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CH,Br, IR TS X BB R

245Y & 2V BAEY EAn?
fEHY KARY DV

DA S HERKFIEWEER, S 230026)
D(HEMERRRAEEFRRASEHERE, A1 230026)
(1995 €€ 5 A 11 A% F))

RETEEFFRAH LM THARDSEN VOV REFR CHhBr, MRS A RE LK. RE
W & ¥ 105—123 nm 78 B P 844 5 F (CH,Bry ) 9 B3 8 7= 3 i 8, 3518 CHpBr, [ 48 # ey 25 3%
% 10.23£0.01 eV.CH,Br; HMBE=4 B FHAE, 81 ACA,),BCB),CCA) 4 HILF 10.78
AERBEEMESTEMEME, EMFHRE Y 716.8+40.0 em ™', X N F CH,Br; ( X°B,)
t Br-C-Br R BRI 4E3R 3 ( w ), BT (835 138 5 8t F CHyBry ( X'B,, v ) iRBh B 41
ns, np F1 nd B 8% Rydberg 5. W4+, 4 CHoBr, XM B BB~ H F& B 4 CHBr" (X))
JERLE R R RS AT T IHE.

PACC: 3380E; 3320N
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CH,Br, i) B B A0 A% B8 o B i AR O AR 52 B 5 1R AT 3 o 2480, B4k B 7 (CH,Bry )
IR B T CHBr' IS B A KB K SCEiRE! . A A REF R % R HER
K, BEWAGHAIRZUSN, SR LR EJNER S ERES FrRER S L b 5
BEET-5 TRMNE T 0B B & #43 %% R (hot-band effect) % B & 10 T #i. 4 S iR3# 10
CH,Br, B B A R, REBF AN LM T HTH, AMBE XM TR T B F-4
T B4 N S vk e FR O B0 . A, R R AR ST VUV R, Bk TREBRE, £
PUES T B RARE RS, AR PR, TR KHIR R T 308 R .

CH,Br, (5 FHI % (220 )% (1by ) (3a.)? (2h; )% (4a; )2 (2by )2 (12,)%(3hy), B — B B 1T 12
SR F T H— A 3b, Sh38 b PRA H T . Potts 205182 B Hel 5% M F 621 (Hel PES) Il B HF %0
T CHBr; MM TALH, AHT CHhBy BRENEAETERESHAMWEKALES A
CAy) (BB 34 10.82 V), B(B,) (B B #h 11.28 eV), CCA,) (BB #% 11.28 V), B3

"ERERAMFESTHNRE.
HEIRBER A



118 F£H% .CHBr, MR PEH BB 10—12 eV BE A CHBr, MRz HRES 1801

R BEM CHAENHITR.

24 A1k, FX CHBr, BB R RIRE SLEEF Rl 4% LS &HE R
BT THEHERELRE, Mo THEEREIREEFAFT S THARETRE, FRAA
EMEM EEMTET BREIE. A% CHBr, AR5 F HRBEEWET #4517

2 % i

LR E WoCER[6]. FidR W T MRS i IE — & Seya-Namioka H 7% 58 #M g 8 { (I
24 T 2400, 1200, 600 %4/ nm =3 e, & 55 K G E K 35—600 nm, 5> HFE A 0.05
nm). HAKFH Ar B Ne ERE —BE S E, HiREDT £0.1 nm. S5 # b+ E PR
Bk Gk L, MK KT 105 nm 1 SE5, A LiF 8% 5, DIEBR S IR IS~ .

CH,Br, # M5 Ne S UL 1:50 HPIEAE(REA N 304kPa) )5, 2 HEZH 1 mm
FIRKPh BEE S ARV = IRIE ZEM B H E 2 0 A skimmer FRFF. TRNBEEENHATE R
EHHNS*10 Pa. MEENS TREFASBEHREKFEAEELXN, BTHIEEFH
PR RS B, TS S AR BA FEA T IS &, B KAMEBERER
— & Compaq 286 BHHL#EAT.

BE G40 % :Ne(99.999% ), CH,Br, (99.95% ). ST30 AT CH,Br, 2 it 2 Ak L.

3 BREW®

3.1 CH,Br, tHBE~ERiL

7 105—123 nm SR AR AE TR BB R @A ME 1 Fix. ZERITEE T

ey B B0 R 3K B K T 105 nm, RATZE R 548 41 Y6k A B X 2 BT %285 T — 3 LiF 383
Fr (R AE K 2 105 nm), DAVS R % 28 €2 0 A9 B VBB MO . W 1 AT Y, CH,Br
[ 5% HL B 7= 3 48 7E 121.15 40,1 nm &b — 52
BROM (8, % M T kB TR0 B4 AP
(CH,Br; ) =10.23 £0.01 eV, B0 35 CH,Br, 1 . B8
# . 7E BRIEN CHBr, M EHh, AR TEHS
R I R B A R E Rk, B R
| KT AEE A W R, 3 B T RN B
| BTSN A2 Teai B ST 1R %
T W Y, % th CH,Br, M E %% 10.52£0.05 eV, B T
T e T SR RSB HAT, AT T 10.52 eV )
JE25 0.3 eV 19 HL B 7 2 g 4% A 45 T HO N 10

1 CHBrf tMBMRMe FRWK Rk, Bk Ma RIS T 85 SRR &4 T,
% CHBrf EEMBMM=AUTHAE  He ] S JERF 5 CHoBr, BB M4 R, 4 th CH,Br,
HR I ELE 5 2R 50 £ B A LB % 10,24 + 0.02 eV. 3 & B & S il /3 1

Ifarb. units

4
A(A;)
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CH,Br, HEH R [1MERYZREF S HEMETREN, B 747 RN HH MY
ZRFEBETUAK, B ASEERFE TR AE L EWEH, CHBr, BFH=XE
115.01+£0.1 nm(10.78 0.0l eV) R F—RZ, ZMENN FEEE FHE —B FHEK
A (CH,Bry (A’Ay))IBI{H. Potts %/t He ] PESCHHR TRIE)FIRLHE R THE
FHOHILELE % 10.86 + 0.07 eV. Niessen 2517 310l ) 55 % 77 ¥£ 19 B 49 B 2 % 10.80
eV. 14, Dixon 2131 vk 8 v3 T 04 % 41 it 5 (pseudo one-electron-Hamiltonian calculation)
SHMAMERN 10.70eV. ALWEGRE PESERMERMAA/FE. B 11 110.67+0.1
nm(11.20+0.01 eV)F0 110.04 +0.1 nm(11.27+0.01 e V) B EFEXHFE S HAR
A5, AR BE XN T CH,Br, B8 — M =W T8k S KB 88 £z &, B CH,Br, (B*B;)
A CH,Bry (C*A;) Iy L T 8. PottsU) 8 44 th CH,Bry M — M E = T ESHEM
BB AL B b 11.28 eV WHIE, 3 K% CH,Br, (B) M CH,Br, (C) H1 B 1 g 4 ¥ 7F .

3.2 CH,Br,; tHBEERHEN

MEB(LE 1), B4 1478 % 120.04,118.93,117.93,117.05,116.10 A1 115.15 nm. iX
WEMEETFMNTHS FHES CHBrn (X, v=0) 381458 FE B 74 (CHBr; (X,
vI)MRIE, FHEM R E N 716.8 £ 40.0 em ™!, 5 CH,Br, 40 4h W Wi 3¢ 9 73 19
Br-C-Br* R X #RAE4E 3R 3 (vo) KRB R B A A (o =695.5 em™1181). gk 41, B 1)
FEHMERBARSEER(RE 1), % CHBr, ( XCB))) KB FE— & K IE s
B0 . IR R B R BR i T AU AT R G

Ev = Ev=0 + (’-’e( v+ %) - (’-’eXe( v+ %)2’ (1)

BERNAR o, MIEEHEE I w5 5% 774.2 M 8.2 cem™ .
F1 CHBry (X)MI CHBr' (X)NBEFEMEPNENLESENRE

CH,Br; ( X’B;) CH,Br* ( X)

v E/eV AG(v+1/2)/em™! v E/eV AG(v+1/2)/em™!
0 10.234 0 11.210

1 10.328 763.2 1 11.240 246.0

2 10.425 777.5 2 11.271 247.2

3 10.513 713.0 3 11.311 323.0

4 10.592 637.5 4 11.356 359.3

5 10.679 699.0 5 11.402 370.6

6 10.767 710.6 6 11.451 399.2

FR6eAEGHHENEELY 1.0:0.8:1.4:2.0:2.2:3.2, AHEBREIRS, 65

B X K ANEBIR R T Franck-Condon B T thE ). Rtk kb7 —E R E LR T



118 Z 4 H % :CHBr, MRS EA B R 10—12 eV EE 3 CHBr, Mikz) 5B EE 1803

M CH,Br,( X, ©v=0)%| CH,Br; (*B,, v* =0—6) B iT [f] Franck-Condon B T I 48 %5 K /.
B—FE, AT HFEXEEN S, KRB 10.78 eV DL T CH,Br, BT RH H#ER
B AR o K E B, DR ET M B A T RS CH B (X WMB BN TS TR
LTS M BT A8 B R K. Plots %18 1 4, 75 10—11 eV Wi Bl 19, CHyBr, BB B 24T
#— A CH,Br, 8412 W9 BT (BN 3b, Bl i T), Mk E— AN IH BT 5 4 T
MEEEBLRK.

TR MBI E Y RGH LOLE 2) xickEF [
CH,Br, ) B B B2 2, B) CH,Br, B 4> VUV K — T l : ;:
TIOEE CHBn WEMAS (RERMTRERE), L |
BR R MOR A B R MR CHyBry .t TR IE ¢
PEFFZEAR 3R A0 JE £k 4, 3 ¥ & Rydberg BRIEHLN, ~
RAVEIXES L& HARE BT CHBr (X, v) [
AREESEES K B BB Rydberg 7. |
115 117 119 121 123
%2 B H BB IETF 10.78 eV(115.01 nm) i) 1§ WK /nm

& . K T % Rydberg AR #ATHRIR

o g - R (2) 2 CHiBr (X%

T (a- 0P B 4 R 2L R

K2 CHPBr; (X’B)tHBEERME&PNEREE 8 EBTF TR O EBTH o 8BIHE THREEIE

v E/eV IE ./ €V IE ../ €V IR s

4 10.240 10.592 10.592 9s 2.80

5 10.341 10.693 10.679 n=9 2.82—3.1411

6 10.444 10.796 10.767 T=0.352¢eV 2.87—3.0401%]

7 10.543 10.895 10.858* 2.96—3.141%!

8 10.624 10.976 10.946* 3.05—3.07014]

9 10.689 11.041 11.034*

4 10.255 10.583 10.592 9p 2.56

5 10.370 10.698 10.679 n=9 2.60—2.7301

6 10.478 10.806 10.767 T=0.328 ¢V 2.63—2.69!%!

7 10.570 10.898 10.858*

8 10.642 10.970 10.946"

9 10.725 11.053 11.034*

4 10.280 10.578 10.592 8d 1.24

5 10.393 10.691 10.679 n=8 0.83—1.150

6 10.495 10.793 10.767 T=0.298 eV 1.19—1.38012

7 — — 10.858" 1.14—1.401

8 10.670 10.968 10.946"

9 10.754 11.052 11.034*

4 10.307 10.584 10.592 10s 2.99

5 10.417 10.694 10.679 n=10 2.82—3.14011

T=0.277 eV 2.87—3.04012]

2.96—3.1401%]
3.05—3.0714

o I SR I S A
Hrh E®4% CH,Br, Rydberg A 8E &, IE, 7 CH,Br; (X, ) SME &, R, n, s #5H
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Rydberg ¥ . TETHRANETTH. A2 PHABRBE LW HEK 4 4 Rydberg £ 71 ;
9s,9p,8d 1 10s, AR Q)N BB BEEHTHE, FEHNFHET TR 6:=2.80, &,
=2.56, 034 =1.20 Fl 610;=2.99. AXMEFTRELHMEREREBE —B(ALEK2).
T hh, BhE ) & A 3R 3 57 2 57 (vibrational progression) 5 &SI M | A 5 LI 4 R A
MBS &, R Lk CHBr, AERBELE MR RESEN. BB HE — 16K+ Rydberg
BHABSTF CHBry (X)) v=1 8%, MRS T »=3 e, £ NH; X BEH A+
WM ER AN E . EF Lditie, 11.0 eV U F 9 CH,Br, ¢ B 55 [7 i 77 76 76 #0@
B.-HEERELES R ETRE,
CH,Br, (2a% 1b% 3a2 2b3 4a? 2b? 1a3 3b,)*B,
— CH,Brj (2a% 1b% 3a? 2b3 4a? 2b? 1a3)B, + €~ (3)
F
CH,Br,(2a] 1b} 3a} 2bj 4af 2b? 12} 3b,)*B,
— CH,Br;,; (Rydberg &)
— CH,Brj (2a% 1b? 3a2 2bj 4a? 2b% 1a3)?B, + €~ (4)

3.3 CHBr' (X)) BERMBEN

B 3 7~ iH 105—112 nm G E A B CH,Br, KB BB =AW BT CHBr b/
BrERils. S8EAETFUEFEME, SR FRFFREAN LF 8k RERELRAMNE
P MM, 7£ 110.6 0.1 nm(11.21 £0.01 eV) &, CH,Br, X B MR HLEH — 5B
BRA, ZEME N Ff CHyBr, i B H B =41 CHBr* i B #(AP). Ma &ty
CH,Br, X B 5% H AP(CH,Br* )<C11.27 eV, 5 RCH 4 R E X — 3.

ERMEAL.21eV)UE, NE 3 B BEEME Lot 6 MaW, K& I E S
A% 110.3,110, 109.61, 109.18,108.74 1 108.27 nm, 3 H &k £ & i T & CHyBr, B
BRI SR, GNP RS 324.3 em 1), BRIE 0 CH,Br, 40 SN W 5C
BrhdF %S E CHBr, WE MR FE, BRERIZEMKEEL N CHBr, (X)) Br-

T T T T 135
T T 13 p)
) — 24
= E|
= 0 i
. =
| H
U AP
1 1 I L "lnA |
105 106 107 108 109 110 111 108 109 110
Pt /om Pk /nm
M3 CHBE"tRETRME SEFLD B4 CH,Br* (X) 5 B~ o i 26 o 0 B s

CH,Br' &5 MM B B H LN SN E BEHRERR



118 %4 H % :CHBr, MF:PEA BB 10—12 eV EE R CHBr, Wikz) A Ex 1805

C-Br* [ x4 R 45 45 3 S A 1) — % (00 =695.5 cm 1181, FIE, A S0 9073 ) 45 S AT B %
% F CH,Br; (X)% Br-C-Br' TRz AR,

FF CHBr* B BEMEMETNHLEHW(E4), S5BHRETFRHELED, BRIMNKH
HJE R8T CHBr; (X, v) AR IR A =4 % 5 19 CH,Br, Rydberg 7 :13s, 13p
1R2d. ABMERIIAR 3, ATUEL, FHNETFTSH o 5EHMEREGR -3, H#HEHE
PRSEE A THERGRIPEAE, BRI ETMABREEN. I, 2REZELZR
KRB, bR EERMETENNERBMNEERNE.

MR, 5848 TFEUAR, CHBr, XM BB E~=4 CH,Br, S, AftH
BT L, B

CH,Br, + hv— CH,Br*+ Br . €))

HFEWALZBRHBFZRMNAETTHIFR STTMMOHARERTH—BEAN B,
CH,Br, M FHAESTHHEWHLE R, HAESZH OB FHBRTHRRESRNIENRED
B T T A AR, BRI, A SR X e gk BOR AR 45 R4 0 4 A

F3 CHBr' (X)RHBE-EM&THAREE .88 EEBETSH S EETH o 8TMHE THRRHELIE

v E/eV IE ../eV IEq/eV iR B

4 11.215 11.355 11.356 13s 3.14

5 11.245 11.385 11.402 n=13 2.83—3.1401
6 11.285 11.425 11.451 T=0.140 eV 2.87—3.041%
7 11.320 11.460 11.482* 2.96—3.141%
8 11.372 11.512 11.522°* 3.05—3.0704]
9 11.418 11.558 11.605*

4 11.225 11.354 11.356 13p 2.72

5 11.256 11.385 11.402 n=13 2.60—2.7301]
6 11.297 11.426 11.451 T=0.129 &V 2.63—2.69M1]
7 11.332 11.461 11.482"%

8 11.384 11.513 11.522*

9 11.431 11.560 11.605*

4 11.235 11.353 11.356 12d 1.26

5 11.265 11.383 11.402 n=12 0.83—1.15M4
6 11.307 11.425 11.451 T=0.118 ¢V 1.19—1.380121
7 11.342 11.460 11.482" 1.14—1.40M%!
8 11.394 11.512 11.522*

9 11.443 11.561 11.605*

o LB R SR B ST ME
ATHEBITEMEBRARRELBERASBH LR EF CELMRE RS KK, &1



1806 w B % #® 45 5

[1] Z.X.Ma, C. L. Liao, C. Y. Ng, N. L. Maand W. K. Li, J. Chem. Phys.,99(1993),6470.

[2] B.P.Tsai,A.S.Werner and S. F. Lin, J. Chem. Phys.,79(1975),570 K X Br 5| 3C#k.

[3] R.N.Dixon, J. N. Murrell and B. Narayan, Mol. Phys.,20(1971),611.

[4] W.V.Niessen, L. Asbrink and G. Bieri, J. Electron. Spectrosc. Relat. Phenom.,26(1982),173.

[5] A.W.Potts, H. J. Lempka, D. G. Streets and W. C. Price, Phil. Trans. Roy. Soc.( London), A268(1970),
59.

[6] Yun-wu Zhang, Synchrotron Radiation News, 1(5)(1988),12.

[7] H. M. Rosenstock, Int. J. Mass Spectrom. Ion. Phys.,20(1976),139.

[8] L. Andrews, F. T. Prochaska and B. S. Ault, J. Amer. Chem. Soc.,101(1979),9.

[9] R. Locht, B. Leyh, W. Dener, G. Hagenow and H. Baumgartel, Chem. Phys.,155(1991),407.

[10] D.W. Smith and L. Andrews, J. Chem. Phys.,55(1971),5295.

[11] K. H. Sze et al., Chem. Phys.,137(1989),369.

[12] T. Ridley, K. P. Lawley, R. J. Donovan and A. J. Yencha, Chem. Phys.,148(1990),315.

[13] A. A. Radzig and B. M. Smirnov, in Reference Data on Atoms, Molecules, and Ions, Springer Series in Chemical
Physics 31, ed. by J. P. Toennies (Springer-Verlag, Berlin, 1985), p. 425.

[14] W.S.Felps, G. L. Findley and S. P. McGlynn, Chem. Phys. Lett.,81(1981),490.

PHOTOIONIZATION STUDIES OF DIBROMOMETHANE USING
SYNCHROTRON RADIATION: A STUDY OF VIBRATIONAL
AUTOIONIZATION STATES FOR CH,Br, IN 10—12 eV

L1 QUAN-XIN” RAN QINY CHEN CONG-XIANG"
SHENG LIU-SP YU SHU-QINY ZHANG YUN-WU? MA XING-XIAOY
U( Department of Chemical Physics, University of Science and Technology of China, Hefei 230026)
2 ( National Synchrotron Radiation Laboratory, University of Science and Technology of China, Hefei 230026)
(Received 11 May 1995)

ABSTRACT
The vibrational autoionization structure of dibromomethane has been investigated in the

supersonic beam conditions using VUV synchrotron radiation. Based on photoionization effi-
ciency curve of CH,Br; in 105—123 nm we have found that the adiabatic ionization potential
(IP) of the dibromomethane is 10.23 £ 0.01 eV. The thresholds at 10.78 £0.01 eV, 11.20
CH,Br; , i.e., A(CA;),B(*B,) and C(®A,) states. The discrete peaks with some autoion-
ization features superposed on a step-like structure in the PIE curve of the parent ion were
observed in the range of 115.01—121.15 nm. The average step width was about 716.8 +
40.0 cm ™!, which was in good agreement with the value of the vibrational frequency of the
Br-C-Br antisymmetrically stretching motion ( wo) of the parent ion CH,Br; ( X*B,) which
was measured by infrared absorption method. All strong peaks ware assigned to the autoion-
ization ns, np and nd Rydberg states converging to various vibrationally excited states of the
ground state of CH,Br, . In addition, the vibrational modes and autoionization structure

occurring in the ground electronic state of the daughter ion CH,Br* ( X) were also assigned.

PACC: 3380E; 3320N



