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Abstract. The photoionization and dissociative photoionization of o-, p-,» m-bromotoluene were investigated
by utilizing synchrotron-based threshold photoelectron photoion coincidence spectroscopy ( TPEPICO).
Threshold photoelectron spectra (TPES), TPEPICO mass spectra and mass-selected TPEPICO spectra
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corresponding to each species were measured in the 8.5~12.5 eV energy range. The fundamental data
including the ionization energy of bromotoluene molecules and the appearance energy of the C,H;’
fragment ions are acquired and agree well with previous literature results. Then based on the obtained
average kinetic energy released in the dissociation and the existing potential energy surfaces, the
dissociation mechanisms of o-, p-. m-bromotoluene ions are proposed. The bromotoluene ions with small
internal energy will dissociate to benzyl ions and Br atoms after performance of inter-conversion to
isomers, whereas those with large internal energy will directly fragment to the tolyl ions via the C-Br bond
breaking.

Key words: bromotoluene; dissociation dynamics; photoelectron photoion coincidence; ionization energy;

threshold photoelectron spectrum
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Yl /D AR R A INEL A LB TR S FRATT 7R TR AT
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HE— 25U NI I R R AR AR Al D
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[ [ 5% HL T % (mass-selected TPES) , Bl [ {H 5t H,
TIE TR a6,
TATWIFE T & I wmis 5, M DL g R
P S B AR A A 2 SR B AR TRk Sy R T 2
% & (density functional theory, DFT), 7E
B3LYP 577K R A 6-311+ +G(d.p) 2
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Fig.2 TPEPICO time-of-flight mass spectra of
p-bromotoluene obtained at photon energies
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2Co) firoR it Co Hy ™ B R B 1 Y i 2 2 AN BT in. L
BE#& C, H,Br' BHAR TR BERE N, C H, " 7
55T e 1) AR X BV 32 e L B 2 L TR 2 4 Xt
PRS2 Cd) BT 7R A0 6 TR G R PR
C:H, " Br™ f1C, H, " Br* B B [T i i , 32 BE AR 25
Tfifp R AR A S BE R L o H R R T
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Fig.3 (a) Threshold photoelectron spectrum of p-bromotoluene
in the energy range of 8.5 ~ 12.5 eV, (b) mass-selected
threshold photoelectron spectrum of p-bromotoluene ion, and
(¢) mass-selected threshold photoelectron spectrum of C,H, "

fragment ion
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S ) R O T R e i 0 SR DG
T BEE ORI B [ S
Bifi 5 Al 2 19 28 46, AT AR AT IR B 2R 43 19 B D
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(a) NX-IRH LT 8.5~12.5 eV REHE I B N 1 5
B W 3k, b B O R R B AE o =
8.68 eV£0.02 eV AbPLE 3 fin , &b XF R F Xf 7R H
K> F 10 45 $4 B, B BE (adiabatic ionization energy,
AIE) 4N 3R 1 H 7R o AR S5 50 0 £ R A5 1) 46 B g
BIAE 5 AT S5 RAF A AR AR A B A W] D AR O
TR AR, (DG W R R T LA
WA S AT 3 0 6 7 R - RS Y A R
KM TD-DET $g 77 ik, FATT 0 X3 H R 2 5
TIOR8 LR b7 T 45 %
FW L FE8.5~12.5 eV fig &t 5 Fl N . X TR H 4K B+
B XEA APA BEA CP A D* A3 5 AL T A
Pk A m. HiX 5 N H F AN E BB

(vertical ionization energy, VIE) 4+ #]4 8.8,9.8,

10.4,11.1 F1 11.9 eV, 415k 2 v pirs AR 46 Bg 15

R 2 SR FRATTE X - PR I (B TS AT 1O

PRAE.

1 REXSFHERBBEREUR GH, " TBEEFHRE
Tab.1 The adiabatic ionization energies of bromotoluene

and the appearance energies of C; H, " fragment ions

IE/eV AE/eV

Present Ref*! Present
o-C; H; Br 8.78+0.02 8.64 11.48£0.02
p-C; H; Br 8.68+0.02 8.67 11.46+0.02
m-C; H;Br  8.8540.02 8.73 11.55£0.02

X0 F p-Cy H Br X1 2R 780 C H, %
F S T LA R 1 A IR RO L 13 S 3
(b)Yl 3Ce) T 73 % -5 Y24 B 1 1) B (O HiL 733 o
XPA" ATATBATRL C AT TR IR 5 1# 3 ()
S B DG T IE AR ) B A T B AR — 2
FPH XA APABA R CA"H TR B RE
RS FE L B S A il B AT D Bt [ 20 R O 1 e e
M Ak 78 DF A" i TIOR8 3 (b) X B T
X -1 2 B T 1) (D' T T RO R s T 3
(MR BT C Hy "W 8 5 Y BE DG 7 T 0%
W, R MR R T DA TS AR
FasE, e Em CH B B AR X
Cr Ho "R A B 1 1 B (R A 9 52 6 0 A AR A
CoH, " BERE TR MBS 11.46 eV£0.02 eV.
R2 HHEREGRPRETEIRTENEERSEHR
Tab.2 The calculated vertical ionization energies of the

low-lying electronic states of o-, m-, p-bromotoluene ions (eV)

o-C;H:Br" m-C,H;Br" p-C,H;Br’
X2 A" 8.9 8.8 8.8
AA 9.6 9.6 9.8
B*A' 10.4 10.3 10.4
A" 11.2 11.0 11.1
D*A’ 11.8 11.7 11.9

SR-TH R TR 2R R G H T R B
B G T4 & 4 fE 5 Bras. B AL, R
TD-DFT & F b2 58 0 i, FAT XS 4B H 4 8
FITE]-V6 B R B 7 I T & S Re st dk 47 7 #ig
TREE I X S50 AR AR 1 B e e TS AT T AR E. 5
X TR 2R B ARl L 7E 8.5~12.5 eV e L N,
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Fig. 4 (a) Threshold photoelectron spectrum of o-
bromotoluene in the energy range of 8.5~12.5 eV, (b) mass-
selected threshold photoelectron spectrum of o-bromotoluene
ion, and (¢) mass-selected threshold photoelectron spectrum of
GH,™* fragment ion
ARV B T A OOR B TR XPAT ACA,
B*A", CP AR D A L R S AR AR T Ok A
HIEX A" AABAR CA BT S RARE
MEE A DF A PSSR A G H T R
B ARG L3 B DG R T S 6 0 AR A AR PR
FEA BT R B o AR R S BE 2 i N 8.78 eV &
0.02 eVFI 8.85 eV0.02 eV, B A& 4 1L C; H, *
FE TR B S5 5 1148 eV £ 0.02 eV Al
11.55 eV40.02 eV.
23 HETFHBENRE
T C H, WA B 1 BA 2 B [E] o 5 A ik 2
. CoH Br B 7 i B R G H A Br A9 2 AT
AE A 2 B f e GE . /i AR B T B T
SO CoH B B T B B S RE T HEAT T
TR S REW] C H, Br' B 7 1Y B 7] RE AT = Ff
A, B AT DA e C— Br g A 2L 7 4 A Bl R R
HE BT Crolyls (), BEUR B 7 45 4 57 4 Ak ) 24
K E (benzyl, 3 (4)) ML & 3 & T (tropyl, &
(5. MM e PSR 45 R R, C H,Br & 1
SR IG 2 AR B AR RO TP R T W T AE A

TPEPICO/a.u.

8.5 ‘ 9|.0 l 9|.5 ' lOI.O ‘ l()l.5 l llI.O l lll.5 I 12|.0 I 12.5
Photon energy/eV
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Fig. § (a) Threshold photoelectron spectrum of m-
bromotoluene in the energy range of 8.5~12.5 eV, (b) mass-
selected threshold photoelectron spectrum of m-bromotoluene
ion, and (¢) mass-selected threshold photoelectron spectrum of

the G;H, * fragment ion
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m-C; H;Br' & ¥ HIEMEER o, p-» m-CH, " H
SRR B T Br S5 B 4 R B S
7 7S A 0 11,64, 11.75 #1 11.67 eV, 4l
& 3PN AR b A C H R
T B3R 11,48 eV (0-C; H;Br' ), 11.46
eV(p-C; H;Br )Ml 11.55 eV(m-C, H; Br" ), ¥J/NF
bR TR R R B TR 4 B B, R L B
Co H, Br BEAACRS 7 2 B gk o 7 A 2K IR0 7
T HRP R TRNEAR T L 3.6 VI, Hof
T I AR LB L i o T R A A A TR ASCAY
B DA A Hy AT DA DI, T 4 8 A T3 e 1]
RB) QAT I [ 77 i) S A SRR AN X B A& 2 By
7S 3G R A R A O A RE B S L RIS N TR R
BTN RE R B T A AR LA B Y X
PR

B 't T RE ek A9 Ak 23 A, DR R R R B T
B A B R R T Y 3 T R B W AT T O
T E A TR R R T R A N R
TR AR A R T B R R I R T
PR A R SR I ok AN K S 5 i Bk AR I A
T FT LA b ol A R A BT B A L HL S T AR

fr=mcu / maurm = 0.25 &
K am Y& U
®3 RRAXETHERMNTEHTENE
RESEWHAENLE

Tab.3 Average kinetic energy and its ratios relative to the

total available energy in the dissociation of bromotoluene ions
hv/ AE "/ Emailh/ <E;>/
Ton "
eV eV eV eV

o-C; H;Br™  12.5 11.64 0.86 0.37 0.43

p-C,H;Br™  12.5 11.75 0.75 0.34 0.45

m-C; H;Br" 13.0 11.67 1.33 0.34 0.26

LY a. o po meCoHy * 2 B F B9 F (9 40 B4 1l B3 s b, ol W 10
BB T o-y p-v m-Cr Ho 3 1 SE T F 5 7 A B0l 3.

HY T B A B 7E A B ok R b S BT B g L Al
15 CoH, " B R8I i e 19 58 B 25 v 3E 3 HU G
TR B T U 1) i B8, T AT SR AR A B AR B T i
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