DOT:10. 16262/ j. cnki. 1000-8217. 2000. 05. 008

274 L

Kers
7

) 2000 4

AL TR M S R 5 S F R e

IHL

(P ER R LETEI o FHF P8, 467 100080)

[# =]

AEN S FEERALFERABR . EA TR TERAEATRENTRAFREAFD

BoER, BAENAEXLTHIAENANRFARD S Wb T AR X BFE AR AFRNERL
Wi AELEENH CARMAFEFRER HER L EHERBRARELEDEFHR AU AL
SRAFRUEFWAD N BREEERTEIR AN

[X&R]
3 F B T B9 K B ) B

WaE F B 2 & BB R, LG F 8 3K sh /189
Y REAERL R 3844 AR 18 R R  TEDEHAAE DB A
HEERAEEA FETRBETZ M EES
B HCAEX— S N TR AR, X Lo+ 1Y
LN FBAE - HE LR, FIHRAXNT
FIEEA R AEER R AR BIE LA

1 BAUSFRERMEXFER R

RN T ERE THASHAREE
FELMHEEERMSER. ERAEXEAEAT, X
R—MFEE Y B AR KB IR R Rl
B AFE R AR IO T R M IERER S, X
HEBEENA CHERR R BRI RN
ho TR AL R, AL TSRS
B fR A AL , 8 A A AT BE 5 T 2R AR R WL, BD Ay R
THASHEETHRASHNEKIIBRR I ERT
BOHETET - R SBRSFXREREAE XK
AR LR VE 2R, 3 40 SR AR AR T AR R
T R W e 1 A R R TR Y G F IR
Gk O 3ok 4L O GV PN ¥ £:3 1 ES
RO AR R PRI BT AR B BB 45 o X 463 R U 00 5 F &
RER BB R R AL

EAGIEAT A EP e mRET &,
XRS5 B R AR L3R, B AR & P A
WS BMERLERR,MH S G ML

HRXRERRFEEFHGH
EXF 200056 8 Hd .

AV IE MR R, R R B, W F B, B F B AE S M E B, D5

2% 3T B4 AR E WA TR B R
P=Py+y "E+x?EE+yVEEE+ - -~
BAk Py A B K ABRAREE, ' AR RR
B EHSNMHMUNAEER X, IR He=1+
dry 5y L )4 B A IR B 2 A £ M AR A
FH BA S A R AR TR I HE 2R YaeE RO A
L, P R IR AR R R, 5
R By SRR RO A R B Ol I
SRSy R MR R ERE. Y
S R 19 5 B0 I 28 PO 4 3 AR O S Ui
B RO FRRE. d TS SR
FIERAMERA S B 1E AT (parametric processes)
k2 8 75 A i 2 (dissipative processes) Z 47, Bl &
NEARAEA GG HWERSHBOEHR, BRA D
TR S0 0E W RE 8 22 3% ; T /5 & 8 o R A
A FRASEGEIMERSRIEA. £FS
BAEA RS AP R R, 750 e
BIEERBHELT TR BB H Tk, HIL,
TR BRNWIERERLBEREE  EME
BB AR
£ =P+ iy,

X VR BAR N Z N AER R R A LI, 5N A HE
KUITH A X, i, B n =Bk Rk
K RE, 5N RMIFERERBFEES K. 7l
Y5 A ] B RE B 5 R L X R — 4 BA ik



HSH EFT AN FRIERMEREBUL S F ¥R 275

APEE SRR TR E . AR I
WAL H, x> SRR UEBRER R R Z BN ERAR
s

Xt F AR U (RSA) , 5% B MKS BA 1 116

(3) E()CnoANAC(Uex - 20'0)
X o= 1671,

HP Ny H Avogodro HWH, C NEREE 0, M
G N RBESMESHRKRE, /s = ho/2007
HRAHNE, e IS FHRRESREERN, 0 HK
FIH, KR o, > 20, FFRB ISR T
SBE &, NBRIENEALER I HFH TR
x| (BT, B R 0o AT AR IR HY IR
1, BRBERKEAHFHESHFRGE, 4
— RN o BT SHIS FAEFE, A B R
YRR IR, 2 o0 > o, BT, = AE AN UK, 24 o <
o, B, PRAE AR . — 8 7E B 25 4 1 R M A9
U 5 35 6 AL B4 A R A, T 7E 8 R B 4 B R
80 T W

TEJR ML B, SOE F IR MR E TR
) B RN — R A B e s AR T 1R R
HRP,AETFESNSFRNBEEER o 1 o
BTN T, AR DU TR AE 2 48 58 WU (SRR R +
o+ H - o - FENK gog Huou) JEH—
EARER T AS, LB R ER S AL
W 3R 95 5 BLE B, R B MKS 8 437 36 it

2 2
(3) no&€pC

X 1= B

w

R g ARSI F R B, 6 T S8R B
FEMBEABEEBELF RN, HIOETRIER
BOAT LU LW I X R ARG

I(L) = i@[ln(l v LIR)]

WA B R BT NER (L)) S AR L, 1Y
SRS RRE pER AN, AP LEFERE
B(em). MAHNSFHEME, B TESSRTH
MR E b (BE /R MR B — M 107 mol/L B 4R) , B
EABRBERANBOCRRERT, BOLFREHR T
DL B Z50RL T RO BE & AR K 9 R A, AT 46 XU
FRWER BHNBL . NHSIANS S FEHE
BN FRALEE 0y (cm'+s) , WH huB = 02N, =
o NACx 1073 o AASEEKXFRER, N BT
FH (em ™). FIBL, A YLK 4 F 8 B0L T R &
Mo, W5 =ZFELXEREEHBITRELXR,

HIVETRBEE B TRAESE, AR FEREBE
BT X ASOCE T BB R R, BB XU F %
WERHMASREIE, KRR, EREBRTH
SRS RN FEE ASOLEE K LB R
TERFOLETEE A TR R Rk s RikT R
FERBTHREAS(S)RKEE o Fa s WA
R Co, o BIR, o 8K, CHER, WBATR
WBORER . M T AL T8 LRI EREERN T
A BT IT KRBT RO T EMOR s 1.

2 ENBEMEMBHNFE

2.1 EiaFREEHERE

S FIR U R — N B PR SR AR B AR R R
R, BRTHFREFRESHRY, BEHESH
BRI =Mt EREA X, SHRAMRKHER, ER
e 1A 7R BB BT 5 B9 186 b T 38, AR B Y AR 2R
P57 i R AL R AN T . X RTER R
ZUHTELWERRZFRER/DN . FIFHXMIEL
A 2 S 44 1 T ) i SO BR B BR B T B IR RE B
FER 23T AR BB AR . FriEBOLHRIE
BOMEMBACRTHRGERARRNAEE TR,
AEWXTERARE, MAERRANRTHRGRA
BRNIEREEDTE, LI E— KK B H
St B B AR Y6 R A 3R B, S $E 4 Ot PR R
HE—ER(EER) LU, TSI BOLHIRIE
E— B R BOC PR E B A ARIE TAEh & F, B &
AEAEBETRAXEZSI TR AWEHGER
E o B, X5F 07 B 5 /N A BB B, BR M R0 R 1L, o
M ERERAE—MEEEL RSB IEE, AT
FAFRRR Epy = Ev Too Ty ABHHRIHEN
B, —MFHERIERERRGRMEN EL A
E e, BLANE I B B HI A5 BB Epo A B SIAZD
AL (DR) X — 5 ¥k 57 6 R g 28 o v e,
X DR= Ep/Er, ISR F 01045 BB 5 FRIB B 2
o RFAHSE RS MRIEAEI2 A DR > 10°. JIRIG
BHANEESHEBRMKEKEELR T, E
EHAMEIRXABNHEMNERER E... AR, 8
FELH Toa = Enu/Ep'®le HTHRB T8, BK
MEEREEMASBOLRBAEET , A HARIK
mABRG . A, ZERERERREET KBS0
BB IRME B, SR KIEREELR T, BE
fE Y FRIB2SPERERY B I AR . AT HMRIERAE AT
FZEBON, B AR R S, B R RS IE R TS (B
BAEMABMN UKLERERS (BRS8N, X




276 AU

2000 4

WA BEWBS LB A THRBNS). FEEN
AT —HAER KA EBE S WL IEH K, X2
— R B HE 2 W CORT 3E 2RV BT 5 3 i A PL M
BLREREY L EF, RS EHRE(ny > 0)H
HHEUE (np <O) G20 . 3074 A 10 BRUAR 2 ) 2 1K
R ] A B 1A KB A W AE 532 nm X
ns B ps RAYBFOCH R I BB IFHAREEM, H
Hrxt 35ps ML PRI B (T/T, = 0.5) ik 44
m]/cm? , FEASTBETR N 0.4 J/cm?® BY , AR AE LM B
WK 8.5% , MR B BN 30 m)/em”, B BT
SCHR A R B A AR BRI A R 2 — |, L Coo B KR 1
BE AL 3—a 4115,
2.2 WHAFRESHE FEGHKE

U F W MU AE 73 F 1 2 285 1) I 0 i 7 A 9 3
MESA R FRIT R FERASH - B YT
28 H POEF R T (om® - ) B H B 50 T I e #
T (em? ) /NAF RS , 3 B R B 04 18 2 3 A9 Bk o i
HHEARF LR EEISF PR —K R
TE R R R, 5 2% B RO FIR IR S8 , B 52
X 7 W0 16 £, T IR WS I AL A RT BB W R B U TR
o BB A B A (R 2R M IR AT A R % F IR i
WA 7 S RBUE N AN AN R R
Bt R S5 . B X EA Y ML K¥ER He %
ARET —KEABIOEF R FRE R A DL R,
REHEM T FR-RR4-[p-(N-Z BN 2 W
B ]-N-FF Bl 0E 2% Fo- 0 3K 5 B AR 2k (ASPT)US 0
4-[N-(2-BZH) | N-F R E 4" -(6-8 2 X W
BB (APSS)!1 X s 4 T 19 XU F IR i T
RA, EWE B2 7SR AWM I A9 ASPT B9 DG
TR E N 4.7 x 107% cm®- s, 5 FH B 9 W6 F
WCER K BB B, ASPT 7E 1 064 nm 2 3
55 M BUG FIR, MR B 6 41 (5 SR & B H 9 0%,
F7E 600 nm &= AE BN, SHEAFHERHR LR
AR WL AT, B OGIEH RO A 1L B R BURD & B8
o SHEIBETFEZTHRBEFADRF, RS
BRI BRI ST LHB L E S AR, £8 LR
5T R XRO F FE b R A A T A R e 7 I A3
HF LB LB EM RN, FENE
REEET THEEKMFX ALY FRELR2H L4
BB, NI R A RE& T X KM BB T Har, e
1182 TR AWHT A Sol-Gel B, T 5 18 3 4
A E A BOEER U E i R AR 4 M R B 2 T Ak iy 4T
SR REBOCE TR, XA RO
AR R A K I R R

2.3 WAFRUSHEEZHXFHBFMEER

HRTE R % =P R R T EA
3FMAIITHE, S 1 EM AT M2 B
e B 2 RET R R L A 7 18 B I 3 B 49 AR e
B R R AR 3 RETIUT R
Wi M = B BB AR, EE R
Rentzepis AR 425 BT IR Y58 57 ) 4R 2 R L
B 0 763 6 R R G IR ) B A AR A = 4R G2 B
A, HTEREDEABERBETLEY
BARNFERERN RS ER W AR R, b
TR F R (A) RO E AKX,
FON BB AR BN~ ML AEFLH(B), AR
KB IELL B E 500—600 nm 8] WLIBIX, JF3F
R A0 A 7R A AT 2R B SR K (A), AT, B
PR FERS AT AER RN REEK, A
BEM Tl J % B B AF A o B35 AU SO 7 ik,
BlandE i Nd: YAG ORI KA 1 064 nm
532 nm B9 PR IESELHR, AALA] LASE BT SR 4K A g
FEIE B MOCEUE & %1k, [R] B R K8 4R i R L
LB ERETE. B BAE L WG, ik A
J a [a) sf Wi i 0 56 7 R Bl B b % B B BBt
FE— MMEAA R, 1T — 2 — 2 58 of BRI
XY B, R BRI E MRS L
PR S A AT (SR A5 1) B AHAZ (A% K 0) ok 1%
PHEMICRER, AL = EHEEEE. &
FERE RN B EE, TLAGFRHRES AL H
YU 7708 % & AT B 1K 10" bits/cn’ s BB O E 4B
BORBOG IR, FIHIFIR & B 28 o fett, ik #%
—HEE AP E K BUEHE, FH X T RiE
FHRIFRER BIBOE R M RZH B IERNER (A
IR AREFHN), MERES A —#, BB IE
M LR R B R R Y, AT A BT S 3R = 4 4 AR B AR
BB . R F PR AR AR X 2 — 1
F e B OB A0 M A B 97 M R BUE A R,
HATH AR LR,
2.4 WAFHEBAPBBRUBEARAEEYSE RS
BRI A

Het A YR RBC T Z 0 A AP
K ( confocal laser scanning microscopy ) &4t B )i il & 4
12 18] 9 K B 1 48 (epi-fluorescence microscopy ) BF ¥
YRR ABER T B R08, KK T 5
RS, HFETREERESN R, HEFX
BT —F A BB B XOEF IR IGE R B LA #OEH
B MR BN HER R TR T



%5 W FFCA N TR IR IEFBAL 5T M B 277

R RO E T A SHOERAE T, H i, 2808 & 5T
FiPR T 2 S BT AR /N 25 [, X g K KRR R T 4 5
R AR R R B TR TIR40sh e, AKX
R TAEYERM BEREHBER T H G NFE
R UEFMNKBREFEHLANEG™ LSS
H S DNA EHIME R By AT BB, BEAh, B
ARG F I AEROLE# 8B A E /] T B iR
R A TR R R T
2.5 LIANHEFRBUE SHIK B DR

e 3h i IR TE S  BUE R A ER T X
APRSFHAREATE. EMERNAREN
50 19497 (Photodynamic Therapy, & #% PDT), L4k
FET —RELYHAWNFEE OE B IO TR
BARE P E S T BT LRI 1 064 nm
RILT SNBOE 3 3 B F IR SE B B B e R AT
P, R RN MR =ES, & 58 ENBULR
HE , 2HBHRAMERIGBE TR BT LH PDT, XM
RASIEFRBGES S BN . XA IR
F,1 064 nm MLIMEEPT FERBEHR  MEEFH
St G BRI B b 98 4 41, A kL 4 F B £ X0E
TFHAEBRBELES, 2RREREREHBEE
=EE, B R LB AL ENE SO SN K MR
CES,EEHFET. AU T—TERIBT4AHE
BE, HTAEAREEEMALTMHEBELAR L, T
R A B 2 E 25 U0 BT A8 A0 TR AR L AR IR
A G MER. POCTFHR3 BRIt
FLBREIGIT IR 2 B b Sb , 3B A R A 2 ) 3
e, B DOE F % SO T A S 658 B F 5 R
3 R 4R R 7 AR R IR AR/ K
SR 2S A e B O PDT ¥4 77 0 b R 4R 446 7 7T BB 1
2, A bk ok SOE BRI A, 6 R BE B BOE SR,
51 i — 1 S 70 B SIS R 9Bk A OB AR TT 7 AR B BE
H 70 s FRIHEER K 4 o] WEOE, XAHEF 2 mm H
BRIBETIERA N 5 MW/ em® B M . XK Bk
phaE R AT LB/ A 1 B T , KRB/ PDT IR 97
B IE# AR AR, — R FR A ES
I 45 800 nm B FRL N K YL kb4r F APSS 5 G
photofrin® A 1AL, BHEAEBRTEACDERMT
SMT—F fit 5 &9 DBA /b RIE M. R J5 K 5 800
nm, BX 5 5 90 fs BUBIBLER 5 A BOL AR CE TR A
300 mW ) R 5 /I B A i 98 0L, 8 U T30, A B
FH4rF APSS TE/N BRI 7= A ) 500 nm ) b B2
Yl — 45 ¥ & photofin® , ST Z J5 24 h, Wi FRAL

photofrin® Ff A [F 4 7 8 89808 A A, W& 2t
BLR ;R 45 25 CUR R RE R B i 08 B S s L)
KM, X RBR & M H RIS B R SOET
P ii PR E I SUALLN

3 & #

AFEEBEYATEMELE R RER
B BUIRBEITRY BE L RSB A B B4 F iR
BB E SN, UELS T =k
SHOLE ROV R M R IR R R, IR T
St EBOET R B EE T FOEFRET 2
REF o X 8637 B I F S HE SN T B AR BT Rk 4
RERHIR, ¥ 8 TEMBEE  EERER LER
AL B I3

2 £ X W

[1] Blau W, Burne H, Dennis W M et al. Reverse saturation absorption in
tetraphenylporphyrins. Opt. Comm., 1985, 56:25.

[2] Tutt L W, Kost A. Optical limiting perfomannce of Cg and C,q solu-
tion. Nature, 1992, 356:225.

[3] Si J, Yang M, Zhang L et al. Nonlinear ahsorption in metallo-por-
phyrin-like. Opt. Comm., 1994, 109:487.

[4] He GS, Xu G C, Prasad P N et al. Two-photon absorption and optical
limiting properties of noval organic compounds. Opt. Lett., 1995, 20:
435.

[5] 8i J, Yang M, Wang Y et al. Nonlinear excited state absorption in
cadmium texaphyrin solution. Appl. Phys. Lett., 1994, 64(23):
3083.

[6] Henari F, Callaghan J, Stiel H et al. Intensity-dependent absorption
and resonant optical nonlinearity of Cg and Cyq solutions. Chem. Phys.
Lett., 1992, 199:144.

{7] Bhawalhar ] D, He G S, Prasad P N. Nonlinear multiphoton processes
in organic and polymeric materials. Rep. Prog. Phys., 1996, 59:
1041.

[8) Albota M, Beljonne D, Bredas J L et al.. Design of organic molecules
with large two-photon absorption cross sections. Science, 1998, 281:
1 653—1 656.

[9] Cumpston B H, Anathavel S P, Perry ] W et al. Two-photon polymer-
ization initiators for three-dimensional optical data storage and microfab-
rication. Nature, 1999, 398:51—54.

[10] Pong Richard G S, Shirk J S, Flom S R. Limiting mechanisms in a
photoconducting liquid phthalocyanine. MRS Symposium Proceedings.
1997, 479:53.

[11] Hagan D J, Xia T, Said A A et al. High dynamic range passive optical
limiting. Int. J. Nonlinear Opt. Phys., 1993, 2:483.

[12] Hagan D J, Xia T, Said A A et al. Tandem limiter optimization.
SPIE, 1994, 2 229:179.

[13] Xia T, Hagan D J, Dogariu A et al. Optimization of optical limiting de-

& R R St A A AN B e e Pt ibing




278 oM OB % ] & 2000 4

(18):4 110, _17; Bhawalkar J D, He G S, Park C K et al. Efficient two-photon pumped
[14] Wang D Y, Sun W F, Dong S M et al. Nonlinear optical properties of green upconverted cavity lasing in a new dye. Opt. Commun., 1996,
pentaazadentate expanded porphyrins and application in optical limit- 124:33.
ing. MRS Symposium Proceedings, 1997, 479:41. . 18] Parthenopoulos D A, Rentzepis P M. Two-photon volume information
[15] Guo F, Chen Y, Sun W et al. Optical limiting of pentaazadentate com- storage in doped-polymer systems. J. Appl. Phys., 1990, 68:5 814.
plexes in solution for ps pulses. Proceeding of SPIE, 1999, 3 798: [19] Denk W. Strickler ] H, Webb W W. Two-photon laser scannings fluo-
58-—65. Denver, Colorado, USA. rescence microscopy. Science, 1990, 248:73.
[16] He G S, Zhao C F, Bhawalkar ] D et al. Two-photon pumped cavity :20] Kohler R H, Cao ], Zipful W R et al. Exchange of protein molecules
lasing in novel dye-doped hulk matrix rods. Appl. Phys. Lett., 1995, through connection between higher plant plastids. Science, 1997, 276:
67:3 703. 2039.

ORGANIC MOLECULAR NONLINEAR OPTICAL EFFECTS AND
PHOTONIC FUNCTIONAL MATERIALS

Wang Duoyuan
( The Center for Molecular Scence . Institute of Chemustry, CAS, Beying 100080)

Abstract The characteristics of different nonlinear optical processes, such as reverse saturable absorption, two-photon
absorption and the excited state nonlinear absorption induced by two-photon absorption, were emphatically described
based on the dependence of the laser intensities for organic molecular systems. Based on the recent developments of the
applications in the photonics, the potential applications in the optical limiting, upconversion lasing, three-dimensional
optical data storage, multiphoton confocal microscopies for biological systems, and two-photon photodynamic therapy were

discussed .

Key words organic nonlinear optical materials, reverse saturable absorption, two-photon absorption and the excited

state nonlinear absorption induced by two-photon absorption, {wo-photon photodynamic therapy



