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SIJNíN4/IRY

solute-aolvent interact,ions moy be studied t'hrough their

contribut,ion to t,lre viscosity B-coefficient, of t,he solute.

values of the B-coefficient for seven all¡ali halides in &o^ueouÊ

solution, end in 20 percent sucrose solution as solvent, at 2õoC',

ôrepreBented.ThatthecoefficientsfortheS-component

syst,ems a,re ôn additive property of t,he elect,rolyte ions, is

demonstroted. 0n the bosis of a criterion formerly applied to

the2-componentsystems,t,hesecoefficientsaredividedinto

their ionic contributions. correlat,ions are drown betneen

ionic B-coefficients end the limiting equivalent, conductansest

in aqueous eolution and in 20 percent sucrose solution,of the

corresponding ions, and bet'ween ionic B-coefficients and t'he

cubes of recent, values of the cryet'al ionic radii'

Flared-capillary viscometers, in which the flor'f exhibited

no epperent, kinetic energy effect', were produced, and used for

the necessary solution viscoeity mea,surements. This represents

the fÍrst, recorded epplication of the technique proposed ond'

developed by caw and, Itlylie. The f low was photo-elect,ricolly

timed. In the course of the calibrat,ion of t'hese viscometers¡

certaÍn interest,ing conclusioue were re&ched, concerning the

values, for the vÍscosity of Ãucrose eolut,ions, normally
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eccept,ed a,s calibration stondarde'

Àncillary d'ato, on the densit'ies of, the oqueous'

percent, Eucrose¡ electrotyte eolutionst a're presentedt

and. 20

and the

correspond,ing Iimiting apparent molar volumesrat 2óoc., derived.

Howeverritrvasnot,possiblerwithoutext'endingsomeofthe

meoeurements to higher dilut'ions, to obtain reliable dat'e for

aII the syetems studied.

since an examination of the bosis for a correstion msde to

viscosity dato, recently reported in the literat'ure' for two

t,etra-(n-propyt)-onnonium halides in equeous solution at' 2õoC"

failed, t,o indicate the necessity of euch a correctiont a' re-

investigetion of these systems ryas ¡rndert'aken, the nesult's of

rhich a.re Presented.

the effect of incomplete diseociation on the viscosity

of electrolyt,e solut,ions is discussed, ond il lustrated by a

treet,ment, of data f,or magnesium sulphat,e in a 20 percent, dioxan

- water mixture at, 3öoC., which were drawn from the literat'ure'

Anotheraspect,ofaolut,e-solventinteractions,uamely

the interaction of a macro-ion (D.N.À. ) nith its solvent, as

nranifested in the value of the partiat specific volume of that

specieeinequeoussolut,ion,wasthesubjectofaninclependent,

súudy.

In order thot e meeningful value of this portial specific
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volume nright be obtoined fron precise mea,surenent,s of the density

of dilute solut,ions of sodium deoxyribonucleate at, 25oC., it war

necesEa,ry to develop an effective method of weight analysie of

the stock solutione from which these ìrere prepared. A descrip-

t,ion of this nethod is given" The densitÍes were mea,sured by

the Mtr.gnetic Floet, technÍque. Several aspects of this t'echnique

ere discussed in detoil, end in particular, a theoretical anolysis

of the extropoletion procedure employed, is presented. The pro-

cess of denaturat,ion is dÍecussed brieflyr and corroborative

evidence for it,s occurrencer Ín the concentrot,ion range studiedt

is reported.
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the author wishes to apologise for, end drar the attention of hls
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as presented.

In Contente - Pert I , in the heading on ^P,Ér on P3|! and g]@ (in

the hcading of Table 3.2),

read trTheoret,ical" f or rrTheoreet'icalrr '

or .p:19'

read rrsplit, PersPex bloekt Mtl

far trsPlit PerËPex block¡ P'r'

ot.P4t
note the onlssion of o in trvhere o is (a) constentrr.

0r.pÆ, Ín cquation 6.14t

not,c thot the z. are the valences of the iong concerned.

oo &3L'
read rtdeoxyribonucleatetr for Itdeoryribounclea,terr .

oo PÆt
read, trcpparentlytr fortrapporantly'r.
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SOLUTE-SOLVENT INTtsRÅCTIONS A}ID TIIts VISCOSITY

0F ELECTR0LYTES rN a0uE0us sotuTroN åND rN

ÅgrrEous 20 PERCEI.IT SUCR0SE SOLUTToN ÂT 26oC.
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INTRODUCTION

since 1956rthere has been e steody accumul¿tion of met'erial,

Ínthelit,eroture;ontheviecosityandrelatedpropert,iesof

solutions of elect,rolytee in solventsrof which one component

vas vater, and the other e non-elect'rolyte'

Det¿ on the viscosÍty of potessiun chloride in acetonu-"ot"nl

mixtures, were pulolished by Des and co-vorkers, in 19õ6" Since

t,hat, t,ine they have publi.shed data on the viscoei.ty ond con-

ductance of potassiun chloride in methanol-water mix¿o""u3tI0,

and of sodium4, potassiun2, togo""irrt?'6, ond beriumgtB chlorides¡

bariun brorideg'8, mogneeiumrztlr ond borit-I2' ll p"""hlorates'

ond poto""i.rm?t6 and magneeiumlStö solphates in dioxan-vat'er

mixtures"Theyhavealsoreportedviscosit,ydataforzincsul-

phrtelS, end apporent, molal volr¡.me dttt14 for sodium and potassium

sulphetes, in the lotter eolvents" ÂlI the mea'surements were con-

duct,ed of g5og. The B-coeff,icients derived from the viscosity

.dete a,re Bu¡Imarieed in Table 6'8 e orl polS0of this thesis'

Podo"olõt16, in 1903, published viscosity and deneit'y date

for eodium end megnesium aulphetesr 4onganese chlonidet and

sodiumrpotassiunrbariumand'magnesiumocetates'inethanol-

weter and. acet,one-roter mixtures of zõoC'o The electrolyt'e con-

centrotion ranged from O.125 to lM in eech côsêe
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In ell the a.bove systemerthe dielectric constant, of the

solvent va,s Iowrrelaùive to thot of pure water' Other viscosity

meosurementsl? t l8t l9'20, ot such Êyst,emsrìrere reviewed by Pado.,*16"

one of the, purposes of the reseorch outlined in this section

of the thesis, lytùs the extension of, euch studies to 8-component

systemerin which the solvent, was en a,queous non-electrolyte

solution vith a dielectric conetont, little different from thet

of pure water. In porticular, it rros intended to asaertain

vhether, os had already been established for the corresponding

êqueous eolutÍons, the viscosity B-coeffÍcient,e of t'he alkali'

halides r¡ere a.n additive property of the individual ionso

Evidence for the complete cliesociation of these ealt,s in

equeoue 20 percent, sucroßeeolut,ionrat, 2óo0.rva.s provided fron

the cond,uctonce me&surements of Steel, Stokes and St'okea2l"

Hence it wae not neceeseryr in the treatment of the correspond-

ing viscosity deta, to account for the effect, of ion pairing"

In tg58, these outhors publiehed" 
"nu 

individuatr nobÍIi.t,iee of

a níde ra,nge of Íons in equeous I0 perceìrt msnnitol, l0 and 20

percent, sucro5e, and l0 and 20 percent glycerol solut'ions" The

cesium ion (Cs+) ves not studied.

It was with the poesibility in view, of oorrelat,ion between

these data and dat¿ fonthcoming fron the proposed viscosity

meagurement,E, thet one.of the above soluÙi,ons, aqueouÊ 20 percent'
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sucroae, wa,ß aelected os the solvent for the 8-component systens

t,o be investigoted in this research.

Yiscosity date for the system eodium chloride-water - mon-

nit,ol, of 26oc., appeared in the thesie of Kelryz3, i,' 1961. It

ras not, his purpose horever, in obtaining these data, to inter-

pret, them in t,erms of ion-solvent interaction. Relatively high

sodium chloride concent,ract,ions ( t.g - 3.0 M ) were studied, ot

a constent, nannitol concentract,ion of 0.2 M.

In 1966, Tonomura and. Okomoto24 reported density, viscosity

end conductance mea,surementÊ for lithi.un chlorÍde and potassium

chloride respectively, ot, concentrations from 0"05 to 0.25 Mr in

equeous uree solut,ions and ín equeous glycine solutions, et, lõo,

25o end 36oc.. During that, year, Ph"og25 mad'e a study of the

seme propert,ies of potossÍum chloride and potassium i.odide

respectively in IM aqueous solutÍons of the some Dor - electrolytes

of 25oC..

With respect to the viecosit,ies of 2-conrponent aqueouÊ

elect,rolyte systems, the nost interestÍng recent developments

concern the behaviour of concentrated solutioo"26'27" Vt"Io*z?,

in lg66rdiscussed evidence for eolt,-induced structure transitions,

at, high concentrections (O"g - 1.0 M. ) in aqueous alkali metal

chloride soluti.one.

Â conrprehensive review of the best, visoosity data for
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electrolytes in both 2- and 3-conponent, aqueous systemg hes re-

cent,ly been provided by Stokee a'nd' Mills2B'

In Chapters 3 and.6 of this sect,ion of the thesisr the

result,s ere reported, of the viscosÍty measurenents on the

chlorídee and iodides of eod'iuru, potassium and cesium respectivelyt

and, on pot&ðsium bronide, in aqueous solution end in 20 percent,

Êucrose solr¡t,ion, at 2óoC. u and on a,queouÊ solutions of tetra-

(n-propyl)-amnoniunr iodide and bronridê, respectively, at that

temperature. In.each Ínstance the highest, electrolyt'e concentra-

t,ion vas 0.2m. "ro""""ponding density d,ato were deternined where

necegss,rJr. Theserand the derived apparent moler volume datatare

olso reported. 0n the basis of current, theoriee of Íon-solvent

interact,ionrcorrelotions vere sought, between pôra'met'ers of the

concentration dependence of the alkali halide vÍscosit'iee (t'Ue

B-coefficients) and other individuol ionic properties.
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vrscoMETBY Al.¡D ITS J$EQXECIrCÂL BASIS

Viscos ity

The vlscoeity of o fluld ís íts lnternel reei6tance t'o fl'ov'

More strlctlyr if xr y end z ere t'he nut'ual'ly perpendiculer

cart,esían co-ordinete direct,ionc, viecoeity D8'y be defined es

the transport of monentum ln the x directlon due to a vel'ocit'y

gredientr t*ì, in tbe z direct'ion' The flov of ftuíd fa soid

to be lomÍnerr lf point,e fixed in the ftuid move amoothly fn

layere¡ eech leicr moving vlth o certein velocity nelat,ive to

it,s nelghbours.

Acoefflcient,ofvi¡cosffVr\rEefbedeflnedbyt'he

cquotion¡ flret poetulated by Nevt'onl in 168?,

r'.-n1f 51( à, )

vherc f is thc ehearing force per unit eree exert,ed ln the
x

direction of flov (x), on the element, of fluid betveen tro

planes, at, the plane of targer z ? Hencera fluid ia eoid t'o

be Nevtonian lf its coefficient of viscosÍty is a consteutrln-

dcpendent, of tbe vclocfty gradienÛ' The velue of Ð dependo

upon temperature¡ pre88ure, ond tbe conpoeition of the fluld"

Desplte Nevtonrs fundamental work¡ it waa not untll 1823

thet the flrst generel dífferentlol equatiousp of notion for

reel flul,ds vere propoeed by Nevier. Si¡oiler equetiong werc

deduced by Polason (rSSi)rond by Stokes (fe+o)rvho integrated

l.l
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them to give the velocity dtstrfbut,fon ln t¡vo caÊ¡e€¡ of 6reot

inportonce in oonnectlon rith the meosurement, of viscoeity;

nemely flov through e cylíndrical tuberend motion betveen co-

axial cyllndorr0.

Caoillarv Flow

Meonwhil", Eog"ng (feas), invest,igaèing the flov of water¡

a Nevtonien fluid, through bress tubes¡ found tbat the voLune

dÍacharged per sccond wa,ô proportionel to the pressurer to o

poycr of the rodiuorend inversely proportÍonel to the length

of the tube. Eagenrs rork rês co¡apletely overshadoved by thc

olassicel reseorches of Poisor¡llle (fSeO), vho obtained úhc

empirical equotion¡

KPÐ4
L

relat,ing thc queniLtry.rg,, of vater diocherged per unit, tinc

from e gleoe capillory, to ite diemeterrD¡ end lengthrLr end

to thc preßsuro difference, P, betveen the ende of the

copillary. the conetent, k is characteriaüic of the fluid"

Wiedenen¡8, io t866rvae ühe ffrst, t,o publlsh e theoreticel

dcrivotion of Poiseulllet¡ l¿w. He obtained the cquotlont

- orP"4sEil
rhere r fs the redius of the coplllary. Poiseuillerr lov ve¡

thus ¡hovn to be a diroct consequenee of NenÙonrs pootulete"

0 a t 1.2

1,3
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Iloneverrthe assî¡mption mad.o ia thåa dori-vet,iont that the presaurc

ic ontirely belonced by the vieeous resr.stence, e,pplies etrictly

,only to thoee parts of the ôube i.n which the fluid volooity is

conßtent,. Generollyrouly port, of the ¡lressure Ís used in ov€F-

comÍng frictional resíeta,tcer the remeÍnden inpsrting kfnetf'c

energ:r to the fluld. celculetiou of the letter quont,ity leads

to o value of thc preBsurereffect,íve in overconing viscoue forces,

ofr
o

p-n.iuÇ t.4
íi-n

in vhich d Íe the fluíd density end n is a number epproxinatcly

cquel to unity" S¡¡bst,itution in equetion 1.3r yieldst

, 'l + -Ë*h r'6

Ltquf.d cnterlng e oOpillery from en upper reservoirrvould

flor in ô convorgiug otrea¡o fron the vider vessel. Any dif-

ference in velocityrbetween edjecent flow linee in this atreen,

rould, require crpenditure of cnerg¡r in overconing viscous

forces" Couette suggested that en hypothetioel increeser Drr

iu tbe length of the tubervould conponeate for this eff,ect.

Equetlon l.õ thus beoomes¡

n "4P ndg\ E

80 (t + nr) 8¡r(L + nr)
1.0
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VLscometrv

-

Until l890r when Couetto dev{sed a new method based on a

tystorn of tvo concentrfc cylindorc¡ capÍ.llary flow was the oaly

ridely used technlque in the me&Bureaent of the fl.ov propertlea

of fluide. ft, renains oue of the most, populor nethods.

cepÍllary viecometers noy be divídod into three nsln typeo;

the cylindrfcot ¡i"noo or plunger vorlety, glass capitì,ary unit,o

end orifice vieCot"t"rg4.' Beceuee its nechenLcel structune

permlts the use of high presaurea, the former typo is well suited

t,o meoeurements on no¡r-Nevtonian fluÍ¡ie of high viscosity. It

is used widely in neesuring flow propertíes of materiaLe euch

ee high pol¡rmers, groo,Fes and ðoepa. 0rÍfícc visconeters whicht

becauee of üheir einplicity of opcrationr find vide application

in linited industrial fieldl, are unsuiteble for general in-

veatigationt beceuse of the diffÍculty of interpretetion of the

reaultE.

Glase Caoillarv Yiscomsters

Glass copillary vieooneter¡ hevo boen nidely ueed in

deternining the viscosity of many fluidsr neinly Nertonfenr ln

vhich ceee the hydrostatic heod of flutd ia conmonly utíllsed

to drive the flor. Horever ertsrn&I preesure ca,n elso be

opplied, tlrereby incretreing the renge of meoeurement,r or elloving



12.

non-Nertonien behevlour to bs atudiedS.

For Neryt,onÍan fluJ,ds ín the forner cèaer i'€. the al¡sence

of e¡ternêl pre8eurei Prin cquBùion 1.0rmey be reploced by dgh,

vhere h is the heod of fI¡¡id and g ís the gr&vitètíonol ec-

celerot,ion, and, ! Uy V/L, yhere t is the flow-tÍme correspond-

iúg to ùhe discbarge of the reservoir volumer Yr

¡¡d.V

Brit (L + ar )

If, two fect,or¡ A end B, are defined byt

AI
4tf r Eh andB-8v(L + nr)

then, \ -.â'dt-Bd/t
1) i" often referred to os the obsolutc víscosity of e

fluld. The viecosity of a fluid reletlve to onotherreccepted

es stôndord, bavl.ng an obaolutc vlscosity r}o , mey be expressed

bYt

{)rcr -\ /\o'
.ê,dÈ - Bd/r
Ãd -r - Bð, ltoo o'o

vherc t is the flow-tíne for the standard fluid in the samc
o

viscometer. Defining the factorr Kr by,

l17

l"g

1.9

l. l0

l.ll

,

t4
E
ÂK

2 gh

oud neglecting any correction terms involving thc ínverse

fourth poücr of the t,iue, cquetion l.l0 simplifiee t'o¡

¡f r



13.

I +K
t2t)"

K t¡ oft,en referred to as the l¡i¡¡etio enorry corre.ction

factorr end Íe theoreticelly determinoble from the dÍneneions

of the epperet'us, and an eeauned v¿!.ue of m. In pract,ico¡

hovcver¡ e ceIÍbretion of the vigcometsr vith liquids of knonn

viscoeity l¡ usuelly underteken.

Equetion 1.9¡

t ¡ Ad,û Bd/t, ,

noy be rearra,nged ae,

T/dt r Â n/tz.

Thusrif flow-t,ines and dcnsitles ere E¡eesuredrof e scríer of

stsndord liquÍde'¡ end if K Ís regorded eã ô constant, its

valus should be obt¿inable fron thc ol,ope and intercept of a

lincar graph of 'l/at ogeinst t/tz. Boveverrfor nost con-

ventionel viecometors¡ K is opperent,ly not o co¡¡stant,, and

oelibratíon beoomes o mofter of conetructing a Bon-lineer plot

of theec variable¡0t7t8. Þle¿surement of the flow-tine end

density of e particulor solution would then pernit the

determinotion of it,s viscoeityrdireotly from tho cüryoo The

obscryed aon-lÍnearfty noy be a reflection of inedequecíes in

the theorxr, ond in part,f.cular, of ths o¡lprorfmote neture of the

Id.t
dtoo

-
f) il 1. 12

l. lg
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oorrectlon mede for end-effecte.

Flared Capi Ì, Lerr Vi.ecomeiers

Cev and wylieo have receatty (feol) doscribed viecomoters

in the design of which tho concopt of o uniform capillar¡t vÍth

idontÍftable end¡ re¡ ebandoned. (See Fígure l.l.). Insteod,

the ain vag to echieye a conetent hydrod¡rnenlc resistenoet

through thc absence of any marked curvature of ths ctrearn-lines

ln tboee regione of the flov-pattern where the contribution to

thc resistance is elguificanÛ.

For such viecometsrsr B relotlonship of the formt

n /d r â,t, B'/lo

or

\/at'- A n'f¡\+t ,

va¡ foundg b"t*""n the viccosity of the test, liqulds, their

dcnaity aad flov-tine. This reletionship ie anelogous to thet

obt¿ined for convontionol vlscometerg (cquetion 1.9) except that

B hos becn rcploced by Bt /+,^ - 
| 

"

The morc epooifÍc relationehiPg,

l.14

l. ló

l. l6tf)
d

a- .nt
i¡ aleo inplied, vhere M and N ere oonstents essocieted vith

o portiouler cepillorT, end b is ùhe mesn bead of liquid.



(b) (c)

Figure 1.1. Conventionel and long-flared capillaries.
(aj conventional; (b) long-flared wíth parallel
centre section; (c) wi{h overlapping long flares'

(Frorn reference 9)

(o)



For flared-capillarT viscometers conetruct,ed vith two ti¡¡-

ing bulbs aboye tho capillery, if t,l and t, erc the flov-t,ímee

for the upper and lowcr bulbs res¡leet,Ívely, and oc is the cor-

rc.po.dlng rntiorvr\rü(":t) /ur\rå-("-¡),

4

lõ.

n
ÂgtgÂrtt

I

I

l. l7

l. lg

l. l9

t
d

Àttt
&

Lzbz

ut,
I

B;
,3

It"

tt

n+

tzn

d I
)Aztz

"r/",
2

Bence

I I

tron ¡l

Ilthen r. l, end Vl - Vrraa rra¡ the case for Car end Wyliera

tcst yitcometer, this cquetion reduces to¡

À tI I u'l

A¿te

They ptotted Âttt _ t
Ãztz

ogainst, rz/rl - I ,for e ¡cries of

copilterÍes rith progreselvely longer flore¡. À lÍnear graph

v¿¡ obteined, as cx¡rccted, for e convent,ionel cepÍIlaryr end

curyes vith o progrcssivcly deorsecing init,iel sloperfor thc

fl¿red capilleriee. The curve for the capillory vith the most

cxtensive flererroBe slovly frou en init,ÍaI alope correËponding

to o velue of B', clo¡e to zero. fn an anelogous series of

plots of the verieblce Gorresponding to ¡r r 4¡ the greph for

the letter capillar¡r vae lineor.

2Aztz
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0n the basis of theee oboervat,ionsr two capillaries ÌÍcre

produced vhich hed almost continuous flaree¡ the oimr in this

reeearch¡ being the reduct,Íon of the conat¿nterB', to zero.

From equetion I'l8t

if Bt r or then ntol I - o
Lztz

and a e a e conct'a,nf.

Âlao¡ from equation l.l5t

!/At, - Â ¿ a constant.

To test, the echlevement, of thia eimr the capllleries vero

cubJected to tvo testo. One of tho capillaries was incorporoted

into a double-bulb vÍsconeter, end flov-tines of woter and of

20 percent sucroec eolution measured for both bulbs. Constancy

of the ratio of these tines vas observed (see p.õI). Folloving

thls succesaful prelininorJr runr both capilleries vere coli-

breted by mearurenent of the flor-timer fron single bulbs of the

respective viscometere, of woter et, verfous temperotures. In

both côÊearthe function, n/n, ras found to be constent,rwithin

the uncertainty in tl¡e standord vigcooÍties.(See Figure 0.1).

Details of the Âppanatus Used

Prod.uctlon of tho Flared Capilloriee

The florea vere produced by subjecting eoch eud in turnrof

ô pJrrer gleea, precisÍon-bore capillerYrto íutcrnol pressure

o tt
tz
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from a controtled flow of gao, while a¡rplying e temperatune

grôdient along hotf its lengthrvitl¡ e broad-flemed gloes-blouing

torch. During tho procesarthe cøpi).lory was held in e chucfu-

dovfce end rotÊted steodlly' In the product,Íon of the first

cepillorîr rhlch nas later incorporoted into tho double-bu1b

viscometer¡ o 0.,4 mm. Oapillory nae used, end the chucl¡ rototed

by hond operetion of a drivo-belt,. The other copillery ueed vos

Êelccted frou o lorge b¿t,ch made loter, fron 0.6 mm. capillttYt

uslng I more refined ôpperÈtue in vhloh the chuck ves driven

índlrectly by a emall electríc mot,or.

The Vlscomotere

For conveniencG, I'iscometere of the auspendsd-level ty¡le

int,roduced by Ubbelohd,"l0 *""" uoed. There bes been o tendency

üo edhcre to the use of the Qetwald viscometer for precise

viecOeity meoeurenentsr deepite iûa inconvenience. Hovevor,

from on exenination of the results obtalned, in a previous

study6, vlth en 0stveld and a ubbelohde vLsconeter of elnoet

ldOnticel flov t,inoß¡ Do edventage could be found in the uee

of t¡e forner. Although Cew end Wylie0 ugcd en oetvold vie-

Gometer for their teete of the relations Perteining to thc

flered cepitlr"y, they also ¡howed that euch cepilleríes, in-

oorporated Ínto viscomstera of the euspended-lovel fypet

behaved identioelly. Thus it, appeered thet, e cuspended level
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could be set,isfactorÍIy formed et the extrenl.ty of a long floret

provlded that lt,s unfon wlth the efflux bulb res shaped rvlth the

USUOI C{LTG¡

the Tlnins of tho Flow

The tronsít, of the liquid meniecusrpest, reproducfble

posttions in the tubeg abovc and belov the tlning bulb¡sas de-

tected photoelectricolly, end the intervel eutoneticelly recorded.

The devlcc used hoe recent,ly been de¡cribed by steelll. rts

edvanteges over lt,e predecetsorsl2tlS tot" t'hose of oinplicity,

ond. eose of operotlon.

The opt,ical prinolple involved va¡ ainllar to thet, uoed by

Jonee ond Telleyl2. Nerrow beems of tightrfocussed on thc tub-

ing above end belor the timing bulhrvere pôrt,ially deflectedr due

to reflectlon et the glars-eir interfoce, on tho transit of thc

neniscus. The chenge in resfstance thue couaedrtn light-

dependent, registors illumineted by the upper and lorer beeng

respect,ively, vae used t,o actuete o trÍggor circuit,¡ stortf.ng

e cryetal tiner¡ in tho first, côser and to atop tbe tiner in thc

AGCOtrdo

the phoôocells, lene aystem, L, end viscometer¡ vere ell

rigldly mounted ln a brass freme, tho latter by meons of e split

per8per blockrP¡ end o grooved perspsr blockr€1, as ehor"n in

Figure 1.2. This fremc v.a'! euspendod in e voter-bothrnoint¿Íned



M

5

B

S

Figure 1.2. Drawing of those parts of the viscometer
ímmerçeO in the water bath. The letters are refer-
red tQ in the text.

(From reference 11)
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et ücmporeturc nithin i 0.OOZoC. Imagos of the horlzonÙel fi'le-

msntc of the 6V.r 24tl¡.¡ proJector lomps used oa light aoü¡.Cêß¡

vere focussed on the elit,s¡ s, through the glaea front, of ths

beth. The ùno vlscometers uged r¡ere ínterchengeeble in the fremet

end vere inÍüiaIly enneelqd in posÍtion.

cylindrical channele, drilled in brasg bloeks, ar housed

the light-dependent resist,ore, vhioh rrere cemented in posiùion

rith liquid aroldite. Their lcadø vere taken ebovs veter level

through bresg tubes, Tr soldered to the blocks'

The tiner rras agaembled fron e 10 kc./e. cryetol oscilletor

and. gate, the output of which wo¡ count'ed using a series of

decodc counters. The gating circuÍt wo,3 opened by en epplied

voltage greûter than 42V., ond closed by one belov ZgV. Figurc

l.g shovs ttre trigger olrcuit. Init,iellyrthe angle of the

photocells to their respeotive roflected beame vas simultone-

ously edjuetedru¡¡t,il the obove working voltages vere ettaÍned on

the transit, of the first and seoond incídeat beeus respectively'

The correspondíng chonges in tube current vere observed on the

scole of o milllometer. Fine current odjustsente could be n¿dc

by neens of a rheoÊtåt,.

Cleaning of the Víscornetens

Before oach seríee of rr¡ns o¡¡ o parti.cular solt,rthe viscometer

ro¡ oleened vfth chromio ooid. Folloving each individuol do-
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Figure 1.3. Viscometer Timing Circuit.

P. , P2 and P, represent a 3-pin connection

to the light-dependent resistors (L.D.R.)"
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terminotion, it, vas rashcd four tinss vlth twice-dist,illsd water¡

rinsed, twioe with Univ¿r À.R. mothanol, ond dried by auetíon

from an eapiretor for at leaet holf an hor¡r. Atf liquids were

introduced through e sinterod-glese fi.lter of poroeLty 2. The

visconeter y&É eeldom removed from the freme. ft ras nevcr rG-

moved durlng o teries of meosurêm@Irtsr

Modc of 0nerat,ion

Àfter the introduction of the solut,ion to bo etudiedrinto

the cleenr dry vf,acometer, through tbe aarne sinùered-glaes filter¡

vithout, the use of suct,lon, the iustrumsnt voa pleced in ths

vater-beth. Â gentle topping of the frene on its supportreuf-

ficed to remove ony oir bubblee preeent in the epece between the

alits and the lenses, through a vent provlded for thls purpose.

The fram€ vêB thon clomped firnly in e reproducible pooit,ion on

it,o aupport,, and levelled by ¡nee¡¡a of edjustbble lcrewe on tho

latter. The oircuit sas oonpleted and the cor¡¡rter svitohed on'

After en equilibretÍon perlod of at leaet helf an hour, the

solution Yôs ðlovly forced int,o the tlning bulbeby the applica-

t,ion of controlled pneunetÍc preesure. O:cygen-free nitrogon¡

vhich poseed througb e deeiccent, ond through o sintered-glesa

filtere res used for this pÌrrpose. Sufficient t,fn¡e vaa required

for this prooeEsrto ellov the illurninated photocells to attein

atebility. Thc counter uoc then aet at, zelo, the volt¿ge edJusted
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if neceaeery, end the flov t,inod. îhe flrst reading voe usually

disrcgarded. Meesurenents sero cont,inued untll three coneecutive

time¡ vere obtained which agreed wlthiu the erperimeatol un-

certeinty of 0.01fr. The reproducibllity wee¡ howeverr uguôlly

muoh bctter than thls.

solvent, flor-timef¡ rrere measured at tho beginning of eech

Bories of runs, ond occaslonally elso of the oonclueion of a

6cries, orr There Decoãooryr vithln it.
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TPCHNIOUES OTI{ER THIN VISC0I'{EîRY

PYCN0IÍETRY /tND ITS IHE0RETICÀL BÀSIq

PvcnometrY

Thc no¡t con¡non nethod of dctcrnination of the densit'y of

liqulda consi¡ts in finding thc rcight of liquid occupying o

knovn volume defincd by the shope of e given vcseel. since it

is obviously Ímpractlcoblc to deternine this volr¡¡ne f,rom t'he

geonet,ry of the vessel, it le colibrated inetead Ín terme of

the velght of pure veter vhich it' vill eontoin"

Threc aingle-atemed bulb-pycnometera of epproriuotely

00 nl" capecity¡ vitb closcly-fitt,ing ground-glecs etoppêrs,

rcre ßo congtruqted tha,t, their volumes egreed vlt'hin 0'02 nl'¡

ond thelr dry rcÍghts víthin 0.002 gm. Àn eccompanying tarc

of olo¡cly ainilar shape, hed o veight, vhen emptyt equelly

oloee to thot of an cmpüy pycnoneter, and o reight, rhen sealedt

contol¡ing tvice-distilled vetere corresponding to thet of e

pycnometer filled to o tcret,ch nork vith the seme liquid. The

tolerancea for this notchlng of veighta ôrs dl¡ouesed olr pc 33'

Thc colibret,l.on of the pycnoneterg wôå checked t'nice durÍng thc

course of mee¡uremsnttr onoc by a einglc deterninat'lont end oncc

in trlpltcatc. The nc¡ults of thesc dete¡minetions êr€ prcsGnt'ed

ln Tablen 2.1"
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TABLB 2.1.

Calibration of Pycnometers

t1

0.03369

0.03372

o.03377

0.02495

o.02537

0.02540

o.04462

0.04455

0.04468

v

33.04450

33.04453

33.04463

33.03767

33.03806

33.03B06

33,05586

33,05578

33.05589

A

B

D

A

B

D

A

B

D

Average Values

0.03373 33.04455

o.o2538 33'03806

0.04462 33.05584

Previous single determination

0,03401 33,04519

o-o2592 33.039.30

0.04539 33.05731
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Most densities vere determined in e single pycnometer,

three aolutÍone of dlffcrent, concentrationc being studied con-

current,ly. Iloîeyer¡ occasionally duplioate or triplÍcatc

deterninotions voro performed to check tbc reproducibility of

the technique.

Prlor t,o each determinat,ion¡thc solutioIrl vers equilibrated

al, 26 - gOoC. in e vacuum oven for soverol houre, and the

pycnoneters heated for o short period Ín e drying oYenrend cooled

to epprorinotely thc same temperature. The solut,ions vere then

introduced into the pycnometers from e glesa syringe rith e

long etelnlees-steel cepillory' Bubblc for'mat,ion v¿¡ carefully

ovol.ded. The pycnometcr¡ rere then alanped ln o speciol framc

sulpendod in o vatcr bath nôintûined 4t, 25.000 t 0.002oC., end

they rere equilibrated for holf an hour. The neniscii vcre thcn

ahcoreôrclosc to the scrat,oh merk, vith the eeme syrlnger ond

the copillarT above the liquid dried thoroughly vith thin atrips

of e¡tre-hord filter pôperr With the ground-gless cape removed¡

thc distsncee betveen ¡¡enlacii end scratch marke vere fhcn

meagured ln triplicete, rith a cethetometer nounted out¡ide thc

gloes front, of the bath" A light bulb protruding belor ths watcr

surfêcc providod thc neceesary lllumination. The cops Terê then

rcploced, ond thä pycnometers removsd fron tho beth, vashcd vith

di¡tilled vater, dricd vith e tovel, end thcn pollchedres ra¡ thc
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tore¡ rith o fine cot,ton handkerchief'

Aft,er equilÍbration for l hour, tho pycnometers end tare

üere veighed on o Mctt,lcr 86 balance. The velghing vea repeated

to check thot equllibrium had been ott'ained'

Fron the lcngth and rcight of o oolumn of mercul? in a somple

of the 0.0 mn. preciaion bore ceplllerT used i¡ theso pycnoneterl;

Erlertonl hrd determined its croaa sectionel &roac volume cor-

reotion¡ vere celculated from this quentity and the meaeured

menlscus-merk di¡toncca. I[eight corrections cou]d then bc cal-

culotedruoing en opproxinate densíty valuc for eoch solution.

F'ron t,he coll'brat,ione, t,he pycnometer volumes, V¡ ond thc

corrccted itifferences, EIr in veight between eech py'onometer con-

tolníng aolvont, end, thc tore , vcrc obt¿ined. In combinôt,ion

rith thc corresponding differencea¡ Ú2¡for the pycnonetofa Gon-

taining solut,lo¡, these quant,ities yÍeId volues of the dcnslty

increnents¡Ad, eccordÍng to t'he for:mulot

A¿ -
(nr, - n¡ )

v

(
(
(

I
)
)
)

d
B

dn
2.1

vhich l¡ dcrived end di¡cu¡ced on the folloving pô$etr
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Ht - Weight of the tare in vPcuumt

nn . l[etght of an empty pycnomet'ert

t, - lyeight of solvent to the mark Ín that pycnomet'ert

lt - lleight of solut,ion. t,o the merk in thet pycnometer¡
a

,l . Dlfference in belance reodinge for tere ond for

pycnometer + aolvcnt"

^2 
n Difference in bolence readings for t¿re ond for

PYcnometer + solut,Íon¡

d . DenaitY of solvent,tr
d ' DensitY of solut,ionl¡
da - DensitY of tare¡

d - DeneltY of balonce mêsses,
m

d - I)cneity of glels in the pycnomet'errt
p

d- - DensitY of elr,
o,

*a*- lYcight, in vacuum of gloes Ín thc tere,

*at. Weight in vocuum of vater in the toren

If the tore and then the pycnonet,er containing eolvent, are

reighed at, alr density, Uár the differencc in neodlngs r m,

(tarc ltghter)¡ aud

w -lr{*rl-trã*.
t¡

d'
-g
dt,

U -t[ 
ù'

Y rã-
v

d./e+*t-wt
p

pp d
2.2



Ift,hctn,reandthent,hEpycnometercontainingeolutionorc

veighed at, eir denaÍty d'f,r t'hc diffcrcnoc in reedinga
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vhcn d' - dtt,80
Ad is lcnovn 8s the dcnsity incroment,, ond d, is B gonerôliced

eir dcnsity.

It ¡hould be noted thetrsincG the pycnometer¡ vGre c&libratad

rlth veter¡ thc tarc tr.iqufd¡ thc dcn¡íty increnents obttínod for

th¿ nixed-¡oluüion¡ olveya represo¡¡ted thc dÍfference betrcen

the solution deasity and thet of vetsr el aolvent, retJrer then

of oqueoue 20 perce¡t aucrose.

Tolerances for Tare RÍcnomet,s:Y

Effect of Variation in Air DcnsíE

Fron en ex¿minet,ion of the correction terms of equotion

2.10, thc range nay be dctcrnined rithln rhich the opproxinote

Gquetion,2,L6, nay bc employedrvithout, a possiblc reduotion in

preoislon belos thet atteineble crpcriuentolly.

If o poaaible variot,ionrf,n drr or 1r ¡ lO-4 is esauned,

rhloh ia greeter th&n the maxinum obserYed verioùíon, then for

o pycnonetcr of volume 30 ml. , r

{ -d"U I x lo-o

For an overall preclrion in the dcternined deneitice of I in

106, thc contrlbut,ion to d" - du from thc corroction te¡ne mr¡¡t

be (l x 1o-0. Thurn

v
2. l0

t
tP

7 6
t +)w

gI (w
rI

p
w )

a

+
2.4

(w
0.99? t, Í < 0.8 2.17



And, if Wtg . Wp, and lIaY . Wy ,

then, m, I 0

ond tg (2 8¡¡.

Hence ùhe moriur¡m voluc ofAd to vhlch thir prcci¡ion oon ertendt

z\d - Z ! 0.0? t 2'18
- rtrer¡ ãõ'

rhioh correspondc to e density of 1.0?, rhich i¡ olose to that

of 20 percent, ßuoros€ solutLon. I¡¡ practice¡e lovsr precislon

le obteinedr 
, 

and the equation ho¡ e great'er ren$oc

Thc tchlnn¡ of omctere and Tore

If thc rcnaining corrcctlon terns in cquot,ion 2.10. BrG

olso consldered lndcpendently, it oan be ¡cen thott
g ( 0.7õ gm"

33.

v tt
P

2-19
t

end *rt L {0.30 gm. 2,2o

These incqualit,ic¡ d,efine the lÍmita for divcrgencc bctroen thc

rcigbts of gleea, and of rater respect,ivelyr in o given pycnometer

and i¡ the terc. Above theec linits the uee of cquation 2.16t

oould retult, fn e rcduct,ion, in excces of the Gxperlnent¿l un-

ccrtointy, in the precf.sf,on of the nea¡ured dcnsLtie¡.

Cl¿anins of PYcnoneterg

The pycnometers verc cleoned vith chronio ôcid after eoch

lcrlc¡ of dcterminotlons on e porticulor gelt. Betveen

indlvfduel dctcrminotionr they rere ¡Dounted on e,D ôppôrotgl
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vhereby they coui¿ U" veshed fnternally viùh domiaersllsed vater

eprayed througb cteinlcss-stecl caplllorles¡ ond pertiolly dried

by suot,lon. Àfùer heet,ing et, over lOOoC.¡ln o dryiag-ovcnrfor I
I

hourrtheJr r€ro ogein drlcd by ruction untll oool.
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rI. CONDUCTÂNCE I'IEÄSI,RBÀMNT S BASIC CONCEPTS .ÀI.ID

THE EXPERIMENTÂI, TECHNIOUE

Beelo Concepts
2

The rceistonce¡ R, of e uniform oonductor¡ et a pertfculor

tempereture, ia dlrectly proportionel to lt,s length; L, ond Ln-

versely to Ít,s croat-acct,ionol orea, Â. Thuet

R,at'fÀ,,
vhere tùe con¡t¿nt of proportioneliùyr a¡ fs oallcd the epecific

resiatûnce of the uaterlal at tbat tenperature. It,e rcciprogôl

is the ôpeciflc oonductenccr denotcd bX K"p:

K r/ t a L/IH
lP.

In electrolyte aolutione, another verioble, the concentrotiont

mu¡t be conaidered. Thu¡ it, is necessorXr to dcfine anot'hcr

quentity¡ the equivelent conducta,nccr JL, by,

11000 K
8D¡

c

vhere the Concent,raction¡ c, ie erpreased i¡ grem equivelente

per litre. Slnce current, flov is the result of mot,fonr ln

oppoeite directions¡ of oppoeitively charged ioner the cqulve-

lent conductence côn bG concldered e¡ o sr¡m of ionic conductencee.

In the sfnplcct ca¡e this con be expressed bJrt

Jt

2,21

2.22

2.29

/r ¡ \ I + \, 2.24



Àt infinlte dilut,lont
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I \, + 2
o

Jt" \
o 2'.26

Kohlrauschr¡ I¿r of fndopendent Migret,lon of lons conoerne the

independence of the linit,lng equivolent, conductancesr\ro, tod,

\ro, of the tro ions. The portitioning of the totol conduct-

, a.nccrint,o the individuel ionio contributionerrequires o honledge

of thc rclevent transport, numberß'

Rcsistence Measurements

Resi¡tenoe mee3urements vere ¡node vlth a Lceds-Nort'hrup

À.c. bridgc, cAT. No. 4ooo, of the type dcsigned by Dike3. thia

incorporoted a wogncr eorth. Thc bridge re¡ uscd iD conJunction

vith a variablc,freguency eudio-oacillotor, tuned onplÍfiert end

C.R,0. deteCtof. Rcei¡tancss meesured Over ô renge Of ffc-

quencier,0 , verc ploüted os e fr¡nction of lf6J. ond extro-

polated to infinitc frequencJr4.

cell¡ of oonventionel daaign ycrc ueed. Pleùinun-

tungatcn-plaùinun eeals linked tihc electrodea vit'h the internel

leeds, {rhrough the ccll roll. With the exccption of tho¡c in

the oell reserved for deterninations of the Bpecific conduotanoc

of vater, all the electrodes vere rrpletiniaed"ó. Thc

reãiÊtÊnce of the erternol leada va,Ê moêsured, end that of t'he

intcrnol leedsn rhlch hed idcnticol dimcnsio¡¡ in oll the cellet

re¡ colculated fron the speclfic reai¡t,lvity of pletinqm.
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Bcfore ftlling, the cell¡ vere repeotedly ríneod rith

solution. occesionelly the platiniaod electrodea r'ere

clectrolyt,lcelly "stiipPed"r end re-pleted vÍt'h fresh mot'erial'

Ihrring each conductonco measurenent, the both of light

pctrole.m oiI (Snefl Di¿la n)rtn vhich the oppropriote filled

cell res euspended ond hod previouely been equllibrated for

half on hour¡ wos neintolned ot, e temperature of 26.000 I

0.002oC. For thls purpoÊe I mercury-toluene regulator wBð

employedrin conjunction vith e thyrotron reley vhich ootivated

o heating coil.

The CeIl Conetant

since meesured volues of ¡olution resietoncc dependrnot

only on the elcc.trodc dinenaiona ond seporet,ion, nelt'her of

vhich oen be determined accuretely, but el¡o on the cell geonetlTr

it, is the inverleblc pract,ice to colibrote thc ccll by means of

¡olutions of knorn epecifio conductonce. À cclt conetontr at

mey bc deflncd bYe

K- ! o/B
BP.

stondord velues of the spccific oonductôncc of poteoeiun

chloride solut,l.on¡ have been provfded by the peinstoking rc-

reerchea of rloneg ond Brod"hotôt?" The st¿ndard compoeitionr

ôre erprccaed on the dcmal (n) conoontrotion scele¡ vhich is not'

in generol use.
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Extro I oti on
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ent Conduc

cell const¿nts determined uaing the 0.01 D., end 0.10 D.

etôndords respectively, vere identicel vithin t'he experlment'ol

tìô of H:ôrr I vel. tence Dato for

I r I Elect,rolvtee

For this purpotc ên spproximotion proposed by Robin6on 4nd

St okeeS,
B,Jt + Bz

2

lF

.r

2.26

2.27

Jt J\"

Jt" Jt

,
olte

üoF used, rhlch nay be reerranged ast

l+

B +B
- +

r+(n8-tr){t

rhere x hos been replaoed by Brþ. Thc peromet'er, 8, is thc

t.di¡tence of closeet opproechrr of the ions¡ end t'he parometera

B, Bl end B, noy bc evolueted from the eppropriote Debye -

Hückel - gnsagcr clpre'aiong. Tobuleted values are evaileblcg'

Ertrapolot,ion to infinitc dllut'ion of a plot "t JL"

velues obtolned from equatlon 2.27, egainat, the correaponding

co¡¡centrôtion¡¡ should yield the true linittng equlvalent con-

duotance.
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EXPENIMENTÂL

I. MATERTALS

Sodium Chloride

À.R. sodium chlorfde na¡ used whlch hed been once recrTetål-

liaed, end fused in o plat,inun crucible. Prior to use¡ thc

sonple l,ee dríed by heet,ing ¿bove l00oc., ond coolerl in a

deslccetor over silioo-gel. In the fusing of satr'ts, e frequently

encountered proble¡n is the hydrolyais of the aelt by reectio¡¡

rith otmospheric rater 
"oPootln

NeCl + H¿0 
- 

Ne0I{ + HCl. 8.1

Howevenrno visÍble colouretlon vaa produced by the eddition of

phenolphthellen to o 0.06 nolol squeoua solutlon of thl¡ ¡elt.

Potassium Chloride

The potaesium chloride ueed ï{¡8 ô once recrJretelli¡ed

renple'vhlch hed been fused. 0nce and twice recryetelllsed

samplea hed been shovn to be idcntical according to tho

iropieatic methodg. Â prclinfner'¡r drying va¡ underteken er for

eodium chloride"

Ceaium Chloride

D.I).H. I¡borotory reegent Ceaiun Chloride (f fg.) rel re-

Oryataltleed three times from tvicc-distilled water. The pro-

ducù vae first, dried by auction on ô Buchner ¡fntered-gloeo

filter platc¡ and ùhen tren¡ferred to o Y&cuun oven vhere it vo¡
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dried, ot, obove l00o0. ¡ by continuous pumping, unt,il conctant

velght, res etteined. It, res stored over silioa-gel in en

evecu{rt ed des i ccator.

Conductonce Eeosuremont,B of 25oC. on o 0.0093?9 M. solution

of the recrystaltised notcrial yleldcd an equlvolent, con-

duotonce of 144.66, rhioh moy be oonpered vith the value 144.21

iaterpolated grophicelly from ths uncorrected dote of Treiner,

Ju¡tícc and FuossS. the difference betreeu thoee two values ic

ident,lcot to the diffcrence bet'vcen the lfniting equivelent, 
.

ionic oonductancee of the cesiulu ion¡ os deter¡¡ined by Treine¡.¡

Justice and Fr¡oasr.W.i!,., ond, by Lind and, Fïoss4 ftot thc con-

ductancc of oqucou¡ ceeiun iodide solutions. The eane dis-

crepcnoy res found betveen the meoeured ond graphicelly

interpoleted volues for e solutlon of ooncontret,ion 0.000729 M.¡

prepared from B.D.H" Ânelar oesium chlorider vhich had been oncc

rccr¡rstollieed from À¡Ro &coùone.

.[nalycia*r by flone photonetry¡ of o sample of the latter

moteriol, indlceted that, it vos of high purity" The presence of

trece inpurlt,ies ln the follouing velght, Proportions (parte per

nillÍon), Lt (teaa than l), No (le)r K (r)r nb (ao)r ves

detccted.

*BJr A.M.D.L. (.Austrelion Mincral Developmenü Leboratoriea)¡

Âdeleldc.
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Hvdriodic Acid

B.D.II. hydriodic ecid¡ 5õ reight per cent, (l litre), voc

decolourised et, ite boiling point by edding dropwise e 80 per-

cent soluùion of hypophosphoroue acid. Distilloüion ¡nder

nitrogen at a constant temperature of L24oC', yieldod

epprorinotely g00 nla. of o perfcctly clear tiqutd, (sr weight,

pe"""ntõ). Upon stonding overnight in the ground-glass-stoppered

rcceiving flask Bealed vith Porafiln, the liquld developed a

etight yellov colouret,ion. Freehly distilled hydriodic ocid nas

neceß8erT for the folloving prcpôfôtions of, both sodiun and

potaesiun Íodlde.

Sodlum Iodide

Sodlun lodide vaa freshly prepered by neut'rollsing o¡lGo-

rccrystollited B.I).H. sodiun cerbonote (anhydrous) vtth

hydriodic ocid. Àfter oll effervescelrce had ceasedr a elight

€xcess of acíd naa oddcd. It i¡ eävisable to add es llt'tle'

excese ocid ôe poeeiblee ¡ince acld aolutions of iodidc arc

o¡idlsed bY orYgcn from the air,

4r';oz+4H++2rz+gngo

The solution ras then filtered, concentrt¡ted by eveporotion¡

end, oooled alovty" Â crop of yellov-vhite cryst'els ves collected

end dried by auct,ion on o elntered-glana Buchner filtert t'he

filtr¿te hoving e red colourat'ion.
' --r

8.2
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The product, vae rocrTotollised three tfnes from tvice-

distilled ryoter until a final eample of quick-draining uhlte

crystole vos obtoÍned. These rere first dried by auction, end'

then under vacunn, the tenperaturo belng graduolly roioed io

orler lOooc. vecur¡.o drylug v¿s continued for 24 hours, after

vhich the cf-¡rstals vere stored over phosPhorous pentoride Ín on

cvecueted desLccetor, uhich ves shielded from intenae llght,"

Cr1ratelt of aodiun lodide ôppeêr to be sltght,ly

deliqueecent¡ and vilt decompoøo ol stônding occording to

cquotion B.2rleaving their Burfa.co moÍsture olkell¡re by hydrotysil.

Thus aodiun hydroxide or cerbonote inpurities nêy be lntroduced.

Hence the suction drTing of the or7atele¡ unlees ropidr ghould

be reploced by presEure-filüretlon using nltrogen. strong

tight catûlJrseso th" rcootion 3.2, end hencc ghould bc e¡cluded

uhen hendlÍng the ¡uoterÍel I'n air.

Potessium Iodide"

Pot¿esiun iodide r'es pr€pared by en enelogoua method from

anhydrous potaseir¡m corbonote. Thc only differences in deteil

üere thot heoting voe cerried out, in the flnol stagea of thc

neutreliaêùion, thet the product ves oaly recrystolli¡ed tvicet

and that the euotion dr1¡lng of the orystols Tôt ôccomplished more

ropldlyo
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Cesium lod.ido

stoichio¡netric quont,lt,les of b¿riun lodide and ceair¡.m

eulphate¡ of B.D.E. I¿boratory lÙeagent grodor lfors independently

dissolved ln sinilor emount,s of twice-dletltted vat'er' Ceaium

iodide rras then pre¡xr.red by double decomposit,ion¡ the lotter

solut,ion being added to the fon¡er. Á,t firet a thiok gelotinous

preclpitotc formed, but only in anoII quentity. Furtber oddit'ion

produced e fine rhite PrecipitÂte capable of passing through o

slntered-gloae Buchner filter. The auepension rlê8 oentrifuged

et, 3r000 to S'SOO Frprllro in e Hettioh Rot'o-Silento centrifuge

for belf en hour et firat, and then for varylng periods efter

further eddit,iona of rcagent from e Peateur pipette. co-

procipitot,ion voe oor¡nterected by disturbing t'he residues efter

one of tho laber odditions, IYhen no further prôciplt¿t'ion ves

opparent,, the centrífugates |rere gravity filtered through the

Buchner sintern scveral drops of both reogents vcre êdded in

turn to thc filtrote rithout effect" After stonding to renovc

any further treoe of bariuu sulphote, ônd r€-filtrat'iont t'he

solution r¡êË concentreted by boiling end oooled slovly. thc

product obtained va,s recrJrstôlli¡ed three tinese ond dried end

gt,ored as dcscríbed for sodium iodide'

Potossium Bromide

Unl.vor* .4,.R. potossiu.n bro¡ofde (?OO gn.) ves rccryetalligcd

*Âjax Chenicel Conpany --
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three t,i¡re¡ from trice-distilted vater. The fínal product, vae

flrst dried by suct,ion, thon traneferred to e vocuun oven vhere

it ves pu¡nped d.ry et epprorinatoly lIOoC. for tro doyoo It, rres

removed hot and plaoed over phoãphorouB pentoxide in o do¡Íc-

cetor rhich vas then evecueted.

TetrE n-Propll ÅnnogÍun Bronide

À sonple yas kindly aupplied by c. Pcpelar+, of meterial vhich

hed been oncê rect-¡rstollieed fron Â.R,. ocetone¡ dried undor

vecuum, end ¡t,ored over celoium chloride i¡ on evecuotod desíc-

cetor.

Eis onalysis of'thie senple, by potcntfonetric titration

ogainst silver ultrete solut,iona, using the previoualy dea-

crlbed fused sodium chloride os the prinerXr ¡tendardr yielded o

percentage purity velue of 99.98 ! O.OS þ'

T tra n-Pronvl Amnonium lodidc

B.I).8. Loboratory reôgent tetre n-propyl amnonir¡n iodide

(ZS gr. ) ros twice recrystollieed from B.D.E. Anolar ethanol

(gSÉ). Àfter dqrlng by suction¡ the finol crop YoB quÍckly

traneferred t,o e vecur¡ru oven uhere lt, vas pnnped dry of ?0o -

80oC, for e total of 24 houra. Finally the moterial vas stored

over phoaphorous pentoxide in on eva.cuoted d,eeÍccat,or.

Conductonce moôEurementõ et, 26oC. on e 0.004990 M. solutfon

of the rcorTstelllsed noterial ylelded on equivelent, conduotance

*C. pepelo, Dept. of phyaical ond Inorganfc Chentstry,

Unfverslty of .âdelaide.
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TABLE 3.1.

Molecular Weights and Solid Densitíes

Salt

NaCl

KC1

CsCl

NaI

KI

CsI

KBr

(nPr)O

(nPr )O

*
M.W,

58.4428

7 4.555

1ó8.358

L49.8942

1óó.0064

259.8O94

119".011

3L3r26BL

266.2727

Density

2.L65

1.9B4

3.97

3.667

3.13

4.510

2.75

{rlc

a
zsoc..

4

( 3.988)e

a
250c.
a

a,

25oc.
4

250co

1.313E ZloC.NI

NBT L.L7 b

Calculated from atomic weights

gm/cc.

Reference 9.

I

b Measured by displacement by C.N. pepela,

*

**

a
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of 93.24rrhicb l¡ in. good ogreement, vlth the volue 93.41 inter-

polated grôphicelly fron the dato of Evans and Koy?'

Sucroge

The nojority of the sucrose eolut,ione Yere ¡rrepored from

B.I).H. Microonalyticol grade noteriel, but a B.D.H. ¿Inaler gradc

aomple ve¡ uaed to preparc the aolvent for the potoaeium íodíde

ni¡ed eolutions. I¡ each case the suorose v&B Ya,ouun dried ot

3OoC. in kilogrem or holf-ktlogram quont,lt,Íes, ond stored over

ailica-gel in a dceiccetoro

Dist,illed lVeter

DemÍnerollsed voter from o bulk supply vos distilled from

glese and stored ln o 201. cerboy vitih e ground-gl&gg Etopperc

For simplicityr this voter mêJr be described os tvice-di¡tilled.

It,s evera,ge ¡peciflo conductlvity voa 1.3 x 10-6 ohts-l cn:l,

another somple of noter vhich hed been distilled tvicc from

glaae, end stored in polypropylene conteinersrrôB uaed specificel-

ly for the ceeir¡m chloride conductonce Ineesurements diecuseed

on p.43. the apecific conductivity of this eanple vas l.l x

10-6 ohn"-l cû:l.

Prenorotion of the Sg,ll¡t¡-q4q"

Âll golut,lons Tere prepored by veight,, and v&cur¡m col.-

rectlonsl0 *"." àpplied ia the colculetion of their concentre-

tion¡. To ovoid deconpoeition¡ the iodidoã rore relghed from
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cone6 vith cloee fitting ground-glass copgr For each run on &

partiouler Felt,, ô B€riea of solut,io¡¡o lfês prepared by euccesaive

dilut,ionsrfrom ttrat of highest, conco¡rtra.tion. À sucrose etock

solution, of epprorinotely 2 litres, r'as preperod for each of

the three-co¡trponent runa. Â Stanùon, type H.D.9, boam balencc

Tec uoed for this PurPooeo

t'Qulckfrt,, ileeka, which hed previouely been gteom olooned,

rlere used. theae Yere seoled with Poroflln, folloring the flnol

rcighing. The aucrose solutioug ¿nd the equeous iodide ¡olution¡

vere stored in e refrigerator, ond the tetraolkylannronfu¡m salt

¡olutions I'n o derk cuPboerd.
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II. NNSULTS

PrelfminorY fnvest igetion

The firet of the flared-cepillarlea produced in this re-

seorch ves incorporated into e double-bulb test Yiscometer.

Prior to the elignment of the opticet eyatem ond photocellst

o prcliminary test of the effectivonese of the flaring procedure

vas r¡ndertoken. Thin strips of ooloured edhesive tepe providcd

effective temporery t,ining morks on tl¡e tublng ebove ond belov

the bulbg.. the time of efflr¡¡ from each of tbese¡ of water¡

ond of tro euoroae eolut,ions¡ of 26oC. r vas deternined manually,

îhe c¡-¡latol o¡cilletor-timer, end ¿ Heuer stopvotchr vere uged

for the upper and lover bulb reepectively. The reeults of this

iavestlgotiou ôre presented in lable 0.2"

TÀBLE 8.2

Pr.ol lrni r.9 t on the Flared-Capillarv in thenû, Tos

Double Bu lb Test Viscome ter. (Pn. t )

Flov tine¡ et 25oC. (secr)

Liquid

Ìfeter

tOf Sucroee

20f Suoroee

Unrrer Bulb

794,94

l0lö" 4l

1403.93

Loser Bulb

llõ4. 14

1474.62

2030.3õ

1.4510

I.452 I

1.4626
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.Àlthough a elight trend waa notod, the rat,io of the êverege

flov t,Ínes fron the upper ond lower bulbs v{r6 rega'rdod es conat'ent'

Thus the indicatlon Yað that, a fi'ared cepillery had been suc-

cee¡fully produced nhÍch had e "klnetio enorg:r correct,ion

factor" verT cloae to zero.

Callbration of tho Visconetqrs

Both t¡e eìäred-capillery vieco¡reters vere ceribroted ríth

veter at various temperetureB. The resultg of theae celibratione

a.re presented in Table 8.8 and illuet,rated in Figure 3.1¡ in the

form of plots of qf df egoínst, t/t?" Vlthin the precísion of

the steadord vl¡coaitios¡ eoch of these plot,a vae fou¡d t'o be

horizontol, verifylng the indlcotion of the prellmlnerT test,, on

thc one vÍscometer¡ that, thc kinetic onergJr oorrection feot'or

vos negligible.

Stendard Values of the Viscositv of llater

The standard valuee for the vlscoefty of rater¡ used in thc

ebove calibretione¡ vere obtoined from a tobulet'ion by Robinson

ond Stokesll. Froà en exeminot,ion of the Bources of thia t¿bu-

lotion, it appeared thet the values for 0o and 6oC. rcre èv€r-

egee bosed on a large number of experimentel and ooloulated dat¿

quoted by lÍeberl2, vhile the 2500. volue vaa bosed on the identf-

col d.ot¿ of Veberl2 tod Coe end Godfreyl8, ond that for 8õoC. on

thc ovcrege of the date deternined by Biugheu and l{hit"l4 tod
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Figure 3.1. Visconeter Calibration Graphs.



TABLE 3.3

Calibration of Two Flared{a pillary Photo-Electric Viscometers using Viscosity

Data for Water at Various Temperatures as the Standard

I Double - Bulb Ffodel (P 8.1.)

b
T

ooc.

50

200

250

300

n11
( centipoise)

L.787

1.516

1.002

0.8903

o.7L94

d11 .

(gn"/cc")

0.99984

0"99996

0.99820

o.sezo+,

0.99403

flow timera

t (sec")

1593.81

L352"45

795.75*

flow time,

t (sec.)

893.78

795.5L

644.58

fLow timerc

t (sec. )corr.

1593.33

t352.O4

o.Lt2L7

0.11213

o.LL23r

o"Ll225

o.lL228

L 6x10

0.3939

0.5470

1.2518

t "5802

2.4068

n
dT

x 102 2t Olg¡
o

¡

I

tzso 795.75 in this series b t^-o = 795.51 in this series
¿J

* Measured before the Oo and 50 runst

after which the value 795.77 was obtained.

a

c corrected to tzso 795.,51



TABLE '3.3 Continued

II Si e - Bulb llodel PE 2

I oo".

-J tt
(centipoise)

I.787

1.516

1.002

0.8903

o.7L94

d11

(gm./cc.)

0.99984

0.99996

0,99820

O.997O47

0.99403

flow time,

t (sec. )

991.28

756.08

499.87

444.g6d 444.93

360.58

S*ro2
0.20053

o.2oo52

0.20081

0.20068

0¡20071

1T 67 x10

cI
È
a

_o
5

200

250

300

e

L.2588

r.7493

4.OO27

5.0508

7.69L2

d Before runs at other temperatures.

e After runs at other temperatures.
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y"b"rl2. The 20oC. velue vas theù of the absolute viacosity of

voter (t.Ooe centlpoitc)¡ dctenninsd by Srindclls, Coe and

Godfreyl6, to vhlch stondard ell the other tebulated veluea

fere refcrred. Support for the aoceptonce of thÍs atûndard he¡

becn provided by Rosooe and Boinbridg"lô tho obtoined, using an

o¡clllcting diec tcchnique, e value of 1.002õ t 0.000õ cent,i-

poiec, et, 2OoC.

St¿'nda rrl Vn l ues of the v I f Sucroee Sol nt{ onrF f!ôÃ tvo

Sucrosc tolutionr, the atondord vlscosities of rhieh hove

bcen deternincd, ond recently r€côlculoted on the basla of the nev

reference voluc of thc obsolute visoolity of roten at 20oC., by

thc U.S.A. Nat,ionel Bureeu of Standetd"l?rlE, hovc been nceoÞ

nendcd es ca,llbrat,ing liquide for cepillar'¡r viaconetrXr"

If theee st¿ndords ere cffect,iver thcy should pnovidc

re¡ults complementeq¡ to thodeobt¿ined ueing the rater at¿ndords

based on the gasre referencG Yaluc. Hovever¡ it vog found, for

the vlscometer PE"l., thot, plotted velue¡ of fJfùb, oolculoted

fro¡¡ thc rcvlsed N,B.S" ¡tondord viscocitiee for 20, 30 ond 40

percent, sucrosG solutlonc, fell signfficent,ly (0.+fr - O.Sþl-

bclor the roter collbretlon graph. I díscrepsncJr betreen the

tvo serlee of ¡tûndard¡, ln thelr oonmon rtnger rras thue apparent,"
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Previously, in this reaearch, in connect'ion vlth the

calibratlon of ¡everel conventional capillorxr viscometers, it

vaa noted that, the 20 percent sucrose point' alvoye ley belor o

¡moothed c.rve through pointa for 80 percent' ßucrose a\' 26oC"

ond for roter of 20o, 2õo and 80oC' Hcnce the rcvleed dot¿ of

the N.B.So üere re-examined, and it' va¡ noted t'het' t'he value of

the vi¡coalty of 20 percent, sucrose solution at 2õoC. had not,

only been correoted t'o the ner refere¡rce velue' buù had been

rubJected to e further oorrection' fhic re¡ eppenenùly that

vhlch applied to moat of the other tabulated volues aa & ooû-

tequence of the re-celculot,lon of the const,snts of the vigco.

meter¡ used for thcir dcterminetion" florever, the volue for

20 percenü eucrose solution et 26oC. hod opparently ori'gina'üed

in e peper of Jones and Sttufferlg, end the letter correct'ion

vas inepplioeble. comnunÍcetions rere elchonged' vlth the N'B'S'

on this subject.

À survcy of t,he valueg ovellablc ln thc lit,erot,ure, of thc

víscoslty of 20 end 40 pereent, ßuoroso ¡olut,lon¡, is prerent'ed

i¡ Table 8"4.
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TABLE 8.4

20 ônd 40 Percent, Sucrose Solutions et 26oC'

Souroe 20 Percent

Sucro¡c

(t) Binghon & Jack¡on
20 1"09?

(interpoloüed velucc ).

Corrected from

urro(tuoc.¡ - 0.894r to

r) 
rro(zooc. ) - 0"8903 .

Quoted by Jonea &

stouffertt "." *

relotive vlacoaitY"

Multtplied by r?"ro(zooc" )

. 0.8903.

Originel Tobles

N.B,S" (reæ).

Trro(tooc") ' l'ooõ

Bovi¡cd Toblc¡

N.B.S. (lese).

(2)

(a)

(¿)

l.?01

l. ?06

1,096

40 Percent

Suorosc

ó" 100

6. l?9

ó"200

ó" 104
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-2I'rom the conetant value of n/at' (0. tt224 x t0 ) obteined

fron the weter cotibratlon graph for the double-bulbr flared-

copillory vlBcometer, PE.lr voluee vere calculeted of thc viscosity

of 20¡ 30 and 40 percent sucrose ¡olutlon¡. Thesc rlotor and

the eorresponding ftor timgs ônd densit,ie¡r are preÊcnt,ed in

Table 8.6" Thc sucroge Êolutions rere all prepered from the

seme batch of Mlcroênalytical grode meteníal.

TABLE 3.õ

Yeluee ( IN centi n

Co I cule

o¡'ae I of the Viscos itv of Sucrosc Solutions

Colibrat,ion Graph of theat 2õ

fei,ght Pcrcent,

Sucroae

20

30

40

ted from the

Yi¡cometer PE. I

*
Flor time

(sec. )

140?.33

21,?3.46

8934 
" 
48

o

Dcnai ty

(gm./cc. )

t.0?93?21

t.12624
22t. 174õ8

Ce I cul oted

9
1.706

2.744

5.188

*AlI t,he flov tine¡ Íerc correct,ed to the eame stsndandt

nomely o flor t,ine fon rater ct,2õoC" of ?9õ.õl sec"
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By aubrtltution of these víscoalty dator for 80 and 40 per-

cent, aucrose¡ for those from the N.B.S. rcvi¡ed toblesr iü vea

found thet, thc curvature of o celibratlon graph prese¡¡ted bJr

trclty92 could U"'g."ntly reducod. SfunÍterly, by aubrtltuúion

of the 20 ond 80 pcrccnù ¡ucrose valuea¡ ¡atl¡foctory colibretíon

grophl rere obtafned for thc convcnüionel ceplllery vísooneters

in use ln thf¡ loborotorY.

Phrngz3, using vater ot, 0o, õo, 2oo, 2õo ond 8õoc. o¡

rtendords¡ obtolned e lineor celibn¿tion greph for a convent,ionel

capillorT viocometcr. Fron thlc greph, velues of 1/ùt , cor-

rcaponding to thc flor t,fncs of 20 and 30 percent, ¡ucroec

¡olutiont, üero obÙelnedl vhlch yielded vieooaity velr¡es for

ùheee solutions of l.?06 end 2.746 cp" reapectively. Ee ol¡o

obt¿ined o velue ol 2"T44 cp" for the viaoolíty of the 80 percent

¡ucrosG ¡olutionrby ertrcpolatf.on of the corresponding greph for

e flored-cepíllory vlaconeter ldenüicel in dcslgn rith the

vi¡cometerr PD.g¡ ured ln the preacnt re¡earch,

It, thercfore appcara that if the viacosity volue¡ prescnted'

in Table 8.6 are edopted, e generol conplementerlty of thc

calibrotlon procedurese vlth voter où vorioue tcmperotures¡ ond

vlùh aucroaG eolutionae EôJr bc ochleved. In occordanoe rlth thc

theorTe lineor eelibrot,ion grophe of zeno llope ror¡ld be ex-

pcctod fon contlnuouoly-fl¿red ooplllerieoe and grephr of alighü
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or no curva,turer end finlte negat,ive slope; for conventional

cepillaries.

The Viscoeity of ¡leueous Solut,ions and 20 Percent Sucrose

Solutions of Electrolvt,es et zõoC.

In Appendi¡ Â are presented the re¡ults of viscosity meeeure-

mente made on êqueoua solutione of electrolyteer end on solutions

of electrolytes ln 20 percent Bucroae solution, at ZõoC. The

fot lovlng toble liat,s the eolts studied, the parti.cular viacometen

used¡ and the reapect,ive pege numbers of this Àppendfu"

TABLE 3.6

Content,s of Aopendicee .å, and B

Solù

NaCl

KCt

CsCl

NeI

KI

CsI

KBr

4

A

Â

fn Âqueous

So I uti on

Pege

2

A8rB2

Â9e80

Al0 ,

A ll ?

In 20 Percent
Sucro¡e Soluti.on

Page

Âló , B I

Al7 , B I

À18 e I I

År9 , B I

420 , B T

À2I , Bt0

L22 e Bll

Vi scometer

PE.I.

PE.I.

PE"I"

PE.I 
"

PE. I.

PE. I;

PE.I"

PE.2 "

PE. g.

À0e82

B

B

B

3

4

6(n-rr)nNr A 12 ?

(n-lr)nNBr À r3
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Figute 3.2. The concentration Dependence of the Relative
Viãcosity of pot'assiun Chloríde Solutions in Water and in
20 Percent Sucrose at 25oC.

in water, 2 soC

in 20olo Sucrose,25oC

0'02 o/o

o

I
T

o KCt
o KCt



61.

The rclatlve viscotity dete for eôch sJrtteo ÍoE treoted

ecoording to the nethod of lcest, FquoreB using e c.I)'c. 6400

conputero Thc conpuüer progrsms utcd ere pre8ented in Appendix

c. In thc toblea of r\ppendlx A ore listed the crperinentolly

dsternlned relatlve vlscoeitlee, ?"(nXff. ), those celculeted

,fron the leost-aquarcd cquatlon, f)r(Cru,C.), and the dffferêrlcQ¡

a, b.t een the latter ond formen quontlties. The volue¡ and

corrcðponding atandord errors of the poranetere of the least-

rquered equat,ion! ore prcsent'ed in Tobles 0'l and 6"2' of

chapter 0. where it vo¡ found hclpful, in ùhe coura. of thc

e¡emLnatlon of the dato¡ to constr¡rct e plot', againet al 
",

of the funct,lon ( jo - ]_'r/ {fr voluog of thl¡ funct,ion orc elso

ll¡ted.

rn Flgnrc 3.2, úhc conccntrotfon dependencc of thc relotivc

vlecoaity of oqueou¡ solutlona end ôqueouã 20 pencent ¡ucroac

aolut1on¡ rerpeot,tvely¡ of poüoesiun ohlorlde ot, dõog., i"

1l lustroüed"

The t of ueouð lutl 20 t Suc

'Solutions of Electrolvte¡ of ZõoC'

In Àppend.l.x B are presented the results of pycnometrio

DeoðuroEents on oqucouc ¡olutlons of elccùrolytese and on

¡olutl.ons of slcctrolyteo in 20 percenû lucrose eolutlont et'

gõog. Thc reapcoti.ve poge nunber¡ of ûhíe Appendire for ùhc
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saltß rtudled, ôrG tí¡ted in the foregolng tert, tablc. rn general

both the viscometrlc end pycnometrlc deterrninationa v€l.e coÛ-

ducted on the so¡o Eolutlon. The ovaflobiltty of t'he excellent'

date of .Iones ond Chrlstiooz4, and of Jones and Toll"y2õ' ttde

one-deternfnetionoftbeden¡it'iesofaqueousaolut'lon¡of

¡odiun chlorid.e ond potos¡iun chlorlde respect,ively, et' 2600.r

unnoc6aBBr!o Dcterurinotlon¡ of the denslty of oingle solutlon¡

of coch of these salt¡ et, 2õoC. rGre Perforned; ond the veluea

¡horgt,ollc,vlthi'ntheerperlnent,ol€floFgongrephaofthc

eorrcspondlng doto of the obovc eut'hons'

The dcnslt,y doto for coch syet,en vcre flt,tcd to the Root,

- equat,ioo2o by the netbod of looat equorer, uelng o c.I).c. 6400

comput,cr" Tbe rclevont, progreD' vhlch vae t,ested rlt,h thc dot¿

of .Ione¡ ond Chrictlon, i's prcacnt'cd in Âppcndir C" Veluel

thusobt¿inedrofthecoefflclenteoft'hiscquet'iont&rc

pneaented, vith thelr ¡tondord GÌFoF!¡ in Teblc 3'?' In the

teblca of Appendtx B are listed ûhe expenimentolly det'ernined

dcn¡ltles, d (Ð¡¡lT.)rthos colculated fron tbe least-equaned

cquatlon, O (c.ul.), end the dlffercnccrA¡ betvcen t'he

Iottcr ond forncr quent'ltlcs"
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TABLE 3.7,

Coefficient s of the Root Equation (Eqn. 3.17)

Blectrolytes in Aqueous Solution at 25oC.

Sal.t

CsCL

Naï

KI

CsI

KBr

( n-Pr)

(n-Pr)
4NI

.NBr
4

0.0003

0.0001

0.0001

o"0002

0.00007

0.00008

o.ooo3a

0"0003

0.0007

ooool1

0.0005

o.oo18

- 0¡0027

- 0.0050

coEFF.l
+0.1285 F

0"1146 *-

o.t2o7 !
+

0.2o19

0.o852ó :

o.0623O !

0.0265" I

0.o457

ouL262

0.11tr9

0.112ó

o.1926

0"0830

. coEFF"l
'+

0"0393 ; 0.0004

: o.ooo2

+È 0"0004

L o.ooo?

i o.ooo4

+- O.0004

! 0"oooz

2

0ooo07

0.0003

0,0003

0"0005

0.0002
+l+É 0.0002

i o.ooo8*

coEFF.2

+0'0027 É 0.0012

0.0056 i o.ooo5

o.oo53 ! oooolo

o.oo31 : o.0016

- 0"0051 : o.ooo9*

- 0"0087 : o.oollt

o.oo52 : o.oo18

coEFF.

+

+

+

+

+

Blectrolytes in 2O Percent Sucrose Solutlon tt 25oC.

Salt

N¿Cl

KCt.

CsCL

NaI

CsI

KI

i From the density data of C.N" Pepelao

* Theory precludes a negetive sign for thls coefficient"

KBT
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Lim itins Änpe Molar Volumes of Elec trolvtee in Aoueoug

Solution ond in 20 Percent Sucrose Solution 6t 25oC.

The equivalence of the limit,ing pert,ial enrl opparent molar

volumes of e solute componentrfor both tvo-component eystemst

and three-component, syaterrs ln vhich the rat,io of numben¡ of

moles of the other tro components is heltl constent,e mey be demon-

stroted es fol lows"

Po rtiol Molar Volume

The part,lal nolar volume, Vl , of e componentr it in a

solut,ion contoining n, molee of that compo entrmoy be defined by

(l 
'. i) 0.8

Ti 9T¡P¡N j

rhere v is the volume of the solut,ion end the nJ are the noles

of the other comPonenta Present,c

(l) 2 - component syeteus.

For a 2-component system, vhere the subscripta o end I

denote aolvent, and aolute reepectlvely, the oppare¡lt molan volume

of the lat,ter'neY be tlefined bYt

v-v 3.4
t o

tlf

vhera V ia the volume of pure solvent, ueed in noking ¿ eolut,ion
o

of vol¡merV¡ conteining n, noles of component, l. Different'iotion

of equot,ion 3"4 vi'th reepect, t,o n, yíeldst
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and, at, J.nfinlte dllutlon of couponcnt, l'¡ providcd that

t ètr/ ànr) ol - o rr rrnrte,

v {

v
ot

t

oo
ìI

(¿) I - conponent, lYstenlo

For a 3-aonponent, eyetem, vhere t'he sub¡onlpt'e 0t ! ond I

dcnote ¡olvcnt ond the tro ¡olute conponenta rcepectlvely, thc

opporent nolor vol¡¡me of a componcnt, 2t æ! bc dcflned byl

n

_*+n Voo

_*
-orYr t

_*
*olvl

-* -*vhere T - ond y"-, ere the reepeotivc portial molan volune¡or
of the comPouents of the purc mlred rolvent of constont' comporí-

tl,on"
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o
al

Y

nE-o¡t

8.12

3" 13

8.14

+ oga v2
nn-o¡ I

ond, at lnfl¡ite dllut,lon of eonponent, 2¡ provl'dcd t'het'

( à tslà on)o, , o
la flnitc¡

{
o

Thc letùcr tro cquoùlonË corrcsPond to tho¡e vhich ney be derived

tf thc ni¡cd golvcnt l¡ treotcd nr onc oo@poncnt' of o Z-componcnt

Yz a

eyeten.

It ney be ehorn tÀat, if, lla¡¡ontc rclatlon27 r28

f.ê.
2 t2

sfr
(rhere S ie o conetant,), rhlch hoa been sbor' t'o apply to

dilute 9 - conponent, solutl,one, end often to exte¡d to highcr

concentratloo¡Z?, appllcr to the I - oonponcnt, systoma con-

tldcrcd¡ then the [oot, cqu¿tíon l.¡ al¡o applicoblc to the¡c

ryatemr.

ivatlon of the Root Eqqatlen

It is posei,btre to dcff.nc B gencral oppercnt molor volumca

for ¿ component, 2, in either o 2 - ooEponent, eyrten or o 0 -

component ayatem ln rhich tvo componcnte oan collcctivcly bc

rcgerded o¡ o nf¡cd solvcnt"

t

+
o

t

t2
v

"¿

¡olvcnt g.16
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Slncc rhen V.lr000 ccts.1 llr - C¡

z. \fi99 
(¿o-¿)

ot
Thue¡ lf ldo¡sonrs rclotion oppllest

d r d + (Ms-uotno)
o T.oo-

+
úz

d
o

(s¿ )
o

c3/z

8. lô

8.1?c
o

lr0o0

Thit cquot,ion lr ldentloal rith thot, first, derlved by noot20"

Accordi.ng to ùhcory29, the coeffi.cfent¡ Sdo/f r000r ¡hould hovc

a potlt,lve volue, Gonmon to ¿ll rtrong electrolytes of thc ¡omc

volence typer fn, e givcn tolvent¡ and thc coefficfcnt of the C

tern should be on oddltlvc properùy of thc loo.3on The erpcri-

nenteX ialues of the formere hovevcre ¡hor consldcrablc

dndividuelf.ty vl.thin o scries of slnilor electrolytcs (lce for

cremplc the value¡ of coEFF.Z ln T¿ble 3,?) ond one only of thc

ordcr of nognitude of the theoret,ical t*lo"3oo Root reportcd

thot thc crperimentol cocfficlent¡ rcre both eddltlvc"

DÍ¡cussion of the Resulte

In Teble 3"8 erc preaented velueg of ùhc linfti,ng appareut

moler vo¡¡nc. ô oo derlved fron thosc velues of the coeffioient'¡'la'
(COnff'.t), of the C ùenn of thc Boot Equatlon, rhioh oppeer in

Teblc 8o?.

For thc 2-oomponcnt tyatcmr, o con¡roriron vf,th lfterature

voluos 1r poastblca end thc ogrcenc¡rt i.s reen to be very good"

The dl¡o¡repancJr ln ühc ca¡e of thc ce¡ir¡n chl.orÍdc voluc noy bc
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TABLE 3.8

rent Molar Volumes et 25oC

Aqrrcous Solution 20f Sucroee Solution

t"" .{"ot' ¡

url"/mole
t"'

e.c" f molec"c"/mole

40"0 : 0.0

sõ.4 I o" I

45.4 3 o" I

õ8.0 t 0.2

33.8 t o.l

2õ1.71

o 3t
Sal t

NaC I

KCr

CsCl

NaI

KI

CeI

KBn

tY

16.4
16.6

17.7 ! 0.4

26.726.52
26.81

39.1õ

35"10

45.36

67 "74

il3" ?8

0
TA

I: 0.2B

a 39. I

8õ" 2

4Ð.5

ø2"2

38.8

À: O.4

¡: o.7
¡:0.4
¿: 0"4
Â-¡: 0.7

(n-Pr)nNr

(n-Pr)nNBr

*

*
240.46

Densi.üy deta of C.N. FcPele 3g

Voluee of 16"028, 20.880 a¡rr!- 39.I5 hevo more

recently bee¡r detenmincd, by Vealot38, f,or

NaCl, KOl end CsCl reoPectivelYo

a
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ottributed ùo the foct, thnt, thi¡ roe baaed upon o ¡mallcr number

(6) of density me&Eurement¡.

Yalucs of the opparent molar voluue vere celculated for

potoeal.un lodldc in oqucour tolut,lon, ond in ôqueou¡ 20 percent,

lucrolc eolut,lon, at, 2õoC. Thc reeults of thcae celculet,iont arc

prcscnted vtth the corrcrpondlng dcnsity doto ln Toble 8.2 of

Åppcndlr B"

l'hcn crtropoloted, egofnaù fi to inflnltc dilution, t'hc

epporent nolar volumce for thc oquGou. ¡olutlone yielded a

Itnit1ng value of 45.3¡ ln good sgrccnenù vtth thc value celoulotcd

fron ùhe epproprlote cocfftolent, of the &oot cquat{on" The

plot of the apporent molar Yolumes for the solut,lon¡ i.n 90 pcr-

ccnü rucrose, horcvcr, hod e ncgatlve elope f.n the ooncentrotion

rangc in vhich the dcnslty meeaurenent,¡ rcre nadc (bctveen 1ld -

O.22 ond 1/F . O.õ)" The negetivc valuc, sbùeincd for thl¡

eystcn¡ of thc ooefflclent (COnIrf.9) of +¡, C8/2 term of the Root

cquat,lon, i¡ o con¡Gqucncc of thi¡ concGntrstion dependencee

vhlch is not in accordance rl.th Ma¡eonr¡ rclatf.on" Horcvcre

accordlng to recent, vork by Stokc¡ and D..,oo34, foll'orlug thc

¡tudics of Ucn and Saito85, on the apporent nolal' votrrnes of
'tetra-olþl-ennonium bnomlde¡ ln oqueous solut,ion of 25oC.g

lfeg¡onrs nelotlone rhlch ôpPerGnt,ly doce not, holde fn e ciuilor
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concentratlon ro¡gc ùo the above, for sone ouch syatemet noy bc

crpected to opply ot, lover concGntrotion¡. It, ¡een¡ rcesonsblc

to concludc thot thir ¡hould ¿l¡o bc thc case for tho¡e ¡olutlon¡

of en alkoll helide in 20 peroenü suorosc for rhlch negetive

values of COEFF.Z are rccordcd in this the¡l¡' Hcnc€, for ùhc¡e

eysteus, meanlngful llnit,ing opporcnt, molan voluncl¡ obeying

thc addlt,ivity rulc (¡cc Lctcr) ceuld only bc obtoincd if thc

dcnelty ncoaurementg rere cxtcnded by rome morc accuratc technlquc¡

such o¡ d.ilatomet4f36, to highcr dilut,ion¡' ffovevere sl'nce tho

necturenent¡ of dcnsityn ln the pnerent, rtudy¡ Ícrc easent,ielly

rubrldlorT to those of viaconity¡ Lt vaa not dccÍded to undcrtakc

thl¡ c¡tcnclon for tho eyatens in questlon.

fn accordance rlth the co¡¡ns¡t¡ obove¡ on ùhe epperent molel

volunea of the tetro-elþl-onmonlun bronidear e negat,lve volue

of COEFF,2¡ of thc Root cquatlon re¡ obtelned fron thc ùetre-

(n-propyl)-annonlum bronldc densfty deto of P"pelt3z. Thc voluc

of thic co€fficlont ras al¡o found to be neget,lvc. for ùhe con-

rcÉponding lodldc. For the bronldcre value of the limittng

opporenü nolor'volunc of 2õoC. ret obtalned¡ rhich vos idcnticolo

rlthln the crpcrlnenùal crr.oF¡ rlth thet, dctermlned by lcn ond

saltoo6.
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Addttlvltv of the Linrltinc Ânporent Molar Yolume¡

If thc predict,ion of the thcorJr i. oorrcct, tltot the llnit-

ing oppercut moler volume of an clcoúrolytc in o perticuler

¡olvent, l¡ on oddltlvc propertJr of thc ione¡ then the dlffcrcncc¡

beürcen voluea for palr¡ of electrolytea vlth e diffcrent eommon

cet,ion¡ but the rame poir of onlon¡¡ should be constant,n Thc

ogrcenent bcùveen dÍffercncec vhich con be forned fron thc sr-

perfncntal dota for cleotrolytea in aqucous ¡olut,lon ond thosc

forned from thc corre¡ponding lltcrotunc values of, îoblc 8"8, l¡

¡hovn in Toble 8,9.

t"

Iù t¡ fntere¡t,lng to notee thot thc difference betveen thc
o valucs dotc¡rlned for tctre-(n-propyl)-omonlum iodldc cnd

bronfdc, ond thot betrcen ühe vel.ues fon the conresponding

¡rotorslun ¡alüs, ôre ldentlcal vlthin the cxperinental etrrort

deepitc the foct, thet the fornen c¿nnot be teken to be thc truc

liniting Yelueg.

For the elcctrolytee in 20 perccnt ¡ucrose aolution, if

eddlt,ivlty it elsuned, thc differencG betvecn thc t
o value¡ for

Y

sodfu¡n lodide ond chlorldc uoy be negordcd ae the rnort, rclleble

volue of the differcn". fro 
(t-) - fr" 

(cr-)u slncc the other

dfffcrcncer presentcd are dcrived fron thc {-o volue¡ for
lY

potoreiun iodlde ond oe¡lun iodide rcapeot,lvelye neither of vhlch

can bc ncgardcd o¡ e true llnltlng voluc. Fnon tho¡e valucs
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TABLE 3,9.

Additivity of l-imiting trpparent Molar Volumes

Blectrolytes in Aqueous Solution

E:cpe rinent al Diff erences [,iterature

Nar) - frr"{*"tt)
Kr) - tuo{rcr)
csr) - fu"t.""tl
Kr) * 

tuo{rtt)

ô"tlv

duo'
ôor
lv

f'o'
t""

+

+

+
T

, -tu
- 

tuo
) -ôo

lv

t"

1"

î"

Pr*Nr r1U"a ProNBr)*

¡¡ 18.0 *- 
0"5

= 11.ó : o"2

+
= LL"26 E 0"4

18c49

t8 r55

tr8e59

1!..63

Electrolytes in 20 Percent Sucrose Solution

Experimen tal. Differences

o( N"l
o(ru)

o( c"l

It

( NaCl )

(KCl)

(CsC1)

L7.5

22"9

23 
"L

1.tr

0.ó

0.8

3gFron the density data of, C"N. Pepe!.a o



TABLE 3.10.

Ionic Linitine Apparent Molar Volumes at 25oC.

79.

ôo*
lv

(In 20% Sucrose

Solution)

cc./mole

t 1t9

7.t

¡.9 oó

L 9.ó

26.2

3?.1n

the aqueous solution values, that

Ion

4,
Nc

Cs

c

Bf

I

o**
v

(In Aqueous

Solution)

mtr./¡nole

- 2.95

7 t29

1.9.69

19.5ó

26.5O

38.06

ôo(c"
lv

tlor.¡.

(Ín 2O7o Sucrose

Solution)

0.107

- O.013,

- 0.055

- 0.0135

- 0.O53

- 0,090

t

+
K

1

+

*
Calculated on the basis of the assumptionr bT enalogy with

+

t
o (cr-).) v

** Noycso '37

for the H+

values¡ conrputed releti.ve to e value of

ion = -1149 ml../¡nole, from liníting apperent

o
vt

moler volume drt* trbulated by llerned en¿ OvenSl :.

(see Tablc 3n8).

t rn N¡ro
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thought to bc reliable, lonlc contrlbut,ions verc dcrivcd¡ on thc

besls of thc ôttumptlonr bX enelogy vlth the equeoul solutlon

voluca of Noye"8?, that the ionic llnlting apporcnt nolar volunc¡

for thc C¡* end òO- Oor.o vcrc cqucl" Velues of theee ionlc con-

trlbut,ionr ôrc PrescntGd, vith Noycrr Yalu€l¡ in Table 3.10o

The B-cocfficient¡ for thc corresponding ione ln equeous 20 pcr-

cent, suoro¡e ¡olution are preacnt,ed for comparlaon" Às nighü bc

Grpccted (fron the monner ln vhich lo¡¡ noy Lnfluence the

¡tructure of votcr - teê Choptcr 6) only e broed oorreletion

bctrcen ùhe letter quontLtl6s ond the oorrcspo!¡ding {-o valucr
¡v

ie opperent, Iù l¡ betvcen thefr rospeot,ivc tcnperoturc

cocfffctenùs that, e more exoct corrclat,ion l'3 likely to crilt

(eee Chepter 6).

Th f -{ni *-lnc filart ÍvalenL Condrrc tenoc iof Cc¡ un Chlortde ln 20

Pcrccnt Sucroee Solutlon of 2õoC.

rn Teble 8.ll ore prcscntcd the rceults of conductoncc

ngeturêEent¡ on ¡olutlons of ocsfu¡n Chlorlde ín oqucoue 20

percont, ¡ucroãc of 26oC" Value¡ of the linlt,ing Gqufvelcnt

o¿lculated fron cquotion 2.2T e

t", À 82) f
conduoteno"rÀo""io. 

,

À 'o"ro"
+ 2.27

l+ (n8 - Dr) -rF



TABLE 3.11

Conductance Data for Solutions of Cesium Chloride in Aqueous

20 Percent Sucrose at 25oC"

c .tr ./t".r".
8=4"0

/t"",
^

*

0"0023138

0,010528

oo01ó607

o"020629

o.040881

0.054490

0.0¿18102

0n10261

0"12886

o.L4362

o.2o2L9

o.23343

92"579

89.865

88.5E7

87"918

85"446

84"313

95.'L4L

94O97L

94.800

94,724

94.418

94"333

c.

8=3.0

95"181

95.135

95.O47

95.O23

94"95t

95"0Oó

95.2O2

95.222

95f178

95.183

95.242

95.378

-¡gr
a

* units or A.r- eor.2.oht -1 xt
.gm.equiv.
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fn the nr¡Derlcel forn¡

o (o.esae lL * sz.or) tf

^ ^

- + 0. lg
l+(o.sses8-o.z6zs){f

vfth volueg of I ef 1.5, 8.0 ond 4.0 I rcrpcctlvcly, orc ln-

cluded ln thf¡ tabul¿tlon. Each of thc¡c ¡cricc cxtropolotcd

egoinrt C to ùhc GorEBon 

^" 

volue of 96.22 et fnf lnltc dllut,ion.

Subtrectlon of, the li.ntt,lng cqulvolent conductencee 48o2, of thc

chlorldc lon in oqucour 20 pcrcent ¡ucro¡c ot,ZõoC.88, ylelded a

veluc for thc ecsiun (cr+) fon of ,*7.0 ag.? oh.-l gr" equft"-lo

calG"
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THE STRI]CTURE OF LIOUID WATER

Revlcr 
t

Thc enomalou¡ nature of liquid ratcr i¡ rcveeled by o Gom-

porlton of lt,¡ propcrt,le¡ rith tho¡c of the hydrldca of elcnent¡

clocc to orygen ln thc pcrlodlc t¿blc" Llquld voter hee o high

bolllng polnt, ruggestlng thc prGlcnoc of, atrong lntcrnolcoulor

foroc¡" Itr htgh nc-ltl.ng polnt ouggcatr thoü there f's o quaai-
I

cryrtnlllnc structurc alrcedy prceent¡ so tbet the golld ¡tatc

ca.n be forned vl.th co¡c, dceplte thc eonpari't{vcly hlgh thermel

IenGf$J o

Ilcvclopncntat,ovord o theor? of thc ¡tructurc of llqufd votcr

begen vlth Bcrnol ond Fovlcr'¡2 lot"rpretotlon of the fln¡t, nc-

lioble deto on lte l-ray dlff,roctton (f933). The rodlel di¡ùri-

buùlon fu¡ctlon l¡ tùe frcqucncy dlctributlon of the di¡t¿ncel

bctvcen on arbltrerlly eho¡cn Central molccule cnd thc nolccule¡

lurroundlng lt, avcrogcd ovcr ell dlrcCt,ione ln s¡roce. In o norc

rcccut clperlnentol etudy (feoz) Innford ond Lcv73 foood thot¡

ot, 26oC. r thc naxinum ln thls function correspondf.ng to ùhc

enollc¡t svGregc dfetonce bctvecn odJeccnt, nolcculc¡e rat

ncnorkobly shonp¡ end occurrcd aü 2o88 1" Thí¡ ro¡ follorcde

occordl.ng üo thc rodlol dl¡trlbutlon ourvc, by e broad reglon

of roatterfng dcnelty rlrlng ùo a bencly rcrolvoblc n¡¡lnu¡n cù
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4.9 l, Thlr reglon ro¡ lndlcetlvc of co¡¡ldcrablc numbers of

nolc culca ot, rc¡nret,lon¡ internedlote bctvcen thcee llnlt¡, end

hcnoc betrecn thc flret end ¡ccond neorcstrnelghbour dlsto¡ccs of

l,cc. Ber¡ol and Forlcr concludcd thet, thc ErO nolcculc¡ in

Itqutd rotcr vcre four oo-ordl,netc. They proposcd o atruoturc

vhlch vo¡ lnvoked to erploln the htgh ond vcrT ¡lnllor volue¡ of,

ûhe ¡t¿tlc dielcctrlo con¡tent of vetsr end. Locr end the dcnalty

na¡lnum ot, 4oC" f,on llquid rcter.

It, ve¡ }lorgan ond lorn"o4 hot"t"., 1n o dlrcuÉslon of ùhc

rcrultc of thclr I-ray dlffroctlon rtudy (fe3e) úo drcr ottåùiou

to the prcvi.ously d.ltrcgordcd region betvcen 3 end 4 I on thc

radtal dl¡t,rlbut,lon curvc. Sincc no corrospondlng dlrtrlbutlon

could be found for ony foc-llke etrncturce¡ tbey concludcd thct

only port of thc ErO nolccule¡ ln liqutd ratcr oould be four oo-

ordinotc"

0n this beri¡ both nolu¡terrt ond tteôgctt thcorlcs f,on llquid

votcr hovc bccn propoaed. In thc former, the foun oo-ondfnofc

vatcr nolcculer ors groupcd in nclu¡tcrt'r¡ vhlch anc in ô GotÈ-

t,lnuol ¡ùatc of flur, bclng bullt-up and brokcn-dorn ln e ropid

lnterobange vftù einglo votcr nolcoulc¡" Hcncc thc de¡oriptlon,

¡rfllckcrlng cluetcrarr. The f,lr¡t of thesc modcl¡ 18. proporcd by

üo¡ted .g.a*¡..O f.n conJunotlon r{th dlclcotrio nclo¡atfon rco¡llrc-

nent¡, and. u¡ed to crplaln ths ocoumcnoc of o elnglc, unlforo¡
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ônd ronsrkobly fest relorstl.on prooGla in ratcro.

In an attcnpt to glvc o quont,ltotlvc rlgnlfiooncc to the

nodcl proporcd by Fronk ond ïcn? (feof), Ncncthy end Schcrage8

(te0e) oppltcd thc nethod¡ of ¡t¿t,l¡t,lcal thc¡uod¡rnonlcl to thc

dlerl¡ntlon of the clu¡tcnt rlth rillng tcnpcroturc. florcvcr¡

thclr thcor¡r follcd to predlct, thc tcmpcraturc dcpcndcncc of thc

lpccifio heat of vater. I furthen dcfiolenoy to6 thc lack of

corncloüi.on of the concentratione of the vorl.ot¡s specicE poatulotcdt

vlth the crperincntal flndlngr of BuiJle ond' Chopplnge u¡ing

infro-red tcchniqucr, Therefore Vend eod Scniorlo (teOO) vcrc

Icd. to propoto e thcor¡r vhicb ovsrcamc ùhl¡ end the previouely

ncntloned voeknc¡s. Hovever, both thl,¡ theony ond lt,s prcdcceeror

tnvolve ùhe eaalgnnent, of e lorge nunbor of edJusùeb!.c ¡nrametcr¡

(fZ fn tås nore reccnt eecc). It, ¡houl.d be noted that, thc ffr¡t

quont,ltrtlve ùre¿trncnt of rrlce llkc nolcculclrr vo! thaù of

Duake¡¡ ln 19400"

In acll or cogc typc ùhcorlerr only tvo compot¡enü¡ ere

propotcd¡ oIr€ of vhlch, ln keeplng vlth the vlcv¡ of, Bernol ond

Forler¡ 1r e bulþ froncvork of tctrohedrallJr co-ordinoted ratcr

nolcculcs" Singlc üotGr nolcoulcß oocupJr cavltlce ln Ûhl¡ fromc-

rork vhcrc they rotetc vlthout rc¡troint" Thc fir¡t, nodcl of

thtr typc rôr propo.Gd ln 1946 by s.uollovll. Dlfffculticr

or|¡c vlth cegc nodcl¡ duc üo thclr rlgfdi,ty ond Ln¡ufflclcnt
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cdaptobillty to dl¡¡olvcd portlclcro'

Fronk ond guiatlz (fgOf) heve ruggerùcd thet, tt ls ncccssory

to con¡lder o nthlrd ¡tetcrr of nolcculc¡ l'¡ ltquld vater ln

addltlon t,o ¡uch tctrohcdrelly oo-ordinetcd nctrorks end frccly

rotat,lng nolcculc¡. loll and Eorolgl8 (reoo)r at a rcsult of ¿

ß¡nan epectral rtudy, hcld thet, nodcl¡ in rhlch ordcrcd lott,lcc

rcgiona orc ths only etruoiurot unlt¡ oport frou nononcrlc rotcr

ÍGrc unrcoll¡tlc.
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THF: T:['T|'ECT OF TONS .ANI' OF NON-EI,ECTBOLÏTES ON IHS

STRTTCTUNE âND PROPERTIES OF IIOUID WÂTtsR

Introduotion

Studies urlng X-rey ond B¡m¡n nethodr havc el¡o bccn nad6 e¡

thc ¡tructurc of vater ln the preocnce of lonlc ¡olutcsl.

Eradygr8 for cxonple, etudicd conoentretcd ¡olutlonr of KOH¡

f,Cl and LtCf by I-ray dlffractionr ond for¡nd thet, KOH produccd

on enh¿ncement, of thc sharp pcek ln thc radiel dietributlon

funct,lon of liqutd v¡tcr. For the KCI rolutfonr prcaunebly due

to t'hc pr€sênoG of the Cl- lon, a dlni.nutlon of thc pcak rae

obrcrved, end lt, ro¡ ebse¡t, fnom tho curvc for the LIC!

¡ol.utLon. lfalrofcn4 ob¡crvcd thet, ccrùai¡r intcn¡lties ín thc

R¿nan apectruu of ratcr, vhioh rcre lncneoged by loreri.ng lte

tcnperature, reri ol¡o Lncreascd by the odditf'on of elkalf'

ncùel bronldcs ond chloridcs. Thegcl ond thc ncJorlty of othcr

rcccnt, ob¡ervetl.on¡ on thc pnopenties of nqucour elcotrolyttc

colut,lonee hevc etrther bcen crplalned ln tcn¡e of feotune¡ of

thc nodcl propoced by Fronk cnd Evan¡6 ín 194õr or ln tsrns of

the norc rophirticotcd rrflickering aluctcnrr theory of Frenk end

r"n! dcrlvcd fro¡¡ lt.

The conccpt of the lnnobili¡etion of ths ncencst nefghbour

rctcr noleoulc¡¡ by tl¡c rtrong flcld (-tr06voltl,f cø') of ühe'turfocc
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of thc ionr, proyidcd on crplanotf.on of the snoll or negotiye

yeluea vhlch salt, solut,lons diepley of the ¡olutc pertlol molol

volume¡, heot côpocltlc! end conprerslbllltlc¡0t7. ft olso lcd

t,o o ¡lnple crplonotlon of the vltcority inoreosc produced on thc

addi,tlon of ccrtal.n clcctrolytea to vater.

Hovevcrr tl¡at thlr vas not, nocGssarlly thc principel cffcct,

of ions on vater bccene cle¿r fron thc fact that thc addit,Íon of

oùhcr elcotrolytcc could lovcr the vlscorfty of vater. Bernel and

Fovlcr8 ond Co¡ ¡nd, Uolfcndcng lnterprctcd thtc phcuoncnon ôr

mconlng that iona vcrc ¡omehor ttbrcokingt¡ the vatcr stnucturc"

The Modcl of Frank and Evene

Frenk ond Evon¡6 shorcd ühat, for the clkeli net¿l oetion¡

othcn ùhon Li+ ond No+, ond f,or oltr thcnotlde e¡¡long erccpt F-,

the ¡r¡n of thc crtinotcd enùropy lo¡ses arlrlng from lmobili¡o-

tlon of thc flrct, loyer vater end fror dlelcctrlc ¡rolarleation

of norc dl¡tent, vetcrr re¡ Ln¡ufflclent to ollor for thc ob¡ervcd

cntropy of hydreùlon¡ eyon efter correctlon for rcgt,nlctl.on of

thc lon¡ f.n ¡¡fnce yolumGrr cclls f.n the conden¡ed phtec6"

Thu¡ lt ts possi.blc to concefvc of an lon ae ¡urrounded by

thrce rcglona, onc of lnnobtllsatlonr onc in rhloh thc vetcr l¡

uauolly norc randou f.n organl¡otlon than nornelr ond a thlrd

contolnlng rotcr uolcculcr polorlrcd nornofly by the reekened

fonlo fl,cld" Elôhen the flnct, or the ¡caond of ùhc regl.onr night
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bc ebsent, fron the model ln e port,lculcr cosGr dcpendlng on thc

volue of thc surfecc oh".g"lo. The inner imobilisetl.on rcglon

could thus dl¡appeer tf ths volue of the lonlc rodiu¡ ra¡ '

¡uffl,olcnüly htgh. 0n the othcr hondr for Lon¡ of high surfecc

chergc¡oddltionel rtructurlng ntght cstsnd pocü the negÍon of

lnnobill¡oùl,on.

intcrprctetion¡ of both the atruoture-naklng end ¡truoturc-

breaklng ¡rropertlcs of particuler i.on¡ oon be fromed in tcrns of

Frenk ond lfcnt¡rtfllckcring clustertr nodcl f,o¡r the atructurc of

veter¡ rinply by rccognieing the ¡totl¡tlcol elgniff.conce of, thc

rcgl,ons proposed by Frank ond Evane" Hovevcr, before ettcnpting

t,o interpret, ony ob¡ervatfon fn terøs of thl¡ modcl lt is

cssont,telì to dccidc rhethcn the pnoperty oonccrned l¡ one vhich

relatee to thc overoll structurc of the tolutionr to thc structurc

fn the close vioinity of the lon¡ or to thet of ühe rcn¡inlng

¡olvcnt. Thc te'rns rr¡tructurc-nnklngtr end rf¡tructurc bncokingr0

ere only neanl.ngful ln o clcor contc¡tn

Rcecnt,ly Ben-Noln end Egal-Tholll uodc o otudy of thc

eolublllty of ergonr ot, varlout tcmperot'urese in purc ¡oter ond

l,n I m. oqucoua soluôlons of clcctrolyteee Fnon theac data,

^'*l\Sa I thc ¡tetlo cntropy of tran¡fcn of, srgone et, oonatonf

lolerf,ty, fron roten to cech elcctrolytc solutlonr vû¡ colaulotcd"
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Thi¡ ¡tatic tern crcludcs thc entropy chengea erlåing fron thc rc-

orlentat,lon of both ¡olventr in the prcsence of the orgon. For

cech of the electrolytet ¡tudfed (¡,fCf r NH4CI, NoClr KCl, f,Dr,

NoI ond KI)^S'* ror found to bc negat,lvc, lndlooting rouc

dirruptlvc influencG on thc vaùen structurc.

The Effeot of Non-cleotrolytc¡ on the Structure of Woter

fn o ¡inilar atudy by Ben-Noitlz oo thc ¡olubtlity of, orgon

fn equcou¡ rolutlons of noa-eleotrolytcerAtt* vo¡ found to bc

poeltlve for ncthenol, ethanolo I - propa¡ol end I - butonol

solutlonse vhilc nigetivc f,or glyccrol¡ glucosc cnO (O.On)

aucrole ¡olut,fons, thue lndfcetlng ßonc aùruoturc-breeking in-

fluc¡co of ùhe Lottcr group on the aolvent" Thc lnfcrencc from

ùhc conccntrotlon dcpendencc of tbe vf¡co"ttyl$ of ¡ucno¡c

¡olutlontehorcvcre l: thot, tho ovcrell cffect, l¡ one of rtructurc-

neklng"

ft should be noùcd that, the totel numbcr of rtcavl.tl.cst!

evolloble to thc orgon ln thc ¡ron-clcctrolytc eolutfon vould

hovc been ncduccdrslnply due to thc preeencc of the ¡oluten trn

¡tudf.ca of trcnsporù propentics such es vlecoalty ond conduotonoc¡

in aqueou¡ ¡olution¡ of lorgc DoD-Glcctrolytcs¡ ot nobstruction

offccttrtn r", be en luportont oonri,dcrotlonein oddlt,lon to thc

cffcot of the noù-elcctrolytc on the rtructurc of the vatcnn Thc

lottcr dcpcndr largcly on the nat'unc of the group¡ preccnt ln

the non-elcotrolytclgo =--



92.

Thc Effcoù of Non-Polar Groups on thc Structuro of Wotcr

Structurc fornetlon fn the vlcinlty of non-polcr gror¡pã üet

ffrgt propoacd by Fronk ond Evonr6 o¡ on crplonetion of thc faot,

ühat ¡on-poler garogr ¡uch o¡ hydrooarboncr dl.ssolvc cxothcrnloolly

ln ratcr rlth o ¡imultancour lorgc dceraasc ln the entropy of thc

oyttemn Bcn-Noful6tl8 he¡ ¡horn thot a prcfcrcncc for lergcr

olu¡ten¡ ln thc viclnlty of e non-polor group oan bc expccted ar

e result, of the energetlc lnterectionrrlthout, thc aaeunptlon, ea

i.n tbc trcatmcnt,s of Fre¡k and Evenl and, loter, N6ncthy end

Schenogol?, thet, thc olu¡tcn¡ lncorporotc thc non-polar gnoupr.

Pcnctratlon of the non-polor groupe lnto the elurtcrs ro¡ not,

horcvcr¡ ercluded

The erplonotlon of the effect, of non-polor molcoulc¡ end

gnoupß ln ücrns of [bonk ond Uenr¡ rflickcrlng olultctrft.nodel of

vetcr ¡tructurcr la rupportcd by ùhe eb¡ervation that oqucour

¡olutlon¡ of non-polor ¡olutes havc e longer dlelcctric rclc¡o-

t,lon tfnc6.

Thc Interoot,ion of Uree ríth the llotcr Structurc

Abu-Handtyyuhl8 hos suggcsùcd'thct the phyrt.io-chenicol

properülcs of cqucouß uråô ¡olutlon¡ indlcatc ùhat, urco cctlvcly

part,iclpetce ln¡ end cnhonce¡ the fornot,Íon of clu¡tcrg. Hov-

cvcrrhl¡ conoluol.onron the bo¡l¡ of the snoll poaltlvc vlecoelty

B-oocfflolcnù of, rr".l3, thet tt L¡ o rcok ovcrell ¡ùruoturc nokcru

lr not v¿lldo Thc ovcralt cffcot on thc rolvcnt, rtructr¡nc ¡hould.
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bc o¡¡csscd in terme of thc diffcrcncc betveen the obcervcd

B - coefficienù end the contribution due t,o thc Eingtcin cffcct,o

Bevier¡

Rccent,ly, tvo excellent revlevr of the rubJect,'of Soluto-

Ifaùcr Interactions have becn conpiled. Thot of K"".o".r19 l"

crt,rcmcly conprehcnelvc; and thot, of tlckc20 h.a lnflucnccd

t,he approaoh odoptcd in thls and the prcccdlng choptcr.
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ION-SOLVENT INTEIùACTIONS .ô.ND THE VISCOSITT OF

ËLI:CTBOLYTII SOLUTI ONS

Introduction

In 1929, Jonee and Dolcl ."po"t"d Beagurements of the'

viscoslty of oqueoue solutiona of barium chloriderwhich showed

thot the Gruneisen effe"t2 *t" magnified et greet, dllution" Thcy

proposed the equotion¡

1, - f + Årrlõ

for the molar concentra tion dependence of the relativc viscosity;

T, (aotually o fluidlty equation ìfa,Ë proposed). This equet,ion

fittcd both their datô orlor the renge 0.005 to tr mololr and thc

bcot, deta, on other strong eleotrolytesravailable in the literaturen
a,

Felkenhogenu vas able to derive e linitlng equet,ion vith on

erpticit, erpression for the coefficlentr Ar ln terme of the

linit,ing equivelent cpnducttrr""" À, and velences of the ions of

o generôl elect,rolytet the t,emperaturer end univer¡al conetant,s

connonly appearing in Debye-Hückel theory expreselone" Felken-

hegen end Vernon conputed the value of À for o number of salta

from this equat,ion, vþich reduces t,ot

+BC

\r +\¿ )

¿\r\z (s +f) \, \, ( \, *\r¡
( \, À

2

6.1

1.45
À J

fore I ¡ I elect,rolyte. ThustheÅ- cocfficientof cquet,ion

6.lr is clearly duc tq ionic lnteraotiotlÉe If thc influencc of

6,2
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inconplete diasociation or ion esnociat,ion, and the consequenceB

of an opproximat,ion nsde in F¿lkenhagente theory4 are neglectod,

then the B-coeffioient may bo regerded ea ô mea,sure of the in-

teraction of the aolute and solv"otõ.

From the theory, it, can be eeen that thc value of the å. -

cosfficlent, ahould be poeltÍvs for all salt,sr and zero for non-

electrolytee" The B - coeffioient, rney hovevcr be either poeitÍve

or negative in a,queouri solut,ions, so thnt Ín addition to the

positlve contrÍbutionrvhfch ¡rould be cxpected from Einateinrs

equationô, relot,ed t,o the size of the eolute, therc ie evfdent,ly

a further effect rvhich can reduce the viscosity¡ nornely thc

lnfluencc of the solqte ou thc etructure of veter"

In Tablee 6"1 and 6.2 ere presented the valucs obtained in

this reseerch, of the oocfficionts of the Jones-Dole equet,ionrfor

celt,e iu aqueouß Bolution ond in oqueoue 20 percent sucrose

solution 'respectively, et, 25oc. Thc etandard errorsT (s.8. ) of

both coefficients ere presented in cach cêãcr es &rc thc cor-

reaponding volues of A¡colculoted from equotion 6'2r ueing

literature date for tho equivelent lon conductan"""8'9 io, tod

dlelect,ric constant"lo'll rod viscosityl2rlg ofr thc rospective

solvents. Nr¡ explenation con ot, present be offered for thc

diecre¡nncy observedr for scverol of the systems vith equcous 20

percent, aucro6c oe eolvent,, end for both Èhc equeous tetre-

(n-p¡opyl )-erunonium hallde systens¡ betteen thc thcoret,icel



NaCl 0.0060 1 o.ooos

TABLE 6.1

Coefficients of the Jones-Ðole Equation (Eqn, ó.1)

and the Extended Jones-Dole Equation (Eqn. 6.4)

Electrolytes in Aqueous Solution at 25oC,

S.E.A. A(Theory)

0.0060 100a
+-o

Salt A

0.0052

0.0053

o.0052

0.0038

0,0054

0.0435

0.0319

B

0.081

- 0,050

0.01o

- 0.C84

- 0.116

- 0,046

o.5gg

" 0,687

s.E.B.

,oo2
+
- 0.001

+- o,oo1

,002

B (Lit. )

o.o7g15

o.0791ó

- 0.07618

- O.oBB19

- 0.11820

c s. E.c.

KCl

CsCl

NaI

KI

CsI

KBr

( n-Pr )

( n-Pr )

o.oo5o 1 o.ooog 0.0050 - 0.013 t o,oot - o.or42

- 0.01417
(o
(o
a

I o.ooz - 0.04921

+-o+
-Q

+-0B000
+-o

.0006

+
- 0.0004

+
- 0.0004

.0006

+
- 0.0036

+
- 0.0036

o.oo49

o.0060

0.0050

0.0049

0.0050

0.0078

0.0077

+-o
NI +

+

0.01ó

0.017

o.'17

o164

.05
+-o
+
-0

4

4
IVBr .06
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TABLE 6.2

Coo t ts of Jonee- I uotio 0.I

olut,ion et 25oC.Electrol s iu 20 Perc ent, Sucrose S

Selt,

NeCI

KCI

CsCl

Nof

KI

C¡I

ÍBr

A

0.0082

0.00?õ

0.00ö6

0.0057

0. 0005

0.0098

0.00??

S.E"A. r(rueory)

0.00ó2

0.0043

0. oo43

0.00õ8

0.0044

0.0044

0.0043

B

0.093

- 0.027

- 0.068

0" 017

- 0.099

- 0,148

- 0,066

S.E.B.

I o.ooog

.00Jo
00

000?

007j o.o

:0"0

10.

+

J.:o.
:0.
+

00

00

002

002

002

I

2
J.¿0.

I o.oot

a0

0-€08t o.oot¿

009

05

09
!:0.

:0.
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A - cocfficient value, and thet dcternined cxperimentelly'

The Ad.dltivitY of 4 - Coefficlents

The additivity of B - coefficlent,s for êqucous solut,ion¡ of

elcct,rolytee haq been demonetrated by Cor and Wolfeod"ol4 end by

Kenintþr6. Whc4 dlfferencee betveen B - coefflaient,s of dlffcrent

selt¡ vcrc forn¡ed ln euch a na'nner thoû the cat'ion paÍr vea kept

thc same, and only the 
"orroo 

enion varled, thc constsncy of

thcsc differences ollored the conclusion thot there r.&a I

cpeciflc contribut,ion to the B - coeffioient, from the cet'ion.

unfortunately, tbe ebsence of en enalogue t,o the traneport, number

prcvent,s thc pe¡tltlon of B - coefficients int,o ionic cont'ribution¡

ln like mônller to cquivolent conduotences. Hovever, dlvielon nay

be conduct,ed on the boeie of certaiD re{IBonable essumptfons'

Co¡ and. Wolfcnden assumed t'hat the ionic B volues of Li+ antt

r0g- tn Lirg, vere proport,ional t,o the lonic volumesrand that,

thcseinturnvereinvereelyproport'ionalt'ot'het'hirdpovcrof

thc io4ic nobilities. Kamineþ, follovlng Goro"yz2, assigncd

ionie D yolUes On the besie of thc equality of t'he v¿luce for

thc K+ and Çl- íons (n*+ - 
"rf-). 

Thie çritcrion ves chosen

eincerover the renge of temperotures covered by the viacoslty

¡tudiec, the iopic nobilitlee of the K+ end Cl ions rverc knovn

not to diffqr by norc thon 3f. Velues colculeted on the besi¡

of thc tro difforent, critcrie agreed vcll'
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That, the B - coefficiente foi I ¡ I electrolytee in equcous

20 poroent ¡ucrose polution at 2õoC. &re &n od'd'it,ive property of

their const,ituent iona fs indicoted by thc results presented in

Table 6.3. DiffCrences formed in e a&nner anelogous t,o that of

Koroinsky, betwcen the B - coeffiofent,s for tho ohlorlde ¿nd iodidc

of sodium, potaeaiun ond oesium respect,ivcly, are shoyn to bc

constant, rrithin the erperfnentel orroFc thc conet¿ncy of the

corrcsponding diff,erences for equeoue eolutions of these electro-

Iyùes is elso copfirned.

F-cellent, agreement is ehovn, of the dlfference obtained in

this researoh¡ betveen the B - coefficie¡ta for aqueous eolutions

of sodium crhlorldc end potaseiun chloride respecùively, at 2õoC. t

rtth thaù obf:olned bY KeminekY"

Sincc the elect,ricol nobllities of thc K+ and Cl- ions, at,

zöo0. in equeous 20 percent, eucrose solut,ion, vere knovn to

d.iffer by only 4þ9, Ít seemed reasonable t,o egsf gn individual 
,

ionic contribuÖion¡ to thc B - coefficient,¡ of electrolytes in

thet solvent, at, tb¿t, tcmperature, on the baeia of the crlterion

odoptcd by Konineky for thc aaoignment, of such contrlbutlons to

thc B - coefficients of electrolytes in aqueous solutlon. Hcncc

the ionic B ¡ coefficicnt,s presented in Table 6.4 heve their

be¡i¡ ln tho o¡¡umqd cquelÍty of the values for the K+ ond' Cl-
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TÂBLE 6.8

.å,i!.dit'ivi B-Coe icien

Elecùrolvtes in Aqueous Solution

Experinental Differencel

BN0CI -Boc, - o.og4lo.oo¿

Bt¡"cr -BNrr r o'o?llo'ooz

Brcl -BKI - 0.0?lio.oog

Bc"cl -Bc"I - 0.066t0.oo¿

Bm" .BtrI r 0.038 lo.oog

- 0.099 i o.O¿

Litereturc

0.09g6

BPToNB BProttr
r

Elect,rolYtgg in 20 Percgt Sucrose Solution

Erperiryental Differences

BNrcl -BNÊI - 0.0?6to.0og

Brct - Br¡ 0,072 i o.oo¿

Bc"cl -Bc"r - o.o?õ3o.ooa
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T.A,BI,E 6.4

Ionic B - Coefficiente

Electrglltes ln â,queou¡ Solution et P5o0.

EK* BCt- - -0,006õ 3 0.000õ-

Ion
J.

No'

K.

cs*

B - Coefficients Ll tenat ure

ct

0.088

- 0.006õ

- 0;044

- 0.0066

- 0.040

- 0.078

- 0.Q?8

0.07

0. ?8

I o.0016

I o.ooo5

J o.00g6

I o.ooo5

j o.oozõ

o. 0g66

- 0.00?5

- 0.04õ28

- 0.00?6

Br

I-

*

- 0.0?8 I 0"00rõ (Kr)

- 0.042

- 0.032

- 0.069

- 0.081

- 0"0?3

24

28

6
*l0

+

+

I
+

0"002ö (rer)

0"0045 (Csr)

o.02 ((n-rr)our)
o.os ((n-rr)ornr)

*
20

(n-rr)or+

The references in theee ceães refen to the ãcurce of the dat¿

for thc approprlote qelt.
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-T/IBLE 6.4 (Cont,tnued)
-*-- 

!

Electrolyteg in g0 Percent Sucrose Solut,lon et- 2õoC.

BK* pc - 0.0186 t oro0la rI

Ion

Np'

K+

J.
Cp'

B - Coefflcient,

O.lO? I 0io9z

- 0.0186 : 0ro0l

- 0"056 3 0Ç002

c +

+

I - 0.0135

- 0'0õ3

- 0.086

- 0.090

- 0.080

0i 001

0r004

I oîoog

I oro*
t oroo4

(rr )
(uor )

(csr )

Br

I.
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ione in eech of the solvent,c studled. The date present,ed, for

ions in a,queoua solution, compare favourobly with the

eveilable literature values.

The Effect of Temnerature on the B-CoefficientS

.A,n overotl dieruption of the st,ructure of water would be

expected as ita temperature increased. The higlrer thermel

energy vould hinder the fornotion of clustet's, and in fect,

eny ordering except, poeeibly the fnmobiliset,ion of water

molecules of the surfece of the ions. This could be enhanced,

since, although the etotistical overege time spent by a given

molecule in a state of immobilisation might, be reduced, the

concentration of single weter moleculee vhich could participat,e,

vould be increosed.

Such en overall disrupt,ion would inply a consequent,

decreaee in the disruptive cont,ribution made by certain ions.

Conversely, a leee rapid decrease, of the solution viscosity

with increasing temperature, might be expected, than of the

eolvent viscosity, if the presence of ions h¿d elreôdy ceused

some disrupt,ion. Hencer those ions with the st,rongest structure

breoking influence (""g. I-) have the lergest poeit,ive tempereture

coefficient,s of their B veluesõ.
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Pronar I rrÃt

't

Correla,t,ions with 0ther

Koninsþõ d"roostrated graphically that the ionic B - co-

effloicnta e¡hlbit o temperature dependence verJr slmÍlar to that

of thc opparent, molol he¿t, cepoclt,ies (C o ) end the epperent
p

nolal volumes (ft) of the same ionß. His intcrpretat,ion of thc

observcd dependcnoe for the B - coefficients occorded yith thet

proposed by Eigen end ltick"2õ fut the other quentitfes,

À correlotion may also be drarn betseen the elgn of the B -
coefficient of an ion end the tempereturc dependence of ita

electrical rnobÍtityl4. Go"o"y26 plottcd veluoe of the ratlo,

( \ïrtlt8) /(\316) or the liniting walden producte at, lBoC. ond

OoC. rcepectivcly, of various ions, egainst, their E - coefficicnts

end linlt,ing equivelent oonductenoos respectively, fn eaoh ca,¡G,

epporent,ly cont,inuoug linear rclationshipa vero observcd for

both the atonic (alkelÍ metal and hatide), and the ûoleculer

iona etudicd. ft is inportont to notc, for comparison vith

results obtaiucd in thi¡ rceearch, thot the above plots incorpor-

eted no bromide or iqdide ion veluee.

Ntght,ingolugT plotùed ionic B - ooeffÍcleuôs, at, 2õoC.,

against correÊponding veluae of the hydretcd ionic redius,

colculeted fron St,okes I Lav or the Stokce - Einsteio cqoetioo28,

rith en enpirIcol oorrectlon proposed by Robinaou ond stokes29"
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Sinple linear plots were obtained for tvo groupa of molecular

Íons, and e lineer plot¡ discontinuous at, Bior - 0, for the

combined elkali-metql end halide lons, irrcludiug bronide and

iodidc. It, yog concluded from the diagram that the hydrated

radius meosured the region ebout, an ion in whích the colvent

ya,s more or lees ordered than in the bulk rretetre The eection

of the discont,inuous grôph in the region of negative ts-cocff-

icient,e lay perollel to the B-coefficient, axis, thus

indicet,ing an effective conetoncy of the hydroted radiua for

the iona concerrrêdo

Go"o.y80 olso demonetrated. thc correìat,ion betveen thc

B-coefficient,e of ions in aqueous solution oud their partial

nolol entropies (on e Bcsle relotive to-5.5 for H+)" Ä

linear rclat,i.onship, Índicating on increase in entropy for a

decreese in the B-coefficient, ves obtained for the conbined

olkali netol and holidc ions including iodide and bromide. The

groph was etfil<ipgly similor, in regard to the order of the

various polntô, t,o that, of the ionic tT'lalden product ratio

ogainet, tho ionic limiting conductances. The presence, on ô

seporate lfne, of severel points for molecular ionsrnay be

explained in t,erg¡s of the difference in rototionel ent,ropy

betveen theEe and the atomic ioo"27.

In Figure 6.1, the ionic B-coefficient valuee tletermined

in the pregant¡ reÊeafch, for electrolytes in oqueous solution at,
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- 0.01
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Figure 6.1. IonicB - Coefficients at 25oC. plotted
as a function of the Cube of the lonic Radius.

Q Aqueous Solutions.

I Aqueo,rs 20 Percent Sucrose Solutions.
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T.A,BLE 6.5

efficients vith Crwstal IoaranhicicB Co

and vith lla,lden Product Dato

B
c

Ionic RôdlÍ.

I, l7

le49

1,86

lr 64

1,80

2rO5

1()n

(Heo )

0.088

- 0.0066

- 0.044

- 0.0006

- 0.040

- 0e0?8

0. 1495

8l r8ß

ion
Sucroce )

0.107

0" 013õ

0.0õ5

0.013õ

0.058

0.088

(8)3 ( \""1 )"

( \orJ )" ¿

l. lBl

1.104

l. 167

1,20r

l. r78

I. 149

g2

I
Ion noaiuss (r ) B

tzoþ

r

1.60

0.3r

6.43

4"4r

6. 83

8.62

0" 88

,G

(1)

À
No'

K+

L

Cs'

cl-

Br

I-

Ll+ o,g4

a GourarY eod Adrian quoted by Bloudomer and S¡monds

b

b Xonineky5"

c B - coefficients of fone in 2Oþ sucroe€ sollrt,ion'

d Conductange dote for oll ione ercept Cp+, from referenceg

I end L Conductance det¿ for Cgl lonnfrom the present

reseopoh 4nd reference 33. The ¡ubecript,o ße referg t'o

20fi supro$e eolution, ond, o to rot'er, qs solvent"

the \o r"" lonic valueg.

c The velueÊ 0.8903 and 1.695 rrere used for tþe obeolute

vlscosity of veter end of 20fi aucrose ¡olut,lon respect,f'velyt

at, 26oC"
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25oC., and the LÍ+ ion value determined, by KamineLy6, are plot-

ted as e furrct,ion of the corresponding values of the crystal

ionic rediuo¡ recent,ly propoÊed by Gourary and ^A.drian3I. The

co-orclinat,es of the opperent, discontinuity in the atreight ì.ine

to which the pointe conform, are Bror, - 0r tr,d r3 - 3 cubic

Angstrom units. The letter value coiresponde to a cryetal

ionic radius of 1.44 fr,, vhich is equal to half the smallest, aver-

age distance of seperat,ion betveen the nolecules in Iiquid water

at 25oC., ea determined by Denford tod L".ry34.

ft appears likely that a aimilar graph could be rlrovn through

the corresponding points shoìrn for electrolytes in a,queoua 20 per-

cent sucrose Êolut,íon at 2õoC., lf another poÍnt in the poeitive

B-coefficient range vas avoilable" That sectionrof the die-

continuous line, lying in the negotive B-coefficÍent, rôngerwould

in this instance hove e greeter negotive slopeo '

The observed rlecrease of the ionic B - values rrith increase-

ing crystal ionic radiusr mey be explained in t,erms of a decre{r,ae

in the contribut,ion to thie coeff icient clue to the Einstein

eff"ct36, and on ô0compa,nyíug increeee in the disruptive effect

of the ions on the structure of wet,err es thie radiue increaees.

The contribut,ion, due to the Einetein effect, to the B-co-

effici.ent of e solvated ion in solution mey be expreeeed as,

D rou
¡ aV.

1()n
6.3
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rhere e Le conatont,¡ the value of rhich depende on the shape of

the eolvated lon, and Vro' le the moler volume of ttre lon includ-

ing it,a electro¡tricted solvent,. For species of spherioal ehape,

a haa the value of 2rõr and for thosc of other ehapee, a highcr
_36velue .

¡t decreoee fn the degree of electrostict,ive eolvetion vith

increaelng ionic radiuÊ (see p .00 r Chapter 5) coutd thus rc-

¡ult in a decreaee in the Einstein effect, contribution"

Dierupt,lon of the water structurerdue to the presence of

ionsrmay be invoked to expleln the negotive valuee vhich verc

obtained for the B - coefficients of ions whose cryetnl ionic

rodlue lay beyond the suggested linit,ing velue of 1.44 1. In

auch t,ermsrKanineþ5 ves oble to explain the positive temperature

coefficient,s vhich he obtoinedr of, the B - values of eeveral of

the¡e ions (r+, Cl-, I-) in aqueoue solutions"

It appeera therefore, thot for an hypothet,icol ion, the

crystal lonlc rodlus of rhich corresponds t,o half the dÍstancc

of cloeest epprooçh of the molecules in pure voter; there is an

cxact balance betveen the disrupt,ive eff,ects on the voten

etructure end thoee Íon - ¡olvent, interection effects rhich tend

t,o increase the vfecosltyr ond thet at greeter rodil t'he dis-

rupt,l.ve cffect¡ tqkc preccdcncc.
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An lncrease in nagnitude of the ionlc B - coeffÍcients;

regordless of their algn¡ vos brought about by the oddlt,lon of

Bucroae moleculee (ZO veight, peroent,) to oqueoua soluôlone of thc

rclevant, elect,rolyte¡ aú 2õoC. Àcoording to the result,a preaentcd

by Saninekyö, the sene effect vae proCuced, for the ione rith

ncgqtive B - coefflclenùcr by e lorering of the tenperature of

the¡c oquêou¡ ¡olution¡. Thus the sucrose mû.Jr be regarded es

rrlorcring the structurol tenperature of the waterrr. In Table 6.6

ere preßented for conparieon, B - cocfficienf velues tebuleted by

Kaninoþ, for scverel ionr in oqucouc solution at ZõoC" ond ot, o

lorer temperaturer opd the I - cocfficÍent,s obt¿ined in thc

present regearchrfor thcse ions in equeous ¡olutl.on end ln

oqucous 20 peroent sucrose solut,lon, of Zóoc..

It fa therefore auggeeted that ln equcous aolutions of

Buqroßc end o I ¡ I plecùrolyter the hydrat,lon of thc electro-

lyte Íone or of the pucro¡c noleculesror of bothris enhanccd due

t,o the presence of tþe other, ¿nd thc diaruptivc cffccts of thc

iono on thc reter etpucturc ere increa¡cd due to l,te cnhenocment,

by the Bucroso noleculee" This latt,er enhencenent nay bc

onelogous to thot produced by e dccreeae in the tcnperature of

purc ltquíd veter" .Àn erplanat,ion of the obcerved changel in thc

B - coefflcient,s of the ione ¡tudiedrir poesiblc in terms of the

¡inultoneouq operotlpn of thc obovc effeot,s. It ves not, possiblc
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TABLE 0.6

.û. Comnarieon of Ionic B - Cocfficient Data

Koninrkyõ Thi¡ Reseerch

B20l Sucrotc

0.107

- 0.018õ

- 0.018õ

Das et.al.

20f Dloxan

a6oc.

0.0923

0.0199

0.0199

Ion B¿g Br 
< z6oc.
l6oc.

oco. Bg6oc. B

+
No 0,086t

- 0.0070

- 0.00?0

0.0860

- Q.0200

- 0,0200

lgoc.

- 0.0890

0.088

- 0.000õ

- 0.0066

0.0?8

K+

tc

I- 0.008õ 0.088
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ln terms of the current, model¡ of the ¡tructure of vaterr to

est¿blish e basis fqr the postuleted enhencement of hydrat,ion

effects in tl/e nixcd solut,ions. Horrever, the anelogy vith the

effect on the ionic B - cocfficlent veluesrof o decreese in the

temperature of the eppropriote equeous solut,ionsris apporently

st,ill tcneble for iqns vith positíve B - coefficient,e. Kominsþõ

found that, the B - goefficient, of the Li+ Íon vag increoscd fron

0.1496 et,2õoC. to 0.161õ at lõoC.. .A,lthough for thc cemc ten-

peraturc change, the B - oocfficient of thc Na* ion ÍôB ün-

eltered¡ the forner côðc lends support to thc overall porellelisn

betwcen the effect on the value of lonic B - coefficienterof

thc addition of Bucrosc t,o aqueous elkali hellde solut,ions et

25oC., ond that of q decreese ln the t'enperature, of ¡uch eolutions.

that thc effeçt of cucrosc on the veter structure is the aeme e!

that of o tempereture dccreege, horever, docs not neceesarily

follor.

Yolues, rhich Çrc presented in Table 6.6r of the B - co-

efficient of the K+, CI- and, Net iona rcspectlvcly, in aqueour

20 ¡rcrcent, dioxan ap BõoC, r rcre derived fron the doto of Dos

g¡!g!. (see Toblc 618), on the basfs of the aseumpt,ion thet, the
ÀK- end Cl ion voluea rcre equol. Keminsþõ obtained thc velues

-0.00?0, +0.0049 en$ +0.0121r for the B. - cocfficlent, of thc K+

(end cr-) lon in ôqqcou¡ ¡olution at 2õo,'85o ond 42.öoC.
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rcspectively. ft appears that the B - coefficient,s of thesc

ions are mode more positive by the additlon of dloxen to

ôqueo¡rs solutions of potassium chloride of 35oC., which be-

heviour f.e anelagoue to thoù produoed by on increaec in thc

temperature of theeq solut,ions. Such behoviour ney be generol

for thosc alkali-halide ione vhich have negative B - coefficient,e

et,25oC., butron tbo bqsi¡ of the Ne* ion valuesrit eppears that

the analogy cannot be extended to those of thesc Íons whose B -

coefficienta ßre poeitive at thie tempereture.

In Figure 6.2 the rat,io of the limiüing Waldon product,s for

ôqueoua 20 porcent, eucrose solut,ione and for ôqueous aolutiona

reepcctivelye of 2õoC., of the alkali mctal and halide ions

studied, ere plotted against their aqueoua solution B - coeffioients.

From the position of thc point, for the Na+ ionrrelative to the

straíght, line to which thc points for the other ione conformt

it ney be presumed thot a discontinuous lineer reletionehip also

exists betveen these perametera. Since the ratio of thc viscoeity

of 2õoC" of aqueous 20 percent, sucroeerto that of water of thot

tempereturerla 1.904 (calculated on the boeis of the N.B.S. rê-

vlsed value for the former), eoch of the values, preeented in

lable 6.6, of the ratlo ( Xf )"/( \"., )"r indicotes a reduct,ion

of the liniting cquivolent conductance of the lon concernedrln

oqueour 20 pçroent, sucroeerrelative t,o Ítò value for thc cor-

reøponding equooua golutLon. Åpporently, if the discont,inuous



Cs*

tc

rB
K*

I-

Na*
o

1.20

1.1 5

- 0:'l 0.10.0
B roN ( l-{20 )

FLgute 6.2. The Ratio of the Limiting Walden
Products, for Aqueous 20 Percent Sucrose
Solutions and Aqueous Solutions respectively,
at 25'C.¡ of Various Alkali Halide fons,
plotted against the Corresponding lonic
B - coefficients for the Aqueous SoLutions"
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linear reletionehip prcdicted from the figurer is correct, this

reduction is least, for those ions rhose interactions with either

solvent, affect ite vlecosity ì.eaet, (see Toble 6.5). It ie

suggested t,hat, in fact, the discontinuity occure at the velue

B. o 0r vhich correaponde to the hypotheticel situotion in
ton

which an ion 4akee no nctt, contribut,ion due t,o it,e int,eract,ions

vith the solvent, t,o t,he viscosity of, electrolyte solut,ions in

vhich it occurs. Eerlier in this dieeuesion it, wae proposed that,

for oqueous qolutions et, 25oC., thie situotlon occura at the

limlting value of the crystol ionic radius vhich correßponds to

the smalleßt sverage dist'once betveen the molecules in 'l iquid

vater at thet tenperature" It is perheps surprising that, the

Ieest, reduction ls not, observed for those ions vhose int,erect,ions

rith the solvent produce a greater reduct,ion in the viecosity of

Bqueous 20 percent, sucrogee than they do in thet, of voter, at 25oC.

(that le, rhose D - coefficient¡ are Lorer for the forner than

for the letter eolvent,)"

Yaluee (o.o+o end 0.94I) of the ret,io, ( \""1)r'oc.71 Xr;)oor.,

of the limit,ing Walden products¡ calculoted fnom the relevant

limitíng equfvolent, conductnrr""S and viecosityl2 dotn t¿buleted

by Robineon q,nd Stokee, for the iodide end bromide ions reôpec-

tively, in aqueous solutlon, vere plotted on the graph, preeented

by Grr"oey26, of thic rot,io ageinat, the correaponding lonic
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B - ooefficienùe, tobuletedtt O, thi¡ outhorrfor aqueouo solut,ions

et 26oC. â, more conprehensive greph vea thus obtained rhich vas¡

in fórm¡ en inverted nirror-imoge of Figurc 0.2r exoept, for the

position of the C¡f ioo point,. If thc crception cen be disregardcd,,

this observotion may bc invoked in eupport of the vicv that an

onelogy cxlats betreen the effects of the addit,ion of eucroae end

of a decreeec in tempereture¡ on the values of the B - coefficlents

(or ltnit,ing equivalont conductonces) of ions in oqueou¡ solut,ion.

86Rccently, McColl apd Douglase hove ahorn thet, e clo¡e

corrcletion e¡ists betveen the electrolyte concentret,ion dependencc

of thc relotive self diffusion coefficient of vater et, 23oC", ond

the ooncentration dcpendence of the corresponding aolution

fluidity (ùhc rectprocal of the relotlve viecoaity)" It there-

fore eppears thot, both interionl.c and íon-solvent intcrect,ions

moy heve alnilar, but lnvcrscr effects on the sclf dlffuelon of

ret,er Ln, ond the viecosity ofr equeoug electrolytc solut,ions.

Hence, Ínterpretat,íonsrof thc aolut,ion B - coeffiolente, in terme

of porticular ion-aolvent, l¡teractlonsr ore Likely to epply oleo

to the concentrutlon dependencc of the rclotivc ¡elf diffu¡ion

cocfficicnt of roter.
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The Extended Jones-Dole Equetion

In conneCt,ion rith meosurement,s of the relativc viscoaity

of potossÍu¡n brornfdc solut,ions¡ Jonc¡ ond Tall"y20 found it, nccce-

serJr to ertend the tlonea-Dolc equet,ion by eddin g tr cZ term, in

order to flt their dat¿ over the concentret,ion renge from 0.001 M.

to 2 M.. thic tern is intended t,o oocount for higher order inter-

ection¡ rhich noy becone epprecioble ot, hlghcr conccntretiong

(obove 0.2 M. )" Thur¡
0

1r r I + ¡rE+ Bo + Co- , g'4

vhcre the molerity hoa been represented by o lover Ga6ê o¡ in

this lnsta,ncG, sinply to avoid confueion . The notatlon, for thc

cocfficicnts¡ used l¡ thc relevenù computer progrem (Appendir C),

ho¡ becn rctoÍned.

Key et.olo rocently rcported8? "i"coaity mcasurement,s ot

conccntration¡ up to 0.2 M for thc tetronethyl - r tetraethyl - ,

tetrepropyl - , and tetrebutyl - ommonÍun bromidcs and iodidee iir

reter, deuteriun oxidc, nethyl elcohol, and acetonitrlle, et,

various tenpe¡atures bctvtcn 0o and 66oC" B - coefficiente vere

determlned by fitt,ins the det¿ ùo thc Joncs-Dolc cquation" Thesc

authors considsrcd thet the valtdity of this rclationahip could

be cstabli¡hed for coch of thc solvcnt eystems lnveetlgatedr at,

the relevont fenperoture¡ by obtolning o number of polnt,a over

thc ¡bove copçFntretion renge for of treesi one of the solt¡
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contôining the larger iong. ft rould then remaÍn only to meaeure

one or tvo points ip eoch ceser in order to obtoin the correspond-

ing B - coefficienta for other salts undcr identicol conditione.

flovever, they found it necesõerJr to opply t,o the meoaured

flov tines for three of the selt,e studied in aqueoue solutions,

o correct,ion¡ At, to compensote for the fact, that, values of the

function (\-"qo)/'l)", based on the uncorrect,ed flor tinesr did

not extropolofe to zero at infinite dilut,ion¡ for these syst,ems,

The nagnitude of At, vas detern¡incd by meaauring the viscoeity of

solutions so dilute 1c <f o-6u) trrot thelr f los t,ine rould normolly

hove been iudfetinguishable from that, of the pure solvent," A

moxLmum cornection of 2 eecondð vas detected¡ thc flor t,ine of

vet,er at, 26oC., being õ00 eec. The exÍatence of thia significont,

correction r&s attribut,ed to e surfoce-teneion effect, due to the

preaence of a t,rece of surface-activc írnpurity in the eemples of

the salta in quest,ion, namely tetrabutylommonl.um lodidc and

tct,repropylenmonlun iodide end bromide.

' It, hed been intended, in the preeent research, to ertend the

¡tudieg of the addit,ivtty of B-coefficients in oqueoue solution

et 25oC., to coefficient,e obtained for tetreolkylomnonium halidea,

ond, in fact,, tetra-(n-propyl )-ommonium iodide end bromide had been

selected as e suiteble t,riel poir. Hencc it raa decided to measure

the flov t,ineg of extremely dtlute colution¡ of theec ealte, to
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ôscertein vhether the effect obeerved by the above euthora, nemely

the eignificent, deviation of such tines from thc corresponding

pure solvent, volue, vaa reproduced. No such effect, vas observed¡

ot,25oC., for lO-8lt end 2 x l0-5U ¡olut,ions of tho bronide¡ or ôD

I x l0-6lt solution of the iodlde, rhich ycre prepared fron senplee

described in Chapter 3. Eencerit roe considered vorthvhíle t,o

nake a oonplete serieB of meosurement,s of the rslative viscosiùiee

of eech of these aalts in oqueoue solution at zõo0., çt, concentra-

tions up to 0.2M. The data obtoined ere preoented in Tebleg 4.9

and å.8 reapectively, of Âppendix A, end repreeented graphically

in the form of plote of ("J" -ll/"lc ogainetlþ, in Figures 6,8

end 6.4, in each of vhich the correeponding dota of Key et.el.

are ploùted for comporlson. In each of these figuree, elso¡ the

theoreticel intercepta colculeted fron the Falkenhagen equation

(equotion 6.2)rere indioaüed by e triengle. The limiting equiva-

lent ionic conductance daterrequired for these eolculationerwere

d.ravn from o tabulation by Roblnson and StokesS" The poinú in-

dered, I, in Figure 0¡4 vos ignored in drawing the emoothed

curve. Betveen the correepondíng erperimentel nelot,ive viecosity

valuc end thot calculated fron¡ the least-squored equation, the

discrepency veÊ such (0.0008) thot little confidence could be hed

in the former (as confirmetl by the epplicat,ion of Cheuvenet,r¡

Criterion8S). Àcoordinglyrthe leost-aqu¿r'ee anolysie of thc
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tetra-(n-propyl )-amnonium iodide date voa repeotedrvith the

omi¡slon of this datum.

The relat,ive viscosity dota for both syetems vere found to

confornr to the Jonea-Dole equetion only ln ite ext'ended form'

Valuee of the ooefficient,a Â¡ B and C¡of tbe lotterra're presented

in ioble 6.1, vlth the tbeoreticol values of À'

Evans ulrd Kty89 found tha,t tf their conduct'once dotorfor

t,etfa-alkilrl-aumonium halides in aqueous eolutlon of 2õoC., Yore

prooessed in order t,o allow for ion asgociat,ion effect,se the

aesociation const¿nts determined vere either negative, or sn¡aller

than the stonderd deviotion, ercept in the ca'Bes of t'et'ropropyl-

ammonium iod,ide at 8öoC. ond tetra-butylammonium Íodide et

gõog. and lgog., fon vhÍch o definite but, exceedingty emall

amount, of eesociat,ion r.rB indiceted" Hencerno allovance for

ion-associeÈion effects va,a oonaidered neceãse'ry ln thc t'reatmenf

of the tetro-(n-propyl)-emmonium iodide and bromide viscoeity

dato obteined in the present, reseorch.

Âs shorn in Toble 0.3, the dffference between the B - co-

efficients of these salts voried by none than the sum of t'he

opproprlate standerd errorsr from the difference betveen the B -

coefficients of the corresponding potossium selt'e. Subt'roction

of the B - coefficionü of the Br- ion ond I- ion nespect,ively

fron t,he eppropriate tetro-(n-propyl)-onmonium selt, coeffl'cient

ytelded volueÊ of 0178 -qnd 0.07 for the B - coefficient, of the
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tet,ra-(n-propyl)-emnonium ion' The avorage, 0.?0r of these values

noy be conpared vlth the volue 0.86 obtained by Koy et.al.; r.ho

also obtained. for tbc difference between the B - coefficients of

tet,ropropylonmonium bromide and iodidc in oqueous eolutlon of 25oC. ¡

a value of 0.06, rhich coqPcrcåfovourobly vith that,r 0'038, of thc

corrcaponding potessiun Bôlt diffêrErG€r

Hovever, the t,ctrapropylannonium Bôlt, vÍscoeity dato determined

- ln the preßent researchrcxhibited a normel ooncentrat,ion dependencc¡

thot is, e plot, of the relot,lvc viscosity egalnet, cr extrepolated

in characteris¡lc foshion to the value of unity at' zero concentre-

tlon. Thus it Yôa unpeoessory to correct, t'he data, príor to Ít,s

anolyaie in order to obt¿in B - cocfficfents" Ead a correction

been requlred¡ the fect may have been obacured thet the dat¿

oould be norÊ ¡atisfact,orily fitted to the extension of the .Ionee-

Dole cquat,ionlthon t,o the cquation it,self . It, is thereforê Goll-

sidered thet, f,he values obtained of theae coefficient,e¡ .for

tetrapropylennonlun bronide and iodidcr ere more relioblc then

thosc obtelned bY KoY g.!gl"

No explenot,ion cen at preeent, be offeredreÍther for thc

epparent, curveture oxhibit,ed et lov concentrot,ione by the plots

shovn ln Figu¡e 618 end 6.4r or for the fsct thet the¡e plote do

not oppeer t,o êppro.)Êh the theore t,icel int'ercept"
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Effoct of lon-Âssociotion
4

ù

Davles ond MalPaPs hove recent,ly propoeed a nodlflcatlon of

the rlones-Dole cquet,lont

'q, ' I + 'l'.r/d- + Bc 
'

t,o eocount, for the effeot of ion-a¡¡oci,otlon or fncomplefe

dic¡ociation.

(t) For ø¡rnmet,rlcal electrolytes of degrec of disgocie-

t,ion o(r equat,f on 6.1 noy be rritt,en,

.l1, - I + lrJìd-+ tt-t + urn (r--c)c e

vhere B, ond 
"rn 

o"" the B - cocfficient,e for thc dissocloted

solute, ond for the lon pair respect'ively'

1]" r i +.1-rJd+ *B.C + ttnt otBÍp0

Hcncc

(r)" I - ^-{Tl/c 
- o<(Br-urn) + trn c

Thereforero plot, of (gr I - A.{l)/C agolnet or ¡hould

heve e slope of (Bf - "tn)rond 
on intercept, otoc' 0, of Bip'

Horcver, lt, ie unneceBeary t,o determine the slope, aince thc

value of B, mÞy bs found dlreot,ly, aa the int,ercept 4{' c¡(- l"

(¿) For uns¡mmetrical elect,rolyte¡ vhlch dissooiete in

tvo Btoge¡r

êogo MgÀ * M+ + LfÀ-

,}{À-

0.1

6.õ

0.0

o.T

a

6"8

ô.9
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tf o( is the degree of dicsociotion of the ion pofr, MÀ- t

1, r I + a".|ã+ BM* (r +or)c + B^'o(c

+ BMa- (l - o( )c . -6,10

nr - l + l{F+ Bro(c + F". + urn] (r-or)c . 6,ll

Hence, by anologl¡ rlþh equotion 6.6, the ini,crccpt, of the fu¡c-

t,ion (l) 
" 

I - t.l-c)/c , et o(. 0¡ vould in thlr oa¡c

yield the sum of thc F - coefficiente of the lon peir ond thc

dia¡qcieted Mi Lon'

As erpectede slnce the dleleot,ric oon¡tant of aqueous 20

percent, aucroõe et, 2õoC" (ZS.O) is ffttlc different, from thet,

(Ze.OO) of veter at tha,t, t,cmperature, no indÍcot,lon of incomplet,e

diseociet,ion vos obtoined from the result,e of the conductønce'

studics9 of olkoll holides in oqueous 20 percent, suorose colution

ot, 26oC. It vas therefore u¡rneccaea,ryrin the treatment of tho

viacosity deta obtained for such syeteme, t,o occount, for thl¡

eff ect,.

Dos -g!g,L.oo p"onoscd o nodlfied Jones-Dolc equetiono

\, - I + A{T + Bcr r 6'12

to vhloh the relotlve viacoaÍty data for neny of the electro-

Iytcs rhich they studicd at, 36(,0r ln dl,oxen-vater mi¡turesr rerc

found to confornrvlthin thc erperimentel €trroro The value of x

ves olvoye cloee to I (O.g¿ ond lr0õ vcre its loveat, end higheet

volul respect,lvely).
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Thc dielectric oonstsnts of dloxên-Yeter nirturea êrc oon-

aiderobly lover thaq that, of veter. For thc 20 percent nixture¡

the dielectric congtent et 36oC. has the velue 67.734L. NeYer-

thelese, from the oopduotence studics conducted by thcce authore,

on sodium chloridc ond poùassfi¡m ohloridc solution¡ ln thesc

mixturee, of 3öo0o¡ tlo evidence for iou-palr fornetion waa

obtained. Hoyeyer, thelr conductence atudy of solut,lone in dioxen-

voter mixtures oü 0õoC,, of mogncsium eulphate, vhioh i¡ a veak

electrolyte in squqous solutionr did providc euch evid€rcce Con-

eequently, it, vos decidcdrin the present re¡eorchrto apply tbc

Davies-Molposs treqtnent to the corresponding viacosit'y dat'e

for the 20 p rceqt pirture" For these dato o valuc of the indert

r¡ ln equet,ioF 0.lgr had been.obt'ained42, of l'03'

Thc value¡ of ot, the degree of dissociotion, vere deternined

by succcaeive epproxinat,ions" Valuee of the ocÙivit'y coefficient'.s¡

f, of the Mg** end s04' ions¡ vere calculated by ueene of the ex-

tended Dcbye-Eückel expression, and oa obt¿ined by rolving thc

equot,ion,

o(2c
12K 6" l3(r - o() I

vhere c ía thg nQlor concentretion of megnesiun sulphater end K

it,s dissociet,ion gonstanto the value (+.2+ ¡ l0-8) of vhich vos

obtoined by Doo g4L"O8 f"or thc functio.naf bble conplled by
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Foo""44. The activity coefficient, of the undissociated saIt, ras

esãumed t,o heve the volue of unitY.

substitut,ion of the value 67.73, of the dielect,ric constentt

D, celculaùed from the equation of .A,kdrtöf end Short,, end t,he

value 9.12 I, of the distonce of closest, approach 8, eveluat,ed by

Bjcrrunra method,ou o, Dee g.¡þ4!.; in the extended Debye-Hückct

erpreeal.ont

2 ¡rNe
6 IÈ

lnf - -7r

lnf r

t -,lF c
6.14

6.15

6. l0

r,ooo(Dkr) 3 r +Ë8

I

vhere 7t ¡

and, e is the electfonÍc charger T the ebsolute tenperature end

[-¡n. lonel atrengthr XÍelds the numericol form¡

- õ.0166 
^lF.

I

I + 2.43276

In the first approxinetÍon, the velue of P veB computed on the

baais of, the eesumpt,ion thot o¿ hed the velue of unity. Succes-

sivc opprorinetions rere nade until conetent, valuee of o¿ vcrc

obt¿ined.

Fron the relat,ive vÍscoaity data of Dae 9!4., e plot' of

(9, - l')/.1î egainet.þ tt" oonat,ructed, rhich yielded, on

crt,rapolotlon t,ofr- 0, e value of 0,0280 for Âo 0n the basl¡

^tr



TABLE 6"7

Ion Association

De e of Dissociation and Viscssit Functions for ín 20 Percent Dioxane-l^Iater Solutions

0.0ó4o0

0.09051

0"08776

0.09800

0.13788

0.18380

o.22420

o )255t9

+
0.óg - 0,og

at 35oC., from the Data of Das . 9traL.42

c

o.oo25

o.oo5o

0.0075

0.0100

o.0250

0.0500

0.0750

o.1000

-,8 f

0.6094

0.5368

o.4950

0.46ó3

o.3824

o.329L

o"3024

0,2855

oa-

oÇ844

0.789

o.754

o.729

0,643

0.576

0.53ó

0i507

m)l

1.0032

1.00ó4

1.007ó

1.0098

1.0218

1.0411

1.0614

1.C807

(1, - ¡/^F (1r 1 - AlÐ,/ c *

o-0500

0.0707

0.08ó6

0.1000

0.1581

o.2236

o.2739

o33L62

o.ó9 1 o.og
+0.70 - o,02

0.710 1 O,OO+

o.7L6 1 O.OO¡

0.719 I o.ooz

f9
-¡
a

O.7O21 O.OOS

* Compiled from f)" values obtained frc¡n a snoothed curve of (f), - 1)/tp against{c.

4 = Q.028 from this graphrby extrapolation.
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of the relot,ive viscosity volues derived from this anoothed curvet

t,he valuea of the functioo (1r - I - A^fCl¡/ C, vhich are pre-

sented in Teble ô.7, rrerê calculated. The linear plot, obtainedg

of these volr¡es es ô funct,ion of the degree of dissociat,ion, o( ,

is shovn in tr'igure 6,5. Extrapolation of thiô plot t,o o( - 0r and

o( - lr Xielded a value to. Bip of 0.779 , and & vôlue for B. of

0.66g. This lat,ter velue ney be compèred vit,h thet of 0.?6

obtalned by Dee et.el.42 fo. the B - coefficient of the modi.fied

Jones-Dole equot,ion (equation ô.12). In this instonce, thc

corresponding value of A vog 0.0313. From their treatment of the

date of Kanineþl? fof the relative viscosity of aqueous eolut,io¡rs

of mognesium sulphate at Z5oC., Deviee end Malpt""4 obteined values

for B. and B. of 0.õ76 and 0"702 respectively. The latter oflpr
these may be compered with Keminskyrs lJ - coefficient velue of

0.õ93?, obtai4ed by treatment, of the same date eccording to the

Jonea-Dole eqqa.t,ion (equation 6. l).

trt should be emphaeised ühat, wit,hin the small experiment¿I

error, Êeverôl olternative t,reetments of, t,he ebove relnt,ive

viecosity deto of Das et.aI. &re posßíbler nomely the nodified

Jones-Dole t,reatnent, employed by these euthors, thet, proposed by

Daviee and l.lolpass, ae outlined ebover or thôt occording to the

simple Jones-DoIe equetion. Eoch of these methods may be

effect,ive in fit,ting the deta, but yields a different, value for

the tl - coêfficient, qf t,he dissociot,ed electrolytc. I' logical
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basis for the employnent, of one of the modified forme of t,he

Jones-Dole equation, is provided in the indicationrfron the

conducto,nce mea,ôurernente43, thot, the diseociat,ion of mapçnesium

sulphet,e, in 20 percent, dioxen-water mixture at 35oC., is in-

complete. Of these ¡nodifÍcot,ionsr the Doviea-Malpoes treatment

should be t,he more suitable, since it vae formulated epecifically

t,o açcount for the effeot, of ion-aseociation"

In Tab]e 6;8 o ßu¡lmêry is present,ed, of the B - coefficient

rlate determined by Das g¡!41. f,or vorious electrolytes in dioxon-

vater mixture¡¡ at, tõoC. I{here theee hed not been obtoined by

fitting the corresponding relative viscoaity data to the eimple

.Iones-Dole eqrret,ion, the modified form proposed by these outhora

hed been employed" The additivity of the coefficient,s presentedt

le indÍcated by the equality of the values, included ín this tablet

of the differences, BlrSSOn - BKrSOnr tod BMgCt, - 2BfCt, for these

elect,rolyt,ea in I0 and 80 percent, dioxon-water mirtunes reÊpectivelJrc

This equolity ie not,eworthy. The electrolytes concerned are

dissociated to different, extentg. The values of the i.on-pair

dieeociation conqtent, Kr on the molar concentrat,ion scaler &re
o

4.24 x t0-' for mognesium aulphot"43 , 4.gø x 10-2 for megnesium

chro:rideóo, end g .44 x l0-2 for potessium. eulphot"õo, ln 20 percent

dioxon-roter mixturc ot, 3õoC.o Potoseium chloride4? ie apparently



130.

TABLE 6.8

-

Summarv of B - Coefflcient Deta for Electrolvtec

Di ter Mixturee et 360 C. lDas et.el.)ln oxe'n-I{a

/ Dioron
46

BN"cl

'*cr 
4T

4B

49

alr,,sct,

IO

0. 091

0.020

0.43

0.280

0" 284

0.28

0.00

0.41

0.39

20

0. I 122

0.0398

0, õ4

0.405

0.440

0.30

0"76 .

0.46

0"4ô

30

0. 1669

0" 0õ2õ

0" g4

0"648

0" 6?6

0.08

B
BaCl

BoBrB

Brrso

Bl,'gso

Bugso

Bugcr

2+g

2æ

4az

4

4

2

t*rt
2Erc

4
0

I
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completely dfssociated in this eolvent at this t,enperature. Thust

It is perheps eurprlsíng, vhen it is coneidered thof each of the

coefficient,s involved ln the obove dlfferenceB ' is essentiolly e

veighted Bum of contrfbut,ions due t,o the dissociatod ionar and the

correôponding ion-pair1 respectivelyr that the equality of these

differences vae obeerved. Horever¡ enelogous behovlour IÍoE

observed¡ and invoked as evidence of the oddit,lvlty of thc

lndlvldual ionio contributione to the B - coefficiente of thc

electrolytee cqncerned, by Keminstryõ in his aqueous solut,ion

study. Insufficient informot,ion is available to allow the

colculotion, for potosaiunr eulphate and f,or magnesiun chloride

in dioxan-roter mixtures at 3õoC,¡ of the coefficientsrB., in

order to teet the addit,ivity of such coefficients eeparately.

The analogoug ceße fo¡. aqueous solut,ions et, 26oC. ie vorthy of

conaiderot,ion ln thiO regard also. It, ves found for these

solutionsrthat the volues of the differen"""rBMgCl, - '"XCt ,

rod U*gSOn - BfrSOnr*"t" identical (O'See end 0.400 respecti.vely)

vhen calculated on the basis of the B - coefficlent,e dctermined

l?by lfuminsþ'' ¡ but foiled to agree (0.+tg and 0.4?8 respectively)

vhen calculated on the baeic of coefficienta, Ei, dctermined by

Dovles end Melp*""4 f"or the some d.ete. These authors mode

ollovonce for the incomplet,e disgociat,ion of nogneelum aulphete

and potosslum aulphate; but mognesium chtdridc ond potoesiun
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chloridc yere regerded ae completely diaaociated in oqueous

eolut,ion et, 2õoC.. (Note thot, allovonce was nade in Devies end

Melpass t treatment, for the effect, of ionic strength on the À -

coefficient, tho linlting velue for each electrolyte being

oalculoted from equat,ion 6.2. Thus¡ for ühe conpletely dlssociet-

cd electrolyt,eo elso¡ the B - coefficient,s deternined by thesc

outhors differed from thoee determlned by Konineþ. The

reepective valuesof ühe differen"t BMgCl, - 'U*rr. 
also differed')

In ùhelr discueeion of the B - coeff,icient, doto prceented¡

Das et.al¡ conoer.ned themselves vith the effect, of change of the

percentege composit,ion of the nixed solvent, on such differcnces

betveen the coefficicnts of elcct'rolytes rlth o comnon anion'

Thus Daa46, for example, presented the folloving teble, and oa

thc baeis of the dl.aegreenent betveen the value of t'he differencen

BN.CI - BRC', obtoÍned of the solvent' conposit'ion of 30 percent

dioxon, and that obtofned at, the other tvo solvent composit'ionat

concludcd that, ln the former côaeta rrdcparture from thc addltive

neture of B" hed occufred. This conclusion is ínvalid' It' 1s not'

in the constancy, fron medium to nedium, of the differencc belrceu

thc B - coefficients of pairs of electrolytee vlth e common iont

thot oddítivity of tbe indlvidual lonic contributions to elec-

t,rolyte B - coefficiept,s f¡ rcflectcd. It, i¡ in the equolity, for



133.

0 givcn medium, of the eppropriate dlfferences betveen thc

B - coefficients of corresponding paire of electrolytee rrith o

common ion vhich veries from pair t,o pair (e.g. BUgSOn - B*TSOO

ond t"at lz tB^c, )'
TÂBI,E 6.9

Co fficlent Dlfferenceg Preeented by Dae
46

B e

Solvent, Co4poeit,ion

(Percent Dloxan)

10

20

Bt'¡ocl -
(An r

?.1

7.24

uort

r02 )

g0 ll.8T i

Âs IlBs erpleined, conBtêncy from medium to nedium¡ of the

differences betveen the B - coeffioients of poire of elect,rolytes

with a comou lon, qCn be expected only whcn the nett, effect¡

of the changu.ê of medium¡ on the va.Iues for both electrolytes

con¡idered iu forming such diffenences¡ í¡ thc B&¡neo Hence lt'

ls unlikely that such conatancy ehould be o general rule.

Horcver, rith respect, to the results of the prescnt, reseerCh,

an epprorímate constoncy of this neture vas in fact observed"

(See Table 613)" For each of the three alkoli metals of vhich

helidc salte vere atudied, the differences betveen the B - Go-

effiolents of their chloride ond iodlderiir aqueouc solution et
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zõoÇ.rond ln ôqueoua P0 percent, sucroec solut,ion et 26oC.¡reÊpec-

t,lvely, varÍed by litt,le more then the Êum of the probable

crror5 ín each, elthough on the averege the differences for

thc 3-conponent systems vere slightly higher (Uy 0.005).

Du,"46 nc¡ted such an epproximete equelity betveen thc dif-

fsrencee quoted ln Table 6.9r for l0 and 20 peroent dioxen-rater

nixtures respect,ivelyrat 8õoC.' Thet the equelity did. not, extend

to tbe volue for the 80 percent, nixture i¡ not surprising"

Generol additivity of the individual ionic contribut,lons to

thc B - coeffioients might,rhoveverrbe expect'ed, regardleee of

both the eolvent and tenperoture. In the present, reseorchrsuch

oddit,ivity ves verified experinentally for several elkeli halides

in equeous 20 perOent sucrosc at, 26oC., and. confirmed for these

¡alts in the corresponrling equeous soluti.ons. Fron the data of

Des. g!¡{., it roa elso verified (eee before) for severol

cleotrolyt,es iR l0 and. 20 percent dioxen-reter mixtures ot, 35oC'

For each qf übe'salt,e etudied in dioxen-water nirtures by

Daa et.al., an inorea¡e in the B - coefficient ves observed with

increeaing diofon cont,ent of the solvent,. The increeaê YeE GoIl-

eidered to reeult from changee in the constitution of the aolve-

t,lon epheres of the ions "ot"""rr"d42n This vould be determined

by the chnrocter of the ione, thot isrtheir size ond charget
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end hy the differences in noture betveen, and relotive pro-

port,ions in the mixtu¡e of , the trro ðolvent, componentso Thc

effect of added sucrgae on the B - ooefficient, of elect,rolyt,es

in oqueous solutlon, horever, . cannot, be lnterpreted in such termSt

since, o¡r the bosis of the evidence of the conducta,nce etudy9 of

equeous 20 percent sUcrose solutions of electrolytest it, can be

concluded that sucroåe moleculee do not form a hydrod¡rnemic

ent,lty vith the electfolYte ions.

Wherea¡ the presence of dioran oppeered to increaae the B -

coefficient, relative t,o that for the corresponding aqueous

solution, th" effect, of the preacnce of sucrose, like'thot, of en

increase ln tenperatufer v&sr os previously discussed, an in-

creo,se in the modulus of the coeffÍcient. st,eel, stokee and

Stokesg auggested¡ on the bosis of the volue of the limit,ing ap-

perent moler volume of sucrose in equeous eolut,ion of 26oC., thot

approrinat,ely I voter moleculee could be considered as inmobilised

et the surface of the Ëucrose molecule. Thie figure vôs con-

sietent rith the knorm presence of I free hydroryl group ln the

nolecule. In relotion t,o the Íon-eolvent, Ínterect,ions occurring

ln electrolyte eOlutione in aqueoue 20 percent eucrose of the

ebove tenperoture¡ this hydration of the ðucross molecules is

likely to be en important, consideretion. It, couldrfor inetancet

pley o mojor rolq Ín the product,ion of thc postuleted (n.ffe¡

overall enhoncenent, Ín thls solvent,, of the water structureo
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Interact,ione betveen the eleot,rolyto ions and sucroee molecules

night be considered to occur indirectly, through solvatod, w¿ter

molecules connon to both. The probability of auch int'eractione

vould be hlgher for those ions knovn to be etrongly hydrated in

the correspoqdirg ôqueouE solutions. Ân explanat,ion, elterna-

tive or complementary to that, proposed on p. ll2r ls thus effordedt

of the increesÊ in the poËit,ivo B - coefficiente of euch ions in

equeous rolution¡ ot' 25og', due t'o the presence therein of sucrosc

mol e cul es .
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TNTRODUCTION

To quote Heor¡t (fe6e)r rrÎhc pert,lal tpeclfic volume of thc

salt¡ of D.N.A. hes long been in question. Conventional method¡

of msoguring speclfic volumes hove not, been occurote because of

difficulties Ín meosurlng eittrer D.N.A. veight, conoentratlone or

the snôll solution dcnsity changee caused by the presence of thc

I).N.Â."l.

It ves the purpoEc of thls reeearch to obtein a neeningful

velue of the partlel epecific volune of sodiun deoryrlbouncleatc

of high dilut,ion in oqueou¡ solut,ion ot zõo0. Eencc it, v¿s

necesserTr to develop e relloble nethod for reight onolyeis of

D.N.A,. eolutfono, ond t,o edopt, o high precislon nethod of density

¡neoßurement rhich rould be sultable for vigcous solutionsr end

the nechenica of vhich vould be unlikelyr of itselfl t,o bring

about, any etructurol qhengee in the I).N.A. The Megnet,ic float,

ncthod ves odoptede rþich hed bccn prcviously used by Maclnnea

oa
g!:g!.o eud by Cherlvood" for thc dcterninatio¡ of the port,ial

¡pcoiflo volr¡me of protcina.
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TTIE NUCLEIg ACTDS.¡ SOME ASPECTS OF THE

OUR OF D.N.A. IN SOLUTION

The Nucleic Acidc

Thc nuclelc ocíde ere copol¡rnere of nucleotidesr vhlch

consist, of e purine or pyrimidine bese, linked to o euger phos-

pheten Dogradet,ivc studies hove suggeated the exístence of tvo

distinct types of nucleic ecids. 0n hydrolysisr one type

yielded the purine8 êdênine and guanine, the pyriuidlnes

cyùoelne and ureoil¡ond o pent,osc 3u$êr.r The other yielded

adenine, guonine, cytoaine end th¡rnine (ó.- nethyl urocil)¡

and o deôrypent,osG suger. The tro types ere referred to e¡

pentoec - end dcor¡pentoè€ - nusleic ecida reapectiv"lyl.

0f thc lotter clac¡, the port,iculer apecÍea firet isoleted

from th¡rnus gland roa shovn to contain the Euger deoxyriboee¡

end beceme knovn as deoxyrlbo-nucleic aoid. It, ie connonly

obtained end ¡tudicd ee the godÍun solt.

The Wat,so¡ and Crlck2 ctructurer propogcd tn 1963, for

deorypentose nucleíc ecids, conolsts of tvo polynucleotide

cheins, vhich run in opposite directionsr êre colled around

eoch other to form a double helir, ond are bound to each other

by speoífic hydrogen bondõ betvcen the purlne¡ ond pyrinidinea"
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Denaturati on

Deneturat,ion la the decomposit,ion proceBs vhereby euch bonde

are broken, usually vfthout ch¿nge in the molecular weightS.

Native or doublp-hetical D.N.À. ie belíeved to exiet only

ebove a certoin 'rcriticaìrr concent,rôt,ion in equeouÁt eolut,ion.

Âbove thls point the concentration of counter ions is sufficient

t,o preclude denaturation. Àt Iover D.N.À. concentrationat

hovever, the dissociat,ion of theee counter;rione occurãr leeving

free phoephete groups. Deneturation followal resulting in e

more flexible etru"tr.."4.
rIh o Partiel Sn cific Volume¡ lts Importance. and êe

l'!o rrê leti on vith other Solution Propert,iee of D.N.À.

Because it is cgnsÍdered thet thcy pley o fundamentol rolc

in the control of the metabolisn, reproduct,ionr and growth of
Iliving Êygtems^, the nuclelc ecide heve been the subJect of much

re eeorsh.

Molecular veighis caicuiei,ed f rom sedimentotion equi li'oriun

and sedinentation velocity mea,Eurement,s6 orr I).N.4. eolut,ions, in

the ultrecentrifugc, depend upon 8n independent determination of

the pertíel specific volume.

The abeorpt,ion pf ult,re-violet, radiation 8t, 2õ9 ^¡t., by

solutions of D.N.A., is very een¡itive t,o changea in (chenical)

etructurc. The process of dilution denaturation ie accompanied
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by o lerge i¡¡crease Ín the opticol density of the D.N.Â. solution t

at thí¡ vavelengtho'

The strqctural changes involved ere aleo reflect,ed in o

decreeee of the eolut,ion viacosity?, ond of the trensformlng

activityt ,o" virue D.N,Åre, on ther:mal donaturation. This fall

Ínvlsco¡it,ytenotoGcompeniedbyachengcinn¡oleculorveight,.

Chonges euch es the ¿bove, ln the properùios of I).N.A. solutionrt

often exhlbit, hyeteresis ef,fects.

rt, is thereforc conceivable thatron dllut'lon, e chonge in

the structural propertieÞ of D.N.A" in eolution¡night result,t

which vould be reflected in e chongc in lt,s portiol specifio

volume, and that, 'bhts chonge night only be part,ially reversiblc.

Therefore ô disconûinr¡itJr night be erpected in the concent'ration

dependence of the denaity of ôqueous D.N'A" solutione. A pre-

líninerxr etudyS indicated that auch o discontinufty didrin

foct,r oOollF¡
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THE EjKPEIiI¡'Ð.TÄL TEC]INr0UES AND

TIIEIR THEORETIC{I-EÀSES-----l- r -

SummeirY

From the baslc definit'ion of the port'ieI Üpccifio Yolruue'

1t,s relatlonshfp to the opporent lpcclfic volume noy be

est0bllshed. Thus lt, con be ¡een thet the deternination of

part,iel apecifie volume requíres precisc meosurement, of solut'ion

dcnsit,ies.

One of tho nost ôccurôt'e techniques evaileble for t'his

purposei¡theMogneùlcFlootMethod¡vhichisdigcuseedia

deteil, Àttcnt,ion i¡ conoentrated upon thE technical dct¿ila

peculier to thls f€aear@h¡

The levs rhioh are fundamentol t,o Àbaorption spect'roscopy

ere out,lined, end di¡cu¡scd vith particular referencc to apect'ro-

photometer dcalgu. À dcscription of the inotrument q¡eed i¡

appended.
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Partiol Snecific Volu¡no

Thc part,ial specif ic vol umc, T. ¡ of a component, i, in o

eolution conteining Bi Erome of thot component,r môY be defined

byt

vi ' [+l ,,r,r, (i + i) ¿'t

vherc V ie the volume of the solution enrl the g- are the veights

of the othcr com¡ronenta Present"

For o 2-component eyatcn, vherc the subacript,e I ond o

denote solute end solvent reepectively, the epparent apecific

volume of the forrner nay be defined byt

v-v 2.2I o
gt

rhere Y is the voluule of pure eolvent, ueed in neking a
o

¡olut,ion of volume, Y, conteining 81 Srarne of component I.

Different,ietion of equotion 2.2 rith respect, to gtr yieldst

by enelogy rith equat,io4 3.8, p.ôör

t

Etv I +s,i+lt' 2.3

The weight, fractionsr lI

given byt
l{

o

, of the tvo componenta ô, end Ir ere

gl
o
*ßo

g 2.4
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8nd

And

+
From equation 2.2t I

r respectively.

t/d
ar

d

d

.l

ly

tÍ +l{
o I

2.õ

2.0

2.2

2.7

2.8

2.9

2.10

)

t - v/(et + so) - uo/ (s, + g.¡
srl k, + so)

-Iv/do'o

I

Hence, I tf I{I

vhere d ie thc dcneity of the aolut,ion, end d" ia the denaity of

the pure aolventn

r/aa

t
oo

ô
I

I

I

I

I

I

ao/a - (t - wr)

1r - w, )/ao

I{ I

t-

L

o

o

t

I
(a-¿ )\ I

J

Hcnce t, *t be found from tho elope of o graph of 1a - ao)/a,

vhich is very scneitivp to cnror¡ in the dcneity, ogeinet thc

ve ight, froct,ionrllr.
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Tho Maønet,ic Float, Method

The dcneity ueoaurem€nt,s rere mod,e by the Mognet,lc Floet

nethod origínoted by Lomb and, Leel.

.A,nnorotus

The apporatue¡ ¡horn in Figurc 2.1, vea essent,ially sinllor

to thot described by Moolanes t. ol.2-4" À glase floet, Gr ln

the shope of on inverted flask, ond contoi.ning in ita eten e

permeneût nognet, M, ves eo rclght,ed vlth lead ahot,, L, ttrat, it

juet foíled to Sinh in veter et, 26oC." In the deneity deternino-

t,ions, smell plet,Ínum veight,r rere ploced ln e dcpreseion on top

of the floet until it, sonk alovly. It, ras then ceused to nisc

by passing amell curnent,a through the eolenoid, c' The relative

epeed of rice of the floot ros dctcrmined by observing the

motion of ite tiPr B.

Eorever the opparotus differed f,rom thot' of Maclnnee gþ4L'r

port,Ícularly Ín its mounêing. The f,loet vos contained in o

thick-valled glaas vcBFet of 350 nl. capooityr fitted vith e

t,riple-necked .t,op by o ground gloea joinù Iightly gneared rith

Åpeizon greßse. The vhole opperotus Yec mounted in e brass

fromer F, by nea,ns of two perspex plet,forms, Rr and a per3pex

Jav vhlch Ya,a Bcreved to the upper platfonn, and could be

tightened by tvo further brocs tcrevs" This frome rÔ5 suspended

in e glorE-fronted reter-both regulated aù 25"000 3 0"002oC., ao
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that, the vater level løy just, obove the botton of tho atopper¡ S.

The solenoíd, C, conslsted of ö0 turns of 20 geuge enonelled

copper vire; lef,he-woundrou e formor of perapcx rods¡ to heve e

dioneter of approxlmotely 3tr.

Platinuul veightø Yere mede from 0.005rr dÍemetor vire, and

veighed on ô M€tt,ler microbolonce. They vere oleened by voshing

rith trice distilled weter, and f,leming ln a nicroburner. Im-

nediately before usc theJr üere roveíghcd, end the reading

correct,ed to v4cur¡m, Befors pessing e vcight through the liquld

surfoCe¡it vas found r¡ecess&¡T to flone it agei.nr or it would bc

held there by e¡rrface tension. When veighta vere renoved from

the floatrthey were ploced on the platformr Pr which loy belov

the liquid ðurfqcec This pletform rested on a glese horae-shoc

rhioh linited the rise of the float.

The vcight,s rere penipulated by meenË of o hooked plotinun

rÍre, W¡ of heovier ga,uge; seolctl inio e gleaa rori vhioh possed

through the polypropylenc stopperr S. The flcxibility of the

stopper allovcd adJustoent of the position of, the rodrso thot the

virc could be proJected to reach the platfornror viùhdrarnrea

desired. Prior to the eddition of a nen vefghtr thi.s vÍro voB

also rashed and flencd.
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st,irring ree effeoted by means of e aprlng-loaded Teflon

plunger¡ T, incorporeting at its extrenlty e simple velve, ond

cerefully machinod to fit the slde erm, A. Â gentle clrculatlng-

punp eoùion was ochisvedrrhich ryos demonstrated by operoting tho

plunger after placing o fev crystals of potassiu.m permenganetc

in the bot,ton of the floot chomber filled vith vatort ônd ôlso

efter lorerlng the vater level beneeth that of the co¡nect,ing

tube¡ K.

The paesege of the ttp of the floet, betveen tvo linea on

tfthe rct,iculc' of e telescope, Yea t,lned vlth e Heuer ctopvetch.

The meesured tincs ranged betveen I end 300 secondg. It vac

nece6sôr7 to flt an auXillary lena to the telescoper rhich vês

nounted reproducibly on e vertioel nod fixed to the bath. 0n

thi¡ ¡ame rod Y&ã uounted the proJector lemp uscd to illuninotc

the tip.

Ànother op¡roratus yas constnrctedrvith en oxternally-fttting

ground-glees jolnt, ond thus o I'arger Yorking volume" À

decreese in the tapcr of thc floet vessel e¡d en iacreoee Ín thc

ôyerôgc rediu¡ 9f its cyclindrlcal port,ion¡vere also mede.

Horever thia opperotus haa yet to be calibrated.

*-Ruled by S.onlJoÀ. (Scient,tfic end optioal troboretorics of

Aus:brelia) ttdo, Melbourne"
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Elecùrlcal Circult

The deeired current through the ¡olehoid could be sot usiug

e varieble rssistance houged rlth a nillienneter. À 2 volt leod-

acld ecc¡muletgr rea the D.C. aouroe. Folloving the neasurement,

of o rise-t,ine, thie cqrrent could be accurately meaeured es thc

voltage drop ecrosg e ðerleð standard resistance of l0 ohm"

Svitching ùo enother position caused o current of opprorimotely

100 n.e. to peee ln the opposite direction through the coilr thus

returnlng the floet to the botton of the Ycssel. The current Ye.

then evit,ched through o shunt of sinilar resistencel end e ner

value selccted. lleenrhilc the floot adopted ft,s equilibriun

poaition on the bottom of the Yesfiel. The sclected ourrcnt rê5

thcn evitched through the oof,l, ond o further dctçrminat,ion mede"

Derived Eouofions

For e veight,ed floet of volumer Yr at, equilibriun in ¿

solution of dcnaity d, the veight, of' the liquid diaplaced by tho

floet and b¡r, the platinun rcights vould bc cquel to the veight

of the float and thc plet,inun lcse thc lift,ing effect of the

currênt,, i. If t ond Y ere the veights of the floot end thc

pletluun loed of dcnaÍtyr¡¡ rcspcotivelyu end f i¡ thc lifting

cffect of unit, eurrentr then,

d(v+/Ðg) ! w+v-fi 2. ll
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Hencc d- (tu+r (r-d/f ) -ttl/v
end thc relotive dcnsity la givon by t

d rr+r (t-a/F )-ri
1r-do/¡)-fi

, 2.L2

2. lg

2.14

d Y+v
oo

vhere the sub¡oript, o, denotes pure solvent,"

I + ('-ro)(t-uo/f )-r(i-to)
WIdJf -rio

.'. d.d t
"L

The volue, 21.49 gn,/cc., of the dcnelty of pleùinunrdetermined
o

by Moalnne¡ et. ¿1.-, v6B used.

CelÍbration of the Float

The effect, of e crlrrent, through the golenoid veo to reisc

thc floot from the botton of the vesselrvhere it elvays odopted

the semc reet, poeit,ion. Throughout its riserthe floet vas

oriented et, thc centre of the unlforn field of thc solcnoid.

Sincc o net, force octed, the rlgc yea tlGoeaearily ecceleratedt

ó¡ro IG vtlg Ioullu u¡lúu ar ¿r¡¡tt.¡r- g.aur'õPrr¡l¡9¡u¡¡ rr¡ vr¡l' P^ueÀt r,¡

reciprocol risc-tlne egoinst current, os edopted by Meclnnea

et. aI-,1 v&B u¡rsuiteblcu Contraqf to erpectoùionrthe mot,ion of

the floet, did not provc crratlc for the longer rise tlmcsr end

henoe ¿ rcliablo ertrepolotion could be performedrto thc linit,fng

current et, rrhich tbe flooü vould neither rise nor sink in thc

liqutd- (t/t . O), A theoret,icol discussion of this extro-

pototion moJr be found on pp.l69-I?3.
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rn order to celculote deneit'ies from equotion 2'L4; it' vas

ncce6as,ry to obtain o veluc for f, the lifting effect, of unit

current, ùhrough the solenoid. This required the measurement of

limiting currente vith different, vclghts on the float,r ln tho

same liquid.

Slnce the ftoot ra.t compresslble, it ras necc8Bôry to

correct, oll tfnÍt,ing currenta to o common presaurer nhich was

ohoaen for conveniencc oe ?60 m. A pressure oorrection factor

vas dctermined by meesuring limiting currents of differenf

etmospherlc preseuree¡ nith the sone veight, on the floatrond pure

vater in the vessel. Determinationsrprior to eoCh of the major

Eeries of runa¡ïlelded e value of 2.0 w"fm,.¡ vhich vas olso

obtained Ín e prevlous etudY6"

The voluee obteined for the factor; f, aftcr correation fron

rêight in vacuum to reight in roter, nanely 6.44 t l0-2 ng./nae. ¡

prior t,o ihe manniioi runrand, ô.ô3 x lta-z mg.fma. pr^'ior to f,,he

D.N.À. eddition runrrere

o.g x to-2õ.

compereble vÍth a former velue of

a conpletc aummepy of the dat¿ fron whioh the necesaarT

fact,ore vere determinedris provided in Toble 3.1.

Densitv Determinatt ons

In elI the density dcterminstlongrthe solut,íons were prepered

vith$,n tJ¡e vensgl. Before eech run, oppròxinately 27ö nl. of
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tvicc-dÍst,fllcd yeter reF ôccuretely veÍghed lnt,o the veseel from

ô long-st,eruned vcight-burett,c. After the apperatus had been

clomped in o reproduoible position Ín the vater-bath, an

cquilibration period of holf an hour vas olloredrbefore deternin-

ing the reference llnÍt,ing cument (io)r vlth the veight¡ vor on

the floot,. This dctermination vog uauelly repeoted eeveral

t,imes. The euction oppliedrin filling the burettcrdegossed the

solvent,. This vos cssentlal¡slnoe any bubbles formed during

equilibrationrvould edhere persiEtently to the float and produce

Bpurious fesultÊr

D.N.å. ÀdditÍon Run

From a smaller veight-burette, ö-t0 tll. ôDounts of D.N.A.

st,ock solution, rlnilorly degessed, vere then reighed into the

vessel ee required, and the eolut,ions mixed by gentle movement

of the Teflon plunger. .A,ft,er eêch density determinationra õ ml.

sompie of soluttion vog removed from ihe floet ehamber'r-*itì¡ e

siliconed A-grode pipett,e. The semplee vere refrigerated ín

õ0 ml. Quickfit, ftasks ¡eeled with Perafilmr and vcre later

atudled spect,rophot,onetrf ce I ly.

In the moqnlt,ol run, the etock solution vas odded slnilarly"

Its coucentrot,iou v¿e linited by the relativcly lov solubility

of monruít,ol"
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I).N.4. Dilut,ion Rl¡4

I\ro 60 ml. omounts of water vere first removed from the floot

chamber. A calculeted quantity of htghly concent'rated D'N'¡l''

stock wo¡ added, from a large velght'burette, end the solution

mixed thoroughly. It,s denslty vas then determined. À 25 ml"

eample of thia solut,ion Yas set asíderae aboverfor spectro-

photometric measurement. ó0 nl. of vacuum-degassed wat'er was then

odd.ed to the renoining solut,ion. Succegsive x¡easurement, sampl-

ingr and dilution vae contlnued until e eufficlently lov con-

centrat,ion üea reached" Calibrated 2õ ml. end õ0 nl'" eiliconed

pipettea Yere üaêdc

CleeninA

.Àft,er each runrthe epparatua vê8 re¡noved from lts frone end

the chomber-top renoyed. Petroleum etber on cot,ton vool vog

used to remove the greesG from úho ground-glose joint,. with fhe

- r -----^-¿: -- 4¡.^ *l o4.f arn- D- r¡ndataahed- the too vas thgnr OU ltuPPrr¡ u¡s6 wuo l, ¡Ú v¡ v' ¡rt - t ' 
-

vashed yith disttlled water. after the Teflon plunger had been

removed, the float chomber vas empt,ied, ond the washing of the

float conduct,ed therein.

Following thia, ond preceding each run, the float vas im-

merecd in chro¡nic acld in the ohamber for one dayrand for on

equol tlne ln rtist,illed roter. The toprend etteched plotforntt

T€re ôlso cleo¡lod vith chromic acid. Meenvhile, the Teflon
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plunger and the polypropylene etopper, vith the glase-mounted

plotinum vire undetached, vere successlvely soaked in 2N sodium

hydroxide, 2N hydrochloric acid, ond distitled water. Finolly

all the componente ìfere repeot,edly rinsed vith distilled weter.

Á,s the f loat, was vithdrawn from it,s chanlberr contoct with

ext,ro-hard filter paper removed any droplets of wet,er adhering to

its surface. Stainleae steel forceps, the tipe of which vere

cushioned vith clear rubber, were used t,o transfer it to ê

desiccotor conteining eilica-geI. The chomber Ya,e ste6,m cleened,

and, rith the other componentsr dried in air for several daye.

At no stoge voe the charnber removed from ite perspex collar.

Ontical Density

For e pêrêllel beam of monochromet,ic light, peesing through

a homogeneous medíun r¡f thicknessr Lr in vhich ôn sbeorbing

Bpecies ie present in nolar concentration, C, the int,ensity of

the trensn¡it,ted tight, (I) and that of the incident light, (Io) tre

in the rot,iot

2, L(t-kcLBI
I ,

o

rherekiseconstont,.

Thie relotionehip, vhich is the bosls for moat quantitative

studies of liglrt absorpt,ion by solutions, is commonly knovn aa

Beer t s lov. Àctual I y it, ie a combinat,Íon of a ler concerning
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the thicknees of the

loter by Lambert,r and

forvard by Beer (rese)0.

eampler propounded by Bougner (tZeS) and

one concerning the concentrat,ionr put

The Iogorithmic fornt

D E togro G of r\ - ect 2.16

le ueually enployed, vhere D is knoyn ô8 t'he optical density

(0.D. ), ext,inct,ion, gr absorb&nccr end e , as the moler

extinction coeff icient.

Thcre is good theoret,icol ground fon euppoeing that the Beer-

Lembert, lev shoultÌ hold rigorouely for monochronetic light end'

for aufficient,ly nsrrov slita6" Ilowever, in practice, a aingle

wavelength is unettaineble. If a light source hes e continuous

spectrum, ancl a monochrometor is used t,o isolete one wavebandr the

wevelength ronge included clepende on the vidt,h of the slitet

vhich muet be at leest vide enough to give odequat,e inteneity for

meesurement. Beceuee obsorption bonde in the ultraviolet, and

vl¡ible, especielly of apecies in solutionr êre generally broad

compared wit,h the norm&I slit "*o9""6, horever, the optical

deneit,ies obtained ehould need no correct,ion"
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thê SÐectrophotometer

The opticol dcnsitiee vere meosured ln e Unicam. S.P.500

spect,rophotometerT. rn this lnetrument,rthe incident end

emergent, beoms pase through the eone slit. Opt,icol deneity end'

percentage-transmiasion reodinge mey be obtained directly fron

the ecelc of e potent,iometer incorporated into the detecton

circult," Choice of two mounted berrler-layer photocells givee

the inetrument a vavclengt,h range from 200 t'o 1t000 Í)'¡lJ" Both

a hot-oothode hydrogen tube and a tungstcn fil¿nent, lenp are

mounted., and con be svltched on as requlred. since stability

of the source emission durlng each measurement' ie eeeent'ial t both

lanps êre run from circuits giving atebllized curl.cûtg.

The solut,ions Ilere contoined in preclelon silico celIs,

vhich could be rcproducibly Dounted in the inetrument. The

ôppropriete reference eolvent' res alvoya cont'ained Ín an

.l A^n4l ao I aal I¡qgg U¿VO¡
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EXPERII'{iJNTÂL

I. bÍN.T.EIìIá,LS

Sodium Deoxvribonucloate (D.N.Â. )

The D.N.Ào tôÊ i¡oloted fron calf thynue by Ellerton and

Bcinfeldal, uslng the method of Kay, Siumons ond Douncc2 vfth

the folloring nodificat,ions ¡

(") Homogeniaetion üôs côrríed out, for I minute.

(t) Centrlfuget,ion ra,s cerried out at 10r000' r.p.m'

for l0 minutee uslng o M.S.E. refrigerated oentri-

fugcr typc R.H.S'

(") The aenple ras redissolved in 0.01 nolar ¡odiuu

cbloride instead of pure roter, Ín ordcr to rc-

duce the possibility of denotur¿tlon.

The D.N.Ao rra,ã ¡tored over phoaphorua pent,oxide in on avêCll-

oted desiccôtoro

Mennitol

B.I).H, Micro¿nalytical nannitol ros driod Lu vecuuu at $OoC"

prior fo uec"
3

A value of 182.1? for the molcculon veight

of 1.489 gn./co" for the solid denslty3.

ve¡ usedr and one
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Prenaration of Solut,lons

Àll ¡olut,ions rrrere prepored vith trylcc-dietilled roter of

everege specific conductivit'y l'0 x 10-6 oht" "tll' 
rmr¡ed'iately

prior üo use¡the rater ras vacurul-degassed'

The D.N.A. gtock solut,ion6 rrere prepered.rby veighùrto hevo

concentrat,ions above the eet,inated critical valuc, and the D.N.A.

ras dissolved, by gent,le manuel arirling. Centrifugation of the

et,ock solut,ions r.as conduOted @l' 4ró00 r.p.n. in a Beckn¿nn

trdodel L. ultracentrifuge, and at 4t7OO r..poflle (identical G.)

in e Servoll SS-l cent,rifuge, for the D"N.À" dilution run end the

I).N.4. oddition rur¡ reõpectively. Without dísturbing the resi-

duee¡ the solution vasrin each c&a€¡carefully pipetted from thc

celluloee nltrete tubes and transferred t,o o Quickfit, stoppered

fleek, vhÍch ras then Ees,Ied vith Parofilm ond ßtored in o

refrigerator.
mL- -^q-{ +^r ^^t,,+{ ^n EF Ê ?!Fc!ìe.r.ad hv rc¡iøht-= and vÊcrlrJ!tr¡l¡tt u¡cÙ[r¡r uu¡ Þrrf qe^vu nqÞ fr

correct,ions ePPIied.

ìl'eÍght .Analysis of D.N.À. Solutions

The stock solution for the D.N,A. eddltion run voa anelyeed,
L

in tripliccùerby drying- reighed eomples of opproxlmately 6.õ ml"

to residuee of constant, rreight. Sorming to eveporote the bulk

of the reter vas follorcd by heot,ing at IlOoC. under vscur¡mt end

coolÍng over phoaphorur pent,oxidc in ô deslccetor. After I doys
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the resirlue¡ were weighed promptly on e Llet,tler M5 microbalance.

Since it, was ehoìvn, by a prolonged Eeries of veighingsr thet

the dry weight,a of Pyrex glees conta'iners could not be obtaincd

vith sufficient reproducibilityr they were coneidered uneuitoble

for use in such anolyses. This leck of reproducibility probably

derives largely from the uncertainty in the air density determined

for the purpose of vacuum correction of the weight,s. In order

t,o attain a. precision of ! Szttg. in the weight of a l0 gm. glass

vessel, it vas necessa,ry thct the deneity (approxinot,ely 1.2 r l0-3

gn.fcc.) of t,Ìre air, in the belonce ca.ae, be known to 10.002 x

l0-3 gr./cc. Hence, gold-plated stainless-steel bottlea were

used, vhich hocl a density eufficient,ly close t,o that of the

bolance mogBeg, t,o make vêcuum correct,ion unnecess&ryc Duplicat,e

veighings of these bottles, empty and clry, prior to the above

analysís, agreed within 0.00003 percent, (6/g,)"

The averege veíght, percent,, by anolysie, wôs 0.09706 i t,he

evera,ge deviationrof t,he t,ripl Ícat,es f rom the meôn, being t 0.00025.

Although a similar enalyBie was conducted on the st,ock solu-

tion f on the D.N.Â" di lution run, the result,s ìrere later con-

sidered unrelioble, since insufficient tirne may have been alloved

for equilibration of the reeidues over the desiccant.

The weighing bott,leg vere cleaned with etrong cletergent

eolution.
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II. RESULTS

Float Colibration Deto

The dete obt¿ined in the cetibrat,Íon of the nognetic floot,

splrÊrêtuc prior to thc Monnítol runrend the D.N.A. dllution run

vhich folloved, and ln that prior to thc D.N.A. oddition runt &rê

presented in leble 3.1.

TÀBLE 8.I

Float, rib tion Da

t{cight (tg. )

on Float

29.29

29.28

28.28

32.76

28.24

31.40

31.40

o M"u"o"cmcnt¡ nodc

b M"o".."ementc mqdc

Pressure

(n,n. )

766 
" 
60

764.66

761.96

7õ7. Ió

760.60

747.80

760.60

Limiting

Curront

(..o. )

29. õ

24.6

19.2

74.9

16. g

38.6

63.6

Linit,ing

Current

et, 760 m.n.

lõ.58

16.44

15.4ô

go. õa

l5. gb

62.6b

62.6b

imedlately prior to I).N.À. oddition run.

lnncdietcly prlor to Mennltol run'
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From t,hese datol the calibration foctors quot'ed in t'he

previous chopter were determined. fn Figure 3. I the extrepola-

t,ions are s¡ovn, whicìr yielded the quoted limit,lng current,a for

the letter calibration.

It was observed that, catibration deta obtained by t'his

ext,rapolat,ion procedure vere independent,, vithin the Iimit,e of

the study, of t,he section of it,s vert,ical poth over vllich the

notion of the floet w¿s t,imed" Thie is verified in Figure 3.2n

rhich algo aerves to illustrate the eccelerated neture of t'hie

mot,ion.

Eouetion of tion for the lr{agnetic Floet,

Conaåder a weight,ed floot of, mass, M, in o vesscl of the

type ehovn in Figure 2.1" Let, tho redius of the cylindrical

section of this vesscl be Re end let r be the rôdius of e sphere

equivalent, to the fIoat.

If i is the et,eady current, vhich muet, be passed through
a

the ext,ernal coil in order to maintoin the f loat, stat,ionery

in ô solution of viecosity.¡n, ond if the. psssegG of o currentt

i, through thie coil, ceuBeõ the float, to attain a vclocityt

v, ôt o time t¡ then¡ neglecting vôll effect,at
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ônd

Let

ond 6rr1r

lre¡ dt,

Integretingt

t,
dt

0

Upthrusf

fi - fis - 8n"] t"

f(f-i") - 
^

- ft
3

Md"dt

g.l

3.2

3.3

8.4

3.ó

3.6

3.?

8,8

9.9

3. l0

3. ll

t-

,

Àdv
dùthen

Rc-orrougingr

v

B

Bv

Mdv
Bv

v

Bv
0

ln (t nv/t)

(r Br/M
)G

(r - t

a

-

- A

M

M

B

dv
A

a
aa t

Â
B

â,t
B )oI

M'
E'(ox

I
dx.
dt,

If porftivc dÍsplaccnent on the verticel exis of thc floot,

chamber ia rcpreecnted by xr end x r 0 ,ot t - 0r

- Br/M)¿t

l'¡Cc
-Br/M - r)

*- 
Egþ¡ thet Ín thi¡ derivatlon the synbol d 1s used to signtfy

the famitiar dlfferenüial operetor, ond u.ot, o dcnoityrer in

ühe renoindcr of the thesls.



For a ephere moving on the oxia of o cylindrical tuber a

correction, K, for wal. I effecte mey be incorporet,ed int,o equation

3.4 .

For simplicityr let, io - 0.

Then A = fi.

Correction for ll,all Dffect,s

BE

HeppeI ond Brenner

Hebernan and Seyre

K

ff velueo ere assigned as

f
r

fì
J

l7 r.

I 50

fol Iows t

- ô oAO anr /^o- Ü.vvü 6ü.ità.,

a 3 cnt.,

- 0.0080 poiae -

3. 12

6rÐr o K 3.I3
5 hr"" present,ed the calculat,ed dat'a of
u, in the form of ê graph of K, ôgôinst the

3. 14

rat,io of the rodius of the sphere to thot of the tube'

For a chosen (./n) retio of 0.?0rcorresponding t,o an r ..'ô1ue

of 2.9 cm., vhich is greet,er than the meeeured radiuß (2.2 cm' )

of the spherical port,ion of the unsynmetricol flootr this groph

yields the valuet

.-q - Iõ

3. lô

3. l?t9"ro

to the renoining parameters of equation¡ 3.12 and 3.13,

t,hen, B . 2õ.Iô , 3.18

and the value of À moy be deternri.ned ot ony desired curre¡lt.

Subst,itution of these volues of A and Br.end o value of

õ0 gm. for M, int,o equetion 3.ll, permite colculot,ion of t,he dis-
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plocement, of en arbitrory point, on the floet,rat a ncrles of tines¡

t. By interpolat,lon, voluee of t, noy then be obtoined of the x

valueg of 0,2 end 0.9 cm. respectively, and the time of transft,

of thc a,rbitrarJr ¡rolnt, (soy thc floot tip) between thesQ positions

found by aubtra,cùion.

Hence e eimulated serlea of measurements noy be gcneratedt

as o funot,ion of the currcnt i, of thc tíme of rlse of the floot

tlp betvoon tro rulings on e telescope reticule.

Tro such Bories are pres€nted in Table 8.2. Series f¡

obtained oB ebove, simuletes ncoÊurementa made on pure rotert

and, serieß fI, sinilerty obtalnod, ¡imulates msa,Burenent,s nodc

on o liquid of tvice the viecosity. the grophs of these data¡

vhÍch are shovn in Figurc 8.8¡ conform cloeely to those obtalned

erperinentally. From this figure it, ca,n be seen that, the lfneer

ert,rôpolet,ion procedure adopted, in their origlnal studyr by

78
M¿olnnee g!'g!. -, ond ln the precursor of thc presenÛ reseorcfirls

only vêlid for tbe Inoro viscous ¡olut,ion. Årrows indicete the

linit,s, of l/A,t,rvithln vhich points vcre obtained in theec ¡tudics.

Thus longer extropolat,iono vere nece6ÉerJr for the more vigcous

solut,lona, ond tbe uncertsinty of the result,s weg consequently

increosed. It is inüerestlng to note that, ln their next studyg

Mclnnea g.¡!,g!. olso abandoned thle procedurc.
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TABLE 3.2

Theorectical AnalYs is of the Motion of the Magnetic Float.

Calculated Rise Times ( At) for Various Current Values.

I.Y)-

I (m.ar)

10

25

32

40

50

O.OOB9 poise = !l-HzO

At (sec., L/At

25.33 0,0395

10.59 0.0945

9.39 0.1192

ó.83 0.L464

5.60 00178ó

rr. j
i (m.ar )

10

25

30

40

50

ó0

0o00B9 x 2

At (sec.)

53.95

' 2L.53

L7.95

' L3.46

1o.77

9.97

L/At

0.0186

0.0465

0.0557

0.0743

o,0929

0,1110
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Figure 3.3. Results of the Theoretical Anal'ysis of the
Motion of the Magnetic Float. (The error, which would
result from the use of a f.inear extrapolation procedure
on poínts obtaíned between the indicated I'imite, ls
shown. ) '
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Densities of Mgllnltol Solutlogs

The densitiee of four mannitol solut,ions et 25oC. r are prc-

sGnted in Table 8.3. Theee densit,ies, vhlch vere shoìtn graphicell'y

t,o be in ercellent {Igroement, vith voluec dctermined by pycnotottylo,

¡.ere mcoeured prior ùo the first of the D.N.Â. density runa, end

based on the some calibrationa.

Densities of D.N'Ä. Solutione

No diecont,inulty vae observod in the relght conccntratiou

depondencc of the dcneity of I).N.Ä. solut,ion¡ et 25oc., vhother

the ¡olut,ions rere prepered by dilut,lon of o concentrat'ed stosk

solut,ion, or by e Eequence of odditlons of such o gt,ock t'o pure

vater. Thia dcpendcnce le ropresented in Figure 0.4r and thc data

ôppea.r in Toble 3.4. The linear gropha obtefned fron the I).N.À.

dilution ¿nd edditlon runs vcrc idcnticol vhen thc uncorrêcted

ooncentretions rere used. A linear greph of (¿ - do)/d ogainat

¿L^ --:aL4 fra^*i^n }¡ncaÄ nn tha y¡icrht e'nelv¡ie of the StOCku¡rli t9^l5uv ¡¡uvu¡v¡¡t

solution, ya.B olso obteined in the lottcr c&soo From the elopc

of thÍs graph, e single partiel ßpcclfic volune, of 26oC.r of

õ01 : I ml . o vog oolculated.

I7 4.

0

It EeJr therefore be concluded that, no change in thc pert,ial

apecific volume occuro on dilutlo'n denoturetion of D.N.A. ot

zõoo., end ttr-ot the voriotlon in dcnaíty of aqueouõ D'N'A,

¡olutions at, this tenpe reture ic pcrfeot,ly revereible oYer thG

oonce¡rtrotio¡ ronge studied. Horever¡ it hes not been cetoblished,
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TABLE 3.3

Deñsities of Mannitol Solutions at 25oC.

Molarity

0.029103

o.064402

0.08981ó

0.116160

Density, d

( g;rn./c.c.)

0.998882

1.00110ó

1.002711

1.004366

O.997O47 gn.,/c.c.

A¿

0.06305

0.06304

0.06306

0"06302

A

c

(Pycnometry)

0.06308

0.0ó306

0.06304

0.06302

l+d

c

d
o

* Obt"ir,"d by interpolation and extrapolation of a linear plot agaínst C.
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represent the data from the D"N.A" addition run after correction by weight

analysis.



I Dilution Run.

Weight* ¡ensity, d

Percent (gm,/m]-.)

TABLE 3.4

Densities of Aqueous D.N.A. Solutions at 25oCo

II .Addition Run.

Weight* * weigtrt Density, d

Percent Fraction (gn./mL.)

^x 1O'

0.001497 O.t497 0.997080

o.oo487 0.487 0.997098

0.00640 0.ó40 o.997Lo7

0.00E10 0.810 0.997115

o"0o97o 0.970 o,997L22

o.o12o5 t,2o5 o.997134e

0.01434 L.434 0.997]-46

0.01751 1.751 ,O,g97L62f

0.02073 2"073 O,997L77

o,o24o2 2.402 0.997193

0.02708 2.708 O.9972O9

0.02991 2.g9L 0.9972229

Footnotes - sêê overleaf

0.00343

0.00478

0.00667

o,0o93o

o.o10B3

o.oL262

0.0146þ

0.0171 1

0.01 99 4

o.o232L

o,02499

0.02910

o. gg zog ga

0 "997095

0.997104

bo.997tL7

o.997r24

0.997133

o.997L44

o.997L56

0.9971ó9

o.997L84

o,g971g3c

o.9972L3

(d-d)
.o

x 1oo

6

24

33

4L

48

60

72

88

103

119

135

L48

(d - do)/d

x 1C'

o,060

o.24L

0.331

0.41 1

0,481

0.ó02

o.722

o.883

1.033

1 .193

L.354

L.484

-¡ê
a



Footnotes to TABLE 3.4

* Uncorrected by Weight Analysis.

** Corrected by Weight Analysis.

a Two weeks afterbhe original measurement an identical result was obtained.

b Drplicates ident:Lcal.

c Duplicates 0,997.L92 and 0.99?193, The former result was obtained t hour

aÍtet dilution, 'the lattex aftex an overnight interval-'

e Drplicates ident:ical.

f Dtrplicates 0.997161rr and 01997161, were obtained with 32.75 mg. and

34"75 mg. weight,s on the float respectively,

g Drplicates identical, andrafter three daysridentical duplicates were

obtaíned of o"997223.

do = 0c997074 grr../m1-.

-l-¡
a
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in the foregoing, thet, a change in the noture of the D.N.À.

didrÍn faot,roccur. Corroborotive cvldcnce to thi¡ effect, i¡

therefore requlred.

Corrobora tive Evidence f or the Denaturation of the D.N.Â.

such evidence ls provided in the results of the spectro-

photonetric studiea made on the solution somples removed from the

ftoet, chambcr during eech of tho D.N.Â. denaity rungo Optical

dcnsity Ee&suroments medc direct,ly, on the solutione removed during

the D.N.A. dílution rur¡, end the D.N.A. additlon runrrespectivelyt

provids the basig for the curves D, ond Àtrin Figure 8.5'

Curve .À, ie baeed upon meaãurement,s mede on the latter rolutionso

aft,er dilution rith sodiun c¡lorldc aolutions to a ooncontration
ì1.

correBponding t,o the optinum opt,ical denelùy neoding (0.434^^),

vith e supporting aelt concentrotlon of 0.9M. The doto ere pre-

scnted in Tebles 3.5 end 3'6.

^-----^ - ¡ ^-¡ lì L--^ o- a l-^-* a^nc4on*- va¡4.i an I aaña FA-
lüC, çl¡¡'YltË 

^ll 
qsu vt ¡¡aYç es u¿uvÞu vvrdvcuv

t,íon, end each indicetee thot the quontity, O.D./Weight percent,

chOnged significant,ly over the range of, conce¡rtretions studied.

The acperation may be interprcted os the i'ncrcmentrin the ordinate,

d.ue to the presencerin the solutione eenpled during the Åddlt,ion

run, of en erceðÊ of dcnatured D.N.Â. ¡ pêrt of thot, formed follov-

lng thc inlt,ial edditions.
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Fígure 3.5. Results of the U.V. Spectrophotometric Studies made in conjunction
with the D.N.A. A.ddition (A) and Ðilution (D) Runs. ¡
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TABLE 3.5

Optical Density of D,N.A. Solutions, I.

Dilution of Concentrated D.N.A. Stock

*
O.D.Concentration

(Vúeight percent)

0.00343

0.00478

0.006 67

0.00930

0.01083

o.oL262

0.01 4ó9

0.0171 I

0.0199 4

o.o232L

o.02499

0.02910

0.00478 + Excess NaC1.

l+ Uncorrected by weight

a O.D. at 259 m.fil.rj-n L

rnagnetic float vessel¡

1.0óa 222

L.46
b 2L9

209

2.24b 207

2eB6
b

195

3, 22b
18B

184

4.4b L79

0.882 a 184

analysis,

cm. silica cellsrof samples removed from

O.D.
Conc.

1,94b

3.67b

b o:D. at 259 n.fl.; in 1 mm. siJ-ica cells.

Experimental Readings x.- 10¡



180.

TABLE 3"6

Optical Density of D.N.A. Solutions. II.

Addition of Concentrated D.N.A. Stock

tf
Concentrationa

(Weíght percent)

0.001541

0,00504

0.00662

0.00836

0.01 001

o.oL243

0,01 478

0.o1804

0.02136

o.02,47 4

0.02790

0.03081

O.D.
1

o:D'1 o.Dr2 O.D.2

Conc. Conc.

oç44

t.67

2r3o

3r25

3.95

4.36

4.99

5.51

6rOó

286

252

230

220

2L3

204

20L

198

L97

o.296

0,930

I.244

L.544

1,85ó

2.24L

3.2L3

3o824

4.380

4.9L2

5.352

L92

185

188

185

185

180

L78

L79

L77

L76

L74

*

4 Uncorrected by I'leight Analysís.

o.D.l - o.D¡ at 259 ^.P.rin 1 mm. Silica cells, of samples

removed from magnetíc float vessel,

E:<perimental readings x 10.

O.D.Z - O.D. at 259 ^.f.rin 1 cm. Silica'ce1Lsrof these samples,

after dilution with NaCl solutions to a concentration corresponding

to the optimum O,D. readingrand a NaCl concentration of 0.2M.

Experimental readings scaled accordingLy¡

*
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A eomporison of the curvea À, and ArrProvidee further

evidence for the occurrence of denaturotion. The lorge d.ecreaee

in the ordinaterproduced by the addition of sodium chloridet

suggest,s that e considereble degree of rrre-naturationrr vea thue

effectedrin thc colutlons ooncerned" It ahould be noted thot a

decreaee to o value, lndiceted by the solid circle, close to the

Ietter curyervee produced by the eddlt,ion of Gxcess eolid sodium

chloride to a solution s¿mpled during the Dilution run.

If ourve D, ic ertropolatcd, its u¡ion vith curvc Agr et e

concentretlon of epproxluotely 0.028 weight, percentr rhere thc

lott,er becomes horizontol, nay be att,ributed t,o the obsence of

denatured naterÍal from the corresPonding solutions.

Evidence thot the original et,ock eolutlonrfor the D.N.A.

Df lut,ion runrcontoined lit,t,le, íf any, den¿tured materielris

provlded from o further Bourc€. Stevortl2 otteined o curvc,

^1.^ -ô ^*a¡{ c4{ a af hoa.t. dcne.l.rrrg*-i¡-,¡1 -f fO¡A 4 gdr:dw of t-.he w-eriet-,ÍOgÙuúl aw v9¡ ¡Þ v¡v e-

of the relative viacosity of e eample of tbis solut,iou vith

temperoture, over the ra.nge 20o - gõo0.
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DISCUSSION

Å volue of 0.OOl I 0.0trfor the part,ial specifio volume (?)

of D.N.A. in aqueous aolut,ion et, zõoC.rras obtolned.

The density dota from vhlch thl¡ quent,ity ves dcterminedrrere

neproducible t,o vithin one part in e nillion, and their greatcat

dcvlation fron o lineer fit vas tvice thl¡ amount.

Roproduciblerend ¡ufficicntly preciec velues¡of the reight

concent,ret,ion of the D.N.Â" etook ¡olutionãruere obt¿i¡ed ucing

thc tcchniquc dcscribed. Apparent,ly, a prolongcd cquilibrotion

obovc o etrong dceiccent, vea neceasorTr ln ordcr thoü all the

ebsorbed rater be removed fron the rcsldues"

Slncco rithin the concenùration ra,nge studiedr denoturot,ion

of the D.N"À. epperent,ly occurred¡ it, ¡eemr reeaoneblc to concludc

that thc obaencc of any inflection in thc lineor concentration

dependcncc of thc aolut,lon dcnalties¡ end thet of the funot,fon

(a - ao)/d, indicetes that no dctcctoble changc in thc portial

rpccifiC volume of D'N"Â.o OoGIlrB on deneturot,ion. It, hes prc-

viourly bcen euggcsted (aec Chopter l) tnet, dcneturation ís not,

usuolly ecconpanied by o chongc in uoleculor vcight,e thet le¡

by o conplete lcperôtion of the tvo ¡trand¡ rhich forn thc doublc

helí¡ of net,ivc I).N.Â"
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0n the basia of the theore tlcel onalyeir prcscntcdr of thc

notlon of thc nognctla float,r end in vier of thc dlscrcpancy bc-

trcen the concentration dependcncc of thc ¡oluüion dcn¡ity obtolncd

in a prellninary studyrond thet, obt¿ined in thi¡ reeearch¡ gcvcrol

cete of current-tlne dat¿ from t'he D.N.A" addition run üGrG tr-

trepoleted uslng the forncr tcchniquer and the corrceponding

dcn¡itiea recolculetcd. It vaa not poeciblerby this úoônãrto rc-

producc thc conccntrotlon dcpendcncc prcvloualy obteinod¡ vhlch

nurt, thercforc rcmoin ln doubù.

This ctudy of the partial epeclfio volurnc of D.N.Ao Tô!

undcrtaken from c phyef.co-chcmical vicvpolnt,; thc ohlef aln being

the dctcrninotion of o noonlngful voluc of thl¡ lnportent quont,ity.

Hencc tt, ls not propo¡cd to ottenpt an erplonotlon of lt¡ ob¡ervcd

oonttoncy ovGr o conccntrotion range vlthin vhich dcneùuretion

may bc prcsumed to havc ocourrcd. Borcvcr, the role of thc

^ --Lt -- -t ^L^ 
ñ ll ¡ 

----^ 
:¡oiveni; in i¡he proceaa of d€nõGufetloa Of -r¡$€ iio¡rioÄr mÊGfo-io¡¡

ney be an inportent, considcration ln thi¡ rcgerd. Eelical naGro-

¡olcsular ¡truotut""l ."" thought to bc mointelned, ln eolutione

by o boloncc of hydrophobic2 end hydrogen bondlng and olaoein thc

coec of polyelectrolyùcr, by thc ¡toblli¡otion of the ¡urfece

ohorgc.
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Conperiron of thc result,s of thi¡ atudy vlth thosc of

prevloua rorkris rendcred dlfficult by the lack of detoil in

soue of the pepers oon¡ulted. Ccrtaln refercncee made in thc

llteraturerto the ¡nrt,ial epecific volume of D.N.Â..¡ refer ln

feot to thc epeciffc volume of the dricd moterial. Thc evoilablc

volucs of the port,iol apecific volune of I).N.À. in oqueoul

soluùlon are¡ 0.628 at an unapecified concentrat,lon of 20oC"8¡

0.62 1 0.0õ bctveen 0,126 and 2.0 perccnt D.N.A. of 80oC.4,

0.õ4 of en ungteted tenperature ond concentrotlonõ, end 0.46¡

0.õ? end 0.6õ for diffcring "*tp1""6" For D.N"Å" dlosolvcd ln

I percent, oqueous ¡odium chloridc ¡olutlona of 26oC., Tcnnent

and Yllb"rot? obtoincd velues of 0.õõ t O.Olrfor conccntrat,io¡¡

of D.N.A. betveen 0.07 ond 0.49 perccnt.
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TABLE 4.1

ReLative Viscosities, Flow Times and Densities of Sodium Chloride

Solutions in Water at 25oC.

c

0.000991

0.001975

o.004949

0o0099¿lO

0"019841

0n024915

ooo47287

0"049810

o.o74684

03099132

o"L24358

0"1491ó8

0"173950

o"198722

0"031483

o"044444

0"070351

0"099698

0"140857

o.t57844

o"2]-7456

o.223L8L

o.273283

0"314853

o"352644

o.386222

a.4L7073

o"445783

801.92

802.68

b

d( grn.,/cc. ) *

0.997089

o.997L28

o"997254

0.997ßL

0.997973

0"998083

0"999008

0"999112

1.00013?

1 "001140

1"002173

1.003186

1.0o419é

1.005204

-,,8 t( sec. )

795.454

795.4ga

795.724

795ng4a

796 n56e

796 "9ob

?g7 "774

798 
"O5b

798.89b

799.90b

go0,9lb

f).(rxpt.) \
1,0002

1.0003

1.0007

1 
"0012

LGOO24

1.0031

1"0051

1.0056

1.0077

1.0100

1.0123

1.0145

1.01ó6

1.0188

A x ro4 çnt ¡ /lc
0.007

0.007

0.010

0.012

0.017

0.020

0.023

0.025

0.028

0.032

0.035

0.037

õ.oqo

0.042

+
.007

(Calc. )f

1.0003

1 n0004

1"0008

1.0014

1.0025

1 
"0030

1 "0051

1.0054

1 
"0077

1""0100

L"OL22

1 30145

1.0167

1"0188

Or5

L.2

1.0

2.0

0.6

- 1.5

0.8

- 2.L

o.2

- 0.3

- 0.ó

- O.2

Q.7

O.2

Þ
¡9
a

b

803.64b



I

Footnotes to TABLE A'.1

do = O.997M7 gn./ec. a. to = 795.31 sec. b. to = 795.25 sec.

*Calculated from the Root equation presented by Jones and Clrristian24.

Þ
cÐ
a



TABLE A.2

Relative Viscositi.es, Flow Times and Densities of Potassiun Chloride

Solutions in ltlater .at 25oC.

c

o.001954

0"004887

o.009754

0.025038

0"049030

o"o74994

0.097851

o.L20943

oo147700

o.t7t72L

o"L97426

.E t( sec. )

795.28

795"29

795.27

794.77

793"88

792"74

791 
"89

790.89

789.79

78 8.81

797 "69

0.044203

0.069904

0"098761

o.t58234

o.22L428

o.27395L

o"3t28L2

o"347769

0"384317

o.4t4392

o.444326

d( gm../cc. ) *

o.997L28

o.997273

0.997498

o"998223

o"sgçgog

1.000573

1:001ó33

1.002718

1.003973

1.005083

1r006298

r]"( F;cnt. )

1.0001

1 "0002

I "0004

1 "0005

1.0005

1.0003

1.0003

1 "0001

1.0000

o.g9gg

0.9996

nr(catc. ¡

1.0002

1,0003

1.0004

1.0005

1.0005

1.0004

1.0003

1.0001

1.0000

o.9ggg

0.9996

0.0o1

0.003

0,004

0.003

0.002

o.0011

0.0009

O.Ooo3: o.ooo3

A ^x 10' (1), - ¡ /-[c
L.4

0.8

- 0.5

- 0.5

- 0.8

O.7

^ O.2

0.3

O.O

- 0.3

0.1

- O.OO01

- 0.0004

- 0.0009

+-0. 002

è
a



Footnotes to TABLE 4.2

*Calculated. by graphical interpolation of the data of Jones and Talley25r r"i.rg

successive approximations to the nolarity of the solutions.

do = 0.997047 gm./cc" to = 795.30 sec.

q
a



TABLE 4.3

Relative Viscosjlties, Flow Times and Densities of Cesiurn Chloride

Solutions in Water at 25oC.

c

o.oo4?92

o.ot2457

o.024904

0.0¿18639

o.o72L75

0"074560

o.098295

0.123986

0,148ó68

o"L7324L

o.L97 446

o.197801

.tr t(sec. )

794.7Le

794.10b

792.55b

7gg.05a

786.g2e

7g6. 01b

7B2.4ga

779.sLb

776.L6b

772"g5b

769.4g^

769,89b

o.069227

0.111611

0"157811

o.220543

0.2ó8655

o"273057

0"313520

0.351 975

0.385575

o.4L6222

o.444349

o"4447 48

d(gm./cc.T

0.997ó5

0"99867

1.00027

1.00331

1.00638

1 r006ó6

1.00969

L.OL297

1 "01ó12

1.0192g6c

L.O2239Lc

L.02240

l)r(ExRt. )

1 "0000

1"0001

0.9997

0"9985

0.9978

0,9978

0.9965

0 "9957

0"9945

0"9935

o.9922

o.9926

t (Ca1 c. )r
1.0001

1.0000

0.9996

0.9997

0"9979

o.9977

0.9967

0n9956

0"9946

0.9935

o.9924

o,9924

Ax 104

0.8

_ 1.0

- 1.3

1.ó

o.2

- 1¡O

L.7

- 1.1

o.2

- O.2

2.4

- 2.3

0.ooo1

0.0000

- 0.0002

- 0'0007

- 0.0008

- 0.oo0g

- 0.0011

- 0.0012

- 0.0014

- 0.0016

- 0.0018

- 0.0017

(l), - Ð /afc
+

+

.00050

o o004a

Þ
cÞ
a



Footnotes to TABLE 4.3

* The densities indexed c were determined experirnentally, and the remainder

obtained by graphical interpolation fron the total of five measured values,

(see Table B.1).

do = 0..997047 gm./cc. a. to = 795.1ó sec. b. t = 795.35 sec.
o

'-¡
a



Relative Viscosi-ties

TABLE 4.4

Florv Times and Densities of Sodiurn lodide

c

0.009840

o.0247 54

o.o49423

0.074399

o.09772L

o.t222go

o.t46557

o.L72t33

0,198000

aÃ t( se c,. )

79 5,Ct6a

793.9,74

792.2igb

7go.-"i5b

7g8,6,6b

786. ?',8b

78 5.01b

783.cl1b

7g1.1Oa

(CaLc. )t

1.0006

1.0011

1,0017

L,OO22

1,0026

1.0031

1.0035

1. OO39

1.0043

Ax ro4

- 0.3

- 0.9

- 0.5

0.8

0.3

0.6

- 0.1

0.9

- t.2

o.099198

0.157333

o.2223L3

o.272762

a.3t26O4

0.349ó85

o.382828

0.41 4889

o.444972

Solutions in Water at 25oC.

d(gm./cc.) * f).(r*ot.) t
o.gggooc

0.99988ó

1.002713

1 .00556 5

1.008216

1,011038

1.013809

L.OL6728

1.019688

1.0007

1.0012

1.0017

1.0021

1 f0026

1.OO3O

1 "0035

1.0038

1.0044

@
a

* The val-ue indexed c was determined by graphical interpolation from

the measured densi.ty values, (see Table 8.1).

do = 0.997047 gm./'cc. a. to = 795.30 sec. b, to = 795.43 sec.



Relative Viscosities

TABLE A.5

Flow Times and Densities of Potassiun Iodide

c

0.009905

o.024367

0.048594

o.073362

0.09ó931

o.122t33

o.r47L73

0,171596

o.L976O2

-rE

0.099523

0.156101

o.22O44t

o.270854

0.311337

o.349476

0.383632

o.4t42.4L

o.444524

t( sec. )

794.O4

79L.97

788.21

784.46

780.90

777.O7

773.29

769"42

765 "66

t')r(Expt,)

o.9gg7

0.9988

0.9970

o.9952

0"9935

0.9916

0.9897

0r9876

0,9858

9r(carc. ¡

o.9997

0,9998

o.997L

o.9952

0.9935

0.9915

0,9896

o.9877

0.9857

[x ro4

Solutions in Water at 25oC.

d(gm./cc. ) *

0.998236

0.999988

1.002906

1.005879

1.008718

L.OLL74L .

L.Ol47 45

L.017677

1.020811

- 0.1

- 0.8

0.6

0.4

- 0'1

- 0ç3

- O¡ó

1.5

- 0.8

(o
a

* See Table 8.2.

do = 0.997047 gn/cc. to = ?95n23 sec,



TABLE .å..ó

Relative viscorsitíes, Flow Tines and Densities of cesiurn rodide

Solutions in Water at 25oC.

c

0,0019 45

0"004886

o.024489

03049117

0.073959

0"09ó730

o.120467

a"14ó975

o.L7L234

o.L97L2L

0.044098

0.069899

0.156491

o.22L623

o"27L954

0.311014

0.347084

0.383373

0.413804

o.443983

aÃ t(sec.)

794.')t

794.,40

790."2L

793..50

777 .,5L

772.tJL

766.,46

760 
":Lg

754.:JT

748"1i2

d(gm./cc.)*

o.997436

0"998028

1.001977

1.006965

1.011984

1,016567

1.021355

L.026687

1.031579

1 "036820

11r(r*pt. ¡

1.0000

o.9g9g

0,9980

0r9950

. o.9924

0.9999

0,9873

0"9843

0.9817

0 
"9 

789

l).(Cat c. ¡

0,9999

0.9997

0.9979

0.9951

o.gg24

0r9900

0.9873

0.9844

0.9817

0.g7gg

Ax ro4

- 0.3

- 2.3

- 2)5

1.0

1.O

1ró

0.3

0.5

- 0.3

- 1.3

Þ
o
o

It See Table 8.1.

do = 0.997047 gm.,/ct:" t
o = 795.24 sec.



TABLE 4.7

Relative Viscosit;ies, Flow Times and Densities of Potassium Bromide

Solutions in ltlater at 25oC"

c

0.001968

0,004910

o.024673

0.049719

o.07374L

0.098188

o.L23768

o.L48O23

o.L72543

0.198011

.F t(sec. )

795.:t0

795.1.L

793"i15

791;03

788"çr1

786.(r0

783.91

791 oó0

779 
"48

776 "8L

o"044364

0"070070

0.157075

o.222978

Q.27L553

0.313349

0"351807

0.384738

0"4L5383

o"444984

d(gm./cc.) *

o.9972L6

o.997468

0.999145

1.001270

1 "003295

1.005368

1.007525

1 
"009565

1.011629

1" "013780

t

1),(Etçt"¡

1.0001

1.0002

0"9996

0.9988

. 0.9982

0"9973

0o9960

0.9951

o"9944

0"9931

1),(Crt.. ¡

1.0001

1.0002

0.9997

0.9989

0.9990

0.9971

o.9962

o.9952

o.9942

o.9932

Âx ro4

0.0

- 0'1

0.8

0.8

- L¡2

- 1.6

1 4)

. 1:1

- 1¡9

0.9

Þ
a

* See Table 8.1 ..

do = 0.997047 gn./c<:..
o = 795n32 sec"



TABLE 4.8

Relative Viscosities Flow Tirnes and Densities of Tetra n-Pro 1 Ammoniurn lodide

Solutions in Water at 25oC.

4c

0.000076

0"000992

0.002005

0.004990

o"o49L22

0n073900

o.o94347

0.111281

a.L42276

0"165012

0.189923

.tr t(sec. )

445.O5

446 
"O4

446"54

447 "57

46L"53

469 "24

475 "89

481.ó3

492.22

500"19

509 ,41

.A,x 10

4.2

a J¡J

* 3c5

0.5

1.6

2'4

0.6

* 2.8

* 214

t.2

0.8

0.008689

0.031499

o.044774

0.070639

o"22t634

o.27L846

0.307159

0.333588

o.377L95

o"4o62L6

0.435802

d(gm",/cc. )*

o.997047

0.997109

0.997178

0,997360

1;000137

1.001705

1.003004

1 "004080

1 "006051

L.007499

1.009107

1)r(fr.pt. ¡

1.0000

1.0023

1 noo35

1.0060

L.0402

1.0593

r.o757

L "0899

1.1160

L.L357

1.1585

I (catc.)

1 ¡0004

1.0020

1.0031

1.0060

1.0404

1.0595

L 
"O7 

57

1.0895

L.LL57

1 11358

L .1 585

(r)Ji - n /ll

0.073

0.078

0.085

0.182

0.219

o.246

o.269

0Ç307

0.334

0,3ó 4

¡\?
o

* These density data are presented separately in Table 8.1 G

do = 0.997047 gm./cc. to = 4â,5n05 secn



TABLE A"9

Relative Viscosities Flow Tines and Densities of Tetra n-P Ammonium Bromide

Solutions in Water at 25oC.

0.0000007

0.000019

o.000125

o.000997

0o0o1871

o.004905

0r0144O4

o.024625

0.049398

o"o73ß7

ooo94720

0.118788

o.L4294t

o.ooo837

0"004393

0.0111ó7

0.031574

'o"a43257

0.070036

0"I"20015

0.156923

o6222256

o.27LO47

0.307765

o"344ó56

0,378075

t( sec. )

444ê73a

444"74rÀ

445.2L4

445"73b

x10

o.27

1.5

- 614

- 5.2

* 6.7

- 2.5

- O.5

4.9

5.4

L.7

- 3.2

- 2.9

- 2.9

+0.1 -
0.070

o.o77

0.084

0.11ó

0.139

0.189

0,23O

o.263

o.296

o.327

c nõ d(gm./cc")*

o.997O47

01997048

0.99705

0.99708

0.99710

0,99716

o.99742

0.99770

0o99840

0399906

0.999ó4

1.OOO35

1.00107

9.(E*pt";

1.0000

1"0000

1.0011

L"OO22

L"OO27

I 
"0056

1 "0139

1"0218

L"A42L

L.0624

1 n0810

1 "1020

L"1237

Ðr(catc. )

1.0000

1.0002

1.0004

1e0017

1 
"0033

1.0059

1 
"0139

LoO223

L"Q426

1 "0626

1.0807

1 
"1017

L.L234

4 (9, - o/lc

0.04

b
C¡¡
o

446"22

447$2b

450.754

454"Llb

462"84b.

47L.57b

47g u4sc

4gg.41c

4g7.6gc



TABLE 4.9 (Continued)

Relative Viscosities Flow Times and Densities of Tetra

Solutions in Water at 25oC

1 Ammonium Bromide

c .E t(sec. )

4gg"1la

506.76c

5161 45c

d(gm,./cc. ) * T r(E*pt.¡ 1) 
"(Caf 

..¡

1cO01i,L L.I246 L.L247

1 o00250 1 "1450 1 "1450

1.00177 L "L677 LÃ679

A x ro4 (1)r t /{l
111

0.1

2.L

o1L44399

00166291

0.1903ó1

0.379998

0.407788

0.43ó304

0.328

o,356

0¡384

È
3

32aa* Calculated by graphicat. interpolation of the data of C. Pepel

do = 0.997047 gm.lcc.

â,.t =4.44.73sec.o
b.t = 444n76 sec. c. t

o = 444¡69 sec¡
o



TABLE A.1O

Relative Viscosit;ies Flsw Times and Densíties of Sodiurn Chloride

Solutions¡ ín Aqueous 20 Percent Sucrose at 25oC.

c

o.001098

0.002183

o.Oos3âr

0.011090

O"O2O722'

o"028244

0"056022

0.05ó653

0.080237

0nI09123

o"L42622

o.1ó8645

0.190787

o"202452

^F t(sec" )

t4oz ntga

L407 ß64

14og "1óa

14Og,144

140g.964

1409.36b

L4L2.ilgb

1414"004

L4L5.26b

1417.99b

L42L.L7b

L423"sgb-

L425.65b

L427.Ogb

,(Expt. )

1"0003

1.0005

1.0011

1..0020

1.0030

L 
"OO42

L.OO72

I 
"0071

1",0099

L.OL29

1 "0164

1 "0190

1 "0213

L "0228

¿\x 1o

0.8

1.3

- 0.4

- L"4

1.5

- I.7

0.0

L.2

- 1.1

- 0.1

0.6

1.O

0.8

- L.7

d(g¡n.,/cc. )* t
1..O7g40c

t.,07945c

1".O7g57c

1.O7g79c

l".og015c

1..0804¿10

lL n081552

lL 
"og153c

\.082466

:! 
"083573

1..084830

n,085816

li.oB669c

lL.08714c

nr(catc')
1.0004

1.0o0ó

1 "0011

L 
"0019

1.0031

1,0040

tooo72

L"OO72

1"0098

1"0129

1.0164

1 o019L

L.O2L4

L.0226

(\t - n /Jl
+
- 0.006

4

0.033130

o.046722

o"073354

0"1-05307

o.143953

0.168061

o¡23ó690

0"238020

o"283262

0o330337

oc377654

0"410664

o"436792

o.449947

0.009

0.010

0.01ó

0.019

0.021

0.025

0"030

0.030

0.035

0.o39

0.043

0.046

0.049

0.051

Ol
3



Footnotes to TABLE A¡10

* The values indexed c were determinedrby graphical interpolation and extrapolation,

frol the measured density values (see rJure 8.3).

do = L.O7g37 gtr./cc.2l

e. to = 140ó"82 sec. 6. t9 = 1405.38 sec.

€D
a



TABLE 4.11

Relative Viscositi.es. Flow Times and Densities of Potassium Chloride

So1 utionsi in Aqueous 20 Percent Sucrose at 25oC.

c

o"010269

0.026963

o.o54727

o"083ó48

0.1_07788

0.1431 1ó

0"1663ó0

o"L89794

o"2L3978

-'r. t( sec. )

L4O5"434

1404.óOa

L4O2"57b

b
1400.71

l-398.86
b

1396,OOb

1393 "ggb

L3g2.Ozb

1390.1 lb

0"101334

0.1ó4205

0"233938

o"2892t9

0.328310

0,378307

o"407872

o"435654

oo462578

*

d

<1( gm ../cc. ) *

L.Olggzc

1.08058c

1.081803

1.083648

1 .Og 412c

1 "085608

L.086592

1.087598

1.Ogg55c

nl,(E>.Ot, )

1 
"0002

1.0003

1.0004

1,0000

0"9998

0"9992

0.9986

0.9981

o.9976

4.) (catc.)

1,0005

1.0005

1 "0003

0.9999

0.9996

0.9990

0,9986

0.9982

0.9978

(t - - D /-'lc
o.oo2 1 o.ooz

o.oo2

0.001

o.ooo21 o.ooo2

* o.0oo5l 0.0006

- o.oo2

- o.oo3

- 0.0043

- 0.0051

4¿\x 1o

219

2.L

_ 0,5

- 1.0

- 2.4

- 1.3

O.2

0.8

L.4

-¡
e

The values.indexed c were determinedrby graphical interpolation and extrapolationrfrom

the measured density values (see Table 8.3)o

= L.o7g37 s ./".?L

a. to = 1405.74 sec" b. t
o = Lß5.24



TABLE 4.12

Relative Viscosities, Florv Tirnes and Densities of Cesium Chloride

Solutions in Aqueous 20 Percent Sucrose at 25oC.

c

0.005254

o,013093

0.02ó50ó

0,052805

o.o8t225

0,106814

0.135579

0.1ó1167

0.188191

o.2L38L4

.[; t( sec. .)

1405"86

1404.1()

1400.8:l-

1395.0.5

1387.99

1381 
"90

L374.88

1368r94

L362.65

13ó5.70

4

o.072487

o.LL4426

o "162807

o.229793

0.285000

o.326824

0.3ó8210

0.401 45 7

0.433810

o.46240L

d(gm./cc.) x

1.08001c

1.0g101c

1.082711

L.085986

1.089507

L"092675

1 "096184

1.099348

1.102677

1.105856

l)r(s*nt. )

1.0001

0.9999

0"9990

0.9979

o,99ó1

0,9946

o.992?

0,9913

0.9897

0.9882

t (Ca1 c. )r
1.0000

0.9998

0"9991

o )9977

0"9961

039946

o.9929

0n9913

0"9897

0o9881

z\xlO

- 0.5

- 0.8

t.2

- 1¡9

O.2

0.1

I.7

0.6

- O.2

- 1.1

Ø
o

ls The values indexed c were cleterminedrby graphical extrapolationrfrom

the measured density values (see Table 8.3).

d =Loo7g37g.¡...2L t =1406.56sec.oo



TABLE A.13

Rela,tive Viscosities, Flovr Times and Densities of Sodiurn lodide

Solutions in Aqueous 20 Percent Sucrose at 25oC.

c

0.010594

o.026769

0.053917

o.o79457

0.1 06864

0.1345ó3

0.1ó141ó

0.183685

o.2L3845

o,Lo2925

o.163ó13

o.2322OL

0.281880

0.326900

0.366828

0.4017óó

o.428584

o.462433

t( sec. )

1 40ó.g 5e

t4o4.54b

1401 
" 

7ób

L399,4Ob

L3g6"46b

1393.18b

L3gO.42b

1388.13b

t385.26b

rE d(gm,./cc. ) *

1.080591

1.082391

t-.085379

1 
" 

088 197

L.O9L237

L"094252

L.O972O9

1.099648

1 "103053

a)r(r*pt.) \
1o0o1o

1.0014

1.0021

1.OO3O

1 "0037

1 
"0041

1,0049

1.0054

1.0065

(Calc.)r
r"0008

1,0014

LeOO22

1,0029

1.0037

1"0044

1"0050

1.0055

1,0062

Àx ro4

- 2.6

0.3

1r0

- 1.0

- 0r8

2.t

t.4

0"9

- 2t4

o
a

* See Table 8"3"

du = 1.o7g37 gÍt./cc.2L

a. to = 14O7.10 sec, b. to = 1406.56 sec.



TABLE 4.14

Relative Viscositi.es Flow Times and Densítíes of Potassium lodide

Solutionsr in Aqu eous 20 Percent Sucros e at 25oC.

4

o.005288

o.026ó86

0.053250

0.080586

0 "10654ó

o.13262L

o.159232

Q.186423

o.2L3635

AE
o"o727L7

0.163359

0.2307ó0

o"283877

o.3264t3

o.364172

0.399039

o.43L767

o.462207

t(sec. )

1403.60

1398.03

1390,511

L382.9:L

L375.84

1368 ¡59

13ó1,3(i

1353.8tC

t346.8'7

2L

1)r(r*pt.¡

0.9998

0.9982

0.9955

0.9930

0¡9906

0.9881

0.9856

o.9829

0.9807

.f'l (Ca1c.)rr
0.9997

0,9979

0.9955

0.9930

0.9906

0"9882

0,9857

0.98 31

0.9805

¿\x 1o

- 0.3

- 2o4

013

0.9

O.2

0r8

0.5

1.6

- 2.4

c

* See Table 82.

d( g¡n.r/cc.) *

1.079879

1.082460

1.085408

1 "088565

1.091557

L"O94564

1.097611

l. "100745

L .1039 40

t = 1404.59 sec.

¡9o
o

do = 1.07937 gm./cc.
o



TABLE A.I.5

Relative Viscosities' Flow Times and Densi.ties of Cesiurn lodide

Solutions in Aqueous 20 Percent Sucrose at 25oC.

c

0.002075

0.005375

0"026588

0,054010

o.082249

o.Lo527Z

0.131690

o.r57792

o.L84922

0.045550

0.073314

0 "Ló3059

o.2324OO

o.28679t

o.324456

0"362891

o.397230

0.430025

t( sec. )

1405.0ó

1 403 r83

1394,30

L382.4.3

]-370.44

1360.05

L348.1',5

L336.94

L326 )2,6

d(gm.,/cc. ) *

L "0797 
45

1.080400

1.084531

1.089909

1.0952094

1,099949

1.105125

1.1104964

L,LLs5244

t')r{Etæt. )

o 19999

0.9996

0.99ó6

0,9930

0.9892

0.9860

o.9824

0.9785

0.9751

f) (catc.)r'l

0n9999

0.9995

0.9967

0.9930

0.9892

0.98óO

o.9823

o.9787

o"97 49

A* ioa

: 0'4

- 1.5

1.0

_ Or1

- 0.5

0.3

- O+4

2rL

- 1r5

AE

19

a

tt The values indexed a may be in error by I

smitted from Tatrle 8.3.

do = 1.07937 gm,/cc.zL tn = 1405.70 sec.

O.OOO2 gm./cc, and are therefore



TABLE A"1ó

Relative Viscosities, Flow Times and Densities of Potassium Bromide

Solutions in Aqueous 20 Percent Sucrose at 25oC.

,c

0.002120

0.005503

0.026659

0.051672

0o080904

0.106649

o,L29t78

0.160959

0.191439

o.2L4234

.lT t(sec, )

1406 o98

1406.:53

L4O3.,47

1399 . t33

1"393.40

1389.44

1394,80

L379 "t5
L373.93

L37O.34

'* See Table 8.3.

d(g¡n.,/cc.) *

L.079625

1.079900

' 1.081599

1 "083607

1.085950

1.088084

1.089819

1.092368

1.094806

1.09ó682

t

n,
I

( Expt, )

.0004

fì (c"t". )

1 "0002

1.0002

0.9995

0.9983

0.99ó8

0.9954

o.9942

o.9924

0.9907

0.9894

Axro4
- t.7

- 1.1

- 2.2

- 1.1

2.9

- 2rl

2.9

2.5

o.6

- 3'ó

0.046039

o,o7 4L82

o.L63277

o.2273t6

o.284435

o.32657t

o"3594L3

0.401197

o.437537

o.462854

1.0003

0.9997

0.9984

û.9965

0.9956

0.9939

o.9922

0,9906

0.9897

Þ
T\?
¡\9
a

do = 1.07937 gm./cc.2t
o = 1406r78 sec.



Bl.

.ô.PPENDIX B

DENSTTY D.â.TA

Reference nrütrbera opPly to Cha¡rter I of Pert I

of the main text.



Densit,ies o fÅn

B,2.

TABLIì B. I

ueouô so lutions of Elec

-''F d E"pt,.
(gm,/cc. )

Ceaium Chloride

0.096847 0.908234

0.2230õ3 1.003444

0.81ólg2 1.009796

0,419222 1.019286

o.444349 1.022391

Sodlum Iodidc

0.167333 0.999886

0.222313 1.0027 l3

o,272762 1.005665

0.312604 1.008216

0.34968õ l.0llo38

0.882828 1.018809

0,414889 1.016?28

o.444972 1.019688

trolvtes at 26oc.etb'

6
c

0.009379

0.049?ó3

0.099308

0" l?3241

0.197440

0.024764

0.049423

0, 074899

0.097?21

0.122280

0.1465õ7

0. t72183

0.198000

d Calc.

0.998262

1.008436

t. 0097 98

1.0t9286

1.022391

0.999882

1.00270õ

1.005562

1.008229

l.0l 1035

I,013809

1.0t6791

1.019684

Axl0

lg. 0

7.5

2.0

0.8

0.8

3.9

7.7

2.9

13.0

2'5

0.9

2.6

tJo I



88.

.ÀBLE B. I Cor¡tinued

Àoueoug Solution of Elect,rolvtes et z5o0.etb'

T

Denaities of

1c d Erpt,
(gn./cc. )

CeEiun Iodidc

0.044099 0.997436

0.069809 0.008028

6

0.00194õ

0.004886

0.024489

0.0491 l7

0.0?3969

0. o90780

0.120467

0.14697ó

0. l?1234

0. l9? 12l

0. lõ6491

0.221623

0.2? 1954

0.81 I014

0.34?084

0.888073

0.418804

0.443983

I,00r9T?

1.006986

I,0l 1084

1.016õ67

I . 02 135õ

t.026687

t.031ö78

l. 036820

d Colc.

0,997440

0.998038

1.001990

1.006960

I,0l l9?2

1.01666õ

1.02 1858

I,026698

1.081689

1.036808

Ax l0

3.0

5.õ

13.0

5.0

- 12.0

1.9

2.6

ll.0

Il.0

- l2'0

c



Dcnsities o

84.

TÀBLE BJ Conti.nuerl

f A.ouoous Solutio!3s of Electnolvtee ôt 26oc.etb'

t-
-ri c u *ra.

(gr./"", )

Poteseium Bromide

0.044384 0.09?210

0.0700?0 0.997468

0.167075 0.999145

o.222978 1.00r270

0.2716õ3 1.003295

0.319349 1.005368

0.851807 1.007õ2õ

0.384738 1.009õ66

0.41õ388 1.011629

0.444984 r.018?80

d Calc.

0.9072 t5

o.007466

0.999144

r.001267

I . O03299

1.005365

r.007624

l. 009568

t. 0l 1638

r. 01377ô

A,x

I.3

8.0

I.l

8.2

4.3

8.1

1.4

9.2

4.1

4.2

t06c

0.001968

0.0049r0

0.0246?3

o.049719

0.0?3?41

0.098188

0. 128768

0.148023

0.172643

0. l980ll



85.

T.âBLE B. I Co¡rti.r¡uod

ïì an *lao af À^

c

0.000076

0.000992

0. o02005

0.004990

0.024492

0.049L22

0.073900

o.094347

0. I I tzgl

o.L42276

0.165012

0.189928

sl ueous Solutions of El ect r.a I vl,a a

ntr u*n*' dcrl"'
(gn. / cc.\

Tetro n-Propyl An¡nonium Iodide

0.008889 0.997047 0.097052

at Psoc.o'b'

Ax 100

0.031499

0.044774

0.070630

0.166õ01

0.221634

0.2? 1846

0.3071õ0

0.833588

0.877195

0.406216

0.435802

0.99?109

0.997178

0.997360

0.90858õ

t.000137

I. 001705

1.003004

1.004080

1.00605I

1.007409

1.00910?

0.997 l0g

0. 997 I 72

0.997359

0.998583

1.000186

l. o0l?0õ

1.003002

1.004079

1.006054

1.007506

1.009100

4.'tr

0.I

õ.9

r.2

1.9

0.6

0.3

l.g

1.0

3.2

?.3

6'7

ô. The Poto¡sium fodide dete ere presGntod ia Table 8.2'

b. do r 0. gg7Û47 gr.fcc.



B6'

TABLE 8.2

Densit,ies end App{rrent Molar Yolumes ( of Potessium fodide

Sol tions in lï'ater ond in Acueous 20 Percent Sucrose at 2õoC.

6Ax t0 {

t")

c

0. 009905

o.024397

0.048594

0.073302

0. 09693 I

0. t22133

0. r47 173

0. I7 lõ96

0. I9?602

0.099õ23

0. 156l0I

0"220441

0 " 
27 0854

0.3 I 1337

0.3494?6

0.383632

0.414241

o.444624

Colc"

e

0.998241

0. 999994

l. 002901

1.00õ880

I. 0087 l4

1.011743

I 
" 
014760

l.0l?088

l. 020804

6.4

-4.0

- õ.2

1..4

- 3.8

l.g

õ"5

6.7

- 7.2

-,/T d E*pt. d

(gn"/cc"\

Aqueoue Solutions

0.098230

0.999088

1.002906

I " 005879

I .008? 18

l.0lI?41

1.0t4745

I . 0 l?077

1.020811

(cc.fnole)

46. I

45.4

45" õ?

45.7 6

45,7 4

4õ.83

45.89

46,92

4õ.98

v



BT.

TABLE 8.2 Continued

")
Anoarent Molar Volumee ( of Potosslun Iodidc

in Weter end in Âoue 20 Percen t Sucr sc at 26o
o

6

t

e

Denslties end

solut,lons

c

0.0õ32õ0

0.080ó80

o.100õ46

0.132621

0. lõ9282

0.186420

0. g 1308õ

o.2888?7

0.326413

0.864LT2

0.399030

0.4Í1176?

o.462207

l" 088õ6õ

1.091õõ7

1.0e4õ64

1.097011

l. 100746

l. 103940

1.088õ60

1.091548

1.094548

I . 09702 I

l. 100?69

I 
" 

103925

A x trO

20

-14

-16
lo

24

-lõ

(cc./nolc )

48"'l

4g"l

47,8

47,7

47.97

47.67

47 "89

a

fr dürpt," dc*to.

(gr./"o. )

20 Percent, Sucrose Solutionsb

0.230760 1.08õ408 1"08õ498

Y

õ

Eo

b.d

d - 0,99?047 gn.fcc,

- 1.0?98? g^.fto"zl
o

o



88.

TÂBLE 8.3

tien of Solut,io of Electrolvt'es in Àoueous

Po Percent sucrbse et 2õoc.1to'

t

¡a d Erpt,.
(s ,/"o.l

Sodiun Chloridc

0 
" 
168001, I. 080440

0.280690 1.081552

0.283262 1.082466

0.33033? 1.0836?3

0.33?654 tr.084890

0,410664 1.086816

Pot¿¡eiun Chloridc

0.238938 1.081803

0.290219 1.088066

0,3?8307 1.08õ608

0.407872 1.086692

0"43õ6õ4 1.087õ98

-'F d
Calo"

1.080468

1.081õ38

¡.. 082466

I 
" 
08850õ

1.08483õ

1.08581?

1.081801

l. 08306 I

l. 08õ6 14

1.086900

I" 08?õ89

Ax toó

o.028244

0.0õ6022

0.080237

0.109128

o.142622

0.16864õ

0,054727

0.083648

0.143110

0.106860

0.189?94

2.8

- 1,4

- 0.1

- 0"8

0.õ

0.1

- 0"2

- 0.6

0.0

0.8

- 0"9



80.

TABLE 8.8 Continuell

Dcn

0. 026õ06

0.0ó980õ

0. 081296

0. l0ô814

o.185õ79

0. l0ll6?

0.188191

o. g ls814

0.010594

0.026?69

0,06891?

0.0?945?

0" 106804

0" 134õ63

0. l6l4l6

0.188086

0.2 1084õ

tl¡r of So

P¡rcent Srrcrose of 2óoC.ôtb"

1c d E-pt.
(s./"t.\

Cc¡ium Chloridc

o" 10280? 1.o82?!.1.

0.229?98 1"086986

o.286000 l'08960?

0.320824 1.092076

0"308210 1"096184

0.40145? 1.099848

0.483810 l.1020?T

o"462401 l.105860

Sodlun Iodlde

0" t02926 1.080õ91

0" 163618 1.08239tr

0"¿32201 1.08õ3?9

0.281880 1.08819?

0.326000 1.09123?

0.860898 1.094262

0.401?66 1"09?209

0.428684 1.099048

0"402439 l.1030õs

trol.rte¡ Ln Àoucou¡

d A¡roõCelo.

I I ônl of Elec

c

1,.082092

1.0859?0

1.089498

1.09266õ

r.096216

1.099366

l.10268?

tr. t0Þ829

n,080õõ9

I 
" 
082858

I 
" 
08õ866

1.088104

!.09122S

1.094279

I 
" 
09?20?

I "090686

I. 108000

- 1.9

- 1.6

- 0"9

- 1.0

8.1

1.8

1.0

- 2"7

- 9.9

- g.g

- log

- 0.3

- 1"4

' 2.'l

¿"9

floS

- õ.8



Bl 0.

T.ô,BLE 8.3 Continuad

ion¡ of Elect,rolvtes in Âoueou¡n¡ltlce of Solut

2O Parcan of .g5oc.ôtb't Sucr rìt G

c fr dE pt,.
(gm"/cc" )

dc" 
Io 

"

A¡ loõ

0. 0020?6

0.00õ3?õ

0" 020õ88

0.064010

0.1052?2

0.181090

0.2 I 3 lõ7

Cesiun Iodldc

0.04õ6õ0 1.07974õ

0.0?3314 1.080400

0.160050 1"0846s1

0.232400 1.089009

0.324460 1"099949

0.362891 l. l0õlgõ

0.401690 l. l¿1293

1.079??0

I 
" 
080409

1.084õ29

I 
" 
080888

1.00994õ

l. l0õlõ2

l. l2l2gõ

g.õ

0.0

-.0.2

- 2..6

- 0.4

2.7

- 0.9



Bll.

it,i

TABIJT 8"3 Cont,inue{

Solu EIec I IN

20 Pcrcent, sucrose of 25oc.etb'

dc -lE- Þrpt.
(s./"".')

Poteeeium Bronidc

1.079883

l. 081609

I 
" 
083607

1.08õ950

l.0BBo84

1.089819

t.092368

1.094806

1.096082

d AxroõCalc.

0.006503

0.026659

0.0õ1672

0.080904

0.106640

0. r29178

0.1609õ9

0.191439

o.214234

0.074182

0.163277

0.227916

0.284436

0.326õ7 I

0.369413

0.40r 197

0.43?õ3?

0.402864

1.079825

l. 081õ61

1.083599

1.08596?

1.08804s

1.0808õ4

1.092398

1.094828

l. 096641

- ó"8

- 8"8

- o.g

'1..7

- 4.1

3.5

8.0

2.2

- 4.1

ôc The Poteseiun lodÍde doto ôre presented

in Table 8.2.

b.d
o

1"0?93? g "fo".2I



Cl.

APIENDIX C

COMPUTtsR PROGRÄIúS

I. Lcost, Squoree Progren for fitt,iDg Yisooolty Iloto

to the Joncs - Dolc Equotl'ont

Progran .I0NDoL.

2" Lee¡t Squares Program for fitt'ing Vlecoatt'y Deto

to the Extendcd Jone¡ - Dole Equetlonr

Drogrem JDAI'IDS.

8. Lea¡ü Squores P¡ogrom for fit'ting Denelt'y Ibto

to the Root Equotionr Progron ROOTEQ'

4. ErplenetorY Notoa.



Q2.

I. Lcaat Souore8 Proqram for fitt,lnE ViBcositY Dot¿ to thc

Jones 1Dot" Equttion. (Eqt '

Prosrom J0NDOL.

PRoGRAII JONDoL( TNPUTT OUTPUTT PUNCH )

DrMENsr0N u (so ) rT(30 ) rx (ao ) rz (30 )'Yc (30 )' DEt(s0 )

t0 nEÀD 20rNrMrD

20 FonMAT(2r2rF9"O)

rF(N)rlrllrlz

T2 PRINT 2I

sl FonMAr(rHr)

D-F-G-S-T-V-0

24 READ 22, (U(r)rY(r)rt.trt't)

Zg FSA[,¡AT( (¡r9.? rFg.6rFlg.? rFg.6rF1O.? ¡F9" 0rf'10.? rF9"6) )

D04I.l ¡N

x(r )-sgnr(u(¡ ) )

z(r )-r(r )-o

E.E+X(t )**2

F.F+X(t)**3

O-O+X(t)**4

S.s+z (r )*x(r )

T-T+Z (r )*¡(¡ )**s
V.V+Z(r )**g

4 CONTINUE

E. (s*F-T*s )/ (P**s-E*c )

r-(s-n*r)/n



C8'

X)O{-N

$I-(v-À*s-B*T)*c/( (xxtt-¿. )*(n*o-r**e ) )

sEa-s0RT(sa)

sB. (v-ArÉs-n*r )*n/((xxtl-z. )* (n*o.Fr*2 ) )

sEB-spRT(SB )

PRINT I3

PTJNCH I8

roFonMÀt(son Å B )

PRrNT t rArB .l

PIJNCtr lrArB

r roru,fÂT(2Elö,6)

PRINT 18

PLNCH l8

r8 roRMÄr(//eoa sEA sEB )

PRrNT l?rSEÂ',rSEB

PTNCII l?rSEl\rsEB

I? FORMAT(ZErO.e)

PRINT 16

PUNCH 16 I

rõ F0RMAT(//ø+fl c nc rcAL

,r)

N-ltxN

DOöI-l ¡N

Yc ( I )-D+a*x ( r )+¡ttu( ¡ ) -

YEXP DIFF



C4.

DEr(r)-Yc(r)-v(r)

pRrNr I,u(r ) rx(r ),rc(r ) rY(r), nru( r )

p{JNcH 3 rn( r ) rx(r ) rrc(r ) rr(r ) ronl(r )

3 Foru4^T(anrr.? r2Flo. 6rElo. r )

ó CONTINUE

rF(M)ro, ro,6

6 R$ÄD 2SrHrrSTrH^

23 F0n¡úÄT(F9. ?,F10.? rFlO.? )

PRINT 16

PT'NCH 16

16 FoRlrÂT (/ /zeu c a0 YCAL

I H0-S0RT(Hr)

Y0-D+AxHQ.r.lxtlQ**l

PRrNT TrUrrH0ry0

PUNCH T rETrHorY0

? Foru,faT(enrr. ?, Fr0. 0)

BI.HI+ST

rF(HÀ-Hr) lor8r8

G0T0l0

II STOP

ENI)

)



C5.

2. Least, Sou&res Prosram for fittins Vigcositv Date to the

Extended Jones - DoIe Equat,ion. (Equation 6.4 l,

Progrom JDÀNDS,

PROGRAT JD.A.I.IDS (TVTUT, OUTPUT, PTJNCH )

DrMENsr0N u(so ) rr(30 ) rx(ao) rw(oo ), Tc (30 ), DEt( 30 )

l0 REÂD 20rNrMrD

20 FonÀ{ar(?rLrFg.6)

rr(N)lrrlrrl2

12 PRINT 2I

2l Fon¡r,taT(tHt )

E'F=G.0 -Q -ft=$ - T=P -&S -0

¿4 READ 22, (V(r)rY(r)rl-lrN)

22 FoRMrlr( (r9. ?, F9. 6, Flo. ? ¡ F9. 6,Flo. ?, F9. 6;Fr0. ?, ['9" 6 ) )

D04I-l 1N

x(r )-spnr(u(¡ ) )

w(r)-u(r)**s

z(r)-v(r)-o

E-E+X(t )*x2

F-F+X(t )x*3

G-G+f (t )*x4

0.0+X(t)**6

Q.P+X(r )**6

R-R+X(I )x*g

S-s+z (r )*x( ¡ )



C0.

t=Î+Z(I )*¡(¡ )**s
P-P+Z(r)*¡(¡ )**a

RS.RS+Z (f )**2

4 CONTINUE

V.E*6*[-E*Q**B ap*0*0-R*F**Z +0*F*0-Gr+ Qt*g

^- 
( SîG*R-g+Q**B çf*0* 0r-T*tr¡*R+P*¡l*0-P*û*0 )/V

B. ( T*E*n-p*BxQ+PJtF*0-s*F*R+s* 0r0-T * g*x 2 ) f y

c. ( P*E*t-1*g*paS*tr'*0-P*F**2 +T*o*F-s*o*o )/v

Tr.(ns-Â*s-E*r-c*P)

XIN.N

sÂ-(IP* (G*R-0**2 ) )/( (xxu-s. )*v)

sEÀ-soRT(sÂ)

sn,(rr(n*nFo**z ) )/( (xru-s. )*v)

SEE-S0RT(SB)

sc-(rp*(Etc-Fr*e ) )/( (xnr-s. )*v)

sECrsQnt(Sc)

PTINCH I3

PRINT IO

l8 Fon}fÀT(4oH

PRINT I,l,rBrC

PI,NCH I,^rBrC

r FonuAT(3Elõ"0)

PBII{T I.8

PTJNCH 18

BÀ c )



C7.

l8 FoRlrÂr(/ /+ta sE^

PRrNT lTrSEArSEtsrSEC

PTNCH l7rSE,ÀTSEBtSEC

l? FonMÀT(anro.l)

PRINT 16

PIINCE Iõ

16 FûnMÂr(//ø+n o

SEB sEc )

l DrFF )

N-XI}l

D06I-l ¡N

Yc ( r )-D+A*x( r )+n*u(r )+c*w (l )

DEt(r)-rc(r)-Y(r)
pnrNr 3,u(r ) rx(r ) ru(r ) rrc(r )'r(r )'DEL(r )

prrNcH 3,u(r ),x(r )ru(r ),rc(r )'r(¡ ) ;oEt(r)

3 FonMAT(gf'rr 
" 

? r2Fl0. 0rE1o. I )

,õ TONTINTJE

rF(u)lort0ro

0 RtsAD 2SrHrrSTrE^

2B FOAr{AT(rg. ? rFlo.?rFlo"? )

PRINÎ IO

PT'NCH TO

ro roRMÂr(//aen

I H0-S0RT(Iü)

HS-HIt*2

nc cso Tc^L TEXP

c RC cso rcal, )



c8.

Y 0 -D+A*HQ atr *fl Q * ltP ¡Ç*f, Q * t+{

PRrNT ?rHr,H0'HSryo

PLTNCII ?rHrrHorIIsrYo

? roRM^â,T(3Fl l. ? rFlo. 6 )

HI'HI+ST

rr(HA-Ar ) torsra

G010I0

It sîoP

AND



C9.

3. Leaet Souores Progrtm for fitting Donslty Dat¿ to thc

Root, Equotiou. (Equet,ion 3.1?).

4@!,.

PRoGRAM R00TE0 ( TNPUTT 0t TPUTTPI NCH )

DrMENsr0N u( 30 ), r(ao) rx (00 ), rc (30 )' DEt(30 )

l0 READ 2orNrMrA

20 FoRltAT(zr2rFg.0)

rF(N)llrllrl2

12 PRINT 2I

2l FORMÂT(IHI)

E-F.G-S-T-Y-0

24 nEÂD 22, (V(r)rT(r), t-trU)

2g FORÀ{AÎ( (re. ? ¡F9. 6 rFlo. ?, Fg" 6 rFlO" ? eFg. ôeFl0. ? rF9' 6 )

D04I-l eN

x(r)-sgnr(u(t))

z(r)-Y(r)-Â

E-E+X(t )**4

F-F+X(t )**6

G-G+X(l )**6

S.S+Z (r )*x( I )**2

1.T+Z (r )*x( I )**3

V-Y+Z (f )**2

4 CONTINUE

D. ( srn-T*p )/ (p**z-E lto )



c 10.

n.(s-u*r)/n

XXN.N

sn-(v-n*s-D*T)tÉE/( (xns-¿. )*(nxc.F**¿ ) )

SED-S0RT(sD)

SB-(v-n*s-D*T)*c/( (xru-s. )*(n*c-r'**z ) )

sEB.s0Rr(sB)

PRINT I8

PTJNCH I8

r3 F0Rù{AT(3CIH 0ol coz

PRrNT IrBrD

PTNCE IrBrD

r FoRnaT(zElõ.0)

PRINÎ 18

PTJNCE T8

r8 FoRùr.Àr(/ /son sEl sE2
J

PRINT TTTSEBTSED

PUNCE l?rSEtsrSED

tr ro¡ìMAT(2Eló.4)

PRINT Iõ

PI'NCH Iõ

16 roaMAr (/ /un c nc DcaL

r)

N'$N

D0õI-l ¡N

)

)

DEXP DIÍ:F



cll.

tc(r ).A+Bxu(r )+nx(x(r )**s )

nn¡,(r¡-rc(r)-r(r)
pnrNr eru(r )'x(r )'rc(r )'v(r )'nru(r )
puNcu sru(r ) rx(r) rtc(r )'r(r )'oru(r )

I Fonì{AT(eFtr.?rzFlo.ornto. t )

6 CONTINIIE

rr(u)ro, ro, o

0 aaÀD e0rHIrsTrHA

ga FonltÀt(re. ? rFlo.? rFto. z )

PRINT 16

PTJNCH 16

16 Fonlrar(//zen c nc

e uo-sgnt(ur)

IO -A+B*HQ+ *t.lpxf, Q** $

PRINT ?rHrrH0rYo

PITNCH 7rHIrfiorT0

? FonÀtl'T(anr r. ? rrlo. 6 )

HI-Ef+ST

rr(m-nr)erere

I c0T0l0

ll sToP

END

DOAL )



cI¿.

4. &plenotorY Notes

These progrems verc rritton in Chippeuo Fortron codet for us¡

on the univcreity of Adelaidc c.D.c. ¡ 6400 conput,er. Eaoh program

includcs e calculet,ion of the Standerd Error in thc coeffloicnt'¡

of the eppropriote equetion.

Programs enelogous to l, end 3, rcrc rritten in AFÍT oodc¡

for uae on en I.B.M. 1620 oonPuter"

Innut,

Thc st¿ndardieed lnput for'all thc progrems rrôs composed of¡

N r thc nr¡mber of date Point'ei

M , en intcger¡ alvoys chosen os unityi

D , 
ilr:;n-varue 

or the dependenr

U(I) and Y(I)r o eeriee of values of thc

eoncentrationrand correÊpondÍng valuee

of the veriable being fiit,edi

ond EI, ST, ond EA, the origin, interval, end

finel voluc rcapectively, of e scrie¡ of

rounded. concentrations for which veluea

of thc dependent verieblcr Tr rcrc deeired.



c 13.

output contolned the fottowing informat'ion¡

Bo Vslues of the coeffÍcient,e of the

eppropriôt,e equation, end their respeot'ive

standord orrorËc

b. A comparison, at,each of t'he inPut

concentretions, of, the value of I

colculeted' fro¡n the equotionrueing t'he

quoted valuea of the coeffi.cient,sn vit'h

the input velue of T. The differences

between these tvo quonüit,íeg, and values

of those ainple functions of C upon whioh

Y vas directlY dePendent,, rere aleo

tobulated.

c¡ Values of Trcalculated fron the equat'ion t

o4 ¡^"n'l¡.| ¡¡n¡cn*.rntinn¡^ víth thc
ov ¡vgsÚ -e----v--t

correoponding valuee of {C"
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2.

DI. .

ÀPPENÐIX D

PT]BLICÀTIONS

II.D. Ellerton, G" Reinfelda, D.E. Mulcahy and

P.J. DunloPt

Activity, Denslty and Relative Viscosity Det¿ for

Scveral Anino .6,cide, Lectemide ¿nd R¿ffinoec in

Aqueoua Solution êt, zóo0.

J. Phye. Chem.r €r 398 (fe6+).

II.D. Ellert,on, G. Reinfelds, D.E. Mulcehy end

P.J. Dunlopt

The Mutuel Frict,ionol Coefficient,a of, Severel ÀnÍno

Acid,s in Aqueous SolutÍon êt, 25oC.

J. Phye. Chem.r !¡}r 4o8 (reo+).

No material aubnit,tcd 1n the present thcefe is contained ia tbese

publicationa. they contoin n¡¿torial fornerly submitted in port'iol

fulfilnent of the requirement,e of the Honours Dcgree of Bochelor

of Science et, the Univeralty of I'delaide.
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