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We were interested in the chromatographic 
behavior of inert metallic complexes and wrote 
two papers concerning the mechanism of separa-
tion of complexes both in paper4) and in silica gel 
thin-layer5) chromatography. According to these 
reports, complex salts are developed separately as 
cations and anions on the negatively charged 
surface of an adsorbent, so that the R f value of 
the complex increases with the decrease of its 
positive ionic charge and reaches nearly unity in 
the case of complex anions. 
  In order to see whether a similar separation 

mechanism holds in other adsorbents, we studied 
the chromatographic behavior of twenty-two kinds 
of inert cobalt (III) complexes on alumina and 
found interesting features characteristic of alumina 
thin-layer chromatography.

Experimental 

  As an adsorbent Merck's alumina H, prepared for 
thin-layer chromatography according to Stahl's method 
was used without further purification. The compounds 

studied are listed in Table 1. The development was
carried out at room temperature of 22-23℃. Spots of

cobalt(III) complexes were detected by spraying potas-
sium sulfide solution.

Results and Discussion 

  The Rf values of the complexes are summarized 

in Table I. As is seen from these data, the chro-

matographic behavior of the complex cation on 

alumina is in general similar to that on silica gel. 

All complex cations show Rf values smaller than 

those of neutral complexes. This indicates that 

alumina is charged negatively in contact with water 

and adsorbs complex cations more strongly than 

neutral complexes. On silica gel, all complex 

cations including monovalent ions are strongly 

adsorbed and remained nearly at the origin when 

developed with distilled water. However, the 

present Rf values obtained with alumina layers 
are 0.5-0.8 for monovalent cations and 0.8-0.9
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TABLE 1. Rf VALUES OF COBALT(III) COMPLEXES 
DEVELOPED ON ALUMINA

for neutral complexes. Therefore it is supposed 
that alumina has less negative charge than that of 
silica gel. 
 While on silica gel the Rf value shows a monotonic 
increase in going from cations, through neutral 
species, to anions, a trend in Rf value variation 
on alumina has a maximum in neutral species and 
shows a decrease in anions. This suggests that 
the complex anion is more strongly adsorbed than 
the neutral complex and can be explained by 
assuming positively charged sites besides the 
negatively charged ones. We attribute this to 
the amphoteric nature of alumina. This idea of 
the coexistence of the positive and negative sites 
finds support from Schwab's report.6) He showed 
that alumina adsorbed both NHS (base) and BF3

(acid). In order to ascertain our idea, the complexes 
were developed with 0.5m HCOOH and 0.5M 

(CH3)2NH aqueous solutions. With an acidic 
developer, hydrogen ions are expected to cover 
the negative sites of an adsorbent, so that the adsorp-
tive power of alumina is expected to decrease 
towards cations and to increase towards anions, 
compared to those with a neutral developer. On 
the other hand, with a basic developer, hydroxide 
ions are expected to cover the positive sites, so that 
the adsorptive power of alumina is expected to 
increase towards cations and to decrease towards 
anions. As is seen in Fig. 1, this expectation is

Fig. 1. pH dependency of Rf values. (Each block 
  represents a range of Rf values.)

almost fulfilled. The Rf value varies regularly 
with the pH of developers. The Rf value increases 
in the order basic<neutral<acidic in the cases of 
tri- and divalent cations, and in the order acidic< 
neutral<basic in the case of monovalent anions. 
 As is seen in Table 1, the cis diacido complexes 

show always smaller Rf values than those of the 
corresponding trans complexes. The trans complex 
has no dipole moment, while the cis complex must 
have a dipole moment. Therefore, this finding is 
acceptable if we assume that the adsorption is 
caused mainly by electrostatic attraction. 
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