Fast crystallisation of amorphous water during the growth of a condensate film
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Fast spontaneous crystallisation of amorphous water in the course of the growth of a condensate film at 80 K was detected after the
film thickness reached a constant critical value.

Low-temperature condensates are films produced by condensation 0.09F
of vapours onto a cold surface. This process is characterised by :
an extremely high rate of cooling and can result in a metastable  , 5q|
state of the substance and in special properties of the '
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i
condensate films. Various size effects are typical of such J 5
objects. In this work, we describe fast crystallisation of an 0.07r }
amorphous phase during the growth of a water condensate film.3 o . _ 4
This effect occurs when the growing film thickness increases to € 0.06 i
a particular value. § . 3
The experiments were carried out using an original low- 0.0sf  exothermic 1
temperature thin-film differential scanning calorimeter. The reactor I ‘i
of the setup was evacuated with oil diffusion and cryogetter 0.04}¢ ] 4
pumps to a vacuum of 0.1 Pa or lower. The measuring unit endothermic AWt
was a massive copper cylinder (thermostat) with two soldered 0.03! ) ) . \ \ ,
copper plates (sample and reference plates) placed inside of 260 270 280 290 300 310 320

the reactor. A differential thermocouple and microheaters were t's

arranged on the plates. Thermal effects in the film samplgigyre 1 Dependence of the power of heat effects on the time of

caused a difference between the plate temperatures, which wéshdensation (a region of the fast exothermic process). The conde
compensated by the microheaters. The heat effects can lbse is 0.9um min-L

calculated from the voltage and the current in the heater. The

whole measuring unit can be warmed up by the heater placed The excess of the water film surface temperature was
on the copper cylinder. The calorimeter was controlled by a@stimated. This value is lower than 4 K for the films of critical
computer. thickness.

The operation precision in the programmed heating was The heat release during the fast process varied in the range
+0.06 or £0.02 K at 80 or 300 K, respectively, when the heatin@.2—-0.7 kJ mot. These values are underestimated, because a
rate was 3 K mirt. The reproducibility of calorimetric curves portion of the released heat was masked by a subsequent decrease
in an idle experiment during heating from 80 to 300 K at a rat®f background heat generation in the film. The background
of 3 K min-1 with an integration step of 1 K was as follows: the heat occurred due to exothermic condensation and absorption of
mean variation of heat power less than £0.1 mW, the maximuranvironmental heat radiation. The condensation power is constant
variation +0.3 mW. The absolute error of the temperatureduring the film formation; thus, it should be supposed that
measurement during the heating at a rate of 3 KImivas the decrease of the background heat generation was caused
within 3K (the real temperature was always lower than théy changes in the optical properties of the film, namely, an
measured value) for the melting of 1-butanol condensate. increase of the transparency or reflectivity.

The preparation of low-temperature condensate films with In our opinion, such a significant heat release during the fast
predefined shapes under isothermic conditions directly in thprocess may be caused only by the first-order phase transition
calorimetric cell and the performance of calorimetric experimentin the condensate, namely, the crystallisation of amorphous water.
in a vacuum are important features of this calorimeter. The The crystallisation of amorphous water films with the thickness
calorimeter was described elsewhk?e. lower than the critical value was observed during the sample

Typical experiment includes three stages: i, cooling of théneating after the film formation completed. The scanning rate
measuring unit to 80 K with liquid nitrogen; ii, condensation ofwas 3 K minl. The slow crystallisation (near 1 min) of the
the amorphous water film in the molecular beam mode onto themorphous film was observed in the temperature range 163—
sample plate (film thickness from 0.5 to 41, condensation 167 K. The determined heat of crystallisation was equal to
rate 6x104-5x106cm2s1 or 0.01-1um min-Y) and iii, warming  1.2+0.1 kJ moi! (the given accuracy was calculated on the
of the measuring unit at a rate of 3 K niin basis of 15 experiments for the confidence level 0.95). This

Spontaneous fast (several seconds) release of heat was obsemade satisfactorily agrees with the published data, for example,
when the water film thickness increased to a fixed (critical)1.330+£0.02 kJ mol.3 Thus, the heat of crystallisation of

value. The sharp exothermic effect was followed by a significanamorphous water was sufficient to provide the fast heat release
decrease of heat generation in the condensate. A typical caloduring the film formation.
metric curve is shown in Figure 1.

On the other hand, the heat of the slow crystallisation, which
A repeated fast process was observed after the first one duringcurred in the samples undergone the fast process during the

the continuous condensation in some experiments. The secofatmation, is significantly lower. The heat of the slow crystallisation
process was less pronounced. The film undergone the fast procésshese experiments was 0.3—0.8 kJ+hol

might partially fall off the support during the sample heating Thus, it should be concluded that the sharp heat release during
after the condensation being completed. The critical thicknesthe water film formation is caused by the spontaneous high-
of fast process was equal to 448 for the films prepared at a velocity crystallisation of the amorphous condensate which
condensation rate of dim min-1. The critical thickness depends propagated through a considerable part of the sample. A similar
only slightly on the condensation rate: it increased no mor@rocess during the growth of amorphous condensates of Sb, Bi
than twice when the rate of condensation decreased by a factand some metals, so-called spontaneous explosive crystallisation,
of 50.

has been observed earlidfurthermore, spontaneous explosive
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Thus, it should be concluded that the high internal mechanical

12. stress causes the film degradation by cracks when the thickness

10k of the growing water condensate reaches the critical value. The
I crack generation may, in turn, initiates the crystallisation of the
= gl amorphous film. It is reasonable to suppose that both of these
a processes (degradation and crystallisation) are interconnected by
g a positive feedback to generate autowave explosive crystallisation
r_‘g 6r of the amorphous water condensate.
c
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The applicability of the above model to the effect described
here was tested as described below. The same amorphous water
films were prepared in the cryotensimetric setup described &arlier.
This setup allows the measurement the internal mechanical stress
in growing low-temperature condensate films. The conditions
of sample preparation in the calorimetric and tensimetric setups
are comparable. The typical dependence of the internal mechanical
stress on the thickness of a growing film is presented in Figure 2.
A significant decrease of the internal stress was observed
when the condensate film attained the critical thickness. At this
time, the formation of a crack network was detected on the film.
The critical thickness determined by the heat release and that
one by the crack network generation differs from each other
less than 2 times. Such difference may be caused either by
an error in the absolute thickness of the condensate film,
determined in the tensimeter (-50%+100%) or by the difference
in the shapes of the condensate films produced in the mem'on%ceived: Moscow, 20th May 1998

setups. Cambridge, 8th June 1998; Com. 8/04238A
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