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Separation of inorganic isomers by thin-fayer chromatograghy
If. Qctahedral geometric isamers

GEORGEB.KAUFFMAN, BARRY H. GUMP, GARY L. ANDERSON and BRIAN J.STEDJEE
Department of Chemistry, California State Uriversity, Fresno, Fresno, Calif. 93740 (U.S.A.)
(Received October 14th, 1973)

Although thin-layer chromatography (TLC) has been applied mostly to the
separation of organic and biological materials, recent years have seen its increased
application to inorganic separations. Syntheses of coordination compounds frequently
produce more than cne isomer, and rapid, efficient, and reliable methods for sepa-
rating the resulting mixtures are desirable. Therefore, the growing aumber of sepa-
rations of isomeric complexes by TLC!® is especially welcome.

in a previous publication in this series®, we have applied silica gel G (Kensing-
ton Scientific, Oakland, Calif., U.S5.A.) to the TLC separation of six non-electrolytic
geometric isomers of platinum(II), for two of which separation by column chromato-
graphy had proven unsuccessful’®. in an effort to prove the general applicability of
the method, we have extended our studies to inciude geometric isomers of various
metals with coordination number six. Inasmuch as we demonstrated in our first
article* that TLC separations can be carried cut on a semi-quantitative preparative
scale (with ca. 200 mg of total mixtures), all the separations reported here are strictly
guaiitative. In addition to using mixtures prepared from pure isomers, we also applied
the metnod to materials that shonld theoretically exist in more than one isomeric
form.

EXPERIMENTAL

Marerials

Isomer samples were either prepared and characterized in this laboratory
(designated GBK in Table I) or were kindly provided by the persons listed alphabet-
ically under Acknowledgements (designated by initials in Table I). All sclvents were
C.P. or reagent grade. The adsorbent used was silica gel TLC sorbent (SilicAR®
TLC-7G or TLC-7F, Mallinckrodt, St. Louis, Mo., U.S.A.), which was generously
furnished by the manufaciurer. We are also indebted to Englehard Indusiries (Newark,
N.J., U.S.A)) for experimental samples of platinum sponge.

Procedure
Microscope shides (75 x 25 cm) were thoroughly cleaned with detergent, rinsed
with distilied water, and coated with a sfurry consisting of one part of adsorbent in
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three parts of 2 1:1 (v/v) mixture of methanol and redistitied methylene chloride. The
plates were air-dried for 10-20 min and activated by drying for 1 h at 110° just prior
to use. Isomers and mixtures were applied as saturated sciutions in the appropriate
solvent or solvent mixture, and the plate was air-dried and developad by the ascending
technique!!. After air-drying the plates, the isomers were detected as intense yeliow-
brown spots with iodine vapor. Thiocyznate complexes could be visualized with
iron(i1f) chioride solution, and in the case of highly colored compounds no visual-
ization was required. Separated isomers were identified by comparison with R valoes
obtained for the pure isomers when available or by mixed melting point measure-
menis or other characterization techniques. Further details are given in previous ar-
ticles* 1€,

RESULTS AND DISCUSSION

The results obtained are summarized in Table I. The R, values reported were
reproducible to + 0.03. Although many developing solvents and mixiures were eval-
uated, only the most successful combinations, i.e., those resulting in maximum dif-
ferences between Ry values and minimum tailing, are shown. The following samples,
listed by type and number, were successfully separated: MA,B.: 1-3 (partizl);
M(AA)B,: 4, 5 (partial); M(AA),BC: 6, 7, 10; 8, 9, and 11 (partial); M(AB),C,: 12
(pariial); MA;B;: 13, 14: MAB.C: 19, 20; M(AA)YBC);: 23 (partial); M(AB)s:
24-27; M(AAAXBBC): 28 (partial); M(AA)B,C,: 29. The remaining samples couid
not be separated. In many cases (samples 15-18, 21, and 22), unsuccessful separations
do not necessarily imply failure; the materials chromatographed were only theoretically
capable of existing in two isomeric forms. In fact, samples 15-17 were later found to
consist exclusively of the cis form?. The results obtained for samples 14-18, 21, and 22
agreed with those obtained by column chromatography®’. Samples 1,2, 14, and 19 were
also previously separated by column chromatography®’. Sample 29, which could not
be separated by column chromatography because of limited solubility®®, was separated
completiely by TLC.

En some cases, compicte separations were preciuded by isomerization (sample
3, trans isomer stable only in the solid state'*+3%) or decomposition {(sample 3, odor of
isonitrile noticeable on dissolution; samples 8-11, hydrolysis or aquation) known to
occur. Samples 4, 5, 8-12, and 24-28 represent the first electrolytes that we have sepa-
rated by either coclumn chromatography or TLC, although we have separated cis-
{Ir(EtL,S):Cl;51 from rans-[Ir(Et,S),Cl}-erans-{Ir(Et,S),Cl. ] (originally believed to be
trans-[Ir{Et,8);Ci:1)°%*%. Sample 28 was previously separated into three isomers by
column chromarography®’. It constitutes the first compound that we have separated
into more than iwo isomers. For all separations obtained, Ry c¢is < Ry frars, except
for samples 6, 7, 12, and 29. For samples 6 and 7 Boucher’s TLC results!® agree with
ours.

In addition to the isomers shown in Table I, separations were attempted with
the following isomers (classified by type) but were unsuccessiul for the reasons ciied.
MA,B,: cis {(blue-black)- and rrans (blue}-Rb,;[IrCL,Br.], cis (pigeon blue)- and rrans
(blue)-Cs,{OsL,Cl.], cis (orange)- and frans (yellow}-Rb,;[0OsBr,ClL] (WP)** —insol-
ubility in suitable sclvents, decomposition in the solvent (water); M(AA),B,: cis
(dark brownish orange)- and frans (light brownish orange}-[Ceotn,(NG,),INQ,, cis
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(brick red}- and frans {(dark purple)-[Cotn (NCS),ISCN (ta = trimethylenediamine)
{(SK)**+*— insolubility in suitable solvents, decomposition on acidification used to in-
crease sotubility in methanol; cis {(dull orange-yellow)- and #rans (vellow)-[ir{6-CH,-
{As(CH;), }2),CLICE (Vo)™ —both forms give Ry values of 0.00, possibly due to
isomerization; MA;B;: cis or fac (&, 2, 3} (white)- and frans or mer (1, 2, 6) {orange)-
[Rh(Et;P):.CL], cis or fac (1, 2, 3} (white)- and trans or mer {1, 2, 6} (pale yellow)-
[¥r(n-Bu,PhP);CLYSOG)*-%— same R, values in acetone; M{AB);; B {cis or fac)(pink)
(with 1 H,0)- and a (trans or mer) (violet)-[Colglycinate)sl, £ (cis or fac) (pink)- and
e (trans or mer) {violet)-[Co(alaninate);], # (cis or fac) (pink) (with 2 H,0)- and «
(trans or mer) (violet) (with 1 H,0)-[Co(leucinate),} (EK)**— soiuble only in water or
slightly soluble in acetone, R values either 1.00 with tailing to origin or else 0.09;
the first two isomer pairs have also been found inseparable by column chromato-
graphy™®; cis or fac (1, 2, 3) (yellow-brown)- and trans or mer (1, 2, 6) (vellow-brown)-
[Ce(8-hydroxyquinolinate),] (FU)*"—°— insolubility or limited solubility in suitabie
solvents, spots fzailed to move in any solvent; M(AAA),: cis or fuc (purple)- and trans
or mer (purple-black)- Nz or K [Co(iminodiacetate),] (DWC)*%5* — insolubility in
suitabie solvents, solubie only in aqueous acids which yielded only streaking on plates:
M(AAAXBBB): s-cis (brick red)-, u-cis (pink)-, and #rans (brick red)-[Co(diethyl-
enetriamine)(iminodiacetate)JCIO, (DWC)™ — same reasons as previous isomers;
M(AAAA)B;: p-cis (RR, SS) (violet)-, trans {(RR, SS) (green)-, and #rans (RS) (light
green}-[Co(1, 4, §, 1l-tetraazaundecane)CLJCl (MLT)**-* — insolubility in suitable
solvents, chromatography in acetone-water {1:1) yielded streaks: Binuclear complex:
cis {Ci; Ay + 2B,) (white)- and frans (Ca; Ay + 2By (vellow)-[Ru(C0);CLL
(FGAS)® — possible isomerization in ethanol, similar Ry values for both isomers.

CONCLUSIONS

The use of TLC for the separation of isomeric complexes possesses a number of
distinct advantages:

(1) By czareful choice of a developing solvent system, a large difference in mo-.
bilities (R values) and consequently a sharp and complete separation can be attained.
In the present study, an isomer pair (sample 20) previousiy found not amenable to
column chromatography was successfully separated.

(2) In conjunction with other evidence, TLC behavior possesses some potential
diagpostic value in structure proof*®. For most of the compounds investigated, the
trans isomer was found to be more mobile, i.e., to possess a higher Ry value, than the
cis isomer, in agreement with findings reported for eiectrolytic cobalt(IIf) complexes>.
This greater mobility of the frans isomer, which would be predicted from its lower
dipole moment, agrees with the results obtained by us from column chromatogra-
phy'®*. Nevertheless, 2 number of exceptions to the general rule that the frans
isomer is more mobile than the ¢is isomer are known®938 so conclusions about con-
figuration should be drawn only with caution and should be supplemented with other
data.

{3} The time reguired for TLC is, of course, much less than that needed for
equivalent separations by column chromatography.

(4) With TLC, icdine vapor may be used as a sensitive detecting reagent, thus
eliminating the necessity for specific spot tests!®¥. We have found this reagent,
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denoted as “universal” for organic compounds by Bobbitt!!, to be useful in detecting
a variety of coordination compounds. Its sensitivity makes it of particular value in
assessing purity or detecting solvent-induced isomerization; by its use, trace quantities
of one isomer can be detected in the presence of large quantities of the other. For
many colored coordination compounds no visualization is necessary.

(5) Although column chromatography is siill quite advantageous for prepar-
ative separations, TLC is also adaptable for this purpese, as we have shown®. Further-
more, preliminary separations by TLC are convenient for rapidly determining the
solvenis and conditions to be used for larger-scale separations by column chromate-
graphy.
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