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Abstract Experimental 

The crystal and molecular structures of NdC13. 
4THF have been determined by the low temperature 
(-60 “C) X-ray diffraction method. NdCl,*4THF 
recrystallizes in the monoclinic space group P2,/c 
with unit cell parameters a= 9.404(4), b = 21.591(5), 
c= 11.751(3) 8, fl= 111.03(3)“, 2~4. The final R 
value is 0.039. Three chlorine atoms and four oxygen 
atoms from THF are coordinated with the central 
Nd(II1) ion to give a pentagonal bipyramid poly- 
hedron with coordination number 7, the average 
Nd-Cl bond length is 2.674 8, and Nd-0 2.498 a. 

Preparation of NdC13-4THF 
Anhydrous NdC13 was dissolved in THF. The 

solution was centrifuged to remove insoluble solid. 
Hexane was added to the clear solution and it was 
kept at a temperature below 0 “C to give a single 
purple crystal. 

Polymerization Procedure 

Reagents 

When combined with aluminum alkyls, NdC13* 
4THF is a highly effective catalyst for the polymeri- 
zation of dienes. 

Relationships between complex structures and 
polymerization activities are discussed and the differ- 
ence in polymerization activities between NdCls and 
NdClas4THF is related to their crystal stabilities. 

Pure butadiene was purchased from Beijing Oil 
Co. Isoprene was freed of inhibitor by distillation and 
stored over active aluminum oxide prior to use. 
Hexane used as the polymerization solvent was 
purified by distilling under nitrogen and storing 
over active aluminum oxide. 

Catalyst preparation 

Introduction 

It is known that when combined with aluminum 
alkyls, NdCl3 is less active for the polymerization of 
dienes. If NdC13 is coordinated with some donors 
(D = ROH [ 11, R3P0 [2] and THF [3]) the polymer- 
ization activities of NdCl,*nD combined with alumi- 
num alkyls will increase greatly. In order to study the 
relationship between polymerization activities and 
molecular structures we have determined the crystal 
structure of NdCl,*4THF. 

Into a predried and N, filled glass tube containing 
several glass beads a weighed quantity of NdClsa4THF 
was placed. A calculated quantity of solvent and 
AlEt, was added. The mixture was then shaken for 
several hours. The resulting suspension could be used 
for polymerization after overnight standing. 

Polymerization procedure 

The crystal structures of NdCls*3i-C3H,0H [4] 
and NdBr,*4THF [5] have already been reported but 
the structure of NdCl,*4THF has not been communi- 
cated as yet. 

Polymerizations were carried out in 50 ml glass 
bottles under Nz atmosphere. The reagents were 
introduced into the bottle in the following order: the 
monomer, the solvent, and finally the catalyst. The 
polymerization reaction proceeded at 50 “C for 5 h 
and terminated by adding an ethanol solution con- 
taining antioxidant. The resulting polymer was 
precipitated with an excess of ethanol and dried to 
a constant weight. The conversion percent was calcu- 
lated based on the quantities of monomers used and 
polymer obtained. 

*Project supported by the Science Fund of the Chinese 
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Polymer characterization 
Infrared spectra of polymer films on NaCl plates 

were recorded on an 580B spectrophotometer. The 
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relative contents of c&1,4-, 1,2- and trfzns-I ,4- 
polybutadiene were calculated by the equation: 

A = 17 667D,,s •t 3673.8D,,r + 474 1 .4D9h7 

cis-1,4 (%) = (17 667D,as/A) X 100 

tram- 1,4 (%) = (474 1.4D,,/A) X 100 

I,2 (%) = (3673.8Dg,,/A) X 100. 

For polyisoprene the contents of cis-1,4 
3,4 structures were calculated by the equations: 

A = -8.82DsW + 704SOD,,,e + 31.66D,, 

_ 7.43Drr30 

and isotropic temperature factors were converged by 
least-square refinement R = 0.1013. After the coordi- 
nates of hydrogen atoms were added according to 
theoretical models, anisotropic temperature factors 
were refined. The structure parameters were further 
refined with blocked-matrix least-squares to a final 
R = 0.039. All calculations were carried out on an 
Eclipse S/250 minicomputer. 

c&l ,4 (%) = (-8.82Ds, + 704.50D,rs0/_4) X 100 

3,4 (%) = (3 1 .66Dss,, - 7.43D,r3,,/A) X 100 

The intrinsic viscosity (Q) of the polymers was 
determined with an Ubbelohde viscositymeter in 
toluene solution at 30 “C. 

Results and Discussion 
and 

Description of the Structure 
The coordinates, bond lengths and angles of non- 

hydrogen atoms are listed in Tables I, II and III. A 
perspective drawing of NdClsa4THF is shown in 

Determination of Crystal Structure 
Because crystals of NdClss4THF are unstable in 

air at room temperature crystal selection was carried 
out on a device made by ourselves under N, at 
-70 “C. A good single crystal was chosen of size 
0.40 X 0.30 X 0.04 mm. 

The low temperature technique was adopted to 
protect the crystal and collect the X-ray diffraction 
data. X-ray diffraction data were collected on Nicolet 
XRD Corporation R3 Four Circle Diffractometer at 
-60 “C under the following conditions: MO Ka (X = 
0.7 10 69 A) radiation, graphite monochromator, scan 
mode 6-28 at the speeds of 6 and 29.3 ‘/min, and 
scan range 4’< 20 < 40”. Two control reflections 
were set and every 61 reflections a detection period 
was undertaken. Data for 2852 reflections were 
measured and 1791 reflections satisfying 12 2.50(Z) 
were accepted as being unique observations. 

From the systematic absences in reflections h01 
for I = 2n + 1 and Ok0 for k = 2n f 1 the space group 
was uniquely determined as monoclinic P2,/c with 
unit cell parameters a = 9.404(4), b = 21.591(S), c = 
11.751(3) A, /I= lll.O3(3)“,Z=4, V=2227(1) A3, 
F(OO0) = 1148(e),p= 27.12 cm-‘. 

The crystal structure was solved by heavy atom 
methods using the SHELXTL programs. Lorentz 
polarization factor corrections have been made for all 
diffraction data. The coordinate parameters of the 
Nd atom were found from the Patterson map. The 
coordinate parameters of the carbon and oxygen 
atoms were obtained by the Fourier iteration tech- 
nique. The coordinates of the non-hydrogen atoms 

Fig. 1. 
The central Nd(II1) ion is bonded with three 

chlorine and four oxygen atoms of the THF mole- 

TABLE I. Atom Coordinates (X104) and 
Factors (A’ x 103) 

Temperature 

Atom x Y Z ua 

Nd 

Cl(l) 
CJ(2) 
Cl(3) 
O(1) 
C(l1) 
C(12) 
C(13) 

C(14) 
O(2) 
C(21) 
C(22) 
C(23) 
C(24) 
O(3) 
C(31) 
C(32) 
C(33) 
C(34) 
O(4) 
C(41) 
~(42) 
C(43) 
C(44) 

3436( 1) 
3212(4) 
4364(4) 

521(4) 
5705(7) 
5841(16) 
7280(16) 
8023( 16) 
7013(14) 
5788(7) 
6870( 14) 
8194(14) 
7843(15) 
6226(15) 
2754(8) 
2745(19) 
2486(20) 

1697(19) 
2005(22) 
2676(7) 
1549( 16) 
1081(16) 
2018(25) 
2806( 19) 

1164(l) 
1039(l) 
1329(l) 
1190(2) 
1823(3) 
2184(7) 
2402(7) 
2324(6) 
1963(7) 
504(3) 
393(6) 
116(6) 

46(7) 
86(7) 
46(3) 

- 368(5) 
- 994(6) 
-865(6) 
-272(6) 
2259(3) 
2470(6) 
3091(6) 
3219(8) 
2704(5) 

2063(l) 
- 248(2) 
4485(2) 
1874(4) 
2170(6) 
1170(11) 
1488(12) 
2797(12) 
3195(11) 
2710(6) 
2083(11) 
2967(12) 
4098( 12) 
3692(12) 
1932(6) 

996(12) 
1411(15) 
2248(17) 
2598(16) 
1571(5) 
441(10) 
667(11) 

1845(12) 
2457( 11) 

43(l) 
80(l) 
75(l) 

ill(2) 

64(3) 
109(7) 
102(8) 

94(7) 
102(8) 

59(3) 
88(6) 
93(7) 

lOl(7) 
105(7) 

57(3) 
106(8) 
120(9) 
129(10) 
146(11) 

52(3) 
90(6) 

97(7) 
218(14) 
lOl(7) 

aEquivalent isotropic ci defined as one third of the trace of 
the orthogonalised U tensor. 

TABLE II. Bond Lengths (A) 

Nd-CI( 1) 
Nd-Cl(3) 
Nd-O(2) 
Nd-O(4) 

2.664( 3) 
2.666(4) 
2.509(7) 
2.485(6) 

Nd-Cl(2) 
Nd-O(1) 
Nd-O(3) 

2.689(3) 
2.530(7) 
2.493(6) 
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TABLE VII. Butadiene Polymerization Using the NdCls* 
4THF-AlEta Systema 

Nd/monomer Conversion (n) Microstructure (%) 
(mol/mol) X 10’ (%) 

(d1’g) cis-1 4 1 2 > > trans-1,4 

4.0 81.3 10.1 96.8 0.5 2.6 
3.0 62.6 14.2 91.4 0.3 2.0 
2.0 44.3 16.2 97.0 0.3 2.7 

aPolymerizations were carried out at 50 “C for 5 h in hexane 
with the monomer concentration initially at 10% (W/V), at 
AlEts/NdCls*4THF (mol/mol) 30%. 

TABLE VIII. Isoprene Polymerization Using the NdCls. 
4THF-AlEta Systema 

Nd/monomer Conversion 
(mol/mol) X 10’ (%) 

(7) Microstructure (%) 

(dl/g) c&l ,4 3,4 

14.0 88.2 4.9 95.4 4.6 
12.0 85.3 5.1 95.5 4.5 

6.0 60.3 7.1 94.8 5.2 

aPolymerization conditions are the same as in Table VII. 

force. Of course, the intermolecular force of NdC13 is 
greater than that of NdCl,*4THF and the crystal of 
NdC13 in non-polar solvent is more stable than that 
of NdCl,*4THF. 
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