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The formation of density s t ra ta  has been observed in a broad class  of liquids. This phenomenon 
has genera l lybeen thought of as being of a physical  (mechanical) nature, ra ther  than an effect of the 
nature of the solutions. It has been suggested that this effect may play a role in crysta l l izat ion.  

The effect we describe below is of some interest  in connection with stratif ication in liquids and in 
solids crysta l l iz ing in them~ 

A concentrat ion gradient  of a solute is set  up along the axis of test  tube holding a room- tempera tu re  
so lu t ion ,and then the tes t tube  is i m m e r s e d i n a v e s s e l  containing water at 60-90~ After 5-10 sec,  the i l-  
lumination with a paral lel  light beam revea ls  s t ra ta  with various impuri ty  densities; there is an a l t e r -  
nation of l a rger  and smal le r  ref rac t ive  indices of the adjacent layers  (Fig. 1). An analogous effect occurs  
during the rapid cooling of a previously  heated test  tube. 

After 5-10 min, diffusion e r a se s  the sharp boundaries between s t ra ta .  The s t ra ta  formed in the 
region with the least concentration gradient  remain distinguishable for a long time. This effect [s ~pparent- 
ly of a genera l  physical  nature,  since it is observed in aqueous solutions of sugar,  potassium ferr icyanide,  
NiSO4, NaCI, KCI, ZnC12, CdC12, and NH4Clo 

We note cer tain a~pects of this effect.  It is observed in ei ther  a vert ical  or horizontal test  tube. In 
both cases ,  the s t ra ta  are normal  to the concentrat ion gradient.  When there is no initial concentration 
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gradient of the impurity, the strata do not arise during the subsequent temperature change. The strata 
do not arise during a slow heating or cooling, even when there is an initial concentration gradient. The 

appearance of the strata does not depend on the magnitude of the concentration,andit occurs at concen- 

trations very far from saturation. 

Investigators working with crystallization are quite familiar with the stratification of impurities in 
crystallized samples. Figure 2 shows impurity stratification in a polyerystalline aluminum rod obtained 
by the Stepanovmethod [i]; this phenomenon has not been completely explained. We suggest the melt strat- 
ification at a crystallization front may cause the impurity strata in the crystallized sample. When the 
effective impurity-distribution coefficient ahead of the crystallization front is significantly different from 
unity, there is always an impurity concentration gradient. The melting point changes as a result of the 
relative motion of the liquid and the phase boundary. The oscillations of the crystall[zation front which 
are observed experimentally [2] may also be explained on this basis. We note that a similar situation may 
occur during the stratification of geological sediments [3, 4]. 

Unfortunately, there is no explanation for this effect, nor is there a mathematical model for it. 
Before carrying out these experiments, we were aware that Schaaffs [5] had attributed the stratification 
observed in an aqueous solution of copper sulfate upon rapid cooling to a colloidal structure. However, 
our experiments rule out this explanation and show that the effect is more general, appearing under quite 
varied conditions. 

L I T E R A T U R E  C I T E D  

1. A . V .  Stepanov, "A new method for producing sheet ,  p ipes ,  ingots of var ious  prof i les ,  e tc ,  d i rec t ly  
f rom a mel t , "  Zh. Tekhn. Fiz . ,  29, No. 3, 1959. 

2. Yu. M. Shashkov and G. Mo Stepanov, "Osci l lat ions of the c rys ta l l i za t ion  front  during sil icon growth 
by the Czochra l sk i  method,"  Dokl. AN SSSR, 179, No. 4, 1968. 

3. L . N .  Kogarko and V. Po Volkov, "P h ys i ca l - chemica l  evolution of alkaline magma  f rom the different ia l  
complex  of the Lovozersk i i  mass i f  in connection with i ts  rhythmic  s t ra t i f ica t ion ,"  in: Chemis t ry  of 
the E a r t h ' s  Core  [in Russian]~ Vol. 2, Izd. AN SSSR, Moscow, 1964. 

4. A . A .  Yarochevski i ,  "The pr inciple  of zone refining and its applicat ion in the solution of ce r ta in  geo-  
chemica l  p r o b l e m s , "  in: C h e m i s t r y  of the E a r t h ' s  Core [in Russian],  Vol. 2, Izd. AN SSSR, Moscow, 
1964. 

5. W. Schaaffs,  Der  Konzentra t ionszoneneffekt ,  Die Naturwissenschaf ten ,  Vol. 5, no. 4, 1964 

337 


