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Abstract High-resolution rovibrational spectra of (SO,), in the v, asymmetric stretching region of SO, were measured
using a mid-infrared continuously tunable external cavity quantum cascade laser combined with pulsed supersonic jet
infrared absorption spectroscopy. A total of 490 infrared transitions were identified, including 395 transitions in the
electron-doner (ED) band (J<29, K<11) and 95 transitions in the electron-acceptor (EA) band (J<21, K<8).
By integrating previously reported microwave spectral data, spectral data of SO, monomer in the v, excited state,
and the newly measured spectral data in this work, global fitting was performed based on the asymmetric top

Hamiltonian, yielding accurate ground and excited state spectroscopic parameters including rotational constants and
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centrifugal distortion constants. The band origins of the ED and EA bands of (SO,), are 1355.77424 (14) and
1356.34969(27) em™, respectively, exhibiting red shifts of 6.29 and 5.71 cm™ compared to the band origin of the v,

band of SO, monomer.

Keywords Rovibrational spectrum; Sulfur dioxide dimer; Supersonic jet; Vibrational frequency shift
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Scheme 1 Diagram of high resolution supersonic jet infrared absorption spectrometer
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Fig. 1 Overall view of observed and simulated spectra of (SO,),
(A) Observed spectrum, (B) simulated spectrum of ED side of (502)2, (C) simulated spectrum of EA side of (SOZ)Z.
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Fig.2 Comparison of observed and simulated spectra of ED and EA sides of (SO,),
(A), (D) observed spectra; (B), (E) simulated spectra of ED side of (SO,),; (C), (F) simulated spectra of EA side of (S0,),.

A rotational temperature of 8 K and a Gaussian line width of 0. 001 ¢cm™ are assumed in the simulation. The marked lines belong to

the SO, monomer.

Table 1 Spectroscopic parameters for the ground and excited states of (SO,), from the global fit*

Parameter A/MHz  B/MHz C/MHz  AJ/kHz A,/kHz A, /kHz BJ/kHz 6/kHz H,/kHz H, /kHz v/kHz 110/(‘,m’1
Ground This work 6922.49 948.53441 903.75948 2.1358 97.580 10.8 0.00466 33.21 -0.00703 -0.0392 70.02 —
state (29) (58) (54) (16)  (49) (39) (50) (26) (36) (22)  (27)
Ref. [21] 6922.609 948.53420 903.75966 2.1356 97.575 14.1 0.00465 33.11 -0.00704 -0.0397 70.02 —
(31) (61) (57) (16)  (49) (44) (50) (28) (36) (22)  (27)
S0, EDside  6909.6  947.95 904.70 1.06  118.5 90 -0355 -210 -0.024 -045 —  1150.30326
v-excited (13) (10) (12) (12) (80) (51) (91) (43) (14) (20) (15)
EAside 6894.72 948.995 903.620 2.288  97.6 14.8 -0.050 123 -0.0061 -0.020 — 1153.40908
(42) (89) (81) (77) (19)  (54) (49) (30) (33) (18) (10)
S0, EDside 691030 949.308 904.444 2.096 9839 182 0.193 102 -0.00703" -0.0392" — 1355.77424
vy-excited (41) (80) (74) (61) (66) (65) (49) (22) (14)
EA side  6909.89  949.06 904.20 -3.20 76.0 287 0.00466" 33.21" -0.00703" -0.0392" —  1356.34969
(70) (11) (11) (18)  (22) (11) (27)

a. Values in brackets are one standard deviation in units of the last quoted digit; b. parameters were fixed to the same value as that in the

ground state.

5, JELLA A AE (287 kHz) S5 5 . %25 5 B R AT REJE: o RSN 701 J LT b TR0 A ) LS4
B, AESAZC R AT BE S AT T TS 59 EA SEEECE /D, JOEAS BIAHXRE IR A AR, X — sl n]
H1 3 MRENAS N HAOGIESHOL 8% 2 R RUEIE . WS EARZ T, (30,), EA & A3E 2 U
MEFER K, HRELR 48 BRAE S bTE vh LT 58 28 Ar-S0, /% (S0,), ED 1§45 (5 iR e o , LA 4>BE
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DR, JoSRWETE T R S e A B i S 38, Gl RS AR A AT LR 9] | SO 2l 23 B Wit B A TR B3
LIS HOR S EA TR TG SE B U SR U S
22 EHEWNSH

OF TR SRR N RAL TR R A A AR, AR AL A R] B ey 1 [ A B AR TR
FFAE , AT S5 ) LA AL R A B4t
KEERAE . (SO,), EAWIH) =S A4k n] i 1d
3OS HCERANIA (K 3) : 7 T AFEES R
FE SRS SO, 73 F B O A BE, A
0, 16,73 B FAE L G 5 o 5 P4~ SO, 53
T C RISl i R A IR R
B, Fah R A S 0,71 6,1 E LA
S, TR BB A C W) B B T4 T R Fig. 3 Molecular structure of (SO,),
RIF/N XA SCIEME RGeS R R is th.e distance between the (:(?nter-()f-mass of the two Subun'its, zilnd 0,/0,

is the tilt angle between the a-axis of the complex and the C, axis of SO,.

SERFFIESR AL T RS IER]

18R 5 151 (A=~ 1,~1,) SN 735 LAV IR A E 2R b . AR 1 254 DR 5O oA 19 25 RS XA
P, U5 BUE R TR, T T 2 R R N T O IR S B (S0,), AR BRUAR AE I 2t
ARSI B B, 280 1T SRS H S # BO TR MR 5 HiE . 49RExR, B3
v RS Bew WU ZS B IR 5 U TR, X — 45 R S AT e O — 2, WIEIESE (SO,), 25
HAREE A ARF A4 7

Table 2 Inertial defect, intermolecular distance, and planar moments for the ground and excited states of (SO,),

C:

State A/(amu*nm?) R/mm P“/(amu'nmz) P,}/(amu ‘nm?) P(./(amu *nm?)
Ground -0.46609 0.3958/0.4091 5.09495 0.49701 0.23305
S0, v,-excited -0.47106 0.3957 5.09282 0.49667 0.23553
S0, vy-excited -0.46692 0.3956 5.09074 0.49790 0.23346

a. Calculated value at the SCF/DZP level from Ref. [25].

1 PR 0 SR R T ARSI AT (S0,), A5 K MR AR IR ¥ e, TP R SR T
(S0, PR B A RN T AL . HURSE SRS TR HOCR SR BRI PR,
AR, 2T SO, MARZ RSN IR . S AW R AT SO 8 o . IRBMR S T Ao 7
SIS, (R AEPIASOL40 TAET 1 T4 T A0 Jy 1) LR LB IS (0,00, 9K | HETHT SECL 0.
U, AE0ORA T, (S0,), 00T S95E AN B AN CHIA T oo RS . 3K — B4R, 2450, 84k
v JREORIH . (S0,), 040 BB RAFRE THEAS A, MRS 5 AR . T4 TG B R0
B FEOY TR A AR . 5 2GRS B0, o 80K AS B C 0P S9(LAR T A R At —
SRR, BWR TR, 11 CHMINES THEAS . 0] 0, 15 o 45 & P05 0 THRIBL 7 A AR
%5,

SIS FIRBEE RIOEREHSE, RN AT S EE I A

refae (i3]

A wlamu) K (S0,), 58 & W0 234k i & 3 ¢ (MHz) Jy (S0,), 57 )% 80 by SO, B 4 %5 3 i %L
C(8799.7 MHz) "™ ; k Ry BAfi 5645 K - (5053. 79 MHz* amu-nm?). &R T RIELE R 5 T2, 7]
W, A RME M 0. 3958 nm, v, BLEZS RAEIS/IN0. 0001 nm, v &2 R{EV/N0. 0002 nm. X —fksh

E—2FRM, TCIL SO, BR KR Az v, i v UK, Y9551 K (S0,), AW 5 F B B dns, AR N
Sy A ELAE A 3658, FLROSFR 4 3R Sh A PR s 500y 3 ok 5. RIS, 88549 R 5 Bone 552 '7E
SCF/DZP 7KF-F M HIE THEAE (0. 4091 nm) & W) G, Fu4r BRIE T AL 58 7 i S8R T Sk 5 6
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RTASFHR DB 5 LS B 5, ST RTRLCP,, P, PO, HE X R
Po= (41~ 1,) @
Po= (1 +1,-1,) ()
P, :%(ln +1,-1) (4)

ST 4 ) P SUTE 00 F 2 s B o A A 1T T o A (4 432, R BE T HA R )
SR LRI 5 0 4 T2 A ) . BERS A U WL 7E R T TS MYIZ SRFAE . 282 BRI P A 55 45
R, (SO,), M- THHE S H06 SO, SRR 4R Sh A X HLAT 5 S A | 33X S 8 7 4548 - H sl 1) SC L
MR AL T ok R .

HARTE , o, Mo kS TR P AT IRE . fTF P ETEE RS FRROEE RJSE (RBUN,
P ARG ) , 3X— &5 P55 Fi SCl a7 3 8B AN C M S PR ShiOR S B0 IR BE B s T A e e A —
0, WA EEBIE T 45 AR rT etk . 5 P AERAE b A SAMIZ , PAETEARTRIR SIS T 22 51k
MR, o R A T PAESGE A, T o BURAS T WIS A BN . 25 83 P RALIEFAHXS T ac V-1 5% 2 15
B, X—ZRERW, SO, B KA v, RSN ART, ac FHIFMY S—O A K ARMMK , SHOZXE R T
SYA LSBT v, B ST W) H BA S AR AR f b R 3

ST AR SR 22 AR T BB 7R T (SO,), B ZS K - IR B IR « v, 23[R 51 & 20 10] i B Wi
500 F N S—O SR RN , 17 0, )5 8050 (B BE 04 5 431 S—O Bilice i B R A Ak . X Ff
P& S S5 R AR TH I R S vk SR I, A B 43— (B AR EL A 5 40 F PN R sl R A R0 B 418 1 S8 56
i
2.3 WM ITLE

T T Sk MATURS A T 40T [0 AH ELAVE PR SRR 1 IR 25 58 , T SL AT 5 M A 22 5
23 25 U ORI AR R, DRI, X BEAR [RA ZR (SO, WAl Sk AR v Ryt 526 W ik 8- AH 5.
VEFIBA LRI R EE B . ARSCRG H T A (S0, 7E v, Fllw, KISk A5RS , JF5 Ar, Kr, Xe &
N, T B LTS B | P2 E T EE b AT T 58 IRIE (2 3). i — PP AR ik 5
S AE RIS TR, 7E CCSD(T)-f12a/aug-ce-pVTZ /KF R 8 T (S0,),7E SO, BtA o, Flv, 4 B4R Sh 45
B . TS sr PRI R . W ff 0,70 60, [ 58 A OEREZA H 1 S, P SO, B I B A A
MSEAOFAL . 2T 2R Molpro2010 (46, 5¢ i .

Table 3 Comparision of the wavenumber shift of (SO,),

Species Matrix or method vifem ] vifem 1
ED EA ED EA
Observed Ar matrix' 2’ 0.4 3.1 -6.8

Kr matrix >’ 0.3 3.6 -6.3 -4.4

Xe matrix >’ 0.5 3.9 -6.4 -3.8

N, matrix"" 1.3 2.6 -4.8 -2.2

Gas phase -1.41121 1721 -6.29/-6.31" -5.71

Calculated MP2/6-31+G (2df)">" 0.2 3.7 -5.1 -1.9

MP2/6-311+G(2d)">") 0.3 3.8 4.7 -14

MP2/aug-cc-pVTZ! -0.3 3.2 -5.1 -2.1
CCSD(T)-f12a/aug-cc-pVTZ -0.04 0.87 -4.24 4.14

X T ED i, HoAlt Sk TE o, Ao, KR BUEOR A R RS AL AR . 7R, 47 X, R ED 1% R B
141 em™ BIZLRS, TITE Ar, Kr, Xe Sz N, 4 B S0P UL FI W] 2 A9 8% . 76 o4 X3, R ED 1Y
HIZLFEME ] 6.29 em™, IX—EUEH 5 Ar(-6. 8 cm™) | Kr(=6.3 em™) fll Xe(=6. 4 em™) FE T H AU L1 AL (H
JEWIG, AR 22N T 10%. X RS BRI ME: 22 S B BRAS BT ZE T o, W PREER M A B0 1 Ty, SRS
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5315 (SO,), AR - B ARAH B 23 35 0002 o, BB AT 2L, THTRT o, R M UDRE X055

EA 571 A5 Sk AR 76 7 18] 1 B S 5 38 R ) — 80k, (ISR A B 22 5. fE v, X
W, S EATE A AR IR A 1.7 em™, ZNTF 4 Fp T (6 2B (Ar: 3.1 em™, Kr: 3.6 em™, Xe:
3.9cem™, Ny: 2.6 em™). TAE oy X3, SAHBRS IR BE (=5, 71 em™) WK T A3 22 o o 25 4R 25 1) )
(B XFP IR 22 S — RS, ST IE 3 i 4 [ B Sk oy R AR AF B A FH OO 4 5 5 0 iR sl g
P, HXFhREAEITEARFIRNET R IE A 22

EA 5 ED 547 A1 EE (Av) [RIFE RIS B I 9 DA M . 7 v, 7 DX, ARSI BR R 3. 1 em ™,
5 Ar(2.7em™) Kr(3.3 em™) | Xe(3. 4 em™) BL i B BUE = FEWI G . TAE vy KB, Kr(1.9 em™) |
Xe(2.6 ecm™)FIN,(2. 6 cm™)FE o B[] BE XY B & K FSAHHA90. 6 em™.

AR SN]SR (AT SR R E R . R 3 AT I, (SO,), MRS T A
MP2 J7 3N AR Fe B0 50 35 (0 2R AR 1, B 7E MP2/6-31+G (2df) /K F-F & REMS MR [ e 53 45 R 50
BRS B OFFIE . P MP2/aug-ce-pVTZ KR BTHE S5 R 5SS 0, 0,417 K ED, EA i
H MBI R I R — 2Pk . 78 CCSD(T)-f12a/aug-ce-pVTZ /KF T T HE 45 5 5 520 (E R BE K 4F
W4, JUHIE SO, v (19 EA SRR TGS RO IERS 50 SR T I 2 G W 2] i 21 A e S5 . 1%
25 E LR F AU 8 T 40 FA0#E 25 R AR A 60,71 0,, AAE CCSD(T)-f12a LIS /AKF- T I R a4k
FFIGEAL , S BOHR G 0T H A OGBS0, ) v b B R 8 00 Tk s A R B . SR BE3RATH A 22 (S0,),
B RLESReI , RS 4E RV S IR RRSOR i, RHZIA R RO SR T IR AR .

3 &

FIF B A PR LT AMETEAL, 3 (SO,), 7 SO, BA v, SRR 45 9% sl BT RO 3R OE R UEA T T I
ARG . (AR, ASSCr illislig 2 (S0,), i ED FTEA 547, BN T 9USAE SO, v, 3k S i
FEME A (. S R S | SAROGTE S 2 SRR T ARG, RS TR AR
Ao, Flo, FIFIR SR S F OGS S BRI, SO, B MRk ik & 2578 (S0,), Fif &k i fh
RHIE A ZE A0 (1) PN SO, B[R] 43T (1 E 85 % A Ui 5 (2) RS ac “F-1HI 1Y) SO, B4R S—O B
. (S0,),LIAMEIERHE S SO, R B B 2 22 5, FLED I EA 3547 A7 S A X SO, B AR 435Il £1
B216.29F15. 71 em™. X522 5 I W T YEFEARAR B AE X 0 F R ABRAE 52 m . ARFRAEH
TRABRAR (SO,), 170 T L5 F AR AR A HL SR T B 2R, 28 R b2 | PRBE I 45 A G 4T3 1Y)
PSR S SR A o A AR SR RS Sl

X #13 & W http://www.cjcu.jlu.edu.cn/CN/10.7503/cjcu20260116.
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