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-4s a pat-r of rhe prolecr urzderlakeiz IO study the eflecr of srtbsr~~ur~o~~, 

a rmmbcr qj‘char~ fl-srrbAllzuted hernlc) a?zmev hare been syrlrheslsed b-1, 

ronderzsmg 4,4’-bm(dln~e~h~lal,llr2o)ben=opiler~o~~e 11 rth L artousI_~, &sub- 

srlluted qurnaldmum aikJyi lodldes. Absorprron and pllolose~lslllsatlo~l 

of rile djyes haLe been recorded 

Conrrary CO rhe earllel observation rhat cham P-substlturron m hemr- 

cyanrne causes hypsochromlc shrfis in absorprlon,’ - 6 rhe dyes under 
I eport haLe sho~r n uulfornz bathochromlc shlfls, which co@-ms rhe 

authors' prevlousjndings.’ - ’ Furrher, these dyes absorb at longer bi’ave- 

lengrhs and are becEer sensltlsers than their /3-phen>,i and /I-p-nltrophenyi 

analogues 8,9 

Progresswely 1% elghrler hetero-6-halosubsrilurlons ha&e led lo pt ogress- 

ILC bathochrornlc shzfrs and eslended exrrasensrrlsarlons, rrrespectlr e 

of the nature of the #%subsl~tuents. ’ - ’ Ethoquaternlsed henzlcyamnes 

ha1 e been found IO absorb ai longer 11 arelengths and lo exhiblr greater 

phorose~~slrlsarloa than their r?~ethoqltarernlsed anaio,gues 

t To whom all correspondence should be addressed 
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1. INTRODUCTION 

A survey of the relevant literature reveals thaf chromophoric chain 
substitutions in styrylcyanines, at positions either a- or /J- to the hetero- 
cyclic nucleus, cause hypsochromic shifts in absorption maxima as 
compared with their chain unsubstituted analogues,lm4 but the extent 
of hypsochromic shift is more pronounced in the former case.‘w6 As the 
reported observations did not appear to be based on extensive investiga- 
tions, it was considered worthwhile to undertake a project for the 
synthesis of a reasonable number of chromophoric chain /I-substituted 
hemrcyanines and to study the effect of the nature of the various 
substltuents on absorptron and photosensitisation. In previous investiga- 
tlons the authors also reported the preparation and properties of chain/?- 
substrtuted cyanmes.7-g 

Although the hemicyanines have been extensrvely studied”- l6 from 
different points of view-the effect of diverse substitutrons in the hetero- 
cychc moiety being the one most studied-very little work has been 
carrred out to study the effect of substituents in the prime chromophoric 
chain of the dye molecules_ The present communication deals with the 
synthesis of 12 chain &substituted hemrcyanines and a study of their 
optrcal propertres. The dyes have been obtained by the condensation of 
6-substituted quinaldmium alkyl iodides with 4,4’-brs(dimethylamino)- 
benzophenone as shown under Scheme 1. 

The data for absorption maxima (%,,_) and ranges of extrasensltlsa- 
non have been recorded and compared with those of their corresponding 
P-phenyl, P-p-mtrophenyl and cham /I-unsubstituted analogues;“*‘” 
wherever possible reasonable conclusions have been drawn. 

3 
a. RESULTS AND DISCUSSION 

Analytical data and some other characteristics of the dyes are given m 
Table 1 _ The sensitisatron spectrographs of the dyes and of an unbathed 
plate are shown In Fig. 1. The absorption data are presented in Table 2 
and extrasensitisatron data in Table 3. 

2. I. Optical absorption 

Scrutiny of the absorption data of the chromophorrc chain P-substituted 
dyes (series 1) of the present investigation together with those of the 
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TABLE 2 
Absorption Data of the Dyes (Metho and Etho Salts in Absolute Ethanol) 

Y=@ Y-6 Y=@ Y=H 

I; MC, ti0, 

Series I Sertes -7 Serres 3 Series 4 
(presmt work) (re/ 8) (4 8) (refs I I, 14) 

H 

C’ . 
Br 
i 
Me 
OMe 
OEt 
5.6-Benz 

H 
Cl 
Br 
1 

Me 

Me 
Me 
Me 

Me 
Me 
hle 
Me 

Et 
Et 
Et 
Et 

DW 
D34 
D3S 
D36 
D,, 
D-324 
D39 
D40 

D4, 
D4, 
D43 
D, 

568 562 563 530 
577 570 570 548 
579 575 575 550 
5s5 552 583 552 
57s 535 569 
580 548 575 
581 569 57s 
575 571 573 

570 
57s 
580 
5s5 

authors’ previous work**’ (series 2 and 3) and of the /Sunsubstituted 
dyes” I3 (senes 4) quoted from the literature leads to the following 
generahsations. 

The chromophorlc chain /3-substitution has uniformly resulted in 
bathochromic shifts in absorption maxlma (A,,> of about 30mp, over 
their #?-unsubstltuted analogues, contrary to the earlier observations that 
both a- and &substitutions lead to hypsochromic shifts. This also 
corroborates the authors’ previous observations.7-g 

The study of the effect of the nature of the chain #S-substituent reveals 
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some interestmg observations. The electron-donating /I-p-dimethyl- 
aminophenyl substituent has, in all cases, extended absorption over the 
analogous dyes contaimng the electron-attracting /L?-p-mtrophenyl or just 
the /?-phenyl substituents. 

As far as the hetero-6-substituted dyes are concerned, the absorption 
values of /?-phenyl and /3-p-nitrophenyl are almost the same, but when 
the substituent is /3-p-dimethylammophenyl a noticeable bathochromtc 
shift of about 5 m/l is observed. The overall contributton of the 6-sub- 
stituents in the heterocychc system, though small, is regular and system- 
‘itic Thus progressive weighting hds caused progressive bathochromic 
shafts tn the series already reported,’ ’ the sequence being 

and also 
6-I > 6-Br > 6-Cl > 6-H 

6-OEt > 6-OMe > 6-Me > 6-H 

and the present results conform with the earher observations.” -lo 

The absorption data of the dyes havmg the condensed P-naphthaquin- 
aldine system dre anomalous, but a weighting effect is clearly discernible, 
in thdt these dyes absorbed at longer wavelengths than the analogous 
p-unsubstituted dyes ” Is 

That the weighting of the dye molecule causes bathochromtc shift 1s 
also observed in ethoquaternised dyes CD,,-Da when compared with 
theu- methoquaternlsed analogues (D,,-D-4. 

2.2. Photosensitisation 

It has been found that /I-p-dlmethylamlnophenyl substituted metho- and 
etho-quatermsed hemicydnines (series 1) are supertor sensitisers with 
respect to maximum extension and intensity of extrasensitisation among 
all the dyes studied (series 2 and 3) by the authors.‘-’ In most cases 

CD=. D, D,, D, and D4J two peaks are observed and tn 6-Br and 
6-I dyes (D,, D, D,, and Dd even three are discernible. Among the 
dyes under report bathochromtc shifts are In several cases as large as 
1600 A Since the methoquaternised dyes (D,-D& of the present 
communication were found to be fairly good sensitisers, four etho- 
qudternised dyes (Ddl-Dd were prepared with a view to examme 
whether weighting improved sensrttsatron In fact, etho dyes were found 
to be greater sensitisers than their metho analogues. 

A further examination of the sensittsatron data of the dyes studied 
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1x1 this work and also of the authors’ earlier reported dyes’** reveals 
that the extension of optical sensitisation of the dyes caused by 
6-substltuents in the heterocyclic moiety, follows the sequence: 

I>Br>Cl>H 
and 

Et0 3 Me0 3 Me > H > fl-naphthyl 

These dyes are slightly better sensitisers probably because of the 
presence of the effective electron-donating auxochrome (-NMe,) U-I 
the chain P-substituent 

2.3. General comparative conclusion 

It 1s evident that with identical hetero substltuents, the /3-p-dlmethyl- 
amlnophenyl substituted dyes have uniformly absorbed at longer wave- 
lengths and are better sensltlsers. 

The obvious conclusion that electron accession to the conJugated system 
aids the bathochromic absorption shift and sensitlsatlon is untenable, 
because the j?-p-mtrophenyl substituted dyes are almost equally effective 
sensltlsers and absorb In almost the same range when there is electron 
recession to the ConJugated system. It seems, therefore, that the electron 
transporting character of fl-substituted groups does not materially affect 
the optical property of the dyes 

3. EXPERIMENTAL 

3.1. Chain substituted hemicyanines 

The quinaldmium salt, obtained by the procedure reported earlier.’ and 
4,4’-bis(dlmethylamlno)benzophenone (1: 1 molar) were dissolved in a 
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minimum volume of absolute ethanol. a few drops of piperidlne were 
added and the mixture was refluxed gently under a moisture trap for 
about 2 h. The resultmg solution on coolmg afforded the dye, which 
was recrystalllsed from methanol 

3.2. Recording of opticai properties 

The absorption maxima of the dyes were recorded on a Beckmann 
Spectrophotometer. Model DU, in l/ 1000 solutions in absolute ethanol. 
The sensltisatlon spectrographs were recorded on an Adam Hilger 
Wedge Spectrograph, on Ilford N40 process plates bathed in dilute 
ethanollc solutions (1 /SOOOO) of the dyes. After bathing for 4 mm, the 
plates were dried nnd exposed for 4 mln to light from a 150 cp point-o-lite 
AC lamp source The spectrograph of an unbathed process plate was 
also recorded for comparison 
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