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The mcdern theory of el-eetnoåyt,es detes fnom the work of Debye

and I{iíekel- nn 1,923, elt}rough it had begun t,o te}te shape me}?3r Jrsers êã.y"-

l-åer v¡hen BJerrumn Jahnu I'troyesu and Suthorl-and y'eâl-iøed the importanee cf
t,he el-eetrost,atj-e fos'ees betr¡een free lons, end garre tho ftrst quant,l_ta*

t,i-ve tneatme¡rt of then,

Debye and Hríekel-tr took as thelr nrodel an e.!-eetrolS,te eompÏ-etely

dåssoej.at,ed i-nto rigi.dn spherieal-1y s3rnmetrieel- ions" The j-nteraetj-on

bettnreen these lons **as eomputed by Coulonrbss Ì-ar,*', assuming the mediurn to

have t,he di-el-eetvíe eonst,ant af the pure sol-ver:+,u The ions weræ assumed

t,o be poåvrt, ma.sses of negltgíbl-e di.ner¡siÕns. Wi-tþ¡ suttabLe mathernat,åeal-

approxlmatíonsu the tÞreory l-ed to an equat,ion for the geornetrle rnæan e.e*

t,ivit'y eoeffieient of an eLeet,rot3rt,e í¡l dil-ute sol-utj.on ?rhåbÏì eontaj"ned

no arbåtrary eonstantsu Thi.s fa¡nil-tar oquatlonu the Debye*Htiekel_ Timåtlng

Latr' pnedåeted fnon fårst pn5,neÍ-pLes the themrodynanle behavj.on of dílqte
etr-eetrol3rte and its dependenee on val-eney, temperature end the properties

of the sol_vent" The faet, thet val-ues eal-eulated from thås eqnrati_on a,ere

in agneement wi.ttr tho experimentel- data for many stmpl-e el-eet,ro]-S,es ån

nrater eÏroro'ed that these el-eetrol-iLes behaved in a manner eonsåstent, with

the assumption of eompl-ete dj_ssoelatåon.

The eonduet,ång r:er¡ter of an e1-eetrelyte al-so ts ånfLueneed by ånter-

i.oni-e foreesu and here the troetment, ¡nodj-fi-ed. by Onsage*2n l-*d t,c anotheu"

J-im5-ti.ng Lale for di-l-ute sol-utions - the Debye - Hiiel<e1 - Onsager equat,åon,

The suecess of the theorSr 1n thls direetLon wasu if an3rth.rngu elr€n mor€
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st,rS.king,astheaecurated,ataneededt,ot,est,itbeeamema¡reabrff}dant,a¡rd

**ere extended over a wide Yevlge of eCIndlt'5-ons' Onee rnore tÏre c'uarrtj't'etj-¡¡e

agreernen" ì¡etr+een the predS-eti-ons of the tireory and the highl-y aeeurate

expertmenta}pesu]-tsformanyseltsseemedtoj.ndieatethat,thesesa]-ts

wereeompletel-ydissoelatedåntheextrernel'ydlïuteregloneonstd.ered"

Themaj.naehj.evementoftheDebye-Hueke]-.Ûnsagertneatnent

was to draw attention to, and to show hor"¡ to eal-eul-ateu the effeet's of the

long nange el-eetrostatle ånteraetLons l-n dil-r:tCI soluti-ons of eleet'roj-3¡tes"

Thås t,reatment nCIt onl-y sher,¡ed that. the ol-der Âvrheni-us t'heory r¡f el"ee*

trolyt,ledissoej"ationhadt,c¡bemodifl-ed,but,it,point,edthewaytode-

vel-opnrenÌ:sinthetheorSlofeleetroS.ytes*t,}retrbe}ravl-orinini:r+"uresn

t,}ref.rviseos:l-t¡rgre&ttivf-tyuandsOÕn*.,¡hiehdo¡ninetedreseareh!nt,he

fj.eld, ef so].ut,j-ons for Ïnê,nJr years. Tx,le dernonstrat,ion t,hat rrnany sal+'s Í-n

trater r","ære eonÞtrete]-y dissoeíated i'nt'e Í-o¡ts 1n elxt'remel-y d3'l-ut'e so'ltltfons

r*as lmport,ant, but lnej-denta3., aird !.t ,,¡as ¡rot edvaneed as a ru].e of r¡nivey-

san.va3.1.d5-t,y"Ïet,t,henewj"deaofeomptretcdissoeiat,íonïyå,ss0attrae*

tlvely st-mpleu and j-t Ïrarrnoninerl so happily røj-t'h't'he l<ner¡ledge newx-y gained

byx*naymetho¿lsc¡fj.oniestru.eturesinsa]-teryst,a3.se,ndvyiththewlee-

trotnlct'heoryofr¡a].eneyt,}reninproeessofdeve}.opment,thetitpassed

int,oporu,lå3"6ei:eneeasttheeom'pl-etedi"ssoei-at'iontheonys"simpl-eel-ee*

tnoÏytes sueþr as alkal-i metal- ehl-ori-des r'vev'e natuval-]-y ehosøn fov" st'udy i-n

folS.owingupanda,ppl-ylngthen'evrtheqries;forÏngn]r]réayei.ttrasrlv.lfas}r*

ione.ble to study eleetroïytes t!'rat devj-at'ed from ideal- Debye - Onsager

behar¡lor, and the aeeumuïat,i-on of infomratisn about t'hem has eonsequentS'y

been slorrl'
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Frorrl the beglnnrngr'hot"revetru It r.ras imown that, sr.leh de',,rj-a+"åons

r¡ere not uneôrTünon; ûnsager in his earÌ-y påper quoted approxfunate dis*

soei-at,i-on eonstants for potassiun nitrate and other eleetrol3rtes. l{ore-

Õwetre the eau.se, or at Least, one possibtre eeuse, of sueh deniations t¡Iås

e1"earl-y appreefatedu In the methematieal- simplifi-eation of the Debye *

Hiíekel- treetment i-t had to be asswred that, the el-eetrl-eei energy of an

ion i-s srnel-l- eornpened 'rrlth its mean themnal energy" This vrul-l- not, he true

fon small- ions whi-eh ean approaeh one another very eloselyo as een easS-I-3r

be seen by remerrrberi:lg that ttnro poi-nt ehanges eorning t,ogether wou1d neerl

S.nftniÈe q¡rorlc tÕ sepanate them agaiil" EspecÍ-a11y r"rå11 t,Ïri-s rlot be true

for sftalï ions of brigh val-eney end for soiutj-ens j-n crganie medis of

l-or.r diel-eetri-e eonstant" Á. method allor,ríng for thj-s eomptr-ieation r¿as

proposed b;¡ Bjerntm3 S.* :-9a6" Using the same model- as Debye and H{ieken-"

Bjer"rum plotted the probebi.lity of finding en ÕppÕsite1,3r eharged i-on at

a given dj-stanee from the eentral i-en" The di-stribution eìår\re shor.¡s a fl-at

mi-ni-imm at a distanee v¡here the wor!< of separat,ing the tvro oppos5-tely

eharged ions i-s four tirnes ås great as the ntean kinet,S-e energy per degree

of freedom. This dåstanee i-s 3.5;8 for unival-ent, ions i:r water at 25ûC"

For l-ons so 1-arge that their eentres eannot approeeh more el-oseXy t,hara

thåsu i-t, i-s assumed that the Debye - Htiekel- 3-3:nåtf-ng equatton shor:l"d be

satS-sfaetory" Hornrer.rer, smalf ions ean approaeh t,o distanees varying from

y * 3"58 to n = å, where 040 i-s the surn of the redii- of the j-ons - d$-s-

ta¡rees at -v¡hj-eh the work of sepenatS-on ínereasØs rapid}y and een beeome

verSo ]-arge, BJerrum regarded a patr of lons wlthin thís range es essoeiated
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to form an lion:pairs. The assoeiated ion pa*Ès eoul-d be treated

neutrål- ïnoleeüles of unj.t aetivity in equili-brl-um vri.th free icns:

C+ + A- ? 0*¿- I 
t; 

and the lar,r of mass aeiion eouid be applieci

give the dissoeiation eonstent of the 3-on*pair"

4g

It d'bes not fol-l-ow that every deviatlon from the Debye * Hntíekel- *

Onsager equations 1s t,o be attrj-buted to lonie ¿ssoeiati-on tn tlte Bjernum

sotls€o fon*sol,nent j:rteraetíons must also be taken i-nto eonsiderati-on"

The extent, of thi-s interaetlon for various eleetroT-ytes has been studied
ah

by Stokes and Robinson/ and alsei by GLeuekauf-. St,okeç and Robi-nson

apply lrnol-e fraetion st,¿t,lst1est to deri-ve speeS-ftr"e ltydretl-on ni¡nbers ç¡hål-e

Gleuekar¡f uses Bvolurne fraetion stati-stiesc" A rnore detaÌled d'íser¡ssi-on

cf their treatments r,¡il-Ï follov¡ l-eter i-n this thesis"

Another eompletel-y dÍ-fferent approaeh to the pvoblen of el-eetro-
E,A"r

3-yt,ie solutío¡es ]'¡as been teken by Frank'u"u'" He beLi-eves that a model

eompT-etely different fnom that of Debye * Häekel i-s needed" He beses his

beLi.ef on the feet that y.eal- sol-utlons obey a er:.be root lar'¡ of the fomt
't Ia

log få = å - b e-l,-'(where fg i-s the mean retionaL aetlvf-ty eoeffiei.ent)

ovsr a y"ånge of eoneenÈratíon from 0"001-M tc 0"02 or 0't3M" "{ssunång

that, t,hi-s eqtrati-on is physÌ-eaÏ-l-y sf.gnlfieant, Franlc proposeC that aft,er

confoyzning to the Dehye * Hüekel" formulat,ion from C e Û to about Û"0Üll'l;

the i-on atmosphere gces over inte a pseudo-l-att,l-ee shape whielx resr¡l-ts j-n

tge euhe root folm of the 3-og fg funet,iq¡n 1n the obs*nwed r"enge@ Fnank{s

dfffuse-l-attiee cloud6 saens to elear u.p some of the anomal-i-es betçseevr

expenimentaL eesults and theory" but at this st.age of development åt j-s

to
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very quål1tat,1ve and'laeks quantf-tat'j-¡¡e pv"edieti-on'

,4 ]-arge variety of exper!.mental- rnethods ha¡ve been used to provlde

ånfomtati-on eoneerntr-ng l-onte solutions and t,o test the t'heor5-es mentioned "

Three broad eategonles 5.re:, kinetie or transport phenomei'Ìåe el-assieal

therrnodynanies, arrC speetroseopie methocls" In this thesis two major

experlmentæl raet,h,rds were empl-oyed - våpour pressulfe and di-ffusl-Ôi:" Some

eonduetanee and vÍ.seoslt¡r wovk has al-so T¡een dsne but T have given 8' Oeffi*

q

p}-ete theoretS-caL treatrnent of these 3-zr my lui.Sen thesås"' In t'he next' t\''ÍÖ

seetions of -Lhe lntr"od.uet,i-on I shal-l- giwe a eornplete theoretleal tnter-

pretatÌ-oi"r of the aetí:¡fty and diffuslon eoeffieíents of el-eetrolyte soltl*

ti,ons"
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The part.ial- mol-aL Gibbs free energies, or ehemleal- potentialso

ti'le sol-vent end solute ane:

(J.jt! /d \l \
a t- 'n ì)

^ 
h ¡Ê9r9l

õo-õi=RT1na,1

/ ry\

rrhapa n * rlo16{s the number of rno]-es ôf sohrent and sol_ute tn the"-åu "B .."''

sy6tems Since it is more interesting tc study the vari-ation of ehemleal

potent,ial with eoneentration than lt,s absoLut,e val-'.1e, lt, is usuaï to ex-

pyess these que.ntl-t,ies aÉ L dl-fferenee betr'reen tite absol-ute vaiu.o and that,

whi"eh hol-ris irl some speeiffed standard state" The standard state is i.n-

diee.ted by a superserlp'L u@poe ol, oË" The ehofee of the st,andard state

ås ent,i"v'e13r ar'oit,rary: Ì-t, may he a pure eerriponen'i:, a saturat,ed sol-ut,l-on

or some entireÌ-y hypothetieal- sol-uti-or"¡" In the ease of mixed f-iquíds

r+hich are nÕn*e]-eetrolytes, for exampT-eu t,he st,andard stat,e for eaeh ecm*

ponent is usual-l-y taken te be the pr-rr"e st,ete; thi"s ehoi-ee preservðs sTrffi*

metry betr"¡een the tr.ro corrlponents, vrhieh is ueeful" in the study of these

systemn "

For eleetrol-yt,e sollrtions, the stanrlayd state to rrhieh the free

energy of the sol-¡¡ei:t, is refeyped is invariabl-J¡ t,he pu.ne sol-vent at the

same t,emperatuE'e and pressure" The eetlvitSr ef tl¡e sol-vent, a¿, i-s then

¡{aft'ae¡ì hrr.

fa\



Sinee the pure sol,¡rent ean exist, in
o.sure p[n and the solut,lon uith the

asstnmllrg the vapour t,o be ideal-:

-oi 
= 

-oi (v) + nr rn pl

õu = o.T (v) + RT t-n pu

f1
r

ii,s vapour at pres*

partl-a1- pressut:e pÀó

equíl lbniurn wi-th

sal-vent vapow *t

and

( ¿r)

\)/

r,rh.ene õfi iv) is the mol-a1 free energlp of the vapour j.n t,he stanriard state

of one atmosphere pr€ssure at the tenpenature T"

It fol-treiçs fyom { j}, (4)" anu (5i tf,at:
på

e" =* {A\*å t \v./
PJ.

strietS-y, the natlo r¿/ry! shoul-d be repl-aeed hy t,he pati-o of the fuga*

eities, r[/n-] " HÕvret/en, the vapour. pressures of most eonmionlSr used
tu

el-eetrolyte sol-utions êve smal.l enoi.lgh to make thj-s ehange negl-ig1-b3_en

j-,eu the vå.pour rney be essurned to be an tdeal_ gas.

Fov' ol-eatnolytes, howeveru t,he pure solut,e Ls not e vôrjr prae-

ti-eal- ehol-ee as a standan{ stat,on sinee it i-s frequently a sol-id or J-tquåd

wi-tl: prepertj-es very different frorn those ín soluå{ons, fnsteed, 5-t is
the praetj-ee {o use &.s standard st,etes eertaj-n hypothet,ieal- sol-utj.ons"

The çtandard state fou" a eomponent eo¡rsidered as a sol-r*t,e B i-s basc¡ci

ott Hennyes Law. Tn ""he Lifiit, as x, *-* @, % **+ )ir, and the aetivity
eoe'ffi-eievat rg 4 l-o The departune of y, from uirl_ty j.s a measure of the

departure sf the behavior of the so1ute from that, preser5"bed by Henryls Låçy,
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Henry! s Le.w irnplles the absenee of interaeti-on between moleeu].es of

solute.Thereforethedevietio¡tsoftheaetívS.tycoeffj.cien+'sfromur'lity

fir@ãsutse the effelets of intereetlnns between sol-ute speeíes ln sÕlttt1on"

The l-!mi-tj-ng forn of Henryîs Lew for an e1-eetrol-yt'e whi-eh yiei-ds v pev-

t,Íel-es o¡l dissoci-at,1on is:

Eå * k" å-\rtl H r:l

TheuffiÞlst,amdardstateforanel-eetrotr-ytei,sa

inwhie}rtheso].ut,eo-ggu].dexistatrmt+-rno}-a1-f.t.yandone

sure bu-'t n"oul-d sti-l-]- have the environrnent typåeal of an

sol-ut,l-on that foLÏon"red Henny! 6 L&ts'

Tlte free enêrgJr of the solute cen be represent'ed

(?)

hypothe+-Í.eal- state

atmæspåere Prës*

extrernelY d3-l,ute

(rr)

õ.- * e ;,- IìT l-n ao-tsBIJ

b3r the equatl-on

lRl

i,¡here Ç t= the fyee eneygy j-n the st,sndard stat,eo and au is the aet'1vlty

of the sol-ute on the mol-al seal-e' Ðenotj-ng t'he eettvåty of the eati-on as

ø.* end the aetivity of the anion es &* tne ean v¡r{te:
2

*B=*+å-=a+ (E)

The quant:lt y af u the geometrlc rnean ef aç end a- is eall-ed the

mean aetivi.ty of the i-ons" The irrdividual j-onie aetivity eoeffieients

Ya end Y* måY be defi:ted as

ïn praet,ieeu si-n(}e lt, ls åmposstbl-e to measure indj-¡'ri-dr¡al- i-CIn aetåv$-tles'

onJ-y the geemetnl-e rÈËåns of the eoeffi"elents {y*,) ?rå11" be measure'bLe' t'r}:ære



"rt - l'¡ u* Y-u-
llquation (B) ean then be i,¡ritten

åp ãIll{- u**^u- 
Y+ 

u-tï*u-
¡J

1r"l \

ÕP

Xiv ,, .tÁ)e* = &B*' " = (rn4u* ltl*v- Y+-v"?" y- u*)-'" (lZ)

l¡,rhen æquatfon (l-l-) is substttuted"Lntei ea,uatiön (l-z)E yt is cht,ainæd as

e3'Í*= rc, (13)
(m+'u**u -)-t"

þ'orthe sol-utåon of a si.mple ssLtu of mo3-e-Iit3r mu ¡6u, = v .u m and-

m* E u* tn henee,
9¡ -¡.

ri = ru {l+;

TÌ:e mean j,onie aet,ivtty ecaffj.eíent yg is r.lsed so often thet, i-t i.s ab*

brev-iated to T,

To emphasj-ze the departure from ídeal-ity indl-eated by tkre aet,l-vS-ty

coefficient, of the sol-ute anoth.er usefuS quant,S"ty mayr þs defined, Thj"s

quentitS. ts tlie moLaJ- osnoti.e eoeffleient, r"vhieh i s gi'ren by the equation

,¡ * l-tÛÛ
Y - v'lri l{n ¿{¿ éA

Thås moLal- osnrotie eoeffi-ei,ent is related to the csrnot,i.e

v RTi{r"n = *** *.-å #m
l-0t0 v.

J{

l'l <ì\e) t

pressi.æe b3r:

l"r Á\

æhene V¿ fs the pertS-al- rnol-el- wohu¡re of the sol-ventu

hlør," th.at, the be.ste eoneepts and defini"tions have heen deaLt, .ç";åth,
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åt j-s posslbl"e to di-seuss the theonetåea1 interpret,ation of eÞremåeaL

potelati-a1-s. The problem of aeeounti.ng for the theymod3mamåe propert,i.es

of a sol-utlon ls best eegarded æs t,hat, of fånd9ng a theslr"etS.eal *xpression

for the non*ideaL part of the ehemi.ea]- petent,i.al- (of ei.ther eomllonent) as

a fi.¡netio¡l of eomposåtionu temperature, dieleety"íe eonstant errd e.ray other

'rel"evæ¡tt va::i"a'bl-es" Ïn praet,f-eer the aet,ivåty eoeffieient of the solu'ce

is usual-ly mer6 eoru¡enåent to handl-e than the eherqieal- poteitt,S.an-u end the

prcbl"om aeeord$-r:g1-y heeomos Õne of findlvlg a theoreti-eaI expres*ío¡t for

tho aetivÍ-ty eoeffj.elentn ås hes bee¡e prevÌ.ous3-y statædu no adequate

theeret,j.eal- rnedel based on the atomj-e eharaeter{sties ef the ions }:as yet

been d.eseS"oped r'rhíchr i-s abl"e to aeeount for t,Ïre therrnodSrnarnåe propertS-æs

of aqueous soLuÈions oveÌ: r.rÌ-de ranges of eoneentratton, For eomptr"ete3"y

i-onåøed eleetreJ-yt,esn hovreoJere expresslons Ï:ar¡e heen derived by ûebye and

P,äeke# çshi-eh prediet, exaetS-y the l-{mit,i-ng beha"wåos" of aetÍ.vlty eCIeffieients

in verSr di.l-ute soh¡tions" Sl-nee the d.evel-opment, of the Debye - Huekel-

theory hras been eovered so often i-n enementary textsu onÏ-3r the final re-

suLt rqi-lL be stated ?aereu The expnessien is

- - ,tl z, zzl {ti lz
log'¡t= %

I +- Ba (r)-/-
t, r'¡\

r'shere Z, ar'd. Z, are the val-eneies of the 5-onsu !Iû i.s the j-onf e strengthu

?a0 ts thc dist,anee of etrosest approaeh, and Å and B ane eonstants that.

fnve¡l-ve the absol,r¿te tenrËereò,,uye and the di.el-eetri-e eonst,ant of the so3-vent,,

as fol-l-orvs:

Â * {mö)L/, . fuor' fu, " ffi#d {xB)



e=rffi¡r/z fryn"mf#
.L¿

(19)

Sinee equation (1-?) aont,eins tþre parameter taîdefi:red as the od1stanee

of eLosest approach0 of the ions, the fomLula fer t'he aetlvf-ty coeffleient

is not, expressible sox-e3.y iyt tevms of tneasurabl-e qlrant'i'ties' Howevenu it
t l,t .l iP,

j,s eïe*y that, at very 3-etr *alu.es *f (I)ai'u the tu* (Ba(T)-'-) r^'å11-

ulti-me,t,e1y beeeme neglÍ.gi-btr@ eorftpered t,o r¡vritys and (l-?) I'rt1l- appnoeeh the

fonn:

log r* = * lv lzyzzl (r)rle ( 2r)

This is the Debye * Hii.ekel-s 3-åmi-t,Lvrg law aeeodång t'o r'&j'eh log Yg eÞ-

pr*oaehes trineani-t3r !n tlte sq-ú.s,re y"eot of the eoneentration at hågh dtl-utj-ons"

Ii, i-s not to be expeeted that equation (2Û) r'v5"11 be obeyed aeeurately at

any experåmenta1 eoneentratì-onu si-nee the prod\t*g (Ba) 'is ån preeti'ee

a\wqgs of the ondæn of unitY'

For many åqueous solutåons the expresston (lz) rs eapabS-e of re-

presenting the observed. aet,5.vj-ty eoeffieients v¡it'h r;'er3r good aeeuraey by

sirnply ehoosSsrg a vaLue of the parameten a, 5ndependent of eovreev¡tratlon"

and of a physleall-y reasene.hle magnj-tude. Thls oiten tleLds up to ave fonte

stu.engtle of ebc¡ut I = 0.iÏ-, çrhen the iovrs are separated en the average h5r

Ðo more than about 2tä ' Here their mutr¡al- energ]r wouLd he expeæt'ed t'o be

of the sarne order as kT; it appears" therefore, tÞrat t'he sårraplø di'st'r-i"bu-

ti.o¡l - firneoui-on used 3:t derlvf:rg oo.uat'ien (1?) ic feS"rly adequate'

The denivatiCIn of **"*:1:" (rz) ts sueh that t.he nurrnerat,or of t,he

È t'/

r,.ght,*hand sideu -li lz{g"¡ (r)'/'' gives t'he effeet' of the 1-eng range
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co¡:l-omb fcreesu a"hi-l-e the clenomi¡ation (t + ga (ï)1/2) shows how these e.re

modi-fled by tÌze short-range åreteraetions betrveen lonsn q*Ïej-eh er@ r€*

presented on the err.rdest rnodel-o as non*deformebl-e spheres of equaÌ- nadii"

trn any aetual- sol-ution there are short*råÌ?g€ intere.et1ons noetv¡een i-ons and

sel-vent molecuLes, as well as othez' t3pes ef shCIrt-rang€ interaetions

bøtwesn 3.onsn ç¡hi-eh eannot be adequat,eT-y eepresented. by the r!"gid*sphene

model. These are all- f-i"ke1y to Jre of a t3rpe giving an e,pprextmaten-y 1i-near

¡,oari"ati-eyl of Log y3 r,rith eoneentrationn Consequently they ean be tr-nelud.edu

ån a hl-ghty empirieaÏ. fasirionu b3r addång to (tr7) a term li.nean ån the eovr*

eentrationo thus:

i,og y+ = "¡- lr T ( 2l-)
å+Ba

r¡rh.ere, noî,ore!b'9 as r,rell- as 8at is en @usteble ¡rarameter" Equetíons l"ike

{Z:-} aee r"r3.deåy'¿sed foy the analyt,ieal- repnesentati-e¡r of eetivlty ecef*

fieientsn espeeial^1-y for fior1*¿xssetiated 1:1 el-ee"',rol3rLeso vshere they are

usually abl-e t,o fit the data witÌtf.n experinentatr åeeureey up to &. öorr-

eentvatlon of at l-east Õne molal"

From eomparisons ef the lonie sløe parametep, ao neeess6.t"y in the

Ðebye - Hiiekel- equatS-on (L7) 
" r-rj-t3r the dj¡aensions of the ery-stelLograph!-e

nadiiu it, seems tþra"u 'Lhere are goed grounds foy" bellevtrng that the kiiretie

unit of the soLt¡te i:r meny e3-eetz"ol-fce sol-uti"ovrs j"s an ton w'i-th sæveraL

re3-atively fi:=rr3-y attaeþred rqater mol-eeuLes, Thie suggests t,het, the ae-

tívity essffieient predi.eted by the Debye * H{iekel- èreat:rrcnt 3"s aetua,Ll-y

lhe msan mol-al aetir*"ty eseffiei-ent of the hydrated i.ons" Talting +"hi-s 1-nto
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eÕnsideråtio¡t Robj¡¡son and Stokes3 attempted to derå're hydratåon mirrlbers

from the aetivi-ty data avai.lable applydng smol"e fnaet,i-on statistiesl as

follows:

Cbnsider a quantity of sol-ution eonteÍ-n$.ng one mol-e of anh3nCnous

sæl"uteu B, dissoeåated irrto v* rnoies of eati-ons and v, mo3-es of aníons,

dåssol"vsd in S moLes of sol-vent, Á.n The eal-eulati-on of the fjxed tot,al

free energy of the systefru G, may be performæd in tr'yo wåys: (a) eonsider*

ing the sol-t¡te as unsùlvat,ed; (b) eonsi-deníngthat a t,otaL of tht mel-es

of selvent, avs eomhi:red v¡lth the v moles of ions {dtvide¿ into hU r¿ol-es

of v¡ater ee¡rnbj-ned rrj-'bh, the v* moJ-es of eatåoms, and h, xto"J-es of wat,er

eombi-ned. with the v, moles of aniovas), Let, the solvæÌrt be dene'beel by e

subseri-pt Au and the elzemi-ea1- potent,ial-s and aetivity eoeffíeåents *al-*

eulsted on the basis of t,he sol-vated i"ons 'oe dist,Ì-ngui.shed by prÌmes: Gl' *

fî, ete*

ïn vi-er"r of the

and

arguments of t,he preeeding paragnaphs;

=sõA+vrGu+ 'rG, (zz1

=(g*h)õAuul,o=-. "zõ;
j"ntroduetng for eaeh. eþremieal- potential lts expression {n terms of the

appropniate nol-e fraetion and aetivS-ty eoeffief-entu and" rearranglng,
(7:t ãtt) /pr *. ., IFO ãuo" /o.r. .- ËÖ / n- r- ì--ul ltl- - t l-, , vZ'uZ'u Zi lftr + n trA / itl + lì LYåâ.Urr

S+ v*hu lnffi + u'i*k*urinfr= ul. 1* *l,t *- u 
, Lm f I (Zb)

Nor.ã as S **4o {í"e, at l¡lfi-srlte dl-l-uti"on) al-l- the aetår"j.ty eeeffåei.ent,s

beeorne ull3.ty and au beeomes unity, so that aLl" the T-oganithmi-e terms are

f rq\



äÐyú end henee the su:n of the fiE"st three texa.rs en Èhe

u¡ol-rotng the ebemie¿I petential-s j.n the standayC st,at,ee

trædueillg the mean io¡råe aetivåt5r eoeffieients Lnstead

se¡rarate roni.e aet,llrlty eoeffieÍents:
a * h. å^ +rnå4.-u..--:b_Lï1 r"+=.LïTij+*-l-n a \"¡*,!

(fn eryfving et 't,kris resuSt, lt Ìtas been assrmed that the value of Ìr in
the eetual- soh¡t,ion i-s the se.me as ¿t infini.te d.ll,utåon,) This result, is
irz praet,iet mÕre usafi¡f- u"rhen oxpressed. in ter:ins of the eor¡vent,j"enan rnea¡l

rnoLaL aet,S-r"5-ty eeeffteient ït and tSre raotral$"ty m; using the rel-atiolts

^ 10cCIt = tffo r.¡here % fu the rnol-eer.:_Lae weight, of t,he sø3r"ent, and.
l:

f*=B(1"+ü,otl" vl,,,,lu-m)

3-n fo-t - 3n ys: * þ:-* eÅ + l-n I l- + û"tt1 -rr,rU(v * f:).1 (26)

Oru p"at,t,ing i"n ao in t,emrs of the es¡"notie eoeffåej.ent

3-n a^ =
- yü1m

}!ffi
n"n fgr = l-n y3 - û"001- \!un@ + l_n I I + 0"0t]- %( u - h)m j tZ?]

Nor,r ff or" 8.å ean be eal-e'tll-ated ff y+ i:s knovry¡ over the rangÊ ef eomnoslti-o¡l

trp t,o tltat eonsideredu or aLternati-ve3_y 1,& eån "oæ ealauj-ated j-f Ø or aU ts

s1'mi3-arly knou'rr" Henee the rat,lene-l- arean ienf-e eet,i-v5-ty eoeffi"ei-s¡rÈ çf
the solute 1n terms of the eovlrreErtio¡rei aed:i'¡ity eoeffie$-ents Ïras been

derived ' ?hæ sol-ute is ass',.:med soÏ¡¡et,ed "r¡ith l¡ rnol-es of solvpnt, ì:er mole

ef sal"t,,

3_4

l"eft of tZt+),

i-s al"so u&tro"

of t,}te sr¡¡r:s of

.3*

:i-*

+ x4^
LI IÜ
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The onl-y extra - theymodSrnemf-e assumpt,åon used fui derS-vl_ng

equat,ions {26) end iZ|) y'as been that the value of !h! i-s .¿nehaylgod on

proeeeding to ir:finite di-luti-oR" They'efore, the appX-ÍeaÈ'ïon ,sf these

equat,i-ons to aetuel- soLutions ås iini-ted to eeses where these ane sr¡ffle-

åent sol-rrent moleeul-es to solvate the sol-ute part,i-el-esu and '"rhere the for-

ees bet'"veen tire 1-e.tt,enu and those bet'r'¡een solut,e and sol-vent aye at least,

appnoxfunateÏ-y of e satuy'abl-e nature, l.&iLe the forees betr,¡een ions anC

ç¡ster rnoLeeul-es ere at l"east niaS-nly el"eetrostatÍ-e, and therefone ære rie'b

strletly satuyebl-e i.¡r the samo r,ray that Behe-mteaLq bLndi-ng forees are,

t,lrere Í-s strong pe&sÕn to believe tha"b ",qater moleeules i-n dl-reea¿ eontaet

"¿j^'th t,he j-on au'e srabjeet, tÕ nueh greater forees of ettraetj.on th.an those j-yl

suhsaquent 3-ayersu and thenæ is a l-irnit to the number of sueh moS"eeules*

Consoqu.ent3-yu 5-t is yeasenable t,o erpeet, the assumpttow of an rhç -coal-ue

5-nCependent of eerneentyati-on to eppS-y t,o ¡roderate3-3r hLgh eoneentE"atS-o¡ts"

Ïn paaet,iee the l-j.mi-t, is oft,en reaehed when abot¡'u e. quarter of the solvent

mol-eeul-es are eornbi-ned with ions"

It is posctb}"e t,o eombine equatS-on (25)',iåt,Ìr tÏ're Deibye - ä{ieken

equation tl?'¡, takS"ng 'Lhe l-attec' Lo deal v¡ith i-nt,erionle fonees and the

former to deel- wi-th the i"o¡l-sol-vent forees" Ê.part fc"om the obvtous ad-

'rrantage of -rrsf:rg e model r,¡hieh eertainl-y eomes el"oser t,o the physíeal-

real-3-ty, t?t1s preeedtreæ goes e long vray t,o"arards 3ust{-fying another asffïnË}*

ii-en 3nrp3-ieit å:"¡ the deri.vat,isyr of equat,ion (L?), naraeS-yu that, the dl"e*

l"eetyåe eonstant, e 1s that e¡f the pure scl-veRt. The vrork of Hastedn

R{tson anel Co}}i.u9 }**u s}rovrn that most CI,f the ohserved Loç"rerfnE of t}re bul-k
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di"eleetr.ie eCInstent by S-onÍ.e selutes enj-ses feom effee'Ls it'¡ the first,

Layer ef r.¡ater mol-eeirXes round tlte S-on" ff thi-s I-ayær is taken as pant

of the selute part5"cl-e and i.f other i.ons do not penetrate 3-t,' tlte dt*

el-eetric eonst,ent of tkre T-Lqu$-d outsi-de may fatrS-y he t,aken as that of the

pure solvent"

The sLnrpLest t,s.eatment r¡f the effeet, of i-onie so-l*¿at,ion on the

aet,i-vity eoeffÍei-ent, woul-d he, as suggested a'bove, sixtpS-y tø eonbi-ne

equ-at,lon (25) with the Debye * Htiekel- expressione wher€ the letter gi-ves

the eetívity eoeffieient, of the solvated ions, 1-og ff$" Tltis eourse -is

eonsistent raåth the faet that, t}:e Ûat val-u.es of the Ðebye * H{ieketr ex*

pnessÍ,on eoprosp{Jnd. to t}re d5¡iensåmns of selJ-vated 5-ons" T}re resultltlg

axpression is: 
,t lp* L lzyzz I r,.\)-,*I rnrr \,+ =_*Þ I_ "*::.î:,*

i- rr' Ba (Yj''t'
þr l-oe a.

- _1i

V
- trog I I "+. O"ts]- ]fÅ{ v * h}ml

(28)

Equat,ion (ZB) tu** been ext,enstrve3-y t,es'L,ed and i"s renarkebly sue-

eessful- rsith non*assoeiated e3-eetrol-3rLes" Brate sême &Tlsmalous hehevior

Ïras been observed, Ftrstlyu tho l-argest ani"ovl ls the most seLvatedu a

eonel-11sion et, varianee wtth both reasonabl-e expeet,at,ion end ether ex-

perS-rrrentaL f-ndåcatirns, Seeend}yu the solvetlon ni¡nbers îhr ero ¡ret

acldit,i-ve for the sepanate ions. Thirndly, l-cr,r val-ues er@ obtai-ned fot'

potassi't-rn, aniømoRium and rubidi-urn saLts índieat,ång t!:âÈ the ehloeideu

brornide and iodj.de 5-ons rm¡st be only sli.ghtÏ-y h3rdrated.; i.t, fol-1m"rs thatu

v,¡here hÌ-gh vatr-ues Õf 0hr are fo,und, most of the hydratioyt must be at*

tribr¡t,ed te ttre eatieyn, Thts i-s qult,e reasonable slnee the avrions stud'j-ed
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have al-l been l-arge andu therefore, have Xow surfaee eÞrarge" The vesuLt*

Lng eattOrr hiydratS-on mrmbersu hnrorever, do Seenc ra'ûhen 3-arge" în pan-

t,Ì.eular, lf tlse racÌir.ls of spherÍ-cal eations eontein5-ng sueh amorxrts of

røatey" ís estijðeted, one ffnds thet, the stm of thj-s radtu.s and the ery*

staS-Xograph{e radius ef tha anion eltceeds the nequired vElue by about
00

t"?4. fos" l-:l- saits and .f-,3Â far ZzL sal-ts. This rather unsetisfaetory

sttuation is deal-t 'ori-th by assuming that w}¡.en the eníoEt and eation me€te

the aníon ean pnetrate Ì-r¡to the hydrat,ton shoath of the eaÈton te thæ

extent of these dlstanees; the gneater peiletrat,íon sçllevl the eati-on l"s
@@

divel-ent il"3.q against, t"7þ") -ovoul-d thus avi-se fc"Õrn the greater atåraetion

1t has før 5-ts anåo¡1"

Using'¿he eoneept of a limi,ted penetratiovr of the anion !n'bo the

hydratlon slteath ef the eatíon, i-t has pro'*"ed possi.b3"e to obtai"n s, e"e*

Xatlon between the penarneters h anei au of suffieS.ent aeeuraey to pernni-t,

the eal,er:Lation of the aetiviiy eoeffi.eients of the ehl-orides, hromides

and i"odides of the al-kal-i and al-i<a1i"ne eanth metel-s and h-vdrogen trl-t,Ìr qui-t,e

good aeeuraey (Uetter than one per eent) up to ioníe strengths oft,ere as

trÍgh as I = I|,. The rel-ati-on betr*een lihrr ånd. "&rti-ç obt,allted as foll*or'¡s:

Tlao voLume oeeupf-ed hy a 'vrater moleeule in Låqr.Lid t¡ater at ZJo *-" 30fi3'

The voiume of the hydr"ated. eati-on (tai<ing the enS,ovl as unhydrated) i-s

t,herefore {3ü h + VU), w}:.ere V, i-s t?re apparen'¿ ¡no3al- rvolume of the J.on

j-¡t Åi, V, care be estlineted frorn the apparent mol-al- vrlu¡ne of tlte saltu
-Í-

1l- , u in sr¡luti-*z: hy meåns of the focanul.a:
åi]Ð-

v_ =v ^6"r+?z^r^j¿ epp L¿
I pa)
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xl¡hetre F4 i-s the eryst,al r-adin:s of the a¡risn {in l)" Slnee V- is usual-ly
/-t

er:I-y a $nel,l- fraetion of J0!hçn i"t need net, be ealelü.ated with gres.t se-

*ÌåT'eeye a¡rd in pnaettrce it i-s suffiei,ant te estàmate the appanent molal,

r¡olume at about l- li{slal- and use thís val-ue at, al-l- eoneentratj,ons. The

nadius of the h3rdrated est,i.onu r-l , is then g$-ven by:

n

lJnt w
]L

and the val-ue of the meen

g$-ven by:

&=1*r *F'7- AJ,L

"*rhere A i-s the 0penet,ration dåstaT'loee" Slileo r{ i** a trcnown f"¿sretlçn of

ehe, çå8 ean be eal-eul-s"ted fro¡rt 8Ï':.! and the T<¡tor'Jïr er^ystatr- radius of t,he

anion" The resul-ting one*parar*et,er equat,Ì"on fe¡r the aetivS-ty eoefftcle¡rt

{fot' aqueei.¿s sol-ut,i.on e.t e5o) ås:

* t.5:Lï5 | znz,' I (r)iit
xog Y* -

3- + CI,]291 (r;rr' { ft ifon + vr) 't) + uz *L }

h_* ï tu* %- - 1*e ¡1 * 0.s18 (h *v )n, I ilz)

It, is, of eourse, not str.iet}y s 66s*på,remeter equationu foy. it

invo1rres 
^ 

es trel-l- e.s ohe. I{ornrevetru A is eonstant for eaeh el-ass of
.Ørt

saLt (0.7.4. fon l":'! seltsn 1.3 A for 221 ss.ayu) so tlnat, cnJ-y the Þanameten

th? i'ras to be speeifi-ed t,o gf-ve the eetivtty eoeffiei-ent of a salt of one

of t,hese va]-eney tSrpes. The l-imit of vaIådi'cy of thl-s eq'3sÈi-on ås gen+naX3-y

reaehe¡d 'a"hen the preduet r¡una I \2, å"Ê.e r.rhen abor.lt, one-fiftþr t* one*

quarter CIf the t.et,el" r'¡atey rnoleeuJ-es are bounc' t,o åons s.s 'áå.t,er of hydnation,

I
/,r * 

"n 
h .i- 1r (30)Íjú)vr:'.î

di-stanee of el-osest approaeh of t,he Íons i"s

( 31)
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-åbeçe thi-s l-1m1to equati.çr, i3Z'i usual-Iy predå.ct,s values r,¡þ¿i-eh are higher

than those observedr',,rhleh suggests that the hydration nrnnber is be-

g*-nnlng te deerease Ls a result of competition betr"reen neighbourS-ng

eatie¡¡rs n

Gleuekauf*u ***"**iz5.ng the di-ffieulty of i-reterpretång the 3Ïr! r,alues

of equatS-ons (28) and (32) as the aetual sì.rns of hydrat,:!"cn num'l:ers foy'the

lons cf the el-eetro}-ytes proposed the fol-l-or+ing modl-fieation of the t,heory:

ïf uq,8 {s the eet,ual hydrat,lon nr:n'iben ef an Lon 01-?, the partl-al- molal-
*8

vsl-urne of the Ìrydrated ion Vi is (ht VÂ + I/1) r"¡here Vi 5-s the partial- niol"al

vol-lane of the unhydrated ion as ord'inarin"y defLned" He t}:en assLwes that

ths entropy Õf raixing of the hydratecl ions and the sfreee so3r¡ent is given

by ttre *quatíon:

^I,i 
No - P" N-'

S-- = - F- ¡iTu in *å"-- --."* + ìilo in - *. ïf- I {31)
trî 

' ¡L 1rÂ + Fi I.{B b tu*l * *i 
'uB

. uì
r¿hene r. = :-1* u He then employs ûr¡ol-ume fraet,i-oy¡ st,atisti-ee! l.nstead of

V,1

of the rmole^fraet,ion stat,istlcs! v¡hieh vrere u.sed fn deri-ving equatton (28)"

Hi"s final expression for the ntean rnolaL aetiv$.ty eoeffi-elent Ìs:

- Arz,-7,-t rrJ.lz
n-- _., - ,_:å"*¿_L_::l c"038 * r (r + h _v )j-i'i j+:: % ì- --------- _=---:=: -i

l- + Ba (y)Lf' u (1 + t,oL8 nr)

h* ,^ h:1---- 
.3-n (l- + 0;tl-8 mr) * 5 l-n (1 - o"o38 mh)

VV

BrÏ:ene tSae quantS-ty n, no'r.¡ referri-:rg t,o thæ el-eetroÏ"yt,m as a vrho3eu 9s

t" ætVg + h VflVU, Usi-ng rÏ:rt and RaE &s parannet,ersu t,Ïr$-s eoruat,ion fi-ts the

expeari:nentel dat,a as ruvell as dees equation (28)" Rmhtneovr and Stokesl-O

heve shown that, a sfulpne nel-at,i.on betr¡ee¡r aetual- u¿e¡l-'ames and effeeg.å'¡c

1",r,\
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sr&Lwrres in soSr¡tion enabnes Õne to dlsp,ense "'"rit!: såt es an anÍ-btrary

parameter. The val-r¡es of t,he hydre'bion ni:rnbers requined by equat,Lo" ( 34)

ane eonsiderebl-y mnaj-len than those of equatiovl (28)" Furthevrnoreu the

most sepioìås anomaly ån the earl-ier treatment nor.v diseppears: the ner,.r

hydratlon nr¡¡nbers bocome nearly additi-ve fnr søpat'ete i-ons"
'x -t

In a reeent paper Desr:oyers end Con*o¡ay=* Ìrave ett,ernpted tcl åmprove

t,he treat¡rents of St,okes end Robtnson and of Gleuekauf' They separate

the expenlmental- nean mol-al- aeti-vltlF eÕeffietents of sfunple ø1-ect,noXSrt.es

at eoncentrations bel-orq one mol-al- into three nain eovrtributions an1stng

fram i¡:t,erionLe eotfl-oynbåe foreesu i-on*sol-ventu and åon*eav{.ty 1^nberaet,ions,

This separat.i"ovr Í-s nep esentred by t,he equation:

I aq\l"*g y = l-09 f* + Ïcg f* + l-og f**

the åon*sclwent eontributi-o'n in t,he equation r,ras eneeul-clt,ed from th.e +"lreory

of St,okes and Robrin"oo3 *=i-*g hydratien perarrl€tens obt,ai-ned fnom partial-

mol-al- r¡ol-me measurem@ntsu The i-on-eavity eontributS-on vsas based. or¡ a

rurtuaX saS"ttng*out effeet i-n whieh eaeh ion 'dr&s assrmed '"o i-ntereet, vri"th

the eavi-tj"es i-n the sel-vent assoei-ated r,s'ith the presonee af al-l- ot,her å.ons"

Their expressloyr for the møan sal-tÍ.ng*out aetivS.ty eoeffieíent eontribut,ion

for a J-:''! sal-t, of fornul"a 0Kåe fs:

LerE f ="sÕ
r T¿ T,*
ä + tu+J *r"{i¿) rn(n)

-:'-__- +
F"¿"rnLii/

ß6i
)

expression is¡

%tat

For a 2:X sal-t, thei-n
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z T, *r" T1,, ,Íu
1-oB f"o = ñ'? kT ,*: + *-li* + Ë *- Gf :- nrrvrr Fh(t'i) r"tr(¿i rn(¡")

v¡lgene tgl is the moLar eoneent,ration" î0, înu ave Èhe pantS-al- mol-aL- ]{- I'I

wol-umes of the åons Â and I[u utd rn(¿)' rh(lt) o âFe t]ze racìii of tþre

ìrydrated ions A and i'{"

In their treatment the experirner¡tal- rnol-al- aet,ivS-ty eoeffieicnts

r'rere ff.y'st eorreeted for hydnat,ion and for the above mentioned mutual

salti-ng-eut, effeets" Then tlie remaining eoul,ombie earntvibution to Èhe

aetivitSo eeeffi-etents for most al-keLi helldes T¡rås shornrn to fol-Loror the

rel-atlor:
nln

l-clE f- x Ê. - b o-l '

fcae eoneentrai:i-oyls nyång -betv¡eevl t'l and 1""0 r*a¡1a3, À theory eapahle elf

expl-ainiylg the resuåtlng dependenee of 3"og fo on îeq !¡ot?3d hawe'Lo b*sed
E,^"7

on Fyankss disondered Satti-ee modeL'evs r ' pnevS-ous}"y di"seussed"

I ?Â,\
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c, r@AiEqIqÊLt TBE-4PEI{T Û51 -DIl-:$lSIQl{

One of the most fuyldamental- of i-ryeversíb1e proeesses is that of

d.iffusj_on, b3r **hj-eh a di"fferenee of eoneentration j-s redr¡eed by the sptn*

taneous fl-ow of rnatter' In a sol-uti-ovl eonta!'ning a s5"ng1e soluten the

sol-irte mÕves fron the regS-on ef higher to +-hat cf l-owev eoneentÏoatS-ønn

r,¡hlLe the solvent moves i:r the opnosite sensee" Frorn the poi'nt of srj-es:

of mol-eeul-ar ki-net,ies, no indS-vj-duaL soXute'part,ieÏ-e shor¿s a preferenee

fon motion in any partieril-ar díyeet,i-onu bu'L a deflnite fraetion of par*

tieLes åyl an exernen'Leny uni-t vol,ume may be eonsidered t,o be moviirg inn

sa3r, the poaitive x*di-E"eet,io3r. In an acljaeent volume-el"ementu the same

fraeti:on rnay be eoylsådered as n'¡.or"å-ng ån t,he negative x-direetåon. ITor+

i_f tho eoneeentret,j-on i]? the fi"ret vo}¡rne*elernent 1s gneate3" thsn that i-tl

the seeond, tÌ:l,s ¡rieans that. nore 'part:!-eLes vrlÏ-l- be fsslrin$ the fi-nst ele*

ment for the seeo¡rd than w5-l-l- be z"e*entering fnom the seeond to the firstu

so thene vril-L be a resuLta¡lt fl-ot¿ of sol-ute i-n the direets"on of l-or'rer

eoneeiltrati,on. Furthen, one wouLd naturaLly expeetu on the hasis of t?ris

p5-etureu that, the rate of flov¡ ',roul-d he at, least epproxS'met'el"y pnoportional-

t,c the eoneentrat'ion dj-fferênee existing beti.¡eon the ttao .t6]ryss*oxem&Yxtsø

consideri-ng 'che one-d*mensi-onal easeø the flux of matÈevu denoted

by i, is cleflneci as the amou-nt of matevial cøøssing unit, erea of a pxane

perpendS.euiar to ttraa dir.eetion of flow i-n unit ti:ne"

The eoneelttna.'î:ten gradÌ-ent þ* is the rate of ineræesæ *f **n*
o^

eentyatåon i.¡-i-th d5-sta.clee meesuy.ed ån tiee di-reetlon of the fiow' It' is

usuaL te t,ake th.ç di-reeti.on of fLçv¡ as the posltive dive*tion of t'he
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dlstanee xe tt elqlress the eoneentrat,ion e ist the same unit.s of ynol-es"

gramsø Êteuu s.s åre ueed i-n defining tbie fl-irxu end to take the eube of

the tinåt of distanee îx! as the'ç¡oLume'¿ni-t for tl'le eoneent,pati_on ee?.

Thes if J ls cxpresçed'în rnoJes e*-2 ***-1, *nd x in emn e r"¡i-lL be e:r*

pressod. lrs moles e*-J"

The di-ffusion eoeffi-e3.ent tDB ís no'¡¡ defined by Fi.ekss flrst,

lavr:
1FJ=*D#
dX

( 3e)

the psr"tial- differe¡rtl-al- be:-ng neeesså.T.y beeau.se îet i-su !.n genera3"u d*-

pendent, on t,iriea e.s r+el-f- e.s dist,aslee" The neget,ive sign 5-ra equat,$-on {39}

ås i-¡rirodu.eed. i-n onder t,o rirake Ð e posåtíve quantlt3r, si-Ree *+- u*
de

negat,lve l-n v'årtue of o'tir eltoåee of sign flor lxru rrhielr. i"nereasee as t,he

eol"¡eentnat3-on deere&.sese Tn engns" units D i-s in uni-t,g uf *ur2 u**-1 ,

Fqr:ati-on {39) ean.ne used 5-n t}:e stud.y eif diffusion on3-y when stead3r*st,ate

meÈhod,su in v¡hieh the eoneent,ration-grad5-eret ;S A*** not ehangæ p¡i-th 'b$.:ne,
o^

*re empS-oyed"

In the theoret,lcal- t,re¿tment, of diffuslon 5-t i-s usuø3-3-y assuffied

ths.t the free energy ehange ceeur"rS.ng when the sol-'ut,i.on mi.xes by d3-ffus5-on

is equal- tc the roerk do¡te by the df-ffus'i"ng part,åe)-es agaånst, the resås-

tsnee of the rnedir¡m" llaeh ipyl of the diffusing eLeetnoÌ-yt.e ee.n "r:e regarded

as rnovi-ng under the infl-u+nce of tvro forcesn (e) tn* grad5-ent. of ehemåeal-

potent,-i-al- foy" 'LÞiat, ioni"e speeies, and {b) an el-oetrteaL fj.eïd prcdueed by

the mot,ion ef opposi.teS-y eharged ions, The rnore mobil-e ions wåll- 'bend te

d.iff',¿se fa¡rter theyl th.e Sess niobl}e ÕRes, but by doing so the3r r.øj"l-J- ereate
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on ë. Ë1icT'$se&pit sealË a eheþge sepe.T"e.tion Õr gre.dient, of el_ect,níeeL

potential in the sol-ution. This "'".¡rl"l- have t}'re effeet of inereasl-ng the

speed of tþre sl"cri.ser i-on and deereasing that of ttre faster; the resul-t,ant

speeds of both must, ftnal-1y be equaT-, sinee !.t i"s an experS:nental- fe-et,

tÏ:at, a maepÕse@ple eh.arge separation does nst oeeur,

For a sf-ngtr-e etreetnol"p't,eø óne raoLeeuLe of vrhi-cnr gives v1 rå.tions

of aI-gebnai-e val-enetr Z, and v, anions of a1-gehrai.e vaLeney Zr" the

fo]-I-ow3-ng argment is used" The eherni-sa'Ì potenti-als ö; and. õ^ of the
lL.

eatíons and anions aLåy be ec¡nsidered separateÌ"y (a}-though they are not

separateT-y rneasÐrable) prorråded that, t,bre fj-nel- equatå.ons eoi:tai-n onT-y

the ehemi-eal potential- of tire sol-r¿t,e 3"s & whoLe,

de* ur%* urT, (qe)

The forees on sÌ.ng3e i-clns due to the gradtrent of ehemreal pet,ent,iaJ- o-re

therefore:

añç eJW*å "*-L 1-; -Ã--- ênd * *l\dYN

n
ÕL

ax
I ¿&"t -\

{¿pz)

(e:)

respeetivelSrr øhere l'l is the .âvogadyo y'¡.umber" The nega'cÍ.ve slgra is used

sinee the ioni-e rnotion is doi'rn the free erÌergy gradient. The effeet

arisf-ng from the rmeqrral- mobi.l-lties of t,hæ lons may be r"epn*sernt,ed &.s s.Tl

e3eet,pfeel- fteLd. of i"ntensj-ty E, r,rltj-eir exey'¿s en eaeh åon an addj.t,j-omal-

fotreeu given by \eE and ZreE respeetive1y" The total" foress er* Èherefaret

tdlit" =*fr # +Z=aE
-L ¡l dX l-

En ^ 
vôroaÌ''^=-f, ;Æ +ZeE¿ l\ o¡ç 2
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These foreesu aeti"ng respeetivetr-y on ions ef absolute rnobi1ittes ut and u-Uø

are required to "pvaduee sque.l- vel-oeities t v ? given b3r:

" "G* - ^õ,t L d -!. -\ t J- d-É. , o n\ /!,t,\v = utr \t Ë * L3-er') = o2 \-ñ A n ". L?er') \"+,+/

From these equations eE san be el-imi.netod gívÌng:

l- ¡v 1 a GL. I ¡v l- a GZ., /!.p\
- tE ¡r¡ Þ 

- áij: * É I- .; € tú!.1t7 \'rr N ð x ' 7 \¡: ' ltÌ ã X ' \'r'
"1 *l- ^ "2 *2

wheneee using the eondi-tion of eleetrieal r:euùraX-it5r:

V- Z* *v^ Z^ = 0 {¡+6}
".J- L ¿ /-

thCIre nesu-Lts;

r- --b-z--- (^., ?-:Gl* u oål=
v * - Ñ -il;:î+î",,-Ç " \ "l- tT* * 2 t;*/ -

1/4L

r Ëo $^ 
^ö-_ * e,-Þ (¿r,?)N r1oz+ Þ"r- ðx

Now l-et 0e ! be the eoneentration of soLute i"n ¡noles per u:r1-t vol-ume at, the

r¡oint eclns{dened" Thevr t}re fiux of solute :!-s:

J e ev = ,'---5*Ïg'*- s- L:t a -e {¿i's)* ";trr""r"r'-N",. ru
Br¡t, the filux al-so defines 'the di.ffusåe¡l eoeffieient D i¡ terr¿s of the

eoneentrat,i-on gre.dient :

x_
J=-D þs tþg)

"nl.

Tkwvefaz"e, D ts gi"rren h3r;

u-'ü.^ = "õ--- l- -¿ ¿- o lJ /¿n\
\ )\r.ju e 1) r! +V._ U_ N âlf.e"L*2 L å
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;1_i_n*e vsr!at-=r_*.¿s f::.*tii i;he Li:ecr-,Ì "rîüy"ö c'cs*T"treri t,'r, ';tï:3t 1,,:u r.:*n-*

**r¡zy,a'c1'*fisn i)1i5a¡1cï" ;¡i:d Foo=ui2 :,,nd I'l-,*iteslJ ur.l,jori ë. :ï¡re-!.l cl-e¿:l::,:i:Ìi¡-=ï,'e';i-c

ç!f*t:''¡, L,¡ t,re ab*î"¿: ,sûu.ä"i,iû*s" llhe--i-t' flrr¿"1- 'Jil'üïûssiü'tt f"':'r -Liie dif-tusi':,1:
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1ìT

,¡d
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tL¡¡1
ft" 't" /r.)

lL,
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I

;..i9':

,,,rherre t, sY"ð !,. ¿i,:¡"e -?:h* "'Lrs.vts'Ï*z'e*ee i'it¡'*:e:"s Of ts'L-ie¡l *'-'i stl'?r*r:' li5¡*

*r:e-i-"fj-cisn'';*.11'.r, are,Íi¡¡;':Liuns of .t'Tg ¿-i-eler:'¿::i-'* crnsÌ-¿rii ¡'ln'C ris**$il:i *Í

.Lhe sü,lvei1'¿u +í"'a,ë i-,.*ätprsT..a.!,"\1Tt anC Li:* d j:nens-l onlÊss ùt3neËîïLy"â'Li.{in--d*p+ncìelr-L

r-i
qú¿i:"i-:-T.Jr' ' K úr.'*

,lrt-=r? ,:-. 12 ,-., 1,,'2 !,/,r,\K = t:0ryîr îl'' i r-r

Iy¡ t,ne eFpli*et5-*n *f equaiÌen {.57'¡ 'r* s;,tr--teet:-1-cs."Ì ¡¿.f"s l:'- I " l7'Zl = Z"

î'ne fae'þ-n {riu' ,r-' , Zrtt t-,o)z appee-ri-irg 4¡ a r: then recueaå +:'r} l:11 
2m

{..¿2, ^ *.1_u)î' l,;.,i,cCd ïu ånr-l ltln" Í*i: el-sn"íru i.l¡:*:t;:;i:r,;titr:ting n = ]- and

"*. = 7 lL,r.i a;ii* g*zez't"1 fo¡.2¡ir.:-Ã'a f*:r," L*,

L = 
-'' Sl** {.,r.^t ^ -¡- u) z -*5* ("/;}-i-lã 6i:ff "'2 

*"'1 ' 1'+ ç8"
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(627^ * liT - 4 ,--rz nd--*-*.-r2 ir- z = # -f f,6 {* *;" (i + -.)' ' Eri2ra)

The fu:tstfon ef u(Ke) s appeari-ng 1n art

rÅ { n.l - /.^ ,2 n*dl ' ?
)ea \ñe/ - \,-o/ *.1 + *ä*)- Ei (2ra) (6ij

]ras beerc tabul,¿t,adlh. ïn praetiee i-t is of {ntenest t,o appì-y tltese

foEtnuLae to 1:l- eleet,rol-ytes at, ÊJÕ Í-n raetero rr"hen tÞrey neduee t,o:

a * - 1ü-: ro-6 (*l :-.r'ì' , tiz
( 6tp)

-L

-D *
L

¿- R "r"1 *! votl :\_

(:, + aa¡

l-o-21 Ø2 #*)
t6s)

trhey.e * ís expressed in rnol-esy'l-åter and Êå.3 3-n ein.

The t,heory has "neen test,ed en rsarfous eLeet,rol-ytes and it, ?ras

bee'n found that, i-t, is erbre-ved up tr: eoneenttsaù5"onç of about, ü"ü3 r¡rol-ær.

Hartï-ey and Crank6? nnou attempted to extend the t,hoory to eon-.

eentr"ated sol-¡.li:i-ons, They eonsi-dey" a Rumbey. of effeet.s r^rhíeir vrey'e assuned

to he negS-i.gåble i"n dil-ute solutlon" FÍ.rstLy, the3r eonsider the movement

of the solvent moleeuLes ln tlre direetion opposite to the øæ1{åts r¡tol-e*

eules; seeondl-y, the permanentl,y attaeÌ:ed ïayer of sol-vent rnol-eeul-es wh'i-eh

ts ea-rríed by't,he ions; and thlnl3-y*n the wiseous forees whleh nay ba

conslderab3-y modified by the presenee cf n-argç numhers of ions,

Coyrsi-der fi-rst, a non*oSeetroì-yte sol-u.tåo-n eonteLni-ng onl-y two

types of dtffusii:g ent,i"ty, t,he mol-€eul-es Å and Bu and l-et ths LyeaLv**mt,

1re rest,riet*d to the ease rahere the part,ial vol-ume*, T.å and îU, of bçth
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cÕmponentsê.r€ eoTïstarxt@ In thj-s ease the di-ffusiovl eoeffieient neasured

experSmentaJ-tr-y ís i:l teyrrs CIf tlte fl-ux aeross e. l:3-arr* P so fi.xed that the

total" rrol-umes on eaeþr side of 'ït, yemaìn eonstlånt. Thís measured diffusS-on

eoeffíeient, Ís dei:oted by D¡vu fon eomÞonent A, and by Drv for eomponen'¿

Bu DenotS-ng the fl-uxes of mol-es ef Å and B eetross unit area of the plane

wrr
P by JU " aird .IU " we have:

ðc" ^ c*
J'v = * D'xr *--A J-v = - D^\r -g-Ë (66)A - - 'þ" à* e "B -B n*

Cn and C- beíng the eoneentreti-ons of .{ and B in rnol-es per untt voL'ume.
¡. lJ

The ftr:v.es of vol-umes of Å. and B throush the pl"ane P are therefore:

^ 
Cn

oÂlr lv
4IlLt Þ !ñ çñ

IJ ÌJ

Si--nee i,here is no net travrsfer of vol-u.me åerosË

t,hat the s"rirrr of these quantit,ies is øe::o:

'Er "c^
þ.å {6?)

X

tha pl-ane P, i-t, fol-l-er'rs

nv î*À "Å

Ê,1-so. sinee C" end C*-A.IJ

of so"l ut,i-on:

ð Cn 
'v ^ 

Co

^--.å + D_" V_ :...-_j]_=0òÞ.udVV

are t.he nu.mbers of moles of

( 68)

À and B in unåt vol-t¡¡ne

(6e)v. u" + v- \,.¡r ;r Ð B-

Differer¡t,iat$-ng th"i-s wit,h respeet to

ti
1¡t

]t -..Lé: -5 'lI".rl 
A _. "B

E

and *n eençan5-ng (68) end {70) tt lu

1s neeessany that:

l

!x ! gives

ti
dD^
-*=Ua

)i

evi-dent, that

{ ?ü)

both to åto]-d ttfer
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( zl)-vøñvU1

exeept for th.e t.rivial- eåsÐs wþ¿ere îU = 0 or îU = û" Thusu tÌre di.ffusion

eoeffåetent of e binary syst,em r"åhere the par"t,ial vol-umes 3.34 eÕnstant ean

be deserl-bed by a sS"ngXe dlffr:si-on eoeffieient,u whieh rnay be eal-1ed the

mi¡tu¿l--d.iffuslon eeeffl-ej-ent, and denoted si-rnp3-y by Dv; the same walue of

Dv will be fo¡¡nd whethor oïre rneåsÌ.trr.es e¡ld ealeulates from the eoneents'atíor:

of eomÞonen't, Å Ðr esm]rÐnent B"

+
+

_>

--

X i-nereasi:lg

c, isenea-** frþ prusttíve

C* inereauffis *# negative

Ði.nectlovz oil di"ffusLon CIf é"

Di.reetåova of diffusion of B

Fie-uve-1

Cpank i-ntrodraee 'Lhe i-dea of an e intrinsi-e dif*NerLu HartLey and
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fusi-on eoeffåeåent t af 'øaen eomponent,u here clenoted by D¡u **d Ð*tn The-A11

Fessage of eomponent A thror.lgh the vol-ume*fixed pl-ane F just di-seussed

must neeessítate t he passage of an equatr- ""'olu¡ne of B ín the opposÍ-te

direetionu *-n orde? tÕ prsserve the fixed r¡oluines or¡ eaeh si-de o'f the

pLane, The tot,al- fLorø of eaeh eomponenÈ is reganded ae made up partl-y

of a true diffi¡sio¡r*ftrl¡x and partS-y of a !'bul-k fåow! r+hLeh orÌ.gi-netes itr

the vol¡riae*diffeyenee betv¡een the two eonÞonents" A p]-ane Q mey be ima-

glned so th.et no ehuLk fls?rs oeeurs through it,; and the !furtvínsl-e di-f*

fusion eoeffiej-elttsl Ðt, *rrd Ðou at* defined in terrrrs of the flux aeross

unft as'ea e¡f su.eh * o:-*lu'

Sj-r¿ee t,he part.laX volumes are rÕ?xstamtø the eonsentvatior¡ gnadS-ent,s
raî3-Å a"B

ff *"C # must be oppos*-+te in sÍ-gn; fllÞpÕsæ that, CU j.nereases to the

Leftu ancl C, to the ri-ght, and that, tTre d1stenee x ås rieasured ft"om Xeft'

t,o r"íght,, The:r en the r5.ght of the pl-ane Q tltere winL he a rate of ínerease

of r"olumeu dr.te to the entry of À, given by - T¡ ,; L-%' a¡rd a ret,e Ðf' & ^-ðx r rr

deerease of voLuraeu d,u.e to the outrøard. F&ssåge of Bu g5-ven by + 1r* Do ?*_ ¡-b Õ ä-ä"

The ne'{: råt€ of inevease of the voÏume Y's on the rlght' of Q ís Lkzææ.efare

g'lven by:

^ --B t ^C! ' .C^

ffi=*iT¡t* -#t*T,,t, #) { *tz\

Thås ex-oresston, consLderirag unåt Crøss*seotion CIf thæ pÏ-ane 8, also gives

tlte rate at, ç'håeh thø ptrane Q moves @.ï"de:fl frtm the f3-xed p]-ane P" Så¡zeæ

g?ø b,ulk flcrn¡ oeer.rrs threugh Qu the mot,isn of tl-lj-s ptrane u*'1"th respæet t* P

r*r.rst be due èo a bullq fSor'r through P; so that ex]:ression {?Z} also re*



presents i:he bulk flow t,hyough P frorn right to l-eft' The bul-k

therefore inr¡ol-ves a transport ef eomponent A fnom the l-eft t'o

of P given b3r:

J¿

CornbSn5-ng equatl-on-" ( ?il

D1¡

À2

flow

the right,

",. ¡

JA (hu11.( rloç:) = - cÀ Ë ftg)

This transport of A eeross P by bulk fl,or*' is supenimposed on the tvans-

port of A aeross P by tpu:re diffusionr, ru'ltf-elt is given by:

C.

' JA (Pure d'íffusion) = * Di Ë"

The t,otal- f]-us of f' g,etrôss F ås t}:epefere:

.ru (tcta:*l = - Dl åþ . co (T, n'^ '+ + lu ni q*, *s)

Bui: the t,otaL f"Lux J- eetrÕss +"?re fi:<ed PXane F al-so defines t'Ïre experi-*

rnental-3-y meæsured inutual- d.iffu.sion eoeffieient Ðo/:

r C"
-a(teta1) =-D' ;ï

, Q5) an¿ (?o) rror+ -t3-eLds:

nl ï c 1n ! nti
= U; * V¡ "¡ \Un ^ uþ,J

¡! Jt ti L)

(?4)

tr6)

{,vr)

i{ow the j-nty5:rsj.e d.àffusj.on eoefficj-ent f'j of À at, a fi"nlte eonee¡ttration
Õ

Cn f-s reLated to i-ts val-u.e ni at ånfi-nite d.il-uti-on (CA = 0) by the faet*r

," r(e:-n eo/A 1n CÁ) -olhieh ê)rppesses the effeet of the de¡riatio'n of tÞee

soLïïtj-on fyom ideal bøhavion, It, is alse Þrobableu but b3" n@ r{T@åns eertaint

tkrat the bul-k yiseosåty of the sol-ut,i-on eompared v:åtli thet of the p-r:^ee

itquid B shoul-d aJ-so be ånÈrodueedå thi.s rela{ive vi'seosåty is devroted



Uy nf lnli" Tire aeti-vity a, i:r the thermodS:narnle

ün e,cly seale of eoneentre.t{on desiredu sinee the

vril-l- e3j¡rinate an-1r eonstant eonwersion faetors;

rl =rfu qT.-þå ffid1-ncu V

d l-n Np f- q2
ñl:{dË% T

??

faeto:: may be e>rynessed

3oganithmie differenti-etien

1-n tewns of mæl-e ftreetl-e¡n:

(re )

I ryo)

i-nflnite di-lution in Bu

B i.n pune B"

iCIgeri-t hrnie d iffenent,ie*

(81")

nl nu
ur'. 

- 
!-*-

-D b-B

.*0
r"rhere Dio ís the diffueion eoeffi.eient of é. at

"^*--. /ånd uñ- r-s r.Ír€ ç se3-f ) di-ffusj-øn eoeffi-eient of
\lu

Slnee C, s îf*-ã-*.-T-çtr*e one fÍ-nds onr.ì- ,rÉ. ué. * ,uB uB

È,f-üns and usÍ-ng ltln .{- N,' = }uu
il ï5

19 1+- r-5!Ï¿:lY¡l 3
d 3"n I'lu 

\ Tu + x, lu

and s3-rni3arX3"

'tr ra

(ot
i{¡

Tlenee equat,ions (78) azr¿

-i -ttl @ ll"$" - "AB

nr ^8
ll lll]

^ 
1l õei Ll1 u- v" u-

ñAñ

.{ !ñ l\l I\l
lJlj

(79) ueeøme:

i,i, d l"n N^ f ,_{]{ll

ÇÇ ä%\-
l{- d l-n II- f-

óafl

=--\i, C- d l-n i'l*
f.DD

Furthermoreu the Gål¡bs*Duhern eq.uation gíves;

d tr"n NU fO d tr-n i.I* f*

"fQ'/ ^rllT
¡lø û
/B
T

{82¡

I Â"\

{B¿s)d I-n i{,*
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Using, this aLeng r,ríth equati-ons {Se¡, (93) u"0 (77) ei.n'es íoy the mutual-

diffusiovi eoefficient Dv:

* fu - C*(ã+*4)*o'Ì'r^+ r lec)tVB CA VB' -BB "B Cn I \"-/

= lu the errynessimn in the squärÉSi_nee N. /¡l^ = C,/C and. C.î. + C.- A' - I !-' B 
*--* -É-''1 -B

T:raek-et, sir'rpltfies gívårrg ffnal,ly:

Dv= 91lN+54 ffi rÀr rìc) ¡ïÍ nü
d ln NO q l '*B "ilB * 'uå -BB I

erhi"ehå hy,sSnrmety3re e&& aLso be i-s'råttèn:

# I¡r¿Då¿+n,r'fuI

d l-n N, f. '!tl :
-vfai¡.¡brr - :r--ï--dlueNu q

I t,
. JIIJ

i\l^
].l'

=V
tf

d tuì I{- f-
lt l1

(86)

{87',:

(BB)

d1.nN,

Thi.s ås the HartLey and Cranle expressiorn {irx a s3-i-ght,try rnodi-fied foïrrÌ)

fst" '¿he vrutual d.iffusi-ern eoeffieÌ-ent, at âny eoTleÊntratåo"i:1. If the voh::il*

effeets and. the eeunter*diffusien of the sol-vent are igno:.ed, es vras d<¡ne

1n the des"i-vat,ion of the expressions for dilute se¡l"ut5"onse one obtai.ns

ån Ê:{presslon of the form¡ :

,-., ^ ,..'ö d I-n Ng fgu = ià. ^_---..--
'n dlnC"

B

The theory 3-s eapebl-e of sLraight,fonøard exi:ension to i:he ease of

the diffusåon of a singLe el-eetroX-yt,e i-n sol-r¿ti-onu maktng al-Sowanee for

the possible hydrat.ion sf the ioyrs " Í..et, B denCIte the sol-r¡e.ted el-eetro-

3Éeu one mol-e of v¡hi-eh i.s asmeeíeted r"råth h raoles çf bound nateru and J-et

l+ denote the lfree8 wå,ter" Th.ese are treated. as tÏts di"ffusi:rg ent,Íties.

Im aeeordanee "øi-tlt the notation used in the dåeeussi-or: of the ehemieal

peÈent,Le3" of solvai,ed lonsu pri;iled symboS-s "øåJ-J. be usod ts denote quantit,Íes
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i"n r,rhieh aeeourrt j.s talcen of soLvatåor¡. Equation (B?) now beeomes:

{8e)

The onÏy plaee tv: (BZ) at '"+hicl:. eonsiderat,ion nust he given to the faet,

of i-oniz¿ti.on Ls íyr the expression d ln tJ tå ; thàs inay be rqritten

d l-n Nj f{ = o 1.n al, sS-nee any seaLe of aetlvi.ty ean be used legitfu:rate}-y"

The solute is hydrated and ionized i l-et it, pnodrree v ions per rr,rol-eeuLe E

sø thet, åg = (aJ) 'devlot,es the eonvec?ti-onal- aetivlty as eomputed for the

urhydrated solu.te. Then, beeause of t,he hydnat,iolts ênd for an aqu.eou.s

soltå'uion"

tí nn aj = ci l-n åB + h d 3-n a, {çO)

'¿¡hsrø a* i-s the r¡vater aet3.vity" "åLso by t,he Gthbs*Buhern t'el-at,i-oit:

,+ 'l* * **- iÊ--.- .r -x* -u. À¡r I"J .- (C fl q ¿I¡ tÈD
'! )J@JL Ð

lo'l \

henee

r a* -? * tt 4,01-8 h m) d Ln au ¿rn 4B -- \¿ * vou&u ¡¡ r{¿/ u -rI¡ é¿B =

(:-*o"ot8nnz) v dLna+

d 3n Nl fl 
"/YD\' = îT"ft* " ffi r ¡r; ,Ëo * *; oi* l

( ap\

r.rt¡ere ag is the rnean aet,ivity eoeffi.eíent of tlie r:n-hydrated soh¡.tc,

In fcnnuj-e {87), 1t, ås nee@sså.s"}r to eonsj-der the rneam:!.ng to he

gåven tø the 3-$*"nit,Í-ng l¡¡trinsie di.ffæ.síon eoeffiei-ents DffU and Dfi " For

saj:ctuves of 1-åo,uids cøhåeh åFe ffiôtr*€1-eetro3"yt,es thelr meanång ås el-ear"

Fov an eLee'ero3-ytç sol"t¿tiænu ho-,*re'*eru ii,, is n&eæssavy thxl: formul-a {87)

s3ra,]-1 reduce to the llteryrst LÍ*'nit,ing vel"¿e as n.j **p 0, This means
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that, because of tÌ¡e fae'r.or !v t tn (92), ofio = DÖ/v for eleetra:1-3rt,es

rrrheye DÕ:i-s the lrleyns¿ l-iraiti-ïlg va]-ue; úy môrs eornpl-etel-y, 1f the el,ee-

trophoreti-e eorreet,íons are i-tteluded, Df;u = DÕ + o I * t:rlv . nl* :-s

tlie díff'usíon eoeffåeient of v¡ater i-vt the ilrfinitc)-y dål-ute so3-rrtionn

i.,€.a åir the absene* of any i::terfepi.:rg non-ideal" effeets a¡td vel-urrre re-

strai:rt,s: 5"t isn therefore, eeual to the sel-f-diffr:.såon eoeffieient, of

pure r'ratepo D+^^" It, is Ì1ø["r eonvenier¡t, to eons"ert frCIm mole fraet,ion to- n{.u

ordinary molalityn teking into acee¡u:tt, t,he hydnat,fon ntmber rh!:

r.t I

if

Hei:ee

-\F n$
* Yñå

*trutll"Ì1g u ñA* llr

I5J"5L * tl rrl -i" rl

f

d l-n l{-
.r1

dl"nm

ûå$añ
_tf

,,r 55"5T *hr'l
é- l5nJL * i'IJfr. rr lil

'1¿

I + Cr,û18 (1 - hr) m

dl-nm
dlnrn . ,! .rL N. +N
dlnN'- fi B

ìJ

n0 'î( û" û¡x I / A
..--.åï-: r *.*;;

,r* 1l-BA /

te3)

{e4)

=D*lu u Ð*ÁA = oäro, anc suhstítutturg {,gz}, (g3), an¿ (gþ)

.v
çn 4 '-* Æ9;*'u)

A
TI:

-'4o*l/t,
T

ïn(96), e.l-eetropSroresis 3.s negleeted; to t,ake this 5-nto aeeou"retu subst,i.tute

{nt + b * o z + *-*) for I}Ö. T}re acti-vit}" ¡*u*uut -L1i-t+ riray be r¿vitt.çn
dl-nm

in the alte:rnat,åve form (1 + n d LT? T/d m)"

Fûr a wni*unå*¡aXent, eleetnol-yt,e a.'r, tmr ¡ral-ues *:nall- enæu"g?r t,o

jtrst,ify negl-eeting the squåpe nf (0"018 hm)n and ånetrudiug the *l"ectro*

Â I 'l.- - ¡

- V -(, /tì -r-11 cå-rÐ' = D- t':: ¡ (1 - O,OIB h m) [:- + 0"C18
d3-nm

{e6)



37

phçy.esis eorcetti-öns in 
lþe 

**:-* ÐÕfactor, but negS-eet,5:rg thern j-n the
urrnn

srilalL crrpÊet.i-tn term J{ff 
" #6) baeornes:

U

^ z^Õ A A \ /* ¡l Ì æ ,r. D:^^ 4't I a't\
D=(D*+ ^1 *'-z) tr+rß"#*t[1+0'036*(-fr#-n)t 'b "7{}

The "nul-lc v{ seesi.ty of t}re soluti"ein frc'm t}re t}reory øf Ron*e}eetro-

n3r¡,es, Ìras beem taken over hut it ås by tto rûÊåt?s eertain t,Ïtat, this step

ås just,5"fj-ed: the eleange of the bul-k viseosi-ty brought about, b3r addi-ng

åons i.s not neeessan5-l-y a fatr mes.stllsæ of the ehange ln fråetionsl re*

si.stance experåeneed by the ions" Fop*Ðhfs re&sÕng 'it i-s of 9.ntex'est, to

ealeuLate tla? and. lhtt given by t"he equ.ations:

44
Z-
&{
/e¡

a)
n:^^

f(D)=1+o"tJó¡,r(#*h) { e8)

wlrere

\ /5 mdl-n"r.ir"
2t \ ! dfri

ånü 
Dlo,,

+"1 +'lnl-r+0"036*{# -h?) (fOO)vir\u/¡-*-,-._0
u

1¿r
Robånson and St,okes"' tested these equatS-ons uslng the wrean rvalu.e

of th.e self*diffusi-on eoeffi-eåent of r¡atey (*ärO - ?,4i+ x :-O-5) taken fror,r

x<
the wonk of Parki:tgLosu Hudsonu aiteg Bagnall*' and of l,fu:tg, Robinson and.

t/,
EdefraanR"" They f3-nd that' eqr'mt'ions (98) æn¿ (r00) represent tke data to

qaith1n abm¿¿t 0"j per**nt up to a eoneesrtE"ati,on ef one msle.l:' The iral-ue sf

sh?!" ea&euLated'[:y th.e sqr.ratlon in v¡hi"e]r t]re våseøsity faetor is oraitted.u

ås eçnsi"d.erab3y Iarger t,han rhÊ a"nd seefic t,o be mors reåsonabï,e i:l th.e

iight of the trends o¿}:;emnëd"

A -LA'ì¿
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fn the cese of salts, the $nt,erpret,at$-on of rhs as the number

of v¿ater rnotreeul-es movång r,rr"t,}ì the ion as part CIf thæ diffusllag u::it, iney

Ï:e t,entativel-y aeeepted. No surprise need be fclt, that these e!'ro val-ues

from dåffusåom are snaSler then those oht,airled from th* +-s"eatmen{ of

aetivity data 3n tevras of hydretåonu si.nee j-n the J-atter treatment, th!

ïras intrtduced as the effeet,åve r:mber cf '¡noLeeuLes bound by ton*sol-vent

forees, end wouLd therefore i-neLude eontributi-or'¡s from r¡ater me,leeules

be3rond the f,irst, 3^ayrev, whåeh r+or:îd not be fimü-y enough bound. to rnor¡e

es a ut:i-t, t'¡"åth tÏae åen. Tleeee ?hydrat,ion nuirrbers? she s r-:,.Ê,n hûr,revers sÕrßÊ*

what Lo""rsn't,hevr the rnajonåty of est,i:nates of {snåe hyd.:"etÍ.on by ct,Þier

ntetheds"
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?q

,i.à.TTæ.: ]F THI TFúB:iI.;

Tr+c *f tl:e rncst'pc'"+exfuL. Fpp:'*aehes usecÌ in tl"ls sturiy cf el-eet,::o.*

f.]rle solut,ionsare ti:e studj-*s nf *hem'Ìesl- pe.t,entia-l and dåf.filsj-on, F,*b*

{vissn and Stoke=l4 ín 'l,heir boi:k "El.s¿1i-61 },t.e S*l-utiens't ryt&vë sh*t:rr hc}"r,.r

lÌ:e st';-dy of thss* ,ar*p*rties e&ri give t.a"nu.abJ-e j-nfcmnat,tor: a'uor:t, t¡:e

strueture of these s,al-r:tte¡yrs"

l,Íore :'eeently Grunr.",aLd ¿r:d hls esscei-nt*=17niBri9 h*u* ù-säd e-

d3ru:rarnl-e vap#u-p pïessuT.€ toehníque ter stud;r* lhe ehe¡rrical pc'i.eniial of a

number *f el-ee-t,rei34es i:r a jt w+-",1 ëiörie,y.'*::¡eftey rni::+-us*" They su*eieeded

ln .deei.'.ri-ng r"rr:t *n-l-y 'che aetiv3-ty of e--!-l- thræe ,*ompen*nts r-n +,lie syster:

bnt al-s* 'uhe i:3rciratian and ilcxana'¿1-oi'l nr:r*bel.s.

Irt a y'eeent, rtor:ogr"emn Jana ar:d .iaye,rzÛ huo* gi..,.ren ""1 t*ïípl:r;'ix*y\.-

s-Lrre tr*atrnevlr" of the Stokeîs djeipirragn treltati.que f*:. dlffusini: atr-ong with

a **rtp3-ete l"iteyetu-re sLlr'velr ojl ths çork tþiat Ìtas bsen d.one en dj-ff'¿s"ion

1:l elerytrolyt,* so3ïttisns" Alihougl: no 'øcrk lis.s "oeen c"ena on d:î-ffi¿såayr

i-i: dioxan**r,¡*.t,ee nåxturesn Janz et n3.21 h*r* stud,ied sil-ver zritr"ate ln

aeetçni'Lei-l,e artd be¡rzoni-tril-e l¿hi3-e F,uLkarr¡i a-nd Lyo:rs?? Y,r"ru Ì-ntr*st,ïgated

the dåff"¿sícn mf dll"ttte pætassi"um ehlor$-de in rnei;Ï:ancl*r^ra'í:*? m-'i xLrï::es.

Sj-nee i hacÌ alread3r studi-ecl. the esr:due'ùa""¡i.*&s *f sodiuïft ehJ-oya't.e

snd cf l,åt,hå,¿rrr ehl-ns.ale :i-n r'reter &nd tn walay.*r1..ì,oxç.:v¡ ni:c-Lo***2iu ,,

"rhcught i:l"ra'¿ a rilc¡:e '¿horough e3-u*idat,3-on e:f È!r*i-r. s'Lïueture eor-r1d -i:s ol:-"

'Ðained "ny a st,udy *f rlr,* ?apü:;l'p?essìlt^sse lvåpsL1r crr";¡:osltåøns, anC dåf*

f*.sì,ç¡: .:seffici"ent,s of thes* solutå*ns"
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+tr

þ- u 1I-{?trRIÌ'rEi\l-Tåt -IECij_1\g?liE

I e ) ?u: i'i-r .3f ìiå i,et{i åls

:â ,i¿J-Lù

F-!sher eertifåed s*djr:m chl,oE"ate (rnajor lnpnz.tty C"ü-6þ Ì:::mmat*)

rras dried tn an ÐTÈn et, izû*C fr:" s.t, least fort,y*e'lght holp's bef*-r'n

using"

Lithå-"rrr ehl-orale r,Ië-s ïrrepår:ed by tne method cf Can.rphel-l- ar:d

ry1
Gy:lffåths'* ' Equi,ra*-T-ar quant,ities erÍ bayiuffi ryhl-ûpê.te ai:d 1j-thium su]-*

pltate i'¡ere m"åxed-' Åftsy p::ecip,'it,ai:ic¡yt tÌ:e 'rarj-urn sul-'phaÌre "'*æ"s fi-t t,ereC,

øff' The solutierr: of l-j-tì:iL:¡n ehl-e::ate rdas t.her: ¿ltr,äi:ed r*ttlt dil-uter

Låtlril-,:.r¿ su.l-phetæ s:" "r:ari'¡¡n *h.1.*¡"4¿ee ììît.j-'Ì eqriitr*.'le"rrce '.:?rjs r-ra.eheü* The

s*Luf:!-",:n,¡ias theyi er¡ap*nalec Ë.t ¿ìl*u"c 8ûÕC -dnirj-l e" v#3.5¡ v:!-s*ou"E f-i-c,uirì

"iras *i:t¿ined" Fj"nal,l3ru aftey f"¿rtl"rey' fi-l-'t,yatj-crr* the m*thec" "3-3-qw"*,v was

Cy.led ;¡d:= 'irs.eu.'J.iÈ usÍ-r:g b¿::i':¡r .:;:ide ¿s t::r d::y_l-t:6 z.¿en':" Th.e n:1'-1Í::g

poin"l; mf "Lithiun ehl,orata 1"2?.9eC ¡¡as i-yr ag:.eereenL tri-th the value ye*

'-nr"t+rl Þ.-¡ Csiî¡hÊl-i anri r,'j'il-l-j-anis24.

2, S ol-'rent s

.. FJ r'.'

1,"J4'¿ev cf sp***3fíe condu**ü¿iî1c€ 2 x At-r to J x 1û*r mhos/er*" t*as

obtained b¡r rassing ard'ina:'y iåstil-I-eel -water t?rrerugle a mi:¿ed*resåyl de*

r¿år:*raiir ing eÕï-ur,ü:l .

Di"oxe.ne ef sr;**tre*quaÏ-ity "..¡as fr:r"'L,ha;: pu.rifåed by refT-"*xi";:g r'ij-ih

scd,åurnu aecordirig Ln LYæ:n*thexÌ rf Hess enð. Frû-"yffz1, Âfter purifieatior:n

ail:e Cj-¿:xa.r:e þ¡ed a i"efraer,rrre j"nieK ol5 * L"LfZü2 å¡.rd å densit,Sr *f tr"t}l8
r . ^-û^grfe= tzr ?.J"C. T!:is '*íås in cl-eee agreemenf xit,h the -¿'efy'aetåç'e i"ndex of

ï-,t-l'?tzî fer:r:d. *y Fv*yr and Gåib*fr"o awJ th* cjçnsity cf \"t?.8t1!, g/**,
,v7

fcund. h-*ru S*h*tt""r
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i'*i TÌlevraosia+"s

Three theyn:t:çÈats igere used :-Ti lÌ:i"s ro¿scæîeh' Tì-ie '"rapeur "p?ÛË*

s1;tr*Ë:ileåsråI-emaï1t,s wryre rúade {n a th::ee foryt }:i'g}r st,ainl-ess st'*el- "nat'h

fjt,ts.j witl: glass .ffiindows. ThÌs T:ath -permitt,ed the iilffeventiaf, måI1ûIrt*'¿€t"

t,e bs i-::¡rnsresd *ærrepl-e+-eJ-3r, a f Uo*uu püT¡râv st'3-rre:r '¿j,:.e-¿ls.+.*d tr:* r.+al,e¡"

so r¡el-"T '¿hat t?re 't,*rit'p*rattl::e eorrld be *entru?l-ed at, aif iteigÌ:t s te

3 0.t*5*l uslug ëi râeï"eìr::y*'i:e;i-uene:"eguT-atr:r'and a s*i-id sta't,e væ7-nyu

T3:e l}:ez*¡llcsta-t,s ftn diffrlsÍs¡: anC e*nd:;etar:.ct î'Iêvs 'r+e"? l"-Íns'r,:-is"t'ed

e*nt.'--incrc *f about si-x geT-.3-*n *apa.*,'\'t7;" Tht: Lempevsi:,ttl'e eent?ol 'r:'as

effe*t*d b:f +*Y,e us* of r,i, ffLeT*'")-1"3r.*toluelte regvåg"'icl" *.ni se]-id *za'N,e -r'el p,)'u

+Ê
as,lesez.j--f:eC b3r Sr,¡i-n*hs"¡b"", For Lhe di.í'f-':"sj-oz: l'¡orir i+ai*v'"das us*d ¿:ls

tire "¿þe:nnts'¿e.'Lie fl-ui-d lrhi.'.1-e fov' e¿rnCu*tøni;s ç:l':,É.2'*r:;J-r e'3-3- *otzs 'usl?ri 'bn

?a
avr:åC ext,î'å?tt*tis eape"ci,'Ly effeets*' "

The ter.-irpæEatul"es afl s.LL thr"ee Ìoa't,iis *,Ë,er'€l der¿Gr'¡iiined ''¿tth Beekrns-nn

theimorneters l^vhi.ei-' h*.C been eaiib'v"atryd a"galnst a s'ta'rrJavt p-J-atÍ'::-'rln re*

sls+.anee i:h:ennometey nsl-ng x ioÍuel-f.*r B:"i.cige ' TTle 'c*rnpæ::ature fl-';r{:',r&ti"t11

?yl ¿l-1 ûâËes r"¡a; r¡ith5* 3 t"û05*C"

{*i

Tiie ".rap*u-ï. Ílrûsg:lï'e etf the s'el-utÍa:'i'!sas rßeåsured by,s stati-e n'ie*hcd

{y: u}r-{.e}: the dj-ffet'en*Ë ï;etween th,c'".ap*uv Ër*Ës",,u:* af e" sol-u"Li*r"r a*u".

lhat, t:f pr:.re snT-ve¡t'{: wes d*+,stttti-Red wit,}: s di"ffez"en'l:ia3 ris.nt¡ne+-a::" 'Ihi-*c

?trÌ

meth*d ¡¡ts V:ee7. used '*3r ï*an'5r jfiçsstigators, n*Ll"'t:"iry Gi-bselt av:d- .l!da-ns'"

*ncì Sharrirmårr år¡d G*r.J*nT'* '!h* ael'¿a\ zïpa'rA"';*"s :¿s*d i,:s si'v;'r'în ir: Fi¡;Ure ?'
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3{1
T-l,r* noCi-fi*¿aaczans t:f t,he E-*pelråtus das¿:.*i-b*C by Glhron and ;'"rla'n;--

îreya ìËaCe. Fir:sflïyu Ì:he s-"axiJia¡;r fTasks "*reci'*y G1-bn*ri ¿-nC Åd.ants t,{}

aÐp:*eaeh e,q'*.í1iì:ri¿m by eor¡Cei:sa't"Ìoi: ,¿f sol"*.rent ve.pruy ayt L'ne *ol-uti-m

"eíere disl:ensed ..såth,, L?r.e ve&sûn beii,g '{:hat, ltCI åpËi:eßiâl:l-e di-flfer"er:*e

bet';een th* t¡¿"oour press."ì?'e deter.minecì by Lhe evapoyat,i.clt *f soLir'¿i*n lo

fåll Lþe t"åË*nï spae3 ¿nC Lì:a:: de"9;esznined by the eE:::riensa*¿'ion cf vå'prlrï"

frm:rt,e- stst,e ef, supersatur'ati*n o'¡:t* the scluti*n t"ras Cetested. lzLsa 'Lz

s'^5âaFé¡ì *hrF åÞr*'-".*eearrr- e.f'o'*.6þ f"'ï*5kS Led tO l-ea.ltege ËïFO1Sø S**Of:C*

i.i'u sp"Ìr'ais î.r€"e äddsd bel,*l¡ the t,hyee*r.":a3," sto"peü*ÌçÉ and t,c thçr o;¿euu"n

3'ine t,c," Tütr!*""rú str¿Ìn fr*rit the s-¿steäl"

2J**, of sal-ut,ion i¡vür"e,rXrcecÌ 1l: lhe fl-esk*.u e¡aelt of fjee" e*.p,,."

aeil-ï" The s*-Ì,'d"'¿iett -;";s-s stiyy"ed wi"tir a nr.u.gnr*t'i* stl:z,*r" t* he"stc¡i tite

:Ì.'l,aiRler.b of eclui-ïibei.irm. The iyl¿¿ernel dia"äleter of t?-r,e n¿¡"¡om*ter, ì:r:ì:i.,:¿¡u

to svo'ld eapiÌ"ï-*-r1r effoeÈs, r,¡ss l-5 ran, The h*f-ghts ef tha nat:omete::'

3-Í-qiziC -.!,rers rrlÊ&sr¡r'ed iì,"i"¿,h a e¿{;}-rete¡tet,er r":}tieh. ecuåd be y-ead to 3 Û"05

frffiø

Tnre :rranærnete:' ì-iquid r:sed ferLFie äqueûr-)-s sol"utåq:ns '"uiâs l¡åeuuilr
?f,

'p,*nç o11 (<fensi-ty *t 25ÇCu û"869?) ås ?.eeÕntrlended by Sha;'ikran and Goy.d*njt,

frbm'¡t l-Ðû*C, Of the Oj.J".,urg.S piaeed 'rn A \':te:: fl-"cÞ:.r"ì*'a s rnønnø1i¿ry

"*tir:"i:'rg bnr, The oi"l +,vas t!:.,en d*gassed by appX-yi"ng vð"slratn ot* 'Lhe fl-esk

r.¡hil-ç the eu¡nt*nts Ìrrero ståy.yed::apidly" The *!1,'¿as then qul.ekly f;yens*

f*re.erl te r¿he manoneo¿es'tll::ot:ah s side neck trhteh r"re.s then çealeC cff,

;-rfts"r =efï-u.""ring in the rta.no:netey' i:nder Ì'righ uraeu--æn fo"r seqoeral hnurs,

tÏ:e oil" t+e.s s'*aCy fov $se" hltircugTr +-þe oi-1" pv*zrr:ú f*.s-:r1"y ste-bLa, :!-'L o"s.&..s
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nc:*essaïj¡'L* eÏ:arg* 'zt, afnt*"t ¿'b*::t fi*¡e runs "baeause af enrvt,atr'lnaLion *f

t}¿s gi:- e.nd glass stw"fa*'e *f th* r*eR*ttetes" r¡rith r'rsLül:'

Since th* dåffepenee -'netr".eer: the l-exrel-s of ij-q'iri-d i-n '¿he n:aReme*¿er

eryr:-Ld ï¡e re¿d r,¡ith an å**1xÏ'åûJr ûf - C"'35:*,ilr-løu 0ol?93-derÌ:lg"Lhe dez:sit'y rì?f*

fæ:-ence hatt"*reæn ot"\ un& rcÇèy.cüTy s it r,¡*"ul-C ,åpËðst.'ch.at, th* "tnåpülå? pvtss'åT"Ês

*ø]sAù be fireasïjf€d with 3-n .Eúc'rl-Ì*åey betlc;: t't,en i il"tt5 $¡n. of meyc-'ivy,

Er:{,, d.i-ffisul-tiesn .Éeeh ås slu',r d:'air:age times e,nd di-ss*l-t'ed gacese ås

12
pÕåïi¿åd *ttt vs3r l,lell-J-lanr-, Lead tu rrti:eh highe:: ärrûrs th¿¡l a:làieípa.-Led"

In this resea'e*h the ae*u.::e*y *f rÉy rñëÉ¿s"t?tïäúï:+us i-s mo bett,er t,ha'¡: I C'01-

ïr11? " ûf iÉËi*ürly'if é

Sj,n.** *-råeånxü 'Ëunp ci-T-, dj-*thy-J- -phLYLs"3-uteu 'b"*'L,yÏ- 
Ê1*t']¡vaVr¿t'e p''nú

et?rez" ns.nt:rn*t'r"i-e i1q.ìiids are solul;I"e i-vr då*xsne, it'r'r-s t:et*Ësä.:ry t* ei'¿*

r:.L*7;t "tr,er*ü:rT 8-s r."n vnanrjçte'L::ie -i j-qt:ld for the 'jicxel:*;o'¿*'t'*:r''miÊ;:'11?.ãs' T!:e

çrar:*ine'¿e:l tuÞ;ång was *}:angerl t,o a diam*ter sf ?Z vtr,t" sc: the"L Tìö Tßer-tisÕ",1 s

*er'seeti*ns ï,-yeye nËcesrðä.g"J¡" T}:lusu fer '¿i:e d-r-axar¿e-r."1åtÊv r¡lix+¿uves the

e.eû"Liï.€!*3r of ti-re 3fåï)*i3? p?*ssri.:rc ïnââËu.FûïÌitnts i"res :.:ed*e¿d a€": t"t5 rffi""

I-L shq:",:l-d be neteri thst aj-1" ti:e vapr:,up preËst:.re råBssllvtÍtenl;s :'i+3"e

ya¿iuesd t,o **C "r:y 'bhe r¡se æf standard fØYtr,'â]-sæ'

å seråous æx';revLmenial- dåffåe'ú'i5r 'ir: a*3' *ta{:ie r"&pÕ11"Y" prÕs$"tlrt

1iåõåsrJl*Gtaents is *.?1e yeñcva} *f t}:e ?'esid"*"s^\ a'ty fr*.n t-he smXuf;-ior"r' Ti:i"s

degass-?11g r,ïås â¡JriÕïûpiished T:5r'freezirrg th* s*3,.v*"*þ-"in e nixtu:ee *f ðr*g

iee s-nd a+et*ne {'i * * B6oC.)u tlien ev¡¿e,*ai:3-vrg'ii-}-X- th* ræsådi:-aX, pressu::"*

'+¡as l-ess tha* 0"ÛÛ1 ïtri¡' sr- î,0 r:i*v"*n as detev:rr1-eted *n a !l*i'*ad' gsu-ge"

stepe**k s, |n F1g-,::*o j ua-* therl rylos*åu +-h* sol"ve-*l 'næ\''teð.u *nd zY:*
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lt É.

f"r*eezing enð e1ëi7{:;at,-'l;:g ;lt"rcedt:::e võpe#"tÐd ftu:l *r fi"'"e È5nies" Final-Ì-y,

the sclvent i,.sas våeü.ì:¡t dis'¿i,ll*d r¡iltø tne saf-t us1i1g tlre í*3,1o'*3"ng pro*

cedu:.*: lifter '¿he fl-asks **ntainå:lg th* salt altd cL*gaxxed søl-"rei:"i: ha'i

b*en e:fae""ta'Ledu stOpccck SI," t: cl-*seri. i'le::'L,n f'"l ask B '"las pl-**ed in a

dry i***a*e+-*yl* *atlrr "'+hLLe flask þ, v¡a'¿ "pI."a,**& j:r e- -uatsv'T:atÌr at' ro*m

t,errrpeï"at=,:r'e* é,fier" e.ppr'*::iinr-tei;r g6s* or fj"o¡e h'cÌ'ûl:s aLL L'r'e sol-r¡ev:L ì:ad

dåst,il-l-ccl to fl-ask B, .{:-ry fra*es ef ai-r uere t3"rer¡ rer¡toved b5r e"ra*uat1-*r:

.L* 3. inie::on. åf'¿e'r stopeoek S, ""ras *Ios*d, f)"ask B "ores P€'¡Tis'.r€d fvo:it tl'¡.e

ïäeuum l--ise and aLta*lzeð t* the differer:ii-e,l- r¡a::ro-rnetero

fn *" t,ypi-cë.'l 'ã:r\Jel:irrent thç r'la¿olr:++¿QY ':ïÐ.9 et¡g.ct;i¿'L*d. to ¿tcnu.t

l- mi*rai:* Th,e enti:"* :rerrftrßeL6r r¡Íå-q +-lnen ,pJ-sr:æC in a r¿lz.eeyrres"ta't -;';. i:1*C

anC, Ì.]1e st*apc*ck"L* tlle scl-",,'ent {S" i.n Figure 2,\ wa* *pened" lr,ft,*r" er:e

¡¡a11z: *f equ-i.J-ibra'f;innu ::eacll-ngs ,;n;l:e tak*:": u.r"lti-l u- r"'t'*aðg val-",:e '.'JÊs *1ú*

ts,å::¡eð, Fins-lll.-y, flre st*p**ck-t,e {;he seLr:.ti*rr {1,. in Fi.gule 2) t¡as

epened snd the diffei"enee i:r p:'essu!'t meåsured" Stop*oeks :ì, and S4

ì,¡e:'e *içsad bef*:re ii:e nanolntteT" ?r,äs vemovsd fv*¡r i-]te "";e't"*.

The eoneentr"atå*ns mf the s*:]-"üticns i:e:re Cet*rrnj-r:ed i:y d-ieeet,

r¿:*ighåï.lg, irfterrl,he flp^sk i1rä.ÍÌ î.reàghed ¿n apprcpríea-te arne'*nt of sal-t u"ts

ad,,ðeð- s.nd ine fl-ask re:øcighed. l",re ta: t.hæ hygr*secp*-c ¡:e"t,r:ve mf i.i-t,httl:n

e1{-cy,s'¿* it ;.re"s nttÐ#så1"i¡ ro 't:z:e,msfe:'" åhj-c sE"l-t i-zl a ættr*geln dry rn*:*"

The *c-ficent:.4'lisln *f the ceJ-v.ticn'r:as "ûlhen q'¡btainsC'n3" ',"si**ifig iÌr* fl*sk

p3u-* süãutior¡ af*¿er ff*åsüt-iTlg the vapeu? 1þY€ts2.i1:rt*" é.i-though 1,1t* ævapera*

,r'in'n o'f s*l-\ren'¿ in i.he ¡¿ann¡z*ter" ehengccS tl-le *e:::r:snzv"a.Ll*r:. *f 'Li:e st:r3"ut'\*r':,

't:* *1*n.ï1!\* in ih* nixed sßJ-veT-il **l'i'¡:*r1-fir.)fr \;¿ii's ciclæ**ied*



LÞv

{ ¿ ) Dq!,q*i*,¡-:"q!iqg*çf þ,qs¡¿E: Çq¡lppåi!,i-ç"t

Thc cunp*s-] tie:rs of the 1rê.1trúürs given *ff by l-}:e ¿lio:tane*:¡a'Le"r

saiutia:.is r,¡s::e Cei:e:";ni,-::s¿l ìiy lscliherital Cisti^l-l-¿t,ion* The ar:Þara¿'-us
.3,1,

CesS-gned "-;r"i-glnal-l-g bi' Biehar.,.;sky e-xd S'úo-reh" "'.,të.s fo¿nd t-a be sa'u{.:iaci-,c¡'y

a.ft ev sT-igirt modi fiea'ii-ens "

The app:lr.atus shol':r i.n liigr.ir"e lJ. c,:nsis'ceC *f ¿ series ,sf ei.gh'L

units ln the saturatc:" i:a:r.t anC six tinits -ìn +ci"re ïJrÉsã-+utiråtsr tlavt' Eseh

xnit in ti:e s¡c'ûu-l:atoc'-lias coi:str"ueteC a¡id usecl es fcll*rr;'s: lrSr nj-"Lrcgen

en-'is::ed {:}rs ""rr:.i-t thrc,rtgkr ¿- *:}icrl esnt,r's.l tnlf* 'rå" tap'*:r"ed d*""¡n to ä ?- ",trn"

*ar:-\\Ls.'î'v" .å'i,: t,h<lt.ip'.:,'r'tlie ez"p3"\ia"r;y i-he s';ves:il e.rf ¡:j-t,"¡:*gel:'cl*ci;€: *ì¡16

bz;irbl-es ".xini.eb passed tp a sl{gh';i-3r j-pçlii:erÌ J ¡rurr, tu-be 80 rnin" )^*'itg *"::r,l therr

irroke a'L thu sn,:i cf t,h* tuheu Äi:r o'Fening lrdrt T¡î:lr h.l-n'.¡n threug"h.'"i:a ll*'¿el

si,je ryf t,?ri.s i-n,¡:l--iñerl'Lìi,he ju-si. "r:aek r:f -il:e {;i1¡ *f 'r?r* *s.pi-li+.:*;1" Ti'ix*ugh

t}:is *Ìleni-r.rg -Ì-:i-r:,:-r.Í-d r¡as Cra"'n¡r: fye¡rl Liie'**tte::¡l *f th* saiurato:" s.lti *a::-r"j-e'i

r":y'"Tze nÌ-tr"ogen-bu'bbies up the slani;i.ng tu-be t,o ti:e su.'rfa*e nf "Lhe lic.uid,

|hereby m¿lintaining; å p-râet:-*alI-y u-v:if'::rn våil*li:r ecr:centrat.i.*rru T!:ç Eas

3i-bar"a*¿ed 'j"rc¡r¿ t,hs bubl:l-es as they bu-rst., tlien ::assecl laaek ¿:r.e:r the su::f¿ee

*f tìre liquid to'¿he +'"Lilnft 1tñtt leariir:g eÍth*v to a seeür:d satãre"tsv'*r

finafX¡r t* t1:* ¿?:s,:::bez'in the-i-råp, IÙaeb iube'ìn a ss.ti:ra+"cr was p-:'.r,'ided

riti: a ver"tiee"i tu.be're"u foe fÌ-lÏ-åirg and eirtrtyirig" Tl:is i"rad a :'¡c-'¿er-

tåglrt grou-nrÌ g3"ass j*in'i, the:reby p::errent,ing r'rater fr:on rni-:¿ing with'i:he

-!"ic,uid .'¡hen Lhc sater"atsys Ì-iere 3-¡rner"s*tÍ i;:i the the:rr**st*t " The eap*eii}'

*f e.Esh eoittåiï:e:: \:t#"fr jj i"lü-. '.'¡hen fil"Iecl .
'7.1

This i:ypa of ¡aii:.:ra'íc!" Ì:as '',:he advarrl:'ge t,hat lhe :ui:bles cnÏ-y

't¡û.v* a sh*rt ve:rfåcal- äro*¡üreri'b iir the ii.ciriid u i,iherens the e sn'i:aet wit?:, the

l.íqr:"ieì i-s **mparat'iv,*Ay T-*ng, This enaL.l,es the rrl-tr,*gæ-**i:ubbj"es *-* retr'â"trt
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Tlre i sr-. f,l*rm*"1. Ìi- r{: il-l-c:l i *'r, !,,:sparatr:.¡ f ,¡r. T z pr:':r

i,i*rr4*si."r-t,*n=
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szLwez,eð. i.;.hen they L*ave the il-cil-lid sur-fce e * T,he sat"*v"aticv: is f ur-'úher

îzt:a.'l "i't,E""ted be*nuse 'T,'çe bu"Obl-es agai:n påss or'rä!1 tþlú l-:ïquid *cul.face, th¿re*

by harring opp*:r'cunii,y t* c*i*e i::t* equiiibriur*',råth thø Vaz+-*Pu barfnre

flr:ally er:tering t-he aJ:s*r;beru

ït, lça* n€,ÕËssÊi.r"Jr t* *her"ir;e the clesÍ-gn of t?re ûve*¿¿tutratrrzs p::e*

v-iou-sly used -n3, El*f1evrsþ' anC S'îo'f'*lr3J "o***ose e¡f eonf-'in'¿el hä*ekage

*f ''r,Tze es.pil-iay.y* t,'¿"oes \sy sz\+:" Ihi.s r.,iês eê'üstd b3r fþç dry nÌ-trcg*n

pi*klng u-p scl",,uent end l-earr3-r:g the selcåt ion sr:.persat""arat*d " Fcv this

?,ââsÕn t.h.e presatu:'atsy eons:l-sted eif.' the i1e-Í-1-*wing ",-:-ni.i"s: Tþ¿æ jl-ÌE"si:

*¿nå+- e¿¡y:"¿a1n*ð *r;L:y' å, l-û rr*i, ìn.:l.inecl tr,be t*itlt e?ì $p*fti-ïlg in thel 'botte'ran

the se**ncj r,::r-{-'r, c,:n'tainod a s!,fijil-e.l" I it::::. j-n*îined'úu"t*, til*'Lhi:vd'*er**

+,s.ind a lÌ" nirn" eaÞii-l-ar;r in u. j i'rv¡¡. ånef inecì Ì:-¿'ne '''þtLaY. ltsd ar: ':Ëeni-ng .i-:l

tlre i:efto¡i ¿r.o 13r*eir!-ûusT-5' d€e*yi,"úedu th,e feuur'¿h ryontaj-ned a j r.tr'" *euil-i*r'yu

*yC,¿he fiÍth and. såxth ".,reîe of oùhe ss¡n€ deei-gn as the satu::atnrs' Thås

design el-S3rine'¿ed the sal-t 'al*ek.a.ge by aÏ1-or.rång ti:e ni-L-r"ogen tr: b*eome

*.Lwqs,¿ sa.Lu:.ated r,,-::-'Lh ryaÞauy 'befsv""e it rea*hed the svrraJl" eapi-1"-"å-aries"

In a t3rpiesl- *xpey:.:r*e*t r:åtrogeit f::om a *y1-inden T'r&s Påssüd t.h:'ough

a *aL*.L.*m *uL-¡laa'¿e d::-yång tube th.en i-n'Lo t,ïre 'þYëË&+Ç"rre"tez' I'rhie?r t¡as ä*aå-n*

taj-ned at a ternperaLv,ye Ë}f 30"ü{)üc 3 0,Û5, The nåtï"ogen t}ren parsed ''r'ttratzg;i',

a yLest*ú.tu-ï:* t* the sa"Lr:?"at,eiru r,rh.i-eh'i,lan kept a'L a àer-+pera'L"*v"e $f ?-5,*t*C

* *.ü3" þ,frtæy l-e*ving '¿he las"¿ u::ít of ther ss-¿u,:le.tçr thæ nítz-og*n 'sas l-ed

t* a "r,ys.ç: thr"cu.gh a h.*sted 'l,ube, {¿¿h* eoltne*'i'ì':tg tr:"nes mu-tslde the 'L,he:"*

.mo-:a:tu*, were ?re.Eted t,* *"b*tli 4û*oC l:y *oi-)-:ing +'lie t"r;.i:e* w-î.'t,þr Nåeh::o¡ne r*si-s*

t,sne* r.r{:"s lieat*cl by e. *::< v+-1 L gopper oxi-d.c r*r¿t-Lf"L*v''+r* e.v*iú, æond*nsat'1-*il

of vapor:r) '



Tlte t,nap s!:ow$ i"n Fåguee 4 e*nsisted CIf a g1*ss tu.T:e 2ûú irn" in

ï-eng-ch anð. 2J m;i:n i-n dì*.¡rets?" xj-t,h as å¡:ternal- tuhe ó :mä, 'in di,am¿ete::"

The tr"ap r.¡as fj-t,ted,¡iih a ¿ç:.au-ntÌ gl¿ss j*1n'b te Ëema:-t, attaei:¡nçnt and

eemsvåï frnr¿ the saturat*r and .t¡as ma*nt,ain*d at a teniceeat,u:"e tlf ¡q'bout

* 8t"C b-f z;t a¿etnïls-d"iy -Îce iri--'etuv'e, Tæ¡;'Ls cþry,+ed tha+¿ t,?:is tr"ap gave

qllant,itati"¡¡e e*¡:de*sati.*n *f t,he vs"poìå?o

Âfi¿er the vap*u.y had *oi:densed, the i'li'crmgen Ðass*d *ut of t",he

&ydL*& througlt a. *al.:i-"itri suì-phate ci:'ie':=:ï'Le dry{ng tube" Th5"s dry"t?1g tubê

"\-¡ålrd*+È¡{ *r.t" *+nd.6-!XðßtiÕn *-Í .çlat*-e if¡r,.ËOUT" f.v".Orn the ai"y."

llLj't-Lthr:upjh Can'i:ì:ei-Ïu {ayrt'¿r:,n::'vt a::td, Gieskes- stai* tÞrat g*.s fl""or';s

cf lt l-j"oeys T:e.1" Þr-*ur. gi.r:e setlsfaei:oqy satuy,e.'¿j-onn a nitr"cg*n s.reeC. o:f

a"hou"i: 2 l-jr"t*::x j:a:r ì::.o*lx, ',,yas r:sed tç ensuye *oinplet* cæ-tur.atåön. lif-i,ey

al.Ï-or'r-xg d:3-stii-Tat.ien at"this speed te cr:nt,i-nu.e fmr e suffi.*'te;tt perÌoC.

'¿'* obf,aln abotl¿ j va 5 itf-s. ef *c¡ndensaten the* l"iquj"d 5.-:: tÏ-",e tr.aü r-ra.s

anal-ysized, É, fr¿rthe:: anaS-¡rsås ef the 3-LquÌ-cÌ i"ri th* final- sa'cu.ïato3" sh"ðÞre¿ì

*'rsr .¿¡, 
^?'rnryo 'i y " ! (. dñ'r.11¡ùq-i + { n¡ þ¿{ **e';1o:"ed. llro-.i"*- .l-"r¡, ev-¿,r.ingi,iT 

u

T!:e valr:es of the ì/s,pou? *emposi'tio:a *bts-ing,ð bi¡ the abetre met,h*d

r,rer* fo"rtnd'1,*'be r"eprnduei-bl-e ts tíithårr j O"l- 1se;. Ç:ffi'í11,ø

l,*3 Dåffu,si{þn i'{eas""l.r:emsnt

T?re d.3-lfu"s'ì-*vi **:effLe3,e*ts wÊtsr n¡rå.su.'*ed. u.sål:g e- nâ#iËtieeï-I-y
?{

st.*'¡l"ed diaîh:*çr*,:eJ-Ï, ¿.,s F**erî,:e:ldeC i:y !t*lres-'" li'he :e1l is sl:*:,.*: j-:l

Fígr::'* J,

ih.rs eeLl-'¡ie.s mad,* þg'P5rex g1 e.ss end h.å.s ti-r* eanpay"tn¿*nt,s e¡aetlt

*f aT:*ua; l***, *ârJaqiîy@ Th* s:*r¡tere'"l glass d-iaph::e.gri:s "rrÊi* *f r:ulnb*y íf



"#ü?.osàlye t"iû .ttt" ån dienreteru and 3.^j'r:,m" t,i:i1 *k. Ea*h *erni:3.rLn'eY*, ec:Iå*

åa1¡3ed a s-Lirre¡. ef g].ess tuþ"ings j-rra" iz: digrseÈ*r anå ef lorigt,Ì:. siåghtiy

l-ess than the d-!a¡ne*¿*:. of the dia'shy&gnL6 Tnside ea*]: stil:T.ti'å T-*ngth oí

åyo:: i:iy"e w¿s s*s.l-*d* tl":.e thielm*sses *f tlie t.uil'::e and the thåekl':ess nf 'f,l:e

tr:-"oe; ,,.:all s ?ieys se ad jtlsterj tÏ:¿t "tlie st",irf*.t" in 'Lhe upper eonÞsr"tften't' sanft

.¡?yLLe tþa.L ån ,¿he l ow*:: fi-çz'r.e&" It, is ¿dvj-s¿bl"e t* use stj,31eü3's diffe::*

!:lg lrr densÍ-ty as l-ittie as ì]cssthT.e frryin the densities oll the sol-u.tions

{bu-t, ,r¡?ri*h do 4Ot 'rs}ripf? úy 'r'bnuneeü i-n 'cþ* e*lå) tc a",¡oåd *reess"llre -r'¡ear

of 't,Tte dirr.phragn" TÌts sol-u.timns i:: i:*ih r:o'tnpa::'itnen"t,,s r.''trrü st-í::red. ce}n*

tånuousl-y b3r th* y*+.a'Y.!tørl of s- Trsrrïs-nen'¿ :rragne{; out,siC.s tþe *sl-l t+ snË-'trl"r3

k*:r*gene:i-"Ly *.ncf 1-,o Êyevenf ti:e f*rtnati'on or1 -=teäna"nt 1a3-n::s *¡'i'¿h* iis'*'

nhrugr,a"

lne eÏ-Í-ght rîodåfi-c:rti*n *:1 li'¿ck*s! eel..å w¿ls m¿de" Tnstead ef

yt:-**aer stopï:srs, iì're i:ecks of '¿he ce'l-l- weve cl-*seC &rt '¿Y:ë "irottcrn ",;il'n ¿.

ee.p{f,}ar"t ?rôrre sttrp*ocic anci a'¿ :l}re toi: rit,h a fål-¡e capi}]-a'4r pÌ-ug. Eo'i-h

x;-L*pl:ærr wer* LuJryieea¿ed r¡it3r Ðolç üor"*å:tg hi.gb.ra*'.i-*rn si-li-*æne grËåse: 1:û

ev¿povatåovl af g*I".rent lirå.$ ebser-l/ed "

ûf *t1nos'¡, íinpn:,tane*. f*v vsiåcl di*fjlusi.e¡l -rxeâs?j133ö81ûnts ås the

1-*mçval of a1.t aåE fren the por*s af tlie ú,:-apnvxgn"u In ervdev" '¿* effeeà

il:rj-s :.emorra3- *f e.j,-x j-t, iç neeesaa;ry"l* Y,,a.'¡æ 4.*ts.ssed s*Lt'errts a"nd. sol-z*

.Ði*nsn In tiris Teâ&&.ry."fy the pi:-re "1,¡.at,e:: and a.qeeo*s selc,ti*ns "'".sva d*-

ga"sn*c} *y *va*cnlång tha îTask e¡ntaiii::g the sa3u-t"åcn fov s penieC e:f

elrJ¡;,;¿Þ, hsl-f an hcuï" l+irj-ie ti:.ey uere i:*ing he¿"l,*ú. iiir:ce t?¿e rol-"'rent

*crnp*såti#y't ûf tka ni.xed sml-'¡snrs nigirt -ne eh.:-:nged b3 5'¿ry1', a p?a**&'"t:r*u
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'l::t:.g::2.*'':-+.r:a]--Ly 1"r',i:::r:*cì Lr:.*.ph::*.g'r,l Tlir:Îf"u'siryr¡ Cal-l-;

'i,r':'"a"¿n*z; !)u P¿:r*'ts Dia¡'rLtag.,,i iÌrf-ru 1,1-å"sÊ

Íì'j- i- r,-:' e :* s,rl * c L ** s i i-: ¡5 Í:" r¿n i -t..:r e 
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-Lhec* ¡**l"utiens lrere degassed by f::eezing the sc3Ët.åcy.¿ j_;::. a.r: ¿¿o'r¡',cna*
dr;- 1ry* bath, therl e,"raeila"c,i::g ferr abc,¿..{: he.*çy ^.* h*u;,* The st*pce*k .t*
the r¡¿s.7*¡"¡1 T.¿es theï eå*eecru the r:or:.t*¡its u,f t,he fr-s.sk nerted ¿nd t,h¿r
seïrÌe ì*t*ed.-¿ve *f fre*aåltg aitd purnping reçseu."teå" ?Ïte degasËe*c so xo6il¿
z*a's Lbsn p3e*ed åx th* dlffusjo:r e*j] ¿ig. ebou"¿ jtüce, of s*--ï_r¿ent r¡ras

sueÌ<ad 'tlrroilgh tìrre ú3-e"phnâKiíù The *el_l -,"¡as j-nz,rerted al16 Er:o.f:h*y J*ü***
*f cr.egassed s*l-rrent' e"'e-s f*:*ced througS: *chæ ,cÌ-aphpå#ao

a'f'¿er thås pr**eú¡t'e ï:íâs c*rii)ï-eteri. the 't:attanz r,rsyfl-çä*.+uî*ër:t ,rr*.s

st*""rpene''x, rnakång si:rs the-t :r* så:l bubb3es w*re .Lreppe.4" 
i,trex,c, er:*u¿

h*åf thæ s*r-çent, in the u-ppûp e*n1:az,trnent was yer;ro.sred a¡:d t,he ï-pp*ï_ trsrd*
Trar*t:uent ezrx'*'¿-a'Lø"3 r:¡tt,i-L tlte sc)-!.".revrt b*å3ec" The våel*.ì-?rn wa.s y*\-sus*ð
*tddenS-y e'*å aLr¿*eclt*:i* pr-êsseye 'Lheri foyce¿i Èhe sel_utå*n i-nt,o t?:e
rli.a"¡:hrega: TjÕr-eËe rh-? s r?'r¡aeä"mi thunpil p?*nedu_::€ *rî*.s z-*îwe"i.*c s*,f41:Ê*r_

ti-:¡Éss o .e"f-Ler ¡rhich .i,h* tCIp e*mpertrnent i"¡as eonpSetei_3r fiï_J-*d a.ild stoppe*eC.
Tl:e *æl"l- rov*.s thetr ¿nr¡e*Led ani. Lhe fårling *f the 3oi.¡e:: earnpartya*r:t
**rnp3e'ced,

Ts make *ert,aån that Lhe C"ieplzragin rernaiited. åyl ,L.he ?d,egassed a

e*nd-etion ån a3å su-hsequ*nt s*å::t,Ì*n tvavxzfeï* t* e.*å. fr*nt the eel-Í. a:e¡'ñ_

pat.t'meritsu speeie3- 'lside*h*l-e1' æ"ìpetÈes 6.Ë rnæen¡nend*& by Jaau and lria'*r¿ü
r¡'r*31* L15*do Trr *- I'side*þ*l-e'r pipette ¿ Ìtol,e abe¡ut 3-uJ:wi" k¡ ú.la,o*,ue:: is
¡i'¡e.de ap'p::uxi-nzateïyt j'nm-" aboqre rt?zæ sealc,c eu:d *f the ?tr¡,,îë.* ¡,ipette #*_eye,"

?lre lî-qnåå ú*31:r*vy j,s t,hus effæ*"t*vezy fu*t:s-r,*nts3. mån:¡nÌ,**lg ,che pns*
så"p1Ìi=eJ¡ of aj-v'bu-b'bles i:efu:g foveed åni;o the d.iepÌ¿v,agt¡: gn eapid r-,i*:¿icj
tratr*fær.s" Tl:i-s fe*Ì:Rja,ue a_.!-sc ¡si.nimi-uee .ti:.e ú-zs,:uy.*a.rse* rsf *n,r .\i-n,*s,y"
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ct:n*entyati-*n g:.arl j-enl: aer*ss ,che f:.Ì.t,ted ,jise ,in s"*.*h *cl_ul!çil. +,-r".*.r:sfrr

s'LeËsn

?he C:?fíusj"on eell- nust be el-ear:eC with ì:*1,, **:tcen,¿yatecl ni¿:.i.e

a'*iu', and the e*r*partmernt "¡oJ-wnes must be rneasused p*1-cr t* di-ffr.:.s!*r-r

nea Ëu.r"el*ent s .

The "'r*l-u¡¿es at'Lhn eel-l and diepirragr *;íëïr1 Ðbt.åjnecÌ "i;y r,rei.ght

eal-åbva'Li*n rtl"l-l¡ .v¿"arr'*vþ Tn* dr*eC di-ffusio¡: ce-i-l- e.r:¡¿l- *nd .¡:.T-ugs ,nrere

l,æiglte.j and the dåaph,:r*gm i,ras nex't 'rfilled* s¡it,Ìr ={:tiz.?,úy (rsj_t?: Lhe *e}"J,-

hel-d ko::i-z*ntaJ- wa."{*r -}¡as acced gr"edir-atr-ly frcr* a l-**, påp*t,t,ei ilre

*,arsíLl"a:v:i aetion *f the* di.e.ph::*.gin ð:rarcs j-r:, *..ra-Ls:" til-_I i"¿s suyfaee 1.s

sl"rii:3ri ani t",Ìieassernblyre-'rre'Ì.gher1 " Fåne,.l-1 3r, tire **l,l- *çm.*a:etry¡eyit,s ïreyû

:Îj"l"l"ed lith -":¿'iew s.nð, n*ighed" å.fter'th:'z-s .¡.*oãu;ne *a"l-'i'bz-atj.*r"r arid af.t,*:r

**,*h. *x:peyinen:'ie.3." r,¿:z L'nu eel.}- '"¡s.s keBt fåLl_eg wi"Lh ;+fi.t,ey.

The snl-ut"i'*ns -1,* "i:e diffus.rd l.rsr€ prep*.rerl, fÌ_T-tei,ed and d**

gassed, pr,uf*r*.bly Just, pri.on t,o celT-], firl-íng" The fnSLor.d-ng *e]tr*fil*
lånË 

"pvCIceduv"s: lr&.,s ti."$€d in t,he d.iffu-så*n ri.*:ë.s'¿trsrnents. The sa¡h"ent*fil.,led

ryeIl wes pla*ed in sn -in'u;evtæci peisåtåcnu tl"lrs st,opeoek pT-ug r.¡es re*:*.seC

fvom the "n*Lt"r¡rt ecrr¡;e.r-tmer:t,, ar:c s side l:.*\e pLp*tta ,,;s.s *sed t,r¡ .r*¡i?rve

t,he ssh,"*nt" Tiris eornpar"tnenl zu-a"s next,::insed thr.ee tj*rnes r,rål-".h i-þ* mçr*

er:neentra'ced of lhe t."'lc sr¡l-u"t,ions tm be di:rlfused" The îfl**aterî s-Lir',rê:.

lms '¿i:en ånserted, lh'e fiii-:1"itg *f the helilf *e1J- *er*pÏ-*tedu and ,uhe. co¡i*

i:*rrtment ';ie sed" Tn* -p,"*sÌii,*¡t cji 'tþre *æLA 'þ;"s-s ?eveys*cl anrL t,he præ*edu:,e

r'*peateC fsr ,¿he ï-IlFsl *cir-part;nentu 'usillg thg 1e$s *or¡e*i:t,rated ef i,he

'*rr+ sr¡-T"nt,år¡its ¿l,l:d 'tfuç î sånker! çt,irt"*yo
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Tþe íiiied *eil- "øe"s nl-accd Ín tiie "¿h*rmosta,t. beri,h, rnr-g-r,eoL3-e

ui|rrirtg st,avtæd, ai:d t,he !-rri"Lj-¿"}- iime ¡:f the sdÌ¿:l:Ï"rl"s-gm æqul"L{beat:!-o¡"1?

Ëeriod ¡l*terl, .¡ift*t' apur*xunatcåy tllr.ee h*uys t,he eel? uss :'aj-sed unti-l-

'ih* u-pper j*j-ni o.lg"s just a'bove the i..ïat,eï. level-, The *-r:posed piug'o:as

*arcfu-l-] ;o Cri+.i and remeri¡eeÌ for the sçiut.-ì*n tr¿lnsfer st*p, T?re uppe::

rlt:fLþ8,y'tLTfl*nt s*truti*n w&Ë l+ÍthCrat.ynu the *ornpertm*r¿È rinsed t,hr*e t jmes

¿nd :^efifi-ed. ',ri"t,h "l,ite sml-utioi: *f the same so:reeytl:ret*n'¡'¿ as used initial-*

3,y in"Lhe eqeiJ-ål:re.t:!"on al:ürrü. The 'L1¡ae at i*Ìric]: tlte final- rinsl-ng was

*ernp1-e'r,ed "þJås t.âk*ä Els 'Lhe tzer¿-rB f*y tiu,ring the di.ffnsien *xjr*y-Jment 
"

?he npp<tl' **pitr-Ì"e.r;"'pÏ-ug, 'rrhieh"w¿s l"eft- *#üy!'t:J j:h* aiy tn Ëe:"rnit slight
"lii)l-'d,îri€ ::':it:-ngz* d.t:vivrg the e:lper:-rnent, riîås 'p\r***å in pæsí'tic:.1 enei'¿he

rr:aË;:i€t-i* sti:"¡"-i.nß eøntLr';:.q:ú fc:. t}:e rfur-a't,i_*n of '¿he e;,:r:erlmeyrt.

i,þen the difÍusi*n e:e'p*1"Ìm.*nt '.,'Bs eornp}-*ted.u i:,?"e seJ-l- r¡a* *nce

noÏe plaeed sr ss 'L* e:";p*se partS-ei1-y the u'pÞer :urapa:'tr:ren'ï:, Tire s*l-u,*

'l:1on in ihe tt¡p *ornpartment, .,.;a.s rrsíÈhdpe'."n'r far anal-3rsås, The eeLl- Ì.:as tÌ-ren

TstYn*tr*d f:"sr¿ the .l:at,'l: ¿nd i¡lvættec]., Ì'i*¡xt thæ stop*cek o* the Lawer þï.u.g

?;tá.s ÕËëft*rfu ¡:ri*r te yemeel'el- of the plug, t* avçiC d!stu-:"'¿ing t,he låquld

i:l tå:s d3-*phragm. ì,-1n4.Ì.T-y, th* b*ttçm ste-pp*r'î,{åË :""e:1?6vsd anC th* çr]-"-

"'*t.:i-or"r 
'.+lthd:'ai,rv: " Tþuø Tft#trÊo,"'*; st, v¡lri.eh tÌ:e l-a.tts:" e*rnpartt{rtrlt, was epened

was the f:::e.l- tånæ or tendî *f the C:ïffus_',¡i:, ex1;e:,5_rre:r.L.

The sti:"r.Í-n¿ ra"r,e :,rj-tli-ì¡: the eeSl- ¡lrust bæ suffi.ciei:rti3r 1"s.pin1 -t*

3::"*werat "L}:e fcrrnatien mf *tagnar:t s*.1-r.rt.l"en la3r'si^s 5"n Èh* vj_ni,nity af ,r,h*

*el-l- di-¿-'ohr"agm. Tn t,i-:is i:eËÊå.Ï"eh ¿. ya.ts æf 5t t"e1$øt?i" "."r,g.s u.seCo s-î-n*e

1"1
í+,*ke*-- c'Ëp*t,æ',J Lhar any rs'te 1r:tT-w*en 2j t,o 8û FoËrro ic gc.ffi-*.&t*Tii-*



56

i¡s ç.l.igr::rer:t af lire iìi-ffr;.sior¡ ecil- sl'rct-:l-cl be sueh t.h*.t the dis*
?q

ys?æa,gn !s '!i: a hor'ÌzentaL pLene" Si,nee St*:kes-- has sa-atúd t!:at rl*';åa*

ii*r:s *f tlns ov'tr.ro dr:g;'ees fr"r:l the h*r'i,r.*n'L¿ï ii: J-e,',+ï-lir:g thr diaphragn

?"*suJ+¿ in a 'f:ul-k fle'"¡ e'r''::*r r:f l-ess thun C "?-: *f th* +.,*tal ?,yay¡s{s*t:Lu

suff_'rc:iei:f'l;r åce'û::at+ a].ign_meni, nf i:ke eeil acirl-d hç, v*"ðe -tri. *l,t*,

Tha ci3-aph-r'agn ee-1-1 'l¿as .*al-j-b'i:a.i,ed üsÍno po'cassiuru eirSe¡"s"j-de sol"tz*

ti*l-,s, r+hich líei-e ¿iÐlr?ux"'iii*.teiy t,J melar j-r: the l-*rre:" ecm*s.rtrne"*tu a-nd

pl1r.{e lratw i"r: tho ui:Ëep *rrni:a:"tnent," Tbe d-åffr*-sie}T: *Ðõffiei-ent,s *f p*t,*
,}l

*"csii?¡! ehlori-Ce äsed in thi-s nes-*åy'*h harre i:e*n t.aì:ul-ated by St*kes-"
rry 1A

f:-or* the de-t,¡¿ *f lierncd s,nC }it;tte.lX--' and ef ü*stån¡¿-.-*

Ð1-eph:lagrn uæar '*yr the e.*ti*n tlf '¿he stir.r"e::s and eni"az.gemon'i *-f

tTre p+:nes fi:c¡¿ th¿ fl-al+ CIf the seit-tt,itns caussd ths eû:L?-'rr3r:Ë't,ë.T,T, "Lú *l":c-"ltge

,;¿ith tinr*, FnT this ::"eas*n ll:e c*;fi r,.'*., *rtlL'tsvætttd af.tety år"re?.li f3.o¡* :"r:ils

and '¿Ì:e cel-l- *snst*n'L i-::i:erpo-L.ated 'lt*v ea.*Yt e:o.¡:eri-n.:.ent,sl- :'"*n"

T'llten a.l-l the pr"e","1"cus1;" n+;"r{;ir¡neC i:r"eer*'"utåens }rad Ì:eæn ¡*ad+-' ;:"nri

the err*v"s in a¡ial-3rsle kept T:el-eu zïse¡',tt, *'1'%, å?? å-eerå:r'aey *f s-i:';ni- :t O"î'%

i-r: llre diff",;si*n eereffieier¡rr- ûa-tt t:e *:tpe*oteé" Bttu t,he c$n*en"¿?å'{:ion of

s*l-rztlûns fficst, lie iceïrt a'ú*v* *"tj mcl-ay'bgeluase su.rfsce 'Lransp*:"t ir':'th*

*'3-apkr:a,¿y,: l:e13 1',:¿"ds tc ;:;-g:iifieent ayt"*r's -beïGt" '¿ì'ii-s ,conseRt,rat'ioR"

{ e) Á.na]-3'si s of sol,";r,'.1 ";ne

Sånce î.r'åy*¿ e.e*'r:.?aÈe **itdu *'L{¿y!.** data f*r sodiu¡'i chloratã3 t-n

a*"*-ey w*ve aws."!3a'n3,"*u thæ **rnÞ*sit'irirr .,of th* &,ü,'ú-erst¿"s sd'i:ir,.aii eh.L*rs"i,e

scliri{:i:-*ns "¿*ye cc{:.:'fit,i'r,':i ti;y n*as;-t:r:-rig; {.Lrerir e¿nd"'L:etar:eeg, Ït **ras ci***

{tfigsTyø ?L*-arÐ:fers 'L* frilry"'¿* s*'træ e,f "Lh* nr*y,e *r¡ft0:entv:*.tryð tzçTt:!t-i-*y:g }-le*

*åüse t.1ie ep*eifi-* ry*vrcÌu.s'Þ-s7çr: Få.çses t,lz::æ"*gÌ: e, hzneð r*ax3:t*m ?:*ynnrl

3,5 mæï-ar, lr"zzaLysS-s hy l-hii.* t:r":ç:"Lh*d, ïíå.5 s nt:nr&+¿*:¡; .i.i:ot:lt 3 ]^:.P 
^
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!',, uf*3-'¿r*e+'x]-1*. :ttuz'i,*d *f ¿nel-3rËj-sÊ za-\r.en fr¿rt Tcgel-" anå T;tl;i;oi -,

"¿as ';*.ecl ':t: a.n*Ty*e LTte {¿qlieçus lil:}"riti't r:\t1-t¡l:¿t't* r;,9}i:ti,*r¿s 'neeause çuf*

fL*;3:arftTy 8.**-,Jt?8.+,-* e*nðt:*l:ayz*e ds.t¿ r'¡sr* r:*1: *w*"73-x.\:X-*,, li sainple *f

\"L't,Y:i.N¿ *hl*:"ats -i+as dilüterj t,o ¿ *snÕ*xt:.aii"*n *ppv'cpz"L:t.* f*r tit':"¿*

ti*r-r {*pÊy.*xir¡E-$e1 S' Ü**75 r¡irTe,yi * ir' 'lern *"#* åIi-qv*+- TtLË p-|*.*ed Ì-n å

2j* r.'J* sirúpËered fl.¿sk" Try 1-h,rs uas adried. ]*,*, *f #Õ::(*ånt?åteC i'i3:Cr*ckï*ri*

¿¿*j-i sed T-j*e" *f åsdate*free scli-uti*n ecn'La{:tir¡g u"L,o*.f j"6ranr: çf potl*

ass-i-ú:,?'ìodj-i** th:,s r'¡as fcÏ1*¡'l,ed'ry Z?-c*n çf eoneentvated HCJ^ a::d Û"1-

gn:s* *f *cd.i:rn ee3:'ügt:ai.r* t,'r *:l*-"lr:C* a:!,y' .¡"1:*ir'¡ ths fl-egk, 1'"&e n:ixÈuYú '¡:!'é,ti

.stoppcred end shakerr etlC i*È stai-rd Ía:r'a."cnr.:t'ter"i r¿i-nut*s, Tht fre¿r å¿:ii::s:

t";s.s tityaied l¡i"Li.;,¿a".;1¿-',i ¡;uiinr¡r thi-*s",iÏ-i:ita"t,e {"ap'år'*--.r:.r,:at,*1.y ü-1 'ttt>}-¡zr'}

urixg x'r,*"æii scl"ri"l,lüï as iûCj-*s+¿üï" ilt,s*dsvdj"r,erùi-oï¡ sf "ihi,** inet,Ï:.nd

ilsi*g *ry¿::';,zz enioy,a'Ls, v?:Lr;lk fus.å ?:*r:"r, ¡¡:r*t;":rrl a¡rd ii:"i-ed e."u \Zt\ÖC Ínr se";'e:'*-L

úa¡**, å:ntji,.:a't,ed s îi:Ëúisign *f '¡:*"L'LëY 'Lhaw {i'\ii",

'T!Æ 'ws".i'¿::'r ¿rnuj Cicxa$s cûËterr:|, vtas clet,*::rr:-i,ngú vrl{v'¿ry'r,c;l:c'1.'z'i**.i-l-y*

SÈa:tdc.rr.l ii*xay:e*'.,¡a'¿ey" ¡ni-:lt';rËË -..¡ã3"e p::epæ-x'eC b3r lt*igh.i: u-*ing ec¡ndu*tenr:e

rí&"L&.f *i refya*'¿{,ve !-r:i=o ,r?5o ..3-'-\3:25 å *'üÐ*l- and fc'*shÏ,y 'pu:l'1fiud
!.)

d!*;r¿i::e cf re.f3:s"etLve Lyúr:jo, Tin.359 ,:'t "Lç21V 
* **û0ül-" TYy* r*suAl* eT 'tiris

*s-L'L?,:y^z'ti::ür: åyå s}:*.;.itt irr !.¿thlË i" i'm l¡k'*¿ r:sfre-ct*n*i'e:'*ap*ì:3e of s;n

J,

&e{:'.:îåcy üf J ft"O$tl seaL.e d*"våsi-ôn er.*ås t:fiüdo Thø a.t:'¿u'aÉl*5r {1 "L}r, :"'**

f:"aetive Lnúex cürï"Ë)s'ítoi':ii+c; tc a i;rubâb3-y ÇrT$! et'3 *'t;á iv: th* eoio*

pcsitS-cri of th* Ci-¡:x3,nt**.iats?' ffii-.ctures"

Si-nc:e Lhe s¿:l-'¡gn'L **rep*si-'Lìon *f '¿1:.e 'ii.+xgne*'tral*r s*icli-c¡::s

u;:*,C f*y. di-ff'r:.si,Jn ehangeil ú.arLng Ln* *x,t:erkrtr:'T:'Lr \t z:tas ne*essaz"y +út:



s.T2îA3;S:se the sol-r.eri-?, p*r|Í*,n *f ti're s*Iri.ti.en t*,¿¿ Lhev *r:i *f e¿.E:h v',:z:' T*

do i,hi-e '¿he sûlveï.t, "¿t^s sepa-rate.J fy'*n the s*l-u+-e'oy va*"tt"an 'iis.Lil-14t,icn"

Th.e s¿i-ut,len.""lås.aia*ad -',-x a fissleu f-ro';en \n a ðZ:y*íea*acet*r:e i:ati:n

e'€eeuä'Lëåu thcn vs.ciliult dås'¿j-"l îed e às t-\ye"'!-ious?y dessvi'bedn l-nt* rárl *\-{'Pt'};î

ill-ask k*'pt in a Éry*i':e*a*e!.*ne rti;t'tur"e " Cam1l'e'lt'æ seT:ave1'i*rr ::equìr*i

fy*n"i ttøel-ve 'i:o tt'crty-f*u: hû^üvs" Tlrj-s ;nethnd g*'v* the ssl-ven"t, *crnç*sj-*

tå+n *f l:cth ssijj-um end Iåtlsi"uyn *hl*z"e.te sel-uåj-cns wL:tvv s.m ae*u-:'a*y *f

* t*L"ir,

-,t"?¿lieugl: t?ie se"par¿¡.tlon i¿s.r, suffl"eåent3.yo &e,r:l3Y?-1-{i f¡:2" d*t*rlrl-ni-ng

th* s¿Lv*ffiÈ ûßü:t¡rÕslt-åonu enllugh Ï-i"qui"d wax T+tT*' "lr¿ tlte ß&7."L 't,(i 'Å\eke

dete'ff1ir:atj-an eí' ii¿s c*neer¡tra-Li*n i:y zln"iu riut,hod inXr*ss!"hI-*" Tþe ear¡*

cen'ci:e-'c,ie¡rr +f s'¿Cj--on chJ.û::gt,€: ¿trt L1r:'p: t'erY',.a-r'y se)-ut,åoT:Ë "iå'Ë t}b{:aÍ¡:ed- i:3¡

evap-*retfur ¿ a kYw'ur* t¡';ac'Lit3r *f rciuf,-j-u't: iir ¿ ;;ls-t-il:u¡r: 'CÍsh ¿-''"r LztüC

ioy 24 he:u':';Ë" TÌ'r* s**,¿r'a*3, ,ef ti:i* *¿e'eiraiqu-e,'r*" j 0.1-;i'

This metÌ:*d eo"'":]f n*L ì:e u.seei fo:- ternarSr s*Iutåons eøni:,ain!'ng

l-åa¿hi-'*rn ei:l-o:rate, sluee tri-"thi"'in ehl-*r"ate is to* h'yglr*seopi*' TT'e ë'Lve*'t

Èåtraticn metltr¡d r:.sed for åq'ùeriår] s*lutj-ens ffas unsuia,abl-e lreee"¿se ciíoxarie

j-ntsi:fered 'rrzit?t tiî}e ''tL+¿ya'vinn" It -.,:as neeesseïy" t* vemev(} a33 rt,4e dioxane;

'by ævapora.tionu e"nd the¡r LL'L'ea.'t* a¿he 'i'errisi,ä-ïnË âqueo'¿"s 3*-thåæn ahle¡rate

saf.uti"on"

J,. krtryn:nz c'riant,åty *¡f s*l-r:lj"o¡'r irl a p]-a'c!n*r* tii-sÌ: w&s dil-"¿tEd '¿i"tl:

s"bæ-*t Jü*,*, Õf ,*et*ru anC et¡al:sra'Led t:eariy t* ,*ny"r:es x irt '¿:'n *vtr? ë-:L 1Û0äC"

tIt; was ïie*eË$åïjr Lp make suyry '?,Yze d-j-r:xan* e*nt*nL l:'as l-*ss '¿]:an l-t , as

Ceu*phc.lï-u Kar:Lnnayk e.rrt {:.aryfX ob"*t"r"*d d***1"*.p*s:ït.i*¡l *f l-Ì-tÌliwl *TtLor"'a;?',çt
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*?i heÍitiyig å'i:ôrre the **mp*sitj-sil,) Tt er'su:r* c*mi:-å*te vens*val æf dioxane

fysm'Li:ic veuLð'aeu e. fnyther j**t, cf rsatey v;ae added ar'Æ'¡-!t* *vap*;-atioi:

relxat*d." Ths csl-t -r{€?.Ë tpâ:'rsf*yyed quarrt,i"LaL.+v*1}- air,l '¿j-tre.teC by t,ìre

ÈeclinÌ.que pz:evi-or:si-3;- cles*:"i'ued, Tì-;e üün*e'¡:"t,raticn ef l"ithi'sr"i *hl"ov"a'¿e

-rrs-$ {:btaåneel 'u,*.t}r ån åe*Lt?åey of abor¿'¿ å Û"Ll*

{c'j Çq-q*qq!.q+qq liq+ppr"qnqrt

i".L*eds e.:rC Ìilerti'rrup Jcne; canlilet,ivi{;y bri-dge ï.rås usæd. t,* rnea*

su:"e tþe y.eså.st,ance øf 't,?* sol-utions" ?h* ïat'r-ey -'l s a ftürlified verei-.*n

*f i,he f¿¡ril-i.ar i.',Pres-t,st$n+ 'r"ecistan*e b?'-ìdgeu a.rìaptecì t,* a.'l-t,eYfia3tittg

*u::e¿i,:t ïÊöa¡+Ì.åï"üiïsnï.#o The ¡:od.'r fi *at j-ons sss*i:'lia11y **r'rsis"b .¡f the

v*"þ'Lee*men'" of the dl-'*e*f eur.yent yesis'ún::' ef l¿h* i,',Ëtea+-stene b:'ldge b3;'

::es'isbo':': desig;'red ft*'* a\*t*v:-"na!'tim'¿'*t-r,:'rûn'1: a.td 'by tl:e i"'*el-',:.$j¡sltl o.]f t?te

'r!'Jagrie:' GreunC"; e deori*e whi*h æ3imi.ite-tes s'c,vverit Ï-*akage e"t' +-hs

d.*tæe'¿ær "L*rvni:raJ-s, !'.tt 0seiÏ]-*ceope in sevi"es t'i-{:}: e ttrsed ampl-"l fier

and a freq-r:.eney fütey s*r.ved as t,lte det*eÈr*r* l"fsasu:"ernerrts *f v*si-s'cE;r:*e

c*'.úd he n'¿ds wel,l- r¿å'clt-i.:n *nry oï:m in "¿en thousand " 
*t

Conclue'aa¡:ee ee"l Ls cf ti:e 'l.¡ipe :'e*lürr:ûnCeC. 'by Jøztes a.nC Eol-l-åËgâr"

rrere i¡-sed. in '¿his res*åyú1"r. thc eel.l-s r'rere etnsiruc",eii of p¡r:'ex g]-ass

'r,¡i-'i-h th* l"*eiis ey'C fil"i-ing tirì:*s snffi.*ient,3"y f,ar apert tei el-i.rr¡i::at,E

*?T*Tfr due 't.r¡ tlte Faricey uff*n''"ü"3' P*l-erira'Li.on e'r'vc'vs -r,rîû?8 ::td'**t;d l:3r

plaLinirar¿Ì tÌtì,

The cel-1, constan"ts r"¿ey* de"L".ïr"¡,.iåried by r*eax'c::ing t?ra *üruú,1:.*ri&nß*

*f sol-utior:s r;f -p*'i:a*si';rn ehl-*ri-d* 'trrâ.úæ iz:p t* th* stai:CavCc *t Jçr¡æs s.vr"',

u,,J
Bradshaç "



úå

{h) Vi;**sity ii*asr:-reinren{:.

!:r
Å vÌseo¡'¡*t,et ef tT:a tannon and Fer¿ske ' |'yc*, I'la.r.rirrg negii-gible

C:'aÌ-ris.6s and l:i¡:*å!* errepgy t*?re*'-'-iûnss e'"tzs caii'n::¿^L,eú 
"îiL'fi't':te.te:f 

*"t,

lì ..Zs'C" ?he rtm fj¡res r.:e?* vèp?*du*i-ï:l-e '¿c *.1:ó.



B' TåqåT''.-Ni AI. FiFsFf'4¡l:iå!..îEP!I'3$

{"a'; ì,-qË:pËT-pqg.åq-g É

Tr:e s*i:.':. ti':1'.1" +,hÐ.oíe.-Lr1" in the e.quÊóriÍ *qc}u-'¿åsns trEs eal"*u-Lated

f:.orn the re]-*.Èicv¿:
*- ¡* ^_ '

", = 
** i. I -:j;
p

:,ri:e:'r* l- 'i c * ho {7rï':al ì'r'¿ r'¡â ai f,ì-r'.h+ n it 4 lrq e,l'l t:'i ì n:. .r¡ 
f\

"s.pÕtå1 -ût"s$süvt cf t,hs s*l-u'i:'ìon "tnd p'" is the \ï¿;()út3?

r;dÊÊ:cr-'?"i1 urJ" rrf ":-æ -.,:aig:"

'!he ar:ti-rit3, c;f l.irr: ssL.r:tü T.fafi 'lhei.i ea:l-*ul*.ted f:.*rl t,h* ."-eti".r1iJ

*f tha s*f.=:enÈ b;r us.ng ti:r= Gil:;bs.-.Duhern e_r;uat'¿o"*:

Cr; rt ,- '\ii .? -: s i: .] f, -- nrlj I -3 IU j. f- ¿ tt-. u !¡.! * u¿¿
.¡'-;-' ¡1-1. :ti rn i r : f I crj je l.:;g ."ol:n

ð Ln er"= * (";':=_l¡tír) .J )"n a- l"l n"r\

f*::'uhe es-sË j-n ques'cÍ-*n. The aetuel rnethcd -',¡íË"s ta.ken fv'o¡,'r ¿ pejre:. by

Rendaill ¿.nd 1rfüi.3e+0'

T'ney rlefri".e a f i'.res"gence fç"netint: eht as foll"*r,¡s:

h*
95,5J- 3-r't a-

,a {:"n+;
v I?1

ilr- lÞf*.¡¡q.rL 4 : r: -i"..n"

iroz;

vín
lur;s'Lii;,*ti rlA lil r)qJå'L-i irr: (:43; ar-d 3ez:,."ar¿'i.i-rg

vrÊ



i-ì:rbt,:"¿eting .J l.n 1" fr¡n i;+th s-ide s cÍ the eq'*;,.ticrr, ir:tegrating and
*L

.ìî r,j,rì4r.r hr: ?. ?4i! +v.-u¿r.¡ä 
'.J 

¿a/Ç¿

* 
n! 

- *h rtt' " /r n*ì.rc,g -ä: * 'a¿ ',- = |-fr{1 * I f" (, 'Ç{'n¡ i-lr,r'I.'3 L.ø),)) 
-J o

th8 ås t\cæn 4:yansf*'*rn*rJ {:s * r**::a sui-ta'[:J-* :lonn f,:r' 3r'aihÍ-caÌ- eva]-"¿a"i.,i"a¡r

l;;r nsll'ir¡g ìb ¿ i'i-tvr*'¿åçrr *f the squa:re r**'L of ti'n!:

@ ¿i1*g v,' * 1?ar?*??n?aøJv) *é)v)

ftt h :,lz
ì *î7ç c !:; iii.lö,:
| ."1è'

)* Yl!

n tlie ir:tegr*"-!- ivz eç,aeti$Tr {?û3) i.s t.ireIf & is pleitte r: aga1.n*z '',,? !?
'ift-'r '"

ayÐs. "+::d*v LYz* tui"r,/eô

B*es-irss tþe, ds-t,a- r.¡e::s i're*t. suÍfi*Lei:"12y t"*,*u"ra'fe "r:*ier*u-l- n*l-al-

!?: l+a* ï:ð*{?sså},}r tn taite Lhe wii,'i:i:e oí 1-*g'"¡ at i- r*"¡l"ai gs i:nc'i,fr: anå "3.r''*

'Legtat"e t* +rhe desi"red ,::*n*æntvat't #il, The *¡al-us *f ¿;-Ye i:r:."t,egYra3- wa"";

dr*'Le:.nj-r:ed b3;' pio'i¡r;\:-tt¿ t)v1ç3 flrí:ú,{:ti-¿:?t ies,3r'íi}sd a?s*veu eu'Liii:g ù"å-L 'cl:l*

zurL*græ-3,u e.nd tl":en r+eigT:1"ng lt on a Ì:a3-anee'

Tl're a*ti-"j'i--bj,r eæeffieåenl ¿¡f sndi'*:n eÌ':åryyai:e i:r i+s"tsr s{¿ a. *üir*

*,*rr1,-ra'"¿\on ûf I meLe3 .cr¿s t.atrçen 'Lo b¿l *.589 fyor¿ tire da'¿a cf JrtnenllV ,,rþ,,*

æmpl qy'a¿ t,he i-s*pi*st L* iz*tlts'i 
"

It',o"âs neeËEsåryu ín't,he,sase cf l-i"thiui'l chåora"L,e,'L* te.k* the
'L¡,F

"¡ø--åue T = ú"8tç l:.*ü'tr't the f:-e¡euirrg ¡;ol-nt ria+uu af S*ar*hard et a3, "- ,å*s--.;rlij-tig

L?ia't tYt* ¿etiu;i-ty CiC'tt*t a"l.ter on eirangi-ng t,h* aLtnçe?zaí"t:,ræ fr*n \¿Ts* fv*æv,^

¡1:"-îig pr,-l:it +-r Zj*C* Blrl ã €".r#fi v-r'c"':g:h s'ú*h. ¿Tl a,:s:.:r*p"t.i*1'r iil::i lead t* eF3'û?"5

+.'í,3 gröa't as 3iþ, i".r!:en asenrate Ceta fq:r -1.Ì:e å3^Lr¿"'t* re¿ï-rt'n L'sü*rfe e.'$e"L3-a?:\æ

et, 25tC åt ""ril,l- ?:r¿ a s"|xt"n¿l-* ¡natt*:: tc¡ inul'ij-::iy "':y th* *:çpv*p:'*i-r-,te far¿t'or
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tt":¡ tôtr:'L&i,Tt r;hri *+yy*e": ac't1-.¡1-ties"

,li rlifferent r:æth*rj vs';-et L¡e use,j"ii: tl:e trestne::t, of ths diox¿:.¡t**

wa,"t*"t:*el!t-e*'ur*13*t.e sr¡h:.iisns" lleth "Lh.e vap*u3' :ilresslr:'* rsmð 1råpo'{i:" ,*onpo;:-*

t-i-sl"r.nust, naw k* date:rrti::ed in crclsr tc cel-eu"l-:¡'¿ú thõ acj:i.,"l t3r *f ih,* t-xs

*or*p*nents i-i".i 'Li:e sl=3-v*n?,* T+, 1,;å.s nû*+ssaz"y za &ss.åjft# t,hat. Ila-]-tonîs l-a-'.¡

ef par.tiaî pr*ss,ss"*s foe g¿{ËÊû11Ê ril-ilittï"-ús i:as .ippLieabLa,

F3_*l{.F {xt9)

,.¡'.:z*T* Ê"i is zÞLe par'l,j.ai p:"essure of **mponent, ?it, Iiå is the v,ol-e

1","ac'iioi: ef :o:rì]onent ei? 1n Èþe rapeur', and P is the ?.rsLe.1 preÊsTirË

e""rt#\¡ü'Lhe s*-LutÌ*n. 2* aa]Leu3e.a¿e LYæ a*ti-;it'3r of the it'h ¿ss¿'pçnent il:e

f*il-1-*i+3:rg,*qw-a't3-t:rt'rtre.s used :

fi.-?
a**

f.#
F",-

i, --:..1-i/,1

:,¡ir¿+'re n. i s t.ì:e ¡:ir.f.-'; ¿-; ','i?É:Ì ÊËli?,â '*f eornt;tnent¿ ? i ! abmlye the uol -utj-a¡: p.¡nrj
¿

p? i= -i-i:e rrapor:-" -pr€ss".îr.Ð uf er:npcnent ?i-t i-n the pu::* sLa'Le. Denoi;ing

'ihe ,:crrp:ne::t¡ ;"rale:.-o cliax¿no a::d cI:ct:ul-;'te ìti' :i* sulser'-iet s ..1., 2, s.nd

lu r"espee'bi-¡e1]¡o tþe addåttsn of s*l-ute te a Z*eernpenenL scl-ven"¿ at, **n".

+J.¿r-.-i ìtl +g:* ",'c s.=./"-6eco-o*¡.¡.1 :--- r¡r*r!- gq"ta:'1 Cl:.J,ú]jU 
-1n

J"

:'l- C l-y, áì. r- l:p C l.:.-, ¿^ = - *3 '.''.*., i in z^ /fCCC l 'aîr \
1 -LJi /

.r.ylteye i{l-Z = t{:- ..1 .i- i'l' i ,o i-'r,+ rn*åt,? ft,c:i-ecul-az" rr*ight r:f the \:"\ne"r;¡ colverr':t'""

îf the s*l-uj;iart ls rride*.1-", 3.L s."rrd a, dseneease bi; "'t.hæ se¡:.¡.c fae"i:,cr, l- * l'i3e

*po:l addiiior': *jl t:'3-**,tr*Ayñ:e" Tf tfu* **\-:'*ti.,øn ís n*t, rrådüå'lil i.t fcll-or;s

fr*n,eqr:.aîi*n (l-:il|) r,!æ'r ao *mð. a, ma-y d**resse ÌrJ"" ij-ffe::+r:t fs.*t,*rs" fn



f&,:"t,u -,u;k*::e -LhsrrE i.s st,:-*r:g pVefe:ett'j'e-l Soïo¡c-tici"i *f t'he s*l-u-t'* by t:''tttø

þünùrtî- i-, j"L i-s pt:ssi"nle fc:' i.?re 'Ce*l"eas'.: irl a-- -L'* be st¡ pi-SÌ?Ü1":flÕsd 'rhat

¿^ ¿cL':a-l-f-:," it:-cleasss,
"" 1ç

Tn the pres.eîr{; r,rethed" dev*-1'*paC -by Gnin',æ--i-d ¿nd Bz*a.reJ..1'e-*' ,

*t-Lentí<>t-i !s foe:;.sseC sn C -r-rz e'r"f z2 el"n ""''hat 'is t-he sarne '"h'i'ngu ryn t'he

oxpcrím.ental qr-:-ar:ti-t;" d ln,\fez, The qÊsrit,ii.ies Cr, and ß2 âT"e ceflned

8.,5

Ër F2 /raôl
%=;}. oz=".". \L,'{;

-Il-u it7

.>zhey* 73- Ltzå -{}n &Të'i:he -p.ls:"tåa1 p::essu::ee af '.ratey ¿¡4 ¡liuxane: e¡:rez" t}te

:F

seïu.i.iq)ït e*i,r+'E:iy¡ing tt";\r:,t* anri -p._' 'a,nå. '#or- ¡l:le 'tþú p'a:i:tii-eJ :cvessi:v*e *Í

'r¡a",¿er ¿nd Ciox¿tf* ftv*r "üite rÕJ--r,'ei::i:, "*f ecrîptrsÌ-tiei: \ i.m't'be e-i:s*vtce rtf

srtZ*te, T\r:ç) qu.a;-it.i--tÍ-es q and G,Z it"?Ð 3-uztz'aå'¿r.*ci i-n e"i.Cj"j-i-*i:r '¿t¡ 'L?zn ':*n*

-î'eïîficnåi aet.ir""¿iti-¿s åio ã.^ becallsv 5 and c', e#'"rt T:e t$easu::eC r';j-"bh hi-g?rer

pï"É*j-sir,i3" Tï:e foli-ol;íng de::i-va'Lìon i.¡j-11- sÏlor.,¡ h*'u the r¿easüre¡neRt at c.-!c-,

ee-n ïead t* tha *val,r:stior: ef tlte rsLs *'l elte-nge *f the standarii chemi-eal-
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"

r'¿ i-s *urroulr-*ot try sciv* *q*,*it*'i t=,r-ç: r-:s']:ig ä" r.t,::-"*o rr¡,
J

/- n* \caraLi+n '\:.2-) " îì:sn

[Ja ")

1x 
"rlì

{:;¡t)l

Equ.a'r,i*n |ZZZT can i:e :;Í:äpl-lfÍ-e4 .tl iglitl-y

aye re'J-r,"r,*d "ny

G# * ð! * nr :-n {u" rltc*c)

r:1n*e equetie"ris (Zza3 e.n¡l iiZl-)

\ :-¿4.) )

â in "'¡*
/ )\ /a^^\| .'/:
\ /ì: \'t-*t¿.t

th!"A

)

tleneæ

19Ft r
llf \
^"1?.

ò i rt Ç-, l1.n
- *-. *-*-{: ..-!-\

r\T
ãrn" -i"

*i_Dñ
d Cq â l-n *f*

f ****)-t -.1 ll-r\ð-r.'*l*
¿ .*.I

L

It is c'r:vi,oi:s fr:*m equ-¿-uå*r: {l-2þ) tha-t t}t* nqras.;?{åri\*T!ra #l ir.l&?.

r:an ]^ead te tite ,Et.A¡:e ¿:f 'ci'ie :r¿lta *f *ha-nge *f L\z* s*tanå.a.vd *herlieal

p*':,:,r:j':,a,uli- "'¡:.t*þ, *r.11.,r*n'r, r:*tn-{s*sj-'Li*n* \'xt"*Eye"1:ir:* *fl i,rÊ;}LiÊä ab:"r-a-ar'tiç*, at-



68
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+ty:pe'rin*rt'--aJ- da'La and kn*-oi:r scl-'"rst:l "pz"c'peett*,*" T]:e a¿l justel:Ïe e*nstant';

i::'f,ilç :"r*n¿i.ni.er *.::e ere-l-.J.at;*C hy s'tsnð,a,vð' ?,ças-i' ;q'úä'Pts::nethods u-*Í-ng e'
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ña

',1 
\

.. ll ,r I.rl:.. ì--:5-i"o-í:

':|'næ +-lter:r.'Jt fo:* caj-*ä1-2""i-r.;'.1: d.iij]r:si+.: e*eifi*ient, f*::: *sn'äen*
(fl t1

'::--at-'r-*n--jci:=nie::,t *ys"L*m* t¡iäs t]'ú-Lr-ar".ed 'n3r Gsi-ian'" and mxt*nrleå b;g Stnkeç'*"

T'nv ;;rtxr::i-i-,¡l ¿ssu:ir"pt,i*r:.s r¡f -'th* "tTwüry &y'** ð.'s fel-1û'ure . T?r* cli-*-'+hï'å!';i.i 'i5

*cyrsi*¡:r*e:å. ';¡*',:* equilrr.l-en+: *t* *. **-1,Lee'1.!*vl af Far"*"i l-*1 Ë,';v'*ss i "ü"e lhe
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L1g¡nee ftr*in ths ci:-cer',,ræd Ìniegl'aÌ- dj:-ffusi*n ûûtffj-ciân-i fi i-r, ls ilassL'å:tr-a

t,n eal-cu].ate Ð* fnr tke öônfÊn'Lï"s"ii*n c,n¡u pz:oviCed it is h::*i'l':: f*:'tn'e
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* ". l+
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åp,pr6xg-ïnat-ïr:n tc ö*q*.--u u) j"s rs¡ae.l f*:r en*Ì: -z-l-ïru anC st,bst'itd¿ed. ii:r¿o "Lh*:
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Thi-s *q"rra,tion r*p:.asar:ts 'zh* åe.+ua å5 î'iÉf-l- zs L',*t't stciie"'r*'F'(lb-'l'z:sclr

ec¡r:.a'lien. T-m !e,.*"':-, it sæe:ris t'* b* val-*d æ'¡ev t'Tte *nt*::s *cn<'ren"Ls'¿-"Li** -rang*
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TÌ:e i:¡r-d::;,-r;,3-*n m,¡:rru;*ïË ?hc ¿td, 't?te "lis''¿.snee ef E,l.o*'egL ai:'p:¡ela'el: ?¿?

*fut*.in+rlf:.ærr'notht.h*S'?:okes*?"e:lr-inssnea'r'ra'Lícn*':rd.¿¿hsGl-s''-reka':f{tq"*a'bi-*r':
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LaLþ

ã:Laett a_nd ile_l*j.e:r :;h*,¿y:",,;r a.nð- \;rs e,þt:3-,raatiûrL T"o'i.L:ì-c eaçe" The r:ost

ùre.s'cir. r¡f 1-hr¡se î::ilnrevLTfîÐ,ti-ons is -Lï:s,t *f t:'v:eaa;.i'r:g *.tr-i var"*.t: r¡*Te*

*.¿l-*s be;,¡*nð ihe iir"s,¿ J-ayez: es held b'y ,¿yåi-ns.r;rr ilc¡r:iei. f¿:::'::es, *".r:r-th a

heat *:ii l*lquefa*tion [t .
/-^

,'n¡rdrysr::t-'" i=a= cl*¿Li*ed a raoslåfi*t-l:5".*"r'' of the B-C*T æclrâ'Lis?: i"rì

r,¡hi*h t1::e snr'n*eqÏleni ]-a-ve::s have a heat r;f ads*vpl,imn l-ess ''¿Ìl¿t"r tba'¿ ¿:f

r,,ra"L*:r Try t.lu" Thts ha* L?ze effeet, of mu-1-tip}-3'rng â.,--e llher'€ver !t $**ürs
,r.-/p-

iy, tü+rcj i:;r z fo-ctcv ,{ = -*'rrlr leaC-1-ng t,o t}"¡* *tlua'rÌ-ezr

{1I.t7i

{3.1t8)

Tc t,*st Lyit, tTlp"úlryiatenes; q¡f '¿h:i-s *i:,,',1*tLi-ûrt ':.he vsStza *f g, ":."t :;s':' s.l

l!.0" Tl"ræ:': eqtat,\*'r' i1-Lt?] ås "i+:-it'¿en i.l: 'li:e fr¡r'n

I åtiiä
- !-:. \ lr - 1:' !-.::: i.V"" ä.-.;;r-;;*;:f:'*-;'. \ ,- L'. "'1 ; j e -lJ-t -,. - !. 2. ,.."' 

I

gndu'*yt Lris.i "è:r:xd err#Ts t,he .;"al-"11i3 of l{ l"i't'!-'ì-*h l-*a"ds tc ¿:rea.sona.*Ïi¡i

eor¿s'1,s"'rh 1l:! Õ*,¡*'y' tì:* ro¡i-d*s'c Ê¡erss'i.b],Ë :"åi-:gÊ cf :',ol-pl-ity ,{ls f n"¿rr'l" Ths

-¡-,al-ues cf the para;:tete:i-s r"s? a-nC Îä? u the *4.1*ul-s.ted water ¿iefj"r¡i-i,ie ss

snd t.h* deqriat,i*ss åve shærm fut Ta"bl-e Åi'3"

The errey¿ge d*viati*r: æ¡Î eqr:ar;ion t:-+71 i s the sarr"t ss L"y'"ë:', nf

*q,.:ation {:,.Lt(:'¡, aiti:s'l:.glz the ?a;yige fj-'î:ted ås sÏigi:iT3r smr'"\3.er {Zf- * 3f

rr*L.al-)u Th.e :yal".uLe nf 'c,h.e pe.T.'""*me't,er ?'r:i u 6"Ç, is pie.usihS-* a-nC eor-

:-esp*nds te ]i *" DÏ, = }"]-Ii'.i{ca]-o ÛÕtr rtfr]-gl* *.1 ,ez!,*:: aþgo-l:]:g'*j' The K

paV*tte,r,æ'*, t,7T5n **;"yes*cnris t* <Ì = *,1-*" [.e*}'," T]*Y:ruûie. *j1 ""'ral-e? åf:

th¿ :e*çrrc]. ar:å. 51i-bsÉqì,:"€T:t 3-a3rers* Tliås: v'eïet'íTe1-i-r s:nal-l *ileTg$ nigh:"1

*e)¿jJ.ï *CÌ?1-frSj:úncl 't,r, e .sea.k *z:clieriny, *fft:*'L O:t utbt* w*":tør iû*-l-*{:"d3t$
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L26

*#nüeï.ftâCç Tlie Éa:"*¡¡r,¡1.,o:*'b hat a \Få,1lr-e ,"3f L¡'""k'3-*.1::-t':,&i:,.'t!Ë chat l--';íiltivrr

chi*eate hv:"s íí, ei-'i.*s av¡-:i--1-a"Ðl-e fc:" cceü;a'i:j,*r: by trtLet i-i¿¡;leryv-ie; i":: the

j-Ë:l*c" I-:-yeru ee*1"1 being h.aì-d r¿jr'l.l: ¿y; sr'ie::{Ìr ric.iie I 
"1.,''-:. 

Ì cal-" ,l:ic}:z g-i:eata-1"

rt,h+n'tke i-atuey¡+u heat of eïå,r.ìûlrä'Lio¡"i rví'"rzí)jLe:te l;hieb ,ts l.û"1i-8 íce,l"* fw*le
.1 -! ? :i"^
'n,J ¿-) .:a

':'he 3'r.okes.*Ê*bÌ.q,ssn åpËr$å.*h u"sed f*:: f.*-;¿sr eoyreentra"Lji-ù*s åy:d

'¿he Eyu.nau-*:'*E:r'sa*tå*Tei-l-el' x.'pa:v*tæ'nl:scd f*:': high*r e*rl*üRtrs+-]-ø*s s.re

nüt. sÊl"f-ü$'ßtyä{:ieL*:*3r" Es'l,r¿*en ''L'!zesi, {:rryy*efi'Lyll,-ï*iris 'r,h* \'rgJratå*n ::;i.",.'r-.*

?:e:r', !hrn i-s di-ninishing a*d '¿he i.*ns .s.re t*acl1"ng 'l* a qu-asi-.c::'3,"sta-ilÌ-i:r

*t.:.i:ctut"* ,,r3,zutz sö'me øf 'r,ne a¿râiar r¿*'i-r*ir.l,es r:bedded i-n J:ire ::'siå:oåj-¡:r':,i üf

*::3;s"Lal'- J-,:.'ü..t1-*rû 1e¡l -:o:'l;;d -1.-.t,:-"") ':ìi[ ;',r-],i '',::,t,.3'?'.'":]L ¿is rr:f::üår' r:¡Ave.n'L., |il|¡r;tr¡

is r¡*thi"ng **r:'i,tr.dÍ-e'f,n::";'r j-":z1-i:çs* a'-',,i*' "lr,&#,-,\û*,)v tsf t:þçr*n.r:Yr,få"i,h<l-.1" t,h.*;¡ tr,::t:

)-3:e3-!tLtzp:, *:r.s**c ,tf ¿t *nt* g"*n=:"a,\ t;';"t**rl¡ ",.:'þi*?l i':-o';id üfrl¡*? ui"\e artl:,':-r'* ':(:i:.-.

**ntyE.t jr-sn YÐr\9.8 e

f u::Cert**1ç s" st,ü.Cy *f t,l:: '.'åú,r":1r. lli:5?'.'.1*r)g t"nð 'r¡*'t:etu.y" t::'r¡n'':t:s"):-ti*n:

cf sr:d.iu":¡: s"nC -l,j,i',1:i"i,ri¡l chl-*r¿lt,e ìn C-:'-E:tråiïlf;-,/¡Ía-'¿s-:r lnj-;l'i:ï'-:l*s 'ü'å åer; .;,'i'"t:t"r- elf*+i

*he.ngisg th.e eol-r.ent r¿*vL"i he',¡e *;t rlie a*tir-ri'd ]'es *f '¿he salis" .'ìre

syrtei'is :";ïi'-¡rd t:,!* n"¿:¡'*ay*ð s.zt "Lh* -c,hys-"r-raL px*i:e';"ti*s of thæ ,c*l"v*:rtr

F;.Tt s]n.*-vt{¿ iLil T'{t"h1.-ö !r)-ï" j!-l; nr'*vic,us]3r *.ei:|"i.'t:n*ú,n i"¿ ís -pr:ssi.l;1-e t,n ceil¡.:*¡,¡

zY:* ¿r:i,zvi"+"\ør; s:Î ¿l-1, t,urtre* *ri:rr:T)únsr:.:ùs i:: "b?:epe sye-Le:rs b}i a nst,hr:tl d+¡¡*;1".r:rl*d

t;y lr.:r:-":rrrra.3.d s.r:,j- i,,,:r,-'.--l-,1i. l.rjlo*:'* c-:lt.t*3t:-n'¡:ìung i;1.:i s 'irr;*.adr;r* ayzii 't"?:n 'ye.*

*u"ï"'l,irrg a*?,'¡*,ri'L'l *ereff,i-*jr-cn.ts *f 'z'þ*' r:¿Z!,s Lrt i::: '3-r'fir.tøs'tLyig l¿s fl:{årßåír{?

ç':,yt* rlf '¿?i* t,y:sr¡i: ¡¡:li '¿i:* s"*l-i;ü¡11 s,*'i, j-vi-''ii*s i"¿ t?ri.: 1./ãïj-fi,i;-lj r;s,:,*r:*.ri*

T\t vEyzt|:'Iæn *Î -*rst.ey' end cii*r:a'Í!(¿ #,'¿:d'1.ì,;.t;"t ri"l.h *ai"È r:*l:,*útti:"y*.*

{¿i-*n :ic r:'no'm li-r: F)"glx*s } tr,3.2, \.'n* p,e.ç:*:ret:'g {Jf ih*s* y*#riL!:îi i{:) ! *"i,,:*
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-:in* 9¡:sieï:s 'tit'ii"d-n'cÌ u't":i *i'i:'e Decsi't'Lrcsu L"*-l*t:t::ze ':l*ligt'&ï"+js ar:'r] "'i'!'.ss-â;it-
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LzB

Fi-gu3e g glzt*s +-!rc ehxnr';e cf thc t:ië.|,lsy'ai-ici. clir:zaYLú eeti.\ri'¿]-t uFon 's-dditicn

oí sodj-rrn eLi-oyaj:e '¿* s sef,-¡.¡e,tt c*nsisting *1 L'JV'S'li'dioxane * 55"5'-i¿ler"

It *an b* s*en th¿t the w¿tel" a::t.r's3-'r,y riecroas*s '.i'p*n addit"lsn *f ssA'c

r,thÊï"eås Lhe di..:xe.'rle seti-vil-y inc:¡.eases' Tfisse resuL'LË ðån be expS-æ'ined

b3r ccnsidering sod.i",im ch]crata '¿* 'rse s'lron¡il;t ìrrefe:.';n';ia-'l 3 s,,f-ve.teC by

r"¡ateï." l,s se,l-t .is adcled ts the sol-uii*n înû1:€ îrïÐ-ter l.hai'¡ cioxene its bo'¿¡rrl

b3" the sa-l-t ir:'tþ"e fa'¡ynz".tiol: t:î e soL.*¿¿r-Ï:ierl shsa-Lh. Thus t'he rertainÌr:g

so1vÊn,L ,,:æeonss ri*l¡e:l i¡r rjic,"lar¡a ay:fl the partial p::essu:re and acti-'tti'r,3'

of d i oza*e 'ì r:r -!.?te sys'c*m l:i s* s ,

Sut1l-a:. *Ì:ai:ges'in the *,"ia,te:* anC Cicxsne a*'t-åvi-tjies ar"e foËnd i'¡lteri

s*d:i.-om ehl-nrate is edd*d '1,* a sol-ve.,'f, eav'ts1s'bi:"rg u:'1 ó1p"5(þ di*:çane "' 35"5

'.";,at*r {F'l-gr-ire j"l.) u s-r"ld s s:-ïûil-e"r expT-e;raac''i ori appl'Êies*

The *hanges Ìn -,^¡si-,€r ar¡cl d-i¿>lsne aetivl-'Ly f*r ii-tìrj-"¿n ehl-nvate i::

)-Èï,5i1cli<¡xane * 55,5'it ïriå,-i-,e:r (Iigure l-0) ani for iiihiu¡s ch] ovã-t'e "ìr 6tt'"5''

dis,.{ane * j5"5,i¡,.¡ater {pi-g,31-* l-2) are qu-i"re ciifferen'¿ frci¡c th*se of sadÍ-uri

ehlorate. The u,.re.ter a*tivity in the l-ithium ehl-e:"at,e <jeereases i:ut to a

greate:: exjlen'¿ than ís'ì:he eg.se fo:: the systens r.n.Li'l s*di-urn eì:Toraleu r"'rhil-t

the rii-orane aeti-v-i-zy a-t' first 3]i6rrzs a slight 3..nerøase, tliorr clEc::Õåseçø The

j-arger" cleerease i-n wa"ter a-e'ü,.vityr år: i.]re *ass rf J.ithitra chl-crate is t* i:a

*xpee"l.ed be*¿use *f 3r'l.ghe':: it3rd:re-'t,Ícn *f L1trc låthj-'::l i-c¡:. The ehange ån

cJ.åcxane aei:i=¡i''¿y e¿-rr be exptrairredi irSi *onsÌ.rl€r"ing Li-'th3."*'n sirl-*re'¿e'u* be

;*re f * ::eiti io"it-]-3r scl-vs"-c etl b3'" ..'ru-te r'

Tþrs açt1çÌ-"iy *oef:lici-*n"bs of s*dii¡:rl. aryl I'ithj-"'-:ryr. *hlc::at'* zn llt*se



ti I all,7é1) \.r

rria'l.er e.r:il li-¡;rene lict.ir;i_"Lv Yetsus !i*Ie\'.t't,.i¡ f,*:: l,¡re

:-.;gs-l-elr*lìr:il:-r:¡il í,-li,l-,¡r-i:ate *, ):.1,,5: |{ ,i1¡:;;ic .. t5 " 5 , ' .gLey:

t'-'t, ljÜC ¿,is De'Leï:iij.::r*cl Íy*r¿ ilei:nur, F::ess.irlre anc Ccic-

'Üû.ç11i-ûn.

o -'¡l$."1"er j;,;t:"ç'"s-v-iaij*'

O ìi-+;a.r;e :le't,ir¡i.i-;
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Figure )-Û

'',.!,a',:Ev ¿:r:,j jj"l *xans :letj-vity ïe'l"s*"s l.i*l-e-i-åty f*r '¿ï¿e

i)v*-',*n.* ij,¿ï¡j-*;¡+ Ch],xytie * ií4. j1i .:i.*-r-t-tt* * Sj,j:,
ft

1,'iatel" ë:a ?-i'"C ar¿ î)r:i*v:mjrnçd frnr* Vapuo::.:: ?v*fisi:'ve ¿ziÚ

Cæv",tpe:s:tLi*r'"

O Ì.,i¿r¿er. ;1,C'Lil.rit;r

I lå*ïsne a*"rivi"LY
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l:lg,u:e Ll-

-ll&Lvr and ,Ìi.oxane å*'i:i-vity l.'t*ysri.s Ì'io3al-!-t3r f*:'' ti"¿e

' r,.¡i.6;r' * iìu:i:-l'..;,r th"ì r:,.1':;:, ".. 5!.:.. jl. -",*,",:.';," * )i":
. .. ..i: ^!la¿:t' *'; ?.)"C ¡-= lætel:mi,:tz*;ð 7:i;t i/a"pcluv' å"ess¿v* and

C s:nno $i.-L :-sÏÌ

O i¡js.."t*'¡:,Lc'i:5"vity

O li*:;æn* lt r:'r,\,¿i-t J¿
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it:y:a:'t*-,"",*.le:r nj-xj¿";j:*s i'Jev'e et3-ezi\¿-'rql by the r-sel;hcd '*f G:'unr":¿"1-d attd

Ba*ar*l-1*.:i, The act,itrit;r co*ffi'-cient's Q'Yã ï'r2'pYr*seln"'Led Z>1¡ t'!t+: f:Õrrr*y:

Pæ"::-i es

"1ç zlç ?
Ìn o¡!=- - ï1'-'u* ;.j,-l -,'i:n''Jl'''i')rt (rztl

Th* *eh3r,**im*kel linil;3-rrg sl-*p*, ;qu !-s eallc'¿l-*teri f::oi",q"Lh* ìr:ls'r''m s*l-'E¡e"ilt

-pr*-Êe:.tå¿g s l¿'nlrl^e tl:e *o::.5tarr"Ls E, C anC l a"re fcu::d b'y app\yi-ng; all** f*J'-*

3-or.:il-ig eqçs"¿i 6'311 tc '¿h* da'¿a '
n +1o

-# i,t- l-r: t-. ; ii^ i;, a") = 2 n * t t' 'u'to'
-12 

t'¡ ')
+$lIlli

?^1/?
-- Ê ".," -'.. :a f. .--.J¡ '

'P-" )
{,1"2t}

ll'ir* l;¿l-ues *i 4;1rt*,:*nst¿-rrt-.s ea.il:l:3s'¿'*ii Ì::y Lk.e r¿etha¡C 'af J'rsas'¿ sc,"úg-ïes ún

a **,np,c_'r,*3: s.y"* 3.,"¡.*ri !;q Te.i:l-+:ç I" \3u i.f , e.r:cl ?3,-" Th*xe ee,nsls.nlrs veÉ:r"f.]'*

Cr:-c* the e:ipet-Ì:itetttaî q'*a:l-i,it'" li{-- 1* %- ":- 'lT, i-n :'^} :'av 5J'sl:];'L; }"k'rl'

s.n"j 6 Õr"*€r tl:.Ë en"L-!r* ,*Õrssntyat'i*n rar:gr *'¿udi,cd- 'r¡å.th a iirax:,:ni,:lti dai¡iat:ic't':

*f ZiL, The-r:efe:.e,'ü]1e acLi*vi-by e*afin'?*ien'¿s ta.hul-¿teC :li.n "lt:þLe 9s'L-?u\7u

:.2çi 2' :-:"e ec3i;"¿t: 1:': ¿''"t>s;: 2 '"

Gr:a"phs t:,f 'Y"n..¿ a*ti,;it;¡ se¡*fîj-ejr-sn+: '*'l sr:di'.1¡r end .!,it!tj'-'¿rn cri:-*r"ora'e;*

i.* LyLl'"j1a ¡jåo-*:ar:,* "- 55.J"f wat'er ¿lnd -'¡-tr 6lL"5i¿ dj-sx-s'ne * 35"5i'' 1" tËT- eTÉ

sho--dr: iri lli-gures l-3n a.¡rd 3fi'. The úLl:"v€:î*r ?å'r?ti,-u:r e?elot'ate l-tes eeunsid*v-

e"r*Ly zlcr:,v,e t?la"l, rsf s,*tj-:Lus"ry *hlr*:"at* r*ueTL',*e Ðnti"e *on*e"tiutt:sii*n :"er:g*'

?hls irehairioy: -ì"s #i¡¿ål.e.:: 1,,* th¿t, iri a{aen';ç st;2"*tÌ*vr and eârt s88'ir1 Yrt e¡*;'*

"p3-a{.¡'*ò Ets dc-* t* r:. higher ðegree'i'i s*T"saYåo:: *f '¿h* lithi"ú¡n i#rr'

Ê::eçl1e of "i,he v¿ïyt e.-L1+n in t-þe actio.'ity **'¿f f -i-*'i-eml'r: *f ç*t:i'-'¿t¡t

anc iithi-rri *h]-*ra"l,e,,r\"r"h sc]-ïén¿ *otaçoeit!-ÜR ar"Ë givett fp p'lg'':res -l-i al:d

L6. I{, r:s-:r þe s*en tha't, th* '**L'.i-v:::-:*'¡ r:*eff"¡.*i-c+rcle *f T:*L"?, *'*úL"'t:t *!'å'r¡rx:te



ïri-gure l-J

î'iear: i'isi-al- ået:ir"¡-*"1:;r Cuaiifi*ierr'l: 1fe?'sr¡s i:'ioia'Ìit3" f*:*

S*dic:n ühio="ate a¡:ci Lith-l,.;¡n Cþrl-or"at* \n tÌ:e Snl:¡*n{, *

i, 
', ^ -r-1-t.,.::.ø). .'...4>:.:..:1e ,- ,tJ"j; .;àùù3 !_\ .i; _s

Q l, *ð""t.;t:t CTi3"r:'*"'tt:

O ij.t!:i"'¡:'rr Chl-*yal,s
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l¡.igu"re i{c

i,ieari: ir!*-Lå1. åetivitS¡ Coa-ffi"*ient -'fuvs'¿s l1*1¿I-Ì-v-"f f ç)"

Sccl'ir-';r* C'ti1-rs'ra*'-e snú 'i,i.!,"n-\,.-¡-u'; Chl-*:'¿'r.: 'l.i: -l,ite Sr:',1--,'e¡:'i '*

{l:r, j,it }ir::ian* .* }5,5'i -t:lÐ"'tey' at ?,5*C"

/^ì '.,"1 n i:¡., ¡l-'l .\-F+.,: ,

(Ð Litiii,;.:'r C?{i,at:a"t"*
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Figur; i-j

1.r:1¿ep lt*7-a.1," lr,*tj*rj-{-y Cr:*ffi-*ie-¡l"L 'Je::sus '{¿:i-¿.1 
i+"y f*:.

3*dj.";ri. Cj:ie:"a-'¿* :1-¡: r.,ie'Leyu !-i],r.51 l'å*::;s-st*r *, 55*5"i ';îaz;*r'o

"*.'*t, 5t-',"5,- ii"*;:¿rre * 3,5"5'ii i'"latev e+; ?-5*()"

O in'tlti*r'

g iro lt)s, * jt¡ti: li c:iar:e * 55,5'," i¡,:'a'úÊ:'

C :Lri 'aLv,5'l'Di-*z;a.it¿: * :,5.5 j',ïp.'¿*'!
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Fl-¿uz'e i 6

i.Í*c-n ..1*l-a1 ;,.*t,i-vi"t'y CaeTfi*1eï1i Ver"s"':.s Ì'io'l"ah-t'i¡ fa:t

-:,!:-'t.Yii*.;tri Chl.ei:ra'¿e 'ìlt ltafe::u ;+U"5it l)!L*:rt,:nr¿ * i5"5'ii, l,'ia1;et:*o

r¡yñ. 6,.+,5'i. Ì)-r:nz** * .25,5i l,{ate:: z'L ?.j4C*

O i,"zt. :.,i-¿ztty

e io L:!-¡"J;i' Diüzat'le * 55,5::i'"\,:ia+,,e":r

e in 61r"5'it -Ìiæxsn* "" 35"iþ ',i*-t,er
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ån.l i-ithi,,:ff, e'r&üTa-te ::::.e 6,reai1;r v.'educr:rÌ ei: ";har:gi"ng t,he s*"Ï-'r"er:t fr*rt

.tzt,et La ii.L:.,5. ,ri¡¡:r.:¿.r., * 55.j : :lr.Le:: ¿;.-:.1 lii::j-l.¡ ,:v 1tt "5 rli¿:<E-nE - 35"5 ,

i.rate?" Iíueh of the Cecres.se tê-n be as*v'i-bed tc '-'iie i-azgz ehai-rge in die:

J"ectyie ecnstant, ê,.I^ong wit,Ìr this clec::ease in dieleetz"i* e¡:ns'L,ant g.r:

i¡*reass{l 'ùe:rdenc-ri 't,*we.rå icn pai"-r. !*'tt-:z'¡-i.t:n in the nixecl selvent s rlr:-

rìnirht.'l -,¡ 1.¿¡l¡-r¡¡q5 t.hE e.e'¿:'rrri ì.v o-l t1:e gâ--i'Ls .

1{an¡r in6snsis-Lenciss aÐjleåy" in t,he l^i'Le::¿-tu-re a.s t,s the r"i¿-tr::e *f

s*-]-'ratl*n i.n Cj-cx¿ne*r,.rå.t*ï :*ixtures, Gr:iinr^iaICi9, in a study of a o¡ay"ie'b3¡

+f:' e"T 'e*.tyÕL"¡ri$s iT, jÛ . d'io,"ra:-ie *:':s.te: ití;;tu':es l:,;, sr î.rð,-üûr:r p'.r*sË'û?"e

l:cei:r:,*.q':e u ol-'se::"rlecl -parti-al- s*l-,;a"L-icli: crî bl:e *1ectr"o3-ytes b;r cli*xane"

Fz.¿tísïlet a:rid louglnruu'L rr-serÍ rruel-,és"T' til.¿ntå'bi.e ::es*nä.*ee 'î,ü eilcr¿ tiíiat i:he

*hï*::id*.: of Lir-, lls-u äu i{gu C*u i.nu a,nJ Crf u a,l-ci:g1 rd..L?¡ t,he scii'¿¡ii s¿l-';s *f

î ir., I'J I "i:ll :1,, -_r"e ijrejl#Ìe¡-r.t,Za.L1.y sö.Lr¡a.L.ed b;r r;a.t,e:, ":rn j*!, rli,tyX-A,iie*:- s -':'.'-se \j J 
lLz 

c.. - - !.., -.

-!r&.'Ley lni-xtures. They fnu-nC no e'"t.a-cìenee for e*l.v¡--i:i*n ii-{" CiûKå.ne, "ft,her:

^7i{"i{"R" Õî*'î clenrJe ì:;,r liint*i:n i'iclo',r;el-l- an'1 .'+iti-s-* -i-nd.i-eates c*J.."¡e.t.i.r¡n *ri

p.l-i:rrir-r-¿lir *JtlT¿,?i-tJ?'¿'Le f:;, dio;'..arre * !,nu.'Ly*ir-s sf cünd,r*'LEnes ds"t,s:-'*,3u iiyzr"63

al-:o inciicated i-r:tsrac'¿iür bet',.¡'eel'¡ dioxe":-¡* and ,s"l¿et,::r:1;r{-e in sårei-l-*:r

¡i:i;Cr. r;-::e s 
"

Tr cJ-ay.-i.f,f i,be s'litu.:f-:,svr.l- ir:acl¿ at.terr,"pts to Cete::rti** the r:atr,:::æ

*f so1t:a!1B:-¡ i-n s3istei.ns 3 ult, 5 ayz¡- 5 ur¡¡ 'l,l:e äitt¡Lyfi¿ rjeveJ-*r:sri h,Jr lly'a*i,;rr".1.d]-7 ' 
l'".9 t 19 

-

Su-"*s'Li'Ltl¿tL*tu *f eqrzatien (:-27¡ i"'*t'.* equs-¡:.Lar'¡ ri725) end ir:teg:::iLi-on

I -.:.,ir l-." '!1,.:. q.-,-t e_ij.i;:'=

1 ñnß*îil*" ,,
L7*

L :;'

fi - ,Q1'
t--

(: !l 
";-

| @+ lî.\Ä ì,I
å

r)+



?,tiB F \
'. è i 4'44.¡¡¡¡d- -,_ : .,a :
1r: \t .rÌ *:- þ/j -v-

i,?-l; ¿:-
*.ì-l.*- ''*"** s *

" jÍ r'i il- _)

r, !ç .Lt
_/ | -'i _i

)
ai r." {,

,.X' ñ r*.ì .*

,L,ås ?
t* @.e\? ¡ \i -' ,}

"'-":-r

I "¡?

{:Lq'-

{- 111

a!ç
.^\ .:u *, I í '-"

rl l1l
j

Í'.: :- r/,.--.,::.j.: :' = f. I _ li .:,-?." 
=,,

Tlre **,:::lficiei:'Lr üf t'?,û rri'' 
*

i** r:eg13'g:''nly 5¡a:11ä, 1-he eql.raii*au

' ,-Ü
r nrrl a:.- r 'r ut
=i*-- :-,-, .å --" --i: a*:!--r .

".---T\¡1t-.¡"- -"t-Z *? " 1

.lp
Le :,,r il::r .-i't": :'J i 

t- L*::t* ¿tr+ f *';JY\ð ?'*

th*refo:'*e Tðil"Jces 4¿*

nlç
* T{í sr)

, ,_2,;:,'ù,_ - \ 'i nZ +&- _ å¡ *) (2fi)+ îå r,;î; * 'i 3:.1

Th* **eff :r*-l-*lrl" *.i z?tc,t t",)/'' ,r*trrîrår.5 ral-ú\i. Lr-tteå rz:an 't-'** iiel--;rr:*iffiektJ-

\::ú-t.LnE s;-*peu Su al-r-;ng i;i-'t'h ''tlne s7-rtli* af ?-i:e *1.).ï""?ü *'f i -pf'*t,¿eC ag¡l-i'tsl

i..lr_, ?i:o r,"al'¿es of lhs* ¡¡'t,i-r*-¡" eoeff1ci*-{fL# *,{}. åi:* ri-¡4Ìri :kr equa-Lil.,:rt {"75ii}

i,ieye e}bts,i_ned "b¡r f!-t'llng the dsåa '*5r the ¡teth*d *f a*:a"s't Èiquev*s t]7\ z *'t)1t1*

lL1.{-ilter@ 'iha *,:tsLants i"h,i-*h. :-ep::c'id.uceci tl:e ex'Êe-ei:rlen+- *L c,uanL-i-e¡' i-fi u:*''*r
,,-Z

,¿h* *:tti-i'e **n*Eyt'trs-',,j rly: y:a.nÅee Y.ïj-th a r¡"raxiruum ci,e".'.i.ai.irl; 'sf V' ' u L¿'Të i::I:Ë*

sent.*d Lr, Te"nLe 11,5" f;tl:er rrseí"¿i qu*.nt.-iti.es ¿rz'€ eÌl*"sn j-n Taì:l-e Å¡'á" T.he

^ Êt-." _ r 4 lc.:.
qr*J:.r+sr r¡f l*.?*æ.aez,* 3r-i-r:"r*a1er| fv*¡,r the *JaL--*eç 

"f * ff e;i Tz''tV* !:'j"
- --' rj l:r

T::e :¡¿rJ-u-e= of'"lr*, qi:ian.Li.'Lier %35,u-- ' E4# e e'.Éd L,q,i* vrãï'E *8'-1ç*

."1" -1. !

r:uþzietl.'ny "p]-otting Ln s " 1-r: a-( ' &3iC )Ln a., r'g'zi*:tzs:'t l', fr'nc-'erai-::at:i'ng t'he

,;L*p*s at ihe *p,çtt:*pr:ïa'c* ilì.r , Tf,re PeqxÌ :t"eú ð.a"tu *r: 'l:þe 4'taAe*,'t::3-* iJârls"LaTljl*:

*f "¿arinr:-s ú=."*xsrle *,,tt-t,ey rÍ;Ì-?tt'Ll,rÉs aev'e n1:'?'s,.2rle1 !z:*zlt C:'j-t,chfåe1-Cn G!-i:s*it

6)-ç

e".fiC HsLS_c'ru '..;h..iie ,¿h,: tequÌ-y"*å åa!,e. f*y L!r* '¿.*ti'.,,,ri.i.,\e; '+f "ovst,er anú dlr-tle$-i1r3

(-, (,

jsz.*z.l*.r * ¿L*xarrc rni¿r-'rr.i:res '¡t:y* €*ta.i-n*ú tr*':t', Tlt:,**:*3-1en Ti'**"it tu*f çr"¡'s't'::r3J-ð--.
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3
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5

5

i¡Iæ-te:: anð 6Lt,5i ili*xane
I ^ii 'cr t.j .f,

¡{ '|iÌ* '':]- ( líc*. 1- . ,Ir'rrl.c )

/n
NV€+

*uo-l

ñ^*Õ"J

n^ /*i.U 6 D

l. /
.r- åi:-!-e rliì

and L:Ì-thi"ffir Cìr1nr"såe

35.5'1, l',Iats:' alr 25ÕC,
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¡i 1T
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If 't,i:= ::cu--ci'J:ic fiee cnergy "i= g:l-"..e'ri i-:y i,Ìre

^r.0 2" ' *1 ',r. ¿* ,]- l- . :'l l-:: e
-:-î--*¡ì;*"?

t'l--_l_

'¿A ,7
.¿:"¿L j;.^^1

_ u : ^.¿ c-.r- ø

r","(A)

1 Ita

//
Eor-n eq':¿ti*n""u then

\ l";r¿ J

':)!,j

;+here !trr Ì.s the i:l:ie :"ad-'l-uso tet is the innÌe *Ì:.argeu e ls i.he ili"eleet,r-:!-e

r:c,i:s'Lai-,t u E.yil Li j-s .tvtge.C:*cls i:i¡:i:her" Ici: 4./1"5, din;laa= *. 55"j.: :rr,te:' a1'

25o\u e = Lï*"6 
"rrC ffi*L = l+"1*9" ü}:us sne cb-fs.i-:ts eque"t:i,:n (3-52) tov*-1

univaleni elecÌ:rol-ytes, i.ii:epe ,u, = , o* t-f ,_r- + "r'* the hernonie ::nean cf

::r- and ?",-

J \-. ^-?UL
ral

{Ì !J-t
_!-

:Jarrpl-e vålú-es s-i *7o,7fr, e"re s.s jlol-l-*t+s: s*c1i-un el:--torat* u *29"2 KeaL an'i
À

j-åthi'¿sr chJ-o::s.teu *3?. j t*,a|" îi: bc'i:þ *s-Ees, *36"?lt', 1s appr*,*ia.Ì:1y w-*re

nega-Live 'i.ha¡'l the ex'oerÌrnsntal- v¿riu-e ef ci ct/ci q. ,î*',",r*"u ïssûl.ts e.i"e

ebt,ai:ted fo:. sedj-trrr e_nd l-å.-l,hilui n:h-!_or.ete ii: $L,,"j:i di.oxæ"r:.r: * l 5*5,, r:a,Lez""

In lhe p"':eeeclíng ca-x-cul-¿t.iörsB "\;l:â el-ee-l:ro1-¡'Le :íâs :ega:'rìed a= ''.:.i:'::;1."-

vaÌ:ec1-, anrl r-.* yafe:::rad. t,o the "æ:ssl.t'ated. i.cns" it is ilct surp:ising tha't,

su*þ a model- does n+t fit'sÌ:e dateu, Tn *y'der to rsmco¡e tltis diseîe,üå.neys

i:he åcns årre åss'úTred -bo i:e soLvs.ted,"

Fir.stl-3'n åt i-s ass',iïieC the."t. the solute i s p:'rsent at, ext,veme

Cilr:ti.cnu a."nri that it exists as a"r1 equilii:ri."¡n:'tíxt"'i:r'* of rii¿t-!-eü'rt-iår toTil*

plexes *f "i,be z-;;¡pe 3" i ì-120" .j diota"n+" ?he fv'a*Li.rsn nf the tçi:aj- fo::rni.iLa

rreiglrts oii s*l-ube '".;h-ieh ex'ìsts in the fc-cîn cf S. i il?0' j di-oxane uncleT3

these e*y:dj.t-i-*ns..,¡tl]. be rjei:*t*d b;.' frf ." T,ben tle s-lrslrr.g* h;',ire;tic:t::r::tr'be::

p.*:: f*r::nu\s 1¡ç',g?tï j.s d*fln*d b}r çq1s ji-*, {:,5Ð znd th* er¡e:u"age d-içxanat1en



t]'-f,lbËT: pey ie,rrì,l.Ia' fejrÊhi
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'l'' ¿n'p¡34"¿' tn:r 'me * 'e q

li rv)

/t ro\

I-E
"1 ì

Ì*.SS LL
-1 1

Tf Lr¡e ?Ê,t.e of ciiange cf th* s'banda:"$ rÊå3*Lj-å:]_ rrlsl-.Ll- fïeà

åetu-e.1 m*l-ecular speÕiÊs :i. i H--^C ' j Cioxe.ne åsj clencted

'Lhen t?re äxÐeviïnental- val-r:.e, d G?/cl ll" rs re']¿tæd to the+'r
of *qu,at'ì on

?
ø i! ú= r-*:*

-t -1

racl-t-u.s; -Lhei't

, ^t?G u.. -" ^G" d l-n a- tl l-n- Ë"^

^,,År :å- j ,_ r-.c rm -*--; , ¡Õil.r 

-.*- 

I' ll =<l2:.y'.: -. J t- J ï .: rì \- /rj

5'4,: î .ji_ d,l. . -',1 ', ,l

'Llij-s æc,u-eL,Ìon, C ï^ri n., /rl \-. ¡r:¿d rj 1-r:" t.rl a ìi-. :i'eÍez" "Lcl Lhe ¿e*¿i-t"itiec

t,h* s¿l1*¿eï1"{- sûtnp*t'renLe in ihe a'l-;sæ**Ë r¡f súl-il'l,e"

-¿ûì lx
' a*í

s

t.

-i-ft

û-ìÎ

hËsuit¡1ig ti:at '¿iie li,*yi-l eciu.a-Li-*-r: applÍes repaee:.'r,e3-'y {:c each se-'i *

rrs.tj-cr1 ,¿e,erl-e:t ths.t ic .iic:nned batr.¡cevr sÕl-ï.te sTid Ee]l-'r€nt, iihe folL.*"ri"riã

åqusrt.åon. 'i s o'otaåned

-.:1¡ ¡ -¡c ?r i q
"--i.. --'-

î*riit

¿*û I
s a"_ --.1 I**.-#
11 Àl

N

Lhc seJ-vaterl

rl--19 t-*t t'r c/,1\ .l ltl / t-L''t
',.'..1

equa-tien (ySS) can i:e 'o*"i*-Len j-¡t t,he

?
- irl e'* ,C 1:tre ,,.'

il .-l l_
;TL

-4r.+r"e h is a hp:"irtôT1tì-?
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a' L:rl:'

ïhe a",re:"age s*l-";a-l,i¡:ïr nr:rûbsr.-" ho ay:<ì r.l 
ü irr *qira-ti-o-n (i57) ¿re C*fined :s

ti:e s,¡'ris n! n* "end dÖ f*r' ca-bioils end anåc¡:sn

ïi: o:"d,*:. t,* appl-3r eeu-at,'i-o¡rs {15?) e.n¿ (Ug) 'L* rny da'L,au i-t is

**nr¡enicnt t* ::epresen-L Oj *" ¿- functioyt'*f r*"ø h" anrl CÕ' Ít Ls assriras<l

",rnaj¿ '¿he ha:ry¿s¡:ic å:,rç'rlp;ü ef the ar,, ut*atu s nú,Y ba ap'¡r*xiir¡eLeC by the

:*a¡iiu-s ea.l-eui-a'¿ecl f*:: s- Ì:3,'p*i:het-ir,*aï ta'f,ärege snLzra,LeI , deflned ¿-ç åo:"¿

,,;ith u,ir.s*lrrat.eC yacjjrus ::*- eorrpl-exed r,i-lth ht f 2 -,,.ttL'ter l.re;leeuf-es e.::cl rÌü/2

r,li-ei::ans ¡:aleer-l-es. ,{ssr-.c¿i-ng sphe:"i.*e.l- moJ-*e'¡-les end c-l.nsest, pac}<*-ng *f

spl:e:'es u !"\* !*-:"")-rs,ii :tg e'Ëu-e"rr',:nn ::es"äl-t,s.

4;r*.)J ,.}^"lfr- t *3* 4" {irÛ/z) '=? , (r",'Ð ,'}r- I (.\59)
ån{}

"L:;t.*ere in_ a.;-lC 7:? t't():.:e L3"Ean *.:; i-,ái a.v:d 2"?'åu ï'esîieetlváLJr* {T}:sse rtr3'ii
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Equat.iuns (f¿O), {1ói)u ar:c} {leZ.} cåä }'!ü1,y "a¿ *.çe¿, í:,: rs'l,i:rs-t*

sol-.;a'L-i<¡:"i nrmhe?s, T?te fl-¡'st s-i,eÞ -i-s t* slio'r:r th¿.t de ås grcate:" fhan
.l cs

Z'Þi-üs ;\n examina"i:ian af irigui"e LT în "ud.ic}: :. --- F fn:' scdiurL eYJ-*rz.:La
d lJ-

iyi ¿i.L!, j,f cl1¡x¿ne * 55"j',i:.ra'rev:l-s p-1-*'{-Led *¡¿ainst th"? :"gve¿-1s l'}ra'I: '¿he

rrl Gü-tt

eslcuf_ated vel-us of -*r.! iLs a.Ï.r.ray.-; ri*ïe Ï:ûgåL-*iv* lhan 'i:l:e r:xT:eyim;eritatr

çslue. This eu-rrn. :n tfrieall- and sfunila:: ûitï<5.res a"::e o'rl'a'\ned .rÎ¿¡l- soci.i-usl

ei:å*ya'ie i"y: ó4"5/l dj-o:,:ane * jJ,j'¡' "'ratsrE l-j-'L?rj-u¡r *h1orate i-v' !çl:''j'ii ciiov:ane

* 55" j,i' ue.'ter, e-t:ci îi'rl:i'üi" tT'fr.þfafe ii': 6L:r"5¡ ,ij-oxarre * ,35,ii-"*a,r+-:r* ilg:'ee*

ncn"L ì:et:+eey, *ilb* ex¡:*r.i:ri*nt¿l- e-rrd cs.L*ulateri vai-uas i.s ;:sssible o¡:li¡ j¡-f

d* i:s gr*ar*'r 'Lh-:¿n ze-rç"

Thås l¿e¿ns i?¿a-L ,t\zc::s ¿:¡:e ti,¡'* '¿nÞln**u¡:: i:arait*'r-eïsu uhÚ u u't'trl utiÜt 
u

T:,.zL s'1,nr:e't.hst"e -1-s am\'5, r;nË, e7r.:råë?.r:ten-La-1 qr;¡ai'¡fj-ii;:u ,j ËÚ-fi l1., o -:':; is

*v-ide:r¡T-y y'rçLL {}ússiir}e le; *i:*¿ain ¿ ^s1iqïË sol--útien. Tlr- i-z p*s*ii:"Ì +u

i:i$l,ïe-¡*er.E i:'j¡ sui:sti-'Lritir:g al-l- the *,"s.l,ues of tÌlÕî arid nd.üs-l-l:rat &!:Û **11*

sj-st,ent rr:j-thj:,l:e exc*r:rnen'ce-l-:"esul-ts, t,c finC the ¡::-T.al--ies'T:, va-l-us cf ¡jç

*¿hj-ch gå"res "{:h* experraent,al, r¡al-ue fær- d Gt-,/d iii*, I'i:lnirai:ra Cj-oxanatiGr:

nu.*foey"su ealeulate<i ii'i ti:is i'¡ayu aiong toi.t,åi',* tltï'ïüspÕnrìtng va-Lu-e of

ul:*u al"e girren in TabJ-e l-t 7' The r,osiues p?e-<en'úecl 1Ts3"e are ¿rf Lhe s¿.me

r:yð-ey *f ::nagn:i-'Lr;.úe e.s l¿hase fuund. by Gruu,rafai9 in lC'' ciit''xaliã *1'te-t€r

11*i:tt"¿::es. lis expeeLed the ¡ruir:i:n.¿ti di*xanatj'*n' n''.;rnT:er "Lrteveeçe s a: thEl

d.j-o:ra"¡re sù::tent sf' the so"l vont i.i'rere3-*esu

Thus dj-*:r¿1ne çlåJ.'c a rcaj+r. :l*l-e j-n i:ila s*l--i¡aLlozi ¿>:i eie*"1,rt)1,yLes

in ¿isxar¡e * wa.Lily'r¡,1.xÅL"r1veË" T]:rls *t ílrst. 'i"rLü.ï e:pfiëízr 1inl-ilçely ;irle*
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Du* t,* tÌ'le *ppoei't,:1-,:n *f .iiie '*oncj ¡nem*nt,* i:ti +.he eh*"ir f*rrn the p:'e*

pûnCsz,ånte *f thÌs eoi"rf*rtrat ion rn i:u::e ûiexa$Ë¡ ïÊr{äl-'cs in a- lci.¡ diel.es*

tyic erynst*nt '¿al-i:eu 3utu t,he"Þre'p*;:il*ranee *f 'L,:.e'scat fci'liu -.,:'.:i.+-n ]-!,s

'b*nC- nn::tents a*ting tngethape -,,,rhen e1-eetr.*iyte is addect "L* .Lhe sirßtçril

t'i",]ul-C e:rp]-ain tli.e *qt,:'*ng i::te:aetj-*r: bet"'..;**n åioxa¡le anC el-re'¿r'*-l ',r*L,*s in
¿ì^^,-^ ^--^.L^.-^t.¿.LtiÞt, ò j/ È LUli:¡ é
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T1:e gra.phs *f t]:e üifferen'Li¿l- dj-ffusÌ*n eoeffi-t:ier:ts cf sediur¡r

ancJ l-it,hir:in ehf-çy'a1;es j-:: r,,rai,o-¡ vtiisu"s the squar'+ rcot sf j"i:e e*ncentvatior:

s.Ì:e shör,rr¿ i-n F3.g'Lre 1.8" Theye i-s ¿ nar"ked C5-ffev'ence beti-'ieen tlie shape

of '¿he -tr,.;* curves, iR faet, a¿he cliffærential diffusåon c**ffieient *f

l-it1:iu¡r ehl-oy.ete is greater" than that, of sodi-uir: ehlsr"eLe ab*ve T"Zj lauLar"

Å. pcrss1Ï:ie explarration of 'Lliis is -l,he'Lfie'r"lnct3;me.mic rlon-ideål'-i-"ry ef these

e3-e*f-rolyr-es. DivlsÌcn ,¿f the obse::ved D vaLuss lsY t'he ecr::esponding

i¿eii,;ity faetor", ¡ in f ,-/d li: iiiu g:1-ves a qu-e.n-l,ity'¡:tap*"et"j-onal- t* t'he

actual ffiÐllil-i't,y of the Jlirrr*:-rrg s*iut*u D**?y"u The !*o"*, i:'al-ues fcv'

l-ithi,¡n chJora'¿e ara belor,ul-i.hr:se *f scd-itx¿ chl-*re-te uve:: Lhe err'üi"r'e ri*vr*

ryentr"sti¿rïå yenge i::r{isatiilg i}:at nueh *f tl:re clrsevv*d *h:,np;* is d11* 'L'J

aeti=¡i tJ,'- sceflfi*ie-nt rl Ì ilferêltte s s

¿i.Í:emp"Ls wez.e y¿aCe to fit, the expe:"ir*erria-i dj-ffrrsior: eaeÍfieÌ'enLs
{.rl

to the theere,t-+e¿l srquation cf lia:rtl-ey ancl Cz.anlt"' exteitd*d te eLeetr*1}tcs

by ,L-ishaw a-ncl Íi-i*kesoÕ. T'Ìreiy tr.";o equal,åolrsu ene -*r-r¡e1uc1i.ltg *,he *¡iseosi-t3:

rrï,ï'e*tion sr:d, the *'¿her smit'LÌng iLu are;

r.,¡here

and
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'Ít*n apÞ\;ying these acl¡:s"+".i¿¡::s i-t sli,n'ul-d'be n*tecl the"-i; aJ"li"l,he c¡uazt'cities

exceËt ^tir* hyiÌz.a'{:ion i:'"urbBT âya cal-*ul-¿bi* f:r*n ex,perï':nen-La1- iie'nit:i-tlg
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¡r*bili*ries and tliertn*C'ynarnie data i l-\rie ter¡:s A-, a:'trì A , atr-sc j-nvn:l-ve

ass,,:rning ssmo \¡aiue f*i* t.he jron s\r-ø pavan,e'LeT laÎu "r:ut sinee th-"ìs

ê..Ílpeårs *n]-y år: naza]-L *rîrsûtiún ',,*-¡tns, th* exact u¿a1ue *þose:r is n*i

nl-g?,Ly eroiti-eal, The rfeÏ:es e * 3,56 
*i:. 

for sa<l'ïu:n eirl-orai:e ã'¡:6 a =

0
5,ûç Ã foy" -Ï--ithå.Lrïrr *l:lúrå."Le i,re:'"c 'Lü,'Ã.,y¡ í,"-ec¡:i T'bl*s i8, anrl ]Çu res*

pec-t,i:rel-¡r. ilhe ïaJ-üee *,f th+ qlranti'ri*s in eçuet-'¡av:s {?8) *n¿ (l**)

r:.sed to fit, th* expet!-nren'te3- date ats€ sliÕ",,m in Tabl-e 48 a'r'ð !'þ9" 
,Ìt

An exarnirre-+-ioi: of eqi;"a'rÍorr {98) shcr,rs th¿t'¿h* pl-ot of # t(f)

r,rrï"su.s ?ïil shou.ld bc s- strai.gh'c i-ine of sÏ*p* t"C36 (:+^o/Ðn * lt)"
L

Íìæi1erl-yu freär s,lu-at.ior: {iûû), "L,he pl*t, *f f(il) *;6¡5o* !ì't1? shry"';]-d l:* a

4.7

stral.ght ij"rç *f sl-opë 0,03ó (*i.T^O/f * .- h') . Ti:.e gr-aphs rf f(D) *fu* anci
lo

!- ?r,

:f'{t--,) ,¿a:.ç,¡"c r'ä! iîcy s*odj.-,m and i'i-thi":¡in zh3-*rt'1s'in i're'ieÍ' at' 7i-C t"rrt

sho-rln i-;'r ]l:r-p;ul'es L9 anð Zt' As cav: "i:* seevl f:'*rr'i the l"å¡;i-''::es sLtai"gna:'

li-nes ay-.* *i:taÌr:ed'cei-c",¡; ê" cûYlceï"tJLr"ati*n of 2 nsl-atr" 'Iha trs'lue of h a::rd

h0 ar"e *btaine<i by j;he ne'L'netl ,:f least squ-åïes fror''l t'i:e "sT--cpe ef tirese

i1-l*ls -Lsking ¿he va]-u-e of D'iur'{"L,he sel-f*då:îfuciorr es}E¡ffÍcient oí r'Türi-cï)

to be Z,l-tlt, x La*5 ,ro? =u*-1 
i{ The hyd:ratien nunbe*s ea?e':å*t'ecl in t'hi s

î¿íåy elcng wi'L?r 'tl:* r)ü?ï"Õäpûnding eatr-tul-ated :"'41'¿es sf +'!le dj-ffeïer"l'¿i-e1

dåffu*irn e*effj-cie:r.t a¡.e sho""+l: i,¡r ?aJ:1es 5A 8.flå 5:¿" It ean be see:l fztrn

,llre taìrî(? s that ecjua't-ione {Lt$') e.nð {:"OC) ::eì:res*L:i, 'L},lc ex¡eÏ'::nen'Lal' da*'e

fai:"1;;r i;s.T-'l -vti+u-i: &,r¿>ityta:t, ds-¿:iå"L{evt *{ 2'),t i:ç't,tl c" e*n*gr:tval'iovi *f eb*ui:

?, 'n'sLt'v: 
"

T,*æ '<tE¡v-es of -t ,ke h;,ri:ratieri nunbe"¡s *b''¿aiiterì i:y t,liir "Leeiirlåque

àTe r.ß&ßúnsble. l|rtTr,t*,Jrrt *?fi-r¡yz:¿çt is Ëh*ï/iÌ'ì t* î:* r:tsx:\zg;hLi;'*yd'nzf'ð -\lns"z:
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1¡8

s,*d.irl*:iÌ ei-.i.æ¿'Le" Bu,'L, the o;i sc*s-lïy eû::;"Ëcl'-ec equE.iio:l (93) tìir,uæs

vast3-3r diffcrent, ir5rd.:ra.ti'ur: i:umbc::s froit .{:hsse oí the rneo::ye*"Led

equa.fì*-¡t {10û)" å c*m'*az''isen of fhese irydlatlon nu-'-¡rþees rritÌ: "¿h*se

o'btaineC f::o:n a*ti-¡it.'t seeiris l--a ii:dieat.e that the ,riseasi.'t,r,* e*y:'eatecj

;r1uatìcrn gir.rss riålu.,3s'¡rhir-*h ë-Te r,öû 
-1 *W ",;hlle '¿he 'ur:*O::r.eet,ed ecrile-t,i-C¡:

gives -¿e.l-tes ":hicL i-:;..e f.oo l1-ì-gìr.

The rJet.er"r,tii:r'¿i-o:., r:f ir¡tdrat-ion by ,'li".rus-i cn :.¡il-l- be '.";er.q]l-ie.J i.r:

fa'ts*t-::: æf i,l:e fi:.rr*-y l:crurd ",rå.të? inolecu-1-e;u si-nce the io¡: r.nl:.st ear:"5r

fhe li3t1::a't,ing u¿'r;er n*l-*e"'-i1*s wi'Lli it thrcugb t,he clie.pi:ragr-i. Thu.s

d.iffäsi*ti u:iT-*l give a g'^*,:l ¿nlc"*xi-ïnaLion .t,* n¿h.e J-c'rey lj:'ii"t t:f +-Aç i-,O*

d::a'l:l-*¡: nur¿]**:l and siecul-d rnüåË-åT'ú uche 
lrni-rne"r]r h3¡'iy,at-ior. llljrs rlete::*

n-inat,ic¡r af ir3rd,::ati,*i: by aej:j.;ityu rs*. L'se oll:er hand, i,¡ill irrel!-u.de

;ec,:l:rla'r'¡i' li¡i-d¡ai3-çltu since aity ixte:le.*t,åc:r :;tetwryæn'L,he soi*ren-L ald th.e

i-ons ;hould s.free'¿ 'Lhe s.et,itit,y' cr:effiei.en'i" T!:.e::sfore, the vÍ_sc*r;lt;

cos"rected eqYz'tittn {98) shoul"d gi-ve the rnj-ni.r¿urn h=ur-ìye,t,Ì¡l¡- ¡lymhet" r,;hiJ-e

the S'¿*kss-P-e?-:ir:{soi-r. *q.irsï."iün (28) shcul..C ¡;ive t}.e i¿a::i::tuil l:'j,-"Jra.'iåc:l

n-rssnT:er o

,_ilLe ,/.

1lyårz-tJ-ot ltlu¡¡i;et.s sf ,Î*Ciu:it ChlCIrs-ts and L'3"thjLufi Chlnys.te in i¡ie.'+¿ey aur.

> r3r

Sodiux i;h1çrat,e li-thår:si Chl oy'ate

äqqe-liqs H;dqatiqry liq$þer

( 2R\ /^ -:rt
\!v/ vo i v

{31ù 3"9V
{98) 3"?ü(:*o) 6"rsa

-It¡ì eE.t i r:ri lilir*lhe:"j:r-ç"qp;ff'qq

{ 2F\
1È!v/

{ alr\\ )a.r
lcR\
/r nn\
\ L!ç' J

l-euJ
* "9{)t "/ot
2"e,t



a5ç

.ås p:'evi.o;si;¡ .r"'eni;io:ied 'i'.ìie ¿.ecu';'ze'y nf 'the rJiE-phr*.gir ir:tegr"al

,iiffus"ìcn cryefficienLs i.s ', AnZ " R'u.tu i.n ecnr,.e:rti-ng '¿ni: ..;;lpe:"i-menta]-

T?121t-e L* the diff*r:eali"ai" diffusir+ e¿¡efficien'¿ i¡:.',:ch ae'iurac;ir i.s l-ost"

For. trre á"queû"Lis scl-u-1,j"cns j-t,'r"¡e.s nceesserl/ tü e-,"''elu¿te the siope af tha

-ry 1-l? / ^a\Ð"{n ¡ vËTsìls c*',-'euz"v* (see-FE,ge 7},\ ïesuit'i.ng in a jluv'Lh,¡r el*p*r" +f
\ç ê /

ìï1'

¿;-bout t"3',t;. Thus ti':e r;'¡e::nl-l- åcc"d"Ì*åcir ,¡f 'ihe di-í'fleyent-ìa.l d'iffirsi-o.r

+oeffici ents i-s :.hou'L -"i 0"5..

Fçi: tlie d.ioxane*watev mi-xiu-res i-t:;rë.5 t1ÐfJËlssety "r-r¿ fj::d atl znaAi;'*

* i ¡:;¡1 Â-t"n-r"êiÉÌ n'n "¿þ'i¿ir 1*€3-n?€¡fð!r-i,ecì i:he datp, a¡:cl tr¡ *p,l-c.::l-ai:e the drf-

fe-¡.entlEll. dåf:îlrsia'r: e*e,f:î'icient f:rcrn åhis {srs Ëprgs 7/}j)@ lhe e.nal-}'tics.1

erp:essir-*ne slb"i,¿-iireC -r"rptr*duneej t,he ûy;1Jsr.i'.lnrnta1 d'ie.p?r:'ag:rt esl-Ï- i-nf*g:':ai-

Ciff¿si-r:n caefiicien"t.s i,;'ü,h å. rírs-ïjjriira ¿6t"ri6N'-1-sa *f 2i," E-tlt, *ve:e rn*sl:

rf 'Lhç- *ûneeni;,Ts.i;i.*n rrr-nge-ir¡ ¿"1--l- lÍie snlvei:'Ls the {}ï'ï'tv -,/:Ê.s -1./$ss j:hå-:1

*n5|,. 1lhu-:: .i,i:* âesurâ*y o1l the dåf f*re:tíi.ei d,?fllusÌon eseffiejr-el:ls

clei:i.ver.l frcnt ''¿hesc aäai-3ti.e¿-l e;rnressioirs :is e.þort-i. -1-i e.:leelt, in Ì.ile

*xt:"erie'l y no¡:rent,"y"g:ted region *,"ïh'ür'ð tÌ:e ¿eerirtc;y i-l v+il-r-:.t':r:d t,'r *b;ru'¿ 2',,

Å consis'¿ericy cheek CIf t,he "L,i"io netho.l.s cr'<ie'Le:'¡:i:-ning o'-lrre diffevcn'¿j-al-

qjl"ffusion eoe:i1fieíeirt'..¡ås niacle ì:3r fi"tinp; LY,e ar¡w*us scdiurrr eïúr:r'a+"e cia'l'-¿,

t,l en åË¿Ll-Jrtlüål- funet,i-¿rn si.rnil"a:: 'i:e th¿r'c used f*c" tire d-ie-rxant'-i,¡5'lçi-

r¿i,xtu:'es ay¡t L?ter; *al*u-l¿ting i,he di-fier"enti+,.-]- díffu.*ior: eaeffiei-ents"

B*tl: rne'i:i-reçls:,ie:i"e founcl t,* ,¿i..tethe sane :r:eÉiuj-ts',,-'iih-j-i: ()u5.,.

Graphs *f the cli'ilfe::ent-ial- diffts,iún #ûejl,''å*ieltts *f sedtrvn a"nrl

I iir:ii;_.r '¿':_1 ¿¡¡"-.1'¡,el i.:: /'t;.,5 -, '"-i;:.e::s - 55". , 114'l.e:: .=.t-'. 'in (b ",; .l'l-."-,..:i:nc .-

35,5',,',,;¡6.1;,*T *.re shct¿ri Ìn Fi-gures 21- and ?.2" i.ill:*ugh t"b"e 3-Ì-vi'zring



Ti;gnre ?;'L

:)i"{.î*yen"¡,åall- ,,ìl;-ffusic.r; Coeff-|*ient 'rfu:,"".siis t}ze gclaare

P,c*i- *f C*n*tr¡"a7&t,i.*i': f*:, ,'j':rdì.u:rr Cl:L*,y.ai;e s.nC Li"-L?i-i ..drr:

i,iz1-rsrz";* ::-n 't:rl;""!', :-'i-s:.:-r'-e * 5i"5,i 1",,,,¿¿ç7' a{ ZjçC"

O :-_te¿a"*, C?rle::¿te

& :,,:"thi"rr,:. C'rå-r:za'i,ry
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J_<j{

*iffusj-*n cosffjcign+-s å?:ö n*t, ai.ailable, ''zt, *an. "r:e ster' t'r'zz 1:h,¿ r:1.îl:iiËs

tzv* 'L'rrc sanir shapÉs å,s t,i'lese foz" ac¡u-e*LÌs sûl'ù+,iti1'!s 8Tre3" tlit *nneerr"i,r'atigr

1"ång;e *'r:s*rveC" Bu.t, the ¿'bseiu-i¿e 'rrEl-ues cf th.* diffirsion i:*sfÍiaien'1,

aye r.eciuc¿ú ** eharrgi-irg t,he sclvent frcrt ",!;s',er-- t,ç Ì-tl4"5iii t]',r*xu*a * 55.5'þ

'"rr*r-et e"nt1 "'t,* (tl+,5;,i, djr,úx?,1'iË * -35. 
j. -.:u:er* ohis is i:::u.i:ab13"" cl';Le '1,* the

dee:"ease ån dlelerctz.i* e*ns'ben-'L. ;:I-cr:g :,¡itì'r -L.i-:e rnrreese -'r.:"r. i'j-s**s'it'y }.rt

t i:lr* niv;*¿i sü]'",rtï:i s "

,'11:t*npts -i-o *l:t¿ivi s- 'ì:?:eiìr'*ti'ee-l exþress"i*n f*1" iire diffi:s:-sn

c*effj-ei-eni:,s *f -i.L ss: :=s.i-:rt j-::n¡ a':';il thus by'3::¿'i;i-on n:¡nì:evs, "þ.r -Lh* :net,h*d

{,,?.

*f iLi-cha'¡i ¿nd iì'L.ske:"", f,sile¡l' B".it. s -3-t, -"t''s ã'.i-ircl.,$-i: f::sn the lîiÕ?ee'c$

år: di,*::e-i,re e*nte'*t i.¡: the"rlpûer *snpar'Lmerti:ø'i-nzL ¿¡* gÌ¿l:,r*ti'll: sþ.eat,li t:í

h*Lh g.¡dir-:-i¡ å-:-¡rJ l-ii,hi--Lr,¡n *i:l*r.a'Le, *r:yil.e"Lrl+rj ¡'rate ¡l-'L<,lxanrz ':nu"rt 1-he rrt::;ed

söl-:,"ti"i'¿ u

Ti:u,s, althci'a¿ï: t,h* dei"iva-L-|-ùn of scl-vat,isn v:runhs-:rs in the rnj-:recl

s,cf.vents r,;as nc)-L p*ssi'bi'*u it has been *o:"rel-uei.';e1-y 'pr*'rer,)u ft'orrl b+'il"t

diffu,så*r: åt--lC ïåÞ*ü-î Ëï"ef;*llr"e e:rper"i-rnents, tl:at cii-cxane does n1 "a.y z rne.i*r

-entre iyr the soLttatÌ*n o:l srydr".:n ay:ri l-i-i,hiu:ra ehlore-tes i:: the dio;rat:e*

uø-t ev.' rn'i :çti:re s s-b-¿cl i eC '

å3-'r,h*ug;b tÌ:e thecries used 1.n -i.i:i s l:hesl s 1¡J4?€ =rtstfi;l- j-n p:'eCieì-,it-rg

¡he 1:ahavj-*:r* of |he aeLiv:i"t,.y and cllrfusiar¿ essffi.eients a.nd 1-r: gi-ving a

feÌ:r a,oprosir',-rati-ct-: tc 'tl:re degi:ee t:f "*:gdrat,i. r:, it can be st;ert f'rr:ir'

Tabl-,*s 38"39"/1,ßu¡J/=,-sllls a^r,ri jA thst the y*îJL€r?i.ûÐ"}- vaJ-Ë'{?s *il "Li:e Y'-54ra.ti.*tz

n:x1b*rs,*'r1-.ained ,Je.cssldad on .l,he ec¿ua.'"".{an l:sci it¡ cs"7:,:uL*'t'* their:' -1.h:is,

å:t åisaif , is r.*-" s1l-ijïisj-i-g l:+*e-"*se ç:z'eh- -L'ft**r'y ztevi-l:e s ilìffer'*"tt'i' j-ríi*



1(,"

Ë*rrtåi1¡ie L¿: s*lvr-'L:cn, å--Lsa'n i:t s*r¡ie úasÐs aån}r i-¡sË,sytar:-L, e.lfe+:l:s s'i:"cii

as ij,el,eet"r'ie c*rs;r:::, zÌ s*cs'it3', et,c" have 'been eonçl-ete-rr *mi-tieC,

Incleed, until n Llrlea'-:y* hr"s 1¡een Cerrel*Þæd +-ha"t, *e.:t pr-tdi-ct the effect ef

dj-e3.ect,:riú isryrs¿¿ìltn -,oi-;ccsir-yo 3-*"n * ion in"¿e:r"â.*tiÕne i.*n * sa,l-",r¿n-i-

i:i-e:'aeii{-*rip ?'t3. si'i n"s'ç.'i-..r\L-yr al':d diffusÌ-enu i:,}¡a *nnee'i:'t q:f sol-r¡ai,i*n

y:uri'n*r "¿i-il- ::erne-i:r vaguo,

Tc d¿"teu nÕst thesretieians he.ve :ttter*,çi,*ð io s*-]-'u-e the p:',sbien *f

r=:1er:trclyte ssl-u-".icne by ex-Loi"rciing i;he dj-'Ì u'is Eol';-"L:"*n L"tr:t:r3' 
":t 

hi;he:r

tûrtellnt?ztåcns 1;:'g +itt.trc e-ddi-L,-:tûi: r:Í e;;:tra Le:'r-rts. Th-i s a"i:i::'saeh -Lce,v*s m:ch

to be desàr.*d si.n*e n*ny mf rlne appr*>:i-ns'ii*ns usæd i":i:. tle cïi-l"u-i-,e reg'ttv

.:e:i.--.:ì.rr1; eeírr:*i "r:e e:,rpecì:ec' io hcl-d in 'i,lle Ì"irt?'* 'c*nc*,Ttrt,rr¡,'l*;Ì regS-*:t:;.

C'lea:.1-y å neï"'I app:":e.eh j.¡ i:lce ssü.r'Jre

l.,c
?,e*on"Ll;¡u t?€ri atpï"4raches'Lc the ji:"cÌ:iert have i:ee:: l'*ad+'b3r'ii..glllì."'

¿":ïrd b;- Lr¿.un;Lcir:?0, ¡-ngel.l- 1-.+.s appt"cecl--ed ';,iter p::cblry:ll f'::crrn 'L.iie eoR-"

r:*n't.yatgð. soiu4¿iorr whi-i-* Br.auns-boi,t has ap¡z'*æcl,ed t,!ls pvoblenr fï"tlc.

Lne rxñ-'i:,c'yi sg:Túe "bmth 
'.ii."l,?i pyûÍ"rÌ$ing resulis* ï b*l-ie";r: that, a.:p::naci::il3

'1,ì:e pr*'nl-em fyam thes* direati*ns i.rilll pyöve mol"e f::"c"i''r,iu3'" Lhe¡.n at'ceitp1,e

t* ext*ird. "l,he d.i"iu-lÊ s,*l-r.rliffin ther:r';r Tø,sæ pv*ve'-*."
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l-áir

Jiff'l1-ìï

?he vap*r:.ï' Ìl:fûË-ru-:"es *f s*l-'*-i;:ions of saiiilv,r eþ,]-cvs."'¡e and *f

llt,hirs,t ehl-*raie 'intre"ter sxd li-: s*fi¡ents *tïisÍst"ìÊg *f !'''-:'"5 tli*xa:te '-

i5"j,,i, i¡¿r'úÈy, c-nd ,rí 6l+"5i,, d jiox*.ne * j5" j;'" i¡*-tnt, a't ?jçCs l'itlû 
'Js"L*r*

rii-nsd- uni'n¿ ¡ ili-ff*-'*sí*ja-' tl'tP'Ït*i'ÌÖtüv* The i¡å'Ðsii-r e*nrt*tlt'Lons ':f t''1e

Ci*xan**¡¡atei. s*lu:í.+,*ns we:le determ:in*ri h1l L?'e ai::*ss-tuvati-t:: '¡net-n*"i"

Fncye t,Ì:e "¿äpryUl ï):'essìllrËs and e*np-nsiti*n: ';l'¡î :r:e¿.n :ncl-al ar:*
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