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SUMMARY 

Normal- and reversed-phase high-performance liquid chromatography have 
been used to study the behaviour of the diethyldithiocarbamate complexes of Cu(II), 
Co(III), Cr(III), Ni(II), Hg(II), Pb(II), Se(IV), Zn(II), Fe(III), As(II1) and Cd(I1). A 
variety of commercially available columns was employed in an effort to identify 
significant differences in column performance. An analytical procedure suitable for 
the determination, in biological materials, of the more stable chelates (Cu, Co, Cr, Ni 
and Hg) by reversed-phase high-performance liquid chromatography is presented, 
following clarification of the optimal reaction conditions for formation of the Cr(II1) 
complex. 

INTRODUCTION 

1 Numerous reports - 23 dealing with the separation of metal diethyldithiocarba- 
mate complexes by normal (NP) or reversed-phase (RP) high-performance liquid chro- 
matography (HPLC) now exist. In fact, RP-HPLC appears to have overtaken the 
earlier workl-lo, published mainly before 1980 and based on normal-phase separa- 
tion of important ions such as Cu(II), Co(III), Cr(III), Ni(II), Hg(II), Pb(II), Se(IV), 
Zn(II), Fe(III), Te(IV), Bi(III), Pd(I1) and Pt(II). In the main, the requirements for 
these separations are straightforward although there is still some uncertainty regard- 
ing the ideal column and the stability of certain of the chelates. Thus, in RP-HPLC, 
stainless steel, glass, microbore and inert polymers have been used with evident suc- 
cess as column materials, although stainless-steel frits have been implicated in the 
decomposition of less stable metal chelates. 

In an earlier paper’ ‘, we reported the results of a study of the separation of 
eight stable metal diethyldithiocarbamates using RP-HPLC and non-metallic col- 
umns. We present here a further investigation of the chromatographic behaviour of a 
range of important metal ions as their diethyldithiocarbamate complexes, using a 
variety of columns and mobile phases in both NP- and RP-HPLC. In addition, 
studies of the optimal reaction and extraction conditions for the slow-reacting chro- 
mium(II1) ion have been examined and extended to establish the recovery efficiency 
and precision of a procedure suitable for routine multi-element, trace level analysis of 
samples of biological origin. 
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EXPERIMENTAL 

Preparation of dithiocarbamate chelates 
In most cases, metal chelates were prepared directly from sodium diethyldithio- 

carbamate and the stoichiometric amount of common metal saltsz4. The products 
were filtered off, washed with water and dried. Generally, no more than two recrystal- 
lizations were needed to give micro-analytically pure compounds. The only excep- 
tions to this procedure, were the chromium(III)25 and iron(III)24 chelates which were 
conveniently extracted into chloroform and precipitated from the solution by the 
addition of ethanol. Reprecipitation of these compounds yielded pure products. 

Instrumentation 
The liquid chromatograph used for this work was a Millipore Waters system 

consisting of an M6000A pump, a U6K injector, a Model 441 UV detector with fixed 
wavelength of 254 nm, and an Omniscribe B-5000 strip-chart recorder (Houston 
Instruments) adjusted for lo-mV input. A lo-p1 loop was filled with a 25-,ul Hamilton 
syringe. 

Unless stated otherwise, instrument parameters (at 2&25”C) were: mobile 
phase flow-rate 2.0 ml, recorder chart speed 0.5 cm/min and detector sensitivity 0.02 
a.u.f.s. 

Columns 
With one exception, all columns were made of stainless steel and representative 

of commercially available columns suitable for both normal-phase [column 1 (Waters 
PPorasil column, IO-ym particle size, 30 cm x 3.9 mm I.D.; 8600 plates/m) and 
column 2 (Alltech LiChrosorb SI-60 column, 10 pm, 25 cm x 4.6 mm I.D.; 10 000 
plates/m] and reversed-phase chromatography [column 3 (Kortec C, s-column, 5 pm, 
25 cm x 4.4 mm I.D.; 10 500 plates/m), column 4 (Chromatographic Systems Cls 
column, 5 pm, 25 cm x 4.6 mm I.D.; 5800 plates/m), column 5 (standard Waters 
PBondapak C1s-column, 10 pm, 25 cm x 4.6 mm I.D.; 9500 plates/m), column 6 
(Waters “Resolve” column, 5 pm, 15 cm x 4.6 mm I.D.; 14 500 plates/m) and col- 
umn 7 (Waters Radial-Pak column, 10 pm, 10 cm x 8 mm I.D. PTFE cartridge; 
45 000 plates/m)]. 

Reagents and solvents 
Reagents were of analytical grade and solvents were either of HPLC grade 

(acetonitrile, tetrahydrofuran) or analytical quality and redistilled through an all- 
glass system. Water was prepared using a Millipore Mini-Q purification unit. All 
solvents were degassed and filtered through suitable membrane filters (Millipore types 
FH or HA, 0.45 pm) before use. 

Acetate and ammonia-ammonium chloride buffer solutions were treated with a 
small quantity of ligand (5 ml, 0.05 M) followed by extraction with chloroform, then 
stored in plastic containers prior to use. 

Chelate solutions 
In preliminary work, stock solutions were prepared by dissolving the metal 

chelates, individually or in mixtures, in methanol for reversed-phase studies or in 
chloroform for normal-phase investigations. 
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Optimization of the formation of chromium(III) &elate 
The optimal conditions for the formation of the chromium(III) chelate involved 

examining the reaction products following the use of five different reaction condi- 
tions. This was achieved by placing five aliquots of a chromium(II1) acetate solution 
(2 ml, 10 ppm) in separate beakers and adding an excess of the dithiocarbamate 
reagent solution (2 ml, 0.025 iV) to each beaker. One mixture was then allowed to 
react (a) at room temperature, (b) at 80°C for 20 min, (c) at 80°C for 20 min in the 
presence of sodium sulphite (1 ml, 2%, w/v solution), (d) at 80°C for 20 min in the 
presence of ascorbic acid (1 ml, 2%, w/v solution), and (e) at 80°C for 20 min in the 
presence of hydroxylamine hydrochloride (1 ml, 2%, w/v solution). Each reaction 
mixture was quantitatively transferred to a clean separating funnel (125-ml capacity, 
fitted with a polyethylene stopcock), acetate buffer (pH 5.8, 10 ml) added and the 
resulting mixture extracted with chloroform (4 x 5 ml)., After washing out excess 
ligand from the combined extract with an equal volume of water”, the solvent was 
removed by evaporation at room temperature and the residue dissolved in methanol 
(10 ml). Aliquots (10 ,ul) of this solution were injected into the chromatographic 
column. 

Calibration curves and recovery studies 
Including “blanks’, aliquots (l-5 ml) of an aqueous mixture of Ni(II), Co(II), 

Cr(III), Cu(II) and Hg(I1) were taken and extracted as outlined in the previous sec- 
tion. Analyses were made using column 5 and methanol-water (6634, v/v) as mobile 
phase. Sensitivity of the detector was varied, depending on the absorptivity of each 
chelate. Calibration curves were prepared by plotting the amount of each metal in- 
jected (in ng) against the corresponding peak height (in mm). 

Recovery efficiencies for known amounts of the five metals were determined 
using the same experimental conditions. All statistical calculations are based on data 
for triplicate injections of each extract. 

Detection limits 
Detection limits were determined using the same procedure given above for 

extraction of a mixture of the five metal ions into chloroform. For this purpose, the 
criterion chosen was an absorbance signal equal to twice the background noise, using 
the highest detector sensitivity available (0.005 a.u.f.s.). 

Sample treatment and analysis 
The method developed in the previous work was applied to the determination 

of trace levels of the mqals in two NBS reference materials. These were the brewer’s 
yeast (SRM 1569) and orchard leaves (SRM 1571). Portions of the yeast (0.500 g) and 
leaves (0.150 g) were accurately weighed and separately transferred to small Kjeldahl 
flasks (100 ml), then refluxed for 4 h with a mixture of nitric and perchloric acids (30 
ml, 25:5, v/v) on a boiling waterbath. Each digestion residue was reduced to a small 
volume, additional nitric acid (15 M, 5 ml) added and the mixture again reheated 
briefly. When cold, water (25 ml) was added to the residue and ammonium citrate 
(lo%, w/v, 10 ml) added to mask any iron and manganese, then the solution was 
neutralized and adjusted to pH 9.5 (ammonia-ammonium chloride buffer, 20 ml). 
Chelation was achieved by adding sodium diethyldithiocarbamate reagent (0.025 M, 
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3 ml) and heating the mixture for 15 min at 60°C. When cool, extraction was carried 
out as above using chloroform. The final residue was dissolved in methanol and made 
to volume (2.0 ml). As before, lo-p1 volumes were examined on the PBondapak Cl8 
column. Blanks and duplicate determinations were made on each sample. 

RESULTS AND DISCUSSION 

Chromatographic behaviour of diethyldithiocarbamate complexes 
Normal-phase chromatography. The work of Liska et aL6 indicated that the 

diethyldithiocarbamate of Zn(II), Cu(II), Mn(II), Ni(II), Pb(II), Cr(III), Co(III), 
Cd(I1) and Fe(H) were satisfactorily separated on a LiChrosorb SI-60 (10 pm, stainless 
steel) column using cyclohexaneechloroform (90: 10, v/v) as the mobile phase. For the 
experimental conditions described, a typical separation is shown in Fig. 1 for na- 
nogram amounts of six of the most stable diethyldithiocarbamates. The separation, 
however, is not entirely satisfactory because of the failure to separate the Co(II1) and 
Cr(II1) chelates, and the inability to separate the oxidized ligand (the disulphide 
“disulfiram”) from the Cu(II) complex. Attempts to separate the less stable metal 

Fig. 1. Chromatogram showing the separation of a mixture of six metal diethyldithiocarbamates on col- 
umn 1. Mobile phase: cyclohexane-chlorofonn (90:10, v/v) at 1 ml/min. Identity is: A, Se(W) 50 ng; B, 
Hg(I1) 20 ng; C, ligand disulphide; D, Cu(I1) 6 ng; E, Co(II1) 2 ng; F, Cr(II1) 2 ng; G, Ni(I1) 4 ng. 
Conditions (for other figures also) are as given in the Experimental section. 
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chelates [such as those of Zn(II), As(III), Pb(I1) and Cd(II)] were totally unsuccessful 
on both columns 1 and 2 and no chromatographic peaks were obtained other than 
those corresponding with the retention times of the Cu(I1) and Ni(I1) diethyldithio- 
carbamates, presumably as a result of their decomposition to yield the stable copper 
and nickel chelates. Retention times for the stable complexes are given in Table I. In 
fact, better peak shapes were achieved for the Se(IV), Ni(I1) and Cu(I1) chelates with 
column 2 but the Co(II1) and Cr(II1) chelates were not well-resolved until the percent- 
age of chloroform was reduced to 4%. At this concentration, although not a critical 
need in either case, separation of the disulphide and the Cu(I1) chelate was successful 
but, then, the Se(IV) and Hg(I1) chelates co-eluted. Another possibly more serious 
disadvantage for normal-phase liquid chromatography is the appearance of the disul- 
phide peak in the midst of metal chelate peaks. 

Other binary solvents, such as cyclohexane-tetrahydrofuran and chloroform- 
tetrahydrofuran, were also examined, but without providing any improved separa- 
tion of the complexes. 

Reversed-phase chromatography. Some initial work was carried out using col- 
umn 3 after it had been washed with a solution of the ligand (0.001 M; in methanol- 
water, 70:30, v/v) to remove any accessible, on-column traces of metal impurities. On 
this column, the separation of metal chelates was best achieved with a ternary solvent 
system containing acetonitrile-methanol-water (35:30:35, v/v/v) and indicated that 
the dithiocarbamates of Ni(II), Co(III), Cr(III), Se(IV), Cu(I1) and Hg(I1) are stable 
enough to be used at the nanogram level (lo-20 ng) in quantitative work for multi- 
element trace metal analysis. 

Other elements produced multiple peaks similar to those previously reported15 
representing decomposition products and disulphide. The group of less stable metal 
complexes, referred to above, produced similar chromatograms (on the five reversed- 
phase columns) consisting mainly of three peaks. The first, a large peak, was observed 
at the column void volume and showed some decomposition products were unre- 
tained by the column (see peaks I in Fig. 2). The peak was also observed when the 
ligand was chromatographed on the column and suggests that this behaviour is due to 

TABLE I 

RETENTION TIMES OF METAL DIETHYLDITHIOCARBAMATES IN NORMAL-PHASE 
LIQUID CHROMATOGRAPHY 

Diethyldithiocarbamate 
complex 

Se(IV) 
Hg(II) 
Ni(I1) 
Cu(I1) 
Cr(II1) 
Co(II1) 
Ligand disulphide 

Retention time (min) 

System I” System 2b 

4.3 4.8 
6.3 6.2 
1.2 11.1 
8.5 1.6 
9.5 9.8 

10.0 9.4 
8.2 7.3 

’ Using column 1 with cyclohexan%hloroform (90:10, v/v) at 1 ml/min. 
* Using column 2 with cyclohexane-chloroform (90:10, v/v) at 1 ml/min. 
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Fig. 2. Reversed-phase chromatograms of metal diethyldithiocarbamates on column 3. Identity is: (a) 
Cd(II), 200 ng; (b) As(III), 200 ng; (c) Fe(III), 50 ng; (d) Pb(I1) 300 ng; (e) Zn(II), 300 ng. See text for 
identification of species I-IV. 

the elution of the ligand anion or a solute-mobile phase interaction product. The 
latter is not unknown and is illustrated by the reported precipitationZ6 of the Pb(I1) 
chelate in the column when the mobile phase was deficient in chloroform and by the 
decomposition27, in 4-methyl-2-pentanone, of the Pb(I1) chelate of the more stable 
ligand, ammonium pyrrolidinedithiocarbamate. The second peak (see peaks II in Fig. 
2) is one of medium height whose retention time corresponds to that of the disulphide 
and appears to be directly related to the stability of a metal chelate. Finally, two small 
peaks corresponding to the retention time of the Ni(I1) and Cu(I1) chelates (see peaks 
III and IV in Fig. 2) are presumably due to interaction with stainless-steel compo- 
nents of the column or the injector (or both). Retention times for the various diethyl- 
dithiocarbamate on column 3 are given in Table II. Separation of the chelates on this 
column was also examined with a small amount of disodium ethylenediaminetetra- 
acetate (Na2EDTA, 0.005 M) in the mobile phase in an effort to bind more effectively 
any free metal ions in the system contributing to the on-column decomposition of the 
group of less-stable diethyldithiocarbamates. However, as expected, the stable che- 
lates merely showed longer retention and on-column decomposition of the less-stable 
chelates was unaffected. These results, together with those obtained with a lower 
concentration of sodium diethyldithiocarbamate (ca. 0.0001 M) in the mobile phise 
are included in Table II and Fig. 3. 

Since the dissociation of the diethyldithiocarbamate complexes’ (and other 
dialkyldithiocarbamate complexes) at very low concentrations limits their utility for 
trace analysis by HPLC unless free ligand is present in the mobile phase 22,23*28-33, 
some additional work was carried out with the ligand incorporated at the level of 20 
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TABLE II 

RETENTION TIMES OF INDIVIDUAL METAL DIETHYLDITHIOCARBAMATES IN RE- 
VERSED-PHASE CHROMATOGRAPHY 

Using column 3. System 1, acetonitrile-methanol-water, 3.5:30:35 (v/v/v); system 2, as for system 1, but 
also containing 0.005 M Na,EDTA; system 3, as for system 1, but containing 0.0001 M sodium diethyl- 
dithiocarbamate. 

Diethyldithiocarbamate 
complex 

Retention time (mini 

System I System 2 System 3 

Cd(I1) 
Pb(II) 
Ni(I1) 

Co(lII) 
Cr(III) 
Se(IV) 
Cu(II) 

Hg(II) 

_ _ 
- _ 
8.0 9.4 
9.9 12.1 

10.9 13.4 
11.4 13.3 
12.3 14.7 
14.2 17.3 

3.1 
6.6 
8.4 

10.3 
11.5 
11.2 
12.8 
14.9 

mg/l (or cu. 0.0001 M). This low concentration is dictated by the strong UV absorp- 
tion of the ligand and the need to detect the chelates at 254 nm. It may be noted that 
addition of free ligand to the mobile phase was accompanied by a steady drifting of 
the baseline at the sensitivity setting of 0.02 a.u.f.s. and this was only slowly overcome 
or, alternatively, circumvented by using a much more insensitive detector setting, 
such as 0.5 a.u.f.s. In this way, it was possible to deal more satisfactorily with the 
Pb(I1) and Cd(I1) chelates among the less stable metal diethyldithiocarbamates. A 
further account of the effect of the ligand in the mobile phase is the subject of a later 
communication34. 

Other aspects of the preliminary studies of the chromatography of these che- 
lates included comparison of their behaviour on column 7, the wall of which is made 
of an inert polymer and end-fittings are of thin, stainless-steel metal spreader-plates. 
Despite the minimal contact with metal components of the analytical system2’*35, the 
less stable metal complexes were not chromatographed successfully or in any way 
better than on the stainless-steel columns. A typical chromatogram obtained with the 
stable metal chelates on this column is shown in Fig. 4. 

Simultaneous determination of metal ions 
From the above considerations, column 6 and a ternary mobile phase consist- 

ing of methanol-acetonitrile-water (45:20:35, v/v/v) were chosen for the simulta- 
neous, quantitative determination of the elements Ni(II), Co(II), Cr(III), Cu(I1) and 
Hg(I1). However, it was necessary to abandon this approach because of the unsatis- 
factory features of the chromatographic separation of mixtures containing the Hg(I1) 
complex. Although interference caused by the Hg(I1) chelate is not expecially evident 
in typical chromatograms at higher concentrations, at lower levels a pronounced and 
elevated baseline becomes obvious, as shown in Fig. 5 for three different amounts of 
the complex, observed under the same experimental conditions. This unsatisfactory 
behaviour with the Hg(I1) complex was observed also on column 5, again using the 
same experimental conditions. In addition, there was a marked deterioration in the 
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Fig. 3. Chromatographic behaviour of metal diethyldithiocarbamates on column 3. Identity is: (a) Cd(U), 
60 ng; (b) Pb(II), 600 ng; (c) Ni(II), 30 ng; (d) Co(III), 30 ng; (e) Se(IV), 400 ng; (fl Cr(III), 50 ng; (g) Cu(II), 
50 ng; (h) Hg(II), 100 ng; D = ligand disulphide. 

detector response for the complex when a solution in acetonitrile was examined and 
compared with a methanolic solution. 

The most plausible explanation of this phenomenon appears to implicate aceto- 
nitrile in complex formation with mercury, and possibly one of the other metals 
present in the mixtures when the behaviour was observed [in this case, the Ni(I1) and 
Cu(I1) chelates]. The idea is not new, and several instances of ternary complexes 
involving mercury33S36 and various donors3740 have been reported. Whatever the 
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Fig. 4. Chromatogram showing the separation of six metal diethyldithiocarbamates on a non-metal, re- 
versed-phase column (column 7) with a mobile phase of methanol-chloroform-water (50:30:20, v/v/v) at 
I .5 ml/min. Peaks: A = disulphide; B = Ni(I1) 30 ng; C = Se(IV) 75 ng; D = Cu(I1) 40 ng; E = Hg(I1) 100 
ng; F = Co(II1) 15 ng; G = Cr(II1) 20 ng. 

Fig. 5. Chromatograms showing the retention and elevated baseline of the Hg(II) diethyldithiocarbamate 
on a stainless-steel column (column 6) with the mobile phase methanol-acetonitrile-water (45:20:35, v/v/v) 
at 1 ml/min. Quantities are (a) 20 ng Hg(I1); (b) 80 ng Hg(I1); (c) 120 ng Hg(I1). 

complete explanation, Fig. 6 shows chromatograms for the separation of a mixture of 
five diethyldithiocarbamates prepared in methanol and examined on column 5. Fig. 
6a shows that the presence of as little as 5% acetonitrile in the mobile phase produces 
the characteristic elevated baseline preceeding the peak of the Hg(TT) complex. Tn 
marked contrast, with methanol-water as mobile phase the separation of the Hg( II) 
complex is total and there is an enhanced detector response. In addition, the slower 
chart speed which applies for Fig. 6b tends to conceal the full extent of the peak 
widths and the interval between the peaks of the Cu(II) and Hg(II) chelates. 

Subsequent developmental work was confined to work using only mobile phas- 
es consisting of methanol and water. 

Optimum,formation conditions for the Cr(III) chelate 
Since the rate at which water molecules are substituted by the diethyldithiocar- 

bamate anion is slowr7, the formation of the Cr(III) complex tends to be a very slow 
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Fig. 6. Separation of mixtures of metal diethyldithiocarbamates on column 5 with mobile phases; (a) 
methanol-acetonitrile-water (65:5:30, v/v/v), chart speed 0.5 cm/min, and (b) methanol-water (66:34, v/v), 
chart speed 0.25 cm/min. Peaks: A = disulphide; B = Ni(II) 30 ng; C = Co(II1) 10 ng; D = Cr(II1) 15 ng; 
E = Cu(I1) 30 ng; F = Hg(I1) 100 ng. 

process. Complex formation may be increased by reducing the stability of the hydrat- 
ed ion (by adding ethanol to the aqueous solution) or by raising the reaction temper- 
ature’5.41. For example, Gleu and Schwab41 formed this complex at 7O”C, using an 
acetate buffer at pH 5. However, the inertness of the Cr(II1) ion affects its reactivity 
and in some cases the reaction mixture has been allowed to stand overnight’7,32. 
Since such a procedure is not acceptable for routine analysis, optimal conditions for 
the formation of this complex were studied more closely and included reaction (using 
20 pg Cr3 ‘) at room and elevated temperatures and in the presence of several reduc- 
ing agents. 

The most favourable conditions for complex formation were found to be reac- 
tion at pH 5.8 and at 80°C for 20 min. In later work, because of the decomposition of 
some chelates [especially the Ni(I1) and Cu(I1) chelates], these conditions were altered 
to the milder one of heating at 60°C for 15 min. Further to this work, the effect of pH 
on the formation of this complex was also examined more closely at pH 5.8 (acetate 
buffer), pH 8.0 (boric acid-sodium hydroxide buffer) and pH 9.5 (ammonia-ammoni- 
um chloride buffer). The experimental procedure was otherwise unchanged. 

Fig. 7 shows the chromatograms of a mixture of the diethyldithiocarbamates 
formed under different experimental conditions using a mixture of the ions in aque- 
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ous solution. Clearly those applying to conditions (a) and (b) are unfavourable for 
complex formation. Here, it appears that the pH is too low in (a) and the reaction too 
slow in (b), whereas in (c), (d) and (e), the height of the Cr(II1) peak increases progres- 
sively. No serious decomposition of other metal chelates is indicated, although there 
is a small reduction in the peak height of the Cu(II) complex. From these results, the 
final modification chosen for the analytical procedure involved reaction at pH 9.5 and 
60°C for 15 min. For the chromatographic separation, column 5 was used with a 
mobile phase of methanol-water (6634, v/v). 

Linearity of calibrations plots and detection limits 
Fig. 8 shows the calibration plots prepared from the chromatographic data 

obtained after reaction of known amounts of mixtures of the five metal ions with the 
ligand, following the procedure discussed above. All plots show good linearity for 
nanogram amounts of the metals injected into the column although, probably be- 
cause of adsorption of the compounds on the column, only that for the Co(II1) 
chelate passes through the origin. Because of the poorer sensitivity of the Hg(I1) 
complex, this is shown separately from the other metals, nevertheless, all correlation 
coefficients fell in the range 0.9967 to 0.9996. The linear range of each of the five 

Fig. 7. Chromatograms of mixed metal diethyldithiocarbamates formed under various reaction conditions. 
Individual chromatograms are for reaction at 60°C for 15 min, unless stated otherwise, with: (a) no pH 
control (approx. pH 2); (b) pH 9.5, reaction at room temperature; (c) pH 5.8, (d) pH 8.0, (e) pH 9.5. Peaks: 
A = disulphide; B = Ni(I1) 20 ng; C = Co(II1) 10 ng; D = Cr(III) 20 ng; E = Cu(I1) 20 ng; F = Hg(I1) 
100 ng. 
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Fig. 8. Calibration plots for five metal diethyldithiocarbamates determined simultaneously by HPLC. 
Identity is: 0 = Ni(I1); A = Co(II1); 0 = Cr(II1); 0 = Cu(I1); 0 = Hg(I1). Conditions as in Experi- 
mental section. 

metals extended over two orders of magnitude. In fact, the linear ranges extended as 
far as 300 to 500 ng for all the elements except Co(II1). In the latter case, the narrower 
range is probably related to the Co(II1) complex having the lowest detection limit. 

Detection limits for these metals and Se(IV), at 254 nm (and based on a signal- 
to-noise ratio of ca. 2) are shown in Table III with, for convenience, other data 
presented in graphical form in Fig. 8. Of the values listed, the detection limit for the 
Hg(I1) chelate agrees closely with the value given by Inoue et aL4’, that is, 8.8 ng. 

Recovery eficiency 
A study of the recovery efficiency for the ions of interest [viz. Ni(II), Co(II), 

Cr(III), Cu(I1) and Hg(II)] when in a mixture was undertaken to assess the extent of 
any inter-element effect. Other elements such as those forming the less stable chelates 

TABLE III 

LINEAR CALIBRATION RANGES AND DETECTION LIMITS OF METAL IONS 

Metal ions Linearity range Detection limits Working curve range 

fngi lngl (ng) 

Ni(II) 200-450 0.2 O-10 
Co(H) 100-150 0.1 o-5 
Cr(III) 20&300 1.0 O-10 
Cu(I1) 20&400 0.8 O-10 

Hg(II) IO-500 8 IO-50 
Se(I1) - 8 _ 
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TABLE IV 

DATA SHOWING THE EFFICIENCY OF THE RECOVERY OF METAL IONS FROM SOLU- 
TION 

R.S.D. = Relative standard deviation. 

Metal ions 

Ni(I1) 
Co(II1) 
Cr(II1) 
Cu(I1) 

Hg(II) 

Amount taken Amount found Recovery R.S.D. 
ing) Ingl m/o) i%) 

8.0 7.6 f 0.2 95.3 2.1 
4.0 3.9 f 0.1 97.0 2.5 
8.0 7.6 f 0.2 95.0 2.1 
8.0 7.5 f 0.1 93.4 1.8 

40.0 39.4 f 0.8 98.6 2.0 

were deliberately excluded in this work but, of course, would be required in any more 
extensive development of this procedure. 

The recovery data collected in Table IV show that there is no serious interfer- 
ence among these elements and that the recoveries, of acceptable precision, were not 
less than 93%. The lowest recovery of all elements was that for Cu(II), probably as a 
result of its thermal decomposition under the experimental conditions employed. 
Although more time-consuming, the obvious solution to this problem is to determine 
Cu(II) at room temperature, followed by Cr(II1) at the elevated temperature and pH. 

Precision 
The precision in peak height measurement, as determined for a mixture of the 

five metals is shown in Table V. Two levels of concentration of the chelates are 
indicated. For the lower concentration of 2-50 ng of metal per injection, the corre- 
sponding relative standard deviations ranged from 0.87 to 2.8%. For the higher 
concentration of lo-200 ng of metal per injection, the relative standard deviation 

TABLE V 

DATA SHOWING THE PRECISION OF PEAK HEIGHT MEASUREMENTS FOR A MIXTURE 
OF METAL DIETHYLDITHIOCARRAMATES 

Metal ion 

Ni(I1) 

Co(III) 

Cr(II1) 

Cll(II) 

Hg(II) 

Lever Peak heightb Mean Standard R.S.D. 
/mm) deviation (%I 

0.2 ppm (2 ng) 22, 22, 22, 22, 22 22.1 0.41 1.84 
2.0 ppm (20 ng) 102, 102, 101, 99, 101, 101 101 1.1 1.09 
0.2 ppm (2 ng) 37, 37, 38, 38, 38, 38 37.7 0.52 1.37 
1.0 ppm (10 ng) 90, 90, 89, 89, 90, 90 89.7 0.52 0.58 
4.0 ppm (40 ng) 59, 59, 59, 59, 60, 60 59.3 0.52 0.87 

20 ppm (200 ng) 84, 84, 85, 84, 85, 87 84.8 1.17 1.38 
0.8 ppm (8 ng) 28, 28, 27, 28, 28, 28 27.8 0.41 1.47 
2.0 ppm (20 ng) 79, 78, 77, 80, 81, 80 79.2 1.47 1.85 
5.0 ppm (50 ng) 43, 40, 42, 42, 41, 43 41.8 1.17 2.8 

20 ppm (200 ng) 129, 130, 126, 128, 120, 122 125.8 4.02 3.2 

’ Detector sensitivity: 0.01 a.u.f.s. for lower levels and 0.02 a.u.f.s. for higher levels. 
b Measured at 254 nm, with other conditions as in Fig. 6b. 
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Fig. 9. Chromatograms of chelates extracted from (a) reagent blank and (b) brewer’s yeast SRM 1569. 
Separation on column 5 with mobile phase methanol-water (66:34, v/v) and chart speed 0.25 cm/min. 

Time Iminutes) 

Fig. 10. Chromatograms of chelates extracted from (a) reagent blank and (b) orchard leaves SRM 157 1, 
Conditions as for Fig. 9. 
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TABLE VI 

RESULTS FOR THE ANALYSIS OF BIOLOGICAL MATERIALS SRM 1569 AND SRM 1571 

Standard Element Certified value 

( pglg) 
Amount found 

(k4glg) 

Mean 

(pglg) 

SRM 1569 Cr(II1) 2.12 f 0.05 2.007, 2.087 2.05 f 0.06 
SRM 1571 Ni(I1) 1.3 f 0.2 1.22, 1.27, 1.44 1.31 f 0.13 

Co(II1) 0.2 0.15, 0.16, 0.20 0.17 f 0.02 
Cr(II1) 2.3 1.99, 2.34 2.19 f 0.25 
Cu(I1) 12 f 1 12.97, 13.48 13.2 f 0.4 
H&II) 0.155 f 0.015 - - 

varied from 0.58 to 3.2%. In both sets of data, the poorest precision applied to 
measurements of the Hg(I1) complex. 

It is anticipated that the precision of these measurement would be improved 
using an auto-injector coupled with an integrator for the measurement of peak height 
or area. 

Analytical data 
Following the analytical procedure outlined in the Experimental section in- 

volved no difficulties. Fig. 9 is a typical chromatogram obtained for the brewer’s yeast 
and shows peaks due to Ni(II), Co(III), Cr(II1) and Cu(I1). Similarly, Fig. 10 shows 
the presence, mainly, of Ni(I1) and Cu(I1) in the sample of orchard leaves, together 
with traces of Co(II1) and Cr(II1). The analytical results, summarized in Table VI, are 
in good agreement with the certified values and indicate the potential of the method. 
However, two relatively minor problems remain to be resolved. One of these, as is 
obvious in the chromatograms for the two “blanks”, is the need for acids of adequate 
purity, since all other reagents are (and were in this case) easily treated to remove 
traces of metals. The other is related to the appearance of a cluster of large peaks 
(with short retention times) seen in the chromatogram for the brewer’s yeast. Al- 
though the reason for these peaks is not clear, it is probable that a more vigorous 
digestion procedure would remedy the problem. Without introducing any additional 
difficulty, the use of larger samples should also improve the overall precision attain- 
able. 

REFERENCES 

1 J. W. O’Laughlin and T. P. O’Brien, Anal Lett., All (1978) 829. 
2 P. Heizmann and K. Ballschmitter, J. Chromatogr., 137 (1977) 153. 
3 P. C. Uden and I. E. Bigley, Anal Chim. Acta, 94 (1977) 29. 

4 P. C. Uden, B. D. Quimby, R. M. Barnes and W. G. Elliott, Anal. China. Acta, 101 (1978) 99. 

5 M. Moriyasu and Y. Hashimoto, Anal. Left., All (1978) 593. 
6 0. Liska, .I. Lehotay, E. Brandsteterova and G. Guiochon, J. Chromatogr., 172 (1979) 384. 
7 S. J. Bannister, L. A. Sternson and A. J. Repto, J. Chromatogr., 173 (1979) 333. 

8 E. Gaetani, C. F. Laureri and A. Mangia, Ann. Chim., 69 (1979) 181. 
9 E. B. Edward-Inatimi and J. A. W. Dalziel, Anal. Proc., 17 (1980) 40. 

10 E. B. Edward-Inatimi, J. Chromatogr., 256 (1983) 253. 

11 G. Schwedt, Fresenius’ Z. Anal. Chem., 288 (1977) 50. 
12 G. Schwedt and A. Schwarz, J. Chromatogr., 160 (1978) 309. 



328 S. DILLI, P. R. HADDAD, A. K. HTOON 

13 G. Schwedt, Chromatogruphia, 11 (1978) 145. 
14 G. Schwedt, Fresenius’ 2. Anal. Chem., 295 (1979) 382. 
15 G. Schwedt, Chromatographiu, 12 (1979) 289. 
16 R. F. Borch, J. H. Markovitz and M. E. Pleasants, Anal. Lett., 12 (1979) 917. 
17 T. Tande, J. E. Pettersen and T. Torgrimsen, Chromafographiu, 13 (1980) 607. 
18 N. Haring and K. Ballschmitter, Talanla, 27 (1980) 873. 
19 Y. T. Shih and P. W. Carr, Talanta, 28 (1981) 411. 
20 G. Drasch, L. V. Meyer and G. Kauert, Fresenius’ 2. Anal. Chem., 311 (1982) 695. 
21 S. R. Hutchins, P. R. Haddad and S. Dilli, J. Chromatogr., 252 (1982) 185. 
22 M. Yamazaki, S. Ichinoki and R. lgarashi, Bunseki Kagaku, 30 (1981) 40. 
23 S. Ichinoki and M. Yamazaki, Bunseki Kagaku, 31 (1982) E319. 
24 A. H. White, R. Roper, E. Kokot, H. Waterman, R. L. Martin, Aust. J. Chem., 17 (1964) 294. 
25 D. Coucouvanis, Prog. Inorg. Chem., 11 (1970) 233. 
26 R. M. Smith, Anal. Proc., 21 (1984) 73. 
27 K. S. Subramanian and J. C. Meranger, Int. J. Environ. Anal. Chem., 7 (1979) 41. 
28 R. M. Smith and L. E. Yankey, Analyst (London), 107 (1982) 744. 
29 S. Ichinoki, T. Morita and M. Yamazaki, J. Liq. Chromatogr., 6 (1983) 2079. 
30 S. Ichinoki, M. Yamazaki and T. Morita, Bunseki Kagaku, 32 (1983) 285. 
31 A. M. Bond and G. G. Wallace, Anal. Chem., 53 (1981) 1209. 
32 A. M. Bond and G. G. Wallace, Anal. Chem., 54 (1982) 1706. 
33 A. M. Bond and G. G. Wallace, J. Liq. Chromatogr., 6 (1983) 1799. 
34 S. Dilli and P. Tong, unpublished results. 
35 Y. T. Shih and P. W. Carr, Anal. Chim. Acta, 142 (1982) 55. 
36 N. G. Polezhaev, Gig. Tr. Prof. Zabol., 7 (1963) 56; C. A., 59 (1963) 4563f. 
37 G. S. Vigee and C. L. Watkins, J. Inorg. Nucl. Chem., 34 (1972) 3939. 
38 V. Kettman, J. Garaj and J. Majer, Collect. Czech. Chem. Comm., 46 (1981) 6. 
39 L. M. Compin, Bull. Sot. Chin?. Fr., 27 (1920) 464. 
40 M. Delepine, Bull. Sot. Chim. Fr., 4 (1908) 643. 
41 K. Gleu and R. Schwab, Angew. Chem., 62 (1950) 320. 
42 S. Inoue, S. Hoshi and M. Sasaki, Bunseki Kagaku, 31 (1982) E243. 


