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SUMMARY

Thin-layer chromatography on silica gel was used for the chromatographic
separation of 75 cobalt(Ill) complexes using 30 one-, two- and three-component
solvent systems. It was observed that when chromatographing with one-component
solvent systems, frans-isomers exhibit higher R, 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
rings and their R, values has been established. Finally, it was found that an increase
in the number of carbon atoms in the aminocarboxylato ligand results in an increase in
the R value of the complex and that there is a linear correlation between this number

and the R,, values of the complexes.

INTRCDUCTION

In earlier work?.? we studied the effect of the composition and the structure of
cobalt(IIT) complexes on their Ry values obtained by paper chromatography. Con-
tinuing these investigations in this work, we have carried out a systematic study of the
effects of the following factcrs on the Ry values of the same complexes obtained by
thin-layer chromatography: the geometric configuration of the complex, the size 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 ihe possible
mechanisms prevails in the cases studied. These investigations were carried out with
compounds mainly prepared for the first time in our laboratory.

EXPERIMENTAL

Syntheses of the complexes investigated were carried out according to proce-
dures described in the literature (Tables ITI-VII).
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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 139 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 first with a detergent
solution and then with acetone-cthanol (1:1). The layer thickness was 300 zm.

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

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 compeositions are listed in Tables ¥ 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.

O 0NN A WN -

TABLE I
ONE-COMPONENT SOLVENT SYSTEMS USED
No. Componernt Time of development ( min)
Distilled water i5
Methanol 15
Ethanol 40
Ethylene glycol monomethyl ether 55
Dimethyl sulphoxide 45
N,N-Dimethylformamide 25
Acetonitrile 30
1,2-Propanediol 16h
1,3-Propanediol 10h
RESULTS AND DISCUSSION

Effect of geometric configuration on Ry values of the investigated complexes

The investigations were carried out by chromatographing 16 cationic, anionic
and neutral cobalt(IIf) complexes (Tables III and IV). The thin-layer chromatographic
 behaviour of the most of these complexes had not been investigated previously.

Chromatographic development was carried out by using 8 one-component and
14 multi-component solvent systems.

It was established that with one-component systems the frans-isomers always
exhibit higher R; values than the corresponding cis-isomers (Table ITI). However,
when using multi-component solvent systems, in 359, of cases the cis-isomers were
more mobile than the corresponding frans-isomers (Table IV).

On the basis of the results it was concluded that with one-component solvent
systems the predominant process is adsorption or ionic exchange. As silica gel behaves
as a weakly acidic cationic exchanger?® containing silanol groups, we believe that with
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TABLE IT

MULTI-COMPONENT SOLVENT SYSTEMS USED

No. Compasitior Proportions (viv) Time of development (mir:)
10 Ethapol-methanol 30:70 45
11 Ethanol-methanol 50:50 30
12 Ethagol-methanol 70:30 25
13 Acetic acid-water 80:20 55
14 Pyridine-water 90:10 40
15 a-Picoline-water 50:50 10
16 Acetone-water 85:15 25
17 Acetylacetope-water 40:60 35
138 Acctylacetone-water 50:50 45
19 Formic acid-acetic acid 50:50 55
20 Dioxanwater 9Q:10 55
21 Dioxan—water-KI 85:15:1 g per 100 mi 60
2 Phenol saturated with 2 N HC1 — 100
23 Ethyi acetate-ethanol-water 15:15:70 20
24 Ethyl acetate-cthanol-water 30:20:50 35
25 Ethyl acetate—ethanol-water 50:30:20 40
26 Ethyl acetate-ethanol-water 70:20:10 50
27 Isopropancl-water—conc. HNG, 70:25:5 120
2 Isopropanol-water—conc. HNO, 90:5:5 90
29 Acctoac-water—conc. HNO; 75:20:5 30
30 nr-Butapol-cthanol-water 70:20:10 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 hy-
drogen and the cation also takes place. Moreover, the lower mobility of cis-isomers is
in accordance with the fact that they are more polar than the corresponding zrans-
1isomers and that they are therefore more strongly adsorbed to the adsorbent.

With multi-component solvent systems containing water, in addition to ad-
sorption and ion exchange, the process of partition is inevitable so that the sequence of
the isomers on the plates depends on the mechanism that predominates.

By comparing the results obtained by paper chromatography!.®> with those
cobtained by thin-layer chromatography for the same cobalt(¥Il) complexes, it can be
seen that the composition of multi-component systems has no effect on the sequence
of geometrical isomers in the paper chromatographic separation, whereas in the thin-
layer chromatographic procedure the sequence of isomers depends on the composition
of the solvent system. This may be understood in view of the fact that in paper chro-
matography the predominant mechanism is that of partition, whereas in thin-layer
cEromatography separation the picedominant mechanism depends on the composition
of the multi-component solvent systems.

On the Etasis of the above, it can be concluded that the so far accepted general
rule'd-1Z ¢hat trans-isomers exhibit higher Ry valucs than the corresponding cis-iso-
mers is valid in thin-layer chromatography on silica gel only when one-component
solvent systems are used. In addition, we consider that one should differentiate
between the results obiained with ome-component and multi-component solvent
sysicms. With one-component solvent systems, where sorption is dominating, 2 regu-
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larity in chromatographic behaviour is to be expected ; this regularity offers a possibility
for the determination of the geometrical configuration of these complexes. In contrast,

_when multi-component solvent mixtures are used, the composition of the solvent
system controls whether sorption or partition will dominate and therefore the sequence
of isomers depends on the composition of the solvent system.

Effect of chelate ring size on Rg values of the mvesngated camplexes
To investigate the effect of the chelate ring size on the R values of complex
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Fig. 1. Dependence of Ry, values on the number of five-membered rings substituted by the cor-
responding six-membered rings. Complexes: (@) 3-5; (0) 22-24; (c) 25-27 (sece Tables V and VI).
The numbers on the lines refer to the solvent systems used (see Tables I and IF).
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compounds we chromatographed 35 cobali(fil) complexes (Table V) containing
five- and/or six-membered aminocarbozxylato and/or diamine chelate ligands. The
complexes were cationic, anionic and neutral types. Chromatographic separztions
were performed using 20 one- and multi-component solvent systems (Tables I and ).

Elevea groups of complex compounds containing aminocarboxylato ligands,
either with or without nitro groups, were chromatographed by the use of eight one-
component solvent systems (Table V, complexes 1-19 and 25-29); it was found that
the Ry value decreased with increasing chelate ring size. Contrary to these findings,
three groups of complexes with oxalato chelate rings instead of nitro groups exhibited
the opposite behaviour (Table V, complexes 30-35). None of these regularities oc-

Ry
10
[L3. 3%
0.5
o
a2
0 -
32
a4
05
3.8 —
-1.0 -
1.2
LI T A S N L
Number of C atams

Fig. 2. Dependence of R, value on the number of carbon atoms in one of the coordinated zmiro
acids in the (4 )ses-cis(NO»), trans(N)-[CoAm:(NQO,).]~ complex. The numbers on the lines refer to
the solvent systems used (see Table IN).



89 ¢ -~ 08 19 I, ¥ 8 (vre-g) YHIN-Supi-t QN5 41
08 L& = 9, SL ¥ g€ ) [*CON) Ai8u20)) YHN-Sup4TON-s10 41
98 -~ 08 99 9 SO .iT L (o) SHN CHN-SupTON-SP g)
88 =—- 6 W L W 6 L [FCONDAS *CHN)0D]  °HN “HN-Supu*ON-512 gl
- B - W - - 08 L (vre-g) (OT'1) reuopropy . 11
- 8 - g€ - = B ¥ ICON) A1B*HNOD] (9'7'1) 1euoipLIay 01
9 61 ~ L9 66 € 1T L Y(vre-g) HINL-SUDIS-0~519 6
W ¥ - 8% W SL 0 L [FON'AIB"HNOD] HN-SUoa-0-5p0 8
08 0 -~ sb L. € ¥ 9 *(vps-g) SUDAL-SUDISUDI L
8 S —~ € 8 9 9 9 -[*CON) *A180D] Sup4j-supiy-suply 9
- = - g8 -~ 0 S 9 I(ve-g) N=SupU-SQON-510 S
- - - o - 0 & 8 (vre-g) 418 N-SubiON-%0 ¢
- = = 06 - 8 19 9 -["CON) *A180D} N-supii-tQN-512 ¢
8§ - = = - = 0 £1 (vje-g) - 1
€8 - = = = - 6 £1 -{"CON) £A1800) _ - 1
&1 I oo oyroo9r ,
. I A o w00I X9y oy RO awuiosy - ‘oN
g . - SWHLSAS INFATOS INANOJWNODILTININ HLIM AANIVLIIO SINTVA ¥ NO HZIS ONIY FLVIIHD FHL 40 107144
, T _ IA 318VL



TLC OF Colify COCMPLEXES ON SILICA GEL

‘[T O[qUL Uf UDAIB 010 §1wd18As Jusafos oy Jo suopsedwod oy, ,,

v

"J1{ 91N, Uf 58 SUONVIAAIGQY

127
19

Lt
s

ol
14!
o1
ol
81

81

oy
8

86

09

89

w
£
9

1

143
89

19
89

6t
§¢

5t
It

ve

oy
L
8l

8y
114

(49
9

w
69

8L
9L

9
9L

¥$

L

17
L
69

LL

i
vl

19

05
8

st
1]

6¢

Is

144
0%

SL
08

)4

6t
£l

§§
0¢

19

1
19

I§

9
0§

16
6L

L6
08

¥8
LL
L9

88

134
i3

81
ST

9%
ve

ol

L1
£l

9¢
(A%

9%
15

it

174
0T

MW W T TXV™m

(vru-g)
-lA18t%00D)
Y(uje-g)
-[¥£[8%00D)]
Y(ufu-g)
~[¥[8%00))]
s(oqe-g)

[*41800)

f(vqu-g)

(v18-g) *A18
{*4180D]

y

uud

+['(CON) tus0D)
u—:

+{(FON) 'u30D)
(vv-g)

[*("ON) £18u10D)
(vpe-)

[*(*ON) £18110D)

—

—

N-$19-D
N=§9-%)
N-sindy
Ne=suv4y

(£'2'1) mong
€T 1oped

(9'7'1) vuoipLOW
(9'2'1) ISuoIpLIN
(97'1) 1euofpLoN

TON-sHV4
YON-$1D4)
LN

*ON-$?

'ON-s12

TON-sUL
TON-=SUD)
PHINCSUDACON-S12
PHN-SupII-*ON-S/?

St
112

e

1€
0t

(a4
L1/

L
14

1X4
[44

14

61
81

L
91



‘wu gg¢ v wonwox [wondo jo vlig ,,.
‘II 91GBL UI UdAIS ox sLuisAs JudA[os oYy Jo suopsodwos ouy, ,,

N
] , *aUIONJ{OSIvT
= [A]1~1 SUIONSJT = JNO[-T {OUIONDIOU-T == O[T OUI[BA-T = H[VA~T {OU[[VAIOU-T = HUAU~T ¢ PIO8 ONAINQOTIWUE-T == F{NQL-T OUIUB[Y-T == HU[BT,
18 68 88 96 -—- -~ — O 06 S¥ L nqe-1 CHN-S{O-"QON-s1DI T
A L 8 9% ¢ - - - € 69 6f L U CHN-5/2-*QN-Stivd1 X4
M g e = 0 - - — ¥ €€ ¥ L A8 CHN-SFO-"ON-SuDs w
& L €% — $9 09 L 68 Lv B8 S L nqe-1 *HN “HN-supi1-*QN-519-(+) 1T
¢ 06 -~— LS e 9 98 Lt 98 LU L vju-1 HN “HN-supd1=QN-50-(+) oc
9 8 - 6 T I§ 18 ¢ 8 U L ["CONDAIB *(FHN) D] THN CHN-SupiIS QN1 61
o 9 =~ =~ £ € - 6 IS L6 8l 14! BAU-T (9'7'1) 1BUOIPLON(—) 8t
_ w -~ - 8 6 - L6 tv 6§56 SL 14! nqu-1 (9°2'1) 1BuOIpLISIN-(—) L1
o. - - T B - € 8 T €L 14! BL-1 (9'2'1) 1BUOIPHAN-(—) 91
9 - - s ¥ -~ 06 I¢ 83 8 14! [FCONDAIB*HNOD] (9'2°1) [8uoIpLOI s1
9% W6 S6 68 66 I8 — ¢ 6 OL ST ¥(foa-1) CHN-SuDd1-Q-5jo-(++-) 14
I8 68 € SL 8 € — SE V6 8 (44 “(vAu~1) CHIN-SUD4}-Q-5+(-) £l
. 9L 06 €L 06 L9 -— 8T B 15 st Ynqe-1) THN-SUDA-Q-510<(+) (4]
v v 18 9 ¥ s - ¥ WL W L “(e]e-1) CHN-suv4-Q-519(+) 4
w e o s ST s« - L Le s L [FONCAIS*HINOD] SHNCsuva-Q-510 01
9 - 16 LWL - - = 6 - 9 {4 o1 N-Supd1=*ON-512-(+) 6
w - ¥ 9 - - - 9 - & 14 (no}-1) N-suv4s-*QN-8p2-(+) 8
" - ¥ ¢ - - - 09 - (8 14 Y(oru-1) N-SUD4ICON-512-(+) - L
w - % v - - - & - 6 /4 “(1ea~1) Nosuodi-*ON-512+(-+) 9
&£ - 1% 8 - - - W - ¢ 1 ¥(vAu~1) N-Suv4-SQN-512-(+) [
66 — 8 s - - = & - T t(nqy) N-sup4-tON-510-(+) b
9 - 68 S - - - 6T = € {4 ¥(nqu-1) N-supa1-*QN-$12-(+) €
66 — 8 8% - - - 00 - 9% £ ¥(e[e-1) N-SuDiISQN-s0-,, ,(-+) (4
w - 8 € - - - ¥ - € £C -[*CON) *800] N-Suv43-*QN-512 )
Ie o9r ¢ ¢ W 0 W 9 8& ‘
w001 X 4 oy JXo[duio) dauutosy 'ON

70

[

SIWHISAS INHATOS INENOJNOO
“IL'INW HLIM @aNIVLE0 SINTVA ¥ NO SANVOIT OLVTAXOGYVIONIAY J0 SWOLY NOHYYD J0 YaGNNN FHL 40 LOFJJH

IIA F79V1



TLC OF Co(itt) COMPLEXES ON SILICA GEL 7t

curred for the remaining complexes (Table V, complexes 20-24) as well as when
multi-component solvent mixtures were used (Fable VI).

However, in all instances where the groups contained three complexes each, a
Enear cormrelation was found between the number of five-membered rings substituted
by the corresponding six-membered rings and the Ry, value of the complex (Fig. 1).
Contrary to the results obtained by paper chromatography!, where this correlation
was always negative, in thin-layer chromatography on silica gel this correlation was
fouad to be either positive or negative.

Effect of branched chain size of coordinaszd amino acids on Rg values of the investigated
complexes

It is known that in thin-layer chromatography there is a linear correlation
between the number of carbon atoms in a homologous series of some organic com-
pounds and their Ry, values®'. Jursik?*? determined the Ry 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 2 homologous series of coordinated amino acids results in
an increase in the Ry values of the complexes. With regard to these results we wanted
to establish (a) whether they represent part of a general regularity of the correlation
between Ry values of metal complexes and the number of carbon atoms in coordinated

Ry

-1.6 —

T
2 3

R T L) T T ] T L a— L
< 2 3 4 s 6 2 3 < s [

. Number of C 22ems
Fig. 3. Depeadence of Ry valoe on the number of carbon atoms in one of the coordinated amino

acids in the (3-)ses~cis(O), trars(NH,)-[CoNH; Am,NQ;] complex. The numbers on the lines refer to
the scivent systems used (see Table IT).
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amino acids, and (b) whether there is a linear correlation between the number of
carbon afoms in aminocarboxylato ligands coordinated to cobalt(IIf) and-the Ry,
values of the corresponding complexes. Therefore, we chromatographed 24 anionic
and neuntral aminocarboxylatocobalt(Ilf) complexes (Table VIIE), divided “into five
homologous series, by means of ten two- and three-component solvent systems, all
compounds of each type being separated by the use of at least five different solvent
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Fig. 4: Dependence of Ry value on the number of carbon atoms in one of the coordinated amino
acids in the (—),;;-mendmnal—[CoNH;Am(NOz);]‘ complex. The numbers on the lines refer to the
solvent systems used (see Table IT).

Fig. 5. Dependence of Ry value on the number of carbon atoms in one.of the coordinated amino

acids in the (3-)sse-cis(NOL), trans(NH,, NH;)-[Co(NH,);Am(NO,);] eomplex. The numbers on tbe -
lines refer to the solvent systems used {see Table H),
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In these experiments it was established that an increasing number of carbon
atoms in the branched chain of coordinated amino acids causes an increase in the Re
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 chelate
ligands. The differences in the Ry values of complexes contzining straighti and
branched chains with the same number of carbon atoms were small (Table VII).

In addition, we found a linear correlation between the number of carbon atoms
in coordinated aminocarboxylato ligands and the R, value of the complex (Figs. 2-6);
the correlation was always negative.
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Fig. 6. Dependence of Ry value on the number of carbon atoms in one of the coordinated amino

acids in the rans(NOCy),cisiNH)-[CoNHDAM(NO:);] complex. The numbers on the lines refer to
the solvent systems used (see Tabie II).

We assume that all of the above separations of complexes are achieved by a
partition mechanism, as the CH, group is known tc possess a very small adsorption
energy?®, so that the secparation could not be effected by an adsorption mechanism.
Likewise, ion 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 weakly
acidic cationic exchanger. The fact that analogous results are obtained by partition
paper chromatography supports the postulated mechanism?.
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