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he majority of resctions that are of chesdeal or biological
torest ogour in solutions It was provicuely believed that solvent

nerely g:favidas gn insrt oediuds for chedadasl seacticns. The signie
fisence of solute-sulvent intoractions was realised ouly recently
as a result of cawensive studies in 3UeOUS, ACO-SGUOBUS and
alxed solvenkas O

Gater is the most shundoit solvant in gatursg. Ia view of
its exwtress lmporbanes to oheiishiy, biology, sgrigultuxe, geology,
2tee, Water has been extensively used in Rinetice ond eguilibriuvia
studless Thapite of such extensive studies, our knmwledge of @olee
cular Ltersctions in veker I8 extremely limited. joregver; the
unigqueness of water ap sclvent has boen ﬁmi‘-iﬁﬂﬁu'w in recent

years and it has busn realized that the studies in other solvent

gnedia (maqwmm aid mixed solyeats) would be of great helip in

wikierstanding Glifelent mle.culem intercations and a hoat of

=10
coaplicated . shelonena -

Estonsive studfoe on the physical propecties of aliferent
soplvent SyStoms Nays been Gade bt o lamntacis gap BEAl]l exidtse.
several clas.siaicaticma of oxganic golvent gystens kased on thelr

dlelockrle consbant, oigasic grodp Lypo, acidebasie LSrepEELies ::nfa

L - 4 ] et iss
aspeolint ica whrough hydrogeneborling fa T Tt et Ht S e e »

hapa and Solft poidebase principies Sio hﬁm peen weda, 88 & Kesult,

the proparties of different sclvent systens would show & wilde

divergence off projereies whish would caturally be reflocted on
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the theracdynanic and cranggoot properbiosn of gleghioclytes and
nonw-slectrelytes ste in these sclventse The detevainstion of
cherasdynaale and cranapore proporties of ﬁiéiﬁ@eat electralyes
in various sclwvents would thus provide an dagertent step in ¢this
direetion. Naturally, 4o the dovelesmsnt of theorles, deallng with
electrolyvs solutions, nuch attenclon hes been devored w0 100w
nolyent Interactichne which are the "conuroliing foxqesY in
hif’:‘.izaiwly dilute solutlions whiere ioueion loteractisns ore 3hsehit.
mhurmlvmm interactions oF rosdly sulutee-solwng inseragtions
are Iwpeortant in wnderstanding the physico-chemical properties of
soluticns. It is very @iftloult to Sugnest the Sor0es or factous
Llovelved is the soluce {or ion) solveny lateraciions as wost of
the detanuiaing footors of Solute--Solesat ;Lraﬁfsmmt;ima ramain
oDogure. Ino-golvent (0F sclube-solveat) laternctiicns menifest
thesselvea in all ther-odynanice and transpoxt propertics of elechric.
yees gonorally obtained by sxiravcolstlon Lo lnilalte dilutlonm. By
separat ing these funchions lnvo lonic contributicis, 46 is possible
to deternine the conuributions dud to gations and anions ia the
solute-solvent intorcetions. Thoese dezend on the intwinsic solvest
strecture sn 4 oo the opture of the fons {Aimens iony Chelye, Chalgte
ﬂisérmution ia cage of large jons, Hebonding ebcs ).

one of the reasone foy the ilatkacies i scluticn chenmloiry
is that thé: gtriucture of the solvent moleculed axs ngk Kackn with
cervaintys The lLkroiucticn of an ion or soluwe modifies the s&iva-m:

structurs to an uncertain Sagnicude whoeDsas the gcelute molecules

&

re glso nodifled and the dotzrplay of foxess like seluto~solute,

Golutt—solvant axd solventesclvens laberactions Lecomg predondpant -
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though the izolated a;::k::um of any of the forces 1l conpletaly
Hlgicestartss P _

The ﬁrablem of lon-solvent intersobions which axs closely
akin to ilondg solvstions oan e studied from Gifferent sngles usiag
RN Ua a.'!.l. the avallable shysicc=chedesl tex'ﬁzmiquea‘.

IoResnlvent S.n%tamctimss can e shwiled spectrcsgoypieally
wheke the Spectral solvent sBLiLts or ‘;;hé chesical shifts detcpaine
the cuadisative and qumt.itanim-natum Of Lthe Iole-solVEnt LDCETICe.
tlons, sub even gualitetive or gquoantitstive apgporcioniag of the
dohesolvent intersctions into the verious possible factors is
skill an uphill casks |

The lon.zolyont istereotions can &150 bo studied from the
sherngdy nands oalnt of v.!.&u wheRz the feae angrygy ohanges, ekhalpy
changes 22d snirepy changes sto assceisted with o particular
rTosotion gan be gualisetively ond quantitat twely eveluated (usiay
- various ghysico-cheaical techoigues’ £rom which ConSlusicls Negokde
ing the fzotoxs nsgoodsted wich the lon-solvent fntexackions can
be worked oibte ‘

Sisilarly, thé ionwsulvent lateractiota can be suudicd
uwing solvationsl approaches dovolving the sctuddien of the sdifferent
trannport proporcies such o5 visCusity, conductancs and CoupEessie
Dilizy sue of glestrolyies snd deXive the Varloub ZoobLols S58004%-

ted wich londe solwabtici.

e ghall partieularly dwell wpon the different aBpects of
those transpoit progecties as the present dissertotina do ictinzcely
ralated to the ptudies of viscesity, conductanas and Coapressivie
13t ies of dilf&ferant tebraaslkyl and zeiated Balis in divolar oprotlic
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solvent DUSH and DISO & Hyo MixEuTeds

Viscosity:

Yiscosity ls one of tha Tost lmportant transport projertics
azed for ﬂm- Getetnlontion of jonesclvest intersctlions and studied
extenaively 2?0, viseosity 1s nok a theraodynanic quantity, bug
visensity of an elestrolytic solution together with the thercoldynee
e mcperﬁy v 9y ‘gaazt..ialﬁ. colal volwone -g jves much inforiation end
dngight mgémmg .ian;-rsaiv@rm interact lons amt the stiuctunes of
the elestrolytic soluclonse. The visgesicy roletionshipns of elaolyte
Iyeie sclutions age highly wag:licam«fi. There ave ctrong electrical
Eorcasd betwean the fong ond berveen t;he inma-‘ aml solvant and sSepars-
cioa of whe furces -aiﬂé 0L ﬁe;ally vosdible, But £roo Qoreful
ana.isr'ais; valid c:adeluss;mms‘- conu be drewn regarding the sSLTuchurs
snd the oeture ol m scal#éﬁmn of a perticular -syatam.'

Tne viscosity is & apasure of the friction betwees sdjecent,
relaotively aoving porsllel planes of the liquids saything that

increases of Gearesses the inversction betwees the planes will
raise or lowey the fricticn and thereforxo, muxéasa or deglfeace
vizsoosity. ' | _.

'X¢ lovge spheres arze placed in the iiguid, the plaoes will
be Heyed i—.ugét{her ingreaping the viscosity. Séirﬁiiarly, ingeyease
in thy aversge degree of hydrogen-ponding betvesn the planes will
igcrease the Irictlen kbetween the plencs, thereby viscoelty. sn
ion with @ large rigld co.sihicre {(£or & StIucturs profotitg loa)
@itl behave as @& £igit schere placed in the 1iguld snd Lacrease

the interplenar fzickion. sisilarly, &t ion increasing the degree
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of hydrogen bonding or the degree of corrslatlion amony the adjagant
solvent molecules, will increase tiv viscoslitys conversely, ions
destroylog corzelation would decrenos the viscosluvye The colousd
intersction of che long olgo Reys the plane hogether and gives a
L,‘ desendence on congenstrasion, but pthe efifcgt is smell and will
be gunmeed ot modersse eonceutoatlions 3‘5*
The £ipst systemetlc ressuroncatd of vibcosities of a auber

of slechrolyie solullops over a w;\iﬂ@lchmem;ratima ranye Was Sl
£ ormad bgi-;r-i.-ixlé.:u:is@nﬂ in 1803 ¥e aotued noi--lineariby and a asgenive

:W&t‘.&t“ in the vincosity ooicentration ourves (irrespeetlive of
1oy or high concemrations)s In 1928, Jones and aalelg sugyested
an empirical exustion (1), quantitastively cexrelsuing the relstive
visgosities of the ehm.ralytem with molar anecentiations 4

m
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The equetlon redosos o
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Vhate p end § exe ¢onstants speellilc te ion 0l the sclvent. The

ot lon 12 gpplicable pually Lo Sjueous and Aofeauennd solvent

il

syptess and used extenslvely. Thne Lens NI eriginolly ascribed
o :;_z;iimaizs;m ei‘fs’:"rz.-‘zé:t, aroee f£ron the long-rauge coulont forces
bewwesn the lons. vhe signlficance of the term nad since cthen been
z.aali:aed c’mg to tha ée:-"\?ele;;wsﬁrm of Debye~Tuckel thesry of intere
lotic attreotions (1923), E?alkerﬁza:;esa’ﬁz 922 theorctical caloulae
tion of the copstant 2 using the eguilibriun theoxy and the thaooly

of irreversible Drooosses in electrolytes dewveloped by chesger and
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_gvu@gﬁzag The r-cocfficieat depsnds oo the loieioh intexactlons and
can be caloulsked from the physical properties of solvent and solue

tion using the Falkehagen-veracn o &:iuacicd.

_ N

0°253F A, - Av = Ao

. : . 1‘_0. 7] — e

Theor BN IR 0 No
.ﬁc(ﬁ‘D )n Aﬁ )

cos {3}

2

Whers /\ o ,'{: and ), are the lisndtiag squivalent condudtences of
the eleccrolyte and the lons respectively at tempsrature T £ amd ?10
ape the dislzotric coastant and v:is&;-m:sity of Lhe solvents PO A0St
Eﬁiﬁtiﬂnﬁ; both uesus ond nol-ajusous, the ejuation 15 valld

15,424

GPLO DalH . 2t highed concentracions, the extended Jonoo-sole

cyuatdon {3} involvisg aa widiticaal constant b, origlnelly used

&5 2 3
oy i%-'.mﬂainsﬁyh nas Leen ussd by several wcﬁt@r&gﬁ'zy -

:Q-- 2z 1 = ;.-Qﬁ - B o+ 5.:::::2 wes {4}
M

Tha constedt D cannot be evaluated ?raz;erly sk the significancoe
of the constant 213 alese not | alweys meaningiZul sl therefore, the
equation {1) iz used by most of the workers.

the plots of {7, -1}-/3% against c%"‘ for the alscirolytes
should give the value of A byt in goaneral the values gomes out Lo
be negative or cansiderasble scatter and deviatlicns £rxom liscerity
oo _24-’28’29- Thus, instead of deternining s-values froa the plots
or hy least squake sethod, whe p-values are gemerallﬁr calouloted
using FalkenhagoneVeraon eduntios (3.

rmooufiiclent should be cero for aob-lectrolytes.e Acoond=

ing Lo Jonus and Lole, the coglflicient n prabobly represents the



st iffering effest on the zolution of the elegiric forges between
the lons which tend to maintaln a s5Ppact-latbica fstrmwmw--

The Betoefficient oay be elither wesloive or negetlve and
it is actually the lonesolwvont Intezaction pagusciers I is odle
Lioned Dy the lon-sice and the seolveint and cannot e ooloulated a
privris. The B-gonificicncs are cbtalned as slopus of the straight
lines uBlilg thw least sguare dethod and dnvereeiXs &ual o the
revalucse The Eapeors whlch inersose of degraasc -ﬁh@-viﬁémsitieg
of the solvent @i enuserated ak the beglaning also condition ihe
inerease or deorcese of Bavalues. The fectors which inflence
BBl ues az’ésg"?'l s

{1y The eifect of inuic solvatien ond ghe ootion of the
. £3s1d of the fon in producing long-range order in solwdnt wolscules
ingrease WOr B.valueds |

{2} The destruction of the th¥ee dimensional structure of
sclvent molocules {(leee structure bresklug effect oF <epolynsiizae
tion effect) decreases V) of BevalueSe

(3) Hich ;:\miai volune and low dielectrie constsnt yield
high Bevalues for sialler 50IVERTS.

{47 Reduced Bevalues akbe obtaifled when the !:Prifmxy selvation
of lons le sterieally hiclered in high molal volung z0ivects ox

1£ elgher fon of a binaxy elegtrolyte caanct b spooiflcally solvated.

Viscusitics ok higher goncentrationss

Tt had besn found the viscosity values at hipgh goacentTe-

tions (1M to saturation) can be Tepresented by the ewpirical forasla
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suggested by gmﬂxaé(asz

N=A exp Y/ ave (53

a nutber of alterastive fopmlations naove bgely prososed £or reprew
santing results of viscosity measuxesents 1u the high eoacentration

o s 39,45
rmgem"aa 223 the auation suggesged by ﬁmgmllsa’

based on
an extension of the frae velume theory of raasport pivdnosens ia
ligudds ené fused 2eits to fonic solutions, i particulerly notee
WOZENY « |

The empanticn ig

T
71 A KID(_ EN] see L&)

vhere © Pepresencs che concenvizeicn of the Ssls in ecuive AL s
. \7: aras conshaohs suppesed o be igderzondent of the aazls
compopition 23 Ne ds the hymethetical concentration ot whigh the
systes beasake glause The equatice was pecast by Hajurlar et &31:1—43
iat;m:fﬂuc-ing the ilaiting condition that a% N—>o o w].;ﬁc,. é.m:

viconsity of the pure solvent. Thus, we have

’67\ l = g:h }l’\'«lcu{.‘: R "

T | saw $7)
’Y‘c NO(‘NG"N) _ }

The giuatlon (77 sredicts o atraight ling passing ihrough the

. 7 . - .
origin £or the plot 0f {n My VS N/(‘NC_N) ¢ i€ & sultshle choilce

LOE No 48 male. The sgoatics {7} has been tested Dy MNajumdar et al



using the dste frem the literspure and from thelir o experinsnual
results. The best cholce fer Neand R was selected by e triel and
aerror methods The sk of I?f and N which profuge minicun deviation

Detwesn M eel fexor) S Yool inoey €08 actepted.
In dilute solucions, 4ings We have

e = e RS z "N '
N s b (RINJ ) o=+ BN . {8
: : S 9, !
No
“which 1s mothing bus the Joaee-Dole sguetlien with the dlon-ion
RI

intersction Legn wnigtaﬁ and § e NE * The ayreement botvesn B
values detersdosd in this way and using Juieselole eguation has
beon found to ke gm& for sgveral slettrolytes.

Further khe mua;t.ifm $77 writven in tha fopin

N NS,

i e S AN

-bn ‘}l-\-u I:z" 'kf ’ sae {55}
36

closely resenbles vend's aquai:zim" for fluidity (xegidprogal fox

- wisaosity)

AeS G . = &, = 8C ’ sae {10}
rek

where ¢ 1s the molor concenthiztion of the soluse 208 ¥ i the
eifective rigid molor volume oF£f the welt and ¢ 1s whe interaction

IS ant
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nfwision o Becosfiicient lobto Ioaic valyesd

The viscoginy Becosfficlénts have been deterained Wy a
large pundscr of woskers in eyuecus, aixed 4ad NoN=-2GUSTOUS SOl
v%tﬁz Dy =7d, Houover, the becoefficlents, av deterdained experie
mentally using Jone-Doles eguetion, dees not give say impression
regarding lon-solvernss dnteractlons ubless thore 1s sone viny o
1dent Iy the separate contribuvlens of cationg and andons in the
toral dolute-solvent interectiong. Tt 49 well koown thit o
physlci—cheidical property of the total solute can rufleet the
propericios of the individuel iones and only londc goneributions may
Slve hnsight on the Amxinsic nsture of the solvent structure and
Ats ms&iﬁicatian by the foas {cunditioped by the diwengslon, ahatge,
chargd distrisution, Hebuadiing eics) -

Fprtunotely for ug, the S~co@fficient ":m purely an eddicive
functlicny of Jlonie Bevalucs {(in 20se00e o in presencs of iasijnie
Clenak ionic essoclationl as will Lo apparent éram the £t that
the Bevalued for pairs of salte with the saze anion but differzat
Caticms have constant dlfferancess

Howewer, the division of Bevaluos into fenic BY or BT values
is qulte arbitrary bascd on some apbroxications or -a&ﬁizazgg:t jons,
the walidity of which may be guestioned.

The following methods have beon used for the division of

g-voiles into ionic components (1) Cox and volfenden™ carried oug

the division on the sssusption that By, velues of L4 and 103
in LiT03 srw properticanl to the ieaic volumes which are proportional

Lo the third power of the lonic monilites.



Braning * BrengBe = Puase = Boehgivng ses (14)

The walues obuainsd are 1o ygood agreesent with those obiained Ly
othay Hethods.

Yhe griteria sdopred for the separaticn of B.opefCiciants
in actesiuaoss solvents dififer from those genecally uscd in wabore
Houwaver, tha aethods ane bosed on the eguslity of egulivalohit GOl
Suctorees of counter dong ot infinice dilucionss Thus,
ai Crizs gnd i’aasat-miemi&? asgumed By« = Bog~ 1n methanol
ibused on equal mobilities of ions’>). They also adopted
"3?%:423* = Da25 45 the initisl value for scetondtrile ¢olukions.

)} For spetonitgile soluvions, Tusn and Fmssao prupesed the
equality By u® * B pe {13}y silace they theought that these é.rins

havs slatler mobllitiss. Howdver, aceording to springer ex al
fﬁ.@,gugﬁ“" o Gl.4 ond 1\25 0y ingB™ n 8863 in aeemﬁitﬁlg.

¢} | Gopal andd Rasgogl ™ resolved the Becoefilciwt in He
youhy 'l propionanide solugiong, assaming {wichout prook) that

B N* = Brw (18) ot all tonperstures. Ia dimethylsulsnexide, the

divisien of B.aosfficients wore garried cut by Yeo and Emm*.imzﬁ

aseuniing

B S 28 -y B H _ .
el F g7 LTl deRe) a7

ferilmisopanty lenebutyl  aee {172
gt ol) temperabtuletS. - agmonlaig setrevhenyl
lzorate )
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wide use OF this ssthod haos span ade by occhoerX suthors for

‘ . . S 25 s sy ) PR 1
dimethy Isulvhoxidec’y culshaolene™ y hexaapiny lohosphonrianice

sl ethylene garbonat ﬂiaz

SRIluLiiSe

“The methods, however, have buen straigly oriciclized Ly
ﬂmmalzaa- zggording to him, oy sethod Of xesolubtion based on
the egualisy of cguivalent conductanoes Lor oortalin lons sufiers
£from the dravback that it 12 fgossible o0 select any two lons for
which A, . =4, - iu all solvents at Qﬁ‘:oprar tespuraburcs. This,
though ) ogkd = DomLT = 253% in asthenol, buk not in sthanel
or in othor solvents. In addiclon, if the cobilicies of sowe ions
are even egual st lafintve diluticny buk It 19 net necessarily true
2t aexierabe connentratlions for which the Be-coefficient veluss are
caiculateds Furtha¥, according to hloy equalicy of diznsasions of
(i~ Pe)ypuy” of (L« amly s’ and Phgim Goes oot necosocarily
inply ecuslity of De.gosiiicienes of thase loas 28 they are likely
Lo bo selvent and iot-stiuctus dependant e

_ ;:rwagg}.gg"B nasd necently prosesed z aethnd £0r the LEsS0lue
Lioi of Becogiflolents. The method 18 Lased on the Laot that dhe
large totkasliylamionivn Gations are not salvartwaa'% in organic
golvenes (in the aormal sense involving signlficant electiostetic
intersctionl. Thus, the joonlec Devalues for laryge tetraw.olkyl
assonium ions kgl” (vhere B> Bu) in orgenic sOlvents ame PLoNoL-
tional o thelr londe &iﬁ:ﬂ'mimw.

Thus, We have |

BRQMX = a+ mgﬁﬂ* sse {18}

where a = iéx~a:1:d I ig a constant depandent on Lesiperabiize and

solyent nebUlt.



The sstimpolotion of the plok of Bﬁ&ﬁ?:% L8> P o Bu}
3 _ 3 o8 iirectly B
against 7 124;2“' Lo zero cation dimension givas dizectly Bx,

in ohe proper polvent £xon which other Sedon values ¢s0 be aleilie

tede
The H.lon values can also be galoulated £rom the eguaticns
Srgut " Prget % Prgan 7 Pagux see {19}
= RS- Y LA ‘20;
3
B’;‘;&g‘@‘ RS .E%ai,{»}‘?’" '

Fhe Tadli of the tetraslkylsammium ion have been caiculoted
_Ernm the' a@uraﬁ.&a aoixi uctc:métzm :izataza?'_

G411 and ﬁhar.-;aa*m uséﬁ B%fﬁ%”h‘; a8 a veference @lagorolyte.
The mthod of restlukion of B is based on the assumpileon, like
lmf&iﬁ%&ﬁlﬁ, that Bugi™ 20d Phyp™ lons uith lagfie Regrouss aze not
zsolvated in OONS0UEsUs Solvarkts -am‘l their &imwnsions in such
solvents are gonstont. The jonde rafdli of Bugh® (5.00 2y ana
1 VY {535 g} have, in fachy Fouwxk Lo ruialn conscant in different
noneeuecss agd nixed nonesquocus polvents by Gill and c:d-sfamezzs-.

They »roposed the eguetions
Bphga™

7.3.-.-
| < el (;' ) see (212
.00
By ort 'V‘Bu.ari&"’




and Bay meen, T PengsT __’"’ Byu g ewe $22)

The mesthod requires only the Bovalus of Bugiiihy,; aad is
wouslly asplicable Lo wined fon-~Eiveous solventd. Tha Dedion valuves
ohtalined by this method agree well with those .mémx;neﬁ by Sacsge

ot 2l in Jdiffercent orgonic solvenls Lsing assunsbicois

. S ' ' ' ,
B i-rngBul E%,;,ﬁ' - ﬂ_wsmawm;‘; /2 wen $23)

Recently, Lavoence and & am? deT2a

used {totrabutyle
eanoniem t-.&wabutyMrate) Bugroby, ond tecraghenyl phosphonlu
tetraphonyl borate {ifhgopsn 4) 28 referencs elocLrolytes Decaus
the cation eond onlon in Cach cose g gyametrically shoeped ong

heve aleost egual Vendsr woale vOlUmeSs ThuS, we have,

meougat ¥ V, (ougst - ’ }
' > o ceo 24
B{BugE™ ) Yy {Bugu™ }
o
'Vg Qﬂﬂdﬁ p)

o B{Bug™) = msmq’%mﬂu@; / i : _
' Vi (BugB™)

vae 425}

# similar division can ke wauie for tha FhaPlivh, aystean.

Regent iy, lawgsnce ¢k al?zb deseraingd the visgosigy

meppurenent of totrasiiyl (Erom propyl Lo heptayl! anoonium

brovddes in oMBd ond HMST. The Beooafiflcionts

IBiRapY) = Ning™ + & L7 ﬁg;-iﬁ,aﬁ*}..?

wege glotted ap funotions of the mnﬂ:.z: La&&lﬁ volumos, stokes

w, 7

ol “1‘ .-
soveen s 84379 29 DECiggs

'E"lfjx. A | o oy



rafist and formsla woeight of the cobion® te guk Bisg ¥ valug. The
pige™) values thus obtained were :_mn;pamd with dthi scgurately
determined igr=) velue obtalned using B, Bu.p and Fhaephgd
as .-z?afexamc:a sslts. They conclinded that the 'referssse ssigt
sethed 48 the best avallsble method for the division inko leonde
conteibut long. Thirle anslysis is in spreeqent with the conslusioas
mzde by Thossoo ok zai?'?'c'é- | | |
Jenking snaé Friccheit®® suggested s lesst sguare analytical
sechnisme o exating sddlitivity roletionship for counbbined ion
thernodynandas dota, o sffopt apportioning into single-ion
compeaents for alksli wial helide salis by emplozing Fajans®
aoisaeiin o0 ;_m:i;'l;:i.-_:;z&aﬁ aiuk 'valv:;‘,éna plaist of -Hax‘i:iﬁgg. The Eifte
clple wee extenied o dexive gosolube slnjgle lon Degosfilcionss
Loy alkeld metals and halides 1o watske Ihey algo chserved that
B fea” )= BLI%) sugysested by Ei‘mm_:;aiﬂ.:% to bo more geliable than
8E”) = 3ol in aguecus sv;siu-i:..i.:mé. Hpwavar, we sequire more Gata
o test the validicty of this methode
Tt is appsruant that alnost all these sfethods age based
mi ;:;&rt:aim apgproximationg and enciglous result® may arisze unless

progor metheaatical theory is developad to caloulate B-valioes.

i

Tenpersture doependinge of Bym, ~ Yalies:

_ o _
A regulevivy in the behoviour of B, ard T“?ri has been

chiserved both 13 FUooUs 8nd AONeIELUDoLS sulv&nwm anid woeful
i3 . ,
genexalisstions have been sade by ii’:ami-mlzyz"* He observed thak
£4) uithin & goowz ¢f the periodic toble the Beion valucs

)

LERfessd 38 Lhe crystal lonic radll incroasts



-hI'?n-_u
{417 withis a group of perlodds systoes, the temperatirg
comEficlent @f Bion values inorsasss o8 the foale radlus lanreasaos.

The Fesules can e sumemnriszold as £031gu8s

(2 sewddavo " eee (26)
Iz o e
L34y Biﬂﬁ < 4] e | c"’ﬁ él‘-ﬂ 1} > 2 - - e_;i (27 )
' - a7

cheragteristic of shaucture brusking ions.
$118) Biand O 2nd dBion (0 éh;ax:'aﬂwriatm of structure
: g HEiRig lonSe |
|  eee (28)

Tt is well koo that an fou dis m_:&:amumﬂazi Iy a solvatlca
sheath and the properties of the solwents which are diiferent Lfrom
thoge present In the bulk structures Thic s well ceflepted in the
‘co-sphers' acdel of Cumney?t, #yB,C noupa of Frank and den’C snd
nydrated rsdjus of ddghtingale’ e

Seokes and zaj,ll&ls gave an analysis of viscosity lNoorDorse
ting the basic Ideas yxéwant.@fi elfores e viscosity of g dlluts
ai;e-:ctm;ﬁy'w Sl for h&é Pboen egusked Lo the wiscosiey of che
solyant (M ) plus the vigscoslity changes musulting fXom conpetition
betweon various effects cocurying in the londe neighbourhood.
Thus,

. N )
7= +A.qt *'nA*nD:“’LO—MOCME t3e)
: reo (29)
(3&1&3&1}:@1& &quéa_timx}
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x . .
M iz che posicive increisent i viscosiiy caused by coulobabic

tnceraction. Thud,
mE amt am’ oW’
‘rL + 7N -ﬁ-"]‘ = 11 BkC cwn 33}

DegoGfficiont aan thus be interpreted in cersd of conpetitive

vilooasity @EfatG.
i% £k
Pollowing Stohes and “ills med i‘:;ru:ag_amm HE Oon wrlse

Einay *&;:i.ésﬂh SEE I GRRT
Pion o Bgon, ¥ B;‘Em. v Biom By wne {311
R N 73
ihereas aooorddng b LemrRie el Gagee

Bion ® By * Ogoly * Bgnaoe * %m * Bayooga  vee 432

- r;.i ﬁ Sa. -
_ ﬂiﬁ.ﬁm iz uhe J_ma.,i‘s: iva im:me:mnt axLe ,ii‘lr} ﬁr:ma f:;?m a.am.:‘t.c;tian
L Lhe vihr;wa ﬁlm«: oF thca sodvent ::;au-ma By ﬂ.hu sahana m& Biza

of the lous {(whe Lumm Corzesponds to "’L or B shape }9 %:Eiesm

19 ﬁw mﬁu,w J.nﬂruraem ar:ming From thd al;.ﬁa iﬁmt OF SLrLoture
f"iarmg ach imn of mﬁe amet:zic ...a.ald of tha Aogk o tm, ﬁ&fmlfa‘% m.
the solvent melecules (the LGEn eoETesPoNds to 7{} OF Bgyg Te

Big ig tms mgatiw mczmsmmi: relaved o vhe destr«mm mn ¥ the

. solve it stmc:mam in tm ragima oF imie QO T’l“"i‘:l& ariﬁmg £rens
thu nﬁpmmg i.emie.mms @f a?m ion t:.u orisatate the melesules

f:cuzﬁ icveclf centrogymmstrically =nd solvent to RKeep 16s ovn

stoastures (This cor imqijondiﬁ b .,%’ OF By juoga I
in
:‘.‘aﬁ 5 £ is the positivwe Ingeamt congitioned by the affcos
of " el arm:mm of the wawx mmwm.'* Ly large LobrEeallkyle

anconivm dons f%ue: o ¥ 3:@* AR *wﬂxfntimu “hae ghenomgosn is
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inherent in the intrinsio water stDucture andg abeent dn oxgaoic

SRIVEntSe

By ond b socount for viscoplhy dncressss stiributed

SOLY
o the vandeyr Weals velute aid the volusis of Lhe sclvation of

Lonsa
. \ e 4
Thud g, smali and ndghly chatgex colong Like .t;.f" BEUR Fa;?‘

fora a Sizmly attached prisary solvablon sheath sround these ions
_Blaa B .
(Bian  OF
the solvent molecules around Lhie Innel layey also Ccouses lhneresue
. : A P A D )
orieat i\yi"”) SEE »f"‘."' is small for these lond. Thus Bjq,

in Bigp 2 ton .

' 2 46e Lorient  Ber

will be lamge and positive as ﬁi.égﬁt * Bion S Bigy o HOWSVETr,
Egéf h and Bﬁﬁ e would be smell for ipns of grootest czystal

radii fwithin a group! like cg” ox I* due e small surfsce charge

positivele St oriinary wwweLatukes, aligadent of

densitiecs resuleing in weak ovientiung «od stucture Lonning effcot.
But 333’,3 would be laxge due o strustural disorder in the Ln6Ow.

diave aslighbsurhood of the ici 4due to gometition between tha
ifonic £ield end the BUlk BLrugbure. This, BLmct » Blag <
SLx . _

Tons of intermdiiace Size (Gege & and C17) have a qlose

balance of viseous forces io their vicloity deee Hﬁ'n tﬁ, By en

_BRE . . )
CBien 0 thak B 18 glozé €0 2Elce
Large molseular icas like wetraalkylosunmiva lons hove

. : o _ i S
lapge gﬁggah because of large size buy aﬁﬁfﬁ““ Fobsle B’iﬁﬁ weald

_ Loy BeE .
ba z2mall .G _B%éﬁsg W 'ngac m;>> Bion 2k B would be positive

and lakgee The valus would be furikher reinforsedl in weter arising



e

relade y . X
Exe Baan dus te hydropheblo hydsationsSe
Einst

The insresse it tesperotuze wiill have no offect on Bm o
btk the oplentaticn of solvam Jolecules in the secundary .‘E.asmx‘
Wwill be ﬁmﬁaaﬁaﬁ dus to izmx'&aaeﬁ- tharmzl mtlon leasding ko
degreage in B"?gg ' B?ﬁiﬁm‘" will c‘lmté&m sisuly with temperature
as there will be loss competition bouweon the ionde £ield md the
mawcaﬂ sulwm' sciuctures The positive oF negative wmﬁamﬁm
| cm*ﬁc.‘wm will thus devend on tha c:tmng& of the relotive @aghie

- Sy
cuaes of BEOOFIERE su g5ET L

It ie clear Chat in oese of strugture saking fons, the dons

ape 'ﬁir;aiy“m;nxémm*ﬁ by a puianpy solvation sheath and the SsooQe

daxy solvetion mone will be cotsidessbly ordered leodiny to oo

' inovease dn Biga and donconltant decresse I6 entgapy of solvetica
and the @obility of ilonss. Stoucbure broesting lons, on the octher

- hatdy, are oot colvated to 8 grest uxbtaent and the secondiary soivatica

zones will ke Aisordered lesding to a Gecrease in Bion values and

| incpuase in cobvony solvation and the mobility of lons. Moreover,

the tamsersture induced change in viscosity Of fons (oF cntropy

. of solvation or mokiility of Ions) would be more pronvinced in case
©f cmaller lens then in case of the la¥ger Sons. So there 1s g
clear corzelation between tho viéc:'aaihy, ezxtmg of golvation and

'teeﬂmraﬁﬁm dependent mobility of ionge Thus, the icmm B OSEE v
clents aud entiopy of colvaticn of ions have rightly boen used

as probes of lonesolvént inteTsctions and ae a dixect indicaticn

of stoucture meking and SLRUCLUEG hreaklng charactexs of ions.

The lloear pleot of logle B~cosiiiclants sgeiast the ratlos

- asilityevisganivy zaxﬁimaa'at e Leaperatures { a more



sensicive verisble than ionie mobility) by vuzasy’ %9l clearly
demonstratas a close relatlcn bevween ionic Be coediigiwnts and
donic sobiliticsS. __

| Supney also demenstrated 8 clesy corvelepticn betwees the
solar entropy of solutlion valuss with Begoefficiont of Salise He
:f-;.emmmé vaives ghow a linear ralationshig =wich che padtial solar

ioals enczeples or partial solok entropics of hydrasion S§

S) - g% - g° ree {33)
TR~ ‘beaql S:}/ o
- = o oy
whore S‘i"b = Sia s _+_&SJ S 3 iz vhe caleulated sua of the

cransleticonal and roroticnal entropies of Lhe gaseous 10nst.

Gurney obtalusd a single linaar plot betuwesa londc entropies and
ionde B cogificdients for all gsonosatonie iéaei 2y egustiog the entropy
. of the hydrogen lon { §§+} Lo« S5 aol szwie"lﬂ@g"l-- hEIG S unsed
the entrony of hydration to correlate londe Bevalues and H;ightzinga’g
showed that a single iinear melationshnip can be obbained with it
for both monortoaie end polyatomisn oS

the correlation wap utiliced by zbrahan et '&l% Lo assign

crg . G F3,96
single-ion B-coefficients 8o that a plot of A S @ d &'.,_ che

clactrostatis enirosy of solvasion op & 9‘?{',; 5’%_, thie eacropis
coneributioss of the Ligst sad second solvaclod loyexs, of ioas
-eggi;wt &) a&_i:intb itakien Lfrom the vorke of d@ightingale) Sor koth
cations and anions lie on the GRIK: QLIVE OF line. Thoke sre excallent
lingary covselast lons | motwoen O ag ang A fjg' gad the siogle Lon

Becosficients. Both eatTopy criverls {As52 and A&7 .y ) aad



=2 2o

Badon values imxiicate that in waber bhe ions Lie Ha' ¢ 79 ond
P~ are nec structare.oakers, the fons ity est, €17, Br", I' and
Cly, are structuce breskers and Y 18 a bondereline cage. LT in
NoBeatuecus sclvents formamide, methonoely Weasthyl-foonsadde,
dimpthyl formmide, disethyl sulphoxide and sceeonitrils; all the
showe 1ong axe structure-sohers with the saggpbions of the weask
strugture-oreaiking 1on sz i formpalde sad the bowior ilne

cases of Cl¢ in mothenol end I° io fowwmanids j»

Theroodynanics of Yiscous £1

seouwnlng vicgous £low a8 & rate Lﬁ'mem&, the viscosicy "1

con e reppesanted og using By zizag 7 BPECChH
Evis /ot
= A e . 4 N' ¥
— aHr gt
(‘B-N) xp C - 12‘1')

whaie By,1s i the ewperimental energy of act vatim wirdgh 1o

determined gxom a plot of W ar:;-e-:imst;:‘_l._ cAG 512% il A S are

the frie energy suathadpy oid entropy of agtivotion Tuspestivaly.
The problem is dealt i a different wey by Sightingale

ared ﬁgm% who caleulated the thergsdynagics of viscous £low

of selte and ions in squcous sclutlcone B value con be deteze

mined using the Jonds-Dole eguation asgleoting the zzﬂé' tarme. Thus,

a-m™m o dimmy, o
® Iy TR EAE + R <lieee)
(F)  1+8c “‘;;_-CI:S ene $33)
T
qb
= AR * _i 28
n CScL'n) ,TL (S 1\;)’-’-&

v wss £38)
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D By con be inesproted as the incresse of decreass of the
2ot ivatlion energies for viscons £low for Lhe PURS solvwaois dus
to the presence of . ions i.q9., effective indlucuse of lons upoca the
wispcus £liow of the molvent molecules. The sotivetion eneryy for
visgous £low in a pure liguid can be interpreted as the eneryy
vequdred to ocougy the volume ilnto which the sleculs Jusps plus
that reguired to bresk the bond with ovher molecules 1f the 1liguid
iz assucistude Since the iuanar of ioAS are geherally very vexy
-siaall Lospered Lo the number of the selvent aelocules, Lhe cunbslie
bugicn of the ions Lo the viscous figw of solvent solecules would
Le generally smalle

Feaikins et al ® have suggested an sitemmastive formslation

based on the transition trostment of the relative viscesity of

- slgctrolytie solutions They suggested the following empressicn

| Vi —-U2Y = o # )
\3:(l[m2J“+ \/,"" (A/u,_ —"A/QT:F)
N - “—_—_—'_'-——-——u_—_..

: sae 337

‘fg and 'ﬁ‘g are the 'gmsrtia_l melal volunes of the colvent i
o .
solute respoptivelyr QM | “fﬂ.s tha ivee enerygy of activstion for

viscouz £ilow ser mole of the solvent which is egual to

_ - -
/a = AG = i V:
4 I | = RT l/n( ees $38)
°F e+
The guantity C DA, ~ QA ) is the chagge .m t:.h@ SRC IV B
tien casryy per mole of the solute on replacing cue mole of selveat

L&)
by one mole of solute in an inZinltely dilute soluticae A, is



. 1Y

o
the izde sotivatlon eiergy &t infinges dllutlone /Af%f,has the
same gualitstive signiZicance as that of A .!;: e gusat dtav.vely
diffurent.

If 2 4c Raoun et Varicis LaipaFatures, ¥e can calgulate the

ionic activation ent¥opyaad the lonic activation enthalpy ¢

0 . .

d’(AM1 )/d.T .= --QSZ:# sae £139)
‘ o:F- . ‘:’#— . :

AH'L = AM?— + T QSZ¢ "ew ‘QQ}

The separation of the thersodynanle values ints doile values
ave based on equality sffeces for the KW and 17 ions or Bih,
and ﬁ-iui’a§33mg"' ionse. In aquesus solutlon, bogh 'T'A.-‘::g F and Aﬁg ¥
are positive for LIY f.e. the formstion of the transicion State
iz agsocisted wich bond breoking and x decrease in order wheress
Eor C5Te & H%:F ant TA ::g ¢am negel lvg deGe the Lransition is
Caaseeiated with baﬁﬁwmai;ﬂng ol Lucraase in oider.

15

ffeors of shape and Eizas

!

This aspect of the problen has been doaly exteasively oy
Stekes and W 3,11515- The long in soluticon can be regerded to be
rigid sphores sugpended in coatiauum. The hWwdrndysnsale treatheng

presented by Einstein’® Heads to che equation

F%T = L % 2-55?5 _ ' .es %3}1}
[v] : .

in gase of sarl) volude frackions of sghericsl partlioeles where cp

is the volums iroction ocauried by the particles.



wodifications of the ecuaticn have kesn proposed by (L Eigigg
on the basiz ¢f departures frosm spherical dhape snd {14 Vam% on
tha basis of the depankience of the flow pattens aound the nelgh-
bouring prarvieles at highor congentXatlions. However, cousidering the
diEferent aspeots of the problem, spherical shepes have been assuned
for electrolytes having hydrsted loas of lerge effcovive size
{parciculsrly golyvsleat wpacatonie cat:ima}..- Thus, we have
gxom {13

28 = aJC + BC sea (423

Tinee » [C term can be aeglectud in comsprison wich BC aad

¢ = Vg where Vi is the partlad mclal volume of the ions ve get
245 Vi =B ces (43)

Zn the ldeal case, the Besoefiicicnt 45 a linear function of the
solute partlal wmolal volume (Vi) with slope 6qUal Lo 2e5e
The B, can be equatad to

— . 3
B, = 2.5V =2 2% 5 & — ﬁ-? B
' TN E cve (443
L

9.;&2*3:1::;; that the Ilone bohave liks rig.m sphores with oo effegiive
radil, R‘.': FOUiE] A & cenbinuub. I%:,: calculated using the eguation
£4d ) should be close o grystellographic radii o corpeoied Stole's
radif if the lons are scareely solvasted aad Lehave as spherical
atitisse Bue in general, R, values of the ims. ane highest thaa

- the orystallographic redii indicating oprecieble salvation.



= e

The pumee &)y of sclvent mologules bound ko the ilon 4ia the
prlrapy 80lvation shell can bi ezsily mlecuwlated by conpering theae

Jonug-iiole egquation with Dinstelin's eqaat.!.cm:m}'

By = 2% v, smyve )  eee (45}
1000

whote Vi is the molasr volums of the bers iou, ¥y the «olar volumwe
of tha solvents '

The equatimx- {45) has buen ussd by o nuber of workers to
study the nstuze of golvation 203 Solvation DRSS,

Thus, ft ds apperent that the Efiéﬁ"’“ can e easily calcu~
lated lesding to the dotermination of strugtural contributicas £

f& -
B?.Efi as nmanifested in the chpage of sclvatlicl of long.

Studies ia mixed solventss
Visconity measuremeniain miyed solvents are verly few. Dot
the wizcosity sessurensnts io mixed solvents day well thiow auch
Light on the aabucs £ e ::z:alvauibn 533 1 ;i;:m-:&@_lvc.«tnt interacticise.
in Zact, dn cages Of binary sixtures the sctudy Of Secocfiicicota
of glectrelytes can provide usgful informngicon a8 regards Lo the
strustnrsl changes in water whenithe go=solvent is sdded. In order
to do this, it io worth cbtaining the losic vaiuwes 0f the Dncoeifl=
cienta of the salrs in mined solventSe Tt would thus be possible to

calculate the B, cosfficients of tranafcr, definead as

A B, = B, (water + comsolvent Axtures)- I, {water)

X} {Q&)
' Viscosity measures®nts in dixed solveuts have boen cerricd

. &3 ? .
out 4in recent yEamﬁi‘i,ui“ﬁ R



gesduetonga:

Q‘ulﬁluci;anﬁe meanurassit 3o onwe of @S‘i’. accurate aud wideldy
used physical methods fur lnvestigetlon Of eleckrolyte w?-.ut:_iéong" ;93*
The seasuresents aesn be made 1 a veriety of solvents over wide
rongen of tespersture snd pressure nd dn dlilove solukicns where
inteyionio theorics are moae applicable. Furtutately ;Ec:t us accurate
theoriecs of elecirelysic conductance are aveilsblg to explaln the
Tesulte even LDk a concerration Iimdt of Kd (R = Dolyeelusial
length, 4 = density of soluvionle Revent develosmeat of experiwntal
wachalqgue provides e mduxmy to the extent oOf 0.013 OFX even WS
&@n@wnm RESABULERILe bogyother with transference Neiber GOt
minztions provide en m‘:e::_g-.éivm_:al am,mm f wpvainisg single-ion .
valueke The chicg lim&tétim, howaver, 15 the eolligaclve-like
Oeture of the infornakion obtained.

Twe types of useful mﬁar:mian r.iem e obtaifned from
- conductance . easurencats |
:13_ the mohilicy u,' me ve}miﬁy per unit £leld strenath
C wWAth which the lciis move -'kmmﬁgh ﬁalut;im. ‘

ii_}'- the variation of clectsicsl mobilicy with conoentraticns.

These infornstion togerhor with theory ehable us Lo salavlate
thermodynanle assoglaticn of disscedation constants, lonesise
poramebers, sclvation nuslbar, otde

Homever, the ohodee and eppliceatlos of theoretical egquations
C a8 well as dguiveent and experismental cechniques are of great
laporeaics LOr Preciid meadureasnts. ThessE sepects have been

described in derails in a mumber of suthoritsotive books and



revisuwg 102110,

The detalls are oadtved For SPICE CQONOTY.

Corfiuttancs MEaSVICERNGS give S squivaleng conductances of
solttions which are L‘i&;}ﬂ.;ﬁﬁrﬁ; upon selvaent, touperTature, pLEsSULe
and Ghig stréﬂ;;i:h of the alesvtical f£isldd.

The solvont affects condugeancs duo bo 4ts viﬁc@;tt;}_‘
resists the motion of leas), dislesiric coastzat (cutrols the
effective field strength snd iatesionlc potentiasl affegting ion
velogicies, Bttrackion between lons thereby the extent OL iohw
Palring) and its specific interactions with lons {affecting both
mekility and sszoclationl.

varistion of {ewpPeratury oF pressure chaagss the viscosity,
dielectxic gonstant end density of the solvent. In adidition, tede
veraturXe is Provorticnal to the themial onsiyy of both lons and
solvent moleculas sind thus affectp inversoiions anchag thede High
oresgure degreases £yee volume and Loroes the selotion conponents
Closel together; thus changingy intersctians ghcly theds

?Ling'll—l stressed the dwortaice of the fellowing aspects

iy Jgeurate -taa?&-ﬁemmme CORLLOL e & LOHSEInbUre COREXOL |
OF Qa5 i raquirad for a preclsion of C.0Lie

041 bath rather thao uater bath should be used ta avcid
capacitancs coupling botween the lsads of elecivodesy the solution
and the bath,

11 Emcesticonal punicy 0f soluts and solventSe

1ii1} rvoibance 6f polarisstion errors amd sregiaioa of the
electrical MmeasurenantSe

The Liportant assecis sSuch ag preparsiion of solutlong,

bridges and comluctance gells have Boen egphavlised by 2 Qulbsr of



P s [

workers, The cheory and design of sltemnseing cursent Lridges have

. 112,113
seen discuzsed In details by Jones and Joseph, et *

;@Wlava]w‘ms, Bvans and %=Iatesich1°2'»

Zince the condustemetric methed srimerily depends ca the
mé:bility of ijony, it can be siitably utilised Lo deternlce the
dinsociastion eonstants of wgak aclds and assoolaticn gonstents of
aleﬂ:tf:e:lytea in agueousn, alxed and Aoeugoud solveanids T
confiuntonetric meehod in conjunction with viscaaj.t;r— DEBBULE TeEnLs
give us swch loformation regarding the dofeion anﬁ{iné-alvmlt 1R YaC-.
£ioMS.

S The study of conductancod @Sasupetaiitd wakae poerpsecd vigorously
boeh theoXetically =l experinensolly duriug the last £ifiy years
and a nudibor of iugvorcant thooraetical afgustiong have boan derived.
Ha shall dwell bolefly on some of theSe aspeots asd ouk dlsgussion
=iil be Lisiwed to the studlies in Jooe-guesus a0l nined solvenes.

The studies o the cunductanee of lovophones {completely
dinsepinted in colutions! and Jlonogens {oonedsting of neutzal
meleoules thai vield fone Ly reasting with sultgble -ml.wmtrs%l‘i’lls
o8 & fumction of concentration gives the coniuctance st infinite
dilution, the dissogintion constents of lonogens, the essociation
constants ©Ff lonophores and lnformesclon asbout the struciore of the
aolutions in the vicindty of the imlm.

the successful spplication of the Debyewtuckel theory of
intericnie att,.-raat._j.:m et fisde Ly Onoage 115 in deriving the

‘onlrauseh's egustion

A= N = sJc vea {7)



LT Ly ] S - & /s\O + /?) evn g‘i&j
2
(Ee) K - RL o4 o ><'|5L‘ /%o&zfl
3(.2+\]_2)£TK'TCE- CEYT)B/L *om t‘.rg}

e ¢ z
axi [P = E_E__\*_k; = @2 48T ——— S‘L c’h %:?,tngo 50}
' 3RAMNe® 3 CE,.T) Z

7N = visgosicy In S0OLeG.

The sguatlion (ook e aooount o the shorg raoge interactlions
2ug also of chape or size 6f the ioa8 ia solutioil. The lohs wuze
rogaxded ns rigid chovged sphakes in an eleptrositstie ond hydrcs

dynaaie contimmum lewes Yhe sotvene e In the subsequent years,

pitts (19533900 oud ruoss and Dosager (1957) jidlesendant iy

goked out (e golusick o the problen of Glegtrolytlds Conlunitsnes
saoovthing for both long-rangs and short ronge nberactions.

< : 2 .
However, the /A wslucg sbtalned for the sonduakance st
: 117
infindte aliuvgion veing Fucss-thsager theory Gilifered oowsiderably

Lyoin that chtaloed uslay PLtets theody and she derivebion of the

Fuess.osint egat i vas guss Limza.d'ma” li’“)‘il‘!}' The oboervaricon
wasg cofiond by Puost-iis ia 122

awiified by Fuoss aaod i-lﬁialz?*

s ThHe orlginal PG auguaiion was
who mecsiaulated the mwilaxatlion

£imid, retaindng the gerxe wnich hed provicucly boon negleciods.

The epistion usdally ¢ndloged is of bhw ﬁiam&mé
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A (+kad Q1+Ka/ﬁ) +ke T & &ka')

ese 3313}
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nneee $ikal 45 a complicoted Sunetion of the variable. The sisplified

Eogn

3.

0 &N
= _s.iC‘? +ECIne + -

/\ \ . :j.lc Tzc ane C§2}

ir gererally esployed in the saslysis of enperimental resultsokere

(ze) 4 2
bt = —— ':-l(;'?'ocicf)f.lc, _2 /Ac
k = 502914 /Ao-;
CE?T)YL ane {543
B BN B 53)
ave b ]
Ck&b b V2 .
24 c::) = uasrae g ¢ -
CS.\_'T)?’ / LR L ‘563
- kabp e
£, = T =4 33 244 Xio /_gl i
‘6 ¢ Cg‘rT) 71 c"lh"rmr(“f_ttm t37)
The 7y o0d Iy san be uritten as
- a5 L () + 03] e, [anm b (K2 )
C
owe (58}
5 - Kab [L{
2 y =3 N Dyt 2B, Qq] ag

ers §55)



The values of A; topas ave Gifferent for diifevaent theoretical

* 124 _ 1< J
restoente derived by P.ittzsms,. Fuoss and Hsia.x sl E’:.raefilgﬁ. e
are giving the values for Fuoes and Hala Louatitenit
Ay o= Lo £oa0® v o . 17 v 0.5073 ves. (G3)
Iy
A 9 = 22 & C.0Y420 waw (63D
3k .
3 o 2
Dy ek, L70.57380% ¢ 1205720 m 3 5 w0e6867 see £G3)
Ao Bf oo ezeneey 0 4 =25527 J20 0 e (68)
AD ) 3 Ap

b 18 equal to the Bjerrun Qlstences

Howewer, it has been Soiad -ﬁhr:t. ail the egquetions are
lngoplcte and iAo pome Qases fa&i o £ik experidontal data. 00 of
thage results have boen dlscussced liaborately by x-‘erﬁamez-ﬁrmiﬂao
Further ceorrsetion of the eguatien (32} wes made by Fupss and
:‘scsa-m&c,i-nala‘?. Thay took into cossidersbdon of the Qrange in the
visgasity of the sclutions and assunedl tht wvalddity of Haldan's
Xules Tho pew oguatich boooogd

A=N -3si€ +gcdne 2 |
3, C —'3'7_6 — 13N\, C | sne (53]
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In MOCT Cales, hwever, J) ia made zero buc his leads to 8
.fay;.tn.muc duviat ion of the oxgerimenkal datz £Xom the theoretliceal
eguationg.

T¢ hes bsoen observed that Pltt's eguatlon gives betber L4t

. 124
o the experimental data in ajuecus suolutlions -

Ton ~a5o0cishion:

The sguation 165) as given obove sugoessfinlly meprerent the
behaviour of corplotely dissoeisztad electrolytes. Tha plot af A
againsh c.‘ {Liniting Onsager eguation) agre used to ansign the |
Gisscoiaticn or association of glactrnlytes. Thus, i£ /\O (SADPCE S
mencall fs gleater than N (eheoretinal) l.oe L€ posicive dewistions
oecur {ageribed to short=Laiygs haxﬁ-&.aéﬁ reopulalve intei-actian
 between lons }y tha alectyrolyte mgy e _regax-:.ﬁ&&‘as conslevely
dissogiated but 1€ nsganive devistions ir’\"emm /\ /\C'E.'l,,,.&.a,3 } or
poslicive devigtfons from the Onsager llsdving tangent { XAt > )
SCUE, the @l&mtrslyéea say be regaxded to e asuocixted. Here the
eiectmsmﬁm .int.ematims are lokge 80 a8 Lo cause sspccistion
batween cations snd anlons. The diffegeace in "‘? {axrpts ) and N tthed
would ba considerable with ineressing aﬂsmiatimu?-
Conductance moasuresents helps us to deserinine ths values

of the lonepair asscelstion goastants R, for the proqoss

E- ] -
[ S .AE ?_ [ ESY . sea L(HG}
whore Ryw LoX aee (67}
L¥e Y |

: (2— bl lod ‘633
X = 1= e K, Vs |
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For strong electrolyhes, the aonstant L, ond A has beea deternised

¥ - o ) ] ; 129
using FooDS-iEaus exquation > or shedlovsky's equation’ .

T Ky eviA . 4893
N\ A° (AeY* TR

ghews Jiz) = Flz) (fuoss ~Craus) and "1‘?@): £@) (z;ha& lovalky

F@=1-2 (-2 (- Y2 )2

“na. %@9&)
s = _ zr 23 | .ou ‘-Cb
md TR S 8(@) =42 R4 2 s (a)

The plot of T(2) /n against CY;'/\ / T(2) should be a straight
Jine having i‘o for ite intercept sud K, /4 X3¢ for iee slope. nhesn
&y, is large, there uill be considersble uncercainty 1 che detor-
minsd valves of A° and K. from {89)e The Fuost-lsis gosiuctance

cuustion for assooleved electrolyves i yivesn by

Az A~ Sde) +E (Re) In (L) +7, (-o{c‘)—jzr(-‘*"‘)/-iq;?\?&@‘) Y

13@. The conduct nace

- The cguatlon was mmdified by Justice
of symaztricel sclestrolytes in diluve soluticons oso be represented
by the equstions

A= ;(Q\o“ Svge) +E (Ke) bn (xe) +7,(R)Le -F,(R) (J\C)B/l) {71

(1*&)/4(}__(3_ Yo = Kp asw (72)
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The conduotales Paroncters ake obtalmed from a lepst sguare
creatiem afvter seuglng

S

IQ: CL = 2.6 RT LE 2N ’z?“é;

Rjerzuats cricdeal distance)s

mrosopding o Justice, the usthod of Sizing the Jecoeifielont
vy setbiog &= g cleorly Mmraivs a bubteredefiocd veles of 8, wo be
chtained. Sinee the agustion {717 is a pexies apahsion wrunonted
o tha /2 semy, it would be prefersble thot the resuleing ercore
e ahacrhed a8 oush 88 possible by ¥y 's:a‘éhf:::: than by & A0 WRNOE
vhestel joa) inkervst iz greastsy as At containg whe information
congeraiay short-ratogs cationeanion ineerastic.

Fro®© the experimntal values of the assodiatlon coastani
Rye 00 qai use gz wekhols i ardey to dekeralne whe distange of
closest asyroach a~ of LW Ergs L0068 Lo £0rh o8 ion.paite The

follesing apuation nes bDezn sropozed Dy Fuoss >

_ [ 3 - 2
Ko = (4NN ® /3000 ) exp (@ etk
| soe {753}
Cin suie capes, Whe megritude of B, wat too suall oo poradk @
ceiculation of e - The distence porameter wes finaily deccamined

from the nore gencrel eguation due to ;:zjéxam; }32

| Y, =g
kA - CQﬁ_N/im) [0 = _p_xl, Czlei/hfk"r) A " ons LIB)



Thir grgaat lon neglegis swenliilse shofteihye intalaptions
SXCeDE LT sSelwation i wndoh the solveted 5% oobv b aspronioated
By & nexdesghere oodele The mechod hey been Svccessfuliy utilised
Ly ouounepat

. "

200 dee onmmmoror sed foode aoudoanticn

The agustion (45) el be wrilten a5

N =/ xSTe -~ EC_’*faf"— =N 4 (3-mar) e = ATt T

a;'q {823

Ldu.{;ﬁ iy = LT e Tier ki) ﬁ."'ﬁ}

f o
Then, o Rlot OFA vE S glves & -:ﬂ;miggsw line wicth A\ a8 intercept

o 20 op (3.0 Jas 010pGe Ko suning 3 L0 be neyligible, a”

values cs 0@ oaloulobod From Jte Thi - valucs chbtained B s
grehed in DHEC yoprs dauch oanlicy 2% 'ﬁ‘%mzz wouldd e expeouad LXon
sume of crystallogrephiio radids. One of the oobons storibukaed o

in i Jobeselvont lnvereonions shdeh aze aov Jooluded do che oot ie
s thaory b vadoh Whe condusbance e»qz.hx.iu:m are Baseds ITNe 146Gl
#ion of Aielectric senureticd Tesulis Lo & Inepease lo o values
fauch A coadformity with the oryscsilogiashic radill of alksll
aakal saltg (havingy fong of ndgh sSuriose ohage deasity: in
sulpholone. The vigonsisy odrzeotion (which Should o BAC ¥oiheg
than BACY leeds to o lorger valuss of a‘-""z" Bq st ild tha agreemeat
iz poote Viousyey, LItk 1@ of real physical sigeificoncs My b
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atpomhed o the 3L a0 aes of clossst arprooeh degived frosn J w
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For silghtiy assmwﬂ salt., the slepe of the FuOsSS-Onssger

Geguat. lon, afksty cm:mting for viscozity, beconst J-K '\"2 ‘i
mgg:m” hag snon Lhah an whcttainable precision of Z 00017 would
be xmuireﬁ o msc;?we. Lhe 3o Lol :zi HWa asSsunz a 'reasconabliet
vaive for the lon.mize paramster, we could caleulate J and fzom
the corregued Siooe ﬁﬁtain a rough valug of thi asammhim .. gma.-

7
g aﬂ‘:m -

Emsm4' in 1975 proposxi a nov CoOOGUCLINCE oquabione Hem*
subsequently pub faxt{axﬂ BHONGE contudtance equsticn {in 1978;
which replaces the @m esuations sméﬁmﬁ by Fuces and cowvorkerss
He olas siriu’i the .i.ms a::f o ewat‘.rmlynm Wxﬂﬁ-&ﬁfw in one of the
 thrve c.;stesg@ria;s 1 v'.}..} thwa imi.c:h 408 an ion of opposite chnLge
Lin whe first shell aﬁ Naarest m...ghnaurs {eonsact palrsy with
- 2e The necrest migﬁbqi;r& o & coitact polr are the solvant
- Soleggulas which foxd.a cage amunﬂ the DAL |
- tz} - Those with aﬁ*&'ﬂ-apping 'Gumay‘ca-éfmm (’mivem: s@epatated
pairsi. For thasa h,,J Qa+'hs) where 6 is geserelly oune but gy b
) 2_,3 _(_.tﬂ: B 1«: tht»z diammter of a sphere coregponding to the
avernge vémma £aﬂtna_1 plus 'free) por soluong molsculae, contact
péiézﬁﬂ form &y a mq&a}n&e of lon.colvent sire interananges inside
the Respheres, wnbil ?ti’#‘eﬁ ins of opposite charge Deccls Reokest
f@dﬁhmﬁﬂh :
{3) Those which fincl no octher wapeired ipn 4n & suzrevading
Sphewe of follus »1, wham R is the dieuster of the wwesihers
- fungalred FO0S b | '

Thozoal mm end inlerionic forces egtablish o steady
BLake, Topresented iay the eguilibriai



e . E id o . _— - g i
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nalvanteseparoteld  Soatont Heugral

Pair _ yair A leculs

cuinbagt palrs of louoguns ooy rearyange o noatrsl ooleoules

aF BT = B Gage ﬁgx; and (Haooo™ » ek Y bo tho frogtion of
selule present as wapaired (D R ions. The goooestraciss of
uneaired ion iz C Yy L€4 be the ﬁmci:i:éa of salred ions (< Ry
thaen the oommersration of the sclveat-gseperated pals o G{le7ix
{le £ Y amd that of gonuoot pains 18 J{2ile K Ja

the egquilibrivs constones for (77) oo

Ky = (led Hila V3o v3g2 oo 4 732)
o & s I o ; -£ - —
Ep e Qe = @32 { - EgMtT) = ¢ o §T8D}

whem: L desceribes the Zopantiol and sepavation oFf ..ulvm:ﬁ; separated
pairs by diffuslion io aad our of spheres of diaveter B arouad
cations ead con be calnulable by cemi;:i,mzug:ﬁfig is5 the cuastaag
desgribing the specific shorterasage ioiezolvent aod {on-ion
incersotions by vhich contagt palirs Zowik and dissocigtes ;;ngliza the
Adffernnce in energy hetwesn @ palr dn the ztetes (& =+ R} and {(r =
8)y £ is measured in units ko

Doty ) aC = l/i,l L 5{3.) _ can 780}

ardd the condustonetrio pelring congtant is gliven by

N = (=¥ S _ .
K= (=¥ ev™s —kR{(}-vc):kRng) cen (75
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The eguation determboss el :‘:mmzmré&ma of *sctive lonst
whicnh produce long-ragge ingerionie cffects. The contast poles
rapat o8 Aipoles to m external field X oad contribuns auly to
ghanginy cuszent. 26th coatict paits and solvent supatnted pairs
are Felt o8 virtusl 4ipolas by unvairzed loasy thelr intsrscticn
with ungeired ions iv cherefors nwglogied ia calculabing long range

ef fants {activity coefficimis, melaxetlon f£ieid AN il clestiow

thearat ioal fomtions of the form

A= lo[/\a(i+m‘/x)+ d(\e_]
: san (80}

':}:[/\o (HRXD-?ELJ |
DL
- .. {5‘)&3
which ds & th¥ee parssetoer ecustlon A= A CC:A°>R ,Eg de ¥R
{0, the zelaxation Ileld rX) a3d AA4 0, the eloctrophoretis
goLnter current ; EL) are loagersnge effcces due to slectrostatic
interionic Foreces ond p is the fraoctieon oFf solute wiich oontriimes
Lo eonductaned ourEEsit. 8 18 the dlagster of (the GuLney Co-sshubce
The paraicter Rg (O £p) 45 a catcheall for 4ll short-range effvcts.
T )= = _
P x| Ci-v) esw {ROBY
Za eppe of lonogens or for lotorhorus in solycans of low dielectzic
CURSLant, of 8 very mesr o unlty {Sg/kT P 3y the egustion Dooonsss

A:Y[/\o(i+AX/X)+ﬂA&] sce (80D
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The couilibrivs constant for the effective reaction
5 #B"2 B is then

KAz (_l --Y)/e)f.}£fq' = Ko Kg eun LBOR)

begause Rg 7)) ke
The parascters and the varisbles ae rolated by the sat

af epuacions

T 25) VR G Wy C‘fa £2 Jldm L)y - S . ase (BLI
Kp = ﬁﬁﬁ&aﬁmﬁim A /5 ' «ss {8la)
—\nf = -(‘)’]‘/2 U kR '. .2

B D, > p = _ ﬁT ses (81D}

'\( L= gxﬁ rij/'}"«.- _"..‘Z- KﬁN ')/C. /_;2_5" s ;aJQ}

€= b [ -] ve B1)

The ;’Lazails of the calculstions ere z‘:m.aeamﬁ in the 19?8 PRFET.

The phort conings of i:.&ze; srevious &éﬁm&imm hawz he‘é'é.-: me&if,iaﬁ

~in the presest ejustion vhich is sore yenorsl than the previous

ﬂ;;m:,i'.j.mtes and can o wsed in the higher cofoomgeation zoeglons
(R K i agueous SORuhieas e

Lisfe dng

Tha liaiving egudvalent gumdustonce of an lgougolyis caa

ke escily deteralned Erom the theorsticsl eguations and expericencal



chservationg. At lnfinfte dilucions, the sotion of aa lon i5 linited
solaly by the izitez:’mtioﬂs iﬁ-ﬁ;’h the surroundizng solvemt celscules
as the logs ave inﬁn&mlf LPRYCe wﬂwr i:héaei-- gonditions, the vallie
ity of auhiraasch's low of indesendens saugmtim of 1ons is almar.
&Lty “m:.ic.v ;.hua,
o o]

A + + . A- van (B33}
At present Yisicing sgulvalent ceoaductance is the oaly fuaction
which cati be divided fnto ionde compenents using esgsrlaeatally
determined trangport master of lona

L]

o _ ) i ?
Le . .A-{' T '_t'i‘A Qe 7\0_: '?:— A soe (HIDY

Thus, £romthe sccupatc value of A\ of fous, it 48 possible ko

::B‘::arahf.: the cmmmtima Sue t& cavions ang andons din the sal.uteu

ﬁazm:.nt dxm&ractiaml 1‘ Houivaer, occurate tranaforencs auvmber
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deteraiaations are ilsited o fow solveots oaly. Spiro ad

Sore regently ¢ rmamm“" have sede extenzive peviews o the
SLED IRt

In the emsance of aami noatally measured w::mﬂsif.«m.m
agngers, it wanld e ussful to davelop indizcot msthods to obitadn
the floade Itandiing sguivalent cocaduwtances in oigande &mlveng,,a for
wnich experimental transference NRIKKEES are nok yot avallsblae

The sothads as have besit samasylzed Oy s‘r:mages&zms; axra i
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i) HWalden equat::.ml

¢ DodacoronsToasstons = ¢ dyyduater* 7o vaser s (BGa)
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wakien concidored the predusets to be independent | cﬁf NI L D
ture ond solvente HowGVer, the /\oJthN Rovalues used by Ualden was
fcnim‘.i te differ congideracly frod the data of subcseguent mOne
precise stwdics and the valuss of (1) ave coividerably d4fferent

Foxr diffcrent Solventbe

Wiid) ')??,zauén“’ = c>~%§’ L8nar™ (besed oo the oguality of whe

. nee iﬁﬁ}
Ao BUgiB¥hzF ol Auzm@f.amw;«! 1Py wdch 1o ghyvicusly
| wEokgl9e0 )
g 3-3 ‘86}
= . Yy - i
L1903 ,fb' Hegooedn®™ = Ny s OCtdSO; . Buk this 15 pot realised
' 25 moag 148=133 r, 208 2 0,008
{vi No? gl “?‘o . % G.00Y
02 200 & 0e008 s §88)
Ve 200
(le 2025
e 201
Qe 233

Bub from precioe wrsnefirencd SUALeX IBsSuDEenUs, v obiaia
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)?" Bu@m?.’q;f Oe213 % GelZ and the Jegiod cannot be used iox
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aglittinglﬁjhvaluﬂsa

i oy Megthu' = 323, Pnso]

{wid)

(wddily
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1%5 1he equality’ils cbserved

dz zode sclwvants Dok oot in -at%i&_tﬁ‘-;

sow LBU}

a5 T e . S | - b
>{'§’-§ B%H = )%hs & hﬁfﬁ see LOO}
The epuelity bolds good in nlugcbenegens aivd 4dn adxiures

with CClg but Aot reolized in mothencl, acetonitrile end

nBitromsinant.
) & ; 1546 . .
?\o.g._ %4,&5# = >,09 '@h‘;ﬁ" ' ' e ‘91}

may be applicsble fox the egual division of

A @2,, Phgrasihg) but the mechod is soe applicebile to
obtain the ilaitlng eguivaleat sondugtancess

W 2 - '

No 0B = 23, Bugs -  ess 52
The asthod sppears Lo be soniid as the negacive charge on
Beron iﬁ i g ion is consletely shiclded Ly foux
tnert bukyl grouph 28 4n the Bugl” Lfon while &his pheOoe

menol vas fob obsexved ia cese 0f Shgh™ » DUt the method

could not be checked due to lack Of acgurate Lraneference

dakoe
(%} The squation suggested 5?_$£1115E,153§a)
AQS + - _ T _ : :
© 5 RN = ZF /én NN [ =00 ale3 f},-%hj)] ses (93)
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£

© oad ©g o= ononge ond crystallgjroshic vadius of proger ich.
No and € = solvent viscosity and stotle dislectric constant of
the modium o
TLJ:: adiustable paramter taken oqual to 0.852° wd 1.132% for
dinglar aca-associsted solvsnts and £for hydrogen-ionded and
other agscelated solvento.

Hicgever, large discrapancies uexs observed bétween the
exnerisental and calesleted va.luﬁsl‘m-r- in g Teoent Qamrlfi'ﬁ‘a)’
ramgals essmined the G111 s mpproech aore criticelly GSing Qole
duotancee daka in as mzmy a5 11 solvents and found the msthod
veliable in (thivte SOLVLOLE Gejs BULdan-leol, asstonitrils and
QAL TN ENENG.

. 5 S 155 '
iy N2y denimgngg® = 22, ingne see (B2}

it hat been found Irom transferenos msasurehonkd thet the

B3, teamgmu™ @ Ao fhgpe values differ £roa cne

ancbher only by 1.

Do 5% _ ¥LEy :
(it} )1";’ » dmpmn’ = .'Azf o A-peagn® ees LU3)
The epmalicy is not proved.
e , 3 4
RSN XOE » Bigr® = 108 )‘2’3;, depagy® won LB
The value dliiers Lrom solveht LO Soiveiite
" . - 1640

The value iz found ©o bDe true foxr variouws organic aclventsS.
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The ethads (=i, {(xiv] end {xv) are zegarded to b the mechods
143

which cad give guiract single oz waluas Loy aly orgdnic Solwvea

rrwagals 143 mggia tad e mechod Lo detoedaing the Liadtdog

lon eonductences in organic solvents oF orjsnic solvent odxturcsSe
‘-g{'he:_ mf'::tt-xmi is pased oo Lhe fzct thay laxge i:aa%:_ﬁaali’;y}. Raryl)
ondun lons age aot Sclvated in cryaile solvents in the Rinetis
ace (1. the swbility or congentration of Solvent solecules
pround -the ieong 1s emusl to che cozresgomling valuws in cthe body

of the solvent, which are pevtuzbad by the infiuwnce of foreign

particles’? due Lo .izap@asihility of the dordmation OFf daOleaucotdy
complexes of the iong with the solvent molecules arzd the extranaly
wgak eleotrostatie lnteractions botwesn salvant moleculss and sha

large foug wich low surfesct charge density. The phenciencs of Rons-

aclvation s confixwed by WHelleile measuvumsnt and iy utiliced a8 o
sultable asdel Loy avporcloning ;{3 values Anco Jonic compousats

LUr ooneafucous clechinlyts Sokublons.
mddering the Jotdus of a solwveted loin in as elscirostsgic

b
\wl:}"

Lieid =z a whole, it is possible to caleulete the xadius of the
Joviay sarcicle by thy SLOKSS eqguation
\2l F*

. Qs (1@3‘}
ATNY, Aoy -
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vhare A iz a goeifieciont veryiung Lxom 6 (ia che case of pericdt
eticking) to 4 (in the case of perfect slippingl. Slnce the T
valuas, the real dimension of the nopesolvated tecrasliyl {azyl)

anium lons must bhe congstant, ve have
AO ) ' ’ e Y
+ Tl o Constant “sa (lm 0—)

This relstion hap baen verified using )'”itra?;uea deternined with

RO ise trmgﬁémrﬂé meaberse The product becones cosstant afaei'
indenendent of the chendeal nstuse of the orpauie solveacs for
the lepmuia™, fhgps? and Phype ions asd fox -Wtrmmylmzuxm
oallong stoarh logy with ﬁmx}ag\a o The wlae.imhip Qon b w::!." uLiltised
o datexnios ?‘-0, ¢ of Jonm in cuher orgonic svivents from the
degermined N Viliese |

Solvarion Sumoge™ g4t

T£ the lisdting coaductance of the ioa 4 of eherge i
is }mmms the ti:fﬁmté.ve rediug of the solvated lon cun caslily be

c&e&cz'm;ned £ra=m the stolkes. lave The volole of the solystion
| -sz-hell Vs cafi be Woittin os
Vs = 4 (22
: sevw (1OL1}
whnm "f’ :2:3 th:a oxystal radiue of the lon«Maould thea be ocbbeined
fm

cesa L102)

sasulng Stokes® zelatdon o hold, the doade solvated

wolume should e obtained, becouse of pecking -e;i’;ﬁa;;m-mz £roa



ik Tom

a 3 R
Vg = 4e35% son LLO37
s lerate \/ i axprezsed dn el/iitre sl Xg in cagstoons. HoWeven,

whe acthod of dotoralnatlion of ssivation sumbesr 18 oot spplicable
) . - 27477, 154

Lo o8 of sediun size shough a munker of sasipizal®™® e 3

sheoresioal corgacsion 1‘53"‘1&” hava e

s SLEgested Lo anke Lhe
mathiod genersle

Stoleent 1y and lWoldens Bulo

. .
The imising condustense 0P e epherdcal don of radius Ry
woving in e aolvernt of dielegiyic m:n.inuzusa ot ke Writuen, aceopie

ing to Srokes' hydrodynsales, &b

o 1Zce\Er o 819 | Z]

67N Ry ML R

ewa 104}
VTHEL G 'h,.g.-; rauroscople viscosivy by he solvear dn poloe, R 4 in
sygstronc. I€ Lhe redius Ry o apsaned Lo Do i sane i aveRy

srganic solvent, a8 would be bhe cage in case of bnlby ongenic
AOE, WiE get

)\,{, M = W = Gonotang eoa LIOG
¢ B3 : ' ’
This |

t;aa-

L Rnown o8 haldents r:ule_.,?’“ = The of ‘*‘”f»i%’@ Ladll

stoined using the cguotion gan bo used o obiaia ::*ﬁvamhm BURATT.

The falilume of tm:c Stolwes? vedll co give wtho effective gsine of
the eolyvated lons foy smnll loas iz @c&wsza'ﬂy aneribsd to the
haspp] foability of Stokes? low Lo apleos

CROLACIES
, _ 8 i " pTIECE A
fokeinaGh onidg Suones _.9. a'b‘_iﬁj‘ﬁﬁiwgalﬁ 3 2hd Sihelgs A7

b9 Kl 'LE'“& Lok ;f,rs VSEBUD Veoy Fppg VELsus ¥, and Y versus Y



wnens Y, io suokes' radius, T,y = eficetive madiun of lon in
sceluclon which lg seqgual o tho crystal podii YV of the ilacye amd
mnsalvated setvoallylanoonion ion and cbitained by caolibration
curves for cagh solyent £oF carrectinmy the dtokes' radii of Zons.
However, the cexperimental resuits ndicate thak the ethod i6 i0e
CoXTest as the dethad is bozed &l tho Wy asswption of che
Iovarience of Walden®s product with tenseratusye The ldea of
sigroncopis wimozuuywi -w&s invoked withour muceh 5&@5&;&;:&1??'“3
sut It hee bsen found )9;_ ‘QP = oonstant -i_&eﬁa)ﬁmrﬂ » i5 usually
0.7 for altald wetal or Dalide icas sad p = 1 fox the large

ngl'?%lﬁq

Attempes o explaln the »c:ha.n:;e. in idve Seelast cadius Rmg

hep been medue The sppaveat j:mn.aae in thoe ;.::-az}., radiug Y nad Ews@sy

steribuced to lon-dijcle polavisation sad the sffcch of Galelecerio
gateration on &. The depegndence of the Walden produot /\ 1’)0 Gy hs
disisetric constiant led Fupss to ooasider the effent of the
electrostatie Euiges Qﬁ- the hyﬁrmiynmmzs_ o the Syston, cooslidse
i the excess fSrictionsl resdstoncs cauped by the dieleat
relaxation in the zoluent caused by ieonic motion, Fuoss proposed

the melabion

o _ Fel'Z;!

h vy
iy
{

)0 + A z vee & 5}

én Ro(1+a/eR2) (108)

_ A : o o

on R{ - Rv‘.‘} -t" 8 LEX ] {-lﬂ?:)

WAL S v& iz tag hWwdvadyoadie x:a:lius t:n‘i‘ the ion 2 an hygsothetical

mzdlum of distectyic c:mmtant where all slectoostatic forcegs vanish.
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Bsy&lﬁ geve the axpresslion
= . — L
o Felz] {"\ o A Lie T
[ = —m + =
. 4 :
67V 2t M, s, eve £108)

coisldening the effest of dislegtixie relaxstion on iotic metion
TV iz the Debye relsxetion time for the solveat Aanlegules.
:;;waﬁamms cesated the loun as g rigld ephere of radius r3
aoving with a steady state valogivy ‘Ui thiough & visgous ineods
Pressible dielectric continuum. The oonductana® equation suggested
by vanglg is
2
o Z.efF

AL F
AT A5 (2 (65~ 5o\ [, -
R D\—'Zi'.e (e 2 _)‘ /3:(2 ETD"‘D'Qﬂ How?
© ad

_ ‘Z,{ 5 Eq zEe the statie sud the Lialtitng highefreguency (optcical)

dielegoric constants, P & and By ow % foxw perfest sticghing and

Bg = 4 and py = % for pericet slippdog,

o M :A“@/Craf‘_-rg)

soe $110)

«
177 that )ipasﬁas through 2 msyizem of

The theoty predices
[ 1
7% psant at i = {(33)°e The phenomenon of dazimun coiductance is

well Haoowne The relaticnshlp holds good to a twasonable extent
for cations in aprotic solivents but €ails in casu of anjong. The
comugtance, however, £alls off rather more rapldly than predicted

with fnervessing radius.
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For comparison of resuldts in differant mlvésms,: the

178
anquation can be Teartongdd a8 |

ot rg- 5"
2 e AST 4 Aoz e (&7 & ) T
-~ O t 3 [« & b
MM, e £, (2e+1) M ees (111D
* . A_2%
op L_ = AD{\ —b:', + 3 : P cew §112)

I e o hent Dwanzlats heory L eyuation (112) wes

- a:sgzlied to sothanol, ethanol, soetoanitriis, butsnol ok g-entmnl
zolusiond whete accubste conductanse and i:raﬁén?m:&:wa daka are
ﬂva_g_g_mie”?"l%*ml- 211 the plote were fowdd to i:e& suraighe
1ines. But the £adii caleulated from the nLereepts ong mlopes
ore £y apart £Ton egual exceepPt da 806G Caled vere Mnderate gucoRss
| 'i:z; rimmﬁ. TH is notnd shing the felaxatlon effect 1o nok the DIge
dominmat fector affocting ionic apbilitles and thet these sobllity
difference/monuld be explained qualivatlvely if the .micrm:;pic
prosaeneies of t.ne: suivant, Qipele asment and free slectron pelrs
W cmsmem& thi poedoainane iacnom in the devistion £xXon
’“z:.akeﬁ'" 1&&&1‘%1

_ e ds poted thot thy gwaimiyg thooty 19 suweessiol for iargs
oggacie enkions in aprovie media whore olvation is 1ibely Lo be
windanl sad where visoeous frictdon prodosinates over that caused
by Slolectric relaxatione The theoly broskis ol ahanever Che
diaie&atz:i& ;:aisﬁx_ug;im;_ Lorn Decomes largs lese. :;"_6:: solvents of high

#¥ ard fox lons of &moll £g » Like any cancinuun cheory swaaniy



o

nas the uherent weaknoss of igs inability to ecccunt £or the
strucLural E&atm:asma e-9-

1} It sdoes not allew Euex any- c:u%z:xaa labion in the Pcoyiencation
of ¢he solvenk molecules o8 the loa Jasses by @d this say be the
Feason why the equatlions do achk apoly wo hydrogea bonded salveﬁtalm-

2; The theory does net distinguish bebween positively and
segatively charged ions and therefors cannot explaln why certain
eiions in aipalar:'a‘?xfatic nedia peossess gonsiderably higher molar
143

-

comiuotancss than the fastest golions
| 7he velden produgt in cese of wized solvents do fiot sn?w any
cmﬁs‘tamy bBut the 'az.alﬁa:«a:é produdt shod ai faexiaun Iin gasa @f-fﬁ;z?ﬁ%za
and '{’s‘ﬁ?éﬁigamﬁ“m? sdytures and other agueosus bBinary m:st&tesmanma
Teo derive exppenpicons for the variation of the walden product with
the aomnoositiocs of mined polar solwaats, varicus ai‘;te;‘:g;mmilﬁﬁt 189
hes been asde with different ns:xifal.é for ich-zolvent ilotersctions aul
m aatmﬁactﬁrg ex;?ﬁﬁaﬁmxz has been derived taking into sccount all
-t‘-.yg__séfi g mkmml'weﬁt ingeracticns as 3 (1) it ie éifg'icult ta daciude
allk .tyz?eaﬁ- of iaterzctlions between Jlaous as well as solvenLs in a
sdngle astharerical empressiond {27 e is nor possible to ascount
for scne specgific propertices of Glfferont Kinds of ioas and solvens
noleculestIde Tons moving in e dielewgric dedium e3zperience a
Exiccion fmf«:‘:a due to diclectric loss arising £roem lonesolventc
interacticns with the hydrogyasaio ﬁ‘ama._ Swanzig' s expression
though account for a change in Walden product with colvent COMPOSie
tion but does nod acqount for the ma:zimn. %{esmﬂlga suygesced that
the s‘fsaj;.::r deviations in the Walden product is due to the variation



- D

of t-.-hé electrachenionl equilibrius between ioas md solvant molecules
with che cmwit;i.dn of wiged _pa?.;ar solvenitss I dases whers morae
than one type of solvsted complexes are formed, thare sheould be a
magioum and/s/or a aindqea in the ¥alden producte This is sugported
from experimental cbsarvabionS. Habbaxd snd ﬂ@m}.erlgl have Geveloped
the hinetic theoky of leon-solwent iaterastion within the {ramework
of cont invun aochandcs vhore Lhe goixept of Xinctle polaribat ion
definiency has boen lotroduced. Lal Bahadur and :?.amanamuz:tim';a'?
explaolacd the varistlon of waldaen product (o DMFEH 50 and ;;zq_;.-;ﬁ'izg
mixtures) on the bDasis of hydroohcbic denydraticn of ions dve to
co-seiveit DHF or DM gliving excess moblilicy of fons producing &
mandsnn A talden prodguct An the weakaxr ich reglon vherees solvation
txi:'- Jous with I_Ji»&i' or LIk will be more effectlve in the DMF ox LA
rich zeglon resulting in further decrease of Walden Hroducte

- Hewever, quantitotive exproseion is still ewatteds Furthcer
tmprovements naturally swst be in terss of (1) sophisticeted trest-
nant of diclectyric ssturation, (2) sveclific suTuctural efieous

Cinvelving iotnesolvent interactionde

Lity etnogs198-201

Ancther loporbant sethoal for the detersination of lonwsglvent

Interections i based on compressibillity wethods The coupresaiblil ity

method may well by uk ilised to detefmdne the solvetiss nusber of
ions 1532-201'

The compressibility is defined by

S AV .
,ﬁ': - "\{; W)T cee $113)
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Under the influence Of pressursy the structure of the sclvent
umleauiezs' brenk down and the isterstitisl spaces are £illaed O so
that the volune JdeCreattSs

Fassy aﬁiﬁ;:&z{}z crded wo explain he deppease ia compraessicility
Of elecurolyte solutlons wigh ingreaslay coucentzation. He assused
that 11 Progence of an elocirolyta, the Bolvent awleculé&s axe f£iraly
held and folly coapxeszed by the electricel forees of the lons of
the electrolyte. The phenosenoa 18 knowm as fglectrostriotion® .
Zhus, the sslvent @olecules ia the *prisapry solvetica ehells* of
the loas sre rerdersd incompressibles
b4

5Pa5sy'nsl«;$2° ralated the allasbetic comressibilitizs of

solution S soln @d that of the solvenk F’-sa:m by the eguaticn

ﬁS.‘J'L'h
.ﬁsnm o 7, osa §114)

whers 8 is the prisary solvetion musber of elsttrolytey By and s

arc Lhe punber of moles of solvant ond solute presant. The adisoatic

|

C‘ZF . - (115}

comresslibilicy is defined Ly

whete € is the velocity of scund for a liguid of density £ (a1l
expressed in their sporopriste wnits)e By extrapelstlon of the
grah of & Versus Ny to Ny = 0, *trme' sulvetion nuwdber S, way be
chtained.

-

Allam and eetdd cupressed the cossressibilicies of various

electxolytes in water, sethanol and ethaol by the eguation



e

'ﬁSGLm = ﬂSai«v L M, (St Ay =+ ‘3'“:;_7_ J /'.m] -1 v (1)
@hate & and § are oolAstaniSa '

~he whilzd and fourth (ras Tepresent mﬁ;trimtimﬂ T2 the
compressibility of the solution Lra the inwréczaima of the solvoted
lens ead solvent ond of the a*@ivamez:i igan and golvaked lons, sssuming
that th ¢ sclveted speeies retalin Dapt of phoe solvene conpressibil ivy.
Thise, |

Lhate (dﬁSOL“/‘i“l) = “ﬁc SO/(M‘)O )
n,—>o | _
She ldatting slope of tho compressibility VEISUS QoicentIas
wien plot i3 proportional to the liacing solvebion RUBBer Spe The
dgbhod was utilised o obigin the solvetlion auwsber of various
elecurolynes at 25°C in water, methanol znd ethenole
the parameier of hydratian?®3=298 sy 2lso be caloulated
aapuming that the hydration shells, tdjether with the centrsl émlnhé
ions, are incopresslble. The volume OFf water bound to one mole
of splute in solutionl reductd to ole atmosphere prossure P to be
V; = (, ﬁ,“p")v(‘f’o) /30’0) VU’GD o (o)
T | )"_K?—/ﬁf - (ne)
Where 4y 18 the ounbsry of oles of vater in the solutsion A3 i is
Whe lgouhunaal guaipressibilivy of the wotex, Vi 18 che molor veluae
G Waber, Po iz she one nar standard pressuze, O Is the isotherwal

conpressibilivy Of the solute.
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Yoing cowsesadbility ond consicy dobe, tha volue 0F ¥, Wl
honce the aversge hydestion nunber of a palr of soluce i068 can be

caloulated using Whe Lfollowing rolatinn:

\/
‘ﬂ = b
YAGS
13elB

The comressibliivy mehods hove been used by various workers

- ‘119 ¥

to deteraine the solvstion nudierw of eclectrolyted. Receatly, Landel

08,210 _ .
205,2 weilised this sothexd o detonalis: che solvation

208 cowuorkeys
nuTher Of electrolytes ond audno acids Iin agueons and mdned molveneSe

Tha solvation muser of im&;v&ﬂual Agias have gonekadly ooan
calorloted msswalag that i weter, the hydration uwsbers of k¥ ad
o1 loas in BCL are Omuals The solvaiica aumdsrs of individual icns
nave 2lso beon caloulsted assuming that in water, Dechassl ond
_ ethancl, the aicrate Ins ewing to les canfigusaticn and size, has
twe solvent g‘mimu}_&ﬁzﬁa* Ty solvoation Dumbers in smtor hove aliso
beont calouleted ascuning pero solvstion sumber of aniafmlm* but &the
amuzﬁ%im of zexo mluaﬁim o8 mié‘.éna iz ingompabiblc with the
*-?m::ries of hydrosticn si am:b‘img"m.n 13,’ Eley ond isvam‘:zm Hicre

#inilar hydsetion of ram,@zaa wzﬁ et Sons BLG a;euesm- LEhirs et ak
‘ufed egpanl solvatlien tﬂ: gablons grd andaas it aguesus Eﬂa :a&.;wﬁ
Solyvcntos |

Hemever, furthef works ade aceded in cthis directisa.

Frol the ciisc*asisimézs it is gppovent thot thoe oroblen of
ismesclveat lapersctions 1s ,zjzms.guj.ng g&: Wall o IDLeeSUinge
Iaspite OFf cuieasive ﬂt-.-tﬁie i:he gzca;%ar DaLuULS ok z*.m 3%&&1‘1&:&&
interactioas '1&3 7ok o m e«wim:w. :r':me.,aw..r, stsdies I aloed

Solyenta are £¢1:at.iyely Md. §

|
1
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It 4% dealrebls to stwly the probles of lon-sclwent
inveresctions using the &ifﬁei’ﬁ;m experioniel tochaiques end a190
Lpiliee the different mmﬁa&a to galgulave e 55;:1{;*;1& Lot values
S0 as Lo have -a_maamgbly- cmsiatéﬁéz Set of iré-lu&s of i-nm. “his
aay ciable us Lo have a Detiek. unﬁémi:emimg a2 the i@n-smveam
iﬁmmctﬁm:s Doeh £xo fc.neamr.mal ami am::axizmm:al g:-a:lnua ok v;l.iae.

N e have ut,.;.l.‘izsd the three ‘Amportant methods elaborately
| ﬁeﬁcr,ibeﬂ heaﬁnm amwn;% '.:ﬁve :Lanae nusber of differem physicoe

qha-,.,.nir:.al technigues to atudy whs ﬁmoblwﬂ o m_ﬂ-wwuﬂt intorsce
vicus of tetraalkyl halides &nd relsted compomds in PUSG and
"m%si@ + water sairbured. i’ia have trled to ﬁéﬁé:ﬁq& the single lon

volues whersevel posciblice

T'iii;"i‘é ] shoxide _iﬂ!&?ﬁﬁ}m

Binatiyl sulghoxilde is a versatile end useful aprotic
_s-gj_g.e‘afm: w.t,h wiile a,z;.:ylic‘aﬁ; long in 'Qi’.'gﬁ-ﬁ;iiéc :syn@aéﬁs g in
| eloctrichenical systemssii 339 Irs plinlcsl appliceticas parkie
cu‘l'e.x:ly £6r the prepsration of olat.ients used for topical appli.
ek ions m:s’: slgo notea’®s It is @ gmﬂﬁ ﬁﬁﬁl@%ﬁ'ﬂﬂic agenc and

tends to ethance mmtion rates mﬁ Yielas ofF n‘any argam‘.c
Bynthesea by wtabﬂiz.-ng chargea int@m‘\edmtes zn ihe reaction 213,
the phys J‘.::al propert.iea of I suggeﬁt what i.t ia highly
-aaaaciamﬁ im both li;;uid anﬂ salid stateameﬂ
Di3o 1S *::yramjﬁal in ﬁhape uith two Cm&LB'I\E, tha Deatol

23‘7'218 - ‘the molecule hos a dipole

a.id the *:..ai-.mn at thf: vyartices
dGonint of 3.&%: ac 2‘5*’{:. foeh the sul;:hm: anﬁ the onygon stoms

postess a lone palr of ﬁlecf;rans and in sulghiy the loae paixr is
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tetranctrally dilcopoesd o the methyl Jroupd and Che oxygen atome

A strong electyoptatic ifntueraction butwsen the positive chargs on
& cacion =nd the lone palr on the oxygen atoen of each solvent
molecule s envisaged whenl the catlicn-solvoat complex is ﬁamd.
Invaraction between an anion and a LDHSD molecuwls is digficuic. Tho
pesitive vole of the snlvent dipole will bs logeied of & plans
that higsects the C-5.0 bond angle bhotwesn the sothyl grow:s bug
the <dethyl groups may storically hinder the close sppisach of an
inn 0o thae gentre of the chargeaz?-

The results of our investigabions havwe been describwed in
subgeguant dhapters. &7 bolel smmascy 9OF the works Goug has been
o BTy iﬂ whiz greiede.

L Lo nigh dlpele aomolt of the solwent, the intemmoiscular
ayataistion of the solvent, m_leéum is exsectede Haak internwlepular
bonding betwesn methyl protong and onygen aeomd alsc Oskes a contri-
put ion of selvak aamciat;imalg'

Disparsion forges are maxtisularly responsible for coheslon
of DMS0. Breater nob.chemleal interactions cause the G&lpolay
aprotic solyvante o be rigid. In temw of noneghomical scructurlng,
the dipolar aprotic colvents =2re the most styustured of all
ﬁdlmmts’zwo

The ¢dodad dilvolar and physdcal provertiles of Lo coudled
with the stability of sowe potentislly sseful slectrode materisls
in DESO make the solvent 'thea';rut_icaily g:mzﬁisiﬁg Zoxr high densicy
battezy avplication?®s Transsort beheviour of lons in DMEG as

applied o Ba.i:t;ez:y apalication and the Zumgtion of DHSO =olvent
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molecules in organic roactions oth require the understanding of
the nature of ilon-~solvent Jateractionzs. Transport parameceXs of
elsctrolyte solutions such a8 jonle coxiuckancs and viscosity can
provide inforastilon concerning thoe natufe of the Rinetic entitles
from vhich the lon-solvent interantion can be infacred.

v have, thercfore, devohed our atvention ¢ the study of

Lhe LTaNSHCrL properdiies in OMSG and DHME0 ¢« waler dXbUufesSa
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