
METHORICS OF THE PRECIPITATION PROCESSES. I. 
SOME CONCEPTS OF THE CRYSTAL GROWTH FROM 

ELECTROLYTIC SOLUTIONS 

Božo Težak 

It is emphaisized that 1iln diiscussfo,g the elementary ;process of ionic 
crystal growth, the structure of the region between the crystal phase and 
the ionic solution must be duly considered. These ,intermediate structu
res are 1ilrufluenced by both weII define,d phases of the boundary region, 
and have many specLEic properties. In mder to visuahze the principal 
elements .of these trans'itio1nal, typically methorical structures, some ele
ments of Bje ·r r u m's theory of ionic association are use·d, and the con
cept of the probaibi.Lity sphere·s :and prohability shells 1indicating the 
prob.ahility of free, dissooiated or assodated ionic states respectively, 1B 
đ;ntroduced . For neutral, symmetriC:al electrolytes when ca1culating mutual 
distances between the centres of spheres, the whole vo.Jume of the so.lution 
was dh~i,de·d by the totaI number of ion:s; the thickness of the probability 
shelil is given by the distance at which the coulombic becornes twice 
the thermal energy. The ,gre:ater thiickness of the .p.robability shell i1s ta:kern 
in the chemically a:ctive ions. It was showrn that the methoric spaces occur
ring in the process of bui1lding up one ionic shed -On the crystal face m·ay 
exceed the thi1ckness of several thousands of a:ngstroms, I1n this way some 
peri,odic phenomena, espedally those of the Layer fo:rimation during the 
crysta.J growth, were discussed. 

Introductian 

It is a generally rec<Jgnized faot that there is no direct 
method for the determinatioo of the siurface structure. I t is known 
that in electron diiHraction experiments, space fattice 'regionis of 
oonsiiderable thickness are a,lways involved. f.or the discussfon 
of the structure of the borundary region of the crystal, es!Pecially 
dudng crystal gtiowth, we have usually to rely on cases of the 
growth of homopolar crystals orr of the growth from varpour 
phase. The theories of the three-and two-dimensiional nuclea tioo, 
of the role of repeatable steps in the crystalHzation, etc. (Ko s
s e 1, S t r a n s k i, V o 1 me r and others), are limited to 
experimentally ideal conditio:ns which are rarely met with im 
practice. However, we have good reasons to expect that the phe
nomena of a1dsorption, coagulation, crystal growth, and precipi
tation performed under systematicaUy varied conditiions, may 
faoilitate experimental investigations of the strncture of the reg1on 
betwe,en the two weU defined phases: the more or less fixed 
iiions of the cry,stal latice, on one side, and the statistical distri
bution of the ions in the bulk of the solution on the other. 

It sieems that the difficulties in the structuia:l interpretation 
nf the immense inumber of expei:iimental facts which are ohserved 
in relatively Slinnple ionic syistems were due pr.incipaUy to the 

96 



difficulties to v•isua.liize, semiquantitatively at least, 1such elements, 
a·s the 1ionic atmosphere, the activity, and the .ionic strength invol
ved in the mathematical theory of D e b y e and H ii c k e 1. As the 
strurtiing point the elements of B j e r r u m's theory of the ion-pair 
and cluster formation have therefore been taken. 

We have developed some ele:mentary concepts of the pro
cesses dn the .boundary state: the rionic crysta•l - the electrolytic 
solution1

) an.d ri.'1: seems worth while to attempt the use nf these 
concepts as a general and very 1simple tool in d1i1scussing the 
experimental materia:l whkh we a1'e acquiring, .in the hope to 
find some of the essentia.1 elements Qperating in the c-0mplex 
structure of the heteropolar methoric spaces. 

The structural elements of ionic solution 

In order to draw a simple and 1idea;}1ized picture we shall 
take foto conside:ration such an ionic solution where 1-1 valent 
ions are diHering only by their opposite charge. The interactions 

Fig. 1. Schematic p.resoo tat;o,n a.f the !'elat.ionsh i·p between the mean Jnte
rionic di.svance, ad, .anid the B j e 1r r um distance of e1t.ectrosta·tic interacti-0n, 
cd. Circles correspond to the ·i-0ni•c dist<r.ihution spheres of 1-1 electrolyte 

(conc. 0.06 M). 

1) B. Težak, Z. physikal. Chem. 191 A, 2170 (11942); Arhiv kem. 19, 
119 (1947). 
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Fig, 2. Schemati1c presentation -0.f the relationship between the ionic distri
bution spheires of 1h-l, 2~2 and 3-3 valent electrnllytes of the same coef

fki1ent .of wci"i1vity. 

between iions, assumin:g their Meal distcibution through the wh~le 
volume of .the solution, can be descrihed in the foUowing way. 
Each ion may be statistically found fili a 1sphere, the radius of 
which is obtained by dividing the whole volume of the solution 
by the total number of the ions. Such spheres may be taken as 
distribution elements of ,the statistical-kinetfoal structure of the 
solution, The probability that an ion may be fourid in the vioinity 
of the boundary of Hs sphere will be a function of the 
energy of thermal agitation, and of many fa.ctors, such as 
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viscosity of the meclium, the s·olvation, etc., which, for the same 
solutd-on may tbe taiken as 001I1stant. The 1ons attract o:r repel 
each other by coulombic initernction of their charges, the potential 
function being e21Dd, wher·e e ~s charge in electrostatic units, 
D dielectric constant of the solvent amd d distance between the 
ions. 

According to B j e r r um for a.n effective ion-pair formation 
it may be put tha:t 

e2 /2D0d = kT, and cd = e2 /2DkT; 

+ 0 d is aipproximately the thickness of the shell of the ionic 
distribution sphere which ma1y be correlated to the probability 

I: 
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1 o 50 AN STROM 
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Fig. 3. The rdatio111Ship between the lo garHhm of molar ooncentration and 
the meian j.nteri:onk diistarnces (assumin:g the unifo!'m d:i1strjtbuti-0n of h-1 

va1'ent electrolyte). 

· of aissociation of the ·Opposiitely charged rons. The volume of the 
interna.I sphere would then be a function of the probability that 
the ion is in a free, dii.ssociated state. Thus, to a given activity 
coeffioient of the electrolytic solution, corresponds a given ratio 
between the. vol ume of the inner and outer sphere. These relations 
are given in Fiig. 1 fora 1-1 electrolyte of c = 6 X 10-2 N. When 
the ions are 2-2 or 3-~ valent, the co.rresponding ratio of the 
shell to the sphere may be found only at much lower con.centra
tions; e. g., in Fig. 2 the distriibution of 1-1, 2-2 and 3-3 valent 
electrolytes a~e given supposing that their activity coefficients 
are equa'1. On Fig. 2 the di,stances were calculated assuming a 
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Fig. 4. Schern!a'tic presentati.on of the ionic disrribti.tion spheres with shells 
indicating the assocfaltling prohaihiili ti·es: (1) \oJ eilectoosta·tiic character 

{dense Sihaai,rig) lind (,2) of chemkal cha racter (li1ght shading). 

unHorm diistriilbution of the ioos as· in the case of the 1-1 electro
lyte (Fig. 3). Such relations between ions may be typical for the 
neutral strong electrolytes; when t~e mut_ual 1interadions between 
ions are not only the resu.It of potenti1al ener,gy of corulornhi.c 
interactions, other terms of the chemical potential must be taken 
into acount. Although such energies are specific 'and differ from 
one ion-pair to another maniifesting themselves in a clifferent 
attractivity q~tw.e~ the i0ins, we shall represent the behaviour 
of such 1ions simply by an adrditional shell thickness added to 
that of oruir corulombic associa:tioin rprobaibiility. Thus· the total 
thickness of ·the shell wi ll be a function of the mutual ooulombic 
energy, of the exchainge energy, of the van der Waals term, and 
of other energy factors influencing a desolvation 1in the syistem 
at a given temperature. On Fig. 4 these » rest ~< energy terms are 
represent,ed by another shell which !i1s oloser to the centr·e of our 
distribution volume than the shell of corulomlbic in:teractiions. 

All these relationships are taken assttming the simple cubic 
»lattice« of the quas:i-crystalline structure of the electrolyte. 

The boundary region: ionic crystal - ionic solution 

It i.s clea.r that H we bave to deal with · such a boundary 
region where a varying number of ,ions is adsorbed at the face 
of the heteropolar crystal, the distribution of these ioo.s in the 
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adsorbed state would be a factor of primary imporrtance fo.r the 
distdbution of all the other fons in the ndghbounnrg region of 
the sofotiion. A.s sho·wn by experimenta.l evidence the charged 
surfaces on ionic crystal.s are the most frequent phenomenon. 
and the di,striibutio.n of one kind of the »lattiice« ion in the adsor-

Fig. 5. Schem.atic presentation 
of the d istribut ion of potential 
determining ions on the surface 
oif the i·onk crystal (dems·ity is 

albout i fon on l,601D A2). 

bed state must ibe taken a·s a starti111.g point for the d-iscussion of 
all of the oomplex iprocesses o.f ads1o~ption, coagulation or crystal 
g:wwth. 

In spfte of the fact that the >>'lattice« ions are a·dsorbed in 
preference to all other io1nis whlch may be prese.nt ina solution, 
the »density« of such ion.s in the a•dso!'bed state whiich manifest 
theik »free« fonic chaTrge is usually not great. According to· the 
expe.riments on s1iilver hahdes2

), their number iis iso small that 
only aibout 1 % or less of the exposed adsorption surface could 
be corvered. This .is approximately one charge on 400 - 1,000 A". 
Such f·iindmgs suggest that the distributi.on of the adsorbed »lat
tice« ions is similar to that of the ions in electrolytic solution of 
a concentrahion o·f about 0'1 to 0'01 N. Fig. 5 shows a schemamc 
represe:nitation of ,such a surfaoe, where only 1/200 of the p.ossible 
·s1ites a·re occiupied by one »lattice« ion (one ion on ca 1 600 A2

). 

This drawing is an orthogonal projection of the 1adsorption plane. 
The who1e methoric iSystem is shown tim Fiig. 6. For reasons of 
si:m,plicity it was suppooe.d thait the distrJbution spher~s of all 

2) E. J. W . V e r w e y .and H. R. Kru y t , Z. phys·ika:l. Chem. 167 A , 
HJ7 (l91.3t3); A. B .a:sJn s ik i, Rec. tr.av. chim. 59, 3311 (J.940) . 
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the ions, ~cluding those in an adsorhed state, a't'e equaL Under 
such circumstances the methoric layer which 1s diiirectly engaged 
in building up ome layer of iions into the adual cry,stal lattice 
will be at leia·st 2,000 A thkk, or, im .general, dimeinsions of 
40 A to 2,000 mµ as the ranige of the iiinUuence of the forces ope
rating irri the crystal ,growth through the expan,ded arraingement of 
the adjacent 1i.ons, should be cons&dered ais normal (according to 
the solubility between 5 to 0,01 M respectively). 

CONC. 0·1 M 

20 40 60 80 2.oooA 

fig. 6. Schemat i·c prresentation of the section perperud1cullar to the boundary: 
ioni1c crysta'l - electrolytic solution, showing the <listribution of the po
tential determ:ini-ng i.on& and the ionic distribution spheres of 0.1 M 1-1 

valent electrolyte. 
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Thiis does not necessar.ily mean tbat iJll some systems the 
a'Verage thicknesses of the critical methoric layer cannot be mu.ch 
thiillller in spi,te of the smaU solubility. Nevertheless, we may 
ex·pect even in such caises a tempo·rary formatiion of the conden
se·d fonic layers of the same kind as those which we bave used 
previously for the interp:reta>tion of the transi,tion layers on the 
g·rowing or coaigulating orystal rparticles3

}, but iin the majo~ity 

Fig, 7. Schem:atic presentati-0n oif the re!ations:hip betweell. the ionic distri
bllltion spheres of the solution of 2X:l0-5 M silvex chlor:ide (large drcles) 
and ~n the pr.esence of l ·XJ.0-2 M of potassium chl-0ride (sma11er circles). 

of experimental cases where the soluibil1ity and supersa.turation 
are oomparatively low, the expanded fo:rm of the ionic distribu
tion J1s probably much more frequent. 

Until now we bave not cons!ider·ed the role of ithe »rest-ener
g1ies« ~n the associatiion-dissociatiion balance of the ions. If in our 
solution there are also 1ions which are alien to the consHtuent 
ions of the i1on1c preci.pitate, the disttiihutiion would be quite ditf
ferent. An a ttempt to visuaHze the s1i:tuation, with the sti.Iver ion s 
(AgCl : 2 X 10-5M) in an aqueous solutdon of potassium chloride 
(Kql : 8 X 10-~M), is given in Fig. 7 where the greater proba
biliity of attraction be·tween 1silver and surrounding chloride ions 
~s shown by the coirresponding defonnaHou of the shells; as a 

3) B. T e ž a k, Kolloid Z. 59, 100 (19312); Z . .physikal, Ohem. 190 A, 
257 (19412); 191 A, 270 (1942). 
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consequence, the whole arrangement of the ]ons is changed, but 
this is not shown inom picture. 

Special re1ations are encouintered in the region of the h1gher · 
ionic concentrations. Since the mutual interaction between ions 
1ncreases with 1iiJJ..creasi111g ooncentrationis, the or:itical phenomena 
of the »dynamical« complexes and the special soluhiHty relations 
should be exipected as a rule in the range of concentratfons higher 

CONG. 
1·0M 

o·oaM 

fig. 8. Schematiic priesentation of th.e reJa1tionship between the probabi;Lities 
01f associ1aition 1due ·to coufom<bic aind chemi,caJ in1teraictioins of the i:oim1 w1Ltih 

.i-ncreas·iing coincentration (1- 1 v.alent ions o•f the radiu,s ~ 2 A). 
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than 0.01 M. In Fig 8 there are some rillustrations of 1ionic distri
bution a1t the higher concentrations; as the 1i1ons a.ire closer together, 
the spheres of dissociation dis.sappear, and the influence of the 
cou:l0imbic and >>'rest-energy« terms of the ionic attiraction beoomes 
prevalent while the average time of the ion-pair and cluster for
mation increaises. Under .suoh circumstances the greater pad of 
the tiotal number, or of one of the spedal kmds of ions, would 
be either .ineffective or much more effectirve in respect to some 
reactions. With such relations it s·eems possible that the question 
of the speoial »complexes« o{ the ion.s in the reg~on of the Mgh 
ionic concentrations wi1th special rega:rd to the r esults of the solu
bility, the potentiometmic a,nd the oonductometriic measurements 
may Hnd a t'oody interpretation. 

Discussion 

We are aware that the interpretation g1i:ven may be too 
simple, but the iprocesses enoountered ii.u heteropol1ar methoric 
systems are ·of such a oomplexHy that such steps · seem to be 
justdifie·d as a means of orientation. Ff'om reoent discussfons on 
crysta,1 growth4

) we have learned that the con·ceptions which we 
have put forward have been disregarded. Certainly, the very 
substance of such conceptions may 1be exp.ressed 1in variortlJs ways, 
but we have not seen the full reoog.nition of some of the p11indples 
whi.ch cannot be ovedooked. For instance, the dependence of the 
mediium, that is, the i1nfluence of the »intemal envJf'onment« of 
the g:rowing crystal, have in the majo11ity of papers been comple
tely ov1er,shadowed by the disoussion of the fii:rst .step in the 
series of the numerous »repea<table« steps of the continuous or 
discontinuous prncess of the crystal gf'owth. It seems to us that 
too great an emphasis was laiid ·on the presence of various Ko s
s e 1- S trans ki - F r e nk e 1 »1foinJks «, »disiooa:Hions « and 
»rou:ghnesses « of the crysta.il surface compared with the actual 
role of the oonstituents in the methori·c space. This may he espe
cially true for the di1scussiion of the growth of the ionic cryrstals 
from aqueous solutions. In such systems the dependence of the 
structure of the methoric space froun the structure of the crystal 
phase on the one si1de, and of the statisti.ca.1-rkinetical arrangement 
of the ioos in the bulk of the solution on the other, has to be taken 
info ·account. The a:rran.g.ernent of the oonstituents of the methorfo 
layer may be of either fixed or kinetic character, anrd in such 
a dynamicail sy,stem we have to look folt" the mechamsm of orde
ring and exchanig1in1? the rions .and molecules with special prefe-

4) Orysta1! Growth , Discussiroms of the Fara day Society, 5 (1949) 
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rence to those consti:tuents which may give to the whole system 
the transition structure of gr·eatest stability. Besides, the possnbi
lHy that the molecules of the snlvent may be buiH, at least tem
po•tarily, irnto 1the crystal lattice, or, in genera·l, the effect of the 
stereochemical p:roipe:rties of the medium in respect to the specifi.c 
structure of the crystal lattice must also be recognized. 

To illustrate .our sfandpoirnt, we will refer to some experi
mental iirnvestigatii0ns communicaite-d in the course of the discus
siions ci:ted ahove. 
. Experiments by Davi e s •anid Jo ne s5

) sho·w that the pre
cipi:tatiorn ,in the absence of seeds is extremely sensitive to the 
conce.ntrations of the mixing oomponents. The number of nuclei, 
their meihoric 1layers, and theiir a1ggregatiion veloci.ties as well a:s 
the V·elocities of direct gr1owth, are ali dependent uipon small an;d 
sometimes onily transient amid local variations of the concentra
tion of the precipitating ions during the mi1xture. Simultaneously 
wHh the direct crystallLsation we may have the g1rowth through 
· oriented aggregation of 1ioniic complexes as. weU as armicrons, 
submicrons and .primary particles which have been formed at 
first. Naturally, it will be possible to aipply a special treatment 
for the build1ing up of the seconidary crystals step by step from 
such smaller, prfanary unHs, suppos,jng that the cor:ners amd edges 
are exerting some »v·ectorial« influence. Thus, the great variety 
of the »habitus« of the crysfal forms (a result o•f the concentra
tion •rat1o of the conistituent iion•s, the :presence of the foreign 
suibstances, or the solventiinfluences etc.) may find its explanation. 

Ap1art fr.om these consideratiQns we have alrea·dy shown 
that systemaHc variations of the dispar:ity ifn the ooncentrations 
of chlordde, resp bromide an·d silveQ'" ~ons hav1e a very marked in
fluence on the vefooity of the predpitatfon of s.ilver halides, and 
that there exisfa some periioda:city which was in:terpreted by a 
per&od:iic variation of the arrangement of the constiituent tions in 
the transiiHon .layer3

). 

The behaviour of ·the syst·ems composed of sli:ghtly soluble 
suJbstances must no·t necess~mily be more complex tha:n the cry

. stallisation of the soluble ,salts, where high concentrations must 
be rea,ched to 1p.ro'V'ok,e a p:reci1pitation. In high ooncentration the 
ioti:ic distriibutiion spheres are so smaH that the ;i,oITT;s are a.lready 
under the influernice of their ooulombic 1interactions, and the fiirst 
step in crys:taUisation may proceed .ina way v·ery simi1lar to the 
squeezđiOJg of the solvent under the internal pressure o·f the con
de:nsin1g ]ons. The abiiility of solvent molecules to fit into the 
crystal lattice or to enhance the probability of various crystal 

5
) C. W. D a v i e s and A. L. J o ne s, Dis. Farad, Soc. 5, 1103 (119419). 
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forms, especirally of a transi1ent chancter, must in such circum-
stances no·t be overlooked. -

The fa1teresting phenomena reported by B u nn and E mm e t6
) 

may also Hrid a rea.dy iinterpretation fr.om our po1int of view. Thew 
authors have found that the spreadinig of crysta!Hsation iis 
accomp.Jished 1in a series of waves stall"ting at .&ome point near the 
centre of the cry.sta:l surface. The average th:ickness of the layers 
was fouil'd to be 2,000 to 4,000 A. The substances on which layers 
were seen have modera:te o:r high solU!biJ:itllies, an d a:re either ionic 
or contaiin str0I1Jgly polair groups. F~om our conisiderations of the 
distribution of ionis 1in methoiric spaces, the a·djacent so.Jutioo. 
r·egion where the number ·of ions necessa:ry for the bui,Jdiing up _ of 
successive layers ]s found must necessall"ily he put under the . 
influence of each o•f the lattic.e layers in the formatiion •state. Thus 
the layer of the solution, the thiclmess oif whi<:h is aibout, say, 
200 A, must reflect the &Upersatll!Tation chan,ge with the discon
tinuous fonnation of the »two-di.mensional« nuclei and the conti
nuous sprea:ding of each of the lattice layers. The lower the dielec
tric oonstant in the solvent the greafor the attractivity between 
ions with a resulting thi,oker shell of ass.ociation aind a changed 
»packing« of the fons in methoric space. This may afford the 
explanation thait the Olbserved layers of B u nn and E mm e t t 
became thinner with an i:ncrea·sinig proportion of alcohol. 

Thus the structure of the methodc space between the soli1d 
phase and the bulk of .the solution shows the specifioity governed 
by rboth phases beyond the hounrdary region, whi.l·e the structUJre 
of the newly formed cryS't1al1ine pha•se, o·r the possihi·Hty that 
the effeotive nucleation co1uld be fo1.md at all, i.s conch t:ioned by 
the dyn:amical arrangement of all the possirble constituents, in
clucling all oif the ion.s preserrt as well ais the molecules of the 
s.olvent. 

In general, the crysfaUi1sration of heteropola:r systems is much 
more sensLtive to the chairacter am<l the conditions of concentration 
01f aH of the iions present in the precipitatci:nig medium than :iJs the 
case :im systems of nonpolar substances , and cannot he directly 
compared with the oondensation from vapour phase. The drif
fer·ence from the crystallisation of melts may a,J,s:o be mandested 
by comparing the phenomeno.Jogy o·f Ta mm a n n 's nucleation 
and crystallisation max<ima with oiur concimtrafion, isoelectric, 
transition, crysta!Usation and secondary maxžma1

). W e are fully 

6) C. W. B u n.n a.n<l H . E m .me t t , Dis. Fa rad. Soc. 5, 1'19 (1949) . 
1) B. Teža tk, Kolloid.Z. 68, 6t0 (li9G!4) ; Z. physik aL Chem. 175 ~' 

219 (11936); 190 A, ~L5!'i1 Ql.942:); 191 A, 270 (119'4r2!) ; 192, lO')J (119413); Arhiv 
kem. 19, 9 (119417); 20, 1 (.1914i8), 
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aware o,f the divers:ity of the properties of such systems, and we 
do not intend to look into their causes neither in the crystal nor 
in the solution al1one. The answer to the questions open in this 
field could pTOibably be f.ound only iin an appropriiate recognition 
of the mutual foterdependence between the role of the crystal, 
of the metholl"lic fayer and of the solution. From this pomt of view 
our research ,group has worked on many ~nves·t:i:gations which wiill 
follow under the same general title ais this communilcation. 
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Metorika taložnih procesa. I. 
Neke predodžbe o rastu kristala iz elektrolitnih otopina 

Božo Težak 

Di&k:uti.ra.Jući o .elementa.mom procesu rasta joMkog krisfala naig1la
fona je uloga s·truJkture prela>Lnog s'lo ja između ikcisfa1lne i tekuće faze. 
Ta str.uiktura je pod utjecajem obih faza, te se za njenu Jrnrakteri-zadju 
mogu djelomi1čno isko.ristiiti obje ·grrunične foze , koje je mo,guće ·eksperi
mentalno definirati. Da se mogu :pr.edočiti bitrui e.Jementi tog prel~znog i 
tipično metori1čno,g ·sloj.a, upotreblje.ne su neke koncepcije B j e r ·r um-ove 
teo11ije o jonskoj ·asocijaciji, te je dana pr.edožiba o jonskoj ra's,podjeilii 
pOlllloću sfom disoc'ijac1ije i· :li'U!Sakia asoclija'Ci.je pojedinačnih jona u o·tO!p ini. 
Za jedl!los:ta:vne, neutralne i sfanetrične elektmlite udaljenost 12'među cen
tar.a jonskih sfe.ra može se ·i ,zra1čuna1ti jednos.tav.nliim dijeljenjem .e'lektrolit
nog voliwmena s ukwpnim hnojem joina, 1dotk je za d.ebljdnu asooi jacionih 
ljusaika pTedrposta·,nljena ona udaljenost, ko.d koje je coullombsko privla
čenje jona jednako dvos,trnkom dznosu eneI1gije jona s obzirom na tel1llldčku 
!l!gitaciju. Kemij.siki aktivni joillli karakterizfrani su kod taikovog načina 
prikazivanja većom debljinom 'ljuske, koja. predstavlja vjerojatnost aso
cija,oije. 

PokaizanJO je, da 1debljina mefa,rično·g sloja kod ug.rađirvanja samo 
jednog jonskog sloja u krista,Jnu rešetku može ,i1znosiiti (već prema topdvo
sti) od nekoliko desetaka do .nekal:iko· Usuća a.ngs·tromo·vih jedinica. Tako
VJum je prnliikama moguće tumačiti neke pe11iodi·čke pojave, koje su pri
mjećeae kod ras ta knistala. 
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