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Gold bonding wire of 0.076 mm in diameter used in semiconductor industry, is dissoved in aqua regia. The solution 

is then evaporated to near dryness several times with a few drops of HC1 added to prepare the final sample solution 

in 5% HC1. The gold matrix is separated from trace impurities by controlled potential deposition. The whole electrolysis 

has been carried out inside a clean bench. An optimum potential is found to be+ 0.25 V to give more than 99.9% 

Au matrix removal with better than 90 analytes remaining in the electrolyte solution. Isotope dilution calibration 

is employed to get the best accuracy and precision. Analytical results are presented with determination limits of 

the analytical method.

Introduction

Inductively Coupled Plasma-Mass Spectrometry(ICP-MS) 

is being widely applied to the various application areas of 

trace element and isotope ratio determinations.1 In contrast 

to the many application areas such as geological, environ­

mental and clinical fields, only a few papers have been pub­

lished on metallurgical applications.2'5 Recently, the demand 

of high-purity metals is increasing especially in electronics 

industry. Since ICP-MS offers isotope dilution capability as 

well as extrem이y low detection limits, the determination 

of ultra trace impurities in pure metals can be also one of 

the important applications areas of ICP-MS.

Gold bonding wire is an important material in the produc­

tion of the integrated circuits, where a high level of quality 

control is required. Trace impurities of transition metals 

such as Fe, Ni, and Cr adversely affect voltage threshold 

and etching uniformity. Trace impurities of radioactive ele­

ments increase the susceptibility to alpha-particle induced 

damage (soft errors). Reduction of the soft errors requires 

gold wires of high purity with respect to the radioactive ele­

ments such as U and Th, and thus the impurities of U and 

Th in the gold bonding wire are required to be below 1 

ng/g.

Although part-per-trillion (ppt) levels of trace impurities 

in solution can be detected by ICP-MS, the matrix separation 

is almost always required for accurate and precise determi­

nation of ultra-trace impurities in pure metals. Of the many 

separation methods available at the present time, the con­

trolled potential deposition67 has a few advantage such as 

simplicity and freedom from contamination. In this report, 

a new analytical method is introduced to determine trace 

impurities in gold wire of 0.076 mm in diameter. The gold 

matrix is removed from the sample solution by the controlled 

potential deposition prior to the isotope dilution analysis by 

ICP-MS.

Experimental

Reagents. The analytical-reagent grade mineral acids 

were purified using sub-boiling, quartz-distillator. All labora­

tory wares were washed with deionized water obtained from 

a Milli-Q system (Millipore, Bedford, MA, USA). The en­

riched stable isotopes were purchased from US Services 

(Summit, NJ, USA).

Instrumentation. The ICP-MS system used in this 

work was a laboratory-built unit and its schematic diagram 

was given in the previous work.8 The typical ICP-MS opera­

ting conditions are listed in Table 1. Figure 1 shows the 

electrolysis cell configuration for the controlled potential 

electrodeposition. The cathode is made of platinum and is 

in a form of gauze cylinder 3 cm in diameter and 6 cm 

in length. The anode is made of platinum and is in a form 

of rod 4 mm in diameter. The saturated calomel electrode 

(SCE) is used as a reference electrode. A laboratory built 

potentiostat was used to control the applied potential and 

the electrolysis was performed inside a clean bench.

Sample Preparation. 0.5 g of gold wire is weighed into 

a 100 ml teflon beaker. Then 4 m/ of aqua regia is added 

to dissolve the gold wire. The beaker is placed on a hot
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Table 1. ICP-MS Operating Condition

Inductively Coupled Plasma
Forward Power 1.0 kW

Reflected Power <2 W

Coolant Flow Rate 12 L/min

Auxiliary Flow Rate 0.5 L/min

Carrier Gas Flow Rate 0.5 L/min

Sample Uptake Rate 0.8 mL/min

Sampling Depth 10 mm

Mass Spectrometer
Interface Pressure 1.6 torr

Quadrupole Chamber Pressure "IB torr

Sampler Aluminum, 1 mm oriffice

Skimmer Aluminum, 0.7 mm orifice

Data Acquisition
Measurement Mode Multichannel Scanning

Channel Dwell Time 5 ms

Average Number of Channels 13.7

per amu

Integration per Channel 1 s

Magnetic stirrer

Figure 1. Three electrodes for controlled potential electrodepo­

sition.

plate until incipient dryness. 2 m/ of HC1 is added and above 

steps are repeated four times. Final solution for the electrol­

ysis is prepared by adding 50 ml of 5% HC1 solution with 

known amounts of spike isotopes.

Electrolytic Deposition Procedure. Bottom end of 

the anode is about 5 cm above the solution surface and the 

anode is placed inside a pyrex tubing as shown in figure

1. The pyrex tubing is pumped by an air pump (Foxboro 

Analytical, USA) so that the chlorine gas evolved during the 

electrolysis can be effciently removed. The pumping also 

raises the level of the sample solution inside the pyrex tub­

ing for an electrical contact between the anode and cathode.

Figure 2. Chronoamperogram of 0.912% Au in 5% HC1 at +0.25 

V vs. SCE.

Table 2. Separation of Au Matrix by C.P.E

0.1% Au in 10% HC1.

Applied Potential

(vs SCE)

Au matrix in Au Separation Electrodeposition

Solution (ppm) Efficiency (%) Time (Min)

+ 0.05 2.53 99.75 20

+ 0.10 3.94 99.61 14

+ 0.15 4.15 99.58 16

+ 0.20 1.71 99.83 17

+ 0.25 3.93 99.61 18

The solution is 아irred at about 1000 rpm with a magnetic 

stirrer (Fisher Scientific, USA) for an efficient electrodeposi­

tion. The electrolysis is stopped when the current flowing 

in the cell does not decrease as shown in the chronoampero­

gram Figure 2.

Results and Discussion

Optimization of Electrolytic Deposition. In an ideal 

matrix separation method, the matrix separation efficiency 

should be close to 100% without losing analytes. In real si­

tuations, however, the higher efficiency generally means the 

more analytes loss. For the matrix separation by the control­

led potential deposition, the important parameters to be opti­

mized are the applied potential, acidity of solution, and the 

required deposition time. In order to optimize the applied 

potential, the Au separation efficiency was investigated by 

varying the potential from 0 V to + 0.2 V. The 0.1% Au stand­

ard solution in 10% HC1 was prepared for this purpose. As 

shown in Table 2, the Au separation efficiency is found to 

be more than 99.58% for all applied postentials used in this 

experiment. And the deposition time required for complete 

reaction is less than 20 min.

In order to examine the recovery efficiencies for Cu, Fe, 

Pt, Th, U, and Pd during electrodeposition, the 10 ppm 

standard solution of each element was added to the 0.1% 

standard Au solution. Affter electrodeposition, the residue 

solution was introduced into ICP-AES to determine the con­

centrations of the six analytes. Table 3 shows the recovery
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Table 3. Recovery Efficiency of Analytes

Applied 
Potential - 
(vs. SCE)

Recovery Efficiency of Spiked Elements (%)

Cu Fe Pt Th Pd

+ 0.05 73.5 90.3 81.2 82.3 53.5

+ 0.10 87.1 91.8 83.7 82.6 63.8

+ 0.15 88.2 88.7 85.3 80.2 52.4

+ 0.20 95.4 92.2 85.2 83.6 100.4

+0.25 96.1 92.3 85.0 84.2 92.2

10% HC1 용액.

Table 6. Analytical results of NIST SRM 685

Element
Determined Concentration Best Range of NIST

(gg/g) (Rg/g)

Mg 0.062 ± 0.006 <0.2

Cu 0.098± 0.020 <0.1-0.26

Table 7. Analytical results of Au bonding wire (heavy metals)

Determined Concenration (卩g/g)
Sample I.D.--------------------------------------

Ni Cu Zn Ag Pd

Recovery Efficiency (%)

Table 4. Reproducibility of Analyte Recovery Efficiency (+0.25

V vs. SCE)

Electrolyte-------
Cu Fe Pt Th U Pd

5% HC1 Average 91.9 93.3 90.0 93.7 90.4 89.3

±SD ±1.6 ±1.2 ±1.2 ±1.7 ±2.9 ± 1.4

RSD (%) 1.8 1.3 1.4 1.8 3.2 1.6

10% HC1 Average 90.4 89.2 85.2 87.6 88.7 88.0

±SD ±1.3 ±2.8 ±1.5 ±3.4 ±1.5 ±0.3

RSD (%) 2.9 3.1 1.7 3.8 2.3 0.4

*RSD values based on four measurements.

Table 5. Two Isotopes Elected for Isotope Dilution

Isotope -
Abundance (%)

Natural Spike

60Ni 26.4 1.13

咐 3.71 97.01

^Cu 69.1 0.3

^Cu 30.9 99.7

wZn 48.6 0.95

18.8 97.9

107Ag 51.8 0.5

109Ag 48.2 99.5

206pb 24.1 92.15

2（呼사） 52.4 1.25

efficiencies of six analytes as the applied potential is varied 

from 0.05 to 0.25 V. In Table 4 are listed the recovery effi­

ciencies of six analytes for five measurements at an applied 

potential of + 0.25% V. The reproducibility of the analyte 

recovery efficiency is found to be less than 3.2% in 5% HC1 

solution. Also the effect of electrolyte acidity on the recovery 

efficiency is shown in Table 4.

The optimum experimental condition was found to be at 

+0.25 V of cathode. However, such an analyte loss does 

not give any error in Ag quantification by isotope dilution 

method because the two Ag isotopes are removed at the 

same rate and hence the Ag isotope ratio does not change. 

The peaks at 104, 105, 106, 108, and 110 are those of Pd 

isotopes. Figure 6 shows isotope dilution mass spectrum of 

Pd in gold sample elution. Solid line peak was obtained

Blank 0.35 0.06 0.07 0.53 0.05

Sample # 1 0.06 - 0.05 - 0.16

Sam미 e # 2 0.09 0.46 0.01 — 0.18

Sample 井 3 0.05 0.39 0.07 3.22 0.19

Sample # 4 0.10 0.50 0.02 3.26 0.21

Sample # 5 0.06 0.48 0.11 2.87 0.19

Mean± SD 0.07± 0.02 0.45± 0.05 0.05± 0.05 3.11±0.21 0.18± 0.02

RSD (%) 30.1 10.5 77.4 6.9 9.7

Best Range <0.10 0.45± 0.05 <0.11 3.11±0.3 0.18±0.02

5 channel integrated counts.

Table 8. Analytical results of Au bonding wire (radioactive 이e- 

ments)

Sample I.D.
Element

Th* U*

Blank 1 463± 53 295± 31

Blank 2 376± 32 319± 23

1 ppb Standard 5139± 142 5020± 110

Sample # 1 797+ 29 319± 22

Sample # 2 770± 88 328± 18

Sample #3 850+ 15 317± 35

Best Range <8.5 ng/잉 <1.9 ng/g

by spiking 0.22 gg of 206Pb to 0.5 g gold sample and dotted 

line peak by spiking 0.11 pg of 206Pb to blank solution.

Analytical Result. High-purity gold standard reference 

material (NIST SRM 685) was analyzed to control accuracy 

of the developed analytical method. In Table 6 are listed 

determined concentrations of Mg and Cu together with the 

certified values provided by the NIST. It can be seen that 

the determined concentrations are well within the best 

ranges given by the NIST.

Table 7 shows the analyzed values of trace impurities of 

Ni, Cu, Zn, Ag, and Pd in gold bonding wire. The value동 

in Table 7 are averages of five measurements from five dif­

ferent spools of gold wire. In Ta미e 7, the RSD values of 

Ni and Zn are considerably higher than those of other ele­

ments, which is not caused by inhomogeneity, but by poor 

analytical reproducibility due to low concentrations. The poor 

reproducibility and high background signal are mainly due 

to the blank contamination. This kind of blank contamination 

is originated from the impurities of the acid, the electrodes, 

and the apparatus used in the electrodeposition. Definitely,
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Figure 4. Isotope dilution mass spetrum of Ni, Cu, and Zn in 

1% Au sample solution.

the quality control to minimize the blank contamination has 

to be performed.

In the case of Cu, Ag, and Pb which have r•이ativ이y high 

concentrations, RSD values are less than 10%. In Figure 7, 

are illustrated mass spectra of Th and U. The peaks drawn 

by solid line, large dotted line, and small dotted line were 

obtained from 1 ppb standard solution, gold wire sample 

and blank respectively. In Table 8, are listed.

Isotope Dilution The isotope dilution method is espe­

cially useful when a sample has to undergo some chemical 

pretreatment before analysis, because any analyte loss during 

the pretreament does not affect the final results? Listed in 

Table 5 are two isotopes of each analyte for the isotope dilu­

tion analysis and the enrichment of the spike isotopes. Fig­

ure 3 illustrates the relationship between the error propaga­

tion10 for 1% error in the mixture isotope ratio and the ratio 

of the spike isotope amount to the analyte amount in the 

sample. Figure 3 shows that the optimum spike isotope 

amount is slightly different for each analyte and that the 

optimum is observed between one and ten times the analyte 

amount originally in the sample. The amounts of the spike 

isotopes added to the blank and sample were determined 

on the basis of the error propagation as shown in Figure

s
\
s  틍

。

Figure 5. Isotope dilution mass spetrum of Ag in 1% Au sample 

solution.

0|____________ 匚/ 
204 205 206 207 208 209 210

m/e

Hgure 6. Isotope dilution mass spetrum of Pb in 1% Au sample 

solution.

3. Figure 4 shows isotope dilution mass spectrum of Ni, Cu, 

and Zn analytes(solid line) measured from the gold sample 

solution spiked with 0.5 |iig of ^Ni, 0.36 pg of ^Cu, and 1.58 

pg of ^Zn. In Figure 4, dotted line indicates the spectrum 

of blank solution which went through the same process of 

the sample preparation after spiking half as m나ch as the 

amount of spike isotope to gold sample. As shown in Figure

4, there is not much difference between blank and sample 

peaks at 60 of m/e. Therefore, it is considered that the 

amount of the Ni impurities in the g이d sample is close to 

the detection limit This the reason why the RSD for the 

Ni in Ta비e 7 is not good. However, the Cu and Zn impurit­

ies can be quantified from the mass spectrum. Figure 5 

shows isotope dilution mass spectrum of Ag analyte. As in 

Figure 4, solid line peak was obtained by spiking 1.044 pg 

of 109Ag to 0.5 g gold sample and dotted line peak by spiking 

0.348 |ig of 109Ag to blank solution. In Figure 5, the ratio 

of solid line 109Ag peak to dotted line 109Ag peak does not 

agree with the amounts of 109Ag spiking to the two solutions. 

This is because considerable amount of Ag was removed 

by deposition onto the platinum cathode. However, such an 

analyte loss does not give any error in Ag standard solutions
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and three gold wire samples, together with the best ranges 

detemined with the integrated counts.

Conclusion

A new analytical method has been successfully employed 

for pure gold samples. The analytical method takes advan­

tage of the clean and simple matrix separation technique 

of the controlled potential deposition followed by the highly 

accurate and precise isotope dilution mass spetrometry. How­

ever, the blank contamination has to be minimized in order 

to get more precise results. Sensitivity enhancement was 

found necessary to improve precision and accuracy for ultra­

trace elements (Ni, Zn, Th and U). Thus more efficient sam­

ple introduction methods such as ultrasonic nebulizer and 

electrothermal vaporizer could give better results.
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The photocatalytic alanine and hydrogen production reaction were studied by using CdS as a semiconductor photo­

catalysts. The rate of alanine and hydrogen production depends strongly on the temperature in heat treatment of 

CdS powder. In particular, the rate of alanine production, which was observed using Pt/CdS(A)-(CdS from Mitsuwa), 

was increased about six times than that of using Pt/CdS(B)-(CdS from Furruchi) under the same heat treatment 

condition at 500t. And the photocatalytic activity for alanine production using bare CdS(A) or Pt/CdS(A) was almost 

same with increasing temperature in heat treatment in the range of 100-6007。. From X-ray diffraction data and photolu­

minescence spectrum, we conclude that the crystal structure changes of CdS(A) or strong interaction at interface 

of Pt and CdS contribute to increasing the rate of alanine and hydrogen production re저ction

Introduction

The control of photocatalytic organic reactions is one of 

the very interesting subjects. Bard et al.1 have examined that 

amino acid including alanine can be formed from methane­

ammonia water in aqueous solution with Pt/TiO2 as photoca­

talyst under near UV irradiation.

Sakada2,3 have reported that various amino acids such as 

alanine were prod냐ced efficiently with visible light from ke- 

tocaboxylic acids in ammonia water through photocatalytic 

reaction with dyes, for example, zinc tetraphenylphosphine 

/>-tetrasulfonate, acridine yellow and fluorescein derivatives, 

etc.

In the previous result3, It was found that the photocatalytic


