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pfSCeS 

G. GRASSlNX-S- and STANKXAA ISOLA 

Lobora~orio di Cro&ogmj?a a?& C.N.R., Vii Ronmgms~ 18/A, Rome (ItaCy) 

(Received December 21sf 1977) 

In the preparation of rrans-[Coen,Clr]Cl’ (ref. l), the presence of impurities 
such as Co2 + and &ens3 + were notedz*“. As this complex is used as a starting material 
for the preparation of several other complexes, it is necessary to check its purity. 
It is well known that cobalt(U), in the presence of acetone or ethanol, reacts with 
CNS- ions to give green-blue complexes with different colours and compositions 
depending on the Co*’ : CNS- ratioe. 

In this paper, we report the results obtained using an ammonium thiocyanate- 
water-ethanol mixture as eluent in thin-layer chromatography (TLC). We wanted 
to see whether, by choosing suitable conditions, it would be possible to detect and 
estimate roughly the Co*+ ions that are present as impurities in some cobalt(lII) 
complexes prepared from a cobalt(H) salt. The following complexes were tested : tram- 
[Coen,Cl,]Cl, [CoenJCl,, [Co(NH3)~]C13, [Cotn3]C13, ck-[Cophen2ClJCl, [Cophen,]- 
Cl, and [Codyps]C&. 

In addition, a very simple chromatographic method has been worked out for 
detecting the uureacted ligancls in [Cophen,]Cl, and [CodypJCl, preparations. 

EXPERIMENTAL 

Prepara f ion.9 
. 

Published. methods were used to prepare the complexes : tram- [Coen,C12]Cl 
(ref. l), [Coen,]CI, (ref. S), [Cotn,]C& (ref. 6), [Co(NH3),.&15 (ref. 7), [Cophen,]CI, 
(ref. 8) and [Codyp,]Cl, (ref. 9). 

The method of Prosper-i ef QZ.~, modiiied as follows, was use to prepare cis- 
[CophenzC12]Cl. A 3.96-g (0.02-mole) amount of l,lO-phenanthroline hydrate was ad- 
ded slowly to a vigorously stirred solution of 2.38 g (0.01 mole) of CoCl,-6H20 in 
4 ml of 4 N hydrochloric acid. To the pink slurry formed were added activated carbon 
and, dropwise with constant stirring, 2 m! of 30% hydrogen peroxide solution. The 
slurry gradually turned pale brown and was grey-violet after about half an hour- 
After about 4 h the precipitate was washed with portions of 2 N hydrochloric acid 

l Abbreviations used: en = etkyIemdian&e; tn = &fdiaminopropane; phen = l,lO-phe- 
nanthroline; dyp = a,u’-dipyzidyl. En the fifgmes the complexes are abbreviated as follows: 
fCopka3Ic13=pbe1b Kaen31C13=en~etc. 
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until the washings were colourless and ffien with acetone, in which IJO-phenan- 
throline is soluble. A 3.7-g amount of grey-violet product was obtained, correspond- 
ing to a yield of CQ. 60%. 

Chromatography 
The separations we&effected by TLC on 5 x 10 cm precoated silica gel plates 

(Merck, Darmstadt, G.F.R.) using the following mobile phases: (Ed ammonium thio- 
cyanate (50g in 5Oml of water&ethanol (1:5); (Ez) ammonium thiocyanate (10 g in 
50 ml of water&ethanol (15); (E,) water-ethanol (1:5). 

Portions (4-25 ~1) of solutions of CoC12- 6H,O in water, of complexes in 
ethanol-water or in water, and of IJO-phenanthroline or a,a’-dipyridyl in ethanol, 
were applied to the plates and development was carried out in small glass jars (10 
cm high, diameter 7 cm) at room temperature. Ascending development to a height 
of.6-7 cm was normally complete in 20-25 min. The spot corresponding to cobalt(II) 
is easily visible, owing to its blue colour. The spots corresponding to the complexes 
or to l,lO-phenanthroline and a,a’dipyridyl were detected by spraying with am- 
monium sulphide or iron(U) snlphate solution, respectively. 

RESULTS AND DISCUSSION 

Sekitivity of the reaction 
On a thin layer of pre-coated silica gel, solutions of CoC12-6Hz0 were chro- 

matographed with aqueous solutions of ammonium tbiocyanate and ethanol in dif- 
ferent proportions. The best results were obtained with eluent E,. With this eluent, 
after a few minutes of elution, a blue spot appeared, which moved near to the solvent 
front. In Fig. 1 the results obtained by chromatography of 4-~1 samples of 10m3, 
S-lo-‘, 2- lOm4 and lo-’ M Coz+ solution are shown; the size of the spot depends 
on the amount of CoZ+ present. 

The lowest cobalt concentration detectable was 2- lo-” M; the sensitivity limit 
was 0.05 pg and the dilution limit 1 :lOO,OOO. This sensitivity limit is about 10 times 
greater than that reported by Feig14. 

------ -- - -_____ 

CI 0 0 :2 

Fig. 1. Chromatograms of coZ+ soIutions (4~1) at decreasing concentrations Gnolem. Eluent: JS- 
T&e &adkg indicates the intensity of the spots, from right to left: ve5,ry weak; reality vi&b; strong; 
very strong. 



NOTES 129 

In order to decrease the possibility of hydrolysis reactions, trans-[Coen,Cr,]Cl 
was dissolved in ethanol-water @:I) and fresh solutions were always employed. Pre- 
liminary experiments showed that, under our chromatographic conditions, no reac- 
tion occurs between the complex and CNS- ions, although Coen,(NCS),+ is prepared 
from trans-Coen,Cl,+ (ref. 10). This is probably due to the temperature used in the 
chromatographic run (about 20”) and to the short time of development. With eluent 
EL, the complex gave an elongecl green spot, which started from the point of apphca- 
tion. The separation from the spot corresponding to Cozc was excellent (Fig. 2). . 

Fig. 2. C5romatograms of some cobaIt(III) CompIexes: (1) pure compound; (2) pure compound +- 
co’+. Shading as in Fig. 1 _ (A) 20 ~1 of a solution 4 10mL M for the complex and 4 - loss M for cobalt 
(II); eluent, El. (B) 5 ,ccl of a solution of 0.05 g in 0.5 ml of water for the complex and 5 - 1Omc M for 
coba&( eluent, E2. 

To test the sensitivity of the method, samples of 0.06 g of frans-[Coen,Cl,]Cl 
were dissolved in several ethanol-water mixtures (5 ml), each containing from 4 - 10e4 
to 4- 10s5 mole of CoCl,- 6&O ; 20-~1 portions of these soIutions were chromato- 
graphed as described above. The lowest concentration that could be detected was 
4. IO-’ M, which corresponds to 1 part of Co(H) in 5fXlO parts of the complex (Lz., 
0.02 %)_ 

The method was applied to check the purity of a sample of crude material 
obtained from the preparation method reported in the liter&u&. This sample was 
chromatographed together with a recrystallized sample of chromatographically pure 
trans-[Coen2ClJCl to which had been added a known amount of Co’+ ions. From 
the comparison of the size of the spots corresponding to Co’+, the crude material 
contained about O.O4o/0 of Co2’. This does not seem an excessive amount; however, 
for some physicochemical data, very pure samples were required and this technique 
was found to be very useful I1 Moreover, the importance of trace of imparities in _ 
exchange studies has often been reported12. 

[CoenJC&, [Cofns]C13 md [Co(N&),JCI, 
These complexes, chromatographed as described above for trans-[CoenzC12]Cl, 

did not react noticeably with the eluent. Amounts of 0.05 g of these complexes were 
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dissolved in 0.5 ml of water and 5 ~1 of the solutions obtained were ckromatograpked 
with eiuent EL. As shown in Fig. 2, a good separation from cobalt(II)_.(5- lo-+ M) 
could be obtained_ In this instance tke ratio of the concentrations of tke complex 
to that of Co2+ is about 35OO:l. 

A 0.025-g amount of this complex was dissolved in 0.5 ml of ethanol-water 
(5 : 1) and 5 ~1 of the solution obtained were chromatographed with eiuent &_ As shown 
in Fig. 2, two spots were visible, joined by a tail. Tke spot near to the point of applica- 
tion is probably due to the starting complex, cti-Cophen,CI,+, while that with RF = 
0.61 probably results from the substitution of chlorine ligands by CNS- ions. This 
compound could thus be the species Cophenz(NCS)L+, which in preparative methods 
is obtained from cis-[Cophen,ClJCi and potassium thiocyanate13. 

However, even when this reaction takes place it is still possible to detect _Co”. 
A sample with a complex to Co2+ ratio of 35OO:l is shown in Fig. 2. 

[Cop~en,lCI, and [CodypJCI, 
Three S-~1 portions of a 1.2.10-l M [Cophen3]Ci3 solution to which 4. 10d2, 

8 - 10m2 and 2.5- 10-l M CoC12-6H,0 had been added were chromatograpked with 
eluent El. 

Tke blue spot corresponding to tke CoZ* ion is not visible in the first ckroma- 
togram (Fig. 3), although the amount of Cozc present is about 100 times tke sen- 
sitivity limit of the Co2+-CNS- reaction in an organic solvent. An explanation could 
be that, in the presence of Co(D) and/or in the eluent used, the [Cophen3]C13 becomes 
iabile12: one moiecuIe of tke base, i,iO-pkenantkroline, may be freed and may react 
with Cofi ions, masking the presence of the latter. Chromatography showed the 
presence of l,lO-phenanthroline in the solution: in the tist chromatogram in Fig. 3, 
a pink spot (R, = 0.7) appeared, presumably due to the reaction between l,lO- 
pkenanthroline and the iron present as an impurity in the pre-coated silica gel 
layers. On spraying tke plate with iron(IQ sulpkate the spot became deep red, as 
reported in the literature l* As is also shown in Fig. 3, the size of this spot decreases _ 

Fig. 3. Chromatogmms of 5 ,ul of ;t 1.2-10-1 M solution of [CophenJCls cantsinine iacreasing 
amounts of cobalt@) from left to right: 4.lo-*, S-10-* aud Z-S- 10-l M. Eiuent: El. Shading * * 
Fig. 1. 
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as the concentration of Co2+ increases and disappears in the last chromatogram. At 
the same time, another spot (RF = 0.55) appears, probably due to the reaction be- 
tween Liberated f,lO-phenanthroline and Cozc ions. The size and the intensity of 
this spot increase with increasing concentration of Co2+. Thus, in the complex 
[Cophen&ls, the presence of Co’+ as an impurity could be detected by the formation 
of the blue spot only if it is present in a large amount (ca. 4 “/,). Also with the complex 

1 [Co(dyp)&13, u,,cr’-dipyridyl appeared to be freed from the complex and Co2+ ions 
could be detected only if present in amounts greater than 4-5 %. 

We also wanted to test whether the complexes [CophenJCl, and CCodypJCl, 
were free from non-complexed ligands (l,lO-phenanthroline or cr,~‘-dipyridyl). On 
pre-coated silica gel layers, in eluent E;, Cophen,3f and Codyp,3i remained at the 
point of application and the ligands moved near the solvent front. In Fig. 4 are re- 
ported the results obtained by chromatography of 2.5 and 20 ~1 of solutions of l,lO- 
phenanthroline and a,a’-dipyridyl, respectively, at decreasing concentrations: 2, 0.5, 
0.2 and 0.1 mg/ml. For l,lO-phenanthroline it was possible to see the spot corre- 
sponding to the 0.2 mg/ml solution and for cr,cr’-dipyridyl that corresponding to the 
0.1 mg/ml solution. In this way, 5 ,~g of l,lO-phenanthroline and --2 yg of cc,a’-di- 
pyridyl can be detected. With this chromatographic procedure, [CophenJC13 and 
[CodypJCl, samples, tested for Co*‘, were found to be free from ligands. 
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Fig. 4. Ci~omatograms of ethanolic solutior~~ of (A) IJO-phenantioline (25 ,uI) and (B) q~‘-di- 
pyriayl(2Opl) at decreasing concentrations. Eluent: E3. 

CONCLUSION 

The complexes investigated can be divided into two groups: 
(1) trans-[Coen2C12]Cl, [Coen&&, fCotn,]Cls and ~CO(NH&]C~~: no reac- 

tion seems to occur between these complexes and the ammonimn thiocyanate-water- 
ethanol mixture used as the eluent. The Co2+ ions, present as impurities in these 
complexes, can be detected up to the limit of sensitivity of the cobalt(II)-CNS- re- 
action in ethimolic solution. 

(2) cis- [Cophen2CfJCl, [Cophen,]Cl, and [Codyp,]Cl, : these complexes, -XI- 
der our e.xperimem3.l conditions, react with the eluent. Nevertheless, with CiS- 
ICophen2C12]Cl even small amounts of Co2+ ions can be detected. With [Cophen31C13 
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and. [CodypJCL,, however, tie ligands are released from the comph~es and-for& 
almost stable complexes witi Coz+ ions, masking the pmenCe of the latter. The 
presence of co- as an impurity cam be detected on& if its c~ncen&ation is about 
45% of that of the complex under examination. 
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