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Thin layer chromatography (TLC) has been applied by many workers to 
the separation of intermediates and products of thermal decomposition reac- 
tions involving transition metal complexes. Most of this work has been 
limited to cobalt(II1) complexes [l-4] although there have been a few 
reports on the chromatographic study of chromium(II1) complexes [5,6]. 
There have been few studies of the latter, probably due to the fact that 
many of the chromium(W) complexes are quite labile and readily undergo 
aquation, hydrolysis, photolysis, etc. [7-111. Kirk et al. [5] reported the 
successful separation of several complexes of chromium(III) on TLC plates 
coated with silica gel using CH30H-DMSO and HC104 as the mobile phase. 

Two of the chromium(II1) complexes, [Cr(en),]Cl, and [Cr(en),](SCN)a, 
are of interest to this investigation [9,12,13]. It is well known that on 
heating these compounds at moderate temperatures they give off one mole 
of amine per mole of complex to form the cis and tram derivatives, accord- 
ing to the equations 

[WenM (SCW3 * trans-[Cr(en)2(SCN)2] SCN + en 

[Cr(en),] Cl3 205_-2= cis-[Cr(en),Cl,] Cl + en 

The same type of reaction may also be initiated by exposure of the com- 
pounds to xenon flash-tube irradiation [9]. In this study, an attempt was 
made to separate the thermal decomposition products by thin layer chroma- 
tography and to identify these prod& by use of reflect-&e spectra. 

EXPERIMENTAL 

The complexes were prepared according to standard procedures [14]. The 
preparative procedure yields the l-hydrate for [Cr(en),](SCN), and the 3.5- 
hydrate for LCr(en),]Cls. According to TG curves, the hydrate water is 
evolved in a single step beginning at about 65-75”C, long before the loss of 
the ethylenediamine. 
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Commercial TLC plates were obtained from Analtech, Inc., Newark, Dela- 
ware. The plates, 2.5 X 10 cm, were coated with a 250 pm layer of Silica Gel 
G and used without further treatment except for activating them by heating 
at 90” C as described previously [ 31. 

Of the various solvent mixtures investigated, the most satisfactory were 
(-1) CH,OH : Hz0 : HClO, (30 : 30 : 1) and (2) CH30H : n-propanol : 

HCIOJ (50 : 50 : 1). It should be noted that when the acid was omitted from 
these solvents, considerable tailing was found to occur. 

Sample application. 2-5 ~1 of a 10s3 M solution of the complex in solvent 
(1) was spotted on the activated plates with a micropipet. The spots were 
allowed to dry at room temperature by gently blowing air over them. After 
drying, the plates were developed for about 10-15 min. The plate spots 
were detected by color and, in certain cases, by their reflectance spectra. 

TIzermaZ reactions. The compounds were heated separately in a specially 
designed furnace to the desired temperature and the resulting products dis- 
solved in a suitable solvent, spotted on a TLC plate and developed. 

RESULTS AND DISCUSSION 

The solutions of the complexes, [Cr(en)J]Clx and [Cr(en)J(SCN)a, are not 
very stable [S] as they undergo photochemical and aquation reactions. This 
necessitates the use of solvents with a minimum concentration of water and 
the s;lortest development time. A number of non-aqueous solvents were 
studied but none worked very well. Of the solvent mixtures tried, CH,OH : 
Hz0 : HClO, and CHJOH : n-propanol : HClO+ the former gave the best 
results, although the latter was satisfactory. Using a development time of 
about 7-10 min, the compleses did not undergo any detectable reaction 
with light and water. The [Co(en)3]Clx complex was extremely light sensitive 
even in the solid state. This required numerous samples to be prepared and 
all the necessary rclns to be made immediately. 

The Rr values, color, and A,.,,,, (as determined from the reflectance 
spectra) of the compleses and the products of their thermal reaction are 
given in Table 1. It is apparent that in solution, the complexes are essentially 

TABLE 1 

Rr values of chromium (III) compleses 

C0rl1plex Color of 
the solid 

Rf value h * max 
(nm) 

IWen13 l(SCNh ** Yellow 0.82 450 
[Wenh ICI3 Yellow 0.83 450 
trans-[Cr(en)2(SCN)z]SCN Orange 0.88 470 
cis-[Cr(en)zClz ICI Red-violet 0.77 520 

* From the reflectance spectra of the spots on the TLC plates. 
** en = ethylenediamine. 
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Fig. 1. Reflecrance spectra of chromium(M) complexes. - 1 
trarzs-[Cr(en)2(SCN)JSCN. 

[Wen)31(SCN)3;-----, 

independent of their anions, and if a thermal reaction is attempted, this will 
be complicated by the silicate anions in the adsorbent. We avoided this by 
heating the solid complexes, dissolving them in a solvent mixture, and then 
developing their chromatograms. The variations OF the Rf values for 
[Cr(en)Jl+ and the cis and kzrzs isomers of [Cr(en),_Y2r clearly indicate that 
a misture of these species car1 be separated 011 a TLC plate and that the 

separated spots can be characterized from their reflectance spectra. A good 
separation was obtained of a misture of the t-hennal decomposition products 
of [Cr(en)J]Cl_I and [Cr(en)J](SCN)J. A yellow band (due to the unreacted 
starting material) was Found to appear between the orange and violet spots 
of the products. No attempt was made to follow the aquation reaction. 
escept that when a sample of an aged solution of [Cr(en)j]CIJ was chromato- 
graphed, the resulting spot was found to move with the solvent front leaving 
a considerable tail behind. The [ Cr(en),]( SCN) , comples gave a similar 
result. 

Heating in the presence of anmzoniLlnz sails 

In the presence of ammonium salts, the decomposition tempbraturcs W’CP~’ 

much lower while the rate of decomposition increased. For csamplc, in ;I 

1 : 1 mixture with NH4C1, [Cr(en),]C13 formed cis-[Cr(~n)~Cl~]Cl at about 
160°C; in the pure state, the same product was obtained at a much higlwr 
temperature of 210-215” C. Similarly, for the thermal decomposition or 
[Cr(en)j](SCN)3 to traw-[Cr(en)2(SCN)2](SCN), a 1 : 1 misture with 
NH,SCN results in complete reaction in less than 30 min at 13O’C. In the 
pure state, several hours are required at. 135” C. The relative order of the RI 

values of the four compleses remained the same although there was a slight 
increase in their magnitude. 
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