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CATALYTIC ACTIVITY OF POLY MER-SUPPORTED 
NEODYMIUM COMPLEXES IN THE POLYMERIZATION OF 
BUTADIENE 

YU-LIANG LI,* GUANG-DON LIU, and GUANG-QIAN W 

Changchun Institute of Applied Chemistry 
Academia Sinica 
Changchun, Jilin, China 

ABSTRACT 

The IR spectra of neodymium complexes supported on styrene-acrylic 
acid copolymer were investigated. The complexes possess a bidentate 
carboxylate structure, and the Nd-0 bond in the complexes is highly 
covalent. The effect of the nature and constitution of the supported 
neodymium complexes on their activity in butadiene polymerization 
was studied. The copolymer was prepared in THF or dioxane was 
better for the synthesis of highly active supported complexes. Polymer- 
supported neodymium complexes containing about 12 wt% of -COOH 
gave optimum catalytic activity at a Nd/~-COOH mole ratio of 0.20. 

INTRODUCTION 

Since 1980 we [ 1-51 have reported on polymer-supported metal (Ln, Fe) 
catalysts which possess good catalytic activity and stereospecificity for the 
polymerization of conjugated dienes. I t  is well known that the efficiency of 
the catalyst active center is influenced by the nature and the valence state of 
the transition metal, the type of ligands attached to the transition metal, the 
type of organometallic compound, and the catalyst morphology. The ability 
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to manipulate these parameters effectively has led to the successful develop- 
ment of new, more highly active catalysts. In comparison with low molecular 
weight metal catalysts, the environment of the metallic ions in the active cen- 
ters of polymer-metal catalysts is influenced by the polymer ligand, so that 
the latter catalyst is different in nature and efficiency from that of the former. 
We have synthesized neodymium complexes with styrene-acrylic acid copolymer 
as the ligand and studied the nature of the complexes, the constitution, and the 
relationship between them and their activity in the butadiene polymerization. 

E XPER IM ENTAL 

Materials 

Chemically pure grade benzyl chloride was distilled before use. Analytically 
pure grade toluene was refluxed with K-Na alloy and distilled before use. Com- 
mercially pure grade hexane was dried over active alumina for a week. Neo- 
dymium chloride (NdC13 *6H2 0) and anhydrous neodymium acetate were pre- 
pared according to the literature [6, 71 . Triisobutylaluminum, triethylalumi- 
num, and diethylaluminum chloride were obtained from Fluka AG. Butadiene 
was dried over active alumina before use. Styrene-acrylic acid copolymer 
(SAAC) was prepared according to methods A [8] and B [9]. In Method A, 
the copolymerization of styrene and acrylic acid in bulk was carried out at 
60°C. In Method B, styrene was copolymerized with acrylic acid in electron- 
donor solvents at 40°C. The initiator used was azobisisohtyronitrile. Ethylene- 
acrylic acid copolymer (EAAC) was obtained from Polysciences, Inc., Warring- 
ton, Pennsylvania, U.S.A. 

Preparation of Neodymium Complexes Supported on 
Styrene-Acrylic Acid Copolymer (SAAC- Nd) 

A solution of neodymium chloride in methanol was added to a solution of 
SAAC in methyl ethyl ketone (MEK) at room temperature. Then a solution 
of ammonium hydroxide in MEK was added dropwise into the mixture with 
stirring. After this, the reaction system was allowed to stand for 1 h. The 
product, which was insoluble in the reaction medium, was filtered out imme- 
diately, washed with distilled water until no chloride ion could be detected in 
the filtrate, and dried under vacuum at 60°C for 48 h. 
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Preparation of Neodymium Complexes Supported on 
Ethylene-Acrylic Acid Copolymer (EAAC. Nd) 

solution of neodymium chloride in methanol was added to this solution, and 
then the solution of ammonium hydroxide in THF was added dropwise with 
stirring. The reaction mixture was immediately poured into methanol, filtered 
off, washed withmethanol to the absence of C1-, and dried under vacuum at 
40°C for 24 h. 

Polymer-supported neodymium complexes with different contents of Nd 
were prepared by changing the Nd/-COOH ratio. The amount of Nd in the 
complexes was determined by complexometric titration after ignition. The 
IR absorption spectra of the supports and their neodymium complexes were 
taken in KBr pellets with a Perkin-Elmer infrared spectrophotometer. 

EAAC was dissolved in THF-chlorobenzene (3: 1) by heating at 64°C. A 

Polymerization Procedure and Analysis of Polymer 

The polymerization was carried out in 50-mL ampules under Ar. Moisture 
and air were carefully excluded from all the polymerization processes. The 
polymerization was terminated by adding an ethanol solution containing 
phenyl-knaphthylamine. The polymer obtained was precipitated with an 
excess of ethanol and dried under vacuum below 40°C to constant weight. 

The intrinsic viscosity [17] and the microstructure of the polymers ob- 
tained were determined according to a previously reported method [5]. 

RESULTS AND DISCUSSION 

Characteristics of Polymer-Supported Neodymium Complexes 

Since elemental analysis of the reaction products of the supports (SAAC, 
EAAC) with NdC13 showed the absence of C1-, we concluded that the chlo- 
rine in NdC13 had been exchanged by the carboxyl groups in the support 
to form macromolecular carboxylate complexes with Nd as the crosslinking 
point. 

The IR spectra of SAAC-Nd and EAAC-Nd (Fig. l a  and lb) show that 
new bands appear at 1550 and 1540 cm-' as well as at 1426 and 1420 cm-', 
which represent antisymmetric and symmetric stretching vibrations of 
-COO- groups due to the formation of the complexes. These are similar 
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FIG. 1. IR absorption spectra of polymer supports and their metal com- 
plexes. 
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to those of low molecular weight rare-earth carboxylate complexes. There 
are two possible structures of the rare earth complexes with carboxylic acids 
[ 10-141 : 

Two bands, v,,(COO-) and v,(COO-), which are close to each other, corre- 
spond to bidentate bonding (b), whereas those more distant are due to mono- 
dentate bonding (a). It is well known that an increase in covalency of the 
metal-oxygen bonds is always accompanied by an increase in v,(COO-) and 
a decrease in vas(COO-). From the data in Table 1, we can infer that the 
polymer-supported neodymium complexes possess the bidentate carboxylate 
structure and that the metal-oxygen bonds in the complexes are highly co- 
valent. 

One of the requirements for the formation of the active center is the halo- 
genation of rare earth ions by exchange between C1 in alkylaluminum halide 
and carboxylate for the rare-earth ternary systems used in the polymerization 
of conjugated dienes [ 15-17]. The covalency of the metal-oxygen bond in 
the support complex makes the exchange reaction easier. This point is fully 
proved by the higher catalytic activity of the complexes in butadiene polym- 
erization (Table 2). Based on the investigation of IR spectra about rare-earth 
propionate, Petrov and coworkers [ 181 pointed out that the nature of the 
Ln-0 bond did not change essentially from acetate to propionate, and the 
covalency of the bond was not high. The data in Table 2 demonstrate that neo- 
dymium acetate gave low catalytic activity. It is quite evident that the lower 
catalytic activity is related to the low covalency of the Nd-0 bond in neody- 
mium acetate. The polymer-supported neodymium complex catalysts retain the 
characteristics of low molecular weight rare-earth catalysts, so the polybutadiene 
obtained has a higher cis-l,4 content. 

Effects of the Constitution on the Catalytic Activity 
of Polymer-Supported Neodymium Complexes 

In order to find out the relations between the constitution and the catalytic 
activity of polymer-supported neodymium complexes, three groups of SAAC 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
5
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



TA
BL

E 
1.

 V
ib

ra
tio

n 
Fr

eq
ue

nc
ie

s v
as

(C
O

O
-) 

an
d 

vs
(C

0O
-) 

fo
r P

ol
ym

er
-S

up
po

rt
ed

 C
om

pl
ex

es
 w

ith
 S

od
iu

m
 an

d 
N

eo
dy

m
iu

m
 

SA
A

C
 

EA
A

C
 

C
om

po
un

d 

So
di

um
 s

al
t 

C
om

pl
ex

 w
ith

 n
eo

dy
m

iu
m

 
15

50
 

14
26

 
12

4 
15

40
 

14
20

 
12

0 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
5
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



TA
B

LE
 2

. 
Ef

fe
ct

 o
f V

ar
io

us
 N

eo
dy

m
iu

m
 C

om
pl

ex
es

 o
n 

th
e 

Po
ly

m
er

iz
at

io
n 

of
 B

ut
ad

ie
ne

a 

M
ic

ro
st

ru
ct

ur
e,

 %
 

N
d/

B
d,

 
C

l/N
d,

 
A

l/N
d,

 
Co

nv
er

si
on

, 
Ca

ta
ly

st
 s

ys
te

m
 

pm
ol

/g
 

m
ol

 ra
tio

 
m

ol
 ra

tio
 

%
 

[
Q
]
,
 dL

/g
 

ci
s-

1,
4 

tr
an

s-
1,

4 
1,

2 

SA
A

C-
N

d-
Ph

CH
2 C

1- 
0.

2 
3.

5 
20

0 
88

 
8.

5 
98

.6
 

0.
9 

0.
5 

0.
3 

3.
5 

20
0 

94
 

6.
3 

98
.6

 
0.

9 
0.

5 

0.
3 

3.
5 

10
0 

82
 

9.
4 

98
.5

 
0.

8 
0.

7 

A
l(i

-C
4H

g)
3 

SA
A

C 
‘N

d-
Ph

CH
2 

C1
- 

0.
3 

3.
5 

20
0 

78
 

6.
5 

98
.2

 
1 .o

 
0.

8 
A

1(
C

2H
5)

3 

SA
A

C.
N

d-
Ph

CH
2 

C1
- 

0.
3 

3.
5 

20
0 

66
 

4.
9 

98
.1

 
1 .o

 
0.

9 
A

l(i
-C

qH
g)

Z 
H

 

EA
A

C 
* N

d-
A

l(C
 2 

H
 5 )

2 
C 1

- 
0.

3 
3 

20
0 

96
 

98
.6

 
1.

1 
0.

3 
0.

6 
3 

10
0 

85
 

5.
3 

98
.1

 
1.

2 
0.

7 
A

l(i
-C

4 H
9)

3 

N
d(

CH
3C

O
O

),-
 

0.
6 

3 
10

0 
4 

6.
2 

98
.7

 
1.

0 
0.

3 
A

l(C
2 H

5)
2 

C1
- 

A
l(i

-C
4 H

g)
3 

-
 

-
 

-
 

N
d(

 C
H

3 C
 0
0)

3 -
 

0.
6 

3 
10

0 
2 

- 
Ph

CH
 2 C

 1-
A

l(i
C4

 H
g )

3 

aP
ol

ym
er

iz
at

io
n 

co
nd

iti
on

s:
 m

on
om

er
 c

on
ce

nt
ra

tio
n,

 1
0 

g/
 1

00
 m

L
 h

ex
an

e;
 ca

ta
ly

st
 a

gi
ng

 c
on

ce
nt

ra
tio

n,
 1

0 
pm

ol
/m

L 
to

lu
en

e;
 5

0°
C

; 6
 h

. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
5
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



TA
BL

E 
3.

 R
el

at
io

ns
hi

p 
be

tw
ee

n 
SA

A
CO

N
d 

Pr
op

er
tie

s a
nd

 C
at

al
yt

ic
 A

ct
iv

ity
a 

z h
) 

Q
ua

nt
ity

 o
f b

ou
nd

 m
et

al
 

Fu
nc

tio
na

l g
ro

up
s 

Sy
nt

he
tic

 m
et

ho
d 

m
ol

/m
ol

 o
f 

C
on

ve
rs

io
n 

of
 

R
un

 n
o.

 
fo

r S
A

A
C 

w
t%

 
m

m
ol

/g
 

m
m

ol
/g

 
fu

nc
tio

na
l g

ro
up

 
bu

ta
di

en
e,

 %
 

74
 

73
 

72
 

71
 

82
 

81
 

83
 

85
 

95
 

94
 

93
 

92
 

17
 

18
 

19
 

A 
8.

8 
1.

96
 

0.
37

 

0.
50

 

0.
57

 

0.
63

 

11
.5

 
2.

55
 

0.
45

 

0.
60

 

0.
73

 

0.
80

 

15
.9

 
3.

54
 

0.
45

 

0.
60

 

0.
67

 

1.
00

 

B 
(s

ol
ve

nt
, 

9.
3 

2.
07

 
0.

37
 

0.
49

 

0.
64

 

di
ox

an
e)

 

0.
19

 

0.
26

 

0.
29

 

0.
32

 

0.
18

 

0.
24

 

0.
29

 

0.
3 1

 

0.
13

 

0.
17

 

0.
19

 

0.
28

 

0.
18

 

0.
24

 

0.
3 1

 

84
 

82
 

76
 

60
 

87
 

80
 

72
 

64
 

31
 

64
 

78
 

48
 

92
 

90
 

82
 

<
 

t
 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
5
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



20
2 

11
.9

 

20
3 

20
4 

20
5 

21
4 

15
.2

 

21
3 

21
2 

16
 1 

B 
(s

ol
ve

nt
, T

H
F)

 
8.

6 

16
2 

16
3 

27
2 

12
.0

 

27
3 

27
4 

18
1 

16
.6

 

18
2 

18
3 

2.
65

 
0.

52
 

0.
6 

1 

0.
69

 

0.
85

 

3.
38

 
0.

57
 

0.
76

 

0.
83

 

1.
92

 
0.

3 
1 

0.
39

 

0.
62

 

2.
67

 
0.

51
 

0.
6 

1 

0.
78

 

3.
68

 
0.

65
 

0.
74

 

0.
91

 

0.
20

 

0.
23

 

0.
26

 

0.
32

 

0.
17

 

0.
23

 

0.
25

 

0.
16

 

0.
20

 

0.
32

 

0.
19

 

0.
23

 

0.
29

 

0.
18

 

0.
20

 

0.
25

 

94
 

92
 

85
 

62
 

84
 

80
 

76
 

74
 

90
 

60
 

94
 

90
 

82
 

58
 

74
 

54
 

aP
ol

ym
er

iz
at

io
n 

co
nd

it
io

ns
: 

m
on

om
er

 c
on

ce
nt

ra
ti

on
, 

10
 g

/ 1
00

 m
L

 h
ex

an
e;

 N
d/

B
d 

0.
3 

,u
m

ol
/g

; t
hi

rd
 c

om
- 

po
ne

nt
, P

hC
H

zC
1;

 C
l/N

d 
(m

ol
e 

ra
ti

o)
 =

 3
.5

; c
oc

at
al

ys
t, 

A
l(

i-
C

4H
9)

3 ;
 A

l/
N

d 
(m

ol
e 

ra
ti

o)
 =

 2
00

; c
at

al
ys

t 
ag

in
g 

co
nc

en
tr

at
io

n,
 1

0 
pm

ol
/m

L
 t

ol
ue

ne
; 5

O
oC

; 6
 h

. 
5 0
 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
5
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



414 LI, LIU, AND YU 

TABLE 4. Relationship between EAAC-Nd Properties and Catalytic Activitya 

Quantity of bound metal 
Functional groups mol/mol of Conversion of 

Runno. wt% mrnol/g nimol/g functional group butadiene, % 

141 11.4 2.53 0.14 0.06 35 

142 0.39 0.15 50 

143 0.44 0.17 85 

144 0.69 0.27 57 

‘Polymerization conditions: monomer concentration, 10 g/ 100 mL hexane; 
Nd/Bd = 0.6 pmol/g; third component, A1(C2H5)261, Cl/Nd (mole ratio) = 3;  
cocatalyst, Al(i-C4H9)3 ; Al/Nd (mole ratio) = 100; catalyst aging concentration, 
10 pmol/mL toluene; 5OoC; 6 h. 

were synthesized by the two different methods and different contents of 
-COOH. It is clear from the results in Table 3 that no matter whether Method 
A or B was used in the synthesis of SAAC, as long as the Nd/-COOH mole 
ratio in the SAAC-Nd was about 0.20, the catalytic activity was optimum. 
This may indicate that the environment of the neodymium ions in SAACSNd 
is favorable for the formation of the active centers with the third component 
(alkyl chloride or aluminum alkyl halide) and alkyl aluminum. Among the 
three groups, the one with intermediate content of functional groups (about 
12 wt%) has higher activity than the one with a higher functional group con- 
tent (about 16 wt%). At the higher content of functional groups, even if the 
Nd/-COOH molar ratio was 0.20, the activity was not as good as that of the 
one with low content. 

Obviously, for the higher content of functional groups, we must increase 
the content of bound neodymium (see Runs 93,82, 74; 182,272, 162; 214, 
202, 17) in order to maintain the ratio of neodymium and functional group 
content at 0.20. It is evident that the increase in the bound neodymium in- 
creases the amount of Nd per unit support volume, and a portion of the Nd 
is embedded, while only the Nd metal on the surface will be active, as usually 
occurs in heterogeneous catalysts. When SAAC was prepared in the presence 
of either THF or dioxane, the neodymium complexes had higher activity. 

EAAC-Nd also shows a similar regularity in butadiene polymerization 
(Table 4). At high catalytic activity the Nd/-COOH molar ratio was 0.17, 
i.e., nearly 0.20. As the Nd content in EAAC-Nd increases, the catalytic 
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activity reaches a maximum value. When the neodymium content is much 
higher, the neodymium function cannot have its full catalytic effect, as has 
been discussed briefly above. At much lower Nd content, the amount of Nd 
per unit support volume is very low, and the active centers formed are smaller, 
so that the activity is low. 
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