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Electrodeposition of platinum from an alkaline electro-
lyte at 65 °C was investigated. The results showed that the
current efficiency did not depend on the current density.
Smooth, crack-free deposits were obtained when the thick-
ness of the platinum layer was less than 5 µm.  According
to XRD analysis, electrodeposited platinum coatings are
polycrystalline, with crystallite size ranging from 6 to 15
nm.

Electrodeposited platinum coatings have been used for vari-
ous industrial applications, such as chemical processes, aero-
space devices, electronics etc. Interest in electrodeposition of
platinum dates from the 1840s.1 There were considerable
difficulties in the early stages, where electrodeposition of
platinum was mainly investigated for batteries and decora-
tive purposes. In recent years, the emphasis has shifted
markedly to industrial applications.

Research on electrodeposition of platinum and its alloys
was recently reviewed.2 Various types of solutions have been
used. For a review of these solutions, see Ref. 2.

Alkaline solutions for electrodeposition of platinum were
used in early developments.3 These electrolytes were based
on Pt(OH)6

-2 as a source of platinum, with electrodeposition
carried out at 65 to 80 °C. At a current density of 0.8 A/dm2,
and with insoluble Pt anodes, current efficiency was esti-
mated at 80 percent. A similar electrolyte for electrodeposi-
tion of platinum was reported by Cramer and Schalin.4

Above pH 10, current efficiencies ranged from 32 to 45
percent. The originally pale-yellow solution turned brown,
however, after seven hr at 80 °C.

Solutions based on chloroplatinic acid were also reported.5

Because of hydrolysis of chloroplatinic acid, electrodeposi-
tion below pH 2 was recommended. Smooth deposits of
platinum were obtained. Based on unusually high acid con-
tent in this electrolyte, electrodeposition is suitable only for
deposition of platinum on noble metal substrates.
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Other electrolytes used for electrodeposition of platinum
include electrolytes derived from Pt(NH3)2(NO2)2 or
Pt(NH3)4

+2, commonly known as solutions based on P-salts
and Q-salts, respectively.6-8

The aim of this study was to investigate electrodeposition
of platinum on stainless steel substrates from alkaline solu-
tions.

Experimental Procedure
Electrodeposition of platinum was carried out from an alka-
line solution with the following composition: H2PtCl6 12 g/L
and KOH 40 g/L. By mixing these chemicals (analytical
grade) in distilled water, a pale-yellow precipitate was ob-
tained. To dissolve the precipitate, the solution was boiled
and, as a result, a clear yellow solution was obtained. This
solution was stable at room temperature for more than eight
months.

Fig. 1—Polarization curve for electrodeposition of platinum on a 304
stainless steel electrode (65 °C).

Fig. 2—SEM micrographs of electrodeposited platinum at 3.5 mA/cm2, 65
°C (thickness about 7 µm).
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Electroanalytical measurements were performed using a
three-electrode cell arrangement with 250 cm3 of electrolyte.
The working electrodes were prepared from 304 stainless
steel and were mechanically polished with 800-grit SiC paper
and 0.25 µm diamond paste. Just prior to being placed in the
cell, substrates were etched for 20 sec in one-percent H2SO4
solution, rinsed with water and dried in air. The apparent
surface area of the working electrode was 1 cm2.  Platinum
foil served as a counter-electrode. All potentials were mea-
sured against a saturated calomel electrode (SCE). Elec-
troanalytical measurements were performed at 60 to
70 °C. Galvanostatic electrodeposition was performed on
substrates made of 304 stainless steel, with an apparent
surface area of 1 cm2. In these experiments, a platinum foil
served as an anode. Electrodeposition was carried out at
65 °C. Electrodeposited platinum coatings were analyzed by
scanning electron microscopy (SEM), X-ray diffraction
(XRD), and electron dispersive spectroscopy (EDS).

Results & Discussion
Mixing H2PtCl6 and KOH in distilled water created an alka-
line complex solution of Pt(IV). As soon as H2PtCl6 and KOH
were mixed, a pale-yellow precipitate was obtained. This is
described by the reaction:

PtCl6
-2 + 4OH- → PtO2 + 2H2O + 6Cl- (1)

The yellow precipitate of PtO2 is further dissolved by heating
the alkaline solution to boiling;9 a complex ion of Pt(OH)6

-2

is produced according to the following reaction:

     PtO2 + 2H2O + 2OH- → Pt(OH)6
-2 (2)

According to the literature, the complex Pt(OH)2
-2 is stable in

solutions with pH above 8.10

Calculated pK for the reaction

Pt+4 + 6OH- → Pt(OH)6
-2 (3)

is 20.97.10 Based on literature data,10,11 the Gibbs free energy
for the above reaction is G0

Reaction = -119.644 kJ/mol. The

Gibbs free energy of formation of Pt(OH)6
-2 is G0(Pt(OH)6

-2)
= -619.502 kJ/mol. The clear solution obtained in this way
was stable at room temperature more than eight months.

Polarization curves for the electrodeposition of platinum at
65 °C are shown in Fig. 1. This figure shows that electrodepo-
sition of platinum takes place at potentials more negative than
-0.6 V vs. SCE. Electrodeposition of platinum can be de-
scribed by the reaction:

Pt(OH)6
-2 + 4e-  →  Pt + 6OH- (4)

According to the thermodynamic data given above, standard
Gibbs free energy for this reaction is -324.256 kJ/mol and,
consequently, its standard potential is E0 = 0.84 V at 25 °C.
Current efficiency of platinum electrodeposition is estimated
at greater than 87 percent and does not depend on current
density within its range (0.5 to 5.5 mA/cm2).

Simultaneous with electrodeposition of platinum from the
system investigated is hydrogen evolution, which is de-
scribed by

2H2O + 2e-  →  H2 + 2OH- (5)

with E0 = -0.828 V.

Fig. 3—SEM micrograph of electrodeposited platinum showing appear-
ance of cracks on the electrodeposited platinum coating (Note: deposition
of platinum continues on the naked 304 SS substrate after appearance of
cracks) (65 °C, 3.5 mA/cm2, thickness 5 µm).

Fig. 4—Cross section of electrodeposited platinum coatings (current den-
sity 3.5 mA/cm2, 65 °C).
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Fig. 5—XRD pattern of electrodeposited platinum coating (65 °C, 3.5 mA/
cm2, thickness 5 µm).

Surface Morphology & Structure of
Electrodeposited Platinum
Electrodeposited platinum coatings were bright and metallic
in appearance. EDS analysis found that the electrodeposited
platinum contained about 99.83 percent pure platinum. Im-
purities included potassium (0.06%) and chlorine (0.11%).
Surface morphology of platinum deposits depended on cur-
rent density and time. Figures 2a and b show SEM micro-
graphs of electrodeposited platinum. These micrographs
reveal that the electrodeposited platinum exhibited a cauli-
flower surface morphology. For coatings thicker than 5 µm,
cracks appeared, as shown in Fig. 2b. A formation of cracks
is clearly shown in Fig. 3. Crack formation is attributed to
high internal stress of electrodeposited platinum, or to poor
adhesion to the stainless steel substrate. Hydrogen is prob-
ably a source of high internal stress. As stated above, during
platinum electrodeposition, hydrogen is simultaneously
evolved. Simultaneous hydrogen evolution during elec-
trodeposition leads to its partial incorporation into metal
deposit. Uniform, crack-free deposits of platinum were ob-
tained when the thickness was less than 5 µm. The cross
section of platinum deposits is shown in Fig. 4. This figure
shows uniform deposits of platinum with a thickness of about
3 µm.

Figure 5 shows the XRD pattern of electrodeposited plati-
num films from the solution investigated. This XRD pattern
shows that polycrystalline film of platinum with orientations
(111), (200), (220), (311), and (222) were deposited. Crystal-
lite sizes were estimated from the half-width peak and ranged
from 6.2 to 15 nm (see Fig. 5).

Conclusions
Electrodeposited platinum from an alkaline electrolyte leads
to the production of smooth coatings with a cauliflower
surface morphology. The uniform, crack-free coatings of
platinum, under the conditions investigated, were obtained
when the thickness is less than 5 µm. Current efficiency,
about 87 percent, did not depend on the current density within
its range (0.5 to 5.5 mA/cm2). Impurities in the platinum
coatings included K and Cl, and were estimated at about 0.2
percent. Based on the XRD analysis, electrodeposited plati-
num films are polycrystalline with crystallite size ranging
from 6 to 15 nm.

Editor’s note: Manuscript received, July 1999.
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