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A STUDY OF THE RETENTION BEHAVIOUR OF VARlOUS 
ORGANOMETALLlC COMPLEXES IN HPLC PHASE SYSTEMS 

C.H. Gast and J.C. Kraak 

Laboratory for Analytical Chemistry, 

University of Amsterdam, 

Nieuwe Achtergracht 166, 

1018 WV Ansterdam, 

The Netherlands. 

ABSTRACT 

The retention behaviour of various organometallic complexes 
in HPLC has been investigated. Three polar adsorbents (silica, 
a CN-bonded and a diol-bonded stationary phase) and a nonpolar 
adsorbent (C -bonded stationary phase) were used in this study 
for normal pAise LC and reversed-phase LC respectively. The 
retention i s  influenced by the type of metal atom and the type 
of ligand in both types of LC. The study includes complexes 
of  iron, ruthenium, cobalt, manganese, molybdenum and nickel 
with di-aza-butadicne and tetra-azadiene ligands. It was found 
that some ruthenium complexes are not eluted from bare and 
chemically modified silica. 

INTRODUCTION 

The development o t  high performance liquid chromatography 

(HPLC) has provided an analytical technique with outstanding 

possibilities. Due to the application of small particles modern 

HPLC is characterized by a high separation speed and a high 

column efficiency. The availability of different modes of LC 

(adsorption, partition, ion-exchange and exclusion) makes 
HPLC a versatile separation technique, which is widely used 

f o r  Organic and biochemical samples. 
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766 GAST AND KRAAK 

HPLC separations of metal chelates, with the purpose of 

metal-ion determination, have been published in a number of 

papers 

less frequently been applied to problems associated with 

organomctallic chemistry. Veening et.al. reported separations 

of arene tricarbonyl chromium complexes using normal phase 

adsorption chromatography (’ lo). Lillya et. al. separated 

various tricarbonyl iron complexes by normal phase as well as 

by reversed phase liquid chromatography (11’12). Other examples 

of t h e  use of normal phase 1 i q u i d  chromatography i n c l u d e  metal  com- 

plexes of cycl~peniadienyl(~~), triphenylpho~phine(~~), cyclo- 

hcptatriene(15) and substituLed hydrazones(16), and also 

metallocarboranes (17’18) and organomercury (I9) and organopoly- 

metallic compounds(20). Reversed phase LC has been applied for 

the separation o f  transition metal clusters(21), of iron car- 
(25) bony1(22), organomercury (23’24)and organolead compounds 

For the determination of diester, monoester-monocarboxylate 

and dicarboxylate derivatives of tris(2,2’-bypiridyl)ruthe- 

nium(I1) ion-pair liquid chromatography has been applied . 
This summary clearly demonstrates the potential of HPLC 

. However, HPLC, unlike classical LC and TLC, has (1-8) 

. 

(26) 

in the field of organometallic chemistry, especially for 

kinetic studies . Moreover, scaling up of HPLC 
29)could extend its use to synthetic work also. 

(15,20,26,27) (28, 

In the present paper the results of a study of the in- 

fluence of the type of metal and ligand on the chromatogra- 

phic behaviour of various organometallic complexes are repor- 

ted. Bare and chemically bonded silica’s were tested wit11 a 

number of mobile phases. 

EXPERIMENTAL 

Apparatus ~. .~~ . 

The chromatographic system consisted of commercially 

available clcments. A microprocessor controllcd pump module 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
3
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



RETENTION BEHAVIOR OF 0RGANO;rlETALLIC COMPLEXES 767 

( S e r i e s  3 ;  P e r k i n  E l m e r ,  Nonva lk ,  C o n n . ,  U . S . A . ) ,  a h i g h  

p r e s s u r e  s a m p l i n g  v a l v e  (HPV-4; C h r o m a t r o n i x ,  B e r k e l e y ,  

C a l i f . ,  U . S . A . ) ,  s t a i n l e s s  s t e e l  co lumns  ( 4 , 6  mm I . D . ,  150  mm 

l e n g t h  f o r  r e v e r s e d  p h a s e  e x p e r i m e n t s  and  3 .0  mm I . D . ,  150 mm 

l e n g t h  f o r  no rma l  p h a s e  e x p e r i m e n t s ) ,  a v a r i a b l e  w a v e l e n g t h  

d e t e c t o r  (827  S p e c t r o p h o t o m e t e r ;  Dupont ,  Wi lming ton ,  D e l . ,  

U .S .A . )  and  a l i n e a r  p o t c n t i o m e t r i c  r e c o r d e r  ( S e r v o g o r  RE 5 1 1 ;  

C o e r z ,  V i e n n a ,  A u s t r i a )  were u s e d .  

Che-rnic-a.1~- e n  m ~ ~ c r > ~ l ~  

I n  a l l  e x p e r i m e n t s  d o u b l y  d i s t i l l e d  water and  o r g a n i c  s o l -  

v e n t s  of a n a l y t i c a l  g r a d e  were u s e d .  The p a c k i n g  m a t e r i a l s  

a p p l i e d  were c o m m e r c i a l l y  a v a i l a b l e  Zorbax  ODS (7  p m )  (Dupon t ,  

W i l m i n g t o n ,  D c l . ,  U . S . A . ) ,  L i c h r o s o r b  D i o l  (10 l l m )  (Merck ,  

Darms t a d t ,  GFR) , HPLC-Sorb S i l  60-D 5CN (5 pm) (Macherey-Nagel 

61 C o . ,  Diiren,  CFR) and  p o r o u s  s i l i c a  (SI 60,  Flerck) .  The S I  60 

mater ia l  was g round  and  c l a s s i f i e d  by means o f  an a i r - c l a s s i -  

f i e r  t o  a p a r t i c l e  s i z e  o f  7-8 Lim. The s y n t h e s i s  o f  t h e  o r g a -  

n o m e t a l l i c  complexes  used  i n  t h i s  s t u d y  h a s  been  d e s c r i b e d  i n  

t h e  l i t e r a t u r e  

( S t r e m  C h e m i c a l s  I n c . ,  Newburypor t ,  M a s s . ,  U . S . A . ) .  

. R U ~ ( C O ) ~ ~  was c o m m e r c i a l l y  a v a i l a b l e  (30-34) 

The c h r o m a t o g r a p h i c  co lumns  were packed  by means o f  a 

s t i r r e d  v e s s e l ( 3 5 ) .  The column m a t e r i a l  w a s  d i s p e r s e d  i n  

n-hexane  and  co lumns  were packed  w i t h  t h e  same s o l v e n t .  A l l  

measurements  w e r e  c a r r i e d  out a t  room t e m p e r a t u r e .  Sample  

s i z e s  o f  5-20 p 1  of f r e s h  s o l u t i o n s  i n  t h e  m o b i l e  p h a s e  ( n o r -  

m a l  p h a s e  e x p e r i m e n t s )  or  i n  t e t r a h y d r o f u r a n  or m e t h a n o l  ( r e -  

v e r s e d  p h a s e  e x p e r i m e n t s )  were i n j e c t e d .  The c a p a c i t y  r a t i o  

(K ) w a s  c a l c u l a t e d  f rom t h e  r e t e n t i o n  t i m e  o f  t h e  s o l u t e  i 
( t  ) and  t h a t  o f  a n  u n r e t a i n e d  s o l u t e  ( t  ) a c c o r d i n g  t o  K = R i  Ro i 

( tRi  - t RO)’tRo. 
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GAST AND KRAAK 

The r e t e n t i o n  b e h a v i o u r  of t h e  s e l e c t e d  o r g a n o m c t a l l i c  com- 

p l e x e s  was i n v e s t i g a t e d  on t h r e e  p o l a r  a d s o r b e n t s  ( s i l i c a ,  

d i o l - b o n d e d  and  cyano-bonded s i l i c a )  and  a n o n - p o l a r  a d s o r b e n t  

(C-18 a l k y l - b o n d e d  s i l i c a ) .  S i l i c a  seems a n  o b v i o u s  c h o i c e  as 

i t  i s  f r e q u e n t l y  u s e d  f o r  t h e  i s o l a t i o n  o f  o r g a n o m e t a l l i c  com- 

p l e x e s .  A d io l -bonded  p h a s e  h a s  been  r e p o r t e d  to  b e  a b l e  to  

h a n d l e  o r g a n o m e t a l l i c  complexes  which  a r e  u n s t a b l e  o n  b a r e  

si l ica(’‘) .  The  cyano-bonded p h a s e  was c h o s e n  to  i n v e s t i g a t e  

t h e  p o s s i b i l i t y  o f  s p e c i a l  s e l e c t i v i t y .  The s o l v e n t  s t r e n g t h  o f  

t h e  m o b i l e  p h a s e  i n  t h e  no rma l  p h a s e  e x p e r i m e n t s  w a s  v a r i e d  f rom 

h e p t a n e  t o  t c t r a h y d r o f u r a n  (THF). S o l v e n t s  o f  i n t e r m e d i a t e  s t r e n g t h  

were o b t a i n e d  by u s i n g  hexane/THF and  hexane/CH2Cl2 m i x t u r e s .  

I n  r e v c r s c d  p h a s e  LC C2, C and  CI8 bonded p h a s e s  a r e  8 
f r e q u e n t l y  a p p l i e d .  A l though  t h e  m a g n i t u d e  of  t h e  r e t e n t i o n  

may v a r y ,  u s u a l l y  no  s i g n i f i c a n t  s e l e c t i v i t y  d i f f e r e n c e s  

be tween t h e s e  s t a t i o n a r y  p h a s e s  are  o b s e r v e d .  T h e r e f o r e  m a i n l y  

a C18 bonded p h a s e  was u s e d  i n  t h i s  s t u d y .  D i f f e r e n c e s  i n  se- 

l e c t i v i t y  can  b e  o b t a i n e d  by  t h e  u s e  o f  d i f f e r e n t  o r g a n i c  so l -  

v e n t s  i n  r e v e r s e d  p h a s e  LC (36’37). T h i s  i n f l u e n c e  w a s  i n v e s -  

t i g a t e d  w i t h  me thano l  and  THF. 

The s e l e c t i o n  of o r g a n o m e t a l l i c  complexes  f o r  t h i s  s t u d y  

was d e t e r m i n e d  b y :  i )  t h e  o b j e c t i v e  t o  examine  complexes  of 

g r e a t  i n t e r e s t  in o r g a n o m c t a l l i c  c h e m i s t r y ,  i i) t h e  o b j e c t i v e  

t o  i n v e s t i g a t e  t h e  i n f l u e n c e  o f  l i g a n d s  and  m e t a l s ,  i i i )  t h e  

a v a i l a b i l i t y  o f  p u r e  s u b s t a n c e s .  F o r  t h e  work d e s c r i b e d  h e r e  

s e v e r a l  r u t h e n i u m  c a r b o n y l  (30’31),  i r o n  ~ a r b o n y l ‘ ~ ~ ) ,  molyb- 

denum c a r b o n y l  (32) and  c o b a l  t-manganese ca rbor iy l  (33) complexes  

c o n t a i n i n g  1 , l - d i a z a b u t a d i e n e s  (DAH) (R-N=CH-CH=N-R) as l i g a n d s  

and  t e t r a - a z a - d i e n e  n i c k e l  complexes  were s t u d i e d .  

hl (CO)  ( D A B )  complexes -2-6- 

The compounds o f  t h e  t y p e  M 2 6  (CO) (DAB) s t u d i e d ,  are l i s t e d  

in t a b l e  1. The  R-groups  a t t a c h e d  t o  t h e  n i t r o g e n  a toms are 
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RETENTION BEHAVIOR OF ORGANOMETALLIC COMPLEXES 769 

T a b l e  1. M (CO) (DAB) complexes 
2 6  

-__-__- - ~ ~ ~ ~ _ _ _ _ _ _ _ . _  

COMPOUNDS NR . STRUCTURE 
-~ - - _ _ _ - ~  

Ru 2 6  (CO) ( i s o - p r o p y l  DAB) 1 R 

Ru (CO) ( t e r t . - b u t y l  DAB) 2 

Fe (CO) ( t e r t . - b u t y l  DAB) 3 

F e 2 ( C 0 ) 6 ( c y c l o - h e x y l  DAB) 4 

2 6  

2 6  

cotiln(c0) ( i s o - p r o p y l  DAB) 5 & \ 
6 R 

CoMn(C0) ( t e r t . - b u t y l  DAB) 6 
___ -. __ _ .  6 . _ _ _  -. 

i s o - p r o p y l ,  t e r t . - b u t y l  or c y c l o h e x y l  g r o u p s .  The r e t e n t i o n  

b e h a v i o u r  o f  t h e s e  s u b s t a n c e s  f o r  d i f f e r e n t  a d s o r b e n t s  i s  

g i v e n  i n  t a b l e  2 .  The f o l l o w i n g  m o b i l e  p h a s e s  were u s e d :  hep-  

t a n e ,  25% ( v / v )  CH2C12 in h e p t a n e ,  50% (v /v )  CH2C12 i n  h e p t a n e ,  

CH C 1  and  THF for normal  p h a s e  e x p e r i m e n t s  and 70% (v/v)  THF 

i n  water and 95% (v /v )  me thano l  i n  water f o r  r e v e r s e d  phase  

e x p e r i m e n t s .  The r e s u l t s  o b t a i n e d  w i t h  t h o s e  p h a s e  s y s t e m s  i n  

which a l l  s i x  complexes were u n r e t a i n e d ,  are n o t  l i s t e d  i n  

t a b l e  2 .  

2 2  

I n  t h e  normal  p h a s e  s y s t e m s  t h e  r e t e n t i o n  on  t h e  CN- and 

d io l -bonded  p h a s e s  is smaller compared t o  s i l i c a .  No s i g n i f i -  

c a n t  d i f f e r e n c e s  i n  s e l e c t i v i t y  between t h e s e  s t a t i o n a r y  p h a s e s  

were o b s e r v e d .  The complexes  w i t h  s i m i l a r  metal atoms have  

c o r r e s p o n d i n g  c a p a c i t y  f a c t o r s  and t h e  i n f l u e n c e  o f  t h e  a l k y l  

g r o u p s  on t h e  r e t e n t i o n  i s  sma l l .  

I n  t h e  r e v e r s e d  p h a s e  s y s t e m s  t h e  r e t e n t i o n  of M (CO) (DAB) 
2 6  

markedly depends  on t h e  n a t u r e  of t h e  h y d r o p h o b i c  p a r t s  ( t h e  

a l k y l  g r o u p s )  a t t a c h e d  t o  t h e  DAB u n i t ( ' 8 ) ,  a s  can b e  s e e n  i n  

t a b l e  2 .  D i f f e r e n c e s  i n  s e l e c t i v i t y  are o b s e r v e d  for t h e s e  

complexes when m e t h a n o l  i n  t h e  m o b i l e  p h a s e  i s  r e p l a c e d  b y  THF. 

The Ru (CO) (DAB) complexes were n o t  e l u t e d  from s i l i c a  when 2 6  
h e p t a n e  was u s e d  as t h e  m o b i l e  p h a s e .  Under t h e  c o n d i t i o n s  t h a t  

e l u t i o n  o f  t h e s e  compounds f r o m  s i l i c a  i s  o b s e r v e d  t h e i r  i n t e r -  
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2 

1 I 1 I 

0 2 4 min 

F i g u r e  I .  : S e p a r a t i o n  of a t e s t  m i x t u r e  of Ru (CO) ? ( = I ) ,  
Ku ( C 0 ) 6 ( t . - b u t y l  I ) A H ) ( = 2 )  and Fe,(CO) ( t . - h u t y l  DA!37(=3). 
( :otunin,  1 5 0  x 3 nun 1 . I ) . ;  s t a t .  ph,?sc ,  EN-bonded; mob. p h a s e ,  
n-heptane;  d e t e c t i o n ,  250 nm. 

3 

T a b l e  -?. C a p a c i t y  f a c t o r s  of M (CO)  (DAB)  c o m p l e x e s  o n  v a r i o u s  2 6  
phase s y s t e m s  

. . ~~ ~~ 

S t a t i o n a r y  
p h a s c  

____ - 
M o b i l e  p h a s e  

.. ~ - _  . . . . . -~ 

s i l i c a  I:",;,, 
C a p a c i t y  f a c t o r s  

?> 

\>  
1 . 6  
1 . 5  
4 . 7  
4 . 0  

- l ( b r  
2-4  ( v . b r  

0 . 1  
0.1 
0 . 3  
0 . 2  

. - 
a = Hcptonc 

b = CH C 1  /Heptane ( 1 : 3 )  

c = THF/water ( 7 : 3 )  

d = MeLhanol/watcr (19:l) 

2 2  

0.5 0.3 
0 . 3  

__ .- 

. .  - 

1.8 1.5 
2 . 2  1.8 
1.8 1 . 3  
2 . 7  2 . 7  

1.5 1.1 
1 . 3  I 1.0 

v . b r .  = v e r y  b r o a d  

b r .  = b r o a d  

t = t a i l i n g  

:> :> = riot e l u t e d  
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RETENTION BEHAVIOR OF ORGANOMETALLIC COMPLEXES 77 I 

action with silica gives rise to an extensive peak broadening. 

With 25% (v/v) CH2C12 in heptane f o r  example, injection of 

Ru (CO) (tert.-butyl DAB) results in a peak which is extended 

over retention times corresponding to a capacity factor region 

of 2 to 4. However, with the CN- and diol-bonded phase normal 
peakshapes are observed for Ru (CO) (DAB) (see fig. I ) .  The iron 

complexes show a normal behaviour on the three polar adsorbents, 

while the cobalt-manganese complexes give rise to tailing peaks on 

the CN-bonded phase, although to a much smaller extent when 

compared with the ruthenium complexes on bare silica. 

2 6  

2 6  

M (CO)-(IAE) complexes -2 

The reaction of M2(C0)6(DAD) (M = Ru or Mo) with a second DAB 

molecule can result in the formation of M2(CO) IAE (n = 4 ,  5 or 6) 

complexes (IAE = bis [alkylimino-alkylaminoethane]), in which a 

C-C bond is formed between the two DAB units ( 3 0 ' 3 ' ) .  The structure 

of Ru (CO) (IAE) is  shown in table 3 .  In Ru~(CO)~(IAE) the bridging 

carbonyl group is lost and a metal-metal bond is formed. MO~(CO)~(IAE) 

is equivalent to Ru (CO)4(IAE) with the exception that it contains one 

extra terminal carbonyl group on each molybdenum atom. The chromatographic 

results o b t a i n e d  f o r  the Compounds listed i n  table 3 a r e  given 

i n  tables 4 and 5. 

n 

2 5  

2 

Table 3. M (CO) (IAE) complexes 2 n  -. - - 
___ ... . - ..- - - - _. - .  - 

Compounds N r .  Structure of Ru2(CO) (IAE) 5 
. - - - - -- . _ _  .- ___. _ _  

Ru (CO) (tert.-butyl IAE) 1 

Ru (CO) (cyclo-hexyl I A E )  2 
2 5  

2 5  

4 

2 6  

Ru2(CO) (cyclo-hcxyl I A E )  3 
/ 

Mo (CO) (tert.-butyl IAE) 4 OC 
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772 GAST AND KRAAK 

Table  4 .  Capac i ty  f a c t o r s  of M (CO) (IAE) complexes on v a r i o u s  
2 x 1  

phase s y s  t e m s  

Capaci ty  f a c t o r s  

Compounds 

1 

2 

3 

4 

a = CH C 1  /Heptane 2 2  

>>  

?> 

>> 

0 . 3  

: 3) 
____ 

- 

2 . 5  

2.3 

>> 

2 . 5  

. 

0.7  0.1 

0 . 7  0 

>> >> 

0 . 7  0 
~ __ 

- 

0 

0 

0 

D . l  

b = CH C 1  /Heptane (1:l) 

c = CH C 1  

d = THE' 

2 2  

2 2  

Tabl-c-5. Capac i ty  f a c t o r s  of  M (CO) (IAE) complexes on 
2 n  - _  

v a r i o u s  phase s y s t e m s .  

CN-bonded ODs-bonded 

Mohile phase 

phase 

Capaci ty  f a c t o r s  

__ 

2.9 

0 . 5  
. _ _  

.~ 

1 
2 
3 
4 

a = THF/Heptane ( 1 : 3 ) ;  b = THF/Hcptane (1:l); c - THF/water 
( 7 : 3 ) ;  c '  = THF/water ( 7 : 3 )  + TEA (5mM); d = Methanol/water 
(19:l). i = decomposi t ion.  > > =  n o t  recovered .  
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RETENTION BEHAVIOR OF ORGANOMETALLIC COMPLEXES 7 7 3  

The r u t h e n i u m  JAE complexes show a s t r o n g  i n t e r a c t i o n  w i t h  

s i l i c a .  These  complexes c a n n o t  b e  e l u t e d  from s i l i c a  w i t h  

CH C 1  / h e p t a n e  m i x t u r e s  (0-1008 CH C 1  ) .  On t h e  CN- and d i o l -  

bonded p h a s e s  t h i s  i n t e r a c t i o n  a p p e a r s  t o  be  d i m i n i s h e d  f o r  

R u ~ ( C O ) ~ ( I A E ) ,  b u t  n o t  f o r  Ru (CO)$(IAE). However,  w i t h  THF 
2 

b o t h  a re  e l u t e d  u n r e t a i n e d  from s i l i c a  as w e l l  as f rom t h e  

CN- and d i o l - b o n d e d  p h a s e s .  T a b l e  5 shows t h a t  w i t h  THF/ 

h e p t a n e  m i x t u r e s  t h e s e  complexes can  b e  e l u t e d  from t h e s e  ad- 

s o r b e n t s  w i t h  i n t e r m e d i a t e  r e t e n t i o n .  The c a p a c i t y  f ac to r s  of 

R U ~ ( C O ) ~ ( I A E )  o n  t h e  CN-bonded p h a s e  w i t h  CH C1 / h e p t a n e  (1:l) 

and w i t h  THF/heptane (1:3) are  almost e q u a l .  R U ~ ( C O ) ~ ( I A E )  i s  

n o t  r e c o v e r e d  from t h i s  a d s o r b e n t  i n  t h e  f i r s t  e x p e r i m e n t ,  

w h i l e  i n  t h e  l a t t e r  i t  is e l u t e d  b e f o r e  t h e  Ru (CO) (IAE) com- 

p l e x e s .  T h i s  shows t h a t  R U ~ ( C ~ ) ~ ( I A E )  d e c o n p a s e s  on t h e  

CS-bonded phase w i t h  CH C 1  /heptane  m i x t u r e s  as t h e  m o b i l e  

phase .  

2 2  2 2  

2 2  

2 5  

2 2  

I n  r e v e r s e d  p h a s e  LC a l s o  a s t r o n g  i n t e r a c t i o n  of t h e  r u t h e -  

nium I A E  complexes  w i t h  t h e  C bonded p h a s e  was o b s e r v e d .  I n  
18 

t h i s  c a s e  e l u t i o n  w i t h  THF c o n t a i n i n g  m o b i l e  p h a s e s  d i d  n o t  

d i m i n i s h  t h i s  i n t e r a c t i o n .  Even w i t h  p u r e  THF or CHzC12 t h e s e  

complexes were n o t  e l u t e d  from t h e  C bonded p h a s e .  I n  o r d e r  

t o  examine  t h e  p o s s i b l e  i n f l u e n c e  o f  t h e  l e n g t h  o f  t h e  bonded 

a l k y l  c h a i n ,  e x p e r i m e n t s  w i t h  C and C8 bonded p h a s e s  were 

pe r fo rmed  w i t h  THF and CH2C12 as t h e  m o b i l e  p h a s e .  The re- 

s u l t s  were t h e  same as w i t h  t h e  C bonded p h a s e .  

I t  a p p e a r e d  t h a t  t h e  u s e  o f  d i m e t h y l s u l f o x i d e / T H F  m i x t u r e s  

had  a f a v o u r a b l e  i n f l u e n c e  on t h e  e l u t i o n  o f  t h e  r u t h e n i u m  

IAE complexes from t h e  C18 bonded p h a s e .  N o r m a l  r e t e n t i o n  

b e h a v i o u r  was o b s e r v e d .  However,  d i m e t h y l s u l f o x i d e  reac ts  

r a p i d l y  w i t h  o t h e r  ru then ium complexes (Ru (CO) (DAB) and 

R U ~ ( C O ) ~ ~ ) .  T h i s  p r e v e n t s  t h e  s i m u l t a n e o u s  a n a l y s i s  o f  t h e s e  

complexes  i n  r e a c t i o n  m i x t u r e s .  A d d i t i o n  o f  amines  t o  a m o b i l e  

p h a s e  c o n s i s t i n g  o f  THF/water a l so  e n a b l e s  t h e  e l u t i o n  of t h e  

r u t h e n i u m  IAE complexes .  The i n f l u e n c e  o f  s e v e r a l  t y p e s  o f  

18 

2 

18 

2 6  
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7 7 4  GAST AND KRAAK 

a m i n e s  w a s  i n v e s t i g a t e d .  O n l y  m i n o r  d i f f e r e n c e s  were f o u n d  

b e t w e e n  d i f f e r e n t  t y p e s  o f  a m i n c s  (ammonia ,  n - p r o p y l a r n i n e ,  

n - d e c y l a m i n e ,  t r i - e t h y l a m i n e ,  t r i - n - o c t y l a m i n e ) .  H o w e v e r ,  i t  

a p p e a r e d  t h a t  t h e  maximum r e c o v e r y  o f  Ru (CO) ( c y c l o - h e x y l  

I A R )  from t h e  co lumn was  a b o u t  8 0 % .  M o r e o v e r  t h e  r e c o v e r y  was 

f o u n d  t o  d e p e n d  on  t h e  f l o w - r a t e  a n d  o n  t h e  m o b i l e  p h a s e  com- 

p o s i t i o n .  I t  m u s t  b e  c o n c l u d e d ,  a n d  i t  h a s  b e e n  c o n f i r m e d  b y  

e x p e r i m e n t a l  r e s u l t s ,  t h a t  a c c u r a t e  q u a n t i t a t i v e  r e s u l t s  f o r  

t h e s e  c o m p l e x e s  c a n n o t  b e  o b t a i n e d  w i t h  s u c h  a c h r o m a t o g r a p h i c  

p h a s e  s y s t e m .  

2 4  

C o m p a r i s o n  w i t h  t h e  r e s u l t s  o b t a i n e d  f o r  Mo (CO) ( t e r t . -  

b u t y l  IAE) s h o w s  t h a t  t h i s  c o m p l e x  c a n  be c l u t c d  in m o s t  cases.  

T h i s  r e v e a l s  t h a t  t h e  p r e s e n c e  o f  r u t h e n i u m , a n d  n o t  t h e  IAE 

s t r u c t u r e  i t s e l f ,  is r e s p o n s i b l e  for t h e  s t r o n g  i n t e r a c t i o n  

w i t h  b a r e  a n d  c h e m i c a l l y  m o d i f i e d  s i l i c a .  T h i s  i s  i n  accor- 

d a n c e  w i t h  t h e  r e s u l t s  o b t a i n e d  f o r  M (CO) (DAB); a s i m i l a r  

b e h a v i o u r  h a s  a l s o  b e e n  r e p o r t e d  for t r is  ( 2 , 2 ‘ - b i p y r i d y l  

r u t h e n i u m )  c o m p l e x e s  . 

2 6  

2 6  

( 2 6 )  

R U ~ ( C O ) ~ ( D A B ) ~  c a n  b e  o b t a i n e d  f r o m  t h e  Ru (CO) ( I A E )  2 4  
c o m p l e x e s  a f t e r  p r o l o n g e d  h e a t i n g .  I n  t h e s e  c o m p l e x e s  t h e  

C-C b o n d  i n  t h e  IAE l i g a n d ,  h o l d i n g  t h e  t w o  DAB u n i t s  to -  

g e t h e r ,  i s  b r o k e n ( 3 1 ) ,  T h e s e  c o m p l e x e s  h a v e  a s t r u c t u r e  w h i c h  

i s  s i m i l a r  t o  R u  (CO) (DAB) ( t a b l e  l), w i t h  t w o  c a r b o n y l  

g r o u p s  r e p l a c e d  by a s e c o n d  DAB m o l e c u l e .  Two c o m p l e x e s  o f  

t h i s  t y p e ,  Ru ( C 0 ) 4 ( i s o - p r o p y l  DAB)2 a n d  Ru, (CO) 2 2 4  
DAB)2, t o g e t h e r  w i t h  Ru (CO) 

of  t h e  r u t h e n i u m  DAB c o m p l e x e s  s t u d i e d ( 3 0 ) ,  were i n v e s t i g a t e d  

w i t h  t h e  f o l l o w i n g  m o b i l e  p h a s e  c o m p o s i t i o n s :  h e p t a n e ,  25% 

( v / v )  CH C 1  

a n d  THE’ f o r  n o r m a l  p h a s e  e x p e r i m e n t s  a n d  70% ( v / v )  THF i n  water 

a n d  95% m e t h a n o l  i n  w a t e r  for r e v e r s e d  p h a s e  e x p e r i m e n t s .  The  

2 6  

( c y c l o - h e x y l  

w h i c h  is t h e  s t a r t i n g  m a t e r i a l  
3 1 2 ’  

i n  h e p t a n e ,  50% (v /v)  C H 2 C l Z  i n  h e p t a n e ,  CH2C12 
2 2  
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RETENTION BEHAVIOR OF ORGANOMETALLIC COMPLEXES 775 

1 2  T a b l e .  C a p a c i t y  f a c t o r s  o f  Ru (CO) (DAB) and  Ru3(CO) 2 4  2 on  v a r i o u s  p h a s e  s y s t e m s .  

C a p a c i t y  f a c t o r s  
~ _ _ _  ___ _ _ _  

RU (co) ( i s z i p r o p y 1   DAB)^ 1 .8  

Compounds 

0 

2 4  
Ru (CO) ( c y c l o - h e x y l  

2 4  
Ru ( CO ) 12 

- - - 
a = H e p t a n e ;  b = CH C1 /Hep tane  

d = M e t h a n o l / w a t e r  (19 :  1). 
2 2  

( 1 : 3 ) ;  c = THF/water (7:3);-- 

r e s u l t s  for t h o s e  p h a s e  s y s t e m s  i n  wh ich  t h e  R U ~ ( C O ) ~ ( D A B ) ~  

complexes  were r e t a i n e d ,  a r e  shown i n  t a b l e  6 .  T h e s e  complexes  

h a v e  n o  s t r o n g  i n t e r a c t i o n  w i t h  t h e  a d s o r b e n t s  t h a t  w e r e  e x a -  

m i n e d ,  i n  s p i t e  o f  t h e  s i m i l a r i t y  i n  s t r u c t u r e  b e t w e e n  Ru 

(CO) (DAB) and  t h e  complexes  Ru2(CO) (DAB) and  R u ~ ( C O ) ~ ( I A E )  

( n z 4  o r  5 ) .  The r e t e n t i o n  of R U ~ ( C O ) ~ ( D A B ) ~  i n  no rma l  p h a s e  LC 

2 

4 2 6 

1 

1 I I 
0 2 4 min 

F i g u r e  2 . :  S e p a r a t i o n  of a t e s t  mixture of K U ~ ( C O ) ~ ~ ( = I ) ,  
Ru2 (co) 4 (cYclohexY 1 DAB) 2('2) and Ru2 (CO)  (iso-propyl DAB) ( = 3 ) .  
Column, 150x3 mm 1.11.; stat. phase, silica; mob. phase, 
n-heptane; detection, 250 nm. 
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7 7 6  GAST AND KRAAK 

s y s t e m s  a p p e a r s  t o  b e  s m a l l ,  w h i l e  R U ~ ( C O ) ~ ~  is u n r e t a i n e d  i n  

a l l  t h e s e  phase  s y s t e m s .  An example o f  t h e  s e p a r a t i o n  o f  t h e s e  

t h r e e  compounds on s i l i c a  i s  shown i n  f i g .  2 .  I n  t h e  r e v e r s e d  

p h a s e  e x p e r i m e n t s  l a r g e  changes  i n  s e l e c t i v i t y  were o b s e r v e d .  

N r ( R 2 N 4  1 _c_mpA-eE 

The l i g a n d  i n  t h e  bis(tetra-aza-diene)nickel complexes  i s  

r e l a t e d  t o  t h e  DAB l i g a n d  men t ioned  above  i n  t h e  s e n s e  t h a t  

t h e  i s o - s t r u c t u r a l  t e t r a - a z a - d i e n e  g r o u p  ac ts  as a O , U - N , N -  

c h e l a t i n g  l i g a n d  as i s  o b s e r v e d  f o r  DAB(34). The complexes 

s t u d i e d  and t h e  c h r o m a t o g r a p h i c  r e s u l t s  o b t a i n e d  are l i s t e d  in 

t a b l e  7 and 8 .  

The s o l u b i l i t y  i n  p u r e  h e p t a n e  was too low t o  d e t e c t  t h e s e  

complexes .  T h e r e f o r e  no c a p a c i t y  f a c t o r s  w i t h  n - h e p t a n e  w e r e  

o b t a i n e d .  The d io l -bonded  p h a s e  was n o t  i n v e s t i g a t e d  as  t h e  

r e t e n t i o n  of t h e s e  complexes w a s  e x p e c t e d  t o  b e  sma l l e r ,  b u t  

o t h e r w i s e  comparab le  w i t h  t h e  r e t e n t i o n  on s i l i c a .  AS t h e  

(R2N4)2 complexes decompose i n  d i c h l o r o m e t h a n e ,  t h e  s o l v e n t  

s t r e n g t h  i n  no rma l  phase  LC was v a r i e d  w i t h  THF/heptane mix- 

t u r e s  o f  d i f f e r e n t  c o m p o s i t i o n  (25%(v/v)  and 50%(v /v )  THF i n  

h e p t a n e ) .  With p u r e  THF a l l  complexes were u n r c t a i n e d .  The 

p r e s e n c e  of  a methoxy group on t h e  a r o m a t i c  s u b s t i t u e n t s  

a t t a c h e d  t o  t h e  t e t r a - a z a - d i e n e  l i g a n d  r e s u l t s  i n  a signi- 

- T a b l e L .  N i  (R2N4)2 complexes 

. . . _ _ _ _  __ __ 
Compounds Nr. S t r u c t u r e  

. .. . . - _. -. - -~ __ .. 

N i [  (4-MeOC6H4)2R4] 1 

N i [  (4-hlcC6H4)2Rz] ~ 2 R-N \ ,/N--R 
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RETENTION BEHAVIOR OF ORGANOMETALLIC COMPLEXES 7 7 7  

T a b l e  -8.. C a p a c i t y  f a c t o r s  o f  Ni(R N ) complexes on 
2 4 2  

v a r i o u s  p h a s e  s y s t e m s .  

- -. . . . - - . 
ODS - S i l i c a  

bonded bonded 
~- 

_ _  ~ 

p h a s e  

~ .. 

C a p a c i t y  f a c t o r s  

( s e e  t a b l e  7) 

a = THF/Heptane 
b = THF/Heptane 
c = THF/water 

- ... 

3.3 

0 . 3  

0 . 1  

0 . 1  

~- 

(1 :3 )  
( 1 : l )  
( 7 : 3 )  

0 . 7  1 .0  

0 .1  0 . 2  

0 0.1 

0 0.1 
_- - -. _ _  __ 

f 

1.5 

3.1  

i n s o l u b l e  i n  me thano l  

d = Methano l /wa te r  ( 1 9 : l )  

f i c a n t l y  l a r g e r  r e t e n t i o n  compared w i t h  t h e  complexes  h a v i n g  

me thy l -  and c h l o r o - g r o u p s .  The r e t e n t i o n  of t h e s e  complexes  

i n  a l l  p h a s e  s y s t e m s  s t u d i e d  i s  v e r y  small .  I n  r e v e r s e d  p h a s e  

I,C t h e  e l u t i o n  o r d e r  i s  e x a c t l y  r e v e r s e d  as can b e  seen from 

t a b l e  8 and f i g .  3a and 3b .  

V-ar_i-at l2cEf s o l v e n t  s t r e n g t h  i n  r e v e r s e d  p h a s e  LC 

I n  r e v e r s e d  phase  chromatography t h e  s o l v e n t  s t r e n g t h  of 

t h e  m o b i l e  p h a s e  can be  v a r i e d  by means o f  t h e  c o n c e n t r a t i o n  

o f  t h e  o r g a n i c  s o l v e n t  i n  t h e  m o b i l e  p h a s e .  An increase i n  

t h e  c o n c e n t r a t i o n  o f  t h e  o r g a n i c  s o l v e n t  r e s u l t s  i n  a d e c r e a s e  

of t h e  r e t e n t i o n .  I t  h a s  been  f r e q u e n t l y  shown t h a t  t h e r e  is 

a l i n e a r  r e l a t i o n s h i p  between t h e  o r g a n i c  s o l v e n t  c o n c e n t r a -  

t i o n  o f  t h e  m o b i l e  phase  and t h e  l o g a r i t h m  o f  t h e  c a p a c i t y  

r a t i o ( 3 g ) .  T h i s  w a s  i n v e s t i g a t e d  w i t h  d i f f e r e n t  amounts o f  

THF i n  t h e  m o b i l e  p h a s e  f o r  some o f  t h e  complexes  u s e d  i n  

t h i s  s t u d y .  The r e s u l t s  are shown i n  f i g .  4 ,  t o g e t h e r  w i t h  
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778 CAST AND URAAK 

4 

1 I 

- 
0 2 4 MIN 

F i g u r e  3 . :  S e p a r a t i o n  of t e s t  m i x t u r e  of t e t r a - a z a - d i e n e  
n i c k e l  complexes us ing  r e v e r s e d  phase  ( a )  and normal phase  
chromatography ( b ) .  Peak numbers c o r r e s p o n d  t o  t a b l e  7 .  
a )  Column, 150 x 4 . 6  mm. I . D . ;  s t a t .  p h a s e ,  C18-bonded;  
mob. phase,  707 ( v / v )  THF in w a t e r ;  detection, 250 nm. 
b)  Column, 150 x 3 mm L . D . ;  s t a t .  phase, s i l i c a ;  mob. phase, 
252 ( v / v )  THI: i n  n- l ieptsne;  d e t e c t i o n ,  250 nm. 

t h e  r e s u l t s  o b t a i n e d  f o r  t o l u e n e ,  a compound which was found 

t o  obey  t h i s  r e l a t i o n s h i p  . ( 4 0 )  

The c h r o m a t o g r a p h i c  b e h a v i o u r  of  t h e  r u t h e n i u m  and i r o n  

4 c a r b o n y l  complexes i s  f a i r l y  s i m i l a r .  H U ~ ( C O ) ~ ~  and Ru2(CO) 

( i s o - p r o p y l  DAB)2 do  n o t  obey t h e  l i n e a r  r e l a t i o n s h i p  be tween  

l o g K  and t h e  THF c o n c e n t r a t i o n  i n  t h e  m o b i l e  p h a s e .  A d i s -  

t i n c t  d i f f e r e n c e  i n  t h e  s l o p e  o b t a i n e d  f o r  t h e  n i c k e l - b i s  

( t e t r a - a z a - d i e n e )  complex compared t o  t h e  r u t h e n i u m  and i r o n  

c a r b o n y l  complexes can be o b s e r v e d .  I n  t h e  case of t o l u e n e  t h e  

i n f l u e n c e  o f  t h e  THF c o n c e n t r a t i o n  on  t h e  c a p a c i t y  f a c t o r  i s  

c l e a r l y  d i f f e r e n t .  These r e s u l t s  show t h a t  f o r  similar com- 
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t 

I I 1 I 

60 65 7 0  75 80 
% THF 

F i g u r e  4.  E f f e c t  o f  t h e  THF c o n c e n t r a t i o n  on t h e  c a p a c i t y  r a t i o  
of v a r i o u s  complexes  and of t o l u e n e .  Column, 150 x 4 . 6  mm I . D . ;  
s t a t .  p h a s e ,  C!8-honded; mob. phase ,  THF in Water; = Ru (CO)12,  

= Ku2(CO)4 ( i s o - p r o p y l  DAB)2, 

= t o l u e n e  

= Ru2(C0)6 ( t . - b u t y l  D i d ) ,  
= Fe2(C0)6  ( t . - b u t y l  DAB), = Ni[(4-MeC6H4)2N4]2, 

p l e x e s  ( e . g .  t h e  r u t h e n i u m  a n d  i r o n  c a r b o n y l  c o m p l e x e s )  a 

p a r a l l e l  dependence  of t h e  c a p a c i t y  f a c t o r  on  t h e  o r g a n i c  

m o d i f i e r  c o n t e n t  is found. T h i s  i n d i c a t e s  t h a t  f rom t h e  re- 

t e n t i o n  d a t a  o f  s imi l a r  complexes  t h e  r e t e n t i o n  o f  o t h e r ,  

c o r r e s p o n d i n g ,  complexes  can  b e  p r e d i c t e d .  

CONCLUSION 

I n  norma l  p h a s e  LC t h e  r e t e n t i o n  b e h a v i o u r  of t h e  o rgano-  

me ta l l i c  complexes  s t u d i e d ,  a p p e a r s  t o  depend  s t r o n g l y  on  t h e  
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t y p c  of meta l  atom p r e s e n t  and  a l s o  on  t h e  t y p e  o f  p o l a r  s u b -  

s t i t u e n t s  i n  t h e  l i g a n d s .  D i f f e r e n c e s  i n  t h e  a l k y l g r o u p s  on  

t h e  l i g a n d s  h a v e  less i n f l u e n c e  on  t h e  r e t e n t i o n .  Some r u t h c -  

nium c a r b o n y l  complexes  show a s t r o n g  i n t e r a c t i o n  w i t h  s i l i c a .  

The u s e  o f  CN- and  d i o l - b o n d e d  s t a t i o n a r y  p h a s e s  a p p e a r s  t o  b e  

a d v a n t a g e o u s  t o  c l u t c  t h e s e  c o m p l c x c s ,  which  arc  n o t  r e c o v e r e d  

f rom u n m o d i f i e d  s i l i c a .  U n f o r t u n a t e l y  t h e  r e t e n t i o n  on t h e s e  

bonded p h a s e s  i s  s m a l l  f o r  t h e  c o n s i d c r e d  complexes  and  t h i s  

l i m i t s  t h e  a p p l i c a t i o n .  I n  t h i s  r e s p e c t .  v e r y  n o n p o l a r  s o l v e n t s ,  

l i k c  p e r f l u o r o a l k a n c s ,  migh t  b e  u s e d  to  o b t a i n  a l a r g c r  r c t e n -  

t i o n .  Rcmarkablc  s e l e c t i v i t y  d i f f e r e n c e s  f o r  t h c  CN-bonded 

p h a s e  compared t o  s i l i c a  and  t h e  d i o l - b o n d e d  p h a s e  h a v e  n o t  

been  o b s e r v e d  f o r  t h e  complexes  u s e d  i n  t h i s  s t u d y .  

I n  r c v e r s e d  p h a s e  LC t h e  r c t e n t i o n  o f  t h e  o r g a n o m e t a l l i c  

complexes  is  marked ly  i n f l u e n c e d  by p o l a r  and  n o n - p o l a r  

g r o u p s  on t h e  l i g a n d  as w e l l  a s  by t h e  t y p e  of metal  a t o r  

p r c s c n t .  C o r r c s p o n d i n g  r u t h e n i u m  and i r o n  c a r b o n y l  com- 

p l e x e s  showed a s i m i l a r  dependence  o f  t h c  c a p a c i t y  f a c t o r  

on t h e  o r g a n i c  m o d i f i e r  c o n t e n t .  However,  t h e  c h a n g e s  i n  selec- 

t i v i t y ,  r e s u l t i n g  f rom t h c  use of THF or  m e t h a n o l  as t h e  o r g a -  

n i c  m o d i f i e r  i n  t h e  m o b i l e  p h a s e ,  c a n n o t  b e  summar izcd  i n  

g c n c r a l  r u l e s .  

The r e s u l t s ,  o b t a i n e d  f o r  t h e  o r g a n o m e t a l l i c  complexes  u s e d  

i n  t h i s  s t u d y ,  a r e  i n  a c c o r d a n c c  w i t h  t h c  t r c n d s  commonly 

found  i n  l i q u i d  ch romatography  for less complex  m o l e c u l e s .  

The a u t h o r s  are i n d e b t e d  t o  D r s .  L . H .  S t a a l  f o r  h i s  c n t h o u -  

s i a s t i c  s u p p o r t  d u r i n g  t h i s  work .  The o r g a n o m e t a l l i c  complexes 

s t u d i e d  werc g i v e n  by D r s .  L . H .  S t a a l  a n d  Drs. P.  Overbosch  

f rom the L a b o r a t o r y  f o r  I n o r g a n i c  C h e m i s t r y  o f  t h e  U n i v e r s i t y  

of Amsterdam. 

The a u t h o r s  t h a n k  P r o f .  G .  den  Boef and  P r o f .  K. Vrieze for 

t h e i r  s t i m u l a t i n g  d i s c u s s i o n s  d u r i n g  t h e  p r e p a r a t i o n  o f  t h e  
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manuscript and Mr. F .  Smedes and hlrs. S. Heernstra f o r  their 

practical assistance. 
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