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SUMMARY 

The RF values of 78 cobalt(II1) and platinum(I1) complexes have been deter- 
mined using solvent systems containing phenols. When the complexes were chro- 
matographed with solvent systems containing mono- or polyhydric phenols, the truns 
isomers were found to exhibit higher RF values than those of the cis isomers, i.e., to 
display “the phenol effect”. However, by gradually decreasing the phenol content of 
a solvent system the phenol effect was found to disappear; in the cases of solvent 
systems containing small amounts of phenol, the addition of an electrolyte, or in- 
creasing its concentration, has a similar influence. The RF values of the cobalt(II1) 
complexes increase when a five-membered ring is substituted by a six-membered one, 
and there is a linear relationship between the RM values and the number of substituted 
rings. For homologous series of cobalt(II1) complexes, the RF values increase with 
increasing number of C atoms in the branched chain of the ligand and there is a 
linear relationship between the RM values and the number of C atoms in the amino- 
carboxylato ligand. Finally, in the cases of four pairs of diastereomeric cobalt(II1) 
complexes, containing L-aminocarboxylato ligands,‘the diastereomers having abso- 
lute configuration n exhibit higher RF values than those of absolute configuration 
A. 

INTRODUCTION 

In earlier papersle5 we have established that in paper chromatographic sepa- 
rations of octahedral cobalt(II1) and chromium(II1) complexes, as well as of square- 
planar platinum(I1) complexes, the cis isomers exhibit higher RF values than the 
corresponding trans ones. However, when solvent systems containing phenol as the 
main component were used, this elution order was reversed. In addition, when mixed 
diamine and/or aminocarboxylato cobalt(II1) complexes were chromatographed with 
non-phenolic solvent systems, the RF values were higher when five-membered rings 
are substituted by six-membered rings4, and increased with increasing chain branch- 
ing of aminocarboxylato ligands. A linear relationship between the RM values and 
the number of substituted rings and the number of C atoms in the branched chain 
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of the aminocarboxylato ligand, respectively, was observed. It has been also found’ 
that for mixed cobalt(II1) complexes containing L-aminocarboxylato ligands the dia- 
stereomers with absolute configuration n exhibit higher RF values than those with 
absolute configuration A, when chromatographed with non-phenolic solvent systems. 

Continuing these investigations, we have studied in more detail the afore-men- 
tioned trends using solvent systems containing phenols, and considered the factors 
which might account for the reversal of the elution order of cis and trunk isomers. 

EXPERIMENTAL 

Preparation of complexes 
All the investigated complexes were prepared by known methods (Tables II- 

VII). 

Chromatographic investigations 
Chromatographic separations were carried out by the ascending method on 

Whatman No. 1 paper strips, as described in detail in our previous papers. However, 
when the solvent mixture contained polyhydric phenols, the detection was carried 
out by dipping the paper strips into ammonium sulphide solution, and then washing 
them under running water until the brown colour had disappeared. The solvent sys- 
tems used are given in Table I. In the experiment in which the cis and truns isomers 
of [CoCl(SCN)(en)J+ (en = 1,2-diaminoethane) were spotted onto the chromato- 
graphic paper from an aqueous solution saturated with phenol, i.e., containing about 
8% phenol, the paper strips were first air-dried, then chromatographed with the 
non-phenolic solvent system 32 (Table I). The following RF values were obtained: 
cis, 0.84; trans, 0.60. Two-dimensional chromatography of these isomers was carried 
out also on Whatman No. 1 paper strips (25 x 15 cm), according to the method of 
Williams and Kirby9. The development time was about 3 h. In the first dimension 
the phenolic solvent 3 (Table I) was used, and the obtained RF values were 0.37 (cis) 
and 0.76 (truns). Phenol was then removed by means of a stream of hot air. In the 
second dimension, the non-pheholic solvent system 32 (Table I) was used, and the 
RF values were: 0.85 (cis) and 0.60 (truns). Before chromatography in the second 
dimension, the cis and truns isomers of the same complex as well as cobalt(I1) chloride 
(RF = 0.15) were spotted. 

Electronic absorption spectra 
Electronic absorption spectra of the geometrical isomers of [Co(N02)2(en)2]+ 

were recorded on a Super Scan 3 spectrophotometer from aqueous solution and 
aqueous solutions saturated with phenol. Visible spectra were taken for 5.0 . lop3 
M solutions and spectra in the near-UV region with 3.0 - lop4 M solutions. The 
following absorption maxima (nm) and the corresponding molar extinction coeffi- 
cients, E (m2 mol-‘) were obtained: (a) in aqueous solutions, cis, & = 324 (log s1 
= 2.62), 12 = 438 nm (log .s2 = 1.32); trans, A1 = 347 (log s1 = 2.54), A2 = 4.36 
nm (log s2 = 1.31); (b) in water saturated with phenol, CD, II = 325 (log s1 = 2.69), 
& = 436 nm (log s2 = 1.34); truns, A1 = 348 (log s1 = 2.58), A2 = 434 nm (log 
E2 = 1.32). 
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TABLE I 

SOLVENT SYSTEMS USED 

No. Composition Component ratio* 

1 Phenol saturated with water 
2 Phenol saturated with 2 M hydrochloric acid 
3 Phenol-ethanol-water-lithium chloride 
4 4-tert.-Butylphenol-ethanol-water 
5 2,bDichlorophenokthanol-water 
6 Pyrocatechol-ethanol-water 
I Resorcinol-ethanol-water 
8 Hydroquinone-ethanol-water 
9 Phloroglucinol-ethanol-water 

10 Pyrrogallokthanol-water 
11 Phenol-ethanol-water 
12 Phenol-ethanol-water 
13 Phenol-ethanol-water 
14 Phenokthanol-water 
15 Phenol-ethanol-2 M hydrochloric acid 
16 Phenol-ethanol-2 M hydrochloric acid 
17 Phenokthanol-2 M hydrochloric acid 
18 Phenol-ethanol-water-lithium chloride 
19 Phenolethanol-water-lithium chloride 
20 Phenokthanol-water-lithium chloride 
21 Phenol-ethanol-water-potassium iodide 
22 Phenol-ethanol-water-potassium iodide 
23 Phenol-ethanol-water 
24 Phenokthanol-water 
25 Phenol-ethanol-water 
26 Phenol-ethanol-2 M hydrochloric acid 
27 Phenol-ethanol-2 M hydrochloric acid 
28 Phenol-ethanol-2 M hydrochloric acid 
29 Cyclohexanol-ethanol-water 
30 Anisole-ethanol-water 
31 Benzyl alcohokthanol-water 
32 Acetone-water-cone. nitric acid 

- 
40:35:10:1 
35:50:15 
30~50~20 
10:80:10 
10:80:10 
10:80:10 
10:80:10 
10:80: 10 
10:80:10 
20:70: 10 
10:70:20 
5:70:25 

20170: 10 
10:70:20 
5:70:25 

20:70:10:2.5 
10:70:20:5 
5:70:25:10 

10:70:20:5 
5:70:25:10 

40:35:10 
60:20:20 
4040:20 
40:35: 10 
60:20:20 
4040:20 
80:15:20 
54:20:6 
60:25: 15 
75:20:5 

l v refers to volume in ml, w to weight in g. 

RESULTS 

Eflect of geometrical configuration on the RF values of the complexes 
As seen from Tables II and III, by chromatographing 30 platinum(I1) and 

cobalt(II1) complexes of cationic and neutral types with solvent systems containing 
phenols, the tram isomers exhibited higher RF values than the corresponding cis ones 
(“the phenol effect”), except when the phenol content was only a few per cent (solvent 
system 14, Table II). This order was reversed for the isomers of [Co(NO&(NH&]+. 
However, as Table IV shows, the addition of an electrolyte to a chromatographic 
solvent containing a small phenol content resulted in the disappearance of the phenol 
effect in all cases. 

Effect of chelate ring size on the RF values of the complexes 
The effect of the chelate ring size was investigated for seventeen cobalt(II1) 
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TABLE II 

EFFECT OF PHENOLS ON RF VALUES OF cis AND truns ISOMERIC SQUARE-PLANAR COMPLEXES 

No. Isomer Complex* Ref. RF x MO** 

I 2 3 4 5 II 12 13 14 29 30 31 

1 cis 
2 tram 
3 cis 
4 tram 
5 cis 
6 tram 
7 cis 
8 tram 
9 cis 

10 trans 
11 cis 
12 tram 
13 cis 
14 tram 
15 cis 
16 tram 

10 33 24 8 5 20 - - - 14 9 8 16 
10 45 30 14 8 23 - - - 12 7 4 4 
11 38 30 20 9 - 17 - 21 29 18 16 - 
11 46 40 27 13 - 19 - 24 25 16 9 - 
11 42 34 32 20 - 33 - 38 53 58 41 - 
11 53 50 43 25 - 35 - 41 49 54 31 - 
12 64 58 46 - 46 48 43 - 44 60 38 64 
12 78 78 56 - 52 53 41 - 38 52 33 62 
12 94 - 96 - 95 - - - - 98 - - 
12 96 - 98 - 97 - - - - 96 - - 
13 95 - - - 96 - - - 98 5 - - 
13 91 - - - 98 - - - 96 3 - - 
14 93 94 93 3 69 - 58 51 54 5 10 26 
14 98 98 97 8 19 - 62 58 46 0 6 22 
15 14 6 2 5 - - 8 - - - 4 - 
15 18 8 4 9 - - 10 - - - 2 - 

* py = Pyridine; hx = hydroxylamine. 
l * The compositions of the solvent systems are given in Table I. 

complexes of cationic, anionic and neutral types (Table V) containing five- and/or 
six-membered aminocarboxylato and/or diamine chelate ligands, with nine phenolic 
solvent systems. In all the cases, enlargement of the chelate ring resulted in higher 
RF values. A linear relationship between the corresponding RM values and the number 
of substituted five-membered by six-membered rings has been established (Fig. 1). 

E#ect of the branched chain size of coordinated amino acids on the RF values of the 
complexes 

Four homologous series of cobalt(II1) complexes of anionic and neutral types 
were chromatographed with nine phenolic solvent systems (Table VI). An increase 
in the number of C atoms in the aminocarboxylato ligand was found to give rise to 
higher RF values. In addition, a linear relationship between the RM values and the 
number of C atoms in the aminocarboxylato ligand was established (Figs. 2 and 3). 

E#ect of absolute conjiguration on the RF values of the complexes 
As seen from Table VII, four pairs of diastereomeric cobalt(II1) complexes 

containing L-aminocarboxylato ligands were investigated. It was found that the dia- 
stereomers having absolute configuration /i exhibit higher RF values than those hav- 
ing absolute configuration A. 

Separations of geometrical isomers with solvent systems containing anisole, cyclohex- 
anol or benzyl alcohol as the main component 

As seen from Tables II and III, when chromatographing the investigated geo- 
metrical isomers with the solvent systems 29-31 (Table I), in all cases in which sep- 
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Fig. 1. Dependence of RM values on the number of five-membered rings substituted by the corresponding 
six-membered rings in solvent systems containing phenol. Complexes: a, l-3; b, 12-14; c, 15-17 (see Table 
V). The numbers on the lines refer to the solvent systems used (see Table I). 

aration was achieved, the cis isomers were found to exhibit higher RF values than 
those of the trans ones. 

DISCUSSION 

From our results it is seen that, of the four trends which had been established 
earlier by using non-phenolic solvent systemsrP7, a reversal of the elution order of 
isomer-k complexes (RF tram > RF cis) was observed only when the cis and tram 
geometrical isomers were chromatographed with solvent systems containing phenols 
(the “phenol effect”). An exception was the isomeric [CO(NO~)~(NH~)~]+, which was 
rather surprising. 

By using solvent systems containing anisole, cyclohexanol or benzyl alcohol 
instead of phenol, the cis isomers were found to exhibit higher RF values than the 
corresponding trans ones. This indicates that the replacement of the hydrogen of the 
phenolic group by a methyl group, hydrogenation of the aromatic nucleus or dis- 
placement of the OH group from the aromatic nucleus to the side chain bring about 
the disappearance of the phenol effect. 

The phenol effect could be due either to the interaction of phenol with the 
investigated isomers, or to the interaction of phenol with cellulose. From the follow- 
ing it can be concluded that phenol does not form compounds with the investigated 
complexes in the course of chromatography. 

(a) When the cis and tram geometrical isomers were chromatographed with 
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Fig. 2. Dependence of RH values on the number of carbon atoms in one of the coordinated amino acids 
(Am) using solvent systems containing phenol. Complexes: a,b ( +)ss9-cis(NO~),truns(N)- 
[Co(Am)z(NO,),]-; c,d cis(O),truns(NH&[Co(Am),(NO,)(NHs)]. The numbers on the lines refer to the 
solvent systems used (see Table I). 

the non-phenolic solvent system 32 (Table I) after being spotted from aqueous so- 
lutions saturated with phenol, the cis isomer exhibited the higher RF value. 

(b) Two-dimensional chromatography of the isomeric [CoC1(SCN)(en)z]+ 
showed that the use of the phenolic solvent system 3 (Table I) in the first dimension 
resulted in a higher RF value for the tram isomer. On removal of phenol from the 
paper, the use of the non-phenolic solvent system 32 (Table I) in the second dimension 
gave rise to a higher RF value for the cis isomer. 

(c) Elemental analysis of the isomeric [Co(NOz)z(en)z]N03 recrystallized from 
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Fig. 3. Dependence of RM values on the number of carbon atoms in one of the coordinated amino acids 
(Am) using solvent systems containing phenol. Complexes: a,b (-) 589-mer-[Co(Am)(N02)3(NH3)1-; c,d 
rrans(NO,),cis(NH&[Co(Am)(NO&(NH3)21. The numbers on the lines refer to the solvent systems used 
(see Table I). 
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TABLE VII 

EFFECT OF PHENOLS ON RF VALUES OF DIASTEREOMERIC OCTAHEDRAL COMPLEXES3” 

No. Absolute Complex RF x 100* 
conjig. 

1 2 3 4 5 II 12 13 14 29 30 

cis-N02-trans-N 

1 A-(-) 
2 A-(+) 
3 A-(-) 
4 A-(+) 
5 A-(--) 
6 A-(+) 
I A-(-) 
8 A-(+) 

[Co(N0&(t,-nva)2]- 90 94 66 45 67 
[Co(NOt)z(t-nva)z]- 92 96 70 48 12 
[Co(NOz)z(L-val)z]- 93 64 91 44 - 
[CO(NO~)~(L-V~~)~]- 95 66 93 50 - 
[Co(NOt)z(t-nleu)z]- - .68 - - 82 
[Co(N0,)&deu)2J- - 73 - - 85 
[Co(NO&(L-leu)J- 95 -68 - 66 78 
[Co(N0&(L-leu)2]- 98 71 - 69 81 

78 14 
80 76 
- 15 
- II 
86 16 
88 79 
- 15 
- 71 

68 83 
72 86 
70 90 
14 93 
90 - 
92 - 
88 85 
90 88 

33 - 
31 - 
34 - 
38 - 
66 - 
68 - 
68 - 
IO - 

l The compositions of the solvent systems are given in Table I. 

water saturated with phenol showed that the products contained neither water nor 
phenol, and that the complexes underwent no chemical change. 

(d) The absorption spectra of isomeric-[Co(NOz)z(en)z]N03 in water, and in 
water saturated with phenol, are very similar, indicating that no chemical reaction 
occurs between phenol and these complexes. 

Accordingly, our results might be explained by the interaction of phenol with 
cellulose. In extensive investigations on the behaviour of solvent systems in paper 
chromatographic separations, Michal and AckermanrG 3-3 s established that all the 
components of the solvent system take part in the formation of the stationary phase, 
and hence, in our case, phenol is involved as well. Horner et ~1.~~ found that, from 
aqueous solutions, phenol is preferentially fixed to cellulose. Similar results had been 
obtained earlier by BrassJ7 in a study of the equilibria between cellulose and aqueous 
phenolic solutions; he established that phenol is partitioned between cellulose and 
water according to Henry’s law. Therefore we have assumed that the phenol effect 
appears when the content of phenol in the stationary phase reaches a certain level. 
This is supported by the following facts: 

(1) by gradually decreasing the phenol content of a solvent system the phenol 
effect was found to disappear, provided that the separation is possible 

(2) for solvent systems containing small amounts of phenol, which are however 
sufficient to produce the phenol effect, the addition of an electrolyte, or increasing 
its concentration, also results in the disappearance of this effect. 
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