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g F2E MR EFIAE $AS 8|A¥ BIAHAS Hyper Rayleigh
scattering (HRS) W o2 ZAsld Fz-42 BAE 2AEIAT. £F AR TZRE ZAFeHd
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SUMMARY

[. Title : Synthesis of organic opto-electronics materials

IO. Objectives

Organic nonlinear optical (NLO) materials have been extensively investigated for
possible applications in the optical and opto-electronic devices. The principal objective of
this research is to synthesize two-dimensional octupoles with large first
hyperpolarizability, which could spontaneously assemble noncentrosymmetric crystals to
exhibit significant second harmonic generation (SHG). Another optical nonlinearity under
intensive research is the two-photon absorption (TPA) process, which have been found to
be useful for a varlety of applications such as three-dimensional optical storage,
two-photon fluorescence excitation microscopy, two-photon optical power limiting,
two-photon upconverted lasing, and photodynamic therapy. The second objective of this
research is to establish the structure-TPA property relationship of octupolar molecules
and to synthesize two-photon materials with very large TPA properties.

. Scope of the research

A variety of octupolar molecules has been synthesized and their first
hyperpolarizablities were determined by Hyper Rayleigh scattering method. The
structure-NLO property relationship was established and the X-ray structure of the
octupole was determined. The two-photon absorption properties of octupolar molecules
were investigated both by experiment and theory. The relationship between the NLO and
TPA properties of the octupoles was studied and molecules with very large NLO and
TPA properties were synthesized.

IV. Results

The first-hyperpolarizability of these octupoles increased monotonically with the
extent of charge transfer. By utilizing appropriate donor-acceptor pair, molecules with
unprecedentedly large B were synthesized. Moreover,
1,3,5-tricyano-2,4,6-tris(styryl)benzene derivatives spontaneously assembled
noncentrosymmetric crystals, which exhibited significant SHG. This result provides a new
design strategy for the synthesis of NLO materials with significant bulk nonlinearity,
which may ultimately lead to the electro-optic devices without electric poling.
Furthermore, these octupoles not only show large first hyperpolarizability but exhibit
efficient TPA property. A- linear relationship between these two nonlinear optical
properties were confirmed experimentally with an additional supporting evidence from
semiempirical calculation.



V. Plans for applications

The films, organic crystals, and supramolecules of these two-dimensional
octupoles will be prepared and the SHG of these materials will be determined to assess
their potential for possible application in the electro-optic device fabrication without
electric poling. Films of two-photon dyes will also be prepared and their potential as IR
detector and optical limiter will be investigated. The intense two-photon induced
fluorescence of the TPA dyes will be developed for possible application in
two-photon-imaging and two-photon sensor.
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Hi1d ME

A7 e ol 8ol F7ISIAL TIAY V7 WaHel met 22, 3, £4h =%
5o Fel2 AdEe FEY ol VTR S Ro] oHrt. o9} #2 FRE A
Zst7] flsiMe 234 3 294 9 23Ux F715 ujA2) o] oot EY BE
Fulo] ciofdt YRS w7l flside H71HA mrled] YHo| eEHY 9ot = o
TolME ofe} 22 5ol 38E 4 = EAEH /7] uldy 33 EAY oFA HEE
Jpdstgict.

(1) 7] A% B 24

S71 uldy 3 S ule] FTA Aol WA F Wz, FF 294 FY
Pazie} ule] 23 9 32 Fule W2 fAEH AMEE EFolth. HAj s de| ARREHL
= ey F3 EAL LiN0ot Gars 52} 2 Frlxigolct. deu} o] Ajat 33Y of

o qlsle] 214719 =it FEAxY] £08 AYsPlole ZAFHU FHolxMY Aol

It} dbdel 7] vl FHUEAL ikt WS ARl dslke A ¥ B9 43S
1 EAEE v fA 8 4 T, AT o Hak R Aelo] B 2% 2
$ =& 7IIn, BlEoR W2 fANes SUEE sl W Fu G40l AHBY
4 93, 7F8Ao] Holt AAE 71 Qlth. uleld o] Edef tigt dvt 7% Al £
opoflA A 7|&d] ShiZ 2l Ytk AFTHA| o] Fokd] AL AfFAld AYY
QJTo] Az} F74e} wIL AU o]F3A BRI tideR 1244 #AE 2Bk, 2 4
AE ECR p3rol & BAE $Esl, 23& e AYAA A7) B 44 4 o ¢
=7t Holt B4 JUshe whg o AdEo] Hrl' o] @7 TRAQ EARL o}F3A
HlAY PUEASRE 7] JHY AL @7 Aside LALEIA ol EXE 2 U¥
o2 wga|Ao} dthe ot} o] Foz 7ia de] AREHE WY AJ1 &Y (electric
poling)oltt. e} o|AL ul¢ &2 AYS YRR 3, AjPe] o] wle} o]53At £4
o uigo] AT QhRY HhyPO R o|Usle] 7| FEH o] st T A
o| olth. ¥ E3o] W Q& 7] HlAY FYEAY gl HJFYUTH o] Eope] LA
Y713 719E & 4 A& Fojtt

oo} e EFL FFHY EAE o8l 2udk I7|F uiA W Al E2Yy F
& gstaal she AN E HaEq WAE JIAE Aotk A s wel dtHI e
FZAA BAL photo charge generator, photoconductor, charge trap W o[} H|A& e}
Aeke A F2HY 2ERolt)? o] BAo] F2AAE Uehly] dside FAM 1 m
olxtel FYT HWEE TER, 7]o] 100 kvol4e] UG Aol Fof o]FIA} EAFE EF Al
7 olx} ujMy we ZAE UYehiT S sfoRgict. o] x| AYE HojFolof 5 sh= F
g FE3Riche AL AY E7ls0l 7k dolBE, £3o] Ha gl wiPAY E4Y
M2 F2EE 1Y dFolMR HeA] IE3jokd Y4 A7} € Fojrh

2 deME Eo] U gl A M2 g vy 3E EHE Jpdske o 2 A
Hal B2& Foch olet T2 53 @317 $iste] Bgtol 2 et ohulel, AefolA =}

-

¥ %2

N
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w02 ujedsle] £ SHG (second harmonic generation, #AlF v]AY ¥ FA)E LiEhin,
olge] EAI7l gl= EAL /Ui sigch € dAFoME o533 Al A7t YAHY FEelz
HXE FE UEIz} 2AE AAS, thdkl REAE st Ay By B4AE FFYL
24 12-42 BAES Yyslgict o] AUE EulE @ ¢F =8} ot ujAddy HdAo] FHol
¢ A2e wE2Ix BxE P £ ogden, TAelolM ApUE LR Y 2RE o] Fo
of¢ 2 SHeE Uehle E4S 7Usidcl.

(2) o]B2 4%

H|AM3 23t gAake] shuiel o] #a} B4(two photon absorption)y F7He] FRE F43}o]
E= Aol 47 E@sts gatolth? ) u|Z, g 5o AAIME olH2} @R of¢
2 B4} 22 2R AUL Aupate] e o &sled M=l g0 107 bits en” o4
Axdd 299 7] E0)A8t optical waveguideo] S8 4 ot Al AR F2E wER
2} sh= 27t Bus] AR k! ojUxl ARE HIIFuAE AN flsiAe ol FR}
E4Ee0) 2 Bt ojzl, o)BA Y UMS AEFOER dod 4 Y BEE JUsiool
ghct, ’

ol ARt Hod A&7|o] o]8H 4 rk ™ IRgolAY 2HE Wi, WA (bean)
& aligndle 58 AL 3] slside Ao A2/t WeFoltth B AE LU= H3
A Aare HAY douzlof 23f ulg W& EAE JIT B webRe] EFFs,
dlo] Bafste wiskzl Wl A7E ¢ 4+ g3, A Bk 5 ©REE /I et olgt

2 B AL ojHAL T4 FBo| Fojt EAS IEA AU AUAA &2 UL UEH
A% 4 9 Aolth o|FHx} g7 E T}E $-&-Eoke optical limitero[th IREo|A=
o Holx]| ot uf¢ A W wWESEE o] mpRY] U F4U F Y= B e 2 &
g Tt oAl T4 Ho| & BAL AL olg} T2 Yo ERE HIE PS¢
lch o]#xt E8E B2 W A7l I(L) = In/(1 + LING)E vtebd 4 Qlth 7]AM 1o &
&= 27 243 w3t B3 Wl Arlojn, L WY T, N2 del Fuid o]t @Ry
dE, 8= o] F4 E&2 #47 Uehdr) ulald ojfz F4 Hgo] & EAS AMESlY
2o ZYE AFIAY, olFA GEE T o2 FAY UES UEolE ke 9 A
Jle § 3A Eolg 7Ks780] dtt.

ol%z} @t MAAAI|&0] o]8H 4 oIt > o] B} HnAL Az AMSEHI e MRI
U} 220 7L confocal microscopyRCh sigTst A Im, W oYzt Wil Fa4o]
Elout M2 &4 glo] 22 Ik BHY 4 gtk FFE /R Ytk 2 o] Zled
) AFRE L Y ATl o]z} F4go] Athe TAR Usle] AEHE] ofrhe A
o] oth whelA o]Fal dRe] tizt 12-4A WA AT AE wiReE XEIRIY o
AN A AU £ Y& BLY FRE HIAA oAl Frgol M f=AE YA
gichd, o]uxl An|AE $-83 AAGA7IeL vlad A AL 5 & Aolth

ol%x} BEO E TS & 7isde HolA ARI&Y Aol e 4 gk’ Az of
Hopo] o= m=Evw2lyt B2 Y¥A @E(one-photon dye)E UAMEe]l AYAX rths,



optical fiber2# @Fo 630 nnd] W Ro] ExA & F AZdolo] sf 4353 el
5o, J70| Ay YARZE FASAL, o] ddo] s APH whUd} At47t UNEE
A g AEshe WE S Yt don, 82 dEPE she T =it o
He 87t AH AET Moz Fd 4 o o] 9o, W upRo] Fol AN =
Z iz E3jejo] ofstm FAMEI £4E U& 7ol At olet T2 AL °olF
2} 4RE o]&slH A3 NAY 4 ol IY ojHA} ERE HolA Azl &Y AF
Azp= o}F WEEx| ookt o] &S AL3FI] flsiME oA Fgol A, BAA
o {A AYY 4 9on, AEY AeY £Ho] 2 2L EFE sdsloof At mety
o9t e H4& 7R ERE Wishe dte of 71&e] AEIE Ssl FARCIE dYF ojo}
& o]},

23718t vi} o] o]Hz} 4 tiytt 128 JHH EXolA BEEden, JFEAY X
%, IRA&7), optical limiter, o=} Wu7 o o=} dolH A& Fol 84U 4 rhe
7hsdo] FlEddnh o]AE ol9h T2 JMsAE FRTA, AN U oIy} 3o Fobd YA
A28 Ak A7l g3 wAZ wExg)] fsiMEe 124 4ETY 418 Y 4 5§
ol Lo o]PA} GEE PPk Aol BFHo|th & dPlAE tltt F2RE 7 °lF
Iz}, AFE3A 9 BEIR FEAE YAl olHA FFASE SR, AE ¢ olEXY
R og 22-HARAES sl I A3} A2 ¢ EF F olFA F £E0 7t
A 2 A2 ¥FIR} BAE st

lm flfe

N o > 2
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Ol

H 2 & Jue 7l=sie sig

FERE o] 8% B4l Jled WS ol83ld iy FRE ALY 4 A= e
ABA J)&, UEYA 7% 52 W M)l S PR3 ALEe TR 7|k THA|
Al 7lgolth 7189 BFAIL FEAE AAF R FHsle) ARSI dlon, of WieR
S0 Uz o3ty B A7) "AE UE £ glvhe A} ook U iy 3Ed
A 7S ME(10°)2F FHUAS BE 4 Yo 7189 Azpreo] 23t £4] GopsF FBA!
A AR ETE 4ulu) o]4b wh2 25} Terabit (10 bit)F oj4te] 234 HF4lo] sHsshAl Bk,
f71 ulAdY FPEAL o9} P2 A& FAYX|EY ohfel, XA F7F Y AY
T o] 8d 4 9oemg 2 oy} Eojgrt 1 o] EAUY AL dis o 1A 7
&3l Ao} wfRol A =Yt 2o AR T gt ol Daltoni7h Ag3] UL
3t HLRot "X o ol A A4(90 pp/V)E UehlEs R71RAR 428 AUsiae
o, WL E A3 o] 124 GB/in, HFETI 40 MBpse! S22 AXE it
2 Agsle] sisAo] Eotdo] mha} o] Eolof that BAL th ol 9lrh! FrjeldE
LGARL7} A A= Fbe] 2shs B Ao 2AF Fu2e] U FAx 2232 Aol
f7] vy PHELE S8k de HIol oA oS Tiksix|a ot

$7) W5 B Y Ay £52 F /1Y chyIgdellq 3.9568 DVD-R U CD-R¥E 7ust
A3, @ 7ol 7|gAe} cidtel A 4.7GB DVD-R Q TS 7@ EAR et E2 s}
3¢ A 2ads FRAZ A E L) 3 7|2ALE FYske 2o HEF drh
agy {7 A FetEAe] JAXEH ALET, 156BF HIDVZL £ZF o2 AutgA
= o] Holo] cidt Exlzt F43] 71 Zoltt.

olat HEE T 9 UAE T4k S= el HA TEH 4 ok Exjolrt’ ol
2} 42 ggEoks ALY Wol AU £ FAHYE o[§Y Y xadE 50
At olHAt HAL o183l AT &4 gol U I &2 HEEE FEY 4 AU A
GA71E° L AR S5 WAt AR} olu)Y,® Aupge] wlg xRSl AN U
o Q= 2yu HUFO T AAL 4 & dolA ARr& AY SoT HAHT Yrh

23UE A0 o RE BEE o ot d8E NSl she A= uie By
3] WYL Qlrt 3 22X AV ZIRE o] §3}e] 1005 ojAte] AxIF HuRelE WwE A
T Ayt 1998de] WEF AL’ o] AE WEel gl F Lut ozt AviEygte] F{
o4 A3} uk3S o]B3lod AR 7153} el 27 tlE MY W o8 + Ue ROl
olth ojZAKTH 8ol A o]} FINIEE ol E3le] ol AT FFUS
Qoyle wog TE ARIAQ A Reott® of7|AE F3urgo] dojt 29 HHY A
717} 453 2 S o] gsle] FRE oS £ glone AvRyAE W ERY o444
wkgo] Hulgsle] Hgues} Yo} weld ti3yat S Aol E dRE YAt A
3 Hozele Hzo] Jbe¥ RoE whhHr]

2 2ol Denk:= Rhodamine BE FHFEUE A[E3le] X229 o|x} AnlF A& vl &
2 sAuER @ o JEsHch E3t Shear RBLA|Xo| DAPI(VIII)E ZAYAIA 4k} &n|
7 ARE 2L APE Lok 2y chdal 5 283 AlEe] izt Yol Hold

o
i x

o fr 2 o
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A2E A}gslel ThEAl WA HUEE AT TASHE AL ofdl A=EA] Yokt

ol%Al AEE olgsld AREA Ax), TigAl WA U dolq A2/&g AustEs @
2E 02, B 5o MA2e|4 Bs] AR Yok U oA o] Hoke] @7t
A3 AEEA o3 gtk of 714 WA TR §4go] 2 BAW YA4siE AL}
THs3hEE, 4T FMso] EoH AHLE nje Z Rog dar

o] Hofe] AP MABGME 712 A7 o] HEY gomg 2ale J&d Azt
A ok Aefolt). £ AL ulMY WA ojat F4Al] Tl ol2Hel BYE
Zesieion 2 o] AAE g of £ slxlg HAo] uj$ Hold AT wAEtY o]
ygstdoms B MBS Py dFoME MUI FEs] AUY 4 JE 5P 233 9
o} mehg o] A7 A3 oS wAAylZ, AL shsdel BTt 2HY 76l YEHY
A7EA1E AGai 8% 59 olufel o] HoplH AAE AT £ e Hoz A7
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AL % A90x), ¥ AR A § PR A2EAY && 7HsA Wl
uke 1] tiabo] Ha glth 7] M3 wol dAxH EAL ARxACl olFAYUY ¥F
ol Az} A2t w7t AL o] F3AL EAlolr),! I} o]F3at Al AFA N Zo
& Z7W719 vy B 4AL F7kshd Feuiol Auly Fog olFdin, #AIAE A
AbefolA] 22 Wako g wjdAF]7]7} of3lg #ut ozl HJ|AE Tele] T2 WHeE wjd
A7 (electric poling) FE Aoz Qg uith3to g o|H(relaxation)HE 5 ©
A& 7 A Qlch |

o] AFME o]FIA} EalY] ojgt T2 BAEE TH3II $iste] £t 2MIES]
2 wut opel TAAEIO APLHO T wldstd AAIY ulAY FaEo] 23, ol B
7} glom, ¢ 3 (circular polarized light)& AHEY = QOB Wel &Xo] A2 3o %
AL 7 Qo] AR £x12A & THsAde] 2 AEE HEY #EFIA ExE sk
o 2 B Ty

£ dAFAojHE ojn| o] AFE F3lo] WEIRE EAIY olA} Ay e} HA(D)
& Azt 3% 2L A7), AFACI Zo] L mio] A=Y U7t &&FE FUIRITh: Al
AL wAsith? o] A2 pIlo] 2 BEIA EAE HASH YU ¢ e olEAY E
th7l SEch olg} T2 Bl B2} Aol F7HE H4H37] §lslo ofef Id(a)2t Z2
olald T2E 714 Zo] o L) Y olE Exje] FRE A Isie] U Bl A= EA
Alol?] mlo]-slo| A3 2E-L F/RAIZITH TAAell ] BE Ex7F 22 WReZ wjdd 1

H(b)o} 22 A F2E HE + A& Aolr} (T3L).

ROZN i

Octupole (a) (b)

7% 1. Design strategy for the arrangement of octupolar molecules, (a)
Two-dimensional sheet produced by the octupolar molecules, (b) Three-dimensional assembly

of the octupoles generated by the -1 stacking interactions of (a).

2 dFoME o9} T Ae| miat 2io] ehd A ZL v2} F2E TR UF
AL PAslo] F2-4A WA AFE Fs, 2 AAES HIPLR oA} uld¥ I 43
(B)o] Flohd BAL skt oo e B Apudroz wjdsle] ¢ 231(b)e} 22 4
A F2E PEoEA TRl AXNHY uHY F3t JA(SH)S Lehd AR ANF
gth. Tl o] AlEs} dgRitid, d7)A Faapge] "e U ¥ut ohjet W SHo] Ho

- 13 -



o, o] slold A3l A2 idel BAALAE BE 4 WA HEE, ol uHY B
aEa g7el 234U BEE YASHE Zolth 19AS) AT 48T o ATUEL T
& goh

7k 1,3,5-EUER-2,4,6-Ee|A (28 )i feAe] v]dy 33} 42

ol APl T EAhfol i
H o3t v]AdY UL £H
#H 22 A AE EHY e33R 23

Scheme 1

NO,

g Wyslel £41 U B4 YL vl

HY e} 43 @ OAE §& 2
o siick o] @TolN YHT BEIA
U o334 Eale 72 7 HUE

| = OMs (a), , -
o )\ | NErs (0. pperdine @) o] g whHE Scheme 1o A3t
O o i
ON .
2 \2' ° b Y N Y ol =AY o]a} udY B
o

OPOHO| A E A3t 1360
mmoll A HRSHPH O 2, A AEfol A2
HlAE 43 AL SETEOE, o HEEE TAS AMEsle] 2z §3sidch 24 3RtEY
Eadby A4, olx} vy ¥ ZA 9 d B =E Hlof Felsigch

(a) ArCHOJpiperidine/benzene-EtOH/reflux. (b) R;NCH(OMe),/DMF . A2(B)
(C) DCGH‘ = /BulLi

X 1. Optical data and thermal stability for the octupoles and corresponding dipoles

entry D compd Max (nm, €) At off B B(0)° Td'/°C
1 ez 1b 394 (11, 800) 480 40 24 230
2 piperidyl 1d 399 (25,000) 488 80 48 210
3 Me 2a 340 (41,600; 430 48 34 265
4 NEt, 2c 428 (53,000) 554 116 63 278
5 piperidyl 2d 405 (41,700) 515 151 89 256
6 NPhg 2e 424 (63,000) 535 141 78 280
7 NEt, 3c | 406 (79,400) 462 | 46 27 310
8 piperidyl 3d 388 (72,500) 466 72 47 306
9 e, 1b’ 441 (20, 000) 503 43 22
10 | piperidyl | 1d’ | 442 (11,200) | 529 0 16
11 Me 2a’ 378 (25,600) 466 66 42
12 NEt, 2c’ 450 (28, 200) 548 85 43
13 piperidyl 2d" |- 424 (25,500) 532 97 53
14 NEt, 3’ 426 (22,100) 536 33 18
15 piperidyl 3d’ 402 (20,000) 536 45 27

* First hyperpolaizability in 10 esu, “Corrected at A = 0 nm by using the three
level model.
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3RME 1-39 2 AFACI Zol7t Zojd4E, Hat 3 A7 F71ErE AA
A BYE 2dolA #Hoh ghe VehdsT) (entry 5). EZ AL FAAY WAl o]F Aol
AFACIAE RS 271 43 AUS TP YE 34T} of 2 LS UERAGICE (entries 4 &
7, 5&8). o] Azk= ol AYUY zlo] QH[-Y ouA|7} o ol HslolFo] o HEHE
Yol 7] o2 Bl

1-38] BZE olF3A} (1°-3')Hch o7t 9 Zlou, 1 & BAleE Urd 0534
Heh okl 2 8k ofuz} 1-39] M Al 13" o] wiubgelM uElth o] 2H At 2
2 1-38 UERIIE 34 Hdrlol AY $£3old, ulgZe] 2E|d7] o] FHolx IA W
1} gledch Hidel 143’2 2E HHIZE Jix 2 Jodch webd 1-32) Bi Mt 143 E
T} A Uehd e UERY)Y YAE wfEe] 27} ulEolA Azt FAY WA Aol A
3} o]Fo] EH o dojuix] R3y| mfELE ML o] Azke At FHLRI} HAY
gepdde] dopt £23F G3E nxe A& F Uehiz gich

o] dFolN @& 1A 03 A= 28 SHort JEEAY HERERopd?l Hr} of
5. 8004 A Uehd Rolct wlMy e} BxE ApLFH o wdAlA A SHEZL 2A U
Bl 2218 PAshe 22 E33Fo] W glo] A £4E UE F U WS A3
22, o] Ae of o} Ay F3Ael By £ shiE WY Folzlm & 4 k™

. 1,3,5-EelAole-2,4,6-ER A (ALY )iA RN iy 3 ¥

T N W71 NS @A AHgY U=
_maoomr Ao | 25) el Aoleslg 7 HUEe S
LA R NS o AE Pisiol Way B 4EE A7

piperidine/ D
benzene-EtOH/ |
reflux

oh Fale Aamc 2w Arle o
sht, @A &gt Mo} EAA EA 2
c0d 9 ok o H1zE 7IRE b Dol @ JLE o
7?@ rorarcio i), o] @A olot e A
fo] o gzt WA 37 % AFACM o157
D=H(a),(zr1e(b), OH (c), OMe (d), NHy (e), D . ﬂ'_‘l] 7E].°I tail-o'“ EF‘% B]ﬁ&o’ 3"01‘3-}‘ Aéza]%
NMe; (f), NEt; (g). NBu, (h), piperidyl (i), NPh, (j) _zl_)\}-s}eit} 019‘]_ é_‘% %a-?i )é)\“sl_]: i],
YE 728t PP Schene 2] Felstgct.
S 469 A 47, oA vlHE B 47§ 9 Y=L 2] Aesigch
o] dFolA W Mze e BEIA BAE Yl Bl HAe 2R B3t ohed
2 BAL YRR (1) BE BYBY haw or 630 mw o} AUTH TeA olBASS
g Nol AHBEIE 1550 mmoll A} olxt F4Eel B4 WS gich (i) BFACl Lolst i
oA 512 371HE darts B71BIROU, 1 Z0IE TS F7M1D 6iolAE Matt T 14 371
st gaith Jefu B0} BFACIE Zold] mel A4 BvliEE, F4uEe SN
Y= B0)E F7M12 4+ ok Aol dck (ifi) 5, 5 ¥ 5i8) B0)E AFAld ol

1) By, hy
2) P(OEt),

CN

- 15 -



Az} 2719} W) o] T2 o|F Al sl 3-euiF st of A Uelylch wlebd Wzl &
(atom efficiency)o] ¥ofutt. (iv) @ BE7} #Hojuth (v) &% AelolA SHG7} Zct. o]
o} e 4AL BE IYUE 4-60] FATZE A7 wfBol Uehhs ZoE 4Z4Hct ul§
Aohiz7]e] M} = ¥ UESI|RC} A2 YAl £ ¢o] o]& fEAF BUILZE
e EH Az} Fole} wojalole] HslolFo] UHSIA dolut vy F3 o] 31, £A
Aloj2] qlEo] AN @ ¢FE YA Ik Z 0T AL} o] A= (h¥Y a4t 2
A UK Fojn, o] FEAE EAMJelolA B4t ofLjzl, IA|Aelol = SHGZL ufe 2
24 A E3 Hourng, 3yl W ¢lo] FAR} £xE Y=L o] Fof AFY T
el E¥ol 3 AL o A2 Azela ¥ 4 ok

H 2. Selected optical data and thermal stability for the octupolar compounds

entry D compd Aax (ND, €) At off g B(0)° Ts'/°C
1 Nve; 4f 389 (105, 100) 455 35 25 340
2 piperidyl 4i 396 (113,000) 474 25 17 319
3 OMe 5d 388 (41,800) 478 20 14 385
4 NEt, 5g 493 (82, 200) 560 121 65 390
5 piperidyl 5i 468 (74,900) 565 118 69 413
6 NPh; 5j 488 (101, 700) 568 223 124 422
7 NBug 6h 499 (82,200) 633 219 116 340
8 piperidyl 6i 461 (47,400) 576 178 108 402
9 NEt, 6g 468 (80, 300) 558 184 107 404
® First hyperpolaizability in 10” esu. "Corrected at A = 0 nm by using the three
level model,

t}. 1,3,5-EelAloh-2,4,6- ) A(sletc]oldolu] 2B Y )N Ao w4y Ha
B B dTolN YA olAUA BEIA BAE w4y WY BURA AMgstasl sk AR
ZEA ol 91 I (b)sh ol o] FAlSe] ApYHes WY IAE WEe} A uly
¥ FPASO)S G o Utk A1 (FHHBY @7 A3e oleh g2 AEs} ol 4
2Ho|9 &S Uehdch ul4y F% BAY dTold BAAF glo] ke 2 SHE Uehls B
Ag @ At olZo] Agolth o] A 5| doldl o] ohiat yelHal ¥at UAe
A2 gold Zold, 47l (FH(Lhate] AToIA Ml 22 A Balel ohsl AEs 9
L A7E PEH0E dgous of A3tk AN HHY BIHUSH)E THE A2e &
xe] Aol ol 8Y 4 ek

Jey olgh e AEE SLAN] AAAE olF Babt AAE JW T wEE
Vi AR FA7} Baskh wehd B dToldE H2¢ SRUE 5go) BAHE WS X-
N 728 S3skch BUE 5gol X4 B4 A3 o] Bk YA2E shAen, 1Y 2a)
ofd o] TAelol BE Babt g wos waselgct. 191 132§ vash
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YoM dEet 22F dAZH dopt B3l E # o+ YTk
olet 2 Ext vl whEol SHEWY L= ST BE 5g8 ofx 2¥ute] AH7|(SHG)=
2 HPH o2 ARESLE LiNo0,2t A JelolA SHGZE 22 mEhE=Robd’l Het 3.4u)
U HYch o] A7 AAE o] Fo AA Hi AF +F vlastd that k. (1) e
5go] ZARAelol MY o]t zute] M7I(SHG)E 2271 L R7] ulAdy J AY F SHC
7t 713 2 POM 3} Nppoll wlal Zk2t 11 | 4 wiBE o Act (ii) /7] vd®E I & A7
¢ F3AQ F¥= TAGElolA APLA 2 ujdsled mlg 2 SHGE UERd #3t ohzl, F4|
7+ 5 olYEA] AR SHEE fAlshe EWE ishe Rolth Tyt ofztx] offE 19t
2 AFof A3l Rk o] drAs oot L2 ol it e ZI3HA dojn,
o] 2xt AAE A&l A&l o|& 4 = EFY YEx 7hestA € Heolrh

3% 2. Three-dimensional arrangement of 5g. (a) Unit cell structure. (b) View down
along ab plane. (c) Extended 2D structure,

2}, 1,3,5-EeluSA-2,4,6-Eel (1) 0 A2 waY P34

A7 (el
AFNE AR Wit 5
@ N A Hdsle) oz, ARt
" 77t vhgiol Qe BE3A
HYES thgoz 724
4 BAS 2Tt 2
APNE B4 sl
ANZNE S,
of B WhE QY A

Scheme 3

Y 22 UFIA FEAS U
C =,
OHC N cN = \Njgwa gele] ujAy Pt 4AE
= _— _CN < §
A= CN (a), NO; (b). =<CN (dﬁcr(cn (o). ; =~ o (@ ATskicy. o] SEAL
-3
(a) iy HCHO/HBI/ACOH, ii) P(OEt)3. (b) LDA. p-BrCeH,CHO. (c) LDA, O,NS;CHO AR So] ¥]l2H
(©)) LA, p-ONCH,CHO, ) DIBALITHE. 78 °C. e) ) Bu, TCNE, (0 1A e werlE 7 Qe
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c

LoAxp 24 H7le o 2EE £ Se AEE VI ULEER, o]8f T2 AR
EXo] ujMdd Fe} ZAof nx= AL ZARIGLE £ Aol et BRIy 124 Y
2Jubi2 Scheme 3¢ 7 ]slcl. ‘

olE FEAY o|xpu|MY H¥} HUL 0P0 FolHE AMESle] 1360 nmollA] HRSHWH O
ZAsigdct. 1 Azk= H3o Felslach o] dold F03F AAE sl it Zth
(i) BE ZH3FEY] ha orr= 550 nn 2T} it wheld o] BAEL FEAle AMSHE 1550 no
oA oldal F4 5o BAlst AH ek (ii) AP @AY MI71E F7IAIIE B(0)= SVt
(entries 1 & 2). (iii) AFA|d Aol F7IAFIH B(0)= F7I13ICt (entries 4 & 5). (iv)
AFA0)A thlol gle HYsE el uiRE B(0)= F7RITE (entries 2 & 3). o}
o] WRXE bR} oUx|7} AstH Hxl e} wilaleld] Hslolgo] & Uojt B(0)3ke] A
A= R o|FZAlolA ojn] A ARol|Rt, wWEIAloA o|e} T FAo] WAH A2
o] o] #xe| eo|t},

o] Aol AL 713 Fa3t Az AxpANY A7I7L tia dltjzte AFACN 2
ole} Az} WA A71E HYs| ZASIA Exle] olxpm|AY YA E FES IA AL
4 olthe Holr}, o] A= A2E TR WEIA o|x} ujdy ¥} EY AdAd FL¥
ARE AL Ul 7est 7g8] HRSAHE U o|E HTAlY IAAJefolAe] SHoet HAERo|
T3t g "af AgFolct

¥ 3. Selected optical data and thermal stability of 1,3, 5-trimethoxy-

2,4,6-tris(styryl) benzene derivatives,

entry | compd | Amax (nm, €) At off p* B0y
1 Ta 337 (92,530) 385 7 5
2 7b 370 (73630) 42 16 1
3 Tc 420 (31200) 499 34 14
4 d 415 (93450) 476 56 35
5 i 445 (80600) 533 217 130

*First hyperpolaizability determined in CHCI3 except otherwise noted.
The unit is 10 esu, “Corrected at A = 0 nm by using the three
level model. Determined in DMSO.-

(2) o] B2 & A+

o]z} ARE oUAIZ} WS F 72 HRE i EE Aejo] ZEY + e 2F
olth? oo} 2 BAE W A=A} (optical limiter), ©]F2} ¥ o3 (two-photon
microscopy), @0} X2 (photodynamic therapy) Sof ol oz we A7} AYH:
olct ! o] e Al BRE oA} T HBo] Fojdt AL YPsHe ol o] &
g Y45l glsiAE o8 W AU whHE AME3, thekdt F2E 7 S iyt 7
Z-44 BAZ FEsiz 2 2AE EUE Aol BAH 2L 22E 7 BAE AASH
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ghgstoiop et 2Lt o] Fob] AFE ofF 27] whA mEe glo] AAAY d+17} wol
SR ookt @l 7P gol d7E 1 At oA dEe ARACIA olF AU ¥
AAFI] 2 APIAE 712 0133 ¥ AHTAL Aotk T2y olg FEAY F2-4
A Aol T e AY ol oA Y2 Aejolct £ AP A X BEIA £
A2 oldAt F HEo] Ty o] Y AYH ATE Yo F2-YH BAE YL, ©]
ANE B2 o|¥A} F4 Hgol e Hold MRS T2 oA dRE TAIIIA 3

ch.

7t AE2A oA A8 F2-4A A vyt o]EF A+
AETA Baje) 7|2 2= of] IU3ehH B uje} Zo| At T (FL W) HE
TR A el wix|E sla glth. wietx Az} o|Fo] FIxlold F4o HAUNE o] FULEH
=9 3 Azje) ulaE} SUHTh oWt BHE drp O1F
"N el 2L FFATN, Frpal AFl WIS, Ireas Thed
/ /RN, | e
CN CN Hjttig
Donors = H, OH, NH,, N(CHa), FTPAOCZ‘: Ei—Ey

ZVdefollA] o]zt F47t dofvhe HF el HoIAt BRlEcly, £R
efZte] ofuix] xjolo] &sle] ARHc) Azl A L W J2la FA-UAHE AFA
old 2ol ost] I'pe®l F7I7h HBRIL, I A} o|HAt F5-go] deldoh A F74Y

il
re fr
ny,
-]
FfF

F2E uPEA £ol24 YRR 433t Az}, AxpFI H7I7E Aol whe}t Mol
=3 37 mAES 27l BEFH2
Y 4, 2EF ol)E 12X olF
o . 3} Eol s AT ]
/ +[rYPAm]n W)’ -
o0 7 ow R gaeizel oA el
g-o.ﬂ / . 100 b Efe—Eeg(=E/_Eg): (—.lg 4,
) 80 o
Som o % ™ A% ofzf) £ whz Z4YS UA
e N S stgct o] ZAE Fgtshd, Az}
ors 1 ’ 4 .
28 M "y 270 2% kel Aol et A
26 // . o A A=t 37k, 1
W 27 . 2o o 9 2lg] BEAO w
. OH 7/ A3} olHA} T4 Srpac A
28] H "\ 50 H/ Me
' b3 [+) 2
XM X PR TR XTI XL XTI X TR X)) 3RS ¢ Aot (384, 2
] d 2% 5)). g Yot 2% k)

Wig ddstke AFANE =
o] Zolo] W olF FFEE ol og AFsiged, olFAUL 47 o 2074 oj2d
o ol ol F424 717t HEteR] g ZoE WHHUrh & o] B oA of%
2} F4-go] EsfTh: AME Flskdoh 918 ol8F AF Ade AR A oA

Erge Arj3| A SHe A A7) ECIS vldsigin BeEo,
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U 4534 ol gEe WY L 43 97
519] ol 24l ATE ECE WU AFFA BAY F2oh YUY Schene o] 42
stk ol #EA2 olBA} F4EEE Fukl 7S JIEBAT AGslol, olBAYHEAY
o% &S of WHe AEY 2B

Scheme 4

5 o n| Aol 2E TR dolAg 22 ¥ A
A, el A7IE ulasle] o)A} F4EE
OCeH1a OCeHi; 8

A WHeE Fdol oA Slch

SO W SHUE OO doliE gl
Ar= —)-CN (). \C],CN(b)‘ CioHa1 CroHzr 9 920-740 no He]M o]t F4HEES &

e ﬁ @G B9, A2 834 9 By 43
(2) 1) BrafACOH, ii) C5H1gBrlEt0NalEtOH ® Y\ peoacyTor 3 olA F &S Fdo] Felsigict
JEt;N/DMF. (¢) CqHa24Br,KIKOH/DMSO o] REASY I & EAL oxjFgol
ul$ EChe Zolch E3F Hhg4utae] 400 moldt2 Uelklth ARSIt B¢ 437 F4
B} o]z} F4 B4 ouAs o £oBR, o] Azke o]FA A} F4 Tl 800 nw
Brl g4 o B8 2UE A3t ok et 2 A7 BReta e dolAEHE ¢
e A oM AYE & 4 glong, 780 mojlM & o]FAt T4 AE&L Hof grHrt
#3 of 2hg Aolct wield o] AR olF REAY F2-4A BAE WYY 4 gigdlen,
2ot g shEsdlA AR 3] Y EHiE PRSItk

re to rr

xE 4. Linear optical and two photon absorption  properties  of
2,6-bis(styryl)naphthalene and 2, 7-bis(styryl)fluorene derivatives.

entry compd A An A ) 8 o
1 8a 367 428 780 1.09 21.5
2 8b 396 447 780 1.04 9.2
3 8c 358 414 780 0.72 14.9
4 8d 408 450 780 1.08 18.9
5 9e 413 452 780 1.12 27.4

%Mo, Az, and Amx are the wavelengths of the maximum peak in the one-photon absorption
fluorescence spectra, and two-photon absorption spectra in nm, respectively. ¢ is quantum

yield, OSwm is the peak TPA cross section in GM (10 cm's/photon).

th. x=9d feAY 38 9 4 A7

ol3xt drel 7P B2 §& /M5 5 shlhe o)Al dolA Amolrt A A
EH3 e golA gL F9Po 23 FEAE FUSHL, optical cableZ# 640 m F=
9 golx FHE R XS EENERE BE F, oJFlo] ATOEE slo] 4EX Jelel
A giee gy 4lag o83l BEZAS e WS A8l gloh Y o 5 o]
B} GRE ASY £ olohd W U] W AEIIER FRARe] &) glem, T3}
go] glofu} AojoA e 2 4 3, WL} Folll BRAER Y| FAY + e
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Ro] gtk & ATolE 43U 3

Scheme S Ph
L i 470 2 A22 Uy 2esd
H
GO gL | sEAE wnd oun B4 zae
§ a5l A¥e AYsidTh 194
(o) (f)l Ph AroA YT F=AY 2 A
n 2 Scheme 50l A 2]5}gict.
olg =AY THUY HAS
\ 7 \p| 5o AHeldihct EE fEAT
- 440-470 roolq A 4 wE Uehigl
10 " om, 650-680 rmoild Al g e
Ar = Ph (a), p-nitropheny! (b), p-diethylaminophenyl (c) ﬁt} —-’a_]L]_ 0] n]_;g. H"°]O‘"k] A]_g_g.
(@) (i) (CH0)n, 50 °C, N, ii) TFA, r.t 5 min. (b) (i) PhCHO,TFA, N,, 3hr, CH,Cl )
(:) DDQ, 320min. (c)Zn(Cl;Ac)z.THFICHCb,reﬂuxzh‘ (d)lz,AgPFs,i:HClglpyr?di:e -)': 9’“‘: OIJJ‘Z} 7] Zéo] %io‘]k] 3“"}
(e) Ar—==, Pd(ll), Cul, THF/Et;NH/RT. (f) Ph_/‘B(OH)z,Pd(O), Cul, NaOH, reflux Bgo.“ _43‘_!- olaél-z]. T:l'—r 0 o ,5_%3'_:}

£ oojc}, welA femto second FoJAE AMRE}Y] Z-scan WHOZ 800 nwollA o]} F4+ &
22 245t I A3} 10a 119 ojHx} F4 HE&L 190 M B2, 10b o= F
£ F22 310 MOE YERT) o] gk femto second oA ZE &A% 2t F 13 2 lolth
ol REAE AEIA FRE /NI Yon, HoiFsuRo] 440-470 nmoll A LERIEE, of
A ol F5 3Pgo] 800 nmHTh ti ’é&—a- 7Fs/do] glth. Iol® B3t E2IR fEA

7} o] pPgollA ufe 2 01*‘2} £ Uehle A2 29y %Eiﬂ% ol@zt #lojx A
2ol AU F Sivhe 7k 5‘-@1 = Rolth. Ed ojFAt F4 &2 ARAN AYL

2 o]5AYeIY AT éﬁ— ALGRE Aol Aol7t glout, At ALY AMJE 77
Z71tdeng, 2oyl fEAY ot AEE FTMIFY] fiAE Adlols BEE F
FWAKEE & 4 Qlth

¥ 5. Optical and two-photon absorption properties of porphyrin derivatives

entry | compd Maax, MM | At or, MM | An, nm | A, nm | Oz, GM
1 10a 446 665 650 800 190
2 10b 460 _ 686 681 800 310
3 10c 470 689 684 - -
4 11 44 666 660 800 190

% 8; is the two-photon cross section measured by the Z-scan method. For other
symbols see the footnotes in Table 3 .

eh WEIA olFA AR 724 BAol cf o124 47

Marder, Webb, Perry52] S 7-UEL ARE2x} 7R o|Hx} @84 t]dt d1& Az 9
A+ 1611 Stk flellA] 7143t ule} o] & A A £ o] Aol A AFFIAL
of BB Az 272 W A7 ALo] we} AETA Bl ol@x F4go] W2 F7}
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UL UA EHeon, o] &L ojn] H¥FHoE AZH ut At & AFAMNE Felol U2
A7t 3" AFIR FROA "l Ao 2L T2 ERE|BE s EFANY o
A} Fgol ofgt o83 A& £¥sidch 53] B9y F2E AUH C; UREE THe
P37} Bl TR PRI ANATE sl el ANT A2} Wh(EE F)
7} 3748] AxpFAN AFARlA tielo] &Jslel AR Ug FP, Fxt FHY FAAZTE
Z4e) WAZ o)F3lHA Az w[HHI} dojuith uHzZe F It SRt wel Ao
R3A BHEE HFoR FURlAL, STAEi vltteite oyA] Aol Ziske A4
Ho| FAbo| o]2Hel Ak T3l Bt F3] Yol triphenylmethane FEA HEY
A% ¢ H6olA Bi= ul9} o] para #]X]o] H ¥2}17} A= 7ol w3t t]ojdolnlo] Hxls
N2 XHY L o1BA FrEol AY 10ue]l 77k 37 idol BAFACL o] #7t ohzt
Y53 dxp 2HIE 141 olFA F5E ppaliols AFY HlHBATL AlFo] o]EF
o2 &gy

¥ 6. x|¥¥ Triphenylmethane %o]2 HEEAIY o]z} F+& ¥ ||Al

donors H Me OH OMe NH. NMe; NEt; [Pyrrolidine
Py
TP 18,670 | 18,000 | 22,900 | 31,000 (35,300 | 59,200 | 69,400 | 68,300
( DY/ eV?) .
Il
Al 269 | 4.47 | 4.89 | 6.27 | 7.87 | 12.49 | 15.05 | 14.9
( 10 Pesu)

uf, ARFFAt} B3FA ol B AR o)FA FF BE M|
Scheme 6 PO(OE), Z]%ﬂ}x] %E% o].‘-g'z]. O\:dli %’

Br @"\© / O NPh, F2-4A A7 T AME] A"
Br oN (o) (EtO)zOp O E212 |,4-bis(styryl )benzene FEA|

(007 otk 47 (thad 4743 153

CN (d) Ar
X AR ohieh WEIA HUE o
2”@J C; 5 ges] 2 ol ¥4 &S Uehd

Th= 7o) o|2Foz us{zoeng,

Q \ o ¥ 7 FRe 4R F ol Aol
O NPh, 12b = N

g 2 olFxl F+ FEE UeheR

(2) i) CuCN, ii) Bry, hv, iii) P(OEt); (b) PhoNCgH4CHO, LDAITHF E APFoR d|Id= AL Fu|2

{¢) PhN(CgH,CHO)/LDATHF (d) N(CgH4sCHO)3/LDA/THF

dojrt. & dAFoME ol A2 FF
22 1,4-bis(styryl)benzene S =X F o|UA} E4 R 8o MR 2 7*__3 &2 12a%} o7
& F A2 A AN AZNYD F=A 12b © 12cE 3t o] PR F4EEE vlasiglch 2
RS2 ¥ uhHE Scheme 60 Felstsdch

ol& A EYA A o|Fxl F4 TES 7ol Bl HolFer
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12a < 12b < 12c8] £208 Aupgo T olF3igrl. 0|22 12¢c8] F4lol 2e Eelwdoily
AL AFA | Hoist &g Uehdch A 9 ¥R A& BT 19 7RI
o, o]¥x} Hr) F4uAS BF 800 nmollA UENITE o] dFelN d2 1 Fey Ae
Hoj o]Hzl F4 EE EY 12a  12b < 12c8] £02 Ui on, ©hyl ZART oA F
4 F8o] 12a : 12b : 12c = 1.0 : 1.4 : 2.09 v¥|2 A533E yepdcke Zojth E3t
12c8] o]zt F4 FE 9730 M2 2271 UEH 3t FolAd 71 2 oIt o] AR H
A 2L TR oY GEEHN WFIA} B2 A& 7FsA0] Hif &2 ¢ & YUth

¥ 7. Optical and two-photon absorption properties of bis(styryl)benzene derivatives

entry | compd | Mx, nm (¢) | M, rm | Ae, nm | @ Smaw GM|  f5
1 12a 473 (58,130) 800 520 112 2136 1.0
2 12b 460 (111,140 800 527 1.11 4715 14
3 12¢ 441 (243,720 800 532 092 9734 20
Tﬁ) 1isS’che relative 0wy per molecular weight, For other symbols, see footnotes in
ed.

(3) vlAy FepP A o]FA F+ EEY 4 A 47

) o8 W APA AT AT WEIA B9 B 23 FAY WA Aole] sl
$ A5} 27K0] el o3 uluy BY 4T olBA F4 Bl EF FUIUS Uy
o) ulehd of 1A Helel uldE B 4 Aololt YL HBUAL UE TRl &
A4S ¢ 4 %) WY olzio] AKE Uehdtid o] F 7Kg 4ol BE Hold 42
By B BUS YT 4 S Rold, o] BAL o8N AL B sle Wl
TR © Zolth, £ AFoME olo} Be e Zabsb] Aistol thadt 2 @TE 4

stglct.

7t 1,3,5-E2lA|ofx-2,4,6-EeA(2E|A )M u]AdY J3} JA3} oA T
g 3A

LI 8219 olx} vldy A JAY ofBA Fo EE Aole] BAE A9 (W)
o] dFolA A3t 1,3,5-E|Alohin-2, 4, 6-Ee] (2B )HA F2A|(4-6)E o83l Hzx
2 Fusidch olE fEAlY olx viAy Uy AL A7H1)YY dFlA ofu] AFEHYL
oz, ozl F4 AES FHsl o] F 71 A APl BAE s

o}E REAS ofxt uidy H AA(H0), WA £5E (0) ¥ oA FFEL (Om)
o] A% Zhz} AN 7k Wsol FesidTt Eso) Gl 3RIBS] ML Scheme 29 Zth o] &
Folla @ 71 2oy Azfe F 7Y T vy FgAA oA updy J3t 9A o
B2t FEaGo| At FI9} A Alold) HslolFA=I FURI weh S71Ithe ARdelTh
AHE ol2H o At izt A¥H s T gf BRA o] F 4 lojoy 2 HA
BAZL Bl o] AF Azt ojat nHY F3A o]FA F4 HEo] BF 2 HESA
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225 8T 4 gtk o AFE AXsE o F /XY Aol i Hold 2219 Il
THsd Zold, o2t T AL A AE2 /e FHA Flge] BT sHsAol Yot

X 8. Nonlinear optical and two photon absorption properties of

1,3, 5-tricyano-2, 4, 6-tris(vinyl )benzene derivatives.

entry | compd D A AL Bew(0) | B.s(0)| BLA(A) i) B pax | Do
1 4f NMe; 389 800 25 15 - 0.0178 | 197 -
2 4i piperidyl | 396 820 17 17 - 0.0165 | 295 -
3 5a H - (581) - 7.2 1-0.14475 - - | 1099
4 5b Me - (595) - 10 |-0.14280 - - 11257
5 5¢c OH - (612) - 13 |-0.14160 - - 1791
6 5d Me 388 |800 (620)| 14 15 {-0.14130(0.00329 | 143 | 2105
7 Se NH, - (635) - 22 |-0.13654| - - | 1948
8 of NMe; - (654) - 29 |-0.13590 - - | 2278
9 bg NEt, 493 (990 (663) | 65 32 |-0.13535; 0,112 |1390| 2362
10 5i piperidyl | 468 | 840 (658)| 69 33 |-0.13520] 0.0662 |1430 | 2648
11 5j NPhy 488 990 124 - - 0.246 |2480( -
12 6j NPhy 468 800 107 - - 0.0325 {2620 -

%A and Max are the wavelengths of the maximum peak in the one-photon and two-photon
absorption spectra in nm, respectively, The numbers in parenthesis are the calculated Mo

B(0) value is in 10® esu. BLA is the bond length alternation. ¢ is quantum yield. The
unit of the TPA cross section is 10™ cm's/photon. Sm« is the peak TPA cross section when

the TP-induced fluorescence method is used, whereas 87 is the theoretically calculated
TPA cross section when the TP absorption is assumed be directly measured, Thus, it should

be noted that the experimental 8. and theoretically calculated Sm assume two different
detection methods,

1. 1,3,5-Eg|Aok=-2,4,6-Ee|&(£E|A ) feAlg Ik 5FA a2
o] n| Y B3 4Azt o)3A F5 2& JA

L
o 243 oy}
d2g AgHY

g0l A8
Y
13a NHex, N({Me)EtOH M= ol &
13b N(Me)EtOH NHex,
13¢c NPh; NHex; 1}% 3’_-5':1}01] @

A7l Fol H
glsict. 28y
R
TEAe] AYE
H B2z Azt
NCeH1lz ol A el &
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(i) NaH/THF, RT, 30 mino “ 13 methacryloyl chloride AIBN/:‘HF /}j_ﬁg g.l B]/;ji%l :.'6}6_} Agal__]oﬂ

(ii) 1,3-(BrCH,)2C¢Hs. 40 °C, 8hr EtsN/THF 70°C
S A

(i) NaH/THF, RT, 30 min DMSOMIBK _, M7t A 4 9l & o

13a — 5 15 13¢ + /C( 7 .
(ii) 1,3,5-(BrCH3)3CgH3, 40 °C, 8hr OCN NCO 120°C _?__o,n}\_]% °]9+ é‘\% 7} |5 ;6]_%

(EC)(OR
NG, ZAVEIR 18 EAoAe
HexaN Q A O () LDATTHF, -78°C, 1hr (i) LDAITHF, -78°C, thr ZABIAL 222 SO
A CN (i) PIN(CGH,CHOY, (1 2-PhaNCeHiCHO. 13| o] = 7Ix|¢] A TAE 2
NG -78 °C~RT, 8hr -78°C~RT, 8hr N -
(E10),{0)P (iii) A. RT, 4hr ARH7] 913t ciokst FZ2E

R BE22 TEAE Y4Bl viAE FY EL ol B F BE&E FFeL, A T
Z8} o]5 HAAo|8] HHPAE ZARSIGLL o] AFolA TP HRIEY PR YE YHS
Ztz} Chart 1 9 Scheme 7o A2|staict.

BEIA} 2221 oz} wlAdy FI ZAB(0)), VA +5F (0) ¥ olFA FrEE (8
w0 H90] AFe|sirh o] dFolM € I Fo% Aze UEIR L&A L wiE
P} JARat ohz} o]YAt F4 AEVIRE 2EA} Uoll e B3R 221 ol A A
lg gtk Zoltl BUE 168 Z-$ WEIA} B2 Alold] A7t B3] 7Pl EFslaL
Bapzh A5 zkgo) o3t A3F I} VeRR] oigith o]FTAt ulAdE F¥ 2Ry B U
the] A7t YR 7I7H8 A (quenching) 27} Uehthe 202 dejA JoBR, o] Ae
Hld st 2Rt Aol BEIAE ARt Fo| ol RelE vehdct E3 3RLE 189
7S oo Exjatnt o]HAl F4+ &80l 9l Aoj vjs) 2. 7WiIBE o A Uelych ety o
P2l 4 TEE ol flaidE 2ol Erddomlr|E EUske Zo] Relde ¥ T
olth, o] ATE AASHA o] F 7IXY o] mie ol B2l gol 7HsY ZolH, ojot

2 BAgRy As A2 /g BAA} 7)go] BT sHsAde] gict

SE 9. Nonlinear optical and two photon absorption properties of octupolar polymers.
entry | compd A (€) A B | BO) | fp o Ooax fs
13a | 498 (75,000) | 990 | 171 9 |10/ 0101 | 3215 | 1.0
13b | 485 (74,100) | 990 | 152 8 |[1.0]0.0844 | 3,010 | 1.0
13c | 490 (67,100) | 990 | 239 | 129 |1.0{0.0841 | 5,3% | 1.0
14 [495 (164,400)| 990 | 346 | 186 | 1.0 | 0.0826 | 7,945 | 1.2
15 [495 (249,100) | 990 | 590 | 317 |1.17[0.0632 | 8,200 |0.85
16 | 491 (895,600) | 800 | 2213 | 1204 |1.07}0.0214 | 50,017 | 1.3

(

(

)
17 | 488 (420,500) | 800 | 1203 | 481 |0.93|0.0371 | 24,830 | 1.4

18 [505 (363,700) | 990 | 1298 | 506 |0.92|0.0175 | 62,933 | 2.7
%f; and f5 are the relative §(0) and 8ux per octupolar unit, For other symbols,

O~ |||k WD |-

see footnotes in Table 8,
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o}, Eelsldoll SEAle) vy 3% 4A% olwxt F4 B WA

Scheme 8 Ar *01'71(7]')(1’]')80131 ‘5_?@1} 7“‘]_1}-%—7“§4€]
B r Emdoplg AMg3t Exke X7y Az
o 771 sdosve dass 2 u W4 o

o0 \ 2wl 44 olBA 4 BEe Ul
Br Br Ar/\/©/19\©\/AAr U o] it & doAe ojg 22
B (), | B0l Uk 22 4 2kl ol3g

FOF 20 o|R3}o] o] F 7}x|Y Aol uj¢ 2 EAUS
Ar= —-<\ :>-F (a), CgHaX {CF3 (b), CN (c), NO; (d), NPh; (e)}

s glsled, iyt F2E 713 Eesd
T GO okl REAE Wyslel Fxot uMY Bt 4
(a) Ar—\\ , (b) Pd(OAC),/TOP/Et;N, (c)p-thNCsH4—\\ e = .
A Alo|o] HHFBAE ZARINCE & AFolA
et Egidolrl =AY Txe} 3P3H-E Scheme 8ol Felstch
Egjsdoly]l FEAY o|x} vy w3t ZA o]FAt FLEEL F10o Felslsich
F2A 19a-e8] o} Ay Het HAL XHy]9 Az} ne Yol FIRITE AL BV
Uehiglen (entries 1-5), -AAPUAZH ¥ AME3IAS of &2 £33k B(0) = 576 x
10% esu & 2 27H] WEH o3y wFIat 2} § /P Z FUelth (entry 6). o] £
B(0)= AFAIA Zolo] wz} mIZEIA W, Hxl WHE N2 2B A LE|YIE
s} o] =g 19£9] B(0)7} 19cHTl 6¥i3E o IA UEIKIT} (entries 3 & 6). uf-¢ FulZ
& AL Azl Wil Ned oie Exl3el o 2 B53A1] p(0)7} o]FFAIEC HA o &
A Uehd Zlolth (entries 4 & 10), oA Ez[wdotl R F4 AU Azt F&
o] N7 & Jloll theiie $E3 Azl F/ =52 ST, BEIAR] B¢ Al 748 No7lol
ths] 223 A3} olFo] JHs¥ F=e HA| ¢V WELE A7l uleld Egjsdol #
=49 vy B 4AE FE3) ol7) Hside s AW Ax Wi o ¢ 5+ A
T} o] ZAzpe WEIx} uldy A3t EALS HAY wio] Hx} Friet WY Ao 5¥&
2she Ro] duiyt FRUAE RAFE ofolrl,

Ar—Br

o] SEAAMNE B(0)2} Sum= Hulale] HAE UehfC] (entries 1-3, 6). gLt
AR v2elE =3t B0)Eet At F4EEo] ¥ o IA S5 w6419
GMoJL} ElglTh (entry 7). E} 19e8] A$ Axt w7 glof MY F¥} 4AL vehiR]
ohgole B3l B2t F4ELL ul$ IA Ul (entry 5). o] AU RE HFIA
B2t 4888 wolVl slsiMEe vle|d WherlE EYste o] oie Azpds ¢ +
oict,
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¥ 10. Nonlinear optical and two photon absorption properties of

triphenylamine derivatives,

entry| compd A (€) M | B Bo) | £ ] buax | f5
1 19a 404 (91,700) 800 25 15 | 0.6[068 | 153 | 1.2
2 19b 404 (87,800) 800 26 16 0.580 | 126 -
3 19¢ 404 (82,600) 800 75 43 [2.010.573| 215 | 0.68
4 19d | 410 (128,800) - 117 68 |01 - - -
5 19¢ 421 (12,500) 760 - - - 10,058 | 1547 -
6 19f | 433 (150,100) 800 462 256 0.450 | 509 -
7 19g | 409 (109,000) 852 576 - 0.210 | 6419
8 20a 383 (35,900) 780 22 14 1.0 10716 { 68 1.0
9 20c 399 (37,800) 800 22 13 1.0[0.301 | 188 | 1.0
10 20d 435 (28,800) - 441 280 | 1.0 0.0 - ~

% see footnotes in Table 8 for the symbols,
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M o4& Aid=sE 4T 2 e 7T
1

(1) B]Ay 3 &2 A

B Ao Tyt .zl wEIx; BAE sk wldy 3E 4AL FRYeEH
124 BAE FYsln, T AAYE o83l B(0) = 576 x 107 esu Q1 YFIA} B}t b
(0) = 1204 x 107 esu Q1 TF2=} TRAE PAsioch o9} £ EAL 371 ¢ ¥l
Ay 43 B4 F p0)glo] R 2 23 Z9] dluold, o] AXE o| 83t uAY HI 4
o] TS PAE BZFIz} BAY §Ao] 7HsY Zojth o] Ao B2 /1B FLET e
TAAEjolN AptHog widsle] 271 A f7] udE Pt AF F olat x|
(SHG)S] Mi7I7} 718 2 BAL §443 o). o] ZAzk= E39 e glo] APtAU vide] &
3 mj& 2 SHGE uehin, X 59 o|8EA] dE EAS sl ke f7] wlAdy @
3t B4 o7 233 BRE @A4F 20 42 oold, o] ok Aol A2 #B
& ¢ Z2E Jcidrl

(2) ol3#t E& A+

B dPo = § = 9,730 MY TEIA} A9 § = 62,900 GMQl BFFA AFAt H 8 =
62,900 Ml E=32l FEAE YAsIAch oA AR URH EF F ol¥A I+ HE
o] 713 2 Edoln, oYz} F4 Hgol E WFIA Exh= FYH AU, W 2dA, AA
Ea} olu]d Sof g8o] 7Hsdhn], X2u3 fEAlE oAt oA A& whye AL 7hs
& BojR3 glrh EF ARZIR WEIR BN oAt F4 BES AR FA49} WAl
2] AslolFREET} F7Rto] whe}l Z7kste, FRi] Z9- o2 widy e JAz oY F
Bg Alolo] AMTAZ} EATIThe AR AP o2 ATE B syt ol 2
A7 AUE uioR o} F5 Hgol F Pyt ohlel wiMy AU HA HA| FHold B
N2 de BEIA BAE Nusidch. o)1 o] F 7IAY AL FAlol TRle Hze
Edoln], ztzte] 4 x3 i€ o] vs] HoURE, oo} 22 FH & o[ &3 A A=
& N8 FAz} ige] BT Thssdel gtk
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H 5 & A gE e

|
(1) 2355 6]y 3’5“%‘ =72
7}. B3 HAR B AR 2] St WS FHL TR «l Zyssilg AT
Aold ) ujdE 3t 4AL FH30 l th mtad o] A7t FFHoR YU, I Ae
uld A8 ulAdy H3 442 %%74—3- ST 29 o7t d Zol, °l ok @l
Y713l 71648 ¥ 4 A& Aolth EY |7] AFER ol 1 dAYdE 33 e
33} 35 d7E B3l A8 sl de 2 ARS A ATE TUY AFolrt

o&'.

U ATZHE ol8d wute] Ax: 133 WL I~8—fs}?‘: BZ3ap} 320} e
e B Wug BE 4 %S Aot el s AR Ui$ T SOE UshiEE, o 2
AL el N E 23] 2 SHeE UEhd ﬂ_i ol Ht E}EW of wute A& 7hs
o] oj&- At} Hz) o] BFH 0T 2000 angstrom FH & kg vt o AFsiden, oA
] SHeZH Ao] FZFolct.

th WEIA AEAY of§: o] AT W WEIAL AEAR= Yt Aeloll A SHG
7h =t et olZle] FE8] 2 AUAE FBHLE HAske AP Fulgelnt o
o o] Y Az &3] & 3} SHert SF L A& shs/dol 2 o= AZHr)

(2) B3I7t ol8At @ U E2I]] fr=A

7h BEIA oA R o] AN VAT WEIA ol dEE oM FhES
o Hle 2 Bt ohlet @ PAE G4 HoET WTFHE o8 A A2 A R
otk olnt F44EE BAY uidde]l RIEL o] ke FAgd FE7] U optical
liniter 5] $EZ v}Z ¥Y + ok o] BLL A7 ¢ A F ol §Y2
VA e B0l2E, ARY 38718 2Usid AR AYALoRA 2UAY @7
oM AYE AL olulY Fol B&Y Aolrt.

U, E2we 9EA: ol F4 Lol e 2 T=uUREAY Wil 4o
B2, ol Bl Y S0} oA B4 LS US YA BAS W, 9
o4 A 2ol AU 7Hs4E ZAY AYolct,

Ay B 4T o]BA} FoEEo] BF 2 HEFA oA

°I ¥ 7hlel 430l BF Hold B9 718 oldAel $84 vliy Be 22AE of

YA} FUSoT Witk itk T WY BEIA TRAE Feld wdy B3 4ae

Uehdehd ol F42) 2 & T3 2 shues 01%6}04 AR B} 22

Aol k5 202 sl sy oln] ARl A7) (3)(ye dTeld YT ¥

334 28 ot Aeloly SIGE UEhiRE, o] A7 S sl olwA SV
O3 wMY B TEAE WS ALY FAR 24 A 1R ZAY Aol
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