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Abstract

Capillary zone electrophoresis was used in the analysis of anions and

cations in electroless plating bath samples. Examples described in this

application note include the analysis of inorganic and organic anions in

nickel-plating baths, cations in nickel-iron-cobalt-plating baths and

metal-EDTA complexes in plating bath waste. Sample preparation was

minimal, consisting merely of diluting the samples with water, and good

peak resolution was obtained.
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Introduction

The use of electroless plating baths 

is rapidly growing, not only for plating 

metals, but also for plating nonmet-

als such as ceramics and plastics. 

Furthermore, the use of this technique 

has made possible the plating of com-

plex shaped parts with a uniform fi lm 

thickness. Consequently, electroless 

plating baths are widely used for the 

coating of various industrial and com-

mercial products such as printed circuit 

boards and magnetic disks in the elec-

tronic industry, and gear parts and fuel 

injectors in the automobile industry.

In electroless plating, the bath solu-

tions contain several kinds of addi-

tives. An excess of a reducing agent, 

for example hypophosphite, must be 

added to the bath solution because the 

plating reaction terminates when the 

reducing agent is exhausted. Organic 

acids like acetate, lactate and citrate 

are added to the baths to provide both 

buffering of the bath solution and also 

to prevent metal salt precipitation. 

The concentrations of these additives 

have a signifi cant effect on the quality 

and effectiveness of the plating and 

may vary during the plating operation 

because of their involvement in the 

plating reactions. Therefore, monitor-

ing the levels of additives as well as 

other ions is very important.

Ion chromatography (IC) is an estab-

lished and popular technique for the 

analysis of ions. However, samples 

from electroless plating baths have 

presented a number of problems and 

challenges to this technique. In IC, 

either anionexchange or ion-exclusion 

chromatography is used for anion anal-

ysis. In anion-exchange chromatogra-

phy, separations of organic acids show 

extremely poor resolution.1 Although 

their resolution by ion-exclusion chro-

matography is better,2,3 the plating bath 

samples themselves cause extensive 

damage to these columns. This is 

due to high concentrations of metals, 

present in the plating bath samples, 

adsorbing onto the column which is 

made of sulfonated polystyrene gel (H+ 

form). Therefore, an easier, more rapid 

and more stable method for the analy-

sis of organic and inorganic anions in 

electroless plating baths is required.

Capillary zone electrophoresis (CZE)4 

has increasingly become a standard 

analytical tool for many ionic spe-

cies. The advantages of ion analysis 

using CZE rather than chromatography 

include resolution, speed, simplicity 

and reduced sample preparation.

The application of CZE to the analysis 

of a nickel-plating bath has been previ-

ously reported by Oehrle.5

In this note, inorganic and organic 

anions in an electroless plating bath by 

CZE were analyzed. Determination of 

cations and metal-EDTA complexes in 

the samples were also demonstrated.

Experimental

 All experiments were performed 

using an Agilent 1600 Capillary 

Electrophoresis system. This system 

comprises a CE unit with built-in 

diodearray detector and an Agilent 

ChemStation for system control, 

data collection and data analysis. 

Anions were analyzed using the 

Agilent Organic Acids Analysis Kit (p/n 

5063-6510). Ethylendiaminetetraacetate 

(EDTA) di-sodium salt and metal- 

EDTA complexes were purchased from 

Dojindo Laboratories (Kumamoto, 

Japan). Other chemicals used were 

of analytical or reagent grade and 

obtained from Wako (Osaka, Japan). 

Water was purifi ed with a Milli-Q 

purifi cation system from Millipore 

(Bedford, MA, USA).
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Results and discussion

Inorganic and organic anion 
analysis
 Several inorganic and organic anions 

are present in electroless plating 

bath samples. Hypophosphite is 

generally used as the reducing agent 

and is oxidized to phosphite and 

orthophosphate during the plating 

process. Organic acids such as oxalate, 

tartarate, malate, citrate, succinate, 

acetate, lactate and ethylendiamine-

tetraacetate may be added as buffer-

ing or complexing agents. Inorganic 

anions like sulfate and chloride are also 

present as counter-ions of the plating 

metals added to the baths. As previ-

ously stated, the concentrations of 

these anions can affect the quality and 

effectiveness of the plating, and there-

fore the monitoring of their levels is 

extremely important. A method for the 

determination of inorganic and organic 

anions by CZE has been developed 

previously6,7 and this is available from 

Agilent Technolgies Inc. (Organic Acids 

Analysis Kit,(p/n 5063-6510). Using 

this kit, fi ve inorganic anions and eight 

organic acids can be separated in one 

run. Figure 1 shows the electrophero-

gram of these thirteen anion standards 

(25 mg/L each). Most anions exhibited 

good peak shapes and were resolved in 

less than seven minutes.

Figure 1
Separation of a standard mixture of inorganic and organic anions.
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6   Citrate
7   Succinate
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11  Acetate
12  Lactate
13  Orthophosphate

Chromatographic conditions
Buffer Agilent Organic Acids Buffer (p/n 8500-6785) from Agilent 

Organic Acids Analysis Kit (p/n 5063-6510)

Capillary Fused silica, I = 72 cm

L = 80.5 cm, id = 75 µm

Injection 100 mbars

Temperature 20 °C

Voltage -25 kV, (reversed polarity)

Detection Signal 350/20 nm

Reference 200/10 nm
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Figure 2 shows an example of the 

CZE analysis of a nickel-plating bath 

sample. Sample preparation consisted 

of merely diluting the sample with 

purifi ed water (1:1000) before injec-

tion. Peaks were identifi ed by their 

migration times. The concentrations 

of sulfate, malate, hypophosphite, 

phosphite and acetate were calculated 

as 22.4, 24.3, 15.6, 32.5 and 2.6 g/L, 

respectively. 

Figure 3 shows a sequence of six con-

secutive runs demonstrating reproduc-

ibilities for migration times with %RSD 

values (n=6) better than 0.11 %, and for 

peak areas better than 1.5 % except for 

acetate (3.3 %) due to its low concen-

tration (table 1).
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4   Phosphite
5   Acetate

Figure 2
Analysis of anions in nickel-plating bath diluted to 1:1000.

Figure 3
Reproducibility of nickel-plating bath analysis.

Table 1
Reproducibility of nickel-plating bath analysis.

Time [min]2 3 4 5 6

[mAU]
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3   Hypophosphite
4   Phosphite
5   Acetate
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Chromatographic conditions
Buffer Agilent Organic Acids Buffer (p/n 8500-6785) from Agilent Organic Acids 

Analysis Kit (p/n 5063-6510)

Capillary Fused silica, I = 72 cm

L = 80.5 cm, id = 75 µm

Injection 100 mbars

Temperature 20 °C

Voltage -25 kV, (reversed polarity)

Detection Signal 350/20 nm

Reference 200/10 nm

Compound %RSD (n = 6) %RSD (n = 6)
Migration time  Peak area 

7.001.0etafluS
0.101.0etalaM
5.101.0etihpsohpopyH
9.011.0etihpsohP
3.301.0etatecA
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Cation analysis
CZE has also proven to be a power-

ful tool for the analysis of cations.8,9 

François et al.10 reported the simultane-

ous separation of sixteen alkali, alka-

line earth and transition metal cations 

by CZE. Their method was improved 

and applied to the determination of cat-

ions in a nickel-iron-cobalt-plating bath 

(fi gure 4). Since the concentrations of 

the cations ranged from 0.7 to 70 g/L, 

the sample was diluted 1:1000 with 

Milli-Q water. In addition to nickel, iron 

and cobalt we could also determine 

potassium and sodium concentrations. 

Figure 5 illustrates the reproducibility 

of six consecutive runs. The %RSD for 

all cations was 0.03 % for migration 

times and between 0.7 % and 2.6 % for 

peak areas (table 2).
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Figure 4
Analysis of cations in nickel-iron-cobaltplating bath diluted to 1:1000.

Table 2
Reproducibility of nickel-iron-cobalt-plating bath 
analysis.

Figures 5
Reproducibility of nickel-iron-cobalt-plating bath analysis.
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Chromatographic conditions
Buffer H10 mM imidazole, 10 mM lactic acid, pH 4.5

(adjusted with 1 M acetic acid)

Capillary Fused silica, I = 56 cm, L = 64.5 cm, id = 75 µm

Injection 125 mbars

Temperature 25 °C

Voltage 20 kV

Detection Signal 280/40 nm

Reference 210/10 nm

Compound %RSD (n = 6) %RSD (n = 6)
Migration time Peak area 

5.130.0muissatoP
2.230.0muidoS
6.230.0norI
7.030.0tlaboC
2.130.0lekciN
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Metal-EDTA complex analysis
The concentrations of metals in the 

plating bath waste must be regulated 

to ensure environmental protection. 

Prior to being discarded, metals are 

usually recovered and removed from 

plating baths. However, metal-EDTA 

complexes are diffi cult to recover 

because of the strength of the com-

plex. Therefore metal-EDTA complexes 

in plating waste must be analysed. 

Although ion chromatography is one 

possible technique for this application, 

the separation obtained is poor.11,12 

Baraj et al.13 developed a method for 

the analysis of metal-EDTA complexes 

by CZE. By referring to this method, 

metal-EDTA complex standards were 

determined at concentrations of 

10 mg/L each (fi gure 6). Figure 7 shows 

an example of the use of this method 

for the analysis of metal-EDTA com-

plexes in plating bath waste. The waste 

solution was diluted 1:5 with Milli-Q 

water and then injected. Fe(III)-EDTA 

was determined and its concentration 

in the waste was 3.4 mg/L. Nitrate 

and chromate were also detected and 

identifi ed by their UV spectrum.

Figure 6
Separation of a standard mixture of metal–EDTA complexes.

Figure 7
Analysis of plating bath waste-diluted 1:5 (conditions as in fi gure 6).
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Chromatographic conditions
Buffer 50 mM sodium acetate, pH 5.5

Capillary CEP coated (order number G1600-62318),

I = 72 cm, L = 80.5 cm,

id = 75 µm

Injection 150 mbars

Temperature 20 °C

Voltage -25 kV, (reversed polarity)

Detection Signal 230/10 nm

Reference off
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Conclusion

The application of CZE for the analy-

sis of plating bath samples has been 

demonstrated. Both anions and cations 

in plating bath samples could be deter-

mined in a short analysis time. CZE has 

several advantages over IC including 

sample preparation, resolution and 

simplicity. The reported methods may 

be very useful for the routine monitor-

ing of plating baths and waste in the 

electroless plating bath industry.
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