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Fig. 1 Five MgCl, models

(a) : perfect MgCL,(110) surface; (b): perfect MgCl,(110) surface; (c): defect MgCl,(110) surface with one Cl atom vacancy;

(d) : defect MgCl,(110) surface with two Cl atoms vacancy; (e) : defect MgCl,(110) surface with one MgCl, molecule vacancy



90 7 A (1

430 &

2 #ERE5IR

2.1 DNBP 4 FEMKHIEER

K FH TINKER 737 % DNBP 4 J5j 822, #ERT 8
min 133 1 023 R ] GEAFEMIM S, X 5 BRI 4
(IBE A2 /N T 10 k/mol (253647 T DFT JL{Af

& 1 "E#3% DNBP

Ak, HIBRE L AEIE A5, TRk 15 . )
T IR SRR RS &, BE AT B sk 5
BA R ARRE R 3 4540, X Re e m TRk ok
DNBP fy R X} Re it M LT S48 WL5% 1. DNBP
F9% K E0A] L4y S 4n DNBP_001 Jf 7R 9 s-Jli . J2
3, FI 41 DNBP _002 ff 7R 4 s - I i X 44 52 7 2K

KBS BRI ERE

Table 1 Total energies of various conformational DNBP, the distance between two carbonyl oxygen atoms,

and that between two ether oxygen atoms

Conformer AE/(kJ/mol) d1/( X) 2/( X) B3/ A) Conformation
DNBP_001 0.0 3.37 4.36 2.64 s -cis, trans
DNBP_002 0.5 5.24 2.77 2.98 s -cis, cis
DNBP_003 0.7 3.58 3.98 2.61 s -cis, trans
DNBP_004 0.9 5.24 2.78 2.82 s -cis, cis
DNBP_005 1.6 3.79 3.82 3.30 s -cis, trans
DNBP_006 2.2 5.26 2.84 4.37 s -cis, cis
DNBP_007 2.4 5.28 2.76 3.93 s -cis, cis
DNBP_008 2.5 3.96 3.56 2.75 s -cis, trans
DNBP_009 3.1 5.22 2.81 2.72 s -cis, cis
DNBP_010 4.7 5.24 2.80 2.77 s -cis, cis
DNBP_011 5.2 5.26 2.84 4.29 s -cis, cis
DNBP_012 5.6 5.26 2.84 4.59 s -cis, cis
DNBP_013 7.3 3.79 3.74 2.58 s -cis, trans
DNBP_014 8.3 3.78 3.74 2.56 s -cis, trans
DNBP_015 9.3 5.44 2.73 5.07 s -cis, cis

dl: The distance between the two carbonyl oxygen atoms; d2: The distance between two ether oxygen atoms; d3: The nearest dis-

tance between the carbonyl oxygen atom in one side chain and the hydrogen atom in the other side chain
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Fig. 3 Three different adsorption modes of the donor DNBP on the MgCl,(110) surface



22 G T M 930 %
% 2 REMIR i) DNBP 76 & AL 6 R ER B SRR M 77 SO 68 (KJ/mol )
Table 2 Adsorption energies of DNBP donors on various MgCl, surface models (in kJ/mol)
perfect MgCL,(110) perfect MgCL,(100) defect MgCl,(110)
B C M B M (c) (d) (e)
DNBP_001 -224.9 -225.8 -199.5 -218.4 -169.5 -334.8 -265.9 —-134.7
DNBP_002 -222.5 = = -221.7 -177.9 -323.1 -225.9 -127.8

a. The adsorption mode was not existed.
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Fig. 6 Propylene insertion modes on active site
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Table 3 Energies of coordination, transition states and products of propylene insertion on ACT-0, ACT-1, ACT-2

active sites (in kJ/mol)

Active sites Pathway E(re) E(ts) E(pr) AE(ts-re)
ACT-0 1,2-re -57.9 -13.3 -90.7 44.7
1,2-si -60.3 -16.1 -111.9 44.2
2,1-re -59.0 -6.7 -125.7 52.2
2,1-si -56.5 -2.5 -124.7 54.0
ACT-1 1,2-re -58.1 -13.5 -115.0 44.6
1,2-si -63.1 -19.0 -112.8 44.1
2,1-re -61.8 -10.4 -125.7 51.4
2,1-si -59.1 -3.0 -124.9 56.1
ACT-2 1,2-re -56.1 -10.9 -106. 1 45.1
1,2-si -46.2 -14.0 -114.3 32.3
2,1-re -57.0 9.7 -108.0 66.7
2,1-si -57.4 9.4 -126.8 66. 8
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RGP O HE R =S T A RHAE A 1,281, 2,
L-re BCOZAS 5, SPECL,2-re 2, 1-si FCALAY REEEAH XY
B2 [FF, 1,240 AL 2, 14 A ROV BE 22°F-
Ik 8 kJ/mol, Ui W] JC 45 AL 1 A A7 1 F, MgCl,
(110) A b AP RO RER I R4 A X I3k
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Conformational Analysis of Donor DNBP in
Ziegler-Natta Propylene Polymerization

WANG Ting-ting, CHENG Rui-hua® , LIU Zhen, LIU Bo-ping

(Laboratory of Chemical Engineering, China Shanghai key laboratory of Multiphase Materials Chemical
Engineering , East China University of Science and Technology, Shanghai 200237, China)

Abstract: A combination method of TINKER and DFT structure was firstly optimized for the conformational sear-
ches of di-n-butyl phthalate (DNBP) , which is a commercial electron donor in Ziegler-Natta catalyst for the propyl-
ene polymerization. 1 023 DNBP conformations were quickly found, suggesting it is an effective method to reduce
the blindness and randomness in the initial modeling. Geometry optimization of various conformations, as well as
the interaction between DNBP and MgCl, support and the effect of DNBP on the propylene enantioselective insertion
have been studied by DFT method. The results indicated that the conformation played an important role on the ab-
sorption of DNBP on MgCl, surface. The s- cis, trans conformation adsorbed on MgCl,(110) surface in the mono-
dentate , bridge and chelate modes, while the s-cis, cis one only adsorb in the bridge mode. The defective site with
more stable adsorption of TiCl, than that of DNBP might be the active center. DNBP adsorption with bridge mode
on the vicinal position of Ti could effectively transform the atactic active site into the isotactic one. However, when
DNBP adsorbed in the chelate mode, the isospecificity and regioselectivity of catalyst could not be improved.

Key words: density functional theory ( DFT) ; electron donor; Ziegler-Natta; conformational analysis; enantiose-

lectivity
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