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PACS: 33.80.Rv, 33.20.Lg, 33.20.Tp, 33.15.Ta

1 5 =
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P& 2 1 HL B AN RAT I [A] B G BE R 3R 45 T PMOB
B TR AS Sp 7E 02400 cm ! ¥ Bl 4 (1 5 2
WA W1F PMOB 7 ¥ Sy A AS UK fie 4
(35549 £ 2) em ™t BEAT TS BEVZ B BRI,
A5 T PMOB R B KL GEE RSN, )
I B0 T B 45 SR S0 W 4% B M R B RE G AT T
PRARFIRE IR, SR L 1 650 3 (1 W W A 51 ik A AT
TR AT RE, AT R bR R = AR, SR E] T K
IR AR BN F AL 45 AR B0, X R
PMOB [IAH S 58 AR AR 4 T 8 2 225 Bk

2 LR E5itE

SE A E W 1N, BB B
T REA WOLLIR RS, B RE RS
HERGATHREAE. AEE. HH WITX K
ARG WEERERAETES HTETH
RAMME; B 7. HOEIE R (microchannel
plate, MCP, [T KIFOGEHEM M GRA R, H
225 mm) BRI ZSFN B B AT XA R AT I [ o 1%
A PHA=160 AR ] Ji g B (¥ 28 7 313K MCP 1 I [a] A8
7, AT BB X 73 AN [F) 5t 47 EL I 25 1. RJEAR=E
FreA k4TI U7 PMOB [l 258§ B Macklin
NP, ALY 98%. AR RE R InFAE] 130 °C
PASRAS R M ZERUE, H2 N KRR EM&ESIEN
B IE I K I (general valve) H A2 0.5 mm /)N

Free flight
chamber

chamber

i
LLINEN
7 4 |1

FLIE S 21 o5 B 2S = p 4 B K TR R S A T
W R EAEML30 L, L H kR4 R e 4
6 x 107* Pa, BRI 40 T AR FE L 8 LA R S
ik 3 10 ) TF S 451 2 9 10 Hz, & RIT S B 1)
190 ps. FEMKFAHZE T % 12 mm 423 — A HE
1 mm PHOREE, HTHES TR, o FiEd
A NLE NS S, BEERE TERBTH
H4% 80 mm [ HH () FL A ERR F AR AR P HE S 4 R
o 5 ok e 1 R RCBE RN FL RO SR 2 A 1
FEh; FAR 2 R HLAR 3 43 74 N 500 V FI1400 V ik
MR, AR 4 B I S E R o ORI B
LR 5 ATE A 6 2\ 50 VIR 1E 2 H R, AT 7 F i,
KRR ENEES THROER. B8t
MBS = i, Il — K29 400 mm 1) H HRAT
Xk, 24 J5 2L MCP #8025, MCP =4 f{5 518
WIEZRER, N TREEMEL, @ s 74
2% (SR430) HeliedE MCP 45 5 92 B 2 i3
WOk e I 2 YAG Bk 4h iz 1 4 R ok
25, YAG 0t 238 B Quantel 4 & 477, 58 Q-
smart850, H =555 5= 4 29 6 ns ik %t 1 355 nm
o' T4z Sirah PreciseScan 4ekHE G %, 1% H
Coumarin 540A Jek}, JerbBos MG H A A
AL (WS-auto, SHG-250) J& 7= 4 260—285 nm
SO, OB %N T 0.1 em ™!, BEEZ
800 wJ. KA P KTt (HighFinesse WS-7) KR #EHOG

Pulse driver

Beam source
chamber

1 (MfEa) st 8 Heh, DG645, SERkif kA 8% HV, Bkof sk B i, SR430, iH58%; MCP, #idiE
W PV, HKeHIR; 2f, 5005 3f, 3 1M NF, LB ; FL, REH
Fig. 1. (color online) Experimental setup. DG645, digital delay generator; HV, high voltage; SR430, counter;

MCP, microchannel plate; PV, pulse valve; 2f, doubled frequency; 3f, tripled frequency; NF, neutral density

filter; FL, focusing lens.
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JH i S B Rk R R A 4% (Stanford Research Sys-
tems, DG645) K42 il ik v i . YAG OGS AT
AQFF IR RO L A% ks &k A2 28 1T SR430
IR . YAG 06 a8 BT AT Q I 5 AH XS - ik o
I FF Je i R) 20T IR 168 s 1488 us, DLIFFE &4
FTREHOCE B T B 582 26, 25t
TReE 50 TR SR BERILIRNT, &5 T
W=D AT REBRTE, MRS THMMNE—H
B RS 5 — AN SRR R T HL Y Q T RAT T
22 us 5 BT R BN 2, 3 MR 8], X BRI 50 ps
(77 T 5 s ok b o 85 1, s IR 31 MCP 480 35

SEI6E HAT 0 S 0 labview F£ 45 1 B 5256
R, JeRlBoE#ELL0.04 nm B KA K, 17
FP WA SR430 RN 300 R E T15 5, HWE 5%
AT R R

K FH Gaussian 09 F2 77 63 81 $AT 4 T 45 # £
1o BER ARSI T 5. 0 T RO THBCR
B[R] R G % 2 B B0 TD B3PWOL [ J73E, R
R R 6-311++G** HEAT T 5, AE Jyox EE [A] I
17 T Hartree-Fock J5 7% CIS/6-311++G** 2% Jil 1]
THE. ATBIERR I EEAMA TEN, KF
JE R T A OCRIR B AR M B i 1R 22, THE BIRS)
AR FAEAT 75 B e A& 1 B IE TR 1 A g 5 SR B 45

REAFHAE A, BEIGOT, KAL) T 1
W AHRENAE 5 T30, JEA SRR, B LA B
W i B0 45 1 3 VR (RN S B0 (B 3R A5 B3R b i 5 5
BRI B 1430 8 0.962 A10.947.

3 EREREHXEFA

K245 T PMOB2EZS S B HLTHURES Sy K
IE (Sy «So) A ILIR X T L (one color res-
onance two photon ionization, 1C-R2PI) Yt i,
AT GYRHEOL 3R N IBUR OB IE, O 5 B B UK
K AR A MR B2 K, FRATTR F 40 B A 41 A e i 4K
B I 1 7 1R AR E A R A O 38 B2 I AL A 55
PMOB R —Fifa & i e i s M ik, i i
A So IR A Sy 1) 0+-0 BT (band origin) HHILLE
(35549 £ 2) et X TIRIIFTAEMMN F S1 +So K
BROT 2 1+ R AE 2, T2
TR RI K ) X EEGE T LR 2 RS
B, PMOB L4 45 FhRaN B, b 3 Fi s T3k
FIFRSN . 12 Fh )@ T H A RS 30 Fh B T 14k
By, MRHEEAL TH 2 R SIS LR B IS AT T
JEAT BEAS B I PR B A R IR Bl AR

09 35549 cm~!

(a)

Ton intensity/arb. units

800 1000

18b g1

!

18a(1)1[1J

141
1301

19bp1,

1600 1800

2000 2200 2400

Relative wavenumber/cm~!

K2 PMOB ) 1C-R2PIYGis, K i T B8 FIWR AN 00 WO AEM T N (35549 £2) cm ™!
Fig. 2. 1C-R2PI spectra of PMOB. The band origin of the S; - Sg electronic transition is found to

be (35549 & 2) cm~ 1.
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®1 UEDK PMOB BASHIIRADEHE L HGHE TR R A

Table 1. The observed bands of PMOB in the 1C-R2PI spectra and assignments.

fef/om=t  MRIEE REEH/em™! Ref[20] HH /jom ™ St bR L ©
TD? cisb

35549 100 0 03
35804 22 255 244 249 9b}, ring B(CH)
35891 3 342 343 366 6ag, ring B(CCC)
35930 381 362 ¥(C—CN)
36036 17 487 466 488 6bd, ring 8(CCC)
36041 48 492 475 494 154, ring B(CH)
36174 625 649 638 10ad, ring ~v(CH)
36211 662 658 12}, v(C—CN)
36295 746 695 741 53, ring v(CCC)
36334 72 785 808 785 785 15, breathing
36491 23 942 949 18a}, ring 3(CH)
36536 36 987 987 18 b}, ring B(CH)
36555 45 1006 1009 v(O—CHzs)
36574 35 1025 6aj1y
36587 21 1038 9bj13
36649 19 1100 1100 §(CHs)
36711 65 1162 ¥(C—CN) 1§
36721 52 1172 1170 13}, v(C—CN)
36800 59 1251 1257 1270 7a}, v(C—OCH3)
36819 77 1270 6bj 13
36824 85 1275 15813
36851 41 1302 1331 19bg, ring B(CCC)
36969 23 1420 10a§1}
37001 32 1452 1446 1420 §(CHs)
37012 70 1463 1462 1430 §(CHs)
37021 69 1472 1438 19a}, ring B(CCC)
37067 80 1518 5013
37120 91 1571 1570 1570 12
37213 20 1664 155138
37274 18 1725 18aj1]
37319 24 1770 18 bi1}
37339 39 1790 v(O—CHs) 1}
37361 37 1812 6aj12
37498 38 1949 ¥(C—CN) 12
37507 41 1958 13}, 13
37583 36 2034 7aj1}
37605 26 2056 6bi12
37611 22 2062 15312
37636 16 2087 19b31}
37705 29 2156 2220 2162 2178 v(CN)
37796 22 2247 §(CHs) 13
37850 38 2301 5312
37905 12 2356 2355 2355 13

ajijd TD B3PW91/6-311++G(d, p) HH KA AR UL IERE T 0.962; P jliid CIS/6-311++G(d, p) iHH k1S
I ALK IER T 0.947; © 8, “FHINIIE il; ~, 4N thiksh; 6, RS MRS, v, M454R50. » the results
obtained from the TD B3PW91/6-3114++G(d, p) calculation (scaled by 0.962); P the results obtained from
CIS/6-3114+4G(d, p) calculation (scaled by 0.947); € 3, in-plane bending; -, out-of-plane bending; ¢, methyl
bending; v, stretching.

093301-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 66, No. 9 (2017) 093301

A 3K FH Varsanyi A1 Szoke % B () 75 12 (20:21]
PRIRFNRR 53 1 TR AR BN, 3 2 de i 07
%2z —. F15H T PMOB % T 1C-R2PI Y i b
L ) 5 B T R L PR RO T e R AT R X R
WOk ASTRENAE R TD A CIS 7kt 5 R sl 4l %
PAROGEERR IR AR . 1E XL, et T 2 3
BRFRIE (1) — LE PR B, 7E 0—800 cm 1 i [l 4 H
BT 5 AN BRI, 00 W KT AS 5 Mo, HAh
4ANE I BT 255, 487, 492 1785 cm ™~ &b, 435l
WAJE R 9bY, 6by, 155 11} BRIE. 9b Al 15 PR Bh %
NI E CHEVT A 1530, 6b 23 | C J5F1EFR
S N E CH BT W 112 3)), RN 1 2 251
BRSO IR S,

H 2 (b) 7T LA H 8001600 cm—! H L1
WAL HAG T 8E, JATHE AR 942, 987, 1172,
1251, 1302 11472 cm™" B 3% 47 9 & A BRIT 18ay,
18by, 13}, 7al, 19bf M 19ad, ¥k 251X L R 5)
AR I b5 7P A RIE 3), RBNHE 13 F 7a 53
SRR & B C—CN 8 A1 C—OCHS; § 1) 41 45
PR3, HILAE 1025, 1038, 1270, 1275, 1420, 1518
1571 em— ALY 43 0l 4 U9 J8 D 6ad 13, 9bj1g,
6b 15, 15518, 10ad1y, 5518 AN1Z BRAE, XLk &
I A2 A P IR I AR B A 1 At BE AR 1) 45 S R B B
PRBNBE I ZRIZ AR, 7E 1162 con b AR 1 A5 4 )
J& RERIE v(C—CN) 1§, AHR R SR AN
C—CN fE 5 BT 1 N 125 Hh 4R 30 5 R R 3 1

454, 1006 et AR AT LT UK A O—CH;
B SEIRS) v (O—CHg), RN FEREE 3 | CH
FETTH N F3EE. 76 1100, 1452 11463 cm—* Abi
M6t TR S B CH AR L #5323,

K2 (c) 7" T 16002400 cm~! U {4 1C-
R2PI¢ 3%, 5 K2 (b)xf Ltk A LL & B 1600—
2400 cm~' U Hl N B 1 5 800—1600 cm ! H
A B LT — ARG BT OH I TE 1664 A
2156 cm ! AL FRI R4 5% VA 8 94 A RS 15813
Al v(CN) Iz sh 4k, HoAth 10 45 2509 8 T B 2 (b)
WO RN S5 PR IR Zh A 1 1) 45 & IR 3h.  FRAIT
R 1 510 45 L AE 16003000 cm Y5 I A B T
2162 cm ! &b B CN 4583 v (CN) 4, A K
PR AR TR AR BNAE, 31X 5 FRATT 0 236 45 SR R ik
PRI —EL.

L2 T LA IR AR S 458 R AR — iz
WS 5 AR5, R T = IRZAN, F 2 4560k
NG SRR, X erE s R 7E A (AT AE YO
Wb L. X AE R T PMOB 4> T3S 2 A
AU IR B AR K Franck-Condon [H T8 K, JEH 5
T, TSR B2 AR K B 4 A IR sh i Ay, 1X
SEAR B 7 (AR MR RSN B B TR BT REIR
P2 B AR 1 R RN, FEARIR (1= =3R) iz 40
HVE A RIH AR R, B (B A B )N, 3
LG IR AR AR HEIR T AR A A

i

6b, ring B(CCC), 487 cm !

1, breathing, 785 cm !

et

18a, B(CH), 942 cm~!

v(CN), 2156 cm !

3 (MHIRG) SUe USRI B R 1 4 FhREh

Fig. 3. (color online) Four experimentally observed intense vibration modes.
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B3 45 H T Seie o 82 2 (1) PMOB UK 2 5
THOER 4 FREN B, BN RERHE T, &
OERR CIR PRIV E, OB SRR T8
Bl E f R BE B AL, 2S00 B 5 A S KN S 2 ]
ELN CIR Tzl
4 B 4%

K F RS 43 1 O R AT I TR 5 4R R 15
T PMOB K 5o R XU 7 LBkl 2 &
I 2% B vz oR FLR 34T T PMOB Bk 25 1 45 /) 1
th, e — DIt TR R, R AL R
ML EN G AT T R AR IR, PMOB K
(1) 38 — WK RERE € 9 (35549 & 2) em ™!, KL
£ 0—800 cm ™1 ¥ [l H 7 3K A HIHR B 5 9b, 6D,
15 F11 5% F #03%; 800—1600 cm ™' i [ 8L T %%
% BRI AT 1600—2400 cm ! FE AR EE
P 17 5 8001600 cm ™t ¥ [ 4 3 45 G X B K R,
RIBE T 1664 F12156 cm ™! 1747, F 4% 1% 5 48 2
800—1600 cm~* 3% B [ 41 2 155 5 WP IR 41 2 155 1)
SEEYREN. WPIRHR BN I IR S S R 0,
ZUGZ A AT RS IR, X A B A S FE R R 2
W SRR B2 L B EE SN E.
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Abstract

p-methoxybenzonitrile is an important chemical and industrial material which has been widely used in many fields,
such as medicine, chemistry, photoelectron, etc. In this paper, we use the technologies of supersonic molecular beam,
resonance enhanced multiphoton ionization and time-of-flight mass spectrometer to obtain the high-resolution one color
resonance two-photon ionization spectra of p-methoxybenzonitrile in a vibrational wavenumber range of 0-2400 cm™*.
In order to analyze the experimental results, the theoretical calculations are performed. The molecular structure, energy,
and vibration frequencies at the electronic excited state S; are computed with time-dependent density functional theory
at the level of BBPW91/6-311 g++**. According to the calculated results, the observed bands are assigned by the method
of Varsanyi and Szoke. The band origin of the S; < So electronic transition of p-methoxybenzonitrile is determined
to be (35549 £2) cm™*. A lot of vibrational bands of the electronic excited state S; are observed. The results show
that the vibrational modes of 9b, 6b, 15 and 1 are very easy to activate in a wavenumber range of 0-800 cm™*. There

are also a lot of intense bands in a wavenumber range of 800-1600 cm*.

In addition to the fundamental vibrations,
many combined vibrations between breathing and other fundamental vibrations are found. Several vibrations in this
range are located at OCHs and CN group. Most of the bands in a range of 1600-2400 cm ™' correspond to ones in the
range of 800-1600 cm~'. Except for the bands appearing at 1664 and 2156 cm ™!, which are assigned to 15313 and
v(CN) (CN stretching) respectively, the remaining bands in the range of 1600-2400 cm ™! are assigned as the combined

1

vibrations between the breathing and the corresponding modes in the range of 800-1600 cm™", i.e., the combined

vibrations between the breathing overtone and other fundamental modes. Our theoretical calculations show that except

for CN stretching vibration at 2162 cm™*, there is no fundamental frequency in a range of 1600-3000 cm ™!

, which is
consistent with our experimental result and assignment. The fundamental of the breathing vibration 1! and its second
overtone vibration 12 are very strong. The third overtone frequency 1% can be identified unambiguously. This is an
important characteristic of p-methoxybenzonitrile, which is different from that of the usual polyatomic molecule. These
results provide important reference for future researches on Rydberg states, chemical kinetics and zero kinetic energy

spectroscopy of p-methoxybenzonitrile.

Keywords: p-methoxybenzonitrile, resonance enhanced multi-photon ionization, vibration mode, funda-

mental and overtone frequency
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