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SUMMARY

“The partition paper chromatography of a series of ethylenediamine, dipyridyl
and ortho-phenanthroline compiexes of cobalt(IIf) has been studied with butanol-
acid—water solvent mixtures. The rather unusual properties of tris(propylenediamine)-
coba.lt(IIl) are discussed.

INTRODUCTION

One of the most important of the early applications of paper chromatography

 to the chemistry of metal complexes is the work by Dwyer et al.! on the separation

of mixed propylenediamine—\,thylenediamlne complexes of cobalt(IIl) and on the

separation of various optical isomers of tris(propylenediamine)cobalt(IIT) complexes.

- Rg values. of other cobalt{IIl) complexes have been reported?3 in solvents such as

butanol-hydrochloric acid-water, but there has not been a survey of the relation

between the complexing group and chromatographic mobility. Recently, several

-mixed complexes of the type [Co(en),(e-phen)]** have been synthesized ™ for work

on outer«sphere complexing and paper clectrophoresis? and it was felt that it would
-be interesting to study. their chromatographic behaviour in partition solvents.

EXPERIMENTAL

- The following complexes were prepared according to the literature methods:

[Co(NH;)ICls. (ref. 5); [Co(en):]Cl; and [Co(pn);JCl; (ref. 6) and [Co(dip)s]Chs,
-[Co{o-phen);]ClL;, [Co(en){o-phen),]|CL, [Cofen){o-phen)]Cls, [Co(dip).(o-phen)]Cl;
and [Co(dip)(c-phen),]Cl; (ref. 4). ‘
-~ Chromatography was carried out overmght on Whatman No. 3MM paper by
the ascending technigue in- cylindrical glass jars with ground—g!ass—sealed covers.
-The room temperature was 20-22°, The spots were detected . by spraying the chro-
: matograms with ammonium polysulphlde

L% Yhe. followmg abbrevranons are used en ethylenediamine; pn ='pr'opylenediamine;
-'.dxp = dipyridyl; o-phen= art(zo—phenanth:olme - . : s R E
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R.ESULTS AND DISCUSSION

Flg la shows the chromatogram obtamed with butanol—hydmchlonc acxd—-
water (6:1:3), the solvent used by Dwyer et al.l, and indicates also why it was felt

that other solvent systems should be investigated. Here [Co(NH;)sF* moves slower
than [Co(en);F* which is slower than [Co(pn);**. The latter ion, which has numerous
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Fig. 1. Schematic chromatograms of Co(IIl) complexes. On all chromatograms the foﬂowmg com-
pounds were run: 1 = [CoNH:)sP*; 2 = [Colen):F*: 3 = [Co(on)hPt; 4 = [Co(dip)h:P*; 5 =
[Co(o-phen)s P+ ; 6 = [Colen)o-phen);F*; 7 = [Calen):(s-phen)P+; 8 = [Co(dip).(c-phen)P+; 9 —
{Co(dip)}e-phen),P* and 16 = Co?*t. Solvents: a—¢, Butanol-hydrockloric acid-water (6:1:3, 4:1:1
and 4:3:1, respectively): d, butanol-hydrobromic acid-water (5:1:4); e, butanol-perchloric acid—
water (7:1:2 and 4:1:1, respectively); g, butanol-1 ¥ perchloric acid (1:1) and h, butanol-nitric acid~
water (10:1:9). Chromatograms obtained overmght on Wnatman No. SMM papet by the asc::nding
technique at a room temperature of 20-22°, o L , i
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_isomers’, has already been reported8 as separating into three spots of which the fastest
was identified as the racemic pair D-[Co{(4-)pn};ICh and L-[Co{(—)pn};]Cl;. Thus
‘the additional presence of three symmetrically spaced methyl groups on the surface
of the complex caused the Ry value to increase from 0.18 to 0.42. All the other ions
studied moved slower than [Co(en);F* in spite of the fact that the bulk or “hydro-
phobicity” of the chelating groups should be much higher than with [Co(pn);P+.

' Figs. 1band lcshow the general trend in Ry values is not changed on increasing

" the proportion of hydrochloric acid and/or water in the solvent.

The two solvent mixtures used here were employed previously by Aprile ez
al? to separate some cobalt(IIf) dipyridyl complexes. It is also interesting that with
the first solvent there are again three well separated spots for [Co(pn);P**, while with
the second only two may be discerned. This is probably due to the very high Ry
values of the spots. In Figs. 1a-and 1b the values of R increase regularly in the series
{Co(o-phen); P+, [Co(en){o-phen),P*, [Co(en),(o-phen)P* and [Co(en);}’* and curi-
ously there is no difference in Ry between [Co(dip); PP+, [Co(dip),(o-phen)}**, [Co(dip)-
{o-phen),’* and [Co(o-phen);**. Thus not even the asymmetry of the mixed com-
plexes due to the difference between dip and o-phen causes a measurable difference in
the Ry values. Fig. 1d shows that the behaviour is essentialiy the same in butanol-
hydrobromic acid-water (5:1:4). The use of another solvent employed by Dwyer
et-al.’, namely butanol-water—perchloric acid (7:2:1) is shown in Fig. le. The most
remarkable difference from the solvents containing hydrochloric acid is that [Co(pn); P+
moves as a single, although elongated, spot. The differences between [Co(en)(o-
phen),]** and [Co(en),(o-phen)}** are of the same order as in Figs. la and 1b; how-
ever, both [Co(en);]3* and [Co(dip);]** move less than the mixed complexes. Thus
one cannot regard this effect as due to gradual substitution but rather to the asym-
metry of the complex. The same sequences were observed for a selvent mixture richer
in water and perchloric acid (Fig. 1f) where the Ry values are higher. [Co(NH;)s**
has Ry = 0 in both solvents containing perchloric acid because its perchlorate is
precipitated at the start. When the solvents contained little perchloric or nitric acid
(Figs. 1g and 1h), [Co(NH,)s}** was not precipitated, but the sequences of all the other
complexes was essentially the same.

In butanol-sulphuric acid—water (10:1:9) ail the complexes had Rp = 0 ex-
cept [Co(pn)_,,]’*‘ which moved slightly (8 = 0.03). Butanol-trichloroacetic acid—
water gave rather eclongated spots which were unsuitable for separation purposes.
Butanol-acetic acid—water mixtures gave compact spots with forward comets. To the
data presented above may be added Ry values calculated from a chromatogram of
Dwyer et al.! for the separation of a mixture of [Co(en);}**, [Co(en).(pn)P*, [Co(en)-

(pn),P** and [Co(pn);P* where the optical form of pn is (—). These Ry values are
0.14, 0.22,.0.32 and 0. 42 (using the present results for [Co(en);PP+ and [Co(pn)3}3+
‘to calculate R values for the other two spots).

. In Fig. 2 Ry values of this series and of [Co(en)(dip),]** in the same solvent
are plofted agdinst the number of en groups in the complex. The above results

- thus pose a series of problems: why does a methyl group on the en group cause

" an increase in extraction (i.e. in Ry valuc) while a larger increment in size of the
chelating group produces a decrease of about the same order, why does the differ-

- ence between the dip and o-phen groups produce no measurable differences in Re

*. value with any of the solvent mixtures exalmned and why are the three spots of
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Fig. 2. Graph of Ru ag,amst the numbet of en groups in th\, séries [Co(en),(pn),P*‘ (-———) and
[Co(en):(chp),,]3+ (— - —) for the solvent bl.tanol-hydmchlonc amd—water (6 1:3). )

[Co(pn);I** separated in butanol-hydrochloric acid and butanol-hydrobromic acid
mixtures but not in butanol-perchioric acid or butanol-nitric acid?

The three forms of [Co(pn);P* separated in butanol-hydrochloric acid were
studied by Dywer et al. & who concluded that each spot is due to a racemic mixture
of isomers containing various optical forms of propylenediamine, viz.: fastest,
D-[Co{(+)pn}:1Cl; and L-[Co{(—)pn}:]Ch; intermediate, D-[Co{(-+)pn} {(—)pn}l-
Cl; and r-[Co{(—)pn}{(+)pn}ICl; and slowest, D-[Co{(-+)pn}{(—)pn}IClL,
L-[Co{(—)pn}{(-H)pn},ICL, D-[Co{(—)pa}]Cls and i-[Co{(+)pn};]Cl. Mac-
Dermott? extended this work pointing out that all possible forms of isomerism (op-
tical, position, geometric and conformational) could yield 2*° isomers for [Co(pn)sF*,
and separated the frans and cis forms by crystallization from the “fastest” chromato-

graphic fraction. Whichever of the isomers is present in each fraction, the separation
represents a chromatographic phenomenon if one compares it with the movement of
the other Co(IlD})complexes.

Calculated AR, values for the three solvent systems which give g cood separa-
tions of the three fractions are given in Table L. In each case the AR,, value is between
0.2 and 0.4, i.e., a rather large difference compared with the series shown in Fig. 2.
Thus a small difference in configuration, providing it is of the right type can have an

- enormous effect on the partition equilibria, whﬂe much larger d;ﬁ'erences need not
have any effect at all! :

' ‘TABLE I . o
JRM VAI UES OF THE THREE SPOTS OBTAINED FROM [Cc(pn):,}’“’

B‘utarzol—hydrochlanc aczd—water Butanol-hydrochioric actd—water Bumnol—hydrabromtc acid-

(6:3:1) (4:1:1) , , water (5:1:4)
Re - -Ru ARy Re VR.K ARy . RF' E T TRy ARy .
016 072 . 043 S 012 . 022 - 0SS o
- 022 o .37 o : S 0.26
S 024 050 . 064 —025 03¢ . 029 - .
‘ ' 0.36 . ST 030 . .. .. 034

042 014 L. 078 —055. . . 053 005
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400 ’ 600
Wmveleagth {nm} .
Fzg 3 Vmble-regxon spectra of the three fractions obtained from {Co(pn);}** in butanol-hydro-
, third fraction.

chloric acid-water (6:1:3). —— —, First fraction; —- —, second fraction;

We have done some additional work on [Co(pn);** because Jenkins and Monk®
measured conductivities which are now widely quoted. Approximately 30 mg of
each fraction were prepared by applying larger amounts of [Co{pn);]** to a Whatman
No. 3MM sheet, cutting out the visible yellow bands and eluting them with water.
All of the three fractions had no measurable optical rotation. Their spectra in the
visible region had the same peaks but the peak height ratios were different for the three
samples as shown in Fig. 3. In paper electrophoresis the three fractions had identical
mobilities in dilute perchloric and hydrochloric acids. The mobilities of the original
.mixture (one spot only) as well as of the other complexes are given in Table I1.

" In dilute sodium sulphate, [Co(pn);}** separated into three fractions. This is
presumably due to differences in outer-sphere complexing (see ref. 3). The three frac-
tions isolated in butanol-hydrochloric acid partition chromatography correspond
to these three fractions as shown in Fig. 4. Thus two very different separation prin-
ciples cause the complex to separate into the same three fractions.

The above results are evidence that the conductivity values obtained by Jen-
kins and Monk® are satisfactory since all of the separable isomers present in their
complex move with identical velacities in dilute hydrochloric or perchloric acid. How-

0]

0]
Fi g.4 Electropherograms of A, [Co(pn);}’* (1), [Co(enhF* (2) and [Co(NH:):P* (3) in 0.05 N
sodium sulphate at 1500 V for 30 min on Whatman No. 1 paper at 8°; B, [Co(pn);** and its three

fractions (separated by partition chromatography with butano!-hydrochlonc acid—water) in 0.1 N
, sodmm squhate at .100 V for 15 min on Whatman No. 1 paper at 8°. :
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: Fever.” b ’elr'extrapolated, conductxwty vaiue for the zon-pazr [Co(pn)slso‘ is actually B
-an average" -value for-three species: whose conductivities differ by as’ much as 100‘7,
,»’from ‘each other in sulphate coneentratlons as low as 0.05 V.- .
P ’;'gIn oonclusmn, a !arger range of complexes than had been repozted before" has
~ been. ex&:mned in a series of butanol-acid-water mixtures. “The usual additivity rules

for organic ‘molecules cannot be applied to series of CofFII) complexes of 3-4- charge
_-hmuse rather small ‘differences in structure may produce large changes in Ry values
;and qu:te large dlﬁ.'emnces in structure can, on the other hand have no effect at ali.
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