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The codeposition of copper and silver from acidic sulphate solutions containing
Cu?* and Ag* ions onto a polycrystalline smooth platinum electrode has been
investigated by potentiodynamic and potentiostatic techniques. The composition
of an overlayer deposited has been preliminarily estimated from the anodic
stripping data. It has been demonstrated that two current peaks related to the
bulk silver and bulk copper deposition appear on the cathodic scan, whereas
on the reverse scan three anodic peaks which can be attributed to the disso-
lution of copper and silver and also likely of alloy CuAg become visible. The
composition of an overlayer deposited by a potential pulse carried out from
the starting potential E, of 1.0 V to various values of deposition potential was
shown to depend on not only the E,, but also on the time it was taken for
deposition. From the differences between the cathodic and anodic charges it
has been supposed that a certain part of deposited silver passes into the so-
Iution as the uncharged species when the subsequent anodic scan has been
applied.
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INTRODUCTION

The number of papers dealing with the mechanism
and kinetics of electrodeposition of single metal is
very high. The codeposition of some different me-
tals is less understood [1, 2]. In particular, relatively
little has been reported about the deposition of thin
and ultrathin metal films consisting of different com-
ponents. It is known that in recent years such films
have been of increasing importance, e.g. in the elec-
trodeposition of compositionally modulated layers,
in the preparation of electrodes of higher catalytic
activity toward various redox reactions, etc. In this
regard, the codeposition of copper with other me-
tals onto various substrates has received more at-
tention recently [1, 2]. Among metals whose code-
position with copper appears to have considerable
fundamental or industrial applications nickel [2-7],
cadmium [2, 3], silver [6, 8] and bismuth [2, 9] can
be mentioned.

Despite the reported benefits of controlling the
electrical properties of Ag/Cu multilayers [6], the
main regularities of copper codeposition with silver,
from the theoretical point of view, remain to be
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investigated. In particular, while the codeposition of
copper and silver in the submono- or monolayer
amounts has already been studied by cyclic voltam-
metry in a thin layer twin electrode cell [8], there is
a great many of unsolved questions as to the depo-
sition of the same metals over a wider range of
potentials covering both underpotential and overpo-
tential regions. In particular, not much is known so
far about the dependencies of the composition of
such thin films deposited onto inert substrates, on
the deposition potential and the thickness of film.
Among other factors, both of the listed ones have a
marked influence on the properties of thin films ob-
tained, as reported in [1, 2]. Besides, it is believed
that such an investigation may be of importance not
only for itself, but also for a deeper insight in the
formation of thin metal layers in general.

The aim of the present work was thus to study
the codeposition of copper and silver from sulphate
solution on polycrystalline smooth platinum in both
the underpotential and overpotential regions and to
characterize preliminarily the obtained thin deposit
by its anodic stripping followed by potentiodynamic
and potentiostatic techniques.
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EXPERIMENTAL

2.1. Apparatus

A computer-controlled PI 50-1 potentiostat was used
to apply potentiodynamic or potentiostatic techni-
ques and to collect the data. All voltammetric experi-
ments were carried out at 298 K in a conventional
three-electrode cell using the working electrode, the
Pt foil counter electrode (area 4 cm?) and a
Hg|Hg,SO,|K SO, (1M) reference electrode (+0.682
V vs. SHE). All potentials were reported relative to
SHE. High purity argon gas was used to deoxygena-
te a solution.

2.2. Working electrode

The working electrode was a vertical platinum disc
sealed in glass (exposed geometrical area 1 cm?).
The electrode was polished mechanically with 0.1
um diamond paste to a mirror finish. After polish-
ing, the electrode was cleaned in hot (80 °C) con-
centrated nitric acid for 10-15 min, rinsed in 0.5 M
H,SO, solution and then, without any additional rin-
sing, transferred into the electrochemical cell with
the supporting 0.5 M H, SO, solution. In this cell,
the Pt electrode was conditioned electrochemically
by cycling the potential from +1.50 to +0.05 V at
the scan rate (v) of 20 mV s until the reproducib-
le background i/E curve characteristic of polycrystal-
line Pt in this solution [10, 11] was obtained. Such
a procedure of pre-treatment, except mechanical po-
lishing, was carried out prior to each series of expe-
riments.

The real surface area of the working electrode
was estimated from the hydrogen adsorption region
in the voltammogram recorded at 50 mV s in 0.5
M H,SO,, as reported in [12]. The roughness factor
(f) was obtained to be 2.2 = 0.2.

2.3. Measurements

For the Pt working electrode, cyclic voltammetry
(CV) was used with the scan rates of 10, 20, 50,
100 and 200 mV s™. The potential window for this
technique was 1.0 to -0.1 V. Background substrac-
tions were made using data from a cell containing
only the supporting 0.5 M H,SO, solution.

Potential step measurements were carried out
from a starting potential £, = 1.0 V to different
values of the deposition potential (E,), correspon-
ding to different underpotentials or overpotentials
(n) with reference to the equilibrium potentials for
the couples Cu/Cu**(E_ ) or Ag/Ag*(E,_,,), which
were estimated by separate experiments. The dura-
tion of potential step (t) was mainly varied from 2
to 100 s.
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The metal layer deposited freshly onto platinum
by a selected potential pulse was subsequently strip-
ped by an anodic-going potential scan.

2.4. Solutions

The working solutions were prepared from doubly
distilled water, highest purity H,SO, and analytical
grade CuSO,5H,O; the latter reagent was purified
additionally by recrystallization. Ag* ions were in-
troduced into the solution through the anodic disso-
lution of required amount of metallic Ag (99.98%
purity) at current density of 0.05 mA cm=, with stir-
ring by Ar gas. The amount of Ag* was determined
by potentiometric titration with 0.01 M NH,SCN so-
lution.

RESULTS AND DISCUSSION

3.1. Voltammetric studies

Figure 1 shows the voltammetric profiles recorded
for Pt electrode in a 0.5M H,SO, solution contai-
ning Cu®* and Ag* ions at various potential scan
rates. The potential sweeps were performed in the
range 1.0 to -0.1 V. On the negative-going sweep,
two separate current peaks are observed — at 0.55—
0.60 V (peak I) and at 0.05-0.2 V (peak II). The
first peak was associated with the discharge of Ag*
ions and the second one with the discharge of Cu?*
ions.

On reversing the direction of scan at a potential
being in the range of the ascending branch of peak
I, appearance of a hysteresis loop was observed. Such
a feature of cyclic voltammogram was shown to in-
dicate, at least in a qualitative way, an occurrence
of a nucleation and growth process [13]. A voltam-
mogram displaying the similar characteristic feature
has been recorded, in particular, for the silver de-
position onto a vitreous carbon electrode from a
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Fig. 1. Cyclic voltammograms at Pt electrode in 0.5 M
HSO, + 01 M CuSO, + 4.810° M AgSO, solution;
temperature 25 °C
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perchlorate [14] or nitrate [15] solution or for other
systems [16]. The analogous response obtained here
for copper deposition was markedly weaker and, in
addition, was observable only in the event when the
reverse potential was more positive than the value
of half-peak potential for peak II.

Distinctive ionization waves can be observed on
the return sweep — the high copper stripping peak
and another peak situated at £ > E__, and associa-
ted with silver dissolution. It should be noted that
a rather distinct prewave can be also resoluted at E
being slightly more negative than E_, . This prewa-
ve is likely due to an ionization process of alloy
CuAg, as supposed by Bruckenstein and Tindall
[17].

Integration of both entire cathodic and anodic
parts of cyclic voltammogram gave a charge ratio
Q/Q, > 1. Besides, the difference Q ~Q  was obtai-
ned to decrease with increasing a potential scan ra-
te (Table 1). When the difference Q -0, was corre-
lated with the time consumed for silver deposition
onto the electrode covered with bulk copper, ie.
under conditions of both the cathodic-going scan
from E_ . to a reverse E and the anodic-going scan
from this reverse E to Eeq’Ag, it was obtained that
such a time-dependence of this difference can be
satisfactorily approximated by a straight line with a
slope of 0.21 mA (Fig. 2). The latter quantity is
rather close to a limiting diffusion current for Ag*
ions I = nFcD/d calculated taking the bulk con-
centration of Ag*(c) of 9.6:10° mol cm=, the diffu-
sion coefficient for this ion (D) 7.5-10° cm?s™! [15]
and the thickness of diffusion layer (8) of 0.03 cm.
This finding can suggest that, in our opinion, a co-
deposition of copper and silver occurs in the way
that a certain part of discharged silver forms sepa-
rate crystallites or clusters which pass into a solu-
tion as uncharged species when the anodic-going swe-
ep is subsequently applied. As is evident from the
cyclic voltammograms presented in Fig. 1, the po-
tentiodynamic conditions of electrolysis, however, re-
strict the possibility to change the ratio of amounts
of codepositing metals.

Table 1. Variation of the cathodic and anodic charges
with a potential scan rate. Solution: 0.5 M H,SO, + 0.1
M CuSO, + 4.8:10° M Ag,SO,; temperature 25 °C. Char-
ges calculated by integrating the respective half-cycles
of cyclic voltammograms

VIV s Q/mC Q /mC (0-Q,)/mC
0.01 773 £ 5 720 £ 5 53
0.02 441 = 5 400 = 5 41
0.05 235 £ 2 202 = 2 33
0.1 154 = 2 123 + 2 31
0.2 104 = 1 74 = 1 30

= i slope=0.21 mA
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Fig. 2. Variation of the difference between cathodic and
anodic charges with the length of time of silver deposi-
tion onto the copper-covered Pt electrode
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Fig. 3. Current-time transients at Pt electrode in 0.5 M
H,SO, + 0.1 M CuSO, + 4.8:10° M Ag,SO, solution for
the potential step from £, = 1.0 V to various values of
deposition potential E

3.2. Chronoamperometric studies

When using the potential step technique, the cur-
rent-time transients of several types were recorded
depending on the values of the deposition potential
(E,) or, respectively, overpotential (1 ) with respect
to E orto E . If E > FE > E__, the
eq,Ag eq,Cu eq,Ag d eq,Cu
shape of these transients (Fig. 3, curves 1-3) can be
explained according to the Cottrell’s equation for
silver deposition. In addition, within the rather nar-
row interval of potentials (£, = 0.56-0.59 V) the
run of i/t curves is characteristic of the cathodic pro-
cess involving the nucleation and growth under dif-
fusion control [18].

When E, <E_ ., the shape of i/t transients was
obtained to be significantly changed (Fig. 3, curves
4-6). However, on the further negative shift of E,
in particular, at £, < 0.1V, the shape of i/t tran-
sients again approaches that described by the Cot-
trell’s equation, but with higher values of the cur-
rent. Besides, it should be stressed that, under the
latter conditions, there is no E, range within which
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the i/t transients would be indicative of the nuclea-
tion-growth process mentioned above, whereas such
transients have been easily registered for Ag*-free
acid CuSO, solutions [19, 20].

3.3. Stripping of deposits

Anodic polarization curves for the overlayers freshly
deposited at various E, are presented in Fig. 4. As
is seen from the diagram, two separate current pe-
aks are observed. The height of the current peak
located at more positive potentials and related to
the ionization of bulk silver increases, as £, is made
progressively more negative up to the commence-
ment of bulk copper deposition (Fig. 4, curves 1-4).
The further negative shift of deposition potential
resulted only in an increase in the height of another
current peak related to the copper dissolution, whe-
reas the former peak and, respectively, the amount
of silver to be stripped in this potential region re-
mained essentially unchanged.

Current / / mA

Potential E / V(SHE)

Fig. 4. Anodic stripping voltammetric curves at Pt elec-
trode covered with an overlayer freshly deposited from
0.5 M HSO, + 0.1 M CuSO, + 4.8:10° M Ag SO, solu-
tion by the potential step at the pulse length of 10 s
from E, = 1.0 V to the values of deposition potential
E;1-06,2-04,3-034-024,5-022and 6 -
0.2 V. The inset shows the time course of potential

The results of the estimation of charges cor-
responding to the deposition and dissolution of
the overlayer (corrected for double-layer charging
in the supporting 0.5 M H,SO, solution) showed
the values of Q and Q, to coincide very closely
when E, > Eeq’Cu. However, at E, < Eeq’Cu a rather
significant difference between these quantities was
observed, as in the case of voltammetric measure-
ments (Table 2). If such a difference is assumed
to be due to the co-deposition of copper and sil-
ver and to the dissolution of a certain part of
silver without charge transfer as mentioned above,
the calculated amount of silver in the deposit
should change from 41 at.% at E, = 0.24 V to
25 at.% at E;, = 02V. In the E, range 0.15 to
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Table 2. Variation of the cathodic total charge, the dif-
ference between cathodic and anodic total charges and
the anodic total charges for dissolution of copper and
silver with the potential of overlayer deposition onto Pt
electrode. Solution: 0.5 M H,SO, + 0.1 M CuSO, + 4.8
10 M AgSO,. Cathodic charges calculated from poten-
tiostatic current-time transients, anodic ones from the
subsequent anodic stripping curves

EN | Q/mC | Q,/mC | Q,,/mC |(Q-Q)mC
0.60 0.5 0.1 0 0.5+ 0.1 0
040 35+02 0 3502 0
030 52+02 0 52+02 0
024 205+03 85+03 9.0+03 3
022 405+05 24+05 95+03 7
020 73+05 54+05 10+03 9

0.1 V, when Q_was almost constant and equal to
170 = 0.5 mC, the difference Q—-Q, also became
constant and equal to 8 * 0.5 mC. The calcula-
ted amount of silver in this instance would run
to 89 at.%.

When cathodic polarization was carried out at a
rather low m_ with respect to E . (e.g. atm =
=0.04 V or, respectively, at E, = 0.252 V), the
shape of i/t transient recorded was analogous to that
presented by curve 3 in Fig. 3, with the only diffe-
rence that the current began to increase after a cer-
tain time lapse, in particular, from 0.27 mA at ¢t =
=10 s to 0.54 mA at ¢+ = 100 s. The current was
obtained to be unchanged with further extending the
experiment time, at least up to 10 min.

To investigate a relationship between the dura-
tion of overlayer deposition (1) and the subsequent
run of overlayer stripping curve, the overlayer was
deposited at E, < E_ . applying various T. It was
obtained that no copper stripping peak could be re-
vealed for 1 < 5 s (Fig. 5, curves 1, 2), whereas
such a peak appeared for t = 10 s. The height of
this peak was found to increase with further incre-
asing 1t (Fig. 5, curves 3-6). Furthermore, the height
of the current peak attributed to silver dissolution
somewhat diminished when t was extended from 2
to 10 s and, thereafter, it remained almost constant
irrespective of further increase in 7.

As in the previous case, a dissimilarity between
Q. and Q_ and, in addition, an increase in the mag-
nitude of Q-Q.  with increasing t were observed
(Table 3). Besides, a calculation analogous to the
above described showed that the deposit subjected
to the stripping in the potential range correspon-
ding to copper ionization may contain from 85 * 2
at.% of silver when © = 10 s to approximately 67
at.% when © = 100 s. The quantitative composi-
tion of the overlayer remained unchanged with furt-
her increasing T up to 500 s.
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A separate experiment was
conducted in an effort to con-
firm a possibility of the deposi-
tion of a compact overlayer
with a high content of silver
and also to prove the assump-
tion as to the dissolution of the
part of silver in the form of un-
charged species. The electrode
was first covered with a metal
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Fig. 5. Anodic stripping voltammetric curves at Pt electrode covered with an
overlayer freshly deposited from 0.5 M HSO, + 0.1 M CuSO, + 4.8:10° M
Ag,SO, solution by the potential step of different duration from £, = 1.0 V to
the deposition potential £, = 0.252 V corresponding to the copper overpoten-

tial m, = 0.04 V

Table 3. Variation of the cathodic total charge, the diffe-
rence between cathodic and anodic total charges and the
anodic partial charges for dissolution of silver and cop-
per with the duration of overlayer deposition onto Pt elec-
trode. Solution: 0.5 M H,SO, + 0.1 M CuSO, + 4.8 10~
M AgSO,. Calculation of charges as in Table 2

s | Q/mC | (QQ)mC| Q,,/mC | Q. /mC
2 11 0.5 105 = 0.2 0
5 116 0.8 103 = 02 0
10 124 1.7 9.0 £ 02 06 = 0.1
20 174 42 90 £ 02 20 % 02
50 344 12.7 90 £ 02 11 = 05
100 55 23 90 + 02 22 % 05
15

€ 25

= 20
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Fig. 6. Anodic stripping voltammetric curves at Pt electrode covered with an
overlayer freshly deposited from 0.5 M H, SO, + 0.01 M CuSO, + 4.8:10° M

Ag,SO, solution by the potential step at the pulse length of 10 s from E = 1.0
Vito E; I - 0225 2 - 0205 3 - 0.185 and 4 - 0.065 V

overlayer at £, = 0.252 V for
500 s, further it was rinsed tho-
roughly with doubly distilled
water and, finally, was transfer-
red into an electrochemical cell
of small volume (of the order
of 10 cm?) with the supporting
0.5 M H,SO, solution and im-
mediately subjected to a linear
potential sweep at 10 mV s
from 0.23 to 0.5 V. After such
a procedure, no Ag* ions were detected by an ad-
dition of some drops of a HCI solution. What is
more, addition of 2 ml of concentrated HNO, un-
der stirring caused this solution to become turbid
after 1-2 min, thus indicating the Ag* ions to be
already formed.

The anodic stripping curves displayed in Figs. 4
and 5 showed that in no case there was an additio-
nal current peak which could be likely related to
the dissolution of alloy CuXAgy, as was obtained when
the overlayer deposited freshly under the potentio-
dynamic conditions was subjected to stripping (Fig.
1). So, deposition of the overlayer at a constant
potential (Figs. 4, 5) somewhat contrasted with that
performed using potential swe-
eps as to the subsequent strip-
ping of the respective layers. At
the same time such a current
peak was found to become re-
vealable, if the working solution
containing a smaller amount of
Cu?* ions was applied for the
experiment (Fig. 6).

Ln

CONCLUSIONS

In this preliminary work, it has
been demonstrated that two
current peaks related to silver
and copper deposition from aci-
dic sulphate solutions contain-
ing Ag* and Cu’* ions onto a
platinum electrode are observed
on the cathodic-going potential
scan. The anodic scan shows
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the occurrence of three peaks which can be attribu-
ted to the dissolution of copper and silver and like-
ly of alloy CuAg,.

When the deposition of the overlayer is carried
out at a constant potential, the composition of this
overlayer, in particular the copper and silver con-
tents ratio, was found to depend on both the values
of deposition potential and the duration of deposi-
tion. The dependence of the cathodic and anodic
charge ratio on some factors, including the deposi-
tion potential and duration of deposition, was inter-
preted in terms of dissolution of a certain part of
deposited silver in the form of uncharged species.

Received
15 May 2000
Accepted
10 July 2000

References

1. A. R. Despic, in Comprehensive Tieatise of Electroche-
mistry, Vol. 7 (Eds. B. E. Conway, J. O’'M. Bockris,
E. Yeager, S. U. M. Khan, and R. E. White), Chapt.
7 (Part B), Plenum Press, NewYork-London (1983).

2. Yu. D. Gamburg, Electrochemical Crystallization of Me-
tals and Alloys, Janus-K, Moscow (1997) (in Russian).

3. S. S. Kruglikov, V. I. Kharlamov and T. A. Vagramy-
an, Trans. Inst. Metal Finish., 74, 18 (1996).

4. Q. Xue and W. Zhang, J. Phys. D: Appl. Phys., 30,
3301 (1997).

5. T A. Green, A. E. Russel and S. Roy, J. Electro-
chem. Soc., 145, 875 (1998).

6. J.-P. Celis, P. Cavallotti, J. Machado Da Silva and A.
Zielonka, Trans. Inst. Metal Finish., 76, 163 (1998).

7. S. Cere, M. Vasquez, S. R. de Sanchez and D. J.
Schiffrin, J. Electroanal. Chem., 470, 31 (1999).

8. S. Stucki, J. Electroanal. Chem., 78, 31 (1977).

9. V. V. Povetkin, Y. V. Ratz and Y. I. Ustinovshchikov,
Elektrokhimiya, 30, 26 (1994).

10. H. Angerstein-Kozlowska, B. E. Conway and W. B.
A. Sharp, J. Electroanal. Chem., 43, 9 (1973).

11. B. E. Conway, H. Angerstein-Kozlowska and W. B.
A. Sharp, Analyt. Chem., 45, 1331 (1973).

12. T. Biegler, D. A. J. Rand and R. Woods, J. Electro-
anal. Chem., 29, 269 (1971).

13. S. Fletcher, Electrochim. Acta, 28, 917 (1983).

14. G. Gunawardena, G. Hills and I. Montenegro, J. Elec-
troanal. Chem., 138, 241 (1982).

15. J. P. Sousa, J. Electroanal. Chem., 372, 151 (1994).
16. D. R. Salinas, E. O. Cobo, S. G. Garcia and J. B.
Bessone, J. Electroanal. Chem., 470, 120 (1999).

17. G. W. Tindall and S. Bruckenstein, J. Electroanal.

Chem., 22, 367 (1969).

124

18. B. Scharifker and G. Hills, Electrochim. Acta, 28, 879
(1983).

19. L. Heerman and A. Tarallo, J. Electroanal. Chem.,
470, 70 (1999).

20. V. Karpavicien¢ and V. Kapocius, Chemija (Vilnius),
Nr. 2, 56 (1997).

V. Kapocius, V. Karpaviciené ir A. Steponavicius

VOLTAMPERMETRINIAI VARIO IR SIDABRO
ELEKTRONUSODINIMO ANT Pt ELEKTRODO IR
ANODINIO TIRPINIMO DESNINGUMAI
SULFATINIUOSE TIRPALUOSE

Santrauka

Linijinio potencialo skleidimo ir potenciostatinio jjungimo
metodais tirtas bendras vario ir sidabro elektronusodini-
mas ant glotnaus Pt elektrodo i§ riig8ciy sulfatiniy tirpa-
ly. Nusodinty sluoksniy apytikré sudétis buvo nustatoma
anodiskai juos tirpinant. Parodyta, kad katodiniame cikle
stebimi du srovés maksimumai, salygojami tiirinio sidabro
ir vario elektronusodinimo. Anodinio ciklo metu stebimi
trys sroves maksimumai, kurie susij¢ su vario, sidabro ir,
matomai, Cu Ag tirpimu. Nustatyta, kad potenciostatinio
jjungimo metodu nusodinty sluoksniy sudétis priklauso ne
tik nuo poliarizacijos dydzio, bet ir nuo elektronusodini-
mo laiko trukmeés. Spéjama, kad neatitikimas tarp kriiviy
katodinio ir anodinio ciklo metu gali biiti susijgs su tuo,
kad dalis nusodinto sidabro anodinio ciklo metu perveda-
ma | tirpala nejonizuotoje bikléje.

B. Kanouioc, B. KapnaBuuene u A. CrenoHaBH4I10C

BOJBTAMIIEPOMETPUYECKOE M3YYEHME
COBMECTHOI'O PA3PAJA U AHOJHOI'O
PACTBOPEHUS MEJIN U CEPEBPA HA Pt
JIEKTPOJE B CEPHOKHUCJIBIX PACTBOPAX

Peswowme

MetonaMi BOJBTAMIIEPOMETPUH U XPOHOAMIICPOMETPUH
HCCIICIOBAHO COBMECTHOE JJICKTPOOCAXKACHUE cepebpa u
MEIM Ha DIaKOM Pt 3JIeKTpoze B CEPHOKHCIBIX PAacTBOPAX.
IpenBaputenbHas OIEHKA COCTaBa TaJIBAHOOCAJIKOB OIpe-
JIeNICHa TI0 AHOMHBIM MOJSIPU3AIMOHHBIM KPUBBIM. Ilo-
Ka3aHO, YTO B KAaTOJHOM MOJYLMKIC HaOIIONaroTCs IBa
MaKCUMyMa TOKa, CBSI3aHHBIC C JIICKTPOOCAKICHHEM MEIH
u cepebpa, a BO BpeMsl aHOAHOTO MOTYLHKIAa HAaOJIFOaeTCs
TPM MaKCHMyMa TOKA, BBI3BAHHBIC PAaCTBOPCHHEM MEIH,
cepebpa U, MPEIOJNIOKUTEIbHO, CIUIaBa CuXAgy. Cocras
ANEKTPOOCAKOB, IMOJYYCHHBIX METOIOM MOTCHI[OCTATHU-
YECKOTO 3aMBIKaHMS CIH, 3aBHCHT HE TOIBKO OT BEIIMYHHBI
MOJSIPU3AIMK, HO W OT MPOMODKUTEIBHOCTH TpoIecca
aneKpoocaxkieHust. [Iperonaraercsi, 4ro HECOOTBETCTBHE
MEXIy 3apsiIaMH B KaTOJHOM M aHOIHOM IIOJIyLHKJIaX CBSI-
3aHO C TeM, YTO HEKOTOpas 4acTh cepebpa BO BpeMs aHOM-
HOTO PACTBOPCHHUSI MEPEXOAUT B PACTBOP B HEHOHHU3HPO-
BaHHOM COCTOSTHUH.



