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i [ PAN 3 755 — L FIUE 87 01800 cm !
IR = A PR ARSI 456 ik BE B T H R
T PAN 5 FHUR S M E5H | RE = AR SN AR
P B T 45 R S B LB B A IR AR R R AT T
V. 1255 B PRS- T N iR sh 36001 ) R 21 A PR 5
TG PONELF]. X 22 B HE— 5 A S IRAF 5 (1)
K OLAAR IR AR L T HEE S H TR

2 LB HHET®

S AT AT LA B SCHR [5, 18—20), SE5 J HH
g 1 Fr7R. PAN A 5L Macklin 23 ®] 4= 72, 46
FE 99%, KRt — D24l BAE sk E] 160 C A
£, 3.0 bar (1 bar = 100 kPa) &M AEAE
e FIR A, S/ 0.5 mm ki s mg
ANEZSJEN, Gid A I It AR 20 0 75 43
FAH, €AT 20 mm J5 @ MIRER Y EAZ R 1 mm
AINLAEREHEA R . 7E L =0 F R S HO6E
H, A2 R, B8 500 VI H S,
FRIE L2 48 em 1Y H 1 €AT X 2K 0 3 AR
#r (MCP), {5 51w a1 Eds (SR430) R
300 W H HLA SE A R AR . B RGN AR
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265.75 nm, FiAAH 0.01 nm. FH7EE HighFine-
sse A HIHY WST-60U V-1 PRI XF JERREO LI
TTHSHE.
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)41 20 31 238 3 L — M8 TF PR T R i 4 T o 2
WA EARE SN R 7 E iR 2. Franck-
Condon JIEFA UL T Fik % BE 17 RIS T 45
P17, A% Duschinsky Jig¥% Al HT 241 (Franck-
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Fig. 1. Experimental setup. MCP, microchannel plate; PV, pulse valve; HV, high voltage pulse power supply; SR430, counter;

DG645, versatile digital delay/pulse generator; 2f and 3f, doubled and tripled frequency; NF, neutral density attenuators; FL,

focusing lens.
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pvtz BISITEZE R X PAN 4 Tk S0 IRSDE
AT TIHJE. R Wilson /775 M1 Varsanyi A0
bRt 5 AR RS 2324,

J{

2

2 PAN IR EN R
Fig. 2. Stable configuration of PAN.
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Fig. 3. (a) One-color resonance enhanced multiphoton ionization spectrum of PAN; (b), (c¢) Franck-Condon simulations based on
theoretical calculations of B3LYP /aug-cc-pvtz and B3LYP/6-311++G(d, p), respectively.
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Table 1. Measured electronic vibration transition energies, vibration frequencies, and relative intensities by one-color
REMPI, excited state vibration frequencies calculated by density functional theories, spectral assignments and the frequen-

cies of the S, state measured by infrared spectroscopy!® (unit: cm™).

BRITAE S5 ) LisROE S PRBHA D) PRahHAR AT JE Y Ir®)
37646 0 100 — — 09, band origin —
37690 44 2 29 39 VCHQ(I) —
37770 124 19 125 125 ,BCHQCN(l)CNé —
37920 247 1 239 249 BCHgCN%CNg —
37971 398 29 393 392 6aé —
38111 465 2 454 460 16(1(1) —
38175 529 73 527 526 Gb(l) —
38207 561 22 562 563 /jCN(l) —
38298 652 5 652 651 6b35CH2CNé —
38402 756 46 757 758 1[1) —
38477 831 3 840 836 1(1)’YCH2(2) —
38525 879 11 882 883 11 BCH,CN) 18 yCH2CNG —
38568 922 66 922 921 yC-CNé 940
38598 952 29 947 948 18a(1) 969
38604 958 30 946 955 ﬁCN(l)(;;a(l) 988
38617 971 18 962 966 12(1J 1003
38690 1044 4 1047 1044 12(1)»7(3}12% 1029
38800 1154 24 1154 1156 13(1) 1076
38812 1166 5 1155 1170 113 1157
38856 1210 3 1201 1215 1251053 1184
38878 1232 8 1233 1234 13(1)gCH2313(1)gCH2(1) 1203
38913 1267 18 1254 1255 vC-CH2CN} —
38934 1288 17 1284 1285 1(1)6b(1) —
38963 1317 12 1315 1313 UC-CN(l)Ga(l) —
38969 1323 13 1319 1321 13 gCN(l) 1336
38998 1352 5 1347 1353 1(1)16bg
39004 1358 9 1355 1358 12(1)6(1(1) —
39065 1419 6 1417 1418 18al6algCH23 1415
39096 1450 21 1448 1447 Vc.CN(l]ﬁb(l) 1454
39100 1454 34 1453 1452 gb(l) 15(1) —
39108 1462 12 1466 1465 18a(1)6a(1)ﬁCH2CN(1)

39129 1483 17 1474 1474 18a(1)6b(1) 1495
39146 1500 14 1507 1504 8b(1) —
39154 1508 7 1509 1511 18a(1JbCN$ —
39162 1516 7 1514 1518 13 —
39182 1536 4 1536 1542 8a(1) 16b(2) —
39200 1554 6 1547 1549 1356(1(1) 1586
39217 1571 5 1546 1569 12(1)6b(1)gCH2(2) 1602
39328 1682 23 1680 1682 13(1)6b(1) —
39347 1701 11 1704 1707 18a(1)1(1) —
39360 1714 3 1716 1719 13(1)ch(1J —
39376 1730 5 1719 1725 12013 —

H: a) LR BIIREA I PANFIIELA FE(37646 cm ) lTRFS;

b) BSHE ARSI R H TB3 LYP/6-3114++G(d, p) 7k, B1EHT50.9726;
c) HISITAE MRS K 1 FB3 LYP /aug-ce-pvtzJi ik, & IEF T 40.9719;

d) B, VRS, v, BT EIRS); v, MR,

e) SCHR SR LT /MRS AR D2 A f F IS B IR SR .
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PR TR A RO A PRSI 20 cml
) 2) VR RN H IR A 1% A T G HLAA N v AN
L 58 (FWHM) 18 % 75 )L+ cm (ZIKSCUHJ

) REMPI Y654k %6 2 3 cm ), X FEAYLR 56 AT fiE
B TILA M IR S A AR s 3) /mﬂfFErﬁt
{NJEE’JQI&H@%@ ST AT IR 4) IR

RESEOLIE N . Ljiﬁﬂbl%%ﬁ’fﬁélﬁb‘mam
E‘éﬁ%ﬁﬁiﬂtr i .

#*1 tfﬂ}ii@fr%iﬂﬁ%ijﬁfﬁ%%ﬂﬂéﬁw% (I,
1) IATRIE. YEiE R I T 37646 cm !, 15
J& k¥ K& A5 JR (band origin) 0°. iﬁcﬁ%ﬂﬁjﬂ?
398, 529, 756, 952, 971, 1154 cm ! 43 )7 J& My ik
iE6ag, 6b), 15, 18ag, 12, 13, HPHR3IE 6a,
6b Al 12 FZ RN CCC B hdiksh, 1M
Ptz 1, 18a A1 13 EER LI FHINE CH &
iR sk CON BhdaiiRasl. X LeRRIE IR 1 1Y) 300
PR3, HApPRRA T 756 cm ! G JE TR
il 1, IR R  I5 FH Y R Es,
13N 16 1€ ) R G S R VA ER. 7/ T = €
B A5 H HA B K Franck-Condon R, Al
£ REMPI i F#FREAS oL 3. i T3P
(HRZN 160 WPOWEE], (AR 59, HIAELIE
f) 465 cm L A4b. BUCHE CHL,CON FEFRE 16 N #9725 i
P& 3 BCH,CN, BCN FI 7€ 31 - [ 14 1) 4 46 P 8
vC-CN, vC-CH,CN 435I HIAEAR 124, 561, 922,
1267 e ' &b, HAFZ 8. B3 - CH, | T
WP (4R 20 YCH,, g g2 2], BB (AR
BB 44 em ! Ab, SRR . HAbRE A AR N
IR IR B Rz S E A A PR S 1A 4 2] T S0
WEE BN LA BRI PR SR

M 3 AT LA ) BRSO d i AR T
W) REMPIL G, (HA — S840 15 A A AE B 1
AN, BN T 18a RSN 2% KB A —1
B UG, H SO GRS A R 22 A
() P AR I 0. SO T RS CIE S R
N, BEGN Fermi HEPRZOV 5. X T 18a 1547 AU HE
WSR2, ATREE M T Fermi AR5 1Y,
RUERS TR A AN, 3058 9 18ad (952 cmt) FIAH
AR A0IEH 55 19 BCNG6ad (958 cm 1) 42 T Fermi
JLYRA B AR 2627 S8R R SIEAR 5, 5503k

BTG, A T A RN AL AR
56 52 PR T U

 Ee R

6a, 398 (393, 392) cm™~! 6b, 529 (527, 526) cm™!

D2l

1, 756 (757, 758) cm~! 18a, 952 (947, 948) cm—!

b At

12, 971 (962, 966) cm~! 13, 1154 (1154, 1156)

P4 SEB R AWMU AS Sy B B IR SR M R, 455
A B TS RO . S50 R A B R AR A T IR S
B 3K Y f Az, 250 B PR C IR T A s A, H R
F/NEFRIR, A R N T I (3R

Fig. 4. Strong vibration modes of the excited state S; and
their vibration frequencies found in the experiment. The
numbers in parentheses are the theoretically calculated
frequencies. The solid black dot represents the biggest
displacement, the open circle represents the equilibrium
point of the C atom. The H atom is represented by a small
dot, and the N atom of the equilibrium point is represented
by pink dot.

HADETE A& 2 — AR 2 2 1) TAE, Bt
B OG5 e St AR RHE By, e e L
W TR L% B, &l (R FR IR 2500, AN TRl Y
P Bl PI B B S ml 52 B S SR Y BR - B0
Peor B, SR MBS AT LLIZS A7 (1 2 1k
g3, BCE UL T R LR ST I, L=
R IR BRI X TR A RN O pR T A
M2, 3% 1 HG X DTk S R IR
PRBIHE.

N T o Hr i ORI R T oy AR AR A, fil
FH B3LYP J5iE R PR 6-311G++(d, p)
aug-cc-pvtz X PAN ZrF Byl 733 S, FIss
—HL RS S, A T A LTI, 45 R RPN
PR [ 20 25 H APl — B0 1 SRR S5 00 T
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B4ty , % 25T B3LYP/6-311G++(d, p) ik
OIE ZESEL, 3 F 45 IR g5 UL 2. AT LA
FH|, 7E S;«Sy TRy it f2 i, K5 LAy
C—C K ORI ), AR5 CCN FH % 1)
C1-—C12 #g 4 fi, H s R fU/NVEfL. A
C1-—C12-—C15 FHXT T 245 iy B8 A1 185 K, 1M 88 A
C12—C15—N16 Z8/N, AL A P A S A5 10 AR 1k
HELE SR HR 29 2p1rb . TR, X se g Fg s Tl ik
i T PAN RS TP 2 2RI N 9 2
M A da P g, 7 % REZ e Big (TD-DFT) it
R, S-Sy HLFIRGE 2R H & & didls T3
i (HOMO) B &AL A di 48 73 FHLiE (LUMO) Bk
R TTER, X T < o, TERIT. Sl Hri% s
THUIE R B2 B A, KA TR, R
[ HL T3 SR, T HRR L CHLON 1 oL 45 5 0
JIN, DT PRIV o 07 75 20 i T2 BE B K, 05
T A K.

# 2 B3LYP/6-311++G(d, p) i HE K PAN
SRS S) A — L FURES S, A S
Table 2. Structural parameters of the electronic
ground state Sy and the first electronic excited state
S; of the PAN molecule calculated at the level of
B3LYP/6-3114++G(d, p).

Sy So A (S1—Sy)
B /A (1A =10"m)
C1—C2 1.42782 1.39911 0.029
C2-C3 1.42328 1.39148 0.032
C3—C4 1.42189 1.39573 0.026
C4—C5 1.42347 1.39512 0.028
C5—C6 1.41949 1.39168 0.028
C6—C1 1.42844 1.39447 0.034
C1—C12 1.50237 1.52486 -0.022
C2—H7 1.08300 1.08578 -0.003
C3—HS8 1.08215 1.08413 -0.002
C4—HY 1.08270 1.08396 -0.001
C5—H10 1.08163 1.08406 -0.002
C6—H11 1.08220 1.08399 -0.002
C12—H13 1.10245 1.09555 0.007
C12—H14 1.10245 1.09555 0.007
C12—C15 1.45868 1.46019 -0.002
C15—N16 1.15351 1.15280 0.001
HEA /(%)
01—0%2— 115.76127 115.06386 0.697
C12§1(2315f 179.02074 179.70812 ~0.687

TEARTE D v, BUREE SRR Z A A
HAEHA S o PUE RN FE A o SR
RN, XA 2 B R
RASHIRE R FRAC 2520, WL SRR IR T
R, MR RRLLRS, IR Z 5. LGB IR B
FROR B2 2 0% B3 e AR Sl 1 1) PAN 1Y 0U& BE 57
5k 38086, 37476, 37586 1 37646 cm !, AJ I iX
G R ) A9 A ) bR B VU g 43 I BRI 610, 500,
440 em !, ULEHUR SR RE R R IE S D, X st
I3 BITHOR RERE A A RS R T

4 & %

AIHGE T PAN HREILIRIOE T 2D,
WiE TIEREN (37646 + 2) cm ' RAEEIZ R
FORTHE 70 RIS A | RER AR SR, Jf X3k
e 2% F o B OB 4T T Franck-Condon A5 411 .
S 4 R R U DX SR e L vy AR, T e A
BOW L. BRSEAUZS AR GRS R E, 4878 1 &
BT SO IR T3 S 1 55 P2 R SR8, 456
BB THEATAN AT T 206, 45 TSR] B
AT R SEIE IS . DFFTEh R, KA s 1Y
Pl R 07 B PP N B R ARz 3, BT
B 7 AHEE TP IRS), HAE SR AR
5. e H T RS FIHASHERTE T ik,
TH ) 7345 M 3R I U 25 19 05 78 B4 T AR ) 4
FEREZSYR T, DNHL 1 oA Ay 540 T 1 2%
JE, HEAS B S BRI A T30S P11 A Y
PRBNEL. BB I A4S ARG T B 0 — Sk

S 30k
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Abstract

Phenylacetonitrile (PAN) is widely used in the synthesis of medicines, pesticides, dyes, optoelectronic
materials and quinoline derivatives, and has attracted much attention in related fields. In this paper, we report
the one-color resonance enhanced two-photon ionization spectra of PAN obtained with ultrasonic molecular
beam technique for the first time. The band origin of the S; «— S, electronic transition is determined to be
(37646 + 2) cm!. Density functional theory B3LYP/6-311G++(d, p) and B3LYP/aug-cc-pvtz are used to
calculate the structures, energy and vibrational frequencies of the molecule. Based on these calculations Franck-
Condon spectral simulations are performed. The measured vibrational frequencies are analyzed in detail.
Combined with theoretical calculation, the spectral assignments are given as accurately as possible. Theoretical
and experimental results are in good agreement with each other, and show that the spectrum in the low
frequency region has a great signal-noise ratio and resolution, while in the high frequency region the spectrum
shows opposite characteristics, revealing that the high background in high frequency region originates from
dense and weak overtone and combined vibrations. Many spectral bands are found, and most of them may be
assigned to the in-plane ring deformation, and theoretical calculations suggest that this is related to the

expansion of the aromatic ring during the transition.

Keywords: phenylacetonitrile, one-color resonance enhanced two-photon ionization spectroscopy, Franck-

Condon simulation, vibrational frequency
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