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1. INTRODUCTION

G as-liquid chrom atography (GLC) provides a versa tile  technique for 
qualita tive  and quan tita tive  analysis of m ixtures. The technique is u su ­
ally  em ployed for analysis of organic com pounds which m eet the  re ­
qu irem ents pcsed by  operative conditions of the  chrom atographic co­
lum n, i.e. th ey  exhib it p roper vo latility  and therm al stability .

A p articu la r section of GLC provides analysis of organic and inor­
ganic com pounds of m etals. These com pounds are usually  nonvolatile 
a t the  tem p era tu re  of the  colum n due to th e ir ionic n a tu re  exhibited  
in the  solid sta te  and in solution, m oreover, they  have an additional 
p roperty  — a high reac tiv ity  in respect to colum n packings and the  co­
lum ns them selves. S tudies on the  application of GLC in the  analysis 
of m etals and th e ir com pounds have been carried  out in several d irec­
tions. One of them  involves the application of m eta l com plexes w ith  or­
ganic ligands in the  chrom atographic analysis.

The m etal com plexes used for chrom atography should m eet the  fol­
lowing requirem ents:

i) th ey  should be neu tra l;
(ii) th ey  should exhibit p roper therm al stab ility  during elution from  

the colum n;
(iii) they  should not in te rac t w ith  the  colum n packing;
(iv) ligands should be slow ly released  from  the  complex;
(v) th ere  should be no exchange of the  ligands betw een the com ple­

xes fed onto the  column;
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(vi) th ey  should be solvolytically  stable;
(vii) th ey  should possess p roper vo la tility  u n d er p reservation  of 

in teg rity  of a m olecule in  the  gas phase on a hot and active packing 
surface;

(viii) th ey  should be available on the m arket.
Tl e GLC m ethod of determ in ing  m etals has the  follow ing a d v a n ­

tages over o ther analy tical m ethods:

(i) high detection selectiv ity  of com plexes leaving the  colum n, owing 
to the  use of a proper detecto r (ECD, FID, etc.);

(ii) possibility  of using a re la tive ly  inexpensive gas chrom atograph;
(ir) possibility  of assaying of trace  and u ltra trac e  am ounts of m e­

tals;
(iv) possibility  of sim ultaneous qualita tive  and q uan tita tive  d e te r­

m ination of several m etals in one sample;
(v) possib ility  of lim itation  of the  sam ple (liquid or solid) taken  

for analysis;
(vi) possibility of m ultip le  analysis of m etal com plexes in the  sam ­

ple;
(vii) possibility  of assaying m etal levels in sam ples containing an 

elem ent at the  detection lim its, by  o ther m ethods;
(viii) possibility  of a severa l-hundred -fo ld  concentration  of m etal 

com plexes ex tracted  from  a sample;
(ix) application onto a colum n of sm all portions of the  analy te  

(0.5— 2.0 nf).

Tabelle 1. C om parison of the detention limiit<s in  the GŁC and cither m ethods 
for sam e e lem en ts

T abela  1. Porów,nan'ie w artości gran icy  w yk ryw a ln ości otrzym anych dla n ie ­
k tórych  p ierw iastk ów  m etodą GŁC oraz in n ym i m etodam i.

M etal -to 
b e assayed:
O znaczany

metlal

N eutron  acti­ E m ission

GLC
A A S vation  analysils ■spectro-

graphy
A SA A k tyw acyjn a  

analiza n eu tro­
now a

S p ek tro ­
grafia

em isyjna

Spark  ̂ souiree 
imiass spectro- 

graphy
Iskrow a spektro­

grafia  m as

B e 4 X ,10-« 1 X 10-» 2 X lO-io 8 X 10-12

Cr 2 X 10-1« 2 X 10-» 1 X io-6 1 X 10-» 5 X o 1

Rh 2 X 10-“ 2 X io-8 5 X io-11 2 X IO-» 9 X 10-n

A l 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 lO-io 1 X 10-6 5 X 10-n

P d 1 X 10-10 3 X io-8 5 X io-» 1 X 10-' 5 X lO-io

N i 1 X 10-11 2 X 10-» 5 X io-» 8 X 10-» 7 X 10-u



Table 1 lists the  absolute detection lim its (in gram s) obtained in 
the  determ ination  of m etals by various analy tical techniques [15]. High 
deten tion  lim its of GLC are associated w ith  an im portan t fea tu re  of 
the  m ethod, nam ely  w ith  the  separation of im purities from  a com plex 
leaving the  colum n and w ith  the  possibility of em ploying a detector 
of p roper quality .

Of the ligands studied h itherto , dialkyldith iocarbam ates, and p a rti­
cu la rly  d iethy ld ith iocarbam ates of certa in  m etals, constitu te  a little  
studied and prospective group. Before using them  in GLC, th e ir  vo lati­
lity  w as studied. R esults of the  investigations of d iethy ld ith iocarbam ates 
of Co(Il), Ni(II), Zn(II), Cd(II), Hg(II), Fe(III) and Ag (I), carried  out by 
D’Ascenzo [3, 4] confirm ed the  possibility  of using some o-' ’hem  in 
chrom atographic studies. D espite sceptical view s [6, 12, 17] on the  
usefulness of the  com plexes of this ligand in  GLC, successful a ttem ts 
[7, 8] have been reported  on the separation of a m ix tu re  of some d it- 
hiocarbam ates [2, 9, 18]. These papers, w ith  the  exception of [5], w ere 
confined to a ttem ts to separa te  some com plexes on random ly  chosen 
packing only. T here  are  no reports  on optim ization ,of e ith e r qualita tive  
or quan tita tive  elu tion of m ix tu res of m etal complexes.

In th is paper the  p aram eters  of qualita tive  and quan tita tive  sepa­
ration  of zinc, copper and nickel com plexes have been established and 
applied to assaying m etals in m arine bottom  sedim ent.

2. EXPERIMENTAL

GLC separation was carried  out on a P ye U nicam  Model 104 gas chro­
m atograph equipped w ith  a flam e ionization detecto r (FID). A rgon was 
used as ca rrie r gas.

Solutions of m etal com plexes w ere p repared  im m ediately  before 
GLC separation. The com plexes w ere p repared  by  using procedures 
reported  in [2, 3, 7], Chloroform ic solutions of the  com plexes contained 
2000 ¡ig of each of the m etals in 1 cm 3. They w ere p roperly  d ilu ted , if 
needed, to concentrations of 400, 100 and 40 ¡ig /cm 3.

2.1. Chromatographic separation

A ttem pts to separate  both individual m etal com plexes and the ir m ix­
tu re s  w ere m ade by using conditions and packings specified in  Table 2. 
R esults of p re lim in ary  tests revealed  the  possibility  of separating  the  
zinc, copper and nickel com plexes on 3%> SE-30 coated on Chrom osorb 
W -H P (item  1, Table 2). The re ten tion  tim es conform ed w ith  those 
obtained for single com plexes. These conditions did not, how ever, en-
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sure reproducib le  chrom atogram s of a m ix tu re  fed onto the  colum n, 
sim ilarly  as w ith  packing consisting of the  OV-7 phase (3®/») coated on 
Chrom osorb W -H P (Figs. 1A and IB, item  2, Table 2). By using the  
OV-lOl (5°/o) phase on Gas Chrom  Q, the  separation of a m ix tu re  of

' 0 1 2 3 4 - 5  0 1 2 3 4 5  (min)

Fig. 1A and IB. A chromaitogram o f a m ixtu re  of the Zn, Ciu and N i com ple­
x es obtained by  using a colum n packed w ith  3% of OV-7 on Chromosorb W -HP  
during tw o  su ccessive injeationis.

Rys 1A i IB. C hrom atogram  m ieszan in y  kom pleksów  Zn, Cu, N i otrzym any  
na k o lum nie w yp ełn ion ej 3% OV-7 na Chromosoirbie W-HiP w  k olejn ych  dw óch  
nastrzykach.

zinc, copper and nickel com plexes was m arked ly  im proved. A t the  sam e 
tim e the effect of the  com pactness of the  packing on the qua lity  of 
GLC separation of the  com plexes was investigated. This was accom ­
plished by using tw o colum ns of equal dim ensions filled  w ith  inden ti- 
cal packing of d iffe ren t com pactness. A m ixture  of d ie thyld ith iocarbam a-



Fig. 2. T he separation o f the d ie-  
thyldithioeairbam ate com p lexes on a 
colum n loose'ly packed  w ith  5% of 
OV-101 on G as Chrom Q.

iRy.s. 2. R ozdział m ieszan iny kom ­
plek sów  z DEiDTK u zysk an y  na  w y ­
p ełn ien iu  5% O V -lO l na G as C hrom ie 
Q (w yp ełn ien ie  luźno upakow ane).

F ig. 3. A  chrom atogram  of the 
zinc, copper and n ick e l com plexes, to ­
gether wiith an in tern al standart, ob­
tained  by  ojisiing m ore com pact pac­
k ing  (5% of O V -lO l)

R ys. 3. C hrom atogram  m ieszaniny  
k om p lek sów  cynku, m iedzi i niklu  
wiraż z wzo-rcem w ew n ętrzn ym  otrzy­
m any n a  w yp ełn ien iu  5% O V -lO l (w y­
p ełn ien ie  bardziej upakow ane).

tes of zinc, copper and nickel could not be resolved on a loosely packed 
colum n (the peaks of copper and nickel coalesced), a lthough one-by-one 
in jected  com plexes separated  well. A dequate separation  of the com p­
lexes was achieved by  using p rogram m able heating  of the  therm osta t



(item  5a, Table 2, Fig. 2). W ith the  m ore com pact colum n, a good se­
para tion  of individual d iethyld ith iocarbam ates and of th e ir  m ix tu re  was 
a tta ined  (item  5b, Table II, Fig. 3). U nder the  speccified conditions, 
th e  peaks of the  zinc, copper and n ickel com plexes w ere sym m etrical 
and w ell separated . S im ilar resu lts  to those achieved on the  OV-lOl 
packing w ere obtained w ith  the  QF-1 (5%) phase on Gas C hrom  Q. 
The resu lts  confirm  the  usefulness of the  packing for the  separation  of 
com ponents of a m ix tu re  of zinc, copper and nickel com plexes. The 
peaks are  sym m etrical, w ell-shaped and have precisely  determ ined  p a ­
ram ete rs  (item  6, Table 2, Fig. 4).

F ig. 4 A chrom atogram  
of a m ixtu re  of the zinc, co ­
per and n ick e l d ie th y ld ith io -  
cairfoamaites, together w ith  an  
in tern a l standard, obtained  
on the OF-1 packing.

R ys. 4. C hrom atogram  
m ieszan iny k om p lek sów  d w u -  
ety lodw utiokarbam in ianow ych  
cyniku, m iedzi i  n ik lu  w raz z 
w zorcem  w ew nętrznym  otrzy­
m any na w yp ełn ien iu  5%  
OF-1.

In order to use the  packings for quan tita tive  analysis, the  behaviour 
of certain  organic com pounds w hich could be used as in te rn a l s tan ­
dards in the  presence of m etal com plexes was investigated. The organic



com pounds used w ere, among others, dehydroepiandrosterone, n -do tria- 
contane and benzo[ghi]perylene. Of these compounds, n-dotriacontane was 
the  m ost su itab le  for analytical purposes (Fig. 3).

To determ ine m utua l positions of p a rticu la r com plexes in m ore 
detail, re la tive  re ten tions w ere calculated  for each of them  in respect 
to n -dotriacontane (Table 2, item s 5b and 6). Due to a high po larity  of 
the  QF-1 s ta tionary  phase, the  peak  of n -dotriacontane in troduced to ­
gether w ith  the  com plexes was shifted. This disqualifies the  compound 
as an in te rn a l standard . It leaves the  colum n togother w ith  volatile im ­
purities (Fig. 4). In view  of the  fact th a t the  liquid phases possess diffe­
re n t acceptor-donor properties, the  packing w as m odified by m ixing 
together in the 1:1 ratio  by w eigh t packings specified u nder 5 and 6. 
The values of re ten ttio n  fractions calculated  for p a rticu la r packings by

Fig. 5. A  chrom atogram  
of the zinc, coipper and n i­
ckel di ethyldiit h i ocarb am ates 
and of n -dotriacontane obta­
ined  on a m ixed  packing

R ys. 5. C hrom atogram  
m ieszan iny  d w u ety lodw utio- 
karbam i/nianów  cynku, m iedzi 
i  n ik lu  oraz n -dotriakontanu  
otrzym any na w yp ełn ien iu  
m ieszanym .

the Brow n m ethod [16] showed th a t the  packing considered re ta ined  its 
nonpolarity  sim ilar to th a t of the OV -lOl phase and its acceptor-donor 
p roperties w ere reduced  as com pared w ith  those of the  QF-1 phase,



thus contribu ting  to separation of the  com plexes. By using th is  packing, 
a ttem p ts w ere m ade to separate  the  zinc, copper and nickel d iethy ld ith io - 
carbam ates from  both  a s tandard  m ix tu re  and from  a bottom  sedim ent. 
The chrom atogram  in Fig. 5 illu s tra tes  excellen t separation of th e  Zn(II), 
Cu(II) and Ni(II) com plexes and of n-dotriacontane.

To assay zinc, copper and nickel, the  response of the  flam e ioni­
zation detector was determ ined  on progressively  grow ing masses of the  
m eta l com plexes applied onto the  colum n. C hom atographic peaks due 
to p a rticu la r masses of the  com plexes are  shown in Figs. 6— 8. A re la ­
tionship betw een  peak  area and the  m ass of a com plex (based on the  
m etal) is show n in Fig. 9. These data reveal a linear rela tionsh ip  b e t­
ween the am ount of a complex fed onto the  colum n (based on the  m e-

Fig. 6. A  chrom atogram  show ing th e  resporase o f  the fla m e ion ization  detector  
on a progressively  increasing maiss o f  the zinc com plex .

Ry.s. 6. C hrom atogram  określający reakcję detektora płoimL&ni ow o-jon izacyjn ego  
na w prow adzoną m asę k om p lek su  cynku.

ta l content) and peak  areas for copper and nickel over the  range 
10— 200 ng and for zinc over the  range 30— 160 ng. A pplication onto the  
colum n of sm aller quan tities of the  m etals than  the  low er ones ind ica­
ted, b rought about a nonproportional detector response, probably  due 
to sorption of the  com plexes on the packing.



Fig 7. A  chrom atogram  show ing the response of th e  flaime ion ization  detector 
on a .progressively increasing m ass of the copper com plex.

R ys. 7. C hrom atogram  określający  reakcję detektora p łom ien iow o-jon izacyjneg»  
n a  w prow adzoną m asę kom pleksu  m iedzi.

F ig . 8. A  chromatograim show ing th e  response of the flam e ion ization  detector 
on a p rogressively  increasing  m ass o f  the n ickel, com p lex

R ys. 8. C hrom atogram  określający reakcję detektora, p łom ien iow o-jon izacyjn e­
go  na w prow adzoną m asę kom pleksu  nik lu .



Fig. 9. R elationsh ip  b etw een  peak area and th e  m ass o f  a com p lex  (based on  
the m etal content).

R ys 9. K rzyw a za leżności p ow ierzch n i piku od w prow adzonej m asy  d anego  
kom pleksu  (w  przeliczen iu  na metail).

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

Sam ples of the  sedim ents (sands, loams) w ere  supplied by the  In stitu ­
te  of M arine Geology, Sopot.

The sam ples (ca 10 g) w ere dried a t 110°C for 2 hrs., ground in 
a porcelain  m orta r and tem pered  in a m uffle  fornace a t 500°C for 2



hrs. A fter cooling the  sam ple, a 2-g portion w as taken  and m illed in 
a v ibrational agate m ill for 30 rnin. The m ateria l was th en  w et digested 
by using the  procedure described in [1, 10, 11, 13, 14].

A w eighed sam ple (0.2— 0.5 g) was placed in a Model 2 P erk in  
E lm er autoclave, m oistened w ith  1 cm 3 of double-distilled  w ater, follo­
wed by  the  addition of 2 cm 3 of concd. H N 0 3 (sp. gr. 1.14) and 10 cm 3 
of 40% H 2F 2 solution. The con ten t of a teflon  in sert was m ixed and 
autoclaved at 150°C for 45 m in. A fter cooling to room  tem pera tu re , the

Fig. 10. C hrom atogram s o f a m ixtu re  of the zinc, coipper and n ick el com plexes  
obtained from  m arine sand and loam  w ith  the addition  of n -dotriacontane (inter­
n a l standard).

Rys. 10. C hrom atogram y m ieszan iny  kom plek sów  cynku, m iedzi i n ik lu  otrzy­
m anej z próby p iasku m orskiego oraz ilu  w raz z dodatkiem  w zorca w ew nętrzn ego  
— n-dotiriakontanu.



content was tran sfe rred  to  a 100-cm3 teflon dish and trea ted  w ith  10 cm 3 
of the  40!°/oi H 2F 2 solution and 1 cm 3 of conc. HNO3. The solution w as 
evaporated  to dryness on a sand bath  and the  procedure was repeated . 
To the  d ry  residue, 10 cm 3 of 8M .HCI was added and the  conten t was 
gen tly  heated  to dissolve the  solids. The solution was tran sfe rred  to 
a 250-cm3 beaker, 0.5 cm 3 of a LaCl3 solution (concentration 1000 ^g 
cm -3) was added, the  volum e was m ade up to 100 cm3 w ith  double-d isti- 
lled w ater, the  solution was placed on a boiling w ater ba th  for approx.

F ig  11. C hrom atogram  of a m ixture of com p lexes from  the blank.
R ys. 11. C hrom atogram  m ieszan iny k om plek sów  uzyskanych  z próby odnośnej.



5 min, th en  20 cm 3 of concentrated  am m onia solution and 1 cm 3 of 30% 
H 2O2 w ere added. U nder continuous stirring  the  solution was heated  for 
5 min, filte red  th rough  a sm all-pore f ilte r  paper, the p rec ip ita te  was 
w ashed tw ice w ith  10-cm3 portions of concen trated  am m onia solution, 
the  f iltra te  was tra n sfe rred  to a 250-cm3 separating  funnel and 10 cm 3 
of a 3%  solution of sodium  diethy ld ith iocarbam ate (previously purified  
from  m etallic im purities by ex traction  w ith  chloroform ) was added. 
A fter 10 m in the  com plexes w ere ex tracted  w ith  chloroform , successive 
ex tracts  being collected in flasks w ith  conical bottom . Chloroform  was 
th en  com pletely rem oved on a w a te r ba th  at 80°C. To the  d ry  residue, 
a solution of n-do triacon tane was added and the  solution was applied 
w ith  a m icrosyringe (0.6— 0.1-jxl portions) onto the  colum n filled  w ith  
the  m ixed packing (cf. item  7, Table 2). Illu s tra tive  chrom atogram s of the  
zinc, copper and n ickel com plexes isolated from  a sam ple of sand and 
loam  are  show n in Figs. 10.

A b lank  was p repared , using pu re  reagen ts only, by the  procedure 
ju st described. A chrom atogram  of th e  b lank  is show n in Fig. 11. The 
accuracy and precision of the  m ethod are now being determ ined.

3. CONCLUSIONS

(i) To obtain a good separation of the zinc, copper and nickel di-
ethydithiocarbamates, a packing containing 5% of OV-lOl 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 ) m ixture of 5% of OV-lOl and 5% of QF-1 both coated on the 
Gas Chrom Q carrier.

(ii) The linear range of the  rela tionship  betw een the  signal in ten ­
sity  of the  flam e ionization detector and th e  m ass of a com plex fed onto 
th e  colum n extends from  30 to 160 ng for zinc and from  10 to 200 ng 
fo r copper and nickel.

(iii) The procedure used to isolate zinc, copper and nickel from  
a sam ple in the form  of th e ir  d iethyld ith iocarbam ates affords w ell-de- 
veloped chrom atogram s in the  presence n-do triacon tane  as an in te rnal 
standard .



Jan  MALKIEWICZ, Janusz GRZYBOW SKI, E lżbieta SACHARCZUK

A kadem ia M edyczna w  G dańsku  
Instytu t C hem ii i A n alityk i

OZNACZANIE KOM PLEKSÓW  Zn, Cu i Ni Z DEDTK ZA POMOCĄ 
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Streszczenie

Zaletą stosow ania chrom atografii gazow ej w  analizie  śladow ej m aterii jest m o­
żliw ość oznaczania jednoczesnego k ilku  m eta li w  tej sam ej próbie.

W artykule opracow ano w arunk i analizy  chrom atograficznej kom pleksów  Zn, 
Cu i N i z dw uetyiodw utiokarbam in ianem  (DEDTK) dla m ieszan in y  w zorców  i dla  
próby osadów  m orskich.

Do badań użyto  chrom atografu gazow ego P yc U nicam  m odel 104, zaopatrzo­
nego v/ detektor p lcm ien iow o-jon izacyjny  (FID). U żyto  kolum n szklanych o prze­
krojach  w ew nętrznych: 2 i 4 m m  i d ługości 1,5 m , 1,8 m, 3,0 m, stosując nośnik i: 
C hromosorb W -H P oraz Gas Chrom Q, pokryte ■» fazam i stacjonarnym i: SF-30, 
OV-7, OV-lGl, QF-1, B BBT i T en ex  o różnych stopniach pokrycia.

R ozdziału m ieszan in y  w zorcow ej zaw ierającej kom pleksy dw uety łodw utiokar- 
bam inianow e Zn, Cu i N i dokonano na 5% OV-101 i stosu jąc w yp ełn ien ie  m ieszane  
o składzie 5%> OV -101 i 5°/o QF-1 w  stosunku w agow ym  1:1. W ypełn ien ie m ieszane  
zastosow ano rów nież do analizy  ilościow ej kom pleksów . Zakres prostolin iow ości d la  
zależności pow ierzchni piku od w prow adzonej m asy  kom pleksu  w  przeliczeniu  na  
m eta l m ieśc ił się  w  zakresie dla Cu i Ni: 10—200 ng i dla Zn: 30— 160 ng.

A nalizy  próbki dokonano pobierając 0,5 g porcję osadu suszonego a następ n ie  
w yprażonego w  tem peraturze 500°C. R ozdrobniony m ateria ł poddano roztw arzaniu  
w  autok law ie ciśn ien iow ym  firm y P erk in  Elm er w  tem peraturze 150°C przez 40 m in., 
stosując m ieszan in ę roztw arzającą o sk ładzie podanym  w  załączonej przez firm ę  
instrukcji. P o roztw orzeniu  badanego m ateriału  oraz po odpędzeniu  krzem u w  po­
staci S il' 4  suchą pozostałość rozpuszczono w  10“/o roztw orze HC1. P o dodaniu do  
roztw oru porcji 30°/o H 20 2 a n astępn ie 5 000 ng La (III) w spółstrącano przeszkadza­
jące w  analizie  chrom atograficznej F e i Mn. W spółstrącanie przeprow adzono dodając  
do roztw oru badanego 25°/o N H 3 • H ,0 . Po przesączeniu  przez tw ard y  sączek u zysk a­
ny  osad przem yto roztw orem  N H 3 • H-O S w odą dojonizow aną. Do przesączu dodano  
3°/o N aDEDTK  (oczyszczonego w cześn iej od zanieczyszczeń  organicznych przez ekstra­
kcję CHCl3/C H 3/;CO w  stosunku objętościow ym  5 : 2). P ow sta łe  k om pleksy ekstraho­
w ano tą sam ą m ieszaniną co czysty  odczynnik. Po odparow aniu rozpuszczalnika na  
łaźni w odnej w  tem p. 80° do suchej pozostałości dodaw ano CHC13 oraz roztw oru  
w zorca w ew nętrznego^'n-dotriakontanu i analizow ano na chrom atografie gazow ym  
nastrzykując porcję 0,5— 1,0 ¡7! na kolum nę w ypełn ioną Gas Chrom Q z naniesioną  
m ieszaniną faz QF-1 i OY-lOl.
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