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The conditions of chromatographical analysis have been studied and the elution data have been determined 
of diethyldithiocarbamate complexes of cadmium, lead, chromium, cobalt, and mercury using an octa- 
decylsilica gel column and mobile phases of water-methanol containing sodium diethyldithiocarbamate. 
The method is based on a direct injection of aqueous solution of the metal ions into the column and 
detection of the separated complexes by means of a W detector in the wavelengths interval of 254 - 365 nm. 

The high-perforniance liquid chroiiiatography (HPLC) attracts increasing attention a t  
present i n  connection with analyses of iiiixturcs of inorganic ions. For these purposes i t  
is possible to adopt beside the ion chroniat0graphyl also the chroiiiatography i n  systctiis 
of reversed or noniial phases, usually the technique of ion pairs or foriiiation of neutral 
coniplex compounds2. The last method iiientioned offers a broad spectruiii of chro- 
niatographic analyses of solutions of metal ions, since there exist a largc number of 
organic ligands foriiiing stable complexes with these ions, which enables even the trace 
analyses3. Out of these reagents the following ones were successfully used: EDTA4, 
1,lO-phenanthr~linc~, tetraiiiethylenedithiocrrbaiiiic acid6, rcetylacetone', d i t h i z ~ n e ~ ~ ~ ,  
and soiiie others2. Perhaps the niost frequently used chelation reagents are N-substi- 
t u t cd d i t  h i o ca rba ilia tes, part i cu la rl y d i e t h y I d i t  h i oca rba iii i c a ci d9 - 21, n- bu t y I-2- 
nap ht hylniethy ldi thioca rbaiiia te22, dibe nzy ldi thiocarbaiiia te23, or bis(2-hydroxyethy1)- 
dithiocarbaiiiate i n  the form of zinc(I1) In iiiost cases the saiiiples for chro- 
niatography were metal complexes fornied by addition of the chelation reagent to the 
original sample and subsequent extraction with a suitable solvent. The diethyldithio- 
carbaiiiates (DEDTC) of Se(IV), Cr(III), Ni(II), Co(III), Pb(II), Cu(II), Hg(II), Cd(II), 
Tc(IV) were thus analysed i n  system of reverscd phasesI0- 13,  and soiiie of them were 
also successfully separated on silica gcl c01unins~~- However, with regard to a good 
solubility and stability in  aqueous solution, i t  is possible to form the DEDTC complc- 
xes of a number of iiictals and separate them directly in the chroiiiatographic coluiiin in 
the systciii of reversed phases. In such cases the aqueous solution of ions is injected 
into alkylsilica gel column with a n  aqueous-organic iiiobile phase containing the 
dicthyldithiocarbariiate ligand. The analysis of aqueous samples is thus siiiiplified and 
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accelerated in comparison with the extraction procedure17- 20. In these cases the detec- 
tion of DEDTC complexes is usually performed photo~iietrically~~ a t  the wavelength of 
320 - 440 nm; in this wavelength interval the interfering absorbance of the coniplex- 
foriiiing reagent itself (whose absorption niaxiiilunl lies a t  240 - 300 niii like those of 
most DEDTC c o ~ n p l e x e s ' ~ ~ ~ ~ )  is not very significant. If the complexes are prepared in 
advance and chroniatographed in niobile phases without diethyldithiocarbaniate, then 
the detection at the wavelength below 300 nni presents no 13. The electro- 
cheniical detection is sensitive and selective'7i18. 

The present paper evaluates the applicability of the glass chroniatographical colunin 
Separon SGX to the analyses of DEDTC complexes of Cd(II), Pb(II), Cr(lII), Co(III), 
and Hg(I1) using the method of direct injection and in  situ formation of the complexes 
i n  the colunin and deals with the optiiiiization of chroniatographical conditions in 
aqueous-niethanolic niobile phases containing sodium diethyldithiocarbaliiate 
(NaDEDTC). For this purpose, we estiniatcd the dependences of the retention of 
DEDTC complexes on the nicthanol content i n  iiiobile phases, since such data have not 
yet been published in  available literature. 

EXPERIMENTAL 

Apparatus and Chemicals 

The liquid chromatograph used consisted of a high-pressure linear doser HPP 5001, a UV-VIS detector 
LCD 2563 with interference filters for the wavelengths of 254, 290, 313, 365, 405, 436, nad 546 nm, an 
injection device LCI 20 (a l l  the apparatus from Laboratorni piistroje, Prague), and a glass chro- 
matographical column 150 x 3 mm, packed with an octadecylsilica gel sorbent Separon SGX C18, 5 Itm, 
dead volume V, 0.72 ml (Tessek, Prague). The specific surface of the original silica gel was 500 m2 g-', 
the carbon content after modificationz6 was ca 18%. The output signal of the de!ector was recorded by 
means of a n  OH-814/1 recorder (Radelkis, Hungary); the pI1 meter OP-205/1 with a combined glass 
electrode OP 8083 was of the same provenience. 

The dead volume of the column was measured with the help of a refractometry detector RIDK 101 
(Laboratorni pfistroje, Prague), the mobile phase was degasified in  an ultrasonic bath UC 002 BM 1 (Tesla 
Vrbble, Czechoslovakia). 

The mobile phases were prepared from methanol for UV and sodium diethyldithiocarbamate pa.  (both 
chemicals from Lachema, Brno) and from deionized water. The p H  of the mobile phases was adjusted at 
the required value by addition of perchloric acid p a .  (Laborchemie, Apolda. Germany) diluted with water 
i n  the ratio of 1 : 4. The pEI meter used was calibrated with the use of standard buffers pi1 4, 7, and 9 
((Jstav s6r a otkovacich Ibtek, Prague). 

The Substances Chromatographed 

All the salts used for preparation of ion solutions were of p.a. purity grade (Lachema, Brno). The stock 
standard solutions of Pb. Cd, Cr, and Hg (the concentration of 1 g I-') were prepared by dissolving the 
corresponding amounts of Ph(N03)2, CdSO,, tlg(N03)?, and Cr(NO,), . 9  H 2 0 ,  respectively, in  distilled 
water acidified with several drops of nitric acid. The solution of cobalt(l1) salt was prepared by dissolving 
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C0C03 i n  diluted t1N03. The solutions with lower metal ion concentrations were prepared by diluting the 
stock solutions with deionized water acidified with HNO,; their final pH was ca 3 - 4. 

Procedures 

The mobile phases were prepared by mixing the corresponding volumes of methanol and water and adding 
the required amount of NaDEDTC. The pH of solution was adjusted precisely at the value chosen by addi- 
tion of perchloric acid. Then the mobile phase was degasified i n  the ultrasonic bath. Before the measure- 
ments of retention characteristics, the column was washed with the mobile phase for ca 30 min. The 
samples of metal ion solutions with the concentration of the order of 10' - lo3 mg I-' were injected into 
the column in  the amounts of 1 - 10 pl; the flow rate of mobile phase was 0.6 ml min-'; the eluate was 
detected at the wavelength chosen with the use of the W-VIS detector using the difference method with 
the mobile phase i n  the reference cell. The retention volumes V ,  of the complexes were measured and used 
for the calculation of values of capacity ratios k = ( V ,  - VM)/VM. The dead volume V ,  was defined as the 
elution volume of heavy water D20 i n  the given mobile phase (refractometric detection). The capacity 
ratios given in Tables are arithmetic mean values from results of two measurements each. 

RESULTS AND DISCUSSION 

Determination of tire Optimum Wrrvelengtli of Detection 

The optimum wavelength of detection of the DEDTC complexes with the differential 
photoiiietric detector adopted was deteriiiined by measuring the peaks of individual 
complexes at  discrcte wavelengths choos;iblc a t  the detector i n  the intcrv;iI of 254 - 
546 niii. The chrotiiatographical analysis was carried out i n  the mobile phase in which 
the voluiiie fraction g, of methanol was 70%, and the concentration p of NaDEDTC was 
0.05% (w/v), i.e. 0.5 g I-'. The pH of iiiobile phase was adjusted a t  the value of 8; the 
volume of injection 1 PI; the iiietal amount analyzed 1 pg; the flow rate of mobile 
phase 0.6 1111 min-'. The sensitivity of detector was adjusted a t  0.08 A.U.F.S. The 
results of iiieasurenieiits corrected with respect to the noise level of the detector a t  the 
wavelength chosen are given i n  Table I. Therefrom it  follows that  the complexes of the 
nietals studied are detcctcd by the apparatus used with the highest sensitivity a t  the 
wavelength of 313 nm, the cobalt(1lI) complex also a t  365 nm. All the chelates also 
absorb the radiation with the wavelengths of 254, 290, 365, and 405 niii (except for 
Cr(DEDTC),), Co(DEDTC), also a t  436 m i ,  which is in accordance with the published 
data '8 -  20. I n  this context i t  niust be noted tha t  the response of detector did not depend 
on the absorbance of the eluate from the column, but depended on the difference of 
absorbances of the liquids i n  the saiiiple and the reference cells of the apparatus, the 
detector sensitivity being obviously different for the individual wavelengths. Hence the 
obtained absorbance data of the DEDTC coniplexes which are presented in Table I as 
the peak heights need not fully agree with the dependence of the absorbance coeffi- 
cients of coniplexes versus wavelength. However, they were sufficient for the opti- 
mization of the detection conditions on the apparatus used. The necessary information 
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about absorption coefficients of all the complexes studied were not found in literature. 
The differential iiiethod of detection a t  the wavelength of 250 - 320 nm is particularly 
suitable in  the cases of siniultaneous analyses of the DEDTC coiiiplexes of cadniiuni, 
lead, or as the case m a y  be, other metals, since the sensitivity of detection of 
Cd(DEDTC),at 350 nni (where the niobilc phase does not practically absorb) is appro- 
xiriiately 100 tiiiies lower than  that of Pb(DEDTC)2 Our experiiiients have 
shown that  increasing of detector sensitivity and injection volume enables reliable 
analyses of iiietals in the concentration order of 10°(Pb, Cd, Co) to 10' riig I-' (Cr, Hg). 
At the above-given conditions of chroniatography, i.e. sariiple injection of 10 PI,  
detection wavelength 3 13 nin, detector sensitivity 0.02 A.U.F.S., and the peak height to 
noise level ratio 2 : 1, the detection liniits of detcniiination of individual metals are: 0.6 
tig Cd(II), 0.8 ng Pb(II), 2.3 ng Cr(III), 0.8 ng Co(I1, III), and 2.8 ng Hg(I1). The 
concentration interval in which the detector rcsponsc is linearly proportional to the 
metal conccntration in saiiiple was not estimated. 

Effect of pH of Mobile Pliirse on Retention of DEDTC Complexes 

We estiiiiated the retention of the DEDTC coniplexes on the Separon SGX C18 column 
in iiiobile phases with pH 5, 6, 7, 8, and 9 and with methanol volume fraction q(Me0H) = 
68% (in the case of Cd, tp(Me0H) = 60%), and NaDEDTC concentration p = 0.05% 
(w/v). The calculated values of capacity ratios are given in Table 11. Cd(DEDTC), and 
Cr(DEDTC), were determined in the iiiobile phase of pH 8 and above, Pb(DEDTC), 
was fornied at  pH 2 7, Co(DEDTC), a t  pH z 6, and Hg(DEDTC), was stable over the 
whole pH interval measured, i.e. from as low as pH 5. In the transition pH region of 
iiiobile phase the chroiiiatographic bchaviQur of the coniplexes was not studied in 
detail. The differences in  retention of the coiiiplcxes at  various pH values can be ascri- 
bed to the worse reproducibility of elution data of the DEDTC complexes. Only in the 

TABLE I 
The heights of peaks (in mm) of complexes of Cd, Pb, Cr, Co, and Hg with D E D X  on a Separon SGX 
C18 column with mobile phase water-methanol-NaDEDrr" with W detection at different wavelengths 

h nm 

254 290 313 365 405 436 546 

Cd 120 29 225 39 5 0 0 
Pb 65 31 165 35 5 0 0 
Cr 25 12 55 8 0 0 0 
c o  106 88 159 170 130 90 0 
Hg 38 16 45 13 5 0 0 

qi(Me0H) = 70% (v/v), p(NaDEDX) = 0.05% (w/v), pH 8. 
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case of cadiiiiuni, repeated experiments showed tha t  Cd(DEDTC), exhibits the 
strongest retention at pH 8, which agrees with the fact found by Sniith and Yankey19 
that the retention of Cd(DEDTC), in the mobile phase prepared from a buffer of pH 
9.72 is lower than  that i n  the eluent prepared from a practically neutral buffer. Hence, 
for analyses of mixtures of ions it is suitable to use a mobile phase of pH 8; niore 
alkaline elucnts decrease the lifetime of sorbent26. For this reason i t  is useful to decrea- 
se the pH value of the niobile phase water-methanol-NaDEDTC from the original 
value of 9.5 - 11 (depending on the content of niethanol and NaDEDTC) to a lower 
value and/or to adopt a suitable buffer for the preparation of mobile phase. 

Effect of NaDEDTC Concentration in Mobile Phase on Retention of Complexes 

The extent to which the NaDEDTC coilcentration i n  iiiobile phase affects the chro- 
matographical bchaviour of the coriiplexes studied was verified i n  a mobile phase with 
the nicthanol content rp = 60% (Cd, Pb) and rp = 68% (Cr, Co, Hg) in  which the 
NaDEDTC concentration was p = 0.005 - 0.1% (w/v), and pH was adjusted at  8. The 
results are given i n  Table 111. The NaDEDTC concentration in iiiobile phase signi- 
ficantly affects the bchaviour of Cd(DEDTC), only; if it decreases below p = 0.05% 
(w/v), then the retention of coniplex is niarkedly increased. The absence of dependence 
of retention of Co(DEDTC), on concentration of NaDEDTC in iiiobile phase within the 
range of p = 0.01 - 0.1 was also proved i n  anpther paper". The retention of the 
cadmium(I1) coniplcx is apparently niarkedly affected by the competition sorption equi- 
librium between the stationary phase and DEDTC ligand whose systeiii peak lies be- 
tween the peaks of Cd(DEDTC), and Pb(DEDTC),. For practical purposes it can be 
recoiiiiiiended p = 0.05% (w/v); a t  lower NaDEDTC concentrations the peaks of the 

TABLE 11 
Effect of pH of mobile phase water-methanol-NaDeDT~ on the value of capacity ratio (k) of complexes 
of Cd, Pb, Cr, Co, and Hg with DEDTC on a Separon SGX C18 column 

P H  
Complex 

5.0 6 .0 7.0 8.0 9.0 

2.50 1.58 
7.12 7.16 7.10 

6.80 6.90 
9.80 9.62 9.66 9.00 

b b b 

b b 

b b , b  

b 

CdC 
Pb 
Cr 
Co 
Hg 22.91 22.34 22.33 22.34 22.00 

cp(Me0H) = 68% (vh),  p(NaDEDTC) = 0.05% ( w h ) ;  no complex was formed; cp(Me0H) = 60% (vh). 
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complexes becollie inore or less asymmetrical, the reproducibility of their shape, 
height, and  retention voluiiies being worsened. 

Dependence of Retention of DEDTC Complexes on Metlranol Content 
in Mobile Plrcise 

According to the presumption tha t  the retention of complexes is decreased with increa- 
sing methanol content in  mobile phase, the dependences of log k vs cp(Me0H) are 
practicaly linear (Fig. I), the values of correlation coefficients of the regression straight 
lines being greater than 0.998. For practical separations and detenninations of Pb(II), 

TAHLE 111 
The effect of concentration p(NaDEDTC) in  mobile phase water-methanol" on the value of capacity ratio 
(k) of complexes of Cd, Pb. Cr. Co, and Hg with DEDTC on a Separon SGX C18 column 

~~ 

p(NaDEDTC), % (w/v) 

0.1 0.05 0.01 0.005 
Complex 

Cdb 
Pbb 
Cr 
c o  

1.64 
22.40 
6.55 ' 

9.50 
21.00 

2.50 7.05 9.55 
19.83 21.63 2 1 S O  
6.80 6.95 8.00 
9.66 9.83 9.83 

22.34 22.66 22.33 

q4MeOH) = 68% (vk) .  pH 8; qJ(MeOH) = 60% (v/v). 

Fiti. 1 
The dependence of logarithm of capacity ratios (k) of 
DEDTC complexes of Cd, Pb, Cr, Co, and IIg on the 
volume fraction (ql) of methanol i n  mobile phase 
water-methanol-NaDEDTC on a Separon SGX C18 
column. p(NaDEDTC) = 0.05% (w/v), pH 8. The 
straight lines: 7 Cd(DEDTC),, 2 Pb(DEDTC),, 3 

- 0 5  - 

8o t ~ ~ ~ , * ' d ~ v l  xx) Cr(DEDTC)3, 4 Co(DEDTC)3, 5 Hg(DEDTC), 60 30 
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5 

Cr(III), Co(II), and/or Co(II1) ions (Co(DEDTC), is fornied in  the last two  case^^^,'^) 
the mobile phase with cp(Me0H) = 70 - 75% can be recommended, for determination 
of Hg(I1) i t  is possible to recoiiiiiiend 80% aqueous methanol, p(NaDEDTC) = 0.05% 
(w/v). I f  the methanol content decreases below the value of cp = 70%, then the peak of 
Pb(DEDTC), shows a tail due probably to lower stability or solubility of the complex 
in the mediuiii of higher content of wate?'. Some a ~ t h o r s ' ~ ~ ~ ~  try to treat this unfa- 
vourable phenonienon by adding some of less polar solvents (chloroform, ethyl acetate) 
to the iiiobile phase. Orientational experiiiicnts carried out within the present work, 
however, did not lead to a deiiionstrable improvenient. At the given conditions no tails 
were observed with the peaks of the other complexes. The diethyldithiocarbaniate 
coniplcx of cadiiiiuiii is retained substantially less than the other complexes; for practi- 

4 

( ' ' 0 . J  

0 1 y,ml 

1:KL 2 
A chromatogram of a mixture of DEDTC comple- 
xes of Cd, Pb, Cr, Co, and Fig on a Separon SOX 
C18 column. Mobile phase: water-methanol- 
NaDED'K, q(Me0lT) = 67% (v/v), p(NaDEDTC) 
= 0.05% (w/v). pH 8, F,,, = 0.6 ml min-'. Feed: 10 
111. 0.8 pg Cd, 2.1 pg Cr, 1.1 116 Pb, 0.9 iig Co, 
1.4 116 Ilg. Detection: IJV, 313 nm, 0.08 A.U.F.S. 
Peaks: 1 Cd(DEDTC),, 2 Cr(DEDTC)3, 3 
Pb( DEDTC),, 4 CO( DED'IY'),, 5 iHe(DED'I'C)2 

3 

2 

J J 
12 8 0 

FIG. 3 
A chromatogram of a mineralizate of volalilizing 
dust from the town of Chrudim. Separon SGX 
C18 column. Mobile phase: water-methanol- 
NaDEDTC, q(MeOI1) = 67% (v/v), p(NaDEDTC) 
= 0.05% (w/v), pH 8, F,  = 0.6 ml rnin-l. Feed: 
10 pi. Detection: UV, 313 nm, 0.02 A.U.F.S. 
Peaks: 1 Mn(DEDTC),. 2 unidentified substance, 
3 Pb(DEDTC)*, 4 Zn(DEDTC)2 
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cal purposes it  is conceivable to adopt the niobile phase with cp(Me0H) s 70%, 
p(NaDEDTC) = 0.05% (w/v), and  pH 8, when the retention of Cd(DEDTC), is 
stronger. The elution order of the coniplexes studied is in accordance with the data 
published in papers dealing with HPLC of DEDTC coniplexes in  systems of reversed 
phases, both for the cases of forniation of the coniplexes directly in the co lu~nn '~ -  2o 

and for analyscs of the carbaniates prepared in advance" - 13. The flow rate of niobile 
phases i n  the range of 0.1 - 0.7 nil niin-' has no demonstrable effect on the retention of 
coniplexes. 

An example of separation of DEDTC coniplexes of Cd, Pb, Cr, Co, and Hg is 
presented in Fig. 2. Figure 3 shows that the nicthod described can also be adopted for 
detcrtnination of other metals, in this particular case manganese and zinc which were 
found along with lead in a niincralizate of volatilizing dust from the town of Chrudini. 

It must not be forgotten, however, that a long-tcrni application of niobile phases with 
pH 2 8 leads to a stepwise worsening of quality of octadecylsilica gel sorbcnt, a decrca- 
se i n  the cfficiency of column and in the rctcnlion of complexes. In spite of that, i t  can 
be statcd that the dcscribcd niethod of HPLC of dicthyldithiocarbainate coinplexes of 
heavy nictals i n  a system of reverse phascs cxtcnds the applicability of this separation 
technique to the region of inorganic analysis and  thus suitably conipleinents the 
spectral or electrocheniical niethods with which i t  has practically coniparable detection 
1 i mi&. 
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