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Abstract

This work aims to study potential energy and vibrational frequencies of a non-linear
molecule (Csp2) using semi-experimental and MNDO-PM3 method, the geometric space
shape for molecule was calculated through the initial and final matrix which includes the
bonds lengths and the angle between bonds, surface angles and the charge of each atom in the
molecules and from the curve of potential energy for molecule and depending on the change
of the bond length (C15—Cg) (C2—03) (Ci5—F1s) (C13—N12) (C14—Hag) (Ce=C1) (C;=02)
of the molecules versus the energy values obtained, and the total energy for molecules at
equilibrium state was (-3915.10178 eV) and at equilibrium distance for each bond (1.53 A),
(1.37 A), (1.35 A), (1.48 A), (1.10 A), (1.34 A) and (1.21 A) respectively and from the
potential energy curve, the dissociation energies were calculated for each bond are (5.69258
eV), (2.45383 eV), (5.90738 eV), (4.41122 eV), (7.53398 eV), (7.56607 eV) and (8.41981
eV) respectively. In addition, the energy values of the molecular orbitals are calculated
including highest occupied molecular orbital (Enomo), lowest unoccupied molecular orbital
(ELumo) and the energy gap for molecular (Egyp) Was equal to (7.38 eV). The vibrational
frequencies of the molecule were also calculated when the vibrational frequencies for
molecule at equilibrium state of vibration and the basic vibration modes were equal to 90

vibration mode.

Keywords: Non-line molecule(Cs,2), Semi-empirical programs, energy gap(Egap)-
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HyperChem8.0 gl 4 gusall 43 5all

Atom | Distance r(A) Opt. Angle(0) Opt. Dihdral(o) Opt.
C: 0.0000 0 0.0000 0 0.0000 0
C, 1.4698 1 0.0000 0 0.0000 0
O3 1.3748 1 121.2326 1 0.0000 0
Cy 1.3765 1 118.0866 1 359.7709 1
Cs 1.4094 1 123.1806 1 359.7828 1
Cs 1.3477 1 119.5040 1 0.2442 1
C, 1.3975 1 114.9974 1 179.5742 1
Cs 1.3985 1 119.6008 1 180.2731 1
Co 1.4166 1 119.3048 1 359.6753 1
Cuo 1.3857 1 120.1106 1 359.9392 1
Cu 1.4946 1 121.4875 1 178.5359 1
N1 1.4320 1 119.8044 1 184.3134 1
Cis 1.4895 1 116.2832 1 193.7360 1
Cus 15174 1 112.3749 1 199.9061 1
Cs 1.5375 1 120.0587 1 180.4836 1
Fie 1.3526 1 113.9819 1 241.4393 1
Fi7 1.3531 1 114.9526 1 1.3128 1
Fis 1.3528 1 113.9932 1 121.0689 1
Ciuo 1.4794 1 117.3357 1 331.2162 1
Hao 1.0978 1 108.7568 1 160.2350 1
Hoq 1.1019 1 110.2566 1 41.8145 1
Ha, 1.1009 1 112.9766 1 280.6575 1
O 1.2113 1 129.5451 1 180.0227 1
Hos 1.1026 1 119.9188 1 0.3657 1
Hos 1.0975 1 116.5968 1 0.1666 1
Hoe 1.0973 1 118.2998 1 180.5562 1
Hay7 1.1084 1 110.1497 1 322.6512 1
Hog 1.1096 1 108.2269 1 77.8118 1
Hog 1.1083 1 110.4064 1 312.1082 1
Hag 1.1073 1 110.1481 1 68.4427 1
Ha 1.1082 1 107.2289 1 193.9937 1
Hao 1.1115 1 111.0715 1 77.9806 1
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4 Quantity Magnituddssh )i | Unit g«bdll 3aa g
Total energy -3915.10178 eV
Electronic energy -24125.91417 eV
Core-core Repulsion 20210.81239 eV
lonization potential 8.80371 eV
Zero point energy 152.165 Kcal/mol
No. of filled levels 53 Levels
Molecular Weight 283.250 g/mol

WinMopac7.21 s gl s J3a 3 Cspy

dlanl) 45l O st Addlusa
5 a¥) g 53
Deq(eV) r(A)
C15—Cs 5.69258 1.5375
Cr—03 2.45383 1.3748
Cis—Fis 5.90738 1.3528
C13—Ng» 4.41122 1.4320
C1s—Hyg 7.53396 1.1083
Ce=C; 7.56607 1.3477
Co=03 8.31946 1.2113
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WinMopac7.21 ) zebinll 4 sunall Copp Gple sl diia J)5ial Cilaagi ad o 4536 srn g 14 Jgaa
[3Jaslesl) aills (;HyperChem8.0
WinMopac7.21 Hyperchem8.0
Wave
No Wave Wave Intensity Svmmetr Modes of | number
vibration | number(cm=1) | number(cm=1) | (km/mol) y Y| vibration (cm™)by
Cal[3]
1 31.3 3141 0.10117 1A Stretching
2 51.21 51.49 0.03673 2A Stretching
3 66.22 66.53 0.13529 3A Stretching
4 82.29 81.85 0.20900 4A Bending
5 115.73 115.23 2.12116 5A Stretching
6 125.46 125.39 0.28855 6A Stretching
7 146.46 146.81 0.57627 7A Bending
8 160.66 160.50 2.04288 8A Stretching
9 190.82 190.07 1.69424 9A Bending
10 226.63 226.54 0.94842 10A Bending
11 234.95 235.03 0.20250 11A Bending
12 282.50 282.19 0.63092 12A Stretching
13 284.74 284.69 2.23705 13A Bending
14 306.73 306.67 0.98465 14A Bending
15 318.38 318.53 10.42807 15A Bending
16 379.11 379.03 0.63104 16A Bending
17 393.38 393.14 0.59606 17A Bending
18 398.78 398.62 4.44120 18A Bending
19 440.29 440.01 4.1502 19A Stretching
20 469.95 469.90 1.08492 20A Bending
21 484.32 484.24 5.44453 21A Bending
22 495.77 495.69 1.87715 22A Bending
23 500.32 500.16 2.87996 23A Bending
24 521.57 521.56 0.51106 24A Bending
25 558.58 558.52 0.75577 25A Bending
26 595.20 595.21 0.23161 26A Bending
27 623.56 623.07 0.22600 27A Stretching
28 646.40 646.16 9.68130 28A Stretching
29 651.86 651.73 18.64257 29A Bending
30 685.90 685.83 13.08350 30A Bending
31 721.56 721.53 1.33780 31A Bending
32 757.07 756.92 3.48278 32A Bending
33 762.54 762.31 0.17642 33A Stretching
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34 808.08 808.09 2.46034 34A Bending
35 872.06 871.87 0.29246 35A Bending
36 888.59 888.49 2.28950 36A Bending
37 905.88 905.87 1.78351 37A Bending
38 929.87 929.27 31.61675 38A Stretching
39 938.55 938.09 6.49605 39A Bending
40 949.88 949.52 9.08701 40A Bending
41 962.64 962.40 2.14629 41A Bending
42 992.71 992.58 9.37895 42A Bending
43 1008.18 1008.11 2.96055 43A Bending
44 1021.38 1021.29 2.27285 44A Bending
45 1049.14 1048.94 5.41126 45A Bending
46 1059.58 1059.41 13.26274 46A Stretching
47 1073.59 1073.43 13.35350 47A Bending
48 1094.52 1094.32 1.55795 48A Bending 1108.92
49 1128.89 1128.83 4.22081 49A Bending 1121.02
50 1140.42 1140.47 0.55192 50A Stretching
51 1150.01 1149.86 0.85984 51A Stretching
52 1181.24 1181.22 11.42088 52A Bending
53 1224.30 1224.19 4.65006 53A Bending
54 1240.42 1240.37 2.77006 54A Bending
55 1297.16 1297.19 20.71521 55A Bending
56 1305.71 1305.64 0.60447 56A Stretching
57 1313.99 1313.90 4.0047 57A Bending
58 1346.27 1346.04 5.77171 58A Bending
59 1349.48 1349.24 3.57609 59A Bending
60 1364.48 1364.22 10.23443 60A Bending
61 1371.45 1371.25 1.00729 61A Stretching
62 1372.24 1372.12 5.67636 62A Bending
63 1379.33 1379.23 0.15009 63A Bending
64 1390.78 1390.54 27.30010 64A Bending
65 1401.14 1400.98 4.29052 65A Bending
66 1411.78 1411.50 94.23519 66A Stretching
67 1415.87 1415.76 1.38827 67A Stretching | 1421.64
68 1449.84 1449.56 54.35761 68A Bending 1439.32
69 1474.07 1473.99 9.81440 69A Bending
70 1533.66 1533.39 154.49879 70A Stretching
71 1533.66 1538.43 82.77372 71A Stretching
72 1550.19 1550.06 12.24952 T2A Bending
73 1608.00 1607.76 28.85908 73A Bending
74 1644.98 1644.63 10.85908 T4A Bending
75 1746.03 1745.63 64.89873 75A Stretching | 1746.34
76 1795.87 1795.57 200.49519 76A Stretching
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77 1844.20 1844.08 19.56564 T7TA Stretching

78 2001.66 2001.47 243.78819 78A Stretching

79 2916.51 2916.35 0.23145 79A Stretching

80 2942.36 2941.78 0.14334 80A Bending

81 2966.63 2966.14 0.71078 81A Bending

82 2991.93 2991.62 0.74275 82A Stretching

83 3014.82 3014.04 19.90187 83A Bending

84 3023.82 3023.09 0.80127 84A Bending

85 3032.64 3031.94 0.61403 85A Bending

86 3042.57 3042.18 11.11874 86A Stretching

87 3045.61 3045.04 1.31750 87A Stretching

88 3047.76 3047.15 0.66011 88A Stretching

89 3052.97 3052.31 42.78479 89A Stretching | 3057.52
90 3123.75 3123.00 0.67855 90A bending 3125.02
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symmetry Energy(eV) ‘
57A 0.628
56A 0.05144
.......................................................................................... 0ev
55A -0.2723
54A -1.428
53A A -8.808
52A A, -9.776
51A i -10.61
50A A -11.51
49A . -11.93
1w

48A 1, -12.4
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