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Separation of inorganic isomers by thin-layer chromatography 

IV. Ligand isomers of various coordination numbers 
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(Received December lOtb, 1975) 

In previous papers in this series, we described the separation by thin-layer 
chromatography (TLC) on silica gel of square planar non-electrolytic geometric 
isomers of platinnm(II)‘, octahedral non-electrolytic and electrolytic geometric iso- 
mers of various metals2, and square planar non-electrolytic and electrolytic geometric 
isomers of various metals”. In the present paper we extend our TLC separations to 
include compounds which are isomeric by virtue of isomerism within the ligands. 
Our preparation and TLC separation of the geometric and ligand isomers of cis- 
and rru~.s-[Pt(Bu,S)zClz] (where Bu = IZ-, iso, sec.-, and ?err.-butyl) will be described 
in a forthcoming separate article. Inasmuch as we demonstrated in our first article’ 
that separations can be carried out quantitatively and with significant amounts of 
material (ca. 200 mg of total mixture), all the separations reported here are strictly 
quzlitative. 

EXPERIMENTAL 

Isomer samples were kindly provided by the persons listed alphabetically 
under Acknowledgements (designated by initials in Table I). All solvents were C.P. 
or reagent grade. Generous samples of the adsorbents used, SilicAR@ TLC-7F and 
TLC-7G, were provided by Mallinckrodt (St. Louis, MO., U.S.A.). Microscope slides 
(75 x 25 mm) were used for ali separations except for sample 12 (Table I), which 
required 200 x 50 mm plates to achieve separation, and for sample 9, for which an 
Eastman 6061 silica gel Chromato~am TM sheet, 20 x 20 mm, 100 ,.~rn thickness (East- 
man, Rochester, N-Y., U.S.A.) was used. 

Since sample 9 containing zerovalent tungsten was susceptible to oxidation, in 
this case the use of oxy gen-containing solvents normally used in TLC was avoided. 
The solvents used were dried over sodium, and a 36 x 36 x 20 in. plastic glove bag 
(Instruments for Research and Industry, Cheltenham, Pa., U.S.A.) with a continuous 
dry nitrogen purge was used throughout the procedure. 

Plates were developed by the ascending technique, and iodine vapor was used 
for visualization for all samples except sampIe 9, which was detected by infrared ab- 
sorption spectra; sample 12(b), which was detected with ultraviolet light; and samples 
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15-18, the colors of which were so intense that no visualization was requhmd. Further 
details are @ven in previous articIes1-3. 

RESULTS AND DISCUSSLON 

The results obtained are summarized in TabIe I. R, values were reproducible 
to f 0.03. AIthough many developing solvents and mixtures were evaluated, only 
the most successfu1 combinations, i.e., those resulting in maximum differences between 
RF values and minimum tailing, are shown. The following samples, listed by type and 
number, were successfully separated. Coordination No. 6: MAjBt : 1,2,4,5; MA3B3: 
6; M(AA),B2: ‘i@artial), 8; M(AB)C,: 9; Binuclear: lO(partiai), 11; Coordination 
Nos. 6 and 5: MA,(BB) and MA4B: 12; Coordination No. 5: M(ABC)D,: 13 (par- 
tial); Coordination No. 4: MA,B,: 14, lS(partia1); MA,B: 16(partial); M(AB),: 18; 
Coordination No. 2: MAB : 20(partiaI). Samples 3, 17, and 19 could not be separated. 
For sampIes 18 and 19, the two isomers of each pair gave widely differing RF values 
when chromatographed separately (18(a) and (b), O.OO”and 0.84, respectively; 19(a) 
and (b), 0.00 and 0.87, respectively), but the R, values were much closer when the mix- 
ture was chromatographed. 

In addition to the compounds shown in Table I, the following compounds 
could not be separated for the reasons cited. Coordination No. 6, type MA,B,: 
Ni(picoIine),C&, j%pit (pale green), y-pie (pale green) (G.B.18) -decomposes in solu- 
tion with noticeable odor of the organic Iigand; @li(picoline)a(C103),1, /l-pit (blue), 
y-pie (blue) (A.K.M. 19*20) --same reason; coordination No. 4, type MA,B,: Ni- 
(lutidine),Clz, 2,3-lut (blue), 2,4-Iut (purple-blue), 2,Slut (purple-blue) (L.B.R.5) - 
either insoluble or decompose in solvents; Cu(Iutidine)&l,, 2,3-Iut (adamantine gray), 
2,5-lut (pale violet), 2,6-lut (lilac) (L.B.R.5) -same reason: Cu(picoIine)#&, a-pit 
(bright purpIe), fl-pit (greenish blue), y-pit (blue) (L.B.R.S) -same reason; Co- 
(picoline),CIZ, a-pit (brilliant dark blue), */-pit (brilliant dark blue) (G.B.“) -same 
reason; Co(chloroaniline)zCl,, o-chloro (Ii&t blue), p-chloro (dark blue) (G.B.*‘) - 
same reason; type MA,B: [Cr(CO),(CH,C,H,COOCH,)1, o-, m-, and p-methyl (all 
bright yellow) (G.K.ls) -RF values of the three isomers virtually identical both in 
methanol and in acetone-water-(1 : 1); type M(ABC)D : Ni(o-carboxy-N-phenyIsaIi- 
cyIaldi_mine)(picoIine), a-pit (bluish yellow), p-pie (orange-yellow) (although apparent- 
ly tetracovalent, these compounds have an octahedral structure, the a-pie compound 
probably being polymeric) (A.K.M.‘3 -insoluble in water and most organic solvents; 
type M(AB)L: bis[N-substituted 2-acetiminobis(5,5-dimethyl-l,3_cycIohexanediona- 
to)]nickeI(II), o-CsH,CH3 (red-brown), P-C&I&H~ (orange) (E.P.D.“) -when 
chromato_maphed separately in dichloromethane the isomers differed in RF values 
(0.18 and 0.31, respectively), but the mixture was not separable; [Ag(Il)(pyridine- 
carboxylate),], karboxylate (picolinate) (brown), 4-carboxyIate (nicotinate) (light 
brown, actually a polymer with the Iigand being a bridging group) (J.R.W.“*Z3 
-totally immobile in all solvents from n-pentane (dielectric constant, 1.8) to forma- 
mide (dielectricconstant, 109); compound A (yellow-brown) and compound B (yellow- 
grey) (J-R. W.Z3*Z*) - same reason; compound C, n-butyl (purple), isobutyl (light pink) 
(J.R.W.=) -streaking only; coordination No. 3, type M(ABC): mi (N-[2-(pyridyI)- 
ethyl]-1,2-diaminoethane)]Cl,, 2-pyridyI,2H,O (pale blue), 3-pyridy1,3H,O (very 
pale blue) (D-W. 26~17)-insoIubIe in suitable solvents: coordination No. 2, type 
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MAB : ph,P - Au - SC(S)OR], n-propyl (yellow), isopropyl (yellow) (J.M.S.=) -very 
similar RF values for all solvents used. 

CONCLUSIONS 

The advantages of TLC in the separation of inorganic isomers have been dis- 
cussed in previous article+“. In the present paper we have exrended the method to a 
more subtle type of isomerism and have separated a number of non-electrolytic ligand 
isomers of various metals, Co(Z), Cu(1) and (II), Rh(III), Ni(II), W(O), Fe(III), 
Cr(O), and Sn(IV), with various coordination numbers containing a variety of ligands 
of various types. The method may be applied to air-sensitive materials ( a complex of 
zerovalent tungsten) provided that adequate precautions are taken. Because of the 
wide differences in the structures of the isomers and the ligands involved, no gener- 
alizations can be made concerning RF values. 
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