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SIMULTANEOUS DETERMINATION OF CADMIUM , COBALT, COPPER, 
LEAD, MERCURY AND NICKEL IN ZINC SULFATE PLANT ELECTROLYTE 

USING LIQUID CHROMATOGRAPHY WITH ELECTROCHEMICAL 
AND SPECTROPHOTOMETRIC DETECTION 

A.M. Bond* and G.G. Wallace 
Division of Chemical and Physical Sciences, 

Deakin University, 
Waurn Ponds, Victoria 3217,  Australia 

ABSTRACT 

The current efficiency (cost) of electrolytic production of high 
purity metallic zinc from zinc sulfate plant electrolyte is 
critically dependent on the concentration of a number of trace 
elements. The matrix, containing a very large concentration excess 
of zinc sulfate in concentrated sulfuric acid presents difficulties 
for determining low concentrations of other metals with many 
analytical methods. In this work it is shown that Cd, Co, Cu, Pb, 
Hg and Ni impurities may be simultaneously determined at 
concentrations less than or equal to 1 ppm using a combination of 
solvent extraction, high performance liquid chromatography and 
electrochemical or spectrophotometric detection. 
utilizes the formation of pyrrolidine dithiocarbamate complexes, 
which after removal of zinc complexes and excess ligand on an anion 
exchange column can be separated on a C-18 reverse phase 
chromatographic column and detected by W/Visible spectrophotometric 
or electrochemical detection. Other combinations of chromatographic 
and detection procedures were thwarted by the very large 
concentration excess of zinc and other problems. 

Solvent extraction 
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INTRODUCTION 

BOND AND WALLACE 

The d e t e r m i n a t i o n  of t r a c e  elements  i n  t h e  presence o f  a very 

l a r g e  excess  of  a n o t h e r  element i s  a problem f r e q u e n t l y  encountered 

by t h e  a n a l y t i c a l  chemist  (1). Even s o  c a l l e d  s p e c i f i c  methods, 

can  e x h i b i t  i n t e r f e r e n c e  e f f e c t s  when confronted  w i t h  a m a t r i x  of 

t h i s  type  (2 -4 ) .  

In t h e  mining i n d u s t r y ,  t h e  i n d u s t r i a l  p rocess  t o  produce high 

p u r i t y  metals f r e q u e n t l y  r e q u i r e s  t h e  pre l iminary  product ion  of  a 

c o n c e n t r a t e  where obvious ly  t h e  c o n c e n t r a t i o n  of  t h e  element t o  be 

r e f i n e d  i s  very  high.  Never the less ,  i n  many m e t a l  r e f i n i n g  

processes  i t  i s  ex t remely  impor tan t  t o  monitor  t h e  c o n c e n t r a t i o n  of 

t r a c e  i m p u r i t i e s  p r e s e n t  a t  v a r i o u s  s t a g e s  of  t h e  r e f i n i n g .  

o v e r a l l  e f f i c i e n c y  of  t h e  process  may be  s e v e r e l y  decreased  i n  t h e  

presence of  c e r t a i n  m e t a l s ,  even a t  t r a c e  l e v e l s .  

methods have been r e p o r t e d  f o r  t h e  d e t e r m i n a t i o n  of  s p e c i f i c  

e lements  i n  v a r i o u s  c o n c e n t r a t e s  (5-11). Commonly, e l e c t r o c h e m i c a l  

techniques  o r  a tomic a b s o r p t i o n  spec t romet ry  have been used. These 

methods become t i m e  consuming i f  a number of  elements need t o  be 

determined.  For example, Beyer and Bond (10) have determined both 

t h e  major and some minor e lements  (Cd, Cu, Pb and Zn) s imul taneous ly  

i n  lead  and z i n c  c o n c e n t r a t e s  by polarographic  techniques .  However, 

i n  t h i s  procedure t h e  number o f  e lements  which c a n  be  determined 

s imul taneous ly  i s  l i m i t e d ,  which i s  t y p i c a l l y  t r u e  i n  problems of 

t h i s  kind.  

The 

A number of 

The e l e c t r o l y t i c  product ion  of  h igh  p u r i t y  m e t a l l i c  z i n c  u s e s  a 

p l a n t  e l e c t r o l y t e  which i s  e s s e n t i a l l y  a very c o n c e n t r a t e d  s o l u t i o n  
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DETERMINATION OF TRACE ELEMENTS 1801 

of zinc sulfate (100-108 g/L) in sulfuric acid (up to 110 g/L). The 

current efficiency for zinc production decreases substantially in 

the presence of trace impurities; i.e. cost of production is 

increased. Consequently, the zinc sulfate electrolyte has to be 

monitored very closely during the production process. 

this is not a matrix conducive to the atomic absorption method and 

many problems exist in the analytical work (11). 

laboratories, a method has been developed for trace metal analysis 

using liquid chromatography (LC) with electrochemical (LCEC) and/or 

UV-Visible spectrophotometric (LCUV) detection (12,13), which 

can be automated (14)  with microprocessor based instrumentation. In 

the present report, the application to multi-element determination 

in the presence of a huge excess of zinc is examined on samples of 

zinc sulfate. 

Unfortunately 

In these 

The method is based on formation of dithiocarbamate complexes 

followed by separation and subsequent electrochemical or 

spectrophotometric detection. Two modes of operation are available: 

(i) The metal-dithiocarbamate complex can be formed external to the 

chromatographic system and prior to injection onto the separating 

column. 

to that for chromatographic separation or in aqueous solution 

followed by extraction into a suitable organic solvent (15). 

(ii) If the kinetics of dithiocarbamate complex formation is 

sufficiently rapid, the complex can be formed ' i n  situ' by including 

the ligand in the chromatographic solvent. This is the method 

amenable to complete automation (14). 

Complex formation may be undertaken in a solvent identical 

With this method, Ni and Cu (14) 
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BOND AND WALLACE 1802 

as well as Pb, Co, Hg and Cd (15) can be determined in a single 

injection within ten minutes. 

Other elements(e.g., Cr, A s ,  Sb and Se) cannot be determined i n  

this mode for various reasons (13,15), and recourse to the first 

mentioned method with external complex formation may need to be 

considered. 

In the present work both modes of operation were considered for 

the simultaneous determination of Ni, Cu, Co, Pb, Hg and Cd in zinc 

concentrates. 

It might be anticipated that the very large concentration of 

zinc would mitigate against successful development of a 

chromatographic method based on electrochemical and/or 

spectrophotometric detection. In principle, the chromatography 

might be expected to be inadequate to achieve the required 

separation which must be high with either spectrophotometric or 

electrochemical detection since zinc dithiocarbamate gives a 

response with both detectors. However, two major factors influence 

the possibility of success applying our new method for metal 

analysis to zinc plant electrolyte: (i) The stability constant of 

the zinc dithiocarbamate is small compared with most other 

metal-dithiocarbamates (16-18), (ii) Evidence for the formation of 

anionic zinc dithiocarbamate complexes has been reported (19-21). 

I n  previous work (14) an anion exchange guard column was designed to 

trap excess negatively charged dithiocarbamate ligand. The same 

guard column may therefore at least partially remove the zinc 

dithiocarbamate complex. 
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DETERMINATION OF TRACE ELEMENTS 1803 

EXPERIMENTAL 

Reagents and Standard Solutions 

All chemicals used were of analytical grade purity unless 

otherwise stated. 

dithiocarbamate salts were recrystallized from ethanol prior to use. 

Commercially available diethyl and pyrrolidine 

Standard solutions of the metals concerned were prepared by 

dissolving copper nitrate, nickel chloride, cobalt nitrate, lead 

nitrate, mercuric nitrate, cadmium chloride and selenium dioxide in 

distilled deionized water. 

a 'zinc sulfate-sulfuric acid' matrix corresponding to "pure" plant 

electrolyte. 

determinations. 

Standard solutions were also prepared in 

These standards were always used in analytical 

Acetate buffer was prepared using the method described by Vogel 

(22). 

Liquid chromatographic grade (LC) grade acetonitrile, methanol, 

dichloromethane and chloroform were used throughout this work. 

Zinc sulfate electrolyte samples were provided by the 

Electrolytic Zinc Company, Risdon, Tasmania, Australia. 

Instrumentation 

Instrumental details concerning the chromatographic and 

electrochemical instrumentation have been described previously 

(12-14). Chromatography equipment and spectrophotometric 

detection were based on Waters equipment whilst electrochemical 

instrumentation was either from Princeton Applied Research (PAR) 

Corporation, Bioanalytical Systems (BAS), o r  home built. In this 

work the electrochemical detector was a Bioanalytical Systems (BAS)  
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Figure 1 

F 1 ow Di agram of Instrument  a t  ion.  

8 7 

1. 

2. 

3. 

4 .  

5 .  

6 .  

CONTROL 
10 - 

Chromatographic s o l v e n t :  e.g. Externa l  mode : 70% a c e t o n i t r i l e  : 
30% a c e t a t e  b u f f e r ,  pH = 6 ( .02 El, .01 NaN03. I n  s i t u  mode 
: as above but  add 

Solvent Del ivery System : Typical  flow r a t e  = 1-3 mLfmin. 

I n j e c t i o n  System : can  be e i t h e r  manual o r  automatic .  Typical  
i n j e c t i o n  i s  10-100 pL. 

Guard column : conta in ing  ( i >  s e p a r a t o r  r e s i n  t o  p r o t e c t  
s e p a r a t o r  column, e.g. C-18 r e s i n  and ( i i l  i o n  exchange r e s i n  t o  
t r a p  excess  d i th iocarbamate  ( e x t e r n a l  mode), e.g. Amberlite 
CG-400. 

g NHqpydtc. 

9 

Separa tor  column : e.g. C-18 r e v e r s e  phase from Waters Assoc. 
Length = 30 cm; i .d .  = 3 .9  mm. 

Suppressor  column : t o  remove excess  d i th iocarbamate  ( i n  s i t u  
mode), packed w i t h  i on  exchange r e s i n  a s  i n  guard column. 
Length = 20 c m ;  1.d. = 3 . 9  mm. 

OUT I 
I 
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DETERMINATION OF TRACE ELEMENTS 1805 

TL5 c e l l  w i t h  g l a s s y  carbon working e l e c t r o d e ,  and a n  aqueous 

Ag/AgCl (3M KC1) r e f e r e n c e  e l e c t r o d e .  Columns were b a s i c a l l y  as 

d e s c r i b e d  i n  r e f e r e n c e  14. A t y p i c a l  exper imenta l  arrangement i s  

shown s c h e m a t i c a l l y  i n  F igure  1. 

Elec t rochemica l  experiments  i n  a convent iona l  c e l l  were 

performed u s i n g  g l a s s y  carbon working and a u x i l i a r y  e l e c t r o d e s  and a 

Ag/AgCl  ( s a t d .  LiCl  : methanol o r  dichloromethane)  r e f e r e n c e  

e l e c t r o d e .  

Unless o t h e r w i s e  s t a t e d  a l l  d a t a  were o b t a i n e d  a t  (22 2 1)OC 

and a l l  s o l u t i o n s  were degassed wi th  n i t r o g e n .  

RESULTS AND DISCUSSION 

The two methods o f  d i th iocarbamate  complex formation d e s c r i b e d  

i n  t h e  i n t r o d u c t i o n  were examined t o  a s c e r t a i n  t h e  e f f e c t  o f  t h e  

l a r g e  z i n c  c o n c e n t r a t i o n  p r e s e n t  i n  z i n c  s u l f a t e  e l e c t r o l y t e .  

( i )  E x t e r n a l  D i  th iocarbamate Complex Formation 

I n  t h i s  mode, d i e t h y l  o r  p y r r o l i d i n e  d i th iocarbamate  complexes 

need t o  be  formed i n  a b u f f e r e d  aqueous sample o f  z i n c  s u l f a t e  

e l e c t r o l y t e  by a d d i t i o n  of  a n  aqueous s o l u t i o n  of d i e t h y l  o r  

p y r r o l i d i n e  d i th iocarbamate  s a l t .  

e x t r a c t e d  i n t o  a n  o r g a n i c  phase (dichloromethane o r  chloroform were 

The meta l  complexes are then  

found t o  be  s u i t a b l e )  p r i o r  t o  i n j e c t i o n  o n t o  t h e  column. The 

7. Spect rophotometr ic  d e t e c t o r .  

8. Elec t rochemica l  d e t e c t o r .  

9. Readout device .  

10. Microprocessor .  
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1806 BOND AND WALLACE 

b u f f e r  s o l u t i o n  w a s  made 1% (w/v> i n  NaN03 t o  enhance t h e  

e x t r a c t i o n  e f f i c i e n c y  (23) .  I n j e c t i o n  of  v e r y  pure z i n c  s u l f a t e  

e l e c t r o l y t e  wi thout  any guard column g i v e s  a n  extremely l a r g e  z inc  

d i t h i o c a r b a m a t e  response u s i n g  spec t rophotometr ic  d e t e c t i o n  ( = 

254 nm) o r  e l e c t r o c h e m i c a l  d e t e c t i o n  (DC p o t e n t i a l  = 0.80 V) as 

shown i n  F igure  2 ( a , c ) .  However, i n s e r t i o n  of  a n  a n i o n  exchange 

guard column i s  very  e f f i c i e n t  i n  removing t h i s  response ,  as shown 

i n  F igure  2 ( b , d ) .  This  method can  t h e r e f o r e  be  used f o r  t r a c e  

meta l  d e t e r m i n a t i o n  i n  z i n c  s u l f a t e  e l e c t r o l y t e  w i t h  c o n s i d e r a b l e  

advantage s i n c e  Cd, Co, Cu, Pb, Hg and N i  may be  determined 

s imul taneous ly  i f  no i n t e r f e r e n c e  e f f e c t s  are i n  o p e r a t i o n .  

I n i t i a l  s t u d i e s  t o  examine t h e  e x t r a c t i o n  behaviour  of  t h e  

v a r i o u s  m e t a l s  i n  t h e  presence  and absence of  z i n c  s u l f a t e  were 

undertaken w i t h  d i f f e r e n t i a l  p u l s e  voltammetry a t  a g l a s s y  carbon 

working e l e c t r o d e .  Each of t h e  d i th iocarbamate  complexes g i v e s  very 

w e l l  d e f i n e d  o x i d a t i o n  responses  i n  organic  s o l v e n t s  (19,241.  The 

metal  complexes were e x t r a c t e d  i n t o  dichloromethane,  and t h e  

e l e c t r o c h e m i s t r y  t h e n  i n v e s t i g a t e d  i n  t h i s  s o l v e n t  a f t e r  a d d i t i o n  of  

0.1 Bu N C l O  as a s u i t a b l e  s u p p o r t i n g  e l e c t r o l y t e .  
4 4  

The e x t r a c t i o n  e f f i c i e n c y  and s t a b i l i t y  of t h e  meta l  complexes 

i n  t h e  presence and absence of  z i n c  s u l f a t e  e l e c t r o l y t e  could  be  

i n v e s t i g a t e d  c o n v e n i e n t l y  i n  t h i s  manner. 

which could  b e  measured d i r e c t l y  by voltammetry i n  a convent iona l  

e l e c t r o c h e m i c a l  c e l l  i n  t h e  presence  o f  a l a r g e  excess  of z i n c ,  d a t a  

agreed w e l l  w i t h  t h a t  found i n  l i q u i d  chromatographic work a f t e r  

c h r oma t r I removal of  z i n c .  In a l l  cases it  was found t h a t  t h e  

For t h o s e  metal complexes 
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DETERMINATION OF TRACE ELEMENTS 

TABLE 1 

1807 

Extraction of Metal Pyrrolidine Di thiocarbamate Complexes in 
Presence and Absence of Zinc Sulfate Elec trolytea,b. 

Metal Percentage of metal dithiocarbamate 
signal obtained for extraction in 
presence and absence o f  zinc 
sulfate electrolyte. 

18% 
15% 
75% 
85% 
10% 

100% 

Percentage of 
original metal 
dithiocarbamate 
signal remaining 
after two hours. 

Without Zn With Zn 

95% 100% 
100% 100% 
100% 100% 
100% 100% 
100% 100% 
100% 100% 

Percentages quoted typically have a mean deviation of 2 3%. 

Extractions were performed with dichloromethane as in text (see 
later). Results are average values obtained by two methods. 

(i) Differential pulse voltammetry (conventional cell). 
Scan rate = 5 mV/sec. Duration between pulses = 0.5 
sec. Modulation amplitude = 50 mV. 

(ii) Extractions were performed and samples injected into 
the LCEC/UV system described in Fig. 1. Injection 
volume = 10 p1. 
UV detection A = 254 nm. Electrochemical detection 
DC ( +  1.20 V) vs Ag/AgCl ( 3  g KC1). 

Flow rate = 2 mL/min. 

stability of the metal dithiocarbamates was increased in the 

presence of zinc dithiocarbamate as has been reported by other 

workers (25,261. Results are summarized in Table 1. 

The ligand chosen for extraction in all quantitative studies was 
- 

pyrrolidine dithiocarbamate (pydtc ) rather than 

diethyldithiocarbamate, (dedtc-) for a number of reasons. 

Firstly, pydtc- has been shown t o  exchange more readily than 
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i- 
L - l - L L l  
0 2 4 6 8  

D 

- 
0 2 4 6  8 

Figure 2 

Injection (10 VL) of a ZnSOq solution (108 g Zn/L) in distilled 
H20. Chromatographic system as described in Fig. 1. Solvent flow 
rate = 3 mL/min. 

(a) spectrophotometric detection ( A  = 254 nm). 

( b )  as for (a) but insert ion exchange guard column. 

(c) electrochemical detection DC (potential = + 1.20 V). 

(d) as for (c) but insert ion exchange guard column. 
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DETERMINATION OF TRACE ELEMENTS 1809 

dedtc-  (18) .  

l i g a n d  i n  a c i d i c  s o l u t i o n s ,  such as encountered w i t h  z i n c  s u l f a t e  

Secondly, pydtc- i s  more s t a b l e  than t h e  dedtc-  

e l e c t r o l y t e .  

Zn(dedtc)2 i s  observed when t h e  dedtc-  l i g a n d  i s  used. 

complex has  a r e t e n t i o n  volume s imilar  t o  Cu(dedtc)2 and causes  

i n t e r f e r e n c e .  

F i n a l l y ,  a s i g n i f i c a n t  response  a t t r i b u t a b l e  t o  

T h i s  

Acetate b u f f e r  (pH = 4 )  was found s u i t a b l e  f o r  e x t r a c t i o n  of  a l l  

metals cons idered .  

The b a s i s  of t h e  e x t r a c t i o n  i s  shown i n  t h e  r e a c t i o n  scheme 

below. 

M;+ + M;+ + M;+ + ... + Zn2+ + pydtc- 

I Slower 

M3(pydtc)3 + ... 
"Zn(pydtc)n" i s  t h e n  t rapped  on a n i o n  exchange guard column and 

M1(pYdtc), + MZ(pYdtc)y + Mg(pydtc) j  + 

a r e  s e p a r a t e d  on a r e v e r s e  phase C-18 chromatographic column and 

d e t e c t e d .  Zn does n o t  respond a t  e i t h e r  d e t e c t o r  o p e r a t i n g  2+ 

under  a p p r o p r i a t e  c o n d i t i o n s .  

In t h i s  r e a c t i o n  scheme, "Zn(pydtc)n" i s  probably a mixture  of 

n e u t r a l  and a n i o n i c  complexes. Upon i n j e c t i o n  some of t h e s e  

complexes break  down t o  g i v e  f r e e  (pydtc l -  (15) which i s  t rapped 

on t h e  guard column. 

M;+, M:+, M:+ ... are t r a c e  metals and Zn2+ i s  
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1810 BOND AND WALLACE 

in a very large concentration excess over other metal ions being 

detected. 

In such an extraction it would be ideal to use as much ligand as 

possible in order to increase the rate of formation of the metal 

dithiocarbamate complexes. However, if more than 5 mL of 1% (w/v) 

pydtc- is used with 1 mL of zinc sulfate electrolyte and 10 mL of 

extracting solvent, "Zn(pydtc)nrr begins to precipitate at the 

organiclaqueous interface. 

For the determination of low concentrations of metals it is also 

obviously desirable to use as much zinc electrolyte (sample) as 

possible. However, use of too much electrolyte introduces too much 

zinc and therefore decreases the signals (extraction efficiency) of  

most of the other metals. Variation of zinc concentration at the 2 

10% level was found experimentally to produce a constant trace metal 

signal (A 3%) .  

extraction procedure that can be used prior to chromatography and 

detection. In summary, the recommended analytical method is as 

follows: 

(i 1 Add 10 mL 1 acetate buffer (pH = 4.2)  containing 1% 

There are obviously a number of constraints on the 

NaN03 (w/v) to 1 mL of zinc plant e ectrolyte. 

Add 5 mL of 1% aqueous pydtc- (w/v) 

for ten minutes. 

(ii) Shake mechanically 

(iii) Add 10 mL extracting solvent (dichloromethane, or 

chloroform). 

(iv) Shake for a further ten minutes. 

(V) Leave to separate for five minutes. 
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DETERMINATION OF TRACE ELEMENTS 1811 

( v i )  D r a w  o f f  sample from o r g a n i c  l a y e r  and i n j e c t  a 1 O u L  

sample i n t o  t h e  chromatographic  system c o n s i s t i n g  of  70% 

a c e t o n i t r i l e / 3 0 %  b u f f e r  e t c .  a s  t h e  running s o l v e n t ,  a 

guard column t o  remove excess  pydtc- and "zinc 

d i th iocarbamate"  and a r e v e r s e  phase C-18 s e p a r a t i n g  column 

( s e e  F igure  1). 

Detect  t h e  meta l  w i t h  e l e c t r o c h e m i c a l  o r  spec t rophotometr ic  

d e t e c t i o n  a f t e r  chromatographic s e p a r a t i o n .  

( v i i )  

With t h e  above procedure,  c a l i b r a t i o n  c u r v e s  were c o n s t r u c t e d  

f o r  t h e  m e t a l s  concerned. All were l i n e a r  f o r  c o n c e n t r a t i o n s  from 

t h e  d e t e c t i o n  l i m i t  t o  a t  least  20 ppm. Fig. 3 shows a t y p i c a l  

chromatogram. Chromatographic r e s o l u t i o n  between t h e  Cu and Hg 

responses  c a n  be  achieved by r e p l a c i n g  70% a c e t o n i t r i l e  wi th  (50% 

a c e t o n i t r i l e  + 20% methanol)  i n  t h e  chromatographic s o l v e n t .  

The o n l y  chemical  i n t e r f e r e n c e  observed wi th  o t h e r  e lements  

known t o  be  p r e s e n t  w a s  when mercury w a s  monitored i n  t h e  presence  

of selenium. In  t h i s  s i t u a t i o n ,  complex behaviour  was observed i n  

t h a t  t h e  mercury response w a s  s p l i t  i n t o  two peaks ( F i g .  41, 

implying t h a t  mercury se len ium complexes a r e  being formed v i a  

exchange r e a c t i o n s .  ( R e s u l t s  are s i m i l a r  w i t h  o r  wi thout  ZnSO 

p r e s e n t ) .  

4 

Detec t ion  l i m i t s  f o r  both e l e c t r o c h e m i c a l  and spec t rophotometr ic  

d e t e c t i o n  a r e  l i s t e d  i n  Table  11. Note t h a t  i n  prev ious  work 

(13-14) t h e  e l e c t r o c h e m i c a l  d e t e c t o r  has  proved s u p e r i o r  w i t h  

r e s p e c t  t o  s e n s i t i v i t y .  

column does t r a p  most of  t h e  pydtc- and "Zn(pydtc)n" some 

However i n  t h i s  work, even though t h e  guard 
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1812 BOND AND WALLACE 

- 
0 2 4 6 8 1 0 1 2  

T,( min) 

Figure  3 

Determinat ion of  cadmium (2 ppm), l e a d  ( 5  ppm) [peak 51, n i c k e l  (5  
ppm) [peak 61, c o b a l t  (5 ppm) [peak 71 mercury ( 5  ppm) and copper  
( 5  ppm) [peak 81 i n  ZnSO4 (108 g Zn/L).  
t h i u r a m d i s u l f i d e .  

Peak 4 i s  due t o  

E x t r a c t i o n  performed as  i n  t e x t  u s i n g  dichloromethane as e x t r a c t i n g  
s o l v e n t .  Peaks (11, ( 2 )  and (3) i n  blank.  Chromatographic system 
as i n  Fig. 1. 
Spectrophotometr ic  d e t e c t i o n  ( A  

I n j e c t i o n  volume = 10 uL, f low rate  = 2 mL/min. 
= 254 nm). 

m a t e r i a l ( s 1  i n h i b i t i n g  t h e  e l e c t r o c h e m i c a l  response  must be e n t e r i n g  

t h e  d e t e c t o r  s i n c e  t h e  c u r r e n t  p e r  u n i t  c o n c e n t r a t i o n  i s  l e s s  than 

t h a t  o b t a i n e d  in t h e  absence of z i n c  when r e l a t i v e l y  p o s i t i v e  DC 

p o t e n t i a l s  a r e  used for d e t e c t i o n .  

Examination of  p l a n t  e l e c t r o l y t e  z i n c  samples was s u c c e s s f u l l y  

c a r r i e d  out  ( s e e  Fig. 5).  Data o b t a i n e d  u s i n g  t h e  method of  
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DETERMINATION OF TRACE ELEMENTS 1813 

B 

4 

2 

u 
0 2 4 6 8 1 0  

Third 

Figure 4 

I n j e c t i o n  of mercury (peak 2) i n  t he  presence of selenium (peak 1) 
r e s u l t s  i n  another d i s c r e t e  response (peak 3). 
1. Flow r a t e  = 3 mL/min. 

(A )  10 ppm selenium. 

System a s  i n  Fig. 
I n j e c t i o n  volume = 10 pL. 

Peak 1 may be the  thiuram d i s u l f i d e  dimer 
r a t h e r  than selenium. 

(B) 10 ppm mercury. 

(c) 10 ppm selenium + 10 ppm mercury. 

Ext rac t ion  performed as ou t l ined  i n  t e x t  us ing  dichloromethane as 
ex t r ac t ing  so lvent  (no ZnSO4 p resen t ) .  Spectrophotometric 
de t ec t ion  ( = 254 nm). 
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1814 BOND AND WALLACE 

2 

i 
5OnA -s. 

i 

A 

Figure 5 

Injection (10 p L) of a zinc plant electrolyte. Determination of 13 
ppm cadmium (peak l), 2 ppm cobalt (peak 2) and 7 ppm Cu(peak 3). 
Chromatographic system as in Fig. 1. 
Injection volume = 10 pL. Extraction as outlined in text using 
dichloromethane as extracting solvent. 

(A) spec trophotometric detection ( 

(B) electrochemical detection. 

Flow rate = 3 mL/min. 

= 254 nm). 

DC (potential = +1.20 V). 
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DETERMINATION OF TRACE ELEMENTS 1815 

standard additions were in excellent agreement with those obtained 

by conventional techniques based on individual determinations by 

atomic absorption spectrometry (100 fold dilution) or polarography 

( l l ) ,  implying that the method is relatively interference free. No 

problems from other major constituents in the electrolyte (e.g. Mn, 

12 g/L) were observed. 

of calibration was also satisfactory, except for the 

mercury-selenium combination noted above. This again is indicative 

that interferences are generally minimal. 

(ii) 'In situ' Dithiocarbamate Complex Formation 

Direct rather than standard addition methods 

Several problems arise with this mode of operation. 

The highly ionic zinc concentrate ( - 100 g/L Zn) needs to be 
miscible with a suitable chromatographic solvent. 

acetonitrile-water and methanol-water chromatographic solvents 

previously employed (141 were investigated with respect to 

miscibility. The zinc electrolyte was found to be immiscible with 

70% acetonitrile solution, although this problem can be eliminated 

by a preliminary twenty-fold dilution and a corresponding 

l o s s  in sensitivity. 

miscible with 70% methanol, zinc dithiocarbamate is not as soluble in 

methanol and precipitation may occur in the chromatographic system 

which i s  undesirable. If the UV-visible spectrophotometric detector 

is set at 254 nm or the electrochemical detector operated at 

potentials more positive than +0.80 V a very large zinc 

dithiocarbamate response is observed as shown in Fig. 6 .  

the spectrophotometric detector to 

detector to +0.60 V alleviates this problem significantly. However, 

Both 

Although the zinc concentrate is in fact 

Tuning of 

= 400 nm or electrochemical 
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1816 BOND AND WALLACE 

- - 
0 2 4 6 8  0 2 4 6 8  

Tr( m i n) 

Figure 6 

Blank (10 
twenty fold) determinations under various conditions. 

(A) spectrophotometric detection ( 1 = 254 nm). 

U L  injection of ZnSO4 electrolyte (108 g Zn/L) diluted 

(B) spectrophotometric detection ( X = 350 nm). 

( C )  electrochemical detection DC (potential = +0.80 V). 

(D) electrochemical detection DC (potential = + 0.60 V). 

Chromatographic system as in Fig. 1 (in situ mode). Flow rate = 3 
m U m i  n . 
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DETERMINATION OF TRACE ELEMENTS 1817 

u 
0 2 4 6 0  

TJmin) 

Figure 7 

Determination of  c o b a l t  (20 ppm) [peak 11 and copper (260 ppm) 
[peak 21 i n  a z inc  plant  e l e c t r o l y t e  ( 2  g/L HzS.04) sample a f t e r  
a twenty f o l d  d i l u t i o n .  

(A) spectrophotometric d e t e c t i o n  ( A  = 350 nm). 

(B) electrochemical  d e t e c t i o n .  

Chromatographic system a s  i n  Fig .  1 ( i n  s i t u  mode). Flow r a t e  = 
3 mL/min. I n j e c t i o n  volume = 10 pL. 

DC ( p o t e n t i a l  = + 0.60  V). 
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1818 BOND AND WALLACE 

under t h e s e  c o n d i t i o n s ,  d e t e c t i o n  i s  l i m i t e d  t o  N i ,  Cu and Co 

(spec t rophotometr ic  d e t e c t i o n )  and N i  and Cu ( e l e c t r o c h e m i c a l  

d e t e c t i o n ) .  Data obta ined  i n  t h e  presence and absence of z i n c  

e l e c t r o l y t e  show t h a t  t h e  t r a c e  m e t a l  r esponse  i s  n o t  t h e  same a s  

t h a t  observed when no z i n c  i s  p r e s e n t  f o r  metals o t h e r  than Cu. The 

r a t i o  of  s i g n a l  observed i n  t h e  presence  and absence of  z i n c  i s  

100% f o r  copper ,  65% f o r  n i c k e l  and 48% f o r  c o b a l t .  

copper d e t e r m i n a t i o n s  r e t a i n  t h e i r  s e n s i t i v i t y ,  t h e  s e n s i t i v i t y  f o r  

n i c k e l  and c o b a l t  are decreased .  Fig.  7 shows a n  example of  a n  

i n j e c t i o n  of  a z i n c  p l a n t  e l e c t r o l y t e  sample which demonstrates  t h a t  

the  method does work. Data are presented  i n  Table 2.  

Thus, w h i l s t  

However, a f u r t h e r  problem which m i t i g a t e s  a g a i n s t  t h e  long t e r m  

use  of t h e  ' i n  s i t u '  complex format ion  method was observed w i t h  long 

term monitor ing under automated c o n d i t i o n s .  Repeated i n j e c t i o n s  o f  

t h e  z i n c  e l e c t r o l y t e  lead  t o  r e l a t i v e l y  r a p i d  d e t e r i o r a t i o n  i n  the  

performance of t h e  s e p a r a t i n g  column and column r e g e n e r a t i o n  i s  

r e q u i r e d  a t  more f requent  i n t e r v a l s  t h a n  r e q u i r e d  on z i n c  f r e e  

samples. I n  a n  endeavour t o  provide  improved performance, t h e  ' i n  

s i t u '  complex format ion  mode w a s  examined w i t h  a suppressor  column 

i n  t h e  system p r i o r  t o  t h e  d e t e c t o r s  i n  o r d e r  t o  t r a p  t h e  excess  

l igand  as w e l l  a s  t h e  z i n c  d i th iocarbamate  complex. However under 

t h e  c o n d i t i o n s  of  l i g a n d  being inc luded  i n  t h e  running s o l v e n t ,  t h i s  

can o n l y  work f o r  a few i n j e c t i o n s  u n t i l  t h e  suppressor  column i s  

overloaded and f a i l s  t o  work. 

I n  summary, f o r  t h e  p a r t i c u l a r  example of  t r a c e  meta l  

d e t e r m i n a t i o n  i n  z i n c  p l a n t  e l e c t r o l y t e ,  t h e  e x t e r n a l  

d i th iocarbamate  complex formation method i s  c o n s i d e r a b l y  s u p e r i o r  
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TABLE 2 

1819 

L i m i t s  of d e t e c t i o n a  i n  presence  of z i n c  s u l f a t e  e l e c t r o l y t e .  

Detec t ion  L i m i t s  

Externa l  ModebSc ' I n  s i t u '  modedpe 

Me t a l  spec t ropho to-  
m e t r i c  
d e t e c t i o n  

(PPm) 

cu  0.1 
N i  0.5 
c o  0.2 
Pb 0 . 1  
Hg 1 
Cd 0.5 

e l e c t r o -  s p e c t r o -  e l e c t r o -  
chemical photo- chemica 1 
i n j e c t i o n  m e t r i c  d e t e c t  i o n  

d e t e c t i o n  

(PPm) (PPm) ( P P d  

0.1 0.1 0.1 
2 0.5 0.5 
2 0.2  
1 
1 

0.5 

( a )  For s i g n a l  t o  n o i s e  r a t i o  of  2 ,  u s i n g  a 10 U L  i n j e c t i o n .  

(b) Using recommended e x t r a c t i o n  procedure ( s e e  t e x t )  w i t h  
d i c h lorome t h  ane . 

( c )  E x t e r n a l  mode: h = 254 nm - DC (+ 1.2OV) l i n e a r  t o  20 ppm. 

(d)  Direct i n j e c t i o n .  

( e l  ' I n  s i t u '  mode: h = 400 nm - DC p o t e n t i a l  = + 0.60 V. 

R e s u l t s  o b t a i n e d  on chromatographic system as o u t l i n e d  i n  Fig. 1. 

and must be recommended, even though i t  r e q u i r e s  more t i m e  consuming 

procedures .  
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