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1. INTRODUCTION

Gas-liquid chromatography (GLC) provides a versatile technique for
qualitative and quantitative analysis of mixtures. The technique is usu-
ally employed for analysis of organic compounds which meet the re-
quirements pcsed by operative conditions of the chromatographic co-
lumn, i.e. they exhibit proper volatility and thermal stability.

A particular section of GLC provides analysis of organic and inor-
ganic compounds of metals. These compounds are usually nonvolatile
at the temperature of the column due to their ionic nature exhibited
in the solid state and in solution, moreover, they have an additional
property — a high reactivity in respect to column packings and the co-
lumns themselves. Studies on the application of GLC in the analysis
of metals and their compounds have been carried out in several direc-
tions. One of them involves the application of metal complexes with or-
ganic ligands in the chromatographic analysis.

The metal complexes used for chromatography should meet the fol-
lowing requirements:

i) they should be neutral;

(ii) they should exhibit proper thermal stability during elution from
the column;

(iii) they should not interact with the column packing;

(iv) ligands should be slowly released from the complex;

(v) there should be no exchange of the ligands between the comple-
xes fed onto the column;
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(vi) they should be solvolytically stable;

(vii) they should possess proper volatility under preservation of
integrity of a molecule in the gas phase on a hot and active packing
surface;

(viii) they should be available on the market.

Tl e GLC method of determining metals has the following advan-
tages over other analytical methods:

(i) high detection selectivity of complexes leaving the column, owing
to the use of a proper detector (ECD, FID, etc.);

(i) possibility of using a relatively inexpensive gas chromatograph;

(ir) possibility of assaying of trace and ultratrace amounts of me-
tals;

(iv) possibility of simultaneous qualitative and quantitative deter-
mination of several metals in one sample;

(v) possibility of limitation of the sample (liquid or solid) taken
for analysis;

(vi) possibility of multiple analysis of metal complexes in the sam-
ple;

(vii) possibility of assaying metal levels in samples containing an
element at the detection limits, by other methods;

(viii) possibility of a several-hundred-fold concentration of metal
complexes extracted from a sample;

(ix) application onto a column of small portions of the analyte
(0.5—2.0 nf).

Tabelle 1. Comparison of the detention limiit<s in the GLC and cither methods
for same elements

Tabela 1. Poréw,nan'ie warto$ci granicy wykrywalnoséci otrzymanych dla nie-
ktérych pierwiastk6w metodg GLC oraz innymi metodami.

Neutron acti- Emission Spark ~souiree
Metal -to : f mspectro- imi
. vation analysils p imiass spectro-
be assayed: cLe AAS Akt ’ graphy graphy
Oznaczany ASA I'ywacyjna Spektro- | Kt
metlal analiza neutro- grafia s rowfz;\ spektro-
nowa emisyjna grafia mas
Be 4 X 10« 1 X 10 2 x l0-io 8 X 1012
Cr 2 X 10-Xk 2 X 10» 1 X io-6 1 X 10» 5 X &
Rh 2 X 10-“ 2 X io8 5 X io-11 2 X I0» 9 X 10-n
Al 7 X 10-11 1 X 10« 1 X io» 3 X 10» 2 X 10-
Co 1 X 10 2 X 10» 5 X 10-io 1 X 10-6 5 X 10-n
Pd 1x 10610 3 X ios8 5 X i0o-» 1 X 10" 5 x |00
Ni 1 X 10-1 2 X 10» 5 X io» 8 X 10» 7 X 10-u



Table 1 lists the absolute detection limits (in grams) obtained in
the determination of metals by various analytical techniques [15]. High
detention limits of GLC are associated with an important feature of
the method, namely with the separation of impurities from a complex
leaving the column and with the possibility of employing a detector
of proper quality.

Of the ligands studied hitherto, dialkyldithiocarbamates, and parti-
cularly diethyldithiocarbamates of certain metals, constitute a little
studied and prospective group. Before using them in GLC, their volati-
lity was studied. Results of the investigations of diethyldithiocarbamates
of Co(ll), Ni(ll), zZn(l1), Cd(Il), Hg(ll), Fe(lll) and Ag (I), carried out by
D’Ascenzo [3, 4] confirmed the possibility of using some o' ’hem in
chromatographic studies. Despite sceptical views [6, 12, 17] on the
usefulness of the complexes of this ligand in GLC, successful attemts
[7, 8] have been reported on the separation of a mixture of some dit-
hiocarbamates [2, 9, 18]. These papers, with the exception of [5], were
confined to attemts to separate some complexes on randomly chosen
packing only. There are no reports on optimization ,of either qualitative
or quantitative elution of mixtures of metal complexes.

In this paper the parameters of qualitative and quantitative sepa-
ration of zinc, copper and nickel complexes have been established and
applied to assaying metals in marine bottom sediment.

2. EXPERIMENTAL

GLC separation was carried out on a Pye Unicam Model 104 gas chro-
matograph equipped with a flame ionization detector (FID). Argon was
used as carrier gas.

Solutions of metal complexes were prepared immediately before
GLC separation. The complexes were prepared by using procedures
reported in [2, 3, 7], Chloroformic solutions of the complexes contained
2000 jig of each of the metals in 1 cm3 They were properly diluted, if
needed, to concentrations of 400, 100 and 40 jig/cm3

2.1. Chromatographic separation

Attempts to separate both individual metal complexes and their mix-
tures were made by using conditions and packings specified in Table 2.
Results of preliminary tests revealed the possibility of separating the
zinc, copper and nickel complexes on 3% SE-30 coated on Chromosorb
W-HP (item 1, Table 2). The retention times conformed with those
obtained for single complexes. These conditions did not, however, en-
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sure reproducible chromatograms of a mixture fed onto the column,
similarly as with packing consisting of the OV-7 phase (3®») coated on
Chromosorb W-HP (Figs. 1A and IB, item 2, Table 2). By using the
OV-10l (5°/0) phase on Gas Chrom Q, the separation of a mixture of

'01234 -5 01 2 3 4 5 (min)

Fig. 1A and IB. A chromaitogram of a mixture of the Zn, Ciu and Ni comple-
xes obtained by using a column packed with 3% of OV-7 on Chromosorb W-HP
during two successive injeationis.

Rys 1A i IB. Chromatogram mieszaniny komplekséw Zn, Cu, Ni otrzymany
na kolumnie wypetnionej 3% OV-7 na Chromosoirbie W-HiP w kolejnych dwéch
nastrzykach.

zinc, copper and nickel complexes was markedly improved. At the same
time the effect of the compactness of the packing on the quality of
GLC separation of the complexes was investigated. This was accom-
plished by using two columns of equal dimensions filled with indenti-
cal packing of different compactness. A mixture of diethyldithiocarbama-



Fig. 2. The separation of the die-
thyldithioeairbamate complexes on a
column loose'ly packed with 5% of
OV-101 on Gas Chrom Q.

iRy.s. 2. Rozdziat mieszaniny kom-
pleks6w z DEIDTK uzyskany na wy-
petnieniu 5% OV-IOl na Gas Chromie
Q (wypetnienie luzno upakowane).

Fig. 3. A chromatogram of the
zinc, copper and nickel complexes, to-
gether wiith an internal standart, ob-
tained by ojising more compact pac-
king (5% of OV-IOI)

Rys. 3. Chromatogram mieszaniny
komplekséw cynku, miedzi i niklu
wiraz z wzo-rcem wewnetrznym otrzy-
many na wypeinieniu 5% OV-10I (wy-
petnienie bardziej upakowane).

tes of zinc, copper and nickel could not be resolved on a loosely packed
column (the peaks of copper and nickel coalesced), although one-by-one
injected complexes separated well. Adequate separation of the comp-
lexes was achieved by using programmable heating of the thermostat



(item b5a, Table 2, Fig. 2). With the more compact column, a good se-
paration of individual diethyldithiocarbamates and of their mixture was
attained (item 5b, Table II, Fig. 3). Under the speccified conditions,
the peaks of the zinc, copper and nickel complexes were symmetrical
and well separated. Similar results to those achieved on the OV-IOI
packing were obtained with the QF-1 (5%) phase on Gas Chrom Q.
The results confirm the usefulness of the packing for the separation of
components of a mixture of zinc, copper and nickel complexes. The
peaks are symmetrical, well-shaped and have precisely determined pa-
rameters (item 6, Table 2, Fig. 4).

Fig. 4 A chromatogram
of a mixture of the zinc, co-
per and nickel diethyldithio-
cairfoamaites, together with an
internal standard, obtained
on the OF-1 packing.

Rys. 4. Chromatogram
mieszaniny komplekséw dwu-
etylodwutiokarbaminianowych
cyniku, miedzi i niklu wraz z
wzorcem wewnetrznym otrzy-
many na wypetnieniu 5%
OF-1.

In order to use the packings for quantitative analysis, the behaviour
of certain organic compounds which could be used as internal stan-
dards in the presence of metal complexes was investigated. The organic



compounds used were, among others, dehydroepiandrosterone, n-dotria-
contane and benzo[ghi]perylene. Of these compounds, n-dotriacontane was
the most suitable for analytical purposes (Fig. 3).

To determine mutual positions of particular complexes in more
detail, relative retentions were calculated for each of them in respect
to n-dotriacontane (Table 2, items 5b and 6). Due to a high polarity of
the QF-1 stationary phase, the peak of n-dotriacontane introduced to-
gether with the complexes was shifted. This disqualifies the compound
as an internal standard. It leaves the column togother with volatile im-
purities (Fig. 4). In view of the fact that the liquid phases possess diffe-
rent acceptor-donor properties, the packing was modified by mixing
together in the 1:1 ratio by weight packings specified under 5 and 6.
The values of retenttion fractions calculated for particular packings by

Fig. 5. A chromatogram
of the zinc, coipper and ni-
ckel diethyldiithiocarbamates
and of n-dotriacontane obta-
ined on a mixed packing

Rys. 5. Chromatogram
mieszaniny dwuetylodwutio-
karbami/nianéw cynku, miedzi
i niklu oraz n-dotriakontanu
otrzymany na wypetnieniu
mieszanym.

the Brown method [16] showed that the packing considered retained its

nonpolarity similar to that of the OV-10l phase and its acceptor-donor
properties were reduced as compared with those of the QF-1 phase,



thus contributing to separation of the complexes. By using this packing,
attempts were made to separate the zinc, copper and nickel diethyldithio-
carbamates from both a standard mixture and from a bottom sediment.
The chromatogram in Fig. 5 illustrates excellent separation of the Zn(ll),
Cu(ll) and Ni(ll) complexes and of n-dotriacontane.

To assay zinc, copper and nickel, the response of the flame ioni-
zation detector was determined on progressively growing masses of the
metal complexes applied onto the column. Chomatographic peaks due
to particular masses of the complexes are shown in Figs. 6—8. A rela-
tionship between peak area and the mass of a complex (based on the
metal) is shown in Fig. 9. These data reveal a linear relationship bet-
ween the amount of a complex fed onto the column (based on the me-

Fig. 6. A chromatogram showing the resporase of the flame ionization detector
on a progressively increasing maiss of the zinc complex.

Ry.s. 6. Chromatogram okres$lajacy reakcje detektora ploimL&niowo-jonizacyjnego
na wprowadzong mase kompleksu cynku.

tal content) and peak areas for copper and nickel over the range
10—200 ng and for zinc over the range 30— 160 ng. Application onto the
column of smaller quantities of the metals than the lower ones indica-
ted, brought about a nonproportional detector response, probably due
to sorption of the complexes on the packing.



Fig 7. A chromatogram showing the response of the flaime ionization detector
on a .progressively increasing mass of the copper complex.

Rys. 7. Chromatogram okres$lajacy reakcje detektora ptomieniowo-jonizacyjneg»
na wprowadzong mase kompleksu miedzi.

Fig. 8. A chromatograim showing the response of the flame ionization detector
on a progressively increasing mass of the nickel, complex

Rys. 8. Chromatogram okre$lajacy reakcje detektora, ptomieniowo-jonizacyjne-
go na wprowadzong mase kompleksu niklu.



Fig. 9. Relationship between peak area and the mass of a complex (based on
the metal content).

Rys 9. Krzywa zaleznos$ci powierzchni piku od wprowadzonej masy danego
kompleksu (w przeliczeniu na metail).

2.2. Qualitative and quantitative GLC assay of zinc, copper, and
nickel in marine bottom sediments

Samples of the sediments (sands, loams) were supplied by the Institu-
te of Marine Geology, Sopot.

The samples (ca 10 g) were dried at 110°C for 2 hrs., ground in
a porcelain mortar and tempered in a muffle fornace at 500°C for 2



hrs. After cooling the sample, a 2-g portion was taken and milled in
a vibrational agate mill for 30 rnin. The material was then wet digested
by using the procedure described in [1, 10, 11, 13, 14].

A weighed sample (0.2—0.5 g) was placed in a Model 2 Perkin
Elmer autoclave, moistened with 1 cm3 of double-distilled water, follo-
wed by the addition of 2 cm3 of concd. HNO3 (sp. gr. 1.14) and 10 cm3
of 40% HZF2 solution. The content of a teflon insert was mixed and
autoclaved at 150°C for 45 min. After cooling to room temperature, the

Fig. 10. Chromatograms of a mixture of the zinc, coipper and nickel complexes
obtained from marine sand and loam with the addition of n-dotriacontane (inter-
nal standard).

Rys. 10. Chromatogramy mieszaniny komplekséw cynku, miedzi i niklu otrzy-
manej z proby piasku morskiego oraz ilu wraz z dodatkiem wzorca wewnetrznego
— n-dotiriakontanu.



content was transferred to a 100-cm3teflon dish and treated with 10 cm3
of the 40°i HZ2 solution and 1 cm3 of conc. HNOs. The solution was
evaporated to dryness on a sand bath and the procedure was repeated.
To the dry residue, 10 cm3 of 8M.HCI was added and the content was
gently heated to dissolve the solids. The solution was transferred to
a 250-cm3 beaker, 0.5 cm3 of a LaCl3 solution (concentration 1000 ~g
cm-3) was added, the volume was made up to 100 cm3 with double-disti-
lled water, the solution was placed on a boiling water bath for approx.

Fig 11. Chromatogram of a mixture of complexes from the blank.
Rys. 11. Chromatogram mieszaniny komplekséw uzyskanych z préby odnosnej.



5 min, then 20 cm3 of concentrated ammonia solution and 1 cm3 of 30%
H202 were added. Under continuous stirring the solution was heated for
5 min, filtered through a small-pore filter paper, the precipitate was
washed twice with 10-cm3 portions of concentrated ammonia solution,
the filtrate was transferred to a 250-cm3 separating funnel and 10 cm3
of a 3% solution of sodium diethyldithiocarbamate (previously purified
from metallic impurities by extraction with chloroform) was added.
After 10 min the complexes were extracted with chloroform, successive
extracts being collected in flasks with conical bottom. Chloroform was
then completely removed on a water bath at 80°C. To the dry residue,
a solution of n-dotriacontane was added and the solution was applied
with a microsyringe (0.6—0.1-jxI portions) onto the column filled with
the mixed packing (cf. item 7, Table 2). Illustrative chromatograms of the
zinc, copper and nickel complexes isolated from a sample of sand and
loam are shown in Figs. 10.

A blank was prepared, using pure reagents only, by the procedure
just described. A chromatogram of the blank is shown in Fig. 11. The
accuracy and precision of the method are now being determined.

3. CONCLUSIONS

(i) To obtain a good separation of the zinc, copper and nickel di-
ethydithiocarbamates, a packing containing 5% of OV-IOl and 5%
of QF-1 coated on Gas Chrom Q should be employed. For quantitative
separation, a mixed packing can be recommended cons:sting of a 1:1
(w/w) mixture of 5% of OV-IOl and 5% of QF-1 both coated on the
Gas Chrom Q carrier.

(i) The linear range of the relationship between the signal inten-
sity of the flame ionization detector and the mass of a complex fed onto
the column extends from 30 to 160 ng for zinc and from 10 to 200 ng
for copper and nickel.

(iii) The procedure used to isolate zinc, copper and nickel from
a sample in the form of their diethyldithiocarbamates affords well-de-
veloped chromatograms in the presence n-dotriacontane as an internal
standard.
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Streszczenie

Zaletg stosowania chromatografii gazowej w analizie $ladowej materii jest mo-
zliwo$¢é oznaczania jednoczesnego kilku metali w tej samej probie.

W artykule opracowano warunki analizy chromatograficznej komplekséw Zn,
Cu i Ni z dwuetyiodwutiokarbaminianem (DEDTK) dla mieszaniny wzorcow i dla
préby osadéw morskich.

Do badan uzyto chromatografu gazowego Pyc Unicam model 104, zaopatrzo-
nego v/ detektor plcmieniowo-jonizacyjny (FID). Uzyto kolumn szklanych o prze-
krojach wewnetrznych: 2 i 4 mm i diugosci 15 m, 1,8 m, 3,0 m, stosujgc nosniki:
Chromosorb W-HP oraz Gas Chrom Q, pokrytem fazami stacjonarnymi: SF-30,
OV-7, OV-IGI, QF-1, BBBT i Tenex o réznych stopniach pokrycia.

Rozdzialu mieszaniny wzorcowej zawierajgcej kompleksy dwuetytodwutiokar-
baminianowe Zn, Cu i Ni dokonano na 5% OV-101 i stosujac wypetnienie mieszane
o sktadzie 5% OV -101 i 5°0 QF-1 w stosunku wagowym 1:1. Wypeinienie mieszane
zastosowano réwniez do analizy iloSciowej komplekséw. Zakres prostoliniowosci dla
zalezno$ci powierzchni piku od wprowadzonej masy kompleksu w przeliczeniu na
metal miescit sie w zakresie dla Cu i Ni: 10—200 ng i dla Zn: 30—160 ng.

Analizy probki dokonano pobierajac 0,5 g porcje osadu suszonego a nastepnie
wyprazonego w temperaturze 500°C. Rozdrobniony materiat poddano roztwarzaniu
w autoklawie cisnieniowym firmy Perkin Elmer w temperaturze 150°C przez 40 min.,
stosujgc mieszanine roztwarzajagca o sktadzie podanym w zalgczonej przez firme
instrukcji. Po roztworzeniu badanego materiatu oraz po odpedzeniu krzemu w po-
staci Sil'a suchg pozostato$¢ rozpuszczono w 10 roztworze HC1l. Po dodaniu do
roztworu porcji 30°/0 H2 2 a nastepnie 5000 ng La (Il11) wspo6istragcano przeszkadza-
jace w analizie chromatograficznej Fe i Mn. Wspéistragcanie przeprowadzono dodajac
do roztworu badanego 25°/0 NH3+ H,0. Po przesaczeniu przez twardy saczek uzyska-
ny osad przemyto roztworem NH3+«H-O Swoda dojonizowang. Do przesgczu dodano
3°/0o NaDEDTK (oczyszczonego wcze$niej od zanieczyszczeh organicznych przez ekstra-
kcje CHCIJCHZ;CO w stosunku objetosciowym 5 :2). Powstate kompleksy ekstraho-
wano tg samag mieszaning co czysty odczynnik. Po odparowaniu rozpuszczalnika na
tazni wodnej w temp. 80° do suchej pozostatosci dodawano CHC13 oraz roztworu
wzorca wewnetrznego”'n-dotriakontanu i analizowano na chromatografie gazowym
nastrzykujac porcje 0,5—1,0 j7! na kolumne wypetniong Gas Chrom Q z naniesiong
mieszaning faz QF-1 i OY-IOl.
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