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Although thin-layer chromatography (TLC) hzs been applied mostly to the 
separation of organic and biologiczi materials, recent years have seen its increased 
appfication to inorganic separations. Syntheses of coordination compounds frequently 
produce more than one isomer, and rapid, efficient, and reliab!e methods for sepa- 
rating the resulting mixtr?res are desirable. Therefore, the growing aumber of sepa- 
rations of isomeric complexes by TLCL4 is especially we3zome. 

In a previous pub!ication in this series’, we have applied silica gel G (Kensing- 
ton Scientific, Oakiand, C.&f., U.S.A.) to the TLC separation of six non-electroIytic 
geometric isomers of platinum(LL), for two of which separatioq by column chrom&o- 
graphy had proven unsuccessful lo In an effort to prove the general applicability of _ 
the method, we hzve extended our studies to include geometric isomers of various 
metals with coordination number six. hasoruch 2s we demonstrated in our first 
article’ that TLC separations citn be carried out OG 2 semi-quantitative preparative 
scE.le (with ca. 200 mg of tot4 mixtures), all the separations reported here zre strictly 
quaiitztive. In addition to using mixtures prepared from pure isomers, we also applied 
the method to materials that shouId theoretically exist in more than one isomeric 
form. 

Isomer samples were either prepared and characterized in this laboratory 
(designated GBK in Table I) or were kindly provided by the persons listed alphabet- 
ic&y under Acknowledgemer9.s (designated by initials in Table I). AII solvents were 
C.P. OF reagent gmde. The adsorbertt used was silica geel TLC sorbcnt (SilicAR* 
TLC-7C or TLC-7F, Ma!linckradt, St. Louis, MO., U.S.A.), which was enerous!y 
furnished by the m2nti2CtlIFei. We are also indebred to En&hard Industries (Newark, 
NJ., USA.) for experimental sampies of platinum sponge. 

Microscope slides (7.5 x 25 cm) were thoroughly cleaned with detergent, rinsed 
with distilled water, and coated with ii slurry consisting of one part of adsorbent in 
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three parts of a 1: i (v/v) mixture of methanol arid redistihed methylene chforide. The 
plates were air-dried for IO-20 mire a& activated by d_rying for I h 2t Z EO” just prior 
to use. Isomers 2nd mixtures were applied as saturated soiutions in ‘the appropriate 
sokent or solvent mixture, and the pkte WZV, air-dried and developed by the ascending 
technique . *I After air-drving the piatss, the isomers were detected 8s intense yeliow- .# 
browa spots with iodine vapor.- Thiocyanate complexes could be visualized with 
iron(iII) chloride solution, and in the case of highly colored compounds no visual- 
ization wzs requkd. Sep2mted isomers were identified by comp2rison with R, values 
obLGned for the pure isomers when avaikbfe or by mixed melting poZr;t measure- 
ments or other characterization techniques. Further details are given in previous ar- 
tic&,‘*‘O. 

RESULTS AND DISCUSSION 

The results ob-mined ;Lre summarized in Table L The R, values reported were 
reproducible to & 3.03. Although mrmy developing solvents and mixtures were eval- 
uated, only the most successful combinations, Le., those resulting in maximum dif- 
ferences between RF values and minimum tailing, zre shown. The following samples, 
listed by type and number, were SUCCeSSfUlly sepanted: M&B,: I-3 (par&l); 
M(AA.)ZB-,: 4,5 (par&l) ; M(.2A)IBC: 6, 7, 10; 8, 9, and 1 I (partial); M(AB)&: 12 
(partial); MA3B, : 13, 14: IMA;B~C: i9, 20; M(AA)(BC),: 23 (partial); M(AB),: 
24-27; M(AAA)(BBC): 28 (partial); M(M)BLCz: 29. The remaining samples could 
not be separated. In many cases (samples I5-1S,21,znd 22), unsuccessfui separations 
do not necessrMly imply f&ure; the materia!s chromatographed were only theoreticz!ly 
capabk of existing in two isomeric forms. In fact, samples 15-17 were later found to 
consist exclusively of the cis fornP. The results obtzined for samples 14-l 8,21, and 22 
agreed with those obtained by column chromatography “_ &m&es 1,2, ?4, and 19 were 
also previously separated by column chromatography5’. Sam&e 20, which couId not 
be separated by column chromatography because of limited solubilityjs, was separated 
completely jy TLC. 

In some C~SCS, complete separations were preciuded by isomerization (sample 
3, lrans isomer stabie only in the sohd statelG*‘g ) or decomposition (sample 3, odor of 
isoniirile noticeable on dissolution; szmpks S-l E, hydrolysis or aquation) known to 
occur. Samples 4, 5, S-12, and 24-28 represent rhe first e!e&oiyt~ thar we have sepa- 
rated by either zO!UmU chromatography or TLC, &hough we h2ve separated cis- 
&(Et2S),C13] from trans-tIr(Et,S),Clzj-tra/?s-s_ELr(Et,S)~~l;] (origkfly believed to be 
rr~,~s-IIr(Et,S)3Cij])3S.J0. Sample 28 was previously separated Into thme isomers by 
column chromarogr-aphy”‘. It constitutes the first compound that we have sepamted 
into more than two isomers. For ali sepamtions obtairred, R, cis < RF :rc~~rs, except 
for Samples 6, 7, 12, 2nd 29. For samples 6 and 7 Boucher’s TLC resuItP agree with 
ours. 

Ln addi*Io- LJ ll. to the isomers shown in Table I, separations were &tempted with 
the following isomers (classified by type) but were unsuccessfm for the reasons tired. 
MA2B4: cis (blue-black)- and traas (blue)-Rbz[kClzBr4], cis (pigeon blue)- and trans 
(blue)-Cs,[@s@T&], C~.S (orange)- and wzzs (yeIiOWf-Rb,EOSBF~CI,] (VVT)~~ -insol- 
ubility in suitable solvscts, decomposition in the sotvent (water); KJ%(AA)~B~: cis 
(dark bra-w&h orange)- and trans (light brownish orctn~e)-[Cc~R,r~~~~~~~, ck 
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(brick red)- 2nd IXTX (dark purpte)-ICat~n,~CS),ISC~ (tR = trimethylenediemine) 
(SQ42.43_ insolnbikty in suitable solvents, decomposition on acidification used to in- 
crease sofubiiity in methanol; cis (dull orange-yellow)- 2nd :rat;s (yellow)-[Ir@-C&I&- 
{AsfCH&)&CI,]Cl (LYo)= -both forms give RF values of 0.00, possibly due to 
isomeriz;ltion; M-4&: c&s or@ (I, 2, 3) (white)- 2nd ~~DLS or nter (I, 2, 6) (orange)- 
[Rb(Et3P)&t5], cis or fat (I, 2, 3) (white)- 2nd trans or mer (1, 2, 6) (pale yeliowf- 
Ehr(n-EuzPhP),Cr,](S~G~~s.s9- same R, values in acetone; M(AB);; @(c& orfac)(pink) 
(with 1 H,O)- 2nd a (trans or mer) (violet)-[Co(gfycinate),f, fl (cis orfic) (pink)- and 
c (rrans or mer) (violet)-~Co(2l2RiR2te);l, fi ( cb or fat) (pink) (with 2 H@)- 2nd a 

(tram or mer) (violet) (with 1. H20)-ECo(reucinate),] (EK)46- soiub!e only in wzter or 
slight!y soluble in acetone, & vz!ues either 1.09 with tailing PO origin or else 0.00; 
the first two Isomer pairs have 21~0 Iseen found inseparable by column chromato- 
gr2phys8; cis orfic (1,2, 3) (yeliow-brown)- 2nd trar;s or mer (I, 2,6) (yllow-brown)- 
[Cr(8-hydroxyquinolinate)J (FU)““‘- insolubi!ity or limited solubiIity in suitabie 
SOiVeRtS, spots f2iled to -move in 2Ry solvent; ,M(AAA),: cfs or fx (purple)- 2nd Cram 
or mer (purple-black)- Na or K [Co(iminodiacetate),] (DWC)59*sf - insolubility in 
stlitabie solvents, soluble only in aqueous acids which yielded only streaking 011 plates; 
M(AAA)(BBB): s-&s (brick red)-, n-cis (pink)-, and @QLTS (brick red)-[@o(diethyl- 
enetriamine)(iminodIacet2te)]ClO~ (DWC)5’ - same re2soRs 2s previous isomers; 
M(XAAA)B,: ,0-c& (RR, SS) (violet)-, irrms (RR, SS) (green)-, and tram (RS) (light 
green)-fCo(l, 4, 8, i I-tetra~zarmdecane)CI,ICI (MLT)S5*5’ - insolubility in suitable 
solvents, chrom2togr2phy in acetone-water (1: I) yielded streaks; BiRuc!ezr complex : 
cis (Clh ; A, i 23,) (white)- and trarrs (C, ; A, + 2B,) (yelLo~v)-[RU(C0)3C!I]’ 
(FGAS)” - possible isomerization in ethanol, similar RF vdues for both isomers. 

The rrse of TLC for the separation of isomeric comp!exes possesses 2 number of 
distinct advantages : 

(I) By caefuf choice of 2 developing soivent system, a large difference in no-. 
bilities (RF vakxes) and conseqr?ently 2 sh2rp 2nd complete separation c2n be ztiained. 
In the present study, 2~ isomer pair (sample 20) previousiy found not ameaable to 
column chromatography was successfully separ2red. 

(2) In conjunction with other evidence, TLC behavior possesses some potential 
dizpostic value in structure prooP”. For most of the compounds investigated, the 
&rans isomer w2s found to be more mobile, i.e., to possess a higher RF value, than the 
~5s isomer, in agreement with findings reported for electrolytic cobaft complexess. 
This greeater mobility of the tram isomer= which would be predicted from -its lower 
dipole moment, agrees wifGx the results ob+&ined by us from coiumn chromatogrz- 
phy%=. Nevertheless, 2 aumber of exceptions to the general rule that the tram 
isomer is more mobile than the cis isomer are kRowR6*g*‘6, so coRcfusioRs about con- 
figuration should be dnwn only with caution 2Rd should be supplemented with other 
dst2a. 

(33) The time requied for TLC is, of course, much less than thhat needed for 
e&v&eat separ2tions by column chromatography. 

(4) With TLC, iodine vapor m2y be used 2s 2 sensitive detecting reagent, thus 
eliminating the necessity for specific spot tests 10*35. We h2ve found this reagent, 
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denoted as “universal” for orgz~lic compounds by Bobbitt”, to be useful in detecting 
2 variety of coordination compotmds. Its sensitivity makes it of particular v2lue in 
assessing purity or detecting solvent-induced isomeriz2tion; 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 necesszry. 

(5) Although column chromatography is still quite advantageous for prepar- 
ative separations, TLC is also adaptable for this purpose, 2s we have shown&. Further- 
more, preliminary separations by TLC are converzient for rapidly determining the 
solvents and conditions to be used for larger-scale separations by column chromato- 
graphy. 
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