
Tll SO ILl OP b.AlUU em Ll-lt. TE 

A~ 25° 

D. R. ROSS}·If KY 

A th.eaio 8\\~tted in partial fulf:t.ltlent 

ot· tb roq,.iramente for tb award ot the 

Docro of ter of Sctenco at Rbodeo 

Universiv 

1957 



Tho autllOJ' v1.t o to ncknovlodso hia 

1n4obtodneas toe 

asrs. Afriooo 8Xi')los1ws rmd Ch.GoicEll 

lnduatr.teo Limito4 tor n rosenrob studontship 

dU1"1n8 19,; u.nd 1956. 

Prof'osaor w. P. Barker, vboso cloao 1ntorost 

and {IU1danOO tilrOU!JhOUt the authort a C.tU'UOf:l bnve 

boOn dooply npproc1atod. 

Hr. D. A. Clur, for our hartlonious 

collaboration~ 

P.rottoasor z. A., Gledhill, for o.dv1oe and 

<U.sousa1on. 

Dr. B. t . VerdJ.tu.·. ulloso ass!ntance and 

intorost heve boon quito !nvolua lo, espoc1oll$ 

during tho latter paJ't ot this thoo1o. 



0 > 

~ Q 
0 
t:: 

~ = ,... 
(12 

~ !a ~ .... 
"tl cc 
~ 

f'l 

E 
c::: 

~ 5 ~ 

E • 
M 
0 ... Ji 

H - 0 Ct) 

~ 
""'+ I 
P. -~ 
~ ~ 

~ re 
~ ~ .... - ~ .... 

0 



1 . Sftlbols and abbHv1nt1oua 

~. Int:roductlon 

3· A rovtov ot nov1ous ~k on b~1um sulph:lt 

3.1 Solubility cunll"econta 

3 . 2 Fact~s 1ntl!.:41t.C1nC th phytJ1onl nntu.re of 

bcrl!!.l sulph:.lte 

3,2.1 Gxtttnneoua mattor 1n bariULU sulphate 

3.2.2 Paniolo au 

,3.2 .3 JGttling rato 

3·3 Bleotron m1oroaraphf 

a.. Theory of the cortdUct~ tb.od 

' • Desor1pt1on1 oll111mltion nnd stancltlrd1aat1on ot 
o.pparatuo 

S· l ?omporaturo control 

s.a condttctan«<l br1410 

' ·3 Con~ctanoo colla 
$.4 Glaasvare etc. 

6. Preparation ot mat.rials 

6. 1 ~o1p1tont so) .. utio lflt nter etc. 

6. 2 lltlriurJ eul~to 

6.2.1 nropu1#0 p~o1n1tntlon at ro 

)()VCtul'o (ppt. I) 

6.2.2 D tfut1on proo1)1tttlon nt room 

t pen~ (ppta. II tc V) 

6.2.3 Dropv1ae proc111ta.tton at boll~·point 

<i> ts. vxa, Vl'b and til) 

7. &xper.1r.lGntal teolmiqU and rosulta 

7.1 reotmtq_ue and e>ttrapolat1 ;n p:pooodul"' 

'/ . t!. ~t. 1 

?·3 Col prop. pte. , II to v. 
7 .3.1 \ltornnto . thod of lx:u.•luo. t'.llUllysta 



~ (oont1nu d) 

7.1t. llot·pr P• ppta. 

? . lt-. 1 Ppt. VI 

7.~.2 lltf'ect ot co!> on tho oonductnnco 
4;; 

anure ts 

7.~.3 Ppt. VII 

7.;. osUlt - 9olub111ty ana solubility product 

ot ba.t~t oul.phate 

8. DlsOUBiiOn 

8 .1 COta}la.-iSon ot rooUlte 

8 . 2 lurti'ler 1on1o a oc1os 1n sotUJtBt 4 bnrium 

sulphate solution 

8. 3 1'Sr:lo roquir <1 tor saturation of tho olution 

a.a. Prosonoo ot by4rooblor1c ncld 1n t lo.ttico 

S. $ 0oqxu"1®n ot results on procip:l.ta.toe 

P"PfU'Od by dttroront metho s o han 

botwoon lntt1eo and solution iofta. 

9· conclus1ona 
10. 1bl1ocrapbr 



A, constttnts 1n tho Dobye-liuc.~~ul torrul.Q 

:l+, a,.2• o.ct1Vi:ttos of ba.r1ur.l sulpnnto ions 

clos t dl•tanco of approach or bnriutl and 

&ulpbato lon8 

c lar eoneontratlon 

D dlcloct~lo constant of' wator 

e electl'Onic olAr.BEJ 

I tontc smn5tb 
'a the d)'nam1c so1ub1Uty product ot aS(\ 

Jta 41tsoc1at1on constant ot bot-1· sulphate 1on 

ptlira 

Xsaon•' 'nso..,- bJ'drolyo1o consttmts 

k Doltanann const.tmt 

colal concantrntiorl 

N :vogc dro•u mwbor 

• absoluto turo 

function:J nppoaring in tho "extended 

tot'C8'* J:or activity cootficion.t 

a., z_ wl os ot anton und cation (s = 2) 

cl', (II constants 1n tho Otwa or limiting eo.'l.&lot1v1ty 

Cqtllltion 

v .. -

m1Dl. !on:le activity coott1c1onts 

of t lont 1nd1Clltod • 

......... ~ .. 1onio ~ troot101U.\l activity cootticiont 

nurod sp001t1c conduot:m.ce ot a oo.turatod 

bar1 !JUl. t 1 ~lut1on 

l/df. ••ro.c~tus or tho 1on1-a atoo . " 



(oont1nuod) 

"c. oquivnlont condUetanco ot t!w s lt at . lu:r 

one tr tion c 

limit equ1wlont conductanco ot the lt 

lilait1!1 equ.1wl nt condU.ct 

oons itu.cmte ot the salt 

sot th 1onic 

~bor of o t1onst anions procmoed b,- tho 

dis cc1nt1on ot one loculo or leetrolyto 

M aol.IU' 

n nomal 

1 • • 1 n.o.11tJCho • 1<19 ~01})1"001ll 

=· -1 nanomhon por centm.tro 



u1ph it a id~ly u~oo a.ntU.ytice.l 

pr\.fo1pi tat and for thi. :reMon i "., proportiee ho.ve 

b on cxteM1Vely IJi\ iii~ . ~'he VAriety o · :roeulta 

oncount.erod with bari ou.lphate e pl >l"f!!paf'Od b,y 

different et l.Odo 1a an !ntli.c ~i,.,n of the co ple& 

nature o~ th1 inter t:tng m.tbatance. 

A liter ture surv y of tho s~lubtl1ty 

d ru:trat the ivorsity , t ith in 

th1o t'i J.d . Oonduot1v1 ty r.lOaBt romento provide tbe 

•:lot eono1 tive end J;>rcciee method 1·or determining tho 

oolubility of apar1n ;ly olu.bla salts. lt 'as 

conoidorod tbnt tho uao of c1s1~n oonduct1 etrie 

pr~tus and ?lv nt v t r of the hi 

would ro lv eo o thl} diaor9panci in the 

cord · vnJ.u , vcnt1mted in th cooo or on ' o 

oonclooive t)rk on uilvor ~hl.oride. 

Ao e. b io i' r inve t1{'%ttion. of thio va.riab1l1 '(,y 

two bro cl of blU'1UJ!l B\U.ph ·. }>reparoti"n cun 

rabitro.rtly h apeoi Ail bollinr:- po:tnt precipitation 

oy uropW!o~ d1 tion ot r nte • and fo o.ti<m by 

dif.fttsi n· 01 oulp nt - and barlum-icJtl oolutio ut 

roo t p rature. Th r o.r<. oo . otiono for both 

proo d .tren 1n attcmrting to attain t o hietlest iUr1. ty 

o£ proo1·1 tnte. 

In I'IU't II, the ,ff ct o~~ L1~1. plato dleeoointion 

on the eonduntivi1;y esurcnvnt · hot.J boon ove.lun.ted. 

Tho oi tuation 1 ol.l ew d up by ttson ( 4-;) 

who etat( a th t bari.urn ouJ. hate con b cxpre e us 



., 2 .. 

(UA)DB or (:B.A)A,. (D ro:temnr- to th o tion, A to 

tb ion} Whel'O e i · vory ma:t.l. T q ti ty c 

e cb ce.l.l1 1ns1~.1'1csnt m1t ie v ey 1m~tant 

n factor v mine t ~·1oal char tor of tho 

torit\l. 

f:trst oonduct1 otrtc aetU"G 't of 

lubil1 ty po:rfo <!d by lohll'eu ob, t1bo publlabed 

numbnr o:t volun at 18~.~ d 26~, lfhtoh ho fin l1o d 

beiJ\t?, 2. 4 c.nd 2. 77 me./1. rt!tapeeti:v )J {;?) . 

Hulett <:~1) obtained tb value of 2 . 29 r-;. /1. but 

hie rooul to for the oolubill ty of aller-oiecd 

P1U'ticleo wore or1tic:t .for betils tak n on e 

chloridn oonteminatnd ple • 

. olehor' a values (44) o£ 2 . 22 

t 18° and 2SCO, oro to be rogat'ded with ouoplct.m'l 

hi re r roe1stanc adinetJ nov r stabilise 

the l ctlon o't cn.v particular v~ue nee:~~ 

qu1te ~bitrary. 

Later c ., uet tr:lo oe.ourooonta by etl tboff 

o.nd Voeelenv,ons ( 3 ) :\'(t 1ou.a r !lult .t'C.llB1nlt 

1%'0 2. 0'1 to 2. 5:5 mg. /1. t woe. do .ndi,ne on the 

modo of propa.mtion of th. procipt tate . 

A ~airlY recont polorocraphie d.to~\nation 

of the solubility of bnr1 oulphato (48) o th 

ttgurn ~ .37 J. /1. Unfortunately tho ort~!nal 



Rueoiafi paper wan Mt :vai l :'(lr dotail.o o'l 

prepnrntton. Dal.N. (4) ntione a. " ootable" 

bnri IJUlplmte \dtteh hat~ t\ solubilt. ty l).f , . ; " ~.11. 

Dt 1 • •a val\ ~ for •trmrt'lal•' ba.rJ.um sulph ~t~ ot 18 

to 20V0 10 t;f.V n 08 2.3 ~./2. tUD t!.od WOO 

f:~irnetr:J.c 1 t~ loon practee t an other 

etbcdth boo th rt t of ooing \e le t qu.· vooal. . 

;;. a. P,nstgm .l!ll.l~ !:!it. ,tl~nl.e&l., 18f tp~j!,...Qt 

Jl91j;Wl, •. SU;'+I?.f1ttr.!-!.. 

Pt:'i.no1pal do 1tl r f'ta of the precipitate o.ro 

lllinilllUm adsorption of torci[1l or lattioo 1 ~w, normal 

particl s1M ar~ · mr;lc eottltns rate. fhe noto~ietu 

01~ barium aulp tfi tor variablli v 1n th ae rospeet 

juatUien c. btn revt v of tbe fueioru eont~ll:tw 

tho , ~.vn. t oorntUX'O, mto al"''.d ~de o!' 

proci t .iont -uOZk'!ctlt~ti'm of to. w..d e of 

tho b&riun. chlt>ride ;olut1on { . f'r1.0 tor not i'o'Ul't1. in 

otl r oesoa) . 

'nlo lJ;t.mt\U'a Oll th:le top1o !o quito vol1lt"dl~ut.n 

notable 1 :.:t thnt by Kol tho:fl' ( 3 J) . l.r.:novcr, t ec 

~otigntto:no ( 11 oUJ: d up ba ,.,lthoit t~Jld 

4.'01\dr:ll (:ref. 41, peg 8 106 to lY/ t\ll"l 322 to 331) ) 

det~ 1th oruinor.y onalyttoal co&11tlona hero fatrl1 

Cf)nct':ntt•n:ted ( ~tor than o.l lnr) oluti nno ~o 

to bo used 1·or ~otpi tnt~t~n. Al hOU£,1\ not 

M(J(tDsori11 ap ~l1.c~Jc to all coru.U.tiorw of pr cipitation, 

t . t bll,i on J • 325 e:oo 33 } ( re , • 41) liotine 

abeorbnbilli;y o io.no on bt-rl.W-1 nulphnte pl"'vido n 



gul4 tor tho ~notion ~~ preo1pitnt!Qc ro ~onto; 

tho doco !)t ace to bo much differ no bet. e n 

sod! or pot f.u.-rl oulpba'toe vJ. th b~ium c .lori o, 

others, 

.Adoorpt1.Qn of lo.tttoo 1 by barium nul .... h te 

(which can bo oono1do d a prina.ry s p 1n the 

adsorption of fore!gn 1ot'l8) ie Dhown b;; pH eaouro onto 

during pr .c1p\t :t!on. Ccley and tofior (9) ond 

ttoon ( 1.}) found th t if ox bnr . ion w 

pree nt in eontnctt with tho pr .o1p1 te t pH of 

the pema.t t oolution l.\l)prcoie lly acid, and 

1t exoeeG sulphntc io • tho uao ol aline. their 

eaplanntion is t t t lcctr ool :lobol WJ en 

by barium ion e&Jorptlon 1& countered tty ..;orption 

of bydz,).Ql ion wi h a oultant l.o 1er pH; a similar 

Ql"'gumont applies for ulphate ion Br-lrption. hon 

equivalent unta of th p cipi t tine oolutioua 

ha:\ro be n used, tho 1s cloeo to utrol . 

a. tor can alao be ine loded in t!lG lottie • 

' viow (') le that "tnno:r aurfac " 1o 

t reby to cd 1n t. :poro po.rtiolo • The h r 

tho wa r content, ti r ~ f roi tODD cont " d. 

olton cl4on (52) obowed, by x-xw otudlos, thr\t 

wator 1a pro nt in le.ttice tl.l8J.l.Y solid 

solution* 6X'OU ot thNo wat r l.~eu.l a rcplnolng 

one bart oul to. a tor bo 1nf1 , U 

procipit tiM is perto 1n 1d concU.tl.OM; oe 

by -a hydro n ion. 

inwen!bl pl't)C os lea: c hole 1rl tb lnttieo .. 

Du.v l (1'1) t,. tho llgrovi trifl eno.1.yfJ1s of a 
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pret1'~~)i tn~ to:rrwd at tho boUlnc point in Mitt, 

ohm~ d 'that vattrr voo l!.)at on hoatinJ". U!l to l.l.Ou "C • 

but tlk":lt 110st wan l'nl/.lWd by .. /00"0 . A.."l il!lportont 

feet o rr;.ne ~ thomuGroV!t'1etrto ~voiut barium 

sulpha. to .tomed in the eold ttl th•mt otirrtll{~, 1n n, 

1.~. VV>lume, losos a~r onl)- up to 180'"0, after 

t1hioh th voigbt ror:u:tinn oonot.ont . 

Moo rot ion of J.attioc iotl " it d on.v wa.too bJ 

electm\s:inotic potenti&l ot\:adia ~ ( ..!). rqt e.nd 

R'Q.ysoen tount1 bo.rit t>1llphnto no mtiw in ou.lnlulte 

.JOluti,oM cnxl poe:ttivo in b .r:lum 1.on O{)l1J.tio.ruh 

AlthnU£h thoir findings have benn r~futed by 

BuoiUUlOn and Heyrr.e.rrn (7), they eto.to tb t mineral 

ba17ten { ocnurrinfj in lnn;o OJ7atnlo o.na thttret()re 

probably ~re perf cot) io negative evon in bu.cl.tn 

ion olut:ton. ~hi it. prorobly due to t-wor "n.etivo'* 

areos {J'rest.,_Jnbl.J latt1e dictortionlJ) on the e~"'fltnl 

ourfttc where bnrium i~>n o4ao,-tion cnn te.kc plaoo. 

X- :P:n1 c:mm1ootion provo4 'that th• rP. vas 110 c.tti·erence 

in or.votol. etruoture betYoe!1 thnir vc.r:toua bnriu.o 

sulphate o plcG end the naturrll MiDernl. A later 

paper by fnOt.., on (47) roporta thail cr,yotnl.a of 

bar!u:11 aulphat 8 ltith ~t\t' tro.ll.e nhd oven. obape 

re~n nGcati~ 1n bo.rlum. chloride eol,~ttoua o! 

(lOw) concentra.t!:;un. !rhus 1t ee rnaaonnble to 

inter that t-ogulurly-cht~Au po.rtioleo bavo a 

er.tot&lllin9 perftction pproaching tl.lat of the 

n turel. b ~e. 

Too a.~unt of bar!u1 chloride broutbt down uitb 

barim ouJ. ~ at diti"$1"()nt pU1a hew been otudied 
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tov P trl ev (lei ~ r tt 1r 

prce:lpi tntton this w to r to be ' ll1n1 w ttt 

pt 3 . .. . 

of 

m:t~r:oc~ t bor1 

origtnal 1 - 1t 

rum (29) but. tn t 

· h t r·, 1 t on 

i'it" t pr 1J") ·" • t y Otto 

WO fJ of l thoft Stllld ll 

( ro:f. 41, P• 324) 1 th.1D proc ure yiel a o pr.ccipi .to 

whle,. io quit t ptl~ " • 

~ .. -... uno reel." t1cle oia for b r.i 

1a boat 2 to 4 1cro (4, l ., 3lt 32, 51}. 

~ (4) d i n not !ind tho t d. 1wn onco ot 

lub1llty n icl a1 at t by uJ.ett ('1~ 52) 

{16Jt part oloo of also . 2 niorono w ro 

o ~. Cry tfll l 1'(. r than 4 

ily obtctnabl • but not Giroble, 

ct of pur1q ttli ra.to • 

.: .. ttltoo rn't9• 

octtl . r t·")• ro .d by 

eor la d th thA'J o of the 

lJfU'l' , (>Jll 'rid . prcct:J u.n " . ..olu.tlon. y founu 

th t , for thM.r ttoo {flo - !so 

1. ttnn 11 tt enld of · r l1~tion to 

act if"! 1 m Sl')l.ution) for one 

tt o o . a bo.r.t o.bl-3rid olutton, i'.>r to 
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preo1p1 tation, oo.used an appxocei l>le incrt'lGSe in 

the p ~tiel aize o:r 'th r1\U11 l: lphat('. Unf~rtunntoly 

a direct e rrelatton is 1 pl d betw n part1~l• iee 

and eottli rat s, and tbis not n proved {50}. 

In ftJCt, Ok a 1 (45) statf tha.t the e. ~l .r 

pe.rticl settl .,N qu1okl.J' . CQl'dlee ot this, 

however, 1 t iG notovortby 'i t th Z"\t 1 a cifierenc~, 

n.t leuet ot texturo, with dttteront e of' bert 

ohl.,ride solution uned . 

lootron Olioronrapey prov:f.d s e.Mthor useful 

aap c1; for coneid.eration. u.n. H ol er {23, 2() 

obtained 1lhouctt photogr pha of p n1pitatce 

prepared at vor1oua p • , ro.t , to oraturua N'ld 

of bnr1u ohlorid aolutton. B aonfirno 

Bogan' s findtngs thnt tho lattor heB on effect • 

.Rap! ly form po.r tole of 4 to 51 mio~ns are of 

no in'bore t dUEl! to probnbl la.r; c• soale contO! 1net:ton. 

Dro 1 preoipl.tation o n e · er&ler particl es (1 to 

5 ndcronn) . 81g.nifio t ia tho : ..et that only 

preoip1 t t .a prepa.red by slow diffue1cn at roo 

t {)ora.tu.ra of lO- } mo r aolut1.ona through a 

pu:rlod!¢n mbrtxn.£j al)pear ~1"1 asona.bl,Y pert otn . 

Tb se portru.v d 1n Fie. 5E, re-t. 2:;, but the 

ilhouett tur ot the ph~tograph . the 

morphology diff eult to rceivo. 

atic u ul 1.10rpholo iool. 

inv tteation by leotron ioro raPhY provided 

by th work ot 0 a and .. at'i ( 45) . !hey ue 

replica toohnique wb~r by t.mpreaaiono o:f the 
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cnatnls ar · 4o en polyvinyl o.oeta.to' shadlnc ot 
t se allow cropapha to .manitoat t.t1 'three• 

r111ou.al ptoture ot too Vtlr1ous cnatnl btlbits. 

fho st pe:r.teotly crptull.tno Md !mplast obape 

uaa obtnlnod bT droP" o adc11t1on ot lo-3 ~ 
lutf.ons nt ovor 9C°C. o crysta.la 

11lustrntod 1n 1 f! 11, rof. ~' thou o.ppa tl$ 

lena-a pe4t cloaor 1na ct1on a.oh oonvox our nco 

1s soon to o 1 t ot tour pl s. rtoot ~ tAl 

like t ae oryotallogr p. Gr o 11 "eu..'Uldrnl n • having 

tho t c a 1ne to hou cey tal11no form. 

1n the 

lo.tter thr pnpers 1t u a on t t tb cry tals are 

Ol'OS&-IM dt X-sh.a.po4, np1ndlo•9hapod, tta,_.ny.,ahnped 

and appro - toly root ~11-aha d n aonoGntrated 

solution us•d or wn l"<le1pito.t1on 1 c.: rrled 

out 1n t 10 cold. Tno o ar "su~dral i' - although 

0171tG1l1n 1n tnt rn.nl structur • t fr .cos nr only 

pa.rtly ovolo • lt oo pro b1 th.ut t ouhe&-a.l 

cryatalo a.ro purer; thi 

r aart. 

Tho tollowtng voll•ltnoun Vqult1om nn used for 

too cnl.oula.t1on of tile olub1l1ty of a apar1nc4' 

soluble ~ta 

c = I~ 
a /\ c 

1\ • (o.• 1\ o + !J•)oi' .. ~ /\Q 
14 

(1) 

(11) 



c 
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(111) 

olub111ey ot th lt 1n 

~~,..~.vd pec11"1c co duotanco of 3 saturated 

solution or tho oalt 

A
0 

equivalent dO duotruloo or the alt at 

conaontru.t!oo c. 

/\0 lbd.t qutvalant conauctanc ot too SQlt 

).
0+, "'t..0 • 1kl1 1ng eqU.iVQl · t COl ton s t 

ionic eo fltituants t:Jt t aol.t . 

ditlt;oc1D.tion eonsta'lt ot 

811lphnte 1o l pairs. 

•. ~· COJ tm1 

oo .. ttuc.t1Vity. 

oc1nt ror1um 

Tha 
01

\ 1 tom in quatlon ( U) is included to 
Jtd 

acoount. tor t1 uCOll4tlctc.ooo detici \OT1 to 1on 

soo1at1en In borlun GUlPt'\nto ooluthma. quation 

(11) may UQ only 1f doViations t t )8 a. 1' 

l.Joiting 1av aro duo to 1ne ....:,?let cl oo1nt1on. 

i'b.o CC4~contr. t1on or sa.~'\tod bor1um wlp.hnto goJ.ution 

h:la at d to bo 1ot:1 enough for tllis to truo. 

th9 rosulta t u or and noise (1~) 8Upport this; 

at 10-6 lnr, oo .. ~tivltio of bi- bivnl t sulphnto 

solutionB follow tb 11 1t ot tt4 
is ootiJ:Ultod 1n ~ It or thi t!leD1s, ow , 1on 

aa•ociati 1s dt~cu.a o4 oore Mlt• 

Insortin vo.lues ot 1l0 + = 63.64 (it9) 

~0• = so.oo (33) 
and Ktt ;;I o. oo1+ 3 ! 0 . uuos 

Ot~JAtion (11) boo 



• lO • 

(1v) 

lub1l ty :m ct t 

oo.lc , te f:ro 

a-. y . 2+. y 2- (v) 

laliti 

. y. 2-c- y 2• thr.'1 
4 

• tion io lo murh 

or molal tjy1 y 

lOUt n o1t;n1fic • 
nr y 

ootVi 

ron 11, 

d~ tin of 

la y ., .... 

A 

"ionic 

olo 

ul 

tnlbst1tu·t y 2• 

ltl.b .11 :y it 

ion into \l tmt 1 ........ ..,.-.:,.. .. r 

or M . 

t, UB th 

(28) 

lytc f l 

of 

r 

ot 1 l'l oc! t1an b3POt. eia. 

+ ( . )~ t' ) (X ) - JV< >] 

+ (L.ll), {" ';) 
{x ) ... c (x 

:.> >J {vi) 

0 'tl lution 

el ro ton 
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1/6! = n dl ot tho tonic 

nt ionic utren th I . 

~~a), y3~ }, ls(x a) and Y5(x a) nr¢ th 

"extend d terms" . 

In oo.loul til'lS A and we tb lat t vul.uea 

of' th . fundamental eonatanto (10) and of tb two 

values tor the ol leotric oonet ~ ot w ter (1 , 53) 

v ~ ebo J7!Wl d ln,r!ell ' a be :t.n the or reli blo . 

ro th Jl val ' oo nly ot w1 th trrr bi-hival. nt 

oulpbut a ( 80 Part II of tb ~ t. oat ) w cunei erod 

that (,. 7 t 0 . 2 ) ould includ the val.u .i"or ll:ll"1um 

aul hate. Su.beti tution o1' nu; ,r.i.ool value 11\to 

eq t1on (Vi) 1 to 

* 4
•
06540 

(0.00163 t 0 .00020) 
- 1 + 0.66(,.7 t o. 2}ct -

(vii) 

5. 

A'i .u~tJ1S • 

,.. cond eti trtc ap rot t t lUt UB {.y 

It • u.re rmd fully d o1·1 b 1n bi . li. t. a!.n (l< ) • 

con.tx;g~. 

All nto re c •ri a oat 1n a eons t 

t m~ratu roo k t at 24 ! o.2uc. 

~h tb rmo.t t c n ito of ~wo cop 
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t c 0~ ·r o f141. v w r t r , 

htcb co t ' 
wtt· 

too 1 t (3 ), ( "ltnt.lvo 

obun·t, aero 1: el. ct~ C l •udu) . 

control nt 25. + . 0020.0 w ·hinr J 1 1' a. 
.I -

V~lu t 1L re • 
oect1on e icaJ.~v; th. ornff:t.n, by 

bubbl r whi(;h cil'\."Ul. in t 

)U. r ot on. ~lut. 

t ntiorml. Phyaie . 

mtur ·tluc1•uat1one 

r· t , 

" ue.t. in 

io" .t 1 tnnoo 

h .o o by ' • • auro on t 10 occ 1~n 

bob t o to v ey by letn t ~ 0.1~ t·~ 

1 vol.oo • - Ql.U" t l.J;.)' 

(2l} rtr u:•ed t . .m t . eo 

overhaul. b f 1' t to allo, 1.>, ' ol 

to t. 0 . 1 ol • 'ih1 ois1on 

of re lot in ( t 

c:;Ontr:u) 1a noco~u.-y for the ~f.'901::1t9'\olat1on pmce 

in .valua.t uo\1 c e . ct;lon 7. 

1 '1'f1!D of t plifi~.·, ft; . VIII in (l9 )t 

th c~ n r 5 ........ ,......... b d1 ctly 

to t.< . pla. t of v 'li a 

\. J 1hoult oo 0() (~t i c~ to tho pl t of v
2

) . 
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ti cause onlv hidl Naiotan.o~a wnro c ured. it 

v ace plJ n polc. ation correction, 

end th on.ly' f qu noy cd vas 2000 oyc~ • 

~he pyrex co uotn a C(IIJ.l.S ( c: i • l ond 

J.at l ) , :tir , d aori by GlodhUl (25 ) • u .ro of 

th type h:lch huV <m 1n o in thio d art t for 

fUN ral ~ • Th lee .,rode le o nrc pam 

d olJ no pon iblo by lc o ch t-o 1 to l ctro4o 

on oppoai to e1d of th oell down th. Old. • of 

half- 1Mb l!ltus tub:t.nr;. fbwJ orkor cffoot ia 

eliminated by e aoinl soparatton of lc o, on air 

fin 1n th n»otat. 

In ol.l · runo the c lla w ro ohu..~ 1 th a 

n rol. . io UompOJ\V n>e 5 ~ ietor 

(tho vat~ of wh1 wes obee rGfit.Uorl.Y), as in (26). 

PUre ru. t..ro~on, nt to 25 iJQ by 

h at OXOl U'l{:O tu G 1n th thomoatatt 

'thl'oU8b \0 c 1l. +l'bt•-· 1 tllo Cll llnr:l t ho bottom, 

to remov 

olut1on. fhio oe ~ inholo in tll 

~~joint c1 e ·1 thout f!IJ.lY beck iff'uo1on 

to o ll.G OI"' ' ono w.t ttl brtr:)lt unplat11'1ioed 

electrod a fot• rwurt too condUDta.nco ot too · nter, 

"' oth r, . try on 'bar 11m lmlpb..at 

olut!G. • hn.v1l: f 1~13 a.vUy plo.t1nisod olcetrod o . 

It not a (); noo DOf3:1:9 to ot 1'01nc th 
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coll eonat t ooc • • 
t t l 

1 itbin t e 1· 

lutio ha t of 0 . 1 

Dut-~ tht c l l 

(21) }1 lotm 

than o.l, , ich 

d. ct 1 ~ thiB 

9'- c -l (21). • 
~ for 

eo ue .ivity of 1~v ~ chloride 

asolutil:) t and u~t of (26) \f e tey 
r produo , reby contiro.t ttmt 

bail not ch • (~hiD er;;ur1 ., .11 ·' 

cone 1 ten -iv l.v by Jo} d 

tt,lctt (:54)). 

~ .4 . \C. 

{ 0 e tt 

p1 tta ) ~ 

. . ~r • 

All t .r 

st 12 :Our , oft lo r. 

2 lltM flae 

nul 'ere h ut by st ba.;h for 12 hours tth 

cor1 .nt :t nitric ac1d (to f o t 

of !nut 1ron iolco) 

tor for 48 h.o t n 

labo to17 iotlll t\ ' n ,r 

w t r . 

p 

f i 

b by 

fho ill for co 1 .! vi t'J vat r 

d ncmb tn {2 ). 

An rtli 

r1 ro i d by an 

to 

' 
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intcmo l on tho , tmift€ th. chc iatry nt 

ntor;. .All at r d ~ugbout for ~p tion 

Of llt 00 uc B 

co uotiv.tt of l t .tlOOrn. - 1 , uau ~ • 

t1ro n 60 -l • 

Oo rotcl ni trogon w d tb:c.'oU(:h 

a purt£1cat\on t n conetottnc ot, 1n t ora r 

61• u ( 

dry1nc; 

ooda-1 

ro 

of conoontmted sulphuric acid for 

rnl tubes of 

u- tu: of 

e.c1d '£ r -.w ..... ..., • . ~l ro val, W . • 

ta-pho phOne 

tub f 

. op r turn.'{ h tod ·to 000 00 • to 0 c<mt 

a. oul.L)hur1o oc:td bubblol."• ooda-1 tuboo 1 trulplnui.o 

acid bub~r ftnal.lt thl')Uf;l~ f1v :nty 'bubblero 

to net iur. ti t t conductnnoo 

cello .eonv.;;w.A~d o uater or "tUrotc B()lu~ oM it 

w not 

ltb to 

o. ~. enw. 

t\lrot t nit 

all th . di!f cul ti 

. d by • • 

• All rubb r connoctiono w 

ith cone ntmtfJd eodi 

.tt o to rc vo sulph1d t 

n .lth ater 

ith 

(2) ), .. 

l»tleu 

roEid :tor 

tho au.rf oo. 

<~id ~· it u found to 

unt ot vohtilo ttor, 

. rok 
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all precautions ar. i nt dust enntcm.lnation ) . 'i'hc 

bo.riwn chlorlde w 4ricd slovly at l ~ for sev rel 

hours, o.nd tn~n t 260 t'C for fi vo do, • fhi reooved 

all vntcr from tho l\Ydroted salt. 1d weighill; 

wee noo~s ary to void tak~-up of a~a ·h-~io moistur • 

'!=he potasei aulphBt• \JGS cJTiod at 260(·c for· f1VC~ 

days. o.ol and o.a l nr aolutiona to b used for 

the preolpit tion of barium ulphato w re de up 

exaotly by weiiJht, th lo'tter eorrcet . to vncuum. 

these tioul~us p c tiono were neceo ar,y to 

prool\.1.Ue too lir t at ~o 1b1l 1 ty of , c tion 

oont 1ut:'tion of th preoip1 tatCJ duo to ul t i., to 

non-e uimolari~ of tho p~cipitant .~oluttono • 

• n.Ji. • • GUJ.pburle acid 

wao ua tor on. prec1p1tat • AR solutionv oi 

ecourat l.Y- tmown CODe ntrntf.on ooul6 not be ade up 

;y eifthtt Blto~ato .hoda re eo t for 

et arttieation. ar1um ulphat _ ttt' oip1 tattnn 

yield& rrwu.ltf; ot ooouraoy bont o . l " only with 

olabora'te anoJ.ya:ta ('5) . co.'lducti otric ti trntion 

. 1 Vt! u xce ~ 1Q£1;ly poor reau.l tG • ( 40 ) • Thvrefo:re 

it wac o chled ~h t th ordinary oo:ld• e titrotion 

Wt\0 by fer th t conven1ent fietarminnt-t on . 

crystnlli ~ borax (equ1l ibro.·od ov l' saturat 

su.gar oo~utton) and ocSi carbonat (dri <1 for 24 

hours at 250 OC ) wore unod . Th · two detormina.tittno 

wet'f~ pa:rfomed t X\1'") t po.r:·atur en· boil1fl8 point 

~ eetiv ly, with an Gf.;r ont of' 0 . 11. Th mean 

lar1 ty waa c rroot, to 24 UC . ~"~Jl ooid was £roe 

o! ou.lph1tc {to a l drop of 10-2r potasn1 
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90rmAneWl.ato, ddaa t c 10 nl. ot c1d). 

Jlx.4J•O;QbJ.g~'-J.G .. Aai£1• . R. quality uc1d was twice 

distUled 1n .m nl.l.- glas!J still • 

.P~1p1t t l was proparod .!lt room t rntttro by 

1mo t t o sa · root lOd usod by alnn ( lt-2.) tor ull r 

cbloridGt 50 ol. ot a o.ol lur solution o£ bar1Utl 

chlorido ~ a tt d dropw1n over s.,- os.nutos into o. 

3 • conical tl.osk oontllinin * G:tUctly 5'0 ml. o.ol 
au1 ~ te solution l\.1 • 3 ao 

hyti.roc•llcric acid,. with continUoua !til ·in • 

S\>liltlon was allo to ,-;t for hnlf un hour u 

Qi goated tor n hour. ~r c1pit to v.n t l n vanhod 

5U t1 ~ by decantation and k pt Jn the gl.."\s covu.rod 

f'la k. 

:A.1hiu PNC1_p1.tate vas noon by icrotJoopy to bu 

eubhadral. 1 t various &hap's scrlbeu 

oetion 3· 3 vern proUGnt. 

~.~.2. »J.Uv-n.19n PJ!Osa"pitJlitsm at 8.Qszm irr:uzl.tUlmil• 

.1J!to£~nl.tcrta .. I':-~ Yl· 

Tho t.ets 1 :ld 0'\lt 1n soot.ton 3.2.1 indica od 

t!'w.t n pl'l)oi~itatc prepared ~ tllftus1on t 'lod uoul4 

havo the roqutrod purity. ~h roforo :?rooipit ton li 

d III uore pr pare4 by diti'Usioll t t-OOtl t ) l"'nture. 

$0 tll. of 0. 2 1 -u- ,otn!ltd.ur:J !lulph· to olutJ.on 

va ·piputtod 1nto 20 11trc3 ot lo•3n h.vdrochloriO o.c1d 



- 1a • 

(proparet :ttt c.onduot~.vit'Y water oollocted tli~otl;y 

o'J.'t tJ:o tt:il~) anfl ahok n tn un1£o:rn oolutiott. 

Into tho aurfneG of thto oolution (5 x 10-4 :noln:r. 

in au.l_ph t~ i on) in tlto n ok or tho fla.t-bottom tlook 

(pl'"\0 on Vi!ry at ble bas~} wa~ OO'J"Iltull.Y pi cttcd 

50 mJ. . of Q,.2 lor barium chlor!df., nolutton. fhe 

able tt') ix BJ.owl,y ll! th ttw aulpbt 1f eolution by 

6iffueintt an ~ho rf ot _of itn bi~r d notty. 

Aftel' an b!)ur J!d.nut w oryotal.li ot bar:b.w 8Ulpha:te 

h~~ . v1oibl, M e. elo .inoe JJ th tl~ tlor<l n.U.ow('l<J to 

, turn el.O ... ly ?• mi~:.t.t attd tsntt;le . ihe eupornatant 

solutl.on w t at boned oi'f by vacuum pu!.l >, anu tbo 

:residual prec1p1 tate WNl t:rt loforrO<l to ~l.aao-oovererl 

~ ~. c~ leal flaSk • . It W v od GO ·ti .o* by 

decantat ion, ith condueta.no vntor. 

Proo1p1 t to rv wao pi¥.· pared aimU.arl.v but no 

~ roohlOrie Mid ¥88 uoocl. 

llreotpi·t to V was preparot1 e1 ilorly to r1 but 

sulphvr!c aci t\ was utJCr~ in&to ot· potesfiiurJ nUJ.phnte. 

Since tho aold lf no• osact]J' 0 . 2 .!Clar, on eAnetly 

oquir:!ol..ar qunntiv w buro'tt d in. 

ic~acopic uort:\n.a.tion ohowed theoe pl"'oipitat&a 

.tlll 1m · rfoot1ons 

6. 2. , . DJ32~!!£1.. . ·inttn,t~2n p.t ]lpJ..llrL;-: .:d.Jl\ 
,(l£22,!,;1~ ;leo.,V,:tg1 m. rm.d i1Al• 

Th ap!,')al't\tus tor tho droptr1eo addition ot bot 

lo• '5 bari'W!l chlortdo l.v io ~ to boUtDe; ~o-' 
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0\U t olut1on 1 depicted ln "·f· 2. Into o 

Ol the 20 1. fl ot 

condu.otin ty tor pi oe t wen burot xaotlQ 50 ~. 

ot th t . nrn 0. 2! proo1p1 tant solutio-no . ·n 
W. oote eolu.tlon was dod 1 th a . 1 m\ o:t 

bar! sulp.bat oryato.l.e fro ·a s1m1lar 3l.lor--ecaw 

p parotton. {T t'f1oaoy of th1e ~edu . tor 

oub t ... ul wh n t . h o... ti rc uil'Cd 

for saturation parent). ~he 1pb0n1J tub 

w 'fUlnd 1 r un plec ~ tn po ition. th 

ooluti n.a v re h .t a to boUtna, trong flow of 

nitrogen (attor pas throueh obort tmin oorwlcrtinc 

of t o le.r. -t1~ o of Goan-ll ono or ta.phoo-

pbortc acid) 'tl1r.i on. ~ot' viaoro a111r tnc, 
dro ls. a1pboni.ng of . bal:·1 oolut1 n into oul.phat 

covo the mu e of. t o fl lw ilo allowins oto 

to e&CL\P • "Collom ()f til ter po.po:r· around te 

ft(jcJ! of tl f pl"'V ntcct oon4 wot 1 .. t:r:o 

runn1ne on to ·tho b tore. '.rho rate of i'lou of thO 

bo:rl oolu.tion v ontroll,od by the .rcns d t 

1n the siphon tu00. Aftor bout 15 houro moot of 

th ar1 Chlor1do 1pb0no4 ov.ort idu 

was tl'M81: r by w reo t a wi tb 100 1!11. 

bailifla oonduotivi ty v t r, each woobi bein.<J oiz~r 

over. 

Pr ci;pitato VI M preparcd dOSOl"ib d . 

Ponton VIa w dooon i into a 3. ril. eonio 1 flarJ , 

and the reoid ( rti n VIb) • ~1h1ob cl~ tonaciouely 

to 'bho ., n urftleo, v w1 th f ml. of 

hot n1ace.l ¥ ro n te lution (propar d fro A.R. 
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ro . nte) p::> into ooothor fl. • VI 

... "'""'_.....,( 50 tilaee by d oant tion. VIb, ·.t:ttor 20 

trM fe to a cor tulla ol 811: pl tirl\1: 

to 7 00 tor e t hOu.ro. .After 

'th l' flaok it a w 

t e. 

tlnnati ctaey oul on VI noc 1t tod he 

p V .a. I. .o proc u.rc w 

tfi t nte aolution to lt~3. 

i .,h reo ot to by xo m.lorio oo!d. VII did tl.Ot here 

to th lJlntu• all • qucnt t t ,nt ot• VII iiJ 

d cribod tn cti~n 7.4 · ~· 

D4r.1 oul hate, prop by th1 t! ndt w soen, 

on i.omsoop1e :tnatio ; to OC'I i ' o too ap arently 

1ono- hn crJOt~ d ocri tn o ct1on , .3. ~ 
parttcl w . e'nO.llor t those prcpo.ro in 6. 2. 1 

or 6.2. 2. 

pr~!pita 

uin4 r o1' thta tbooio 

d ~cr.L 

"cold ~P• ppta .. ••; tbOs.) p,ro~·­

tt,bot , P• p t .•). 

he Cbni(luo of th conductance . m.t~monto 

1 oo ntit\lly t d oori . 1a (151 26, 21, 42). 

he cell cont a UJ . noinn o£ oolv nt and 

· ·cipi · to w ploc in tb 'thettlOotat 0114 n1 tl'O 
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b'Qbblll1£t woo atartod. (For no~vent oonductanco the 

·&epaft'kl coll fol' wutor woo uoedt ooooUJ"c ~t weru 

~ ')l'lM'Jd in filw lft\Y} . Resi atcnec roftdi~ 

won taken at NEf~ tntcrvala of betVGon one and 

two houro, eaoept ovttmight. When thtt rate ()f 

decrt'nse o! :rentett'UlCG eYO.."'ltunl:.t.y bect.le toady 

(co~srJOndine to a etcooy rote of ooJ.ution of :Jl.aatJ)1 

the plot of roat n't.ence ~t time ov r tbe l.:t.neo.r 

pox-tion wu ext:re.polate~, boo 'fio oero tJJ M descrlbed 

in ( 2'1 J • ~he shape ot ench ourve 1B tJh.olm 1n igo • 

4a to 40 . (fhe unito in trwoe a.rio e.rb!tro.ry end 

d i tter b two n tJX"B.Phe ). 

solution1 ooncotod for 10l vent cootluot nco, betng . 

:;.5 t 0 ~1 rd.oronboa om. -l}, tho rooi tonc("-tine 

trrG.Ph is 1nclud.od booauee it oowe o. mini~. ~'his 

has not been observed beto~. Atter t <.tro,p All, . 
tbe r:too of roe1otanee :00 of boiMt.1et1 5 Md 15 ()hms 

wao obt nod in nl.l tour l"WlR J.th tbio prec1pitnto .. 

it to ' di tticult to explGin sat1ofne•~r1~ thie 

phcm. non wh1.ch corroapcmdn to an ap 1ar nt 4qgQ11§! 

in t.hc fiW ... bor of iono in tJlG soltniOnt ts:t.r about 

ona d~ •o oti~rtn.a. rt is probab4 on ailiorptton 

or 1on exo ~ eft'eot inwlvtng tb~ coll alls tmd 

prooipltate. ?he "al.,~ dit".te~ ... co't (Vide infra} 

a~o~ u. 4 ol~ \8/l.r. J tl.;U ti o trom to c was ebo\1\ 

50 hours. 
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'1·'· to. 1, ~1 ... ~ .•• • 

Co 

'),1: 1! tb to lV 

~ r.oohlorlc o1u 

won 

lnt 

t d 1c 

o"f 

rylc 

ur 8U io 

0 !'} 

ot 

prior to acb 

for c lv t oo 

60 

Tb 00 

( 

• to 

tton. 

ure t on It 

wen a1-~.....,. 

t ti eurve 

w ut 

3 hom 

II 

(} 

ol~ ot 

continuod 

J 

), C!4 

ity the 

tbot the pp-t . 

t 1! ~o nco. 

x 800 ho.vc b n co 
4 

1 ot:t in ot o 

e d 

t\fCen 
-1 

• • 
. ooo" roeort t 

C1 iff l'enc . hft1!':tl'rbf:m h.o tinol sto y lo o tb 

for t oaturat lution, 

t t f r olvont RJ.o (both tlOtU'Cd ·tth 

lope :ftmnd for wnil r on 

o.rl ~hr. (21) . 

thue alto oo icon o lut on 

~iation. It t 

t t, oul to ., pl. • th Glo o 

t JVd 

llv z· ehlo!'i o (42); t 



l II Boom temp. t ~lUI"l'J of' ppt. 17 o.7 3222 
fro h Dael poorod tnto 
solution;\ con. 
di.f J.ODJ 
10- 3 Cl. 
ash !i(..t •• 

2 II olwnt in cell 24 0.3 }U7 
was ro wd, 
atter care-fUl 
doc ntation ot 
Datura ted 
solution f1'CCl 
provi oxpt. 

3 Ill AI tor li; 2 Ppt. W.U ShakGn 1to 0.9 3235 
VGGka old ViaOrct".l01y tor 

la S minutes! with 
sol nt, o 14 
ao.turatton. 

4 111 A8 1n expt. 3 qa 1. 0 3217 
S III ~olvont was lf8 0.3 3271 (x) 

rono'UGd ( 1n 
oxpt. 2) 

' tit -.~ o.; 321? 

1 .til Solwnt was S'O o.? 3262 (.x) 
ronowd. 

8 III Uew 8 lo t ?O 0.9 3238 
Ili, wushOd 90 
timOa. 

9 III .eus~ • S3 o.B 3209 
boUGd br's. , 
shalten for two 
daya. olvent 
thOn reno • 

~0 IV As for III; tJlurey o1' ppt. '/2 0.7 3227 
but no 01. po111"04 1nto 

ashed ltO cell. 
timoa .. 

11 IY Oolvent was '0 1. 0 3218 
rono d. 

• 0.7 + 
3223·3 -

((:x) d18e· 
7-e; 

ded 1n calc-\llating the an) 
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a.t, the 

a nliB, in -1 nul t 

nt 1 itb p t . v. 
mt1 control t 1.lod uri.ng tl n ~ 1!1 t 

result 1 not ropo 

roximatcl3' Within. the r 

oo c conduct WtS 

run on 1 ~ r n~ eell 

o... co u.ctivl ty 

dl.clo 

v ona.t . ~l io , but 1f' thio 

loacl - ~ llt 

~ uno rto:t.n 1\-m\Jl. ta 

h ch 

l 

pt>intu 

.trtbn to u · of lnoal ~nnce 

of 1: ·puri ice oft'C<'!:t o~ul\l Qluo be 

to cone 

c l n · c • 

cap (as 1n 42) 

v ry oonoiti'V1 (21) ),. 

1 t 

cryn 11 tton p t . II , 

(11), 

fro 

:void by 

rff) d 

• , 
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ol.uti- bn o .1n • th.t b 

n on hOiltne. 

w :ll of M of Jt .. II to n.l of 

t J .•• toe t . 1t.ol. nt he , ~ - to 

1n t. oou<lucttmee o t lution oquontly 

( 0 ~t. 8 ). M3 ty ptt nt w thue 

tr:lblltu throl 1 t io • 

ts, o rxm 
d irnble, o~fol"' 1t w o dr..oel4ed ·sn'fj o colori otrio 

u1a bo 1nventt • 'our .t u p area 

P1'Q t. ing: 

(i) .. y l.lou colour 1· d :r!th 'bnr!t an!l 

tannic eoi in o l roY..i<lo aolution {J.) • 

e lour for too 

( 11) lnto.noo red colour :I.e obtoinQ!i ~11th. 

o O.t. b 1 1t)n 

prco1pl an no Ol" .. 

thnl 1n pul"p1 co lex 

ro -ca~ut ~ lut1on but 

O'UI'VO ( • 21 ref • 

.... 1 tho 

(1Y) io 0 

cone ~.tmti.<m c:olcr:t 

to 

fo 

to 

option! Qbs .rptton 

00 p x, BO 

iblo. 

for lo1:1 

(;o) . It 

itb r1 
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10 vh1ch, itt prol:t.rnnm~ oxpor. to d . th 

OOJ'l ontrutmi bart~.. u~l.Uti<! t o6. ® &pl)r("X _oc; to 

r ' o J.nw o.t 560 "\Jh n w .t·,. 
of rc: . T'.ta G\.ln otOt in 

('46); tho Jnt · 1 tl" o£ th colo'U.'r w too J.o. for 

~tit.at1.ve vot"k t th lo co · tx tiona deoil:. ... ito. 

for 

I>Z"Cei. it , ! , hotm 1n ! • 4e. .tt is e1-~iltlr 

to that obtat.no 111 stlvol oblor!do (?.6h tl . initial 

ln 1ntorpr . t 4 

C0
2

, tho drGp La CO.ftf)O!J01 to tho OOl.Hts.on 0 ~ to.. 

uhioh to1t plso nt o roto O'tlr.h t..~t tl. r1DA ot 

rosiotu.nco d to co2-n .JOval. io ~ t~1nn G.tO tnrod 

by ~ inc oo ~: :10unt of condunt~ t 1.Dl tn tho 

tthe -rcatll.tn for p tto. VI and Vlb, nlthour,b 

~octo: hetil.er ~to cent :l.t.Mt~ tho pi'.'"'Cipit4tc, 

, t in th pp ... affected t rc tneo, 
v thc:r t at1na the p t . to 7li l ..._'C Ot.'l.!!U;.JUU 

4()QOO.PntJ.tt1o • 

o ocelud . n ter ( 



• 0 • 
0 

12 VIa :oum 
olut1ons, 

dropv1se. 
( 10 ao1d) 

lit Ia 

1S Yin 

16 Vlb 

17 Vtb 

18 VIb 

19 VII tor VI, 
but witb 

20 VII 

21 VII 

22 VIl 

23 Vll 

2.lt Vll 

2.1 VII 

26 VII 

lo- 3 ~ HCl .• 

Ppt. 3hak0n 10 1 . 2 · c.~3 
V1Col10'J1ll7 tcr 
S 1mltos, Vi tb 
olvontl 'to a14 

satur t em. · 
ow • pl ' 96 1. \ 2903 

boilo4 12 firs. , 
ahnk:Jrt tor .2 
dtlys. ~ lvont 
thon ~110 d. 

'olvent van 95 1.8 2967 
renewd. 
Ppt. wa vo.shod 1 2 32to 
With l!02• tl'o& 
~nter, 10 t s, 
tor 2 days. 
~aa d out with It; 1•6 2928 
vor Onllt , 
vaahod. 20 tsmea 
with vaterl. 0 tG4 to 10v c, 
washo a in. 
UClvont \1a8 
I'OtlGWd. 
uolvo.t us 
1"0 wed. 
After be1n 20 o. 6 29'+6.6 
.,...&laJ,j;Ud, ppt. vas 
boll d vlth cono. 
.:11 wash~dt~o 

t d to ?oo c 
nn4 s 4 a a1n. 
·o1vont \rae 19 o. 5 2931. 2 
ro wtt. 
Solvont wn 10 o.tt. 292,. ... ( .x:) 
rorwwod .. 
olVGnt ros 18 o. 6 2985.7 (z) 

d. 
Solvont wa l3 o. 6 29'f4. ? 
ro d. 
Solvont 1laB 18 o., 2950. 6 
rGncnJOd. 

Solvent was 8 o.lt 2948. 2 
renowed. 

27 VII lB . 6 2937·3 

~~· o.6 2943. 3:;.2 
((x) diocordod tn ocU.culatlng tho an) 
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Altho l . t o work (17) oll.Otfo no d c aition at 

poraturo, 

po 0 

ne ·ivo co uotonc 

to confim thi..G . 

oe: re • o'f rcau.l'ta t 1th V.I and v:rb showc 

~t thl'tle ffoc test fol" did M plcctt. 

1'1 oo :tt Jy ate p alo ~e obtQ.lnod ltith ppt. 

VI i o that 002 m.1 . " toot the 

aauro nt • It dine co2 to 

aubeoqucnt 

• 4b, th ri 

of rce1 tMO i 

to point Oa At D B 't'.Al .-tubo Of puro 002 inVo~ 

tnto t <'.ell, -olot ec Mt\u'Ql.ls' drOp • 

On ~ nitro _, n bubbJ. ·• ro iatooco ro & X> 

point B tho Uno d .o Me io o rvoo. It 

18 important to te t ~ olo of io a r 

th t of tiD. • • (21) obtllinod a ioilar 

CUI'VC t t C02 111 this o e Mt doll roteJ:y 

1ntro6 • It rofo a 

tbat t alopo .to to th ~ocnc ot 

ro di~ b1001'booo. 1.n oolu itm or tl 

addition ot co2 ( .t ~loarbonat ~ :q betog 

tbo m...-.da conat1tuent of tho .roolduBl tor iopurJ.'Q' 

(21) ) . It 18 nloo ao1 lo ti t hydroql iOn in 

rotJOnt ... o. 

lutirm 

e on t.h: k:tnotieo ot 

t rcnovnl ot co~ fmo 

to fo otioo of 

n1nc ~ in oot ctcd. 



~hing Apparotue. 
• ... p •• 
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fh· to 

p.rov· ~ 

0 )() 

pr c1_pit * GVi 

to cold pro • 

but 0 t 

d crib 

:d ap 

~ -~ conic 

o ~ c uct 

«conneot 

tubbl. 

:->t 1' 

-
1 

to 

r 

tl3 !Vi 

,. 
r t ·on 

r 

nt r 0 ti of 

u.r1' 0 tch t e 

{ ~t!o ~.2.1), co 

c ])l'O 

llt o1' t . lS, 

ful, 1t 1e t 

. ' 
th lt!'ft 

chj 'b3 elo 

0 

a tlot nom!illy UI>.JC~LJU. 'ith 00. 1 

wD.tnt- cOUl. foro into 

v . ~ t 

wo , hold 

Nit 

n it~ tbo oua 

th .. e u . 

p • to b 

tro 

!nlot ou lot tU 

ton of p -t. coul. b driv 1n 

d 
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.ila &.? 1 1.1 . th& cleml c tv coll :tn tholmotat. 

l itl.neort wos pas 4 tbrouctt t ~ 5 cc.ll1 th.o ppt, veooel. 

th. v tor 1n th con1eal ~lank, U.'\ ... !1 tho le.t ::r: 

co2- tft<. . ~ bubt .l.!nr. t~ th"J suspanoinn 

atopp !or a tw ~ndo \U'lttl tnc lattor bot\ 

ttl&d, :nd tb.tJ u rn tout l.iqui<l v rninod off 

thrOugh too drn!.I tuba, 1 1;b top. Prt!eb 

co~-!'~ we.tor ltflO unped ove: ft"n tlw ftla rvo.t.r ri 
c; 

th . pl'OCflna oou.lil. be -r for ao ;t · woohoe 

VQQ I'OqUirod. S"\U'l JOMion · than dri. vcn ovur 

(l() let 

~~ oolVl nt co~ti,.,n wc.u obtcl:n by rto~ 

run 1rt t uauol nor Y1 th the ra !dual. vnter 1n 

tho ros Motr, Gf~r ooll,Plctiob ot tb atmrO t on 

bariur:1 sulpl· t 1 deteri.orov:on of thO ~ tor toodlna 

1n 't'.ru:: i"lnsk in tho . o.trt~ ltPA ol~t. 

Prt.or to o tt1th bn.ri'W culphat tho >pin,; 

twa bl.y w caro.:.u.l.l:r cl c . d vit~ 1\ltrt c oo1.4 and 

a.l hol., ., 1 tJt tap untl distil lod wo.ter, and 

1'tnnl.l¥ ote to rnl df!l'O * t'brce voeke ot 

'tr:i.al runo uoinl; tho appnm.tua t-1J th •a tel' olono wore 

nacoo8QtZ' for OOQPJ. te lccoh1t~at, !heuc run 

·9M ... th e rato -t iM~MC ot eonduotonco i.t1 

tho ~loolt t~l- pl.llen 1ft tho col11 on bubbl tnt~ 

n1 ~t v:tz. • n.bout 0 . 3 ob "J/l>,:r.-. h p~4uolb111ty 

f:)f x· st~to with ;h Pl prov b.; dupl.tco.tton 

of conduo tunc ro in . on both tha -wo:t r vh1.ch hod 

boon b.loough. tt...' rald th t 1 ~t 1ft the 
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.oonolr ( la r _,,_,,...,.,,..,.... 

f)rd-........ .. ., . ....,.._..._ ...... r). to v1th1n l or 2 

lJ"O 

fell 

It 

• 

t t p t . · boco 

0 2-trco t 8D 0 

. v1ty (oxpt. l :J )• But !w foetor 

lo ., 

c ooopio o 1ott no 

t baV o rvation; 

info by el1o1nat1on. 

to tbe cont:lm us 

b 1ns due 

\aU 

iol • thout 

by em (l6) • 'r 1no 1ft(~ elo 

:NnS 1 . VI ll inoJtpl.1c blot thia V 

with Ib. 

on oonooouti 

Mt t'oum 

For t abo'Yo ppt. VI bon o 

pp • VII o.e ll(rri $.n oot!on tt.C?.,. 
~ .......... - .... o 10_., eydro0blor1o id !D 8Ul to 

oolut1nn 1 30onc tho cJlOJlO of niorocn-yetcl. to t1on. 

t. II C) t w1t.."t oonduo n r 

, n boU ~no trot hydrochloric oold 

to cnaurc tho oorml 't<t oolu.t · on of I.'!Unut , part toles. 

Aftor eo 11 £ r o d 

tw:'O, 00~ . WM (l ted 
' 



FIG. 4 . RESISTANCE AGAINST TIM£ GRAPHS 

A 

' ' ' 

FIG. 4a. WATER. F/G. 4.b. JYAT£R W I TH 
ADD/T/ON OF C02 
ATPO/NT 0 . 

8 
'' c 

---

FIG. 4c. 8fi.R/UM" SUL­
.PH ATE. {IMPURE.) 

A 

TIM£ 

FIG. 4cT. .PA.R/t/M SUL­
PHA"TE. (COLO 0/FFt/S­
/ON PREPARATION.) 

TIM£ 

c 

riG. 4e. BA.R/UM SVL­
PNAT£.(HOT DROP­
WISE P/?E.PA.RAT/ON.) 

---
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, it 

cruoib~e tf) 70 l for 8 houra to 4rlv off paao1b.le 
.. 

' tcr or .1 conteli tton. After furt.1le.r ashitle 

in 3 ol. co 1cn.l. fl , thia etvlpl uw oo idel"Od 

oi ion tum r :viou ly. Th line ~ 

portion OD o tho ro 1 tst1o -t1 croh woo tn t 

cnoo otly llnco.r, inliic :ttnn rce 

o£ 0 r conoo t fore . 

.,.5. .§2lttJl!;Lj t.t 

va.tu ot tho oo ~o .... a1ne 

of ppt. VII 1a eq tton (1) of oect1on 4 lG a to t 

follot: value f r the ~Jub!li~r 

(1. 03 6 t o.o,0 ) x lo-5 moloo lit - l 

a. 4l50 % o.oos0 .~ttre•1 

rom h vn1 quat:ton~ (v} ~ {vll), 

eect1~n 4, tlJ tb n:'IO,..'H'W'I,,.....,.,.o nlubility product on 

a. 

l'rc'Ytouo rooult , t, 

00 d in 
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of 
) 

( . • lit - l) 

1 (rl} l8 . 2. 

26 2.Tl 

1.. l ul tt (Jl) 25 2. 29 

191 lB 2. ?.2 

25 2. 47 

1 ~19 
(38) 2. 0"/ to 2.5, 

192? (4) l8to20 '·' ( t 

l to20 2. '3 

25 

t 1nllt1o 

In no ot· th proV1'!) eondu.o dot 

rie 

-1 
• • 

( Ct)nt t 

ly t'\Uuto 

solut1 , ut 75 n: .em. -J 

:ro only . of lution. 

1 or d to 

infl.W> d y · f orrort 

roo nto, olv 

nt ::!WI ton p • by p .oi 1 • 
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8 . 2. l!UiME ,IOJ'!iP. §ptqi.e,s .... t;n 8o.;tclP:-Q;t('\8..J!~1um 

~..P .. hnYl, SgJ.~tipp. 

Conduotanoo uo to the ~ ..rolyeio prfluuetu of 

--Jt + -thO C8t.iOn l!liUU Q...110nt Viz. , aon ~ HS04 t \•101'0 

c 11. 

Por tho oquilibria 

Ba2+ ., u2o P eOtr + It" 

o4 2.- + u2o ~ nao
4
- + ou-

the oqu.il1.br1 u~ conetante K:aoon+ and Rfiao - t:oro 
4 

oaloulated, fro th . moans of tho voJ.uoe eiven by 

Dell and .t?ruo (5) t1 DrNieD• Jonct n.d ~nk (l2) 

roapoctlvely, to bo 4. 3 x lo-l4 n.nd lo-12 r~ofiOotivoJ.y. 

By tho ua ot t · conductivity volue and thJ oontiition 

of total l ctrioal neutrftli ty of ll the iona in 

nolution, ili can be ohown thnt tho o.pproJdmu.to 

concentration of bieulphat ion is 10-l.~ a.nd tho 

Uarium hy rox,yl ion. 5 x lo-12 • Th a , aro too low 

to b oienificnnt. 

Tim ·o for eo.tura.tion for all ppta. (bq3:J.doo II 

o.nd VII - vi<1l i.nfra) uc:re much longer than tboao 

roport d in (15), (26) nnd (42 ). In the ailvor 

Chloride expe~l~nta, ~e ouapension was hontod to 

90"0. :Dur1ne tho f'ollo ing l20 boura, ilOlid material 

depoeitod fro t~e su roatun1t .d oolution, oithnr 

into n '(/ Cr:f'Jtalu or bnck on the Hfoundation" of 

undi eolved toricl. Mo.1an and Gledhill (26) 

romarlt: thnt tho au.bfJequcnt qU1cker saturation was 
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d'no to tl r t 1 t th I>r cipi tu t 1n tta. 

divid d • it o 

ntcl"'ial 

l.ution o£ the 

Ot\t':f'OCO 

l J.y that tb 

forth in~oa rato of 

o1pit 1 

expo at 

of fJ 

• 9 13) 

ortg l. lr<ro1pi o 4J.oool: in \ t r J tho 

look of £lU.OC in ord1DOJ'Y r O'l:!/0 1 t on r..o nJ.oo 

d to thia. 

Noc:ryvtall.J. otton o to \O tU'l io., l c m t.•J.al. 

oolll~ t 9Mil¥ 1n oonaontra:tlld hy J.orlc 

ao14; thia o ~Ple:l. :t1 lf hor w t 

tb pp • Vli. 

It ls noteworUJ,- tb t, nl.tl 1. ppt. II ' not 

tbj at to tb1o "r er.rtrtnllt ti on" prooo , tbo 

t11 hortor t 1 th oth r 

tly n!!llTICr. ~ 

on u to:r found i-'l (6); 'tho - ... --~ ......... b ur:.t ehlol'1r.!c 

( f<'\• hou.ro) . tlte onl3 <U.fte tal 

foe or in prep t1o • r tl lat&1 

o.t l b luo chloride lutiOn 

~ 

O'b& 1V 1D (6), 

cblort o oo1ution 

tur t!on t o. 

olp1t t \)~1.t 

th ~- ot of inc inC tb 

.. t t bar1l l te. 

ulil not bn Ghoun by hot prep. p te . 

u Of th 

t 

tiono 
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. t ( ). 

.ca b ·t, 1 

1 III in 1o: t 

1lJ(tO on 

eo pr J?. ppt • 

l\vdro~Jllt;>r:iO w1 • t poo ibl 

0 0 of tilno ·co ch ck f'or 

!rho lub1.1.1 t:y rcaul oro oa..'toul.D.t on.l__v fro 

(:.0 uctano valu , fro h t prop. ppt • It :t. r:y 

pro b.l.o thnt t h1e;lwt• co otnnc . of tno cold PI'Ct>. 

du t unifo~ ~n tton by olth.Or 

Qhl1.'rid . o. po-; it.en ul:phnt or both. It 

oO\\ld l)'.W r ibl3 1Jo t t th 1~ 1blo 

J c tion o io fx · .tt oulpb£\ 

lnttlo t Whl.ch "'e plece o u ly wit 

cont ould l.o ~ st opo 

re :Lot ·1;.1t:lc Llo· ; th c toet ~f tho cant inntion 

·OtUo bo, t 1 t, cul"!'Cotcd f'or. !he 

olllp<:l ob o..too , .ltb cold p • ppta. Ct blo l)t 

( npE~.rt fro bo tl r X'O ~> ooo ) arc ry c~ o 

to w. tb hot prop. p to. 1 tho a 0.7 cmd 

o. 6 rca The o.lopc ob i th th 

hiel~ aon .a.t'\in.o'kd PP • I OJ'C J&gp · an tbith 

A eo on ot lO 

( • 4) or cold pr P• 



i.llu'1l1.nattn&. Durin(: tbe oerly ut a o1' Qat~ 1 nm 

~·[') proeoa e ~ ~'\Jril pl.nce1 the "0<)2-~al IJI>Ocoeo" 

end tlu, n&')lutic-n pt't)oe-ac•• og ionu mterlnc tho oo.lnt1on 

f:roil th latM .. c } (""" aro ,igno:rlrlr · tho tw.1. ptrooeso of 

ionic .ttor luo.'Y'J.n' tlt,. Of ll rlll.lCJ) • 1b .~ ·prooenco 

n 

prep. p· a. (~ tg. 4c 1 • :.oua tlmv at tirot ~ O"'"""rooovt\1 .... 
pro~ao .tu ~ t ~ to collve th ro) of rcn:f..etc .. ~co 

due to thO GOlution proceca . !th.\ un.l l.'f?n.tl o ervad 

1d.th oilvcr c.blorido (26, 42) end orct.U'Ouu ~..hl.orido (1$) . 

!fliO no~xtJ.t~.noo of' ln th ct.UVco ror coli\ 

prop. p to. ( ~i{j. u} !ndioatcs t.hat th. ~lution 

proc BR pl"'d<r.l.i.n a . rt oo " un:.UJtol.v t t th 

.rilrl or aul])hnt ionn a oUi inttJ.,.Ll:/ lnevo t~~o 

l.ttttico O't'i.l quiokl.y Vi th thea _1nt.. . :t.on -e:l.th h11lt 

~P· ppto. • tnorot!'Jro bo ini tit\l ·lOtrood ecmoc;ni.;Ta'tion 

o"l 1md<; tt<tr :rro ttm J.o.t·tto at bo Guo tn tl'l.o 

l.\bcrction ot fot 1f.n i nt• ur.i:na the oot-u.rntion port.o<'i. 

_. \ con tinned libe t1()n ot coo fo1'01@1 1 ;~no .&..~ 

eatux~t1oft w ld r sul.t 1n a. a"W r sl.Qpo. ,rhct 

tnct ,·~2m . .&Q...n/JX, Wtl ........ c ,rqy.;a !?:?l ... . ~tttgn !!!B 

.:!J...l~. !9A9· 

~-ho pn_t'l'1;1al purif1co.t1on, by receyo'tul.lia.inG 

proeat;auo. durin~ tba d ,votion. o ana.tyticol prvo t !1 tatoo 

(39, 41) ln{U.ont :1 n ll oale exnhm botucon 

le.tt'ic~ Md f!K)lntion io:rm. ~io t s.1dr; by 10 

~ ano d oolu.bW' y o. 

r~t!o 1 ettoot of other ifmS in .. \Oltttton, aoidity, And 

oo groua lntt i.co 1 :pol'foo"1?n0)., 



In r t roc t...-1-·'"'t\\rO thi proeo o 

l an obown to t plo.oo i;.o (') a 

solu lltty 

hevo b d 

lub 11 ty pJXKl ·t of b 

:~ . 

t 

l. toe 

p e1p1 

Ult 

bort ot.lor1 lut10no 1n 

to 

q1110 B ll.tble t 

be.rit1 clllor1de oolutton. 

elo tl t 

oolut!o.t1 \10 :1 tll 

of Ulc bar! uu.l to. 

h s n od that tl oro 1o vczy 

oot-u lati}ioo 1oM lut1on 

tur io o tl aolution. 
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11(x) 

Constanta s.n the Dt1b.re-auckel 1'or~a. 

an 1nter1onio dit.atencn. 

pNY-'1eter in th .i num !(1Ut tion. 

the t1r.te average pMbr b Ul ty o:f 1 indin.. an 

op >Osite~v-onar .£XJ 1 ion within a ll 11 o~ 

thio ·neon dr nt a u tetonoo r fro : axw 3 ion 

at infinite diluti~n. 

the time av~rega probnbility er findinR an 

op oat te.l.y-ohart~ d 1 ion wt thin sb ll o:!' 

thickneso dr at a dietn.ucc r from any j ion, 

ot finite C!Onoontrntion c . 

molar concent~tton. 

t'Uelectrio constnnt or water. 

an tnterionic di tance . 

inteRral ozponontial fUnction of x. 

numerical valu.o of th lectronie chrn•go. 

o baa of the natural l Ol'SXi ttuns. 

f+ an ionic ac\ivlty co ffio1ont ot thu fro -
tODI.J• 

G{r) tbe l')~bnbili ty that an i. 1.,.n, t.ihich ha.a nQt 

yet found n opposttolJ-ohnrh~d p~tner tor 

a a lcr valun or r , ~ill. bo f'4:.1m , in a 

ahell o: tbickn ao dr ot a diot utott r f rom 

a central j ion. 

I 

I ' 

tonic ntroosth or tho uolution (caloulated 

from th~ total aoncontration of all th 

ionR tn oolution) . 

ionic stren th of th oolut1on duo to the 

free io.no Glono ( c::alcul(lted froo th 

conc~~trat1on of the troc tono only} . 
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d1~ ooiation conntAnt for ausoe1ntc~ ·1on palro. 

Bol tma m.. ~ 1 tnnt. 

an rbitrary num r ot taP•• 
Avo dro' s nut1 r . 

P(x) function of s, con inll\R ~l(x). 

q, «q •• eto. int r!onie to.nc u (Yl 1~). 

r tnter1onic d1 to.nce. 

~ .... llftilfraturo. b olut 

Wl nco ot 1, 3 ion (Z c: 2). 

u ~ of' di svc10.t1on .. 

~ an into~ionic distanue. 

(an,Je2 x:f Vh.ero 1 in ealoulated tof! all 
\1000 M} 

1ons 1n olution. 

1\c oqUival t eondtletnnc or na (\. solution 

.t conoe.ntrntion c. 

n. 3 ion. 

rlcbl d tor :!nv r!tmio 41 tane s. 

oloae t dist::ulce ot Ill> Pro cb ot p .. drcd ionS. 

d nr itrcry clo1loat out n.c ot nppronch of 

tree i s, at .1nf1I ito \Ulut1on. 

q b1trn1"7 cl ·t dis of" sppt-onch ot 

t io • t a fL~t cone 1trat1 • 

q = <1]. = 13.87 2 
(1 IS q2 ;t 6.9'f. 

q =%-= ~.o 2 
q = <lit. = 4-.o 

oppos1tely 



dUtance of mi.n1:nJI:1 Uiatrlbut:ton ot lons 

ot tno .sa oht\1"6 about n opposi toly 

~l~r~ed ton, ~t ~onaontration c. 

. ;~ cU.aDociation oo.a,tant of ·c,+ aeloctod a 

t . 

di!Jsoc1at1on constant fou.n4 b't./ tho Shodlov~ 

xtrapol tion. 

Ka •• •Rtt. values ot~ by I1r0Un and Prtte • s ethod 

corresponding to q1• •. CJ4,• 



It in troll lmatm that bi• b1wlent el ctl"'lytoe 

exhibit 4ov.1at1ono tr the enso.cor and Da~lluckol 

oxprostions for oonduct1v1ty and nativity 

coott1o1onts own nt v ry lav ooneontrations. 

thoSe d· v1utit na mat bo a.ceountod tar by oxtonded 

toras ot t two o roaa1on.o, or by nn aumption 

of t,ho :fOl"®tion ot (ohort11vod) ton po.!n 1 t 

or1«1nntor or this concopt, jerrum, hoo tatod 

(lt) thtlt tttno distinction twoen trof) and 

not n otlOm!c 1 ono t Lut onl..y 

a motho:JCltiCtll 4oV1co 1n possiblo on approxtoato 

culoul tion o tho ortoct of 1ntor1onic forooa 

un4er otmdit1ona \: ro tno npproximation ot Dobyo 

and lttloltol could not uaod". rne u.o ot 

o~n d torus for tha notivity cootf1e1ent (15) 

nnd conductivity (lti, p. 11t8), cncl tho oonoept ot 

ion pn1r to tion y be ac~eptod as parall 1 

proooclur s . ( ho ext d cot uot1~1tr oxproao1on 

containr.J conatanta uhich. 1\n.ve not boon evo.luo.tod 

thoorotioal]¥ i'or b1-bivalont lect1\Jlytoa, but 

thoa oov boon :round ompiric'llly only tor zinc 

aulpbato). 

Tho ordinaz7 BJorrun troa~nt or io.n-pnir 

tormot1on (3) aoaw 1 thnt too bivul.ont 1ono o.ro 

osaociato4 at disttmco apart ot loss thon 14.3 .it 
thus w oa.y s ol1 aasumo that bnri sulptmt to · 
1on-.pn1ro, nd wlll GO whether this orreot will bo 



- a -

pproc1ablo nt t·t conesntrat1ou or atur·~ted 

solut1oaa aubst1tut:1on of nu.rner1cul vnluon into tho 

using nn !lPPl'Ox.1mnt 1 avomGQ valllO of t..'t? <lisnocil-~.tio:. 

conotant c:: ; X lo- 3 ond CODe ntrt:. tlon C rv 10-5 M, 

W& f1D4 that 

Thus iRHUI~ ot a tom tor 1onio o.m:tooiution 

1 to an orror of G.2 if K = a.oos. 

o£ t soci t1on c 

rtcontal deto~~t1on 

1t ot b rl: eulp t a 

p 11m1.naey O'tU'V'~ ot 1o~1 t1cn c c~ta.nt for all 

bi'lnlent $Ul.phntes ( c le l) nhovs v1d.3 r , ot 

ptu'tlculc.t' <met or tbo 

an, vould N u.lro oubntantial srg!oo o orr·or to be 

tnt; or e 1 , t o vnlues uot d 

by rovn nnd · .. ( ;') re 0.0033 and 0 . 0100 lh1cb 

1ntr-vdl.tcGs ~!2ll ot 0 . 2 .. in A0 , thOHby doUl)l!n 

tl lJ.raits ot orror 1n th f1nnl. olttbility oalculnt1on. 

. £UB&est1on t.uat tho d1 "OCi t1 nstrmt 

hould v y recwl ly with. t ionic radU. of t•1 

c t.tons ;f1ndu sup()O.rt 1n t rk of J.'Je.nnoy and nt ( 9) 

d I d V1oa (21) who tnted t t "tho 

dis 1 tion con tant ot th n.ttr 1 llost tor 

r1t and ~ · test tor gn ium1 o.nd t s 1 

lot or 
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DrG'Wn Md Prue • a v-ulUG:l or t'lo v r1oua aroupr- ot X 

aeninst the antionio rad11 :mows toot ~ trwa;c 

valuos coloUlatod tor a dist~~ ot closeot appro ob 

ot t'ttee 1on of lt.. 0 vney own pproJdrmtelJ' ragulur]Jr. 

In this caao th valuo o:f lno.sOt,. ·ucuJ.d dtfter groatly 

rr it tor tho otb r sulpnntoo due to thq lleh 1 l"JOit 

ion aize ot bnr1Ula, fbus ·tor our nooas 1t ta obv1oWJ 

that an nppr 1 of t var1oua approaoh s la nooossar,. 

Diocropano1ea 1n r. (seo !ablo l) aro duo not 

only to clitte~ent oxpor ntnl oot &l (uhioh is to 

be expec~d) but also to dit~tGNY)t t orot1cnl 

ap,roaches. lt 1s almost truG to soy th~t ncb 

UOl:'kOr hao followed a <11treront thooret1cnl prococl.Ure. 

Fir3t 1t vas noooa ary to doc1de wwthet- K wa 

dopondont on tho oryot llin-l 10n1o rnc:l.t.us or t!\O 

c t1on. For t 1'3 purpose tho roaoonnblo as ;;uaption 

wn made thnt (tho cloaeat d1sttmco or o.ppronch of 

pa1rod ions) tor ~ one ouhatru'lc tiOUld re 1n 

o.pproxLJntoly constant for t\1 d.U'ter t.t xporii:Jental 

tnodG of dotertlining K• an4 t 41tfor nt t pora.turos, 

provided oonc1 tent tneorot1oal prooeduroo wore 
• 

tollovod 1n all cases. ~'or tho pu.rposofl of coaparison, 

Drown nTld Pruo's ronUlts (5) were used ao t'ley 

OQvored n W14e runso ot b1vnlent ·$Ulplntes and were 

obtolnod by ono exporioontnl tho4. Howovor, i1row 

ancl Pruo's A values trOfl th jorruc o~t1on (soo 

aoation 3. 2 . !H woro calculatod on tho aa.oumpt1on 

that q, tho cloaost distance or appro ch or tree lon , 



wa oonc\ln.trat1on•1nvario.nt; t't author ha shot.ln, 

in &action '+~ thnt th1 ·is not atrictly oorr et . 

Tlun'oforo, on npproxt uto lcul t1on a porto d vhero 

tho A V"tllu cttleul ted trct'l the jerr-..10 equation di 

not r pr ont t 1nter1on1c dist Cl)s thia v lue 
/ 

(do .tcnnted .a nd Co.r..Di~d n. po.r ur} calculated 

troa and ourry' a (22) I<S nluos tor ousol+ ond 

ZnSOt.. (which are t rro any ~ lltlptiOM rognrd1ng 
/ 

~terion1e distancaa) 1 wa.a eo. pared to acu~lot_. nd 

\lzrwo.., tro:.t the vo.r1ou valuos ot K obtninod by 
/ Brown Md PrUa; t he latter val havinc closeat 

I to the .1. trom 1ts wa• cons 1 r d beat. !Ito value so 

choson corresponded to q rv 7 if tor th.18 q V'.llue, 

~hi Rl~ .. 9t I ADWt t!ll ..Anl.k.. 

m .tha xatlg\ll ll.\lUntta atwu ~m .rDl~'li-1\t mrktiqn 

Dl.all• 

In !nvo t1gat1nc tho st tus o~ t vo.rtous 

values obt tnod aa out11nod 1rl oct1 3. 2, the 

oonc ntrat1on 48 ndanco or q 1 don t . 

oXpross1on vaa do 1w4 by t author to ~ciribe, 

albeit qtl4].1t t1vely, the "'arintlon vitb oono ltration 

ot the dis ~ of ll1.rili:nl d1str1bttt1on of 1<>t ot 

tho aa chargo about a.n oppositely-of nrg 4 ion; 

<t lii 111 bo tnnuenuod in much tno s fAShion. 

It 1& noted ti t ·row and Pru • u st'• .Ito ~ 
(wbich 1'0 so bly bo uppo d to be clogo to 

to the 1milar1ty ot the tU"O oubstano s) 

to 

tor our parpo • to 

a..· fl rorore ve haft t 

tor CUR~ a b in{! good 

pro .t t di3socicltion 

n 



CO!'\Stcmt of bur ulp te,.. As it t~ru pired, 

this Kcu Ot;. i s notlrl..v the auo as ~~Oa,. obtained 

by ·ll and or ( 1} 1 1 t~..ough th.io not to bo 

expected, aa t. s cuth.ors O>;.pND no creat ~aith 

1u t . ectivitT co r .. J.oiot t oquation t"1ey usOd. 

3. 1. D412ZiU&l , uum~St.Q .J!tlg ~tttAluniJ.9D 

St.t....; .. ~lti.qn.~!tn~· 

1'his v I'! th o:t-iginnl theory wh.ieh inltitllly 

ougs~ t 4 11. the division into ~ groups, of t'reo and 

ns·~oointed ion~, of tho 1o or corta1n srltn. 

th avoru ~o probahU1ty B
0
{r) ot f1ntUng 

nn oppos!toJ.,. .. cht\1' od 1 l!Jn v1th1.l a tbell ot 

thickness dr at n uistnnco ~ t any J !on ia 

given y 

(1) 

where t ' = total nu:atbor of 1 1ono 1n vol V 

t 3 = potontiGl at dintaneo r troo th 3 ion 

Djerru:n us:ad thin distribution function to'f! 

tho avaluatloo or t~ tho · d'y'nat"'111e <llssooirltion 

const ... mt. o.rteot or to "ionic nt•.:Jsphoro .. J.. o. 

~ho pot tial du to all io u. bos1 tho t o und.or 

itlmedi te <lOlUlii. r!ltion, could bo no lected. In 

t . wso cc. '\Clitio . tho pot ntinl. is g1 wn by 

+3 ~ ;;~ 
(.11) 
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which g1.v,..,., for th i stributi Jn i'unc:rtl:ln 

( r) = 47T t"!Xp - .. 1 J · rl dr , ( e e e
2 

) 
0 l):Ytr 

(iii) 

If thoro is :dni 

diftorent iat1 {1\1 ) quat in., to zero. 

Md it Vul\1.. 

2 e1e3e a ., b a 

2Dkt 

t ott is 13.87 i 

!buo 11 two it)ntl ean ap .roach to dietanc of 

l ee than {3 , ion pair formation rooul t • !he 

dis tonce of clob~f t approach of p i r ~ 1 na 

d note by .!1• 

Th totaJ. i'raoti~n OJ: i ono f oml ~ pair • 1 .. e . 

the uogroe of MMoi tion ( l - u ) • 1 t 1 v.-;n b1 

integration of oq\48.t1 n. ( 111 } rom th olot.J t 

d iatanco or P·Jl'Oa.ch .!lt t ( ) p, whore 1on, .l'(! .no 

1nn er oonsidet~d to b p tred . (ih. Fuf> ... e muthod 

to b c lao 

int al i a tak n as 

(Yidt! infra) 

rbitrarJ di tanoe d) 

i . e. (~ - a ) * ~:n0(r) dr 

on oubstitut in& 

,....., 1 c., ... t, l ow co c nt rrtiono, w re 

~ l 

( t v) 



Valuos of [P(x) • ¥{2)] t1ri to.Lulatod in (16, 

p. ,9'/) tor calculnt!ons 'Uhoro the lower lJmit 18 

tat.on au 2 (i.e . d 1:\1; e) ~ tho latGcral cxponent1ol 

f'Unetion ~t(lr:) 1n (17) 1f not. 

!'Uoso <alrivod n dietribu.tton tunetion a (r) 

tor 1on pniro. 

Tho probab111ty- G(r )dr toot on 1 ton, wbioh 

boa not yet tound an OPitOGttoly--obor~d partnop 

t~ a S4!1D.llor vGluo or r, will tO'Wld 1n n a nell 

of thicknoSn or, nt n d1stanco r rt: a central 3 ion, 

1S gtwn bV 

('\til) 

This functi.Ou. bcln n mn1s:lu.!:n-, up to a cr1t1oal 

eonceutmt!on vhioh. Fuoss hn.u eatlt:!\tud. tor l • 1 

olootrol.ytes (]J). We htlvo pl,otted (r) osn1t, t r 

tor a 2•2 olectrol?te v1th an arb!tr~ry a value ot 

3. 6 i a.."Wl find ti.mt th.o llini:mw'a diauppoarn b&tliOOn 

lG-.1! :md S X 10• 3 K. 

:ro is a sli{tht iMroaso of the distance of 

the nt1n1tlU.u ill U(Jt) wit~ !n.oroasing coneantration. 



.a. 

?no numortcal value 1s do~bttul duG to ~~o 

tt gl.ect of .n ••1onto atmsphero" torm 1n thO 

derivation or (vii). 

At zoro concentration 1, e. 1n cnloul tine K, 

G(.r} n B0 (r) eorJ10 th • · • !he clo &Jt 

diat nc4 or npz,roo.c'h !n this t:r ntmont vas t n 

us d, not ~' Where d < p. Thus o as • d 1s 

almo•t tho s ns Df'O\m ar1d Prt~Gt q ( etlon 

3.1. 6) , but d is n asur d" at 1ntin1t dilution. 

vberotla q ta u d in act1V1ty ooett"1o1 nt 

oaloUlntf.onat 1ndiauting t~ "lt 1t 1o a d1oens1or.. 

1n aolut1on of finito oonc ntr tion. 

3. 1 •. 3. c. • Davin (1927) (7 ) e tiaatod at 

oach conoontr t1on at which a.~ nts " ro 

avaUablo , using tho limtt1na lmm for both 

activity aoof't1e1ont and ooll4Uctiv1~. 

3.1,4. c.w. uavtes (1939) (8) doftno tnr an 
1on1e activity cooftio1ont t+ of tho tl~ unpairad ... 
tons by the oxproaa:s.on 

I !} 
ln t = • Az2 · ·I. • . .. o. 2(,I' 

! 1 + 1/ 
(V1i1) 

wore tho ionic tren«t.h 1' 1o ooloulatod for the 

tree ions only. 

3. 1. ; . Fuoos and Sllodlov · (llt-) b.avo <lovlnod 

fUnot1onG to obtn1n K by tb extl'npolntion to 

intinito dilution, or conductivity data, 'tlbe no 

assuoptions ubout tho nct1vity coottic1ents ot 

tho tro ions bnvo to be o.de. 'rho tuo tunc\1ons 

c1ve slig \tly dittor.b reS\llto1 tho Sho<Uovak;y 

' 
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valll!J ( donot 4 Its.) io protorrod beouus tho 

re li.~oar. 

3.1.6. Br0\.'!1 and Prt.tu, 1n tllllir hi ·ll;y 

lucidatol"'.Y paper t;>, haw st1.1tod that tho vo.luos 

ot t dis oo1nt1cn constants de nd on tho 

d1stanooa r ardod aa t.:1o oloa . t dist co ot 

o.pproaob ot t tro 1ons, q. fhey ouloulat d 

~lu.oo ot K to q1 = 13. 67 I (t.o. tl) 1 <aa = 6. ()1+ i, 
q3 ~ ~.o R d <lit a l+.o i• th oor aponiJ.tn~ 

bo1ng 1, Xat x3 and~· ~eso luo ot q are 

used 1n tb1'l exproo1on for tha aot.t.Vity oo tt1c1ont 

of tho tree ions 

2 J 

1n t + = • u ~· I. "' 
- 1 + qlli' 11 

(!%) 

c. ··. nos• o~ on (V111) 1 ohotm. to 

spond t.o tho ho1o q u ~··3 i . 

3•1•7• ROlJin Qn t nd utoltos (altt PP• ltol and lt.o2) 

dit tM 0.11.. VJ.of1 (19.!7} :(0('1 ~ UGin 

.wg~ll!..Q 4»:Pro a1ono ro~ activity ooattioiant nnd 

con4uota.n.oe, 1t1oorporat1ng olo e .t diatance ot 

approach of he ions, which wo asS\ltSOd to bo oqual 

tt' f!., 

As we hsv D on, th jor oquat1 .. l • y bo 

vr1tton 

K"'l "'W (2~)3 [ P<f> • v<f> J (Vi) 

Tllo quation may thus bo uaod to oalculate X tree 
1ven and d "Val s, or to obta1n or tho 
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latto2:' 1n~1on1o d1sttlncou trot:~ t 10 othGr ond on 

xper nt~lly der1vod K.. Tnoao caloulations rc 

outlined bolow, azld 1n cub Q.Uel;l.t p o oooh t1rle 

the BJonum equ.at1on 1s uaod, th ,_,th.od uUl bo 

1n.J1oa tod. 

~bd .3.&2al.& An A Y luo dOterm!Md £or zinc sulphate 

tr oot1v1ty coetfic1ont 4o.to. (6) wae ua d by n 

ond Gurry ( 22) w1th d -= a, to onlcUlato K diroctly 

from t!lo Dj rrutt ecr.lntion. o'm and Pru ' s liOrk 

shov& that t1 o +J' .. tion that d = ~ io dubious. 

Also 'it in nut certt£1n wh.othor tho J& value oaloulo.ted 

fro::l otivity cootf1c1cnts 1 tb s a th.at on 

t .1 rrun 1 . Dielcetr!c oonetMt orrocts 

ab or <1 1n J1 (11112) nzto bound to bQ d11't•erotlt 1n 

tho two c eo!l. 

1 Jl value torm1n9d elao thoro oo.y 

be us d to calcUl to lt for ft.rious valued ot d. 

l'lis follova tho thoot? ot ao (1\t.) unoro t!lo otlly 

cbnn e ~1 Ul4 be ttr1butea to tho arbitrar.y 

chang 1n d . 

gq~~Jla 3.2,3. D1ssoo1at1on constnnta obtainod b.Y 

tf c. • Dav1eo ootb.od hnvo be n us d to enloulato 

A values using d o tl in quat ion (vi) (1,2 >. This 

h4a l 4 to sult uhOro A 1S la•s tnan tho owa ot 

tho orystal radii o~ tho t ·o ion , and tho p:'\!'cJox, 

s ow by rown nn4 Pruo, ot a clotteat distanoo ot 

pprocoP\ ot troo ion whtoh la lo s thD.n that of 

pauod ioolJ. 

1nc q, = 1t. 3 R <t.o. th. cloooat distacuoc or 
approach of 1ono in a olut1on or tinito concentration~ 
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bns n usod f9r t~c activitr coott1o1entt 3nd ~ 

{tho OOrt'')spond.inG 41 tnneo a.t. infil1to dUut1on) 

in ttle Ujerrum quatton, oaleulnt1ona by thitJ ethod 

1ndic to ~ t 1ncr slnl the cone nt~atian tram 

z ~ up to o lla doc~~• d the int r1cn1o distanoo 

tr 13.87 to ~.3 2. 

In Y1o 1 of tho 1ncons1st nc1o quot t! abo" 

1t tmposs1bla to attribute to ~ t o ctntun or 
oore than a par t r 1n this o laulnt1on. 

lit~S:, 3.tt..fWx• l)tSSOCiat1on oon t..mtn trOD Othor 

oourcos ( i . o. 'Where q 1 not 4. 3 i 
ngces er1ly) may bo usod to calculato A na in 3. 2 .. 3 • 

• {QtJ•osi 3A.2.~• rown nnd Pruo hnvo calcUlated fro 

quation (Ti) A. vn.l.u.a unin tbc ex,er!tlental K 

v lUGs (which oro dependent on thoir :t•bitrc.n q 

cU.&ttlncea), and d = q. Alth.ou!lb thOoo :utllors do 

DllY or t t.os v. lu. s thn\ "their oxeot pb1s1eal. 

statU3 1~. uncortnin because or t s1npl1city or 

the ~1", on nas~ption 1!1 1. pl1e1t 1n thit 

oaloul tior. , Vi .. , , . th.r~ t ilo arbitrney elos Dt 

distanc<t ot npproneh or rroe ions 1n a olution 

ot f1nito cone ntrntion 1s tlo oumo a thnt at 

1nfin1to 4Uutton, 1. o. toot q d. 

fh.8¥ lso stntc that the ~l'Uieo or .Q •taro 

alooet indepondent ot q botveen q c $ X and 

q = 6. 9lt i~ . It w o.ro to c~~so t..rrt pnrticulnr 

value ot q should not be lntlu need by this 

tate nt because · ~~ tor the range 5 to 6.~ 
does not dttt'or muen fr 1ts value tor t•1o ranao 



6. 9lt- to 13. 87 i. (It D4Y bo sign1t1cnnt th.nt 

thO ratio tnorelUIOt grootly f01! q f~ 'J to lt i . ) 

~~ = o uould lnd!cnt" t 'lllt tho only 

ditfoNnco botwoen K1 to Jtt.. would bo dUo to tho 

ohango 1n t ·no arbitrary ~~o1co of d. 

fi change or A w1th d (or q) MY be d1t.forontly 

1llust~ntod bY calculating K ror 41ttorent d valuos, 

t . o. method :; .~.2. In fable 2 w tlll:o a.s tvo 

o.anuploa .1 • 3. 91 i (t'roo ~ for elnc sulptm.to) rmd 

Jl = 3· 70 R (from ~ for zinc sulphate~ 1 and denote 

tho oorroapond!.n d:1Saoo1at1on conatunta by KJ. and 

It.i. !he wGCketGd tlsurea aro those quotod by 

1 rewn ood Pruo. 

Wla2 
s1, <&, 

13·87 
13.~ 

12. 6 
12.1 u.,. 

11 <a = 3,.9l. il £2 (A fr 3aZQ 81 

11.1 
10· 3 
9.3 
'1· 9' 
6.9lt 
$.6 

(O. oalt2) 0. 0037 
o.oot+3 
o. ooltlto, 
o. oolt6 
o.ool+7 
o.ootte 
o.oo5'0 
o.oo;1f. 
o.<JC6o 
o.oo67 co.oo,~) 
o.ooBl 

1'h.G ooncluslcn to be drawn frotl t.";o•o f181ll\)a 

to that the nD.suopt1on Mdo 1e not Oor:t'oct, 1. o. 

that q t d. It Will bo ditt1cult to asnoss tho 

offoo~ or a finite ootl0e.1tvatton on an a.rb1tro.ry q, 

tnlt uo con o-.rnino ttlG ottoct on tila distance ot 
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4. i.m':JAtlQn JfJ. 9. g9l1Cmltmt4a o 

a.t .ma~.~1JJ.Uc~on ,.g' isma.. Q.£ .. lh.'l .. ll!Vliv 

QliQut ilt\ 2RAAU$St1i:{•tJ'lQ&:,:.ru4 lQD •. 

tho distnnc fl a dor111od 1n section 3.1.1. 

Robinson tOJ;t) (21t, p. )lllt) aay of thia 

~luo "TbJ..a tJ.guro ia prot. bly too lar n oo.r::auso 

BJ ..... rum hGS :at.. "OlU'iiJd ti t toont by st\bjoot1ng 

too io.na surroWldinG th central ion to t 

poten.ti.-al of thJ.s ion dono, tff\orou allowanc 

tor t!t 1:.ttG:r.J.onic fore o would net in the 

iroctio u. this at.nte· nt 1 net 

ut~ictly ~orroct boc u~ 

the V' luO .--.~~IIIA1oa.L...1-~~· 

ot ll1n d1Dtr1but1 n 1s to 

nroadi '-DC 

sti t fu 

aolt.ltion of fi.ltit mmcontretion, •I • 1n tho 

cnl~ation of nct.vity eoottlei~nta, tho ~f-eat 

Of nogl.Gotine t potontial duo to the tunic 

a. np r~ r.:a7 bo 1~ound. 

In the bfo• uckel thoory occur t!l 

e li'OSS1on for t ~ pot t~"\1 t .1 t 

l t d l 1on, · to nll 

ion in aolu 101\ 

zrt -')t(r - a ) tJ = I ., · 'f r<l + lta · 

wb.eH )(. is caloulat d tor .nll too lone 1n 

(x) 

!huG to obtn!n t . t a.vora pr ba.bUity 

oi" finding op 1 t ly-ch.argad 1on at a 
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tiet.e.n ~ r rron tho 3 1on in a solution ot ot 1 

cor~ratton. o (flt'o. Vhich x is oalculntod), 

w ropl -r J of' qo..mtlon (11) w1th + 3 ot 

onuation (x) 1n uat1on (1) to et 

B (r) =!tiL~ oxp • 1 -1 - ..... 
1 { s a e2 o· x(r - a>j' 

0 -v- (1 + u ) 

Ditt"oront1at1n an.Cl eqant1nz to zot-o aiv s,. for 

41atr.t.bUt1on, 

(:d1l ts to atolvod tor tic and thtc onn bO dono 

\on the 9XI)OnQ titll to . 1s !l.l.l, (c < 0.03 t1 

""P.PrO t 4"t tor .:!~ eleetrol1tos>• t low 

e~ tl'Ot!ml putt ~ :for <1c -on the r1 t an 

sid.o and uoing n1y t ~ tiro~ t\10 to 1n t . 

oxp ion oft (x11) c s 

(Xi) 

~ = (3(1 • x n) (ld.v) 

At o0c, u 1nU Jl-..: luo ot 3·1S ~. and 

dt • o. l 1 (i. e. c tV c. c.elh.), tind <Je ................. 
0 

(:&11} to bo 12 .. 8 A utuoh 1 o.m . 

cmy nov apply thio to tho onlcul:ltiono 

out 11M 

(W thod ,3. 2 . 3, vo noto th!'t tho doaroaoo 

1n tJ oausod 'bJ' t ionic atmosp!lore is 1, 

and at lov ooncontrnt1on. t d1 t: ot m!nm 
0 

dutr1bltt1cn i s not Mnr 4-. 3 A. Therotore, tc 

3uat1t,- th1D cal<rJl.ntion ;ould 1nvo tl nood for 
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pllOMinOna such a d1eloctr1c oonat t cbongee t 

ion dcfC)ftntlon, to. , to tnko plo.c • 

Lfl row and tion or It ( 00 . 

section 3. 1. 6) •ach q 1 t )n a 1nvnr1ant ov r 

tho eon.oon\rntion r go ot tho1r n ur nt • 

U o i.dor that q 1a o.t~ ot d by th 1on1c 

ntt:toapboro oa f3 is, tile decroaso 1n q at o.o;.4· 
v1ll M npprox11Dutel1 to o. 92q. !b.us <lJ, for 

oxnmpl , 1f tntan aa ~.a i t zoro ooGOOntration, 

boo~s approxtrno.to~ tt.6 ot o. 02ltrt. 

appreciabl ditterenco bGtwan 3, tor q = ; i, 
and ~q., tor q a It i, 4 on trntoa tbQ ottoct on 

tho disuoolation aonatnnt. 1lowo'hr, this 1s 

rel.7 quol1to.t1ve de orlption, booauo t'M 

oho.nge 1n q 1a not siven by (xll) 'Wh ch was derived 

to~ p. Alao the light 1narea 1n ~ ~ ection 

3. 1. 2 • boa bo iporodt and tho dielectric 

constant baa en d to bo that ot pur wtor. 

oftcotod by a ot 

Ynluea oalcul tod b7 othOd 3. 2. 1t- or 3. 2. 3. 
I 

stated thorot tbos A value• (bON &anotod by .a> 
a.ro to be rogcaaded aa puameterg. Prov1clect 

conoistont asa tiona BN 

oooptU"1 on v1ll bo vnlld.. 

!bus, t o n and QurJY1 s 

copper wlpbntoa (2.2) 

1n both en es 

~ JO.., ::a it-. ; i and a~Ot. S~ tt.. o i 
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leu1at1on tor 

tontnt1vel1 to lcot own nnd Prus• ~ Kz valuo:a 

as being tl bo t ()t thoir fiCUro • Calculnti . ot 

b1 t 4~.2.5 tor d = 6. 9lt- R, tr -., londD to 
i) 

aznao... 3.8 i d ~Ott= 3·67 X, W1Qh ao not 0 

agr e n. ll with 1'0'tJn and PrUa' s GznJol+ = 3· '70 A 

and &cus 
4 

a 3. 42 2. (J.111s is pr61riaionnll.y 

attr1butod to t ho oct ot t' 1on1c t- Sli~ re 

tom tionod 1n t '":\ph, ~oct1on If., 

and tts su eq-to10nt ofZ, ot on q). 

the nl t1on t 1nterlon1c distane s 

in tini.to conao:ntrotions and at illfinit dilution 

l14l on o tabl1 hod . cl .u-ly, dtltn. t 

vnricu souroo be c pared by this thod and 

vnluo for 

o.t 1 at a lar vartat1on 1n tho ~alu ot in 

T blG 1 v!ll 

to est to a value tor 

Jt ~Oil oalc1t= S\lli:')'bntc ba boon suo d to 

cl ost to t val ror bor1· sulp te, ns Co 

b.nu a lor'~ ion a1z t Ul hate 1tJ not Vl ry 
0 

aolublo. ~ vnlu.oo ( tor q = 6. S)lt. A) it 1s 

soen t t 1c . 0... 1s '1!1 elos to .., "0,.. we 
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wU t nsaulllO tbat tbi ol eno holds at 2!t'c, 
so that tlt1Y take s'\ ~ 'Ou8o4- o.t 2.,-oc. 
Tho apprceiablo ditfor- nee ~on the eeyatnl 

rnd11 of the rt ana coppor ions ne d not aff"oct 

this ascumption bocauoe diaeocintion o tnnta 

arc lndopondant or !on vue, it q c 6.~ R (as 

wo navo decided 1n aoction ;). 

we thus toko Oa. = o.oott-3 : o.ooo? uh&ro 

t 11nl1ts roter to t unoo~tointio 1n tlle 

oo:upo.r1son ot bo.riuo $Ulpho:te nd coppor- ulph.nto 

d1ssoo1 t1on oo, t nts. 

1. Vattious tboorotiaal o.pproo.chon to 

d10soo.tnt1on co.nat:mtJ havo boon ravtawo4. 

of o1n 

ottoet or oonoentr~tion on thG distnnce 

cl1utr1l#ut1on, (!U cootod by nob!ne<m 

nnd tokea 9 l"..no bo n 1nvoat1~ntod and ""ound to bo 

smull. roo ottoot hn bee11 applied quolitatiw]y 

1n a clifsouns1on of' tho oo to Wioh t~o Dj rruo 

oquat1on l't..a b0 n pttt. 

s. D1aooc1ation constiU'lta 

froeozing point doproSDiOl.Lt an4 u uott.Ance, havo 

boon o0Clparo4 by tho us of part- tors 1n the 

DjeJn"Ulll equation, and u tt~ .. ttati choico f"lto:!l 

1ir0\1n und Pruo ' s vnluoa J\a be n de. 

If.. o d1Beoo1o.t1on oonat!Ult ot bnr1un sulp 1o.to 

\le.S t . n ae botng o~ ua1 to that or coppol' INlpnatu, 

and lioits ot error wr ustillatoa. 
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