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Coneentra t ion dis t r ibut ion around growing and dissolving crystals  is measured by  a 
phase cont ras t  method.  The measurements  indicate  the  existence of a boundary  layer around 
the crystals, as discussed previouMy by  Gyulai. 

Introduetion 

Some years ago GYULXI bit upon the idea that erystals in growth should 
forro a partially ordered boundary layer between themselves and "distant"  
parts of the solution [1--3]. 

In the works mentioned above GYULAI presented experimental evidence 
to prove Iris statement. Recently, one of us [4] performed direct concentra- 
tion measurements around growing crystals by  a phase contrast method and 
found some direet evidence for the existence of GYur~I'S boundary layer. 
On the other hand in [4] a second method has been proposed for the investiga- 
tion of the boundary  layer. It  was based upon the assumption that  the solution 
of a birefringent crystal (being optically isotropic in its normal state) in the 
partially ordered boundary layer should possess at least some domains which 
are optically anisotropic. Such anisotropic domains have been indeed discovered 
by  means of a polarization microscope around growing crystals of some mate- 
rials (e.g. CuSO v NA~S20 a etc.). Rough estimations of the thickness of the 
layer were in qualitative agreement with the preliminary results of phase 
contrast measurements. 

The present work airas at a more detailed -- and more quantitative -- 
investigation of the boundary lay6r by  the phase contrast method. Our princi- 
pal interest has been focussed on a possibly unambigous direct experimental 
proof of the existence of the boundary layer and on some features of the 
concentration distribution around a growing crystal. Some other questions 
(like the dependence of the properties of the boundary layer on circumstances 
of growth, etc.) ate either under investigation or further experiments ate 
planned to s tudy them. 

* Now a t  the  Central Research Ins t i tu t e  for Physies, Budapest .  
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Experimental  procedure 

Our measurements  have  been per formed b y  a Zeiss "general  phase 
contras t  device"  applicd to a Zeiss LGOG type  microscope. Aqueous solutions 
of  c]J~ferent materials to ]~e invest igated have  been puf  under  the object ive 
wi thout  any  artificial regu]at ion of t empera tu re  or evapora t ion  ta te ,  so a]l 
ou~ invest igat ions have Been performed at  room temperatu~e and norma] 
a~r resp. vapour  pressu~e. Photographs  have been t aken  with a magnif icat ion 
of  ]50 • on a panchromat ic  f i lm with a s e n , i t i ~ t y  of 17/10 Din o. They  have 
been evaluated  By means of  an " O r i p h o t "  densi tometer ,  applied to a microscope 
w~th a magnJfication of  3 6 •  

This device enabled us to produce phase contras t  pictu~es of g r o w ~ ,  
resp. dissolving crysta]s in a rclat~vely easy manner .  Ir  has, however,  the 
d isadvantage ,  t ha t  conditions during the process cannot  be controlled exact ly ,  
so this proceduxe is not  applicable to the invest igat ion of the dependence of  
the  b o u n d a r y  layer  on different  parameters  ( t empera ture ,  t a te  of  growth  etc.). 

Durat ions  of  exposit ions have  been chosen in such a manne r  t h a t  we 
worked  at  the near ly  l inear pa r t  of  the charac te ¡  curve of our film. By this 
means  the  photomet r ic  evaluat ion of the pictures gave direct informat ion  on 
the  re la t ive  change of concentra t ion.  

Results 

Measuxements have  been pel 'formed on the  following mate ¡  : KBr ,  
CS(NU~)~, C~~,(COOng,, N~~S,O~. 

Result8 of 8ome typieM measu~ements mre p lo t t ed  in Figs. 1--  5. Figs. 1 - -  3 
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F/g. 1. Relativo change of concentration around a C~Ha(COOH)s crystal in growtlL Concen- 
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F/g. 2. Relat ive  change of concentra t ion around a KBr  crystal  perpendicular ly  to the  growing 
8urface, a s a  funct ion of distance. For  the  picture of the  crystal ,  see Fig. 6 
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Fig. 3. Relat ive  change of concent ra t ion  before a C.c~(NHl)l dendr i tc  growing rapidly 

show the relative change of concentration of solution in the neighbourhood 
of a growing crystal, along a straight line, perpendicular to the growing crystal 
surface. All the measurements resulted in the characteristic picture of concen- 
tration distribution, seen in the first three figures. Approaching the crystal 
from infinity, concentration first decreases to a mŸ after which it 
begin8 to increase monotonousey towards the crystal surface. The shape of 
the curve between its minimum and the crystal surface is -- with a rather high 
accuracy -- exponential. Because of the finite width of the photometer slit 
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and of diffraction phenomena on the crystal edge, measurements on photo- 
graphs could be performed only up to a distance of about 10 # from the crystal. 
I f  we try to extrapolate the curtes to the surface of the crystal, we find that  
in the immediate neighbourhood of the surface, concentration is 6--25 times 
as large as at the minimum, and 1,2--3 times as large as the concentration 
of the solution lar from the crystal. The mŸ of eoncentration is gene- 
rally at a distance of 20--100 # from the crystal edge. The overall picture of 
concentration distribution around a growing crystal is to be seen in Fig. 4 
and 5. 

I,ines of equal relative concentrations ate drawn in with the indication 
of the direction of decrease of concentration (by a small " tho rn"  on the iso- 
concentration lines). One sees that  in front of the growing surface isoconcen- 
tration lines ate densely besides each other, while besides other surfaces the 
distribution is much flatter. Typical pictures of growing crystals, 8een by a 
phase contrast microscope ate presented in Figs. 6--9. Higher concentration 
(i.e. higher index of refraction) corresponds to a brighter part of the picture. 
One can clearly recognize the decrease of concentration when approaching 
the growing part of the crystal, and the domains of higher concentration in the 
immediate neighbourhood of the growing surface.* 

Similar measurements have been performed on crystals in dissolution. 
The result of a measurement is presented in Fig. 10 (Curve : "experiment"). 
We plotted in the same figuze the concentration distribution which would 
result from a pure diffusion process and which gives the same concentrations 
lar from the crystal (Curve: "diffusion"). 

Discussion and conclusion 

Our results seem to contradict theories of crystal growth based on a pure 
diffusion picture. I t  has been known for a long time tha t  concentration has 
a minimum around growing crystals [5] and that  matter  flows towards this 
mŸ mainly by diffusion. This fact is easy to under8tand for as matter 
is built in the growing lattice, the remaining solvent causes a decrease of 
concentration. What  one could not understand in the framework of a pure 
diffusion picture is, why matter goes forward from the mŸ towards the 
growing lattice, i.e. towards higher concentrations. I f  we take into account 
the considerations of GYIYLAI, loc. cit., then this contradiction i8 automatically 
resolved. In consequence of the deposition of material on the crystal surface 
water is continuously set free, which causes the mŸ of concentration. 

* I n  order  to check our  resul ts  we pe r fo rmed  the  same m e a s u r e m e n t s  wi th  a smal l  
st ick of glass immersed  in the  so]ution of  a mater ia l ,  applied in our  measuxements .  No m i n i m u m  
and  re-increa~e has been  found,  so we can be a lmos t  sure t h a t  ou r  resul ts  ate no t  caused 
b y  optical defects of  the  appa ra tus  or b y  the  effect  of surfaee tension.  
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From the minimUm on, towards the crystal surface the increase of concentra- 
tion and flow of matter  ate caused by lattice forces, which tend to order 
material in the lattice structure. The " ta i l "  of the concentration is, however, 
much longer, than it can be expected from the effect of the lattice only. (In 
the case of a NaCl-type lattice, these forces ate roughly of exponential shape 
with a range of some times 10 -s  cm). One can t ry  to explain qualitatively the 
discrepancy by taking into consideration, that  the semi-ordered structure 

lO- 

~ ~ ~ ~ 0  K Br 

L 

5'0 7bo :~.: 
Dlstonce :mm c:~sto/ eczge 

Fig. 10. Cha~go of coneontration around a dissolving KBr  erystal, as compa~ed with the 
~ o n  theory. Note the ~ f i c a n t  devia~on from theory at distances smaller than ~60 p 

around the lattice produces forces of the same character as the lattice itself. 
So, ir there is no violent motion in the solution (not too high temperatures and 
not very high velocities of growth), one indeed expects a semi-ordered layer 
to be formed, whose thiekness is considerably larger than the range of lattice 
forces. The average thickness we have found is somewhat larger than GYULAI 
has estimated, but is of the same order of magnitude. As to the second part 
of the distribution, namely that  from the mŸ towards distant parts of 
the solution, the curve can be represented fairly accurately by an error integral; 
this latter fact indicates tha t  matter flows from the solution towards the 
concentration minimum essentially by diffusion. 

The existence of a layer of "anomalously" high concentration can be 
proved in the case of dissolving crystals as well. I t  is plausible that  in 
a dissolution process the concentration far from the crystal varies according 
to laws of diffusion. I f  we fi t  a concentration distribution, given by the 
diffusion equation to the experimental distributŸ at -- say -- 100 # from 
the crystal, then we f i n d a  significan/ deviation of the experimental curve 
at distances smaller than 60--70 #. (Fig. 10.) The strong increase of the 
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experimental  curve compared to the diffusion one, seems to point to the 

existence of the same semi-ordered layer  as observed in the case of growth.  
A final result  - -  of course - -  can be obtained only by  observing the 

orderedness of the bounda ry  layer. Our prel iminary observat ions with a polari- 

zation microscope seem to be in agreement  with those repor ted  here. 
Summarizing,  we can perhaps conclude tha t  our measurements  point  to 

the existence of a bounda ry  layer a round crystals in solution. The thickness 
o f i t  is roughly 50- -70  #, depending on different circumstances,  such as tempera-  

tute ,  the mater ia l  considered, etc. This layer is probabIy  to be identified with 

the bounda ry  layer  discussed by  GYULAI. 
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HCC~IE~OBAHHE PACIIPE~EJ]EHH~t KOHLIEHTPAI_IJ4H BOK~YF KPHCTAJUIOB 
B O~HOM PACTBOPE 

F. , ~ 0 M O K O I L I  ~t J'l. M A . H H q K O  

Pe3toMe 

HaMepet-lO pacnpez, emHHe KOHIIe~HH BoKpyr pacrym~ H pac'm0pa~ota~tx ~p~tC- 
T'a.q~0B, C IIOMOHlbI0 MeT0~,.a ~.a30BOF0 KOHTpaCTa. Pe3y.rlb'ra'r~ H:~epem~l rlor~~~o'r,  ,rro 
-- ~ m'o y~e no~:a3a~ ,Ilm.~aa -- ~o~pyr Kpnc'm~oB m,~ce'rc~ nepexo,am~l caoi~. 

5 ~ ~ ~  xi2. 


