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1) Zn(o-BocTyr)TAPP; 2) Zn(p-BocTyr)TAPP

2004-12-05 YIRS, 2005-01-17 WEMEMRS. BEAR A BL3CHH (E-mail: wijruan @nankai.edu.cn; Tel:022-23501717).  * [FEZF [H R E} 2

4 (20271030, 20303009)FKHTH H 2R FlA-H4: (02360401 1) 9 B 25 H



No.8 DL SCURSE - TN AR LM S R0 WK R 2 1A - IR A RIS 835

Aperture

" N I
I
e

+Z

2 ZHWEREER

Fig.2 Setup of Z-scan
ARG RE , HE—2P 0P R T RO RS
fiE. B 1 BRI 1.2 ZER 45kt

1 KIEERS
1.1 XBNEEEHE
Nd:YAG #O6#S, At o . B2 5% 10 Hz,
Jik o5 5 ns, BEAREE 1 mm, BRI K 532 nm,
FE AR 2.3085 GW -em2, i 23 wm. Z 5 7E
NI T
1.2 LIHM
4z JENMIHK Zn(o-BocTyr)TAPP . Zn(p-BocTyr)TAPP
Fi SCHRIO1 7 1453 L. BC il ¥k 2 458 2.5%107 mol - L™
#) N, N-—F L (DMF)# K 10 mL.
13 LHEBERFE
SEEGAEE AN 2 B,
Z FAfith 2 /& Sheik-Bahae Z:17E 1990 4F 42
R O AR R E L T S R 0 vk, ek
JE A — b HLAG TSR PN (B A SE 56y A
Bt. [AlA}, Sheik-Bahae %3 A \ERIS FEEH T E Y
FAEL AT R A ():
AT,,~0.406(1-S)"*x Ad,(1) (1)
K AT, Wl FiERZ %, AT, =T,~T,; S H/h
FLIZAEIERT AR, S=1-exp (<217 w%), 1o it/ NL2EAR
(r,=5 mm), w, &R 1 (w,=34 mm). A1) AT
RAFAE S AN ERARES Ad().
AD(1) 5 £E SRS 2 Any(0) ) 56 R AT RO
H
AD(H)=KAny(t)XLy 2)
Hrp K=2m/A, A FEOCHAK. Ly BFEMA AL,
La=(1—e™%), L ZFEHEE , o BRI R 5. H
N3 (2) SRS Any(t).
Any(O)5AELHEITHZ y(m?- WHKL R AN
Any(H)=yI(t) 3)
K L) A AR, pX3) rl SRAFAEL T T
Ry
ny=(cn, / 40m)y 4)

WRAEFC @), 5 y Fe A i i AR LA TR
(esu), ny EHEYFARKMOL AR LS AL,
¢ LI, ny ARG IIZMENT SR (n=1.4294)M.

2 BR5iTE
2.1 FEHSFHRREENR

¥4 % FRAE WF 58 4 35 #E SGI Indigo T I 4 v
(Sybyl 6.91) 5. B SCHEEERN IR = 4EL4, nh
SN ERT )i QS N RSy A L 20 S RN K= <371 & WY
BRI SIS A 0.042 KI-mol™, 155 —{KREM 4. L)
WA GAE IR JOT B R IR S, TS
R, ERGR A RS FIRILRE R L (A 3). 1B
KBHAE 2000 K FAF 1000 fs, SR5 EHEIRS] 0
K. 1B K EIIa] A 1500 fs, FEFRIECH 40 5.

BRI R R TR A AR F I A RE
MG 3 Fias. IRl 3 ATLAE H - (1) 23R 1,
A4 T G2 R HH R L F IR ) B, PRIz B b
WRIR PRGN () 520, IR 55 SRR 22 (R4 —
B - AHE AR, DUEERZ 0 T IRBRIR Y o o125
JE O3 PR s (2) TE MK 2 v, B
AR AL T BB SRR RS AL, MNEE 5 kIR 2
[ LA EAEAH BLAE .

2.2 FESFHIELMEREFER

P& 4 AP FAREEN R Z B 2R R (sl
B FESR DL B s DARHR 10—k iB i K). a R REFFFLH
HHhZE, b 22 LTI, ¢ SOEMIFLIRZERR A
FEFLHZR VT —Fb i 2R, LTS BRARSA: T i) s .
EESE B FARE I TE T LAE Y, BRIk EAT A1
U EAARHE. TFFLH AR BEAF R XTRR Y, BoR
TRIGIERY , B 2 RAL G ) A JRZe MmO . il
PFLITZE A , i mig 5 SARXTFORES  Hh
TR, U BH X RIS bR ELAT R AR R ISR 0, PR
1 Z G HRZR (c )RR BN e G AR G, By
— AN AL ST SRR, 2B FE AR5 B Ak
HYHEA ABUES e, R i SRR

3 EFHRREENR
Fig.3 Thelowest energy conformations of hosts
1) Zn(o-BocTyr)TAPP; 2) Zn(p-BocTyr)TAPP
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Fig.4 Curve spectra of Z-scan
A) Zn(o-BocTyr)TAPP, B) Zn(p-BocTyr)TAPP;

a) open-aperture; b) closed-aperture; c) division result
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Fig.5 The lowest energy conformations of complex
A) host 1 and Im; B) host 1 and 2-Melm
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&1 E4152-Melm 7 Im B FH RREENREBREAM (K- mol™)
Table 1 Average potential energies of the 2-MeIm and Im with host 1(kJ - mol™)

Energy term E(host 1-2-MeIm)®

E(host 1-2-MeIm)®

E(host 1-Im)® E(host 1-Im)®

Energy in aggregate 298.169
Bond stretching energy 109.901
Angle bending energy 174.460
Torsional energy 97.483
Out of plane bending energy 15.042
1-4 van der Waals energy 25.179
van der Waals energy —42.597
1-4 electrostatic energy -329.984
Electrostatic energy -119.893
Total energy 227.760

298.110 298.127 298.188
82.542 90.546 62.645
183.933 178.891 177.728
87.542 86.923 84.416
14.506 13.029 9.8606
23.062 19.715 22.410
—43.287 =72.095 -33.669
-320.056 -368.619 -374.238
-108.863 —34.698 -31.196
217.489 211.819 216.150

a) with side chain; b) without side chain
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Table 2 Average potential energies of the imidazole derivatives with host 2 (kJ*mol™)

Energy term E(host 2) E(host 2-2-Melm) E(host 2-Im) E(host 2-N-Im) E(host 2-2-Et-4-MelIm)
Energy in aggregate 297.943 297.975 297971 297.938 297.972
Bond stretching energy 63.321 81.048 76.103 74.902 95.475
Angle bending energy 53.898 163.398 172.824 173.192 170.151
Torsional energy 60.840 64.538 58.940 65.266 66.827
Out of plane bending energy 3.054 9.155 3.883 3.515 9.000
1-4 van der Waals energy 24.614 24.087 22.577 21.460 21.560
van der Waals energy -13.234 -40.229 —27.464 -13.506 —27.460
1-4 electrostatic energy -239.103 -290.633 —-380.20 -389.451 -295.508
Electrostatic energy 28.349 4.155 87.835 99.023 -1.552
Total energy 279.682 313.494 312.649 332.318 336.465
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*3 HARXGNE-EZEERNSKEESE (KJ-mol?)

Table 3 The lowest energies of free guest and host-guest system (kJ - mol™)

Host-guest E(host-guest) E(guest) E(host-guest)—E(guest)—E(host)
Host 2-2-Melm 313.494 90.554 -56.742
Host 2-Im 312.649 86.584 -53.587
Host 2-N-Melm 332.318 90.734 -38.098
Host 2-2-Et-4-MeIm 336.465 92.123 —35.340

®4 BERESFN host 1 REIFEHFBMEN ITERELE (a.u)

Table 4

The quantum chemistry results of Imdazole and 2-MeIm with host 1 (a.u.)

host 1-Im® host 1-Im® host 1-2-MeIm® host 1-2-MeIm®
E(complex) -4871.60313 -4870.61214 -4910.37373 —4911.45387
E(guest) —223.50531 -265.45511
E(host) -4602.57415 -4602.57415
AE —45.52367 —44.53268 —42.34447 -43.42461
A(AE), -0.99099 1.08014
Euomo -0.18787 —0.17551 -0.16989 -0.17367
Eiovo -0.08041 —0.07554 —0.13558 -0.07603
AE; y 0.10746 0.09997 0.03431 0.09764
QO 0.07823 0.05846 0.08654 0.10267
Ou -0.07823 -0.05846 —0.08654 -0.10267

a) with side chain; b) without side chain

RTCANEE 5 B T FARTE U b ) e 5 P S AU

AR AT AP E B R R SR B RE &
Fi e A g 5 A HLE (HOMO) RE & 17 (5 A9 26 X B
KRR E. £ 4 h HOMO W RE & AR K2 #h
E(LUMO)WRE SRS AT, & BB AEL 5
i A RE A B BN R, X T 4540
AR 53 T, AEL, BROK, T4 —FBe e ™. X 1K
DR ER BRI AT IS 5 L7 AR BTIE i a)
Be G K & 1) HOMO fE = B I 48 X0 i K, B
host 1-Im(A3 M%&) A R H AE, 4 fH KT host 1-Im(JG
M5 ) 1A ZR 00 AEL s (B, FH MR o DK DA M55 7 o)
BeAL FARFE AR S Ee e, X SH46EE
SR AS AR —E I3, AT DA e 2-H ke A
JCNEE T 1) B 3 A B B RCAS Al el e 5 0 E . )
Hb, 3R 4 b Qu Rl IC S P B 32 A NIRER 73
T, Qo AN LS Y1 h 244 Tm i )5 71 vy
7. Qu NIE, BERAA TR B AT i &AL Zn—N
SR I FEARINORRER , ARG i i) P50 AR T
HLBT RS S NS Rl R BC S DR E MR 56,
o7 i B b R U o) P 5 MR E . Hh R Bl
AT T AQuemssrmse=—0.019771 au.=—51.937
kJ-mol™, FUCUEBH % (AR e A I 5% — D7 e 32
TTE Bl S T SRR E

Bt RO TR IO AT O [ R B IR L

PESEEA P TRy T 25 T AR RS ).

References

1

10

11

Mishra, S. R.; Rawat, H. S.; Laghate, M. Opt. Commun., 1998, 147:
328

Ewan, K. J. M.; Bourhill, G.; Robertson, J. M.; Auderson, H. L.

J. Nonlinear Opt. Mater., 2000, 9: 451

Sun, W.; Byeon, C. C.; Lawson, C. W.; Gray, G. M.; Wang, D.
Appl. Phys. Lett., 2000, 77: 1759

Wen, T. C.; Hwang, L. C.; Lin, W. Y.; Chen, C. H.; Wu, C. H.
Chemical Physics, 2003, 286: 293

Cheng, R. J.; Chen, P. Y.; Lovell, T.; Liu, T.; Noodleman, L.; Case,
D. A. J. Am. Chem. Soc., 2003, 125: 6774

Tsai, H.H.; Simpson, M.C. Chem. Phys. Lett., 2002, 353: 111
Yoshishige, O.; Toshiya, K.; Shiyoshi, Y.; Shinro, M. Journal of
Molecular Structure(Theochem.), 2003, 631: 13

Vasna, M.; Snezana, D. Z. Inorganica Chimica Acta, 2003, 349: 1
Wang, S. J.; Ruan, W. J.; Zhao, X. J.; Nan, J.; Zhu, Z. A. Chem. J.
Chin. Univ., 2004, 25: 908 [ERZE, BUSCHH, /NS, 7 d, 2R
. E SRR 2 R (Gaodeng Xuexiao Huaxue Xuebao),
2004, 25: 908]

Sheik-Bahae, M.; Said, A. A.; Wei, T. H.; Hagan, D. J.; Stryland,
E. W. V. I[EEE. Journal of Quantum Electronics, 1990, 26: 760
Yao, Y. B.; Xie, T.; Gao, Y. M. Handbook of physical chemistry.
Shanghai: Science Press, 1983: 354 [Wk fosik, i ¥4, 9 fg. r3q



No.8 DL SCURSE - TN AR LM S R0 WK R 2 1A - IR A RIS 839

=T BB RAE, 1983: 354] Dearaujo, C. B. Chem. Phys. Lett., 2000, 318: 511
12 Ruan, W.J.; Zhu, Z. A.; Bu, X. H.; Zhang, Z. H.; Shao, Y.; Chen, 17 Rao, D. V. G. L.; Aranda, F. J.; Froach, J. Appl. Phys. Lett., 1996,

R. T. Chin. J. Struct. Chem., 1998, 17(3): 159 [BC3CHH , R, 58: 1241

N A SR AR W, BRSNS 454k 2 (Jiegou Huaxue), 18 Ogoshi, H.; Mizutani, T. Acc. Chem. Res., 1998, 31: 81

1998, 17(3): 159] 19  Frisch, J.; Trucks, G. W.; Head-Gordom, M.; et al. Gaussian 98.
13 Hunter, C. A.; Sanders, J. KM. J. Am. Chem. Soc., 1990, 112: Pittsburgh, PA: Gaussian. Inc., 1993

5525 20 Ji, G. F; Xiao, H. M.; Dong, H. S. Acta Chim. Sin., 2002, 59(2):
14 Ono, N.; Ito, S.; Wu, C. H. Chem. Phys., 2000, 262: 467 39 [4E) &, BN E L. (bR (Huaxue Xuebao), 2002,
15 Zhang, Z. M.; Shen, Y. H.; Chen, H. F. Photics. Beijing : Higher 59(2): 39]

Education Press, 2000: 281 [ &M, ook, FREZE. b, Jbat . 21 Zheng, K. C.; Kuang, D. B.; Mao, S. C.; Shen, Y. Acta Chim. Sin.,

PSR diARAL, 2000 281] 2001, 59(2): 207 IHERL, [E AL, THA L 95, fL22 it
16 Bezerra, A.G.; Borissevitch, L. E.; Dearaujo, R. E.; Gomes, A. S. L.; (Huaxue Xuebao), 2001, 59(2): 207]

Nonlinear Optical Properties and Conformational Study on Molecular Recognition of
Imidazole Derivatives by Chiral Zinc Porphyrins’

WANG, Shu-Jun LUO, Dai-Bing RUAN, Wen-Juan = ZHU, Zhi-Ang MA, Yi'
(College of Chemistry, Nankai University, Tianjin 300071; 'National Pesticide Engineering Research Center, Nankai University,
Tianjin 300071)

Abstract In order to study the third-order nonlinear optical properties of porphyrin, the nonlinear refractive
indexes of two kinds of chiral zinc porphyrin complexes Zn(o-BocTyr)TAPP(host 1) and Zn(p-BocTyr)TAPP(host
2) were measured with nanosecond laser pulses at 532 nm by Z-scan techniques. And then, molecular recognition
was studied between hosts and imidazole (Im) derivatives. The conformational searching of chiral zinc porphyrins
with imidazole derivatives was studied by simulated annealing method on the basis of Tripos force field. The
results illuminate:(1) these compounds showed very strong reverse saturable absorption and self-defocusing effect,
(2) because of the different positions of the side chain, hosts had different polarized degrees, host 1 gave the larger
nonlinear refractive index 1,(—9.85x107 esu), (3) the aryl-aryl stacking interaction existed between the phenyl ring
in side chain and porphyrin plane, (4) the coordinated orientation in which imidazole and 2-methylimidazole (2-
Melm) reacted to host 1 were studied. Imidazole coordinated to host 1 from the side with lateral chain because the
conformation had the lower energy, 2-methylimidazole coordinated to host 1 from the side without lateral chain,
but host 2 had no coordination selectivity. The molecular recognition of this host and guest system was calculated

by quantum chemistry. Experimental essence was further discussed by theoretical calculation.

Keywords: Nonlinear optical properties, Z-scan, Chiral zinc porphyrin molecular recognition,

Conformation study, Quantum chemistry
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