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The improved performance and electrodeposition behaviour of platinum baths containing 
[Pt(NH3)3(N02)](N02) and [Pt(NH3)4](X) (X=2CIP, 2N03- and 2N02-) complex species in 
phosphate buffer onto titanium is described. The cathode efficiency for each bath has been 
determined and compared. Structures of the deposited coatings were evaluated and discussed 
with the aid of SEM and XRD. The role of counter anions (X) coupled with pH was investigated. 
The study showed that electrolytes with X = N 0 2  exhibited higher plating efficiency in the pH 
range 10.4-10.6 containing phosphate buffer, demonstrating the selectivity for specific counter 
anions and pH range. The current efficiency of this system is much higher than that of the bath 
based on Pt-P salt. 
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Introduction 
There has been significant growth in the developn~ent of 
chemical and electrochemical methods of deposition of 
platinum group metals, particularly for platinum and 
palladium as evident from recent literature.Ipl3 Very 
often, the problems arising in electrodeposition of 
platinum are due to its nobility. Because of high positive 
potential (+ 1.1 18 V) of this metal, the stability of its 
simple salt solutions is poor and therefore, complexation 
by a suitable ligand is necessary. The suitability is 
determined by the overall formation constant P, of the 
formed complex.' Ammonia is a well known ligand in 
the electrodeposition of platinum and palladium. The 
ammonia ligand forms a moderately stable (P4=10") 
square planar complex [P~(NH~)~] '+  in comparison 
with the strong (~4=10") tetracyano complex 
[ P ~ ( C N ) ~ ] ~  and therefore became the focus of recent 
l i te~-ature . ' -~ .~~" 

It has always been a challenge to plate platinum metal 
with high current efficiency and high cathode current 
density. While there has been no evidence of reports for 
such high performing plating systems, the quest for these 
systems is unending and gained momentum in recent 
years. It is a well known fact that for all the existing 
platinum plating systems, there is a necessary compro- 
mise for either current efficiency or cathode current 
density. The current efficiency of any plating system has 
never exceeded 15-20% with higher working cathode 
current density (up to 35 mA cmp2) and the working 
current density never exceeded 8 mA cm-2 when the 
current efficiency is about 80-100%. Platinum P salt 
is a conventional electroplating bath for deposition 
of platinum. The bath is based on complex 
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~ i s [ P t ( N H ~ ) ~ ( N 0 ~ ) ~ 1  dissolved in high concentrations 
of ammonia. The operating temperature is high (>9OoC) 
with low cathode current efficiency (1 5-1 8%)). The more 
recent electroplating Q is comnlonly used for 
coating engineering components that are exposed to the 
risk of high temperature corrosion. This bath is based on 
the complex [Pt(NH3)4]HP04 in phosphate buffer 
around pH 10.5. The platinum concentration normally 
is in the range 5-20 g L - I  and the operating tempera- 
ture is above 363 K. The efficiency is reported to be 
98% with cathode current density up to 10 mA cmp2 on 
copper substrates. The present paper describes the 
improved performance of the plating baths of the com- 
position [Pt(NH&(NOz)] (NOz) and [Pt(NH3)4](N02)2 
in phosphate buffer in the pH range 10.3-10.6 on 
titanium panel. 

Experimental 
Chemicals and physical measurements 
Chloroplatinic acid was purchased from Arora-Matthey 
and reduced to potassium tetrachloroplatinate with 
hydrazine hydrochloride as per the known procedure.14 
All other chemicals were analytical grade. The com- 
plexes [Pt(NH&]C12 (bath I) and c ~ s [ P ~ ( N H ~ ) ~ ( N O ~ ) ~ ]  
(P salt) were prepared from literature methods.I4 The 
[Pt(NH3)4]C12 solution was used for the preparation of 
bath containing counter anions X = N 0 3  (bath 11) by 
reacting with stochiometric amounts of AgN03. The 
complex [Pt(NH3)4](N02)2 was synthesised from litera- 
ture methods'5316 from P salt by slight modification. The 
plating experiments were performed on titanium panels 
of exposed area 1 x 2 cm for a minimum period of 
30 min using a I00 cms cell with a platinum foil anode 
at 96-98°C using Aplab model no. LD 3202 dc power 
supply unit. Cathodic polarisation experiments were 
carried out galvanostatically using a specifically 
designed galvonostat. Titanium panels (1 x 2 cm) were 
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1 Synthetic route for preparation of [Pt(NH3)3N02]N02 
and [Pt(NH3)4](N02)2 from P salt 

sand blasted and etched in concentrated HCI-HF 
solutions. The thickness of the deposits was measured 
by the X-ray fluorescence spectroscopy (XKF) method 
using coating measurement instruments (CMI) type 
XRX-Xy7. The measurements are accurate up to 
20.1 mg and + 0.001 pm. 

Results and discussion 
Preparation of plating baths 
The preparation of baths 1 and I1 is described in the 
Experimental section. The synthesis of the complex 
[Pt(NH3)3(N0,)]N02 (bath 111) was attempted from P 
salt, i.e. c i ~ [ P t ( N H ~ ) ~ ( N 0 ~ ) ~ 1 .  This complex was stirred 
in water and heated with one equivalent amount of 
ammonia solution at 80-85°C for 2-3 h and used for 
plating experiments. The synthesis of [Pt(NH3)4](N02)2 
(bath IV) can be envisioned in three ways. The first 
method starts from P salt which is converted into the 
desired complex by reacting with excess ammonia for a 
prolonged The second method involves elec- 
trochemically reducing P salt solutions at  high current 
densities.I7 The third method is based on reacting 
Pt[(NH3)4]C12 with a stoichiometric amount of AgNOz 
and removing the precipitated silver chloride. The first 
two methods are generally favoured over the last 
because it involves the use of expensive silver nitrite. 

According to ~ a i n e r "  and ~ c h u m ~ e l t ' ~ ,  reaction of two 
moles of ammonia with P salt would yield highly soluble 
[Pt(NH3)4](N02)2 (species C, Fig. 1). However, excess 
ammonia is used in the present synthetic procedure to 
avoid contamination by [Pt(NH3),N02]N02. During 
synthesis of the above complex, the two nitrite ions 
coordinated to the platinum are slowly substituted hy 
ammonia ligand. The initial cathode efficiency of 26% 
found while plating on the titanium panel is increased up 
to 90'% The improvements in the cathode current 
efficiencies are due to sequential replacement of the nitrite 
ligand by ammonia molecules (A to B to C) as shown in 
Fig. 1. Although the rate of displacement of nitrite ion by 
ammonia ligand is known to be slow, after vigorous 
boiling of the P salt in excess 1 : 1 ammonia solution for 
long periods, tetra-ammine complex C was formed. The 
excess ammonia is driven off under these conditions. 

Electrodeposition and structure of deposits 
The pH of the solutions (2.5 g L-' of Pt metal) was 
adjusted by adding dilute NaOH solution after the 
. . . . . . . . . . . . . . . . . . . .  
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addition of required ( I  : I )  amounts of disodium hydro- 
gen phosphate. Cathode polarisations were studied on 
a 1 cm' area of titanium electrode. The polarisation of 
the cathode was studied atla current clensity range of 
between 0 and 10 mA cmp' at room temperature. The 
potential ranges shown by the cathodes at 0 and 
10 mA cm-2 in the baths were 0.3-0.55 V and 0.65- 
0.92 V negative of SCE. Bath 1 (X=CI-) exhibited more 
cathode polarisation than the rest of the baths (Fig. 2). 
Bath I1 (X=N0.3-) showed an intermediate polarisation 
between those of baths 1, I1 and 1V (Fig. 2). Baths 111 
and IV with X-NO2- exhibited least polarisation 
(Fig. 2). 

All the solutions were tested for their plating 
behaviour. The complex species are stable and no 
decomposition products were found after the plating 
experiments. Addition of extra amounts of disodium 
hydrogen phosphate did not influence the plating 
behaviour. The cathode efficiencies were determined by 
increase in the weight of the cathode and thickness of the 
deposits was estimated. The thickness values were also 
confirmed by XRF spectroscopy. These values were 
found to be slightly less than those calculated from the 
weight gain method. This is because the real surface area 
after etchinglcleaning in HCl-HE; solution is more than 
the geometrical area (1 x 2 em). Low evolution of 
hydrogen was observed for baths 11, I11 and IV in the 
current density range 5-10 mA cm-' and was more 
pronounced for the bath I. This is also reflected in their 
cathode current efficiencies as low current efficiencies 
(Table 1). For all the baths, hydrogen evolution was 
significant above a current density uf 10 mA cm-'. 
Stirring of the electrolyte facilitated smooth and uniform 
deposits. 

Bath I containing chloride counter anion gave bright 
and adherent deposits on titanium panels. The cathode 
current efficiency was greater at low current densities. As 
the current density was increased from 1 to 5 mA ~ r n - ~ ,  
the efficiency fell from 73 to 21% with the appearance of 
a slight greyish colour for the deposit. The results on 
cathode current efficiency with change in current 
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3 Scanning electron micrographs of deposits from baths I-IV (sd) at x 5000 magnification 

densities are shown in Table I .  The bath gave 0.6, 1.3 
and 0.8 pm thick layers of platinum in 30 min of 
deposition time at 1, 2.5 and 5 mA cmP2 current 
density. When deposition was attempted on a copper 
panel at 2.5 mA cmp2, only a 0.35 pm thick platinum 
layer was obtained in 30 min with 33% efficiency. The 
deposit was bright and adherent. A black grey thin film 
of platinum was formed when the copper panel was 
immersed in the plating bath. This was due to the 
chemical displacement reactions 

which are akin to reactions occurring in some acidic 
solutions containing chloride ions.9 No spontaneous 
deposition of platinum on the copper surface was 
observed when the copper panel was immersed in other 
plating solutions. 

For bath 11, the cathode current efficiency was found 
to be 74% with 1 mA cmp2 and tended to decrease to 
53% at 5 mA ~ m - ~ .  The bath deposited 0.63, 1.4 and 
2.2 pm thick, bright and adherent layers of platinum. 

Table 1 Data on plating parameters and deposits on titanium panel 

Current density, Weight, mg Cathode current 
mA cm-2 Time, min (thickness, ym) efficiency, O/O 

Bath I: [Pt(NH3)4]C12 1 .O 
1 .o 
2.5 
5.0 

Bath II: [Pt(NH3),](N03)2 1 .O 
2.5 
5.0 

Bath Ill: [Pt(NH3)3N02]N02 2.5 
8.0 

10.0 
Bath IV: [Pt(NH3),](N02)2 2.5 

5.0 
5.0 
8.0 

10.0 
10.0 

Concentration of baths are 2.5 g L--' of plat~num metal; T=96-98°C; pH=10.3-10 6 
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4 Representative XRD pattern obsewed for deposit from 
bath Ill 

Black thin films were deposited with very low current 
efficiency when deposition was tried on copper panels. 

Baths 111 and IV contain nitrite as counter anion. 
These baths allowed the use of slightly higher current 
densities than baths I and 11. Bath I11 contained the 
[Pt(NH3)3N02]N02 complex species. This complex is an 
intermediate between P salt and Q salt (species C, Fig. 1) 
containing N O 2  as the counter anion. The performance 
of this bath was found to be better (Table 1) than that of 
the bath based on a P salt formulation described in the 
literat~re."~'' The efficiency for the present bath varied 
from 90 to 35% when current density was varied between 
2.5 and 10 mA cmp2 with 1.8-2.9 ym thickness of the 
deposit. In contrast to the P salt baths1' with current 
efficiency of nearly 15-1 8% (i.e. 1.2-1.45 ym thick 
deposit on 2cm2 area for 30min plating at 
10 mA cm-'), this bath showed higher current efficiency 
of 35% with a 2.95 ym thick deposit at  10 mA cmp2 in 
30 min. It may be noted that the operating conditions 
and chemical constituents are different for P salt plating 
baths compared with the present bath 111. There are no 
other salts such as ammonium nitrate, sodium nitrite 
and ammonium hydroxide present in this bath, which 
are essentially included in the conventional P salt baths. 

Bath IV containing [Pt(NH3)J](N02)2 species gave 
1.84.2 ym thick coatings for the current density range 
2.5-10 mA cm-2 in 30 min. The cathode efficiency was 
90401%1 in this range. Therefore. this bath was found to 
be superior in performance. Figure 3a-d show scanning 
electron micrographs for the deposited coatings at 
x 5000 magnification. The micrographs were taken at 
the highest thickness of the coatings (Table 1). The 
general feature of the deposits from the pictures is that 
the coatings are uniform in thickness but several 
microcracks were also observed. This is due to the 

internal stress arising at high thickness akin to 
many other platin~lm plating bath deposits.'s~19 These 
microcracks can be easily controlled using conventional 
strain relievers. Unlike the other deposits, the deposits 
from bath I containing chloride ions are smooth. Other 
bath deposits exhibited ca~lliflower type structures under 
higher resolution. Few voids were also observed for the 
deposits obtained from bath V. Bath I11 deposits 
exhibited less cracking. X-ray diffractograms for the 
deposits indicated that crystalline platinum with (1 1 l), 
(220), (31 1) and (222) plane orientations were deposited 
(Fig. 4). The average crystallite size estimated from full 
width at half maximum values was f o ~ m d  to be nearly 
20 nm. 

Conclusions 
Significant improvement in the efficiency for the plating 
bath based on P salt is observed when it is converted into 
platinum complex containing tri- or tetra-ammine 
complexes in the pH range 10.3-10.6. 
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