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Formation Characteristics of Cuprous Oxide

Gézen BEREKET anc¢ Melike KABASAKALOCLU“‘

Department of Chemistry Faculty of Science. University of Ankara /TURKEY
) (Received May 17, 1982; accepted June 18, 1982)

ABSTRACT

Formation and growth mechanism of Cu,0 films in 1 N NaOH solution were investigated.
Two different Cu,0 films were grown on the copper surface depending on time. Growth of the
first film is rapid. The growth of the second one is slow. The second film is formed from the pre-
cipitation of copper (1) ions. The growth rate of these films are in accordance with the parabolic
growth law. ° o

INTRODUCTION

Formation of different Cu,O films by dissolution-precipitation.
mechanism during anodic oxidation of copper in 1 N NaOH were postu-
lated previously [1]. In this study formation and growth mechanism
of CuyO films were investigated. -

Formation of passivating films in aqueous solutions were extensi-
vely studied and growth models were demonstrated [2]. For low fields
or thick films, assuming a) region of space charge at the two interfaces
can he neglected and b) the rate of growth is controlled by the rate of
diffusion of metal ions across the oxide layer, the rate of growth can
be written as

dx 4a2 nv q V Q U
ro kKT x *P [_ kT ] . D

Where a is the half-jump distance for the ions, v and n are the vibration
frequency and the concentration of ions at x respectively. V is the po-

* Present adress, Ankara Universitesi, Fen Fakiiltesi Kimya Boliimii Ankara TURKEY. "



90 G. BEREKET AND M. KABASAKALOGLU

tential across the film of thickness x. Q ie the volume of oxide per metal
ion and t is the time.

Defining

4 a? vV Q U
Kp — asnv q exp [— —1-{T—'] (2)

kT
and by integration
X2 =2K,;t +C : (3)

is obtained. For t=0, x=0 and C=0 is obtained. Parabolic growth
law is found as

X2 = 2 Kt @)

EXPERIMENTAL

Electrolitic cell, electrodes, potentiostat and recorder system were
the same as previous study [1]. For the system obeying dissclution-
precipitation mechanism, cathodic sweeps are severely depended cn tke
anodic scan limit potentials and on the oxidation time at these poten-
tials. In the present study, the electrode was first oxidized by linear
sweep to different anodic potentials at 50 mV [se~ and waited for diffe-
rent period of time without current interruption at these anodic poten-
tials and then, potential sweep was reversed. The reverse scans were
also obtained at the same sweep rate of 50 mV [sec. The potentials in
figures are against saturated calomel electrode.

RESULT

Figures (1-8) show the curves obtained by the described way in
the previous paragraph. Initial potential was-1200 mV. The oxidation
times at different scan limit potentials (EX) were shown on the curves.
For EA < -545 mV no matter hew long the electrode is oxidized at Ea,
no peak was obtained indicating the reduction of the oxidation product
of the metal or oxide film (Fig. 1). The volume of the test sclution was
about 150 cc. and it was greater than the area of the electrode (0,06
cm?). So the effect of soluble species on the reduction peaks of oxide
films formed by anodic polarization can be neglected. The peaks or
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Fig 1. Current-potential curves obtained by cyclic voltammetry. Sweep rate was 50 mV [sec.
The potential of the electrode hold at =560 mV for 0, 30 and 60 seconds hefore potential reversal.
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Fig 2. Current-potential curves obtained by cyclic voltammetry. Sweep rate was 50 mV [sec.
The potential of the electrode hold at -545 mV for different period of time (0-600"") before po-
tential reversal.
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steps ¢n the reduction curves were attributed to the reduction of oxide
fi_lms or reduction of sceluble species in the pores of the oxide that could
not diffuse away into solution.

For E) = -545 mV (Fig. 2) cathodic polarization curve chtained
without waiting at EXA has weakly pronounced peak at ~700 mV [peak
(1) ] is obtained. But, if the oxidation time at E} is increased, the current
at ~700 mV is increased and also the second peak [peak (11)] at —1000
mV and the potential step at —-1100 mV appeared after certain period of
oxidation time in the cathodic region.

The curves in Fig. (3-8) obtained for different E) values Ly the same
way as in Fig. (1-2) show that the first peak always appears whatever
the oxidation time at E) is and its peak pctential shifts to -800 mV by
oxidation time at EA. The appearance time of the second peak and the
third step at ~1100 mV on the cathodic curves depend on the anodic
scan limit potentials and the oxidation time at these values. The second
peak appears at —1000 mV after the oxidation for 20 or 30 second and its
peak current increases by oxidation time.

The appearance time of the third step at -1100 mV is longer than the
appearance time of the second step. For instance, the third step is obser-
ved after the oxidation for 150 seconds at Ex = --545 mV and for E) =
—-530 mV the appearance of it requires oxidation for 100 seconds. Third
step is disappeared for Ex > -515 mV.

DISCUSSION

The beginning potential of peak (1) is —600 mV and this value is
very close to the equilibrium potential of Cv,0 /Cu system with respect
to S.C.E.[2]. So this peak was explained by the reduction ¢f Cu,0 to
Cu. We proposed [1] the following reaction mechanism for the forma-
tion of Cu,0

Cu + n OH- - Cao(OH),1™ -+ e~ (%)
2Cu + 20H- — (Cuy0); + H,0 + 2e- {6)
2Cu (OH),I'" - (Cuy0);; + (2n—2) OH- + H,0 (D

Because, the first film has a porous nature and sweep rate is high,
Cu(OH),!17" ions can be diffuse away inte sclution from the electrode sur-
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Fig 3. Current-potential curves obtained by cyclic voltammetry. Sweep rate was 50 mV [sec.
The potential of the electrode hold at —530 mV for different period of time (0-300"’) before po-
tential reversal.
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Fig 4. Current-potantial curves obtained by cyclic voltammetry. Sweep rate was 50 mV [sec.
The potentisl of the electrode hold at ~515 mV for different period of time (0-180"") before po-
tential reversal.
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Fig 5. Current-potential curves obtained by cyclic voltammetry. Sweep rate was 50 mV /sec.

The potential of the electrode hold at ~500 mV for different period of time (0-300"") before po-
tential reversal.
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Fig 6. Current-potential curves obtained by cyclic voltammetry. Sweep rate was 50 mV /sec.
The potential of the electrode hold at —480 mV for different period of time (0-480"’) before po-

tential reversal.

. E)=—460mv

Fig 7. Current-potential curves obtained by cyclic voltammetry. Sweep rate was 50 mV /sec.
The potential of the electrode hold at —460 mV for different period of time (0-900”") before po-

tential reversal.
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Fig 8. Current-potential curves obtained by cyclic voltammetry. Sweep rate was 50 mV /sec,
The potential of the electrode hold at —420 mV for different period of time (0-200") before po-
tential reversal,
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face and only one cathedic peak associated with the reduction of (Cu,0),
film at —700 mV is observed on the reduction voltammograms. If the
oxidation time at E) is increased the amount of the first film and the
soluble anion, Cu(OH),!™ are also increased. Reactions (5-7) have the
opportunity to take place. For the formation of the second film, first
(Cu,0); acts as crystalization nuclea. So the second (Cuv,0);; film bas
different formation free energy and structure than the first (CuyO);
film, the second (Cu,0);, reduces at different potential from the first
one.

At lower potentials, electrode surface is not completely covered
by the films. Soluble Cu(OH),1™" ions formed by anodic polarization
form the second (Cu,0);; film on the first (Cu,0); film which has heen
previously formed by reaction (6) on the surface. Some of these soluble
ions diffuse away into solution and some of them remain in the pores of
the first and the second film. Soluble ions remain in the pores of the
films are reduced at —1100 mV. As the anodic scan limit, E2 is increased
the amount of the first film (Cu,0); is increased by reaction (6) and the
amount of second film (Cu,0);; is also increased associated with the
increment of the amount of first film. ‘

For higher polentials, surface is covered by these films at appre-
ciable degree and the rate of reaction (5) is decreased. As a result the
concentraticn of Cu(OH),1 ™ anions on the svrface is decreased and the
step at —1100 mV is disappeared.

Ths areas under the curves in figures (2-8) are proportional with
the amount of charge passed at cathodic region. Total cathodic charges
per surface area of the electrode, Q total (mC /em?), were calculated from
the curves and shown in table I as a function of time and anodic scan
limit potentials (E2). In this table Q; denotes the charge between —600
mV and -900 mV i.e. the domain of the first peak and can be taken as
the reduction of the first (Cu,0); film. (Q,,; — Qp) shows the charge bet-
ween —900 mV and —~1200 mV and can be taken approximately as the
reduction charge of the second (Cuy0); film for Ex > -515 mV. The
first line in table I shows the redvetion charges (Q,_,) associated to the
double layer and the reduction ¢f the (Cu,0) films formed during ano-
dic sweep to various EA values at 50 mV /sec.

In order to find the variation of charges belong to the growth of
the first and second film which formed during holding period of the
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electrode potential at E), correction was made for each EA value by
substracting Q,_, value from corresponding Q, valucs, Fig. 9.10 and 11
show the variation of corrected Q; .,y Q and Q. — Q; values with time.
For E). = -545 mV and -530 mV Q,,,, v.s.t and (Qy;4; — Q) v.s.t curves
have two steps. The second step in these curves is due to the third step
at -1100 mV in Fig. (2-3).

In Fig. 10, dotted curves show the variaticn of Q; values vorrected
for only double layer charge. In the pctential region of the first peak
the calculated cathodic charge (0.8 mC [cm?2) from the curve in Fig. 1
was taken as the double layer charge. The charge associated to the first
peak increases with Ex. For Ex = -500 mV Q; becomes constant aro-
und 12 mC [em?2. The film thickness, x, associated with this charge as-
suming roughness factor as r = 3.7 [4] and ucing Faraday Law,

Q. M
oz Fr

X == 8)
where Q (12.10-3 C /cm?) is the cathodic charge per surface area of the
electrode, M (143 gr/mole.) and ¢ (6 gr/cm3) are the molecular weight
and density of Cu,O respectively. Z and F are the known values
12,1073 . 143
—_— e — -7
X = G2oes0037 10 em ®)

was found. Remembering that thickness of monomolecular oxide layer
was equal to 3-4 1078 em [5, 6], the first (Cu,0); film is found to grow
no thicker than ten meolecular layers.

From the above formula thickness x is proportional with charge
Q. For this reason using Q instead of x, we can find out if growth of the
films obey parabolic growth law The corrected Q; and (Qy5 — Qy) va-
lues whose variation shown in figures 10-11 were plotted against square
root of time in figures 12 and 13, All curves in fig. 12 are linear passing
through origin and the film reduced at peak I obeys parabolic growth

law.

In fig 13 (Q,ya1 — Q) V.8 4/t is linear but lines do not pass through
origin for EA = -515 mV, 530 mV, -500 mV and -480 mV. Extrapo-
lating these lines for (Qp — Q;) = O, all lines cut each other at t = 4.47
= 4/20 (sec.)!> value. For Ex — —460 mV (Q — Q) v.s v/t is linear
passing through origin.
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Fig 9. The variation of total cathodic charge with time.
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Fig 10. The variation of the charge associated to the first peak with oxidation period.
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Fig 11. The variation of the charge associated to the second peak with oxidation period.
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This indicates that only the first film is formed between —530 mV
and —480 mV potential range during anodic scan. Period of time keeping
electrode at potential range between —515 mV and —480 mV should be
twenty seconds, in order that the second film be formed. For EA = 460
mV the first and the second films are formed together during anodic

scan. So (Qg — Q,) v.s. 4/t is linear and passes through origin.

For the potential range between 900 mV and —-1200 mV in Figures
(3-6). (Qiota; — Qpigg values were assumed as (Qp),., charge, ie,
the double layer charge and the residual charge of the first film, correc-
tion were done by substracting each (Qy),_, values from cerrespon-
ding (Q, .. — Qp), values for Ex = -530 mV, -515 mV, -500 mV and 430
mV. These corrected Q,, ¢mC /cm?) values were plotted v.s. V120 =

4/t in fig.14. These curves are linear passing through origin. These
results show that the second film also obeys the parabolic growth law.
The slope of the lines ‘n Figures 12 and 14 are proportional with the Kp
value in equation (4). These slopes of the lines in Fig.12 increase with
E) and stay constant for Ex > 515 mV, The slopes of lines in Fig. 14
tirst increase and then decrease with E). k

If we take the n value in equation (2) as the concentration of sc-
luble Cu(OH),!™" ions in the films the explanation of the change of the
slopes of the lines with EA can be pessible. Depending on the surface
coverage or the thickness of the film the rate of the reaction (5) and then
the concentration of soluble Cu(OH),I™ changer.

For E)x < -500 mYV, the thickness of the film is not high and then
n valve and K, are high. For EA > -500 mV, because of the formation
of thick film the rate of the reaction (5) is decreased and then the con-
centration of soluble ions is decreased. So the n value and the slopes of
the lines in Fig.14 are decreased.
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Fig 13. The variation of Q, .| — Qy with the square root of time. For each Ej, (Qp—Qyp) values

were corrected for corresponding Q,_, value.



FORMATION CHARACTERISTICS OF CUPROUS OXIDE 105

e-53 mV
x_[,w u
v-5(5 *

a-500 «

Fig 14. The variation of Qg with the square root of time. For each Ej, (Qp — Qy) values were
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OZET

Bu gahgmada 1 N NaOH i¢inde Cu,O filmlerinin olusma ve biiyiime mekanizmas1 aragti-
nlmigtir, Zamana bagh olarak yiizeyde iki farkh Cu,O filmi biiyiir. Birinci filmin bityiimesi hazh,
ikincinin yavagtir, Ikinci film Cu(I) iyonlarindan ¢okme ile olur. Filmler parabolik biiyiime ka-
nununa uygun olarak biiyiirler.



