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Fig. 1. TOF mass spectrum of p-chlorobenzonitrile.
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Fig. 2. 2C-R2PT spectra of the ¥Cl (a) and *Cl (b) isoto-
pomers of p-chlorobenzonitrile. The spectrum is shifted by
35818 cm (the origin of the S; «— S, transition).
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Table 1.  The measured vibrational frequencies and

assignments for the S; state of *Cl and 3Cl isoto-
pomers of p-chlorobenzonitrile (unit: cm!).
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0 0 0§
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Fig. 3. MATI spectra of the *Cl (a) and *'Cl (b) isoto-
pomers of p-chlorobenzonitrile via the S;0° intermediate
state.
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2 XEANE T 35CL MO AL B 7454 Dy RIPRSIIIAR KOOGS 8 »(F 2 cm ™)

Table 2.  The measured vibrational frequencies and assignments in the MATT spectra for the Dy state of **Cl and *"Cl isoto-

pomers of p-chlorobenzonitrile* (unit: cm ).

3501 37'Cl
S A SiH RIS FiEA)E"
50 S.6b! LN 5,00 S.6b! LN
0

346 347 343 344 7al, B(CCC) , v (C—Cl)
517 528 514 529 6b!, B(CCC)
587 584 6b'11!

601 598 12, B(CCC)

691 693 681 687 Ta?

719 731 715 734 41, 9(C—CN)

778 772 778 775 6al, B(CCC)
860 857 6b!7al

947 947 7al12!
1032 6h?

1035 1040 1031 1031 Ta?

1063 Tald!

1110 1093 1116 1096 11, breathing

1127 1118 1118 6b'12!
1205 1191 6b'7a?

1223 1223 1227 1228 13!, v(C—CN)
1236 6bi4!
1292 1292 6b6al

1388 1390 8b!, v(CC)
1549 1545 6b17a3

1572 1577 1569 1570 7al13!

1608 1614 1612 1621 8al, v(CC)
1641 1631 6b1!

OSEIOALRAR TR AN 4 TR BS B (76846 con ) HOGiRS, BB BSLYP /aug-co-pVDZ i L RSN % (K 1IE A 7-0.981)
by, WhHRED; B, AR A IRED; v, T TR 25 i 4R 2

(a) 6b!
@ 17,1
2 6bi7al o, .
= 6b1111 6b1121|6b16a1
2 I \ |
8 A
~
> T T T T T
b=
% (b) 6b!
E 6bl7al  ghira2
o 1111 6bl1!
R 6bl11 6b112!| gblgal

¥

0 400 800 1200 1600
Ion internal energy/cm~!

Bl 4 WSR3 F PCLIR AL & Hr E 2 S,6b! (a) Fl
SCL AL A ZS S;6b! (b) AY MATT S i, B4 AL b 2 40 X
X GERIE J3 ¥ FL B B 1 D A% 1

Fig. 4. MATI spectra of the *Cl (a) and *’Cl (b) isotopomers
of p-chlorobenzonitrile via the S;6b! intermediate state.
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TIEAL T X AN TAEP RS S S —H
TR S, FIE TS Dy W F45H, % 3 5
THUESTHR NN AT ST S BY MES SR T
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SEMIT R R S R 1 TR, B SRS T
RS, HIg MK A, SRRy
G, BASFERIACR RN oG B0. 1HE
ZERH, Ny IR L IZEE K 0.053 A, =X A%
2 R BT X ERNG R o TR a5 J R T
(AT AR BY. H s S SIA S S, Mo T45
F, e Tz i i, RIS o PR BT
A C-C AR 38 K, B C4C,Cs A C4CHC,
K, AR T3k, WA A S H ISR
T2 a4 Cp-Cg A C,-Cl, 8 iy S KN . AR B
TDDFT i1 5, X & KN 0 T8 — B T ES
S, BHA an* FEIE, S, « Sy FIRITE FEHE T
LUMO <« HOMO W53k, 7+ F i F% 5 & E
T ARk, ZRIR 0 R BRI, i ERR SR
JEF LT BN, DTS RS T AE I BB R A A
ik Ak, R, P AESRIDLES, K2
BRI PRSI 9D, Ta, 6b, 6a, 1 5AEFFFIHUL
FEHR AT %, W8I 5 R A T S5 R AR A A X

3 WEAEN TR RS MR T
BIEARLEISEL

Table 3. Geometrical parameters of p-chloroben-
zonitrile in its electronic ground, first excited and

cationic ground states.

45K

B¥ Exp.* S Si© Dg®  A(Si-Sy)  A(Dg-Sy)
R /A

Ci-Cy 1.397 1.406 1.432 1.433 0.026 0.008

Cy-Cy 1.384 1.393 1.429 1.373 0.036 —0.056

Cs-C, 1.387 1.397 1.418 1429  0.021 0.011
CrCs; 1380 1.397 1.418 1.429  0.021 0.011
Cs-Cs 1.382 1.393 1.429 1.373  0.036 -0.056
Ce-C; 1.386 1.406 1.432 1.433  0.026 0.001
C,Cl; 1.745 1.755 1.733 1.695 —-0.022 -0.038
C-Cg 1.454 1.436 1.414 1.413 -0.023 -0.001

Cs-Ny 1.110 1.163 1.171 1.170  0.008 -0.001
B/
CiCyCy 119.1 1202 119.5 119.6 -0.7 0.1
CyC3Cy 119.4 1192 118.7 118.9 -0.5 0.2
C3CyCs 1217 1214 122.7 1219 1.3 -0.8
C,CsCe 118.8 119.2 118.7 118.9 -0.5 0.2
CsCeCy 120.2 1202 119.5 119.6 -0.7 0.1
CeCiCy 120.6 119.8 120.8 121.0 1.0 0.2

S EANE T SRS S AR
"B3LYP /aug-cc-pVDZ I LB TR B Z5 S 5L
“TD-B3LYP /aug-cc-pVDZ i IS T 45 S5

. FEXT SRR B X SR ik 2O %o eI B2 43
T, R T AR Z5F AR L.

TERTE NG 7 19 MATIGRE, 7206 —A4
Av =0 (YR BIFRIE, VLR L B e o TSR AR 2
ASAEARRT N, BV IS B 450 SRS 1Y
G FEERARRL. ARAE A SR A BT, X EOR G
5 F Dy < S; g, KA FR Rt
+, PRIRE U I AN ST 0 H T2 B,
I, Cy-Cy, Cs-C Fl C,-Cl; BERGEEK S (W35 3),
R RIRE KA T /NS, SHkE
Sy Gt A, BT IS Dy R ARG AN
1%. X} F X E RN CL R E, B T HE Dy i,
PR Ta, 6b, 6a, 1 FHRSIRSTIH 346 cm ™,
517 cm!, 778 em ! Fl1 1110 em !, SR A S, i), #§
SR 5 5] A 310 emt, 504 cmt, 739 cm !l
1067 cm!, X LRI P B(CCC) 25 h ik 2h 78
B RS B R SR B i TR S AR S A
[FAEAEXT SR 37CL R R, B 1335 B(CCO)
5 il PR B PR Sh AR A B E S A 5 A, RIS T
FEASHT, RIS Al S A 5 K T IOR A R

TEWRAS Sy I, RERNE 43+ #CL A1 37CL []
A A FHR IR S AT S EE AR [R], 15 W U
T [R5 25N X R A PR B sE AR /1N, 352
TR Z B F A AR [R] . ey 431 R H 3 A
w8, ENmESEZEIERE /NG RR. HE,
TEHE AR, C Ol BB WA S 1.733 A
NN AR 1.695 A, dE— 405 RIHIR
HEBEFHAHBEAEHAR, 50 TR R R &+
FEBPRSN IR 22 1K 785 F ISR, XFH0E
Ji o F PR [F AL R AR S Ta, 6b, 1, 13 W4R)
WiF 2K 3—6 cm .

4.2 XMSEEESFHREMBEERE
ERTAY T, RIS R AR B A
SEHER (n HUH) A5 A (o BE), X PIFPAH .
YEHIG I TR AEY 1 i TSR RE R AT, XF T
— D MRAEZR 2 = BESAY FL T BRIT, RS T2
AE TR B AR A9 R/ e T 00 25 T A BE R AR A R/
i, BRITRERAELLHS, 2, BRATREMEAS 7. 3% 4 31
TRy R EE L RN R ST AR T
BRAT g (2520303338 3of FRLORNNG | R & EEANE 701
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B, XSRS 0 SR FE | 0 SR . W SRR 7
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Hd A AN A BT T IBRITAE (40 ) »

Table 4.  The transition energies (cm ') of phenol, anisole, aniline, benzonitrile and their derivatives.®.

Molecule Ey(S; < Sp) AL Ey(Dy < Sy) AE, IE AIE
PN 36, 349 0 32, 276 0 68, 625 0
X A ) 34, 813 ~1537 33, 291 1015 68, 104 -521
24 gk 34] 36, 383 0 30, 016 0 66, 399 0
Xof GRS FH gk 2] 34, 859 ~1524 31, 253 1237 66, 112 —287
AR 34, 029 0 28, 242 0 62, 271 0
X AR 2 32, 573 ~1456 29, 837 1593 62, 410 139
ENI 36, 518 0 41, 972 0 78, 490 0
POE RS 35, 818 ~700 41, 028 ~944 76, 846 ~1644
X FE BRI BT 36, 222 -296 38, 933 -3039 75, 155 2845
XTSRS 33, 481 -3037 33, 012 -8960 66, 493 -11997

*AE;, AEy, FIAIE 2G4 T B, EWGEREFIIER B REAAXT R  ZRH ik e . RN By, By, IERERLIN2E(E

TR RE By A AR | 2R kL R L R
KHE B, A% T 1537 em' !, 1524 ecm !, 1456 cm'!
1700 cm 1, PEH S, < Sy HL T & i FR v, B
JE CLEF | H 3L CHy. 238 NH, 528 1 L8 AH
HAE R, BN TR R Rk, R
W U SR RS IS A,

T Dy« Sy BRITHE By, XFEAE . X2
Tk | X AR ERIT RE By AR | 8 F Bk | 8%
HIBRITRE By K4 T ¥, 18 Dy — S, B Sk
TR E—A T, BRATRE B, ISR UL T K
I O TR i F/ER, 5 R R [
FL 2 B R /N TG SRR L o B R | X
FARNE BRI RE By AR BT RE By KT
ZI¥e, RUILSEE O 575 BT AL CH;, &% NH,
BAMHFE A TVER, 508 T AR B 7% 5
RGN, B, AR AT, BURIE C
JEF R T PIFOR R B H A AR, X R
W T2 BRI RS2 . ZEXT
AR X E K EE TR T, 5 — N
RREEFZHEE OH, H & HE OCH,., & HE NH, L3 H it
ML JE M, TZEXT @R NG o, 5 — DU
5 CN R e CLRF 33k W L 7887, 51k
RIE CLEFHTHENEN, IiEST ClLE
FHEE VR X JEUR M | X 5 g | X 3R R
i 437 rp 2932390 IR F ORI T 2L
M5 SEH.

5 & #®

AR SO B IR WU 1 R, 75 R 5 8 9

(B BOBIERAR, W T X SR A —
RS, MEFEE Dy WIRSDEHE, #E TR
W5 Sy < So LT ERITINIUALREN 35818 4+ 2 cm 1,
R 0 24 P B BE A 76846 4+ 5 em ! (9.52766 +
0.0006 V). Xf SANE 73F 35C1 Fl STCLM B [F] 2 2R
A HR TR AR REFN HL B R LA BAH LR S RRAE, 5
—HFARE S, MIE TR Dy iE RS K2
BOE AR N R RN, 76 S, < Sy FIMA
AR ORI R RN, ORI R AE Tk,
BREE CLE 528 50 (i L S A0 B VR I3 9 AE
Dy < S, FLE R, R Bk L —A n¥ T, 4
TRARGERY L T /NI A . X R R 1Y BR AT RE
B, M XS R BRAT ik B, & /B T 48, BUC 2k
ClJEF RNt /e, 51 T 43 8 Bl i+
.
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Abstract

The vibrational features of p-chlorobenzonitrile in its first electronically excited state S; and cationic
ground state Dy have been investigated by two-color resonance enhanced two-photon ionization and mass
analyzed threshold ionization spectroscopy. The excitation energy of S; <— S, and the ionization energy of *Cl
and *'Cl isotopomers of p-chlorobenzonitrile are determined to be 35818 + 2, and 76846 + 5 cm !, respectively.
These two isotopomers have similar vibrational features. Most of the active vibrations in the S; and D, states
are related to the motions of the in-plane ring deformation. The stable structures and vibrational frequencies of
p-chlorobenzonitrile are also calculated by the BSLYP /aug-cc-pVDZ method for the S, and D, states, and TD-
B3LYP /aug-cc-pVDZ method for the S; state. The changes in the molecular geometry are discussed in the S; «—
Sy photoexcitation process and the D, «— S; photoionization process. The comparisons between the transition
energy of p-chlorophenol, p-chloroaniline, p-chloroanisole, and p-chlorobenzonitrile with those of phenol, anisole,

aniline, and benzonitrile provide an insight into the substitution effect of Cl atom.

Keywords: p-chlorobenzonitrile, first electronically excited state, cationic ground state, vibrational spectrum
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