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SUMMARY 

Thin-layer chromatography on silica gel was used for the chromato_mphic 
separation of 7.5 cobalt(II1) complexes using 30 one-, two- and three-component 
solvent systems. It was observed that when chromatographing with onc-component 
solvent systems, trmLs-isomers exhibit higher RF values than the corresponding cis- 
isomers. In the other solvent systems some exceptions were observed. A linear de- 
pendence between the number of five-membered rings substituted by six-membered 
ricgs and their & values has been established. Finally, it was found that an increase 
in the number of carbon atoms in the aminocarboxylato @and results in an increase in 
the RF value of the complex and that there is a linear correlation between this number 
and the & values of the complexes. 

IN-liEtODUCTION 

In eadier worklJ we studied the e&ct of the composition and the structure of 
cobalt(III) complexes on their RF values obtained by paper chromatography_ Con- 
tinuing these investigations in this work, we have carried out a systematic study of the 
eff&s of the follow5ng factcrs on the RF values of the same complexes obtained by 
thin-layer chromatography: the geometric configuration of the complex, the siz of the 
chelate ring and the size of the-branched chain of the coordinated amino acids. 

By comparing our earlier results obtained by paper chromatography’*’ with 
those obtained in the present work we wanted to establish which of the possible 
mechanisms prevails in the cases studied. These investigations were carried out with 
compounds mainly prepared for the Grst time in our laboratory. 

EXPERIMENTAL 

Syntheses of the complexes investigated were carried out according to proce- 
dures described in the literature flabIs III-VIr). 
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Chromatographic separations were performed by ascending thin-layer chro- 
matography on silica gel G-RS (Carlo Erba, Milan, Italy) which contained 13 % of 
calcium sulphate. A suspension of silica gel (30 g) in water (70 cm? was applied on 
five~glass plates (19.5 x 13 x 0.5 cm), which had been washed !irst with a detergent 
solution and then with acetone-ethanol (1 :l). The layer thickness was 300 pm, 

In order to ensure that the layers were uniformly wetted in the course of the 
development, silica gel pasted along the edges of the plates was removed. The plates 
were dried-in air for 15 min and then heated in a drying cabinet at 110°C for 1 h. 
After this treatment the plates were kept in a desiccator over anhydrous calcium 
chloride; 

Aqueous solutions of the investigated complexes were applied in the form of 
small drops. The development was carried out in cylinders (13.5 x 19.5 x -23.5 cm). 
One hour before the development, the solvent mixture was placed in a cylinder in 
order to saturate it with solvent vapour. Solvent systems consisting of p.a grade 
solvents were used and their compositions are listed in Tables 1 and II. The solvent 
systems travelled about 10 cm and detection was performed by spraying the plates 
with 2 M ammonium sulphide solution. 

All investigations were performed at 20 & 2°C. 

TABLE I 

oNE-coMFoNENr SOLVENT SYSTEMS USED 

No. COtl?pfJl&?ltt Time of akvebpment (min) 

‘1 

i 
4 
5 
6 
7 . 

DistilLi water 
Methanol 
E&ii01 
EthyI&e gIyco1 monomethyl ether 
Dimethyl sulphoxide 
N,N-Dimethylformamide 
AcetonitriIe 
1,2-Propallediol 
1,3-l?ropailediol 

1.5 

ii 
55 
45 
25 
30 
16h 
10h 

RESLXIS AND DI%USSION 

Effect of geotnetrfc conzjiguration on RF values of the investigated complexes 

The investigations were carried out by chromatographing 16 cationic, anionic 
and neutral cobalt(m) complexes (Tabks III and IV). The thin-layer chromatograpbic 
behaviour of the most of these complexes had not been investigated previously. 
Ckomatographic development was carried out by using 8 one-component and 
14 multi-component solvent systems. 

It was established that with one-component systems the trams-isomers always 
exhibit higher RF values than the corresponding &s-isomers (Fable III). However, 
when using multi-component solvent systems, in 35% of cases the c&isomers were 
more mobile than the corresponding trmrs-isomers (Table rv). 

Qn the basis of the results it was concluded that with one-component soIvent 
systems the predominant process is adsorption or ionic exchange. As silica gel behaves 
as a weakly acidic cationic exchanger9 containing silanol groups, we believe that with 



10 
11 
12 
I3 
14 
15 
16 
17 
IS 
19 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

30:70 45 
5050 30 
70:30 25 
Sam 55 
9O:IO 40 
z!z 25 10 

40:60 35 

ig.2 45 55 
9@:10 55 
~5:15:1 g per 104) IIll 60 
- 100 
15:15:70 20 
30-2050 35 
SO:30:20 40 
7O:ZO:IO 50 
70:25:5 120 
9055 90 
75:20:5 30 
70:2&10 60 

anionic or neutral complexes type hydrogen bonding to silica gel occurs, whereas with 
cationic complexes type it is likely that ion exchange between the silanol-group ky- 
drogen and the cation also takes place. Moreover, the Iower mobikty of cis-isomers is 
in accordance witk the fact tkat they are more polar than tke corresponding trams- 
isomers and tkat tkey are rkereforc more strongly adsorbed to the adsorbent 

With muk.i+zomponent solvent systems containing water, in addition to ad- 
sorption and ion exckange, the process of partition is inevitable so tkat the sequence of 
tke isomers on the plates depends on tke mechanism that predominates. 

By comparing tke results obtained by paper ch.romatograpky*~’ witk those 
obtained by thin-layer chromatography for tke same cobalt(IiI) complexes, it can be 
seen tkat the composition of mubicomponent systems ka.s no efiit on the sequence 
of geometrical isomers in tke paper ckromatograpkic separation, where-as in the tkin- 
layer ckromato_mpkic procedure the sequence of isomers depends OQ the composition 
of the solvent system- Ibis may be understood in view of tke fact that in paper ckro- 
matograpky tke predominant mechanism is that of partition, whereas in thin-layer 
ckromatograpky separation the predominant mechanism depends on the composition 
of the mukicomponent solvent systems. 

On the basis of the above, it can be concluded tkat tke so far accepted general 
ru!ela-xz tkat tr~~~~-isomers &r&it kigkcr RF values than the cossesponding cis-iso- 
mers is valid in tkin-layer ckromatograpky on sikca gel only when one-component 
sO&nt systems are used. In addition, we consider that one shotid dif5erentiat.e 
between the results obtained with one-com&nent and multi-component solvent 
systems. Witk one-component solvent systems, where sorption is dominating, a regu- 
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Iarity in chromatographic bebaviow kto be expected; this regularity offers a possibility 
for the determination of the geometrical con&zjra~ion_of these Complexes. In contrast, 
when rm.Iti~rnponent solvent mixtures are used, the cotiposition of the solvent 
system controls whether sorptioq or partition will dominate and therefore the sequence 
of isomers depends on the comp”osition of the solvent system. 

ETect of chelate ring size OR RF values of the irrvestigtqed complexes 

To investigate the effect of the chelate ring size OQ the RF values of complex 

14 

Q6 
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/ 24 

Fig. 1. DepenaenCe of RM values on the number of five+membered riags substitited by the COT- 
respond&g six-membered rings. Compfexes: (a) 3-S; (b) 22-24; (c) Z-27 (see Tables V and VQ. 
The numbers on the lines refer to the solvent sysizms wed (see Tables I and II). 
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compounds we chromatopphd 35 c0bdtcrr.I) cmqstexes (TableV) containing 
five- and/or six-membered tin~bo_9lato and/or d&nine &elate ligands_ The 
compkxes were cationic. anionic and neutral types. Cbromatographic separations 
were perfomed using 20 one- and multicomponent soivent systems (Tbles I and u). 

Ekvez~ groups of comp!ex compounds containing aminocarboxylato ligands, 
either with or without titro groups, were chromztograpkd by the use of eight one- 
component solvent systems (Table V, complexes l-19 and 25-29); it was found that 
the RF value decmsed with increasing &elate ring size. Contrary to these fIndings, 
three groups of compiexes with ox&to cfielate rings instead of nitro groups exhibited 
the opposite bekmiour (Table V, compkes 3U-35). None of these reguh-ities oc- 

hl 
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26 

Fa. 2. LkpaxW of RY w&e on tt# numb of casbon atoms iu one of the uwdinat& amino 
acXs in the (f&-&@IO& tmm@Q-[coAm:(- compk. The nuriIbms on the lines refer to 
thesohhntsystefnstmi(sazTabkII). 
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curred for the remaining wmpkxes (IkbIe U, complexes 20-24) as well as when 
m&komponent solvent mixtures were used @able VI)_ 

However, in all instances where the groups contained three complexes each, a 
linear correlation was found between the number of five-membered rings substituted 
by the corresponding six-membered rings and the RX value of the complex (Fig_ I)_ 
Contrary to the results obtained by paper ehromat~graphy~, where this correlation 
was always negative, in thin-layer cbromato~phy on silica gel this correlation was 
found to be either posit&e or negative. 

Eflect of branched chin sire of coordirra~ed amino acids on RF values of the investigated 
conzpkxes 

It is known that in thin-layer chromatography there is a linear correlation 
between the nllm&r of carbon atoms in a homologous series of some organic com- 
pounds and their & valueS_ JursiP determined the RF values of some aminocar- 
boxylatonickel(II) complexes by means of thin-layer chromatography on silica gel, 
using phenol-water (75:25) as the solvent system. He established that an increasing 
number of carbon atoms in a homologous series of coordinated amino acids results in 
an increase in the RF values of the complexes. With regard to these resuIts we wanted 
to establish (a) whether they represent part of a general n&a&y of the correlation 
between RF nlues of metal CompIexes and the number of carbon 2toms in coordin2ted 

RM 

1.2 

0.s 

a4 

234562 6. 2 3 4 



amino acids, and (b) whether there is a linear correlation between &e- ntimber of 
&bon atoms in aminocarboxylato Iigands coordinated to cob&o and- ffie RM 
values of the comzsponding complexes. Therefore, we chromatogr$phed 24 anionic 
and neutral zminocarboxylatocobal@IQ complexes (Table VIE), divided &to five 
homologous series, by means of ten two- and &ree+muponen~ solvent systems, all 
compound% of each type being separaed by Ehe use of at least five d.i%kent solvent 

a 

-0.8 

-1.0 

-1.2 

-1.4 

-Ls 

-1.8 

% 

0.6 

-I- t 
2 3 : : : 

46 

-Lo 

-12 

!l 
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‘- 1 

:a 

7 

L c 
23452234 ” 

NumksafCna~~ 

Fig. 4; Dependence of & value on ffie number of carbgi atoms in bne of the coo&a&d amino 
acids in tie (-)Ms_meridi~[~~~(NO&]~ compkx. The numbers on the lines refer to the 
solvent systems used (see Table II)- 



htkse e.xgmimm% it pias establisked that an increasing number of carbon 
atoms in the branched chain of coordinated amino acids causes an in= inthe& 
values of the complexes investigated. The increase takes place regardless of whether 
the carbon atoms belong to a straight or a branched chain of coordinated~chefate 
I&.&s. The diflkreuces in the RF vaks of complexes containing s*Aght and 
branched chains witk the same number of carbon atoms were small (Table VIE). 

l[n addition, we found a linear correlation between the number of carbon atoms 
in coordinated aminocarboxylato Iigmds and ffie I& value of the complex (Figs. 2-6) ; 
tke correlation was always negative- 

Fig. 6. ikpezxm of & vake on the nr?mbcr of carbon atoms in one of the ax&hated amino 
acids in the rrzms(NO~,c~.H*[CoCo(NH~_4m~O~ c0mpkx. The nrunbers OQ the lines refer to 
the solvent s>-stems us& (see Table IQ. 

We assume that all of the above separations of complexes are achieved by a 
partition mechanism, as the CH, group is known tc possss a very small adsorption 
eneq@, so that the separation could not be effected by an adsorption mechanism- 
Likewise, ioo exchange cannot be taken as the cause of the separation, as the investi- 
gated complexes were of anionic and neutral types, and silica gel behaves as a wetly 
acidic cationic exckanger. The fact that analogous results are obtained by partition 
paper chromatography supports the postulated meckanism*- 
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