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Table 1. Rotational constants and rotational quantum numbers of the 15 selected experimental spectral frequencies

of TiF and CO molecules (rotational constants are in cm™1).

TiF[29] Ol
F4A5/5 X4P7 )9
v 0 0 6 8 9 11 12 14 16
D,/10=6%  0.418676 0.4846811 6.11984 6.11111 6.10916 6.06755 6.04256 5.99943  5.90406
H,/10712  —16.3416 0 4472 2077  1.380 —12.489 —18.404 —39.337 —103.404
Band Rg(0—0) Rt(0—0)ran (8—6) (11—9) (14—12) (16—14)

Ji 13.5 29.5 29 42 1 22

Jo 31.5 28.5 35 45 21 14

Js 31.5 37.5 32 40 4 23

Jy 44.5 43.5 56 20 25 15

Js 14.5 44.5 23 23 30 28

Je 16.5 35.5 49 20 9 23

J7 35.5 45.5 20 a7 34 16

Jg 24.5 29.5 3 44 10 4

Jo 22.5 20.5 4 48 2 16
Jio 35.5 31.5 21 6 0 28
Ji 37.5 36.5 21 26 34 13
Jia 38.5 44.5 20 48 15 15
Jis 27.5 18.5 30 4 36 14
Jia 47.5 41.5 49 7 1 25
Jis 49.5 35.5 4 48 3 4
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Table 2. Rotational constants and rotational quan-
tum numbers of the 15 selected experimentalspectral

frequencies of TiF molecule (rotational constants are

in cm™1).
TiF[29]
FiA7/; X4®g/p
v 0 0 1
Hqu/lo_11 4.90109 0 0
Band Qe (0—0) Qre(0—0)  Qre(0—1)
J1 40.5 7.5 55.5
Ja 22.5 38.5 27.5
J3 40.5 6.5 52.5
Jy 29.5 58.5 39.5
Js 42.5 7.5 22.5
Je 26.5 54.5 41.5
J7 16.5 5.5 10.5
Jg 11.5 39.5 17.5
Jo 10.5 52.5 52.5
J1o 30.5 54.5 59.5
Ji1 52.5 30.5 12.5
J12 40.5 7.5 59.5
Jis 18.5 6.5 41.5
J14 35.5 43.5 47.5
Jis 10.5 7.5 37.5
3850 " Vexpt
”"4 O vy i
- 3880
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£ 3870
% 3860 /\ ; i
m 37501 3850 F A
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3650 3800 -': p 0%
r 1 1 1 1 1 1 1 1 A g
3790070 20 30 40 50 60 70 80 90 ?33

0 10 20 30 40 50 60 70 80 90 100110 120
AR

1 COAT (119) RENFITAHY R IR BT Lk
RS2 E TR vexpe (W) FIVELE Ho, TR TN L oy, (o) 1)
it L el

Fig. 1. Comparisons of the spectral differences be-
tween R branch experimental vexpt(l) and theoretical
spectral line frequencies calculated using Eq. (1) v, (o)
for the (11-9) vibrational band of the CO molecule.
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T TiF 53 F F4Aq o XD s BKILE & (0-—0) FR3)
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59k BB HE v 2 18 B 3 T7 % {H 79 1.606891 x
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BRIE 7 B R ST 2K (Vexpr — vn) B KAE 73 30l 72
0.044889 cm~' (J = 60), 0.015460 cm~! (J = 2),
—0.01732 ecm~Y(J = 24), —0.00760 cm~* (J =
22); (Vexpt — va) M KAA 53 5l /2 —0.128409 cm !
(J = 11), 0.218177 cm™* (J = 0), 0.25065 cm~*
(J = 28), —0.02369 cm~! (J = 14). (Vexpt — V)
2) N (Vexpt — vn) 11 2.86—14.47 5 AN 25 S48
AR Vexpe 5 1F B oa 2 ) ¥ J7 %2 {H
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(J = 12.5); (Vexpt —va) M B K 1H 4> 5 2
—0.348404 cm~! (J = 58.5), 1.540541 cm ™! (J =
58.5), 0.292476 cm~' (J = 59.5). (4) it 5
G5 B (Vexpt — va) I KR 22 40 R (2) ik B 25
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29 9 S8 B Vexpr T V5 B vy 2 8] B 35 7
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Fig. 2. Comparisons of the Q¢ branch spectral differ-
ences between experimental vexpt and theoretical spec-
tral line frequencies calculated using Eq. (1) vy, (o) and
Eq.(3) vg (4) for the (0-0) vibrational band of the
F4A7/27X4<I>9/2 transition of the TiF molecule.
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Fig. 3. The variations of the expansion coefficients F}
of the vy, and the vran with the rotational quantum
states J for the Rg-branch (0-0) vibrational band of
the F4A5/27X4<I>7/2 transition of the TiF molecule.
Fi(h) is the coefficient of vy, as in Eq. (5) and Fi(r) is

that of Uran.
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for the F4A5/27X4<I>7/2 transition of the TiF molecule:
(0), Vcal = vn, the difference converging method data;
(2), Vcal = vrg, LS fitted data. Both (o) and (a)
are obtained by using the experimental data between
(13.5 < J < 35.5).

4 N

AICAHT T AR R B Re & m B /NI H,, b
HAE T > 100071 R Q SR T 1%
gisem, #: 3B S SN /NIH, TS RS
Q SCRFNRFE BRI B R B A 3. FEAE S iZH A
K ZRESOET, 3 T — /A SEEEdE T L
I AT SR AT LAY/ N B T R 22 B s v SRS FE )
FRE . N Sk S 22 A3 RS R A 24 T
T 1 SEE ARG TiF 45 T80 CO 43 F R IR IR
ITHEZ DL TIF 40 Q KHRFE R IE 4 vy, FFAG T
S8R o SRAARET @ /NIH, AT E 1
T2 vg R LS VLTS 145 B vns #EAT T AT, XLk
SE UL, B TR A R o, IOORS B BE E  T
vg Mopg PAREHRE. TR A& &M/ N H, K3
A (1) F(2) R X 2 ISk TS 1
2 oy, AP BE AL 38 B A — 4 SI2 56 1 28 B T 5 &5
B Vpan BT LUIER B, B DB SICHIAR )5 1 22 UK
Sk AT DUR AT RE /N TS 45 SR R 22, e
TS W R ARG

SE

[1] Herzeberg G (translated by Wang D C) 1983 Molecular
Spectra and Molecular Strecture (I): Spectra of Diatomic
Molecules (Beijing: Science Press) pp15-38 (in Chinese)
BRZEAA G & (B E %) 1983 2 Tl 54> T4 (38
—%) (dbnt: Bl RAL) 28 15—38 1]

[2] XuK Z 2011 Higher Atomic and Molecular Physics (Bei-
jing: Science Press) pp35-87 (in Chinese) [{& 7t & 2011
AT T LA (B ) (b B i) 5
35—87 7]

[38] Zhu Z H, Yu H G 1997 The Molecular Structure and
Molecular Potential Energy Function (Beijing: Science
Press) pp54-66 (in Chinese) [/&I1ER, Gr#4R 1997 4+F
SER 55y P RER AL (B3 BEFHARAL) 5 54—66 1)

[4] LiSY, Guo F M, Wang J, Yang Y J, Jing M X 2015
Chin. Phy. B 24 104205

[6] Zhu L F, Tian H C, Liu Y W, Kang X, Liu G X 2015
Chin. Phy. B 24 043101

[6] Douglass K O, Keske J C, Rees F S, Welch K, Yoo H
S, Pate B H, Lemov I, Suenram R D 2003 Chem. Phys.
Lett. 376 548

[7] Zhang S H, Zhen J F, Zhang Q, Chen Y 2008 J. Mol.
Spectrosc. 252 77

[8] Staanum P, Pashov A, Knockel H, Tiemann E 2007
Phys. Rev. A 75 04251

[9] Yang X H, Ben J W, Li L, Chen Y Q 2008 J. Quant.
Spectrosc. Radiat. Transfer. 109 468

[10] Saksena M D, Deo M N, Sunanda K, Behere S H, Londhe
C T 2008 J. Mol. Spectrosc. 247 47

[11] O’ Brien L C, Borchert B A, Farquhar A, Shaji S, O’
Brien J J, Field R W 2008 J. Mol. Spectrosc. 252 136

[12] Le Ru E C, Etchegoin P G 2008 Principles of Surface-
Enhanced Raman Spectroscopy (Holland: Elsevier)
ppl02-121

[13] Larkin P J 2011 IR and Raman Spectroscopy: Prin-
ciples and Spectral Interpretation (Holland: Elsevier)
ppl49-172

[14] Li A M, Wei J Z 2003 Atomic Absorption and Atomic
Fluorescence Spectrometry (Beijing: Science Press)
pp49-56 [ZE M, FL4k R 2003 JR T WIS K R 6k
HPHT (L5t BRI 55 49— 56 )

[15] Levine I 2011 Quantum Chemistry (Shanghai: Xing Jie
Book Publishing Corporation) pp91-115 [Iran. Levine
2011 & P2 (GBS (L MNAEPBHRAR) S
91—115 7]

[16] Xu G X, Li L M, Wang D M 2001 The Principle of
Quantum Mechanics and ab initio Method (Volume 2)
(Beijing: Science Press) pp173-198 [{& %€, &K, £
PR 2001 T % 4 A R A Sk i B (o ) (A 3
Bl ARAL) 5 173—198 T1]

[17] Wu Z K, Tang A Q 1999 The Monograph on Molecular
Spectroscopy (Jinan: Shandong Science and Technology
Press) ppl38-142 [RAE, FEHUK 1999 7> Tl &1t
(VFE: R BIEABOR HIRAL) 5 138—142 17T

[18] Hokenberg P, Kohn W 1964 Phys. Rev. B 136 864

[19] Humphreys J E 1972 Introduction to Lie Algebras and
Representation Theory (German: Springer) pp41-45

070202-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1088/1674-1056/24/10/104205
http://dx.doi.org/10.1088/1674-1056/24/10/104205
http://dx.doi.org/10.1088/1674-1056/24/4/043101
http://dx.doi.org/10.1088/1674-1056/24/4/043101
http://dx.doi.org/10.1016/S0009-2614(03)01018-2
http://dx.doi.org/10.1016/S0009-2614(03)01018-2
http://www.sciencedirect.com/science/article/pii/S0022285208002282
http://www.sciencedirect.com/science/article/pii/S0022285208002282
http://dx.doi.org/10.1016/j.jqsrt.2007.07.006
http://dx.doi.org/10.1016/j.jqsrt.2007.07.006
http://dx.doi.org/10.1016/j.jms.2008.07.006
http://dx.doi.org/10.1103/PhysRev.136.B864

38 F W)

Acta Phys. Sin.

Vol. 65, No. 7 (2016) 070202

[25]

[26]

Wang Y Q, Chen DY, Xia Y Q, Fan R W, Lu F M 2010
Chin. Phys. B 19 023203

Ortakaya S 2013 Chin. Phys. B 22 070303

Sun W G, Fan Q C, Li H D, Feng H 2011 Spectrochi.
Acta Part A 79 35

Li H D, Sun W G, Fan Q C, Feng H 2011 Spectrochi.
Acta Part A 83 136

Li H D, Sun W G, Fan Q C, Feng H 2012 Acta Phys.
Sin. 61 093301 (in Chinese) [FF<x7R, FhIE, S, 15
i 2012 WIEEAR 61 093301]

Fu J, Sun W G, Li H D, Fan Q C, Zhang Y, Feng H
2012 Spectrochi. Acta Part A 91 244

Wang Q, Sun W G, Fan Q C 2013 Spectrochi. Acta Part
A 114 51

27]

Jiang Y H, Sun W G, Fan Q C, Zhang Y, Fu J, Li H D,
Feng H 2013 Acta Phys. Sin. 62 213301 (in Chinese) [{T
KL, FNILIE, BEREE, ke, (HE, FRAR, B 2013 MRt
4k 62 213301]

Jiang Y H, Sun W G, Zhang Y, Fu J, Fan Q C, Li H D,
Feng H 2016 Spectrochi. Acta Part A 153 87

Imajo T, Kobayashi Y, Nakashima Y, Tanaka K, Tanaka
T 2005 J. Mol. Spectrosc. 230 139

Mishra A P, Shetty B J, Kshirsagar R J 2005 J. Mol.
Spectrosc. 232 296

Fu J, Fan Q C, Sun W G, Hu S, Jiang Y H 2013 Acta
Phys. Sin. 62 233301 (in Chinese) [{{F, S5, 70 TH,
B4, YLK AL 2013 #HL44R 62 233301]

R-branch and Q-branch high rotational spectral lines of
diatomic molecules using improved difference
converging method”

Jiang Yong-Hong"?  Sun Wei-Guo?®! Zhang Yi¥ Fu Jia® Fan Qun-Chao®

1) (College of Science, National University of Defense Technology, Changsha 410073, China)

2) (Institute of Atomic and Molecular Physics, Sichuan University, Chengdu 610065, China)
3) (Research Center for Advanced Computation, School of Physics and Chemistry, Xihua University, Chengdu 610039, China)
4) (College of OptoElectronic Science and Engineering, National University of Defense Technology, Changsha 410073, China)

( Received 19 October 2015; revised manuscript received 17 January 2016 )

Abstract

The accuracies of the predicted R-branch and @-branch transitional lines of rovibrational diatomic systems for
rotational states of J > 100 are improved by using new analytical formulae and an improved difference converging
method (DCM) in this study. The new formulae include the contributions from a higher-order energy term H,. The
improved DCM method includes a new physical converging criterion that is particularly useful in predicting unknown
transitional lines. These improvements are used to study the transitional lines of the R-branch of the TiF and CO
molecules and the @-branch of the TiF molecule. The results show that the accuracies of the R-branch and @Q-branch
rotational lines are about one order of magnitude better than the results obtained using previous formulae; the new
physical converging criterion can efficiently reduce the possible errors in the spectrum computations; the theoretical
rotational lines obtained using the improved DCM method are much better than those obtained using the least-squares
method.

Keywords: diatomic molecule, transitional lines, difference method, error analysis
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