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DFT Study on the Double Bond Rearrangement Mechanism of
cis-2-Butene Catalyzed by 3T Cluster Model of Zeolite
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(State Key Laboratory of Chemical Resource Engineering, Beijing University of Chemical Technology, Beijing 100029)

Abstract Using density functional theory, the rearrangement of butene double bond catalyzed by a 3T
cluster model of zeolite was investigated. At the B3LY P/6-31G(d,p) level, the complete geometry optimiza-
tion and the activation energy calculation were performed. It was found that the OH group of acidic site of
zeolite adsorbed the double bond of 1-butene with formation of a m-complex, then the side C atom of the
double bond of butene drew this proton simultaneously, and the neighboring O atom of the cluster abstracted
a hydrogen atom from the butene to yield adsorbed cis-2-butene, lastly restoring the zeolite active site. The
whole reaction process showed a concerted mechanism. The calculated apparent activation barrier was 55.9

kJmol in agreement with experimental data.
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Figure 1 Structure models of 1-butene, cis-2-butene and 3T
cluster
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Figure 2 Structure of supermolecule of 1-butene, cis-2-butene
with 3T and transition state
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Tablel Geometry parameters of reactants, products and transition state [bond length: nm and bond angle: (°)]

1-Butene 3T Bl TS B2 2-Butene
C(1)—C(2 0.13329 0.13420 0.14190 0.15018 0.15086
C(2—C(~3) 0.15045 0.15044 0.14221 0.13467 0.13370
C(3)—C(4) 0.15378 0.15292 0.15267 0.15039 0.15086
C(1)—H(5) 0.21533 0.12197 0.10978 0.10976
C(2—H(5) 0.22536 0.2042 0.21481 0.21683
C(2—H(6) 0.21355 0.21162 0.19779 0.21731
C(3—H(6) 0.10996 0.10998 0.12099 0.2198
C(1)—C(2—C((3) 1254 127.1 127.1 128.3 124.6
C(2—C(3)—C(4) 112.8 116.0 1205 127.6 124.6
C(1)—C(2)—C(3)—C(4) —119.4 —39 —26.5 —24 0.0
H(5)—O0(7) 0.09852 0.15065 0.24433
H(6)—O0(11) 0.09657 0.24362 0.15472 0.09858
O(7)—Si(8) 0.1684 0.17489 0.17005 0.16841
O(7)—AIl(10) 0.17654 0.1955 0.18467 0.17738
Si(8—0(9) 0.16848 0.17779 0.17827 0.17655
0O(9)—AI(10) 0.17597 0.16293 0.16536 0.16798
O(11)—AI(10) 0.19854 0.17738 0.1842 0.19522
0O(11)—Si(12) 0.17591 0.16849 0.16992 0.17466
O(13)—Si(12) 0.16264 0.16792 0.16556 0.16294
O(13)—AlI(10) 0.17762 0.17656 0.17795 0.17783
Si(8—0(7)—AlI(10) 88.5 88.9 88.6 88.6
O(7)—AI(10)—0(11) 88.5 113.3 111.9 112.9
O(7)—AI(10)—0(13)—0(11) —108.1 —115.9 —1139 —111.97
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Table 2 Energies (in Hartree) of the reactants, transition state
0.214 and products at the B3LY P/6-31G(d,p)
£ ] SO HE-m E E+ZPE
é 015 C(1)-C2) 1-Butene —157.232790 —157.124128
A cis-2-Butene —157.233280 —157.125845
0.12+ C2-03) 3Th 1125634849  —112557021
0.09 B1 —1282.882241 —1282.707218
'3 '2 -ll (') i é é B2 —1282.886227 —1282.711688
o tamu"™boh] TS —1282.841029  —1282.672038
1-Butene+3T —1282.867638 —1282.694338
B 4 Y IRC S M) 3 2 R - [ R A A4 cis-2-Butene+3T  —1282.868129 —1282.696055

Figure 4 Changes of the main interatomic distances along the
IRC
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Figure 5 B3LYP/6-31G(d,p) potential energy profile for the
double bond isomerization of 1-butene to cis-2-butene
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ZPE: zero point energy (in Hartree).
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