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NORMAL AND REVERSED PHASE THIN-LAYER 
CHROMATOGRAPHY OF TRANSITION METAL 

COMPLEXES OF MONOTHIO-P-DIKETONES 

Daniel T. Haworth1 *, Julie K.  Lunkenheimerl , 
and Manoranjan Das2 

1Department of Chemistry 
Marq uet te University 

Milwaukee, Wisconsin 53233 
2Department of  Chemistry 

Garyounis University 
Benghazi, Libya 

ABSTRACT 

Various groupings from eighty-two metal complexes of mono- 
thio-beta-diketones having d i f f e r e n t  ligands, have been s tudied 
by normal and reversed phase thin- layer  chromatography i n  s ing le  
and binary solvent systems. The da ta  is discussed i n  t e r m s  of 
keeping the  ligand, RCSCHCOR’r constant  and var ing the  metal; 
keeping t h e  metal constant and varying t h e  R-group of t h e  
ligand; keeping the metal constant  and varying t h e  R-group of 
t h e  ligand. 

solvent  systems and the  magnitude of t h e  R 
Separation patterns are discussed i n  t e r m s  of choice of 

values  are discussed 
with reference to the  R and R-groups of t f, e ligand. 
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1328 HAWORTH, LUNKENHEIMER, AND DAS 

INTRODUCTION 

Monothio-&diketonate complexes are monomeric, anhydrous 

and s o l u b l e  i n  organic  so lvents ,  whereas, metal complexes of 

p-diketones are so lva ted  and i n s o l u b l e  i n  o r g a n i c  s o l v e n t s  (1 ). 

The th in- layer  chromatographic behavior  of  some metal @-dike- 

t o n a t e s  on silica gel  and m i c r o c r y s t a l l i n e  c e l l u l o s e  has  been 

reported (2 ,3) .  S t a b l e  and e x t r a c t a b l e  c h e l a t e s  of t w o  monthio- 

p-diketones, RCSCHCOR‘, where R and R’ are phenyl and R i s  2‘- 

th ienyl  and R ’  1s t r i f luoromethyl  has been done (4-6). Also a 

TLC separa t ion  of some dithio-P-diketonate complexes has  been 

reprted ( 7 ) .  More r e c e n t l y  w e  have used a silica ge l  adsorbent 

to  s e p a r a t e  some t r i f  luoro-P-diketonate complexes (81 and t o  

separate t h r e e  series of n i c k e l ,  z i n c  and cobalt complexes wi th  

t h e  l igands having R-2-thieny1, R’-CHF2; R-2’-thienyl, R’-CF3; 

R-2’-naphthylf R‘-CF3 ( 9 ) .  

W e  now report t h e  th in- layer  chromotcqraphic k h a v i o r  of 

eighty-two metal complexes of monthio-&diketones using normal 

and reversed phase TIC i n  s i n g l e  and binary s o l v e n t  systems. 

EXPERIMENTFL 

P l a t e  Preparat ion 

N o r m a l  phase TLC w a s  done on silica g e l  ( l o o p )  s h e e t s  

(Eastman) on a f l e x i b l e  polyethylene t e r e p h t h a l a t e  s u p r t i n g  

s u r f a c e  w i t h  a p l y a c r y l i c  a c i d  as a binder. The TLC s h e e t s  

were a c t i v a t e d  by hea t ing  a t  100°C f o r  1 hr. Reverse5 phase TLX: 

was done on KC18 plates (Whatman). 
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METAL COMPLEXES OF MONO-THIO-BETA-DIKETONES 1329 

Solvent System and Detection 
Eleven single solvent (Table 11, fourteen binary solvent 

(Table 2) and six reversed phase solvent (Table 3 )  systems were 

used in the separation studies. 

plexes in most cases was used for detection. 

The intense color of the com- 

The Cu and some 

Table 1 Single So1vc:its 

systan xo. Solvent  System No. Solvelit 

Table 2 Binary Solvents 

System No. Binary Solvents System No. Binary Solvents 
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1330 HAWORTH, LUNKENHEIMER, AND DAS 

Table 3 Reversed Phase Solvents  

Solvent  So 1 vent  
system So 1 vent System Sol vent 

1 95% ethanol 4 n-pentanol 

2 n -propano1 5 3-methyl -1 -butan01 

3 n - bu tan0 1 6 t -bu ty l  a lcohol  

Zn c h e l a t e s  were void of color but  t h e y  were visible under W 

l i g h t .  

and a d i l u t e  so lu t ion  of d i t h i z o n e  i n  6 PI NH3 when sprayed cn 

t h e s e  c h e l a t e s  gave t h e  fo l lowing  colors: pink ( Z n ) ,  b lue ( N i ) ,  

orange (Pd). 

Rf va lues  held to  a r e p r o d u c i b i l i t y  of 0.03 Rf u n i t s ,  wi th  a 

good separa t ion  having t h e  Rf values  d i f f e r  by a t  least 0.05 Rf 

u n i t s  . 

For some of t h e  Zn, N i  and Pd c h e l a t e s  t h e  color faded 

The developing t i m e  w a s  for a 10 c m  d i s t a n c e  w i t h  

RESULTS AND DISCUSSION 

The var ious complexes s tud ied  are presented i n  Table 4. 

- 

The four-coordinate N i ,  Pd and P t  complexes are cis-square 

p lanar  and t h e  s ix-coordinate  CO, Zn, Fe, Ru and Ru complexes 

are f a c i a l  (cis) octahedral .  The geometry of t h e  four-coordi- 

n a t e  Cu complex is not known. 

t e t r a h e d r a l .  

l igand constant-vary the metal; R of t h e  l igand cons tan t  - vary 

R’ of t h e  l igand;  keeping R of  t h e  l igand  cons tan t  and vary R ’  

The four-coordinate  Zn complex is 

The Rf d a t a  w a s  analyzed f o r  t h r e e  basic pa t te rns :  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
1
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



METAL COMPLEXES OF MONO-THIO-BETA-DIKETONES 1331 

Table 4 Substituted Monothio-P-diketonate Chelates 

Series R R' Metal 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

cF3 

'gH5 

CF3 

CF3 

OC2H5 

'gH5 

'gH5 

CF3 

C2F5 

C3F7 

cF3 

CF3 

(3-3 

C2F5 

C3F7 

cHF2 

cF3 

C2F5 

C3F7 

CF3 

Ni, Zn, Co 

Ni, Pd, Zn, Co, Fe 

Ni, Zn, Co 

Ni, Pd 

Ni, Pd, Zn, Co 

Ni, Pd, Zn, Co, Rh 

Ni, Pd, Zn, Co, Fe 

Ni, Pd, Pt, Zn, Cu, Co, Rh, Ru 

Ni, Pd, Co 

Ni, Pd, Co 

Pd, Pt, Rh, Ru 

Ni, Pd, Pt, Zn, Cu, Co, Rh, Ru 

Ni, Pd, Pt, Co, Rh, Ru 

Ni, Pd, Co 

Ni, Pd, Co 

Rh, Ru 

Ni, Pd, Pt, Cu, Co, Rh, Ru, Fe 

Ni, Pd, Co 

Ni, Pd, Co 

Rh 
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1332 HAWORTH, LUNKENHEIMER, AND DAS 

of the ligand. 

RCOCHCSR I. 

SINGLE S O L W  SYSTEMS 

R and R’ refer to the liqand’s substituents of 

Ligand Constantflary the Metal 

Table 5 displays mixtures of the monthio-kdiketonates 

which are separable by 0.05 Rf units. 

the nonpolar solvents of carbon disulfide and carbon tetrachlor- 

ide are excellent solvent choices. In general these two sol- 

vents gave low Rf values. 

nitrobenzene and methylene chloride gave the expected high Rf 

values. 

choices as the chelate moved with the solvent front. 

acetate gave varying Rf values and in some mixtures gave good 

separations. Benzene, with its low dielectric constant, was 

expected to give low Rf values; however, the reverse situation 

was found and therefore benzene has limited ability for separa- 

tion. Toluene generally gave lower Rf values than benzene, but 

also proved to be of limited use in separations. 

mixed xylenes and chlorobenzene gave Rf values of intermediate 

value in the 10 cm. range and showed potential as developing 

solvents for certain mixtures. Acetonitrile resulted i n  the 

streaking of some chelates. 

produced tailing in the nickel and cobalt chelates. 

The data suggests that 

The polar solvents of acetonitrile, 

Separations in most of these solvents proved to be poor 

Ethyl 

Chloroform, 

Methylene chloride and toluene 

Several observations with regard to the metal can be made 

from Table 5. Nickel and palladium chelates are often not 
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METAL COMPLEXES OF MONO-THIO-BETA-DIKETONES 

Table 5 Rf Value T r e n d s  - Single Solvent S y s t e m s  

1333 

Ligand Trend Sol vent  

Zn < Co < Ni 

Co,Fe < Zn < Pd,Ni 

ZN < Co < Ni 
Zn < Ni < Co 

Zn < Co < Ni,Pd 

Co < Rh < Ni,Pd < Zn 
Zn,Co < Ni,Pd < Rh 

Zn < Ni,Cu,Co < Rh < Pt,Pd,Ru 
Zn < Cu,Co < Ru < Ni < Rh < Pd,Pt 

co < ~i < Pa 
Ni < Co,Pd 

Ru < Pd < Pt < Rh 
Rh < Pd,Pt,Ru 

Zn < Cu,Co < Ru < Rh,Ni < Pd,Pt 
Zn < Cu < C o  < Rh < Ni < Ru < Pd,Pt 

Co < Ru < Ni < Pd,Pt < Rh 
Co < Ni < Pd < Rh < Ru < Pt 

Co < Ni < Pd 

Ni < Pd,Co 

Rh < Ru 

Fe < Cu,Ru,Co,Ni < Pd,Pt,Rh 

Ni < Co < Pii 

Ni < Co < Pd 

11 

11 

11 
4 

11 

11 
2,3,5 

3,4,8 
11 

11 
4,5,6 

11 
5,8,10 

11 
10 

11 
10 

11 

11,6,4 

1,5,6,7,8 

11 

11 

11 
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1334 HAWORTH, LUNKENHEIMER, AND DAS 

separable as were the  che la tes  of palladium and platinum. 

ever, nickel can be separated from e i t h e r  palladium or platinum. 

How- 

Cobalt and zinc can be separated from each other  as w e l l  a s  from 

a l l  other  metals containing various ligands. Cobalt, iron, 

ruthenium and rhodium a r e  separable a s  a mixture. 

separated f r o m  both square planar complexes a s  w e l l  a s  octahed- 

r a l  complexes. In general i n  a mixture containing a larger  

Copper can be 

number of metals, separat ion and iden t i f i ca t ion  would be l i m i t e d  

t o  approximetaly four to  s i x  metal che la tes  depnding  on the 

ligand used, due t o  production of similar Rf values with these  

s ing le  solvent systems. 

The Rf values from s ing le  solvent  development r e f l e c t  cer- 

t a i n  trends between t h e  t r ans i t i on  metals investigated. Over- 

a l l ,  the  nickel and palladium complexes give Rf values greater 

than t h e  corresponding cobalt and z inc  complexes. For only 

nickel and palladium complexes, t he  latter y ie lds  larger  Rf 

values. 

dium complexes while both gave greater Rf values than cobalt 

complexes. 

values. 

ligands do not yield s p e c i f i c  trends. 

values show much scatter. 

b. - Constant/Vary - R’ 

Ruthenium complexes y i e lds  grea te r  Rf values than rho- 

Iron, z inc and copper complexes y ie ld  very l o w  Rf 

It is important t o  not ice  t h a t  the che la tes  of ce r t a in  

In  these cases, the  Rf 

In analyzing the  subs t i tuent  e f f e c t s  of t he  monothio-p- 

diketone m e t a l  che la tes  on the  Rf values  by holding the  R sub- 
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METAL COMPLEXES OF MONO-THIO-BETA-DIKETONES 1335 

stituent constant and varying the R’ substituent, the data 

follows along two lines. 

electron rich or electron poor in nature. 

stituent can be changed from one which is electron rich to 

electron poor. 

is a perfluoroalkyl group, the Rf values can be s tudied  by 

varying the length of the carbon chain. 

First, the R substituent can be either 

Second, the R‘ sub- 

Also when the electron withdrawing substituent 

Keeping the R substituent as methyl and varying the R’ 

substituent methyl group to a phenyl group, the Rf values failed 

to show a consistent trend between the chelates on zinc, nickel 

and cobalt for single solvent systems. 

cobalt chelates only, the order of Rf values is C6H5 < CH3, and 

the pattern for the zinc chelate is the reverse order. 

For the nickel and 

4 

In the case of the electron rich R-group, the R’ substi- 

tuent was varied as: 

ates of nickel, palladium and cobalt. 

stituent from E2H5 to C6H5 or in changing from either CC2H5, 

C6H5 to CF3, the metal chelates fail to show a trend in Rf 

values for these single solvent systems. However, when the R’ 

substituent is a prfluoroalkyl group, a pronounced effect on 

the Rf values is seen as the length of the carbon chain is 

increased. With the nonpolar and nonaromatic solvents, carbon 

disulfide and carbon tetrachloride, the following trend is ob- 

served; CF3 < C2F5 < C3F7. 

OC2H5, C6H5, CF3, C2F5 and C3F7 for chel- 

In changing the R’ sub- 
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1336 HAWORTH, LUNKENHEIMER, AND DAS 

This order of the RF values remains the same when R is 

naphthyl for the aromatic solvents of xylene and chlorobenzene; 

however, the trend changes from CF3 < C3F7 < C2F5 in the pre- 

viously mentioned solvents. 

(R) is thienyl, the Rf values follow the first trend for the 

solvent carbon disulfide. This same trend is observed for the 

corresponding palladium series in a nitrobenzene or chloroben- 

zene solvent and the latter trend is observed in the solvent 

carbon disulfide. The ruthenium and rhodium series in which the 

R substituent is thienyl the order of Rf values for the complete 

range of single solvent systems CHF2 < CF3. 

5 Vary R/R* Constant 

When the electron rich substituent 

The R’ substituents used for this study are C6H5, CF3, C2F5 

and C3F7. 

is changed from one which is electron rich to one which is 

electron poor. For electron poor substituents, the effect of 

increasing the length and substitution of the alkyl chain on the 

Rf values was done. If the R substituent is a phenyl group, the 

effect of substituting the phenyl ring on the Rf values was also 

studied. 

As in the previous section, the variable substituent 

For the nickel and palladium series and in which the R’ 

substituent is phenyl the R substituent is changed from CH3 to 

C6H5, the pattern of Rf values is such that C6H5 < CH3 when 

carbon disulfide is the developing solvent. 

is found for the corresponding zinc and cobalt series arid these 

The reverse trend 
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METAL COMPLEXES OF MONO-THIO-BETA-DIKETONES 1337 

trends are also followed for some chlorinated and aromatic 

solvents. 

When the R’ substituent is a perfluromethyl group and the R 

substituent is an alkyl group, a consistent trend is observed in 

each series of the nickel, plladium and zinc chelates. As the 

length and substitution of the alkyl chain is increased, the Rf 

values increase. In the case of the nickel and palladium chel- 

ates on changing from a alkyl substituent to a phenyl substi- 

tuent, there is a corresponding decrease in Rf values. No 

consistent trend in this regard is seen for the zinc chelates. 

In aromatic solvents, chlorobenzene and xylene, as the substitu- 

tion of the phenyl (R) substituent is varied and R’ is CF3 the 

Rf values increase for K6H4 < CH3C6H4 < C6H5. 

served is reversed for the nonpolar solvents of carbon disulfide 

and carbon tetrachloride. 

The trend ob- 

For the substituents, C6H5, 2 ’-C10H7 and 2 ‘-C4H3S, the 

following pattern is observed for the palladium series in both 

carbon disulfide and carbon tetrachloride and also the platinum 

series in carbon disulfide, C10H7 < C4H3S < CgH5. 

order changes for the platinum series when the developing sol- 

vent is carbon tetrachloride. 

C10H7 < C6H5. 
ding ruthenium and rhodium series when the developing solvent is 

either carbon disulfide or carbon tetrachloride. The rhodium 

However, this 

The observed trend is, C4H3S < 

This new pattern also follows for the correspn- 
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1338 HAWORTH, LUNKENHEIMER, AND DAS 

series expands t h e  p a t t e r n  as fol lows,  CH3C4H3S < C4HJS < C10H7 

< C6H5. 

Using copper che la tes ,  t w o  s u b s t i t u e n t s ,  C6H5 and C4H3S 

w e r e  compared and t h e  r e s u l t s  correspond t o  t h e  o t h e r  metals 

when t h e  developing so lvents  are carbon d i s u l f i d e  and carbon 

t e t r a c h l o r i d e .  

‘gH5. 

For these  c h e l a t e s ,  t h e  Rf values  are, C4H3S < 

The p a t t e r n  i n  Rf values  j u s t  descr ibed is reversed when 

t h e  R’ s u b s t i t u e n t  is  changed to  a per f luroroe thyl  group. 

t h e  n icke l ,  palladium and cobalt series, t h e  p a t t e r n  changes to ,  

C6H5 < C10H7. The Rf values  of t h e  t h i e n y l  s u b s t i t u t e d  c h e l a t e s  

f l u c t u a t e s  and t h u s  does not  f i t  i n t o  a c o n s i s t e n t  trend. The 

For 

expected t rend was t h e  opposite of that which w a s  observed. 

Two d i f f e r e n t  p a t t e r n s  e x i s t  when t h e  R ‘ s u b s t i t u e n t  is a 

perfluroropropyl group as t h e  R s u b s t i t u e n t  is var ied  from C6H5, 

t o  C10H7 t o  C4H3S. 

when t h e  R‘ s u b s t i t u e n t  is  CF3. 

to  C10H7, C4H3S < C6H5, f o r  cobalt and palladium chelates .  

The n i c k e l  series fo l lows  t h e  t r e n d  seen 

However, the t r e n d  breaks down 

2 .  BINARY SOLVENT SYSTEMS 

a- Ligand Constant/Vary t h e  Metal 

- -  

The use  of b i n a r y  s o l v e n t  systems allows t h e  separa t ion  of 

c e r t a i n  mixtures that were n o t  possible i n  s i n g l e  so lvent  sys- 

tems. 

separations. 

I n  general, nonaromatic so lvent  systems provided t h e  best 

Solvent  system No. 23 proved to  be one of t h e  best 
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METAL COMPLEXES OF MONO-THIO-BETA-DIKETONES 1339 

combinations. 

carbon d i s u l f i d e .  

one of the compnents  w a s  ch lor ina ted .  

a t i o n  t r e n d s  t h a t  w e r e  observed us ing  b inary  solvent systems 

having Rf values t h a t  d i f f e r  a t  least by 0.05 uni t s .  

This  w a s  n o t  unexpected as t h e  major component is  

For  most successfu l  so lvent  systems a t  least 

Table 6 lists t h e  separ- 

Using binary so lvent  systems, palladium and n icke l  could be 

e a s i l y  separated.  However, as i n  t h e  s i n g l e  s o l v e n t  systems, 

t h e  platinum and palladium complexes could not  be separated.  

Zinc c h e l a t e s  again can be separa ted  from any o t h e r  metal. 

Ruthenium and rhodium a r e  also separable. 

so lvent  systems, c o b a l t ,  ruthenium, rhodium and i r o n  complexes 

are not  always separable.  

gands gave Rf values  of sirniliar magnitude t o  t h e  corresponding 

cobalt and i r o n  che la tes .  

Unlike t h e  s i n g l e  

The coppr  c h e l a t e s  of c e r t a i n  l i -  

The zinc,  copper and i r o n  c h e l a t e s  again y i e l d  t h e  lowest 

Rf va lues  i n  t h e  separa t ion  of m o s t  mixtures.  

d i f f e r e n c e  i n  t r e n d s  between s i n g l e  and b inary  so lvent  systems 

occurs  i n  l igands  i n  which t h e  R s u b s t i t u e n t  is e l e c t r o n  r i c h  i n  

nature.  For example t h e  l igand,  ClOH7CSCH2CE2F5, t h e  fo l lowing  

p a t t e r n  is observed f o r  three metal 8che la tes  us ing  carbon d i s u l -  

f ide as t h e  developing solvent ;  Co < N i  < Pd. However, when t h e  

developing s o l v e n t  is changed t o  CHC13:CS2 ( 1 : l ) r  t h e  p a t t e r n  is  

rearranged t o  N i  < Co < Pd. 

complexes t r e n d s  are not  obvious. 

s o l v e n t s  genera-lly have lower Rf v a l u e s  than  t h e  corresponding 

From Table 6 t h e  

Within mixtures of four  or more 

The nicke l  c h e l a t e s  i n  binary 
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1340 HAWORTH, LUNKENKEIMER, AND DAS 

Binary Solvent Systems 

Z n  < C o  < Ni 
Zn < Ni < Co 

Co < Fe < Pd,Ni < 211 
Fe < Co < Zn < Ni,Pd 

Ni < Pd 

Zn < Ni < Co 
Z n  < Co < Ni 

Zn < Co < Ni,?d 

Fd < Ni < Co < Rh < Z n  

Z n  < C0,Cu < Ru < Ni,Pd,Ft,Ph 

Ni < Pd,Co 

Ni < Co < Pd 

Zn < Cu,Co,Ru,Rh,Ni,Pd,Pt 

Rh < Ru < Pt,Pd 
Rh < Ru,Pt,W 

?t < Ni < Pd 
Ni < Co << Pd 

Ni < Co < Pd 

Ru < Ph 
Rh < Ru 

Ni < Co < Pd 

Ni < Co < Pd 

17, 22,.23 
14, 15, 19 

13, 23 
1 7 ,  18, 22 

12, 15, 16, 17, 23 

14, 19 
15, 17, 23 

13, 14, 17, 19, 23, 25 

23, 25 

23 

12, 14, 16, 21, 23 

16, 20 

12, 13, 14, 15, 16 

22, 23 
12, 1 5 ,  19, 25 

16, 19, 20, 24 
13, 14, 16, 18, 19, 20, 22 

14, 16, 24 

14, 19, 21 
15, 18, 22, 25 

14, 16, 19, 20, 21, 22, 24 

15, 16, 19, 20, 21, 23, 24 

cobalt chelates. 

with single solvent systems. 

b. R Constant/Vary 

This also is the opposite of what was observed 

- -  

The use of binary solvent systems yields several trends in 

the Rf values as the R substituent is held constant and the R' 

substituent is varied. The R substituent in each case is elec- 
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METAL COMPLEXES OF MONO-THIO-BETA-DIKETONES 1341 

tron releasing, while the R' substituent varies from electron 

releasing to electron withdrawing. A series of zinc chelates 

having the electron releasing R as CH3 gave a pattern of Rf 

values which was the reverse crder for the correspndinq nickel 

and cobalt chelates when the R' substituent was changed from a 

phenyl group to a trifluoromethyl group. 

C6H5 < CF3 suggests that as you increase the electron with- 

drawing capabilities of the R' substituent, the Rf values also 

increase. 

systems. 

This Rf pattern of 

This pattern was not observed in single solvent 

Other R electron rich substituents of C6H5 and C4H3S show a 

definite pattern in Rf values as R' is varied for nickel, palla- 

dium and cobalt. However, if the R substituent is the larger 

2'-C10H7, only a scatter of Rf values can be recorded for the 

corresponding series. 

and the R' substituent is changed from C6H5 to CF3, opposite 

effects on the Rf values are noticed for the zinc and cobalt 

series. 

decrease when the R' substituent is changed from 

The zinc and nickel series show the Rf values to increase as the 

electron releasing strength of the substituent is increased. 

However in the zinc series, the Rf values decrease when the 

electron releasing strength of the R' substituent is changed to 

an alkyl group. 

to yield a trend of order as the electron releasing or electron 

When the R substituent is a phenyl group 

The cobalt and palladium series show the Rf values to 

CF3 to C6&. 

Therefore, in these systems, the Rf values fail 
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1342 HAWORTH, LUNKENHEIMER, AND DAS 

withdrawing p o w e r  of the s u b s t i t u e n t  is varied.  F’urther w i t h  

t h e  z i n c  c h e l a t e s ,  t h e  oppos i te  t rend  i n  Rf values  for t h e  R ‘  

s i b s t i t u e n t s  of cF3 and C6H5 occur when t h e  R s u b s t i t u e n t  is 

changed from e l e c t r o n  r e l e a s i n g  t o  e l e c t r o n  withdrawing. 

For the n icke l ,  palladium and c o b a l t  series i n  which t h e  R 

s d x t i t u e n t  is a phenyl group, a common p a t t e r n  i n  t h e  Kf values  

occurs f o r  binary so lvent  systems as t h e  R’ s u b s t i t u e n t  is 

changed from W2H5 to  C6H5. 

This t r e n d  is c o n s i s t e n t  f o r  a w i d e  range of p o l a r i t y  and chemi- 

c a l  composition of t h e  solvent .  This  t rend  aga in  i n d i c a t e s  that 

The t r e n d  being; C6H5 < W2H5. 

the Rf values  i n c r e a s e  as t h e  e l e c t r o n  withdrawing c a p a b i l i t y  is 

increased. 

For p r f l u o r o a l k y l  s u b s t i t u e n t s ,  t h e  t rend  i n  Rf values  is 

s i m i l i a r  t o  t h a t  seen wi th  s i n g l e  s o l v e n t  systems when t h e  R 

s u b s t i t u e n t  is C6H5 or C4H3S. 

values f o r  most b inary  so lvent  systems is such t h a t ;  CF3 < C2F5 

< C3F7. However, when the R s u b s t i t u e n t  is t h e  larger 2’-C10H7 

group, no t rend  i s  observed. 

I n  t h e s e  cases, t h e  t rend  i n  Rf 

This  t rend  is expanded t o  CHF2 < CF3 < C2F5 < C3F7 f o r  

ruthenium and rhodium c h e l a t e s  when the R s u b s t i t u e n t  i s  t h i e n y l  

and t h e  R’ s u b s t i t u e n t  is var ied  from CF3 to  CHF2. Therefore 

when t h e  R s u b s t i t u e n t  is e l e c t r o n  r i c h ,  t h e  Rf values  increase  

as t h e  R‘  subs t i tuent ‘s  e l e c t r o n  withdrawing a b i l i t y  is also i n -  

creased. 
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METAL COMPLEXES OF MONO-THIO-BETA-DIKETONES 1343 

I c. Vary R/R’ Constant 

A c o n s i s t e n t  p a t t e r n  €or t h e  metal c h e l a t e  series of nic-  

ke l ,  c o b a l t ,  ruthenium, rhodium, copper and palladium is observ- 

ed when t h e  R ’  s u b s t i t u e n t  is maintained as a f l u o r i n a t e d  a l k y l  

group and t h e  R s u b s t i t u e n t  is v a r i e d  as C4H3S, C H J C ~ H ~ ,  C6H5 

and CIOH,. 

CIOH, when t h e  R’  s u b s t i t u e n t  is CF3. 

g e s t s  t h a t  as t h e  e l e c t r o n  withdrawing a b i l i t y  is increased, t h e  

Rf values  l ikewise  increase.  

lowed f o r  t h e  plat inum, ruthenium and rhodium series. The 

reverse  order  is found €or t h e  corresponding palladium series. 

The former t rend is also observed for t h e  nickel ,  palladium and 

c o b a l t  series when t h e  R’ s u b s t i t u e n t  is either C2F5 or C3F7. 

The z i n c  series does n o t  suppor t  t h e  c o r r e l a t i o n  between t h e  

magnitude of Rf values  and t h e  e l e c t r o n  withdrawing a b i l i t y  of 

t h e  s u b s t i t u e n t  as is evident  by t h e  fol lowing t rend ,  C6H5 < 

The p a t t e r n  i n  Rf values  is C4H3S < CH3C6Hq, C6H5, 

This  p a t t e r n  again sug- 

The order, C10H7 < C6H5, 1s f o l -  

CH3CsH4 < CH3. 

I n  several  series, the effect of p lac ing  a s u b s t i t u e n t  on 

the  phenyl R group was observed. 

s u b s t i t u e n t  a b i l i t y ,  t h e  Rf va lues  should increase  as fo l lows ,  

According to  t h e  o r d e r  of 

CH3CgHq < C10H7 < CgH5 < FCgHq. This  order 1s not  s t r i c t l y  

followed i n  any series. In m o s t  series, t h e  phenyl s u b s t i t u t e d  

c h e l a t e  has the largest Rf value. 

The r e s u l t s  do not  revea l  any d e f i n i t e  p a t t e r n s  i n  t h e  Rf 

values  of t h e  d i f f e r e n t  c h e l a t e  series inves t iga ted  f o r  t h e  
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1344 HAWORTH, LUNKENHEIMER, AND DAS 

effects of alkyl substituents in the R position. For example, 

in the nickel and cobalt series as the length and substitution 

of the alkyl substituent is increased, the Rf values should also 

increase. 

vent systems. Also, in the zinc series, the opposite trend from 

the expected one is found. 

crease as the electron withdrawing ability is increased when the 

R substituent is changed from CH3 to C2H5. 

Instead they show much scatter in these binary sol- 

In this series, the Rf values de- 

In considering the effect of changing the R substituent 

from an alkyl to a phenyl group when the R’ substituent is a 

fluorinated alkyl group, the Rf values show that for the major- 

ity of the binary solvent systems, C6H5 < CH3. 

ed in all nickel, cobalt, palladium and zinc series and also 

with single solvent systems. 

phenyl, the Rf values show much scatter for these series of 

metal chelates. 

This was observ- 

However when the R’ substituent is 

3. RE3ERSEDPHASETL.C - -- 

The mbalt nickel, copper and zinc chelate of series 7 

(Table 4), the cobalt, nickel and palladium chelates of series 

13 and the cobalt, nickel and palladium chelates of series 14 

are separable in (CH3)3COH, C2H50H (also C5H110H) and C2H50H, 

respectively. 

chelates gave nearly identical Rf values. 

chelates gave lower Rf values than the octahedral chelates, 

except for the six-coordinate iron complex in series 7 where the 

In most alcohols, the platinum and palladium 

Also these d8-metal 
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METAL COMPLEXES OF MONO-THIO-BETA-DIKETONES 1345 

Rf v a l u e s  a r e  Fe < N i ,  Pd < C o  < Zn i n  C2H50H. Octahedra l  

chelates  can be separated from each o the r  i n  more alcohol sol- 

vent systems than can the  corresponding square planar complexes. 

A t e t rahedra l  complex can always be separated from e i t h e r  a 

square planar or octahedral complex. 

having R-C6H5 and R'-CF3 of the  liqand, t h e  following t rend of 

Rf va lues  was observed:  Pd, P t  < N i  < Ru, Rh < Co < Cu < Zn. 

Thus, t he re  a p p a r s  t o  be a dependence on geometry and Rf values 

f o r  a mixture of chelates when using alcohol solvent  systems i n  

For the  e igh t  che la tes  

reversed phase th in-  layer  chromatography. 

CONCLUSIONS 

It is d i f f i c u l t  t o  separa te  la rge  mixtures of four  or more 

m e t a l  ions  wi th  subs t i tu ted  monothio-p-diketones by 0.05 Rf 

un i t s  either s ing le  or binary solvent systems wi th  normal phase 

thin-layer chromatography. Separation of 0 0 3  Rf un i t s  or less 

are e a s i l y  achieved i n  e i t h e r  solvent system. 

vent systems, t he  nonpolar solvents  of carbon d i su l f ide  and 

carbon te t rachlor ide  o f f e r  t h e  most poten t ia l  as developing 

solvent. Chloroform, xylenes and chlorobenzene also o f f e r  some 

potent ia l .  In  binary solvent  systems, those systems i n  which 

For s ing le  sol- 

the  major component is carbon d i su l f ide  are exce l len t  solvents  

fo r  separation. 

on the  po la r i ty  of t he  solvent  systems. 

The magnitude of the  Rf values is not  dependent 

The a b i l i t y  t o  separate  two metals  is mainly dependent on 

the  choice of ligand. Therefore, it is possible  t o  separa te  any 
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1346 HAWORTH, LUNKENHEIMER, AND DAS 

t w o  metals by choosing t h e  proper l igand. 

is d i f f i c u l t  tc: sepra te  those  metals which form c h e l a t e s  of 

l i k e  geometry, whereas, using t h e s e  same l igands,  metals from 

the  same p e r i e .  i n  t h e  p e r i o d i c  t a b l e  can be separa ted  and 

i d e n t i f i e d .  

geometry i n  eiriier s i n g l e  or b inary  s o l v e n t  systems. 

systems do not  necessar i ly  o f f e r  better separat ions.  

phase th in- layer  chromatography o f f e r s  more s e n s i t i v i t y  and 

t h e r e f o r e  a g r e a t e r  a b i l i t y  t o  separate t h e s e  mixtures.  

For some ligands,  it 

T k  t r e n d s  i n  Rf va lues  do  not  show a dependence i n  

Binary 

Reversed 

Two imporrant p a t t e r n s  i n  t h e  magnitude of t h e  Rf values  

are found as ore s u b s t i t u e n t  is held cons tan t  whi le  t h e  e l e c t r o n  

r e l e a s i n g  and e lec t ron  withdrawing a b i l i t y  of t h e  o t h e r  substit- 

uent  is varied.  F i r s t ,  when t h e  R s u b s t i t u e n t  is  an e l e c t r o n  

r e l e a s i n g  grou?, t h e  Rf values  i n c r e a s e  as  t h e  e l e c t r o n  with- 

drawing p o w e r  gf t h e  R’ s u b s t i t u e n t  is increased. The second 

pattern involve holding t h e  R’  s u b s t i t u e n t  cons tan t  as a per- 

f luoroa lkyl  gro’dp and changing t h e  R s u b s t i t u e n t .  I n  t h e  second 

p a t t e r n ,  a trerd of  increas ing  Rf va lues  as t h e  e l e c t r o n  with- 

drawing a b i l i t y  of t h e  R s u b s t i t u e n t  is increased is followed 

f o r  t h i e n y l  and phenyl s u b s t i t u e n t s .  This  t rend  is broken when 

consider ing a qroup of large s u b s t i t u e n t s :  

FCgHq. 

c reas ing  t h e  e l s c t r o n  withdrawing a b i l i t y  of the R’ s u b s t i t u e n t ,  

t h e  c h e l a t e  k a m e  a more polar complex. 

consis tency when t h e  R s u b s t i t u e n t  is var ied ,  it is implied t h a t  

C&, CH3C6H4 arid 

The tre-d of t h e  f i r s t  p a t t e r n  implies t h a t  w i t h  in-  

Due t o  t h e  lack of 
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METAL COMPLEXES OF MONO-THIO-BETA-DIKETONES 1347 

t h e  more s i g n i f i c a n t  changes occur when t h e  R '  s u b s t i t u e n t  is 

var ied.  Changing of t h e  R' s u b s t i t u e n t  o f f e r s  more p o t e n t i a l  

f o r  t h e  manipulation of t h e  Rf values.  

Reversed phase th in- layer  chromatography is more s e n s i t i v e  

i n  its a b i l i t y  to  s e p a r a t e  t h e  t r a n s i t i o n  metal c h e l a t e s  of 

s u b s t i t u t e d  monothio-e-diketones. I n  general  , as t h e  length  of 

a s t r a i g h t  chain primary alcohol  increases  (Table 31, t h e  Rf 

value increases  then decreases  as t h e  so lvent  is changed to  a 

branched a1 cohol. 
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3. 
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