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Resonance-Enhanced Multiphoton Ionization Spectrum
of np Rydberg State of SO,
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Abstract The Rydberg state of SO, has been studied experimentally using the technology of resonance-enhanced
multiphoton ionization (REMPID) spectra, where a wavelength tunable high-power pulse laser is used as the excitation
source. The REMPI spectra similar to atomic absorption spectra of alkali metal have been obtained in the range of
420~540 nm. The ionization peaks appearing at 429.3 nm and 452. 3 nm correspond to the (4+1) REMPI, and the
ionization peak at 529.4 nm corresponds to the (4+2) REMPI. The higher electronically excited state appearing in
the spectra should be assigned to the Rydberg state series converging to F' A, with an np orbital (=4, 5, 6). The
scanning of the ionization peak with high precision at 529. 4 nm shows that the spectral structure with nearly equal
interval corresponds to the REMPI series of 4p(0, v.. 0) Rydberg state of SO.. The harmonic frequency of bending
vibration levels of 4p Rydberg state Ay, is calculated to be (387.3%+12.4) cm™'.

Key words spectroscopy; SO, ; resonance-enhanced multiphoton ionization; Rydberg state

OCIS codes 300.6390; 300.6350; 300. 6550

C1I
PR — R BRI e SO 3 FIDEHEBFIE— M 26 . B F AT Aot e

Yrim BEA: 2015-01-20; WX EMEAR B A : 2015-03-13

EEWHE: EEKARPAHEE10875036)

EERIA: IR 956—) 55, Hfz A S IW, EZEMNFHOLEIE 7 H BT . E-mail: zhangls@hbu. edu. cn
*BIEBK R AN, Email:daydaywon@163. com

s130003-1



it e Es il

A o AR A R — WA L T G g o2 P, 25 LA AR 25 (Rydberg) BYBIF SRS F001 AR 25— i
i G 5 H 25, Golomb™ ££435) T 105. 0~217 nm {5 [l N %5 S HMEER PGS, Foo W58 T SO,
T RE RIS . IR SR A58 T 365~405 nm 35 Fl N SE R IR £ 006 B AL 6T (REMPD , BEVK
SR AR 26 F BG4 8 T AR G K= ¢ B, A TIRA T SO,
TR AL AR A RS SO, 731 BB S HATIRARINIGE . A SCLLBA AR & DBk 06 8 1E
PR VR 2R ARG 588 19 2206 T B AR BOR X SO, /9 F1 A, 2509 np BB FPSBEAT T SR MFIE

2 EEGA L
2.1 XWRE

ot BRI | R . SRS B G RRRFE4 10 cn F A S5 000 4 A £ U RE s 00 X1 i
B AR X TR B ORI Ot A 75— X DA B TR B BN RN
BTV HOE Bl R G A FEIAF] 5X107° Pa o 7EX] SO, F' Ay 25 np HAEGR S 1) SCIETE P 77 2 1L
BT P TIE T SO FH T B R Nd: YAG Hob#s (YG900, Quantel, 7 ED =454 (355 nm) #iliiz (962
SRR/ R (OPA/OPG, PGA01 VIR, EKSPLA, 37 F%8) » i tH I 4 76 420~ 540 nm 35 Fil N % £2 0]
LT 6 cm s AFT FA, 45 dp B ARSI BFSE LR I T 408 Nd: YAG #OE 28 (NL300,
EKSPLA, 37 F %) =55 (355 nm) iz i R G #F (NarrowScan G-R, Radiant Days, f&[E) , if F#OE Y
BN coumarinl 53 PR IETE L 515~547 nm, £ 558 0. 006 cm ', FOLRZ f=10 cm RERRAET
PR TSR R = 1] L AR BEEARZY S 0. 5 mm,

1

OPA/OPG m —_—

Nd:YAG | —| or dye laser v — PD
signal collection

g
28 » oscilloscope |«
2
g v
n

computer [¢ boxcar

BT LPRIEER 200 T B g S e
Fig. 1 Experimental setup of REMPI
S IT FH Y B T AU 2 A A A5 R Al R R AR T 0.9 e, PR TR0 A 90 T3 L s (— 80~
—300 VD) A& 2 Fos  WOGHRST SO, B ™ A= e 1A e R 37 E TR i 3Rl AR iR . LR 5 &
10 f5 7k R FS R G Hi A Boxcar 3428 (SRS280/255, Stanford Research, EE) , HiTENLIEIE 5 RETHT
PR AL FE, S TS, S b A SR37 WU AR AR AT SEIE I . S5 A0 K Ot R R T ROV
Je W ok RO B B OGS Boxcar 4485 F7R i 9 1] 20 fil & 15
2.2 HiREEZATFEUENARE
TEREA P FEA 133 Pa SO, FE G AUA AR AR [A] B T HLE N — 150 V., HHiDE SR A4 /T
Rk G 7R 420~540 nm PHTEEI NS R ANE 3 PRy SO, - PRI R 200 7 sk, ik 3 m)
HLAE 429, 3 nm H1452. 3 nm L0735 B T 9k B AL L T AE 429, 4 nm A0 — 5B A, TR LR o
AL 2 0L T 08048 s ) SO T 45 ) o G A 45 40 1) 8 AR AN T BB X6 IO — 30K H 1 A O IR Bh 2854y T ) 7
SO, 731 BB 5 LTS .
TSI KT Y, — A G T IOREEE N 2. 30~2. 96 eV (18519~23810 em 1), SO, 4+ T 1B ALBR N
12. 34 €V(99522 em™ DM FLHLFISH SO, 43 F 2T EMWIL 5 A5 6 MHEFAREE L. R SO, 47
REZL A1 A5 S BRIT R W AT . SO, 2371 Tt B A id B . ARl REJE (1+4) . (2+3) M3 +2) i 7.
MR BEZ 4+ Dad e BTl SO, 7370 Se R 4 SR OEE T B 7 S BT 2 LA 2 RS

s130003-2



| . 0.35 -
| signal L
0.30
g |:J 1MQ

laser beam

<o
¥
Ot

o
o
(=]

o
=
ot

0.10

Ton signal intensity(a.u.)

0.05

ing-plate electrod T SR LA
rgpateciectote | o — 00050 410 460 480 500
_D Wavelength/nm

1 L ]
520 540

B2 BT RSE B3 420~540 nm K FEEA SO, 43T REMPI i
Fig. 2 Setup of ion collector Fig. 3 REMPI spectrum of SO, in the range of 420~540 nm

BRI —Ae i, B L E ] R R
SO, (X'A}) % S0, (Rydberg 25 —> SO, "+ e,

AN AE 529. 4 nm Ab BT AR 55 B AT N F (44 2) SR 5 B A R .

BEVKEES BN SO, 40 F ARSI R FEEP T GEM H A, HA ka5 0 78772 cm ' FI
86881 cm ' AL HEm BRI 529. 4 nm AL B LI 4 ST S BT REIR BN BESL = Bk 75560 em !, RIS LG BT
SR FIANRET G A HA, MEMNGEER F S G BRI Ak 74410 em ™', Rt
RSN IHTF F A,

F it e 5 A R B e 0 AU TR A

T A L (1

A ROV BERFE R WABER TR A TR TR0 MET T B =B n Bl UA LR A
AGHRAAMBARER T R 2"  AER IR 1 R, R AT DUE . =B L& 1 5 S A — 38 L
529. 4 nm AEEALIE B B TR =3 IXH N B 5 1 6=0. 86577 n=4. ] 6=1. 86, A[A] [T HIE Y
T 0 A — A KB E I AR R 35 R R TR 5 1 0 RN N 8060 =06
o1 T nd PUBE 55 HEAR/N — B 0.1 sE/N A AT RESE 3d Uil . i SCRRL 1L T a) . &5 By 14
I A BURDEEIE 404 2 R 30000 em ™, F B 4> T 4p BaE A& F 5 MADGIEWE S B 1. 7
121000 em ' [RIH AT RUHEWT . 529. 4 nm Ak BALIE RN 45 BLEEER 2 4p BLE . B T5 8100 1. 86,

# 1 REMPI L) H)E
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Peak wavelength/nm 4-photon energy/cm™! n"
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Table 2 Summary of bending vibration levels observed at 529. 4 nm

Wavelength/nm Position/cm ™! Av/em™! n* SO, (X2A) Gv,v,)
537.9 74363. 2 2. 10 99280 (000)
535. 1 74752, 4 389.2 2. 10 99680 (010)
532. 3 75145. 6 393.2 2.10 100080 (020)
529.7 75514. 4 368. 8 2. 10 100500 (030)
527.0 75901. 3 386. 9 2. 10 100860 (040)
524. 2 76306. 7 405. 4 2.09 101230 (050)
521. 8 76687. 1 380. 4 2. 10 101630 (060)
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