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M W EATUSARTMEN Hemberg & (ASDF, 125, A7 A,) 283 FRASTIER TR R
S5 FAEFF RN RRTR Y L EATBANR TR R 0EISER, 230 G0 AR DR IH AR IO SR N R
A3ZH 1 AP BERTHTRME ERER P RRALR, HFAITE ADF 8 57 SMERHESA
ERDBARMEERRFROE RSN, FECUASMFOERRE ASHRE, &S, BET XRFRLEX

H s Herzberg a7 HRaTR,

% @A Herzberg & REM&HE, BUE, WohambA: EETULE
i B 5 2% 8 0433.5; 0644.12 TMERSB: C

o}

1 5

AR, RTELS TR TFHRELSTERR EBKA (150~250 K) KSPHIAETY—HEHR Y
AMNBXNBIRE, B 1 A TFHEEATHFEMSENZE BHIRLTERE (1~5 V) BIEN=1HE

T GEEF Y Herzberg &) A3SF ' Z7 AR A A, 35,
TEMERAE EWEEY U PERER T RAX=1EM
A3LF 5 X328, lB0 5 X35, M AT A, = o4, KT
¥, HMERBANEA IR R KB A
MESHEXRIE, Bl A°SF B v=4~7,] 5, BN
v=5~10, A" A, BB v=5~8., KEPX=THES
BAURYHEMAETSE = ARE T 54E, BEIN—E
R, TaimpRELR RN MRERE 6T
K= Herzberg ZHEZEMAITEH = HFEZMH
M EBRRFKTRERY, ENFRLES FREAESH
Hn (TREEEHHFHAT 150 ms), BB EEEHE A
REBKXSELFAT (100 km 222934 0.133 Pa), BT
BHEEEWT NOFLRE, TEMY, Exe
HFSRANHMERTENE, FEHTAUREER
HHEETENE LRSS A A A5,
HTERTBAS RS FHY Herzberg 35672 4178
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Fig.1 Potential energy diagram for the Herzberg

and lower-lying states of O,

ERRERIBAGAERR, EARATHPRREILERFEE LRERRXG TRAERIEF 02, Ny,
CO; , Ar, He FEMATEB LN I ERKN. B, BANESFH Herzberg 5K FRENKLE
ERANFHERBREINER. I CEENFMATERX =4 Herzberg B3I N7 HH E MBI TIE,

FERT AR - R RN THE.
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2 EEMER

7F 1932 £F, Herzberg BIRE T ERAMBUOGERSIRNE 4258 &, ERMBERT 107, 1 474,
7. Brodia Ml Gaydou fE 1954 FEHRELEFTHAME AL - Xaﬂ_q" By & ik (Herzberg I)[‘ﬂ . BEBL
JB, A—HETF A5 EM AL BE 04, Ny, COs, Ar, He FREH TFHRMERNMWRETELRE. T8
IR HAR SRR AR RE 00 FAMBENIREL FHETE, LREFREAHERE A 57
Ly BNRRGEFHHELEER YL RIEEBINERRIBEE o - o WRELEEEYE. B
RENMERGERFERAER, HNTEESH—ARNER, B4k, £F 470, SURLERE
MEREWRERLME. TERIA P EEYLE R R A4,
2.1 FHAXIHFEEA

60 #E48, Young!? MBMEIHA N KT NO RE>ERETF, REHHST N, BT & 0,(4°TH &,
% Ar, He 2 N BT 60 Pa W, JRME AL} — X35 (Herzherg 1) #FHRE 1 =23 x 1002 [0 |, B
BETY, ZALEXSK 100 km 8EEFRFHEERA LR TH, RRRERHELABRE R LR RE
BIBYTRBE NP RE. McDeal f1 Duranal®l 75 1960 48 f WS AR A o M EUIE T 5 94y TRl 4
O.(APDH) &, HE T LM EAH 60~1200 Pa B, Herzberg I FFIFRER [ = 25 10-M[0]? . &5
Young Y ERrSS R EANE. TTHANTIERELELRE.

O+0+M 25 0,435+ + M (1)
0,(A%5+) 52 0, + he (2)
Ox{A2E+)+ M 23 0, 4+ M (3)

1E Young KT M K No, Mi1E McDeal TfEFH 02 . A LA=SRABRERG T _RUER KR
BN krka/ks . BRMSATFENE, 7 0, Ny K 0.(A5F) SHMBET, LEEAEBRYH
RAFER. SO, FETEET O fEABZHT 4 0.(4°5)) B N, B, AT EEMNRERRE
0.{ A5} ) B¢ RHRAERESCHE, AUl R AR mHeE 0.(A35}) EMBEK 0,435 SMH
B, ERE HEERS bk M, TARESRMNZEMER 0.(4°S)) SHERY. 70 HE N 246 R 5K
REAHEABUETER 0:(A°5)) SREMNENF4, BEMGEINMNERTEBSI LR FHBEAERY
.

Harteck MBS FI LB 8 1, BERREHERFEESTE 04T SHBBABIER. &
FHEMMMEED, 0.(425}) EWAESHH, & 10-5, #EFRTRBRMR —HAREM 0,(425)) Tkl
AR, B0 EM, Kenner FA LB RIE S FH 02(A°5H) SHBREF . HFHLRERRSH
SERMEABER, 0.(4°5}) BHFHRS LG KU ZEIEE A Bk 3% 3h 8 o (7 w0 H Rl Rk
B, Kennerl ZFAFTHMBSIAMEENE 2 FR. EEEH=H44R: () EEFZER X—REEER
FHEUY B BRI, B EURAY 2450 MHz BRI AE PEE IE T, MEESRENEHA 00° WEAHETR,
HHW R EHLRERS ARNEHE, VRS EO2E0E SBRARODHFMEMN TR, O REK. B
FEREENY EEEREERMASRN. ENEEAN 250~550 Pa, 47 BRI K 2 e/ g &
BTFEERENNE TRREENEERY 38 an, KEN Hem . EHIEHRSEARFEHHTFRE K
R, () RMESs. QFEPEERELWAZEN NO FRM NO, RHERERTN. mAE 2 FFRLEHR
RAX—-EHMTREN. 0:(4°L)) SMNEMENREFSE — B3 RaNa%E, Bl EEt
HEEFSEEALET R, AT TR ENE S AT RS EER A, EER 0,(4°SH) SHEX
HEEEH.
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Kenner FAF X —LRIERMME 0, B9 APSH B v < 5,657 Mo <20 A7 A, B9 v < 5 MR BHEH
(5] SF BT APSF Fo=2Mc'S; HEuv=08 0.0, ,00:, N,O , He, Ar B FHRMERIFN0RERY
. MFR LR, WREPEE, FWTLAES (1) 02(A%SH) B v = 2 RS BERE R THNVA
Oofc!' B 7 v =0) MBEERNERRTH. FETHET 420 o= WEBREBH X B ov=0=55,
(2)02 B 02(A%SH) & v =2 MR BT R T Ox(c'Z7) B v =0 FEKR, X—FHS5 Slanger!] 2EA
AR AR T FEIER M. (3) COL 3 05(A3T}) & v = 2 REMSCIE BB F AT Oa(c1 5)
Bo=0HNEABL, ZTSETAEES 5, RFHEHRE, A0 REETR BRNT SN,

FROM FLOW

CONTROL L -—NO
h J
— e o
FROM

ADDED GGASES

(4]
N Ty
| I«

B
T - I 5 I |

Fig.2 Diagram of Alow-discharge apparatus: A, lodc-in amplifier; B, intrinsic Ge-detector:
C, quarter-meter monochremator: D, light chopper; E. quartz light fiber; F, capacitance manometer;
G, 38 mm id Aowtube; H, aluminum reflector; 1, emitting region; J, nickel screen: I\, light traps; L, mi-
crowave discharge; M and P, stepping motors; N, photomultiplier: O, quarter-meter morochromator:

(3, monochromator stage; R, guide rail for menochromator stages: S, photon counter; T, minicomputer

Table 1 Rate constants for quenching of O2(A)u = 2 and Os(c)v = 0 by varions gases

Quenching Species | 0,(A*SF v =2 Oac' L) =10
O(2P) (1.2940.1)x 10711 | (5.9406) x 10-12
Oz(a*4,) (81£L6) x 10~1 | (6.0£2.4) x 10-12
0, 1.3x10-13 3x10-1
CO. Tx10-13 <6 x 1014
SFs Bx10-13 2x10-18
N-O 1.8x10-12 4x 1013
He 6x10-15
Ar 7.2x10-18 6x10-15

All units are cm?® molecyle='s~'.

2.2 FIARNEEA

Kenner FAZZIE—~EAREARLEFETFESWOHERE ASSH A850, f1 474, &, FWET
AR IS BERDERBEIFHEREY. AT, EERIBITRTHEREESSER 425 &
(@M, T; fACA, BHERDIBEEE L, D), A, BHRTAFFRIENIE. Bl RASOE
ESRNRIMA LT 4 0, XSRS, EXHOLBIRESEREN. FH UV SOLEEE O,
WEE AT A, SRTRSRAEETES R NN AE.
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1984 £E, Slangerl % A M SZFABOLH O, # TFHMER A35F B4 o« = 8 B4R, RENGWHRNAG A TH ' =
8) = X3E- BRiE#N, HiNESHYLTREAATHRARND, dHENH 0, XK A35) (v = 8) HHRE
¥ k> 8x 10~ cm3 molecule~!s~!, Slanger W HE BN £ > 1.8 x 10~ em3molecule=s~! | 1991 3,
Wildtl®] 2 A MR 0. T A3 B o =7 R o' = 8 B4R, IENREIEM +'ZF - X357 762 am
BAERNRENAR. BATRAGREM THESBE, HERSERT 0240:(4%5 v = 7,8) REFRHYT

B 1 x 10~ emPmolecule=1s—1 |

1 90 424, Koutsen il Copeland™'?) AR T BE
S WIS H T RMOTERNE, TR SRR
t \ S FREPWES, REAE RBOLRMBER SR T ey
. B \ E‘f‘t. ﬂlgT DQ(ASEJ',U =6,7,9) 5 03, Ny, COz , Ar
i iss ST, He LR 05(c 57 v =9) § Oy, Ny, He MREES FEH K
B R CT Y. TERAAABTOIR T RN ERER,
% o Fg\ 2.21 LRH*
g | AL MME 2. HSE—REI R A RIS ES
4 ARSI, ¥ 0, WEEBADINE A IRERE,
| =0 Texer;) B—REEOEER —B AR RARE LT AEY
] R MM RS S TR ORI R, W 3 5
Internuctesr distance/om . REHENEESEEN SR AR, FE
Fig3 Schematic potential energy curves for O, HEESAREEN ERB R E S R TR
The arrows illustrate the two resonance-enhanced SRR, 2T LR B SRS WA [10].
iom'zati:lm [.xa.t.hw:.ys used in this w-u'rk for BT BER M O;.(AE_E’:“, v=6,7,9) /8, IO
monitoring ATEL state population BB Py 8554 Fos W1 P TR,

B R R E S THCHKEZ M (~05em=1) . F (6, 0) BT N % 907, 0) HHW 3,00.0) i#
B 9, X Rh FXURDIMRSMEN X7 M A°4, ZERTHATEE, S RNOEET %0, BMES
R 51, 17548 0,435}, v = 6,7.9) AR BRECERETHES. XTF 0(c' I, v =19 MECLHER
RMEMOR ARG FE TERRERR.

2.2.2 LedkE
LRP, 0,(A35},v=6,7.9) § 0:(' Iy, v = 9) ENEFFERFERTHNTLAME-

r~l=kP+ D/P

! ARRAAEESEREN, PARRNRVTRGER, + ARORATBERERYE, D AERFHT
ARYBEY. LAWHRAE P B,

Pr-l1=kP?+ D

g1 Prol Xt P2 4EE, RUSERIEMNRDEBEZRETH.

R R, Bl 0,(4A35) v =6,7,9) § 04, N, COp, Ar, He LR 0y(c! S5, 0 = 9) 5 02, Ny, He
GURENE B R BN E 2,3 B, BRFEFIH T Keoner ZAMEY 0,(435F, v = 0-5) IR 04(c! 7 v = 0)
BEFMSERER R, WHR 23 PR, RRAFNTEERS: (1) 0443 v=6.79) 5§
RESHARERINOREERSRDBEFX, Av=0Hv=6Bm%. AW NFRESHE O, EEHMY
Mo=0Bv=TMHPIEE Moe=TBv=068p134. {2 A3 v=670RfcZ7v=0REE
EHE R SUESEOOFHRAR, CO. BREH, HEH 0o Nop, Ar Ml He . HEBZXEMNR, EIMN5 No,
0,, M EEN WEAME, ZEPHREFEXS O, WRTFRAFHEEREEL, LIE N, f10, 4%
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&R, THRMN, EERRSPRER A3SH fi /o7 BPATESME, 3)HR2. 2 PEESHARER
TA4F, 5 Slanger BABHEY O, HMHF AP35 (v = 8) MWAHENE > 8 x 107 emImolecule's~! B
Wildet #ABHE 0, MEHE A3 v = 7,8) HAAMEENE > 1 x 107 em?molecule™'s~! B FFSHY.
2 A%} v =6,7,9) 5 CO2, Oa, No, Ar, He KL J ¢! 57 (v = 9) 5 O, He HREM V3 ¥ 5 3 . Kenner
BAMBY AT v =0~5) (7, v=0) WHNEREETE 2~5 THBREM 2~3 TBE. (1) KER
2HE 3 FEWEH, BR ASH v =6) BERREBT /Z7(v=9). HHNHFHEES 0, RIVMBEEHH K5
5, T Ny ZR/HE,

3 w

g LhrR, RINATRIAMAEHRE, |RFAATHAHRDRNSATNBETATR 0, 89 A3ZF M
A ZRHEHSTFREB LMD IEAIBYLRAEAR, IMHRAEERNZ4L, EHF—EHRBE. F
HSOEM & Herzberg SRR BRMBRIY, EHTF 0,4°TF, 057, A% A,) BF S THEREE (59
¥ .=0.1522, 0.118, 0.1517 nm) . O, BEFE X3I; THBEAE (7.=0.1208 nm) KBE, BEFHEET, A
02()L'3E;) B0 v =0 BREKTIIMES 0,(435), ¢! Z';,A’aﬂu} KIESEE R Franck-Condon BE-F4R /s
B EREEEE MR, Bif SO MENE 0,(435) 27, 47°A,) BHERDBRIEKBE.
Kenner ¥ AR B EH AL O FTE AL RKRBROFTETURRE —E, 0wHFARREREATR
Herzberg B ¥6tb ¥ B R 30 h 4R 88 T —FF Ha0 &R,

Table 2 03{A*Z}) vibrational-level-specific removal rate constants

Vibrational
Level Collider k({cm3molecule™!s™1)
CO- {1.140.2) x 10-10
0] {5.7+0.4) x 10~ 1!
9 Na {4.340.3) x 107!
Ar {2.940.2) x 10~
He {2.820.2) x 10~ 1!
CO, {7.2+1.5) x 10~
0- (3.54+0.3 x 10-**
7 N4 {2441.0) x 10~
Ar ~ 1% 10~
He {1.440.6) x 10-1!
6 0> {28+:0.3) x 10~
N2 {L4+14) x 10711
CO, Tx 1018
0. {2.94+20) x 10713
0~ 5 N, {9.3+1.7) x 10~15
Ar {8.6+8.0) x 10716

All units are cm® molecule™'s™ 1.
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Table 3 Comparison of removal rate constant measurements

for O4(c L] ) electronic states

Collider A, e=9 - v=0
04 (5.240.6)x10-12 | 3x 10~
P {(3.240.4)x 10-12
He (7.5£0.9)x 10" | 6x10~ 18

All units are cm® molecule~!s™!.

FRABNHEARTR 0,(4358F .07 ) NERABFHHES TREXBOERT HERARAEER
WREMNHURRFBEHERIANE 2~5 A 2~3 MHER, HFX2A0ZH], NHBEDLTRRS SN
RPE—ENHE. ZRAMANTE, FHA XU BRAFE RS, NLAEXHITRT, RIOBSLNOEE
&: Copeland FNFHHRH 02(A L) . Iy ) BRIBEUH B EARTRL4S LT EARRDBRAAEER
SRR REEREESNE, PHESENRIBABRLIE. IFEFRESS THRIBBRELE S TS
BAXABLARBRECYERE, @, IFB)Y T8 N, He BRAEEEH < 107 “emPmole1s~1, {H N,
He ¥ IF(B) HFEMN v = 4 - 3 YRABF LB GOERTHN ~ 10-Pcm?molecule=1s~! FME,

4 GRE

BAEZBRF T O; 8 Herzberg BRIMALFR N 31 ¥ T BN LB RERALEERRIIBRE A,

T H Herzberg 11 % 05(A”.4,) B3 A¥HIER LS. 5 H, HRFETREBN 150~250 K, ™K LidH
BA¥E (RZEHE) TAERENATASERHTER. BRI, FEMWRLE, %TF 0, 8 Herzberg
AMBFFTHEER DN ERRAEREET/L. (XM ) RET A2ZHr =9) 50, , N, Bk
R AL (v=9) EERU THMERFAEEETHNE, 4REH. ERER 0K K APZHe=9) #
HEM S NRE S R ERFE TA 2 580 16 4%, XEERHF O, § Herzberg ZEMB FTHNAETHEER
TRAXMNY. ERTHUENEREEREEEN A TASEOER, SFREN 0,(A%S . 157, 474,)
SMEBR N SR EEINEFRERERR ERXSOEEWREY — M EEF .
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Research Development on Kinetic Behavior of the Herzberg
States of Oy in the Upper Atmosphere

Ning Lixin, Wang Hongmei, Cheng Ping, Chu Yannan, Cao Dezhao
( Laser Spectroscopy Laboratory, Anhuil Institute of Optics and Fine Mechanics,

the Chinese Academy of Science, Hefei 230031 )

Abstract The experimental study of the kinetic behavior of the three electronic-excited Herzberg
states of O3(A*L}, "X and A A,) in the earth’s upper atmosphere provides important basis
for the modeling of the upper atmosphere. In this paper, we introduce the experiments, in which
using the flowing afterglow and laser techniques, they measured the rate constants of the collisional
reactions of Oy{APT} ! D~} with atmospheric molecules. The great difference in the quenching

u

rate constants between the high and low vibrational levels of O3{ A’ £}, ¢! T} is also discussed. We

also present our views on this problem. In the end, we introduce the prospects of the experimental
study of the kinetic behavior of the Herzberg states of O;.

Key words Herzberg states; collisional removal; quenching; flowing afterglow; laser double-

resonance
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