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Study on molecular properties and potential energy
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Abstract: Using MPW1PW91/Aug-cc-PVTZ method and basis set, the physical properties of OH mole-
cule under different electric fields were obtained, including the bond length, energy, vibration frequen-
cy, infrared spectrum, dipole moment, potential energy function and so on. Results show that with the
increase of electric field, the energy decreases continuously, the frequency increases first and then de-
creases, and the dipole moment increases monotonously. The infrared spectrum has a blue shift. When
the electric field is absent, the stimulated wavelength is located in the ultra-violate region, there is no
energetic degeneration, the strength of oscillation is also influenced strongly, and some forbidden spec-
tra are also stimulated up. Therefore, the electric field has a great influence on UV-VIs absorbing spec-
tra. The Morse potential function is simulated, and the parameters are consistent with the values among
experiments and literature. The electric field also declines the depth of potential of OH molecular, which
makes the dissociating energy of OH molecular lower.
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Fig. 1 Ground state structure of OH molecule
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Tab.1 The calculated data of OH molecule using different methods and basis set
R MP4/aug-cc- B3P86/aug- CCSDraug- MPWI1PW91/6— MPWI1PW91/ QCISD(T)/6- SR S
pvtz cepvqz ccpvqz 311++(3d.3pd) aug-ccpvgz 311++(3d,3pd) fls] {21
RC/A 0.970 7 0.971 8 0.967 9 0.970 2 0.969 7 0.970 5 0. 969 6 0.969 7
xR 2 EHIFT OHEES>FiFE
Tab. 2 The properties of OH molecule without external electric field
R./A Ert/eV f/em™! u/Debye IR/cm !
0.969 7 —2061.214 6 3 770. 158 1. 649 4 14. 715 2
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Tab. 3 Changes of bond length, total energy, frequency and dipole moment for OH molecule with external electric field

F/a. u. —0.05 —0.04 —0.03 —0.02 —0.01 0 0.01 0.02 0.03 0. 04 0. 05

Re/ A 0.9739 0.974 1 0.969 7 0.968 8 0.968 9 0.969 7 0.971 2 0.973 4 0.976 8 0.980 8 0.985 75

FEiot/eV —2 060. 716 2 —2 060. 770 7 —2 060. 879 5 —2 060. 988 3 —2 061. 124 4 —2 061. 287 6 —2 065. 287 7 —2 061. 695 8 —2 061. 940 7 —2 062. 185 6 —2 062. 457 7

S/ em™1 3671.09 3 722.69 3 751.94 3772.12 3777.11 3770.16 3 751. 88 3722.77 3 676.78 3 621. 06 3 551. 39

p/Debye  0.442 2 0.711 5 0.962 0 1. 994 1. 427 6 1. 649 4 1. 867 2 2.083 2 2.299 4 2.518 1 2.742 1
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Fig. 2 The characteristics of OH molecules in external electric field: (a) bond length changes with external electric field;
(b) energy changes with the external electric field; (c¢) the dipole moment varies with the external electric field;

(d) the vibration frequency varies with the external electric field
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Tab. 4 Excitation energy in different external electric fields(Unit: eV)

F/a. u. n=1 n=2 n=3 n= 4 n=>5 n=>6 n="7 n=38 n=9 n=10
—0.05 0. 060 3 3.204 8 3.935 4 4. 386 4 6. 094 6.679 2 7.065 3 7.644 1 7.795 3 8.378 3
—0.04 0.060 1 4.143 2 4. 375 4. 863 4 7.014 5 7.598 3 7.702 6 8.421 2 8.5117 8.909 2
—0.03 0. 06 4. 365 5.040 5 5. 7547 7.899 5 8.328 7 8. 466 7 9.040 6 9.214 8 9.536 3
—0.02 0.059 9 4.357 1 5.8817 6.592 5 8.726 9 8.936 8 9.279 7 9.645 1 9.6755 9.995 1
—0.01 0.059 8 4.350 2 6. 642 7.352 2 9.47 9.477 3 9.945 9 0.026 5 10. 184 5 10. 298 7
0. 00 0.059 6 4.343 7 7.284 9 7.996 4 9.656 8 9.997 3 10.093 4  10.344 5 10.364 5 10. 653 6
0.01 0. 059 4 4.337 2 7.693 6 8.393 5 9.224 2 9.816 4 9.932 10. 138 2 10. 488 10. 488 6
0.02 0.059 2 4.329 6 7.467 4 8.155 3 9.067 2 9.504 2 9.770 1 9.796 10. 183 10. 295 4
0.03 0. 059 4.319 4 6.664 1 7.374 8 9.134 5 9.276 1 9.397 8 9.523 8 9.810 2 10
0. 04 0.058 7 4.307 2 5.71 6.42 9 8.5771 8.743 6 8.9811 9.2756 9.409 1 9.504 9
0. 05 0. 058 4 4.291 7 4.723 9 5.443 1 7.586 9 8.305 5 8.358 3 8.564 7 9.001 1 9.045 3
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Tab. 5 Excitation wavelength in different external electric field( Unit: nm)

F /a. u. n=1 n=2 n=3 n= 4 n=5 n=6 n=7 n=8 n=9 n=10
—0.05 20 562. 76 386. 87 315. 05 282. 66 203. 45 185. 63 175. 48 162. 2 159. 05 147. 98
—0. 04 20 618. 17 299. 24 283. 39 254. 93 176. 75 163. 17 160. 96 147.23 145. 66 139. 16
—0.03 20 660. 83 284. 04 245. 98 215.45 156. 95 148. 86 146. 44 137. 14 134. 55 130. 01
—0.02 20 703. 96 284. 56 210. 80 188. 07 142. 07 138.73 133. 61 128. 55 128. 14 124. 05
—0.01 20 750. 40 285.01 186. 67 168. 64 130. 92 130. 82 124. 66 123. 66 121. 74 120. 39

0. 00 20 803. 59 285. 43 170. 19 155. 05 128. 39 124. 02 122. 84 119. 86 119. 62 116. 38
0.01 20 865. 70 285. 86 161. 15 147.71 134. 41 126. 3 124. 83 122. 29 118. 22 118. 21
0.02 20 937. 62 286. 36 166. 03 152. 03 136. 74 130. 45 126.9 126. 57 121. 76 120. 43
0.03 21 020. 05 287. 04 186. 05 168.12 135.73 133. 66 131. 93 130. 18 126. 38 123.98
0. 04 21 113.13 287. 85 217.13 192. 85 144. 55 141. 8 138. 05 133. 67 131. 77 130. 44
0. 05 21 215. 47 288. 89 262. 46 227.78 163. 42 149. 28 148. 34 144.76 137. 74 137.07

RO6 FESIMEIZTHHMEIRFEE

Tab. 6 Excitation oscillator strength in different external electric field

F /a. u. n=1 n=2 n=3 n= 4 n=>s n==6 n="7 n=3_§ n=9 n=10
—0.05 0 0.003 1 0.004 9 0. 000 6 0. 004 5 0.012 6 0. 000 0 0.048 9 0.000 O 0.010 6
—0.04 0 0.004 1 0. 000 8 0.007 1 0. 006 1 0.011 4 0.000 0 0.000 O 0.037 8 0.019 8
—0.03 0 0.001 1 0. 005 3 0.010 2 0. 008 4 0. 000 1 0.010 4 0. 000 2 0. 008 5 0.047 2
—0.02 0 0.001 2 0. 006 5 0.014 7 0.011 6 0. 000 3 0. 009 7 0. 000 6 0.001 0 0. 000 0
—0.01 0 0.001 4 0. 007 9 0.021 3 0.016 0 0.001 1 0. 000 2 0.009 8 0.002 4 0. 0000

0. 00 0 0. 001 5 0.009 7 0.030 8 0.002 7 0. 000 5 0.022 0 0.000 O 0.005 0 0. 000 0

0.01 0 0.001 7 0.012 5 0.039 5 0. 000 2 0.001 2 0. 000 0 0.000 O 0.000 O 0.028 4

0. 02 0 0.001 8 0.012 7 0.023 2 0.007 7 0.001 8 0.015 9 0. 000 O 0. 000 O 0.022 2

0.03 0 0.001 9 0. 008 9 0.012 7 0.002 1 0.009 9 0.000 0 0.012 6 0. 000 O 0.039 6

0. 04 0 0. 002 0 0. 006 4 0. 008 5 0.008 1 0.002 2 0.000 0 0.012 3 0.000 O 0.0118

0. 05 0 0. 002 2 0. 004 9 0. 006 2 0. 005 8 0.015 5 0.001 2 0.000 O 0.000 O 0.019 6
3.4 OHHFETFARIMEIG TR EE ML xR7T THIFT OH S FREMZINESH

TEAN 3 R E N, % H MPWIPW91/aug- Tab. 7 Potential energy curve fitting parameters of OH

cepvqz 7 FIFE % OH 4y FE 17 80 5 38 RE molecule without external electric field
fi . RRIBERAE AR R 0. 01 AL M 0.5 A FF IR FEA WA oot
A 300 ANEVRES. AU D X TIG LR T D./eV 4.56 4.712 4.556
ABE R B 2, 15 BT U S BOCE RE D R./A 0.969 67 1.020 0.973
Morse St o AR RAIAZR 7. W3R 7 H] a/nm! 14,132
PUA -5 S50 {0 AOSCHRRE AEAR AT & R Morse
PR EE B . iy OH B350+ Z 7 10) B3 il sy 0~

0.05 a. u. (YIE A HLIZFI—0. 05~0 a. u. 1Y [A] HL
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