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SURFACE DIFFUSION AND PHASE
TRANSITIONS IN ADSORBED COPPER
FILMS ON (112) TUNGSTEN FACE

An experimental study of the vapor-liquid equilibrium in a two-dimensional (2D) adsorbed Cu
film on the (112)W face is performed in a wide temperature range for the first time. Critical
characteristics are determined. The area of coexistence of phases is established. It is shown
that the features of the “liquid–gas” phase transition in the 2D system of Cu–(112)W are
similar to the transitions in three-dimensional (3D) systems of Rb and Cs. The reasons for the
thermodynamic similarity of 2D and 3D metallic systems are discussed. Analytical expressions
for the approximation of experimental data are proposed. They determine the limits of the
existence of vapor-liquid equilibrium and allow a high-precision extrapolation to the regions of
critical and triple points. The coordinates of the points on the liquid and gas branches of the
binodals are determined on the basis of the analysis of diffusion-formed concentration profiles.
K e yw o r d s: metals, single crystals, surface diffusion, adsorption, vapor-liquid equilibrium,
two-dimensional system, thermodynamic similarity.

1. Introduction

An important problem of natural and technical sci-
ences is the creation of a physically accurate model of
a “liquid–gas” system, which would work equally well
in the entire temperature range of the existence of
vapor-liquid equilibrium of individual substances or
their mixtures. The direct practical application of the
knowledge of the mechanisms of occurrence of phe-
nomena typical of metal liquid phases is no less im-
portant than the fundamental interest in such knowl-
edge. For example, low-melting metals and their al-
loys are used in nuclear energetics as a working fluid
when creating fast neutron reactors. Methods of ther-
modynamics do not allow one to solve practical prob-
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lems without using the results of appropriate ex-
perimental studies of the thermodynamic properties
of real substances. The critical characteristics of the
vast majority of metals remain unclear today with
the exception of alkaline ones and mercury [1, 2]. Ex-
tremely high values of critical pressures and temper-
atures and the high reactivity of metals stand in the
way [3]. The values of the critical characteristics of
transition metals were obtained by different authors
only theoretically based on idealized model represen-
tations. This information is often only evaluative, be-
cause the results depend on the authors’ choice of
models and hypotheses [4, 5]. There is still no com-
plete answer to the question of their nature [6] despite
the large number of publications devoted to the study
of critical phenomena. There are indisputable experi-
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mental facts that do not agree well with modern the-
ory [7]. This is most pronounced in the case of metals
or mixtures of substances [8, 9]. An important fea-
ture of liquid metals and semiconductors is that they
become insulators during the evaporation. A “metal–
nonmetal” transition takes place in the formation of
the fluid phase, which is much denser than the va-
por [4, 10, 11]. It is obvious that information about
the atomic location and the nature of the interac-
tion in metallic fluids is important for understand-
ing the mechanisms of such a transition. For exam-
ple, liquid mercury at temperatures above 1361 K
exists as a quasibinary heterogeneous system in the
form of a nanoemulsion formed by liquid phases of
mercury with different densities [10]. As a result, the
boiling line on the “pressure–temperature” phase di-
agram splits into a loop, which is characteristic of
binary mixtures. This means that there may be some
uncertainty in the coordinates of the critical point
under such conditions. It was emphasized in [12] that
the equilibrium between the phases of liquid mercury
is established rather slowly. This may be one of the
reasons for the differences in the results obtained with
different experimental methods.

The case of significant differences of the electroneg-
ativities of adsorbate and adsorbent is interesting in
“metal–on–metal” adsorption systems. Adatoms are
strongly polarized at low coverages. This is the rea-
son for the dipole-dipole repulsion between them. Al-
kaline, alkaline earth, and rare earth elements can
form chain structures (nanowires) on the furrowed
faces (112) of W. The rarefied film has dielectric prop-
erties, but the metallization of the film begins with
the coverage increase and the emergence of incoher-
ent structures due to the mutual depolarization of the
adatoms [13].

As is known, the diameter of the coexistence curve
𝜌𝑑(𝑇 ) in van der Waals-type systems (binodal mid-
line) is linearly dependent on the temperature (the
law of rectilinear diameter). This property is of-
ten used to determine the critical point coordinates
[14,15]. However, there are many cases of violation of
this law [9]. The authors of [1] were the first to show
by the experiment with Rb and Cs that the curves of
vapor-liquid coexistence of alkali metals significantly
differ from nonmetal ones. The middle lines of the
binodals of these metals deviate from the law of rec-
tilinear diameter. In such systems, the diameter is a
line whose curvature gradually increases toward the

gas branch, as it approaches the critical point in the
entire temperature range under study. These effects
were explained by the nature of the lateral interac-
tion of atoms in coexisting phases. The authors of
[8] built a mathematical model of phase transitions
for electrolytes based on [1]. They demonstrated that
the experimentally determined curves of liquid-gas
coexistence of alkali metals differ significantly from
the behavior of the most widely studied 𝑆𝐹6 system
[16]. The authors of [8] concluded that the similar-
ity of the curves of liquid-gas coexistence of metals
and electrolytes is manifested in the deviation of the
midline of the binodals from the straight line. The re-
searchers explained the effect by the dominant role of
a long-range Coulomb lateral interaction.

Stochastic changes in the atom environment are ac-
companied by the constant destruction or formation
of new chemical bonds. The nature of these processes
changes with changes in the temperature and density
or coverage degree in 2D systems. Information about
the interaction potentials and the location of atoms or
molecules in coexisting phases is of importance. The
influence of fluctuations on phase transitions close to
the critical temperature plays a key role. However,
there is still no theory describing, in a consistent way,
the melting of 2D systems from a microscopic point
of view, as noted in the review [17]. This problem is
relevant for 3D systems [18, 19].

The first studies of the structure of ordinary liquids
began with the discovery of X-ray diffraction analy-
sis [20, 21]. However, despite the vast possibilities of
modern research methods, the study of a short order
in liquids is given insufficient attention.

Changes in thermodynamic conditions of metal sys-
tems are accompanied by corresponding changes in
the electronic structure and the interaction of atomic
and electronic subsystems. It can be argued that the
systematic study of phase equilibria in relation to
the lateral interaction of particles began with 2D sys-
tems. They were formed by adsorbed atoms of alka-
line or alkaline earth elements on low-indexed faces of
refractory metal single crystals [22–24]. At the same
time, some studies showed that phase transitions in
the adsorbed submonolayer films are manifested in
diffusion-formed concentration distributions of ad-
sorbed atoms [25]. The investigation of such phase
transitions was facilitated by the emergence of an
enough wide range of experimental technical means
for studying the surface layer structure of single crys-
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tals and atoms adsorbed on such surfaces [26]. The
experimental techniques based on measurements of
inelastic X-ray scattering are effective in the case of
3D systems. High resolution in the investigation of
supercritical metallic fluids was achieved using syn-
chrotron X-rays [19, 27].

When studying 3D systems, thermodynamic ap-
proaches have been preferred in most experimental
and theoretical works for a long time. Attempts to ex-
plain the experimental facts obtained in vapor-liquid
equilibria investigations at the molecular or atomic
level can be found in many works [9, 12, 28, 29]. But
the problem of learning the potentials of interparti-
cle interaction remains relevant even in 2D systems
[17]. In addition, in 2D “metal–on–metal” systems, an
important role is played by the long-range indirect
interaction of adsorbed particles through the elec-
tron gas of the substrate [22, 23, 30]. Note that the
investigation of the vapor-liquid equilibrium in 2D
systems is associated with significant experimental
problems. The first successful attempts to overcome
these difficulties were made by Bauer and Kolaskevich
[31, 32]. They were able to construct gas branches of
binodals (condensation lines) and determined the cor-
responding thermodynamic characteristics of a num-
ber of “metal–on–metal” adsorption systems.

The purpose of our work is to determine the re-
gion of coexistence of a 2D gas and the condensed
phases (Cu–(112)W system). We have created a uni-
versal mathematical structure allowing to reproduce
both branches of the binodal in 2D and 3D systems
with high accuracy according to experimental data. It
gives also a possibility with high accuracy accord-
ing to available data to perform the extrapolation to
those temperature ranges, where experimental results
are missing for various reasons. We were interested in
the question of whether 2D and 3D metal systems can
be thermodynamically similar.

Experimental studies of the vapor-liquid equilib-
rium in a wide range of temperatures were performed
with high accuracy only for such alkali metals as Cs
and Rb [1]. We obtained a full binodal based on ex-
perimental data on the 2D “metal–on–metal” system
for the first time.

2. Research Methods

The purity of substances under study at the tempera-
tures of the experiment is important to investigate the

Fig. 1. Model of the (112)W face with three adsorbed Cu
monolayers. (a) is a pure face, (b, c, d) are, respectively, the
first, second, and third geometric monolayers of Cu (ML). The
physical monolayer is formed by the first two geometric ones
(zone c)

“liquid–gas” phase equilibria in 3D systems. High pu-
rity can be maintained only under ultra-high vacuum
conditions (10−11 mbar) in the case of adsorbed sub-
monolayer (2D) films. The (112) face of v.c.c. crys-
tals is strongly anisotropic. It is formed by rows of
atoms densely packed in the [111] direction, which
are separated by furrows in the [110] direction. Dif-
fusion is also anisotropic (𝐷[111] ≫ 𝐷[110]) on such
a surface [33]. The diffusion growth of Cu films on
the (112)W initially occurs layer by layer, i.e., the
Stransky–Krastanov mechanism is realized [34]. The
model of the Cu–(112)W adsorption system is shown
in Fig. 1. The physical monolayer (zone c), which
completely covers the face of the crystal, is formed
by the first two geometric ones. The third mono-
layer, within which we conducted research, is shown
by black discs in Fig. 1. Densely packed rows of Cu
atoms are separated one from another by rows of
atoms of lower layers in each monolayer 1, 2, 3.

The distributions of adsorbed atoms served as the
main source of information for constructing the Cu
phase diagram (Fig. 2). They were obtained in 2D
films under conditions of dynamic equilibrium in the
presence of strong concentration dependences of the
diffusion coefficients 𝐷 and the heat of adsorption 𝑞
on the coverage degree 𝜃.

The coverage degree 𝜃 is the ratio of the number of
Cu adsorbed atoms 𝑛Cu to the number of adsorption
centers on the surface of the adsorbent: 𝜃 = 𝑛Cu

𝑛W
. All

centers are occupied in each fully built-up geometric
monolayer, so 𝜃 = 1. The coverage degree is deter-
mined by the change in the local values of the work
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Fig. 2. The temporal displacements of the edge of the Cu
adsorbed film, obtained in the third geometric monolayer (zone
d, Fig. 1) at 𝑇 = 890 K, carry information about the phase
state of the adsorbed film. L is 2D liquid, G is 2D gas, L +G
is a region of heterogeneity. 𝜃 = 0 corresponds to a fully built-
up physical monolayer

Fig. 3. Dependence of the work function on the coverage
degree of Cu in the first three geometric monolayers. The inset
shows the experimental local values of the work function 𝜑(𝑥)

along the wedge in coordinates (𝜃;𝜑(𝜃))

function of the face in the process of Cu diffusion
and its desorption from the gas phase at a given tem-
perature. Measurements were made after cooling the
crystal to the standard temperature.

We used a scanning contact-potential (diode) mi-
croscope created by us [35] to study the Cu–(112)W
system. The accuracy of measuring the coverage de-
gree in geometric monolayers was not worse than
0.1%. The experimentally obtained calibration graph
is shown in Fig. 3 presenting the change in the work
function of the substrate 𝜑(𝜃) upon the sputtering of
Cu with strictly calibrated portions. The work func-
tion was measured at room temperature after the
heating of each new Cu portion up to 800 K. Scan-
ning of the (112)W face of the single crystal was car-
ried out in the [111] direction. The scanning resolu-
tion was 3.3 𝜇m. The graph of the dependence 𝜑(𝜃)
consists of segments of straight lines within the first
three geometric Cu monolayers. The insert of Fig. 3
demonstrates the region formed by the experimental
points, where the transition from the second geomet-
ric monolayer to the third one occurs with the forma-
tion of a sharp minimum. Still obtained these results
experimentally using a wedge-shaped initial distribu-
tion with the average coverage 𝜃Cu = 2. The wedge
was oriented in the [111] direction. The experimental
results presented in the insert of Fig. 3 indicate that
the effects of W face defects are almost not mani-
fested on the distributions 𝜃(𝑥) due to the screening
of their potentials by a physical Cu monolayer.

The linearity of the dependences 𝜑(𝜃) is a sign of
the presence of the first-order phase transitions in the
Cu geometric monolayers [34]. This means that the
size of the islands of the condensed phase increases, as
the coverage degree increases against the background
of the 2D gas.

The diffusion coefficients are high at the boundary
of the second and third geometric monolayers. They
decrease rapidly with increasing coverage in zone d
(Fig. 4). The activation energy of diffusion is minimal
(𝐸dif = 0.3 eV), but grows quickly with the coverage
up to 0.93 eV [34]. The desorption heat 𝐸des becomes
greater from 2.41 eV to 3.33 eV in the first half of the
third monolayer and remains almost unchanged in the
second one (Fig. 5).

The adsorption heat was determined by the method
of discrete isothermal desorption. When calculating
the desorption rate, it was assumed that it remained
unchanged within short time intervals (the average
value was determined).

To determine the coverage degree of the equilib-
rium liquid 𝜃L and gas 𝜃G phases, we identified three
concentration zones on each of the experimentally ob-
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tained concentration profiles of Cu 𝜃Cu(𝑥): 𝑒𝑓 , 𝑓𝑔,
and 𝑔ℎ (Fig. 2). Within them, the coverage gradients
𝜃Cu remain constant over time. The coverage degrees
𝜃L and 𝜃𝐺 are determined by the coordinates of points
𝑓 and 𝑔 in Fig. 2. Invariance over time of the angles of
inclination of segments 𝑒𝑓 , 𝑓𝑔, and 𝑔ℎ indicates the
establishment of a dynamic equilibrium in the sys-
tem. At the same time, the rate of displacement over
time of points 𝑓 , 𝐶, and 𝑔 remains unchanged.

A large area of the gas phase G with a small con-
centration gradient (𝑔ℎ zone in Fig. 2) is formed on
the substrate surface over time due to the fast dif-
fusion at 𝜃 ≥ 𝜃L and intense Cu desorption at low
coverages 𝜃 ≤ 𝜃G. The zone 𝑒𝑓 corresponding to the
condensed phase 𝐿 is separated from the zone 𝑔ℎ
by a heterogeneous zone L + G with a high con-
centration gradient. Desorption is controlled by the
Cu diffusion in the region of the heterogeneous state
of the adsorbed film, i.e., by the velocity of entry
of the substance into the zone of intense desorption
𝜃 ≤ 𝜃G. The process becomes stationary (𝐽des = 𝐽dif)
because of the competition between the desorption
from the gas phase (desorption flow 𝐽des) and the dif-
fusion into the desorption zone from the condensed
phase 𝜃 ≥ 𝜃L (diffusion flow 𝐽dif). The magnitude
of the desorption flow is determined by the surface
area occupied by the 2D gas phase under conditions
of dynamic equilibrium. Concentration distributions
retain their shape after each heating of the crystal in
such regime. The film becomes homogeneous, and the
desorption occurs evenly over the entire surface of the
crystal at temperatures above the critical one. Note
that the concentration region with the coexistence of
L + G phases has macroscopic sizes on the concentra-
tion distributions (Fig. 2). It reaches about 0.025 cm
at a temperature of 890 K. The zone of the 2D gas
phase is stretched by about 0.16 cm.

The temporal changes of the coordinate 𝑥 of the
center C of the zone L + G are graphically represented
in Fig. 6 at different temperatures. All experimental
points fit well the straight lines. The velocity R of dis-
placement of the concentration front (regions of the
coexistence of L + G phases) is determined by the
tangents of the inclination angles of these lines. The
dependence of the logarithms of the velocities on the
inverse temperature is shown in the insert. As can
be seen, the process is activated, and the Arrhenius
equation gives the value 𝐸 = 2.66 eV. The uniform
motion of the heterogeneity zone is maintained due

Fig. 4. Dependence of the diffusion coefficients on 𝜃Cu at the
boundary of the second and third geometric monolayers at 𝑇 =

= 857 K

Fig. 5. The adsorption heat in the first half of the third
monolayer increases by almost 1 eV. The 𝑞(𝜃) dependence was
obtained by the method of isothermal desorption

to the substance flows through it into the desorption
zone. The process is determined by the energy of ac-
tivation of the diffusion in the gas phase and the en-
ergy of desorption from this phase. These parameters
were defined by us earlier [34,36]. Assuming that 𝐸 =
= 𝐸dif

G +𝐸des
G , we find 𝐸 = 0.3+2.41 = 2.71 eV. The

difference is only 1.9%.
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Fig. 6. Dependences of the displacement of the Cu concen-
tration fronts on time which are obtained at different temper-
atures: 𝑇 = 933 K (1); 𝑇 = 919 K (2); 𝑇 = 904 K (3);
𝑇 = 890 K (4). The inset shows the Arrhenius graph

Fig. 7. Lines of vapor-liquid equilibrium calculated by us for
Cs (solid thin line), Rb (thick solid line) and Cu on the (112)W
face (dashed line) are presented in reduced coordinates. Formu-
las (1) and (2) were used to construct the Cs and Rb binodals
based on the experimental results [1] (triangles and squares,
respectively). The values of the critical parameters of Cu de-
termined by us are indicated in the figure. Our experimental
points are shown as black discs

We used our specially developed analytical expres-
sions (1) and (2) to approximate the experimental
data concerning the dependence of the densities of
coexisting phases on the temperature. They repro-
duce well both branches of the binodal according to
experimental data. This allows us to extrapolate ex-
perimental data to triple and critical points inclu-

sive. The critical temperature value is a result of the
extrapolation. We have

𝜃L =
𝜃BL

2
+

(︂
𝜃CL − 𝜃BL

2

)︂
𝑇

𝑇C
+

𝜃BL

2
×

×
(︂
1− 𝑇

𝑇C

)︂𝛽𝐿+
(︁
1− 𝑇

𝑇C

)︁
𝐷L

, (1)

𝜃G =
𝜃BG

2
+

(︂
𝜃CG − 𝜃BG

2

)︂
𝑇

𝑇C
− 𝜃BG

2
×

×
(︂
1− 𝑇

𝑇C

)︂𝛽𝐺+
(︁
1− 𝑇

𝑇C

)︁
𝐷G

. (2)

Only such standard individual thermodynamic
characteristics of substances as the critical tempera-
ture 𝑇C, the critical coverage 𝜃C (critical density 𝜌C),
the Boyle coverage (density), 𝜃B and 𝜌B, respectively,
and the critical index 𝛽 are used in the above depen-
dences. A parameter 𝐷 is new, which is equal to zero
for the liquid phase (L). For the gas phase (G), 𝐷
is close to zero in the case of inert gases. It depends
on the geometry of molecules and the nature of the
interaction of molecules or atoms.

All the above-mentioned parameters are considered
as fitting. The sum of the least squares of the de-
viations of the approximation line from the experi-
mental points was used as a criterion for evaluating
the approximation results. The step-by-step regres-
sion analysis algorithm is applied.

The results of the approximation of experimental
data, borrowed by us from [1] for Rb and Cs, indi-
cate a high efficiency of the proposed method. Unlike
the fundamental equations of state, our equations are
universal and do not contain a large number of fitting
coefficients [16] devoid of physical meaning.

3. Research Results and Discussion

The binodals of three thermodynamic systems are
shown in Fig. 7 in the reduced coordinates 𝜃Cu =
= 𝜃/𝜃C, 𝜌Cs,Rb = 𝜌/𝜌C, 𝑇 = 𝑇/𝑇C. Thus, we investi-
gate the 2D Cu–(112)W adsorption system and two
3D ones involving Cs and Rb [1]. As can be seen from
Fig. 7, the gas and liquid branches of all three systems
are located very close to one another, i.e., all three
considered systems are thermodynamically similar.

The coverage degree in the condensed phase be-
comes equal to one at 𝑇 < 875.5 K (𝑇 ≈ 0.94) (the
film reproduces the structure of the substrate). This
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is accompanied by a sharp reduction of the diffusion
coefficients, and the evolution of the region of the con-
centration distribution 𝜃(𝑥), which corresponds to the
region, where the crystalline and gas phases coexist,
obeys the diffusion law.

The midlines (𝜌L + 𝜌G)/2 demonstrate a smooth
increasing curvature with a temperature rise in the
whole range of reduced temperatures, i.e., the law of
rectilinear diameter is violated [1, 7, 8].

The authors [4,5,8] explained the reason for the dif-
ferences in “liquid-gas” phase transitions in the case
of alkali metals in comparison with inert gases by
the existence of a long-range Coulomb interaction in
metal pairs. It takes place due to the cold ionization
of atoms under the influence of high pressures in the
region of the critical point. The problem of partial
ionization of atoms during the adsorption and metal-
lization of adsorbed submonolayer films was studied
much more thoroughly in the case of the adsorption
of metals on metals [13, 22, 23, 30].

There is no long-range order in liquids. But, with
a change in thermodynamic conditions, there is also
a change in the number of nearest neighbors in
the coordination spheres. Multiparticle correlations
of different nature arise in liquids and interact with
one another. Fluctuating dynamic superstructures
are formed, as the temperature increases [37]. The
concept of structure becomes multidimensional for
liquids. It includes not only information about the co-
ordinates and the interaction of an individual atom
with its neighbors in different coordination spheres,
but also about the laws of mutually agreed (coopera-
tive) motions of particles.

A dynamic self-organization of the diffusion zone
is observed in the Cu film because of the imposition
of diffusion and desorption processes. The intensity
of the latter strongly depends on the coverage de-
gree. This leads to the formation of separate areas
corresponding to different phase states of the film. In
fact, such a process can be considered as a manifesta-
tion of the 2D reactive diffusion. The formation of 2D
phases with a certain stoichiometry and short-range
structure in the liquid phase is a result of the reaction
of the adsorbate with the substrate [38].

The cooperative effects become visible clearly in
the dynamic properties of adsorbed films. The exper-
imental study of that kind of effects still remains a
rather difficult task in terms of a technical imple-
mentation. The main problem is the difficulty of reg-

istering such multiparticle effects as the motion of
crowdions, oscillations of a nonlinear localized mode,
and recombination of interstitial atoms and vacan-
cies. This is due to the huge speeds of the processes,
which makes their study almost impossible in real ex-
periments [39].

The formation of low-gradient areas on diffusion-
ally formed concentration profiles (self-organization
of the film) in the region of high coverage can be
explained by the occurrence of solitons in the 2D ad-
sorbed film [25, 35, 37, 39]. If adatoms can form do-
main walls, disproportionate to the substrate (topo-
logical solitons), then the diffusion coefficients in-
crease due to the high mobility of solitons. The effi-
ciency of collective mechanisms is strongly suppressed
by the boundaries of coexisting phases in heteroge-
neous systems [37, 39]. This is a zone with a high
concentration gradient in the Cu film, where the gas
phase flows through the dispersed condensed one are
present.

4. Conclusions

The phase effects in the Cu surface diffusion on the
(112)W face are very strong. The growth kinetics of
the 2D phases is determined by the velocities of sur-
face diffusion and desorption which depend on the
coverage degree. This is manifested in the dynami-
cal self-organization of the diffusion zone. The largest
surface area in the diffusion zone will belong to the
phases that, at this temperature, provide the most
efficient transport of adsorbed atoms. This effect is
a result of the implementation of collective diffusion
mechanisms in the condensed phase.

The experimental study of the vapor-liquid equilib-
rium in a 2D adsorbed film is performed for the first
time in a wide temperature range. The experimen-
tal part of the work is based on the analysis of Cu
concentration profiles on the (112)W face. Such dis-
tributions were formed in the presence of a dynamic
equilibrium in the adsorption system with strong dif-
ferences in the diffusion coefficients and adsorption
heats in the coexisting phases. We obtained the direct
confirmation of the determining role of cooperative ef-
fects in the surface diffusion in the “metal–on–metal”
adsorption system.

Critical characteristics (critical temperature and
critical coverage) are experimentally determined in
the adsorbed film. The area of coexistence of the con-
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densed and gas phases is established in a wide tem-
perature range.

It is shown that the thermodynamic features of the
“liquid–gas” phase transition in the 2D Cu–(112)W
system are similar to those discovered by the au-
thors [1, 8] in 3D systems of alkali metals (Rb and
Cs). There is a significant deviation of the midline of
the binodal from the rule of rectilinear diameter. The
monotonic increase of the curvature with the temper-
ature is almost identical in all three systems in the
reduced coordinates. The reasons for the thermody-
namic similarity of binodals are the peculiarities of
the Coulomb interaction of atoms in the gas phases
and the metallization processes during the formation
of condensed phases in the 2D Cu–W(112) system
and in the considered 3D ones.
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А.Т.Лобурець, С.О. Заїка

ПОВЕРХНЕВА ДИФУЗIЯ I ФАЗОВI
ПЕРЕХОДИ В АДСОРБОВАНИХ ПЛIВКАХ
МIДI НА ГРАНI (112) ВОЛЬФРАМУ

Вперше у широкому температурному дiапазонi виконано
експериментальне дослiдження парорiдинної рiвноваги у
двовимiрнiй (2D) адсорбованiй плiвцi Сu на гранi (112)W.
Визначено критичнi характеристики. Встановлено область
спiвiснування фаз. Показано, що особливостi фазового пе-
реходу “рiдина–газ” у 2D Cu–(112)W є аналогiчними пере-
ходам у тривимiрних (3D) системах Rb i Cs. Обговорено
причини термодинамiчної подiбностi 2D i 3D металiчних
систем. Запропоновано аналiтичнi вирази для апроксима-
цiї експериментальних даних. Вони визначають межi iсну-
вання парорiдинної рiвноваги та дозволяють з високою то-
чнiстю здiйснювати екстраполяцiю в областi критичної та
потрiйної точок. Координати точок на рiдиннiй i газовiй вi-
тках бiнодалей було визначено на основi аналiзу дифузiйно
сформованих концентрацiйних профiлiв.

Ключ о в i с л о в а: метали, монокристали, поверхнева ди-
фузiя, адсорбцiя, парорiдинна рiвновага, двовимiрна систе-
ма, термодинамiчна подiбнiсть.
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