284, 51210 ¥ o % 5 % i 4 M Vol. 28,No. 12, pp2900-2903
2008 12 A8 Spectroscopy and Spectral Analysis December, 2008
== =IRN = \ SilsE st
NO, 5 F 5 St 55 51 By B (8] 4 Bk
At f KERCR AR, WL SR 071003
# E LLNd: YAG koS iz %S 8 kAR RS ER A GIR , SRABOLE SO0 HA
X NO, 7 F# kB FANZOCE S Faidb T TR, 858 E8xR. NO, 0 FR2OLE & a5 3k ik
K. BERREE VM. AFEBEKABEOLE R NO, 0F, Bk 735565 500 1 R B 1 DO £oi
AW, PO A R PR T Ay B AR, R AL R AT NO, i F A'B, Wl BB < XP A R EKE
B2 R AT . MK F A =4 F NO, 43 Fh XA, [ A’B, 5 X* A, #6880 &k BT 98648 4t . i
G387 T o 5 i A3 BRSO AR AR R AL B T AR T A U O 1Y 32 oy 3 E I AR B U P Y
I B IR B K s T AR K A 9 b 2 o F R AR 98 5t A . W) 3 3 Ao a4 T AR S R S BRI R
KW RIS NO,; RS Fdrs IR EE L
hESES: 0433.4 T ERKFRIRAD : A DOI: 10. 3964/j. issn. 1000-0593(2008)12-2900-04
ML HEES, RHEZIWH A Falr RS K T
5 5 P o AR SCHGE UK [W) 3K ot e 208 . X NO, 7 ik

NO, A B2 T o1z —. HEMEAH—DR
BT, AT — SEREER A W) B A A M B AR TS B R
Pa . A TS A TE B A X4 AR B Y Renner-
Teller &R, M 20 148 70 4548, AMTHEFF 4 SR A BOE Y
TSRS R0 AR AR HEAT S S AR R W i T
F 2 R IR BE R RRUR R A R e RE 1) P A T L
WA TEZMMMEES, S8 T 5 T 5% 5K &k
RE A RPPE i i H T A BROE A6 ST B n . 843 NO, 43
T AT D) 5 A DX R A R B0 3 A R AE . B B X R A
AL B H B A AR . IR 20 U T A
RESLATH - DEOLRR A7 iy S 7 AE AR O W . Ho Ok i 1 3
BIREZR A5t — DR EE A 0T 240 Wl Ok A R 5%
Dt 58 S A i . AT AR B 40 T B RE R st 4 AR BRI A 2 AR A
s G ARV A B AR T 0T B B8 545 R A
A BT L IR NO, 205 s 5 A A B A PLE . B
LB T RE e RS S A2 . B AR NO, 23 1 9t 48 4
F A Y BIF 9T — L il 2 T AR B RO PR . BF T 4
RFY. NO, Jr T W90 ET & 50Ot R AU
WU, POLER M LA B, BE Bz . AR — B0k
R DT A5 2 B 96 A7 iy SE SR A 2 SR W A TR AR R 22
o PR EERILT NO, 70 T B 96T A 2R NTESL

W B 2007-08-01, f&iT HHA: 2007-11-20

HL T S B O R S A7 A HEAT SRR T AR
1Sk

SRR A 1 TR, Nd @ YAG O #8 (YGY00) Hi1iz
WG 2F & B & A 8%/ K 4% (Optical Parameter Generator/
Optical Parameter Amplifier & OPG/OPA, PG401) Jyi% %
JEUR . Ho TR 420~680 nm i P LE T I L HOGBL
$E 6 cm ', JKFE 35 Ps, FAMIA 10 Hez, Bk MfE = 0. 3~
0.7mJ, FEMEETHSY #HE L, AEEWLH 5X10°
Pa, # s URM Z1-51 BV AR U B8 SR T 251
s, WO SRER R 262 b K 620 nm, 7
20 nm [ UE 6 IR SRR ST A B AT B A . S e H
(PMT) #4109 6 i A5 5 A BV BT I 4% . R A7 ) g
0 SRR 43 F PEOCAR 5 B I ) 1) S WO TE . S T 3k Ao )

Sample cell

|

sk

Nd: YAG [—p OPG/OPA ,T\

I 4

Syn.trig PMT

Oscilloscope

Fig. 1 Experimental setup

EE£TEH: HFRARFBEISTH (10647130) FAedl By Jy K24 4B IE 4 5 B (200612003) ¥ )

EER A SRS, L. 1965 R4z, b Jy R-g 8Os R 342

e-mail: gyzhang65@ yahoo. com. cn



g1z

e iE 2% 55618 o b 2901

T A2 L A5 5 R 52 MOoR P 2R AT 50 Q IETE . R —
B RO SR 5 RO . AR AR Y IR 2P i 1R S .

2 SLERETR AT

2.1 NO, & FRIAH E S PiErIES

FeEfL 3 78 NO, SR E 15 Pa, 1 T NO, 2 T7E%A A 1
HIX 3 H W, 4 B B OPG/OPA i i i & R 429. 0,
0.57
@
0.4

0.3
0.2

0.1

Fluorescence intensity/a.u.

0

0 0.000 4 0.000 8

Time/s

=]
—
[=2]

(=3
—_
Do

Fluorescence intensity/a.u.
=) =]
(=) [=3
= 53

(=1

0 0.0004  0.0008  0.0012

Time/s

452.0, 509. 0, 532.0 nm {E R BERIG, FRR 50615 5 Bl 0T ]
AR . B PG I ] 43 B S an 18] 2 B
2.2 NO, 7 FHIRNBEHFN
XL 2 B AR 5 0 i 80 43 B35 1 dne /b o, 45
R, M2y ag T IE U Hos iR s R oR
I(t) = Ajexp(—t/71) + Asexp(—t/zy) [@D)
PAEHBISEINE 1R,

.O
o
S

()

Fluorescence intensity/a.u.
S o o @
(=1 — — [\
(93] = (o2 Q

(=1

0.0004 00008 0.0012

Time/s

o4

0.5
0.4+ @
0.3
0.2

0.1

Fluorescence intensity/a.u.

0 0.000 4 0.000 8

Time/s

Fig. 2 Time decay spectra of NO, with different excitation wavelength(P=15 Pa)
(a) Aex=429 nm; (b) Ax=452 nm; (¢) Aex =509 nm; (d) Ax=532 nm

Table 1 Fluorescence lifetime of NO, with
different excitation wavelength
Aex/nm 71/ ps w2/ ps
429.0 2.45 250
452.0 3.04 260
509.0 60 260
532.0 20 250
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Fig. 3 Time decay spectra versus NO, pressure
(a) 2ex=452 nm; (b) Aex=532 nm
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Table 2 Fluorescence lifetime of NO, versus pressure
Aex/nM P/Pa 71/ ps w2/ ps
12 3.04 260
452.0 133 2.71 130
99 2.49 90
12 25 250
532.0 30 23 210
67 20 170
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Time Decay Spectrum of NO, Fluorescence Radiation

ZHANG Gui-yin, JIN Yi-dong
Department of Mathematics and Physics, North China Electric Power University, Baoding 071003, China

Abstract Investigation of the optical absorption and fluorescence of NO, molecule has long been of interest because it is not only
one of the key substances of air pollution, but also a stable molecule of nonzero spin and has many special properties such as that
the vibronic levels of the first excited state are coupled strongly to the high vibration levels of the ground state, so that once NO,
molecules are excited, they must undergo complicated quenching process. The quenching mechanism influences the lifetime of the
excited molecule severely. In the present paper, the fluorescence lifetime of NO, excited electronic states are observed experi-
mentally by the technique of LIF time decay spectroscopy and with an optical parameter generator and amplifier pumped by a
Nd : YAG laser as excitation source. The results show that the fluorescence lifetime of excited NO, molecules depends on the
excitation wavelength and sample pressure. The time decay curves present a property of bi-exponential when the excitation wave-
length is selected as 429. 0, 452.0, 509. 0 and 532. 0 nm, respectively. This indicates that the fluorescence is composed of two
components. One has a long lifetime, while the other has a short one. The short-lived component comes from the radiation of the
molecules excited by A*B,, B*B,<—X?A, transition. And the long one is owing to the radiation of the molecules excited to the
high rovibronic levels of the ground electronic state. These levels are correlated with A* B, state. The de-excitation mechanism of
the excited molecules is investigated by measuring the variation in fluorescence lifetime versus the sample pressure. The conclu-
sion is that the excited molecules corresponding to the short lifetime quench mainly through the process of radiation and fast inner
conversion. As to the excited molecules with long lifetime, the de-excitation process is not only radiation, but also the non-radia-

tion process of collision.
Keywords Time decay spectrum; NO,; Radiation lifetime; Quenching mechanism
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