecounter would
only fumetion intermittently slso. This eould be very
undesirable in the middle of un oxperiment, ae,when
adsopption of rediosctive phosphate onte the mieca surface
of the gelger ocounter end-window was being ptudied,it
would not be possible to replag: ithe Paulily gelger sounter

with a n:w one,
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Oné experiment wae performed using a different type
of geiger sounter to that used for all the other work, the
aim heing to study the adsorption and dceopption of psdipe
active phoesvhate from alwainium, This geiger sounter
was s type 1 B85 Thyrods counter tube made by the Vietoreen
Inetrument Go.,United Stated of Ameniea, It eonsiated
of & eylindrical aluminium ease one end of which sas gealed
over. This eame 1tself was the cathode for the geigep
aounter, The anode was a dentral vipe inside the geiger
counter with s conneetion throush to the top of the gelger

counter (ef. Figure 7 )

anoaee—__,——””’——1’] : insulator between

cathode and anode

aluminium case wax coating

(oathode) €
igure 7

The cathode and snode terminsle were insulated from each

other as shovn in Figure 7 "
Belore use the top part of the cathode of the geiger
counter was coated with paraffin wax. Thus, providing the

gelger counter wse immersed in the various solutions used
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4o euch sn extent that lﬁme »f the bottom of the wax coatling
gas alwsye in the solution, & consiant, reproducible area
of sluminiun would be in contact with all solutions used.

The background count rate for this geliger counter wae

determined witih the bottom,unwaxed, part immerscd in
distilled water. It wae found to be considerably highsy
under these conditioms (/350 e.p.0,) than the background
eount rate usually found with the mica end-window gelger
gounters. The adsorption, and subsequent desorption,
experiment was performed in a similar manner to that
when the end-vindow geiger counters were used, The
experimental resulte are described in the section on the
desorption of r:a-:lioaef.lve phoapha 'ca‘ from aluminiun surfaces

( p. 8 )




The electronic apparatus used 1in conjunction with the
gelger counter was ss follows ( see Plate 1 )

(a) & “hilips High Voltage ?upply/ﬂmpuriex- No.P." 4022

{b) 2 Philips Rate Meter Fo,P.".L40L2

(e} A Philips Xlectronic Counter No.LO32

{4) A strip chart recorder

and

{e) 4n electronic quench eireuit ().

The Flectronic Counter, Rate Meter and High Voltage
Supply/Amplifier (top to bottom) are shown in Viate 1,
Voltage to the geiger eounter (G) is supplied by the
High Voltage Supply//mplifier through the clectronie
guench unit,

¥Whenever a gclger counter was used for the first
time 1t wae tested to ensure that {t had rcliable counting
“ﬂnracteris.tics. The gelger counter was connected to
the High Voltage Supply/Amplificr through the c¢lectronic
quench unit, and the voltage inagessed slowly until it
‘began to eocunt, This was usually found to occur at
about L50-500 volte. Thies value is known as the threshold
voltage, It was found thet after a2 number of desorption
ﬁpertunu had been performed with the same gelger eounter,
the threshold voltage often rose up to about 600 volts.

Once the geiger ecounter had commenced to scunt the

Voltage was raised and the plateau length determined,
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Most new weiger counters of thie type had s platesu length
of 200-300 wolts, The average background count rate
(in air) wae then dctermined and thie waw usually found te
pe approximately LO=S0 0,7n.W. If the background wes
excecrively high, or the platcau length very short, the
gelger counter would be rejected as unsatisfactory Tor

the type of work earried out.

If both the background ecount rate and platesu length
griteria were satiefactory the geiger counter was then
goated with wax as described earlier ( p. 2 ). The platesu
length and backgrouni ecount rate were checked once more after
the geiger countier had been coated with wex, Thie was to
ensure that the heating, to whieh the gelger counter had
been subjected while the costing of wolten wax was applied,
had not altered these characteristice signifiecantly.

4s was mentioned previously, the threshold volisge was
wsuslly found to increase after desorption experiments had
been performed with the geiger countsr. These oxpepiments
involved placiné the mica end-window of the geiger counter
inte squeocus sclutione for considerable periode of time,

It g assumed that this proccdure was presponsible for the
threshold voltage inerease in some way,

The total number of experiments that were performed with
esch geiger countér varied considerably. A1l the gelger
eounters used for the purpoee of studying the adsorption and

desorption of radip-sctive phosphate from the surface of their
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. mion end windowae eventually f2iled to be of further use,

This failure was of two types. fome of the geiger counters
guddenly etopred eounting for no aprarent rearcn, It was
found thst even when the aprlied voltege wee incremsed to
as high ae 1,500 volte no count retc wae obnerved. ITn the
pther type of faillure the platesu length was found to decrease
to & very small value, vsuslly less than 20 volts, Thus any
attempt to operate the geiger counter ment it into eontinucue
discherge,

A1l gelger countere thet had friled in e!lther menner
were stored avey fer further testing, It was sonetimes
found that after a long period (threeto eix wmonths or more)
the geiger counters apneared to rméver erd be resdy for
use sgain,

%hen they were firet obtained, the goiger counters
had = backeround count rate of LO=-50 e,p.m. it aipr, After
they had been nsed for an experiment, all the adeorbed
radionc tive phosphate war not alvaye removed. This led
te the resvlit that the background esunt ratc Tor subsequent
experiments varied considersbly, raging uvn to about 100 c.p.m,
in some casen, Tt was felt that a= prolonged soaking of the
mies end-window of the geiger counter in a varlety of
Solutions hed not removed this last amount of activity,the
Subsequent experiment was unlikely to do so either., Thus
it would not be expected that the background sount rate would

Ghange sufficiently during the course of an experiment te
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upaetl the pesulils obtained, It was aleo poseible that the
inerease in the bsckground count rate was not due to a very
emall nmount' of remsining adeorbed rajio=etive phesvhate,

The ineresee may heve been csueed by a charce in the
echaracteriatice of the gelger counter dve © ite rrolonged
immereion in the nolutans ueed, In this case no significant
ehange would be expeoted in the brekpround count rate during

a further experiment,

The reeolving time for the electronic gquench unit wee
determined by the use of the "peired source” method {Cook
and Dunear,1952). A1l eclectronic quench untte used vepe
adjusted eo that their reenlving tiu}e vas approximately
500 miercecconds.

The geiger counters were operated during the exveriments
at approximately 100 volie greater than the threshold voltage,
The signals frow the gelger counter were fed frow the
electronic quench unit through the hish voltage eunply/
amplifier lo the pate n?ter. The rate meter is connected
to astrip ehart recorder {shown on the botlom right of
Plate 1 ), and mlso t3 an electronic counter. The
electironiec counter was used to obtain accurate values
for the count rate by counting for a much longer time
interval than that over which the rate meter averages
out the count rate, The longest time constant availsble
on the rate meter was 100 eeconds, which can be considered

to be egquivalent to a counting pericd of 200 seconds
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(ﬂ-iedlander and Xennedy,1957; Orotty,1962), whereas the
packground count rate,for example, could be determined
over & pericd of one hour with the use of » stop watch,
ghie longer counting period would e¢nsble a more accurate
yalue for the bsckground count ratec to be determined.
ghe electronic counter woe alsc useful for giving an
aporoximate,but rapiily determincd, value of the count
rate at the bezionning of an experiment, ihue enabling
the rate meter to be set at almost the right position
{mmediately. This enabled the very beginning of the
desorption experiments to be studied with grester scourscy.
some of the later experdfiente were siudled over a very
long period of time (of the order of 500 hours), For the
latter part of these experiments the count rate was de~
eressing very slowly, In oerder to determine accurately
the slicht difference in count rate over periods of 2
hours, the count rate was determined on tae electronic
eounter for periods of approximetely 1-2 hours, The
actunl change in count rate over the counting period ves
almost negligible at this stnge, and any decrease in the
gount rate would be the same over the Tiret half of the
esunting period as over the second half, Thue a very
accurate value of the count mate wae obtained for the
time corresponding to the midpoint of the counting period

by use of the electronic counter.




r

Two different 2trip chart recorders were used in the
gourse of the work done for this theeis. The firast was
a sontinuoue recording Brewn recorder, and the second was
2 six channel lioneywell Brown recoder. Before use
{(and frequently thereafter) the recorder used was callbrated,
In the eage of the multichannel recorder each channel that
was used wae onlibrated independently, First the recorder
was adjusted to read wzerc with no externsl conneetion to
the mte me ter, Then it wae connected to the rate meter,
and the sdjusting serews on the rate meter were adjusted so
that the recorder read zero when the rate wmeter was resding
gero, and read 39/100 when the rate meter woe switched to
Yeelibrate” that ie when exactly 50 cyeles per second were
being fed through it to the recorder,

It ves not poesible to obtain a reading on the recorder
with the rate meter switched to "calibrate” and amctually
eomnected simultaneously to the high voltage suoply/amplifier,

Previcus work by the author {Furkert,1962) has shown that
the actusl method used does,however,give valid resul is

with respset to the whole e¢lectronic arrangement,
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l.z COUNTIRG CROCHIURE

At the commencement oI each experiment the mice
end~window of a geigcr counter wnlcn.bmd been waxe2 and
gested and found to be satisfactory wos ecuilibrated
¢ith varicus solutions to the renuired extent, The
details of this equilibration are discuseed elsevhere in
this thesis (ef. p. 116 Y. After equilibration the gelger
eounter end-window is imuzerscd in the appropriate renulred
solud#ton in = two-lltre peaker {or polythenc container ) as
ghown in “late 2 .

on the bottom of the beaker io a glass enclosed
magne L. Thig acts se a Collower for the mngne tie
stirrer ( g ) which is under the benker (Bee Plate 2 ).
The solution in the beaker is slowly stirred by the rotation
of the follower under tbe influence of the rotating magne t
below, Thie precedure eliminates #e need to have anything
externally placed into the slution (apart from the follower
itself) where it could become padtoactively contaminated.

Siipring is carried cul falrly dowly to avoid the
‘mu:«n of too deep a vortex in the solution. Care ie
needed to sce that this worlex doee not become so great
that a bubble of alr becomes trapped under the miea end-
window of the geiger counter. If this cccurs then not
all of the mlea eurface way be tn eontact with the selution.
This will have the effect of altering the count rate slightly,

due to s difference in the backsas ttering effeats af sir and
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water for phosphorus =32, 17 tihls bubble formetion cccurs
during the subscguent desorption experiment. Alsp, if
there ie =n sir bubble covering some of the mica surfnrce,
desorpiion of rodienctiive phoephste from the affected area
w1ll not ocour,

The background eountmte for the geiger counter, with
{ts mica end-window immersed in the two 1!tires of solution,
wae determined, After thie had been done, the gelger
gounter end window was removed from the aolution, and
placed in » radiosetive phosphete solution fbr a definite
time, while radisasctive phosphate wap adsorbed onto the
mica surface, ‘

Deending on the zumount of rmdviotactive phosuhate in the
adeorbing eclution, the count rate whez;.the gelzer counter
end~window was lamerscd in this solution was sometimes greatep
than could be measured by the rate meter, Yhen this was the
ease the voltage aglied tlo the geiger counter weae lowered
below the threshold veltisye during the time that the gelger
eounter end-window wae in the padieasctive phosohate sdution.

After removal from the radionctive phosphate solution
the threshold voltage for the geipsr epunter was checked to
ensure that no unobeerved variatlon had occurred. If necessary
the sviteh vositions on the high voltage sapply/emplifier were
8ltered so that the geiger counter was atill opcrating 100

volte abhove the threshold voltsge,
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vhen the peouired sdsorption period had elapsed the
mien surface of ‘the gelger counter end-window wae removed
pprom the radiosetive phosphate solutlon, rinsed in desorbing
solution and then replased in the two litres of decorbing
golution whercin the background count rate hod been
de teruined, care was teken to cnsupe that no air bubbles
wepe trapued agsinst the mieca aurface of the end-window
of the geliger countier in the process of insertion ol tnis
gurface into the teo litres of desorbing solution.

The exact time of introduction of the mics end-window
of the gelger counter luto the tsxo iitre beaker containing
the desorbing sclution was noted on the etriv chari pecorder.
The reccrder vas run at a speed of 4 inches per hour during
the initisl portion of the desorpiion, while the count rste
wae dropplog rapldly. iftir some time (ueually 3-k houre)
when the prate of decresse of the count rate was slover,
the péonpier chart speed was changed to 1 f{neh per hour,

Tt was Tound that after abouti 4O houre the ratc of
decresse of mctivity ~ae a function of time was, af ter
suitable mathematical anpalysls, penglvsble as a8 straight
line. In epder to ensure that there was a reasonable
smount of time when there was only thle straizht line
in the abalysed curve, most experiments were allowed to
run for approximsicly 100- 150 haﬁra.

onece the radioactive phosphate hae been desorbed

from the mica end-window of the getiger counter into the
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pesker of desorbing solution it vwill make no significant
gontribution to the count rate ag determined by the
geiger oeunfer. This statement involves the assumption
.that the voluue of desorbing solutiovn iz eo great that
there is no chance of engugh radiocactive pheeshorus atous
dieintegrating sufficlently cluse to the geiger countep
to bhave = significat effect onbthe cbserved gount rate,
In order © ensure that this wae so, after coneiderable time
for desorplion hed elapsed, and ihe count rate was ne longer
deereasing rapidly, the volume of desorbing eolution, in
which the miea surface of the geiger counter end-window
iﬁ immersed, wae peplaced with anotiher, e¢qual, frish volume
of desorbing s.lution. It this ﬁl;c had any effect on
the shserved count rate then the w luse was insufficlient
to eliminate the effeat of desorbed padioactive phosphate
on the count rate. This effect wae not ohserved with
deporbing solution volumes of greater than one 1itre,and
80 all desorption experimentes were carried sut in teo
litre beakera.

ig a further check that there was ne contribution to
the measured count prstefrom radlosctive phosphste desorbed
into the dcmorbing solution, sowe .f the desorbing solution
wag teken and the count rate due to 1t determined, The
"infinite thicknese® for the / radiation from phospharus
=32 in water ie spproximstcly elrht millimetres. In order

%0 see tww radiocsctive the desorbing solution was, the
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following procedure wep asreied out,

4 Yhilips lead castle waz used with o mica end~window
EudH gelger counter inserted inte it, so that the end window
protruded ihrough into the counting apes, The mica end-
window of the geiger eounter was coatcd with a thin layer
of par:ffin wax, It hus slresdy becngiesn { p.o38) thst
redioactive phosphate ia not adeorbed onto paraffin wax,
The end windov of the geiger counter was then placed in
a besker with a diameter twice thet« the end window of
the geiger counter, There wag a depth of 34 em.( i.e.
spproximately four times the "infinite Thickness” Taor 3% )
of solution btlow the window of the geiger counter.

The background count rate was determined with the
end window of the geiger counter immersed in distilled

water { see figure g Yo

to eounting asseablye]
—+—>1lead castle

/,end window geliger countep
beaker of solution !

/vax coating over
{with waxed gelger 1 mica end window
counter cnd-winduw 1—!;

imuersed in 1t} \/

Eigure 8

Lfter the bsckground count rate had been determined the
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beaker waz filled with sowne & the two 11tres of solution
into whieh the raliorctive phoephate from s mies sheet
had been desorbed. ifter stunding for some sinutes, the
eo lution was discarded and replaced with another filling
frou the tro litres of desorbing svlution. This was
done s number of times to ensure that the count rate of
the snlution would not be unduly low due to adsorption
of radiosctive phosphate onto the walls of the beaker,

It is reaconeble io assume that this edsorption does

not remove &1l radigactive phosphate from the solution
as if this vag so there would be no setivity in the
solution anywsy sg ¥t would have a8ll been aisorbed onto
the walls of the twop 1itre beaker into which the original
desorption experiment took place.

Finally the count rate wep determined with the wax
coated mica end window of the geiger counter imuersed in
the besker full of some of the original desorbing solution,
It was found that the actual eount rate of the solution
{equals cbserved count rate - backzround count rate) was
about 1. or leseof the lowest count rate observed in the
original desorpiion experiment, Thus 1t ie apparent that
within the limits of the experiment it is possible to
ignore any offeet on the actusl d-lected count ratle during
the experiment by the solution into which desorption is

carried out,
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be3 Prosesaing . f Dsta

At the completion of esch experiment the recorder
ehert is used to obtain tie eount rate at suit.ble
intervals of time, The value given by the reeorder
chat 1s taken, & ooincidence correction is added, and
thien the value of the background count rate for the
particular experiment is subtracted. As the half 1ife
ut32P is only 14.30 daye (Friedlender ond Kennedy 1957)
deoreare in the actusl count rate due to radioactive deaay
will have a significant effcot for periods of time greater
than about 1020 hours. Thus it is necessary {o correct
each count rate saleulnted as sbove Tor radicactive decay.
A table of factors wec constructed from a ecmilogariihmic
plot of percentage nctivitly remaining versus time elapsed
.(attex' zers time when the mica surface of the geiger
gounter end wirdow is firet immersed in the desorbing
solution}, the pe:centage aetivity remaining after 14,30
daye being 50.0. The sepries of values obtained by
these warious steps are glven for a typical experiment
in Tsble 1 .

The veluee that are finally obtsined (Columm 5,
Table 1 ) are plotted on ssmilogarithmic greph pzper
such that a plot of log (count rate) versue time is cbtalned,
It is found that, after a certain time, s stiraizht line can
be dpswn through all the reminvtng poh# on the graph.

This line ie dravn snd ls extrapolated back until {teuts
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the time = O axis at a point "2".

This extrapolated line ie found to lic below the
remeining pointe thati have been plotted on the graph.
The velue given by the line at the same time as ¢ ch
point alrcady plotted is eubtrscted from the point already

plotted, and a new series of points obtsined.

TABLE 1
Tine Gheerved + Gainetdence - HSaskground x Cor-
{bours) gount ratie corprcction reation
§::ay of
32,
1/6 15,150 18,655 18,580 18,600
1/3 114,000 16,950 16,830 16,850
1/2 12,200 15,800 15,730 15,750
2/3 12,520 14,779 11,700 114,720
5/6 12,000 14,190 14,030 1L O5U
1 11,500 13,450 13,380 13,400
1 1/6 11,150 12,950 12,880 12,900
11/3 10,850 12,350 12,480 12,510
1% 10,550 12,150 42,080 12,110
12/3 10,350 11,850 11,780 11,820
{1 5/€6 10,150 11,580 14,510 11,550
2 10,000 11,350 11,280 14,320
2 1/3 3,600 10,900 10,830 10,880

2 2/3 9,410 10,650 10,580 10,630
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TABLE 1 cont.

Uhekea)  swnk mts  awmmemiien o e aatty
of 324
9,170 10,380 10,310 10,370
3 1/3 9,080 10,220 10,150 10,210
3 2/3 8,960 10,050 9,980 10,040
L 8,800 9,850 9,780 3,850
4 1/3 8,720 9,740 9,670 9,750
b 2/3 8,620 9,630 9,560 2,650
5 8,300 3,480 3,410 9,510
5 1/3 8,330 9,370 34500 9,410
5 2/3 8,300 9,260 9,190 9,310
6 8,220 9,170 9,100 9,220
6 1/3 8,150 9,020 9,020 F,14L0
6 2/3 8,100 8,920 £,910 3,030
7 8,010 8,890 8,820 8,950
8 7,850 8,650 8,580 8,730
9 7,620 8,400 8,320 8,490
10 7,470 8,230 8,160 ,3L0
1 74330 8,050 7,980 8,180
12 7,160 7,860 7,790 7,930
13 6,970 7,620 7,550 7,750
14 6,810 7,120 74350 7,570
16 6,640 7,220 7,150 7,390
18 6,L50 7,020 6,550 7,220
20 £,290 £,800 6,730 7,030
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TABLE 1 cont.

Time Ohserved +goincidence -Background x Core
{nours) eount rate gorrestion rectiion
for
decay of
32
24 5,940 6,390 6,320 6,650
28 5,690 €,100 6,030 6,400
32 5,550 5,940 5,870 6,280
36 5,420 5,720 54720 6,170
Lo 5,300 5,660 5,590 6,080
L 5,150 5,500 5,420 54950
L8 4000 5,350 5,260 5,820
52 1,910 : 54220 5,150 54730
56 15,900 5,210 5,140 5,760
) 4,820 5,10 5,060 5,720
[2n L,750 5,050 1,980 5,690
68 4,680 4,970 4,900 5 4 6L0
72 4,650 4,930 4,860 AN
76 t,540 k4,810 5, 7RO 5,500
80 L,4L70 L, TL0 4,670 5,10
8l L4530 L,700 1,630 5,510
a7 L, 390 4,655 1,585 5,450

These new points are then slotted on the same graph

on the seme time abelesas a8 the original pointe.

It ie then Pound that it ie possible to drew a
straight line through a number of the newly obtained

points with the greatest time coordiinate, on extrapolation



7

of thie line back to the time = 0 axis (cutting 1t at a
peint "Y") 1t ts found thet some of the points «jith the
shorter time coordinates 1ie above thie lime "Y', The
subtrsction process ic pepeated with the line "Y" ani e
line dpswn as befope ihrough tihe points obteined, This
process is repeated until & line is drewn which passes
through all the remsining points ineluding those with

the shortest time coordinates. Tne total number of
straight lines obtained by the avove process of graphieal
analysis varied with di:fer-ent experiments, In a large
number of these experiments three atraleht lines were
obtained.

The resolved graph Trom tioe dats given in Teble
is shovn on p. @99, It will be seen that three strsight
lines were obtsined from this experiment,correspondimg to
three different desorption processes of radlosctive phosphe e
frow the mica surface.

The proeess being studied is one of desorption of the
radioactive phosphate from the mies surface of the sciger
counter end-vindow, or from the supf-ce«f a mieca shcet,
Thie desorption will bezin to sccur immedistely the desorbing
solution cores inte gontact wlth the mien surface,snd thues
there will be no elapsed time while diffusion or other

undesireble initisting processes ozcur.
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BATHERATICAL ANALYSIS OF DATA,

Preliainery experiments on the desorption of radie-
aciive phosphate Crom eition saturated mica surfuces
showed that the amount of padisactive uosgphate remaining
on the mlca surface decreassed with time, The amount
of vedipactive phosphate remwalining on the mica surface
wae meapured continususly and plotted on a strip chart
recordor as a Tunction of time. After suitsble
processing of this data (see ‘roceesing of Data p. 67
a series of setuzl count rater,corresponding tu swounts
of radicsctive phosvhate remmining on the mica surface,
at various time intervals after the commencemerni of the
desorption experiment were obtsined.

Desorption of padicactive plhosphate was carried
gut into anquoous solutions, “hepe solutions vere
etirred continunuely g that once radloactive thospbate
groups had been desorbed they wepe renoved from the
counting velume of the erd-window geiger countere used,
thus the only radiosctive phosphorue atoms whose
redicactive disintegrations were meseslured vere those
actually present izs phosphate lone) adsurbed onto the
surfaces being siudied.

The desorbing solutions used in the sxpepiments

performed in this thesls contained no phosphate groups
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(radiomctive or inactive) except those that had already
been desorbed from the surfazeée under study. The
gmount of sueh phosphate groups vwae so small thet it wae
not necessary to consider the possibiliity of residsorption
of any of the groups onte the surface being stedied in
the msthematical interpretation of the resulte obtsined,

The radicrctive phosphate groupe sdsorbed ocuto
the gurfsees under siady %ould be expected to be
adeorbed onto some particular type of site or pesgeibly
s numbepr of differsnt types of site, It wee assumed
in this thesie thst the radlosctive phopphate associnted
with the surfaces belny studied war, present zs acme type
qf adsorption complex {or complexes) anl not as a
precipitate {see Dlsousslon of Results p. 351 o

on plaeing tie surfacees studled in contact with
varioue solutions (after mdsarption of radionstive
phosphate had ocourred; 1t was observed thl the radioac tive
phosphs te groups we ¢ deserbed into the desorbig solutions
used,

1t was not considered that the desorplion of the
radinsctive phoaphate grouns fron the adsorpiion =ites
on tne surfacee etudied wee ﬁccoéyanie& by ary other
rnecessary oceurrence sueh ae the .preplacement of theee

groups by some other specles such ne hydroxide. te 1t was

believed that the radiosetive vhosphate groups were merely
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adrorbed onto theese surfaces 1t was not necessary that
any other group (phuephate or other ionic epecies) be
present at these adsorption sites.‘ Thus tie likeli-
hosd of any particular rsdiosctive phosphate group
" being desorbed at any time would be dependent only on
the strength of the Ilnkage betwecn the radioactive
phospha te g roup and the particular adeorption eite
that 1t was asszocisted with, . Coneequently the
desorption of radioasctive phosphate groups f(rom sny
vapticular type of adsorption site would be 'a firet
order process, the rate depending only on the number of
radlo=ctive phosphategroups attacﬁed to adsorption si tes
of this particular type. If there vae wore thon one
type of adserption site for radicactive phosphate on the
surface studied then the overall deeorption rate would
be esqual to the sum of the individual first order
desorption ratcs for each type of adscrntion site present,
If therewss more tian one type or.édeorptlon eite
for radiosctive phosphate from which desorption was
occurring simul taneogusly the matuematical analysis of the
desorption process would be the same ze thet of the
resolution of & mixture of ralioisotopes decaylng
gimul teneously vith first order kinetics. The ma the-
matical analysis of thie last proceses (deoay of a

@ix ture of rsdioisotoves) bas becn deecribed by a number



of authors ( e.g. Friedlander and Kennedy,1957; Cook
and Duncan,1952),

A necessary condition for successful maihematical
analysls is thét tiie half-lives of the mixture of ralio-
isotopes be widely differing in time. If this is not eo,
reliable sepsration of the components is very difficult.
This condition would slso apply to a similar mathematical
analysis of the problem of desorption of radiosctive
phospha te from a number of different tvpee of adesrption
site, Thnt ie the half-lives for each of the types
of radieosctive phosphate -surface complex { the halfe
1ife of oune of these complexes ie the time reouired
for half of the amount of radiomctive phoesphate present
at a given time to be desorbed) would need to be widely
seperated in time, e.2., 1 hour, 10 hours, 100 hours,

Another condition required before the above-
mentioned method of mathematicsl analysis would be
valid was th=t there was no interaction betveen
radloactive phosphste groups adscrbed onto different
types of adsorption site, or between groups sdsorbed
onito the sasme type of adsorption eite, and aijecent
to one aunother, In the work ecarded outl on eation
saturs ted mica surfacee the number of cations present

wae only one every 50 sq.g- that is one cation every
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7 g in esch direction. It seemed most unlikely

that there would be more than cne radioactive phosphate
group per estion ss the residusl positive charge on one
aluminiuxs ion (the highest charged cation used) would
not be expected to attract two phosphste groupe when the
total surface was not satursted with phosphs te groupe,

It wae belicved that some of the adsorbed radio-
active phosphate ione were associated with the mica
gurface 1tself, However the amount of this type
of adsorbed radlosctive phosphate complex wae always
lese than half of the total amount of rudicsctive
phospha te adsorbed at sll ph values studied. Therefore
there vould not be more than one radioactive phosphate
group betwecn each oatlon, and it seemed that such a
number could be accommodated on the mica surface without
neccesurily being so close to one another as %to lead to
an interesction between them that would affect their
desorption rate. Thue it scemed that this condition
would be patisficd, at least for mica surfaces.

By analogy with the mathematicalanalyeis of the
decay of & mixture of radicleotoupes the plot of the
logarithm of the amount of ralicactive phosphate
remaining adsorbed (on the surface under study)agsinet
time might be expected to be analysable into a number

of straight lines, one for each type of adsorption site.



The desorption curves obtained from the experiments
performed in this thesis were in fact resolved into a
number of straight lines. From this 1t has been
concluded that there were actuslly a number of different
typee of adsorption sites for radiosctive phosphate
groups on the surfaces studied, from which these radio-
active phosphate groups ean desorb with firet order
kineties. The actual mathematical method of analysis
is as follows:

tssume that there apre n different types of adsorption
site on the surface being studled, If the radioactive
phosphate groups desord from thesev sitee with first order
kinetice then the rate constants for desorption will be
£,k , K,
1 2 n

Let the initial smounts of each complex {thst ie the
amount of radioactive phoegphate assoeciated vwith each type
of adsorption site) be r-.1, L T These
are the amounte present at -rz— O. v i

The amountes of each complex present after a desorptiion
time ¢ has elapsed will be:
-kit -k2 t, -l t.

s AL

@

secvsescssh @ n
n

1
It is assumed thatl the specific activity of each

complex is the same and aleo that only radicactive

phosphorue atoms disintegrating on the ndsorbe® surface

are detected, Thus the weasured count rate



will be proportional to the total amount of radioactive
phosrhate present adsorbed on the surface under atudy.
The initial count rate will be proportional to A vhere
A=A YRy At eeeathp

The total amount of radiometive phosphate present
at time T=0 is ecual 10 A, and the smount prescnt et

tine T= ¢ will bes

-k ¢ -k © ' - %
3 2 [}

Alo + AL oot AS
if the prorortion of the amount of radicactive
phosphate present that is detected by the geiger
esunter is 5 then the initisl count rate will be
Beho and the count rate after time t will bet

s 'y s

Be Ay0 + 3. A8 + cegsesssaieh @
The logarithm of the count rate will be
(20g, 3.4, -klt) + (105, Bedg ~ kzt) + ....0(103. B.An-ien't)
.60 2,03 Yog (count rate) = (20303 log BeAg-k,t)

+ (2-”5 log 50‘2"*2‘) + seceses T &2-”3 log B-An*kn‘)

FS TR 2] 1)
As pan be seen fron equation (1) the count rate (wniech is
prosortional to the total anount of adsorbed radicactive

phogphate present) can be resolved into o series of

78
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logarithmic terme which on a plot of log (eount rate)
versus time will be reprecented as a series of etraight
lines,

The propertions of the total initial count rate
that reprecent the amounts of each complex present
initially will be glven by the intercepte of each of
these straight linee with the time =0 axis. The
actual values obtained will be BeAy, B.Ag,.....B.An.
Thue it will be poseible to obtain the relative am ounts
of ench complex present ae a fraction of the total amount
of padioactive phosphate present. . It’will net be
possible to esloulate the sctual amounts of esch complex, v
or the actual total amount of radiosctive rhosphate present
unless the propeortion B of the amount present that is
actually detected by the gelger counter is knowm.

With the use of semilogaritumic graph piper a plot
of count rate versue time is prepared and graphically
analysed intec a series of straight lines. The actual
detail of this grachicsl analysis is given in the preceding
sectlon en the processing of the experimental data (p. 67 ),
From the slopee of the straight lines obtained on the semi-
logarithmic plot i1t is possible to caleulate the half-lives
of each complex. The half-life for a complex is the
time required for the amount of the complex of redicactive

phosphate with the surface being studied to decremse to half,
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As the desorption of radionrctive phosphate from each complex
ie a firet order process the rate constants for desorption
kK o ¥ «eo..k are inversely proportional to the half-lives

1 2 n
in the same way ae for radio-~ctive decay, namely,

log 2 log 2 log 2
e e e ’
Ky = T
(t,) (t ) (t)
¥ 1 F 2 FE

Thus 1t is possible from the snalysed data tomlculate
the rote constants for the desurption of each complex from the
surfece being studied. These rate constants will be
characteristic of the ease of desorption of the radioasctive
phbosphate from the surface, the higher the rate conmstiant
the more resdily desorption will oceur.

As was mentioned previously the relative amounts of
each nf the c omplexes present is giv en by the intercepte of
the resolved straight lines with the time = O axis, If the
complexes detected account for 2ll the radiocactive phosphate
adsorbed aito the surfaces being studied, the sum of the initial
@ount rates of each complex should be equal to the total initisl
count rate detected. In the experiments conducted for this
thesis thie wae found %o be the case, the total amounts of the
different complexes detected adding up to the same value
{within sbout 1:) as was obtalned by graphical éxtravolation
of the orizinal curve,from the desorption experiment, back

to zero time. Thue 1t can be seen that there are no
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sther radicactive phosphate-surface complexes present in

gignificant concentrations on_the eurfaces belg studied.



CH.TTFR § .
EXVrRIMFHTAL.

In thie thesie an sattempt has been made to study the
mice surface -~ cation - phosphate system, Freliminary
ezperiments were conducted using wmlice surfsces saturated
vith slueinium and sodium fons. in order to do thie
the =mica surface of an g¢nd-»ipnduv gelger couvnter v an
sosked m & U.58 solution of the required cation. This
was done at least Four times, the geiger counter end-
window being left in the solutiocn for st least thirty
minutes esoh time,

It was found thet the mies surface suaturated with
sluminiue {ons sisorbed coneiderably more radicactive
phosphate (in the same perlod of time! then 1t 414 when
1t vae satupaled with sodlua lons. on placing the miea
end-window of the geiger eounter (after adsarstion of
rediosctive phosrhate)] in o beaker of water, the swount
of radlioactive phenphate =dsorbed on the ernd-window was
found to deereascwith time. The amount of radicactive
phosphs te remaining on the geiger counter eni-window was
plotted, as a Tunctiion of time, on s atirip chart recarder,
The count rate/time deta vas processed and ms themstically
anzlyecd as indicaled elae;berc {sce gection on mathematical
anslysie of dats p. 15}

Anslysis of eypepiments with Gotlh sodiux ssturated and

alusiniue saturated mica surfsoes zave desorplion curves
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which indtestsd that thepe wers three different types of
adzorption site fCroz which the radiosctive phospbate was
being desorbed. The desorption rates varied widely,
indicating that the various types of sdsorntion site

beound the radivactive phosphate with different strengths,

The eironger tuc linkese between the redicactiivs phosphate
snd tbe adsorption site, the less reaiily desorption of

the vhosphate into the water would oaouw, The total

saount of pudisactive vhosphate resent nag oheerved v be
gres ter in the esge of aluminiux than when sodium was used

se the exchsugesble cation on the mics surface.
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6.1 Control of th
Toe preliminsry ezperimvints Lhst have Jju=t been

described were carried cut wlithout any steps being taken
to sontrel the pii valuve of elther the raldicsetive phosphate
solution or the lons sdeorbed onts tue mica surfce. Onee
1t bed been eatadlished that the rediosc tive ghosphate
sag ~deorbed onto the mies surface in sowe menner, and thst
the desorption of this phosphete @ould be resolved into s
nusher of compenents, it vas decilded that thees comuponents
would be studicd over s psnge of pH values. To aveoild the
pesaibilily of there being any effect on the etnte of ei ther
the redionetive phumspbate or the toms /especially the
alunintuz lone) sisorded onto the mica surface, by their
intepaction vhen at diffepent oH values, both the redio-
active phosphate esplution snd the adsorbed ione on the
mics surfsce wvere brought to the same pH value,
tdjus tmentol’ the radiosctlive phosphatle solution to

the reguired ph valuve vas & pelatively elaple procedure,
as phosphs tc ions in golution are buffersd to & considersble
extent by weans « the fLollowing équilibr!az

iy b0, == “i"”z T

B, ‘”"‘C; = 5 th:

nf‘o:' = HY + POZ_-
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At any pli value all four of the specles, il.e. ﬂjvoh.

- 2w S
» HPOh and ?04 will be prosent simul taneonsly

B PO
2 4k
although no more than two will be preeent in significsnt
concentrations sl any one pH value, Table 2/p-82ivem the
reintive concenirations ( in moles per cent] of the four
oriboshosthale srecies over a panpe of pH values,

The pH value of the rediosetive phosphate solutiions
wae adjusted to the pecuired volue by the addition of
efthep epprqxtmﬂssly U.4 H hydrnshloric soid or approximstcly
Q. 15 godiuve hydroride ss reguired, These reagents wers
prepared By dilution of “"analse” gpade hydrochloric soid
{or sodiom hydroride) with delonised weter, the reagents
beingy peopared end nftoredin rplaztic conteiners o =vold
the introduction of any other ions ints the sclutions, Ae
tbe.vadioaetivn phosphate wae obtained as sodium ortuophosihate
in hydroehloric aeid a8t pH Z=% 11 csn be pecn thati the
reagents ueed for the adjustment of the pK volue do not
introduce any furinber spvcies ints the padiosctive phosphate
solution.

The pH value of all solutions used i{r this vork vwee
meapured with & Redlometer Type 23 Lk mster(:) L geparste
sel 0 elenirsdes vas ured for =11 messurements of the pH
value ¢f ralioactive Belutlone, aul sgecial sctl of beakers

Tor standard buffer soluticn, distilled water rinsc,sample

(1) #anufectured by the Rudiometer Company,
72 fmdrupve) Copenhagen K.V.Denmark.



TABLE

The T"roportion of Phosphate ious in Solution per 100 Molr, of Dissolved

Phosphate,
{Czleuluted from Buehrer,1932)
pH 3.4 5 5.5 6 7 8 9
o o o -8
Hols.of ujr-'oh 9 0°9 0.1 3x10°2 8x10 3 3x10 b 4x10 % 5%10
Hols.of uzﬂoh- 91 98°9 98 9l 82 33 3 0« 5
Do -2
#ols.of H *Ou 2x10 0°2 2 6 18 67 97 995

-12

3= -10 = N s -4 -3 -2
#ole. of ‘Oh €10 7x10  7x10  6x10 6310 2x%10  3x10 ~ Lx10

e Gg
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solution,ete,, woe kept solely for use with these electrodes.
Aleo, for esch pH value neasuresent, an aliquotl was removed
from the solution having 1t oM value adjus ted, and,slter
measurement, this wss discapded. Thus the possibility

of rsdiceotive op uthep contaminution of the prepared
solution was elimineg ted,

It wee found to be satisfactory o use only 0.18 satd
or alksli for the afjustment f oH values, The actual
sanceniration of phesphste in the rediose tive phosphate
solution ie extremely swall, ani wiih the volumes of
sclution usually uwaed mes stook solutions for the padio-
acllve phosphate (of the opder of 100 ml. oe iess;, it wes
found that oenly s Tew drope of e¢iiher mold or slkeli were
ever roquired over the range of ph values gtudied (3 ta?)

The adjuetument of the PH value of the ionms adsorbed
onto the mica surface undsr siudy was a more diffieult
task then for the radipasciive phosphste solution. In
order lo mainiain the pk value that had been obtained
hroughout the sourse of an experiment 1t was nesessary
Lo serrey out the descrption into & solution of the same
vl velue as that of the redipactive vhosphate aclution
and the tens on the mica surfroe.

Unfortunately, it wos realised that it would not be
peesible. to us: buffer sclutions ss desorbing sclutions

for the experiments being performed. Any soluticn that
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sontained nuy positive or negative fons that were different
frow those under » tudy { i.e. aluninium,sedium,bydrogen,
hydrexyl,phospna te ehleride) would lead to resulte, the
interpre tation of vhieb would be open to question, This
is becsmuse, during the time that the mice surface is in
contesct with the desorbing solution,while the bockeround
eount ratie for the sysiem is deterained before the
comnenecment of the adsorption of railometive phosphate,
any other iens prevent would be capsble of dispiacing the
ions onder siudy, snd leading to effecte relaling to the
sdeorption and desorption of lhese oiher ions,

iny positive lons precent mxgnt repilace the lons
adscerbed onto the mics surivce, n;utralizing the net
neza tive charge tnercon, o a gresterorlesser extent.
This would lead to the possible forms tion of some complex
bgtweau the pediosctive phosphate and the newly introduced
poultive ions. The desorption of the radicactive
phosphate frowm & complex with theee ilons would be expected
to Be in spome way chavsaferistic of the setusl ion. Thus,
if the smount of such sn ion prezent on the mieo surfoce was
not known, it vould be extremely difficult, 1f not imposeible,
to corprectly interpret the results obinined from the »
deeorpiion expepiments.

Any negs tive ions,other than phosphate,pressnt eonld
poseibly Be theuselvee adsorbed nto ine mica surface in

soae woy thus eltber completely blocking some sites Trom
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radigactive phosphate adeorntion or else ot lenst esusing
the rediomctiive phosphate adsorstion in teke place at a
eonziderably slower rated. Thiz latter case would be
expected 1f ithe comwpetiny anlon wae lees strongly complexed
with the miea surface than the radiosetive phosphmte ione
would be. If this wss ac then tbs/other ions would be
displaced by the radloactive phoesphate ueed in the experiment,
However, the emse of this displacement would depend on the
nature of the initislly complexeld ion. Unless 1t vas
known Just how resiily the replacement of the initislly
eveplexed ion by the radiometive phosphate oould take ulace
1t would not be possible Ro Torm sny conclusions from the
amount of redicactive phosphate aefa<lly adsorbed onte
the mics surfsce.

If the buffer polution ueed to obtmin the reauired
pH velue in ti¢ dezorbing solution conteined anv shoerhste
ions another Jdiffieulty would arisec. Theas vhosphate ions
eouid br mlsorbed onto the micn surfsce during the preliminary
goazing of the mies surface while the backeround count rate
for the experiment vas beling determined. Ther, when the
mies eurface was eoaked in the r-Jiosctive phosphate
solution, all poseible adeorption eitee would hsve slpeady
been 8- tisfied by the adsorption uf insetive vhosphate
ions from the buffer aolnﬁm. 'I’ﬁus the only phenomenon
that would occur would be the exchange LHetveen insctive and

radiose tive phosphate on the miea surfuce, Theprelore



the subgeguent desorpilon expepiment would only be
observable in respect of that I‘r;ctwn of pudiosctive
phosphate which had exchsnged with inactive phosphste
during the time that the mica gurface wae in contact
with the r-divagtive phosphete solution. It would not
be possible from such an experimentte conclude any thing
about the actusl or relative smounts of the varicus
[erosphete) - [mica surfiee] (or [bhosphate] ~[adsorbed
cation on mica xurf‘ace] ) complexes, unless some data
we & oblained shout the rate of exchange betreen the
inactive and redicsctive phosphate ions admorbed ante
the wmica aurface. ,

Lpnother difficulty that fne use of & buffer sulution
woiald have created is thetl almoet, if not all, of the
solutions regarded s buffer solutions contain at le st
one chelating agent. This would be expected tp attach
iteelf so strongly to any possible adsorition site as
to be incapsble of displacement by the radioasctive phosphate

selétion whon this ceme in contact with it This would
lead ® the cbservation of either no radisactive phosphate
adsorption at all, or else® the admorption only onto the
chelating sgent {tgelf. Congequently, in either case
it would net be possible to cbisin any deta relsting to
the adsorption of radleactive phosphate onto the mics

surface,which h«d been the objuet of the experiment.

Thus it can be seen that 1t ie not posaible to use



e buffer Salution to obitain a desorbding solution of the
rzaquired pE value, L & eonseguenge of this, to obisin
the required pi velue tor the desorbing solutions,solutions
of the ahloride nf the cation under =tudy were prepared
where possible. Thie solution waz then adjusted to the
recuired ol value with approximetiely OJIN nvdreashlorie
acid or approximately O.IF sodium nydroxids es recuired,
For eluminium satorated mien surface experimsnts 1t was
nut possible to prepare solutlons of alumininm ohloride
{or apy other aluminium aalt) sith a pH value grealer
then sbout 4.5, owing to precipltation of aluminiwm
hydroxide. Therefore, for expdriments on aluminium
seturated mica surfsces,solutions- ¥ distilled water ::;1
used, the reauipred pi value for the experiment being
obtained as above using hydroehloric acid or sadium hydroxide.
1t was found that for pH velues of 5.5 or less, the
sctual pH value of solutions prepared inm the above manner
pemained consisntfbyr a number of days. The pH value
of such slutions was checked ai times during experiments,
and from time te time fresh emounts of sclution were uzed
te replaee the original solution without any significant

zhenge in the pH walue belny obaerved.



6.11 Problems of Fxperimentation at High pH Vs

Some experpiments were performed with an aluminium

saturated mics surface at a pH value of 9,0. Splutions
of distilied woter plus & small amount of approximately
0.IH eodium hydroxide werc prepared havirg s pl value

of 9.0, However, after standing overnight, it vwas

found that the ol velue hsd droepped to approximately 6.0
due to the ad=orpiion of esrbon dioxide from the air.
VThun i1t we aprarent that, in order to maintesin the pH
value of the solution at 9.0 for the lenzth of time
required for an cxperiment [usually of tie order of
100 bours),steps would have to be taken to exclude air
from the expirimenicl systeq, or QlternnLtVely perform
the experiment in an atmosphere devold of earbon dloxide,
4@ 1t seemed more practicable to execlude air
altogether, apraratus wes designed 1o enable ibie to be
done. The easlest way to do thie seemed lo be to use
a contsiner thet war sesled apart from the hole necessary
for the geiger counter. Then, oh introduction of the
geiger counter to thesystem, there would be no rems iniog
gaps Tor air to venetrate through, After some experimente
ation the finsl apparatus designed was as shown in Vlate g
Tr.ie coneists of a itwo litre flat«bﬁttomed flask with a
widened meck into which ie inserted a pubber stopper

containing a number of holes. 4 golid rubber stopper

wap taken, =25d a hole dpilled in 1t that was only Just wide






enocuch to it an end-window gelger counter st its nsrrowver
part ( i,e. not i{ncluding the grester dieceter sround
the end-window).

4 geiger counter was taken and in the usual way the
edges around the end window and the sides of the geliger
counier were coatel witlh parsffin wax, After costing
the sides of the end window geiger counter with paraffin
wax 1t prequired considersble effort to insert 1t inte
the hole in the rubber stopper, When this had been
done 1t waes found that water 41d not lecok between the
sides of the geiger counter and tpe interior walls of
the hole in the rubber stopper. Thus 1t would not he
expected that mueh carbon dicxide would 3iffuee down
betveen the sides of the geiger counter and the pubber
stopper into the¢ solution below, Any small amount
of earbon dioxide thal did so diffuse would not de enough
to alter the pH value of the solution sivnifiesntly. After
the gelger eounter had been imserted into the hole in the
rubber stopper, the wax coatling on it was checked, and,if
it uppmred to heve been ericked in any vay, a fresh layer
of persffin wax wee costed over the waxed area still
accensible.

Ag well as the large hole in the rubber stopper,through
which the end-window geiger counter wes inserted, three

more smaller holem were bored throungh the pubber stopper,



around the gide of the large hole. Through cne of theee
holes = 100 ml. separtting funnel with extended esquare-~cut
out let tube was inserted. This was arringed with the
square-cul end fitting flush with the botilom of the rubber
eork {(1.e. the end at which the window of the end-window
geiger counter was placed). The segond of theese Loles
was bored parallel to the sloping side of the rubber

stoprer ss ehown in figure 9 H

hole for stirrep= hole Tor

parrllel to side gelger counter

af stopper

rabber ctopper

Figzure 9
inte thls hole = plece of glaes fubing of externsl

.dismeter equal to the intern:l dismeter of the hole wap
inserted. Thie wan placed se thd it vas flush with
the bc;ttom of the rubber stoprer. The other end woe
made to protrude for approximstely 10 cms, past the top
of the rubber cliopper. Throuzh thie glase tube a

centrifugs:l etirrer wss inserted, Becsuse of the
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angle of ihe hole in the rubber stopper,the bottom of thie
centrifugal stirrer was aluost directly below the mica end
window of the end-window geiger counter that wes in the
middle of the rubber siopper. The ecentrifugal stirrer
was driven by a "Towers" brand overhead stiirer moter.

The eentrifugal stirrer consisted of a gzlass rod onto
one end of which was Joined a plece of glass tubing. This
tubing ended in a hollow "T" plece {sce figure 0 ), At
the upper end of the glass tube, just below where 1t was
joined onto the glass rod, there was a hole with a 1ip

which protruded to one side of it,

glass rod /i ‘hollow tube hollow
/‘\ 1\
AN "I plece
protruding lip directiion
{on backwsrd slde of of rotation

hole in this view;
——>— = dircction of water Tlow

FIGURE 10
¥hen the tube rotated in the direction indicated by
the arrov watler was csught by the hole (the protruding
1ip helping to force more water down the hole) and was
sucked in at the top of the hollow section of the
centrifugnl stirrer,forced down the tube, and out both,
rotating, ends of the "T" plece. The direction of water

flov is indicated by the red arrowed,line,
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It w8 necessary to use & centrifural atirrer of
this type, rather thsn an otherwise preferable maznetic
stirrer and follower as was used in the rest of the
desorption eork in ihis thesis. {The marnetie
stircer wald have the great sdvantase thet 11 could
eliminate the nced for any direct connection with
the outside of tue othervise totally enclosed apoars tus).
Toe resson for this is that the spparstus ie totally
encloecd snd there is no air g p above the eolution. ‘s
& result of this there would not be a vortex formed in the
solution, Thus the liquid present would only be
stirred in a horizontal plane, and there would be no
@ixing from tup to bottom of the eolution. This
would be most unsaetisfactory, ac, when so e of the
radloactive phosnbate beg'n 1o be desorbel into the
solution, 1t would not be rrmoved to 8 great distance
awvay from the end window, and thus the eensitive volume
of the geiger counter. Thus some, at least, of the
deeorbed raiioscetive phosvhate would still b e counted
by the gelger counter,

If this situstion srosc it would lead te erroneocus
results, a8 lhe actusl loes of count rate would be less
than the true loss of radicactive phosphate from the
wica surface of the end window of the geicer counter,

Alse there would be the possibility thet some of the



radiosctive phosphate,if i1t stayed in close enough

i proximity to tie mica surface for a sufficient lencth

| of time, eould be renisorbed onto the mica surface.
This would make the observed reesulis even more 3ifficult
to interprot, as there would be more than one rphenomenon
beiny observed eimultisneously (1.e. both deporciion and
rewdsArption).

A third emall hole was »lso bored through the prubber
stopper, svaller than the holes for either the stirrer or
the separating funnel. Thie wae to allow air to esespe
from the appiratus as 1t was filled with solution after
the rubber stopper had been inserted into the neak of the
tvo litre flask.

After the seprrating funnel,end-window peiger counter
and glass tube to hLeld the centrifugsl stirrer had been
fitted to the rubber sioper, the bottom ani stdes of the
stopper were coated with wax. This wax served a twofold
purpose. Firstly it eliminated the poesibility of any
rodioscetive phosphate hat might have come in contact vith
the rubber stopper being adsorbed thereon. Thie radto-
active phosphate might have, subeeguently, either directly
increascd the amount of rodioanctivity deteoted by the
geiger counter, nr, on being desorbed into the solution
in the tvo 1litre flask, be sufficicent to incresse the

background count rate due to the surroundings of the
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geiger counter, and thus invalidste the dmts obtained,

Sueh & poeaibility existed becsuge, once the Relger
counter had been inmerted in the rubber stopper, the
background count rate wae determined with the end window
of the gelger ecunter, as well as the bottom of the
rubber etopper,covered with solution in the two litre
flask. The miea end window of the gelger counter
vas then placed in rodiocative phosphate solution fop
a suitable time, and then, after ringing in a portion
of desorbing solution, the geiger counter and rubbep
slopper were reinserted in the negk of the tsg litre
flask which was then eompletely filled with solutlon,
and the desorption experiment perfopmed, The geiger
counter was not removed from the rubker stopper during
the perioed of the immersion of its mica end window 1in
the radiosetive Phospha te solution, and while endeavours
were made to immerse only the very end of the geiger
counter containing the mica end window into the radio~
sctive phosphate solution, 1t was poseible that the
bottom of the rubber stopper came into comtact with
the radionctive phospshete solution st leaet for a short
time during the insertion or pemov:l of the mies end
windew fpom the nulutiou;

A second reason for coating the rubber etopper with

wax ie thal there could be impuritics In the rubber whish



eould be desorbed on prolonged contact with the desorbing
solution. These impurities could then poesibly be
reanisorbed onto the miecs window to some degree thos
possibly affecting the results obtained, A wax coating
would prevent the rubber of the stopper actually coming

in eontect with the desorbing solutlion. Sueh & coating
would therefore eliminate the possibility of the desorbing
solution { snd possibly subseguently the mica surface

of the geiger counter end window from 1ie contact with
this solution) beiug contaminated by any lupurities

tha might be on the surface of the rubber stopper.

The whole apparatus for use at high pH values ie
shown @ésseabled in PViste 3 paSlm ° The teo litre
flaek vas filled to about one inch below the neck with
the required sslutlon, Then the rubber stopper,
with the end-window geiger counter, separsting funnel and
gentrifugal etirrer fitted, was tnsertel into the neek
of the flask. The meparsting funnel was filled with
more of the solutlon having the required it value. This
eolution was then ruon inte the tuo litre flask until
the solution level was alwost up to the bottom of the
rubber slopper. A

4t this atage the centrifugsl sbirfer wag spun
rapidly by hend o number of times until all air bubbles

trapped luoide 1t were forced out the bottom of 1t



throush the "I piece. #ore of the sslution in the
geparatiy funnel wse then run into the teo litre flask
until 1t begen to overflow throuvh the sir-eccepe hole.
4 visusl exsminstion was then oonducted for bubbles
remaining on the surface of the mics end-window of the
gelger counter, or on the undersurface of the rubber

s topper. If any buiblee were observed the whole
ppraratus wae tilted slightly and rotated until they all
van ished up the aipr esespe hole. A 11 ttle more
golution wee asdded until the alp esgcape hole wae agsain
fuli. This hole was then tghtly. stoppered with 2
glass slopper. n oppening the aeparating funnel stop
conk once more the solution wae made to rise up the gap
betrecn the centrifugsl stirrer and the glass tube through
which it sas to rotate, to & height of about 5 em. above
the top of the rubber dopper. Thies was the only seal
betrcen the air snd the solution inside the iwo litre
Llask. The total sres of sclution exposed to the

atr in this manner would be less than 0.05 cm.2 and the
sir above this solution would not exchsnge with the rest
of the atmosphere very resdily, as it would be trapped
petecen the stirrer shaft and ihe glese tube containing
it, and could only diffuse in end oud relatively slowly.
Thus 1t can be seen that the smount of carbeon dioxide
adgorption by the sclution throuzb this eesl wonld be
very small, and would not be expeected to affect the o

value of the solution significantly.



190

is 8 test of the sbdlity of the apmaratus to malntein
a solution consieting only of dietilld water plue & emall
amount of sodium hydroxide at a pH walue of 9.0 for e
lengthy psricd of tize, a sclution waes prepared and the
apparstue sssembled as desoribed above. The initial
ol value of the solution used was 8.9 (= 0.05), and after
constant stirring for one weel the pH value was found to
have dropped only to 8.7 (-: 0,05). Thic wes consldered
satisfsctory for the experimente to be performed, es it was
felt that, ss long 2= the pH value was meintained at 9.0:
Q.1 duntng' the eourse of an experiment, there would be
very litile, if any, effect on the resulis cblained.

The sclution, which had been fx;eshlr made up with the
o value adjusisd to 9.0, which vas placed in the eeparating
funnel was usually more thorn was peculred to £111 up the
tvo litre flack ac deseribed above, After the background
count rate hed been Jetermined, the pubber stopper wae removed
from the flzeck and the miecs end-windov of the gelger counter
soaked in the redlonsiive phosphate solution for a sultable
period of time, Betore peplacing the pubber stopper in
the neck of the two-litpe flask some of the sclution was
empticd out, end then thu T1lling procedurs repeated once
mOre. The solution rasaining in the sepsrsting Tunnel
fron the time the baekground count rate measurement  wus

comzenged untll the time e actusl desorpiion experiment
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comueneed was not found to exbivit any change in pH value
darinyg this period of time, It vae left exposed to the
air in the weparating funnel, but the insertion of =
ground glase stopper ints the top of the separating
funnel acted as a barrier to the air cutistde. Af'ter
the sctual éesorption experiment had commenced any surplue
golution remsining in ihe separstiing fumnel wes removed
with a pipette and discarded. If the sclution in the
txg Litee Plask was replaced with a Tresh amount during
the ecurse of an experiment {(for <xasple to check that
thepe w2s no eontribution ito the observed count rate from
deeorbed radicaevive phosphate in the selution; the
scperating funnel wasrefilled with freshly made up solution.
Por the start of the setual descorption experimentis in
the totully enelosed ap aratus, serp tlme was taken =28 the
moment ;han the desorbing sclution firet completely
covercd the mics surfsee of the end winduw of the geiger
eounter, 4t this time exaceily the sirip chsrt in
ﬂ& recorder wos marked at gero haurr, avd then the
remsinder of the nip space ineide the apparaiue elizminated
4{n the previously dssceribed manncr s= quickly ae poszible,
1t was found that coneiderable eare vigs needed in
pleeing the tee litre flsek so thetl the eenirifugel
stirrer rotated evenly in the centre of the vlape tube

througzh which it psesel when 1t was connected to the
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overhie#d stirrer motor. If the lining up of the stirrer
moteor, 2tirrcr and glass tube containing the siirrer was
not almost perfsot it was not possible to cause the
céntirifugal stirrer to rotate. It was often found

that coneider:ble manipuls tion wae requiprsd before s

satiefac tory stirring epeed could be pbteined.
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B.12 Cont, _the Value of the Stpecliece on
Higa Surfaces

As well ae the radioactiive phoaphaté golution
and the desorbing solution it was necessary to adjust
positive jons adecrbed onto the miles surface under

-study to the rli value at which it vas desired to
perform the desorption experiment, It geems unlikely
that thie would be gquite as imporiant for monovalent
entione such az sodium ae 1t would be for multivalent
entione such an saluninium, In the case of scdium
ions for insiance, there is only one positive charge
per cation, and thig «111 be fully heutralized by the
residusl nsgntive chorge on the mies surlince . Thus
it would not be expeated that a ohange in the pH value
of the envirommental solution would bave much effect
on the neture of tne sodium lons considersd as adsorption
eites for phosphuic ions.

Tn tas vork that bas been underinken for $his thesis,
adsorpiion eltes Uor phosphbate relsted to the edges of the
mica sheete heve not bsen considepred fop ctady. in
fact, steps have been tokento climinate, or st least to
miniwise, the amount o the edges of the mios cheetls
poai tiened where asdeorpiion sould oceur, thile 1t would
be expreted that differences in pH values would have a
profound effeet on any eites such ne these edage sites,

whieh would prabably be &ué to broken bonds, =and go



capsble of exteting se el ther positive or negitive sites
according to the pH value (fur an sceount of thie type
of behaviour sc¢ for exemple Fieldes and Scherield(1960%. ),
1t doeg not seem probable that there would be very wmuch
effect on adsorotion sites related to the actual Cace
of the mics eheete. Thue 11 doee not geem very likely
that, in the sape of spdium {or other monovalent cation)
satura ted miea surfaces, the pHl value of the sclution in
contect with the miecs surface would be very important.
Yhen the o:we of a multlveieni estign, such as
aluminium, neatralizing the net negative charge on the
mica surface ig coneldered bowever; a different piclure
precents itself. If only one poeltlve sharge per
eation is used in the neutralizstion of the net negalive
ehurge on the wic surfuece, then there will be ure or
more (two if sluminium is the caticn consideped) positive
charges remalining unneuirallzed by the mics surfsce.
Depending on the pH value of the smoluilon, thesc might
be expected to exiet elither as positive charges op, if
the pHl walue wog sufficiently bigh, to have hydroxyl
groupe attached to them, If therc were pilher negative
ions present in the surrounding solution then these fone
eould sleo poselbly be attached te the remaining poeitive

charges un the ontion.
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6121 The kifect of Ohanges in pH value on the Nature
of Aluminium lons

The multivalent e¢atlon on which most work haes bhen

done in the present thesis ie aluminium, and the effect
of ehanges in the pi value on this cation will now be
eonsidercd. In solution, at sufficiently low pH
values the aluminiuwe is presentas the hydrsted ilon

{ A1 (H5»6 )3+ the wzter molecules being present in

oc tahedral coordination around the central aluminium

/4;?

@® = Al atom

atoms

~i —=Al=H,0 bond

which will be represented by:

2g the pH wvalue is increesed a gradual change tokes
place thrsugh s number of steps until eventusily a precipitate
of sluminiuvm hydpexide AL (OH) 1z formed. Tie precise
nature of these changes does nui seem to have been established

with finality. Wost of the available literature dsata
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geems to0 ‘awour the first step as being one of two proges ess

oither AL (#0)7° + 0 T [R(n,0),0H L 0

woioh may be written more simply (leauving out the vater

molecules sssociated with the aluminium)
a® e o = Mod® + i)
b1 i 4+ +
or  2aa(u0);" + 20 === [a(m0)oH)," +a’ + a0

which @may be wvritien as

-3

+ P ‘—_A[Al@;* + B ureeessen()

The structure of the aluminium complex formed by (1)

faay be Panresented as

OH

’ 520\‘1 / ngo
71

}120 !IZO

ﬂzo
while the aluniniua complex dimer in (2) has the

structures

2\T/\|/2
no/i\ l\ﬁo

&

f\\
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the aluainiun coordinate octahedra veing linked along one
eige as chown delow, the two hydroxyl groups each sharing
iheir single negniive charge beiween the two aluniniun alons,

o =0 H group

Sy T

{

LA

R

—_—= A} 1129 bond
=AY e (0) Dond

o

The firet orocess psetulated for the Tirst hydrolysis step

(3) is the simples of the two and would te the first of a muiber
of pinilar stops if therc was no tendency for condensation of
the complex ions formed. 7hese steps vould bes

0% e me == (0)®" +iliiennnee )

(naom)?* + uzo‘_—_.‘[_h(m);)’ ¢ Warsenseisl®)

[u(on);)’ v RS TN A(OH); ¢ B eeensee(d)

AloR) ¢ BY T Eu(on)a" & B spwevees)

There seems to be no mention anywhers in the literature of the
exintence of step Bo. (4). Although no refec ence: %o ite formation
by mtion (3) wers found, the existence of the species
Eu(oa)a' nao besn postulated by Treadwell end Lien (1931},
Preadvell and Bireher (1932) asd by Lepin and Vaivade (1553).

The existence of this species is, hovever, refuted by Kintzel, Riess and
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Ronigfeld (1935) end aleo by souchay (1948)e

steps (%) which is perhaps betier written ass

afom); + oF T Eu(ou)g"
is the dissolution of solid alusiniun hydroxide to form the
aluninate ion. . This ster is fairly well established and has an

equilidbrium constant for the above equation

the actual values quoted ranging (at 25°) frem 10%*4 by
Heyroveky (1920) to 1077 by Pricke and Meyring (1933).
The phenomena occurving during the ianiltisl stages of
hydrolysis have been iavestigated by a (mmr of workers.
Treadwell nnd Zurcher (1932) propered vasic soluble
ghloride of aluninium by dissolving sluminiun iun insufficient
hydroctbrie acid, They alse showed tha.fv it was poscidle
o ~repace these besic soluble chlorides by dissolving
aluninium in 1N aluminium chloride sol:tion. Solutions
with the same properties result from dissolving froshly
precipitatcd aluminium hydroxide (u(on),) in either
insufficicnt hydrochloric acid or insufficient aluminium
chloride solution. Hpwever these last two nethods of
preparation tended to give cloudy solutions end so were

not recommenied., Titrations of the prerared dasie
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ehlorides w1th alkeli were perforamed elegtroumerically
using = platinum electrode with 8 ¢,18 ecalomel ¢lectrode
ag reference electirode, Working i 1ith carbon dioxide
free elksli, and in an inert atmospherc, they obtained
results that they interpreted ss giving evidence for

the existence of the species ‘1G”ﬂ;' “2‘“”;

and the complex:

////,0\\\\\ *
s
[ \\\‘G’///
formed by the eliminstion of water thus:
9 +
+ - —— /\ o
2a1(on), + oM Q—En—ﬂ g""“a
(’)z \a/

although the sbove enuation is nlmost eertsinly only
the end result of a number of steps.

Thie complex is interesting becasuse of the spparent
presence of an oxyeen bridge between two aluminium atoms.
Treadwell snd Zireher sleo found that on nddition of more

ailkall the sbove enmnlex is converted to a hydrsted oride:

0 <+ G
vl \g - __.\[ 7N
— Al + oW H0—AL 41— 0t
[éo ‘l~\\°,/ N S
which they gay iz four times more soluble ir alksli than

the usunl axr{oH) o

+*
The tvo successively Tormed complex lome Al (°ﬂ)g

and Al 2(0“); are also deseribed as being prepared



saceiulidpogisnion in the earlicr paper of Treadwell
and Liem (1331},

Wintzel,%isss and ¥onigfeld (1935) believed ihat
the procese of hydrolysis is more complex than 4id
readwell and Zircher, They suggest the existience
of iwo procesees (a) Primary hydvolysts with consequent
formation of » basie salt; and {b) Felymﬂrization-uf
the basic sslt to glve a ner form that is resis tant to
acids, This hypotaesis would help o explain why
the titration of sluminfum salts with allksll is so
diffieutt 1f not impossible 1o reveras ohee any precipitate,
sapposedly of sluminlum hydroxid: ‘te formed. This
precipitate iz very readily formed, even at low pil velues
{leas than 5) and no amount of asitaiion uf the szolutlon
sceus to gompletlaly redissolve {t,

These conclusions, ss to the formalion and polyuerise
ation of a basie salt of aluminiuv., are in agpeement vith
similar conelusions reached by Ejeprum (1910) as a reault
of bls work wiih shronilus salta.

Souehay {1348) found,by eyrosmeonle menmurements on
eutectic potussinn nitrote/ice mixturea,dsf{nite evideance
for the exletence of the species (Aﬁﬁﬂ;‘ . He sald
that there muci be s continual agcspegation of the epeecies

from x=1 to X= 2.2 { x = number of mwles OH” iona per uole
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aluminium salt) at vhieh joint preeipitetion vas sbserved
to occur on allowing the solutions to siend for come timge
Shis bheory is vlightly different from that of Jaader and
vinkel (1931) who belisved that condensation occurred
progrossivdy irom ®=0 onuardz.

1t hac been sostulated by Faucher:e (1543), (1994}
thati the hydrolysis of aluainium .nitmta proceeds by two
distinet processes. Which of these piocesses is predom. nant
depends upon the concentration of the slumicium ionse
Thres conceairation ranges are congideceds

(1) ¥or sa aluminium lon concestration of greater than

iz 10‘3 moles per litre. The sredominant rcaction here iss

w® v mp T (mow)}’ + o'

and the hydrolysis constant ‘1 is glven by

Kma),ﬂ [
= e —
" @7’
(2) For an sluminiuam ion congeniration of less than

5x 07

molcs per litre. The predominant cpecies produced
in this conceniration Fasge is the monomer (a1 W)zo.

—_ +

a¥ oeonp (mao)® + o

with the hydrolyais constent 12 for this resction deing

e
O

(3) Tn ‘bo concentra ion range (for alumiaium 1ous}
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betwesn 5 x 107 moles per 1itrc snd 1 X 1072 moles per

2 ana (m oa);’ coexist

litre the two fons (Al OH
in ecuivalont proportions.
The hydrogen ian concentradion [Hﬂ is given by the

sguationt

il X o
e m Gl AT TRLLITET

from this ecuation it is pos:ible o caloulate ‘1 and !2.

The waluesz cuoted by Paucherre ares

-9

= 5,82 x 10 ° for ionic sirength == 0,60
y

Ky= 8272 % 19'9 for ionic strength == 0,12

and

e 1,07 x 10°° for ionic strength == 0,60
12
.

K= 1.3 x 107 for ionie strength == 0,12

2 .
9he asctugl Pesulis obitained by FPaueherre did mot

completely agree with the theory expressecd above, and he

pocuned that this vas b of the p ge of sugll asouate
of higher species even at an early stage in the titrations.
Bvidence for the formation of condenacd complex ions
in move congeniraled selutions is alse avsilable for other
ions than aluxpinl\n. An example of this is the work of
Geloso and Paucherre (1948) on the hydrolysis of lead nitrate,
 fhey founi that st concentrations of lead {sluabous) aitrate
greater than 1 X 10’2 moles per liire the predominant scecies

was (¥b OH):’
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while at concentrations less thsm 5 X 10‘}

moles per
litre predominantly (ib ou;* was formed. At inter-
medinte concentretions a mixiure of the tro species was
cbtained,

Hope receuntly, a detsiled siudy of possible mechbanisme
for the hydrolysis of the alustinium ifon in dilute aqueoue
solutions hss been perforszed by Frink and Peech (1963 sa).
They studied the hydrolysis of eluminium chloride solutions
in the consentration range 1072 o 10~ moles per Litre.
After conslderstion of a number of postulated resction
mechaniens they enme to the conclusion that the moet
pgobable warn the simple formation ©f the uncondensed
complex (Al 0»)2’ f.e,

N0 v B0 = nme) o + ne*

Becauae the hydrolysis constant was found to bz too
high on dilution the explanation was offered thatl some
aluninium bydroxide hed been precipitated. This
sluminium hydroxide was xlwreammbly present by the more
extensive hydrolysis of a sasll pertion of the aluminium
fons oresent. The hypothesis uecd was ithat the sclution
wag supersatursted with siuminiom hydroxide -nd on dilution
gome of this wes precipitated ocutl thue upeetiing the
equilibriusm and esusing an increase in the hydrogenion
concentration and thus in the hydrolysis constant.

Further work has been carried out by the same authors

VICTORIA UNIVERSITY OF
WELLINGTON LIBRARY,
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(Frink and Peeceh, 1963 b) on the hydrolysis of the aluminium
jon in hectorite and moantmorillonite suspensions. They
believed that initial hydrolysis proceeded as they described
avove, and, from wolutions of aluminium in sodium chloride,
they have caleulated a value for the hydrolysis cous ant

of 10“"9. On s0il materisls aluminium is present as

Al.j‘ ions. Some other aluminiuvam is retained as
gluminium hydroxide and does not lower the exchange
casacity of the svile The amount of hydrolysis of
alusiniua was atated to be lower on the clay surface than
when the slusialus was present in solution, according o
the ealoulations sades

The ores nce of & number of other species of alumiaium
complex ions has besn Feported by various workers.  Some

of  thes- for which evidenge has been bro.ght forvard ares

PR A (om 03
g, el
agonis o nyon)g
DI

and many others. A mumber of these are referred 4> in the publientien

of Bjerrim, Schwarzenbach sad Sillea (1958) po. 20-21
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The immedistely preceding discuseion hes been on the
effect of changes in the pH velue of the sclution on
aluminiun lons therein. However, in this thesis,
studiecs heve bheen made sn the adscorption of radioactive
phosphate igns onts the surfeces of miea sheets saturated
with aiuminium ioks. Tie, the zlumipivm fops that
have bean involved in the work that bag been carrisd out
have not been In ths sawe saviroament as they would have
been in an alumintiuez salt sclutien,

These ions thataradsorded onto the gurfece of & mieca
sheet, neutralize ihe netl negatlive chaergesrecidnal on the
mica surfage. These negsative cuqlrgea o;mmﬂ approximately
once every 50 sq. X on the gurfee of the mica sheet,
This means that if aluminium ions are aisorbed onto the
surface of the mics shest tu aeutezlize the negntive
charges thereon, the individuel pluminive stoms wonld be
approximately 7 : away fron eseh oiber. As a result
of this distance of separation 1% scems wvery unlikely that -
any polynuclear complexes of aluminium will be formed
on the mica surface due %o hydeolysis of the aluminium
jons vith ineresse in the o# wvalus of the environmental
solution. Thue the only likely changes, on change in
the pi value, will be in the presence and number ef the
free charges remaining on eseh alusinium atom over and

‘above that required for neutralization of the net negative
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eharge on the mion surface, The vapricue possible
configurntions thet mizht be exjectel at waprifous pil walues
have been dlscsesed clesehore in this thests { p 122 ),
The sctuel method of bringing the mtes surface, with
1ts adsorbed cations, 1o the peauiped pH value for the
desovrption v!rvr{ment to be undortezen varicd =1 th the
differsnt slacrbel cationas. Yhen o monovslent gation
was being siudied Lt wne poseible to ensury the urecencse
of this e1tlcn in all sclutfons in whioh the mic: curfnce

wae nlooed. Phen sodium saturdtel mics surfacre wepe

being studivd they were prepaped By moaking the miea
surfoae in repeated amounts of 1E sodiue shloride soclution.
The micn surfeoe was then placcd 4o eonteot with 2 O,2%
aolution of sodium ohloride, Thie solution wew at the
destred M walue Tor the exyeriment, adjustsont of the
originsl 4 walue to tue desired pH  wvalue deing
acocaplisted with 0,18 bydrcobloric aeld or U.1H scdiom
hyiroxide se peuirel, The apaking of tie mic: surfsoe
in the molution of the roruired ph value was capried out
at lenst six times with fprosh smounts of eolution,csch
soaking belpny =f atl lerst 30 sinutes dureiion, It was
coneidered tnat by thle tlme all elteradle & ¢olem woull be
in the fore they noraslly assused at the 1 velue under siudy.
The uge ufl m:ltiv-lent estiony, sush sr alusinium, ae

the alieorbed calions on the mica purfecer prescnts wmore
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difficultice however, It ie not possible to prepare,
experimentally, sclutions containing aluminium ions with a
ptl value grester than about 4.5. “hen & solution of mn
sluminium salt (such as the chloride,nitrste or sulphs te)
in wakr has its pH value determined this is found to be
appoximately pH 3 to pH 3.5 for s concentration of salt of
the order of 0.1 moles per litre, This is due to the
hydrolysis of the salt of a weak base {aluminiua hydroxide)
with a strong aeid (hydrechloric,nitric acid,ete.) 1n
agueous solution. Addition of small smounts of alkali
(e.g. sodiun hydrcxide) to the aluminius salt solution
patses the pH value of the solution slightly, dbut above

a pH velue of about 4.0 - 4.5 precipitation of eluminium
hydroxide occure. It ie believed that the reason for
this is that addition of the alkali, even in small amounts,
gsuses the pl value to rise very sharply at the point of
first contact of the tvo solutioms (added alkeli and
aluminium salt solutiomn). This leade to the precipitation
of aluminium hydrexide at this point. Tnfor tuna tdy,
contrary to the situation in most titrations, the aluminium
hydroxide does not redissolve on shaking of the solution
mix ture. It scems that, although definite values are
guoted in the literature for the solubility product of

aluminium hydroxide {values given at 20% renge bel een



10-29.92 according to Korenman,Frum and ¥udinova {1953)

ana 103290 gocording to czabd, Camyl and Kdvai (1955)
addition of dkall to a solution of aluminium ions gives

a precipitate that is not soluble even over a long period
of time. The most likely explanation of this phenomenen
is thd the precipitate formed has colloidal propertice and
has not properly crystallized out.

Ag 2 cons:quence of the impossibility of preparing
aluminium solutions with suitably hizh pH values for a
great proportion of the work that it was desired to
undertake, it was nececssary to adfust the pH value of the
aluminium ions adsorbed onto the mica surfee in some other
way. The mica surface vas repeatedly {at least four
times, Tor not less than 30 minutes each time) soaked
in O.5K sdution of a suitable aluminiumr salt, Distilled
water wse teken and, by the addition of either 0.1N hydro-
ehloric scid or C.1R Sodium hydroxide, ite pH value wase
adjusted to that at which {t was deeired to perform the
subsequent desorption experiment from the sluminium
gatura ted mica surface. The mica surfsce, which had
been saturated with aluminium ions by the above procedure,
was then sopaked in this selution of distilled water with
the desired pH value at lenst six times for 30 minutes

or mere each time, The aluninium ions present on the
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mica surface to neutrnlize the excess nega tive eharge thercon
will have the two remsining posltive charges not associsted
with the mica surface efither free, or assoeinted with some
anion, probebly hydroxide. The only charge in the state
of the aluminius that would be expected with a change in

the ph value of ite surrcunding sclution would be in the
specics, if any, that vere aessccianted with the two remaining
unneutrslized , positive sharges, It hae already been
shovn previously ( p. 139 that 1t would not be expected

that therc would be any intersciion betveen ad jacent aluminium
atons on the mica surface. Itliz coneldered that the
smcunt of seaking in solutions or.the required ph wvalue

that vss given each sluminium saturated mica surface would

be enough to bring aboat the equilibrium si tuation, of the
alumirnium ions present, at that required pil value,

Althourh 1t would hove bsen possible to use solutions
of aluminium eslts at the pH value of the subseouent
desorption experimen? vhere the required ol value was
i or less, it was decided to do all experiments on aluminium
eaturated mica surfaces using the procedure as described
above.

An experiment conducted with all species brourht to
a pH value of 3.0 wss performed in which the pHi value of

the aluminium saturated mics surface was adjusted with
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G, IX sluminium nitrate solutions. This experiment
produced the same results as did experiments pafopmed

at & pH vaelue of 3,0 with the pH value of the aluminium
eatura ted mica surface contirolled by the use of Jdilgtilled
water (contsining hydrochloric meid) in the manner
described above, Thus it apprars that, sl least at
pl values of 4.0 or less, it makes no difference whether
the aluminium saturated wica surface i 8 osked in
solutions containing aluminium ions or not when the

pil value is being adjusted.



6.2 ideorption of Redipactive “hosphate onto Cation

Saturated ¥ica Rupfaces
The preliminary experiments tht had been esrried out

on the desorption of radieactive phoephate from alusinium
eaturated snd from sodium sstursted mica su fhess were
repeated with all the pelevant sclutione, and the mica
eurfases, controlled to tue sawe pll value. The
results obtained were similar to those obisined pnvlously,
that is, there appeared o be more radiocactive phosphate
adsorbed by the aluminium saturated mics surface of = gelger
counter end-window then by a similsr but sodius ee turated
mics surfuce. pesorption expehiments from both systems
i{ndieated the existence of thres different complexes
as ohsracterised by different desorption rates Trom the
ecation saturated mien surface. From the diflerences
in the totsl amounts of radicective phosphate adegorbed
by the miea surface when 1t was gaturated with different
eatione (sluminivm and sodium) it appeared that the nature
of the cation must play some part in scme at least of the
different complexes Tormed.

The catlons aisorbed on to the surfacesof mica perticles
neuntralize the net megative charge present due to 1somorphous
replacement within ihe mica atruc ture. As these negat&ve

oharges effectively ocour aprroxims tely onoe every 50 8q.”



thepe ¥ill be about 7 : between negaiive charges, Thus
any adsorbed poeitive monatomic species will netralize only
one negetive charge on the mlca surface.

¥hen the mice surfsce iz satursted with sodium ions
there will not be any excésa.poai'rive charge, as each
godium ion w11l be completely neutralized by one of the
residual neg-tive charges on the mies surface. Iin the
cnse where the mica surface Is saturated wi th aluminium
jone however, the negative charge on the mice surface will
only neutralize cne of the positlve ahpges on the sluminiua
jons, which arc trivalent. This mgsans thet the alwsinium
fons will have two positive charges remining. Depending
on the phi value of the solution in which the sluminium
eaturated mics surface is placed, esch aluminium fon
may bt sssoclated with O, 1 or 2 hydreoxyl groups,such
that the total of hydroxyl groups clus posltive charges
equals teo {ss the thlrd charge on ¢ach aluminium is
asspcizted with the miecs eurface). The three possibilities

may be represented disgramea tically as:
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If the above poeeibilities are correct it would be
expected that at suitdle intermediate pH valves (and
even possinly at all ph values etudied) there mizht be

@ mixture of seme, or all, of (1), (2) and {3) above
on the soace mica shest.

If otner negative lons were present in the expepimental
system belng studied it would be possible for soue of these
ions ts be preferwniially ag=geiated vith sove oi the
positive chapges of toe aluminium that remsin unnentralized
by tbe mica surfsce. " dprever the amount of such

nezative ions wus winimiscd ae wueh as possible, and
thuse present were mostly the wonovalent snions ehlortde

and nitrate which are not regarded as readily forming
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somplexes with sluminium ione in dilute solutions. Thus

it seems unlikely that any such aluminium -~ anion (o ther

than hydroxyl or phosphate) complexes would form a significant
part of the experimental syetenm being investigated.

Prom the above discussion it would be expected that there
would be little or no phosphate assoclated with the sodiuvm
jons of sodium saturated mics surfaces. ¥hile 1% was
possible that there eould be some assoointion betreen the
phosphate group and the sodtum {ons adsorbed onto the mieca
surface, such an aseociation would not be expected to be
very strong. The sodium iona,:having their only positive
charge neutralized by the negative charges on the mice
surface, would not have any partievlar attraction for the
negatively eharged phosvbate groupe. Thus any b»ond
petween the phoephate group and the godium ions which were
bound onto the mica surface would be expsoted to be coneidere
ably veaker than the bonds rformed betwcen phosphate groups
and aluminium ifons whieh still possewsed a residual poeitive
eharge not neutr lized by tue mica surface.

Providing there was not o lmge activation energy
factor to be considered for the desorption of radiosetive
phosphate groups agsocizted with the sodium fons it would
be expected thot the mte of desorption of any phozphate

asepcinted w1th the sodium ione present on the mica gsurface
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wouvld be considerably faster than sny other rates of
desorption of the other complexen formed between phosphate
groaps and alusiniuam ifons. 48 there was no evidence

for any euch fester desorption procese 1t would not seem
ths t therg could be any phephe te 39&34*3*g§ with the sedium
ione that were neutrslizing the sxcesy charge on the mica
surface,

Hovever, from the resultie asbisined, the sbecnce sf a
phosrhde - sodium complex did not scem to be supported, there
sppearing to be three types of phesphate adsorption site
on both the scdium saturatid and #luninium saturated mica
surfaces., If there was actually no phosphate associsted
with the sodium icns on the mice surface then all three
types of sdecrption complex would beve to be sesociated
with the mica surface. The three types of adsorption
complex found with aluminium saturated mics surfaccs vere
found to heve similar rate constante for desorption ss were
the three complexes wiih phosphste associated with sodium
saturated mies surfaces. Thue 11 scemed ressgnable to
essuome that the hree desorption complexcs are of » similar
nature in both sele of exveriments, If thie ws2 the case,
then the conclusion would be that if there vss nme phosphate
speocisted with the sodium lons on sodium saturated mica

surfacen, then similarly there would be no phospbate



ascociated wvith the aluminium ions present neutralizing the
net neg tive charge on mica surfacess

The poeeibility of there being different adsorntion
vrocesges with the game rate constantes i the two types
of wies surface «gation system being studied secmed remote,
If there was, Tor inatance, one process aepcclsted with the
gluminium ione present that had the seme rate constant for
desorption of thosphate as did one of the desorption
processze frow the nilcs surface itscll, then the amgunt of
this phosphate - substsnce ( {i.e. mica surface plus
sluninium ions) complex as ohafnctetised by the particular
rate consiant would be considerably higher, pelative to the
other types of complex than when observed in experiments
with sodium wica. Thie vhenowenon was not observed
in the initisl experiments, and s5 other explanations
were considered for the similarity in appcarance of the
results from the ¢ xperiments on sodium and aluminiom
gaiurated mica surfeces.

From the genersl knowledge of the role of aluminium in
goil- pheosphatc systems { se¢e introduction p, 36 ) 1t would
be expected ghat aluminiva would form very readily BWGW one
or more complexes of some type with phomphste fons admorbed
onto the surface of alca. Thus 11 s-emed that the
explanation of the similarity of the initial series of

experiments wag very unlikely to be thal there was no
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phogphs te assocfated vith the aluminium lons which were
bound to the mics surface and neutralizing the cxcess
charge thercon.

The only other reasonable explsnation for the ini tisl
repul te thail pesdily suggested {taclf was thatl Tor some
reagon the mies surface sas not saturated #ith sodium
ifone, but that thers were giill gome sluminium lons
remaining on the miecs surfece And neutralizing the net
negative cherge thereon. 4 tt had been observed that
the total emount of radioscilve phosphate adsorbed
by the aluminiua saturated micas surface wae gres ter than
that aisorbed by wiat wae believed to be s sedium satura ted
mica surfece, i1 woulld secem that only come of the aluminium
fons had been replased with eodlum ions. If there was
no rhosphate sssociated with the sodiam ions present on the
mies surfaee then it would be expected that the total anount
of radionetive phasphate sdecrbed onto the mica e urface
would be peduesd relailve to the amount adsorbed when the

surface was completlely asturated »iih aluminium ione.



£.21 Preparation of Aluminium Free fodium Saturated Miee

gu ac

Ag the immedistely preceding hyvuothesis secmed the
most ressonable explanation of the initisl results sobtsined,
fur ther experiments were desizned to test 1t. The
dirficulty that had to be overcome was the TE¥¥SMensuring ©OF
the removel of all the aluminium ions present on the mioa
surfsce being studied and their replacement vith modium
ions, The moet likely method for success iz this undepr~
taking appeared to lle in the use of ion exchange resins.

Tt would be expected that eliner the godium form or the
hydrogen form of cation exchangt'tésins would be equally
effective in the removsl of aluminium, sr other multivslent
fons, from tie surface of s mice sheet,

The sodium form of & cation exchunge resin (sodium
resin) woald replace these ione direcfly with sodium ions.
The hydrogen resin would replace¢ any fons present with
hydrogen ions, and these could in turn be repluoced reaiily
with sodium iens by soaking the micz surface In concentrated
sodium chloride solution.

The use of sodium resins would have the advantage
that the toms on the mics surface have godlum lons
substituted for them in one gtep thue lessining the
poseibility ofamy cuteide contamination of the mica surface

after the removsl of 2ll unrequired ions. If hydrogen resia
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woe used to remove all other esztione from the mica
surface, 1t wag then possible to saturste the surface
vith any deeired oation such se sodinme resiily. Thas
it wan not nesessary, by using thie resin, to prepare

a lsrge rumber of different cation forne of fon exchange
resing te siundy a series L different cations adsorbed
gntz aiea surfsees,

It is possible to remove ithe positive fonw, present
neutraltzing the neg«tive charge on the surface,from
layer structure olay minerala that have & recidual
neg- tive charge on the surfece of t§¢ leyere idue to
imomorphove peplacement, by the uee of the hydrogen
form of ention exchange reeins, In thie vay all
other positive lone are replsced by hydrogen lone.
These hydrogen fons may be reslaced by sty other ion
by laking the freehly treated alay mineral and
bringing 1t into contact vith concentr:ted solutione
of the recuired fon. (The method of treatment of
the elsy aineral wobtmorillonite in this manner is
described by Purkert, 13962),

¥hen the hydrogen Torms of clay minerals are
prepaped in the sbove manner i1t is neceseary 1o treat
thew {muediately wlth other cations. The hydrogon

form Js nut etsble, and 1f, after preparation, the
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clay minersl is left to stand, breakdovn of the elsy
minersl berins to ocoupr. Aluminium lons sre liberated
by this breakdown, and replace the hydrogen ions vrepent
neutralizing the residusl negstive charge on the clay
uineral surfoces. Breakdown of the elsy mineral only
occurs until suffieient aluminiva fone have been libersted
to replace the hydrogen ions present. The rate of this
bre-kdown decreascm with ineressing removsl of hydrogen
fons snd their peplacement by aluminium ions, and after
307 of the hydrogen ions have been replaced the pate of
elay wminersl breakdown ie extremqu slow,

Tuie breskdown of the elay minerals and their
subsequent relesseof aluminium lous occure st ths edgees
of individual sarface layers, In the wori undert-ken
for this theeie miecs wae the elay minersl used. ‘s 1t was
desired to study adsorption and deserption phenomena
related only to the gurface of the mica, the zdges of the
ehrets were, as@r se possible, elimindted from the
experimental eystem by coating theam with wax. Therefore,
if the mieca aurfaces being studied were o be satursted
with hydrogen {one it would seem unlikely that breskdown
of the mics could oeeur with time. This would mesn
that the hydrogen satursted mies surfoee would he

rexsonsbly stsable with time, An eventual partial
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breakdovn of the siructure would ooeur at thase few edges
that 1t is assumed would be present across the ares of
surface under siudy (approximately & sa.ocm.) but thepe
would not be a very large amount ol breskdown over a
reasonable period of time { e.g. two to three weeks).

The hydrogen resins and scdiwn resine used in the
tres tment of the mice surface hasve been described
earlier { ». 7).

In an endeavour to nrepare a miea surface that was
almost entirely frce from ataminium { or other multivalent)
ions a pumber of procedures werse ;aveatigated. Succesns
was belleved Lo have obtained whex;almoat all radiosctive
phosphate adsorbed was found to descrb with only the one
rate sonstant., {1t wass not found that it vwas poesible
to completely eliminate other desorption rates, However
these made = very sasll contributlion to the tutal sctivity.
ef. Graph of desorplion experiment p. 235 )} It was
believed that this rete consiant wes related Lo radicattive
pbBosuvhate adsorbed onto the mica surface ltself, and se
found to be present regardlese of which cation was
adsorbed onte the mica surface.

The experiments concerning prepsration of sluminium
frog godium ssturated mica eurfrcce were oarried out om
the mics end-windows of end-windov geiger counters.

4 nev gelger counter was obtained for the first
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attenpl to prepare an aluminium free sodium sa tura ted mica
surface, fter being prepared and coated with peprsffin
¥ax in tue usual way ( of. p. B ) tre mies surface vasg
placed in tro litres of dietilled water eonteining
hydrogen saturated ion exshange resin, 4 polythene
contained was used for thise solution, which was stirped
contlnuously, by means of 2 magnetic etirrer and a
polythene and paraffin vex coated follower, for a period
of three daye. After this time the mica surface was
tuken and soaked in g solution of 0.5 N sodium ehloride,
which was contained in s polytbenq beakep, This
soaking waee repested fous tincs, and lasted for at least
30 minutes each time.

The gsiger sounter mics end-window wns then placed in
two litres of decinupnmal sodium ehlorids in » poly thene
coninineg, Tais sodium obloride sclution had been
prepsred by dilssolving "analar" eodium chloride in defonised
water, prepaped by raseing distilled water through &
ealumn 30 om. bigh snd 3 em. 1n dismeter whieh wae filled

with the mixed cation snd anioh exchange reain "Blodeminerslii”

All deionised vatepr rrepered in this manner was stoped
exelusively in golythene containers.

After the geiger counter miea end~-window bad pemained
in the sodium chloride solution Tor some time, during

whish time the backzround eount eate of the geiger counter



with it: end-window immersed im the solution wes determined,
it was cemoved. The wmies end-window was then placed in
a solution conteining radicsctive phosvhde Tor & suitable
time {in this experiment ten minutes) anl then replaced

in the polythens container full of sodium ahloride

sclution. The loss in the padionotivity froum the

mica end-window wae then followed se a function of time

an the strip chart recprder in the usual manner.

Upon grapbleal analysis of the results it was found
that there etill appeared to be toree desorplion processes
whose rate constants were comparsble fto ihose obtained
with an aluminium saturated miea surface sz the adsorber
surface for the paifosetive phosphate. Thus it wse
eoncluded that alusinium iens hed not been removed from the
mica surface of the geiger counter eﬁd—windaw, or at
lesst not coapletely. It wae not pousible to ascertain
what percentave of radicactive phosphsate had been adsorbed
by the miea surface in this experiment, pelstive to the
amount that would have been adsorbed by a completely
aluminivm aaturated mica surface. This would have
required the adsorption of the same radiosctive phosphate
solution onto thc same mics end-window which had been
eompletely saturated with aluminium ione, and this
expepriment was not esrried out.

The mics end-window of a gelger counter that had
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been used for a previous experimeni was taken and soaked
for socme hours in a solution contsining 1 gm. of sodium
dithionite (“‘23205) in 50 ml, of 0.3 ¥ Sodium eitrate

(Na C H 0, «2H C) solution, This solutiocn sae used in
3657 "2

an endeavour to remove all fons from the mica surface.
In the stepwise procedure for the removil of phosphate
from asild deseribed by Chang and Jackson (41957) it is
gplated that the use of the sodium Jithiontte/sodium
citraie reagent removes all iron bound and reductant
soluble phosphate. The mica‘ end-windos of the geiger
eounter was then placed in a z«ulytpaae beaker containing
a stirred "Slodemineralit” - nater' aixture for 12 hours.
It was expeoted that ithis would remuve sny excess lons
whe ther positive or negative from the mieca surfacs.
After this treatmsnt the mica surfaced the gelger
gounter ond-window wae soaked in 1.08 sodiuvm chloride
solution Tive times for at least 30 minutes each time.

The sodium chloride solution wae prepared by
dissolving ihe required welght of "analar” sodium
ehloride in two litres of delonised waler in & pelythene
sontained. A puftable amount (410-20 graws) of hydrogen
form ion exchange resin vas added snd the gsolution atirred
continuonely for 2L houre. The hydrogen resin was used
in order to remove any tracee of other positive ions that

might be present in the sodium enloride solution. These
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mizht be due elther to impuritics in the sodium ehloride
used or else be ipsces introduced in the chemical
manipulationes , e.g. weighing and use of metal apatula,
The hydrogen resin would slso remove some of the
sndium fone Tpom the solution ani replace them with
bydrogen ions. This nad the offect of lowering the
pH value of the splution to betveen 2 and 3. However
when the experiments were pertorwed at a constant pi
value, the pi of the Tinally used sodium chloride
solutions wae adjusted to the reguired value by the use
of either C.1N hydroenloric acid or O.1% sodium hydroxide
yhoth of which reagente were prepaped by dissolving
the “analar® ¢owmpound 'in deionised water and aloring
in poly thene bottles. inue the lowered ph value
of the 1§ sodium chloride solution would not lead to
the subsequent introfuetion of any iona likely lo cause
gny interference »ith the experiments. The acetusl
amount of sodium ions replaced by hydrogen iens would
not have been very great, %8 the atrength of the
sodium ehlovide solution wre not » critical facter in the
experiment, the slight lowering of this strength (with
reapect to the sodium ions) would not =affeset the results
obtalned.
After soaking in the sodium chloride solution, the

mica surface of the geiger eounter end-window was dlaced
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in two litres of deionieed water in a polythene container,
The defionised water had had 1ts pH velue adjusted to 5.5

by means of the solutione described above. Al ter a
suitsble length of time, the background count rate of the
geiger counter having been 3etermined, the mica surfsce

wag removel and scsked in a2 radioactive phosphate

solution for 30 wminutee, and then replaced in the polythene
eontaliner as befure. The desorption experiment vwas then
folloved and thne data obtained anelysed in the ususl wanner.

Anaslysis of the results obtained from this experiment
showed that there were sitill three different,simul tanecuely
cecurring, desorption retes of radionctive phoschate from
the micn end-window of the gelger counter, This aecmed
to suggeet thst aluminiuwn, or some other o=tion which was
parable of Torming some type of adsorption complex with
phosphate, was still present on the mics surface of the
gelger counter end-window,.

At the conclusion of thle last experiment the same
gelger counter wae token and sovaked in 0.5H aluminiam
nitrate solution fourtimes for at leasi 30 minutes each
time. In this way all the aisorbed cations would be
expected to be replaced by aluminium ions. The mica
windov wae then soaked six llmee in distilled water
having s pH vaiue of 5.5. After ihis procedure (to

bring the mica surface of the geiger counter end-window
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to the same stste as in the previous experiment except
for the replacement of any sodium lons with sluminium
ione)} hud been Tollowed, the mica window was immersed

in to0 litres of distilled water with a pH value of 5.5,
aocd the background count rate deterained. The mica
window was then soaked In m further portion of the

saue radlosetive phosphate solution ss was used in the
above experiment on whal wee supposed to have been n
sodium saturated micx surface.

Subsequent desorption of the redioactive phospha te
appeared to oeccur with three simul tansous rates se had
been expected for alusminium saturated mica surfaces.

After a correction hed been aprlied to the total amount

of radioactive phosphate -dsorbed by the aluminium
saturated mica surface because of the radioactive deesy

of the g ieotope {(half=-1life = 1L.30 daye) in the intepwval
betieen the commencement of the two experiments, the total
amounts of rasdicactive phesphate sdsorbed by the mica
window of the geiger counter in each experiment were
compared, Itwae found that the amount adsorbed by

the miea window in the second experiment, with aluainium
only being the saturating cstion, was elightly less than
trice the amount (3,900 c.p.m. = 2,000 e.p.m,) adeorbed

by the miza window when sttempte hed been made to e¢liminate

all aluminium ions from it, and replace them with sodium

ions.
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The difTrpences in initial count rate beticen
experiments on aluminjum saturated misa surfoces and
endium sx turated mica surfsees that bl been obeerved
in the experiments initially performed in this thestis
had been of this order of mpgnitude. Thur 1t would
gvem that the lasl orocedure doseribed for the removal
of aluainitus ions had notl met with any partieular
success, over and above that ebtuined by the more usual
processes.

is a further check that the first methol tried for
the pgrepsration of aluminium ion free sodium saturated
alca surfaces { p.132 } was nut eubgeseful, the rrocedure
wss pepeatcd on anothcr fresh geiger counter »ith unused
mica endewindow. Ywhile it scemsd unlikely, it wae
thouzht thati the peason for fallurc to prepare a codium
satur«tcd migs murface might lle in the technique of
handling usel, rother then in the mothed ttsclf, However
the veaultis obtained from thle experiment were the same
ae before, tiat is. thepe were three desourption rates
of radicnetive phosphste frowm the mies surface observed.

After thie, » further experiment was performed with
the same geiger eauntev/a%%e saxe railoactive phesghete
solutics, in tbe say which has beer descrined above ,vherein
the wics surface of the geiger counter end-vwindew 1s first

saturated witn sluminium lone. Tt wae found that the
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relative gmounts of padionctive vhosphate adsordbed in the
two experiments vere, once again, aporoximately in the
ratio 2:14 for sluminium saturated mice surface tsodium
saturs ted mies surface. Toe sotuasl initial count
rates ¢aleulated for the tio experimentis were 1,000 c.p.m,
and 450 e.p.w., and while this ratio wee slightly higher
than that oﬁsﬁpved when the second procedure had heen
followed the difference did not appenr very significant.
Ae suceess hadé noti been ohtained by e!ther of the
above procedures 2 third method was inveetigsted. & further
ne¥ geiger counter wae taken,prepgred for experiments tion
in the nsunl way, and the mion surface of its end-window
soaked in & salution of eoidium form ion exchange resin
for 12 hours, The micr window was then taken and
egaked in 1,08 epdium ebloride solution four times, and
then in 0.2N sodium chloride solution which had been
adjusted to hove 2 pH value of 5,5 in the ueual manner.
This la=t trestment was carried out six itimes, The
migs surfrce of the gelger eounter end-window waa placed
1n teo litres of 0.2 K sodium chloride splutlon with s
pH velue of 8.5. 111 the above steps wame cirpied out
ia polythene beskers and contalners, The sodfum
shloride solutions were vrepared »ith “enzler” eodium
ahloride and deionised water and hydrogen resin as

desoribedin the account of the previous me thod attempted(p&")
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ifter determination of the background egunt mte for the
geiger counter, the mica end-window was placcd in a solution
of radioactive phosphate for 30 minutes and then rinsed twice
in 0.2% sediusw ohloride solution of pH value H¢5. #ollowing
this procedure, the mlca window was reimmersed in the tvo litres
of sodiua chloride sclution in the polythene container and
the de=orpiion curve for the radigactive ohosphate rrcorded
and aanalyaed.

s a fupther preeaution agsinet the poseibility of
introduction of any catione other than eodtum to the syestem
under study, the padloactive phospha te solution, which bed
alwaye peen etored in a pulythenr}eontaincr tc minimise
the adsmorption of the padiosative phosphate groups {which
were present 1n e xtremely small concentration) on to the
salls of the contsiner, was also stlorel over a small amount
{gpiroximately one gpsm) of sodius resin. It was hoped
that this ion exchsnge resin would rewmove any traces of
sluminium or other wultivaktnt ions that mighi have originally
been present ip the padlone tive chusphate golution.

%inile these ione would not be expected to have s great
effect on the gyslem belng ntuéied, it wis thought that
they could roesibly axchangé with, and 80 displace,some
of the sodium lous prescni on the miea surfage of the
geiger covniler end-windpw dupring the time of adsurptllon

of the railosctive phospisie onto ithls wica surfsce. I
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thie phencmerecn ac'uslly ncouprped 1t would be posaible for
radioac tive phoephst groups sleo preeent in the solution
20 be auisorbcd onto these newly epested sites thus glving
# false, snd unduly high,pleture of the amount of
adsorpilen actually ccsureing onto the eodivm e turs ted
mics surface. £ polythene contalner was sleo used for
the prsdiosative phosphate sclution during the actusl time
of adsorption onte the mica purfnce,

7t wse concidered that a possible complianting faector,
leading to s sligzhtly high inttial eount rate Tor the
Jesopption experiment, might be the prasence of a emall
amount of padlonetive shosphate golution adnering to the
surface of the wmica end-window of the geigeor aounter, Any
redioactive vhosphste so present vould be rapiily warbed
into sclution. Thie wuﬁli give piss to an anomalously
high count rate for the firat minute er so of the dseorption
experiment, teagrdingly 11 vag deeided thst 1t would be
more satisfactay if the miea suf{act of the endewindow
of the geiger counter was washed in 8 partien of solution
of ihe same compoeiticn ns the eventusl desorbing solution,
This would ensure the premov:l of any edhering drops of
reiloactive phosphete spluiion thaet bsd not been de tached
rrom the mics surfaze on its removsl from the radioactive
phospbate soluiion &1 hed been plaged in for the purposes

of adsorpiion. This waching procedure wae carried out
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‘e the total time for the wushings was less than 10
geconds, there does notl seem to be any poseibility that
any siznificant ameunt of raiipactive phosphate would bs
desorbed by this procsdure, fven 1f a gomlex exioted
with a half=time sf desorption Aas ahort se 20 seconds, the
majority of the mmount of such a species srecent would not
be vremoved by this washing prosedure, and sc ite presence
would 8111l be detecated readily on analysls of the
eubsequently obitalned desorptlion curve,

The most rapidly desorbed species actually deteoted in
any of the desorption exveriments ‘purforzed bBrd a half-life
of degorption of U.3 to 0.6 hours. That is, it wss
desorbed approximalely 100 times as slowly as the hypothetieal.
gpeeien adove. Also 1t was shosn (sce mathematicaml
analysis p. 8 ) that the actual species detected
accounted for all the railoaetive ﬁhoﬁpbat@ initially
adsorbed on the micn surface under study. Thus,if
a very rapidly desorbed specles dves existl 11 musi be
present in very small concentrstion relative to all the
other specles deteeted,

If there ® = any radlosctive shesphate solutlom left
adheping to the mlea surfaee of the end-window of the
geiger counter ithis weuld give sn apparent initial count

pate that ++¢ higher than the true initial copupnt rate
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dne eolely to the total amounte o the various rodiosctive
vhogirhate - caticn erturated mice surface complexes foprmed.
The amount of inerease of the count rste due (o the adhering
rrdicactive rheephste solution weuld probably be comp pshle
for a1l the experiments performed vith the same radipactive
vhesvha te solution. ug the relstive effect on the
initial count rate of mn experiment usirg @ sodium saturated
mica gurface would be greater than vhen an sluninios
satursted mica surface wor used as the adsording surface,
This could lead to & ceneidersble alteration in the patio

of the initial count rates for the teo exjeriments.

Another poseible dicadvantaze of the presence of
adhering raliosctive uhoephate solution on the mies surfsce
would be that 1f it was left Tor oy length of time before
the commencement of the desorption experiment { or before
being rineed off ¥with descrbing solutlon) further adserption
of radigactive phesphate {one could oczur onto the misa
surface, 4a is ghown clsewhoere In thie thesls (9.197)
the relative amounts of the various species sisorbed over
a renge of time dces not alter. However the totsl
amount adsorbrd iperences with inereasing time of
adgor;tion fron the radiosctive phosphe t¢ solution.

Thus the relntive amountz sdsorbeld in tso cxperiments
can only be cslculsted where both sisorption timss are

the ssme. This might not effeetively be so if in one
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experiment o ionger time elopged bestessn revgwal of the miea
surfree from the sleorbioe selatiasp end subreavent desorption
or saehine, then vne the gasc in the sreold ,coniarative
exueriaent,

fualyete of the deta obisined from the exrcsiment Just
degeribod gove d1fPerent pesults from: thase ahisined
rrevicuply. The totsl smount of v Sienotive shanphde
initlally sdecrbed wae lawer than hed beren ohaapved
for rrevicous exruriments. Yt v=p ?aunk the t wlmanst
ell the radiorative choeyhete wis desorbed with o pote

cenetant simtler to thet of the lens?d realily lemovrbed

srseice observed on nluminios s tdps ted mies g aeg,

led to the csrclusicn that almpet all
clweiniom or other 79lifvalent dons had been reanved

from tre surfege of the mios epdenindsy of 4he

tgep
couriter, The most Likely ex-lans tion of the eingle
erecice rpeaent on both sodims snd slewintun e« tupa ted
wlen supfaccs was that the = diseiive rhoavhn te wng
aleorhed in sowe way diseetly onto the misa suprfase,
T# thie waeg 2o tren the ereoies would he nresent no

mriter vhot antlen wae sigorhed ontp the ainn surface,

Tmter revetition of the abowe syperirent gove the pame

regulls, and a9 14 wae assomed thet, at leant st the n

value of theee experdments (5.5) therc vas soms tyoe of
complex furmed between phosphbste lone gng the notunl

sarfeoe of the mige, {ndeuveudent of any cationg also present



145

to neaterslizge the net pagative charge on the mies gurface,

Gvsr RO of tue totel sdeorbed radio2ctive hosphate
wae yresent on the scdium saturstcd mics vurfsce as the
pne species sith a low pste constant, The remsinder of
the setivity was pot suffiglent to snalyge relisbly inte

_any sumpopents, but il had ro Aap. oroximste half=time for
desorstion thet indto iled that it aizght be due to adsorption
of peiioaciive phosphete ento = relatlvely emoll azncunt of
slusinlus or othsr multivalont foos 6111l presesnt on the
alos purtsce.

Afier aompiclion of the desorption experiment on the
guliaam esiura ted ales surfsce of the gelger counter endw
window,the grlger countler wasn laken and  the vprocedure
.:eacvibed_ on pe 136 rag followed. thus 1t was possible
to ascert in tue patio of the wWtal awounts of railosctive
phospbde sdsurbed onto the same miea surfoce whoen ealurated
with siusinius ione, and when satursted with sodl @ iobs.
iPter carrcetion Tar raciosetive deeny of the }?P atons
the retio of the iwo iotel amounis wae Tound to be 2,450
Gapos 1 230 Gupeita That is gg;g or beteeen 10 and 11
times an much railonctive phoe‘,;bico\ms aisorbed by the
aluminium sstupnted miva surface ps by the sodium patursied
mlos eurfaCeé.

Tais peir of experlmcesis on tue saume xien swrisce was

subs-quently repe-ted twice on other gelger counter mica
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endewindows. #imiler results to the above were obtained
in botih ceses, The ratios of the total amounta of

r diosetive phosphate alsorbed by the sluainium and

sodium saturated mies surfaces werevabaerv&d o ne 821

end 9:11. It is considered thut these figures are in
gatisfactory sgreement wiih each other in view of the
Aiffieultics involved in the prepursiion of the aluminium

ton free sodium satursiecd mica surfaces,
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£.22 Sodium Satupated Kies Surfases

Sedium eaturated mica surfoces which hsd been prepsrved
free of sluminiuvm ions in the eay indlested in the preceding
section were ulso etudied vt other pH values, At a pH
value of 3,0 {t wae found that when an sluminium free sodiuvm
entups ted mica surfece vas allowed to adeord radigrnetive
pheephe t¢, the Bubscouent desorption experiment yilelded
on analysis very similar results to those ubtained in the
previously deseribed vork at a pH value of 5.5, Over
907 of the total amount of radiometive phosphde slsorbed
by the sodlum satursted mica surfaoe appeared to he complexed
with the miea surface in the one t?pe of complex. The
rate eonstant for this species vas 9x10"'5 winutes™lwhich
is of comperable magnitude to that of the species found on
sodium msaturated mica surfaces ét. a pk velue ¢f 5.5 (5 x

10~ minutes ' ).

An attempt was made Lo obtain a value for the ratio
of the amounts adesorbed by sodium eatursted mica surfaces
and by aluminiuvm ssturited mics surfaces at 2 pH value of
3.0. The procedure described in the previcus section
for sodivm snd aluainiue ss turated micr surfuces at the
ssme pH value was followed for one of the succesafyl
experiments on a sodiuwm saturated mics surfece (that is an
experiment in which i1 appesred that almost all of two

of the species normally pressnt on aluminium saturated

mice surfacee at a pH value of 3,0 were abs_ent).
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mfortunately the totsl inttial amount of radigaetive
choehate that was adsorbed onto the sedium & tor- ted mica
gurfice vas sporoximately 15,000 cop.fe As it was
eupseted that the saosunt of pailoactive phosphalte adsorbed
by an aluminiuve & tur ted mica surface 2t the same pii value
of 5.0 would be considerably more than this, a period of
approximetely twg half-lives of the 3% {am;roximately one
montih) w-s allowed to elapse befare asmesna:ment of the
experiment using radicactive phaavhate snd the aluminium
saturated mica surfacs.

syen efter this period of time had elapsed 11 was
still _fe:md thst the totel amount of radionetive phospha te
1pitislly sdsorbed wes grester thap eould be plotted on the
strip shert regorder . The steip chart recurder Was
marked aceurately for 2ere time for the desorptiion
experiment, that ie wnen the mieca supface vas firet placsd
in the desorbing golution, snd left running while the
desorption Yook place. i1 was found that af'ter about
Ly hours the count rate hsd dropped 10 a messurable
smount which was then follewed oul on the strip chart
yecorder,

ip this experiment hed been perfommed on an aluminium
sa tura ted mica supf-ce at & pH value of 3.0 i1 wae thought

that the actusl desorption curve yould be expected to have
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the same shape ss the other experiments earrizd out on the
same oye tem but with a lesscr apgeific xetivity of radio-
setive phosphate, Two other experiments on aluninium
gatursted mice surfaces with ol values of 3.0 were therefore
conelidered. Por eseb of these expsrliments the ratio

of the initial eount rite to the count pate sbseprved of ler
% hours and after 10 hours was c&,\)‘.cu? ated. Toe veluss
obtained sre given in Teble 3 , the tuo experimente being
1sbelled "2® and "B".

TARLY 3

ESASSECEENIN

w:tle of Gount Rates Fxperiment "A% Fzoeriment "B"

inttinl count rate
Count Rete =fter 5 hours 2.06 <10

Tpitial evunt rate
Gount Rete after 10 hours 2.37 2.4

The potise ziven in Table 3 wapre token and
anltinlied by the observed ecount rates, for 5 houre and
10 hours, of the exepiment thet vas heinc tadfedydo
ascertain the initiel covnt rate. The gount rete after
desorption had yroceeded for 5 houps wes cbserved to be
36,300 e.p.m,., and efter 10 hours to he 31,0300 ec.pem.
¥4th the four valuer givern Tor the ratioe in Table 3
these iro cheerved eount pstes gave values Tor the

initial count rate of :

{over)
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36,500 x 2,06 L= 75,000 CaPeiBa
36,300 x 2.10 == 76,000 2upaite
34,900 x 2.77 Ao 76,000 Cupame
31,900 x 2,41 Ao 77,000 c.peis
Aveprave value = 76,000 c.p.im.

Thue {prom the above g:leulations it seemeld thal the
initial eount rats in the ¢ mparison alwainium esiupated
mies surface desorptlion experiment sould have been about
74,000 e.p.0.

For this erperiment the - luminium ssture ted miece
gupface had been wrepired by goskiing the wics surfuce
af o gelger counter end-window in L5k aluminius

eul phe te (A17 {80 )3 ) solutions,. gubgequent work

L
(zee p, 183 ) hse shovn thet mica surfaces paturated
with sluminiue sul phs te soluilune sdsorb approximstely
thres times ag much padipsctive phosphde s do miea
surfaces saturated with elther aluwinium niteate op
alunintum chloride, lowever, apart from ihe initially
high sdsorption of policactive phosphate, the desorption
rates and the relative amounts of the differcnt ssecles
pressnt ares the saue,

g all gumpsrison experiments with sodium and

sluminium satur ted mies surfacce at a pH value of 5.5 hnd

been earried out using alusinium nitrste solutions, in
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order to have & basis 9f comparison belween the two
valuee {3.0 and 5,%) 1t wae Tclt that the eslculated
initial count rate of 76,000 c.p.m. Tor the aluminium
sulphate satluralcd mica surface with & pH velue of 2.0
ghouid be divided by three, This gave an equivalent
infrial count rete of 25,00 CepPells

vuen the initisl count rate of 25,300 c.peme for
the aluminium s= ture ted mica surface was corrected for

52

fie raciosetive deeay of tke 7 P aioms during toe elspsed

time between commencement d  the sodium sa ture led mice

gurface - radiocactive phesphate desorpiion experiment

and commencement of the simllar efperiment en the

sluminiue eatorsfed mica surfeee, itne value oblained wae

108,000 eopetne The yiip of this count rate 1o the

initisl count rate of readleomctive vhosphate adsorbed

by the godium saturatced mies surfsce was 108,000  or
42,000

between H31 and 931, Yhile this figure ia very

uneertain, oving to the npumber of assumptions involved

in its ecaleuiation, it ¢-n be seen that, 17 these

sseumptions are b osieally valid, ther the patio of the

t0tal amountis of radiozctive rhosphste adsorbed by

aluminiume saturated mice epurfaces and by sclium saturated

mic: surfacce is comparable 2t pi values of 3.0 and 5.5,

.ndeavours were made to study toe adsorption and
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pubsrequent desorption of raldissctive shogphate onto &
sodiue saiumicd wics surfrce with a »H value of 3.0. Owing
to the difficulties alrendy described involved 1in working
at high pli values { ef, p. 91 ) it was necezeary o uee
the totally enclesed apjaratus thnt bl been designed for
vork at these pk values. untortunately thie apparatus
1e wade of glsse which would not be satisfactory far
experiments vith sodiun gsturs ted miea surfaces,because
of the nesessity to execlude all trages of alunintum from
exgsriments »ith tnls system, ts 1t 4id not seem
practicable to make = eimilar plece of spparatuz dut of
noly thene materiale, some way nad ‘to oe deviacsd to eliminate
211 contact betsezn any glass ani the salutions which the
sodiun 8 tupated mics end-window of the gelger agunter wie
to be immersed in.

The centrifugal atirrer was coast 1 with rapalfin wax
both inaide and outeide as far vp an the point at which
it entepei the zlase tube throuzh the rubber stopuer.
Althourh the degorbing solution wnuld rise up thias gless
tobe sore distance ( about 10 c.m. peet the nottien of the
stopper) 1t was not possible to coat ¢itner the outside
of the stirrer sheft or the fnelde of the giase tube in
wnich the stiirrer rotated sith preaffin wex. Thie
sne beasuse the amount of eclearnue. was such that the

i{ntroduction of any wax woold etop the gtierer rotating.
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In an attenpt to exelude tihe slass of the walls of ilhe
tro Litre Tlsek whlob held the desorbing solution from
oantact with this solutisn, a polythene hag was inserted
into the flask, and the desorbing selution placed inside
thie bag. This polythene baz was big enocugh to protrude
through the neck of the two 1itre flesk, snd the rabber
stopper contelning the gelger counter,stirrer.etc, wes
inserted ineide 1, Yhen £11led with solution the
bag ewelled out to hold almost the seme volume ss the
tug 11tre flaek would have held hed the bay net been
present. Thepre was a snall velume around the sides
that 4id mot have anything but alr:rflling it,

fiwen though the polythene bry was checked for leaks
before use, 1t wee found thet the ecamptly apacc between the
walle of the tvo litre flasek and the outaide of the
poly thene brg gradually filled sith llquid whea the bag
(inside the twp litre flask) had been filled witlh solution
and allowed to stind for some time. | I this wae to
haocen during & desorpition <xperiment, thue level of the
desorbing solutien in the polythsne bhag ingide the teo
litpe flack would drop. Tnis would have the effect
of breaking the contect heétween the wics surfece of
the gelger counter c¢nd-window and the desorbing sclution.
Sueh a2 heppening would csuse interference with the

desorption of the radioactive phosphate, thus invalidesting
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the dals obiained after this point, as even 1r/“1°f§um wae
added the time scale would be meaniniless unleoss the
exact time tbat tihe mica surface wes cut of contact with
the solution wae known,

In opder to stop the desorption solution level
falling avey from the mica surfsce under study dupt ng
an experiment, the volume betwsen the polythene bag
and the walle of the tio litre £lask vas aleo filled
with desorbing solution. Providei the pate of movement
of the solution through the wells of the polythene bag
was slow enough 1t would not be expected that a significant
amcunt of ~luminiwm fons from the' zlase could penetrate
into the polythene brg in the pericd of time required for
a desorption experiment. A the rate of leakage of
solution through the polythene bag into the gir Bap
between 1% and the iwo litre flask wae observed o be
slow (a period of some days being recquired o fill the
gnp)y and s8 the rate would be expected to be slower with
solotion on both sides of the polythene beg 1t did not
scem likely that conteminaiion of the soluticn would
ocaour in thie way.

Care was taken to ensure thet the bottom end of the
rubber mtopper: which would be in contaet with the »
desorbing solution wae costed with wex. The protruding

edgee of the tvo glass tubes that came through to the
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hottom of the rubber sicpper were aleo coated witlh wax,
Theee twg tubes were the end of the ssparating funnel
topough whieh some 1€ the demorbing solution was added
and the tube inside whieh the centrifuysl siirrer rotated.
cne of the stens in the spepratisn of the enclused apparatus
wag the addition af the rematinder of the desorbing solution
required to eompletely £111 the space around the geiger
eounter end-window inside the tro litre flask, Thie wase
done through s rlase svparating funnel.

fa method of overcoming the reeceapity of using this
glass separating funnel wes devised, To minimigesiany
undesirable «ffect thet the usc uf{ihiz giane seperding
funnel might have on the exceriments with godium saturs ted
nica aurréceﬁ, ar muchselution as poseible was sided
dipectly into the polythene bag ineide the two litre zlass
flask hefore the rubber stoprer plus gelger couﬁter,eto..
was inserted. The sepsrvaiing funnel was winsed out
several times with the desorbhing solution, and then, after
the pubber stopper had been ingerted in the tuwo litre flask,
desorbing solution was voured iuto the meparaling funnel and
rapidly run into the flask until all the space below the
pubber atopper wes full of the desorbiug solutlon. If any

of the desorbing solution remained in the separating funnel

after ihis procedure hsd been crrried cut 1t was ianedis tely

withiravn and diec-prded.
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511 the solutiones used were preparsd in the same manner
as deseribed carller { ;ASB } foy experimsnls ohb siluminium
ton free sodium seturailed mien supfaces at a pIi value of
5.5, exespt thet they were 511 adjueted to a ph value of 9,0,

Altbouzi cxperiments on the sodiun saturaied mles
surfree of » gelger counter endwwindow werce carried out
more than onee in ihe maunner described ebove, 1t appeared
that soccess in obteining eluminium jon free scdium
astupated micn surfeees hgd hot been wohieveded 2t this
il value, The expsrimeniol results iniinatcd the presence
nf three gomplexes between padipretive vhoephdte and the
mies surface heing studlcd. Tnéec cownlexes hud the
esme rate conetants Tor desorption as those obacrved Tor
staminium sa tura ted wics curfsces at o tH velue of 3.0.

The tot:l awount of radicrctive phesvhate adsorbed by the
prepared mica surface was about helf of tha t adsorbed by
aluminivwn saturated micu cupfaces under the ssnc condiitions.

Tpege pesults vere stmilar to those obtained at first
¢1th spdium saturated wic surfecea that were subsequently
shown to hsve a eonsideradle pmount of 2luminivae ions still
present edsorbed ento their surfaces. Thus 11 seemcd
resconable to concluds that, Juring %he expcrimente
performed on godivm onturated niea surfaces with a vH
value of 9,0, sluwminium ione were sl present sdsorbed

onto the mica surfaces, in about half the concentratien



157

normally found =itlh »proepnpsd aluwminiusm satureted mes

purlnGos,
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Cos ‘lwairnium Sstupated ik

jgm tupf.oces

¢ the inttlsl cxperiments hoi ehown that mlos

rallonctive

surfrocs fatursted with aluainiar tons sdeoy

phusnhx te thnt could subpequently be desorbed into aclution,

farthor stulies on the v dlonctive shoscha te/alusinium/mica

shem were cavrpied oute The adesrpiisn snd

agurface

paitonetive ~hosohsle fprom an

subsenuent desorniion of
alwwinten soiurated mice rueface vore rtudled over a8 range
of Jifferent (i valucs. A goneidsrsble smount of work

vag d.ne at w ph velue of 5.9 s this was a o value

¢mparable 1o thut found in wmeny suils. pxpepiments
:v

vere gleo performacd sl gensilder b1y bigace (8.4, and

Faby iL order lo siudy the

lower {2.0) ok valucs

in the gorszlion rhenowens #1th ehonge in ph value,
fngorsticn experimente pepformed al 1l valaws of 5.5

wepe eapried out in the vousl way Lloto tvo litre

be:keps sont Ining dlstillied water aith tne povulped pH
vilus e The Lreniration of the aluminiva suturated
ming murfucesn at bucse ok valauls le desapibed previously
(o238 ). Iyp clments on aluminiam sa urated mica
cupfiereg rith o vl valus of %,0 were perfopned using the
npeeiallp dectened,tonlly enclosed apparsilus {sec Troblems
of “xnerigments tion at nish pH valoes p. B ver the

vl & pii valae of ),0 cguilibirtion sf the

micn surface was sareied out in the e«ag vay ss for
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the ey orimente at lower pli valuos excepl thai eplutiona

of dilstilled watep hoving a pll value of 9,0 were umed

thet bed be.n prepared imsedimtel: pricr te béix;g required.
Cne .f tue apsusptions ihet Lsi bren made in this work

whe thet in the desorption of redio:ctive yhosphate from

aluminiug eniursied mies surfrecenly  the phee te

group was derorbed. meoruse there 1s Tar sore rodlio-
active vhoephstic adsorbed onte aluminium saturated mica
surfeces th n onto sodium {or other spnovalent lon}
ssturs ted mica supfacees 1t e belisved thnt the rhosphste
groups are asrocinted with the aln-;aai:':!um {one in some

wRY o Alter adsepniion of thosphote the eltuation

&t the mica surface ¢anp be represented as id figure 11

--®--0
---®
——@-®

Figupe 11

mica surlGoe aluniniom Xona-@

resilual neg rhosnh  te ,-J,Num,®

charged

The slumintum ione snd the thosohete groune are shown
divgramns tleally. ne linkaces between chosphate and
sluminium, and betweer rluminium and the mica murfuge are
ghovn pe = — — = =) there being ro fmplic:tion as to
what 2ort of linkeage may netu'nuy exist. Yhen

qegorplion occure it is known that, becaure of the lose
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ctive phossphe

radiosetivity, the

emoved fpeon the misa sgurface i sous way,
arc oo daselble ways 10 wilish thie roaoval

Thers

Uoe is the

o

By result
s @rida sheing
4 shave,

Zlgure 77 .

The other ngsaibiiity invilves the Brea

If the second possibility occurred (figure ¥’ ), the

residusl negative c harges on the mica murface would be
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left unex tiefied when the sluminium ions were removed
taty splutisr xith the padissative phoephate groups,

i o vesult of this, other positive ifons prezent in the

suareounding solution we - nigorbed onto the mice
curfoce 1o g2 tinfy ithe net nez-tive charge thereon.

17 tiere wepe any aluminiuwm ione prescnt in the
Gesorbivg solution these wouid be more likely tu ve
adsorbed onto the mic: suplfece than aonovalent ilons,.
Iven 18 Lo fesoroiiy solution veed was pul wede up
with uny wiluaiuivia lene 1L would pe excected that there
woulu be soms aluminive lomne presenl from toe ¢laes

ol the Besdop used. It seewed unilasiy that

herc woold be many pee aluminium ions preccnt Trom
bre- kdo.n o the alusinium~phosonde couplexes releassed

into whe aolu A LY ne desernlion process. 1Y these

coaulexee wepre uasiaple snough to dissceiate readily, the
aluwinisg hoevhats linkaze e0u1d have broken oricindly
on Ltine mica surfyod,lending to the Tiret possibility

ruggested (Figare Yo

faun, althwurih 4t be expecicd that seue of

wice surface left

i residuwrl nego tive charges  on
angsura ted by ithe deserstion of the slusnirium-chosphe te
comclexsr vouid be srtursicd with fresi alumniniua lons,
age of thoze chaPges would prob.bly be saiurawd with

other positive lons. The only podtive fone that would
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be prerent tn uny sivnificsot conecentratimin ile descrbing
suivitions uscd would be podiuvm snd hydrogen ions, Some
of the pesidunl neg tive chgrges on the nler eurface
vouid therefoprc be neuvrslined by these tgnovalent ions,.
It bBad slreacy beon estublished that mies surfaces sdturated
with monovelent ions ~Jdeorbed fr less radbactive chospheate
than vhen they vere estursted with sluminiuas tone ( or
other multivalent fens). Ooramquently 1P railoactive
vhosphate wse adsorbed onto the mica surface for a second
time,sithout sny preliminery trestment of “tae mise surface,
it would be expected that iems voulﬁlbe sisorbel,oving to
ihe leaser sumount of slusiniun lone pressunt.

If, hosever, the firet joesibiiity for tue dazeorptlion
of the radicaciive phosphste that v .r dipcuesel [tee
figure 12 } v=y correct, it osu be seem that the
mics sucfaoe s finally (sf{ter desoppticn of 5ll radiosctive
phicesbete) i the saae conditlon as 1t wse fnitielly, before
ery adsorpilon ol r dtoective rhoepbate hsl oecarred. Thus
# Turther trestment eith rediocactive rhoepbaic sbould lead
10 the sane agouat of a2dsurptlisn ss goosurred the first time
the mice gurface weg plsced in the rellozctive puosphate
sclution,

To test shiak of the tro possibilitien wes correct ,

teo eonugcutivo descpntion experiments were performed.
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ind, after

A mina end-vindor gelger gouliter |

preparation in tie usual way (cf. pa ) the wmies end

window wue eoaked ib C.5N alumivium pitesic solutl
ronr times for 2t lemet 30 wminules esch time. “he
miza window wae soaked in ailstilied valer hoving a pi
valve of 3,5 six times in order io sdjust the yL value

of tpe mluminium Jons satuprsiing the mlon surface to 3.5,
Tne haokground count pate of the yolgepr counics wam
detecolacd while toe @wics end=-winuos wag jamerscl in wo
1itres of dlstlilled water 81 a pJ valoe 2f Z.5.

After Lo packground count pale tad been de termined
and the mice sarface of lhe geiged covnter end-wiadow ad
eguilibrated with the tvo litree of solutlien, the gelger
goupier was roemeved aod the mica eud-vindes plae-d tn @
golution of radiosetive phos hate with a B value of 3.5
for & eulwwhle lenglh of time (1U winules). “he mica
gurface sae toen ringed with Jdistill:d weter huviog & i

Cvalue of 3¢9 and replaced iu the wo 1tires 21 dietilled
waver Sup desarntilon ol the padicactive Jhos brido.

After desop,tlan of the ruiloeaciive dhoophete feom

the miea cni~windovw of tue gelger goanter hod ocourred,

the mlen windo. wos acakel agaln in dietilled watlev having

a il yvalue of j.5. Ihe gelgee counler 08 taged with
the mies surface of i{te epd-wl!rdos 1o twp Lltvos of dietilled
cater with a pff value of 3.5. The mica surfsec was allowed

io equilibrate with the two litres of dlstilled wuter, and
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veund count rotc vax Jetepnineds The mica

eurfase vas then menoved Srom the too 1itens of dlstilled

in palianetive phoauhate. Dl padio-

active nhosphate ueed was anciher srtion of the same

polution,with a ge wee upecd Cop the Plest

adserption. The we s Por the

after remov: 1l Irom uolution,
riused wi<h 3istill-d water heving a pil value 37 3.9 and

revlecad in the tes 11tpe besker £ull of d4ietilled water

alss with & 28 value ol 2.9, inte wiich ihe vaileonctive

‘hoe:hat: wns Aesorbed s by fere, |

Tre jnitial count 1 to tre sdsorb:i’ radicactive

far the Plpet eyyuepiment was Tound to be 770 Capems

after the fired nmount of

rediosc tive phosphate hed been Jeworbe?, the initial

coant vate vaw found te de 70 o.p.M. e ihere vA8 &
conetder hle time interval hetveen the esmasnornent of the
tvo exverimeats {425 hours) it was necessary 1o cnrrect the

penond obscerved inerease in count pate for the radicactive

2
deasy of t P atore in the railo-stive Shasphote solution.
“nen tals wae done the second sgunt rate becasc 750 oD

Thig. 18 accr Lo be v good ement -ith the increase in

rinent

count rete 1y, the Siret exix

Trom the shove dets il svems that the same aacunt of

radloactive phospha te vas aisorbed onto the mica surface



of the velzcr covnter end-wvindow in e oh erperiment, Thie
result 1e in sopeement with the Tirst desorvption posaibility,
that 1is,thst the bond vhieh breske on desorption is between
the sluminium fon and the rhoerhate group,2ad pot betveen the
eluminiom fon and the mica surfaces, Thus %the results
obteined .bove are in sgreement with the assumption thet
hag been msde,

Ovar ipe renge of ch valuee studizi there a preared to
be ithree different demorption rstes for the raiisactive
phcerhate edsorbed vnto the aluminium ssturated mica surface.
Typle- 1l experiments st esch pH vilue studied sre shown in the
scellon of this theeie wherein some nctusl experizental
regul te are given {p.ﬂBa Y From & siudy of the pate
conetants assoclated with esch of the desorption rates 1t
seeped that the sawe three different desorption rates, and
henee, presvmably, the same three tyées of adsorption ecomplex
were vrecent at all ph values. Table ¢ gives the
rate constants (k , k, and k ) for eash of the three
degopntion rates oo some of the experiments that have been

i

perfu-omed at various p" values.
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iy 4

It yalue st Xate constacts lor ibe ihree desorpiion
which experiment rateg
wrs o

sonducted -1 N ¢1)
v (xinutes ) k (<inutes )k (nine.
a B b °
Z =% s
Tl 1.7 = 10 .8 % 10 .8 2 10
-2 -3 =5
3.0 2.4 x 10 2.4 x 10 5«7 X 19
- =2 -5
3.0 2.1 x 10 2.5 x 10 11.0 x 10
5.5 2.2 x 107 1.7 x 1377 3.6 x 1075
5.5 1.7 % 1072 2,7 x 1077 L& x 1078
5.5 1.7 x 16 1.9 % 10 .2 x 1070
-
- - -
5.5 1.2 x 10 feT X 4 3 5.8 x 10 5
9.0 2e3 x AU™F 1.8 x 1079 2.9 x 1070
. -2 -
940 2.2 x 10 2.3 x 10 5,0 x 40™2
The vulues of k_ wer: =11 approximetely scnstant with
repested expeviments st U sauc pia value, anl also over
the vaage of pH values studied. 1t seemcd remsonable
to sgeizn & vaiue of 2 x 1077 winutes "1 4ok, for all

pii valuee { ot leest in the p* wange 5 -5 fr.m the
above dats. giwilerly all the velues nuoted for kb,

both in pepeated experimente at the same vH value, and



167

sver the pl rinee studied vere closme to 2 » 1077 sinates™T,
They vay-rluinis gonductel at pid veluszs of 5,5 and 9.0
1T b L oaggurexrinately tug sewe vllne Lor L, the average

o
) -8 w4
ol X 10 wisutes Tne sryporiments

perlera with & pid valus of 2, Dowewep,

BV Looa pulher vide pabhge <. valaes for T:c (see

Tenle 4 Ve Tue average veluce of ku st ibis ;iﬂ value
Y o5 -1

In 2.5 » 42 Finutes wileh s oompsreble in magnitude

te the v.lue osloulated For this rete constant st other
o yalucy. g the vslues for Ke and );b at & (B value
foled are In posd agrecsaient «ilh the veluge of ka and

= st atasp a0 vielues Lt sezimg ThAe . the rate constant
nts lue gese{or & very eimilar) desorpiion

al %1l i valaes. Toe velug of ‘wo will be

-5 -
w te minutes 1

The rete econetente llsted {n Table 4 were sbisined
Gireotly from tie msasurament of the hdlf=1ife »f o:-ch
JifPerent wice 2urface~railonstive phoaphzte covlex (ss
clapacteiieed vy tue didferent deaorntlon rates). ihe
Qe une e baed of caleulation is given tn the scrtion on the
we themu tle 1 anaiysis of data ( D.72 ) e has besn
shevrn the ball-iives are shiained fros the glopes of the
vuricug compRBents of tbe oversll desoryiisn rnte which

bauve been vesolved graphically. vwing to the alwost

horigental pesition of the straight line corrssponding
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‘o the slovesl descrplicon emtle, consliersble ;ossibility

of immccuracy in the Jeteprzim tlon of the balf-11ie of

e compiex existed, “g fhis hali-11fe wurs inversely
properiional to e ratc constent fk « log 2 &
0 ¢
(i)
FIRY

relatively wide vapiation in thy values for ¥ wes not
unsxpeo hede ¢

Tpe pelative emounie of esch el the differcnt complexes
hetween the ysdipsctive chosnhe t¢ and the aluninium
#s turs ted mica surface were abt:ﬂns.:bla from the axperimental
data. These relative anounts were cbtaiued Srem the
irterceptis of the reesslved straight lines with the time
=0 axis, Furtoer detaiia of the methed invelved in
tne eslculation of theso peilative gmounts is wiven in the
nathems tical apalysis seetion{p. T2 ; .,

The relative ascunis of the Uwee different complex
species were found to vary sowewlad wiih change in the pH
value of fhe ayatom. 411 speciow wers found s be
present 1n signiflcent ameunte at sll pi valuss studied,
Wepresentative values of the differcnt relatlive amcunte

'nits corformed

ol eich apeclies for sowe of the eiperis
are yviven in Tople 5, Ihe vopicue ocowpisxzs formed
between the rsiisactive phoesphate and the sluminiom

asturated mica surface apre designated me "2" (with rate
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congtant k), "B {ik_} mnd "C" (k j.
a b o

e 3
i vElue sl Relative amount Rslative amount Relative
Bilch ex cp- of A" (%) of vav (53 amount of
i 1< “cﬂ

3.0 51 19 30

2.0 39 23 38

3.0 L5 20 35

e Ly 23 2

5.5 Lz 2y 33

5.5 L2 27 3

5.5 L3 2€ x4

el 36 16 LR

ER8Y] 29 27 Lh

It will be secen from the sbove table that the relative
amounts of esch complex ™3, "B"™ and "C" spre approximntely
cansiﬁtt for each pH value studfed, ‘s was mentioned
previously & eonsldersble emount of rork mas ¢ rricd out
st a pH velue of 5.5, and the values given in Tsbles
for tie relative amounts of the three different specles

at this pH value are in very gZood agreement, Other
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experiments at this rii value gave relative acsunts for

57 of the aversze values of

tne exuvovinente lleted above, ani 8o toe best velues as

1 above sme a rencpnable pupreacntution of all
tie regnlte shtained,

The avers-e pevaentage of ecan of the three different

aovoies at the various pd waluse ctuifed are ygiven iR

vavle 6

panz 8
i veive fvepage _pelstive ‘verape rolstive fverags
amount of "o(-) apount of "A"(() relative
L nt
3.0 ~l —~~00 ~~ 55
5e3 i =% —~~ 2% 35 =35
G40 (%% ’ 20-2" ~— U5

From » study of Trble 6 1t csn b sosn ihat the

rels tive amount of "2Y war lesst at oll the pH valucs

studied, “hepe voe lese of this species then the
smounts of "t" ov "I peesent, ratveer one Fif'th

ernd one ecuarter of the total aneunt of radicactive
rhosphate adenrbed anto ibe alumicilus saturated miea
surface sceamed Lo have a rate constant for desorption

-t (=K
of 2 x 10™0 WMinutes b= ko).
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A1 pH velues of 5.5 snl below the predominant complex
species present seemed to be type #a%, the amount of this
grecles present ceing slighily 1epe than halfl of the total
ancunt of radisactiive phospuste adsorbed onle the aluminium
seturated mica surface, Yhen the »i value was incressed
1o Yo however, the relative awounts of "A" &nd YCY were
sliered. 4t thie ph value "GV wae the most predominant
gpecies present, the roils of the smounis of "o and “A"
being the reverse ol ihat observed at lower vii values,

The amountie of erch of the Cowplexes vAM, TREY and
“o" sglenlsled shove are only known relative to one snother,
Ano ther interesting preblem uovthy.of inveg tigution is the
manncr in which the %otsl amounti of adeorbed radicactive
rhosphs te, and hence the smount of esch of the ihree
@ifferent complexes, verled as the ph value of the
gystem under study (thet is, the rodicactive phosphate
golution, the mica surface and the equilibrating aud
deeorbing solutivne) woe varied. ., necepanry prereguisite
for any studics of iIbis nature would be the preparationm of
radio ctive phoephute solutiors iawing Gifferent ph valuese
but the sswe cenceptiration of phosyhale vresehl i thew,
This voula not be sn essy taek, fur it wag neceseary to
sdd smell amounts of acid or slkallne dution te the radio-

sctive phosphate solution in order to altier its pi value.

Unless the total amounte of solution added to each portion



i72

o the radiomeiive phoeplate molution were wousl, having
regard to the total ameuntol solutlon present in sach
portion, the concentratlona of the different portione
wonuld heaomwe A1Cferent froam nne anolhar,

S enmppariecn wag aade of the total amsounts of radioe
zative phogshate adsorbed by an slusmlnlum gtupatsd miea

sarfanse at tve different pll values, Logtocl radloantive

phoenhs te solution wae ureparcd and divided inte two parts,
Thege paris were made sg ecual in quantity as could be
Judged, sand ctored {n scprrsie polythene sonialnerve, ‘8

both golutions were aboul 100«

ml, in volume o error
ef shout a wi111l4tre would not have grently upsct the

%

cquslity.. It degired ouly that thie tuwo colutions
have the game ;hosshate soncenteatlion within + 1 or 2%,
ae the aln of the exieriment was Rerely ‘o sec 1T there
was any sicnificant 11ffercnce in the totel amsunis of
redimative nhos:hate adzorbad onlo the eluinlum snturated
mica surface at §i0furent ph velues, It vue not coneidered
thn t an initisl experiment Justified the une and gubsequent
radioactive ocontenination of nipettee,ete.

The pH values of ithe twvo solutions of radlonctive
vhespbe te vere sdjusted 1o the recuirsd valucs in ihe
uveual way (ef.p, 85) Eoth solutlons werc adjusted at

the same time, and consliderable care was taken to ensure
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that the s me amounies of solulicn were udled to coch of the
ruuidac\tive phosphe ¢ golutions, Yher, @ Zrop of acid
(or alkali) wee not recuired for one of Lhe tvro eolulions
& drop of dietilled vater wap 84d¢d ¢ keep the solution

volwnies equal. Tn thie #sy two eclutiorse heving the
sane total rhosphe te eoneentrativne, buet d4iferent pH
values, werc nropaved. The ~l wvaluce of the two solutions
vere 5.5 and 3.5.

in end-window geiger counter wis taken and nf'tep
sreparation for use the mice end-vindos wes geturated
with slusiotlom fens In the sey V«,hi\f.n hes bern described
earlier {p. 18 3, ine sluminiuem lone sdeorbed onto
tae mlea surfuace were adjusted to a pii value of ¥.85 and
then the mice end-wirdov of b gelger counier tar -
equilinvated v 1th tuo i1ilres of Glotilled water with a
pii value of 3.5, Virlle the mics surface voe in the
iwg Litres of solution the background count rete Topr
the gelger counier ms detlermined, The mice curface

v in

of the gelger counter end-vindow was then gon!
the padlo:ctive paom 'u.nte goluticn having & pH veiue of
3e3 Tor o sulteble period of time {10 minutez). sfter
his period of tlme hal ¢lapscd the mice window wne
removed frum the raé!ouctive phognbnie salution,rinsed

in dietilled water having s pH wvalue of 2.5, end then
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reslaced in the Lro Litrze of eolufion at n oH value of
3.5, into which the radisaciivaz phosnhats thin drsorbed.

Vhen iue radtosative phosphs W@ hod bren desorbed

u the mise o the geiger countor, the mica
wigdow wian soaked in aa sluminium solution 202 then in
Sistiiled water as belave,ntil 0 g luminlun gu tureled

wilos supfess «ith a ph value of 5.5 nad becn obtained.
P

This

wus then placed in two Litres of distilled
water having & pH value of 5.5, and the heohground

gpunt pate for the geiger counter Jeternined, Tue mica

wiodoy was reroved Prom the too litres of solution
i
and placed in the padipacilve phosphste sclution that

nad veen adjusied o z pH value of 5.3, The oies

#indow {0 $his paltosctive shosohate solution
for btoe sase time ac for the nrevious sdeoroiion at a
pi enlue of 3.5 (10 minutca), Tt was then renoved,
ringed in distillol mater havirg a ol value of “).5’ and
replaced in the teo 1itrea of Afatilled water with a phH
value o 5.5 Ints which the aidsorded ratiorstive phosphste
wag dssorbed.,

Prom acalyais of the deearstion-curves 27 ralioactive
chosnhste st the two ph waluwes, the initlal count rates

-
4

ar the tvo cxperlmenis werc calouleted, Ae the
gecond experiment hsd of necescity been coanenced some

time after the first experiment, the obeerved initial
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riate Lo tile expovident waa correcied

Loe

natwal raligsolive ge

ihe railoucetive phusuvhate

the $ine intervel teeen the commence-

nent of the two exuorimoents, She fnitial couni rate

buvoa phow

1ag of 2.5

LTI N Ll corpect

initial

ant rate

ali solutions,
ete., at a pid value of 5.5 wos 3,300 capaite
Tue rativs of the tutal amsunte o' radioscilve

GHaBPLE T

orbed onto the alumialus suburated

rica gurice ol a

oy at e two

an b aaleunlatcld from the abvove dats.,

bed st a4 yalue oi 5.9

_ pH valng of 3

arount adaorbad o

2 the pelative amgunts of toe thrge

rent sonplex

aseeles vhich were preseut at 1l i values { 2 ~9) were

sl pli values of Z.C ald 5.5 1t

t

L lnere vould be nmuch difference

in tho reletive soounte preecrt atl a gh velue of 3.5 to

the pelative susunts prescnt &t the otiber tvo pi values,

te actonl experiment perforued atl ¢ gl velue of 3.5 was

L&Y

~

Lot satisfactorily auclyscé,particlly owlry to the

relatively low Initial count rate (730 e.p.m.) However
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the decor;tion apccies type 'OV wus deteoted with a rate
) -5 -}
gunatan’ ol 346200 7 @inutes . ;i .y amount of radionciive

phossnste, relative to the totsl amownt pres=znt initislly,
of 3% per gent, tohees tvo Tigures peiar 1 rensonable
arroencnt with thome obsepved far type "% at ol valuea
of poth 3.D and 5.5. Thie {4 ran be s2i4 that the
tatal ameuntis of esch of the three specles A%, "B and
Pof af padfoative jhosnhate -« nmica surface complexes
were one seventh (aparoximately) as great at a pil value

ef 2.% ae at a o velue of 5.5,
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£a2 pevivents sl Very hi

id Yery fow o

1lucs

of Uil valnepy over whinn most af iae erperiments

#3 work pon slwdinlua es e gige vupfac«n e peen

cappied Outl vas 5.0 « G.0, ft mivier phovaluea the

id be i ox steljue Corm to the

sluaidien nreser t wo

aiumips te 10&:“:::(041);- ‘ A padienctive ohiorohate

seveeiated wite this Yorm of almmsipiaw wonld oe very

wenktly belo ewing to toe pepalepion off the nesntive charges
e tweer the niosphs te Trovus and the s lumina te-like
e oR,

oy

ine

=1 nf the

PR A gsoraed onteo

vl ¢

mice surfaees at sueh bivh oH valuaes {1u~1i) e not ¥nown.

7y snalogy vith the epe~ies noatulated Por Lower pE values

{rec >, M2 ) gie actesl s7 b
rigure 14

tion 2ivht be ar siown In

OH
- +uém-; -
o1

migs surface

S TR 470 IV Jigure wus of Wi elilive Shzcyss on

Lig HEw Qo Live chavgs ok the

>
b~
y:
=
>
"
+
-
13
r
3

wiva surface, end thre¢ hydroxyl grovps sssoslated vith
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the aluminiuvm ¢ive rise to an effective single nezative

charvce, Ay nhosphate groups nresent at very high pH
- e
values (10=-14) would be eithee LPO ar PC % 8oth
4 "
of these lons are highly negutively charge?, and consequently

any acsociatlon between these fons omd the alurinate~like

ions spovn in Wigure 14 would he

v readily broken in
golution leadine vo very vacid 4desor-itlen,

o exveriments were nerforaed at these very high

the

oit values as thie theeiswae concerne

adsorntion of vralioactive chos tinte onin

Vo't has

¢u3ld possibly he found in ilune soil,

been dovie on the removal of radiozotive

ssohn b Prom

varisus veagents

face under the irfluence

the mics su

{see "pPPeets of Vapious Subetances on esorcotion
of Rediosctive "hosphate" p, 230 ),

Cne of th

g more effeotive ven Zom this ourpose

wan found to be 06,18 sodlun hvdroxiie, The o1 value

of this salution was 13 ard zonteoat of thie selution with

the slimininm satiented slom surface would vrpec ted
to raiscs the pd valuce of the surface soucwhnt, Ag
this occurred lue stiraction Dot ‘.»:;ni tne aluminiua lons
and the adsorned vadiosctive phosnhals “ons sould be

concider bly diminisned ovi ¢ to increased ronuteion between

the mow nevatively chovged sluminiam groupines and the
alresdy hegatlve phosvhate groups. It was found that

on placing the mica surface into a sodium hydroxide
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digmoniate w

1t veiy

voald extet snarily
soule |

agk thwely chripged

nees $1 7 ahargcd erthenbo

whate zroups

f&s

‘ Thus 11 would not he

st experivent perforued at very low
oul moch adssrotion of radio-

]
€]
N
<t
[o]

hoschate as hald boen cbseryed to oecur atl

gareied sut atl ph valuss of
0.0 and 1.7 san tae alscrptlion nl subscquent Zesorption

of r=

ar &4 Lurated

The ey ooeriv

micse zarface. 3 were ¢ rpled out in the

8oL WATILLY AT

fellowed at hlshier pi valucs, Lane pH

value of the mica surfacc and ol the orbing soiutions

bein: andjustsd with 1.7 irosulaorle aedid

eclutions respsctively.

In both sxeoriccents relatively LLttly ralloactive

adasrbed onto the uwitea

conduated with a pH value of 1.0 was obtained by the addition
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21w saahl cuwber ol srepes af cencentrsted (2ik); nydrccohlerie
2cid 1o uin ag rexnilsately U ml, porttsn of & stock radie-
active suosphate gsolution tht bad been used vreviocusly

for erperluenis ik a b value of 5.5, Yhug the
guncentraticon 31 pasicactive phosphate ured was not fuoh
levass buan thal used for ine experiments at Lhe nigher
PLovailae,

lhe initisl lazresse iu the asunt pete duc to the

assorotion of radilamtive waosphete, at a pit velue of
140y omie. the rimslaiuws ssturated micn surface ¥as approxim-

Bily 100 Gepatie Al ter waklas 2 suitabdle surpqaiion

Lor the radlosctive decay of lase 7% atome in e rallos

veuba te soltution 1t sae found tont tue amount

ausorbed 27 loe ailawislom s turated @ica sarinmoe ut a

cii vaiuy ol 1ed was woout oi tas i aliserbed by an
alusicicn saturat. i wies eurlsace, in the anme time
luterval, 2t a ph velue 0l 5495,

I1 weuld b2 sxpeoted tnat ilaore would pe tne same

iene Live poosphstie asevroed gnto the

Oi Ledis @woun il ol
Mice wurface 54 & pii veiae of Uew liwn at e b value of
T ae breruse of e very scall asounti of r-lioactive
phe, m i auserved ouio the zlominium galorsted aloe
guefsse iu the firel experiment {ob valus 1.0, a iresh,
wore bighly cuncenlrsted solulicn ol radlioactive phospbate
wen prepared for use in the experiment at a pH value of

De0s Thue $t woe not poesible to cstimate the amount
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o poaleaelive puosonate actually »deorbed in tnals sxperiment,

selative Lo boee zuocunt aaesrped in the otaey exverlments thet

AL pe VALUFE 6T 1.0 and 5.3, Expsriments

L Bewa

cepdipasd wiln e zame radiesetive ohomrhiede eoluilon whioh

Wil been s instéd L ootasr mi values, irilestcd thet the
voltd auountl of radluzciive phiostns te actuslly altrorbed

Che VE UG 01 Dew was eval less lnan tne amount adeorbed

dic te exaeriment ol # o0 vaiue of 1.0,
Lo dogor.bion curves Per the teo fow i value
LRl wd AT @Yan L6 Ve sestlon L0 ceperimEn inl data

LoppRe-r L v be soen there toai the expepiment

yroduraed al o pa Value of 1.0 epeared 1o give cige to
BELY oue dudurolioh scate slik & rate aonstent of about
iy -~
« 1.5 5 810 giautes . wwialled sunalysin o0 the
Sncuinocban Jeapie tenanl Br pecfomeed 81 diefan tocily owing
Lo the Tow Loltiel count pate _Bee graph p.m s hralysis

W the dapeciacuual desorpiiea eurve | seu g,)’ol ) Tor the

Crp.claenl pecfnmad A1 3 pn VRIUE of e stiow & ihe
vy oF e e desurpllen ral wlil retlc donslante
IROee wnelt fShge w8 Ll Loen RS U157

Dii Vi luug.

Sellier ol ke erag-olm s 8L tha verg los 2 values

ing wmach

Lawe Beun yegvelely anld thia would be i SRS

ataod awletlvus oF radlosctive phonpis to,before

sgny delinite conclusions as to the aumber of complexes



vetween the padigmetive phoepnste snd the aluminium
saturated mica eurface npeseont al ihesc pH vs lues eould_
ho drawn. It deoes neem, howover, thet the amount of
riilo ctive phosphate sisopbed is very iittle at these
vir values, relntiive to toe snwounte adcorbed at hisher

plh values,
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€,232 The Fffeel of nifferent Aluminium Gompounds Ueed

Ty all the experiments on aluminium sa iursted mica
corfrees the mica surfaces siludied were al some time seakéd
i slumintwe lon solutions. The work that has been
Govie in this thesls has been dealing with very susll
gaentities of meterisl on the mios purfeces, The greatest
numher of aluminiue ions that would be expected to he present
on the mics surfece under sindy wuas one for ench negniive
aharge present on the miea surface due o iuterlayer
tgomornhous repnlacement, The nomber ol negs tive charges

rrenent en on apes of mien such ae that studied (about 6

G.0m. ) wos approrimately 10 e {Rer p.373 3 This number
of mluminium ione would be equivalont to 101’ x 27 or
25
& x 10
-8
L.5 x 10 metes of sluminium, ¥ith sueh a small

amsunt of sluminium present on the mica surface any
pmppurities that were At 21l preferentially adeorbed onto
ths misa surfsee would have a marked cffeat cn the relevance
of the data obtaimed to ine radioactive phospuate -aluminium-
misa ecurface ayslcm uvnder study.

Toe oply resliiy avsilable slucinium galt gotainable
+14ih & degres of purity corrésperdling te Teaalar’ vrequires~

cents vap  aluwiniom suiphate ( (s%.lﬁﬂ °)

Consequenily thls salt was uged for sone vl lue cxperiments



2 divalent

o0 alualniuws se lursted aleca aarlazes,

iikely

sulphebe wight be wxpeated

Lot sasu

Ldency Lo form sawe sert of gessieses with the
aluwialun loeus, o witn &im mica guardwce (i8cll than

sgulid & wonovalent ion snsc as tue nitrats or caleride. ion,

Jusl ud tns epeviacais perioemed were, taerefire, carried

sab uslag sldsinlus nlteats (:1 Linid

was Mere resdily sotainable han ay
chloeerids.

fupydrovs slusinton ebloriac, wvn »diliien of water,
uhdargovs partizl wydrolysis yilelding hydrocnloric aeld
and aluminiun Lydrozide. ! '

Js tht pesaibility of g2 ¢ sort 51 apodilous

exfeted »iih the use of -luaiuntin su

nehav it
salutlons caperiments were carvied osut o asc 1L this was
31 ipalyeis of sxperfsentsl ceote for experizents in
which aluxiniue sulphe te and to woilch alueinium nitrate

diative

Lid beeh veéd Lol alreasdy showsn el i

sblalood dros each vrperlment see e vill. in

<1, ®lth

volh cuses Lbrss Siflereni cusplexes #were delee

the sexs rutle conatanie bel

y vegardless of the alunialun

The smounte of savh <t e Waee

the totel tnisial amcomt jresant, were the ssue Uor both

aluminiue salis,providing the reclevent experiments were



conduated At tae ssme ph valuys, Toug the

iy possible
ditffercnge gausced oy ithe use of siuminium sul-haive rather
than slusintum nitrate would b2 1n ths tat:l am-unt of
eadisao tive phesohats adsurbed ind U4ty ante the mica
surl ce.

,

2 ceeonved for

z taken

W golzse counteny we

sxperluentation in thne urunl wanree (¢, p. 3B 1. They
were goated vlth paraffin sax gusn thet the tat 1l area

ar the mics aurfaae of the sni-2iniaw nos s

v an
sounl s passible fov the twe seloer cauptops, ne

#elzer sounter hind fte miana endey

alamiatun sul ohate solution, The othe s valges coudter
was soated in 005 4 slusiainag nitestie anlatinn, Both

mlza sucfacos wers boaurhs to 9 oH yalue of 5,3 using

Plied wotoe, sguilisreted in teo 1itees o Jintilled

vater #1th o o8 value o€ 5,3, sad tiae -~

eount roeiter determined, wank omles ermdevindor weg chen

soaked Tor tne suee veriod of tlae in poriiens o the

ridiouetive chesphete sulutioa ol ol yulue 5.5,
Tter rlasing of the mles surise:a of e ceiver counter

thudendndove tue ueuet defornilon exgurimenis vere porformed,
It vao found on aﬂyaia ol Lhe desapuiion curvee g0
o tained loni the smlea surlnee oo lverated witn al vainfua

gulphate adeorbed approxian tely thrge times as mach

radionctive phosphate as did the mica surface that had



bLoen patuesatew with siunlaive nlteate, Shue 11 sppeared

1l Ahe presenco i suiphaie foos in escpcistion with

T

siuninive jung naeorbes onto the micn surfsce enhaneed

“he wubgevssnt adszer, ob of redicaeiive chngohaie,

CaT e duailienie e gevioet 7e sore werforaed using

ated vith slustnlem

mize suefeces  ¢Lioh bad been B8R

Jors uping oTond nilente sclutiors and alumis fum

onlert ie eolutlona. Tae total anctnte »f eisorded
[ repe Pound io pe tbe sane In both
e4yerinen s, Alpe toe desorotian carves were analysed

né Jdi{ferernce in the

sinlincly, shewing that lbere
exneaitentel resel ta cawecd by the use of ¢lther 2luninium
fitre e solutlois o alusiniua chlovide sclutiens. This
cvldence 1or Wi bypothesie tast the d1fference
in the Lol amoubts of raslonclive utioeobe e adsorbed

wiin &Lwmiatms sul hable «nd alwsinive ulirate gsclutions

vian couned By he fulvhate sad net by lhe niurate fons.



£.2L Other Cation 8o turated ilca Surfacee

From & combination of available knowledge mbout miecn
surfaces, and the experimentsl results that heve been
obtsined in thie thesis, 1t was believed that thepe was
no radionctive phosphate associted with sodium ions
vresent on a mice surfrce neutrelizing 1ts net negative
charge, The main resson for this was the Psct that
sodlum is & monovalent ion and so, after neutralizing
the excess negative charge on the mica surface, there
would be no rem;nmg positive chage capable of agsociating
with any negatively charged radissctive phosphde groups
present, In crder to obtain confirmation of this
belief experiments were perfomed.in, which othep
monovalent fone were used to saturate the mica surface.

Hlea surfaces,saturated with potassium and eamuonium
lons and adjusted to a pH value of 5.5, were prepared
by analogous procedures to that used in the preparation
of sodium saturated mica surfaces (p. 159 ) Experiments
on the adsorption of radioactive phosphate end ite
subgequent desorption into solution were performed on
these mica surfaces in the same way s had been done
with sodium saturated mica eurfaces,

The experiment using the potascium setursted mica
eurface was perfTormed first. It wae found that the
increase in count pate after adsorption of the padig-

aotive phousphate was less than 100 ¢.p.m., Consequently
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it was not possible to attempt an nnalyeis of the desorption
curve in order to obtain the pnte constant {or constants)
of desorvtion, An approximetec csloulation showed that
the smount of radicactive nhoephmte adsorbed from the
radioasctive phosphate golution used was less than ten

per eent of the amount that hed been adsorbed onto an
aluminium s turated wics surface, at the same pH v:lue,
from a portion of the seme solution. From this 1%

was clear thet there could heve been very 1ittle,if any,
radiosetive phusphate associated with the potassium ions
present on the miss surface, %hen comparable amounts
of pradloactive phosphate had beaq adsorbed by sodium
saturated miea surfaces 11 had béen ehown that all the
radioac tive phosphate had beern associated with the miea
surface itselr,

For the experiment of adsorption of padionctive
vhosphde onto an ammonium ion saturated mica surface and
1ts subseguent deeorption inte solution a radipsctive
phosvhe te solution of higher specific asctivity was used.
The totsl smount of radiosctivity sdsorbed initially
was approxims tely 1180 e.p.m., and the desorption curve
wag analysed in the usual way, It was found that
there vere thres Aifferent complexes present with

rate constante for desorption ae follows:

minutes
-3 -
2.3 x 10 winutes

1.9 x 10

4.6 x10™%minutes™!
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It cun peslily be sezn (el. p.,166 ] that the Piret
wo rute constunte quoted above ars similsr to those
wbisined in the caes of expepriacnits oo aluriniug
aatux-au:drmtoa surf:ces. The third rate conetant,
Lot x 1‘.'7—)minut¢s~-1, is ap roxim:tely the ssme Bs that
Tound in experimentes or both sodiumw satur:tedrnd
aluazinium e tursteld wien eurfacee, It i= belicved
that this rate constant is characteriatie of 2 complex
between the radicactive phosphate a-d the mies surface
1iself,

By aanalogy with the experimentsl reesulls obtained
Jrow sodium satursited micn surt‘ﬁo’us. aaaonium ion
saturstied mies surfacce would be expected Yo form
vnly toe one eomplex vwiilh rsdioactive phosphate, as
amaonium and soldium fons ere both monovilent, As
there were actunlly threc cumplc&cs forned, ag characterised
by the dfferent rate consiants of desorption, the other
1;:::; complexes would be eltiner asscclisted with the
susoniun lons present or vise vwiith sowe aluminium
ione thel Bed not been rewoved from the wics suwlscce
Garlug the prepsration of lhe  amuoniws fon oo turated
wien surioge.

If the twe olher complexes present were sesociated
with the swuwonium lone admorbed onio the wics surface

their rate cunsinnis for desorption of the radlonetive
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phosphate would not necessarily be the same as the rate
cong tanis for desorption of radionative vhosphate from
complexens with aluminium {one on an aluminivm en turated
mics surface, The total amount of mediccotive

phosphs te adsorbed onto the anmmonium ion saturated mica
surface vas far less than the amount that 1t was expected
would have becn adsorbed bad the mica surface been
saturated with aluminius iens,

The actual initisl amount of radiosctive chosphate
present ae a complex with the smallest rate conetant of
desorvtion was very similar (630 e.p.m. to 545 c.p.m.)
to the amount adeorbed onto a sodfum saturated mica
surface in an experiment conducted with a portion of
the ssme radio-ctive phosphate sslution. Thie amount
was 55% of the total samount of radiosctive phosphate
adsorbed onte the mies surface initially. Thege
facte suggested that the radloactive phosphate
present as complexes v {th rate conestants of desorition
of 1.9 x 10‘2m1nutes"anel 2.3 x mdmlmxte;‘ was
agsoeided with 2 small amcunt of aluminium ions present
adsorbed onto the othernise ammonium ifon e=turded mies
surf«ce. Purther evidence for thls wse the fact
that the ratio of the initial amounts of the twe complexes
present (350 Gepeiss 3 20U @.p.d. or LU:25) was the same

as the ratio of the amounta of the complexes with the two
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highest rate constants present initially in exveriaments
on aluminium saturs ted micea esurfwces at thie pH value
of 5.5 (ef. Table 9 p, 169),

The most likely conclusion from the above discussion
seems to be that the ammonium ion saturated mics surface
had a small proportion of aluminium ifons adsorbed onto
i, Apart from & small ampunt of radiosective phoephate
aspociated with these aluminium fons the only radiocsctive
phoephate asgocinted with the smreontium lon saturated mica
surface is actually assooiated with the mics surface
itself,

From the above experiments 1t,appeared that, as 18
the eese with aodium tons, there was no radifoasctive
phosphate associated with elther ammonium or potassium
ions when these ions were present neutralizing the
excess negative chorge on a miea surfsee, snd this
surface was brought intn econtaet with a solution of
radicactively lebelled phosvhée iona.

Experiments on hydrogen lon satursted mica surfaces
were performed at pH values of 1.0 and 3.0, Very
little radiosctive ;hosphate was adsorbsd onto the mica
gurraco at a pH value of 1.0, This was not unexpested
as, at this pH value, the radicsetive phosphete would

be present amsinly as HJ Poh molecules,which are uncharged,
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and s¢ it would be unlikely to form & strongly bound
complex with the mioa surface {teelf orp any ions that
happered to be present ddsorbed onto the miem surfsce.
At a pi value of 3.0 however, as has been shown earlier,
there 1o adsorption of radiosctive rhesphate onto the
nien,surface itself, Alsn at this ol value any
muitivalent fone such as aluminium present adsorbed onto
the mica surfsoe 5111 form cemplexes with the radiocactive
phoephate in contact with tt.

A mica surface was placed in contact with hydrogen
form ion exchang: resin for four weeks. Tue surface
vas then adjusted to a ph value of! 3,0 aund an expepiment
performed with radioacstive phosphate at a P value of
340, 411 the solutions used Tor adjuatment of the
ph value, and the desording scluticas, were made up
with delonlieed water vontsined in poly thene beak-pe and
aontainers., ‘nnlysis of the degorptilon curve for
thie experiment showed the prescnce of three first
order Jdaaorintion praceage.a. for desorption of the
adaorbed radionctive phospnate gorresponding to
three alifferent'cofnpmxea with the hydrogen ion
enturatel wica suriace,

The rete consiants that were obtained, 1.9x10~2
minutes~1, 1.6 x 10"Ininutes=? snd 6.1 x 10~ minutes=t,

gave riee to the belief that there were still some
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aluminium {ons oresent on the mica surfrce becsuss of
thelir similarity to the rate conetante observed Top

the degorntiion of ralionciive »hosphate from aluminium
anturatcd mics surfsces (ef. p, 3166 3, TF this was
25, it ¢ould be becaune the method of vpreparation of the
hydrogen 1on saturatcd mica surface did not exclude

all traces of »luminium iens sufficiently well,

Clay minerals in 2hich » net negative charge on the
surfase of thecelay particles is nevtralized by hrdrogen
ions are nol normally stable. 4 breskdown ternds fo
occur with the libevstion of sluminiuw ions which replace
the hydrogen ions on the surfaces, ) However, as wag
discussed carlier (p. 1% ), this breckdovn war considered
wnlikely o oceur signifieantly in ihe preeecnt work,due
to the almornt complete shielding of the edges of the mica
sheetes veped with wax. Thues 1t would not have heen
expocted the i wreh aloantinium would hove been ;rescut on
thofica surfoce from sush s breakdown,

Tt haz previously bsen found (s<e fsr instence
the daserintion of the axverisent on en ammonium ion
saturated mina evrface(p, 388 )) *hat the precence
of only a relatively amall &mouﬁt of aluminium ione
io safficient to vive rise to a readily detectable
anount of the nomplexes ascociated with theec ions,

It may well be that there was actually a smnll amount
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of alunminius fone rresent 1n the mhove cxperimr nt,moet
af the ions oeement belne hvdrogen lona. It any not .
be possidle to preveat the preaence off such an asount of
aluminium 1ons on a hydvogen lon sstuests=d mics anpfrge,
Even the small =aisunt of ateustural dpia¥dos=n of the mica
surfecs may releasc 8 sufficicnt anantity of alumintium
fons so that the radiosstlve shoschate that becomes
associnted with them makse up a elonific=nt proportion
of the totsl amount sdecrbed. A peries of Turiher,
rigorously performed {(with pegard to tne exelusion of
slaminium ions), experiments on bydroz-n lon seturated
niga surfases could be perforaed to investilgate this

watter,
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Gelt _Tug rifect of -dsorption Time op -the mpunt of Radig-

rotlion

The length ol tlwe Tor h radicactive phosphate

Wdsorbed onto the gilca surfuce under siudy +s3 one

of tue factors detevnlolng the aapunt ol adegorpllon

oceurring irs In zoetl ot the cxperiments
o ed out iu tnic thesis the ausorption liae nus been

wept constbant atl 20 alnutes, srovided any servies of

experimentis vas carried out witn the sawce adsurpillion time
for euch viperinert, coumparisons eould be made between
individusdl expurinenis In the series, withoutl having to
consider the eifect of the adsorpliontime.

Af'ter an auserption tiwme of v minutcsg the gubsequent

rotion ¢urve of padloactive vhosvhate frow aluminium

rated mica surfaces wag analysable into tunree different

desorption rates,. It vas cousidered thal these three
different desorption processes corresponded to ilaree
different typee of radiozclive phusohate~aluninium
gaturatled mica surfrce complex. These lhrce dlfferent
eomplexes hed widely different hali-lives o descrption

in contect vith agueous solution, Py Elf-1lives in

tnis context is mesnt the time recuired Tor baelf the amount
of redipsctive phosphate presert at any one moment to desorb
into sclution,

These half-lives, which are inversely proportional te

the rate constants associated with each complex species
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present, are choracteristic of the euse of desorption of the
differcnt comvlezes from the gluminium seturatzd nica surface.
Becsuse of the large diffoerences in tue wagnitudes of these
hal®=lives 1t might be expecten tnat in a gilven adsorption
time the asiual amocunts of each of the threc compleéxes

forucd would be some‘hﬁw related to e different complexes
tnemselves. 1f this was so, then sdsorption for a

of time might be expeeled 1o lead to a

different ler

chonge in the relative amcunts of the threc complexes
present, as well as to a varistion in the total amount of
radioactive pheosphate sdsorbed. Conseguently it vas
scided th investigate this possibility.

Tyo aluninium satursted wica surfaces were prepared
and adjusted to a pE vaiue of 5.75. Sheets oy freehly
split mica vere used, togetner with the metal contalner
that h.d been designed for use in conjunction with them

re cut from the

(scc Py Je inc two mica surfaces
eame mica sheet, adjacent to each other, o wc to have the
mica thickness as near to identical for the tWo pieces used

ag possible. The edzee of the mica surfsces so cut were

coated vith so thet ag equal an wres as possible

vas lelt unwaxcd and ready for redivactive phoopiate

adsorption, A s tocit radicnetive ohosphate solution was
prepared having a ph value of 5.5, Loperiments were

carried out on the two aluminium sa urated wmica surfaces
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ueing portions of the g me radionctive phoschstie solutiom.

The adsorption tlwe for one experiment was §H nutes, and

for the sther es

nalyeis of the o Iesoroticn curves showed that for
Foth swneriments the rediosctive thosphste adsorbed had
formed three distinct complexes with the sluniniun
satursted mien surface (2¢ chapactsrised by the rate
constonte for the thrce desorption rotes). Thege

conplexes were the pame in both experiments, and the

relative prosortions of ench complex to the total amount
adsorbed vere the game in each experiment, Tnis
indicot2d that the rate of ﬂ%iaor-pjtion of rediosctive
nhiosvha te ento the adserntion sites corresponding to each

of th: three comolexes formed must be the same, or at least

The total amount of adisorption of radiosctive
choavhate coto the mieca surfsce that had been sosked
in the radinacetive phosphate solution for 30 minvtee
wae grester than the iotal amount sdsorbed after only
5 minutes of snakine, "he count rate at the commencement

of the descrntion experiment after 30 minutes scaking

L300 GoTem,, &0d the intitial count rste after
5 minntee sonking wvas 20,00 c.n.m, Thus =fter 30
minutes soaking in radioactive phosphate solution

5,500 or 1.8 times as much radioactive phosphate
20,000



was adsorbed onic an sluninium satlurated mica surface as
aftes 5 ninutes scaking,
The valiilty of the gbove ratio of the tstal amounts

of ralio ctive vheerhate adgorbsd onto ithe aluninium

saturatcd mies sa nt tlae intervals

o adeorpliocn dent on

¢ beiung uo gignilicamd
difference betoecn the twe ailca siheets used .'ur the

experimeats. in order to e¢lizinate such a [factor from
consideration in the calculation of the ratie obtained,

-

Tarther e menls vere currled out, After 81l the

raiionctive puusphate had been removed from the tio mica

gurfaces they wer:c .peuaped as sbove, belus satursted with

Y

gluninien fons »nd then having thelr ob value adjusted %o

fop the saxe of the following exylanstion the two

mica sarfuces %ill be called "R" ang "8",

in ihe first pair of experiments surface "R" was soaked
in rediosetive phosphate for 5 minutcs and suefscc "S" was

obtiined had

soaked Tor 30 winutes, The resulle alree

ajdsorption processes had occurced with

ar, Thus the only differences

that could have sl an nndetected effect
on the ratle st the total asountis of adeorption would have

ceen dlfferencee in the totzl sres avsilable for zisorption

L in the effcetive thicknesces of the miea cuvrfaces (that

1s, *he thickness of the milca surface itself plus the

200.
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coating of wax that had been applied to the inside surface
of tue mica eheet (s. e 7. h)} }s
Another possible factor lesding to 2 difference in

ihe observed count rates csused other than by different

times ol adsorption of tue radlosctive shosphate could

hive becen » differcice in the counting eftliciencics of
tue bteo geigep counters uscd. 4 geparste gelger

counter wag uged wilh cach of the wets) containers used so
that removal snd reincertion of ihe geiger counters
could not lead to =m change in the countife charazteristics
o’ the geiger counter ylus metal contsiner (with wica
curface waxed over one end) asserbly.

As 11 was desired tu ensure 1ﬂnt none of the three

abovemen tioned faclors had any influence on the &

suwntions
wade Trom the exverimental dste obiained {that is the
calculstion of the ratio of the tdnl adscrvntions vith
different adsorvtion times) two further exneriments

were performed. Firet of all the twvo roifer counters
seepcinted with the mica surfaces "R" and “8" vere exchanged
with = ch othcr so that the geiger counter that vas
orizinsally in the metsl container with the mica surface

"ot was now in the metal container with mica surfece "8Y

further exveriments on the

and vieo versa, s
adsorniion and subscguent desorption of raiionctive
phosphate from the mics surfaces "R" and "g" were then

carried oui. However the relative sadsorption times were



peversed in cowpariscn with the Tirst valr of experiments
we

carrieu out. Yue wica surfoce "3 was souxed in

ioze tive snse ot

—
o

te Yor 5 winutes, awd the mica surface

4

M ywas sopaked in rodiusctive phosphate for 59U minutes,

were then carried out on tie two

rente

hion exper

surfaces and the relevant desor; on curves replotted

in the usunl vay and snalysed.

Toe incvet in count rate of the systewm containing

the mica surface "S" wne found to be 2,800 c.p.m, after

.

5 miputes adsorption time, The increase in count rate

of the wica surfsce "R" after 30 minutes sdsorption time

vas 4,500 cepeits From th

. lwo Tigures the ratlo

of the total amount of adsorption of r:

oactive ohasphate

from the radisactive -hosthate solution after 20 winutes

adss jon time to tne amount adsorbed s{ter onty 5 minutes

Jdsorption time is seen o be 4,500 or 1.6 to 1. This

figure . is in gowd agre ment cuileulated from the

on times of

first pair of experiments with these aus
1.8 to 1.

the sbowe experimentsl data, it seemed that

Py
wons

ine total sdsorptiion oi radiocactive jlospuaic onio an

slusinium se tursted mica surfece vi a pi value of 5.5

oximc tely 1.7 times as much after = 70 ninute

adsorption period as efter ¢ 5 minutle aasorpiion period.

Lasovption of radiouctive phosphe te onto aluminium
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8s turs ted micn purfaces ham been ospsied out for periods
of time up W 60 minutes, Tt was found that more
radiosctive phosphate wan sdeorbed in experimente with
longer adsorpiion times, but po evidence was obtained
thet suggestsd that there wore other than three 4ifferent
eomplexes formed with the sawe pelative amsunte as were
adeorbed after 30 wminutes adsorption time.

From the above experiments 1t oan be conoluded thet
the adsorption of radicsative phosphate onte sluminium
seturated mics surfeces sesme lo lesd to the formation of
threo different padicnetive vhosphate - aluminium s- tursted
micn surfoce complexcs, The rate eonstante for the
desorption of these complexes into aquesus eclution, and
the reltive proportions of esch complex pressnt scem to be
independent of the adsorption time, at lease for adsorption
times of up to one hour. The sotual amount of adsorption

appeare to increase with {mcressing adgorption time.
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€.5 Relationship of Temperature to Rzdiosctive Ihosphate
Adsorvtion

All the experiments that have becn carried out in

this thesis hive becn carried out atl room tet;»pcrature.
All the desorptions of radiocactive phosphstie wereoarried
ont into tro litres of solution that wae continuously
stirred. The tesperature of these solutions vwas
found to stay f»irly constent st about 233 ioc for all
the experiments during the coursge of the work done., This
tempers ture wae slightly above the room tempersture which
wae ususlly sbout 2000. The inercascd temperature is
believed to be due to the heat fror.(n the magnetic stirrer
on which the two litres of desorbing solution were placed
and algo, possibly, due partially to the work done by

the stirrer itself,

The three different desorpiion rates detected for the
desorpiion of radlosciive rhosphate from aluminium satuprsted
mica surfacce might be dependent on the temporature at
which the desorption took place. In an endesvour to
test the likelihood of this possibility an attempt was
made to do sn experiment at a markedly different temperature
from that at shich all the reet of the work had becn done.

OQC, the teumpersture of melting ice,seemed the most
easily obtainable tempersiure, A large, fnsulated,

equare bex was obtained (mctually a thermostot without
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a central rotsating spindle) and this wae packed with an ioe/
water mixture, 4 two litre beaker almost full of water
was imaersed in this ice/wster mixture so that the outeide
lev.el {of the fce/water mixture) was sligh®y higher than
the level of the internal solution, This tvwo litres
of water was stirred with an overhesd gtirrer motor and &
eentrifugal stiirrer ( the save one an wne used in the
axperiments conducted at a pH value of 9.0 (see p. 91 )),
to ensure good eirculation of the tro litres of water.

The temperature of the t-o litres of water was measured
over 5 period of 12 hours snd found to be constant at
.10 2 0.1%. Thus by & twice datly renewnl of the
ice/water mixture the two 1litres of water could be kept
at this constant tempersture,

A géiger counter was taken and, after 1t had been
checked and found to be functioning satiefaoctorily, the
miea surface of the end-window wae imneprsed in the two
litres of water »t + 1.0°C. The outeide edges of the
geiger counter end-window hed already been coated with
wax ac usUll After some time had elapsed to sllow the
gelger counter to reach the tempersture of the water it
wes cor;nectcd to the electronic appsratus. It was found
that the plateau of the geiger counter, which had yreviously
been greater than 200 volts in length, wag very short and

the geiger counter readily went into econtinucus discharge.
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Ag a check that a sudden bre kdcen in the geiger counter
had not oceurred in some way it was removed from the solution
and alloved to warm up to room temperature, It was then
found to be functioning satisfactorily. Yhile still
connee ted to the electronic apraratus, the geiger counter
end-window was once more imnersed in the two litres of water
at + 1.o°c. The plateau length of the geiger counter
was observed to decrease with time, until 1t was impossible
to measure the background count rate at all,

From the above experiments 1t appeared that the geiger
ecounters used were not capable of being used at such a
temperature with their amics and-win&ows immersel in water,
A, according to the wanufacturers, they were supposed to
function satisfactorily over a vide renge of tempersture from
below 09C uyeards, 1t ecemed that immersion of the geiger
counter ende-window in esolution reduced the temperature
range over which they conld satisfac torily be used,

Becauee of the failure of this experiment an investigation
of the effects of temperature change on either the nature
or the amount of the various complexes of the radioactive
phospha te on cation saturated mica surfaces has not been
earried out.

The above experiments were carried out before the

alterns tive method of experimentation using the metal
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container, with & miea surface on one end, surrounding a
geiger counter had been devised. It seeme poesible

that a8 successful experiment at reduced temperstures @would
be performed using this apparatus, The end=-window

gelger counter, not being in asctual contact with any
solutions, might be Cound to funetion satiefactorily

at these low temperatures., Further experiments might
also be poeeible at higher dempedatvses (say 35 - 459C)

and thus activetion energy date could possible be caleulsted.
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6.6 Radipmctive “hosphate /isorption on to Hydrated
Aluminium Oxide Surfaces

#ost of the desorption experimente in this thesis
have been earried out with miea surfaces, However the
experimental method could be aprlied equally well to any
other surfaces, providing suitable methods for the detection
of the radionctive phosphate (or any other adsorbing group
with a suitable radioisotope that it wae desired to study)
aould be found. As a consider-ble amount of experiment~
ation hnd bern done on sluminium saturated mica surfaces 1t
wae aleo deaided to study the adsorption and subsequent
desorption of rsdioszative phoaphaie from aluminium gurfaces.

The actual surfsce stulied will not be pure aluminium .
There will be a thin film of aluminium oxide on the surface
of the aluminium studied and there may be some hydroxyl
groupe present ag well,

For the firet experiment on an aluminium surface a
different type of geiger counter was uged, This was a
tspe 1 B 85 Thyrode Counter Tube., (For detalls of this
gelger counter see Pe 53 }e The outaide of this geiger
counter wes an aluminium tube. As the gelger counter
wae deslgned for use In a portable monitor (Vietoreen

(1)
Thyae Survey Weter, Hodel 389C )" the aluminium wall (which

(1) Wanufac tured by The Victoreen Instrument Co.Cleveland,
Ohio, U.S.A.



was actually the cathode) would hawe been thin enocugh
to easily transmit thg/?particlea emitted by %

The top of the aluminium tube was coated with paraffin
wax so that a conetant area of aluminium could be studied .
Thie srea of aluminium was soaked in distilled water with
a pH value of 5.5 aix times for at lenst 30 minutes each
time, It waes hoped by this procedure to bring sny
hydroxide or other groups, the nature of which might depend
on the pH value, to the configuration that they would be
expected to have at this pH value. The aluminium surfsce
of the gelger counter wap then immersed in two litres of
distilled water having a pH value 6f 5.5 and the background
eount rate determined. After the back@round count rate
of the gelger countér in the two litres of solution had been
determined, the aluminium surface of the geiger eounter was
imnersed in radionctive phosphate solution with a pH value
of 5.5 for a suitable period of time (30 minutes), removed
and rinsed in distilled water with a pH value of 5.5.

The count rate of the geiger counter due to the adsorbed
radionctive phosphate wes nov determined. It wvas found
to be about 50}000 c.p.m. (uncorrected for coincidence
lees) which w»as too high to measure on the rate meter and
strip chart recorded. If the oxide layer on the outside
of the aluminium tube was not too tightly bound to the

eluminium it might heve been poseible to rub some of this
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con ting off, tegether with the adeurbed radloactive phosphate
apaoatated with 1¢, It wsz aleo possible thet such
rubbing wa:1d vemeve the sdsorbed radionctive phosphte
alone. In order to see 1f the sbove vossibilities
existed the sluminium surfece wae pubbed with sheets
of filter paper, eore being taken not to induce radiosctive
contamine t1:n of enything (exccpt the filter paper)., After
prolonged rubbing 1t ses Pound that the count rate was
reduced to shont 23,000 o,p.n, {uneorrected) ati which
etage the alunininm murface sas relmmeresd in the two
1itres of solution and the shenge in count pate with
tine memaursd as vensl,

The oheeryel ount rate deera;aea very slowly with
time, showing th=t there vas no longer present uny
couplexen betreen the rediscactive shospbde and the
the aluninims surfnoe decorbing with a rapid rate.
Oning t2 the hich coupi pates irvolved, azcurate
esleulstiom of the eofncidense lasce wap very aifriault,
svd beeruse of the very 2lew pate of logs of the radipsctive
phopphute the count rate at erch time interval needed to
be known acourately if analyais of the desorption cuprve
was 1o be attempied, The asunt rote asloulsted after
desorption had sceurred for %0 minutes wes about 43,000
g.p.7. and alter 420 minutes (7 houre) sbout 42,000 o.pel.

Because of this very slow fall in the count rate no attempt
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was made to analyse the desorption ourve into its components
(if eny) or te caleulate any rate constants,

After desorption had occurred for some time (about
L0 hours) the geilger counter became unatable and very
readily went into continuous diecharge. The plateau
length was found to have diminiehed from greater than
200 volts to “bout 10-20 volts, Accordingly the
geiger counter wae put sside as being of no further
use at the time.

Another way of studying the sdeorption of rodip-
active phosphate onto alumintium surfaces employed
wae by use of thin sheets of aluminlum ing¥esd of mica
sheets ss had been used for some of the vork in this
thesis with the metal containers. Thin sheets of
‘ aluminium (thicknese = 0,05 mm,) were obtained and were
attached to the metal containers in the same way as the
mica sheets hsd been, The preparation of these
aluminium sheets pius metal containers hae been described
earlier (see p. L5 ).

rxperiments were performed on these aluminium sheets
at a rsnge of pH values (3.0 - 9,0), kxperiments were
noet carried out at very high or very low pH values as
aluminium 1s scluble in both acide and alkalis, The
experiment performed at a pH value of 9,0 was corried out
with the totslly enclosed apparatus designed for work

at thie pi value (ef, Pe gy Je The aluminium sheet
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wags sealed over the end-window of the geiger counter

used with this apparatus with wax, and the experiment
performed in the same way as with the mica surface of the
geiger counter end-window st this pH value,

Before commencing each experiment on the alumintium
surfaces the surfaces were soaked in distilled water
previouely =2djusted to the pli value at which the experiment
#ae 1o take place by the uese of hydrochloric scid or
sodium hydroxide, Thie soaking wae carried out six
times for at least 30 minutes each time, The usual
experimental procedure was then carried out end,after
desorption of the adsorbed radioae}tve cvhospha te into
dietilled water with the same ph value as that at which
the experiment was being performed, the resultant desorption

- eurve vwae sanalysed,

The experiment conducted at a pH value of 3.0 was
carried out twice. Reasonable agrecment was obtained
between the values caloulated for the rate constants,and
also beticen the relative amounts of esch corresponding
complex. The values obtsined for the rate constants,
and therelative amounts of each corresponding complex
are given for the two experimente performed at a pH value

of 3.0 in Table 7 .
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First Second Aversge
Experiment Experiment

- = ¥ o w2 -1
rate constant 1.9x10"2mine. A 4,6x10 2m1ne. L 1.7x10 wirs.
for first come
plex YEW{=kc)

€ L 2

-3 -1 -3 -1 -3 -1
rate constant 1,7x10 mine , 1.,0x10 mine. . 1.2x10 uins,
for second com-
plex “F"(-kf)

rate constant

Tor third ann- -l -1 w-ly -1 -ly ]
plex "G“(ukg‘ 3,7x10 mins, . 3.3x10 mins. . 3.5x10 mins.

- e e e wm e e s e e e me e e e e e e e e

relative

amount of "F" L% 395 L0
(as & of total

amount)

relative

amount £ "F" L L25 L3%
(as % of total

amount)

relative amount

of "g® 15% 195 17%
{aeg = of totsl

ampunt)

As can be seen from Table 7  there are apparently
three different radloactive phosphde—sluminium comuplexes
present a t a pli value of 3,0.

The emdsorption of radiosctive phosphate onte an
saluminiom surface was aleo performed once at pH values
of 5.5 and 9.0, Prom a study of the desorption curves

of padioactive phosphate from sluminium at these pH values



there appewed to be three different complexes present at

a pH wvalue of 5.5 and only one complex at a pH value of

9.0, The rate constants and the relative amount of

each cumplex detected at the two pH values are given

in T:ble 8%
TABLE 8
pHyvalue radiosotive rate conetant relstive
phosphate - (minutes ') amount of
aluninium complex
eomplex pregent
2
5.5 wH" k=0, 8x10 325
5.5 e A K§=0,8x10 247
-5
5.5 b b kan}.9x10 L7
-5
9.0 b N Ky =3,3x10 400%

The rate congtant k; of the only detected complex “L"

yresent at a pH value of 9,0 is in good agreezent with the

punallest rate constant Kl obtained from the desorption

curve of the experiment performed at o pH value of 5.5,

Prom this it may be considered that there is a possibility

that both the complexes charscterised by the rate constante

kj and kl are of = similsy neture,

This similarity of

214

rate constant,which ie based on only ene pair of experiments
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cannot however be taken as conclusive evidence of such a
similarity bet.een the two compleres.

The twe other pate constants found at a pii value
of 5.5, k, (=C.8 x 1072 minutes "5 ana ky(= 0.8 x 107
minutea-1) are comparable in magnitude to the tro
largest rate constante ealeulated from the experiments
conducted at a pi value of 3.0,namely k {(=1.7 x 10-2
minutes =) and kf(a 1.3 2 10-3 ii:iﬁteﬁ" P Al though
the agreement between the two sets of figures ie by no
means good, the twocemplex species present at these two
pH valuees may be the same, Hore duplics te experiments
would be needed to be done to investigate this point
further,

If the two complex species were of the same type
it would appear that the relative proportions of the
tvo alter markedly with the change in the pH value, At
a pH value of 3,0 there were approximately equal amounts
of the two complexes "x" and "F", there app.sring to be
slightly more of "F" (pee Tuble 7 Yo At a pH value
of 5.5 however, there was aprroximately one and a half
times as much of "H", which may correspond to "i",as
there wag of "in (corresponding to "F"), Aleo the
percentage of the total spsorbed radioac tive phosphate
which was present <g these two ecomplexes altered with the

change in pH wiue , "E" plus "F" aecounted for ebout



804 of the total smount of adsorbed radicactive phospbate
on the aluminium surface at a pH value of 3,0, while
"HY and "I" made up only about 508 of the total adsorbed
r=dionc tive phosphate at a pl value of 5.5.

The smallest rate constant found at a pH value of
3.0, k(= 3.5x 10‘uminutes-1) wae aprroximately ten

tiees ar large as the common ratc constant found at

pH values of 5.5 and 9,0 {avepage of kj and kl 3.6 x10-5

-t
minutes ), Thus it s=emed very unlikely that the

radioactive phosphste~aluminium surfrce complex "G
asrociated with kg vas the same complex as waa found at

higher pH values ("J" and "L").

21€,
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6.7 The iffect of Desorption Time on the Analyeis of
Results
The techniques devised by the author irn this thesis

have recently been applied by other workers to a study

of mice saturated with some other cations. Some work
has been done by Morrie (1964) on 1iron esturated mica
surfaces, He studied the desorption of previously
adsorbed radlioasctive phosphate from iron eaturated

mica surfeces for very long periods of time. The

resulte that he obtained were similar to those obteined

in the present work with aluminiuvm saturated mica

surfaces with one significant difference. It appcared
that there wae a radioactive phosphate-iron saturated

mies surface complex with an extremely small rate constant,
about one tenth of the smallest rate constant observed

in the present work of about Sxio—smlnnteu"' The
existence -f this very slowly desorbed cumplex was detected
only by carryving out desorption experiments for much longer
periode of time than hed been done in the author's work
with aluminium satursted mica surfaces,

Analyeis of desorption experiments hae been carried
out graphically in thig thesie ss has been explained
earlier (p. 67 Je The information actually determined
from the desorption graph was the half-lives of the

complexes on the cation saturated mica surfaces. These
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half-lives are inversely proportional to the rate constants
for the degorption of exch complex, When the desorptllon
experiments were performed for up to 200 hours all the loss
of radiosctive phesphate from the mica surface could be
satisfactorily accounted for by the existecnce of a complex
with & half-1ife of about 250 bours {which is equivalent
to a rate constant of 5110‘5m1nutee-1) plus two complexes
with shorter half-lives. In the work done by Horris
the existence of the complex with a very long half-life
{equivalent to & very low rate constant) was only appsrent
after considerably more than 200 hoursof the graph of the
desorption experiment had been andlysed. As a conseguence
of thie it v.s decided to perforas a desorption experiment
with an aluminium gaturated mica surface for a considerably
longer period than had been done before.,

An alumiriuvm g»tursted mica surface was prepared in
the usuzl manner and adjueted so that it had & pii value
AF 5.5, Af'ter adesorption of radicactive phosphate,
desorption was carried out into two Litres of distilled
water with a pH value of H.5. The first 120 hours
were followed on the strip chart recorder. After this
time the count rate was measured periodically wiih an
electronic counter. As the change in count rate was
very small after such a long desorption time an amecurate

value of the count rate gt various times wae most important.
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The total number of counte over a long period of time

(1 - 2 hours usually) was determinted, and thus the

uncertainty in the counti rate was reduced. The electronic

counter was checked against the strip chart recorder snd

found to give the same value for s fixed count rate {using

a uranium source) over a range of count rates. Thus

the values of the eount rate from both the striy chart

recorder and the electronic counter could be saticfactorily

usel together on the same graph without the neceseity for

any correction of one relative to the other, The desorption

experlment was followed for s totsl period of 770 hours,
Graphical analysis of this experiment revealed the

presence of four complexes with different rate constants,

Twe of thsw rate censtante, 2,3 X 10-.2\35.mnma“1 and

129 x 1O-Jm£nutas’1, wers approximately the seme as two

of the three rate constants that hsad been deteated in

the previous experimentsz on aluminium saturated mica

surfaces. The other two rate constants were both

different to the third rate constant of Sxio-sminutaa-1

which had been d-tected in previous experiments,one

being greater and one less than this value. The sctual

P -4 -6 P
values cbtained were 2.4x10 wminutes and 10x10 ainutes -

5

The emallest rate conastant wae within s fector of teo of the

-6 -t
valucs obtained by Yorris (1264) of L.5%x10 minutes
for this very slowly desorbing complex on an iron s turated

mica surface,
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The »bove experiment involving desorption for a very
long pericd of time wae repeated in the same way. Foup
different roate constantie were sgain obteined, their
valuee being:

-2 -t
(1) 1.9%210 minutes
-3 -
(2) 2.1%10 “minutes

{3) 2.2x10 ainutes
-6 -1
and (4) 3.0x10 wminutes

The three largest rate constants sere very similap
to those obtained in the first experiment wherein the
dseorption was followed for such a long period of time,.

The saslleat rate constant of 5:10 éminutas was somewhat
different from thet obtalned in tha firet experiment,but
it wap otill of the same order as the value first obtained,
end also of the sauwe order as the value obtained in the
work with iron ssiurated wice surfaces,

Thus 1t eappears that t_he radloactive ;hospha te-
aluzinium saiure ted miecn surfsce complex which wae
previcusly thought to exist snd to have s pate constant
for desorptitlon inte distilled water of 5:10-5mmut.e;1

wag actually s mixture gf tvg comrlexes with rate constants

-4 -1,
of sbout 2x10 asinutes and 5x10 minutes The
actusl value for the gmallsst rate constant sse not obtained
with gzreat certainty, A slight difference in the graphic

analysie could lead %o a considerable variation in the

notual value obimined, but 1t eeeme definitely to be between

al
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- -5 -
10 and 10 minutes .

As will be scen from the values quoted mbove for the
twylgefﬁesctom tante for desorption, which are very similar
to the values obiained f.n _the previous experiments of
9110"m1mtu- and 2x1ﬁ “ainutes . (see p. 166 ) the
aplitting of the complex asscciated with the third,smallest
rate constant{as obteined in the previous experiments)into
tvo parts has not bed any effeot on thefirst two,less
sirongly bonded,comploxes.

The apititing up of the most tightly held cemplax
into two complexes hae only besn performed at the one pH
wilte of 5.5. fs tha eriginal three somplexes were
detectcd over the pange of pH values detected (3.0 ~9.0),
1t secws probable that there are atuslly four comp lex
specics present at all the pH values in the range studied,

From the two experiments perforumcd with very long
desorptlon timee the relative amounts of the two complexes
with the smallest rate constante heve been caloulated st
A pH value of 5.5, If the two oumplexes ar¢ aalled
"C"1 and "DV then the amount of "01 "flus "D" pelative to
the total amount of adeorption of radicactive ;hosphate
will ba the same as wes originally found for the complex "C©
thet was beliecved to exist, This amcunt, at 2 pl vsalue
of 5.5, was 30=35 i« of the total amount of prudlosctive
vhosphate yresent (see T-blegp. 170 )

-
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In the two experiments deseribed above the ratio of
"D" to "61" was found to be 1,870 e.p.m. g 530 C.DeMe  GP
311 for the first experiment and 3,600 GoPeits 3 4,760 o.p.m.
or 2:1 for the second experiment, Thue 1t appears
that there is betreen two and three times as moch of the
complex with the lowest rate constant ag there is of the
coupiex with the next lowest rate eonstant, The pelstive
amounts of cach of the foup complexes “A","B“,"Or and "pv
now believed to be present instead of the original three
complexes "A", "B". apnd "O" ape given in Teuble 9 for

a pH value of 5,5,

JABLE 9 .

radicactive rate constant relative amount
phosphsa te~ of complex of complex (%)
aluminium (minutes=1)
saturated wmica
surface gomplex

ngn 2x10™2 40=45

age 2x10™3 ~25

oy 2x10~4 ~10

"pe 5x10™° 20-25

Ae was mentioned shove it seems probebl, that there are
actually four complexes present at the otber pH valuce
studied (3.0 - 9,0}, To obtain the relutive smounts
of each of these complexes 1%t would be necessary to

perform experiments at these pH values in which desorption



was carried out for some hundreds of hours as in the
experiments described immediately previously at a pH
value of 5.5.

Then the desorption of radipactive phosphate from
an sluminium saturated mica surface was carried out for
a period of about 100-200 hours analysis of the desorption
curve obtained indicsted the presence of three complexes
with rate constants for desorption of 2x10—2m1nutee‘1,
2x10-3minutes- and 5110- minutea-1. If however, the
desorption experiment was carried out for 500-1,000
hours, subsequent analysis revealed the presence of
four complexes whose rate constants were 2x10;2m1nutee-1,
2 x 10-3m1nutes—1, 2x10—hm1nutee - and 5x10- minutes-1.
Examination of these two series of figures suggestis an
interesting possibility. From the datg obtained

there seems no reason why the complex with a rate

- -1 .

constant for desorption of 5x10 minutes does not
actually consist of two complexes with rate cons tants
of 21:1(")-‘jxxti.mslt:ea-1 and 5x10- minutea—1. However
with the radioactive counting technigues at present
available there seems little hope of verification or
otherwise of such a hypthesis.

In order to detect a rate constant of 5x10 minntea"

1t would seem, by analogy with the results obtained

from the above desorption times, that it would be
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necessary to follow the desorption for a period of time of the

order of at least 5,000 hours. Thie does not seem possible
owing to the magnitude of the necessary correction for the
radicactive decay of the 52p atoms, The maximum count

rate that can be measured reliably with the present electronic
arrangcment is certainly not more than a corrected count rate
of about LO,000 c.p.m. T his corresponls to a measured
count rate of about 30,000 c.p.m. before correction Tor
coincidence 1.ss.

The amount of the complex with rate constant
5110.6m1nutea.1 ighnly 20-25 % of the total amount of
radioactive phosphate initially present on the asluminium
saturated mica surface (see Table 9 .,p.222). The suspected
complex with rate constant 5110-7m1nutea-’ would be only
part of thie, and so the maximum initial count rate due
to this complex would be less than 10,000 copete. If this
amount of radiosctive phosphate was allowed to decay through
eight half-lives the count rate would be then less than LO c.p.m.
above the background count rate, an amount that could be

accurately mcasgred only with difficulty. But eight
ralf-lives for P (t{s1h.30 days) is only 2,800 hours,and
this would certainlygnot be long enough to enable snalysis
of the desorption curve to revesl the presence of a complex
with a pate constant for desorption of 5x10‘7m1nutes_1,1f
such a complex existed.

If the exietence of such a complex were to be inves tiga ted

it would be necessary to obtsin counting
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cquipment thd could measure, with some degres I ascuracy,
very high count rstes, “ne poseibility might be the
nse of a geintillation counter in some way, but this
would give pise to technical problewms owing to the
degorhing arrancement necessary. Pive thousand hours
ia enual to about fourteen hulf-lives for rediosctive
phogphorue, Congequently 1f 1t wes desired to have
a finel eount pate, aCter the passage of such a peried
of time, of 100 c.p.m, above the background count rate,
the initlal count rate would bhave to be greater than
1.6x1&6 QePebles

One poseible method of messuring such a high initial
count rate would be by using the metal container plus
mica surface desigued during the course of this thesis
and inserting sccurately known thickneeses of lead
betwesn the mica 'eurtace and the gelger counter end-
window during the earlier part of the experiment, it
tho count rate could be veduced by a factor of exactly
100 for Instance, the actual initisl count rete could
be caleulated from the observed initisl count rote,
vhen the eount rate had dropped conslderadbly (after
about 1,500 hours) the lead eould be removed, and
ths observed eount pste would then become 100 times
greater, In this manner it would be posesible, theoretic-

ally, using the present ¢leetromic arrauzement, to have
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an actual initlal count rate of 3x10 Cepota

Pive thousand houre s approximsiely seven months, and
over puch & long pericd of time &ifficulty misht be
encountered with the mica sheet eplitting, or some such
other factor upsetiing the experiment, Bccahse of this
it seceme that the hypotheeis of the existence of such a
redigetive vhosphate-aluminium eaturated mics surfnce
couplex will not lead to a p§a¢t1031 inves tigs tion.

The experiments performed on the descrption of
radionctive phosphate fros sluminium saturated mica
surfaces for long perlods of time h-d shown thet the
complex with & rate constant for deéorption of 5x10-5
minutes~1 wae actually a combination of two complexes
with rate constante for desorption of 2x10~uﬂiauteu—1
and $x10- minutem-i. Previous experimente on sodium
saturated mlea surfaces had given rize to the belief
that there was only one radicsctive phosphs te-sodium
gs turs ted mica surface complex present. It wae
believed that thir complex hed a similar rate constant
for desorption to that obeserved with sluminium ge tursted
mics surfaces, namely 5x1O‘Sminutea-1‘ It therefore
sesmed portinent to investiigate the desorption of
radicastive phoesphate from a sodiur saturated wmica surfrce
for s long pericd of time 9& had been done with the alum~

infum eatursted mics surface.
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An experiment vwas conducted with mdiocetive phosphate
and a sodium gaturated mica surface. The same precautions
to ensure that ithe mica surfrce studied wes free of alumin-
ium ions were taken as haes been described for the earliep
experiments on sodium satursted mica surfaces (p. 139 ).
The desorption of the radiocasctive phoechate was followed
for 350 hours as it waes felt that by this time it would
be posesible to ascertain if there was & complex species
present with a rate constant for desorption of less than
5x1,D— minutea-1 or not, The experiment was condueted
at a pH value of 5.5. The actual desorption graph may
be found in the gection of this thesis giving some actual
experimental results ( p. 312 Je

Analysis of the desorption curve showed the existence
of only one complex accounting for the majority of the
initially adsorbed radiocactive phosphate present. This
coumplex had a rate constant for desorption of the radioactive
vhosphate of approximately 6x10 minutesq. This was in
good agreeuwent with the smalleet rate constant observed
for the desorption of rrdimstive phosphate from an
aluminium sstursted mies surface. The little amount
of adsorbed radioactive phosphate that was not desorbed
with this rate constant appesrddto have a fairly hieh

rate constant a2x 10_?minutes-1) and was almost



An experiment was conducted with mdlocetive phospha te
and a sodium esturated mica surface. The same precautions
to ensure that the mica surfice studied was free of alumin~
iun ifons were taken as hss been deseribed for the earlier
experiments on sodium saturcted mica surfaces {p. 139 b f
The desorption of the radiocactive phoepha te was followed
for 350 hours as it waes felt that by this time it would
be possible to ascertain if theie was a complex species
present with a rate constant for desorption of less than
Sxm—Bminutea-1 or not. The experiment was condueted
at a pH value of 5.5, The actual desorption graph may
ke found in the gection of this tﬁesia glving some actual
experimental results ( p. 312 e

Analysis of the desorption curve showed the existence
of only one complex accounting for the majority of the
initially adeorbed radioactive phospha te present. This
coumplex had a rate constant for desorption of the padiosctive
phospha te of approximately 6x10-6m1nut“-1. This was in
good agreement with the smallest rate constant observed
for the deserption of rrdimstive phosphate from an
aluminium satursted mieas surface, The little amount
ofalsorbed radioactive phosphate that was not desorbed
with thie rate constant appesrddto have a fairly high

rate constant (0% 1O~?minutes_1) and was almost



certainly due to the yrescnce of a small percentage (relative
to the number of sodium lons present) of sluminium ione.

There was no evidence for the existence of a complex
with a rate constant comparable to that discovered in
the long desorption experiments with aluminium sa tursted
mica surfaces (2x1o-hm1nntee~1) in the above experiment
with a g6dium satursted mica surface, This suggested
that the three largest .f the four rate constants for
desorption found in theexperiments with aluminium
eaturated mica surfaces were relded to the presence
of the aluminium ions, The other rate constant which
appeared to be present in experiments with both sodium
saturated and aluminium saturated micen surfaces seemed
therefore to be related to a complex betveen the radio-
active phosphate and the mica surface itself.

The above results obtained from the experiment
with a sodium saturated mica surface suggest that the
earlicr éxperimental results on this system,which
indicated the existence of only one complex species
with & rate constant for desorption of 5 x10_5m1nuteu-1,
may be in error. Further experimente with long
degorption times would need to be done to obtain
complete c¢larification of the results, liowever it
 doee scem to bave been established that there is very

1ittle radionctive phosphate asescciated with sodium
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ratupated mion surfaces, and shat smount there la, is
apgoointed with the wisca surface iteclf rather than the
sodium lons. This eowplex betwsen the radlonmctiive
chosyhate and the mica surface has slso been detegted in

experiments with aluminium seturated mica surfaces.
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6.8, The Effects of Various Subgtances on the Desorption
of fAedionctive _hogphate

An investigetion wos carried out on the effeats on
the desorption of radliosctive phosphate of eonducting
such a desorption Into verious solutions. Sueh studies
ean give an idea of the effictencies of variocus substinoes
for the vemoval of rillloactive phosphats from the surf ces
atudled (mica and aluminium), There sre many methods
given in the liteprature fop the extraction of vhospha te
Troz so!l pamples,. The various portions of phospha te !
extracted by different peagents qu often been atipributed
to different adsorption sites in the s0il, e.2., alusinium
bound phosphate, iron bound phosphate, orgenically bound
shosphate,eta.

Hoet of the studies undertaken on the effects of
varioue sudstonces on the desorption rate of radionctive
phosphate were carried out with aluminium saturated miss
surfaces, Desorption into solutions of these subetances
was studied cnly after the ususl desorption experimente
had been allowed to continue for some time, usually about
100 hours. By this time all the radipactive rhosphate
present ae complexes with rate constants 2 x 10“2m!nuua-1
and 2 x Sﬂ-zminutesd will have been degorbed into the
desorbing solution, Thus what »as sctually being
studied was the effect of these various reavente on the demorptiop



of pedionctive phosphate from the nica surface 1iselfl,
as it iz bellsved that the complex with the suwallest
rate constant for desorpiion of 5 x 10‘ minutce~1 is
a complex between radisaciive phosphate and the mica
gurface, not between radionctive phosphate end sny eations
adsorbel onto the mics surface. However it ig thought
thet the presence of sluminius ions sdeorbed onte the
mMawae%uhwewmrﬂnmnthammtdtMs
radioactive hosphate - miea surface complex, as there is
considerably wore of this couplex formed on aluminium
gaturated mica surfaces then on sodiun ealurated mica
surfaces. Thie hypothesis 1a!prcpoundcd in the section
of this thesis discussing the experimentsl resulis (see p. 352)
The effects on the descrption rate of the various
reagente studied may therefore possibly be relstsd to the
extraction of aluminium dound yphosphstie Trom spil samplee.
The effect of » nusber of reagents was studied. These
reagents weress  follows:

4. Cltric acid HOOC.CH »g(OH) (SONH) *CH,COUH,HA0
2 Coficentre tTon=0+2K

2. Tri-scdium oitrate/citric se¢id buffer solutlonm.
Consentration of both remgents = 0+2H.pH value of
buffepr used=l.6

3, Distilled water ga turs ted »ith carbon dioxide. The
pH velve of this solution wam Le7.

4. Sodium hydroxide NaCH. Concentration = OV

5, Sulphuric acld stoh. Gonosntration = 0.5N
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6. lydroehloric acid nay, Concentration = 05 N,
7, Ammonium fluoride NH F. Concentration = 0,5 ¥, The pH
b value of this solution was
adjusted to 8.5 with concentrated
ammonium hydroxide (mihou)

The procedure followed with each of these reagents was
the same. The amount of radioactive phosphate on the
mica surface was measured in terme of the observed count
rate while the mica surface was imuersed in watep. The
actual count rate was falling gradually ss the complex with
the smallest rate constant (5 x 10-5minutes-‘) was desorbed
into the water. The mica surface was then immersed in
a solution of one litre of the desorbing reagent being
studied, and the rate of the decre;aae in the count rate
as a result of the presence of this reagent was plotted
on the stripchart recordep, In this way 1t was easy
to see if the reagent used caused any inere-se in the
rate of removal of the radioactive phosphate from the
mies surface, over and above the rate of pemoval already
being caused by the distilied water intc which the
desorption had ireviously becn taking place,

It wae found that eitric acid soluticn, tri-sodium
eitrate/ citric acid buffer solution and carbon dioxide
saturated water had little effect on the rate of removal

of radioactive phosphate from an aluminium satursted mica

surface, The rate of decrease of the observed count

rate vas only slightly enhanced by the presence of any
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of these threce reagents in the desorbing solution, The
aforementioned three reagentis werechosen becnuse it has
been sugges ted by some workers that the presence of carbon
dioxide and of various organic acids, such as ci tric

acid, in soils, due to rovt and fungal metabolism,influences
the complexing of phosphate by iron and sluminium compounds
(Bee for example Johneton, 1959; Paauw, 1955).

In the experiments in which the tri-sodium citrate/
citric »ecid buffer solution and the carbon dioxide satur-
ated water were used ag desorbing agente the initial
desorption experiment into dietilled water was being
conducted at a pH value of 3.5, : Contact of the mica
surface with these solutions of pH value 4.6 - 4.7
might have csused a lowering of the pH valus of the mieca
surface which was saturated with sluminium ions, and
which h2d some padioactive phosphate ifons adsorbed
onte it.

Tt hee been shown previously in this thesis (p. )

175
that the amount of radio ctive phosphate adeorbed by an
sluminium saturatcd mica surfuce for a 30 minute
soaking time is considerably less at & ;u value of 3.5
than at 8 pH value of 5.5. There is no reason to
suppose that the amount of radliosctive phosphate adsorbed

onto an aluminium saturated mica surface doee other than

deerenaec continuously with 8 £all in pH value over this
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ronge (5¢5 « 365}, Thus the amount of rollonrgtive
phosphate adsorbed at & pH value of Lef - lie7 would be
expeeted lo be less than the amount adsorhed at a pH
value of 5.5, The actual pesron for the elight
inereace in the pate of removel of radisrotive vhorpha te
from aluminium saturs ted mice surfaces causen by these
tro reagents { tri-sodium of tra te/citric noid buffer
solution and carbon dioxlds saturated wa ter) has not
been declded but 1t seeme that 11 may be pelated largely
te the lowering of the pH value that their use would cause,

Theeffeat of an 02 ¥ aolntinq of aitrte uzid on the
desorplion of padioaactive phosphete from a mies surface
was invee tigs ted during the preliminsyy exp-riments that
were performed in thie thesis. The experimentie concerned
had mot been carried out at & controlled pii value, but the
setual pH value would have been about 3.9, The effect
of the ciiric scid would have been te lower the pH value
of the mica surface and adsorbed redionctive phosphate,
Apwas discussed above with the other reagents { tri-sodium
eitrate/citric acid buffer solution end eatureted solution
of carbon dioxide) this lowering of the pl value aay. be
at leset partially responeible for the enhanced rate of
release caused by the uee of eitrie scid solution.

The use of sodium hydroxide ae s desorbing resgent

for rediosctive phoephate en sluminium s-tureted mica

R S



surfaces was investigated, The use of 0+4y sodium
hydroxide hae been reported in the literature {e.g. by
Ghani, 1943; Willisms, 1950; Cheng and Jackson,1957)

as s reagent for the extraction of phosphate from the

soil. It is believed to extract all aluminium end iron
bound phosphate from the soil, It was found that on
placing the mica surface in 0«.J¥ sodium hydroxide the

rate of removal of radipactive phosphate was greatly
accelerated, A large smount of the radioéctive phospha te
was desorbed almost immediately (within 30 minutes or less)
and the remaining amount was removed fairly resdily so that
the observed count rate fell almost to background in a

few hours.

The pH value of O0*1N sodium hydroxide is 13. Conse-
quently the placing of the mica surface in this solution
would be expected to raise considerably the pH value of
all the various species mssociated with the mic» surface,
that, ie the aluminium ions and the radioactive phosphate
ions. ‘g hes been discussed earlier ( Pey77 ) , at
high pH values, such as might be expected to exist on the
mica surface when pleced in contact with O¢jy sodium
hydroxide, the aluminium ions on the mica surface would
have a similar configuration to the aluminate iomn, that
is, havc effectively one negative charge associated with

them. Similarly eny sites on the mica surface itself
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that su:ld be
alTeote’ by a change in the pH value mould be nogntively
o rged I at all poseibie,

Tor padiovsetive phosphate ions, under the 1n*luence
of the 0+1N 32dtium hydrovide, eould be expeated to eximt
meinly ae Fohj- ions. ‘e theme lona ave highly negatively
charged, and the mics surface would be effeatively nega tively
charged also ( atl least because £ the olpse proxtai ty of
the negatively chuvged veendo-nlunine 4o groups), it wonld
be expeeted that thers would he 1fttle if eny attraction
between the radioactive vhusphete fons sand the slvminiua
eaturated wion surfece under these eonditione. Thus
rapid desorption of radiosctive pbalsphate frem the aluminium
saiurated nicn surface would he eXpected on plaeine thias
surface in contact with 0*1N sodium hydroxide snlution.

Tnis phenomenon wee actuslly observed in a number of
experinents carricd out s range of ph values fpom 3,0
3*0. It thus sppeared that the plecing of wluminium
satureted mice supfaces, on which radionctive rhosihate had
previoualy been adsorbed, inte CeIN sodtum hydroxide solution
rafssd lhe pH value of the supface to o value greater  then
9°0, ¥ltlh cunsequent wore rapid desorpiion of the radigactive
rhosphate,

ihe eifect on the desorption rale of radiscacilve phos: ha te
from alusinium saturated aica surfaces by placing these

surfaces in strongly acidic medis has also been investignted,
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Half-norm:l sulphuric acid bos been used by Dean (1938),
Chang and Jackeon (1937) and others to oxtract caloium
bound phosphate from the roll, It bas slso been shown
that thie reagent will extract a considerable Praction of
bolh aluminium bound and iron bound phosphste from the
soil (Ghani, 1943; Villlame, 1950).

The effeot of placing a mica surfase, which had been
ssturated with aluminium and on which radioanctive phosphs te
had been edsorbed, into a 05K sulphuric acid eolution
wpuld be to lower the pH values of these species to &
fairly low value {at most to the pH value of Ce5 N
sulphurie acid which 1e 0.7), : At low pH values the
radicactive rhosphate groups would exist mainly as
H_;Poh molecules., These molecules would not be bound
onto the micea surface iteclf (or onto the aluminium ions
adeorbed onto 1t) ae tightly as i{f they were negatively
shar:ed as the mica surface will be either neutral or
slightly positively charged (3Jue to charges on the sluminium
tons present; at low pH volues, Thus it would be expected
that the presesnce of O«.5K sulpburic acid ss 4 desorbing
solution would cause the radicaative phosphate to be
desorbed more readily than a solution of somewhat hizher
pH value,

kxperiments using O+5 sulpburic acid as a desorbing

solution showed a2 rapld loes of pemifosctive phosphate from
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aluminium saturnted nioa surfaces, ae would heve been
pxpected. It was found that most of the radioactive
phosphate present was remeved within a few hours, ot

all of the padioactive phosphate was removed in a ressonable
cepiod of time {24 hours). Tt scemed that 0«5 N sulpburie
azid 414 not remove all the m'}io‘ﬁ.o t4va vhosphate present

on aluainiuw sntursted mica surfaces. This was in
aonteast to the vee of O.iy sodium hydroxide which had

been ohaerved to remove all adsorbed radloac tive phosphate
fairly rapid 1y (2L hours or less).

These pesults ware in agreement with the work of Chang
and Jackson (1357), Ohant (1943),:Williams (1950) and others
whe heve Tound that while Ue1 N sodtum hydroxide removed
411 aluminium bound phosphate in the so)l, O.5Nsulphuric
a2id rewoved a consider ble fraction, but nut all of this
rheaphate.

‘e hae been shown elsewhere in this thesis (pe. 183 )
the uae of aluminium sulpbate to form an aluminium
satups ted mlos surface hss besn shown to lead to the
retentlon of more radissstive vhospbate {in 30 minutes)
than the use of aluminiusa nitrats or alumistua ehloride
for the sase purpose. Because o thiz 14 wes thought

that there could poesibly be &n effect on the desorption

of radionctive phosphate csused by the sulphate ilons in
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05 N sulphurie sctd, To test this poseibility the effect
of O*5 N hydrochloric acid as a desorbing reagent was

lovestigated,

The effect un the desorption rate of padiosctive
phosphate from aluminium satursted mica surfaces of 0«58
hydrochloric scid was found to be the same as the effect
of 0«5 sulphuric scid. Moet, but not 811,05 the rodio-
active phosphate wae removed fairly readily by this reagent.
Thus 1t ean be seen that there ig no epparent difference
betreen the efficiency of theee two resgents as desorbing
reagents for radiocctive phosphste from sluminium seturated
mica surfaces,

The use of ammonium fluoride as o reagent for the
extraction of phosphate from go1)l has becn videly referred
to in the l{terature (Bray and Kurtz, 1945; Swenson,Cole
and 8ieling, 1949; Seatz,1954; Sinha and ¥2ndal,1955;
Gingburg,1959 and others.) Turner and Rice (1954) found
that neutral ammonium fluoride (pH7.0) diesolved aluminiom
phosphate but not iren phosphate, and this resgent (with a
strength of 0.5 lolar) wee used by Chang and Jackson(1957)
in their procedure four the eyetematic fraction=tion of
soll phosphorus. Later work (e.g. ¥ife, 1259) has
shown that the use of 0¢5 ¥ ammonium fluoride at a pH
value of 8.5 givee better results for the selective

extraction of aluminium bound phosphate s opposed ic iren
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bound phoephate.

Toe use of this reagent (C.5 ¥ ammonium fluoride,pli
value 8-5) ae s desorbing sclution for the rapid removel
of raligootive phosphate from both aluminium ss turated
mies surfaces and aluminium oxide comted surfaces wae
investigated in this thesls. It vae found that this
reagent caused the mpid removel of radiomctive phoephate
from both the surfaces studied, 411 the radiomctive
phospha te adsorbed onto an aluminium oxide coated surface
was removed in a few hours by the ammonium fluoride,
Padiorative phosphate was aleo removed almoet completely
from aluminium satuprated mica uuréaces in 8 short space of
time by ammonium fluoride st & pH value of 8.5,

In the procedure of Chang and Jackeon (1957) for the
systemstic fractionation of soil phosphorus, extraction of
aluminium bound phosphorus with asmonium fluoride is
carried out Tor one hour, In the present work the grest
majority of the radloactive phosphate adsorbed onte aluminium
gaturs ted mica surf-ces, and onto aluminium oxide coated
surfaces, is removed in one hour using this reagent.

From the above experiments 1t appeared that 0.5 ¥
ammoni.m fluoride at a pH value of B+5 was a good extractent
for radfoscetive phosphate bound onto aluminium oxide conted
surfaces, or aluminium ifon saturated surfaces. This is

in accord with the literature, and so 1t would be
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interesting to see if any succesr at radisactive phosphate
removal from either iron surfaces or iron ea turs ted mica
surfsees could be obtained with this reagent. From the
literature 1t would not appear likely that much, if any,
accelerrtion of the rate of removal of radiocactive phosphate
from the above iron containing surfaces wMnild be obtained

by the use of alkaline ammonium fluoride.



6.9 _8studies of “hospbate Adsorntion snd ixchange

The three¢ phencmen~ that may be siudied in relation
to the interaction between mieca surfsces end orthophosphate
groups, using radioaetive nhosphate, sre the adsorption
and desorption of radtonctive shospvhate from the mica
surface, and the exchsnge of radioactive (szvol) and none
radionctive (31?oh) phosphate Zroups adsorbvd.:nto the mica
surface. The great majority of the work undertsken in
this thesis has been on the desorption of radioactive
shospbate from mies surfaces after it has been adsorbed

under certain conditions.

6,94 Adsorption of Radigactive Phosphste

The initial adsorpiion of radiosctive phosphate onto
the mica surface under s tudy occurred during a period of
time with the mica surface in contact with a2 solution
containing radionctively lsbelled orthophosphate molecules,
The actual species present would depend on the pH value of the

32 22 32 2w
golution and would be Hj Poh, H, o~ , B PO or
' L
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“hosphorus ~32 { orjzp) is a pur%/Q emitter having a
rodioactive half-life of 14430 days and giving ofl;/?
particles with a maximum energy of 1+701 ¥Yey (¥Friedlsnder
snd Kennedy, 1957). Owing to this high value for the
cnergy of the/ﬂ? particles emitted byJ‘P, an end-window

geiger counter placed in a solution econtaining redicactive
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phospha te would count all the yadiowctive disintegrations
gocurring in the soluticn elesely surrounding the end
window, an well as thoese of prdlosctive phosphate groups
actually adsorbed onte the miea surfoce of the end window.
Thus there would te no aporeciabdle alteration in he observed
count rate, ne measurel with the geiger gounter, as the
amount of radimetive phoephate adsorbed cnto the mica
purface of the geiger ccunter end window, which was imrersed
in the radtomctive phosphde solution, changed with time.
Conseqguentily 1t is not possible tp study the rate of
sdserytion of rediosctive jhosphate onto the mica end-window
of a gelgsr oounter se & rmction:or time by monitoring

the solution of wadioactive phosphate continuocusly.

Slmilar work to that bdeinz done for this thesis with
radionctive bosphate has been undertsken reeently with
radiorctive sulphate {Rankin,1964). The isotope used
in this recearch mss sulphur =359 [(op22g), which is aleo
a pure ﬁ partiole esitter, However the znergy of thaﬁ
particle of 353 qe only G.167 ¥ey (Friedlander and
Kennedy ,1357) . Hecause of thiec lower enepgy, the only
ralionative digintegrations of 35g stons that are measured
by an end-rindow gelger counter with §te mice end-window
imnersed in s solution conteining redicactively lsbelled
sulphs te spoups sre these occurring actually on the mica

endesindow or in very close proximity to it. It is
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therefore possible to study the adsorption of radicective
sulphate onto the mica end-windor of a gelger counter in

a direct manner by merely measuring the inerease in the
count rate sz a function of time, while the geiger counter
end-window remaine in contact with the radiouctive sulphate
solution,

As 1t wss not poseible to study the amount of radio-
active phosphate adsorbed ontoe the mica end-window of a “\_‘
geliger counter as a function of time in the same way as
ecould be done with radiomctive sulphate,some other way
would heve to be found if it wvas desired to study adsorption
phenomena., By finding out the total amount of each of
the different complexes (as indisated by the desorption
experimenta) thet were formed between the radioactive
phosphs te and the mica surface, it would be possible to
caleculate the total number of phosphate groups involved
in each type of cowmplex. Thie information would be very
helpful in elucidating the exact nature of each type of
phosphs te-mica surfsce complex.

It seemed that a poseible way to obtain some of this
information would be by studying the total amount of
radionctive phosphate adsorbed onto a mica surfwce, in a
fixed period of time, from solutions centaining different
amounte of phosphate in them. If it was desircd to find

the pelative amounte of each of the different complexee

formed, the ususl desorption experiments could be performed
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with a nbsber of eimilayr mica surfaces, on which were radio-
active phosphs te sdsorbed from different strene the of
vhesohate splution, From the information gained as a
regult of the above experiments, it wovld be possible to
+lot adsorption ~ coneentration relnstionshipe for the total
gdegrbed vhosphate and for esch of the nhosphnte-mica
surface complexes formed,

It vas decided to conduct seome preliminary experimente
on the adsorption of radiosetive phosphate onto aluminium
saturs ted mica surfaces. The object of theme experiments
var to seewnd, 1f any, relationship existed between the
concentrations of tne radigactilive pgosphnte solutions
used and the amounts oY radinactive vhosphste susorbed.

The amounti adsorbed would be expected lo increasse with
increasing time of adsorption (experiuients performed
previously had alresdy demonsirated this) and so adsorption
from various radiosetive shosphe le solutions could only be
compsred 1f carried out for the same time interval,

These preliminary experimeunts would not lead to
trae  adeseption isotherms as the amounts of radioactive
ph oephate adsorbed from toemdioacetive phosphate sclutions
uscd were not the total amounts that could be aisorbed
from these sclutions. These smounts would increasse with
time unttl an cquilibrium wae »ecched for each radicactive

phosphate solution concentration. However it would be
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possible to see what relationship, if any,¢xiste’ betwsen
solution conecentration and smount of sdrcrrtien of radiocactive
phosphat: for 3 given,constant, time. Txperiments could
also be carried oaut to determine the amount of adasopption
Ppron s aolution of constent rrdicvnetive rhosphate concentration
g = function of adsorption tinme,

A sgerles of experiments was perforued in order to see
the elfects of a scries of adsorptions from Inereasing
sirengths of radiocactive phosphate,for a fixed time, onto
a wica surface. An end-window geiger asounter was taken,
preparsd for use , and washed in 9.5 N aluminium nitrate
solution four times, Tor atl least 30 minutes sach time,
The background count was then detérminﬂd in air, as 1t was
intended to determine the count rate of the adsorbed
raiioactive phosphate in air,. Only the total amount
oi' adsorption vas to be detlermined.

A sgtock solution of radisactive phosphatc was prepared
#ith a ocount rate of greater thsn 80,000 e.p.m. {(on portabdble
monitor). Ten ml. of this solution were token with a
pipette, and diluted to 100 ml, with distilled water
{solution I). \fter stirring, 10 wl. of solution I
were taken and diluted to 100 ml., in the same way (esolution
I1). Thie procedure was repested until four more solutions
(1II11,IV,V and VI) had been prepsped, all six golutions being

in separate glase beakers. Thue a series of solutions
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with a range of concentrations of radiosciive vhomphate
el 105 wag prepared, Thege solutione were stored
in giase beakers, and 1%t would be expeotod that aome
adsorption of %ue rodioective phosphate graupe onto
the glasa might cccur. However 1%t would be expected
that the aoce conzentrsied selutions of phoephate would
have correagoniingly more phoaghde adsorbed onto the
gleos walls of the beskere, and so tar effect would be
eompaerable % the inltlial emount of padloactive jhosphate
precsent, Thes the relstive projortions of radiocsctive
phogphote in esch molution might be expectcd to be more
or less unsltered.

The gelger counter prepared as svove wae soaksd for
& short period of time {approximately 1] minutes) in emch
of the soluticns ¥I to T 4n thst order. By starting
sith the weakest solution Mlrst, and working through to
the sironges?t, 1t was not necessary to remove the adsorbed
radipretive rhosnhate =fter ench seluiion had been used.
The %otal smounti sdsorbed onto tue wmiecs surfecce by
solution ITI for inetepce would be the some §f it woe
all adsorbed frowm selution III or 1 some w*ac alrealy
sdsorbed from splution IV

It was found that no radicective phosphate appesred

to be adsorbed from solutions VI and V. The count
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rate of the solution YI agpearsd to be nod more tnan 3 e.p.m.
abave the bachground sount rate, and this cmall amount may
have beon Bersly dus to 8 mististical flue zuati.an as the
eountine tiwe wee only one mintte. "he eount rate of
golution V¥, out of whick no rsallonetive choschate appeared

to have been alsorbed, wos 30 0.0 above the buokground

gouct pate and su 1t can bhe seen thimt ther:s was an easlly
Jeteatable ampount of radiosctive phospheie present in the
solution.

Un plaeing the gelger counter wmica end-windov in
solutions IV YII,II and I incressing amounts of radioactive
rheaphate were obeerved to he ads o pbhed. The incresses
in the gount rate above the hackground count rate are
given in Tahle 10 {same time interv:1 of adsorption,
“plutione IV,1IT,ete,, enah vith 12 times as much
redipuctive rhesphnte rresent as in the previgus one):

crRLY 10,

Solution . Ipareage in Count Rate {(g.p.m.)
7 :
b2 &1 £0Q

17 K70

T 5,270

Fegs the shove figures 1t cosn be suen that the

inereacein the amount of adasporbed radionctive ohosphate
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i» approximately s factor of ten with esch tenfold inerease
in solution relionctive phosphate consentration. This
is the eawe rate of {novease as that of the solution
sencentrations, and so it seems that there is a lineap
reletionalip betseen the amount of radionetive phosphate
precent and the amount adsorbed by the mica surface, over
the range of eomeentrations studied.

“hoephats groupe that are adeoprbed snto a mice surface
ars all negatively charged over the range of pH values
studied, The only non-negatively charged species
precent gould be ijoh, of which thgre would be only s
Tew per gent even st the loweast pH value studied
extensively in thie thesis (3,0). Therefore 1t would
not be expected that there would be much, if eny,muitilayer
adsorption of phosphate groups onto mics surfsces.

Yielr and Boper (1962) have found that the totsl
adeorption of r-diocactive vhosphs te by soile followe a Lang-
awir adsorption isotherm for amounts of up to 20—55,#‘ gme
i phesphoras per wml. Eimilarly Rennie and HoKepcher
(1959) found a Langmuir adeorption iscthermfor phosphate
adsorption by soils vp to a solution concentration of
20/4 ghe per ml, Adeorpiion experimente with phosphate
and solle hve been carried out by a number of pther
vorkers also, such as %oln&r, ufté and Fende(1957),

Olsen and ‘atanabe (1957) end Ruesell and Low {1954) .
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The 1aet mentispsd =utoors (Russell and “ow) Tavoured the
eteting of a Freundlich adsorplion inotherm to the adsorption
eurve of phosvhate on kaslinlte, but Slgen and Vatlanabe
ets ted thnt nbeephsmte sdeorption by soils showed a olearver
gopesment with the Langmuir adeorption fsctherm than #»ith
tne ¥Freundlioh adsopntion isotherm, Thue from the sbove
gopalugions of other vopkers 1% would appeav reasonable to
expeat that the rrezent stulies, 17 sarried oul at equilibriws,
might lead to e Lansmuir adsorption leotherm, If this
was =2, snd sufTiciently high conacntrntions of vhoephate
vers ussd, monslayer saturation of the misa surf ce would
sneur, and no more phosihate would be s dsohad on inere:sing
the hosphaite gonasntration of the adsorbing sclution.
Adsorption stuiles of phosphate osto X-ray amorphous
"gluminivs bydrexide’ tave beon Qondusted by Hau and
rennte (1962 aj. They discues the llmitations of the
“mnsmuir ndecrption leotherm when applied tothe adsorption
of fonz, e of the aoiditione for thie isotlherm is
that there i¢ 8 Ppee spece avound the ndeorbing partieles,
upaffensted by siher particles (in ihis oase jona),. They
thepefore conelude that the lengmulr adeorption isotherm
1e orly valld wher the 1nterfer1§g toree due Yo inter-
getirg !one i neglizible .r eorstani. Tne tnitial
Fyation of hoephate by Terzy svorpheusaluminian

hyvdroxide” g primarily due to an adesrpticn renciion,
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Thie is rapid and is followed by a slow decomposition-
precipitation process.

Further work hee been done by the same suthors (lhisu
and Rennie, 1962 b) ueing aluminiuw saturated estion
exchange resins. They believed that the exchangeable
aluminium ifons on the cation exchange resin precipitated
nhogphde from solution, However the precipitation
dsta obtained corresponded to adeorpticn isotherams. From
this they reached the concluesion thi the close agreement
betreen adsorption ieotherms and phosphate fixsiion data
may not necessarily imply an adsorplion reuction in soile,
owing 1o the restiricticns on the valldity of the
adgorption isotherm discussed in éhvlr riret paper(1962a).,

In the present work it is believed that themdiomctive
phogpha te~aluninium saturated mics surface coaplexes are
adsorption and not precipiiation phenowena, ividence
for this fact baged on the simiilarity of the resuite of
similar work using radiosciive sulpbate (Rankin,19€4)is
discussed elpevihere in this thesis (p. 337 ).

dwing to the solubility of mluminium sulphate
(AIZ(SOu)J) 1t would hardly be expecied 1o Torm a
precipi tate, if precipitation is not occurring in
the present work with aluminium saturated mica surfaces
and rsdlonctive phosphete, then it secemes most likely
that the resulte obteined,and described, will actually

be related to the smount of adsorption of radiomctive
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yhosphate relmtive to the emount present in the adsurbing
solutions,

T order to caleulstle any dota from such adsoritiol-
eonoentra tion relationebire 14 would be necesssvy to know
the notual azount of vhosphde adsorbed onto the mica
surface, The radiosstive phosphate aclution thrt uas
ahtatined from Fngland contained 20 millicuries s;!JzP of
high specific activity,. It was not posasible to calculate
the number of atome of thosphorus sotually present from this
inforus tion, and the actual amount wae far too small to be
estimated by any of the conventicnel methods for the
quantitative determinstlon of phogphorus (20 willicurtiee
of pure 3?}‘ {"earrier f'rce”P") would eontain only
70 ¥ ‘0‘“5‘(’!&8» of phosphorua ).

The best suy to £ind cut the actusl amount of phosphorus
prescnt in the radicsnctive phosphete solution seemed to be
by diluting the solution vwith a known amsunt of inactive
phosphs te, fe the incrpease in sdeorption of phosphate
with ineressing smlution concentrati n wee linear over a
range of eoncentration of at lesst 105, adiition of »
suffictently emall amcunt of immotive phosphate to the
radioactive chosphate solution would not neceesarily
affect the observed oount rate.

Suppose there are x gme, of phosphorus in the

radiosctive phoaphate solution, and after a deorption
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onto the mins surface uf an end-window gelger counter the
inepeasc in *the ohserved eount rete is 11 O,D.M, This
eount rate w11l correspond to the presence of ¥ gms., of
phosprcrue atserbed conto the nies eurfsce, Therefore
the frection of the redimotive rhosphate adeorbed onte the
mien eurface 18 X . Ir y gme., of imactive phosphate
sre then adlied é the rodioactive phosphete solution the
total amount of -hosphorus present In the solution will
pe {x + y) =ms. Ageuming thst the mica surface has
not been saturated with phosphate grovpe, the same
proportional amount of phosphorus will be =deorbed onto
the mica purface, Thepefore the actnal amount of

phosphorur adeorbed onto the mies surface will be X, (x + y).
x

That ie the smount of phosphorus adsorbed
from the sdded non-radiosctivephosphorue will be X'y .
The smount of phosphorus adeorbed from the phoapho:us
in the original radiocactive phosphate solution will be
Xex or X, 18 X gms. of phosphorus from the orizinal
raginacuve phoephate solution gave rise, on adsorption
onto the miea surface of the gelger counter ¢nd window,
to u eount pate of X, c.p.m. it can be seen that there
will be no detectable effect on the adsopplion experiment
by the addiition of inactive phosphate to the radiocac tive

phosphate solution, providing thet the total amount of

phosphate in the solution is not eufficient to lead to



?Su.

paturation of the mica surface,

The other possibility to be considered is when the
total amount of ‘hosphate precent becomes more than
sufficlent to lead to saturation of the mica surface
being studied. In this case there vill be an effeat
on the observed count pate after adsorptlon. Using
the same pymbole as before, the smount of vhosphate in the
radieonctive hosyhate solutiom x gme. will give riee,
arter>adaorpticn, to an observed gount rate x, CePelfe
where x1 ie proportional to X, Let y, zoe, be the
amount of insctive phosphorus added so ‘hat there is Just
enough rhosghorus, (x + y,) gmsi., vresent to lead to
saturation of the mieca aurfece, Then the sctusl
empunt adeorbed w1ll be X (x + y1) qme . This value,
X (x vqi s thcrerore‘thﬁ amount of phosphte present
:n the mica surface after eaturatisn with phosphate
golution. This corresponds to a fpaation adsorb:d of
X{x +yy) which =X , the same fraction as for non-

X o+ ¥ =
saturation of the mies surface.

I y, gus. (12 > y1) of inactive phesphorus are
added (as phosphate ) to the radiosctive rhospha te solution
the total amount of shoephorus jresent (= (x + y,) gume.)
will be more than is r-quired for saturation of the mica

surface. The sctual amount of phosphorue prescnt on



the wica surface after adsorriion will therefors still be

X {x + ¥4) ama. The fractidn of the total -hesphorus
x
prescnt adserbed onto the mien supface will now he
X (x4 y'} " The tot:1 amount of shoachorue sdeorbed
X

(x +5,)

will be partly from the originsl radicactive phoephate

solution {eontaining x gme, phosvhorus), The ae tual

ancunt of phosphorvs: sdsorbed from the originsl scolution

will be, ae belorc, eqnél to the fraction of the total

phosphorus adsorbed [X (x + 11} multinliced by the
i-r;~:_§57 ]

amount of phoschopus in this original sclutien, x gms.

That is,the actual awount will be squal to X (x + yq) x
X

Zx + Y2

or X x & gae,
XY,

255,

b2 X3 > ¥4y X + yp > x + y, and therslore 21: t Xe1<1. .

x‘yg)

It ean tuerefore be seen that the total mmount »f phesyhorus

gdagrbed from the oriszinal redio-ctive phosphats solution,when

the total amount of chozpherus present is wmore than enough
to saturste the mion surfece, im leass than thét adsorbed
when there is ¢1ther juset encugh, or leae than enough,
phosphs te present to saturste the mios surfaze. Thus, as

the gbsepved count rate is proportional to the amount of
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vhogpherus 2dsorbe? from ths orizimd radicsctive phosphete,

it will be lovered by 2z Tactor of X+ ¥y 5

X +y
2

Thene caleulations «r¢ all made for a cenastant
adgorption tizne for each «f the adsorption exprrimente.

Ae iw discussed clsewhere { p. 497 ) the amount of
vhospha te adsorbed by mica surfaces appears to increase
with increasing adeorption tims.

The above mathematical treatment involves the
asgumption th:i there is sn egual tendency for radicactive
and non~-radfoactive phosphate iong (or molecules) to adsord
onto the mica surface (apart from considerations of the
relative concentrativne of the two species). The only
pessible reason for any difference in adsorption rates
would appear to be due to the different gram lonic weights of
thie two s pecies. Agsuming that the species sre 331P0h2-
and ﬂjapoua-, the two gram ionic weights are respeatively
96 and 97 grama, Thus it would be expected that any
difference in their rates of adsorption onto a mica
surface would be very smsll, and consequently unlikely
to affect this work.

If the speeles prescent vere P0b3~, HZPOQ- or HsPOh
the pratios of the gresm lonie woiohie Sfor toe respective

31
eompounds containing 32? and P would also be very close
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o unity. The values for the individual retiocs are:
. B
POI‘
= 36 = 1.0108
25
34 3=
.oh
T
12 PO,
3 = 9 = 1.0104
e #
) )
4
n‘5230 =
2y = 98 = 1.0103
g o ™ 37
2 h)h
32
and H FQ )
3y = 39 = '1.0102
3 o8
H >,
5 mb

Thus within the limits of the experimenial vork the
above assumption secms to be quite Justified snd 1t is
possible to neglect the exictence of any ieotepe affect,

Some experiments were performed in an empavour to
saturate a mica surfuce with phespbate groups. The geiger
counter mica end-vindows were mot usei, but sret mica vas
taken and split end ueel with the metal 2ontainers as
described esrlier (p. 42 ) The mics surfsces =0
prepered were @ ogted in O.5F aluminium nitrate solution
four times, for st leset 30 minutes each time. They
were then sosked indistilled water with a pH value of 5.5

eix times in order to adjust the pii value of the aluminium
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saturated mics surface ito 5.5. The background eount
rate for esch mlcs surface plus inclosed geiver gounter
was determined in air as 1t wes intended io deteraine the
aznount of adsgorbed rajipactive phosphate in air, ani
not {mumersed into » solution and subsequently desorbed.

A stock solution of very hivhly rediosctive rhosphs te
solution wee prepared (the count pate of this solution was

6
later ocaleoulated to be of the opder of 10 s.pem.) and

# serles of solutions I,I1,I71.,....VI, centaining 10"1.
10-2........10-6 times ae much of theradiomctive phoe hate
stock solution, prepared in the same wny as has been
desoribed earlier ( p. 246 ).  These solutions were
made up in polythene beakereg to minimise the loss of
rhosphate from solution by sdsor;tion onte the walls of

the eontainer, Iwmedds tely before use portions of

these 8 olutions weremured into glaes be kera, but 1t seems
unlikely that thére would be as much adsorption onto the walls
of these beakere as If the padionctive hosphate solutions
had been left aténding in them overnight.

The pH value of the original etock solution of
railoactive chosphate was adjusted to 5.5, and sll the
dilutions were mede with deionieed watler that hal been
aijuste] to a pl value of 5.5 also, Thue 1%t would be
expeated that the ph value of esch of the 4!luted solutions

would be rensonably close $o 5.5. It wae not vossible
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to sdjust the pil value of the diluted solutions to exactly
3¢5 by the addition of small amounts of acid or alkali as
thies would have altercd the concentration of rsiloasctive
phoepha te present by changing the golution volume.

Solutions of inmetive phoephate were prepsred having
eoneentrations of 19"1, 10‘3 and 1()‘.5 grams of phosphorus
per litre in them, Thes: sclutions were prepaped by
dissolving sodium dihyirogen orthophosphate in distilled
water and 41luting to the requirel sextent, As distilled
water with s pH value of 5.5 was used for the dilutions,
the pH velus of tae final eolutions would have been betveen
50 and 5°5. The insctive 5~-hos"phaw solutions were
prepapred within 2L, houpe of their being reauired in order
to minimise the time during which the very small concentrations
of phosphate i these solutions sould be further reduced
by the action of mlerg-organisus,

A prepaprcd mica surfrce wae taken and soaked for a
fixed perisd of time {5 minutes) in each of the six
prepared redioactive phosphate solutions etarting with
the weakcat, and then using the next strongest one, eto.
After this period of sosking, the mios surface was rinsed
with distilled water having = pil value of 55, and the
inerease n count rate,due to adsgeption of rdioactive
vhes pha te onte the mica surfacey was then determined.

It wae found that some padiocactive phosphs te seemed

to be adsorbed from all eix solutions. The increase
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in cpount rate after adsorption from the weakest solution
Tea not greater than the uncertainty in the count rate

(see Todle 44 ) and so little if any phosphate msy have
been adsorbed, The resulte of theae experimente wmre

gumaarised in Table 11 .

Golution Concentoa tion of Inercare Ln Count
“hosphde relative Rate ( Qoepdetze)
Yo Gtoek solution
VI 10 S+ e
-5 -
v 10 + 4
v T 70+ 3
-2 -
ITI 10 L3O + 10
I 1072 3,979 + 20
1 1071 40,1750 4 30

It cen be seen that the increace in count rate is
approximetely tanfold for Solutions ITI,IY and 7. The
amounts of padicscetive hosphate adeurbed for S“olutions
TV, ¥V and VI ar- greeter thap mizht huve boen cxpected
from the dilution of €olutions I1,1I and III. “hie may
mean that! the sctual amounte & radicsctive phesphate
adeorbed o nte the ates surface sre ¢lightly bigher than
would othervise heve been expecoted by extrapolation teo

these very low phosphete concentrations. Hovwever,
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fup ther more accuraie work would be recuired in this
concentration range before the results could be accepted
v»ith sonfidence ae, especially with such low amounts,

a small amount of extre raiiosctive phosphate introduced
by meme of, e€.7., toe 10 ml. pipette used for the illutions
would have a copsidersble effect on the observed count
rates after adsorption had occurred.

The above experiments baving served to verify the
soproximate linsarity of the relationszhip between
radiocsctive phosphate in solution and the amounti of
this phospbate sdeorbed unte an aluminiva saturated mica
surfawe in & Lixed time, further e;ltperimcnte were verformed
in which a =mixiure of radissctive and non-radioactive
phosphate waie used.

Ten millilitres o the stock raiioactive -uoephate
solution were taken with 10 al. of the inantive phoephate
solution containing 10'-5 gme, phosphorus per litre, ond
diloted to 100 ml. with distilled water Laving & pH valne
of 5.5, Thio nes solution (I'j cont ined the same
amount of radieamctive phosphate as did Solution 1 ebove,
plus 10™7 gme. inactive pnosphorus in 100 ml.  This
solution wes repeatedly diluted tenfold as before, giving
Solutione II', IIL',Iv' and V', The sixth dilutien
was not made as the amount of padicactive phoaphate

adsorbed from this solution wse very small (see above

Table 44 )e
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The zontents of each of the prepared solutions is given
in Table 12 , the asmount of phosphorus in 100 mls. of
the original stoex solution belng designated aa “A" gms.

IiBLE _12.

flolution Amount of Haidlosctiive fmount of Added
Thoesphorus/4100 mi. Tpac tive hosphorus
/400 ml,
. or: =11
v 10 A gus. 10 Line.
-l -10
v 10 A gms. 10 Ems.
eyt -3 -3
111 10774 gms. 10 s .
It 10724 gue. o™ gms.
1 10~ gus. , 1077 gme.

A new freshly prepsred mies surface was taken, and
after the background count rate with 11 hsd been
deternined in air, 1t wes soaked Tor the ssae time
interval as before (5 ainutes); in esch of the solutions
V' ¢ I' in ihat order. fhe inereasnc in the count
rate over the background count raie due to adeurption
frem esch solution is given in Tuble 13 « It will be
geen that the relative amounts of radfoscilve phosphate
adsorbed by the mics surfacs from each solution are
approxime tely the same ne those for the first series of
adgorptions witn ne inective hosvhste sdded (of.Table "

Pe 260 Ve The actiual amounts adsorbed I rom each

solution are slightly higher than those observed for the
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firet peries of experiments, but this e probably due to

i seeond mlom eleet belng s&ligbtly thinner than the

firet skeat, and eonssquently allowing a hizher rroportion
of thﬂ/? pariicles emitted by the deinterrsting raifosctive
shosoborss atloms through {nto the eounting volume of the

end -window gelger counter.

TLBL54;
Solution Total amcant of “hosphorus Inereace in
in 100 nl,aslution {(gme,) Count Rote
{g,p.m,)
5 -3 -i1
v 10 75 410 16« 4
i -10 -
v 10 A + 10 ; 78+ 6
o -t -
rry! 10 A« 10 535 + 10
1t 10724 4 1078 4,550 + 20
wt _7
1 1¢ o + 10 52,760 + KO

It thorsfore sppear=d from the asbave veoults that the
totsl amount 2f choepnate ppeszent in snvy of the solutions
VP oto §' we: Insulficient to lewd tccomrlete gaturstion
of the ales surface upler :iudy during the sdcorption
time for the above deter=inations (5 winutes). AS
e grestest smount of phosphisie used wew in eclutiom I',
from the above expcriments = lover limit for the amount
of phusplide in 100 ml., of soluiion reguired for ssturation
of the aluminium satursted mics surface for a five-minute

2

= = 3
adeorption time could bs set at (40 2 + 10 ') ema.
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phosvhorus where A gms., vas the snount of phosphorus
presentin 190 ml, of the original stoek radioactive
phoephorus solution,

* further scries of solutione were pripeored by dilution
of the stock radissctive pheosphate solution =rd additioen
of more concentrated insetive ;boephate eoluticon, Only
thrce solutions (I%,IT" and TII") were prepred, solution I®
congisting of 10 mls, of the stock radiosctive phoephate
solution T1lus 10 mle, of 8 scluticon containing 10'3gmg.
inactive phosphorus per Titre plus 20 mls. of distilled
water. Sclutions II" and ITI™ wers prepared by tenfold
dilutions an before. It was not necessary to prepare
any more dilute sclutions than ITIV.

The total amount of vhes phorus per 100 ml. in
solution III" ( (10‘3ﬁ + 10‘7) gms. - sec Tsble qy ) was
less then the lower limit for saturation of the mica
surface of ( 10714 4 10‘7) grs. caleulated from the
sccond series of experiments. Thus the addition of
the inastive vhosphate to solution ITI"™ should not have
hed sny effect on the observed increase in count rate,
which ehould be the samc as that found forthe corresponding
solutions (III snd III') in the first two series of
experimenta. Consequently the actual esmount of radio=-
active phosphste adsorbed onto the surface of the

aluminium saturated mica sheet from solution III" would
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exable the oaleulstion of the smounie of miinsctive phosphate
that should be sdsorbed onto the miea surface it chosphate
eaturstion had not been reached with the smount of innetive
rhoe vhate added.

As the rhaphate solutions I to VI and I' 1o ¥' hag
been prepsrcd  in the same polytherne beskers{ ani used in
tie same plass beskepe) the amount of radlesctive phesphste
that had bocome adsorbed onto the sides of these veakeprs
hzd beecome guite considerable for the ngre padicactive
sslutions. in order to winiumise the smeunt of adsorbed
radioac tive phosphe te on the beaker walls relative to the
phosphiate concentrstlon in soluticn, solutions I%,I1I" and
IIf" were prepursd (and used) in the beakers thot had been
uscd previously for solutions iV,V sna Vi, it would not
be sxpected therelore, thatl the expcrimocital results
obtezined from the a.isorptions of thosphete onto the aluminium
saturated wlea surfsce I'rom these three solutions could be
af'{fscted by the suall amounte of paesphatle siready adsorbed
orto the besker walls,

The same experimeutal procedure used in the First o
serics of experiments wes Pollowed with solutionsa 1IX%,11"
and 1V, The increases in the oboerved ecunl rate due
to adsorpticen of the radlosctive phoephate it the solutions
unto another freashly prepared sluminiwe we turated mics

surface are given in Tuble W
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Solution Tot»1l Amount of Tnorease in Count
Phaaghorus I rate {2.Doma)
100 ml.sclution
e
-3 -7
L8 & 10 A + 10 400 + %
i 2 ~€ -
P LIPS 5,580 + 15
o 5l -3 =
i (LS 19,200 + 30

It osu be meen that the {ncreasc

by aidsovrtion Trare Sglution TII® wes suproyimsisly the same
a® was obemerved »ith “olution IIT (af. Tadletd
“alution YIT gsused en ineresse tn count rate on the miece

|

eurfaoe of glivhtly mope than that eaused by toe comparable |
Solution 11, the incresse for which was only %,970 c.pen. {
4

|

in eount vate coaueed

The getual inereaze of 1,580 e.p.n. was more similar to that

cansed by “olutisn II' whieh was 1,550 c.p.m.{T.nlel’d
Prom thie 1t scomed thnt the mics sheet vusd in the third

serice of exneriments wan of compsrahle thickness to the

firet two gheetn used,

{
p263)

It alng geemed thet the total amount of nthoaphate in |

solution IIY var not more than that required to
seturation of the mics surface.
rresent in

eatura tion

the solution wnre mopre

Leadt to |

If the total amount

than thet required for

the obmerved ingresce ir ecunt rate would be

Lese than ten times &8 much as the increare omused by

Selution III".
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Frow the above conclusion another lower 1imit for the
total amount of phospherus (as phosphate) required to
saturate the aluminium saturated mica surface with phospha te

in an adsorption time of five minutes can be obtained,
—()

This new lower limit will be (10 A + 10 ) gms. Whichever

-2
of these two lower limits (10 4 + 10 ) gme. or
-1 -7
(10 2 + 40 ) gms. is the bigher will depend on the value

of "“A"™ the amount of phosrhorus in 100 mls. of the original

stock radicvective phosphate solutions The differencz
-2 -
bvetwecen the later calculated lower limit, (40 A + 10 )gms.

phosphorus, and the first calculated lower limit,

-1 -7 -7 -2
(10 A + 10 ) gms. phosphorus, ig (9 x10 = 9 x 10 A)
2 =5
gms., that is, 9 x 10 (10 - A) gms. Therefore,

providing that "A" is less than 10“‘3 gms, the lover limit
for the amount of phephorus reouired for ssturstion of
the mica surface will be (10‘2A + 10‘ ) gms,

The total amount of radioactive phosphorus that was
used to make up the stock radilosctive phosphate solution
was lese than two millicuries. As wag stated previously
(p.252 J the amougg of phosghorus in f; millicuries of pure
("carrier free") P is only 7+0 x 10 gms. Thus the
amount of radioactive phosphorus in "A" (the actusl volume
of "A"™ prepared was apbout 100 mls,) would be less than

= 102 gus. ¥ven 1f the number of radicactive phosphorus

me ¥2° 1981 908 nitg FReuTaRd PeRredfeaciiyeRhgsRgus



rediosctive phoaphate solution, the total amount of
phosphorus in “AY would be only 7 x 1O'Ggms., thd is,
still less than 10'95m5. It seemg unlikely that
the proportion of radiosctive phosphorus atoms would
be as low as {or lower thsn) cne in s thousand, and so
"A* may be gafely taken ac less than 1075 gpa, The
lover limit for the amount of phosnhorus present in 100
mle. of adsorbing solution recuired to saturate the
aluminium saturated mica surface in five minutes
therefore can be © placed - &t (10744 . 10*6) gms.

From the increase in count rate caused by Selution
II" it would be expectei that theltncrease in the count
rate of the mice surface due to adsorption of radiosctive
phosphate freom “clution IY would be abeut L0,000-50,000
CoPetta,providing that the tctal smount of phosphete in
solution was not mere than that reqguired for saturation
of the aluminiuva saturated mics surface. s oun be
seen fpom Table 4f  the actual increase in count pate
eaused by adeorption from Solution I was only 19,300
GePste, or about hal? of the expected walue, Trom this
1t gseemcd that the amount of phosphate 1n Spolution I" was
more than the amount pequired for saturation of the mica
surface.

Previously {p. 256 ) 1t war shown mathematically

the t the count rate increare after adsorption f{rom &

268,

phosphate solution containing & greater amount of phosphate
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than that peauire? Tor saturation would be reduced by a

factor of X o+ y1 reiative to the ineresse ghserved

2
wiih the saumc amount of vadieacilve phosphnte Lul insufficient

total phosphate to saturate the mics surface. In this
cage the insrease in count rate bas been reduced by a
fzetor of 13,300  or approximately 3.

140,000

Thua the relatlonsaip is obtained:s x + 74

X + ¥
12
or 2x + 2y1 =X 4 y2
cs Iy my +(xeyy)
How Y, = amount of added ‘nective rhosphorun=10-5sms.

The totrl amount of phosphorus reaquired

!
= 1072 « ¥

for saturation, x + Yy = Yz- ¥y
1
leee X 4y, = 1077 - Vil ioses giam miitans aslmnsiearild )
Hopw Y4 = amount of inactive ohoephorus rrquired to
be added to produce ssturation, and it is knewn from the
seaond series of adeorntion exveriments rerformed that

-7
thies ie greater toan, or egnal te, 10 ome.

tee. v, > 1077 . .

Thus (equation (1) ) x + v, = 1075y, r -7
e U = 99 %10

g 107 1077
4

ereeeeneeeenes(2)

i.e. x + y1 < V= 107
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Also ss y, > 1077 ana x « ¥y D ¥y kxs pea!;!ve
quanti ty

then x + y, > 10.7 PN .

The lower limit for the total amount of chosphorus
reculred for saturation is (16‘218, .10 j gam, As in
the above calculations x is the amount of hosphorus
present in tne mdicactive phosphorus sclutions ueed,
and the caloulations are being made on the solutions
giving the highest increases in count rate, x = 1!3-1,!. ane,
Tioss She Sower 3imit oan ve wriskes & (10 & o 1‘3*6)@3.
As the amount required for saturation e (x + y,) there
results the relationship:

~1 -6 ‘
10 x + 10 > X + ¥y

or 0.2 x + ¥, < 10‘6
f.0. (multiplying by 10 ) (x + Yy o+ Ly,310 % m"e....(u)
g 9 7
If the substitution 1077 g ueed for yy (v, P 1077)
there ie an uncertainty introduced into the ecuation
(4) above
vor10 21078 L1y, c10% 1076 x 10"
3 571 <% 3
Thue the right hend aide of equation () hase been
raplaced by s larger value, end msy no longer be less than
the left hand stde, If the substitation 41» made the

result is: - =
(x + y,) >3§ ® 10 ™% a1 %10

loeo(x + y,) )” 5% ‘0.7 .-.u.-...-o.-...-(”
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The wvalidity or leck of validity of equation (5) will
depend on the peldive valuee of x ani y'. It ean be
ealovlated thet equetion {5) e equiion (L) slrpo, are
valid for all walues of x providing y‘l i grester than
or equal to 10~6 s, If ¥4 te lese than 10*6 gmn
then 1t is necesnary that x be suffielently large, the
actual walue of X pequired Cor the walidity of equation (5)
inareasing, an ¥y deorensex, to s valus of 1 x 13"6 gus,
for v, = 10'7 (¢

From the swbove galoulations it can be meen that thepe
ia 1ittle velue in ueing cauatiom (5) te obtain an actual
lover Limit for the totel amount 7 hesphorus raquired
for sateration of the mics surface, unless -ore inforzation
is obtsired ebout ~ither x or Lop

The range of possible veluen for the amount of
rhoarhorus required for geinration san be eslonlsted
from equetions (2) and (%), Osthining theee tup
esuations one obtaine:

99 x 10”7 > ix o+ v > 10'7............. (€}

Fouation {€) specifies the pvsaible range of the
amount of phosphorus, 1 grams per 100 mls. of solution,
rooui=ed for saluration of the sluminiuvm gatureated mica
surfeces under ciuly with an adsorption time of five
atnutes, Gunnidering the accuracy of the sxperimental
data evustion (6 may best be written oe:

110> (x o ¥ > 1% 10 e eeeeeeean(D)
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that ie the lotal amount of phesphurus required for
saturation is betwvsen 1075 and 10'7grnma.

Assuming that the great majority of the phosphorus
present in the solutions from whick adesrption is taking

31?. it is posaible to caleulate the limite

place e
for the number of phoephorus atoms, and hence the number
of' phosphete groups, in theme solutions.

The number of atoms of phosphorus in one grawhtomic
weight, that is, in 31 gme, 19 6.023 x 1023. Therefore

the number of atome in 1 x 167 gme. will be 1 x 10°7
34

% 6,023 x 1023 = 2 ¥ 10‘5 atome, MMmilarly the
number of atoms in 1 x 10-5 gme. phosphorus v111 be
2 x 10175 tome, The phosphate soluticone used consisted
of orthophonphate {“C ) groupe as the only thosphorus
containing epeciee przsent. The number of rhosphate
groure present is thus equal to the number of phosphorus
etoms present in the solutiocn, Thiz gives the
relationships

2 x 1017.> number of rhosvhete groups precent in
golution for ssturation > 2 x 10‘5,

Ae wae mentioned elsewhere in this thests (p. 424 )
there is 2 net negative charge on the miea surface under

study. This charge isbalanced hy the adsorrntion of

positive lons such as gluminium onto the mica surfase.

There is effectively one negative charge every
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50 8q. g " The mics surface siudied had a diameter
of abput one inch and Ay & surface are of about € sq.cm.
That 18 , the area of the surface was 6 x 101 sq. g

{ 1 cme = 1Dd 2). Thue the nuaber of negalive charges

on the surface, which corresponds to the number of adsorbed
catione (ef. p. 4p4 ), would be §~£_lgif or 1.2 x 1015

50
GHBPLES . This number of charges { and eo adsorbed

eations; on the mlces surface is approximetoly half of
the winimua nusbsr of phospha te groups prescent in the
solutlion.

Yhe increaces L1 count rate observed on the mica
surlaces under siundy were between one third znd one
quarter of the actusl imswasgcs in the count rate msssured
with the mica surface plus geliger counter sctually immersed
in the adeorbing solution. The actusl value fTor the two
inereases in gount pate and the patio of ths two valuce are

given for & number of the experimenis perforncd in Table 15,
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TABngg
Solution  Inerease iu Count| Increasc in Count B
Rate adsorbed Rate in desorbing O©
onto mica surfaced solution
= B c.p e ) 5(- C cu.Dem.)

v 70 275 0.25) nverage
for first

Itz LoO 1,850 0.22 »series of

. exper-

II 3,970 15,000 0.27 ) imente=
0.25

v 78 265 0.29) average

) for see~

TIr 535 14520 0.25 L ond series
of exper-

Izt 4,550 14,660 0.31 ) imente
= 0,32

i1z 4100 1,350 C.30) average
for third

im 4,580 17,000 0.35| serice of
exper-
imente
= 0.32

The reeulte from Polutions VI,V (Table 44 ) and V'
(Table 13 ) are not given as, owing %o the relatively small
inerease in count rate while the mica surface was immersed
in the adsorbing sclutions (aprroximetely 400 e.p.m. or
less), the value of this increase was determined very
approxfmailcly. No attempl was made to determine the
incresse in count rate recorded by the wmica surface plus
gelger counter while the mics surface wae immersed in

Solutions I,I' or I". The actual count rate for these

solutions vould have been of the order of 10° Cupele,
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which was too high to measure with the clectronic
arranzement being used.

Fprom the available data it was not possible to
caloulate the asctual number of phosphate groupes adeorbed
onto the mica surface, H#ore information would be
needed about the relationship betseen the actusl
disintegrs tion rate of the radicactive phosphorus atoms
adsorbed (as phosphste) onto the mica surface, and the
observed count pate. It does appear however,from the
above caloulatima, that the number of phonphate groups
actually adecorbed onte the aluminium saturated mios
surface at saturation is considerdbly less than the total
number of adsorbed cations present,

The actual volumes of the adsorbing solutions ueed
were about 20 ml, and so the saturating solution would
gontain between L x 10”* and 4 X 1016 phosyba ‘e groups.
The count rate of the adsorbing solution, after socaking
the mlos surface in 1t for five minutee, wae not greatly
lower then before the scaking for the various adsorbing
solutions used, Thus only a mssll perocntage of the
phosphate groups present in the solution ean have been
adsorbed onto the mica surface during the sdesorption
time,

From the preliminary cxperiments on tbc'smounta of

adsorotion of redicsctive chosphate onto aluminium sa tur-

asted mica surfaces described above tro conclusions can
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be drawn, The actual amount of phosphate adsorbed

in a fixed time ie directly proportional to the amount of
phosphate in the adsorbing solution over a wide concentration
range. The actual concentration range ie only known
approximatcly as the exact nwount of radiometive phosphate
preszent in the adsorbing solutions wes not calculated.

The linear relationehip hetween the smount of
phosphste adeorbed onto an aluminium saturated mica
surface ond the amount of chosphate in a fixed quantity
of adsorbing solution exists over » eoncentration range
of at least 103, for an adsorption time of five minutes.
The upper limit for the concentration of shosphate is
greater than 10-6 gme. of phosphorus (= 3 x 1Of6 gas.,
phosphate) per 100 ml. of adsorbing solution. ¥ith
higher concentrations of phosphate it is possible to
saturate the mica surface with phosphate groups in sn
adsorption time of five minutes. »

Providing the total concentration of phosphate in
the adsorbing solution is insufficient to cause saturation
of the mica surface, for the adeorption time studied, the
amount of radioactive phosphate adsorbed is unaffected by
the amount of insctive phosphate also present. Thus the
smount of adsorpiion of radioactive phosphate i not
dependent on the specific activity of the phosphate

solution ueed for adsorption.
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£,92 ‘ychenpe of Rodilosctlve =srd Mon-

As wae mentloncd vnreviously, another nrhenomenen that
could be studied with the use of » geiger counter mica
end-window =nd radiosctive phogphate sclution is the
exchavge between sdeorbed phosphate on the eurface of the
mice #nd “hoephate in ¢ surrovnding colution, These
studice could be made in three wsys,only tuo of which are
practiceble for the nse of radioective ~hnenhate. The
three posaibllities are oe follows:

i The wics surfacc of the ceiger counter end-window
nould be Pirstly soeked 1o lnactive rhoechate solution.
sfter a aultable time for enullibration of the mieca
surface v ith +he ~hosphate selution, a small amcont of
radicactive phosphate would be iniroduced into the sclution
which wes 1o contact with the mica surface. The aetnal
number of ;hoesphate groupe that were introduced wouvld be
very swall in compsrison with the amount of Inective
ohosphate alreadly precent in the solution. Thus there
would be no significsnt effects duc to tne poesibility

of greater phusphste sdeovytion onto the wmica surface

becauss of an increszcd scluiion phospbate concentratlion.

is long as the actusl voluue of the molution wao great
enough the increausc in the background count ratc of the
gelger counter would not be Vi great initi=lly.

The solution in which the mica surface was imnersed
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would be continucusly etirred. The ssevmntion is made
thet there is a continuosus exchange between the phosphate
groups adsorbed onto the surface 2nd those in the surrounding
golvtion, When any of the radiosctive phoerhate groups
came sufficicntly close to the mica surface it would be
possible Por them to exchenge with insetive ohosvhate

groups already adsorbed thereon. This would lead to

an increase I the obseprved cpunt rate, However
considerable grecsutions would have to be inken because

tne geiger counter would also dotect the radicactive
disintegration of any radioactive phosvhate seoups in the
solution close to the mica surfacé of the geiger counter
end-window, It would be necesssry to shleld the solution
from the face of the mica end-windoaw in somé way while still
allowing suffleient contact for exchangc to take place,

2. he geiger counter mica end-window cuuld be soaked
in radivactive phosphate solution for » suitable time.
It sould then be plsced in a lsrge volume of insctive
phosphate solutien. Desorptinon of the rsdinccotive
phospha te would occur &s in the majority of the work
described in this thesls. However there would be the
simnl taneous adsorption of in2etive phoephate onto any
vacsnt adsorolion sites or the mice surface. If the
mica surface had not beer initislly completely =aturated
with the radiometive phesphate then there would be

adsorption eites immediately available for the inactive
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vhosphs e grouns,

Pnether comilete seturation of tbe mice surface had
been achived or not with the redfoactive phoephate, as
soon as some of this had been Aesorbed into the scolution
adsorption sitea would be freed for the inective phosphate
in the solution, fuch eubsequent adsgorction sould
rossibly lead to a different pstteen of desorption of the
radiosctive phasphaie from the mica surface. Froviding
the ameunt of sclutlon containing the insetive hosphate
waa large enough, and edrguately etirred, there would be
no readgorption of ridicactive hoephate, or other effect
on the observed count rate due te the presence of the
desorbed radiosetive phoephde close encugh to the miea
end-window o the geiger counter Tor lte radigactive
disintegration to be detected.

Ty The ovpesite situation to that desoribed under
poesibllity 2. could also be studied, thatl is, the mica
surface of the geiger counter end-window could b+ eoaked
in inactive chosphate solution and ther pleeed in o
container of radipactive nhosphate. However; as, owing
to the great cnergy of theﬁmniels emitted by 32p, the
gelger counler could deteat all the radfoactive rhesphate
in the solution imuedistely surrounding the mica end-window
(to a distance of almost 1 em.) there weuld be no change

in the observed count rate as the radionctive phosphate was

adsorbed, Thus, thie procedure would not be an: licable
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to expertments using radiosetive rhogntovuse It could

perhaps be corsidered for uvae 17 stuliies on the nhenomena

of adsorption of different arvceles ebch ne suljhuate, the
radfoisctope of suluvhur (35S) amitting u/@ sartiale of much
leas eneprgy %than thet of 32?.

An sxpepiment was condueted foliosviig a procedure
similsr to that dsecribed in 1, Canpidersdble diffloulty
w¥nuld be aexperiensed in acouring s sotisfactory rethod of
oliminatiug the deteation of any mdlosctive [lLiosphate
orior to fta sdcorutian, Sueh & wethod vould use
very 4ilute eolutione, which would lesd o a very slow
pate of rediecactive phosphatc /nonsraiiosetive vhosphe te
exchange. An exveriment wos asrplied cut vhish gave an
indiestion of the rate of exchanyge hetween roiicactive snd
and npon-vedioactive - hosphal: groupe sdoerbed onto a mioa
enrface.

2 weiper counter which had bLeen prepared and coated
with pepaffin vax in the usual way saz tkken arnd the alea
end~rindow saturate: with aluadntux lons by cosking {t in
0.5 § aluminine nitrate sclution four times, Jor at least
30 minaten esch time. The mies: winder was then placed
in two litrss of fnastive choepnste buffer soluticn
containing one milligrea of vhoschorus per willilitre of
golutlon. The pH velue of thia huffer e luiion was L.9,

The geiger counter end-windovwms left imzersed In this
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inactive phoepbate solution for some bours and Juring

this time the backgr und count rate for the gelger

cvunter wae determined. The wmica window wae then

plaed in pradicsctive phosphate solution, also vith a

i value of L.9 , for & suitable time, and then, after

rinsing in some of the inactive phosphate buffer

solution, replaced in the two 1itree of buffer sclution,
The amount of reldiocsctive ;hosphate adeorbed by the

mica surface in thie manner was very smell (/150 c.p.t.).

Thia amnount was for lesc than wes usuvally udsorbed by an

aluminium s tureted wmica surface which had not been soaked

in inactive phosphate solution. ., From the pesults

obtained in this experiment {1t cen be scen thal the rate

of exchange of in:etive snd radioamctive phoephate on the

surface of an aluminlum saturated mica eheet ie considersbly

Slower than the rate of adeorption of radioaetive »hosphate

directly onte sluminium sz iurated wice surfaces.
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CHAPTER 7.
EXPIRIMENTSL RESULTS

The pesults of » number of desorpiion experiments,typical
of those performed in this thesis, are represented in
spaphieal foram in the following vpages. only one experiment
is shown for most of the pi values ani surfaces = tudled.
raips of experiments are shewn for some of the systoms on
which & considepable amount of work wae earried out (Aluminium
saturated mica surfaces at phk values of 3.0, 5.5 and 9.0 and
sodium saturated mica surfaces at a pH value of H¢5,) A number
of experiments were performed with some surfaces { e.g.aluminium
s turatei mica surfaces at a ph value of 5.5) to siudy a number
of phenomena such as tbe effcet of adsorption time, the
relationship of the relative amounts of radiocactive phosphate
adsorbed by scdium saturated and by sluminium satursted
mics surfaces,etec., and the rate constanis and relative
amounts of the varipus complexes detected have been given
for many experiments in the text ( see Tor example Tuble
L, p. 166 and Table 5 P.169)

In the graphs on the following pages the surfaces from
whieh the desorption of radioactive vhosvhate was studied
are given (either as oation saturated mica or as hydrated
alumiriom oxide surface) together with the pH value at which

the experiment was carried cut and the rate constants for
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each of the desorption oudplexes de tected. The majority
of experimente have, after partial analysis, had the initial
portion of the descrption curve replotted on a larger time
scale in order to enable more accurate cslculation of the
largest rate constents (corresp.nding to the shortest half-
Tives for desorption). Tn these experiments the various
plots are shovn on succersive pages.

The relative proportions of the various radioactive
phoephate-surface complexes TAv, "BY ete. {(corresponding to
rate constants ka’ kb etc,) are given by the intercepts of
the straight lines, that vere obtained by analysis, with the
time=0 axis.

The actusl graphs are as follows:

Sodium saturated mica pH 3°0 p.285

Godium eaturated mica pH 5°5 pp. 286 and 287
Aluminium saturateil mteca pH 30  pp.288-9 and 290-1
Aluminium saturated mica pH 5.5 pp.292-3 and 294=5
Atuminium eaturated mica pH 9.0  pp.296-7 and 298-9
Aluminium ssturated mica pH 1.0 p.300

Aluminium saturated mica pH 0.0 P.301

Ammonium, {on saturated mica pH 5.5 p.302

Aluminium eatursted mica dried over silica gel (see p.195)
pH 5°5 Pp.505=4

Hydrated aluminivm oxide aurface phH 3.0 p. 305-6

Hydpated aluminium oxide surface phd*5 p.307
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Hydpated aluminium oxide surface pH 9.0 P, 308

Alusinium saturated mica desorbed for a much greater period
of time ( see p.217) pH 55 PP 309=-11

Sodium seturated mice desorbed for a much greater period

of time (Bee D.217) pH 5.5 p.312
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DISCHSSION OF R-SNLTS

In tbis thesis & study hae beer made of the adsorction
of ¢ diesnctive pheerbate ont. verious eurfaces under the
influerce of & number of factors. The wajority of the
vork earried out hss been on adsoryticn onto alumicium sate
ursted and godium saturstcd mies suvrfaces, The rceults
obtoined indiented thet thers were threc 41fferent radiouetive
rhoerh: te~eluminivn seturated wice surfsce couplexes and only
one radioretive phosphe te~sodium seturstici nies surfsce complex,
thie 12et complex heving the saze rete constsnt for desorption
ag the leant re-dily desorbed com:lex on the aluminium
ssturst:d mice2 purfece. These oomplexes all appeared
to exiest in sirnificent relative amounts over a wide range
ef pH values (3.0 « 9,0).

foree cxperiments thet were performed at the end of this
theals indicated that, at least at one pH value (5.3) the
lenst re-iily derorbed radio ative phoapha te ecoiplex,preeent
vith beth aluminfum asatursted and scdium saturatel mioa
esurfaces, way be composed of a mixture of two complexes
one of which has an extremcly low »ate gonsiant fop desorption
(see chanter §.7 » 217 ). The detection of the existence
af thie wery slowly desorbed gomplex had no effect on the
analyscd rate constante Tor the two mest reailly desorbed
complexes,

The micr eurface used in padiosctive phoesphs te
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adsorpilon was the VU1 face of musnovite mica, Ae desoribed
in the introduction (p. 9 )} almost all other pessible
adecprptiion siiee on the mica particle surfaces were cxeluded
from the experimentsl syetem by the use of narsf 'in way.
Thue tus vaprlous deszorption o mplexes detected wust have been
between radiorctive phoaphate and eifther the mica surface
(001 fmee) 1it8elf or ocatione adeorbed ornto this surface
te neutralize toe nel negetive gharge thereon,

The method of anion adsurrtion ornto oley mireral surfrces
hag been discussed by numercus authors ir the litersiure and
a variely of mechenieme pestuleted, ¥atteon(1931) believed
ths L adsorption involved toe simpie peplacexent of bydroxyl
ipne oy anione of the added salt, lowever such z hypotucsis
faills tu exylain why the pi alue of the adsorbing solution
seluovw rises on sddition of the 2alt and in fact i= usually
lowered. Schofield and “sweon (1954 believed that the
cdgea of elays chanyed from belng nevstively obarged to being
pouitively chaweged by proton adsorption at low pH values,
This hovever dees not explain how cations and anions are
removed from gplution tow: thers Alae unaccounted for by
tnis mechenism is the manner in which the number of snions
retw:ined inereascs with time,. Howevey previons work by
ene of thewe aaiuors (Sohofield,4940) h+d given rise to the
suggeation that e¢l.y partioles may have both poeiltive and

negative ch rgee sufficiently fap apart to be eeparstely
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balanced by cations and anions,

The suvgestion by Ayres snd Herihare (1953) thet the
adsorption of {fons onto clay mineral surfeces must be
moleculsar, bused on the simul toneous iieappearance of
cations and sanione “rom solution, seeme most unlikely, BSuch
8 phenomenon would be moet unexpeoted especially for such
highly 1onised salte as sodium ehloride, potassium sulphete,
ete, There is nlso no means to explain the change in
the pH value of the solution that often accompanies adsorptiion.

2chell and Jordan (1959) se s presult of their studles
with pure elay minersls, postulated that anion adsorption by
clays weae partly due to -ubatltutlgn!in the latiice for
aluminium or eilicon ntoms, Such anions would be raleancd
only by prolonged elecirolysis. Thev believed thot the
more realily exchangesble anions were adsorbed ¢ither on
exchange sites or else as nn extension to the lattice
& tructure,

In the present work only o eingle clay surface wae
available for sdsorntion snd thue 1t would be unlikely that
there would be any lattice substiitutions or extensions esused
by adsorption of the phoephste ione, It {e believed that
some of the adsorption couplexes Tormed were assoolated with the
exchangesble cations precent on the mica surfacee being studied,

The raiioactive phosphate-cation saturated miea eurface

complex with the lowest rate constant (or longest half-1ife)
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for desorption thet wae detecated was found to be prescnt
whatlever eation was ueed ito ggurate the mica surface, Because
of this, as 1t would not be expect:d that monovalent cotions
such as sodium,potassium,ete,, wonld form any complexes with
radloactive poephate ions when their sin.le positive charge
wae already belngs ueed to neutralize the net neys iive charge
on the mica surface,it vees believed that this complex involved
the adsorpgtion of radicscotive phoephste onto the mica surfsce
itipelf,

Expoeriments with the muliivelent cation aluminium have
shown the presence of two mor: padioactive phosphstewcntion
(aluminium)} e=tursted mies svrface cqmplexea. Thes« extra
cenplexes were not detected when the mies surface under study
had been completely saturated with monovalent cations such as
sodium, It is thue believed that the tvo complexes are
formed betveen the radipactive phoaphate ions and the aluminium
fons themseclves. The rate constents for the desorntion
of radiosctive phosphate from these complexes are both grester
than the rate constant for desorption of the complex detected
with all the estion saturated mica surfaces studied, Thue,
assuming that the activatiion energies for the desorption of
radiosctive phosphate from all the different types of complex
formed were comparable in magnitude, the radioactive phosphate
would beve been held less tichtly in the com lexea between

it and the aluminium ioms present than in the complex wsith

the mica surface 1itself,
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From the experiments that bave been perforsed {l eppears
that there are two 1ifferent rsdiosctive phosphate—aluminium
ion complexes, where the aluminium is adsorbed unte a mica
surface to neutralize the net negative charge therson, Theee
tvo complexers appear to exist in significsnt proportions over a
reange of pl values at least from pH 3.0 to pH 9.0, At a
pH value of 3.0 almost all ( g4%) the phosphate will be
present as Hzé’oh’iona, and at & pli value of 9,0 zt.Ee phoapha te
present will be almost exelusively (99.5%) K o, fons. At
intermediate pH values varying propertions of there two ifons
will coexiet (sc. Table 2 p. 85 a )

The actual nature, at various ph. values, of the aluminium
ion when it is adsorbed cnto a mics surface iz unknown. At
low pH valuee (about 4 or less) aluminium exists in eolution
as “3* lons, while at high pH values {grester than about 9)
the aluminium species prement is either Al (DH)J or AI(OH)':.
Aluminium ions adsorbed onto a mica surfsce will have one of
their three poeitive charges used to neutrs=lize the net negative
charge presentn the mics surface, It is assumed because
of steric 8ifficulties (sece p. 115 ) that each aluminium atom
can neutralize only one negative charge on the mica surface,
It might thus be expeced that at low pH values sone at least
of’ the sluminium fons adeorbed onto the mica eurfece would be

effectively (wlth regard to the surrounding solutiom)doubly

charged as sho¥n on page 122.
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As the pH value of the solution in contact with the miea
surface wae raised the possibility of one or more of the
remaining two positive charges on the adsorbed aluminium fons
being neutralized by hydroxyl groups would arise, Owing to
the solubility of the aluminium salts used it ie not thouzht
that the anions of these salts(e.g, the nitrate ion) would
readily form eomplexes with aluminium iones that were adsorbed
onto a mica surface, The nature of an aluminium saturated
mica surface with one or tvo hydroxyl groups per aluminium ion
is shovn op 5,122 and p.i123.

If the above hypotheses of the nature of an sluminium
saturated mica surface at various (bult unknown) pli values are
correel an explanation gen be advanced for the presence of
tvo different radicactive phosphste-aluminium saturated mica
surface complexes, aseocinted with the sluminium ions themselves,
at a pH value of 3,0, It 18 known thet almost all tie radio~
active phosphate will be present as Hz?oh- ione, 2nd it is
agsumed that there 1 a significant amount of the two different
types of adsorbed aluminium fons, those with two free positive
charges and those with one free charge and one hydroxyl group.
These two different types of aluminium ifon are shovn together

on a mica surface in Tigure 45 s
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+
- +41
+
OH
- +A1//
+
Figureld .

It would be expected that s comglex betveen HQPOu' fons
and the uppermost group shown in Figure {5 » where the
aluminiwa ion has twp free positive charges,would be less
readily dissociated than a complex between the szohﬂlons
and the lower aluminium fom grouping shown in Figure 45 .
Thus the desorption of radiosctive phosphate from an aluninium
saturated mica surface at this pH value (3.0) vwould be expected
to yield two different desorption rates for padiocactive
phosphate lone actunlly complexed with tue aluminium lons,

The two di1fferent radisactive phosphate~aluminium ion
complexeé that »ere actually detected at a pH value of 3.0
had rate consteonts for demorption of 2 x 10'2m1nutee-1 and
2 x 1073 minutes -1, It is believed that the rate conetant

of 2 x 10'2m1nutee" arises from the descorption of » complex
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-

be treen Kaﬁoh ions and

mica OH
- + A}/
+
surface
aluminium groups. Similarly desorption of the cpmplex

between Hyro, “ ions and

mica
- EY S
+
eurfsce

aluminium groups zives rise to the desorption rate constant
R e =

At a pH value of 5.% the padioactive phosphate would
still be present predominantly as 82 0Gk-1ons 4 9l #)} but
there would be an appreciable percent ge of H Pohz"iena { 5?0
precsent also. Experimental pesults nt this pH value revesled
the presence of two radipactive phosphate-aluminium ion complexes
with the same pate eonstante, and ir spproximately the same
relutive amounts ag the two compleves detected at a pH value
of 3.0, It would be expected that at a pl value of 5.5
there would be less of the type of adsorbed aluminium ions
with two free positive shargee { i.e. the upper aluminium

ion in Figpe 15 } than at lower pH values such as pH 3.0,



If, however, there wae still soue of thie species of aluminium
fon precent thove eould be four posaible radlosctive phosphate-

sluminium ion complexes present av shown in Plgure 4¢

mica mica
+ - + A
- |+4l .....-...H2W0 - + AY ....H PO
+ I + 4
surface surface
(1) (2)
mica mica
* N
- A esaenell PO™ ' + 2=
1\:H 2 i « | 421 eessseeH PO
NoH [
eurface surface
(3) (i)
Blgurei6. .
The complex depicted in Fluure 46 ac (J) is the same
2 -1

complex that the rate constant of 2 x10 wminutes was

atiributed to at & pH value of 3.0. ¥iile 11 18 known

that the relative amount of phoephate present ae 32?0 ions
ig less at & pH value of 5.5 than at a pl “wvalue o? 3.0
1t would slss be expected that the relative susunt of the
alzorbed aluminium fons prerent s 1
aien
+
- + Al\bu

surface
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would be sreater at ihis hivher ph valus, The oversll
result of the charge in thes: two species could lead to the
same proportion of the total amount of radioactive phosphate
aisorbel at the two pzi valuee in question (5.5 and 3.0)
being prerent in this type of complex { i.e. Floure 16 (3) Je
This was sctually obeserved, betveen 40 and L5 per cent of
the total adsorbed redlosctive phospbate decorbing with a
rate eonstant of 2 x 10'2m1nutes_1 at pli velues of both

3.0 and 5.5.

T he other adsorbed radioactive phosphate-aluminium ion
somplex that is believed to exist at a ol value of 3.0 is the
same se that ehown in Pigure % cae (1). 48 wne dlscussed
above it would be expeeted thet this complex would also be
present at a ph value of 5.5. However as the relative
concentrations of both the it gPOh. foue and the

mica ‘
- s ,e’ail.4>
+
surface
groups would be less at a pii value of 5.5 then atl a ph value
of 3.0 it would be expected that the amount (rclative to
the totsl amount of adsorped r dloamctive phosphate) of a
complex such ss that shovn in Figure 16 ag (1) would be
noticeably less at the higher pil value. This was not
found experimentally, the pslstive amounts of the complexes

with rate constant 2 x 10~2minutes =1 being the same

{apyroximitely 205) at both pH values, (/s ham slready
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been discussed 1t vas belleved that the complex in cuestion
(i.e. Figure 16 (1)} ) ie associated with this rate constant
for desorption of the rediosctive phosphate st least at a
pli value of 3,0).

The gomplex shovn in Flgure 4¢ as {1) involves the bonding

in gome manner of &n effectively doubly ohorged species:

wica
+
& | +AY
. +
surface
with a singly charged specles (szob }e It micht be expeeted

that tie complex shoen in Figure jg as (L), which alse
invelves the formation of a linkage between a doubly charged

2 ‘
species (H "Gh } and an effectively singly charged specles:

mica
- + Al

surface
would aleo have a similar rale constant for desorption of the
radionotive phospbhate ione as would the complex (1) in
Figureif " If these itwo complexes did have the ssme
{or very similar ) rate conetants for desorption of radiosctive
chosphate fons the cxperimental resulte would only indicate
the existience of one type of complex, the amount of which would
be equal tc the sum of the actual amountis of the two complexen,
Thus the total amount of radio-ative phosphate with a rate

constant for desorption of 2 x 10"2minutes =1 that was
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deteotable at 2 ph value of 5,5 covld still be the same
propertion of the totsl amount of radiosctive phosphate
adeorbed at thie pH value as the proyertion of adsorbsd
redipactive phosphate with this eame rate consiant for
desorption detected ot a pH wvalue of 3,0, Such an
explanation ae this could accouni for the similarity of the
experimentsl pesulte obtsined at the two ph values of 3.0
and 5.5.

If Figure 16 represente a true plcture of tie complexes
formed betwe:n r dloactive phosphate ions and the adeorbed
aluminium ions on ihe miocn surfece at a pH value of 5.5 1t
is still neceseary to account Tor &ée existence of the complex
{2) shown in thie figure. Az only s small proportion of the

P

radiounec tive phoephe te present will exiet as H Poh fons and
1t is also expe-ted thatl tne 2luminium ipone will exist mestly
as the effectively eingly charged ion prescnt in comyplexes

(3) end (L), the relative amount of eomplex (2) will be small.
This complex ie formed by a bond of some type between two
double-charved speclee and thus {t would be less resdily
d1scociated than any of the other three complexes shown in
Plgure 16, Thus the rate constant for the desorption of
radioactive phosphaie fone frem such a complex would be expected
to be lower than cither of the other teo rate constants
discussed above.

Az hae been mentioned previously ( pR17 ) some experiments
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eonducted at a pH value of 5.5 in which desorption wae carried

outl for s much lonver periocd of time than urual revesled the

existlence of four different, simul taneouely oceurring desorption

rates, The two fastest of these desorition rates were the

eame ar hald b:en detested in oplher experiments st this and

other pil valuee, nemely 2 x 10‘2,“19““5 4 and 2 % 10-} e
The slowest rate consntsnt thet hed been observed in

other experimente, 5 x 10.5mlnntes = wns not observed in

these experiments, instead tvwo desorytion rates with

L 1

rate constants 2 x 10°" w nutes and 5 x 10’6m1nnwe -

5 1

were deteoted. The elov rate constant of 5 x 10 “minutes™
bas been atiriduted to a comilex betwesn the padigactive
vhosphate ione and the mics surface itself (sece Pe 316)'
Coneequentily in these experimente 2% a pid value of 3.5
invelving very long desorption times it wse believed that

the complex between the radigcactive phosphate lone and the
mica surface itself was represcnted by the desorption rate
eonstont of 5 x 106 minutes =1,

The only rate constant for desorption of the radisprctive
phoephate fons that bas not beecn accounted for 18 2 x f0~b
minutes ~1, The emount of the complex assoctlated with thie
desorption rate was less (only about 109 of the totsl ndsorbed
raiioeotive phosphate} than the other two complexes of radip-
active rhosphate ions with the adsorbed aluminium ions on the

mica surface, From the above considerationm, 1t appeared
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tiat the rate constant for the dseorption of radioantive
chosphate fons of 2 x 10~k minutes ~ was srsociated with the
complex ehown in Figureg g on p. 329 eas (2). 1t was thus
poesible to account for the existence of all four of the
postulatel radigactive phosphate -aluminium ton complexce at
a8 ph value of 5,5,

bxperimenta performed =t & pi value of 9.0 revesled
the presence of three desorpiion rates ineluding those of two
radioac tive phospha te~alumin um ion complexes with the same
rate eonet:nts for desorption of 2 x 13‘2a1nutea-1 and
2 x 10_3m‘nutee - @5 hes been detoeted at other pit values,

At a pH value of 3,0 all the radlonhtive phoaphate would be

oy B
present as & roh ions (sece ‘Table 2 p.85a). It seemed
very unlikely that =t such a hich pH value any of the sdsorbed
aluminium ifone would be present as the effectively doubly
charged iong

Hiea
- + Al
surface
Tt might be expected that some of the sluminium ions

would be present ae the effectively singly ehorged species
wiib ore hydroxyl group, while the remainder would exist as
the effectively uncharged ion with two attiched hydroxyl groups.

These two poselbilities are shoen in Plgure 47 3
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+
alea = + A1
CH
OH
surf-ce - + ;1<:
CH
Elgure 17

It would also be expected that at such a high pH velue
there would be more of the effectively uncheargedoluminium
fone than of the effectively singly charged ions.

If the teo spesies of aluminium ions shown in the
abeve flgure are the only forme of the aluminium ion which
exist atiached to a miea surface at a pl value of 9.0 then
it might be possiovle for H Poh2~ ions to form a complex with
each specles. Thiz would give rise to two ratee of
desorption of H robz‘ from the mica surface which would be
expected to be conelderably different, The eomplex between
the radieactive phgphate ions and the effectively singly charged
species of eluminium ion shown in Figure 49 1is the same &s
the eomplex ehown in Figureqg as (4) and believed to exist
te a2 small extent at a pii value of 5.5, Thus from &
couparison of the rate constants for the desorption of rsdio-
mctive phoephate that were det ected at ph values of 5.5 and
9.0, ¢t would ecem that at a pil value of 9.0 the rate constant

for desorpiion of 2 x 10‘3m1nutee =1 that hae been detested
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is sttributeble to 2 complex betveen the H 0 ol ione and
the effectively eingly cherged aluminium fon egown at the top
of Pigure 17 . The other radiocactive phosphate~
aluninium fon complex that would be formed at a pi value of

2

9.0 would be between H ¥C " ions end:

mics
OH
- + ‘\1/
surfsce OH
CEroupt. Thie com:lex would be aocre realily dissocianted

than tre similar complex involving effectively singly charged
aluninium ione desoribed above. Thus 1t would have a
higher rate constant for desorpiion.

As this gomplex ie belseen a doubly charged species and
an effectively unchorgsd specics 1t would be poseidle for

1t to have a simil r rate conetant for desorpllion to that of

& complex between two winyly charged species, Thes the
rate eonstant Tor desorplion for this complex beiween the
2=
H PO ions and the
i
mica
//OH
- + *,1\
OB
surface

zroup eould pessibly be similar to the observed rate conetant

for dssorptien of 2 x 10™2 minutes =1 for the complex formed
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at lower pli values between Hzpq:_ ifons and

mica
+
- + Al
~ou
surface
Zroups. As t.e other pate constant for desorption asscclated

with radicactive phosphate-aluminium ion complexes at a pH

value of 9.0 was aleo 2 x 102 winates™! 1t was believed
2

that this rate conmtant wee indeed sesociated with the H Foh- $
mice
- + AI/OB
\::H
surface
coaplex at 2 pt value of 2.0, If the abov: assumptiions are

coppect it ie thue porsible to sacount for the existence of

the tvo rete constants Cor desorption of 2 x 10’2an.ee =4

and 2 x 10.Jminuteg - at o pH value of 9,0, ae vwell ae at
lower pi valuee.

Tn the sbove trratment 1t hees beer assumed that the
emwy“aﬂﬂﬂhnmrwe“nwumefmenﬂwahma
of rrdiometive phosphste from the aluminium fone adsorbed
onto & mics murface was comparable for sll the 4ifferent
radionetive hoephs te-s sorbed aluminlum fon ccmplexes discussed.
The vslidity of this assumption could well be investigstied by
pepforaing desorption experimentis over a range of tempersiures,
& pcrics which eould be undertakenin the fauture.

Ae wse mentioned previouely ( pe. 316 ) one desorption
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complex was found to be present in all experiments regardless
of the saturating ceation ueed or the pH value at which the
experiment wes carried out, Because of this 1t was believed
that this complex was formed between the mdicactive phospha te
tons and the mice surface itself,

The mics latiice consists of two tetrahedral silicate
layere with an octahedral aluminium layer m:andwiched between
them, fome of the silicate ifons are replaced by sluminium
ione thus creating a negative charge. This negative charge
could be satisfied by the oxygen atom on the mica surfoce
acquiring a hydrogen atom from the environment of the mica
surface and thus bscoming in effectva hydroxyl zroup as shown

in Firure 18 :
8 O o
—Sji—— 0 —A— 0 —Si— O0——Si—

Figure 48
It if were possible for this hydroxyl group to dissoclate

it could be replaced by a negatively charged phosphate group.
IT phosphate groups were adsorbed in this manner they might
be sxpecied to be :held more tightly than phospho te groups
that were ascoclated with the exchangesble cations, such as
alumihium, that were present on the mica surfsce. Thus,

if the activation energies for desorption of phosphate from both
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types of agsorption site (echanzeable cations and teirahedally
pound sluninium in the mieca surface) were comparable, it would
be expected that the complex betwecn the radiosmctive phosphate
and the aluminiue atoms that were part of the mlca‘aux-face
{tself would dissociate less peadily than the other complexes,
thus leading te o lower rate constant for desorption. The
only rate constant for desorption that w.s present with both
aluminium saturated and sodium eaturated mica surfaces was the
lovest rate comstant obeerved in expepiments with aluminium

ga ture ted mica surfaces. This complex bas ihesrefore a rate
gsonstsnt {(relative to the olher rate constants observed) that
wonld be expected 1f it were aatualiy a radiosctive phosphate-
mlca surface complex.

The pate constant for desorption of radioactive phosphate
from the complex invelving the mica surface had the same value
(5 x 10‘551nuten -1) over a range of pl values from 3.0 to
9e0s Over this range of pl! values the actual phosphste
species changee from K 2?—‘0‘: ions to H ?’ohzm ions. As
there iz no chenge in the rate constant for desorption with
echange in pH value it would appear that the strength of the
radioective phosphate-mica surface complex did not alter
markedly over this pii range, A possible explanatisen for
this is that it is only possible for one of the negative
¢harges on the phosphate ions to be associated with the

tetrahedralgluminium atom in the mica surface.
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Thue if the phoephate ion had a second negative charge (as

in the E po2= ifon) this second charge would take no part in

the radioaciive phesphate -mica surface complex. This would
explain the observed result, namely, that there was no
appreciable change in the strength of the vadicactive phosphate-
mics surface bond whether the phosphate ions prescnt were
H2?Oh-, tH Pohz" or a mixture of both.

Some experiments have been carried out in which the total
amcunts of radioactive phosphate adeorbed by sodium saturated
n?ﬁ:‘;a am%%:ﬁ’, ?ﬁg ?3’1;; as]éﬁi r;)iﬁun;aslanzu’rahtéesd been determined
{8ee Chapter 6.21 p. 428 ). The totsl amount of radioactive
phospha te adsorbed by an sluminium éaturated mica surfsce has
been shown to be spproximately ten times ss great as the
amount adsorbed by the same mices surface when completely
saturated with sodium ions at pH values of 3.0 and 5.5 (the
only pH values at which this comparieon has been mede.) A1l
the redioactive phosphate adsorbed by the sodium saturated
mica surface was present as a eingle complex with s rate
constant for desorption of 5 x 1072 minutes™ . The amount
of radioactive phosphate adsorbed by the sluminium saturated
mica surface and having the same rate constant for desorption
of 5 x 10-5minutes‘1 was about 30; of the total amount of
adsorbed radiosetive rhosphate, Thus the amount of this
eomplex prescnt on the aluminium saturated mica surface was

about three times as greail as the amount present on the sodium

sa tura ted mics surface,
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The peason Tor this increass in the sdworption of vadio;
active phosphate by the mlsa surface 1tael£ when saiturated
with aluminium ions wmay be related to the effect of the
multivalent aluminium ions on the Gouy electric«l double layer.
As has alpeady becn mentioned in the introduction ( p. )
the larger ionic chargee of mulilvolent sations have th;8
effect of councentrating the liguid churge closer to the surface
of the mica particies. Thus there Le lese screening effect
for anions st a distance from the micn surface and consequently
greater gpportunity for phosphate adscrpiion. Because of
this it mizhti be expected that, in the same time interval,
there would be greater radloactive!phosphﬁte adsoryilon onto
a mics surface itself when 11 was saturatel with aluminium
tons than when 1t was saturated with sodium lens. Thig is
what haes actually been observed in the cowparison experiments
performed on mica surfaces saturated with sodium and aluainium
ione.

A @tudy has becn madc in this thesis un the effeet of
varying the time for wihiek padiosctive phosphate was adsorbed
onto an aluminium satur-ted mics surface on tas swount of
adsorption {chapter 6.4 p.197 }e It has been Tound that,
for adsopption times of up to ai ileact one hour, the number
and rels tive amountis of the desorplion complexes formed
remained cons tant, The only change with increarce in
adsorption time was an increase in the total amount of

radio=c tive pheosphste adsorplion. As a result of thie
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1t mppeared that the adsorptiom of radiosoiive phosphate by

the vorious types of available site on aluminium satura‘ed
wies surfaces could scenr with equal faclility and that there
was no tendenoy Tor prefeprcntial adsorption onto any particular
type of adsorption nite.

%ith sufficiontly lonz prricds of adsorption time it
might be expected that there would be a greater percentace
of the complexes with lower rate constants for desorption
detected. When the radiocsctive chesphate solution was in
esntaet with the mies surface phosphate lons would be contin-
uously adsorbing snd desorbing. Because deserption would
peeur wore readily from those types of adsorption site having
the higher rate constants for desorplicn of phosphate the
effectivemte of inereace of adsorbed phosphate on the least
readily descrbing sites would be greatler then that on the
more rexdily desorbing sites as these latter sites sould more
ropidly appresch their equiiibrium concentraiion of rodloactive
phosphste.

Up to an adsorption time of sbout one hour there appeared
tp be no alteration in the proportion of the various radioactive
phospha te-aluminium sa turs ted wica surface counplexes Tormed.

4 possible reacon for this would be that all the complexes
were formed very resiily,providing a phosphate ion aporoached
eufficlently close to the adsorption site on the mica surface.

Thus, the only factor controlling the adsorption would be the
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amount of ihe radiosctive phosphate in the adsorbing solution.

If the sbove explanation were correct 1t would still be
expected that eventuslly the totsl number of adsorniion sites
with » phosphate ion complexed to them would be relatively
greater for the sites with the lower rate constants for
desorption, as these sites would have loet least of their
adsorbed radioactive phosphate ifons through simultsneously
oceurring desorption processes. It would thus appear that
for adsorption times of at least one hour the desorption rate
of the most readily desorbed radieosctive phozphste-aluminium
saturated mica surface complex was not sufficient to give
a significant reduction in the relative amount of thie complex
Formed by the end of the adsorption period.

In the course afAthis work some experiments have been
carried out on the adsorption of radiococtive phosphate onto
the surface of aluminium (sec chapter 6.6 p. 208. The
surface of aluminium is always covered with an oxide ceosting.
Under perfectly dry conditions this coating is very thin (about
10 g at room temperature (Keller and *dwarde,i9L8 a) )  but
whenever the surface encounters moist conditions the Tormation
of hydrous oxides occurs, the ul timate thickness of this hydrous
oxide coating not being re-ched for many menths or even years
(Cabrera and Hamon,1947; Steinheil, 1934). It has however

been shown that the very thin oxide eoating is =till present,
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with a thicknese of about 10 : s on the surface of the aluminium
under the hydrous oxidc layer in moist conditions (Keller and
Fdwards,1948 b),

In the present studies any adsorption of radicactive
phosphate will have taken place onto the putermost hydrous
orxide layer on the aluminium sheet studied. A lthough it is
recognised that this outer layer contains ap recisble water
(Hunter and Fowle , 1956; Keller and Fdwards,1948 c¢) the exact
natures of the hydrous oxides formed are not known, Beletskit
(1953) has poestulated the existence of a complex mixture of
hydrous oxides such as Al O,H, Alzo} *H,y0, Al (Ou)s, A12°3'3“2°
and it seems likely that the amctual eomposition of this hydrous
oxide layer will depend on the extent of hydration.

It would be expected that the nature of the aluminium~
oxygen or aluminium-hydroxyl groups exposed at the surface of
these hydrous oxide layers on aluminium would be dependent on
the pH value of any solutions that the aluminium came into
contact with, Ag the exact nature of the surface of aluminium
is unknown it would be difficult to make an accurate prediction
of the nature of the possible sites for adsorption of radiosctive
phosphate onto this surface.

The rate constants for the desorption of radic-ctive
phosphate from aluminium surf ces show a certain amount of

" similarity to the rate constants obtained for the desorption

of radioactive phosphate from sluminium saturated mica surfaces.

Conseguently some at least of the complexes formed with the
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hydrous oxide coating on the aluminius surface may be the same
as, or very similer to, those formed by the adsorption of
radlonctive phoephate onto an aluminium saturated mica surface.
However more work would need to be done to cstablish precise
values for the rate constants for desorption of padioactive
phoephate from aluninium surfaces bafore any detailed comparison
could be made.

During the course of this thesis some similar work was
done by Rankin (1364) at Victoris University of VWellinzton on
the adsorption of radiocactive sulphate onto cation saturated
mica surf:ces. He used the techniques described here and
developed by the present author. The resultis of desorption
experiments that he perfommed using radicactive sulphsa te and
aluminium saturated mies surfaces were similar to those obteined
in the present thesis., Matuematical analysins of his results
in on analogous manner to that described earlier in this thesis
(ehapkr 5 Pe 72 ) revesled the presence of a numbir of different
radieac tive sulphate~aluminium enturated mica surface complexes.
Redionctive sulphate was found to desord from these compl exes
at comparsble rates to the desorptions of radioactive phospha te
from aluminium saturated mics surfaces studied in this work.

As 1t 1e & soluble salt (solubility = 31.3 gm./-' Hho
at 0°C (Hodgmen, 1962) aluminium sulphate would not have been

precipitated onto the mica surfsces studied, especially at the
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iow concenirations used. Thus the eimilarity of the vresults
obtained with the radiosctive phosphate ion mske 1t seem most
unlikely that the complexes between this iom snd an sluminium
saturated mico surfecc could be of an entirely different na ture
to those obtsined when sulphate was the adsorbed anion.

The desorption curves obtained in the studies with radio-
active chosphate in this vork were characteristic of adrorption
and not precipltation phenomena, If the mctusl phenomenon
observed wae the diesolution of » precipitate it would be
expected that the rate of loss of randioactive phosphate fCrom
the mic» surface would be either uniform or tending to ineresne
with incressing solubility of partidleso decreasing sige until
the precipitote was all dissolved, This was not the esse,

the rate of loss of radiosctive phosphste decressing exponentially
so0 that the actual rate of loss at any particular time vas
proportional to the amount remsining at that time, Thie 1is
exactly the manner in which desorption of an adsorbed specics
would be expected to occur. It can thue be scen that the
actusl phenomenon studied in thie thesis has been the adsorution
of radiesctive phosphste onto a cation saturated mica surface
and its zubsequent desorpiion, and not the formation and
dissclution of a precipitate.

From the similarity of the pesults of the desorption
cxpepiments using hydrated aluminium oxide surfaces io those
obtained when tue desorption of rediosctiive phosphate from

alumitium saturated micsa surfaces was studied 1t is evident
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that the phenowmenon studied with the aluminium surfaces was

also an adsorption and not a precipitation phenomenon.



SUMMARY
A technique has been developed whereby the adsorption

of radiosctive phosphate onto various surfacee can be
studied and the pate of ifte subsenuent desorption into

sul table solutionsweasured continuously, The surfaces
studied bave been the 001 f.ce of mica ssturated with various
eaticne and the surface of aluminium metal which is hydrated
aluminium oxide,

A mathem- tleal method of snmslysis has been evolved
whereby the desorption of radiosctive phosphate from the
surfaces studied can be shown to be consistent with a model
where there are s number of independent first order (or
pseudo firet order) desorption processes. These processes
have widely differing ratc constante and it is believed that
these rate constante arec characteristic of different radioactive
pﬁuaphate-surfaoe conplexes.

The desorplion of radio~ctive phosphate from aluminium
saturate’ miea surfaces and sodium satursted mics surfaces
has been studied over a rance of pH values (30 = 2¢0).

It was found that redioactive phosphate formed one complex
with the mica surfesce itself regariless of the saturating
eation. ¥hen aluminium wes the saturating cation used

the radiosctive phosphate was found to form tvo or more
complexes with the adsorbed aluminium ions themselves,

S8imilar complexes were not found when sodium was the saturating

catione



The relative amounts of rodisactive phoepha te adeorbed
by aluminium a- turated and by sodium satursied mica surfaces
wae detepmined at pi values of 30 and 5'5. Inves tig tions
were carrled out on the effects on the number and relative and
totel amounts of radienctive phospba te=aluminium ea tura ted
mics surface complexes of the following? drying, temper: ture
changes, time of adsorption and time of desorption of redio-
active vhosphate. The pelative amounte of rodlosctive
phosphate adsorbed by aluminium e«iursted mica surfaces at
different pli values were slso determined,

The desorptlion of rddiocactive phosphate from other
cation eaturated mica surfaces wné studied briefly.

The desorption of radioactive phosphate from hydra ted
sluminium oxide surfaces vas studled over a range of pH
values { 3+0 ~ 9.0).

The effects of a number of substances on the rates of
Jesorption of radleactive thosphate from aluminium en tura ted
mica surfaccs and from hydrated aluminium oxide surfaces
were inveetigatled.

Studies were carried out on the amounts of adsorption
of phosphate from radiocsctive phesphate solutions of
‘increaslng goncentration (of both rrdloactive and non-
radionctive phosphate) onto aluminius 6aturs ted mica surfaces
at & ph v:lue of 5.5, The rate of exchange of raiicactive

and non-radiosetive phospha te adsorbed onto & mica surface

wng studied briefly.
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