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O ABSTRACT 0O

The potential energy surfaces of the internal rotation of 3-halopropene CH, = CH- CH,X
(X = F, CI, Br) were determined by the DFT theory (M06-2X) using the Complete Basis
Set (CBS) Limit Extrapolation Scheme ccpVXZ; where X = D, T, Q. The optimization
geometry of the molecules was obtained using the level of theory M06-2X/6-31g(d). The
calculated potential energy curves in this research were compared with experimental and
theoretical curves.

The Results of this research are well agree with the experimental curves of the internal
rotation for X = F, Cl, and the theoretical and experimental curves are not consistent for

X = Br. Based on the results of this research, potential barriers and energy (enthalpy)
differentials were calculated for the studied 3-halopropene. The relative stability between
the cis and gauche conformers differs according to the studied halogen.

Key words: conformational analysis, complete basis set (CBS), density functional theory
(DFT), extrapolation method, potential barrier, isomer.
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A -162+9 -15.10 24.89 -89.28 -127.1 -135.6
V, 333+12 242.00 522.23 337.04 295.8 285.9
Vs 860 +5 839.90 832.05 844.41 844.6 843.1
V, 65+2 15.20 4.60 39.67 445 45.0
Vs -13+5 37.80 21.05 30.60 34.6 35.0
Vs -35+2 -56.10 -48.83 -41.53 -40.3 -40.2
cis-to-gauche barrier 1117 1038 1255.3 1112.3 1076.7 1066.1
gauche-to-gauche barrier 526 670 496.2 547.20 583.8 586.9
gauche-to-cis barrier 958 846 873.5 873.75 908.4 910.5
enthalpy difference 130+ 25 192 381.8 219.2 168.3 155.6
angle ¢ for gauche 124.6 125.8 130 125 125 125
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Parameter exp.® Mp2® MO06-2X© Qz Eq(3) Eq(4)
A 275+ 1 -236 -103.5 -90.8 -94.3 -97.2
V, 40+ 2 =217 -109.9 -30.8 -23.9 -23.6
V3 859+1 823 836.3 900.9 907.1 907.3
V, 78+1 -11 -7.4 12.1 17.6 18.1
Vs 9+1 19 23.3 10.9 8.3 7.9
Ve 42 +1 -55 -50.9 -49.2 -45.1 -45.0
cis-to-gauche barrier 881 609 728.2 866.9 880.8 880.9
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gauche-to-gauche barrier 699 939 904.2 894.9 890.3 889.2

gauche-to-cis barrier 1005 944 876.4 940.8 950.1 952.0
enthalpy difference 147 + 20 333 148.2 73.9 69.3 71.1
angle ¢ for gauche 120.0 119.1 120 120 120 120
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1050
950
250
750
650
550
450
350
250
150

30
-50
-150
-250
-350

Vig)em 1)

-180 -150 -120 -%0 -60 -30 O 30 60 90 120 150 180
¢ (degree)
exp. = * = MP2/6-31G(dp) = = = M06-2X/6-31g(d) ===~ Eq.3
Bassall gl 5088 -3;0,V s iad Cp — Cy Al Joa AR ¢y sald Aialsl) ABUaY 7 ghas culbiinia oy 4350 2(3) Jedd)
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o Lt ol sas -3 eggiad LRI sl 25l ALY Clinie 3anS 5 1 Cg ) sagn -3 sgia -C
O oDl AN clpata) s3a (4) KA Jiars ¢ pead) caad cadall Jalat A (e (20-18) Salasd 2D
[20] Caaa) Gand) 8 dasal imiall o Uinilis £3lhey agiinng cclinial) oda (g laualy W) (4) J<a)
2 (3) Jsaal) Jiay candi il b Aaxiiudl) MP2/6-31g(d) Akl dysudl dalusy daaall Jisid) s
S ghall ) Gl sk clisie (5) JSA Jie o b cdgplailly dapadl) el
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[21] 6- Al de sanal) oo MP2 dgylail) ddalusgy soaaal) Apbily G el (gl sasym3 sginl
Ll Clegens go MOB-2X Aplaill dllusy Gaadl a6 soaadl gl il e Slmd 31g(d)
(4) 5 (3) el ddalussy CBS e genall gaall o) illalads dlalssy sa0adl) Chliaiall Gl cAdlias
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-110 4
210 - ;o
310 . . '1._.-I . . . . . . . . .
-180 -150 -120 -90 -60 -30 0 30 60 90 120 130 180D
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exp [20] ====- exp [19] =eeeeee exp [18]

[20-18] Lo a3 aaaall chugpad) sag s -3 s giad AR o gall A8 cilyinia 1(4) Jedd)

Vig)(em 1)

o(em™ Baslsy ) ABUal) (58 ¢RI () all Aigas Jalgally Ay sh Audes cBlalaa 1(3) Jgaad)
Lsd) sag -3 seiad Jal e gauche cusleall 488(gal) phacddl 4l i35

Parameter exp.® MP2®  M06-2X© Qz Eq(3) Eq(4)

A 121+ 1 -57 76.1 -121.9 -119.6 -140.3

V, -149 £ 2 -288 -168.2 -275.3 -272.9 -294.1

Vs 801+1 864 882.5 915.2 923.9 914.6

V, 53+1 -64 -48.9 34 1.9 0.1

Ve 42+1 -51 -43.4 -45.0 -48.6 -47.2
cis-to-gauche barrier 707 589 738.7 688.9 698.0 668.7
gauche-to-gauche barrier 848 1112 1065.5 1093.1 1101.5 1104.4
gauche-to-cis barrier 875 893 692.7 988.6 995.2 998.8
enthalpy difference 184 = 20 304 106.9 299.7 297.2 330.1
angle ¢ for gauche 116.63 118.07 118.1 118.1 118.1 118.1

.6-31g(d) L) Ao ganall aa (Alad) Eadl () -[20] 6-319(d) dpaledd) Ao garal) aa (D) [20] ciasll (1 335aka (a)
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