.Y eds) Iy T

4 BISNAAFROUS IWITAPRETATICH OF SXISIING Dafs OF A«
IDEALITY OF GASES AND SCEUTIONS; SXMPLE BQUATIONS o¥
SPATE YITOUT BMPIRICAL CORCERTS ARD PABAMBTENS) Lai-
MIER ISOTRERM POR THERE DIMENSIONS

Rajalaishmi HEYROVSKL
Na Sténlavee 6, 180 00 Prague 6
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Sxlisting data an the actual P,V und T,V proporties of
mmmmmmmmwm-mhmw
aquationa of sbate, %gs (22) and (36), valid for low as
well as high concontrations. Deviations fim ideallty are
asoribed 60 a) ¥he volume of gas molsoules, b) eclvation
and ) molecnlar and jcalc asssolavion/disscoistion a8 a
result of intermolscular and interionic forces. Othey
sain findings mmmmummmtmml)u
sinple quantivavive relation betwesn eguivalent conducti~
vity, degree of Alescciafion and camovic pressure, Bga(16),
£) lincar dspandenca of the product of concentration snd
the coefficienta of diffuaion and viscosity on the osmotic
pressuze, Ege(31), 3) linosr dependence of the oatiefs OF
consentration cells on the logarithm of osmotic preovsure,
Bg.(32), with the slope depending on solvent polarisation
and 4) quantitative £it of the Dangninde isotherm Lor ocous
pation of mﬁ,obumd by rearrangement of the equsbions
ath(ﬂ)m(;g).uaomqunmottu above,
representation of nonideality by ackivity and fugacity oo~
efficionts i8 Dot NECESBATY.
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THIRODUCTIOE
Tho besic analegy of the gas snd sclution ideal laws, Hqe(i)

W o= 81 (&%
and (2)
TIY =#R Ofl for assoclation/dissociation), (2)

was established nearly a century age by vun't Hoted (soe al-
noa"),fc:mu low pressures of gases sud very dilube eolu-
vions o2 electreiytes st non-clectrol o bes fation PV/RE
and TIVE/RD (called compression factor Z @798 40n van't
Hof?'s factor 2 2% reapectively) sre oqual to unity and 9
for the ideal laws. That the propertiss of gases aud polu~
tions axe analogous even &t hizher pressures and concentras
tions oou be seen™ from Figs L and 2 whers PV ané TV, pro-
ducte ers plotted as funckions of P aud T It i ovident
from thess Pge that Bqs (1) and (2) sre best spproximapi~
ong for very low P and T wvaluss and thst at all other va~
lusa of P and T the chesiocal antities do not obey the ideal
laws, Various equations of asiale have beon Formlated in
the livereture to interpcet in gemoral the actusl F,¥,¥ “0¢
oy 8, B2 g 1, v, 2 F002® gag, bub the sugsested eque
ations havs linised epplicabiiity snd have a snsller or
larger nunter of empivicel paranesers with no exmot physl~
cal significance. The virisl forms, 8¢5 (3) and (4); oSy

B2 = 1 BN + 0/ 4 eee (3)

TOHRE = 1 4 BV « GV & 4se ()
contain sn indefinite nunbar of texms and temporatuarp-de~
vendent parameters B,0, o%c., of which the oveflflcient B
is given epecisl importance.

The virial forw is sore widely wosd for gesss, whorsas
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1n the case of soluticns deviabicos from ideslity sve nowe
reuslly expresesd by the molal sasotie cosffiefent, Py snd
by the molsl asvlvity coefficisnt,f s whish ore inter-zela-
503l 4y 54,(5) shroush ke Sibbe~Dubon relation,

Tems = 4 = 5$e (/a)f vealsap, )
whero 77 18 tho volume of solvent A used for alssclvias
oo mode of selute Bs & o P sme obtained®®e32® frew mee-
suranents 0f ooRoic PrEGSUre, Vapour poessurs, changse in
sreesing aud boiling poiabs, evos Y is obvained frem P by
invogration using Bgl(5) or fecm oo nossuromanta, Say,
of concentretion cella withoub tranaport 330, from the
“asgioit’ fvee snersy i+l iieributed 3o nun-ddeslity
a8 in ¥gl (8

:r(x-e") - wiflm, &  yETaf (8)

A(actusl) ~ AB(idesl) = Allacn-~ideal)
Gonvezesly, S$he tebles of P and § dete in the llverature
san be considersd as ‘stores” from whish the actusl ommovic
pEOBSUYS, VepOUD prescure, chengss An freeaing and bolling
podnts, edieds of colls etcs, ocan b bask-calculated. i
mothod waz used for caleulebing 1T fvom she P woluse for
FAge2e

van't Hoftd Anterpreted 4 as the kotal nwsber of moles of
solute actually present in the sclubion dus to disseclation
Jassesiation of ons mole af Gry sududs 3 dissolved in the
given golvent ot the given concenbrediaie Thus, Tor me
mcio of sn elecizalyte 5, (the widissocluted slsctrolyse
10 hore™ densted by B, Sege ¥a¥CL” , since ‘free ioms’
asgosiste bo forn “bound lems’, se alaot?) dissccisting
iato o total of & mmber of cutions aad anioos scooxding o
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B, = B e+ B, 42)
Qe e

vhere @ ie the degree of dissocimtion, i is given by Bg.(8)x
1 = 14 ) (a)

Thereby An oxcesa number, @1)x  of moles are oveasted by
tho dieseciation of 5. At infinite Aljution; en slecirolyte
15 aomplately dilgsociated and therefore o( =)l and i=yv, In the
came of solutes which assosiste™ 0 form dimszs or polymsrs
in the given molvent, i<l since w<ls ¥g.(®) 14 nod zuin
much attention since iv appesred 5o be at vavisnce with ex«
perinment 3 Fig.2 shows foxr an elegbrolyte sn initisl dacrease
and dhen sn increase of 1 and in the case of & non<llasocine«
ting solute like suorese in water I>1! Horeover, there has
not been an exacl wey of determining X from axperisents,
1ike fyom meagurswenis of electricsl poadaetivity, The use
of the Arrhenius vetie (A/A) or other modifiections®® tox
the salenlation of « , which approximetely egatinfied the law
of nese soion or the Cntwald's Ailntlon law, Bqg.(9),

%, » (oot )/t e} = [3-UAA] 7 (WA 5
for weak ascids, gave mmither the correct values of i nor whe
sasociation coasbant, x,. indepondent of soucentradion for
whroag o:lmtrolyha"’. In onder %0 mboer through the appaw
rent anomalous dehaviour of streng olectroelytes, the forwal
soncopds and conventions of sotbivily and as¥ivity coofficlent
{fugeoddy 2md fugseity coefficient for gases) weze introdu-~
ood” srbivparily for s unifisd represenistion of sll devi-
ations from idwellly, cirewsventing the gquesbion of « , the
physiso~chanicul degree of diopociation, Desapite the fact



16 : wad thay
$hut m«ru & ourves sshibd mctﬁnm Throagh
Tn 1 valws twice (gmm&?}]u oy for infinite diloe

" #den), subsequent theoriss of nom-ideality, empeoially of

eloctrolyts golutions, have largely converged npos explal=
oing he concentration apd fempereture dependence cty‘. and
the themodynanic properties of solutions axe interprefed in
terns of a7, of.ig.(6)s ¥or & cowparieon with vericus other
theoriez Sor the non~ldenl part of froe pnergy of solutions
200 %, ime intericnic abtrastion theomy?orLeli8, 18158 gy
mulsted on the assumptica of canplete dlescciatvion (o(=1) of
strong electrolytes predisted the mr.lﬁi‘ gopsndence snd eme
plasusal® the 4,16 selstion Found emplvically by Xahlrausen®te
208 JSTeENANE  stdorabls wuppartiel?sI0 con 4 nentus’
and van't Beff’s hypotheses of Ansconplsts dissccistvion of e«
lactrolyves, the intecionis adbraction theovy geined & wide
agueptance sinco the square-wxoot lowe were found $o held for
dilute solutiong of many electrciytes in different aclvents.
However, ug thess wers unsse¥isfactory for concentzaticus sbove
Collm (obouk), hey were extendsd v medified by She cuGGSs~
wive addisions of mors temss, perumeters and theovdes to £iy
tho data &b nigher mmuuma"'s'n"‘“'*“"?:fu the
some tiwe theories of ionio sseovialiion were alsy worksed oul
by Bjerrum snd others s b eldeelined8 | einratng to widen
fxee loms of oppesite charge getting closer than a sertain
oritical distence form separste aseociabed antivics Ubhereby
changing the tetal number of moles in the solution, Thame the-
ories show that fon paira cuo be formed (althongh to 2 ssall
extent) even in squecus 1:1 elsobtrolytes where the ariticsl
distance i3 3.57 £ et 25%C, and that ¥or higher valent ious
in sclvents of lower dielessyic osonshunt, as the predicted
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critical distence 1s larger, asaociated ions are more likely,
In fack, the literature™*19120 snovidan & groving evidense
for tan ssseciabicn even in aquesus stvenglelectrolyses| 1id,
espevielly of bulky iona, Thus, inm the theory of solusiens,
iz ocages where incovmplete disecciadion and Lormaticn of gom-
plex ions were evident, & was incorporated rel}»l5e,21-23
into the equaticas for t#.«,r and A unile reteining the Dobye
~Hiiskel-Onssger terms for the fres ions.

As 1n the casme of solutioms yhere exist two differens ine
tespretations of yhe non~ideality of gases O %5, s (sore
rogponding to She theory of oouplote dissocistion in solufi-
oas) is thav of sytrsbuting =1l devietions frow idealisy te
varions types of invermolecular forees betweea free (separe~
te) molesulss (me, 8530y ia van fer Yaals equation), and the
othsr amslaing non-ideality in torms of forumiion of assosi-
ated eniitice (corvosponding to the theozy of insomplete disw
sosiation iu aclutiene). Bwperimentsl evidence Zor aasoois~
pioa/disncetation 1o Lound®® P10 4y s cnee o2 vapours

of monocntomic matals (e.gy K}y nonumetals (e«gey 5, balogens,
halides of 4l, Fe, HP, oxides of F,ia,0b) and orgenio uoupounds
{@sv, acotic and formic sclds) aod cven ia gaseous helium,

Soivatvion of dissolived solutes ae ous of the Lluportant caue
ves of nan-Adeality hae long been recopnimed®*. iver sinoce,
theove bas been an fncreasing swarences of its imporfence in
the interpretation of the propartiss of sclubions™eiOi,ilg,
”"m'a’. However, there is no me in the
reported values of the solvation nuabsrs obtmined by aifferent
uethods, mainly becauss of Sho use of unsstisfuctory theoriss
of noneideality.



O the wholo, one finds that the equasions explainiayg the
non~ideality of gases and solutions (e.gey fo2 HYT relations
end the concentrasicn Gependences ? 23038 or oonivaient cane
Anctivity, of diffusion and viscosity cpefficlents and of P
Mf)m!ﬂ.ﬂy complieated and that thers is 5o simple and
unifisd inmGerprotation of the proparties of dilute aud concenw
trated aolqtzons. Thevefore, the present authar, struck by the
snalogy of gas and solution proverities evident in Pigs 1 and
2 (ouey the sintlevity of the behavious(at 57| of & Vand aqus=
ous Quorose MWM agueous Naoli) m
interpret Glrectly the sctual ewperimentel reanlts asg such rew
fher than the d.vhtim of the experimsnial resultd Irom idew
ality. The scheme a£5pnpcr is presented ia tue titless of the
goveral main sectione aad the matéar ie discussed in a logieoal
seguence with relevant supportd from the existing dste and lite~
reture. In the cage of solutions, attention is mainly paild %o
sgueous stroug sleckrolytes sinoe thage wee considored anomd~
10us®¥; however, this treatment should hold for obher solvensm
and solubes as well, For the prelimiunssy work iv this direction
m"'f' As for the refarences %o litersturs; only the ninimun
necesssry to support $he srgwsenta vre giveni in visw of bie
larze spovat of litezature ia She fisld the rwfevense list
oould gov bu cxhaustive.

To A STMPLE BETENSION OF THE IDRAL GAS 4KD SOLUTION Lave 20
HICHFR PRESSURRS AND COBCERIRATIONS w!-z"m 49D vafd'a

A comparison of Figs 1 sod 2 shows that, in genecxal, over a
gonsidevables renge of moderatoly high P and T, both PT end
mfmmuunymmmwtm aquations
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of state in tho literuture, the Lineariiy is sg espected adcore
asng to Bqs (10) and (31)

P{¥b) = KF ' Qo)

T Vb)) = W0 . 1)
propoged by Hirn?® and Seckur, Portsr and othexs® respectively.
The slopes of thems linesyr regions give the volume b of oue nole
of gas molocules ae Hirn interpreted snd the volume Vi, of sole
vent & beund as selvation”®(cf,t the priwery or ianer selvabion
sphere?®) o one mols af B (and net ths velume b of soluse mo-
locules es supposed C in Bgs(1l)s The values of b, Vogs b/¥
and the molor volumeESh? she polidifled gases are given in Pigs
1 snd 2. he hydration numbers obisined heve are slightly lese
than She preswsed oues in he litersture™. Soth b and Vi, de-
cresse emiy slightly with incveasing Sexperabture. Ihe censbses
¢y of the hydvation over & lavge reuge of ooussntrations (the
larger the solvedion, the swaller this ronge) obsexved here
justifies the sssumption™ of & constent hydvetion mumber in
the theory of activity coeffieclant, At hizher comcentrations,
as can be seen clearly in the sase of hizghly aydrated solubes,
the slope beging Yo decresse gredually implying & deovesss of
she solvation due %0 overlspping of the solvatiom sheaths s
the solvated ions gat oum’“. until at satuvetion the sclid
solute begine toc seperate from the solvendt eitber iz the hydrae
ted or non<hydrated forn ze the c2a6 BAy Do

mthooauctguu-. the renge of pressures over which B tw FVw/
&K diminishes as the Yemperature ia 10-&:0&5'&:1:11 at !

4t is redusced to s miniwm or a point. This is ilicstrated best
Ny the herissatel region 30 ofipiot of P(VDI/EP va B, &s in
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Pig.18. Oz compresalon of the s from © €0 3, &b tﬁa,m
she reglen of lizsarity of RPig.)' or of ¥be horizcatal regioa TC
uusaugmslmm:(umﬁam.mosmm»
tions with highly hydvesod solubes) as the gas Gums dsxestly
b6 vepour. Sinoe the liguid begine vo sppear at T2, and
PPy the criticel point TgeP eV, cen be conmldoved as The
* gagevaponr-liquid triyle poist”,(in the I serature™®s e 10
the term 'wm’uwtwmmmfmo:mtmn
pemperatures only below 0§ however, liguids 4o tura totally
inbo vupour at tenperatures and mm- Just above %, and

omunmmtm mmpuamm W= of bhe exira-
pohuammmapzmlz. ghese, ia general,
neve the valus A¥RE, where 45 (amses) aad<w (selubions),
and not just P as iaplied by Eos (10) and (1) In the came
of gsees, mnmm:m&mumtmam
Aosignated™® as the Him podnt, Iy, which is much higher shan
the Soyls point, Ry Bq.(10) becouse valid for all ¥ aad for
oy Letuy 42 = L.0j 0egsy 908 tho svsmignt lines for He ot
0%, 8, ay 2HC and X, st $00%, Iz the case of soluviens,
gucrese, & nm-slectrolyte, gives the livenr dependence iike
guses 4t Vi, and i.‘s 1.0, On the ogher hend, for sovlutions
of alectrolytes 2n<ar and for gasen ab T<Ty, "u“'l' GalSey 50O
the caser of B, ay S0°C and of aqueous Hadl,
In genezal, thorefore, instead of Egus (10) smd (11), the

following gs (12) snd {13)

P(V=b) = Py = %7 (12)

W = 2 = ¥l » T/ 3T SEY
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oan be written”™® sor gases and solutions, whove V, and Vi,
are the volumoe of ¥ree space” wnd “fres solvent (net bound
%0 solube) respsotively por mole of gas and polute teikon, and
o™ is %he nuaber of moles of solute B discelved 4% one Litie
of ‘free solvent’snd is thus & mew unik of comcentwatiscs, It
io veleted %0 m by Bol.(23%a)

=* = md, /20a, 7D ) (iza)
1% 410 the wan’t Hoff s fackor correotsd for ‘bound volume,
he Iather volime is uot available for the melecular and
isnic movements, Agsumiog the constency of the valuss of o
Vi, tor presaures down to sero (whick is justitisd for solue
Siods 55 The BPPEIY PE T tue’ ont by Ahs cRerelavion
of 1% or & with A in seotien IIb, snd 20r guses, by the aus~
lozy with selutions) the values of i weze caloulated using
Sgs (12) 2na (13) and are shown as fuaetions of P epd Min
Pigs 3 «nd % I3 con bo sewn that 1 = 1.0 for gases &b MU
et 311 P end for now~electrolytss at all U, Por gases ot 'M!!
and for electrolyte solutions 1™ decresscs from the valus of
unity (geses) or of & {slectrolytes) at Sero P and T down to
tho constant velus A (senticned earliec) a% higher P end M.
In ¥Pige 5 and 4 the emamples chosun demonsirate the generml
valifisy of the sbove dopendsnced. Tsuperature doss nol influe
eace mueh tho value of 4% for soinvions, wheress 46 has a
great affect on sases i cax be eeex fn Pig.d and in Fig.la
which has the mume ondinate,

Ar sguaticn similer §o Bg.(12) bas besn sugsestsd by Amsgat™
for zages {gas Hq.{39) section X} m;?'g"gmbol x i3 used ine
stead of 1%;.3% is supposed te indicste mutusl abbmuction bee
twoen molacules, s dacrsage of ¥ lmplyisg jnovesse of attrec~
tion {see seotion VIL).

10
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I, DENOISTRATION THAQ 4™ = 1 o+ (W)l DEPEESENIS THE ACTOAL
GUEMER OF MOLHS FRASESY IF 82 SOLUTION IUS %0 ARSKIATION/BYS-
SOCTATION

) Helatles 1 TR L e O 5.8 . on
Since ¥igs 3 and 4 fowr 1™ show no initial desvesse Foliowed

by ai increany &% in Jgs 1 and 2, the anxb step was 0 cheok
whwther 3% and not i of ig.(8) representz the total number of
moles actually prosent in fhe soluiion per mols of solute dis-
solveds In the sbsance of any exunct mathald of obiaining
from squivalent conducbivity or other data, o was diveotly
saloulated from 1Y preswming ths validity of Bg.(14)

Mie/ = 4% 1o @ebot g o s %)/l G8)
snd thess valuss were uben correlated with squivelest condusw
bivity, Pig.5e shows the depesdsacs of o« ca T {on scoouat of
she consbency of ¥ this figure iz statlay to Fig%)s it can
be seen that o dimdnishes greduslly frxom the valus of unily
2t indinibe dilusion $o & wininua valus o, wiich renains won~
ssant dn the reglon of high om&ntm“a

The peseibdlity of & constent degree of diseveloticn hem
besn sugsested”! before as sn iuterpretation of the cenformity
4ith Doer’s law of 1igbt absovpiien by Cusv, soluticae. It 1o
pointed out here that in Bjerrwa’c thecvebicsl treabment of
icn assoolatica’r, cince the dogres of aesosiatlon, 1-ot, 1s
aivectly proportionsl be concentrabien, it does not acooun¥
f‘oxthomnmxezo(‘obamdm. Feferring %o his die-
gram of the degres of asscoistion 28 a fametlon of the dlstan-
ce of approwch of ioms of lil slectrelytesn, the comstant K,
found here iz suggesiive of 2 ninlnus cut-off distence which
the lons csrmet Srespass and gob closer, Such a minimus dle-

Lo D SBER ¥ e desgee d4 890 .0
A 5 A AT - A L e ) L - TR R R )

11
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tance hss been reported™® for the osse of lenthemm ferricyse
nides
b) Qorrelation of o with souivalent canduetivis A
4s A is proporélomal to novility, by abalogy with the prossuse
dependence of the veloodty of gus mwiecoules, the influence of
Mon A was investigated ravher them of cuncentration en A as
is usually dome 3in the Litsxabture. Fig,.d shows the dependencs
of A on I, aAltawastoly, becsose of Eq.{13), A ve ¥ can ve
piosted. It can be seel fhat Lhis gouph is linesr in the zange
of IT values vhers the dogree of dissscistion s constaut, deo
Pige5e. Jenoking ths slope of tu4& region by Xy, (vhidh fo
ogative), the valus of A% = A+ (£, T vau caloulated ke ehook
12 A® iz propartional S0 ok, A® 18 she equivalent wonductivisy
corregted forshe sffect of oancilo pressure (psoe below)s Fig.
72 shows the varistion of A wish T fron which its similarity
to Pigs 3 end 5 1 ovident. Fis.7b shows thut A is indeed di-
rectly propurtionsl ¥0 o, 25d Ghat it reachies a constant va-
us A7 when o @ o5 . ihe squivalent condustivity ut infinite
éllution, A, is obteised ss the inborcapt 88 & = 147 of the
K* vs o ctraight line. (fhe sonventicnal method of obéaining
A, iz %o extrapolste ™l to Jo = O the Avs (¢ graph for very
ddluks solusiens), Thua, the doperdonce & canivalent cenduc-
tivivty on T (= 3™:"5%) snd & 4o given by the simple Bg,(15)
(A =A%) 2 Q0 (1) o = 2=(A - AR/ (as)
where A]_ (weibton sa K, . ia 7ef,%%) 15 charactertstic of
the bound fon pudr, 2 e ia the given solvent und is obtsined
as slope of ¥ig.7b. ihie eguation also showas that A, ~A¥ is
direotly proportional to the degree of ssgocisbion, l-. Hgs
(19) is writ¥en in the fall fora in Sg.(16)

12
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As A= A‘,’,(l-«) -Txrlt,"nl (16}
wnere A0.(1=at) is the vedustion in eguivaleat condustivity
ae ¢o ion peir formatice™ ani the last Semw esn bo oonside-
vod & tha reduetion in sonduciivity us %o the osastio yoes~
suve or equivalently, due So the combined effects™ of BU,
pos Bae{dl)e The validity of Eq:(16) for dllubs se well 88 comw
contruted soluticnm iv dsmoastrated in Fig.He ¥qe{16) oma be
eoupared with those 60 MM, s, i sbave corvelation
of & velues, csloulssed fron osmotis pressurs using Iq.(l4d,
with the equivaisnt conductivity date cunfimue Bq.(le) for o-
loctrolybe solutionse
o) Setermimaiion of A 208 A0, fres. the linesr fevendenns. of
Aop (3-0) gon very dliute sodubions
seconding Ho the sinple xinatic theery of geses, the roch-mesn
~oquaze veloclty is related™ to the pressuse wnd demuidy o of
tho @as by Bq.{17)

V& e (3 Q)
in dilute selutivns, sincs 1) the eguivelent sundustivity is
eroportional $o the ous of %he velooity of the ions, 2) the
ommotic pressure is proportional to the concenvravion sad 3)
the density of solution iz nsarly equal e saa¥ of solvens,
the A, V& linesr Gepondenve supirically Cound by fehlrumseh
iz % ronifestation of the gas <« seiution idosl law analogye
fhe Debye-isiel~Onongor (B0} % limiting lew, Bqs(18)

AO-AU (lll\’flg)f; -&Bﬁf. A% e A"l (1) '

widek fNerprets Kobiveussh’s obssrvation, suggests that the

condusbivity decresse 4, ~A 1s dus ¥o ¢he inferdouic farces
between fros ims (sosweing complote disscclation) in the gie
wen solvent. mvuooqutimnlmizm Onuagar constanbs

13



14

14

&0d A, A° and 4°° ave propevtionality constants, u et the
inder-ionio interaction enexgy snd ¥ a1 the reciprocsl
tulobnoss of ke louin atudupherc.

Acoerding %o Avvhenius, the change in cuaductivigy is diveste
1y proporticmal o Yho degree of asscoistion as shown in Bgl{l9)

Ay = A = A0} {19)
The presont work phovs ¥hat for allute solusions Ny.(13) redu~
sos o Bg.(28)

A=A % A=A = X Q0) (20)

and thue supports irvhendua’ idsa, oxoept $het X, the equi~
valent coniuctivity chavectawizbis of the lon peir, has 5o be
used in 5go(29) 4a place of A, the ous of the conduobividics
of the free Lons, AJ and A

o cospering g.{20) with Rg.(18), ons can oee that I~ sost
bo propostiansd to YO 4n the range of validity of the Hohle
reusch’s wnd SB-0"s o law. fige 9,b and o show the depen=
derwes of A on (6, of 1< o Yo asd of Aon 1w respeo=
“ivaly. Ib ia obvious thad the D-H-0 velatlen sives She tan-
gentisl slope at infinite dilusics wheroea the present llmi
bing Bg.(20) zives the best 2it, Thevefore, uning 2g.{20) woth
A, sua X0 can be obtaised frem the intercepy and slope of
& plot of Ava 31~ for silute solutions.

@& combintng Bqs (20) and (38), ome gots Zg.{21)

X:.(I-K) = 4%= A n/ul {21)
from which one cen swe that lon sesouiation; neturally, is e
direct recult of she interionic afirective forces bLetween fyres
ions, Taereby, she two different schools of thought, of oom~
plate snd incomplote dismsociation of mtrong elsctrolyfen, oo
be bridged topether, (I% should Ye poinked sut here Shat u csny
in general, repiveent lntermmolsculer snerzy of sssociation of



any tee lcas or molesulss, see scoblom Vike

II%e mmm»amnwoaauuummmmcm
TEATED SULUTIONE OF SLECINOLYTES AND NON-ELROTRGLYINS, TV = R2
or Ts ™™ :

The equation of stete valid for both dilute and cuncentrabed
solutions cen, therafore, be written as Bu.(22)

Y = m2 {22}
whore ¥ = Vf‘./t' = 170%™ 35 the average volume of free sol-
vens per mole of solute spesies in the dlssolved state and
1%® 35 the actusl number of moles of solute yresent in the
asssolved state per litre of free sclvant. For a non-aasocils~
ging/dissoeiating solute 1ike sucwose (a non~olectrolyte) in
water 4% = 1 ot all consentrations, By wriSing the equatim
in his form, She definition of partisl molax fres enszgy, Us
(or i, pex molecule)at any teapereiute 2, Bqa.(23),

af = TaW = seginfl = <JBY = ~5Edia¥ = Ridin(1%®) (23
romadne in iine with the emisting thewmodynamic relabions for
the ideal lew, owmcept that V¥ hore bas & difforent significance
shan the moiar volume V of the idesl law. Hge.{23al

6 = Ralall = <Mila¥ (23l
gives the correspanding chings in entropy’Ols Haus, non~ides~
1ity cun be explained completely by the sesosiation/dissosiaw
tion ang solvation of solutes. The arblirury concepts of agti~
vity and asvivity coefficient arxe Shorefove not nscessarys

It follows from Bq.{2) thut for difforemt solutions exerd
ting the sems oamovic pressure (note that isotonke solutions
are alss isopiessic since for both s Py = w3, P) of & gi-
vsn tempevatune V Lo tho same and, consequextily, Hg.(24) holds

i S b S {conssant T/2) (2a)

15
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for the total pumbsr of moles par unit volume of the free sol-
vents
Begarding selvation in partioular, the sonatansy of &he vo-
mnoroomamvmv}.prmwnmnmmu
secenttations (from zero until that corsespunding to the end
of the insarcity do Pig.2) irvespective of the state of dis-
soslatien/associstion of the solute, suggests formaticn af
soivated lon pairs withoud losa of aclvatios, ss shewa in Fig.
28, Yhem the ccncentwabion (and Beuco Yhe cenobic prossare)
ingroases bayond vhat cersesponding to peiny O, ocvalescence
of the solvation sheathe of the ion pairs and subsequent de-
croase of solvaticn hegins %o cooury it 4is slsc possibls whad
the degres of aspocistion snd of ccuplex lon fomation increa-—
sefln the reglen Gbs The "contact lan paire’, with no solvent
in between, poasidly fom only at ompenivations neering ea-
tuestion when $he solute begins o sepsxate out as shown in
Figedas Although these diflerent Wypes of svlvation hava in
general dean cousidercd plausible in the 1iverature®™+2%, the
9P va 1T plos of ¥ig.2 enables exmot losakien of the casven-
tmetian corrssponding bo pednt ¢ (ofuPige2s) uutil which Vi,
is consbank and avove whisch coslesecnce ond solvent squeeszing
Reliet o
IV, HCIR FRECTIONS, RARTIADL CAMONIC FUESSURES, PARITAL HOLAR
VORUHES ARD ACTUAD CONCRNTRATIONS OF PO ZREEER COOPCAIWES OF
SUmTE, B, B_ANS B,
mmmm!‘,atmlt’mstmbysqadas)

A ed sl wA%y B« Gea)a® (258,0)

H oeB +8 =1 (25e}
The corresponding purtial csmotic yressurecs wre glven by Ngs (28)



i7

T, sTL =T, = ¥,T= au®sy M. = 8, T= (2wt Ja™pz  (268,b)
T, +T s = i {28a)

Bqe(26e) donmpbrates that pelvon’e lsw iz applicsble for the
ionic ammponents of cioctrolyte solutions. The partial moler
velones ave Gefined by Bgs (#7)

7’a'.av;-7/ﬂznl/(ﬂﬂ’) ’T”u R = 1/(200¢ )

Iﬂ’ + 15 - m._, = 17 2%’
mmwm.emam-amm.z coacentrations of the
Givsouinted forms, B’ and B, of the sasvolebSed forum, B*_, of
she sesusl tobel sciutie gonsentration, %%, and u¥ 1elf are
pionted vs She molalliby, M Hitherte, these wore considered &g
uadeserninehle guentities. Horeoves, the meen ionis melalidy ‘3
mmknnnmmummowm concentration of
tma&aulndnhhcnmmucfmwotamun
gooistion of stroag elsctrolyles. The pressud work hows ibat
thie is nob tzue even for lil plsotrolytes, and that the comoen~
yration of vhe masociwted Cowm, ’-«-‘ nixet e teken Anio ecooudt
or ailowed fov in the elsobrochemionl, physico-chanieal and ia-
torfacial properties uf aclutidnm. Pormaticn of complex 1ons,
aimere snd polymers can sleo by Pecogalssd By the valuse of 4”
and thoir concentreticas can be salonisted preciselyy Whoso
casen will be treated in Geteil geparevaly.
Yo THR AGSOCIATION CONDEANT
e mwmmtmmamoomtmmmg
(%, 37 moladivy is wasd) by Bge{P)e In terms of purdisl Gemo-
tie pressure it can be writien ak Sy B.(28)s

R ML = B /W0 = ()i (28
wheroas unse of mols fractions GAVes Bus g {200

By u B /HH) = Q) /R = BT (29)

17
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Fige 11 3, s0d b show the veriations of X, . snd Ky with
molality. IS cun be meen fhab vhlle ek i 000 . degreases
with increasing somoeniration, QWBMWW“
sevo at iafinite dilution to @ constant value ab high soncene
wraiions vhere oK = &, Since ¥, inovesses ss the degrae of
ansocistion inoressss,Ng.(2%) seens more sppropriate for the
detinibion of the assooletion consbant, The reported’™® linsas
inorease of the dissooiaéion constant, K- (wee Bqu(9)) of
2,4~-dinitrophenol (obtained from extinction sowffiolent) with
concentration in the high conoccutration renge shosy That o
indeed attelns o ooastent value, sce also’, Singe lanlc ag~
soclation insreasos with decryeasaing dielsctric cunstant of the
solvent, K, mist alsc incremsas

Sqe(28) Lle similar Yo that used for muses, Cege, % ABs0GLm
ation/alesocistion of phosphorens ehlorides ", formmbion of
double molecules 1n the vepour statet "8, osc,(Insrease of tes-
poreture lucreasss the dissociation of Wls vwheneas inpresss
of water concentration inarveases the dlssocisblon of clavtre~
Lytesl,

From Bge (28) and (29) the dopondence of o on T is given
by Bqe(30) woich i sualogous vo Shat for gases

1k = QetgMM2 2 (1o g2 (3%)

V. ODIER REVIDENOE SUPPORRING THE DIPIRPREFACION 7 FROFURTIND

O SOLUPIONS WITHOUD ACLIVITY CORRFICLE

LA

T = dgod (= 1%0") § 4= Smr (Stokes” facter, Me3uls)

(x15
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12

governs?® the Brownisn mobion a salusious and deseribes’™ tha
cogcentration dependonce of yue produst of coefficients of Aif-
susion and viscosivy (Dg repressnts forcs) for diloke and con-
sentrated solutions, See $igela, This pelaticn supposis the
original ides of Hemet: ¥hat alffuaive Clow 1s a Tosulk of
osaotic fonce,(Hqs(31) saduces to Bq.(:8) °

2%° o MeR/A (330)
for infinite dilaticn (oL Stokes ~Einotein s relation for Brow
nisn notiet® D e KA ).

Zge(31) oan be ocospaved with shoss in the liferstuce
4n which 1) the temm wilh Gc¥ivity eoefficient forus & BAjOX
soackion of the consentration dependense of Dy, weere 3 is in=
sroduced 96 A cosrection facior, aud 2) the interpretstion is
baged oo irvevedsible sharnodynanios.

B) Zelssion Dofwsen SaRefe 2l 28 1
The free snaTEy A!!‘. asgociated with
suncentration (of+5ge(22) 2ox AT) mpasursd a3 the correspons
ddng shange in the @.n.fe of concentration cells without Yrans=
POTH WBS Zound®® to ebey Sq.(32),

Aart = R!‘lnﬂ; a PAR/E v (32
mx&m is o comstent, mfwmmmum
ctxmlog];.mmgiw-thnmm Ry qr viish has
valuas pausiog botwsen 1,83 und 1.89 for 111 sletrolytes and
batwesn 1,37 and .36 far @il elactnoiybos. K;'"-* can e Yen~-
sapively interpreted in terma of soivent polaviastion as fol=

coefficient of &€
Lows: weiting Yhe M of 8qe(32) as %uw . %
(= #/(3%g o )} o881 Do considered as the factor by whieh &as
mum:éuumwmm«umumm
solvents Thus o&, & 1.075 for 11l sloctrolybesand L,i54 for

Boal58, 32

il GEROSLS DrOBSY

chouge of ieulo

-
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211 olectrolytes. For an account e&lﬂxnao density rosrrenge—
mente accompanying ion solvation see220s %, Eq.(32) cen be
compared with Bge(6) from which the eotivity coefficient is
caleulated.
a) and b) are discussed in morve detail in®® ang 3%,
¢) Ipterzretation of cryosoomy
The eryoscopy of il halldes in nitrcbenzsne has been treated
in terms of solvation aud degree of association vuwfa
see 3% gor details.
VII. CORREIATICH OF 4™ WITH 15 DEGREE 0F MOLECUIAR ASSOCI-
ATIOH, o& IN GASES .
The striking resesblance of the 1* vs P end 1% vs T graphs
for gasss and solutions (Fige 5 and 4) suggests that i™ for
m“@bﬂthw@“&mummmuw
lutionm, Iz faet, the attractive/cchesive forces oparabing
mmmmmnwnmumum-
duce a4 eertain degree of sssoclation, NUEPEETSENE=SHIEYISW
This association increases as the temperature iz lowered and
Q@ dispersica of
prossure is inoreased and the gas firgt turna intolaggresates
of vapour molecules at temperatures nearing !° and pressurea
greater than F, and ‘“ﬁ’#é?é) inpo liguid itself at Tl and
b?eg see also section Ibe Support for this view can be found
40 the canceptsi®® of assecistion of gas molecules sad forua=
tion of molsculsr clusters and agaregates prior to condensa-
3007940, 41g0, atbention can be drawn to tho fact that the
van dexr Weals® attraction temm, a/V%, for free gus molecules,
represents the cohesive pressure for nm-’f.
Assuning en assooistion/dissociation equilibrium of the type

represented by Bqe(33)

B = (Q/MB, (33)

20
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TedX of /n
4™ ia given by Eq.(34) analogous to Bq.(%)
1® & e UK, =1/ (342

and &% Gecrsases from the valus of unity & Fel %o u constant
vaine, i:x,j. et high P Heze (l-o¢) represente the degmes of
Adissosiation, Tws, fov guees;ig.(12) can be written as ¥q.(35)
P /AT & 1% w1 e (D 3%

sinse nyl, ¥<L and iK1 in accordence with the observations in
$4z.%. Conssquently, the sealler the walus of 1%, thoe higher
is the dogree of assvclatlon; this 1s in agreement with Auagat’ s
view 0f incressed mubusl sttrsctlon (sse sec.ic). e cen see
fron Fige? thsd ab any given Wiy, graduzl isotherusl oompoos~
sdon of one mole of & gus decresses the totul aumber of molsw
sules from its initial value of ¥, (=8,0:320°%) at R0 down vo
a mininus velus 157, which remsine oonstsgt over & large renge
of preseuves (sse Fig.s for the analogy with electrolytes)s The
lover the teapersture, the sasller the values of 1™ and ¥ as
unutbmotmmamwhtohi:ugma At
':-ie.mmosve forces beooms sireng enocush for the gus
to liguefy by compressions The velues of i at T, V, sod Py,
calenlated using Bg.(35) for some cwnmon gases ars o 32' 02538
0, Celoeg Ny, Galoly cnd €0, 00158 woless

A% 4y, she Zaw molscules do not cohere or assosiste on
comprassion in the pressurs Tegion investigsted, mad Shere=
fore 1% = 1,0 &% 51 P(as in the cass of the non-cloctrolyte,
suowoss, whers asscciation does not occuxl Thua, comprassion
san bring sbout the airest gas ~ vapeur cauversion reforred 0
in seotion Ib only betweon the Femperatuzes zﬂmd i‘c.

Mg 5h showe the degres of agsoalatlony o as & Luoosien oF
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pressure for ¥, at 50°C, for an arbibmay valie of # e 1/2
in Bqei33). L8 in the corvesponding Fig.5s fox eleotralylies,
o mma.emwvmanmmughmmm
VIIL, THEE ACUUAL BQUATION O STATE POR LOV AND HIGH PHDGSURR
Qf GASES, ¥V = BT

The aquation of astate velid Lor both low and high pressurse

of gases can be written fa the simple fowm ¢ Nqe(36) ,

W oe W (3@
whore ¥ & V,/4™ = 23/9, Inis e anslogous bo Hqa(22) foz wo-
lubions, Eg.(36) differs in significance {row the idexl law,
%ge(3)y in that V hews represents the wversge volume of fxee
epaos per nole of gas wolscules diapersed in bhe ansocliated
and dissogisted forms. The imothermel free cnerwy change (see
Bge(33) for sclutioms) is given by Bqe(Z7)

o o VGP.-WII-'R’-MMV [379]
aa for the fdeal iaw but with T is plase of ¥, (he corvespur
ding change in entropy is given by lqe(37a)

45 = RBaP o ~Rla¥ &%)
1%, BARSIAL PRESBURES OF THS ASSOCIATED ANS DISSCCIATED ROLES-
CULES ARD THE ASSOCIAZION CORSTAAT
ihn mole fraobions, partisl pressures and pavtial aclar voluw
nes of the disscoiated s sssoslated (subscxipts ds and as)
Cores of tho gas wolecules ase expressed by kga (48 u:b snd e)

Hogw oo )/4%, Zym o /ud™ g Mg+ H oo = 1 (38)

P“- '“P » Fog® Bog? 3 Pyg v Fg=? (360)

’ds‘ VM“, 'u" "l!“ 1 M“M”a ¥4 4 (330)
Bqe{30h) shows the applicability of Delton’s law for tbe dise
sociaved snd associated moleculss of the same GRS

e sasociation constent defined in terue of mole fraction

by Equ{382)
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o= ok Aaieot) (56a)
incressen fron & velue of O a¥ Ped to & congtant valuo
o, /m{len ) in the region of high ¥,

The above eguations denonstrals the necessity of taldax inte
eoasideratiion She presence of assosiated gue molocoulss,hithor—
%0 negleoted in %he literutuzre,wben Asvestigating dthe physioo-
chomicul proporvies of gesos like, e.g«, 598 kivetioa, adsorp—
sion, sto, For dotelled sxpressions for K ia toms of the disge
sociation enexgy of gamoous (Glusrs end & m“z.

Fioplly, from Ng.(38) follows Bg.{38a)

Vo187 = Vg o/ty = ou (36a)
showing thak av auy given ©/P, ¥ is the sune for all gases.
inversely, the mumber of meles per wnit volune of fres epsce
u%«muu a% sonshany L/P,

X, COMMLEISOR OF NS PRESRNT ZQUASION GF SZAYE FOR SABES wWIIH
SR BXICTING GNES

A eenvenient way of voupariag fq.{36) with some existing equa~
$icns of staie ie to write the equivelaont expressisus for
S PV /B2 3

£ 2 14 Rl peasent work {38), {382
- % amagay?® 39
e 3 J dirn {40n)
= 2« o] #m® (latar) (at)
= [1 + s veu dor Waale™ (41}
e oup(-u/2v) Blaterios® (a2}
= 1« /2. (mﬂgf(m“*’“’) a®hefreyle1gnt®uz)
s 1= a2/ 4 o(v-b)/er’ woll®  (4a)
= L= /R~ KN Nooluyn Hughesi®S (s5)
. L= PO/ e BT . e vizinat® (48]

o oxp[inf = BAYR) + sa/itny] tagaosty ™ 47)

23
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a%

2z Bqe(48) X is the dimerdsation comstant which has been Squa-
164%% to B, the weoond virisl sosf¥isient of Bge(a6).

£T, XN DORAL EAWS, s (1) AXD (2), AS LIMTTIRG CLSRS OF

)8 {22) anp (36) i

Bos (36) and (22) for gases and solubions rediuce bo the ideal
lews, Bqw (1) end (2), Zoy very low vaiuas of P and T, when
¥ o b and 8 = 1 fov gases; and VeV VL, and 1% =4 for
solobicus, where AWl for slsctrolytes snd F=l for aomeeleoins-
lyton (nea-aseooisting/dlesocisting), Tuus, relations (48)

and (49) nold
Mg ) ¥ s w2 (a8
g V) ¥TV = B2 (4%)

%It. BlE LANUIR ISOTHERS FOR HARS LHUUNSIONS AS 4 WTURAL
COMEGUERCE OF IHP PERERTE IQUASICNS OF SIAYE POR GASES ARD
SOTUTICNS

The analogy of tha oguatioms of sbave for 3 dlmensions end
for surface coverege is well lmown. Particuler menticn is
pade here of the use’S of an equation for surface layers si=
mnilar to the imepat s cguations for geses. Xnu Yhe present
work the Dasgaulr isothemm for 2 dizenalons 4e extended o
SMWWMW(&JM(}S).
mwmm”fwmawmmu:w
modevate songentrations is the familisr Ng.{30)

S/(1~9) = B P, B, = oconshant (503
Zor the covernge ratio where © La the frastion of soversd
surface snd the coversge ratio is directly proporbianal toP.
. Yor thres~dimenvicmal coverage, the retic of ‘ocoupied
space " to ‘free mu'tﬂrmuhuuhcmbouﬂ"m"
from Bge(35) a8 Eg.{(31)
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8,16, = /T, = B VAT (51)
where ¥he voluse frastion 8. b/V is the mabio of *esoupied”
to “totel” @mmmdwuﬂl&-bm-mm«.
(¥oke thas 1™ sorvesponds to x of Bg.(39)).

Coerenpsadingly, for solutisus Ng.(52) holde™®

6, /(1e0) u Vo AThp = BUTA% (g2
for the rstio of the volumes of “hound scivent’ tu ‘free mole
vent’, wheve the volume famaction O= Vi /5 s the resie of
‘bousd"to “toval’ solvent por mols of solute and B, w Vi,/RE
= conaband.

Flgs 1se snd 14b chow She liuesr Gependencesof 8/(1=4) for
pases and solutions (for dilute as well ap concentvated soluw
tions) on ¥/4% and WY pespectively, the lavber Dolng the'mo~
suel’ pressures yar mole™®, B and B, exe chvuined fron the
slopes. In the region of medirately high vcneentrasions when
1’-1:-«»&:&. Yhe cocupation etic beomsss directly pro-
portienal te ¥ ag in Bq.(5C). Thus Fige ie Semonstrabe Shat
£11iing of thrse-~dinensional gpece by moleculiss in lengmuie
rian,

25
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LBOENIE FOR FIOURES

704 1

Pepondsace of PV produst on P for gasesy ¥V oava ¥y pYal av

8,7, Fe Hopizental sweies lines passing thvough the polube at

Pl popresent extrapolation of the ldewd lsw ot ¥hat Sempere~

fuze; the brofea line shown 18 for 0°C. @, guess st Dy

01D @, @, Gases u% T<h; 1, 2, 4 8 1 b, at 700°, 600,

507 ang <100P0 recvpectively; (for 1,2 ordimste scals is on |

the righb sidedy By 6 101 8, &% 1P, 25° ang ~175°%¢ res-

pectivelys 5 ¢ 60, st 300%; 7 1 0, at 03 9 v Me &k e
Be(0®) ,(29%) 8,(800°8507), (~100%) 0,40°) €0,200°)

b (1 mole™) 0,011 0.0063 0,030 Q31 0,235 0,036

G Plaoltd) 0,021 0.023 8,029 G0z 0,027
BA, 018 G2 0:33 o3a (39
976, B

Depandence of the mavio P(V-b)/ET on P oz gasese 1y 2y 5o &2
1, at 600°, 100°, ¢ ana «106°0; # critieal poisky 3, & & GO,
ot 100° and 30 respoctively. Noter dn the region 0D the gas

is in the form of vepour for BT, wud in the form of liquid
at 5P, (e.gs 0, o0& 30°), Mo cvivicel point is therefore

in fect the'pas-vapour-liguid triple poiey.

M. 2 :

Dopendende of the melal vemotle coetsiciant P OW:MB‘ o
n (ynse,at)™ for squeous seluslons st 5% (excapt®, 16004
$u2,0, 1deal; P dasa™,(Ordioate sosle on the right s P
ond #), Hydradicn mmmbers sye in psvenibosss below, @ suorose
(#.45), 1) Ia0d, (213, 2) Gall, (11.5), 3) D050, {10.6), #)

BOL (630, 5) Mal (4.3, 6) BaGk (3.8), 7) Heck (2.95 st 25°%
2,85 et 100%), 8) Ha B0, (&F), 9) W (3.5), 20) Ced (1155
graphs not shouwns 3AC1 (5.1), HO1 (1.8}, ROl (L.2), Hase (250

30



Hode (34253, PeUL,(12.8)s Hotes 1, 2, 3, # doviate from linew
ardsy ab high concentrevions. '

FiG, R

Dependence of Viyen mPloe Wer 1™Y, the sotusl selute cone
sonbzation in nole per 1 of free molvent). Noves At 4, only
the golvated free ions axe presamv. in the region ARG, Vo,
16 consbant and the essavclation/dissocistian eguillibriun
(L){2) existis, 4% ¢, solveny begins o get scueessd oub

as the lons get closer and solvated ion paive of the type (3)
e fogmad, with lese bound solvenvs At D nearing saturabion,
V5, dovresses further sni oonbast ien padre of the type ()
are probably formsd befove the sclube zepsrades from the sol-
venfts The reverss seguonce, (&), (3}, (2), {1} ocorrespanda
o the diluiion of sstursted solutiens. (nsl for ion paiz,
a2 for Lon peir dimer, e¥asl.

IG5 B AND &

1* vi P far guses and 1%4r ve I for solublons, 3a, geees st
B2y (eege; B, 500% B, 25°C)) $b, gmses at KD, (9.6ey 7, 88
50%0); 4a, age sucrose st 25°C, 4b, ag.Be et 2570,

Fit, 9

ay (3=0c) ve W for solutians (ag.Xir at 25%C)4 b, &« vs ¥
for ganes (X, ot 50°C), (%/2 corresponds to guseous dimer).
71Gs &

Ave W for aq.ir av 25%y slope of the linesr region = 34.1‘-
o ~0:0948 0 T g, oquiv, Tata™y A gase®™®,

G 7

AgeXBr 58 25% s @) A® v, I A® we o § Latercept af o(sl.0

gives A* = A, (= 151.15) sad slope gives AJ. (= 133).
$18, 8
&) (A=A>ATvs (o)A for aquitar ot 25%; slope =A%, =
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132, lutorcopt = | Ky = 0e09585 B) (h=A)/1"" vo (hm0t)/a™”
for agdibel at 25%; A axsa 2y slops = )% = 176, iatewcept
» BE|Cyprlm & o[Bpgfe <0264 A = 233 fvoa o plot of A% s
o § (ot ) = 0u2dB o .

Fite 9

AgekBe at 25%  a) Ava {8 , b) (d=ot) w8 VT , edAvs (A=ek)
@) D40 sgusve rook law (A, = 151.7 by exteepolasion). &lope
und intercopt of o) give A0 = 132 and A = 151,35,

FIoe 10

Actual concentzetions of B, B_ s0d B ia aq.Kir at 25%;

8) om™ = [8*] = [&™] vang b) Qeat ™ = [*ar"]ven

o) ™™ = [2*] & [56"] + [*&"] wan g @) u® vam. (R
4t »° ¥ n = 1, there are sotually & tobed of L.8 moles of so~
lute, cut of whleh Ou25 moles ave aa ioa palrs, K'Br” and
0.77 moles esoh are as K* sad BT )

516, 33

Apsocistion oonsteate for aqular at 25% a) K ve € 4 B) Ky
ve @ (K, inevessee Prom mero snd resches a cunsbunt valus of
Q754 at high conveatravions).

FiG, 12

iaasar depecdance of o (cxym.uh.m"y) ve T {ata) for &g
K2r 4t 25% fiwm O $o an. dasai P, 27D, glone, A= 45,6 &
?° (from 4 ana ig.(3ge)) = 2,007 eus™ (14%,3 2,016 and 2.008)
Gy 13

Lineer Gerendence of ¢un.f, oF concenbrevion cells without
trunaport on &) log T, and b) leg T, ¢ for aqeker at 25%
fram 0,05 to 4 = § data 5%, Sloge @) 0,109 V, b) 0,111 ¥,
For other olecirolytes (grephs not whown) As/dlogT 1 Kie
0.1067, 501 0.1090, Saiir 01112, HeSl G,1200, HC1l G,1116,
GaCl, 0.0P75, WaSl, 0.0755, FeCl, 0u0P76. (Nove: inetesd of
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¥ va log W, dog ny vs losToon be plotted, ofeBa.(6))

FiGe L4

Linesr dependence of the oovem raido B/¥, on A% for pases
and Vf g O TW/A® far sclutions) ajsagenucrose b 25%0,

&0 agedir as 25% (O w0 375 W)y by B, ub 25, b, ead by 4

B, at 50° apa 600°0 rescectivelys (Isngmubyr plob f.’nr # dimoen~

wionady slope = b/ RT (gases), = Vae /RT" (solutions).
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BEAGT OF STUBdIR

7= v,A%

E

N |
# n
-~
§ a
=

=
T e

Bolbsmenn vonatant
atandard noler gas coustsns
Yemperature in °X

Avogadro nunber

presaure and Y085l volume of 1 mole of gaa
volmme of 1 wole of pea molsoulse
voluus of “foes upuco’ per mole of e
Bayls point

Hivy point

rool mesn eguare veloalty of gas molsoulas
uole fractions of the assscisted and dissogi-
ated poleculss of gae

denoity of pus

degree of disseciasicn of gas

Botal number of molee of gas actnelly prusent
per mols of gan Taken

volume of free space ver acle of gas acBuslly
prosent

osmebic pressure _
voluge of solutlon per mole of goluse 3
moiar consconirakion

molen pey =i

molality

danaisy of soivent 4

wmummaum:adlmlﬂmemmh

of gointe B
valums of solvent A bound as Sofvabion by wne

mole o+t 8.

o4
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volase of “free solvent

volume of fyes solvent per mels of sclube
acstuslly present

aniss of sclute per 1L of free solvend
ven't Hoft s fuctor

ognotic coslijcisnt

sebivity coeffiolenta

degree of digsociatiom of eslute

on®, (1-ok Ju™ actusl conventrutions of the fvee iene B

or B, and of the dow palr B, raspeehively
equivalent cenduckivity
mole fractions of the froe fong and ioa pair

coryesponding partial camoiis presaures
correepunding pervisl molar wolumes

soefflcieny of visoosity
soefe Of conssntration esll
polarisation of “bound solvent’
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