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SUMMARY 

RF values of 41 cobalt(II1) complexes were determined by partition paper 

chromatography using 15 solvent systems. It was established that c&NO, isomers 
always exhibit higher RF values than the corresponding trans-isomers, even when a 
complex has several cis- and rrans-isomers. It has been found that an increase in the 
chelate ring size gives rise to higher R, values and that there is a linear dependence 
between the RM values observed and the number of five-membered rings that are 
substituted by the corresponding six-membered rings. 

INTRODUCTION 

In earlier work, StefanoviC and co-workers1-3 carried out the paper chromato- 
graphy of 12 pairs of geometrical isomers of cobalt(III), chromium(III) and 
platinum(I1) complex compounds of the cationic type and established that the cis- 
isomers exhibit higher RF values than the corresponding trans-isomers. In this work, 
we have extended this study to a larger number of nitro-cobalt(III) complexes of the 
anionic, c&ionic and neutral types, containing five-membered and six-membered 
diamino and/or aminocarboxylato chelate ligands. In addition, we have studied the 
effect of the chelate ring size on the RF values of these complexes. These investigations 
were carried out predominantly with compounds recently prepared for the tist time 
in our laboratory- 

EXPERIMENTAL 

Preparation of complexes investigated 
All of the complexes used were prepared according to procedures de&r&d in 

the literature (Tables II and III). 
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Chrkatographic investigation 
Chromatography was carried out in a 50 x 22 cm cylinder by the ascending 

method on Whatman No. .I paper strips (30 x 3 cm). The solvent was placed in the 
cylinder 1 h before the chromatographic separation. The solvent travelled about 22 
cm; the detection of the separated components was performed by dipping the devel- 
oped paper strips into ammonium sulphide solution. All experiments were carried out 
at room temperature_ The solvent systems used are given in Table I. 

TABLE I 

SOLVENT SYSTEMS USED 

No. Composition Component ratio * DeveIoprnent 
time (h) 

1 Isopropanol-water-cone. HNOJ 
2 Ethyl acetate+thanol-water 
3 - Ethyl acetate-ethanol-water 
4 Acetone-water-cone. HNO, 
5 Phenol saturated *,vith 2 N HCI 
6 Dioxan-water-K1 
7 Acetone-water-acetic acid 
8 Dioxan-water-K1 
9 Ethanol-water-cone. HNO, 

10 Ethanol-water 
11 Dioxan-water 
12 Methanol-water-cone. HNO, 

75 :to :5 (v/v/v) 
.50:30:20 (v/v/v) 
60:25:15 (v/v/v) 
75 :20:5 (v[v/vi 

85:15:1 (v/v/w) 
85:10:5 (v/v/v) 
75 :25 : 1 (v/v/w) 
80:15:5 (v/v/v) 
SO:20 (v/v, 
SO:20 (v/v) 
90s :5 (v/v/v) 

14 
5.5 
6 
6 

12 
6 
6 
5.5 
5 
5 
6 
4 

* v refers to volume in millilitres; w refers to weight in grams. 

RESULTS AND DISCUSSION 

Eflect of the ge&etrical configuration on the RF values of the complexes investigated 
As seen from Table II, the effect of the geometrical configuration was studied 

on 18 cobalt(IIl) complexes containing some of the following six ligands: nitro groups, 
glycine (glyH), &alanine @-alaH), ammonia, ethylenediamine (en) or 1,3-trimethy- 
lenediamine’ (tn). Most of these complexes are aminocarboxylato complexes, the 
chromatographic behaviour of which has not previously been investigated. The chro- 
matography was carried out with seven solvent systems which contained, in addition 
to water, some _of the following six organic solvents: ethanol, isopropanol, ethyl 
acetate, acetone: dioxan or phenol_ Except in one instance, the solvent systems con- 
tained various amounts of some of the following electrolytes: potassium iodide, nitric 
acid, hydrochloric acid or acetic acid. On the basis of the RF values obtained, it can 
be concluded that the cis-isomers always exhibit higher RF values than the correspond- 
ing trans-isomers, which is consistent with the results of StefanoviC and co-workers”“. 
In addition, as can be seen from the RF values obtained for four geometric isomers 
of the dinitrodiglycinatocobaltate(IIi) ion, both ci+NO, isomers exhibit higher RI;- 
values than each trans-NO2 isomer. On this basis, it might be concluded that in these 
compIexes the nitro groups are mainly responsible for the order of RF values, although 

- 1,3-Diaminopropane. 
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TABLE IT 

EFFECT OF THE POSITIoN OF THE NITRO GROUPS ON THE RF VALUES 

No. Isomer Complex Ref. R,xIOO* 

1 
2 
3 
4 

: 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

cis-NOrtramN ccodY2cNo321- 4 68 44 
cis-ckcis CCogMNO+)d- 4 53 39 
tram-NOI-&-N CC~Y~@GLI- 4 31 16 
tran-Pans-tram [Cogly2(NOA~l- 4 25 13 
cis-NOrtram-N [Co(@la)=(NO&l- 4 65 60 
tram-tram-trans [Co(B-ala)~(NO&l- 4 38 50 
cis-NO&ram-NH2, NH, [C~(NH~L~~YWOZ)ZI 5 30 - 
trans-NOz CCo(NH,)2gly(No321 5 18 - 
cis_Norirarrs-NH+ [Coen(B-alaXNO&l 648- 
tram-NO+ CCoen(B-ala)(NOM 6 25 - 
cis-NO~trms-NH2 ttitn glrWO&l 6 49 - 
trans-NO2 [Corn dyWO~)rl 6 27 - 
cis-NOltrarwNH2 [Cotn(&ala)(N03J 6 60- 
trarr-NO2 ~Cotn(@la)(NOz)d 6 39 - 
&-NO, CCoenz(NOMt 7 
trans-NO= [Coen,(NO&]+ 7 ;: 7 
cis-NO, [Cotnz(N02)J+ 8 51 - 
trms-NOI [Cotnz(NO&]+ 8 43 - 

I 2 3 ? 5 6 7 

- 76 - - - 
- 65 - - - 
- 54 - - - 
- 50 - - - 

- 
- 

- - 2 z z 
32 - - 60 - 
13 - - 56 - 
45 - - 69 - 
1.5 - - 43 - 
64 81 - 80 - 
4.5 64 - 64 - 
62 90 - 79 - 
40 78 - 59 - 
30 76 - 78 - 
17 66 - 70 - 
45 86 - 84 - 
37 81 - 80 - 

* The compositions of solvent systems 1-7 are given in Table I. 
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Fig. 1. Dependence of the RY values on the number of five-mkmbexed rings substituted by the car- 
responding six-membered rings. Complexes: (a) 22-24; (b) 25-27; (c) 3-S (see Table III). The 
numbers on the curves refer to the solvent systems used (see Table I)_ 
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the position of other ligands =zmot be neglected, as neither two cZs- nor two trots- 
isomers exhibit identical RF values. The prevailing effect of the position of the nitro 
groups should probably be ascribed to their pronounced tendency to fill the partly 
filled p orbitals with electrons from lowenergy d orbitals of the central ion, which 
results in a higher polarity of the &-NO, isomer compared with the corresponding 
Pans-isomer. 

E+ect of the chelute ring size on the RF values of the complexes investigated 
In order to study the effect of the chelate ring size on the RF values of complex 

compounds, we chromatographed 35 cobaIt(III) complexes containing five-membered, 

TABLE III 
EFFECT OF CHELATE RING SIZE ON Rs VALUES 

No. Zsomer C0mple.r Ref; RFXIOO* 

1 234589 10 11 12 

1 
2 
3 
4 
5 
6 
7 
8 

1; 
11 
12 
13 
14 . 

:: 
I7 
I8 
19 
20 

; 
23 
24 
25 
26 
27 
28 
29 
30 
31 

;: 
34 
35 

cis-NOrrram-N 
cis-NOrtratts-N 
cis-NO~trcms-N 
trans-trans-trans 
trans-trans-trans 
cis-0-trans-NH2 
c&O-tratts-NH, 
Meridional(l,Z,6-) 
Meridional{ 1,2,6-) 
cis-NOrtrans--NH*, NH, 
cis-NOrtruns-NH+. NH, 
cir-NO_ptranNH~ 
cis-NO~tram-NHr 
cir-NOrfrans-NH2 
cis-NOrfruns-NH2 
trans_Nor 
truns-NO, 
c&-NO2 
&-NO, 
frans-NO2 
tntwN0~ 
trans-NO2 
MeridionaI(l,2,6-) 
Meridional(l,2,6-) 
Meridional(l,2,6-) 
Facial(1,2,3-) 
Facial(1,2,3-) 
tran+N 
TV-um-N 
Cpx-s-N 
C&z&N 

CCOSIY~NOM- 
@-ala) 
fcoglY,(No,)zl- 
gly(B-ala) 
(P-ala), 
KozlY2(NOJzl- 
(B-aI& 
tCoNH,sl~,N0~1 
(PaW2 
CCoNHss~~(h’Oz)sf- 
@-ala) 
D.JWH~I~@YWW~~ 
@-da) 
CCoen&(NOt)J 
@-ala) 
tCotngly(NO2)21 
(#l-ala) 

cco~~y(No32l 
(B-ala) 
CCoen~WCh)~l+ 
m? 
m=n2(Nw*l+ 
entn 
tnz 
ICOglY31 
tcOg~y2@-aW 
@-da>3 
KwY31 
(8-aW3 
IcooxsIyJ- 
@-aId2 
[coOXglY*F 
@-ah)2 
[cooxgly~*- 

Isala) 

9 22 54 31 - - 76 - - - - 
9 39 61 40 - - 78 - - - - 
4 53 56 - - 30 58 - - - - 
6 65 _ - _ 48 - - - - _ 
4 73 - - - 71- _ - - - 
4 29 34 14 - - 33 - - - - 
4 36 54 27 - - 48 - - - - 
5 23 - - 53 - - 24 30 15 - 
5 43 - - 80 - - 32 55 18 - 

10 44 - - 75 - - 53 18 44 - 
5 57 - - 86 - - 65 25 45 - 
5 30 - - 68 - - 36 35 47 - 
5 41 - - 82 - - 62 40 48 - 
7 37 9 - 71- - - - - - 
6 48 15 - 86 - - - - - - 
6 49 - - 81 - - 53 64 71 _- 
6 60 - - 90 - - 65 65 78 - 
6 27 - - 64 - - 44 49 56 - 
6 39 - - 78 - - 60 61 51 -’ 
7 35 - 30 76 - - - - - -; 
8 51 - 45 86 - - - - - _, 
7 22 - 24 53 - - _ _ _ -- 
6 31 - 38 63 - - - - - - 
8 43 - 52 73 - - - - - - 

11 25 20 3 52 - 10 - - - 30 
12 32 - - 62 - - - - - 46 
13 45 31 SO 74 - 22 - - - 62 
11 26 2 - - _ 2 _ - - - 
13 44 12 - - - 16 - - - - 
14 13 19 - - - - - - - - 
153423------_- 
14 31 J&j - - - - - - L - 
15 53 5] - - - - - - - - 
-16 37 6 - - - - _ _ _ - 
16 49 8 _ - - - - - - - 

* The compositions of solvent systems l-5 and 8-12 are given in Table I. 
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five- and six-membered or six-membered aminocarboxylato (gtycine and/or @-alanine), 
and diamine (ethylenediamine and/or I,34rimethyIenediamimine) chelate rings, respec- 
tively. The chromatography was carried out with 10 solvent systems, some of which 
had heen used for the previousIy described separation of cis- and tram-isomers. As 
can be seen from Table III and Fig. I, it has been established that in a11 instances an 
increase in the chelate ring size results in higher RF values and that there is a linear 
dependence between the Rllf values and the number of five-membered rings substituted 
by the corresponding six-membered rings. A similar dependence of RM values on the 
number of substituted five-membered chelate Iigands of one type (ethylenediamine) 
by another type of five-membered chelate ligand (propylenediamine’ or cc,n’-dipyridyl) 
in cobalt(III) complexes has been recently established by Ledererl’. 
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