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Abstract - This paper will deal with the electrodeposition of copper and mickel from the
Cu(CF ,CO0),-HCONH, bath, Ni{CF,C00),-~-HCONH, bath, Cu(CF,CO0),—~HCON(CH;); bath
and Ni(CF,CO0),-HCON(CH,); bath. The properties of these baths and the mechanism of the
electrodeposition of copper and nickel from these baths were studied. While solvolysis ocours in the
HCONH, bath, it does not occur in the BCON(CH,), bath. A complex is formed in each bath. Since the
bond between the metallic ion and the solvent in the HCON(CH;), bath is stronger than that in the
HCONH, bath, and since the diclectric constant of the sclvent in the former is also lower than in the latter, is
difficult to electrodeposit metal and Cu, O is formed at cathode in the Cu(CF,CO0),-HCON(CH,); bath.
The specific conductance in the HCON(CH 3); buth is lower than that in the HOONH; bath. Ttis possible to
obtain B beiter copper electrodeposit over a wider range of current density in the Cu(CF;C0OQ0),—
HCON(CH,); bath containing citric acid than in the same bath containing no citric acid. This range almost
coincides with that in the Cu(CF,CO0),~HCONH, bath. While it is possible to obtain better nickel
electrodeposit in Ni{CF ;C0O0),-HCONH; and Ni(CF,C0Q),~-HCON(CH,), baths containing apprep-
riate additives, the range of current density which permits oncto obtain a superior electrodeposit in the latter
bath is narrow. The electrodeposit of nickel or copper ebtained from the HCONH,; and HCON(CH ,); baths
has a granular steucture. The values of #,. E,, and b, in the copper electrodeposition reaction from the
Cu{CF,CO0),~HCON(CH , ), —200 g/l citric acid bath are higher than those in the same reaction from the
Cw{CF;C00),~HCONH; bath, while the values of i, and «, are lower, so the electrodeposition of copper
from the former can be said to be more difficult, On the other hand, the value of x is always about 1 for both
the baths. It may be concluded in view of this fact that the deposition of copper from HCONH,; and
HCON{CH,), baths takes place through Cu™ and that the deposition of nickel from HCONH , bath takes
place through Ni*.

INTRODUCTION about ¢.129% moisture was used.

HCON(CH,};. A reagent grade containing about
0.003%, moisture was used.
Cu(CF,COQ); and N(CF,CO0);. These sub-

The present author has been studying the electrodepo-
sition of metals from non-aqueous solutions of metal

trifluoroacetates[1,2].

HCONH,; has a high boiling point and a high
dielectric constant and readily forms complex ions
with metal ions. HCON(CH,); is a polar aprotic
solvent it has a comparatively low melling pointanda
comparatively high boiling point amoung the amide
solvenis. Itcan be expected that this solvent would also
be useful for the electrodeposition of very base metals,
because the solvent, lacking in active hydrogen, does
not evolve H, simultancously with the metallic elec-
trodeposition from this solution.

In the present experiment, the author investigated the
properties of Cu(CF,COQ),—HCONH,, Ni(CF;C0O0),
-HCONH,;, Cu(CF,C00),-HCON{CH,};, and
Ni{CF,C0O),—HCON(CH;), baths, the electrodc
pusition of copper and nickel from these baths, and the
mechanism of the electrodcposition of copper and
nickel from these baths.

EXPERIMENTAL

Reagent

Formumide. For the measurement of the conduc-
tance, guaranteed reagent-grade formamide contain-
ing about 0.02% moisture was used. For the elec-
trodeposition and the measurement of the overvoltage,
commercial first-grade reagent formamide containing

R 2RO A

stances were prepared by the neutralization me-
thod from copper hydroxide and nickel hydroxide
with trifluoroacctic acid. The purities of the cor-
responding products were 99.4%, and 99.8%
respectively.

Measurement of the conductance

The electrolytic condactance of Cw(CF,COOQ),
~-HCONH,, Cu(CF.COQ),-HCON(CH,),,
Ni(CF,CC0O), HCONH,, and Ni(CF;C00),—
HCON(CH ), solutions was determined by the use of
a Yanagimota electrolytic conductometer My-7. Be-
fore the measurement the solutions to be measured
were kept for about 1 h at 50°C.

Electrodeposition

In the case of copper electrodeposition, two copper
plates and one iron plate were used as anode and
cathode respectively. For nickel deposition, two nickel
plates and one copper plate were used as anode and
cathode respectively. These elecirodes were pretreatad
by the following method: 1. Pickled in alkaline
solution in a day, 2. Washed with distilled water, 3.
Ewched in acid solution [Ni: nitric acid
(30ml}—sulfuric acid (10ml)-phosphoric  acid
{10 ml)—acetic acid {50 ml) solution at 90°C, Cu: nitric
acid (100 g/1) - sulfuric acid (80 g1)-hydrochloric acid
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{25g/) agueous solution at room temperature,
Fe: Oxalic acid (25g/1}-hydrogen peroxide
{13 g/A) spifuric acid {0.1g/7) aguecus solution at
room temperature |, 4. Washed with distilled water and
then ethanol, 5. Weighed. Nitrogen was passed th-
rough formamide or HCOMN{CH,), for about 30 min.
A  definite amount of the Cu(CF,C00Q), or
Ni(CF,C0D0), was dissolved in the formamide or
HCON(CH,), solution to give a bath used for the
clectrodeposition. The bath was stirred at a definite
rate with magnetic stirrer.

The thickness of the electrodeposited layer was
about 5pu, the thickness being calculated from the
amount electricity used for the deposition. A current
efficiency is measured by gain of weight.

Observation of the electrodeposited surfuce and the
electrodepasited layer

For these observations, a metallurgical microscope
was used.
Measurement of the overveltage

The overvoliage of copper or nickel electro-

deposition was measured at 30-70°C for
the Cu(CF;C0O0),-HCONH,, Ni{CF;CO0),—
HCONH,;, and Cu- CF;COQ), cilric  acid

(200 g/I)-HCON(CH,); baths containing 50-400g
Cu{CF;CO0), or Ni(CF;CQ0); per liter respect-
ively. The overvoltage of hydrogen cvolution was
measured at 350°C in H;O, HCONH,, and
HCON({CH,), baths conlaining CF,COOH (0.1 N).
Measurement was made by the current-interrupter
mcthod, with stirring at a definite rate. A
platinized-plalinum electrode (length, 3 mm; dia,
.3 mun) was used as a reference electrode for the
measurement of the overvoltage. A current-
interrupter, Type CI-2515, made by the Hokuto
Electric Works Co., Ltd., was used.

RESLILTS AND DISCLISSIOMN

Solvolysis

In the Ni(CI';COQ},-HCONH; solution, a light
yellow-green precipitate is formed by the reaction of
Ni(CF,CO0), with HCONH,, The reaction hecomes
more remarkable with a rise in the bath temperature
and with an increase in the Ni{CF,C0O0),
concentration,

When the reaction product was filtered, an almost
colorless filtrate was obtained. Tt was found by the gas-
chromatographic analysis of this solution and the
gravimetrically analysis of the precipitate that the
reaction shown in (1) takes place in the
Ni(CF,CO0},-HCONH, sotution.

M{CF,C00); + 4HCONH; — MHCONH),
x 2HCONH, + 2CF,CO0H (1)

where M represents Cu or Ni.

As same as in the WNi(CF;COOQ),~HCONH, so-
lution, a blug white precipitate produced after the
heating at about 90°C, in the
Cu{CF;C00Q),~-HCONH,; solution and CF,COQOH
was also detected in the fiitrale when the precipitutes
were filtered. Therefore, it is likely that the reaction
shown by (1) also takes place in this solution.

Tatsuko Taxer

In a Ni{(CF;COQOQ),-HCON(CH,), saturated so-
lution at 20°C, crystals were precipitated after several
days. And, after the heating at about 3%0°C, of
Cu(CF,CO0),-~HCON(CH,), solution, a precipitate
produced in the solution. It was found by the gravi-
metrically analysis and the measurement of i spectra
that these precipitales were Ni(CF,C00), -
4HCON{CH,;); and Cu(CF,CQO0O), - dAHCON(CH,),
respectively.

Therefore, the measurement of the specific con-
ductance of these solulions and the electrodeposition
of metals from the solutions were studied on the
conditions (suitable bath temperature and concen-
tration of meial triflucroacetates) that the precipitate-
reaction did not oceur in the solutions,

Specific conductance

Figure 1 shows the specific conductance of
the Cu(CF3C00),- HCONH, and Cu{CF;COO);—
HCONICH,), solution at 50°C.

The specific conductance of the Cu(CF,COOQ),—
HCOM{CH,), solution was aimost the same as that
of the Ni(CF,C0O0),-HCON(CH,), solution and,
the specific conductance of the Cu(CF;C0OQ),—
HCONH, solution was almost the same as that of

the Ni(CF,COQ),-HCONH, solution. The
specific conductances of the Cu(CF,COO0Q),-
HCON(CH,), solution and the Ni(CF,COO);—
HCON(CH,); solution are both about one
quarter of those of the Cu(CF;C0O0),—
HCONH, solution and the WNi(CF;C0O0),—

HCONH,; solution.

1t scems that more viscous HCONH , solution has a
higher electrolitic conductance than the less viscous
HCON(CH3); solution, mainly because the diclectric
constant of HCONWH,, 110, is about three times that of
HCON(CH;}),, 37
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Fig. 1. Specific conductance of Cu(CF ;COOQ),-HCONH;
solution and Cu(CF,C0O0),-HCOMN(CH,), solution at
S¥C.
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Fig. 2(1). Cathode current efficiency as a function of current

density for copper  depositien from Cu(CF,CQO);-

HCONH,, bath at 40°C. Co(CF ,COO),(g1): @: 20, :100,
0200, 18- 400

Elecirodeposition

(1) Copper electrodeposition. In the HCON{CH),
bath, the ancde current efficiency was always about
100 per cent, irrespective of the Cu{CF,C00), con-
centration and the bath temperature.

In the HCONH,, bath, the anode current efficiency
was found to be more than 100 per cent irrespective of
the Cu(CF;COQ}, concentration and the bath tem-
perature. The efficiency even exceeded 110 per centata
low current density. This efficiency is attributable to
the chemical reaction of copper with the CF,COOH
formed by the reaction given by (1).

Figure 2 shows an example of the current
density—cathode current efficiency curve of copper
deposition from the Cu{CF,COQ),-HCQONH,; bath.

In the HCONH, bath, the cathode current
efficiency was close to 100 per cent irrespective of the
Cu{CF3;C00),; concentration.

In the other hand, in the HCON(CH,), bath, the
cathode current efficiency was also scarcely affected by
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Fig. 2(2). Cathode current efficiency as a function of current
density for copper deposition from the Cu(CF,CO0),—
HCOMN{CH;); bath.
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the bath temperature, and decreased down to about 10
per cent at low current density with an increase in the
Cu(CF,CO0), concentration. '

No gases evolved from the anode and cathode, but
during electrolysis a yellowish-brown precipitate was
produced at the cathode. Elementary analysis of this
precipitate showed (€:6.89%, H:088%,, and
Cu:55.0%; X-ray diffraction showed that it was
mainly composed of Cu,0. It may be that the low
cathode current efficiency is caused by low adhesion of
the Cu, 0. . .

Moreover, gas chromatographic analysis of the
cathode solution proved the existence of (CF;C0),0.

Therefore, the following reaction (2) can be said to
have occured at the cathode, resulting in a decrease in
the cathode current efficiency :

2Cu(CF;CO0); + 2¢  — Cu,O
+ (CF3C0),0 + 2CF,CO0~ (2}

In view of this fact, it seems that it is difficult for
copper  electrodeposition to occur from &
Cu(CF3C00),-HCON(CH,;); bath becauszs the con-
per ion forms a stable complex with HCON(CH,); if
the Cu(CF;COO0); concentration is high.

We have assumed that, if this stable copper complex
were broken, it would be possible to facilitate the
copper electrodeposition from lhe bath; we thus
tentatively added citric acid, a complex agent, to the
bath.

The increased addition of citric acid increases
the cathode curremt efficiency as in Fig. 3. It is
apparent that the addition of citric acid is effective
for efficient copper electrodeposition in the
Cu(CF,C0Q),-HCON(CH,), bath and that the best
amount of citric acid to be added (200 g/1) is in a ratio
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Fig. 3. Cathode and anode current cfficicncics as a function

of current density for copper deposition from the

Cu(CF3C00), (100 g1)y-HCON(CH,), bath containing

citric acid at 50°C. Anode: , Cathode: —— ——, citric
acid (g/1): x : 20, O: 100, A: 200,
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Table 1. The range of current density for the bright and
smooth copper deposit from the Cu{CF,COQ), -citric acid

(200 g/1)-HCON(CH,); bath  (umit of current
density : A/dm?)
Cu(CF,COO0), (g/1)
Bath emp.
(*C) 20 100 300 500
40 05-10 1.0-2.0 1.0-4.0 20-7.0
50 1.0 1.0-30 20-50 3.0-7.0
60 14 20 50 3070 20-11

Table 2. The range of current density for the bright and
smooth capper deposit frotm the CW(CFCOO0),-HCONH,;
bath {unit of current density : A/dm?)

Cu(CF,CO0), (g/1)

TATSUKOQ TAKE!

of 1 mol Cu(CF ;COO0}; to more than 2 mol citric acid.
In the solution with citric acid (200 g/1), while the
anode current efficiency was higher than 100 per cent
irrespective of the Cu(CF,CQ0), concentration and
the bath temperature, the cathode current efficiency
was affected by the Cu(CF,C0OQ0), concentration;
it amounted to 75 per cent in  100-500g/l
Cu{CF,C0Q), baths and to 85 per cent in the bath
with a Cu(CF,COQ), concentration lower than
100 g at 60°C: far a high current density. Tt seems that
the anode current efficiency exceeds 100 per cent,
because the anode 15 also chemically dissolved in the
bath’s acid (citral acid). The evolution of hydrogen gas
from the catbode lowered its corrent efficiency.
Tables 1 and 2 show the range of current density
within which a bright and smooth copper dcposit can
be obtained from a Co{CF;C00),~-HCON({CH,),—
citric acid (200g1) bath and Cu(CF,CO0),-

Bath temp, - - - —- — HCONH, bath respectifely.
CCh 20 100 200 400 These ranges in the case of the HCON({CH, ), bath
. LT T T 7 containing cittic acid are remarkably wider than those
ig 862.;13 é‘g::'g é'g:g'g ;:g:?fo in the case of the bath without citric acid are almost
_ e the same Cu(CF,COO); concentration.
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Fig. 4(1). Cathode current efficiency as a function of current density for the Ni(CF,COQ),
{100 g/1)-HCONH,; bath. Bath temp. (°C): = : 50, &: 60, @: 70
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Table 3. The mage of current density for the bright and
adherent nickel deposit from the NCF,CC0),-HCONH,
bath (unit of current density ; A/jdm?)

NHCF,COO), (g)

Rath temp.
*C) 80 100 150 200
40 10-20 0.5-10
50 1.0-290 10-2¢  05-20 1.0-2.0
64 0.5-20
70 (.5-4.0

(2) Nickel electrodeposition. An example of the
current density~current efficiency curve for the nickel
deposition from the Ni(CF ;COO),-HCONH, bath iz
shown in Fig. 4. With the ‘increase in the
MICF,COQ); concentration, the cathode current
efficiency increased, but the anode current efficiency
tended to decrease. When the Ni(CF;C0Q); con-
centration was 80-100 g/l, the anode current efficiency
was close to 100 per cent irrespective of the bath
temperature. However, the cathode current efficiency
was low at 50°C and 70°C when the current density
was high. Only at 60°C was the efficiency about %0 per
cent at high ¢urrent density. The discharge of the H'
formed by the dissociation of CF,COOH in the bath
occured on the cathode during the electrolysis in the
Ni(CF;C0O0);,-HCONH, bath, as in the case of the
Cu(CF ,C0O0),-HCONH, bath, resuiting in the evol-
ution of a small amount of hydrogen. From the
Ni(CF,C00),-HCONH, bhath, the evolution of car-
bon dioxide gas occurred from the anode. However,
the amoun! of carbon dioxide ¢volved was much
smaller than that of the gas evolved from the cathode.

The deposits from the Ni(CFC00), HCONH,
bath were easily peeled off from the substrate when the
Ni{CF ,C(O); concentration or the bath temperature
was low. Tahle 3 shows the current density region in
which a lustrous and adherent nickel deposit is
abrained.

Table 4 shows some results obtained on nickel
deposition from WNi{CF,C0O0),-HCON(CH,}, baths
with additives. The additives chosen were such that
conld dissolve the anade (Ni plate) and/or form a
metal complex ion with the metal ion in the bath.

From Table 4 it is apparent that the nickel elec-
trodeposition from a Ni(CF,C0OO),-HCON(CH,),
bath is promoted by adding NH,Cl, sulfamic acid,

Table 4. Electrodepositiot of

H;BO,, or CClL,COOH to the bath. It seems that as
chloride is dissolved in HCON(CH,), with more
difficulty than in HCONH;, both nickel deposition
and anode dissolution are more difficult in a
HCON(CH,), bath than in a HCONH, bath.

Qbservation of the electrodeposited surfuce and the
electrodeposited layer

The clectrodeposited surfaces of the deposits of
copper and nickel obtained from the HCONH, bath
and the HCON(CH,), bath are very smooth and
consist of very fine grains. A cracked deposited surface
is obtained from the HCON(CH,), bath containing
AICH, or CCLLCOOH.

The electrodeposited layers of the deposits of copper
and nickel have a granular structure irrespective of the
bath temperature, the current density, and the metal
triflnorpacetate concentration. An example of the
electrodeposited surface and the electrodeposited
layer was shown in Fig. 5.

Mechanism of the electrodeposition

From the decay curve of the overvoliage 4 ms after
the interruption of the electrolytic current, the re-
sistance polarization was subtracted. The remainder
was assumed to be the activation overvoliage (n.).

The electrodzposition of metals from the solvated
metal complex ions is generally complicated. This
experiment was based upon the thoughi that the
charge-transfer reaction is rate-determining within the
range of current density (fe The Tafel region) with a
straight-line relation hetween the current density and
the activation overvoltage.

The apparent exchange current density (i) of copper
and nickel deposilion was obtained by extrapolating
the 5, in the relation of p~i. (current density) to 0.

On the Talel curves, (3) and (#) hold among the
apparent valence (x), the apparent transfer coefficient
(o) iy the apparent siandard rate constant (Kgg) of
copper and nickel depositions and the concentration
of Cu?* or Ni**, €, mol/l:

ft = ioc exp(_aan']r/‘RT} (3)
ioc = nFKSRCo(l - a:} (4)

Ifthe plot of logi,, — log C, becomes linear, its slope
isequal to (1 — o) as is given by (4). On the other hand,
the slope of the Tafel line (b,) are equal to 2.393 x
RT/anF as is given by (3). Therefore, .n was de-

nickel  from  Ni{CF,CO0),

(20 g/ HCON(CH ), bath with additives at 40°C

Current
Additive density Current efficiency (%4)
(g (A/dm?) cathode anode Deposit

Mo addition 05-10 5695 12-65 black
NH,CI1 40 0.5-20 28-78 100-110 hright
H,BO, 40-12 1.0 92-42 31-62 bright
Sulfamic acid

40-16 10 17-49.7 16 12 bright
Citric acid 4.0 0.5-1.D 10-16 5.6-3.1 grey
LiCl 40 D.5-1.0 H0-6.3 104-103 black
AICI; 4.0 0.5-20 59-91 105-107 bright
CCLCOOH

20 a0 0.5-20

65-63 6.7-12 bright
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Fig. 5(1). Surface of nickel deposit obtained from the
Ni{(CF,COQ), (100 g/)-HCONH, bath at 1.0 A/dm? at
B0°C.

Fi_g. 5(2). Surface of nickel deposit obtained from the
Mi(CF,C00); (20g1)~AICL, (4.0 g/1)-HCON(CH,), bath
at 1.0 A/dm? at 40°C.

W e, e

Fig. $(3). Surface of copper deposit obtained from the Cu
[CF,COQ),; (400 g/-HCONH; bath ar 11.0 A/dm? at 50°C.

termined from this relationship.

Figurc 6 shows an example of current density
(logi,.) - activation overvoltage (y.) relation dur-
ing the deposition of copper from the
Cu(CF,CO0),-HCON(CH,),—citric acid 200 g/1
bath. The #. value of copper deposition in the
HCON(CH,;), bath is very much larger (over 100 mV}
than that in the HCONH, bath. The #. values of
copper deposition in thosc baths are smaller than that
of hydrogen evolution. In Figure 6, the range in which
the relation of logi,-x, 1s directly lincar was 1
to 3A/dm? in the copper deposition from the
HCON(CH,), bath. It appears that in such range of

TATSUKO TAKEL

Fig. 5{4). Elcotrodeposited layer obtained from the
Ni{CF,{CO0), (100g/-HCONH, bath at 1.0A/dm?* at
50°C.

current density the Tafel's formula is valid, in other
words, the charge—transfer process is rate-
determining. The Tafel region far copper ar nickel
deposition from HCONH; and HCON({CH,), baths
is shown in Table 5, and somewhat affected by the
change of bath temperature and concentration of the
metal trifluoroacetate.

The value of e n was determined from the slope of
the Tafel line (b,) by using (3) and shown in Tabie 3.

As shown in Table 5, the values of the i of the
copper and nickel depositions which was obtained by
extrapolation the #, in the relation of log i,—#, to 0
tended to increase with the concentration of metal

600 -

500 - .

-mv

H

(o]

(o]
T

300 —

200 -

Activation overvoltage,

100 -

o L I I L
02 05 | 3 5

Current density, A/dm?

Fig. 6. Current density—activation overvoltage relation dur-

img the deposilion of copper from the Cu(CF;C0Q);

{100 g/1)- citric  acid (200 g/l)-HCON(CH,;), bath. Bath
temp. ("C): (O 40, @ 50, Az &)
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Table 5. Parameter of the deposition reaction

Current density of

Bath temp. i b, E, linear part
0 {A/dm?) o, o n (~¥) (kcal/mol) (A/dm?}
Copper deposition 10 0.54 072 049 0.7 0.12 0.7-1.5
from Cu(CF ,CO0O), 30 0.64 077 D.59 0.8 0.11 29 aB-20
~HCONH; bath 50 072 0.84 173 09 00y Q9-35
Nickel deposition 50 0.040 0.52 0462 1 Q.10 09-23
from Wi(CF ;CO0), 60 0.065 0.70 0.64 09 0.10 7.7 049-44
~HCONH, bath 70 0.080 0.76 0.70 0.9 .09 09-48
Copper deposition 40 0.16 19 0.19 1 0.33 1.0-30
from Cu{CF,COO), 50 0.24 020 019 09 035 87 10-33
citric acid 60 0.35 0.22 0.20 1 033 1.0-4.1

HCON(CH, ), bath

trifluoroacetate in the bath and the bath temperature. It
was noticed that the i, of nickel deposition was smaller
than that of the copper deposition in the HCONH,
baths. The i,. of copper deposition was smaller in
HCON(CH,); bath than in HCONH, bath. The
higher the value of i,,, the easier is the depositions of
the metal concerned.

The relation of log i,.—log C,is shown in Fig. 7asa
sample. In the present experiment, the relation was
approximately linear. Therefore, the value of ¢, was
determined from the slope by using (4) and shown in
Table 5. Table 5 shows o, on, n and b,

As an average of these results, the following relations
were found for copper deposition:

in HCONH,; bath, «, = 0.78,
n=077,b = ~0113V,

AT, 20%K
B 230 300 30
o1 : T :
CO8 —
ace | -
o L
£
-
~
=
- Q04 -
&
L
oz i ] M T B
[1+] 20 30 L1e] o 1200

Co, xIO™ molsmt

Fig. 7. Log i.~log C, curves at various bath temperature,
and logi,~1/T curves at varicus concentration af
Ni(CF,C00), in the Ni(CF,C0O0),-HCONH, bath.
Ni(CF,C00), (x 107% mol/ml): B: 520, A: 350, @: L7.5.

in HCON(CHS,), bath, & — 020,
n=096b = —03360V.
for nickel deposition:
in HCONH; bath, x, = 0.66,
n=10,b = —0.102 V.

Therefore, it may be concluded the reaction pro-
ceeds as is shown in (5) and (6) within Tafel region for
copper deposition from HCONH; and HCON(CH;,),
baths and for nickel deposition from HCONH, bath.

M2+ + e — Mt (5)
M* +e¢ — M° (6)
where M is Cu or N1

I1 may also be concluded that the reaction of (5) is
rate-determining, because the effect of the potential
(current density) on the electrodeposition is relatively
slight at low current densities, which give satisfactory
deposits.

The value of E, of copper or nickel deposition was
determined from the slopes of Arrhenius curves {na-
mely, log i, —1/T) shown in Fig. 7 as an example. The
value of E, was shown in Table 5.

The wvalues of 5, E. and k. in the copper
electrodeposition reaction from the
Cn{CF ;CO0),-HCON{CH ), —citric acid (200 g/1)
bath arc higher than those in the same reaction from
the Cu(CF,C0O0);~-HCONH,; bath, while the values
of i, and a. are lower, so the electrodeposition of
copper from the former can be said to be more difficutt.
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