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Abstract: This study describes the synthesis, electronic absorption and second-order nonlinear 
optical properk of a series of new dialkyhuuino electron-donor and rhodank-methine ekctron- 
acceptor substituted conjugated compounds. WISH studies indicate that rhodanit@methine 
acceptor offers substantially enhanced molecular nonlinear properties (&r) compared to the well 
known and commonly used niuo acceptor. 

The use of donor-acceptor substituted conjugated compounds in the development of nonlinear optical 

materials for electro-optic devicesJ has drawn the attention of synthetic and physical organic chemists. Design 

and synthesis of such compounds with efficient second-order nonlinear optical properties (j$.t) are of current 

interest.J*Z Structure-property relationships indicate that the molecular nonlinearity (j3p) increases with 

increasing donor and acceptor stmngths and with increasing conjugation length.z2 Since the nitro group is care 

of the strongest electron-withdrawing groups and correspondingly the dialkylamino group as an electron- 

mleashrg group, this pair is often found in well studied molecules (ex. N,N-dimethylamino-4nitrobenxene, l).j 

More recently, stronger electron-acceptors such as cyanovinyl groups have been exploited in the &sign of 

efficient nonlinear optical chromophoms (ex. N~-diethylamino_4cy~o~ylbenzene, 2).’ In this paper, we 

present a new class of efficient nonlinear optical chromophores containing rhodanine-methiic group as the 

electron-acceptor. 

In a previous study by lkeda and co-workers? a commerci ally available rbodattine-methine derivative 3 

was examined for its second-crder nonlinear optical activity in DMSO solution using 1.06 em light. Because of 

the strong overlap between the charge-transfer absorption of 3 and the second harmonic generated from 1.06 pm 

light, the pp vatue measumd in their study was signilicantly resonance enhanced. Although attempts were made 

to eliminate the resonance contribution by separating the real component of j3p from its ht@nary component, the 

role of the thodaninamethine acceptor was not obvious from their study. Our objective in this study is to design 

and synthesize several push-pull compounds containing a rhodanine-methine acceptor, study their properties 

using 1.907 ttrn light and compare the strength of the rhodanine-methine acceptor with other conventional 

acceptors such as niuo and diqanovhtyl gmups in influencing the twlecular nonlinear optical prop&es. 

Donor-acceptorcoqomuk studied in this work am shown in Table 1. Rhodsnine-methine derivatives 

4-10 were synthesized, while compound 3 was procured from Aldrich. In compounds 4-10. rhodanine- 

methine group was introduced by the condensation reaction between the comsponding diethylamino substituted 

conjugated aldehyde and N-ethyhhodanine (N-aminorhodanine in the case of 4) in ethanol. AR the compounds 

were fully chamcterixed by conventional spectmscopic and analytical methods. 
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Table 1 

Compound LaJ- &d104esu 

in dioxane atX=lao7pm 

6 

7 

6 

9 

10 

370 110 

419 300 

452 300 

473 410 

465 420 

493 908 

466 885 

501 383 

s25 980 

527 1165 
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The dialkylsmino substituted conjugated aldehydes used in this study arc shown below. N.N- 

Dicthylamin~~&benzaldehyde 11 and N,N-dicthylamino-4-cinnamakkhydc 12 are Fy aVailablC. 

Extended conjugated aldchydes 13 and 14 weae prepared from 11 by following our previously rqmtcd 
synthuk sapna which iavOlves wtig-Hcmu condensadonfollo~byfom3yladaaj c7omp&S15and 
16 were prepared from 2-pymlidimhiophcne by lithiation and subsequent react&m with dimthylformaut& 

anddimethylmnhl~~~vcly. 

-J---q+~ 3qp-O 
11 12 

-Jq+“-J+p+-o 
14 

16 16 

Second-Order hypupolakabilities of all the compounds studied in this work were dctmnkd using an 

electric-field-induced second-harmonic generation (ERSH) technique described elsewhere.6 In ox& to 

minimiz possible mxmancc cnhanccmcnk masuremmtJwcrcmadeatafuadamen tatwavelengthof1907JUD. 

The EFISH data obtained in 1.4~dioxane solvent for compounds l&l arc pxescnted in Table 1. As these 

moleculesare~lycandidatestobeusedaspendantsidechainsinpoIcdpolymerfilms,the&rvaluesrepatcd 

hert~areievantfi~ofmGlitarmbiningbochthenonlinearityofthemolcculeaaddre~~a2~maleculc 

tocuuplewithamacmscopicpolingficld. 
compouads l-5 differ only by electron-acceptor substituents and, therefore, comparison of their fip 

values revlxls the depenaara ofmolccularmmlinmityonthesmngthofthcelccmm~ canpaandsl 
and2possessni~and~~y~substituentsandthe&rvalues~forthem~llox1o48~uBnd 

300 x 1048 es& mpcctivcly. compoumls 3-s. all colltaining rhodanineumhinc acccpm, diffm only in the 

substitution on the nitrogen of the rbodank-ring moiety. ‘Lhe ring-nitrogen in compou& 4 and 5 has amino 

andclbylsubsti~~mpectivcly, ~~thering-~~incompound3doesnothmanysuhstimbioa.Tbe 
fip values obtained for compounds 3.4 and 5 are 300 x 1Wg esu and 410 x lm esu aud 420 x lM csu 

mpectivcly. CanperisonoftheBCrv~~dliad2~3,4(mdSrevealsthatrbodaniaamthinegoupisa 
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stmngerelectron-acceptcr and produces !%ignii%antIy enhanced molecularnonlinearitycompamdtothecommfmly 

used niuo group. This data also suggests that dicyanovinyl and rhodanine-methine groups have comparable 

electron-accqting ability in influencing the molccuhu nonlinearity. Another salient feature of this data is that the 

ring-nitrogen substitution has an additive effect on the molecular nonlinearity. The stronger electron-accepting 

ability of the rhodanine-mthine group and the sensitivity of molecular nonlinearity to the ring substitution may 

be accounted for the contribution of the gain of partial aromaticity of this acceptor in the resonance charge- 

separated state. 

Using N-ethylrhodanine, several soluble extended conjugated donor-acceptor compounds were also 

synthesized. Comparison of the Btt values of compounds 5,6 and 7 reveals that increase in conjugation by 

olefinic units causes more effective overlap between dialkylamino don- and rhodanin~methine acceptor than 

the benxenoid rings. Comparison of the pp values of compounds 7 and 10 indicates that the @acement of the 

benzene ring with thiophene ring enhances the molecular nonhnearity in stilbene systems. This behavior is in 

accord with our earlier studies on push-pull thiophette stiIhenes?~~b~4C 

In conclusion, we have demonstrated that the rhodanine-methinc electron-acceptor can be easily 

introduced into a variety of donor substituted conjugated systems. These compounds possess enhanced (when 

compared to the corresponding nitm compounds) molecular second-order nonlincarities and inherent thermal 

stabilities on the otder of 225275% Considering the possibility that these compounds can be bifunctionalimd 

through the nitrogen of the amino donor and the ring-nitrogen substitution of the rhodanine-xnethine acceptor, 

this class of compounds may play a significant mle in the development of thermally stable cm&ink& polymeric 

mate&&37 for electmqdc device applications. 
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