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Second-order nonlinear optical properties of
tetrathiafulvalene-m-(thio)barbituric acid chromophores
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Abstract

Donor-acceptor polyenes that combine an electron-donating tetrathiafulvalene (TTF) unit with a barbituric or
thiobarbituric acid have been prepared for the first time and characterized as nonlinear optical (NLO)

chromophores. The electrochemical and thermal propert ties of these derivatives are also reporied.
© 1998 Elsevier Science Ltd. All rights reserved.
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Push-pull systems of general structure D-n-A (where D is an electron-donating group, ©t
is a T-conjugated system and A is an electron-withdrawing group) are being actively studied
as nonlinear optical chromophores [1], since they can exhibit large quadratic molecular
nyperpolarlzabmtles (p ). Thus, a great deal of effort has been devoted to the desngn of
efficient NLO CHIOIHOPDOICB lIlLOl'pUl'dllIlg new UUHU S dLCﬁp OIS anda co _]Uga[ﬂ(l SdeBl’S
m A1l ixran P gy than ~cnin numsnts nddy 3, s 4
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LL-4]. Given the ilupuuauu: of the gaiill in aromatiCity Z C itin
these systems it is not surprising that barbituric acid and its derivatives have been widely
]‘\Q I

[10,11], of lear nterest 111 the f1elds of electroa tive and/or condu tmg
materlals Nevertheless the effect of a tetrathiafulvalene group on the second-order NLO
properties of push-pull polyenes has been much less studied. We recently reported the first
results in this area, using moderately electron-acceptor groups, such as formyl and
dicyanomethylene [12,13], and in this paper we report the synthesis, nonlinear optical,
redox and thermal properties of the first TTF-r-(thio)barbituric acid derivatives.
Compounds Sa-c, 6a-c and 7c¢ were prepared by Knoevenagel reactions of aldehydes 1,
2 [14] and 3 [15] with barbituric acid derivatives 4 (Scheme) Best resuits (S5a-c: 32-60%,
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6a-c: 62-82%, 7c¢: 55%) were oolamea by simply renuxmg stoichiometric amounts
reagents in ethanol, whi t
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le the mixture was protected from light and oxygen. The attempt
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1n=0 4a-c 5a¢c n=0
2n=1 6a¢ n=1
3n=2 7c n=2

aR=H,X=0;b:R=Me,X=0;¢c:R=Et, X=S8
Scheme

The electrochemical properties of the new compounds were studied by cyclic
voltammetry (CV) and the data are collected in Table 1. All the voltammograms show two
reversible one-electron oxidation waves, corresponamg to the TTF moxety, and one
irreversible reduction Wave, Corresponalng to the acceplor mmety {The sharpening of the
reduction wave associated with D"Qx 18 qmtc common in CV of TTF derivatives when

CH2Cl; is used as a solvent and has been attributed to adsorption
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[16]). Derivatives 5¢, 6c and 7¢ (Figure 1) show a less neg tive reduction potential, in
anranmaant wxredh A otrAno

agreement with the stronger electron-acceptor character of the thiobarbiturate end group,
when compared to its barbiturate analogues
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Figure 1. Cyclic voltammogram of 7c.

uirement for the incorporation of new
Derlvatlves 5, 6 and 7 show a good degree
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The UV-Vis spectra of new chromophores were registered in the same solvent (DMSO)
used in EFISH measurements. The position of the lowest energy absorption band is given in
Table 1. It can be seen that the replacement of the barbiturate group in compounds a and b
for a thiobarbiturate moiety (compounds ¢) results in marked bathochromic shifts. The
observed hypsochromic shift of the lowest energy absorption band on increasing the number
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of double bonds (n) is noteworthy. Studies in order to clarify this unusual phenomenon are
being pursued.
up values of the title compounds were measured using the electric-field-induced second
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harmonic (EFISH) generauon tecnmque in DMSO as a solvent, since the lnmtea somoluty

derivatives precluded a CO“‘mp“af'aﬁVc‘: study in other solve
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obtamed from a two- level dlspersmn model [17,18] and are élso shown in T'al;le 1.

Table 1
UV-Vis, redox potentials, decomposition temperatures and uf values for 5, 6 and 7

Compound Amax @ Elox P E2ox P Eregb Tq € ppd upo 4

Sa 641 0.55 0.80 -0.76 234 80 39
5b 650 0.58 0.92 -0.78 221 i42 67
Sc 716 0.60 0.97 -0.63 194 480 180
6a 597 0.61 0.82 -0.67 248 190 104
6b 609 0.59 0.97 -0.70 227 290 154
6c 661 0.60 1.00 -0.57 195 760 347
7c 646 0.56 0.90 -0.52 206 960 455

2 In nm, DMSQO as solvent

b In Volts vs. Ag/AgCL 0.1M TBA CIO4/CH2Cly (DMF for 5a and 6a), glassy carbon electrode, scan rate 200 mV.s™1.

In °C. Determined by f‘-A.—,,TA. except for Sb, 6a and 6¢ (DSC),

Semiempirical calculations (FF-PM3) were also carried out and showed a reasonable
agreement between the calculated and experimental ufg values. Thus, calculations on Sa,
6a, and model compounds 5d, 6d and 7d (R =H, X = S, n =0, 1 and 2, respectively) gave
uPo values of 103, 164, 177, 296 and 544 (.10-48 esu) respectively, which clearly reproduce
the observed trends in EFISH experiments. The same qualitative agreement was found in
AMI1 calculations, but this method largely overestimated the calculated values, which
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CODIII‘mS [DG g()()(] parametrlzauon of YNIJ IOI' lll* [ype CO]TlpOUIl is [19. These

obtaining good second-order responses in push pull polyenes [20] (Flgure 2).

*O M ~ o @O
HOMO LUMO
Figure 2. HOMO and LUMO of 7d
Geometry optimization (PM3) of 6a and 6d revealed that these compounds are planar
and that the corresponding average bond length alternations (BLA) are -0.094 and -0.092,
respectively. These values agree with the fact that the experimentally determined B values
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are positive [21,22], and indicate that BLA is high (more pronounced near the TTF end than
near the acceptor end), although slightly decreases on introduction of the more powerful
electron—acceptor thiobarbituric group. On the other hand, calculated BLA values for an
isolated moiecule usuaily afford a more alternated structure than those found either in the
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intermediate between that of fully alternated po lyenes (~ 6.5 Hz) and cyanines (0 Hz) [23]
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which show the strong electron-withdrawing effect of the acceptor end group in compounds
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In conclusion, TTF-nt-(thio)barbituric systems are efficient NLO chromophores
displaying good thermal stabilities. These features make them potential candidates for
incorporation in poled-polymers. Results along these lines will be reported in due course.
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