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REACTION OF STEROIDAL DIENONES WITH
PERBENZOIC ACID
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The reaction of cholesta-2,4-dien-6-one (1) with perbenzoic acid (1 mole equiva-
lent) in the presence of p-toluenesulfonic acid monohydrate as catalyst, afforded
4/?,5/?-oxidocholest-2-en-6-one (4), 4a,5a-oxidocholest-2-en-6-one (5) and 2a,3a-oxido-
-5-hydroxy-4/?-methoxy™5a-choiestan-6-one (6). 6-Acetoxycholesta-4,6-dien-3-one (2) on
similar treatment produced 6a,7a-oxid-6/3-acetoxycholest-4-en-3-one (9) and 7a-
-hydroxycholest-4-ene-3,6-dione (10). 6-Ethoxycholesta-4,6-dien-3-one (3) provided
4-hydroxy-6-ethoxycholesta-4,6-dien-3-one (11) and 7a-hydroxy-6/?-methoxy-6a-ethoxy-
cholest-4-en-3-one (13). Characterization of the products has been made on the basis
of elemental analysis, spectral properties and by comparison with authentic samples,
where available.

In continuation of our studies on the peracid oxidation of steroidal keto-
nes [I —5], dienones I 3 were treated with perbenzoic acid (1 mole equiva-
lent) using catalytic amounts of p-toluenesulfonic acid monohydrate. With
1 mole equivalent of perbenzoic acid, 1 gave 4 (m.p. 115 °C), 5 (m.p. 128 °C)
and 6 (in.p. 116 °C). Upon similar treatment, 2 afforded 9 (m.p. 113 °C) and
10 (m.p. 165 °C). Similarly, 3 yielded 11 (m.p. 122 °C) and 13 (m.p. 190°).

The compounds with melting points of 115 °C and 128 °C were correctly
analyzed as C27H12 2. This molecular composition (for each product) suggested
the addition of an oxygen atom to the parent dienone. The UV spectra of both
compounds were found to he featureless in the region of 220—360 nm, which
indicated the absence of an a, A-unsaturated chromophore. From this observa-
tion, it becomes evident that these compounds are isomeric 4,5-oxidoketones
4 and 5. The distinction of oxides 4 and 5 became possible from their NMR
spectra, wherein different chemical shifts were observed for the C4-proton.
In the NMR spectrum of the compound melting at 128 °C, the C4-proton
appeared as a distorted doublet at d 4.6, whereas, the NMR spectrum of the
compound with m.p. 115 °C showed a C4-proton signal (distorted doublet)
at 6 3.65. This distortion of the doublet in both cases might be due to the long
range coupling of the C4-proton with C2-protons. It has been reported [6]
that the C4-proton in 4a,5a-oxidocholestan-6-one (7) absorbs at a relatively
lower field than in its isomeric 4/?,5/S-oxidocholestan-6-one (8). On the basis

*To whom correspondence should be addressed.
** In final form accepted September 16, 1980.
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2 HUSAIN et «l.. REACTION OF STEROIDAL DIENONES

of this analogy, the compounds with melting points of 115 °C and 128 °C
are identified as 4 and 5 respectively.

Compound 6 had a correct analysis as C28H404. The UY absorption
maximum was found to be featureless in the region of 220-360 nm. Its IR
spectrum exhibited bands corresponding to hydroxy and keto functions.
The NMR spectrum supported structure 6, displaying a distorted doublet
for one proton at 03.75 ascribable to the CA-a.ll proton. A multiplet for C2-/SH
and C3-BH at 6 3.25 and a sharp singlet due to methoxy protons (—OCH?J)
at d 3.6 also favoured compound 6.

The elemental analysis of 9 (XH40 4) indicated the addition of an oxygen
atom to dienone 2. Its UV absorption maximum at 238 nm (e 6800) suggested
the presence of an a, /3-unsaturated carbonyl chromophore. This was also

CeHn
1 2 li=Ac 4 4, 5/
3R CYHs 5 4«, 4«
6 7 4a, b« 9 P,,=Ac
8 iR, 5/i 15 R = CH5
10 13R=H
14 Rr=Ac
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HUSAIN et al.: REACTION OF STEROIDAL DIENONES 3

supported by a band in the IR spectrum at 1675 cm-1 compatible with an
a, /S-unsaturated chromophore. The composition, UV and IR data lead to
structure 9. To this structure, the NMR spectrum lends further support.
A sharp singlet at ¢ 6.2 and an unresolved broadened singlet at O 3.3 were
ascribable to C4-H and C7-/lU, respectively. The Dreiding model of 9 showed
the dihedral angle between C7-/3H and €8-/3H to be almost 90°, which accounted
for the non-splitting of C7-/SH [3]. The identity of the compound with in.p.
165 °C was established by direct comparison with authentic 10 [7]. Moreover,
compound 10, is a hydrolytic product of 9; this was proved by the fact that
when 9 was subjected to acid hydrolysis, it yielded 10.

The compound with m.p. 122 °C (C2H 480 3) showed in its molecular com-
position the addition of an oxygen atom to 3. Its UV absorption maximum at
335 nm (e 22090) suggested the presence of a dienone-like chromophore with
a hydroxy function a to the keto group. The presence of the hydroxy group
was also revealed by its IR spectrum, which exhibited the corresponding band
at 3400 cm-1. The assignment of this structure, 11, was substantiated by the
NMR spectrum which displayed an unresolved broadened singlet at $5.65
(C7-N) (dihedral angle between 37-D and C8-/SH is almost 90°). Treatment of
11 with pyridine-acetic anhydride provided the ester 12.

The compound with m.p. 190 °C, analyzing for C30H5004, showed a UV
absorption maximum at 238 nm (e 6380). The IR spectrum, which exhibited
bands at 1680 and 3400 cm*“1, also supported structure 13. Further support
for this structure came from the NMR spectrum showing a sharp singlet at
6 6.45 for 1 proton (C4-H proton) and also an unresolved broadened singlet
integrating for 1 proton at 6 3.8, which can be assigned to C7-/3H [3]. Compound
13 is probably a product of the methanolysis (methanol present in PBA)
of 15. On treatment with acetic anhydride and pyridine, 13 transformed into
14. The notable feature ofthe NMR spectrum of 14 is the downfield appearance
of a C7-/lLLU proton signal (6 5.1) relative to that in 13 (d 3.8). This could be
attributed to the presence of an acetate function at C7, as seen in structure 14.

Experimental

All m.p.’s are uncorrected. IR spectra were determined in Nujol on a Perkin-Elmer
spectrophotometer. UV spectra were recorded in 95% ethanol using a Beckman DK?2 spectro-
photometer. NMR spectra were run in CDC13 on a Varian A60 instrument with TMS as inter-
nal standard. The data arc given on the 6 scale in ppm. Thin-layer chromatographic plates
were coated with silica gel G (BDH, Bombay). A 20% aqueous solution of perchloric acid was
used as spraying agent. Silica gel (BDH, Bombay) was used for column chromatography.

Reaction of cholesta-2,4-dien-6-one (1) with perbenzoic acid
To a solution of 1 [8] (2 g) in chloroform (25 mL), was added a chloroform solution of

perbenzoic acid (1 mole equivalent) and a few crystals of p-toluenesulfonic acid monohydrate
as catalyst, and the reaction mixture was allowed to stand at room temperature for 10 h.

1~ Ada Chim. Acad. Sei. Hung. 107, 1981



4 HUSAIN et al.: REACTION OF STEROIDAL DIENONES

The solvent was then removed by distillation under reduced pressure and the residue extracted
with ether. The ethereal solution was washed with water, sodium bicarbonate solution (5%)
and water, and dried over anhydrous sodium sulfate. The solvent was removed and the residue
subjected to chromatography on silica gel (40 g) (each fraction of about 30 mL was collected).
Elution with light petroleum-ether (19 : 1) gave 4, which was crystallized from light petroleum;
210 mg, m.p. 115° C; vmax. 1710, 1620 and 870 cm-1; 8 6.9 (m, C2—H, C3—H), 3.65 (distorted
d,J = 4 Hz; C4—af), 23 (m, C7—H?2), 0.92 (C10—CH3), 0.7 (CI3- CH3).

C2MH40 2 Calcd. C 81.41; H 10.55. Found C 81.39; H 10.58%.

Elution with light petroleum-ether (15 : 1) gave 850 mg of 6, m.p. 116 °C (from light
petroleum); v max. 3400, 1720, 1210 and 1080 cm-1; $3.75 (distorted d, J = 1.5 Hz; C4—alii),
3.6 (s, OCHJ3), 3.25 (m, C2/3—H and C3S—H), 2.2 (C7—H2), 1.95 (s-0H; disappeared on shaking
with D2), 0.9 (C10-C H 3), 0.65 (C13—CH3J).

C28H404. Calcd. C 75.34; H 10.31. Found C 75.30; H 10.30%.

Further elution with light petroleum ether (10 : 1) afforded 5, which was crystallized
from light petroleum; 200 mg, m.p. 128 °C; v max 1705, 1620 and 890 cm-1; 8 5.7 (m, C2—H
and C3—H), 4.1 (distorted d, J = 2 Hz; C}-BH), 23 (m, C-H), 0.91 (C10—CH3J), 0.69
(CI3-C H 3).

C2M420,,. Calcd. C 81.41; H 10.55. Found C 81.38; H 10.59%.

Reaction of 6-acetoxycholesta 4,6-tlien-3-one (2) with perbenzoic acid

The dienone 2 [7] (2 g) was treated with perbenzoic acid (1 mole equivalent) in the
usual manner. Evaporation of the solvent gave the residue which was chromatographed over
silica gel (40 g). Elution with light petroleum-ether (15 : 1) provided 500 mg of 9, m.p. 113 °C
which was crystallized from light petroleum ether. X max 238 nm (e 6800); v max 1740, 1675,
1620, 1200 and 1180 cm-1; $6.2 (s, C4—H), 3.3 (broadened s, C—RH), 2.5 (m, C,—H)), 2.1
(s, CH3CO0O0), 1.2 (C,,,-CH3), 0.68 (C13—CH?3).

COH4404. Caled. C 76.31; H 9.65. Found C 76.30; H 9.65%.

Further elution with light petroleum-ether (3 : 1) gave 10 (250 mg), m.p. and m.m.p.
165 °C.

Reaction of 6-ethoxychlolesta-4,6-dien-3-one (3) with perbenzoic acid

Similarly 3 [9] (2 g) was treated with perbenzoic acid (1 mole equivalent) and worked
up in the usual manner. After the removal of the solvent, the residue obtained was chromatog-
raphed over silica gel (40 g). Elution with light petroleum-ether (25 : 1) provided 11 (80 mg),
m.p. 122 °C (from light petroleum); X max 335 nm (e 22090); v max 3400, 1600, 1580 and 1190
cm-1; 8 6.15 (br, OH; disappeared on shaking with D20), 5.65 (broadened s, C7—H), 3.9
(q, —OCH2CH3), 1.2 (C10-C H 3), 0.69 (Ct3-C H 3.

C23H4g03. Calcd. C 78.73; H 10.41. Found C 78.70; H 10.43%

Further elution with light petroleum-ether (22 : 1) afforded 13, 400 mg, m.p. 190 °C;
crystallized from light petroleum, X max. 238 nm (e 6380); v max 3430, 1690, 1610, 1050 and
1040 cm -1; 8 6.45 (s, C4—H), 3.8 (broad s, C—H), 3.8 (q-OCH2CH3J), 3.1 (s, —OCHJ), 1.8
(br, —OH; disappeared on shaking with D,,0), 1.1 (CI0—CH3J), 0.75 (CI3—CH3J).

C30H500 4. Calcd. C 75.95; H 10.55. Fbund C 76.06; H 10.54%.

4-Aeetoxy-5-eth»xycholesta-4,6-dien-3-one (12)

Mixture of 11 (100 mg), pyridine (0.3 mL) and acetic anhydride (0.3 mL) was left at
room temperature for 24 h under anhydrous condition. The usual work-up and removal of
the solvent afforded an oil (ca. 30 mg); X max 315 nm (e 21080); vmax 1700, 1665, 1600 and
1200 cm -1

C3IH40 4. Calcd. C 76.86; H 9.92. Found C 76.88; H 9.88%.

Ta-Acetoxy-6/?-metlioxy-6a-ethoxycholest-4-en-3-one (14)
A mixture of 13 (50 mg), pyridine (0.5 mL) and acetic anhydride (0.3 mL) was heated

on a steam bath for 18 h. The usual work-up and the removal of the solvent provided 14 as
an oil (120 mg); X max 238 nm (e 6830); v max 1735, 1675, 1610, 1220, 1180 and 1040 cm-1;

Acta Chirn. Acade Sei. Hung. 107, 1981



HUSAIN et al.: REACTION OF STEROIDAL DIENONES 5

$6.3 (s, Ct H), 51 (broadened, s, C,—BH), 3.5 (g, —OCH2CH 3, 3.1 (s, —OCH3), 2.0

(s, CH3CO0), 0.9 (C10-C H §), 0.7 (C13—CH3).
C2H5,06 Calcd. C 74.42; H 10.10. Found C 74.42; H 10.11%.

*

Financial assistance from CSIR, New Delhi is gratefully acknowledged.
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Specific rotations of /-butyloxycarbonyl-l.-tyrosine have been found to be signif-
icantly lower than the values reported previously. Enzymic resolution of methyl
t-butyloxycarbonyl-DL-tyrosinate is described giving an overall yield of 77% based
on DL-tyrosine.

In the first synthesis of Boc-Tyr-OH** described by Anderson and
McGregor [1] tyrosine was acylated with t-butyl-p-nitrophenyl carbonate in
a mixture of aqueous sodium carbonate—sodium bicarbonate and f-butyl
alcohol. The crystalline product was obtained in a yield of only 29%. Later
Schnabel [2] could reach a much higher yield (94%) by using t-butyloxy-
carbonyl azide (Boc-N3) as acylating agent and running the reaction in an
autotitrator. To find a more practical route to Boc-Tyr-OH we prepared this
compound by saponification of Boc-Tyr-OMe which could be obtained from
methyl L-tyrosinate [3] and Boc-N3in an easy way as described by Schroder
[4]. This process (method A) afforded Boc-Tyr-OH in a yield of 77% based
on L-tyrosine.

According to the data summarized in Table I, our product had a melting
point and specific rotation different from those given in the literature for this
compound. The higher melting point (137 —139 °C) was similar to that reported
by Anderson and McGregor [1] but the values of the optical rotations
[a]D= +2.5° (AcOIl) and [a]5B8= —10.9° (DMF) were lower than those
reported, [a]D= -(-3.9° and [a]5B= —32.8°, respectively. The lower specific
rotation could he due to a partial racemization occurring during saponification.
For checking this possibility, the acylation of tyrosine was also carried out
according to the method of Grzonka and Lammek [5] with the sole modi-
fication that the reaction between the amino acid, Boc-N3 and triethylamine
was run in aqueous dimethylformamide instead of aqueous dioxane used in
the case of other amino acids [5]. Boc-Tyr-OH obtained by this procedure
(method B) had specific rotations similar to those of our former sample pre-

*To whom correspondence should be addressed
** Abbreviations follow IUPAC-LUB recommendations in most cases: AcOH: acetic
acid; Boc: t-butyloxycarbonyl; DMF: dimethylformamide; Me methyl
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8 TURAN, BAJUSZ: i-BUTYLOXYCARBONYL-1-TYROSINE

Table |
Properties o/Boc-Tyr-OH and Boc-D-Tyr-OH prepared by different methods

Compound | Methoda Yieldb(°/o) M. p. (C°) MboO- 2 [a]@i« 5
(c=2.04, AcOH) (c=1, DMF)
lit. [1] 29 136 137 +3.9 + 0.5°
lit. [2]° 94 96—98 —32.8°
Boc-Tyr-OH A 77 138—139 +25+0.5° — 109 + 0.5°
B 55 137—138 + 24 £ 05° —11.1 £ 0.5°
C 7 136—138 + 25+ 0.5° -10.9 + 0.5°
Boc-D-Tyr-OH C+ A 7 136-137 —25+ 0.5° + 10.9 £ 0.5°

“A: Boc-Tyr-OMe + NaOH; B: H-Tyr-OH + Boc-N3NEt3; C: Boc-DL-Tyr-OMe +
Subtilisin Carlsberg/NaOH.

b Based on tyrosine.

cA footnote in [2] indicated this compound as dicyclohexylamine salt, which, according
to the microanalysis given, must be an error.

pared by method A. To obtain further evidence that no racemization occurred
during the alkaline hydrolysis of Boc-Tyr-OMe, this compound and Boc-DL-
-Tyr-OMe were also saponified with Subtilisin Carlsberg at pH 7.3. Boc-DL-Tyr-
-OMe and H-DL-Tyr-OMe. HC1 were prepared according to the procedure
given for the L compounds [3, 4]. The enzymic hydrolyses were carried out in
an autotitrator using a solvent mixture ofbenzene-dioxane-water, which formed
a fine emulsion on stirring. Consumption of NaOH (1 N, one equivalent)
ceased in three hours. Boc-Tyr-OH obtained by the enzymic hydrolysis
(method C) showed rotations of [<D= —2.5° (AcOH) and [a]5= —10.9°
(DMF), respectively, which again were similar to those of our former prepara-
tions. Unhydrolyzed Boc-D-Tyr-OMe isolated from the organic layer of the
reaction mixture was saponified to yield Boc-D-Tyr-OH, the specific rotation
of which corresponded to that of the L isomer (see Table I).

W e have no explanation for the differences between the optical rotations
of our preparations and those described in the literature [1, 2].

As an additional outcome of this study a simple way was found for the
resolution of Boc-DL-Tyr-OMe giving Boc-Tyr-OH and Boc-D-Tyr-OH in an
overall yield of 77% based on DL-tyrosine.

Experimental

Melting points were determined on a micro Boetius not plate apparatus and are un-
corrected. Optical rotations were measured using an OPTON LEP A2 (Germany) polariméter.
Thin-layer chromatograms (TLC) were run on Silica gel G in the following systems (composed
by volume): (A) ethyl acetate-pyridine-acetic acid-water (60 : 20 : 6 : 11); (B) ethyl acetate-
—gyr;dinle)—acetic acid-water (480 :20 :6 :11); (C) methylene chloride-n-hexaneacetic acid
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Boc-Tyr-OH

Method A: To a solution of Boc-Tyr-OMe [4] (59 g, 0.2 mol) in methanol (160 mL),
containing thymolphthalein as indicator, 1 N sodium hydroxide (approx. 200 mL) was added
with stirring an cooling in an ice bath. When saponification was complete (according to TLC,
the acidity was adjusted to pH 5, then, after removing methanol under reduced pressure, to
3 with 0.5 N sulfuric acid. The separated oil was allowed to crystallize in a refrigerator.
Crystals were filtered off, washed with water and dried. Yield 53.5 g (95%); m.p. 137—139 °C;
Rf 0.5-0.6 (B), 0.2—0.3 (C); [a]b° = +2.5 + 0.5° (e = 2.04, AcOH); [a]|»8= —10.9+ 0.5°
(c = 1, DMF).

C14H, 06N (281.30). Calcd. C 59.77; H 6.81; N 4.98. Found C 59.7; H 6.9; N 4.95%.

Method B: To a solution of L-tyrosine (18.1 g, 0.1 mol) and triethylamine (42 mL, 0.3 mol)
in water (150 mL) DMF (150 mL) and Boc-N3 (18 mL, 0.12 mol) were added. The mixture
was stirred at room temperature until a significant amount of L-tyrosine was present (accord-
ing to TLC; approx. 24 h), then the solvents were removed under reduced pressure. The
residue was dissolved in water, extracted with chloroform to remove Boc-Tyr(Boc)-OH, and
the pH was adjusted to 3 with 0.5 N sulfuric acid. The end product was isolated as described
in method A. Yield 155 g (55%); m.p. 137—138°C; R, 0.5-0.6 (B), 0.2-0.3 (C); [ot]b° =
+2.4 + 05° (c= 2.04, AcOH); [@8= —111 + 0.5° (c = 1, DMF).

Method C: enzymic resolution of Boc-DL-Tyr-OMe

1) H-DL-Tyr-OMe.HCI: DL-tyrosine (22.4 g, 123.6 mmol) suspended in methanol (100 mL)
was converted into the methyl ester hydrochloride by means of SOCL (10 mL) as described
by B oissonis’AS et al. [3] for the synthesis of the L compound. Yield 25.9 g (90%); m.p. 178—
—180 °C; Re 0.5—0.6 (A).

2) Boc-DL-Tyr-OMe.HC1 (25.8 g, 111.4 mmol) was reacted with Boc-N3 (20.5 mL,
133.7 mmol) in pyridine (150 mL) containing triethylamine (47 mL, 336 mmol) as reported
by Schorder [4] for the preparation of the L compound. Yield 29.55 g (90%); m.p. 143—
-144 °C; Rf 0.6” 0.7 (Cp

3) enzymic hydrolysis: Boc-DL-Tyr-OMe (29.54 g, 100 mmol) was dissolved in a mixture
of dioxane (200 mL) and benzene (100 mL), then water (400 mL) containing Subtilisin Carls-
berg (50 mg) was added. The mixture was stirred and the pH was maintained at 7.3 with 1 vV
sodium hydroxide by using an autotitrator. Consumption of sodium hydroxide ceased in
3 h (approx. 50 mL). The aqueous layer was extracted with benzene (3 X 20 mL) and the com-
bined organic solutions were washed with water (3x20 mL). The aqueous solutions were
combined and filtered, then acidified with solid citric acid. The separated oil was allowed to
crystallize in a refrigerator. Crystals were filtered off, washed with water and dried. Yield
13.5 g (96% of theory or 48% hased on Boc-DL-Tyr-OMe); m.p. 136— 137 °C: Re 0.5—0.6 (B)
0.2—0.3 (C); [oclt? = +2.5 + 0.5° (c = 2.04, AcOH); []§&&8 = —10.5 + 0.5° (c = 1, DMF)

Boc-D-Tyr-Oll

The combined organic layer and benzene washing from the previous experiment (method
C, step 3) were evaporated under reduced pressure.The residue was dissolved in methanol
(40 mL) and saponified as described in method A. Yield 13.48 g (96% of theory or 48% based
on Boc-DL-Tyr-OMe); m.p. 136-137 °C; R, 0.5 0.6 (B), 0.2-0.3 (C); [oc]p° = —2.5 + 0.5°
(c = 2.04, AcOH); [a]|"8 = +10.5 + 0.5° (c = 1, DMF).
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The anodic dissolution of copper in non-aqueous acetic acid solutions of HC104,
LiC104 and NaC104 proceeds according to diffusion kinetics, or according to mixed
diffusion and charge-transfer kinetics depending on the composition of the medium.
A change in kinetics is most probably caused by the adsorption and desorption respec-
tively, of acetate ions.

In our previous works [1, 2, 3] we studied the anodic dissolution of
copper in non-aqueous acetic acid solutions. It has been found that, in the
solutions tested, copper is oxidised to Cu+ ions. In solutions which contain
0.5 moledm-3 perchloric acid, respectively, 0.5 moledm-3 lithium per-
chlorate, the diffusion of the Cu+ ions from the metal surface into the bulk
of the solution is the rate-determining step of the anodic process. In solutions
which contain lithium chloride a copper chloro complex is formed as a result
of the anodic process. In the case of lithium chloride it has been found that a
multi-step process should be considered, viz. charge transfer, chemical reaction,
diffusion, and that addition of lithium perchlorate to the solution affects the
rate-determining step.

Anodic dissolution of copper in non-aqueous acetic acid solutions of
0.1 moledm-3 NaC104-(- 0.01 moledm-3 HC104 has been studied also by
Molodov clal. [4]. They supposed that an increase in perchloric acid concentra-
tion accelerates the processes occurring at the copper. However, this supposi-
tion seems to contradict some experimental data given in one of our earlier
communications [1].

In order to elucidate this moot point we studied the anodic dissolution of
copper in non-aqueous acetic acid media which contained sodium perchlorate,
lithium perchlorate, and perchloric acid, severally in various concentrations.
Perhaps these experiences will furnish further data also to interpret the
effects which the anions exert upon the kinetics of the electrode processes.
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12 KISS ct al.: ANODIC DISSOLUTION OF COPPER

Results and Discussion

The experimental apparatus, preparation and quality of chemicals used
were the same as described earlier [5]. A rotating copper disc electrode was
used: this was preparated in the same way as described in [1]. Tests were
carried out at room temperature. The electrode-potential values refer to a
calomel electrode which contains a saturated solution of NaCl and a 0.3
moledm-3 solution of NaC104, both in acetic acid. The medium was consid-
ered to be non-aqueous tvhen its water content was less than 0.028 moledm-3.

Tests were carried out in solutions given in Table I. For solution 1—29,
the character of the polarization curves determined with a rotating disc
electrode, is uniform. In the Table also the 6-coefficients of the Tafel-lines are
given. As an example, Figure 1 shows the polarization curves recorded in the
solution of 0.1 moledm-3 LiC104 -f- 0.1 moledm-3 HC104 With increased
r.p.m.value of the disc electrode the curves are shifted toward more negative
voltages, but the Tafel 6-constant of the linear sections is 57 + 2 mV inde-
pendently of the speed of rotation of the electrode. On the basis of data in
Fig. 1, current density j as a function of the square root of electrode-r.p.m.,
['2 is plotted in Figure 2. The experimental points belonging to the same elec-
trode potentials give straight lines in a j vs. diagram.

The polarization curve characteristic for solutions 10 —13 is shown in
Figure 3, and represent tests in 0.25 mole « dm -3 solution of NaC104in acetic

Table |
Composition of the solutions Tafel b
mole coefficient*
dm3 mv
| 0.5 LiC104 58
2 0.4 NaC104 60
3 0.5 NaC104 60
4 0.25 HC104 60
5 0.25 LiC104 68
6 0.25 NaC104 + 0.1 HC104 62
7 0.25 LiC104 + 0.1 HC104 58
8 0.1 LiC104+ 0.1 HC104 57
9 0.1 NaC104+ 0.1 HC104 71
10 0.1 NaC104 + 0.01 HC104 101
1 0.1 LiC104+ 0.01 HC104 112
12 0.3 NaC104 90
13 0.25 NaC104 124

* Maximum error in figures for solutions 1—8 is £2 mV, for solutions 9—13, £+10 mV.
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KISS et ul.: ANODIC DISSOLUTION OF COPPER 13

Fig. 1. Evs. logj correlation at various r.p.m., in solution of 0.1 moledm-3 LiCIO, + 0.1
moledm-3 HCIO, in non-aqueous acetic acid. 1: r.p.m. 160: 2: r.p.m. 610; 3: r.p.m. 3070

Fig. 2. vs./'/2 correlation at different constant potentials, in a solution of 0.1 moledm-3
LiC104 +0.1 mole «dm-3 HC104 in non-aqueous acetic acid. 1. —180 mV; 2: —200 mV;
3: —220 mV; 4: —240 mV

acid. With increasing speed of rotation of the electrode also here the polari-
zation curve is shifted to the more negative direction. There are two approxi-
mately linear sections on these curves. The section at more negative potentials
belonging to low current densities indicates copper dissolved in the form of
acetato complexes [6]. The increase of current density reaches a limiting cur-
rent in respect to acetate ion, potentials shift to the positive direction and

Acta Chim. Acad. Sei. Hung. 107, 1981



14 KISS et al.: ANODIC DISSOLUTION OF COPPER

Fig. 3. Evs. logj correlation at various r.p.m., found in a solution of 0.25 moledm-3 NaClOj
in non-aqueous acetic acid. 1: r.p.m. 160; 2: r.p.m. 610; 3: r.p.m. 3070

Fig. 4. vs.f 12 correlation at different constant potentials, in a solution of 0.25 moledm 3
NaC104in non-aqueous acetic acid. 1: 140 mV; 2: —160 mV; 3: —180 mV; 4: —220 mV

further on the copper is not dissolved in the form of an acetato complex any

more.

The linear section belonging to higher current densities falls into that
potential range, where the polarization curves shown in Fig. 1 are to he
found. Thus it may he suggested that these sections of the polarization curves
for solutions 10—13 should be compared with curves for solutions 1—9. In
a diagrammatical presentation as j vs .f lj2 functions, as in Fig. 4, no straight
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Fig. 5.j 1vs.f '/2correlation at different constant electrode potential in a solution of 0.25
moledm-3 NaC104in acetic acid

igi
Fig. 6. e vs. logJ correlation in a solution of 0.25 moledm”~3 NaC104 in acetic acid; jj is the
current density when/- /3= 0

lines can be obtained. Therefore, prompted by the idea that the kinetics of the
process on the electrode are affected also by transfer- and diffusion-processes,
the data in Fig. 3 are plotted also in the coordinate system j_1vs. f~"2: see
Fig. 5. It is shown that experimental data give straight lines; the points of
intersection of these enable us to calculate the polarization curve not distorted
by diffusion effects [7]. This is to be seen in Fig. 6.

The Tafel b coefficient corresponding to transfer polarization, in solution
13 is 124 mV. In Table 1the b coefficients, found in this way, are given for solu-
tions 10—13. The suggestion is that copper is dissolved anodically as Cu+.

Thus, in the cases just discussed the kinetics of the ionization of copper
is affected also by charge transfer, and by the diffusion of the metal ions form-
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ed into the bulk of the solution. In this case the equation of the polarization
curve can be given is follows:

X
In Eq. (1)
o g
ka= Kaexp--—---
Pt (2)
k= K (1 —a) Fe 3
= ex J—
P RT ©)
X = 0.62 FD23v~lle(2nf)12 (4)

Ka and klc stand for rate constants, respectively, of metal ionization and metal
ion neutralization (these values depend on reference electrodes), a is the transfer
coefficient, F the Faraday constant, R isth