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The paper presents the results of exploring the temperature range of formation and
thermal stability of the AgCl and NaCl liquid phase in the islands condensed to Ni
substrate in vacuum. It is established that the change of the mechanism of condensation
from vapour-crystal to vapour-liquid at the deposition of the films of these chemical
compounds is observed when the temperatures of the substrate is lower than their melting
temperature. The values of supercooling at crystallization on the nickel substrate of island
films of substances under study are determined, which make 95 K for AgCl and 369 K for
NaCl, respectively. It is shown that the method of studying supercoolings which uses
vacuum condensates is applicable to a broad range of substances.

IIpuBomATCA pe3yabTaThl HMCCIELOBAHMII TEMIIEPATYPHOIO MHTEPBAJIA OOPA30BAHUSA M TEM-
NepaTypPHON yCTOMYMBOCTH KHUAKOM (PAasbl B OCTPOBKOBBIX BAKYYMHBEIX KOHIEHCATAX XJIOPH-
IOB cepefpa M HATPHS HAa HUKEJIEBBIX IOAJOMKKAX. YCTAHOBJIEHO, YTO CMEHA MEXaHH3Ma
KOH/JEHCAIIMH OT MAapP-KPUCTAJLI K MAp-KUAKOCTb IPHU OCAMKICHHUN IIJEHOK 9THX XMMHUYECKHIX
COeIMHEHNN HaOII0fAeTCsS IPHU TEMIEPATyPax IIOLJOMKHN HUMKE TeMIIEPATYPhbl UX ILJIABJICHHUA.
OmnpezeneHpl BeIMUYMHBl IIEPEOXIAMKACHUN NIPH KPUCTANIM3ALUN OCTPOBKOBBIX ILIEHOK NC-
cJelyeMbIX BEIeCTB HA HUKEJIEBOM IOAI0KKe, Koropele cocrasunu 95 u 369 K gna AgCl u
NaCl, coorsercTBenHo. IloKasaHo, UTO MeTOJ WM3yUEHUS IEPEOXJIAMKICHUN C MCIIOJb30BAHUEM
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BaKYYMHBIX KOH/I€EHCATOB IIPUT'OJEH IJIfd IIIKMPOKOI'0 KJiacCa BeIleCTB.

1. Introduction

The study of the metastable phases for-
mation and stability conditions (in particu-
lar, supercooled liquids) is of fundamental
interest for the development of physics of
phase transitions, the theory of homogeneous
nucleation as well as for modern materials
science since the physicochemical and struc-
tural properties of materials which are ob-
tained by growing from a liquid melt are de-
termined by the kinetics of crystallization
and, in particular, the value of supercooling.

To date, the phenomenon of supercooling
during crystallization was observed by vari-
ous methods for substances of different na-
ture, such as metals, alloys, organic materi-
als, molten salts, ete. [1, 2]. The long-estab-
lished faet is that the magnitude of
supercooling during crystallization depends
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on the elimination or suppressing the het-
erogeneous nucleation, i.e. formation of a
new phase by impurities, contaminations or
on the walls of the container which holds
the melt. Accordingly, methods which en-
sure the greatest exposure to supercooling
are based on either the use of high cooling
rates, allowing both to forestall the process
of heterogeneous nucleation and in some
cases gives an opportunity to avoid crystal-
lization and to obtain an amorphous (vitre-
ous) material, or the removal of nuclei by a
careful cleaning and multiple remelting of
the substance under investigation as well as
minimize or completely eliminate the influ-
ence of the environment.

Among the latter group of methods, most
fruitful is the micro volume approach pro-
posed by Turnball [3]. The gist of Turn-
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ball’s approach is as follows: if the initial
volume of liquid contains a limited number
(n) of the heterogeneous crystallization nu-
clei, then by dividing this volume into a
sufficiently large (larger than n) number of
small droplets one obtains the situation in
which separate droplets are not to have
such nuclei at all. Under these conditions,
the main influence on the values of the ob-
served supercooling will be caused by the
environment with the surface of the liquid
contacts. Reducing the impact of the envi-
ronment or its complete removal is achieved
by various methods, for example, selection
of special inert emulsions, conducting experi-
ments in microgravity (in space or in a state
of free fall), using a variety of fields to keep
the samples in a suspended state, etc. [2].

Significant progress in obtaining the ul-
timate supercooling is achieved by using the
methods based on studying the condensation
mechanism of island films in vacuum on a
substrate with a temperature gradient [4-7].
It was established experimentally that the
condensation of a metal in vacuum (depend-
ing on the temperature of the substrate)
goes by the mechanism of vapor-solid below
a certain temperature T, (which is called
the temperature of changing the condensa-
tion mechanism) or by the mechanism of
vapor-liquid at Te <T <Ty (T - the criti-
cal temperature of condensation). However,
during the initial period of condensation the
islands which form on the substrate are al-
ways liquid due to the decrease of the melt-
ing temperature with the decrease of size.
Further on, in the process of their growth,
when they reach the size r (determined by
the size dependence of the melting tempera-
ture T,(r)) for a given substance, they
either crystallize or remain in the liquid
state, now in a supercooled one. As shown
in the electron-microscopic studies [4-T7],
the microstructures of the films formed
through the liquid and crystalline phases
are significantly different from one an-
other, and the surface of these films scatter
light differently. As a consequence, during
the metal condensation on a substrate with
a temperature gradient, a visual boundary
between the areas of various condensation
mechanisms is observed, as it follows from
the above said, it corresponds to ultimate
supercooling of the matter condensed under
these conditions.

By means of this method, systematic
studies on the condensation of pure metals
(In, Sn, Bi, Pb, Au, Cu, Fe, Co, Ni) under
different conditions and on various sub-
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strates [4-6], as well as a number of alloys
on their base (Bi-Pb, Bi-Sb [6, 7]), were car-
ried out. These studies revealed that in is-
land films, condensed under fairly pure condi-
tions, supercooling during crystallization AT =
Ty — T, (T, — the melting point) metal is-
lands is determined only by the nature of
their interaction with the substrate and
reaches maximum values in almost non-in-
teracting systems, such as metal — carbon,
metal — oxide: AT = (0,8-0,4)T,. As the
parameter which determines the effect of
substrate material on the supercooling dur-
ing liquid phase crystallization, the contact
angle 06 of wetting by the liquid island of
the condensed metal of the substrate is
used. According to [4-T7], with the small
contact angles the supercooling is small,
and with the growth of 6 (that is, with the
worsening of wetting), the supercooling in
the 15t approximation increases linearly and
at 6 —» 180° tends to a value which is con-
stant for all the metals considered, up to
0,4 of the melting temperature. It can be
suggested that these phenomena are not
limited to metals and their alloys but are
also characteristic of substances of other
nature as well; yet such research has not
been conducted; this is why in the present
work the possibility of determining the
limit of supercooling by the method of vac-
uum condensates for simple chemical com-
pounds has been studied.

2. Experimental and results

The study of the condensation mecha-
nism and, consequently, of the supercooling
at crystallization was carried out for AgCl
and NaCl films on the nickel substrate. The
selection of the objects is conditioned by the
fact that among simple compounds, which
are virtually not decomposed at thermal
evaporation [8], and in sufficiently thick
layers films are formed which have proper-
ties identical to bulk material [9]. These
chlorides have relatively low vapour pres-
sure near the melting temperature, which
allows to consider that the temperature of
condensation mechanism change turns out
to be lower than T, at acceptable film depo-
sition speed. Samples to be studied were
prepared by means of vacuum condensation
of the substances on the polycrystalline
nickel wedge tape with a temperature gradi-
ent, this tape was heated by letting an elec-
tric current go through it. The temperature
of the tape was measured with the help of
thin chromel-alumel thermocouples which
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Fig.1. A photo of a wedged nickel substrate on
which NaCl film is condensed. T, — the tempera-
ture of the change in the mechanism of conden-
sation from vapour-liquid to vapour-crystal, T}, —
the critical temperature of condensation.

have been spot welded to its underside. The
thickness of the films was controlled by a
quartz resonator in the process of their appli-
cation and was about 100-500 nm in different
experiments. Immediately before the conden-
sation of salts on the tape, a fresh layer of
nickel 20-30 nm thick, which is the solid sub-
strate in this study, was applied by thermal
evaporation. After the condensation, and the
cooling process of the substrate are complete,
in all samples a visual boundary which sepa-
rates the regions with different light scatter-
ing is observed, it is all results from a differ-
ent surface morphology of the films (Fig. 1).

Electron microscopy images of the so-
dium chloride films, condensed at various
temperatures, are shown in Fig. 2. As one
can see, the NaCl films on both sides of the
observed border (Tg), like the previously
studied metal condensates [4-7], have a sig-
nificantly different microstructure. Below the
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temperature corresponding to the boundary,
the films are almost continuous (Fig. 2a, b)
and above it, they consist of individual par-
ticles, the shape of which is close to the
spherical segment (Fig. 2d, e, f, Fig. 3). It
allows to draw a conclusion that the
boundaries observed which corresponds to
the temperature of the condensation mecha-
nism change T, and is the temperature, to
which the chemical compound is supercooled
at crystallization from the melt under the
given condition.

The conclusion that the NaCl film at a
temperature above T, inserted in a liquid
state was confirmed by electronic-micro-
scopic photos taken at an angle to the sub-
strate plane, which shows clearly that the
islands are in the form of sodium chloride
crystallized droplets (the photos are shown in
Fig. 3). Using the method of oblique observa-
tion [6, 10], we assessed the value of the
contact angle super-cooled melt NaCl nickel
surface on such micrographs, and it equals 6
~67°. For AQCI| films the contact angles for
different islands are characterized by a con-
siderable scatter and are about 60°.

As a result of the investigations carried
out, it has been established that for AgCl
and NaCl films on a nickel substrate the
temperature change in the mechanism of
condensation of T, is 633 K and 705 K,
respectively, and the relative supercooling
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Fig. 2. Micrographs of NaCl films condensed at different temperatures on a nickel substrate: a) 698 K
and b) 703 K — the vapour-crystal condensation mechanism; d) 710 K, e) 712 K, f) 713 K — the
vapour-liquid condensation mechanism; c) 705 K — corresponds to the boundary of transition.
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Fig. 3. Micrographs of crystallized NaCl
droplets condensed at 710 K on a nickel sub-
strate (the substrate is placed at an angle of
70° to the optical axis of the microscope).

is AT/T, = 0.13 and 0.34. The resulting
values for the AQC| ratio of the relative
supercooling and the contact angle are in
agreement with the known laws for metals
and alloys [4-7]. At the same time, taking
into account the obtained values of the an-
gles of wetting, one should have expected
smaller supercooling. Here, however, one
should take into account the fact that exist-
ing dependence of the relative supercooling
and the contact angle, the values of 6 are
used, which correspond to a temperature
higher than the melting temperature of the
material. It is not possible to obtain these
values for sodium chloride vacuum conden-
sates on nickel because of a lower critical
temperature of condensation than the value
of T, for vapour pressure of NaCl at the
melting temperature. As a result, analyzing
the results for the NaCl/Ni system, we have
to use the value of the contact angle at the
maximum supercooling, which may be sig-
nificantly lower than the values of the equi-
librium phases as shown by the example of
metals [6, 11]. However, the obtained re-
sults for sodium chloride are also consistent
with the relations for the island condensates
crystallization of metals and alloys on vari-
ous substrates [4-7]. A characteristic fea-
ture of previous studies is the fact of de-
crease in the supercooling value, which usu-
ally indicates the presence of heterogeneous
nucleation centres during using any envi-
ronment or larger size samples. A similar
situation occurs for sodium chloride. In [12,
13] for a number of drops of alkali-halide
compounds size of about 5 microns, formed
by condensation of salt vapours in an inert
gas, relative supercooling values within
0.15 < AT/T, < 0.25 were obtained. The
observed in [12, 13] crystallization tempera-
ture of the NaCl droplets is 906 K and the
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corresponding supercooling value (AT/T, =
0.16) is considerably smaller than the value
obtained in this work.

Thus, it has been shown that the method
of studying the supercooling during crystal-
lization using the vacuum condensates is
applicable to a wide class of substances and
indicates that the relative supercooling is
determined only by the conditions of crys-
tallization as well as crystallized metal,
alloy or chemical compound.

3. Conclusions

The condensation mechanism of AgCl and
NaCl films on a nickel substrate was stud-
ied and the temperature change in the con-
densation mechanism 7T, for these com-
pounds was identified (633 and 705 K, re-
spectively). Suggestedly the temperature T
is the boundary temperature for the liqui
phase existence, the supercooling values
during crystallization of island AgCl and
NaCl films on a nickel substrate (95 and
369 K) were obtained.

Authors express their gratitude to Loza K.I.
for the help in preparing the manuscript.
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MexaHi3M KOHAeHCAIlil OCTPiBI€eBUX ILJIiBOK
AgCl i NaCl ma mikemesiit migkmammi

|M.T.I’na61cux , C.B.lyxapoe, B.M.Cyxoe, I.I''Hypinoe

HaBogsitbcs pesynbTaTH LOCHIIKEHb TEMIIEPATYPHOI'O iHTEepBaJy YyTBOPEHHS Ta TeMIepa-
TypHOI crilikocTi pizkoi ¢asm B ocTpiBIEeBMX BaKyyMHUX KOHAEHCATaxX XJOPHUIiB cpibma i
HaTpil0o Ha HiKemeBMX migKJIagkax. BcramoBieHo, 1o 3MiHa MexaHidMy KoHmeHcariil Bif
mapa-KpucTajg g0 Iapa-pigmHa OpM OCaIKeHHI IIiBOK IIMX XiMiUHHMX CHOJYK cIoc-
Tepiraerbcda IIPU TEMIepaTypax IiAKJIALKKM HHKYe TeMIeparypu I1X IJaBjieHHs. BusaHaueHO
BEeJINUYMHH I[I€PEeOXOJIOMKEeHb IIPU Kpucraaidaiii ocTpiBleBHUX IJIIBOK HOCIiIKyBaHHUX pPedo-
BUH HA HiKexneBifl miggaanmi, sxi ckaaam 95 ta 369 K gma AgCl i NaCl, simmosimmo.
IToxasaHo, 110 METOJ BUBUEHHS II€PEOXOJIOMKEHDb 3 BUKOPHCTAHHSAM BaKYyMHUX KOHIEHCATIB
MPUJATHUMN I/ IIHPOKOIO KJacy PeYOoBHUH.
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