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Laser Induced Fluorescence Excitation Spectrum of Jet-Cooled
ZCro (AT 1/2,3./2‘_}{2 3")
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Abstract: The laser induced fluorescence (LIF) excitation spectrum of molecular ions in cooperating with resonance-
enhanced multi-photon ionization (REMPI) process was demonstrated with CO* ions. The CO* ions at the ground X23*
state were prepared by (2+1) REMPI of supersonically cooled CO molecules at 230.1 nm, and the rovibronically resolved
LIF spectra of CO*(A*[1,5,+X?3") were measured by scanning another laser in the range of 487—-493 nm and 453-459

LIU Shi-Lin*

nm, which belong to (0,0) and (1,0) bands, respectively.

Key Words: CO"ion; Laser-induced fluorescence;

12 0 B 0 T = 64 1= e 7 s B 4
R HARDC 2RI G 2 —, L SRR SO
VA4S A I Rl E3 e UL S (R S5 S R e i =10
FETARFFAIEAIR A Z, FEH RN T SR ARME ] 45 2
71 o Ay L7 25 s LU B P s T2 T
FLRI L. 2 H AT 1k, X B MES AR
FEORPETOCH T RERE, (B B ULk Y
I PERAR(ZI2N 100 em™). 4R & Lok 1 bk vz
HL B O LT3 (PFI-PE) . & 3l B HL T il 1% (ZEKE)
IS 73 Y 1 (L HEL 5 DTS (MAT) PSR A5 B 1
JCTE R IRA ST, HAP BRI A 1 em™, TR

Jet-cooled

B TV 23 2 IR 1 B T o SO A B
SEE R G, X R A TR BT
BT T AR, DRI A A
TR FAROEE. AXZHS T E (N T
BRAM), o305 AN AEEUST 2 F T IOR A
o AR, PRI A A JC IR 8 F I TR S
Jii.

DR UAR L, AT S0 0 % R A LRI 58 20k
FHL B (REMPY) 7 32 il £ AT & T S B B 7,
IR T SRS A& — 2 =R 40
T, 1 N,O*.CS: .SO; Fl H,S* 45 i 6 i i ik & 3%

Received: February 4, 2008; Revised: March 10, 2008; Published on Web: April 16, 2008.

*Corresponding author. Email: slliu@ustc.edu.cn; Tel: +86551-3602323.
FIR AR FE42(20573100, 20533070) 5 54

2ER AR B TR 42 (20060358032) % B0 H

© Editorial office of Acta Physico-Chimica Sinica



962 Acta Phys. -Chim. Sin., 2008

Vol.24

(PHOFEX) M HOtfift 125 20 2%, —Jii & , PHOFEX
FETEE TS A 1 ol T 25 0 IR A, W
AN B L FBORAS, XFI AN G, SERR
WG T 9606 % (LIF) 15 24 . /E & REMPI-
PHOFEX J75 i —AN4h 58, [RIET A T 3R BUCE 4 h]
P B IR AR, A 122k ] REMPL-LIF J5 %
WFFE B F I BOR ZO6IE. AR, XA ikpR T 75 2l
it REMPI F B ifil & th 8% R 8 m s+ F
LIF #5540, i T FRF I8 0 B 1o ok 5 B 42
PR TR, ik, TR B A R
B4, W CO 41, ik REMPI J5 i il % 25
A7 R L — B BE AR E F, SR I 3 1Y LIF k&
Sk

CO*B TR M At BRI HEE N —MEF, &
AT RIAKRS R )E TR EE R
BRI RN PAZSE 2 1K, A M 1909 4 Pluvinel
1 Baldet™" 5 ¥R {E Morehouse £ 2 i E B XL £
T COETMERW ARG, BIHAT MILC &I R
T REA X COE Tk 5E T./E. Krupenie!™,
Huber HI Herzberg ™% FL 0 TAE AT T 2738, &
AT, Haridass %5 A\"PIZER T CO* B 7 PUAN L 4l &R
LR £T AN 1% B B T A

R K COBF MR TAECLMBITEA, H
ERATEER, 5T A XK COB RN 2
TEWLEE CO™BS 10 K 5 R 58 i, WU A &+ 17
A F R B e R CO R
R0, 55 DU R SRS AN R, EASCHERATH LLCO
YRR SR, R R AT, R
REMPI-LIF /7 45 8] COYE T A ~—X>3H F 58K
IEAROGTE R OOEHOR 1, IR A SE R 3k |
IR T

1 SEFMHMLIGRIE
1.1 SREEHG

SEHR R B AR PR ARG . BRI EOEE
AT T R =5 BT A, — 2 BB T H ik o
& M 2% (DG535, Stanford Research Systems) ¥ i,
WL3CHk[6,16].

il 1L 3 200 Pa 2R 5% CO/He 1R AN
STERC A B TR IS NS, HIREE HA20 0.5 mm
B ik T (general valve, Jik - & B[] 24 180 ws)
Wi, 2804 1424 2.5 mm [ Skimmer(beam dynam-
ics, BEIBIME YIRSy 10 mm) WEEEHEA SO %, H.

SR ) 5 G AERIN SG  A% 46 Jy )  E M
O AR EAE SRR 2920 10 em. BLZS 4l
BRGEHW G HBAUME hE 15 L-s™, 2XZ-15D
T, s 4% e ) R 5 iR 8 422 (il 1500 L
s, —H e F-250 B, bt hREMY 55— fJ& F-400
Y, A B R ) 2 K. AR, AR RO
B S EL2S BE 3 91 R 2.0x107° il 2.2x107° Pa, #E5,
IS B 23 BE 4351 R 4.0x10™ il 2.5%107° Pa.

BOLEE P& Nd:YAG OGS (Lab-190 FI A
Pro-190 %, Spectra Physics)43 1) 22 3ili i 6 5 YL ki
%% (PRSC-LG-18 %Il PRSC-LG-24 %Y, Sirah). H
th— & YURhEOE AR f s OB L BBO SR IR S
A 22,5 em ) A 90 375 4 SR AR E A RN S 1R 7Y
PO -2 FARAE X, AR A B, it (2+1)
REMPI {fil % 4b F 125 X234 COTB ¥, Hol K [l &
£ 230.1 nm, JkiPRERZH 1 ml. FiJE5IA S —&
YURHE AR O, S B EE R 40 em 4 5L
75 5 R AR 5 B G ) AR, 1R RIS, R
CO'E TN X2 e BA o 75, WS G 5450
JEAEZS [A] A8 A, B ] E 2945 20 ns ATIEIR . £
TG I KA TG B2 453-459 nm Fl 487-493 nm,
43 % 8L (1,0)7H FH(0,0)H7 AU BRAE, K vl fig #2249
0.3 ml. AT 25 Fr R DO g b il 2 R R
(IB510) )5 H1 )G HL f5 3 45 (9125B %, Electron Tubes,
TAEH A -1000 V)FERI, MY HL A4 & 4 15
S MR £ (500 MHz, TDS3052B, Teltronix) -3
JE AT NN ER, [R5 B [R5 2R
1.2 LBEIE

S EEANE 1 R, B A Co g
FHY(2+1) REMPI 3 fi =407, Bl

16.6eV ATI(t~1.3 ps)

% A,7=487—493 nm or 453—459 nm
14.0eV P Xz co’
10.8 eV B'X" (77220 ns)
8.1ev % AT
4,22230 nm
0 X'z co

E1 CONTFHREZTEEMMATEER
Fig.1 Schematic illustration of CO molecule energy
level and excitation process



No.6 A BEEFERT 2Co T AQlez,:;/z'_XZEh{‘J%%E%E%%ﬁﬁi% 963

COX'3) e COB'SH M COESw4e (1)
Sha% AU HL FRETE I T 45 SR B, Lol iE) s
HB' 31 (2+1)REMPLi A2 il £ 1) CO* i F 3 Hi F- 2%
FEA A =0Flo =1 RN, BATRT & i L 3
5112950.9%F130.5%. LK, A B CO B F15 %
SR JEFCOS T B' S — AT IRAT Y58 (55 3 B Bk
R, AT R — 0, B —A4
PR K AE230.1 nmAb, 154 T8 2 A1 em Q3 4G
¥, PRI SEBGHRAE RE h, EEEE A I B S AR 2
JEHARAF 5ok L B R

P T AMER TSR COTE T, BRATTH S
— RV CO*E T M X2k 3] AT
T4, [ AR AR AR AP, A8 R S S

=, Bl

hv, ;
CO'(X23Y) —= = COY(A] 5.45) — fluorescence (2)

2 IWERISH

Kl 2(a.b.c)sr A B R T A HE G MG
HL 2D SR EIE [F/E TS PMT A5 I3 926 AH
S, Ho E 2(a) X% CO 4T B'S*—ATL &4t
PR, ST R gl e 3 R £ 55 ke 1
A& REMPI [ IEHR UK. AR SLIG Hh 6 1 200 A0k,
PR b S 36 2o i b 5 A A5 T B 2 IO 1 T4, —
Dy T bR T #E PMT i [ CE iR 208 6 R A5, E7E3)
SR b CE D B LA N EOE R T, 5 — T,
ARG B A s [] |7 B R bR I A OB AR
— RO PO 5 XL R 2(0)F AT LR

| @ 4,=230.1 nm
X1

| ©®

Fluorescence intensity (a.u.)

A,~45434 nm
| x5
© \ i
\\—._ x1
0 1 2 3 4 5

t/us

2 (A)2REHEEH(230.1 nm), (b)) (454.34 nm) K
(o)FASRAEHEMER TR IESEE
Fig.2 Fluorescence intensity with (a) only the photo-
ionization laser at 230.1 nm, (b) only the detected
laser at 454.34 nm, and (c) both the ionization and
detected lasers overlapped temporally and spatially
with each other

1, 2CUON(AT—XZ ) band (0,0)

My,
| expt. |
E N i
N
E g MM s MJhMMWM
g
| . T I
simu.,
20250 20300 20350 20400 20450

o/cm™
3 BCUOEF AT, X3 BRIE(0,0) R B AN & T
Fig.3 Experimental (expt.) and simulated (simu.)
spectra of (0,0) band of the ZC*0* (A%[1,+—X3")

B, AT TGS SR, A2HOGRY 2 AT LA
ZWEATE. B 20, S5E 2(a by RFRZ AT
— RS S, AR AU A AR a2
1.3 ps. X HEE (a) . (b) FI (c), AT LI, &l (c) iy
T 5 % N COE TA 3= X3 D 5 T

I 8 - BT 3ET (0, 0") 2R (0,00 F(1,0) Y
LA AN E 3 R4 R . X T CO™ B F AP o — X3
PRI AR, BN B 2 65 TR A g2,
XH, AT EHES% Haridass FF"WEF COB 14
TR AR IE, (0,0)F1(1,0)35 7 1Y 615 #8081 T
1. FEBHOLL TN 0.3 cm™, [FIEHE SR A
HFAET 0 F 105 A s HL IR, X AN [ A AL
S AT A B AR, X B A8
[ NEWS|

2T F\(v', JY=T,+B,J(J+1)-D, J(J+1): (3a)
FZ(D ,’ ‘,):7—:;'+Au'+B1;'](‘]+1)_Du"12(]+1)2 (3b)
25" Frao(0"=0, Jy=BJ(J+1)=D, 2 (J+1Y: (4)

X, 7.4, B, M D, (v=0" 8 0") 73 552417 I e B
WL B WA R ORI T AR A R
I Fs 533X I8 21T R Ty 25 ARE BRI L 4% %E U,
T3 BRI+ 30, FRATA S BT &
FUi 28, T8 AR 825 18R 5L, 7091 PO Ry

| 20O ATT—XZ ") band (1,0) !
2 H\Z
—~ [ expte hy | WU'U' uw«k
=
< AN
2 M“WW\M * A i
W W
1=} .
— |-smmu. K{
21750 21800 21850 21900 21950

o/em™!

E4 “CTOBFAUI X3 BRE(1,0)IRBI TR E A
Fig.4 Experimental and simulated spectra of (1,0)
band of the 2C*0* (AYT—X>3")



964 Acta Phys. -Chim. Sin., 2008 Vol.24
R 1 PCUOBF XD AU FSHIIEF E™M (cm™) References
Table 1 Spectrum constants (in cm™) of the X23* and 1 Ervin, K. M.; Lineberger, W. C. Advances in Gas Phase Ion

A*II; states of *C'°Q* 11

Molecular state Constant T, B, 10°D, A,
X3 v"=0 0 1.967 6.317
AT, v'=0 20406217 1.580 6.735  -122.051
v'=1  21941.479 1.560 6464  -121.983

T,: band origin; B,: rotational constant; D,: centrifugal distortion
constant; A,: spin-orbit constant; »": vibrational quantum number of

ground state; v": vibrational quantum number of excited state
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