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Abstract: A possible way for the estimation of the interfacial energy of the copper – copper
sulphate solution interface is proposed. The estimated value of (2.7� 0.3) J cm-2 and the de-
rived equations which relate the specific surface of copper powder to the deposition condi-
tions permit an estimation of the specific surface of copper powderc The agreement between
the estimated value and literature data is very good.
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INTRODUCTION

The electrodeposition of copper under mixed controlled potentiostatic conditions can be
followed by the increase of the surface area for the same quantity of electrodeposited
metal.1,2 This effect is especially pronounced in the limiting diffusion current density
range.3,4 The energy �d required for the deposition of metal corresponding to the quantity of
electricity �Idt, where I is the deposition current density and t deposition time, is given by:

�d = ��Idt (1)

where � is the deposition overpotential.
At the same time, the energy required for the formation of a copper surface S, in cop-

per sulphate solution, �d is given by:

�d = �S (2)

and equation

�(S2 – S1) = (�2 – �1) �Idt (3)
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is valid, if the deposition of the same quantity of metal at two overpotentials �2 and �1 pro-
duces metal deposits surfaces S1 and S2.

Obviously, Eq. (3) can be rewritten in the form

� =
( )

( )

� �2 1

2 1

�

�S S
�Idt (4)

which can be used for an estimation of the interfacial energy of a copper – copper sulphate
solution interface.

EXPERIMENTAL

Electrodeposition of copper was performed potentiostatically from 0.15 M CuSO4 + 0.50 M H2SO4
onto a stationary platinum wire electrode (S0 = 0.45 cm2) in an open cell at room temperature (18.0 ���	
 ºC�

The polarization curve was determined and different quantities of copper were deposited at different
overpotentials using the following procedure: The platinum substrate was covered with a thin copper film by
deposition at an overpotential of 300 mV during 2 min. After a relaxation of the diffusion layer for 15 min, the
current at an overpotential of 50 mV I50,0 was recorded, being proportional to the electrode surface area 0.45
cm2. The overpotential was then adjusted to the desired value and deposition was carried out. After the deter-
mined quantity of electricity had been reached, the overpotential was decreased to 50 mV and after relaxation
of the diffusion layer for 15 min, the current, I50,�, corresponding to the surface S generated during deposition,
was determined. The surface area of the deposit was then calculated using the equation:

S = S0
I

I

50

50 0

,

.

�

where S0 is the original surface area of the electrode, 0.45 cm2.
During deposition the I – t dependences were recordered and the quantity of electricity was determined

by graphical integration.

RESULTS AND DISCUSSION

The polarization curve for copper deposition is presented in Fig. 1, from which the po-
sitions of the deposition overpotentials on the plateau of the limiting diffusion current den-
sity can be seen. The results of the interfacial energy determinations are given in Table I.

It can be seen from Table I that good agreement between the results of different deter-
minations is obtained. The calculated average value of the interfacial energy, including the
error of the measurements, is (2.7 � 0.3) J cm–2.

The results obtained can be verified in the following way. It is well known that at de-
position overpotentials larger than some critical value, a compact deposit is not formed,
rather a powdered one characterized by a very large surface area.3,4

Hence, for S2 >> S1

S2 =
( ) d2 1� � �

�
� I t (5)

On the other hand, the quantity of electrodeposited metal m is given by

m = (A/nF) �Idt (6)
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assuming a current efficiency of 1, where A is the atomic mass of the deposited metal, n is
the number of electrons involved in the metal deposition reaction and F is the Faraday con-
stant. The specific powder surface Ssp from Eqs. (5) and (6) is obviously:

Ssp =
S

m

nF

A

2 2 1( )
�

� � �

�
(7)

TABLE I. The estimated values of the interfacial energy for the interface copper – copper sulphate solution

Number of
measurements

It/A s �2/mV �1/mV S2/cm2 S1/cm2 �/J cm-2

1. 8.64 600 400 1.03 0.450 2.98

2. 8.64 600 400 1.30 0.450 2.40

3. 8.64 650 400 1.54 0.450 2.40

4. 8.64 600 400 1.11 0.450 2.62

5. 8.64 650 400 1.41 0.450 2.25

6. 8.64 650 300 1.41 0.480 3.25

7. 8.64 600 450 1.11 0.540 2.27

8. 8.64 650 400 1.30 0.550 2.88

9. 8.64 600 400 1.19 0.550 2.70

10. 4.32 650 400 0.970 0.540 2.51

11. 4.32 650 400 0.95 0.510 2.46

12. 12.96 650 400 1.80 0.770 3.15

13. 12.96 600 400 1.69 0.770 2.82

14. 12.96 650 400 1.875 0.814 3.05

According to Calusaru5 the specific surface of copper powder is 500 – 3000 cm2 g–1

depending on the deposition conditions. From the difference in the actual deposition

INTERFACIAL ENERGU OF COPPER 637

Fig. 1. Polarization curve for the cath-
odic process of copper deposition from
0.15 M CuSO4 in 0.5 M H2SO4, on a
platinum electrode at room tempera-
ture.



overpotential and the overpotential of the beginning of the limiting diffusion density pla-
teau (0.80 V), the value of � determined in this way as 2.7 J cm–2, the atomic mass of cop-
per, the number of electrons 2 and F = 96485 C mol–1, it is easy to calculate using Eq. (7)
that Sp = 1100 cm2 g–1, which is in fair agreement with the findings of Calusaru.5

It is obvious that using this value of the interfacial energy and Eq. (7) the specific sur-
face of copper powder can be calculated for each deposition conditions if the deposition
overpotential and the overpotential of dendritic growth initiation from the electrolyte under
consideration are known. In this way, it can be seen that one of the most important charac-
teristics of copper powder is related to the deposition overpotential and hence to the deposi-
tion conditions.
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K. I. POPOV1, N. D. NIKOLI]2 i Z. RAKO^EVI]3

1Tehnolo{ko-metalur{ki fakultet, Univerzitet u Beogradu, Karnegijeva 4, p. pr. 3503, 11001 Beograd,
2IHTM-Centar za elektrohemiju, Wego{eva 12, p. pr. 815, 11001 Beograd i 3Institut za nuklearne nauke

"Vin~a", p. pr. 522, 11001 Beograd

Predlo`en je mogu}i na~in za procenu me|upovr{inske energije bakar – rastvor bakar

sulfata. Procewena vrednost od (2,7�0,3) J cm-2 i izvedene jedna~ine koje povezuju speci-
fi~nu povr{inu bakarnog praha i uslova talo`ewa dozvoqavaju procenu specifi~ne povr-
{ine bakarnog praha. Slagawe izme|u procewene vrednosti i literaturnih podataka je
veoma dobro.
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REFERENCES

1. K. I. Popov, Lj. J. Pavlovi}, M. G. Pavlovi}, M. I. ^ekerevac, Surf. Coat. Technol. 35 (1988) 39
2. K. I. Popov, M. G. Pavlovi}, Lj. J. Pavlovi}, M. I. ^ekerevac, G. @. Removi}, Surf. Coat. Technol. 34

(1988) 355
3. K. I. Popov, M. D. Maksimovi}, M. G. Pavlovi}, D. T. Luki}, J. Appl. Electrochem. 10 (1980) 299
4. K. I. Popov, M. D. Maksimovi}, J. D. Trnjav~ev, M. G. Pavlovi}, J. Appl. Electrochem. 11 (1981) 239
5. A. Calusaru, Electrodeposition of Metal Powders, Elsevier, Amsterdam-Oxford-New York, 1979.

638 POPOV, NIKOLI] and RAKO^EVI]


