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Highly Accurate Quantum Chemical Study of the OH Radical
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Abstract Two potential energy curves for the ground electronic state X’I1 and the first excited electronic
state A’S* of OH radical have been calculated using the internally contracted multiconfiguration-reference
configuration interaction (IC-MRCI) method including Davidson correction. And they were fitted to
analytical potential energy functions using the Murrell-Sorbie potentia function to deduce the spectroscopic
parameters. equilibrium bond length R, rotation coupling constant we, anharmonic constant weye,
equilibrium rotation constant B, and vibration-rotation coupling constant a.. These constants and
higher-order anharmonic constant w.Ye were also calculated by POLFIT. Most of the values obtained are in
excellent agreement with experimental results. The calculated dissociation energy Do for OH(X?) is
35568.86 cm *, which is in excellent agreement with the recent experimental value (35565+30) cm *. The
calculated dissociation energy Do for OH(A’E") is 18953.93 cm *. The calculated vertically excited energy
from the ground state X,IT (v=0) to the first excited state A’Z* (v=0) is 32496.42 cm .
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Figure 1 (a) Orbitals space plots of OH(X?II) using a space
contour value of 0.3; (b) orhitals space plots of OH(A%Z") using a
space contour value of 0.3; molecule was represented by tube
model

These diagrams were made by using MOLDENS3. 4 program!??
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Figure 2 IC-MRCI/AVQZ calculated potential energy profiles
of the ground state X1 (2) and first excited state A%S" (1) of OH
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OH(AZZ") Al Jy 1), BTLARRSE M ven der Walls 43T
ArfOH —E/E &R, BT OH(A’) H Ji 1 L+
ZAi O Jif, XA H Rkt O JR -1 1 7 H 1
PEERYSR, BTl A ALLIE OH-Ar RUEEERIKT A
ALLIE Ar-OH, IX7F Berry B2 0% 5 9¢ i
SEEG PR TUESE, ABATTON 2] T AR 2 1 van der Walls
731 OH(AZEN +Ar('9).

B3 (c) OH(XZIT) L T2 i 1) Laplacian 4341 A2 w7 i e,
A5 il 0.53; (d) OH(AZE) HL T2 E 1 Laplacian 431 37 {4 %%
rsE K, AFR{EY 0.53
U6 ) MOLDEN3. 4254 43 51
Figure 3 (c) Space plot of Electron Laplacian distribution for
OH(X?I) using a space contour value of 0. 53; (d) space plot of
Electron Laplacian distribution for OH(A’Z") using a space

contour value of 0.53
These diagrams were made by using MOL DEN3.4 program!®?
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Figure 4 (e) Contour plot of the OH(A%S")+Ar interaction
potential; (f) contour plot of the OH(X?M)+ Ar interaction
potential
OH bond distanceis fixed at r =1. 95 Bohr. R is the distance from the Ar atom

to the center of mass of OH. 6. is the angle between the r and R vectors. The
information is from the Ref. 24
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X+ OH(X), FATT%FEE T NIST (National Institute
of Standards and Technology) v+ 574 2F bt S 2% K d
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Table2 Spectroscopic parameters for the ground states (XIT) and the first excited states (A%S") of OH
State welem ™ wgelom t wyyelom t Bolem ! aelemt Re/nm De/cm™? Do/cm ™t Voo lom ™t
X1 MS9 37269241 92.8697 18.8649 0.7232 0.09708 37391.0239  35550.7792
POLFIT™  3739.46 88.52 235 18927 07348 0.09713 37423.92 35568.86
35584+ 10117
35593+ 2414
Expt?  3737.76  84.881 18.910 0.7242 0.096966 35565 + 3012
35580+ 10012
A% MS9 3172.7778 108.7427 17.3019 0.8315 0.10137 20447.7215  18888.5183 32537.9966
POLFIT® 318415  92.97 471  17.373 0.8070 0.10138 20486.37 18953.93 32496.42
Exptl?] 31788 92.91 17.358 0.786 0.10121 20476 19011+10"9 324023
18956+ 1411
18943+ 30/%

voois the vertically excited energy from the ground state X1 (v=0) to the first excited state A%2*(v=0) of OH. (g) is from the fitted MS function®; (h) is from the

program POLFIT provided by Dr. Werner, H. J. of Universitét Stuttgart.

£ 3 OHOCI)IKFHRNINE we, E AL ZEP, T h 8 B MK R IO SIARES P, A S A e (27
Table3 Benchmark calculated®”, present calculated and experiment values®” for frequencies, zero-point energies, rotational constants

and geometries for OH(X2I1)
welcm™? ZEP/cm ! B./cm ! R./nm
QCISD(T)/cc-pVTZ 3738 1782 18.836 0.0972
CCSD(T)/cc-pvVTZ 3740 1764 18.841 0.0971
Present calculated value by MS 3726.9241 1840.2447 18.8649 0.09708
Present calculated value by POLFIT 3739.46 1847.6 18.927 0.09713
Expt. value 3737.76 1847.00 18.910 0.096966

QCISD(T) is quadratic configuration interaction with single, double and triple excitations; CCSD(T) is coupled cluster with single, double and triple excitations.

SZEG A Do[OH(X2IT)] =(35593+24) cm *#H¥) 4. Zhang
2502050 b v Rydberg 25 507 K 47 I 1) i 33 45 21 (1
Do[OH(X?IT)] =(35565+30) cm %, %52 i i 5 A1 FE 18
T HE Do[OH(X?I1)] =35568.86 cm X /W4, 1 H.3k
fITH IC-MRCI/AVQZ  J7 ¥ ) T AE & /N T & 5t 1)
CCSD(T)/AVT7Z J5iF. FATTHw vF 5 13 2 10 R 2 A
Do[OH(A%")] = 18953.93 cm * 5 FlL 4 (¥ 52 ¥ {4
Do[OH(A%E")] =(18956+14) cm *+/3W1 4. OH A i
HMIEA X (v=0) 255 — k& A’ (v=0) i T 5K
T B voo I 141k 32496.42 cm™ b, 15 SZEG {1 32402.3
cm W4

ALLL IC-MRCI/AVQZ J5ikil 51937 OH H
FEAEHEAS R — WO & e thZ(PECs), #8573 il
1L MS B £ PR POL FIT R 5 455753 S F) T i #g 78,
R AT B JLRI i Hiedls. Horp M3 X2 (v=0)%
WA AT (v=0)T H KT AE R voo MFIE T 5E
32496.42 cm SIS LL R WA, BB VAL A B
OH(XIT) ffif 5 fig Do[OH(X?IT)] =35568.86 cm 5423

Fr T BOBTS2E 45 5 D OH(X )] =(355654-30) cm 2,
[Fil - OH(AZE™) (1 fif 25 Bk 55 LU (10 SE 50 STk IR th 14>
Wit HATERA KT oeye SEHSCHRIE, A SCNIR
W T T weye MEUE. BRATIVHFIA 23R8 th 2 Ak
PR FR VA, WP Ar+-OH W4
G 1Hi (global PES)$ifit T T 2 JLAi.
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