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On the Centsrs c¢r Nuclel of Water Cryatallization
V. Ja, Al'tberg (ieningrad)
Hundreds and thousands of works heve been devoted to
the study of the nature of water. According to the biblio-

graphic index in E. K. Fritzmann's bock Tae Nature of Water

(1935),699 papers have been devoted to just one physico-
chemical side of the problem. But, nevertheless, gseveral
gides of the problem remaln poorly elucidatea. This relates,
first of all, to tne question of the transition of liquld water
into a hard phase, desplte the fact that the phenomenon
of the formation of crystals ﬁas first studied in water,
In 1721, Fahrenhelt first {iscovered the phenomenon of the
supercooling of water [1J), He was able to cool water to
-9,4°C in a sealed tube. When he broke the tip of the tube,
all the water filled wp with ice splinters (Eissplittern).

I will give two more examples from the same time reriod.
Musschenbroeck [ 2], 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 £ill with countless
ice splinters at that very moment. Mairan [ 3] saw tne very
same 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 the bottom ".1it einer Entzindung des
Schiesspulvers" (to a gunpowder explosion).

Since then, similar experiments with different variations
but with the same results have besn done hurdreds of times and
therofore one nesec not speak of them. One mi-ht, however,

mention the latest one which was dcne,besides, br the very




creatcr of the theory on the centers of crystalliza‘,ion,
Temwan, He noted in his work, together with =ilchrev» C43J,

that "the cenlers of ice crystallization, wnich ars formed in

supsrcooled water, even with an insignificant s iperccoling,
gain 80 great a speed of crystellization, that - .ry gquickly
the entira vessel f£1lls with tnin ice needles, as a conseguence
of which one cannot, as is done in other liqu'{s, determine the
capability of water crrystallization by the m 1ber of centers
of erystallizatlion formed in a fixed time v*'~ a fixed
supercooling." (italics mine)

They consider -3.5° a negligible surer.ouling; a temper-
ature below whitn they did not get, Furthe. on trey write:
“Up until now experiments were conducted o. substances with a
small spsed of crystallization. Water has still not been

gtudled in terms of itas characterlstic micat speed of cryatalli-

zation" {italics mine).
Such is the contemporary position on the matter of centers
ol water crysvalilzution in the statamént ot the greatest
authority in the fisld of the onset cf crystallization.
Comparing the resultas of the authors' exreriment with
the sighieenth century exreriments noted above, one must state
that 1t seems there has been only the very slichtest movement
forward in the lact two centuries in the direction indlcated
above,
However, as we will see below, thls doss not corresuond
to reality. The reason is due tu Tamnan and Bliéhner's disregerd
for meny important events whic. have rraduall; been revealed
in the course of o lonz geriod of time. It 1s n<cessary there-

fore tu stop here at thls impprtant stape In tie development
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of knowledge. Bla~denfl 5] (17%°8), rereating the experiments
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found that well water froze at -4%, distilled at -59, boiled
at -6°, turbid river water at 0%, The turbidity of water
turned ocut to bs a steady obstacle for preserving the supsr-

cooling of water,

Dellic £6] showad that in strong frosts at -17° and more,
droplets of fog in the atmosshere remain liquid, concluding )
from this, that “for the formation of ice, besides cold,
some other thing iz needsd." DaltonL 77 showed that for the
supercooling of water 1us greatest purity is needed (including

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

buted to the beginning of crystallization,"

Cay-Lusgac L 8 Jshowed that the access of air to gsuner-
saturaied solutlions causes thelr crystallization. ZizIS]
noted that, in the presence of air, crystallization always
beging at the surface of the liguid, which alsv indicates
the crystallizing action of alr,

Forty years later tne mattsr besan to be cleared up.
LBwel {107 found that when one filters air or allows it to
seille for a long period of tlme, it loses 1ts crystallizing
aotivity. Here LBwel cloasely approached the heart of the
phenomenon since the cofslusion from tHhese exreriments was
sglf-evident: the whole matter has not to do with air itselrf,
but with particles suspended in 1it.

Such & conclusion was made only ten sears laber by
Violette L11land, independently fror him, by Gernez [127.
The methcdology of aterlle cultures, vworked out by Pasteur,

served as a gstimulus for their work, It was not aifficuli




for them to carry out the analogy between the contamination
of s nutrient substratum by air-borne bacteria and crystalli-
zation of the surersatursted solution under the action of
dust particles,. It is no wonder that the methoa of contamina-
tion of solutions eventually found a gresat application.
Violette as well as Gernez proved that the crystallization
of supersaturated solutlions of sodium sulfate is caused
exclusively by the entry into them of the finest crystal
particlas ot a dehydrate of this salt sus:rended in the air,
#ith 1little superssziuration, these solutions, kert in
sealed vessels, dld not crystallize for years., But with a
great supersaturation, these same sclullons crystallized
even under conditiond which exclude the vcasibility of the
antry of seeds from without, ‘ j
I2 Coq de Bolgbaudran 13 Ishuwed that crystal parileles
of substances isomorphic with the material dissolved can serve
as seedings, provided only that the supersaturation not be
too small,
De Coppet £ 1437, after detalled investipations, came to

the conclusion that, for solutions of each subztance, there

exists a certain critical surersaturation, hirher than which

they crystalllze srontaneously, that 1ls, without any external
influence. Due to a strong discrepancy bwiween the results
of the experiment, the maximum sujersaturation could not be
determined.,
7n their time, de Corpet's exgeriments and conclusiouus
gserved as & starting point for Tamman's bullding of his theory.
’The repeated filtratior of ~olutions (Jaffe's experi- |

ments L 153 ) end of supercodled linuids (Flichtbeuer's ex:eri-
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ments £16 1) raises the stabilit - of both, that is increages
the crysialline supersaturation (supercooling) and proves that
the "spontaneous" crystallizaiion of de Coipet and others
actually arose under the action of some kind of hard particleé,
suspendsd in the liquid, vhich serve as nuclei.

The work of Hinshelwood and Hartley is very intereating.
They put a great number of small sealsd amiules of n-toluidine
in a thermostat and noted the number of specimens which had
crystallized within a defined time interval, while plotting
the time in minutises along the absclssa and the nrocent of
crgstallized specimens at different temperatures along the
ordinate. The melting temperature of p-toluidine is 48,3°,
These results correct Tamman's statement on the constant
growth of the number of seeds with time. Tndeed it turns
out that the common number of seeds 1s limited, proving by
thir that crystallization 18 caused by some kind of pLarticles
suspended in the 1liquid.

Esreclally convincing were the exweriments of Billmann
and K1itt C187, wiho used centrifusation for purifying liquid
of dust and, finally, the experiments of Meyer and Pfaff L1977,
who filtered iiguld through a finely porous Schott filter
with an average pore measurement of 1.5,. It is interesting
that if there were atlll finer dust partivles in the lliquid
which would pass through the filter, then the liquld retained
its capability of crystalllizing. However, it was always possible
to depriva the liquid of this capabllity 1f, aféer filtration,
one would supereool it, In that case there begin to form
cryetal partisles on the smallest dust particles still in the
liquid wilch, with repeated filiration, would get stuck in




the filter aad the liquid vould turn out completsly frse of
duét.-Such a8 liquid turned out to be completely deprived of
the capability 66 orystallize even at the femperaturs of
liguid aiv,

The last-mentioned authors did a very interesting
experiment. Ther "contaminated" a filtered liquid with
orystal particles of the same substance which were absolutely
frge of forelign particles. Aftsr melting the crystallized mass,
liquid was once agein obtalned which was not capabls of
spontangous crystallization., The resultant important conclusion
iz this: suspsnded purticles, which ensble crystallization,
cannct be microscopic crystal particles of the same substance
freely floating in the liquid.

A serles of Rugsian authors (Shubnikov, Kuznetzov,

Dankov, Frenkel' and others) also sceptically treat the
8tabllity of nuclel which are formed from s smwall number of
molecules of liquid. They show that the formation of nucleil
is faocilitated by forelgn bodies, around which a distinct
orientation of molecules takes place, thus facilitating the
process of crystallization.

Valmer and Weber £207 studied the contact action of
different minerals on supersaturated solutions filtered through
an ultrafilter. It turned out that on the surface of all the
minerals studled, crystellization begins at a considerably
lesser supersaturation then inside the solution; the action
of different minsrals and even of different facets of one
and the same mineral being very speciflic. The voints and
sdpes of the ofyedbals are esrpeclally activs.

The theoretical works of Valmer, who developed a formula
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for work on the formation of a stable seed, weré a great step
Lorvard.

Valmer and Flood C217J were successful in ghowing that
the theory corresponds well to the results of the exveriments.

Valmer eiéscially emphasized that the hard dides and
boundary surfaces play an important role in the ppscess of
forming & new phase since they facllitate the formation of
stable seeds. With small supersaturations (supercoolingsj,
the seeds can in general f;rm only on boundary surfaces,
on dust parilcles and s¢ forth.

The experiment, as we saw above, corroborates this
theoretical conclusion. Since surfaces of hard bodles are
never uniform {(they have protuberances, depressions and fissures),
then only apecific portions are active, This also i8 corroborsted
by the experlnent.

0f the two kinds of origins of crystals, forced and
spontanecus, the first, i1s especlally interesting and important,
This 13 dde to the variety and multitude of different factors
influencing the formation of the seed.

It followa from the many and very succe ‘sful expsriments,

that with small superaaturations and, in particular, suger-

govlings, spontaneous crystallization in gensral does not

take place, since the origin of crystals takes place on

dust partlocles and foreign solld bodles. Thls is aimllar to

how condensation takes place, aslis known, only on dust
particles and other particles of iImpumity.

In view of the fact that the formation of lce in reservoirs
takes place with a very insignificant supercodling of water,

one can say with complete assuredness, that ice nuclei form

B ey 2oy o, .v.‘i‘
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ot epontansously, but by force, under the aciion of .ons or
another group of factors.

Besldes Tamman, Veyer studied zrontanecus crystallization
in datail. His experiments are In full accord with the newest
theory on %he 1-seudocrystalline structure of every liquid,
éven a supsrheated one, not to mention & supercoulied one,

The results of these intefesting exreriments are in contra-
diction with Tamman's reesarch, _

Accerd.ng to Shubnikov, these contradictiond can be
eliminated by taking into eccount two circumstances which
nelther author paid attention to: 1) "memination" of bie
centers of crystallization and 2) contamination of liguids by
varticles of other substances capabls of causing crystallization.

The phenomenon of zemination noted above is vvell demon-
strated, according to Shubnikov, c¢n a salol preraration.,

They place a preparation with a supercooled drop on s
polari%iﬂg mlcroscope and observe with crosseé nicdls how
crystallization of salol will take place if trey introduce a
seed of hard éalol into the supercooled dro, on the tinp of
a nsedle, touching it to the glass at one voinit, In tais
spot a grour of crystals begine to arow slovly. However, a
few seconds after the beginnings of the proc¢cess, more and
more individual crystals which are invisible at the monent
of sjection due to thelr smallness and which srow to sixni-
ficant pecportions at the moment of their speed loss, begin
tc fly out from the .urface of the «rowing crystals with &
great speed, The vrystals which are ejewted are shaped liks
small boats, thelr lone axis is always orientsd rerpendicular

to the direction of movement, com.letely analogous to a real
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boat when 1t, left to itself, tends to turn its side to the
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wind. This beautiful experiment, which was constently being

gshown by the lats Prof, Wolfe in his lecturses on crystallo-

T L

pn

Y
PNew

graphy, extraordinarilfy reminds one of ertillary fire from
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a fort. Snly instead of seeing growing puffs of smoke after
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an‘explosion cf sheils, we see "“little boats" sparkling with

their unceasingly¥ changing interference colecbatiorn.
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“The phenomenon of the ejection of seeds by the growing

.

gﬁ srystal, together with the earlier-described ;hepsagon of
gﬁ crystal coalescence. has, in our opinion, a rreat théoretlcal
%2 significancen, They show how much more complicated reality 1is
%; than thoes nehomes which are 30 necessary to the scientist
%} for pr2dlctlon and precalculation of phenomena whicn are
E; cont.ained in these schemes and which are a nreat harm to
;S . forsssing reslly new rhenomena not having any relation to
i. the schemes thought up,"
fi The phenomenon of gemination described by Shubnikov
§i throws a new lipght on tie mechanlsm of the oricin of coystal-
: lization nuclel and on btune process of their re;roduction
é under the actlion of seeding.
% This phenomenon, apart from its beaubty, has a very
”% substantial and general meaning, as even Shubnikov hlrself
;% recognizes.
gf The procesa of gemination, of seeding liculd with

nuclei (Impfwirkung), must have its place im the case of
water crystallization as well,
Before golng on to thls, 1% 1s neces-ary to note that

Meyer and Pfaff did ex,erimente sizilar tc tlc above-described

i one, salso with water wnich they trled to purify of impurities

UV N
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&B2 nuclai, For this they atplied all theilr art and used the
most perfect technology for purifying liguid, but nevertheless
they still did not succeed in completely purifying water of
nuclel. The maximal degree of purity achégved by them can be
seen in the fact that their water did not freéze even at -33°,

Either some remnant of nuclei still remaining in the watef
or the influence of the walls of the vessel which they did
not succeed in eliminating prevented the further lowering
of supercoollng.

These expariments prove he significent abundance of
nuclel in watsr. Even such experienced researchers as Meyer and
Pfaff could not jpurify 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
whlch vwere not utilized, however, by Tamman.

For explaining the nature of nuclei of érystallization
1t is important to take into account the result of an analogous
stage &1 the development of knowledge (already reached ir She

last century) relating to nuclei of condensation,

Kuhle, Maskar and Aitken [227 already in the last century
proved that the formation of fog is stopped if the air is
marified 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 cusstion ves
atudied 1n more detall, theoretically and exrerimentally,
by Thompson., Here it 1s appropriate to bring in Aitken's
gonoralizing pogition., He put much vwork and time into the
study of nuoclei.
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: "Alrsady long ago I showsed (says Aitken), that for the

i | transition of bodlss from a liquid state to a gasecus or :from \
;¥ & gaseous to liquid or from liquid to solid or, finally,
i1 from solid to liquid with corresponding points of boiling,

{ . -

;A. condonsatidn and fr?ezing, it 12 necessary to have the

\
presence of a nucleus or a free surfacs (the dividing boundary
§ = I
" of ‘two phasos) on which the transition from one phase to
3 \
<2X another can take place.” !

it 13 important to note that such a sgecialist on nuclei

§ 1ike Aitken was convinced of the indispensibility of nuclei as
carriers of a free surface (divﬁding boundary); extraneous’

p&rticlea (dust particlea) beine the nuclei, This is nace%<ary,

—
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according to Altken, not only for condensatlon, but also

for cryntahlivationo

Thus evon\in the l&st oentfry 1t was firmly established

and recognized by all in the field of coﬁdensation,‘that
\ . H

e
-

! dust perticles or impurities ars nuclel of condensation

| :
and not accumulations of molecdules of steam as was formerly

P.f
o _ thought.
\ A similar idea on the formetion of nuclel not by means |

. N .
of an accldental collislion of meny molecules of a liguid,
but on the already nrepared boundary surfaces (with dust
particles always beﬁng in the liquid) hegan to takf root
i

in'aclence due to the maﬁy end evér mcre‘convinciné exreriments.

From Tamman and Blichner's second.aenkence cited by me

¥ at the beginning nf the article 1t follows that substances
\ !
i are divided as it were into two classes: thosz with a small

apoel\of crystallization and those with ¢ large one (water).

However Tamman, &s 1€ known, earlier rro,cvsed the gene}al
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dependence of crystallization speed of all substances on the

4 . " . .
degrée of supercoolbng; the crystallization speed being
pfactical%y squal to zero with insignificant supercoolings
and very élowly growing with an increase in supercooling.

Taqman and Blichner for some reason make an exc%ption

for water, considering that 1t has only great speeds of
erystallization., They did not do experimehts with supercooling
leas than -3,5°, Hersin lies their error and incorrect
interpretation, as we shall see below, on the question of

¥

the crystallization speed of wa@?r. . )
~In Tamman;and Bﬁchner'? second quéte cited above 1t 1s \
stated that centers of water crystallization wére not studied
because of the great Speids of crystalllzation supposedly
characteristic of water ahnd the necescary impossibility
of doing expsriments on the eenters of water crystallizétion.
\ There 1is an¥evident misundeﬁstgnding heref On the one
hand, according éo Tamman, the speeds of crystallizetion
are very smail with insignificant suvercoolinga.
" On the other hand théy, by ana105¥ with other substances,

considered a supercooling at -3,5° insignificant for water %oo.

They did not go? below the indlcated limit in thelr exyeriments,

as a }asult of which they did not find thL optimug conditions
for experiments with nuclel. !

Just as every substance has lts optlmum for investigation
of inuclei, so water must also haée its ovtimum; lying,
apparently, consid~rably lowef than —3.5°; a temperaturé at
which the speeds of crystellization are st£11 very‘significant.

These considerations and a%so the cited experiments of
Meyer‘and Pfaff and thpse.of Shﬁbnikov with reinlnation \

\ |

\




LT R N R I e A0

>
definitely point, first ol al1l1, to the incorrectness of Temman
and Bllchner's conclusion on the inaccessibility, as it were,
of nuclel of water for investigation and, secondly, to the
conplete accessibllity, as we shall see bhelow, of these
nuclel for investigation tnder ophklmal conditions,

Arising frof the indispensible presenre of a stage of
small crystallization speeds for all substances (including
water) with sufficlently small surercoolings, we decided to
establish expsrimentally for water the neces:ary optimum
of supercoolins, which allows cne to comfortably and easily
investigate nuclel of water and, foremosgu, to ascertain them
and to reveal their strugture and rroperties, for which there
are no data in the literature as Tamman notes,

In our experiments we waent considerably rarther than that
1imit of supercooling which Tamman reached (-3.5°) and took
surercooled water to ter, one hundred and even one thousand
times less than Tamman,

Under these conditions we, for the first timeé, oblained

centeras of water crystallization not with colos:al crysstallization

speeds as Tammen had, but hundreds of times less. These
speeds allowed us %o investigate them completely freely and

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

y}’!ﬁ:;'ns?;‘% hp o

Ill. 1, Nuclel of water crystallization
even say anything about the form of nuclel and their structure,
noting only the fact known to all, that "ice crystallizes

uanallr in the form of feathers." This faex, however._has

s
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no relationshipr to nuclel.

If under Tamman's conditions exceptional technical
difficulties did not allow him to investigate centsrs of
wa ;er crystallization, then under our conditions, just the
opposite, there were no difficulties gnd the experiments
could be carried out vary easily and simply. For this it was
necegsary to have, in a series of glass cylinders, water
surercooled at -0,62°, -0,05%, -0,1°, -0.3°, -0.5°,

The introduction of a seed (a small e

plece of lce the size of & pin head) in .“_iéé
any of the indicated cylinders caused, "ghfﬁfﬁf;m
A e

after stirring the water, the apjearance "

.
-’ 4 Y
et
S
e

of many very small ice elements in the

shepe of thin, transparent, completely

1 ey ey
round. plates (ill. 1, 2 & 3). LS B
RS
Ill. 3. Diske of ground
lce on a stone extracted
from the boiltom of a
¢laclal river,

X 2, ; : ¥ " i (".
i RO N XN IR X
T SV T NN S
Spaglie ¥, ; Y PR — X2
ced from 5&%
I1l, 2. Nuclel of water ‘éﬁ‘;{ffa‘.\ab\e copy. D
crystallization.

In the vessel with the least supercooline there arone

the least humber of centers, thedr speed of «rowth also

bsing the least (one thousand times less then the speeds
indicated by Tamman at 5000 mm/min.). In tie subsequent
vesaels, as the supercooling incr~ased, both the number of
centers as well a. their speed of growth increased, remaining,
however, hundseds and tens of times les~ than 5000 nm.

1'I‘he photographs were obtained as tie result of new ex;eriments
at the Hydrological 3rour of the State Hydrclougical Institute.
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In the last cylinder the number of centers of crystallization
and their speed of crystallizetion increased so much that

to calculate them already presented great difficultiss.

With a further increase in supercooling we get into Tamzan's
very difficulv conditions for the experiment. Therefore
supercoolings from -3.5° and higher ars not of interest to
us. We concentrated all our attention on supercoolings one
hurdrsd times less.

In the process of work we @id tens of similar expepriments
with the same results noted above., Later we go involved with
investigathla the growth of centers of crysta.lization and
for that we worked out a corresponiing methodology and apparatus ’ 23].

Here we are reporting only on the final results of these
experimenta, Watching the agrowth 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 s#ar, This star turned into a more comjlex formation

duced from S
reminiscent of a snowflake (111, 4). Reproduce o copy.

The artificially srown formetions
were very bheautiful in their sl-nder
structure, but photographing them
was extraordinarlly difficult. Their
maximal measuremsnts couiti be brought

%o 2 cm and more, bv't they were

distinguiﬂhed by extreme f&a&bility Ill. 4, A snowflske growing
in a free, floating state
which prevented extracting them from in water,

water, In the wate they were hardly

e

ey




1
visible and could not be.rhotograrghed.

Parallel. £0 the described exreriments we later did the
same experiments in a alightly different form which allowed usA
to seo the multirlicatlion of nuclel in a very effectlive form.
A seed, weighed down by a little welight, wag/lntroduced inte
supercooled water (-1,5°, -2.0°), This seed.caused, at that
very moment, & fountain of sparks sexactly lisxe fireworks in
the water, This suddenly blazing clbud of many hundreds of
disks and small ice stars, which reflected the light falling
on them, w.8 a beautiful sight.

Thus we, for the first time, observed the centers of
water crys¥allization, studied thelr prorerties deprendent on
supercooling of water and, finally, worked out a methodology
and arréngement for investigating the growth of elements
which we succeeded in preparing seyarately in o free arn’ floating
atate (in water) to 2 cm and wmcre,

Tamman's treatment of the surposed immosc-ibility of
investigating centers of water crystallization and su_ posedly
"inherent" only to water exce.tionally ereat s;e=ds of crystal-
lization and a lack of a stage of small crystallization s;eeds
for the nuclei turned out to be wrong.

Qur research now corrects this interpretation--it is
very important because it opens a broad possibility for
investigating that area which seemed "inaccessibile" even to

./
d from
such authorities like Tamman. ng{":vuac;fablerocopv.

This field ha~ not only a «reat sclentific sieniflcance
(4t concerns water, the most wides-read licuid on earth and
Ats hard pvhass-~ice), but 1t hes an even more practical

significance in view of the fact that ground icc and the
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suspendsd stage of ice (slush ice) are nothing other than
nuclel .and & seed of crystallizatlioni-that 1s just what is
being disouseed in this artlicle. It was rroven by ms befors.
111, 5 shows a meas growth uf centers of crystellization.

In connection with this 1% is interesting to bring in tue
resulis of the interesting experiments of A.M. Shenrok and
D.A. S3mirnov who threw small grains from a coolirg mixture
(salt + ice) into supercooled water. On the rath of movement
of such a small grain there appeared the finest crystal
partlcles so that one got the imvression of a falling meteor
with a tail bshind. The crystal particles which appeared,
moving in the water, in their turn caused in the same way
tho formation of more -and more nuclel,

The process went on much more quickly if the water was
stirred as in our experiments.

The nuclei aypearing when the water is moved spread, as
it were, the contamination thr.ughout the entire liguld 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 formatlion of ground ice
aincé it spreads the contamination of crystal formatlion in the
vater.,

The results of our exyperiments (Jjust like the observations
of Shenrok and Smirncv) which establish for water the fact

of reproduction of nuclel of crystallizatlon walch was known

before unly for other substances, have a dee; and fundamental
significance since they rut an end to the false 3ogma concerning

the role of soeding. It had been as~umed that the role of

-




Ill, 5. Maxz forma-
tion of centers of
wateyr crystallization.,

seeding consisted oniy of the grawth of

the ssed i%self and that in natuire thers

dc not exis{ processes of contamination
of a aupercooled 11quid bv means of
nuclel with the helf of a seeding and
of a process of rerroduction of nuclei
after the introduction of a‘, leasti one
nucleus or crystal particle into the
liquid.

Thls dogma suwrives to repudiete
that which was long ago accepted in
sclence that is widely used in the
chemical industry and even more wildely
appears in nature (ground ice, the
formation of clouds and fog, the
accumulation of salts in estuaries and

in salt lakes and so forth),

We saw above that even the comtemporaries of Pasteur--

Violette and Gernez [11, 12]] --adopted his viewroint on the

egsence of contamination and transferred this concept to the

field of crystallization., later the method of contanination

with the help of a seed got wide ajpplication in the works of

Tamman and his schocl ®s well -3 in the works of other researchers

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

The process of reproduction got, besides the name "con-

tamination", still other designations, namely: inoculation

(after Tamman's Inpfwirkung), pemination (after Shubnikov)

e
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aa&-gthersqa On the basis of this phencmenon Tamman psreeived
& reaonance -achtion3 others perseived an action, snalogous

to catalysis, of induction. Wolfe and Shubnikov's expériments
11€% slightly the curtain which was hidihg the mechanism

of thiésurtigtingiphenoménor,

Hsre we approached the very bordef dividing th2 investigated
arss Irom thaet not yet investigatsd which is subJect to research
in %he fuburé. The question aboui the mechanism of the origin
of a nucleus--about the seed of the future crystal is very
interesting, It 1s a gquestion of the future of experimental
and theorstical physical chemistry and work goes on in this
direction with unflagging intensity.

I11, 6 shows slugh ice artificially reproduced by us.

In conclusion 1t 1s necessary to touch on objections
: made by my opponents which simply consist in that some consider
the dlisksé observed b; me originating as a result of "melting";
others consider it a result of "rounding off" of ice elements

among themselves; a third grour considers them "fragments";

SN SONTYTR FeO oL Tt oo et LA a1 3 b R Uk e it il (st Hhms e msimimai i1 ] <) O
LA PRI R U G T T it Yl i e b ) ;

a fourth group simply recommends that one not believe one's
6yes and that cne should not consider the clearly visible
dlsks as disks, but as dome other kinds of formations.
' I answer these objections:

{) (nly a person little informed in the field of physics
can talk about melting at t%0, that is under conditiond

of supercooling vwhen the nucleus can only srow and not melt.

NS TR N T L B Yyt
.

2) Only a jerson who does not understand, in ggsenre,

5 N
o = i,

2Even the very names--contamination, inoculation, gemination--
indicate that one 1s discussing rerroduction, a fact which,
therefore, is n-*% subject to any doubt: it is firmly established
experimentally.

g
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vhat a fraguent 13 and whet kind of difference there is
between it and a regular body in the form of a completely
round disk can call round disks {yrecisely disks), with mirror

surfaces and seemingly polished edgss, fragmentd of a thin

structure,

(
1 2y :"‘"" “.-‘(-”m ik
-{'*,/ ' u')
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I1l. 6. Artificially reproduced slusn ice.
3) Only a person who does not wish to be considered as
havingicommon sense and logic can ascert that disks supposedly

arise 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:.083ibility
of contact with other disks (due to there not being any).
4) Finally the recommendation of not belleving one's
eyes I repudiate (as advice) as not deserving any attention.
It 48 all the more interesting thaﬁeggf these opponents
consider it neces-ary to make similar objJections in relation

to other researchers who have obtained the same kind of disie

in other liquids that I obtained in water,

PO
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