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INTRODUCTION 

,,.. ’ ..:)I.. ,,,: ‘, ,., .,, 

In a preceding.pa+rr the separation’ of ‘the cis- ‘and. Ij’avs- [Pt (NH,) &l,JO com&xes, 
,., 

from each other .and frdm other platinum (II) complexes was described using &!lueous 
solvents’ as,elucnts on cellulos,e,‘filter l&t$eri This l&d of adsorption cellulose chroma- 
tography ap@&red &interest since the adserption xii&ha&m ‘of neutral coii$e~es 
had not been previously ,investigated 2. 
K:;H:SI)!;,als 

In a,ddition preparative worl< (by. F.‘.JX and 
o ‘r&luired ‘a method, for’ establishing the purity o’f the ‘dibrom&-‘, diibdo-, 

,. 
&g’rc@o~,: i iii& ~chlcj~obromo-cliamminepl~~~num (II) com&exes.,’ Thus, Ithis’ $p’&r, 
I+@‘~~$ the ~ei-&&ttidjr~ b+le ‘on. these’ halogen0 domplexes. .The’, cheice of metho’ds 
is rather’limifed. .O&hig to the’ndn&nic charaoter of all the’ compounds, ion &char+2 
and’ @@er’,elkotrophoretic methods ,a& clearly, unsuitable. During ‘prekinary ‘ie,g-’ 
perinients ‘it ‘tias’ also: four& that ‘development for’ rnore:‘than r-i ‘h ‘Gith partition 
solvents (such & ‘but&&water, 

indicating transformations during 
butan’ol-r ,$7 HClletc.) produced long”comets 

the. .development. The preserice of mineral acids: 
even &s ‘dilute’as 0;‘s N led tb substitution reactions at’ ‘room temperature, huring”a 
short development. Good separations were finally obtained by using neutral solvents 
under such conditions as to minimize hydrolysis during development. 

TECHNIQUE 

Ascending development in tightly closing jars (26 cm x 12 cm) was used throughout 
with Whatman No. 3 MM paper. Samples had to be dissolved in water only minutes 
before being placed on the paper to avoid hydrolysis, All spots were shown up on the 
developed ckomatogram by holding the paper over iodine vapours which, depending 
on the compound, yielded yellow, brown or violet spots on a paler background. All 
Rp values given here are strictly relative. Considerable variations were observed from 
day to day and from one batch of paper to another. Thus the absolute Rl;, values for 
csample in Tables I-IV are only indicative : however, the RF differences are always 
readily repkoduciblc. For identification purposes reference substances must be run 
on the same sheet of paper with the samples to be tested. 

* On leave from Northwestern University, Evanston, Ill., U.S.A. 
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,‘,’ I.’ . 

(i) S~+$zii ‘i+i; ~adsp++ of cis-‘,a~d’Irans-[PI(NH,)eCG,]O ’ :, :I I, ‘: ‘,:I .’ - ;, 1 ,I ’ ,:j’ : 
,, ,, (, 

The ,Rp &~&s~bf &-, z&l ,tkz& [$~(Nl$) ,Cl,jb’jn:kCJ, LiCl,;NaCl an$ kl of*,yaryjng 
c,once+atioq are s’ilckvn in.,F@ I. vnlil?q with chloraqric .acid &I$ pfh$ +loro,-acid$ 
#er,e is .I$ ,~oi,&ble salting-o+ effect, with ,the,se, twd :cokplexe+.. How;evw, it :is i,r&- 
qting: to not?, ihat< the RF va1ue.s of, the cis;; and the Qans-fqrms. appr~,~~h,ea,cl-r ,othfq- 
in. hi~her’,concentrsti?n~, of, E-ICI. .Tli~ adsorption. seems ,to be x$ated,tp the: polarity 

;: .; 
,.. /, ,. ;: : I,” 

,I ‘. ,: 

l - irons 

:;’ ‘, ,. 

,,, ., 

2 4 6 8 ION 2 4 6 8 10 N 

NaCl KCI 
Fig. ‘I. Tho,variation~.of the Rp values of &ST incl! Irctns-[Pt(NH,~,ClaJo on Whatxnah Nb. :3 MM 
pzLpc7 $ ,?OO. Elucnt: (a) aqueous I-ICI, 0.1-10 IV; (b), aqueous,&iCl; 0.,1-g N;, (c) +qucous, NaCJ 

I-3’N; (cl)“aqdeous I<Cl, 1-3 N. 
; ‘_.‘.:::..,‘, 1 ,: .:,: ,,. ;’ .,; :._ ( .,,. ; 

.,:, ..‘1 ‘I . ,‘, ‘,,;,: -.. I, J. Clrromalog., IO (1963) 262-267 



264 F. BASOLO, M. LEI‘)ERER, L. OSSICINI, ,I<. W. ‘STIDHEN 

(ii> Se$aratiom OJ the da’chJoro- dibromo- ‘and d~iodo-dia~~mi72e;hlatilzzcm (II> com&?exes 

T11c first attempts were to use butanol-water as partition solvent for these compou,nds, 
Long trails ,were formed, which ind.icated that ‘under the dynamic conditions ‘of 
developrknt, ‘the hydrolysis,re&ctions ‘were too ‘fast to’ yield &partitions: In order,& 
repress the’extent 6f hydrolysis; it Was decided’to acidify (O,I NHCl) the aqueous and 
etlianolic solvents. 24t room’temperature (18” .& 1’) tlie R&‘values Shown in Fig,: ‘3a 
arid 8b were obtained; thus it WE pcksible’to separate the ‘cis-co’mpounds from each 
other and from the Zratis-compbiirids; but not the trans-compounds from each.other. 
The largest RI;I differences were found to be in the region of very low or very high 
ethanol concentrations with an inversion of the sequence at about 40 o/o ethanol. 

1 , I-f-7-l 
20 40 60 80 100 20 40 60 60 100 

% Ethanol 
O-Cl 

% Ethanol 

s_Br 
=_I’ 

Fig. 3. The variation of the RP values of [Pt(NH,),X,]O on Whatman No. 3 MM paper at 18~ 
using mixtures of ethanol-water (all being 0.1 N with respect to HCI) as solvent. (a) 

.cis-[Pt(NI+),X,]“; (b) Irarts-[Pt(NH,)aX,]O.. 

It would’appear that the adsorption differences are due to the hydration differ- 
ences ‘in a@ieous solvents; the. cis-diiodo being,, le,ast; hydrated and’ hence ‘most ad- 
sorbed and the cis-dichloro being most hydrated and thus least adsorbed. This would 
be,+ accord .with the greater electronegativity of chlorine veystis iodine so that the 
‘dicliloro system is exjjected to have the higherdipole moment and”thus be more 
solvatdd’. The‘ &a&-compounds having ‘no di$dle: moment are not differentiated’, in 
a$,eous solvents. ._ 

,)./ “,’ ‘,, 
‘. 

“‘%I attembt’ .was made to apply these. mixtures, of eth&n&&ter (containing 
0.1 iV HCl) to the identification ‘of the c&+chlorobrotiodi&&ine~latinum (II).’ I&.& 
ever, it was noted that with a small increase in the room temperature (from 18” to 21”) 

the RF values were no longer reproducible.’ The effect of temperature on the RR values 
is shown in Table I. By carrying out clzromatograms of solutions which were allowed 
to. stand (in 0.1 N HCl) it could be shown .that’the change of RF values was not 
due to temperature changes but to the’cokversion >of the bromo complexes into the 
corresponding chloro complexes during derielopment ‘(see Table 11). In 0.x N HBr 
the reverse reaction could be observed (Table III). 

Both hydrolysis and replacementreactions could be avoided by chromatographing 
in a refrigerator (-j-s?) with distilled water. Round spots and good separations were 
obtained with all of the cis-compoundsqas shown in Table IV. 

After obtaining these,results, .a sear+ was made.for solvents capable of separating 
‘ihe ‘trkzk+ki$oun& Thi,s, search was limited to fast flowing solvents without the 

- ,_ /S’ I, ‘**..‘- ’ 1 J. Clwomalog.,, IO (x963) 262-267 
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,, _...’ 1 .,, j, ,I .TAI+X>I .: ‘;: :. ‘,‘,,‘.‘.~’ ,,, i :‘., :. 

RF. VALUES OF C1:s-DIHALODIk~MINEPLhTlNUbl .(II) COMPiEXES .AT.VhRIOUS TliMPERATURES ‘-’ ; 

(Sol&t: aqueous o. I N E-ICI; paper: Whatman No. 3 MM) . . /. I. ,. _, : 

.‘. 
‘Rp, 

., .’ . ‘, ., .’ ., 

C0W@ll?x 
& x8’= 39 

Pt(NH,),Cl, ’ o.G3 0.70 0.70 
Pt (NH,) ,ClRr o.Go .- o.GS 
Pt(NH,)&k, o.sb 0.42 O.GG 

TABLE II 

EFFECT OF AGZING ON SOLUTIONS OF C.is-DlHALODIAMkIINaPLATINUIM (IL) IN 0.1 N HCl 

(Paper : Whatman No. 3 MM ; tempcraturc for agcing and clcvclopmcnt : 18~) 

Pt(NH,),Cl, 0.71 0.70 O-71 
Pt(NH,),CXBr ‘0.68 0.61) 0.71 
Pt(NI-I,),,Br, 0.64 o.G7 o.GS 

‘,, 

TAI3Llz 111’ 

‘. 

: I 

HFFECT OF AGEING ON SOLUTIONS OF C~S-DIHALODIABIMINEPLATINUM (II) IN 0.1 N HBr 

(Paper: Whatman No. 3 MM; temperature for agcing and clcvelopmcnt: 18”) 

Pt(NH,),Cl, o.Gg 0.67 0.66 
Pt(NI-I,),ClBr 0.66 o.GG o.GG 
Pt (NH,) zBr, o.Go o.G2 0.64 

TABLE 1V 

I?p’ VALUES OF Cis-DIHALODIAMMINEPLATINUM (II) COMPLEXES 

(Solvent: water; paper : \Vhatman No. 3 MM; temperature: so) 

l?t(NH,) &l, o.G5,,0.65, o.Gg 
Pt(NH,) ,ClHr 0.58. 0.58, 0.58 
Pt(NH,)2Br, 0*53,0.5310.53 
Pt (NH,) &II 0.5G 
pt(NH,) ,I, 0.44, 0.44, 0.43 

.’ _.- 
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addition of mineral acids. Neither pure tiethantil nor ethanol yielded good separations ; 

howeyer mixtures,of acetone and,water at rSO,,gave excellent’separations of both the 
&s_ and the ~ra~zs&ompo~&; ” :’ : ” ,: - 

The RF val&es are shown in Fig., qa atid qb. 

(a) W 
e--. 

I 
I 

8 
, 

20 40 60 80 100% 20 40 60 80 100% 

% Acetone % Acetone 
O-Cl 
w-m 
l _ I 

Fig. 4. (a) Rp values of cis- [Pt(NH,) &,]O with acetone-water mixtures. Temperature : 20~ ; paper : 
Whatman No. 3 MM. (b) Rp values of tvaw- [Pt(NH,) nX,]O with acctonc-water mistures. Tcmper- 

ature : zoo ; paper: Whatman No. 3 MM. 

RESULTS ” 
,’ 

The cis- and tratis-dibromo and diiodo cofiplkxes were all prepared by reacting the 
dichloro complex tvilA-2. two equivalents of AgNO,, filtering off the precipitated AgCl 
arid then adding two equivalents of either NaBr or KI. This resulted in the separation 
from solution of the desired compounds. Paper chromatography showed all these 
reactions to yield only a single spot corresponding,*to the dihalogeno. complex of the 

‘G 35 

0 0.68 

.o .5 

c 39 

: 

cis’ 
Cl2 ClBr Er, CL1 X2 

I 

7 0.82 

0.53 CP 0.50 

tram 
C’2 CL1 12 

L 

.’ 

trans 

C’2 ClBr 13r2 

Fig. 5. Some typical chromatograms obtained with acetone-wtiter (9: I) at 20~ on Whatman No. 3 
iMM paper. Bottom line: line of application; top line: liquid’fktit. (a) Samples of cis-[l?t(NHJ,XJ” 
run side by side on the same sheet. Note that &-Cl1 is .impure containing also cis-Cl, and I, 
complexes. (b) Samples of Ivaw~-[Pt(NH,)~;Y,lo run side, bk si,de on the same sheet. Note. that 
Ivans-Cl1 contains also &a~-Cl, and I, complexes. (c) Samples of tm7zs-[Pt(NI-I,)aXz]o run side by 

side on the same sheet. 

J. Clwomato&., IO (1963) 262-267 
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same geometric structure. It may thus be concluded that chromatographically pure 
compounds: are formed by this,reaction. 

The ‘mixed dihalogcno complexes were prepared by reaction of the required 
dichloro complex with one equivalent .of ,AgNO, ,after whic,h the. precipitate, of A&l 
&as removed & ‘a filter and, one, equivalent, df either NaBr or KI was added. The. 
chlorobromo compounds so prepared were ‘also found to be pure within the limits of 
detectability on a paper chromatogram. On the other hand the presumed chloroiodo 
complexes yielded usually three spots‘: the dichloro, the chloroiodo, and the diiodo 
cbmpleses. (Fig.’ 5). The keadtion cf‘ trak~dichloro~ with equivalent amounts of 
trans-diiodo in boiling water was also tried and yielded only a weak spot of the chloro- 
iodo complex in presence of preponderant quantitites of the dichloro and the diiodo 
complexes. 

The details of these syntheses as well as further preparative work will be described 
elsewhere. ‘, ‘, 0 

SUMMARY 
’ 

,’ : ’ 

The separation . . of cis- and, Imqzs-dil~alogenocliammineplatinum ,(II) complexes was 
effected by, paper chromatography using neutral fast flowing solvents such as .water 
at 5” or acetone-water (g : I); Practically all mixtures of cis- and traizs- as well, as ,of 
dichloro-, ,dibromo-, diiodo as well as chloroiodo- and chlorobromo-complexes could 
be separated.. ,, ‘, 
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