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UV-visible spectrophotometric studies on the interaction of nicotine with hydroxystyrylcyanine dyes and their ana­

lqgues [dyes (I-IX)] in 10% (vIv) aq ethanol at 29°C demonstrate the formation of charge-transfer complexes of dyes (I, II1­vtI) only. Addition of increasing amounts of nicotine to a solution containing fixed [dye] causes a decrease in the dye absorp­
tihty with a gradual development of a new band at considerably longer wavelength characteristic of the complex formed.

1jhe spectra exhibit a clear unique isosbestic point. The stability constants and the molar absorptivities of the complexes
fqrmed have been calculated assuming the formation of 1:1 complexes. The experimental results have been interpreted in
t~rms of molecular structure of the interacting molecules.

i

Nic~tine finds growing interest for its biochemical 1
and p~armacological2,3 effects. The biological activ­
ity of ¢yanine dyes is attributed to the adsorption of
the dy¢ molecules on active sites of the living cells4•

Struct\.l1re-activity relationship has been conductedon sty~l and aza cyanine dye analogues to study their
effect f>nbreaking period of dormancy in garlicS, es­

senti~ oil production in sweet marjoram (Origanum

majo~rnaLinn)6 and chromosomal behaviour in Vi­cia fafi(1 seeds 7• To shed some light on the cause ofbio­
effect (>faza cyanine dyes, formation of charge-trans­
fer (ct) complexes between one of the nucleic acid
bases ~adenine) and azacyanine dyes has been investi­
gated8band the results obtained were in accord with
the biqlogical activity of aza cyanine dyes when appli­
ed as ~ioregulator for V.faba seeds in the field.

Th~ interactions between nicotine and drugs have
been $e subject of many investigations3,9. The inter­
actio~ between nicotine and cyanine dyes have not
been ~vestigated. In this work we aim to study the CT

inter~' tion of nicotine with hydroxystyrylcyanine
dyes d their analogues and the effect of geometry 10
on the. omplexation with a view to selecting an appro­
priate Fonfiguration for the development of radio im­
muno~ssay for tobacco alkaloids 11.

Mate~als and Methods
Nicptine (BDH) was used as such. Styrylcyanine

dyes (t-IX) were prepared by the method described
befor~12and recrystallized from ethanol. Their purity
was cl,-ecked by elemental analyses and spectral data.

All txperiments were carried out in 10% (vIv) etha­
nol-water mixture. The calculated volumes of nico­
tine (Q.05 mol dm-3), dye (0.001 mol dm-3)andeth­
anol Were mixed together and the volume made up to
10 ml in a dark -coloured bottle by adding doubly dis-
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Results and Discussion

The absorption spectra of the dyes I, ill, N and VI
are presented in Fig. 1. For some dye-nicotine mix­
tures, the visible absorption band of the dye dimin­
ishes gradually with increase in nicotine content in the
mixture and a new band gradually appears at longer
wavelength. The spectra of the mixture show a clear
unique isosbestic point (Fig. 2). This behaviour is no­
ticed only for nicotine-dye (I, ill-VI) combinations,
but not with other nicotine-dye (n, VII-IX) combin­
ations. The appearance of this new longer wavelength
band is attributed to the formation of a charge-trans­
fer (CT) complex between nicotine and the dyes I and
ill-VI.

The stoichiometry of the CT complex (No D d)ofni­
cotine(N) and dye (D),

tilled water. The solutions were freshly prepared each
day, and their aborbances were measured within 5 hr.
All the operations were performed at 22°C in subdu­
ed light.

Spectrophotometric measurements were made on
a Shimadzu UV- 200 S double beam spectropho­
tometer, using a rectangular cell of 1cm pathlength
against solvent as the blank. The absorbances were
measured at fixed wavelengths to mini!l1ize errors
arising from the steepness of absorption spectra. The
absorption band of the complex formed between ni­
cotine and the dye was detected at wavelength longer
than those of the individual components at concentr­
ations identical to that in the mixture. The absorb­

ances were measured within - 10 min after mixing
the solutions and placing the cell in a thermo stated
cell holder for equilibrium. The accuracy of the mea­
surement was ± 0.01 absorbance unit.

OCH:3

4 [2-HydroxystyrylJ quinoIinium-l-ethyl

iodide. (Dye VIi

2 [4-liydroxystyryl] quinol inium-l-elhyl
iodide. (Dye IV)

2 (4-Methoxystyryl) quinolinium-l-ethyl

iodide. (Dye VII)

2 [2,4-DihydroxystyrylJ quinolinium-l-ethyl

iOdide. (Dye V)

where Ap and err are the absorbance and the molar
absorptivity, respectively, of the complex at wave­
length A., and KcCf is the thermodynamic equilibrium
COJ1stant.A plot of Ap versus concentration of one
component, that of other being kept constant, on log
paper, proved that the complex has 1: 1 composition.
Thus, for the equilibrium

N+D¢ND ... (3)

the equilibrium constant (KrD) is given by Eq. (4)

KND [ND] [ND]
c =[N][I?r{[Nlo-[ND]}{[Dlo-[ND]} ... (4)

where ND is the complex formed, and [N]oand [D]o

2 [4-Nitrostyryl) quinolinium-l-elhyl

iodide. (Dye VIII)

01-1

2 [2_Methyl_2(4_hydroxyphenyl)ethenyl] quinolinium-l­

·ethyliodide. (Dye IX)

nN+dD¢NoDd

was determined applying Eq. (2)13

A~'=Kc;. eC;[Nf [Dr

... (1)

... (2)
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Fig. 1- '¢lectronic absorption spectra of dyes (I, III, IV and VI)
, and nicotine in 10% (v/v)aqethanol at 29°C.
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Since the absorbance in the region of the new band
is due to the complex ND (Fig. 2), and the solutionis of
1 cm pathlength, for two molecules forming complex
in accordance withEq. (3), the molar absorptivity of
the complex at wavelength ;. is given by Eq. (6)

ND
NO A.:

E 1 =[ND]

where Am is the absorbance of the complex (ND) at
the wavelength A.
Combining Eqs (5) and (6), we get

[D]o 1 1 [D]o 1 [ND]

-r;u) = KND ND' -[ -] + [N] ND + ND - [N] NOA.: c .El No oEl El oEl

... (7)

Fig. 3 - Plots of [DloI A).lD versus 1I[N]o for 10% (vIv) aq ethanol
containing fixed [dye] and different [nicotine] at 29°C. [The com­
binations are: (a) nicotine-dye(I)([ dye I] =7.40 x 10 - 5mol dm - 3);

(b) nicotine-dye(II1) ([dye III] =5.58 X 10-5 mol dm -3); (c) nico­
tine-dye(IV) ([dye IV]= 3.87 X 10-5 mol dm-3); (d) nicotine-dye
(V) ([dye V]= 9.27 x 10-5 mol dm-3); (e) nicotine-dye(VI) ([dye

VI] =9.30 x 1O-5mol dm-3)].

Since [N]o~ [ND] it is possible to neglect the last term
in the right hand side ofEq. (7)143, so that

[D]o 1 (1 [D]o) 1A;.ND = [N]o KcND E~ + E~ + E~

For a series of solutions of constant [D]oand varying
[N]oa plot of[D loIA~oagainst 1/[N]o should be linear.
The intercept of the line with ordinate gives (ffO) - 1
and the gradient is equal to [(~. ffOt 1+
[D]O(~tl], so that ~o and ~ can be evaluated.
Plots of Eq. (8) for nicotine-dye (I, ill-VI) mixtures at
29°C are represented in Fig. 3 while ~ and ~ va­
lues are given in Table 1.

Various pyridinium salts are utilized as coenzyme
models. Pyridine and its derivatives, e.g. nicotinic ac­
id, act as electron donors on mixing with electron ac­
ceptors such as riboflavin 15 and iodine16 forming CT

400300'
A.. om.

,..,

I \ry
i \

ft i \
'; / I
h i~ "
i\\ I"~''JIl I,

1'1 I I
\. '/ \ .

~ { \ \

'I ,/ '\
1'\ f/' \,

. \, f, ;',! II , / I \
' ..• 1, ", .

\' \\\ ,/, \• ,~I , . '.'I' 'I I \.. I,: I , , I'

\~! : I ~ I.
,.,,1' I I '\tw \ I I .
': 7, I I / \ \l/iI, h I VI .'''. I .
.\, \' " \ " / \ .. '.

" '" I I " • '\'. \I I I I ,.
\ 'V I I . I I \
\ \ I /. .....J ..... / "' '. .

I '-'~l--,.' I / '\ \. '~,. I .. \, ,\ "'''i \ I 1 ". II .
\ .. -'j. \;~". '••'\--..... I I "1

-.''. I \..' _"~ '\
'...•.•

0­

200

•

8

M

'~!
!al! 16

-. .24
~i

~u

00

0-12

'"u
c:
'" 08
-e
51.0

od;

04

Fig. 2-~bsorption spectra of 5.56 x 10-5 mol dm-3 dye(II1) in
10% (v/v Iaq ethanol at 29°C to which the following amounts of ni­
cotine (nt>l dm-3 x 104) were added: (1) 0.50; (2) 0.86; (3) 1.72;

(4) 2.50; (5) 5.00; (6) 50.00.

are the Initial concentrations of nicotine and the dye
respectively. Eq. (4) may be rearranged to obtain Eq.
(5)

[D]o =~. _1_+ [D]o+ 1_[ND] (5)
[ND] t<.:m [N]o [N]o [N]o ...
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K~ .10-3
(dm3mol-1)

434 16.40
436 7.08
473 11.66
444 7.61

lsosbestic

point
(run)

375

Dye A~•• (e~. 10-3) Combination~:: (e::. 10-3)

I

348(9.7) Nicotine-dye(I)424(7.7)
II

330sh(8.3) Nicotine-dye(ll)
ill

394(30.2) Nicotine-dye(ill)506(27.4)
IV

406(37.7) Nicotine-dye(IV)496(47.6)
V

·511(4.0) Nicotine-dye(V)549(7.9)
VI

404(13.7) Nicotine-dye(VI)505(7.1)
Vll

400(29.0) Nicotine-dye(Vll)
VIll

364(29.5) Nicotine-dye(Vffi)
IX

585(6.3) Nicotine-dye(IX)

Table l-A...ax(Emax) Values of CT Bands of Styrylcyanine Dyes (I-IX) and Nicotine-Dye (ND) Combinations,
IsosbesticPointsand Equilibrium Constants (K ~)a - c

Cf-band

(a) A", •• in nm; Em •• in cm2mol- J.

(b) All measurements were carried out in 10% (v/v) aq ethanol at 29°C.

(c) Nicotine has a characteristic band: A",.. = 261 nm (Em.. = 3.5 x 103 cm2 mol-I).

complexes. Kosower and coworkers17 have shown
that pyridinium ion acts as an electron acceptor dur­
ing formation of a CT complex with iodide ion as the
electron donor. Such complexes are essentially ion­
pairs in the ground state14b• Absorption of energy
within the CT-band causes excitation to a covalent ex­
cited state. The coloured nature of the quinolinium
iodide18 as compared to the lack of absorption in the
visible region by most of other quinolinium salts has
been explained in terms of CT interaction between
the two ions. Bispyridinium cation derivatives form
1: 1 CT complexes with neutral donor species 19.

Experimental results show that the absorption
spectrum of nicotine is not changed by the addition of
iodide ions, indicating that there is no CT interaction
between nicotine and iodide ions.

The spectra of nicotine-dye (I, ill-VI) mixtures ex­
hibit (Fig. 2 )isosbestic point which may be taken as an
evidence for 1:1complex formation2o• Application of
Eq. (8) gives linear slopes (Fig. 3) supporting 1:1com­
plex formation. The results show wavelength-inde­
pendence of the equilibrium constant indicating the
formation of only one type of complex21•

Exact geometry of the complex cannot be deter­
mined from the present absorption measurements,
but parallel stacking interactions between nicotine
and dye can be invoked as have been for similar sys­
tems22•

In the present investigation, it is found that the abil­
ity of nicotine to form CT complexes with styrylcya­
nine dyes depends mainly on their molecular struc­
tures. Thus, 2-(2-hydroxystyryl)-pyridinium-l-ethyl
iodide (dye I) forms CT complex on mixing with nico­
tine. This CT complex is assumed to be formed by 1:1
parallel stacking interaction between nicotine as an

(Al

(Bl

eel.

Scheme 1

electron donor and dye(I) as an electron acceptor.
The acceptor character of the dye results from the two
partially positive centres located at the quaternary ni­
trogen and the oxygen atom of the hydroxystyryl
moiety (Scheme lA). The hydrogen atom of the hy­
droxyl group may act as a bridge between the O-phe­
nyl of dye (I) and the unshared electron pair located at
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the N-pyridine of nicotine molecule. The two partial­
ly positi~e centres of dye(I) are located at a distance
equal to the distance between the two N-atoms of pyr­
idine anp pyrrolidinyl moieties of nicotine, since the
distancd geometryIO is approximately the same. The
suggest¥ 1: 1 parallel stacking interaction is present­
ed in Scijeme 1B23. In support of this suggestion, 2-(4­
hydro~tyryl)-pyridinium-1-ethyl iodide (dye IT)
does not form CT complex with nicotine as the two
positive: centres of dye(IT) do not fit the distance
geomet~lO and the ring-ring24 size formation with ni­
cotine.

On th¢ other hand 2-(2-hydroxystyryl)-quinolini­
um-l-etJjlyl iodide (dye ill) and 2-(4-hydroxystyryl)
quinoIWum-1-ethyl iodide (dye IV) form CT com­
plexes. T1tisbehaviour of dye (IV) in contrastto that of
dye(IT)may be attributed to greater delocalisation of
the posi~ve charge at the N-quatemary atom of quin­
olinium ~oiety, due to the extra-fused benzene ring
which e~bles the formation of a stable CT complex
with nicqtine. The stability constant (~n) of nico­
tine-dye(tIv) complex (7.08 x 103 dm3 mol-I) is
much 1e$Sthan that of nicotine-dye (ill) complex
(16.40 x 103 dm3 mol- I). The dye 2-(2,4-dihydrox­
ystyryl )-quinolinium-1-ethyl iodide (dye V) forms a
CTcomplexwith~D= 11.66 x 103dm3 mol-\ava­
lue whicq is half of the sum of stability constants of CT
complex¢s of nicotine with dyes ill and IV (Table 1).
This may be attributed to the fact that dye (V) has two
resonan* hybrid structures giving two types of com­
plexes (o~Scheme 1C). 4-(2-Hydroxystyryl )-quinoli­
nium-l-e~yl iodide (dye VI) forms aCT-complex
with nicdtine having KcND=7.61 x 103 dm3 mol-I.
This value is much less than that of nicotine-dye(ill)
complex, but is approximately the same as that of ni­
cotine-dye (IV) complex. This is due to the fact that
dyes(IV) ~d (VI) have approximately the same dis­
tance geotnetrylO between two partially positive cen­
tres.

Substitption of the hydroxyl group in 4-hydroxys­
tyryl moi4ty by a methoxyl group (electron releasing)
as in dye (yrI), or a nitro group (electron withdrawing)
as in dye(lVnI) does not help in the formation of CT
complexcl;. This provides further new evidence for
the formation ofH -bridge between the hydroxystyryl
and the N-+pyridinemoieties, since this H -bridge is ab­
sent in th~ dyes (Vll) and (Vill), and consequently no
CT comptexes are formed.

Substi~tion at the ethenyl moiety ( - CH = CH - )

of the 4-~droxystyryl group (dye IX) also does notlead to ctr complex formation with nicotine. This
may be duk to steric congestion between the interact-
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ing molecules and the inability to adopt ring-ring con­
formations needed24•
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