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- Q the Centers•cr Nuclei of Water Cryatallization

V. Ja. Al'tberg (Leningrad)

Hundreds and thousands of works have been devoted to

the study of the nature of water. According to the biblio-

graphic index in E. K. Fritzmann'A book The Nature of Water

(1935[,699 papers have been devoted to just one physico-

chemical side of the problem. But, neverthelesý; several

sides of the problom remain poor'ly elucidatea. This relates,

first of all, to the question of the transition of liquid water

into a hard phase, despite the fact that the phenomenon

Sof the formation of crystals was first studied in water.

In V721, Fahrenheit first Ciscovered the phenomenoD of the

t supercooling of water UIj. He was able to cool water to

-9.4 0 C in a sealed tube. lWhen he broke the tip of the tube,

all the Water filled •Ip with ice splinters (Eissplittern).

I will give two more examples from the same time. period.

Musschenbroeck r2], on a night with freezing weather, set

out a well-stoppered bottle of water and, when he took off

the cork the next day, he saw the bottle fill with countless

Ice splinters at that very moment. Mairan U3J saw trie very

•ame splinters when he compared the speed of ropagation of

the opacity of water (due to the presence of s:,linters in it)

from the surface to th'e bottom ".nit einer Entzindun!, des

Schiesspulvers" (to a gunpowder explosion).

Since then, similar experiments with different variations

but with the same results have been done hur..reds of times and

therefore one need not speak of them. One mi-ht, however,

mention the latest one which was dcnebesides, by the very



creator of the theory on the centers of cry taLlizaion,

Tamwant. He noted in his work, together with -Rici-ir.' E:41

that "the centcr; of ice crystallization, which ark4 formed in

supeircooled water, even with an insignificant 1 ,2,9rcooling,

gain so great a speed of crystallization, that -iry quickly

the entire vessel fills with thin ice needles, as a consequence

of which one cannot, as is done in other liqu •s, determine the

capability of water crystallization by the ni: bor of centers

of crystallization formed in a fixed time 1"0 a fixed

supercooling." (italics mine)

They consider -.3.50 a negligible surperxcooling; a tem-er-

ature below which they did not get. Furthc- on they write:'

",Up until now experiments were conducted oi. substances wits a

small speed of crystallization. Water has still not been,

studied in terms of its characteristic great speed of crystalli-

zation" kitalics mine).

Such is the contemporary p'osition on the i,,atter of centers

of water crysialilztmlrl in the statement or the crearest

authority in the field of the onnet of crystallization.

Comparing the results of tihe authors' exleriment with

the eiphteenth century experiments noted above, one must itate

that it seems there has been only the very slihtest movement

forward in the lact two centuries in the direction indicated

above.

However, as we will see below, this does not correspond

to reality. The reason is due tu Tamnan and Bt¢hner's disregard

for many important events whic* have -,raduallj been revealed

in the aourse of a lon-. period of time. It is nrcesary there-

fore tv stop here at this impDrtant stape in t,,( development



of knowledge. Blao~den C 5. (1798), repeating the experiments

of Fahrenheit, studied the laws of supercooling of waters, He

found that well water froze at -40, distilled at -5°, boiled

at -60, turbid river water at 000 The turbidity -)f water

turned out to be a steady obstacle for preserving the super-

• ~cooling oA. water.

Delfoc r63 shoedi that in strong frosts at -170 and more,

droplets of fog in the atmosphere remain liquid, concluding

from this, that "for the formation of ice, besides cold3

some other thins is needed." DaltonC 7 showed that for the

supercooling of water its greatest purity is needed (including

"degasification) for, "in turbid water hard particles contri-

buted to the beginning of crystallization."

Gay-LussacC 83 showed that the access of air to sup•er-

saturated solutions causes their crystallization. Zizt9)

noted that, in the presence of air, crystallization always

begins at the surface of the liquid, which also indicateg

the crystallizinF action of air.

Forty years later tae 'matter began to be cleared up.

L8weltIOj found that when one filters air or allows it to

settle for a long period of time, it loses its crystallizing

activity. Here Lbwel closely ap'proached the heart of the

phenomenon since the cololusion from these exj-eriments was

self-evident: the whole matter has not to do with air itself,

but with particles suspended in it.

Such a conclusion was made only ten Jears laber by

j Violette 1f11and, independently from him, by Gernez [121.

The methodology of sterile cultures, worked out by Pasteur,

served as a stimulus for their work. it was not difficult



for them to carry out the analogy between the contamination

of a nutrient substratum by air-borne bacteria and crystalli-

zation of the supersaturated solution under the action of

dust particles. It is no wonder that the method of contamina-

tion of solutions eventually found a great application.

Violette as well as Gernez proved that the crystallization

of supersaturated sulutions of sodium sulfate is caused

exclusively by the ontry into them of the finest crystal

particles of a dehydrate of this salt su3-ended in the air.

dith little supersaturation, these solutions, kert in

sealed vessels, did not crystallize for years. But with a

great superaaturation, these same solutions crystallized

even under conditiond which exclude the pcszibility of the

entry of seeds from without.

Le Coq de Boisbaudran E13 ) showed that crystal particles

of substances isomorphic with the material dissolved can serve

as seedings, provided onlj that the supersaturation not be

too small.

De Coppet C14: , after detailed investigations, came to

the conclusion that, for solutions of each ;ub-tance, there

exists a certain critical surersaturation, higher than which

they crystallize spontaneously, that is, without any external

influence. Due to a strong discrepancy bweween the results

of the experiment, the maximum sul.er3aturation could not be

determined..

4n their time, de Coppet's experiments and conclusiuns

served as a starting point for Tamman's buildinge of his theory.

The repeated filtratior of oolutions (Jaffe's experi-

ments a 15Z ) and of cupercolled liquids (FIchtbraer's exý ern-



mentsf:16 3) raises the stabilit; of both, that is increases

the crystalline supersaturation (supercooling) and proves that

ths "spontaneous" crystallization of de Cot.pet and others

actually arose under the action of some kind of hard particles,

suspended in the liquid, which serve as nuclei.

The work of Hinshelwood and Hartley is very interesting.

They put a great number of small sealed anr;.ules of p-toluidine

in a thormostat and noted the number of specimens which had

crystallized within a defined time interval, whi.'e plotting

the time in minuteg along the abscissa and the procent of

crgstallized specimens at different temperatures along the

ordinate. The melting temperature of p-toluidine is 48.30.

These results correct Tamman's statement on the constant

growth of the number of seeds with time. Indeed it turns

out that the common number of seeds is limited, proving by

this that crystalLization is caused bgy some kind of j.articles

suspended fn the liquid.

Esrecially convincing were the exprerlments of Billmann

and Klitt £187, who used centrifucation for purifying liquid

of dust and, finally, the experiments of Meyer and Pfaffr19.

who filtered liquid through a finely porous Schott filter

with an average pore measurement of 1-5/4. It is interesting

that if there were still finer dust particles in the liquid

which would pass through the filter, then the liquid retained

its capAbility of crystallizing. However, it was always possible

[: to deprive the liquid of this capability if, afber filtration,

one would supercool it. In that case there begin to form

cryetal partioles on the smallest dust particles still in the

liquid which, with repeated filtration, would get stuck in



the filter aid the liquid Yould turn out completely free of

dust. Such a liquid turned out to be eompletely deprived of

the ospability 66 crystallize even at the temperature of

liquid air.

The last-mentioned authors did a very interesting

exporiment. Their "coiitaminated" a filtered liquid with

crystal particles of the same substance which were absolutely

free of foreign particles. After melting the crystallizad mass,

liquid was once again obtained-which was not capab. of

ipontaneous crystallization. The resultan+ important conclusion

is this: susponded particles, which enable crystallization,

cannot be microacopic crystal particles of the same substance

freely floating in the liquid.

A series of Russian authors (Shubnikov, Kuznetzov,

Dankov, Frenkel' and others) also sceptically treat the

stability of nuclei which are formed from a small number of

molecules of liquid. They show that the formation of nuclei

is facilitated by foreign bodien, around which a distinct

orientation of molecules takes place, thus facilitating the

process of crystallization.

Valmer and Weber C203studied the contact action of

different minerals on supersaturated solutions filtered through

an ultrafilter. It turned out that on the surface of all the

minerals studieo, crystallization begins at a considerably

lesser supersaturation than inside the solution; the action

of different minorals and even of different facets of one

and the same mineral being very specific. The points and

edges of the atyabals are especially active.

The theoretical works of Valmer, who developed a formula



for work on the formation of a stable seed, were a great step

[4 forward,

Valmer and Flood C21"2 were successful in showing that

the theory corresponds well to the results of the experiments.

' : Valmer eipecially emphasized that the hard dides and

bounxdary surfaces play an important role in the pocesz of

forming a new phase since they facilitate the formation of

stable seeds. With small supersaturations (supercoolings),

the seeds can in general form onyon boundary surfaces,

on dust particles and so forth.

The experiment, as we saw above, corroborates this

theoretical conclusion. Since surfaces of hard bodies are

nevwr uniform (they have protuberances, depressions and fissures),

then only specific portions are active. This also is corroborated

by the experiment.

Of the two kinds of origins of crystals, forced and

spontaneous, the first is especially interesting and important,

This is dfe to the variety and multitude of different factors

Influencing the formation of the seed.

It follows from the many and very succe-sful experiments,

that with small aupersaturations and, illn particular, super-

aoln F, spontaneous crystallization in general does not

take place, since the origin of cyts• takes ia on

dust particles and f Ior n s.olid bodies. This is similar to

how condensation takes place, as is known, only on dust

particles and other particles of impiity.

In view of the fact that the formation of ice in reservoirs

takes place with a very insignificant supercoo1ing of water,

one can say with complete assuredness, that ice nuclei form



riot spontaneously, but by force, under the action of -ono or

a~nother- group of factors.

Besides Tamman, Yeyer studied spontaneous crystallization

in detail. Hi8 experiments are in full accord with the newest

theory on the 1-seudocryatalline structure of every liquid,

even a superheated one, not to mention a supercooled one.

The rsu)tA of these interesting experiments are in contra-

diction with Tamman's r-eearch.

Accerd-ng to Shubnikov, these contradictiond can be

eliminated by taking into account two circumstances which

neither author paid attention to: 1) "ge:mination" of tile

centers of crystallization and 2) contamination of liquids by

particles of other substances capable of caising crystallization.

The phenomenon of gemination noted above is well demon-

strated, according to Shubnikov, on a salol prep~aration.

They place a preparation with a supercooled drop on a

o E8 polariting microscope and observe with croased, nicbls how
-0 cryqtallization of salol will take place if tV.ey introduce a

U..-V> seed of hard salol into the supercooled droi on the tip of

= LD a needle, touching it to the Elass at one :.oint. In this

spot a group of crystals be•inp to qrow slolj,. However, a

few seconds after the becinninap of the process, morý and

more Individual crystals which are invisible at the monent

of ejection due to their smallness and which crow to sixni-

ficant pi'cportions at the :noment tf their speed lose, begin

to fly out from the .,urface of the •rowing crystals with a

great speed. The ocryatals which are ejEsed are afaped I'S'he

small boats, their' long axis is always oriented perpendicular

to the direction osi wovement, com%.letely analugous to a real



p 9

a boat when it, left to itself, tends to turn its side to the

wind. Thiz b@autiful experiment, which was constantly betnS

N• shown by the late Prof. Wolfe in his lectures on crystallo-

graphy, extraordinaril*y reminds one of artillary fire from

a fort. Only instead of seeing growinS puffs of smoke after

an explosion of shells, we see "little boats" sparkling With

their unceaainglt changing interference colobation.

"The phenomenon of the eje.ction of seeds by the growing

..rystal, together with the earlier-described hhe~%Wn of

crystal coalescence, has, in our '-inion, a r-reat theoretical

simnificanri, They show how much more complicated reality is

than thoc. echemes which aro 3o necessary to the scientist

for prd.dlction and precalculation of phenonieria which are

conti,.ned in these schemes and which are a rcreat harm to

forseeing really new phenomena not having any relation to

the schemes thought up."

The phenomenon of gemination described by Shubnikov

throws a new light on the mechanism oP the ori?.n of c.ystal-

lization nuclei and on the process of their rel roduction

tunder the action of seeding.

This phenomenon, apart from its beauty, has a very

substantial and general meaning, as even Shubnikov hixelf

recognizes.

The procesn of gemination, of seeding liouid with

nuclei (Impfwirkung), must have its place im the case of

- - water crystallization as well.

Before going on to this, it in neces ar.7 to note that

Meyer and Pfaff did experiments si.,ilar to toie above-described

______ one.,_al wh water which they tried to p~urify of impurities



-and nuclei. For this they afplied all their art and used the

moat perfect technology for purifying liquid, but nevertheless

they still did not succeed in completely purifying water of

nuclei. The maximal degree of purity achfitved by them can be

seen in the fact that their water did not freeze even at -33°*

Either some remnant of nuclei still remaining in the water

or the Influence of the walls of the vessel which they did

not succeed in eliminating prevented the further lowering

of supercooling.

These experiments prove the significant abundance of

nuclei in water. Even such experienced researchers as Meyer and

Pfaff could not purify water of nuclei. Billmann and Klitt

also have the same opinion on the constant presence of nuclei.

in water.

These facts point out that water has particularily

favorable characteristics for experiments on crystallization

which were not utilized, however, by Tamman.

For explaining the nature of nuclei of crystallization

it is important to take into account the result of an analogous

stage W the development of knowledge (already reached ir ' -he

last century) relating to nuclei of condensation.

Kuhle, Maskar and Aitken [223 already in the last century

proved that the formation of fog is stopped if the air is

purified beforehand (by means of its filtration through cotton

wadding) of dust particles which are, in essence, the same

centers on which condensation takes place. This pusstion was

studied in more detail, theoretically and experimentally,

by Thompson. Here it is appropriate to bring in Aitken's

genoralIzing position. He put much work and time into the

stilay of nuclei.



"Alrady long" ago I showed (says Aitken), that for the

transition of bodies from a liquid state to a gasepous or from

a gaseous to liquid or from liquid to solid or, finally,

from solid to liauid with correaponding points of boiling,

condensatidn and fr'ezins-, it ie necessary to have the

presence of a nucleus or a free surface (the dividing boundary

"p '.of two phases), on which the transition from one phase to

another can take place."

It is important to note that such a seciallst on nuclei

( !q like Aitken was convinced of the indispensibility of nuclei as

carriers of a free surface (dividing boundary); extraneous

particles (dust particles) being the nuclei. This is nece's, ary,

according to Aitken, not only for condensation,' but also

for cryst aýlizationo

Thus even fin the lst oentury it was firmly established

and recognized by all in the field of co~densation,l that

dust particles or impurities are nuclei of condensation

and not accumulations of mole6ules of steam as was formerly

thought.

Ia A similar idea on the formation of nuclei not by meanýs

of an accidental collision of many molecules of a liquid,

but on the already prepared boundary surfaces (with dust

particles always be.ing in .the liquid) began to take root

in science due to the many end ev4r mc~re convincing exT.eriments.

Prom Tamman and Bi~hner's second U~enence cited by me

at the beginning of the article it follows that subst~ances

are divided at it were into two classes: thosa with a small

SpoelOof crystallization and those with t. large one (vEater).

However Tamman_ as is known, earlier rro o- ed the general



dependence of crystallization speed of all substances on the

degre of supercooolng; the cr~stallization speed being

practically equal to zero with inzignificant supercoolings

and very Slowly rrowing with an increase in supercooling.

Tamman and BR;.Thnar for some reason make an exciption

for water, considering that it has only great speeds of

crystallization. They did not dd experimefrts with supercooling

less than -3.50. Herein lies their error and incorrect

interpretation, as we shall see below, on the question of

the crystallization speed of water.

In Tamman and Bfchner'• second quote cited above it is

stated that centers of water crystallization w4re not studied

because of the great speeds of crystallization supposedly

characteristic of water a'nd the necesoary impossibility

of doing experiments on the eenters of water crystallization.

There ts an evident misunde standing here. On the one

hand, according to Tammani the speeds of crystallization

are very small w~th insignificant supercoolings.

On the other hand they, by analogT with other substances,

considered a supercooling at -365O insignificant for water too.

They did not gee below the indicated limit in their experiments,

as a result of which they did not find th ottimum conditions

• H for experiments with nuclei.

Just as every substance has its optimum for investigation

ofinuclei, so water must also have its optimumh lying,

apparently, consid'rably lower than -3.5o; a temlerature at

which the speeds of crystallization are still very significant.

These considerations and aso the cited experiments of

Meyer and Pfaff and triose of ShubniIov with rexnination



definitely point, first of all, to the incorrectness of Tamman

and Bflchner's. conclusion on the inaccessibility, as it were,

of nuclei of water for investigation and, secondly, to the

complete, ýaccessibility,. as vie shall see below, of 'these

[ruclei Tfor :investigation; tnder optimal conditions.

I Arising fro4 the indispensible presenne of a stage of

small crystallization speeds for all substances (including

water) with sufficiently small qu-ercoolings, we decided to

establish experimentally for water the necesiary optimum

[ of supercoolirS, which allows one to comfortably and easily

investigate nuclei of water and, foremosT, to ascertain them

and to revial their struuture and .roperties, for which there

are no data in the literature as Tamman notes.

In our experiments we went considerably farther than that

limit of supercooling which Tamman reached (-3-5O) and took

supercooled water to ten, one hundred and even one thousand

times less than Tamman.

Under these conditions we, for the first tIme, obtained

centers of water crystallization not with colos'al crjstallization

speeds as Tamman had, but hundreds of times less. These

speeds allowed us tto investigate them completely freely and

even to count them which Tanman could not do. He does not

1, •l.I Nuclei of water crystallization

Seven say anyrthing about the for~n of nuclei and their 3tructure,

• noting only the fact known to all, that "ice crystallizes

-. . usualll y..•n _the- .f-orm ..of-.....ea~ther-a.,.I _his. fac .t.-howeve-r •-hp,.q



no relationship to nuclei.

If under Tamman's conditions exceptional technlcal

difficulties did not allow him to investigate centers of

wader crystallization, then under our conditions, just the

opposite, there were no difficulte- and the experiments

could be carried out vry easily and simply. For this it was

necessary to have, in a series of glass cylinders, water

supercooled at - O -0.205, -0.1O, -0.3, v 5-0.5

The introduction of a seed (a small

piece of ice the size of a I.in head) in F "

any of the indicated cylinders caused,

after stirring the water, the aplearance ,

of many very small ice elements in the

Sshape of thin, transparent, completely , i

round plates (ill. 1, 2 & 3).*

.1 Ill. 3. Diske of ground
--- '•!I romthe otto ofIce on a stone extracted

.~ from tlhe bot~tom of a
S----=• glacial river.

y4 If,'.

Ill. 2. Nuclei of water t fopY

crystallization. 
ES

In the vessel with the least supercoolina there aror'e

the least number of centers, thetr speed of 7rowth also

being the least (one thousand times less than the speeds

indicated by Tamman at 5000 mm/mm.). In the subsequent

vessels, as the supercoolinR incr, ased, both the number of

centern as well a- their speed of growth increased, remaininc,

however, hundeeds and tens of times leas. than 5000 mm,

IThe photographs were obtained as the result of new ex:.erimentE
at the Hydrological Sroup of the State Hydrclclical Institute.



* In t-he last cylinder the number of centers of crystallization

and their speed of crystallizartion increased so much that

to calculate them already presented great difficulties.IWith a further increase in supercooling we get into Tamman's

very difficul-ý conditions for the experiment. Therefore

Ssupercoolings from -3.5°0 and higher are not of interest to

ii us. We concentrated all our attention on supercoolings one

I I hurdred times less.

�I In the process' of work we gid tens of similar experrnents

- with tie same results noted above. Later we go involved with

investUgatit the growth of centers of crysta..lization and

for that we worked out a corresponding methodology and apparatus ' 233.

Ii Here we are reporting only on the final results of these

experiments. Watching the growth of lisks, we observed how

a very small ice disk hardly visible to the eye grew• as it

moved through the supercooled water at first into a disk

several millimeters in diameter; then the disk turned into

a hexagonal plate which, with further growth, turned into a

hexagonal star. This star turned into a more comi~lex formation

reminiscent of a snowflake (ill. 4). Rbes ailable frcopy.

The artificially grown formations

were very beautiful in their sl'3nder

structure, but photographing them

was extraordinarily difficult. Their

maximal measurements could be brought '4,

to 2 cm and more, bit they were

distinguished by extreme fMability Ill. 4. A snowflake growing
in a free, floating state

which prevented extracting them Prom in water.

wanter. In the wate they were hardly



visible and could not be. photographed.

Parallel to the described exreriments we later did the

same experiments in a slightly different form which allowed us

to see the multiplication of nuclei in a very effective form.

A seed, weighed down by a little weight, wad/introduced into

superoooled- water (-1.5 , -2.0°). This seedcaused, at that

very moment, a fountain of sparks exactly liae fireworks in

the water. This suddenly blazing cloud of many hundreds of

disks and small ice stars, which reflected the light falling

on them, w-s a beautiful sight.

Thus we, for the first time, observed the centers of

water cryskallization, studied their properties dependent on

supercooling of water and, finally, worked out a methodology

and arrangement for investiSating the growth of elementa

which we succeeded in preparing se7:arately, in a free anC. floating

atate (in water) 'o 2 cm and ,rore.

Tamman's treatment of the surposed iJn!os.-bility of

investigating centers of water crjstallization and su.josedly

"inherent" only to water exce:jtionally great s;e,:ds of cry3tal-

lization and a lack of a stage of small crystallization sapeeds

-V for the nuclei turned out to be wrong.

Our research now corrects this interpretation--it is

very important because it opens a broad possibility for

investigating that area which geemed "inaccevalbile" even to

such authorities like Tanmnan. ebest available •copY.

This field ha- not only a rreat scientific significance

(it concerns water, the most wides-read liouid on earth and

its hard phase--ice), but it has an even more practical

significance in view of the fact that ground icc and the



[ suspended stage of ice (slush ice) are nothing other than

t nuolei-and a seed of crystallization.-that is just what is

being discoussed in thbi article. It was ,roven by ma before.

lIl, 5 shown a mass growth oif center; of crystallization.

In connection with this it is interesting to bring in t!e

-results of the interesting experiments of A.M. Shenrok and

D.A. Smirnov who threw small grains from a coolirg mixture

(salt + ice) into supercooled water. On the path of movement

of such a small grain there appeared the finest crystal

particles so that one got the imrenion of a falling meteor

with a tail behind. The crystal particles which appeared,

moving in the water, in their turn caused in the same way

the formation of moreand more nuclei.

The process went on much inore quickly if the water was

stirred as in our experiments.

The nuclei appearing when the water is moved spread, as

it were, the contamination thr.ughout the entire liquid and

the reproduction of crystalls took place at an accelerated

tempo, not unlike an avalanche. The turbulent movement of

water in a river contributes to the formation of ground ice

since it spreads the contamination of crystal formation in the

water.

The results of our exyerimenta (just like the observations

Ij of Shenrok and Smirncv) which establish for water the fact

of re roductAon of nuclei of crystallization which was known

before only for other substances, have a deel- and fundamental

sigaificance since they put an end to the false dogma concerning

the role of soeding. It had been assumed that the role of



seeding consisted only of' the gr.7,Wth of

'1 ea~cp the seed itself' and that in natur~e there

____ do not exist proee~sses of' contamination

T, of a supercoolod liquid byv means of'

: y nuclei with th'le helfi of' a seeding and

of a process of rei'roduction of' nuclei

0-3* after the introduction of a4. least one

.4; nucleus or crystal particle into the

liquid.

This dogma strives to repudiate

'* ~ that which was long ago accepted In

4. science that is widely used in the

~ :~chemical induz.try and even more widely

"A ~appears in nature (p!round ice., the

rn ... "Y formation of clouds and fog, the

MI. 5. Mawa forma- accumulatiLon of salts in estuaries and
tion of' centers of
water crystallization, in salt lakes and so forth).

We saw above that even the comtomporaries of' Pasteur--

Violette and Gernez [111, 12J --adopted his viewrdioint on the

essence of contamination and transferred this concept to the

field of crystallization. Later the method of' contamination

with the help of a seed got wide application in the works of'

Tamman and his school as well :. in the works of' other researchers

in the field of crystallization (1ililer, Otmer, Nanken and others).

The purocess of reproduction got, besides the name "1con-

tamination",9 still other designatlons, naniely: inoculation

(after Tamman's Inmpfwirkung), eemination (after Shubnikov)



-an• ,thera,- On the basis of this phenomenon Tamman perceived

a reaonance-action; others pereeived an action, analogous

to catalys1is5 of Induction. Wolfe and Shubnikov's experiments

lift slightly the curtain which was hidibg the mechanism

of tb su v ,.sfphenom&non.

Here we approached the very border dividing ti'a investigated

area from that not yet Investigated Which is subject to research

in the futur4. The question about the mechanism of the origin

of a nucleus--about the seed of the future crystal is ver'y

i interesting,, It is a question of the future of expeniimental

and theoretical physical chemistry and work goes on in this

direction with unflagging intensity.

Ill. 6 shows slugh ice artificially reproduced by us.

In conclusion it is necessary to touch on objections

made by my opponents which simply consist in that some consider

the disks observed bJ me originating as a result of "melting";

others consider it a result of "rounding off" of ice elements

I= among themselves; a third group considers them "fragments";

a fourth group simply recommends that, one not believe one's

eyes and that cne should not consider the clearly visible

disks as disks, but as dome other kinds of formations.

I answer these objections:

S) Only a person little informed in the field of physics

can talk about melting at t0 <O, that is under conditiond

of supercooling when the nucleus can only r and not melt.

2) Only a lersoii who dloes not understand, in essenpe,

2Even the very names--contamination, inoculation, gemination--
indicate that one is discussing reTroduction, a fact which,
therefore, is nt subject to any doubt: it is firmly established

2 experimentally.



wh-at. a fragmenit is and What kinad of' dif'ference there is

between it and a regular body in the forin of' a co'mp:letely

round disk can call round diskrs (precisely dWsks), wt ~ro

surfaces and seemingly polished edaes, fragment§ 0±' a tki~n

structure.

.A

,~ 'k

Ill. 6. Artificially reproduced slush ice.

3) only a person who does not wish to be considered as

havi~ng.common sense and logic can a,,!:ert that dirks supposedly

ariase as the result of "rounding off", when indeed the growth

and shaping of Individual crystals can be observed with one's

own eyes even under conditions of absolute im:,.ossibility

of contact with other disk~s (due to there not being any).

4) Finally the reco~rnendation of' not believing one's

eyes I repudiate (as adt*ce) as not deserving any attention.
none

It is all the more interestinv that Ad~f these opponents

consider it neces,7ary to make similar objections in relation

to other researchers who have obtained the same kind of dishs

in other liquids that I obtained in water.
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