Determination

By A. Chiba, K. Kobayashi,

Gold ion can be determined by differential pulse strip-
ping voltammetry, using a hanging mercury drop elec-
trode. Pre-concentration potential was -1000 mV vs. Ag
AgCl for a 10-min pre-concentration period. A 0.9 mol/
dm® KCN solution containing 0.1mol/dn¥ NaOH was
used as the supporting electrolyte. Concentration of 27.
to 100 mg/dnt gold ion in the solution can be determined
with relative standard deviation of 10 percent. Results areg
reported for electro- and electroless gold plating bath
samples.

All types of gold and gold alloy plating are used for ma
different applications by many different industries. Usug
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Na,S,0, were added and made up to 10°emith distilled
water. This solution was transferred into the measurement
cell, and was purged with Ngas for 10 min. The pre-
concentration potential (-1000 mV vs. Ag/AgCl) was applied
to a fresh mercury drop while the solution was stirred for 10
bmin. Following the pre-concentration period, stirring was
stopped and after 10 sec, the voltammogram was recorded by
applying a negative-going differential pulse scan (scan rate
of 5 mV/sec and amplitude of 50 mV). The scan was termi-
nated at -1700 mV vs. Ag/AgCI.

The peak was not dependent on the Au(l) ion. In the
inyolarographic system, the values of slope and peak were
INinear and dependent on the Au(l) ion concentration. In this

determination of gold in plating baths has been by gravimstudy, the calibration curves reflected the values of the slope

ric analysis (see ref.). This method is tedious, however,
requires prolonged time for the analysis. Determinatio

afdhe peak.
n of

Auion by using stripping voltammetry has not been reporteRiesults  and Discussion

In this effort, a method of determining gold ion in a g
plating bath was studied by using stripping voltammetry

bldThe concentration of Au(lll) ion was constant at 47.8 mg/
add?®. One peak was observed in the forward scan at about

determination of gold ion was attempted in an actual gdl$00 mV. A reduction peak of Au(l) ion to Au(0) is shown in

plating bath.

Experimental  Procedure
Alab system consisting of a polarographic analyzer and g
with a hanging mercury drop electrode, a platinum auxil
electrode, and an Ag/AgCI reference electrode was U
Anodic stripping voltammetry was employed in the differ
tial-pulse mode. Conditions were controlled by persg
computer, and metal ions were determined from poten
current curves.

Au(lll) ion standard stock solution was prepared by
solving 1 g HAuCJ-4H,0 in 100 cm of distilled water. The
test electrolyte was diluted with water to the specified @
centration range, which for Au was 250 to 500 mg/dbme
cm® of test solution and one éwf Au(lll) standard solution
were transferred by pipette into a 10%measuring flask
Five cn? of 1.8 mol/dm KCN, containing 0.2 mol/dn
NaOH, 0.4 crof 0.2 mol/dm KI and 1 cm of 1 mol/dni
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Fig. 1—Peaks of Au and Ni ions. Au: 47.8 mg/diNi: 0.11 mg/drf
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Fig. 1. A reduction peak for Au(lll) ion to Au(l) was not

observed. A reducing agent was needed for the determina-
tion; potassium iodide, L-ascorbic acid and hydroxyl ammo-
tamidm chloride were considered.
ary The most suitable reducing agent was potassium iodide;
shdwever, free iodine interfered with the peak of Au(l) ion.
erFhis interference was eliminated by addition of sodium
nthiosulfate. All gold ion was monovalent, obviating the need
tikdr a reducing agent.

Measurement error was decreased with increase of de-
ligeration time and enough reproducible data were obtained
with a de-aeration time greater than 10 min. A solution of
oKCN was used as the supporting electrolyte. The effect of

KCN concentration containing 0.1 mol/éiidaOH on the
slope of the peak is shown in Fig. 2. The slope of the peak was
greater with increase of KCN concentration above 0.8 mol/
dm?, and was maximized at 0.9 mol/§mecreasing thereaf-
ter. KCN concentration was fixed at 0.9 molAdm
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Fig. 2—Effect of KCN concentration containing 0.1 mo#/di@OH on the
slope of the peak. Au: 47.8 mgfdmeasurement conditions as in Table 1.
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measurement conditions as in Table 1.
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Fig. 3—Effect of NaOH concentration containing 0.9 mo¥/K@N on the

slope of the peak. Au: 47.8 mgfimeasurement conditions as in Tablg 1

The effect of NaOH concentration containing 0.9 mot/c
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Fig. 5—Calibration curve of Au(l) ion; measurement conditions as in Table 1.
m

KCN on the slope of the peak is shown in Fig. 3. T
reproducible data were obtained at NaOH concentra

raglded as alloys for the purpose of color and hardness. Many
ionstal ions were dissolved in our bath from various materials.

above 0.05 mol/dfn It was concluded that Au(l) ion wgsFor example, the hard gold plating bath contained cobaltions,
made stable in the form of an AuCsomplex ion with KCN| the Au-alloy plating bath contained Cd and Cu ions. The

above 0.05 mol/déiNaOH. NaOH concentration was fixedmaterials used were Cu, Cu/Zn alloy, Ni and stainless steels,
at 0.1 mol/dr Pre-concentration potential was determineand those ions were dissolved in the bath.

in the range of -800 to -1200 mV vs. Ag/AgCl. The slope of The effects of coexistent ions are shown in Table 2.

the peak was not altered. The pre-concentration potenti

Wwassible interferences from concomitant metal ions were

fixed at -1000 mV vs. Ag/AgCl. The effect of pre-concentra@valuated for measurement of 47.8 mgfariAu(lll) ion.
tion time on the slope of the peak is shown in Fig. 4. The s|dgimety-seven mg/ciof Ag(l), 5 g/cni of H,PO,®, 378 mg/

of the peak increased with increasing pre-concentration
and the sensitivity limit of determination was increased. |
concentration time, however, was fixed as 10 min for de
mination of concentration of Au ion in a plating bath.

When the potential scanning rate was changed, the sl
the peak was not different; however, detection sensitivit
the peak had atendency to be low. The potential scannin
was made 5 mV/sec. The pulse width was made 50 mV/
pulse time 40 msec. The determination was not affe
whether both values were increased or decreased.

Optimum measurement conditions are shown in Tab
The calibration curve of Au(l) ion is shown in Fig. 5. T
determination range was from 27.5 to 100 md/dihe
relative standard deviation was 10 percent.

There are many different applications for gold and d
alloy plating baths—decorative (jewelry, watch attachme
and other items of personal use and adornment), elec
and electronics (semiconductors, printed/etched circuits
contacts/connectors). Many metals and materials have
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imey’ of EDTA?, 100 mg/crdof Cu(ll), 96 mg/cré of Zn(ll)
band 40.8 mg/ciof Pb(ll) did not interfere. Small amounts of
t€o, Ni, Cr and Fe ions did produce interference. These
interferences were removed, however, by means of mercury
peashode electrolysis. Controlled-potential electrolysis and
y mfasking techniques were not successful. Nickel ion, for
y velnéch the maximum permissible amount was small for gold,
amals examined. Its amount was about 1/450 of the Au concen-
cedtion. The peaks of Au and Niion are shown in Fig. 1. The
peak of Ni was near the peak of Au. If the interference of Ni
ewlas removed, that of other metals was removed as well.
héddition of Au standard solution was required to overcome
interference from the nickel. For particular samples, determi-
nation of Niwas necessary at first. Next, Au standard solution
oWdas added above 450 times the concentration of Ni ion.
sigsually, the amount of Au standard solution needed was
trialadut 30 to 50 mg/d
and he composition of the gold electroplating bath used was
bddna 7 g/dm Au, 0 to 0.1 mg/dhPb, 0 to 0.1 mg/dirCN*.
Five cnt of plating solution were transferred by pipette into
a 100-crd measuring flask and made up to 100° amith
distilled water. One chof this solution was prepared as test
solution. Gold ion concentration in the gold electroplating
bath was 7.2 g/dinThe relative standard deviation was 10
percent. The error waslO percent compared with a gravi-
metric analysis.

Fig. 4—Effect of pre-concentration time on the slope of the peak. Au:
mg/dni; measurement conditions as in Table 1.
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Table 1
Optimum Measurement Conditions
Deaeration time, min 10
KCN conc., mol/drh 0.9
NaOH conc., mol/di 0.1
Pre-conc. potential, mV vs. Ag/AgCl -1000
Pre-conc. time, min 10
Scan rate, mV/sec -5
Pulse amplitude, mV 50
4" Pulse duration, msec 40

PLATING & SURFACE FINISHING



Table 2

Effect of Coexistent lons

lon Quantity Error
mg/dm3 %
Ag(l) 97 -1.0
Co(ll) 0.58 2.0
1.16 -95.0
Cr(VI) 7.56 -2.5
8.70 -100
Cu(ll) 100 -4.0
Fe(lll) 5 -4.0
15 -13.0
Ni(Il) 0.11 0
0.35 -72.0
Pb(ll) 40.8 0
Zn(I1) 96 3.0
PO,* 5000 0
EDTA* 378 0
Au: 47.8 mg/drh

An electroless gold plating bath was tried; compositio
to 5 g/dni Au, 0 to 0.1 mg/dimPb, 0 to 0.1 mg/diNi*. Ten
cm® of plating solution was transferred by pipette into a 1
cm® measuring flask, and made up to 10G with distilled
water. One crhof this solution was prepared as test soluti

Gold ion concentration in the electroless gold plating hat

was 2.8 g/drh The relative standard deviation was 10 p

cent. The error was10 percent, compared with gravimetr

analysis. If nickel or cobalt ions are abundant, the dilut
rate of the electrolyte and the amount of the Au standard
increase.

* Manufacturer’s estimated amount, using atomic absorption

Editor’s note: Manuscript received, August 1996.
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