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Emission of thioflavin T and its control in the presence of DNA
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Abstract

The interaction of thioflavin T, 3,6-dimethyl-2-(4-dimethylaminophenyl)-benzothiazolium cation (TFT) with DNA is studied using
absorption and emission spectral methods. The observed hypochromism in the absorption spectra suggests that the TFT binds with DNA.
The emission spectral changes show two different emission bands at 450 and 485 nm for TFT in the presence of DNA. The emission
intensity observed at 450 nm decreases upon increasing the concentration of DNA. This further confirms the binding of TFT with DNA.
The new emission band observed at 485 nm for TFT increases with increasing the concentration of DNA. It is proposed that the binding of
TFT with DNA facilitates the formation of emittive TFT dimer. An isoemissivepoint was observed at 464 nm when the DNA concentration
was higher than 1.35 × 10−5 mol dm−3. This observation indicates the conversion of monomer TFT to emittive TFT dimer. Both the
absorption and emission spectral studies show that two types of bindings such as groove binding and electrostatic interaction are present
in the TFT–DNA system. The addition of NaCl to TFT–DNA showed the removal of the electrostatic binding between TFT and DNA.
The intensity of 485 nm emission band is decreased upon the addition of NaCl to TFT–DNA system. The interaction of Na+ ions with the
phosphate groups of the DNA blocked the electrostatic interaction of TFT cations with DNA. The emission band at 485 nm shows only
one type of interaction viz. the electrostatic interaction. The three-dimensional emission spectral studies shows only one contour due to
monomer TFT emission in the absence of DNA. However, in the presence of DNA, TFT shows two contours due to monomer TFT and
emittive TFT dimer.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

As a consequence of the biological significance the
spectroscopic properties of molecules containing amino
and imino groups, particularly their fluorescence behav-
iors, have stimulated many spectroscopic studies[1–4].
The interactions of these molecules with DNA and dynam-
ics have been extensively investigated by both theoretical
and experimental methods[1–7]. Small molecules bind to
DNA double helix by three modes of binding: electrostatic,
groove and intercalative binding[1–10]. Very recently, the
electron-transfer reactions between molecules and DNA
have been reported[11–18]. Recently, Sugiyama et al.[7]
clearly demonstrated that the dimer drug molecules could
effectively interact with the DNA minor groove. They
also reported that the guanine–cytosine (GC) sequences
prefer to bind dimer molecules (a homodimer or a het-
erodimer) in the minor groove. Thioflavin T, 3,6-dimethyl-
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2-(4-dimethylaminophenyl)-benzothiazolium cation (TFT)
(Fig. 1), is a benzothiazolium dye and it has been used
for staining amyloid and paraamyloid tissues[19]. The
photophysical properties at low temperatures[20] and the
interactions of TFT with DNA have been reported[21,22].
Studies on the photophysical and photochemical proper-
ties of molecules in constrained media have received much
attention in the past few years[23,24]. The formation of
dimers, either in the ground state or in the excited state, has
been observed for many molecules[25]. Dimer formation
in solution is a diffusion-controlled process and is governed
by the solubility of the compound and other diffusion con-
trolled factors. In contrast, the formation of the dimer in the
solid state is primarily affected by the topochemical align-
ment of the molecules[25]. Recently, we have reported
the emission properties of TFT and its off–on control in
cyclodextrin[26] and polymer membrane[27]. In this pa-
per, we present the details on the absorption and emission
properties of the TFT dye molecule in the presence of DNA.

It is interesting to know how spectroscopic characteristics
of TFT vary as a function of DNA binding, i.e. whether
different modes of DNA binding might be distinguished by
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Fig. 1. Structure of thioflavin T (TFT).

studying the photophysical properties so as to optimize the
sensitivity and utility of the spectroscopic probes for DNA.
In the presence of DNA, the TFT exhibits emission for the
monomer and dimer dye molecules. The emission observed
for the dimer TFT molecule is eliminated upon the addition
of NaCl.

2. Experimental methods

TFT (Aldrich) was thrice recrystallized from methanol
and characterized by its absorption spectrum [20]. Es-
cherichia coli (50% GC) DNA purified by phenol ex-
traction using literature procedure [28] was used in this
study. The purity of DNA was checked by monitoring
the absorption and the ratio of the absorbances at 260
and 280 nm was calculated as (≈1.9). The ratio indicated
that the DNA was sufficiently free of protein [29]. The
DNA and TFT were dissolved in TE buffer pH 8 (10 mM
Tris (Tris(hydroxymethyl)aminomethane–HCl) and 1 mM
EDTA mixture). The DNA concentration per nucleotide
(c(P)) was determined by absorption spectroscopy using the
molar extinction coefficient value of 6600 dm3 mol−1 cm−1

at 260 nm [30]. Other reagents were of analytical grade and
used as received.

Absorption spectral studies were carried out using a
JASCO 7800 spectrophotometer. Emission studies were
performed on a HITACHI F4500 fluorescence spectropho-
tometer. The TFT dye was excited at 330 and 450 nm,
respectively, and the corresponding emission was moni-
tored. The excitation spectra of TFT were recorded for
their corresponding emission wavelengths 450 and 485 nm,
respectively. The emission and excitation slit widths used
throughout the experiments were both 5 nm. The molecular
dimensions of TFT were measured by Biosym-Insight II
molecular modeling software on a silicon graphics computer

system. All the measurements were carried out at room tem-
perature (25 ◦C). Water used in this investigation was dou-
bly distilled over alkaline potassium permanganate using an
all-glass apparatus. TFT solution (≈10−5 mol dm−3) was
always freshly prepared before use. Excess concentration of
TFT was used when compared to DNA in all experiments.

3. Results and discussion

3.1. Absorption spectral studies

TFT in buffer (pH 8) solution shows an absorption band at
412 nm [20] and an intense emission band at 450 nm [20,26].
Shirra observed the formation of dimer TFT in aqueous so-
lution at low temperatures [20] and it showed an increase
in the intensity of the absorption bands at 364 and 460 nm
caused by the dimer TFT. In the present investigation, we
have not observed such absorption bands for the dimer in
our experimental conditions (at room temperature) even at
higher concentration of TFT. This could be because of the
very low extinction coefficient of the ground state dimer.
The absorption spectra of TFT in the presence of different
concentrations of DNA are shown in Fig. 2A. The absorp-
tion intensity of TFT is decreased (hypochromism) with the
increase in the concentration of DNA (Fig. 2A). The ob-
served hypochromism is suggested to be due to the interac-
tion of TFT with DNA base pairs [31]. From the absorption
spectral data the binding constant of TFT with DNA was
calculated by Eq. (1) [32].

1

�A
= 1

(ε1 − ε0)[C0]Kbin

1

[DNA]
+ 1

(ε1 − ε0)[C0]
(1)

where �A is the difference in absorption intensities of TFT
in the absence and presence of DNA (�A = (A0 − A), A0
the absorption intensity of TFT in the absence of DNA, A
the absorption intensity of TFT at a given concentration of
DNA), ε1 and ε0 are molar extinction coefficients of TFT
and DNA, respectively. [C0] is initial concentration of TFT
and Kbin is the binding constant. The double reciprocal plot
of TFT–DNA system is shown in Fig. 2B. The plot is not a
single straight line as expected from Eq. (1). Fig. 2B shows
two different regions, and indicates the existence of two dif-
ferent modes of binding for TFT with DNA. There may be
an intercalative or groove binding and electrostatic interac-
tion. Most of the researchers have reported a single straight
line for the binding of organic molecules with DNA [33–37].
It has been suggested that the organic molecules intercalate
into DNA and shows only a single binding constant.

To check the electrostatic interaction between TFT and
DNA, a strong electrolyte sodium chloride (NaCl) was
used. A recent report clearly shows that higher concen-
trations of NaCl would hinder small cationic molecules
from binding with DNA [38]. The absorption spectra of
TFT–DNA at different concentrations of NaCl are shown
in Fig. 3. As mentioned earlier (Fig. 2A), a decrease in
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Fig. 2. (A) Absorption spectra of TFT (2.65 × 10−5 mol dm−3) at various
DNA concentrations. [DNA]: (a) 0; (b) 6.52 × 10−7; (c) 1.30 × 10−6;
(d) 2.57 × 10−6; (e) 3.82 × 10−6; (f) 5.0 × 10−6; (g) 6.24 × 10−6; (h)
7.42 × 10−6; (i) 8.57 × 10−6 and (j) 9.7 × 10−6 mol dm−3. (B) Dou-
ble reciprocal plot obtained from the absorbance spectral data for the
TFT–DNA system.

the absorption intensity was observed after the addition of
DNA to TFT solution. However, the absorption intensity of
TFT (Fig. 3b) increased with increasing the concentration
of NaCl (Fig. 3c–h) in the presence of DNA. The increase
in the absorption intensity of TFT is owing to the release
of electrostatically interacted TFT with DNA. A complete
release of TFT–DNA binding was not achieved even when
the concentration of NaCl was increased to 0.25 mol dm−3.
This is because of the intercalative or groove binding of TFT
with DNA. These observations show that the TFT binds to
DNA by both electrostatic and other type of interactions
[39].

Fig. 3. Absorption spectra of TFT (2.57×10−5 mol dm−3). (a) TFT alone
and (b–e) TFT in the presence of DNA (6.48 × 10−6 mol dm−3). [NaCl]:
(b) 0; (c) 0.025; (d) 0.05; (e) 0.1; (f) 0.15; (g) 0.2 and (h) 0.25 mol dm−3.

3.2. Emission spectral studies

In aqueous solution, TFT molecule shows an intense emis-
sion band at 450 nm [26,27]. The emission intensity in-
creases with increase in concentration of the dye and at
higher concentrations a decrease in emission intensity ac-
companied by a shift in the emission maximum is observed.
The decrease in emission intensity observed at higher con-
centrations could be because of the self-quenching of the
excited state TFT. The emission spectral studies of TFT in
the presence of DNA showed emission bands at 450 and
485 nm [26,27]. When the emission wavelength was fixed
at 485 nm TFT showed two excitation bands, i.e. one at 330
and another band at 450 nm in the presence of DNA. The
reason for the observed two excitation bands for TFT in the
presence of DNA will be discussed latter.

The emission spectra recorded for TFT with different con-
centrations of DNA are shown in Fig. 4A. The emission
spectrum of TFT in the absence of DNA shows an emis-
sion maximum at 450 nm, when TFT was excited at 330 nm
(Fig. 4A(a)). After the addition of 8.57 × 10−6 mol dm−3 of
DNA to TFT (Fig. 4(b–g)), the emission intensity at 450 nm
was decreased with no significant shift in the emission max-
imum. The decrease of emission intensity of TFT at 450 nm
upon increasing the concentration of DNA show that the
TFT binds with DNA [40,41]. The decrease in the emission
intensity of TFT at 450 nm in the presence of DNA was an-
alyzed using the Stern–Volmer Eq. (2) [42].

I0
f

If
= 1 + KSV[Q] (2)

where I0
f and If are the emission intensities of TFT in the

absence and presence of DNA. [Q] is the concentration of
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Fig. 4. (A) Emission spectra of TFT (2.65 × 10−5 mol dm−3) at various
DNA concentrations. [DNA]: (a) 0; (b) 6.52 × 10−7; (c) 1.30 × 10−6; (d)
1.94×10−6; (e) 3.82×10−6; (f) 5.0×10−6 and (g) 8.57×10−6 mol dm−3.
(λex = 330 nm). Inset (a) plot of quenching of TFT (2.65×10−5 mol dm−3)
by DNA. (b) Double reciprocal plot obtained from the emission spec-
tral data for the TFT–DNA system. (B) Emission spectra of TFT
(2.75 × 10−5 mol dm−3) at various DNA concentrations. [DNA]: (a) 0;
(b) 1.77 × 10−6; (c) 1.0 × 10−5; (d) 1.37 × 10−5; (e) 2.01 × 10−5; (f)
2.93 × 10−5; (g) 3.8 × 10−5; (h) 5.3 × 10−5; (i) 5.92 × 10−5 and (j)
6.52 × 10−5 mol dm−3. λex = 330 nm.

quencher (DNA) and KSV is the Stern–Volmer constant. The
Stern–Volmer plot (Fig. 4A (inset a) shows deviation from
linearity. The quenching curve tends towards the x-axis at
higher concentrations of DNA. The changes in the emission
spectra of TFT after adding DNA (Fig. 4A (inset a)) indicate
that there were strong interactions between the TFT chro-
mophore and the base pairs of DNA. Combined with the
changes of absorption spectra, the strong interaction should

be considered as the groove binding and electrostatic interac-
tions. Sugiyama et al. [7] reported that the heterodimer drug
molecules bound to the minor groove of DNA. In the present
case, we expect that the different bindings involved in TFT
with DNA are groove binding and electrostatic interaction.
The interaction of TFT with DNA was understood from the
emission spectral data (λem = 450 nm) using Eq. (3) [42].

I0
f

�If
= 1

Ia
f Kbin[DNA]

+ 1

Ia
f

(3)

where I0
f is the emission intensity of TFT in the absence

of DNA, �If the difference in emission intensities of TFT
in the absence and presence of DNA (�If = I0

f − If ), If
the emission intensity of TFT at a given concentration of
DNA, Ia

f the fraction of the initial fluorescence which is
accessible to quencher and Kbin is the binding constant. The
plot of I0

f /�If versus [DNA]−1 (Fig. 4A (inset b) shows a
very similar trend as we observed in the absorption spectral
studies (Fig. 2B). This clearly indicates the presence of two
modes of bindings of TFT with DNA.

Further, we recorded the emission spectra of TFT in
the presence of higher concentrations of DNA (>9.7 ×
10−6 mol dm−3) (Fig. 4B). The emission intensity at 450 nm
decreased with increase in the concentration of DNA (upto
1.35 × 10−5 mol dm−3) but further increase in the concen-
tration of DNA leads to the formation a new emission band.
The emission intensity of the new band at 476 nm increased
and the band shifted to 485 nm whereas the emission band
at 450 nm decreased simultaneously upon increasing the
concentration of DNA with an isoemissive point at 464 nm.
The emission spectral studies at higher concentrations of
DNA indicate the existence of two TFT species in the ex-
cited state. Further, the emission band observed at 485 nm
was found to be due to the excitation wavelength at 450 nm.

The emission intensity of TFT at 485 nm increased with
an increase in the concentrations of DNA (Fig. 5A). Re-
cently, we have reported the emission spectral studies of
�-cyclodextrin (�-CD) inclusion complex of TFT [26,43]
and TFT in polymer membrane [27]. The emission intensity
of TFT at 485 nm is increased in the presence of �-CD due
to the formation of emittive dimer. The emittive dimer can
be formed between the excited state and ground state species
of TFT inside the �-CD cavity. Increasing hydrophobicity
around TFT stabilizes the excited state species and the less
polar rigid microenvironment provided by the �-CD cavity
leads to the formation of the emittive dimer. In the present
study, we believe that the increased emission intensity
(λem = 485 nm) of TFT is possibly due to the formation
and stabilization of the emittive dimer in the hydrophobic
environment provided by DNA due to electrostatically in-
teracting excited state species of TFT with DNA. It is worth
mentioning that as the TFT molecule is in a planar configu-
ration, the dimerization can occur in a sandwich form with
an anti-conformation because of the positive charge density
of the thiazole ring [20]. The new excitation band appearing



M. Ilanchelian, R. Ramaraj / Journal of Photochemistry and Photobiology A: Chemistry 162 (2004) 129–137 133

Fig. 5. (A) Emission spectra of TFT (2.65 × 10−5 mol dm−3) at various
DNA concentrations. [DNA]: (a) 0; (b) 6.52 × 10−7; (c) 1.30 × 10−6;
(d) 1.94 × 10−6; (e) 2.57 × 10−6; (f) 3.82 × 10−6; (g) 5.0 × 10−6; (h)
6.24×10−6; (i) 7.42×10−6; (j) 8.57×10−6 and (k) 9.7×10−6 mol dm−3.
λex = 450 nm. Inset: double reciprocal plot obtained from the emission
spectral data for the TFT–DNA system. (B) Emission spectra of TFT
(2.57 × 10−5 mol dm−3). (a) TFT alone and (b–h) TFT in the presence
of DNA (6.48 × 10−6 mol dm−3). [NaCl]: (b) 0; (c) 0.025; (d) 0.05; (e)
0.1; (f) 0.15; (g) 0.2 and (h) 0.25 mol dm−3.

at 450 nm in the presence of DNA assigned to the dimer
TFT. Here it should be mentioned that the absorption spec-
trum of TFT–DNA does not show any absorption band for
the dimer even at higher concentrations of TFT. As the ab-
sorption spectrum does not show any band for the dimer, it
can be concluded that the ground state TFT dimer has a very
low extinction coefficient. However, as it shows very high
fluorescent intensity, as evidenced by the intense emission

at 485 nm and the excitation band at 450 nm, the ground
state dimer could have a high fluorescence quantum yield.

The binding of TFT with DNA was understood by using
Benesi–Hildebrand Eq. (4) by monitoring the emission at
485 nm [44].

1

�If
= 1

Kbin(I
′
f − I0

f )[DNA]
+ 1

(I ′
f − I0

f )
(4)

where �If = (If − I0
f ), I0

f is the emission intensity of the
TFT in the absence of DNA, If the emission intensity of TFT
at a given concentration of DNA and I ′

f the emission inten-
sity of the complex. The plot (Fig. 5A (inset)) shows a single
straight line. This reveals that the binding of TFT to DNA
involves only one type of interaction. The emission spectra
shown in Fig. 5A are observed when the TFT–DNA is ex-
cited at 450 nm where only ground state TFT dimer can be
excited. Thus, the data in Fig. 5A (inset) clearly shows that
the dimer TFT binding to DNA involves only one type of
interaction, i.e. electrostatic interaction between the cationic
TFT and DNA. This was further confirmed by salt effect ex-
periments. It has already been shown that the electrostatic
interaction would be weakened by the addition of Na+ ion
[38]. The emission spectra monitored at 485 nm after the ad-
dition of NaCl to TFT–DNA system are shown in Fig. 5B.
The emission intensity of TFT–DNA was decreased by the
addition of NaCl (Fig. 5B(c–h)). However, the complete re-
lease of TFT–DNA interaction was not occurred. The TFT
molecules interact with DNA by groove binding and elec-
trostatic interaction. In this case the dominant interaction is
electrostatic in nature. It has been suggested by Sugiyama
et al. [7] that organic dimer molecule effectively interact
with the DNA minor groove wall hydrophobically, stabiliz-
ing the complex (Scheme 1). Considering the molecular size
of the TFT dimer, the intercalative binding of TFT dimer
with DNA base pairs is ruled out. The majority of the TFT
dimer molecules experienced the electrostatic interaction are

Scheme 1. Schematic representation of groove binding of the dimer TFT
with DNA.
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released by the Na+ ions and the small fraction of the TFT
dimer interacted by groove binding assisted by hydrophobic
force are not released by Na+ ions.

3.3. Emission spectral studies of TFT with DNA
containing NaCl

The emission spectra of TFT in the presence of DNA con-
taining 0.5 and 1.0 mol dm−3 concentrations of NaCl were
studied. When DNA with 0.5 mol dm−3 of NaCl was added
to TFT the emission intensity was decreased at 450 nm
and reached saturation level at higher DNA concentrations.
However, further decrease in the emission intensity of TFT
was not observed upon the addition of DNA containing
higher concentrations of NaCl (1.0 mol dm−3). The double
reciprocal plots (I0

f /�If versus [DNA]−1) (Fig. 6A) showed
the release of one mode of binding at the increased concen-
tration of NaCl (1.0 mol dm−3) (Fig. 6A). From these plots
the lower concentration of NaCl (0.5 mol dm−3) shows two
types of binding (Fig. 6A(a)) and at higher concentration of
NaCl (1.0 mol dm−3) (Fig. 6A(b)) a single straight line was
observed when compared to Fig. 4A (inset b). This indicates
that only one mode of interaction (i.e. other than electro-
static interaction) exists between TFT and DNA at higher
concentration of NaCl (≥1.0 mol dm−3). Thus there is only
one mode of binding, i.e. groove binding is observed for
TFT with DNA at higher concentrations of NaCl. From the
above experiments, we suggest that both groove binding and
electrostatic interactions operate between TFT and DNA in
the absence of NaCl whereas purely groove binding exists
between a small fraction of TFT and DNA at higher concen-
tration of NaCl. Recently, the influence of Na+ ions on the
binding of negatively charged ligands of metal complexes
with DNA has been reported [45]. It has been shown that
the presence of Na+ ions on the surface of DNA favor the
interaction of negatively charged ligands with DNA [45]. In
the present case, the presence of Na+ ions on the surface of
DNA will repel the positively charged TFT from binding to
DNA while it favors the groove binding of TFT with DNA.

The emission spectra (λem = 485 nm) of TFT with
increasing concentrations of DNA containing various con-
centrations of NaCl (0, 0.5, 1.0 and 1.5 mol dm−3) were
recorded at λex = 450 nm. The emission spectra of TFT
in the presence of DNA containing lower concentration of
NaCl (0.5 mol dm−3) showed a very similar spectral change
as shown in Fig. 5A but with lower emission intensity. How-
ever, the emission intensity of TFT at 485 nm in the presence
of DNA with higher concentration of NaCl (1.5 mol dm−3)
showed a saturation level with lower emission intensity even
after the addition of 9.7 × 10−6 mol dm−3 of DNA (Fig. 6B
(inset)) when compared to Fig. 5A. This indicates that the
surface binding of TFT with DNA was prevented by Na+
ions. The binding constants were calculated using the emis-
sion spectral data observed at 485 nm. The double reciprocal
plots observed for the TFT with DNA containing various
concentrations of NaCl (0, 0.5, 1.0 and 1.5 mol dm−3) are

Fig. 6. (A) Double reciprocal plot obtained from the TFT emission spectral
data (450 nm band) for the DNA containing 0.5 and 1.0 mol dm−3 of NaCl.
(B) Double reciprocal plot obtained from the TFT emission spectral data
(485 nm band) for the DNA containing 0, 0.5, 1.0 and 1.5 mol dm−3 of
NaCl. Inset: emission spectra of TFT (2.65 × 10−5 mol dm−3) at various
concentrations of DNA containing 1.5 mol dm−3 of NaCl. [DNA]: (a) 0;
(b) 6.52 × 10−7; (c) 1.30 × 10−6; (d) 1.94 × 10−6; (e) 2.57 × 10−6; (f)
3.82 × 10−6; (g) 5.0 × 10−6; (h) 6.24 × 10−6; (i) 7.42 × 10−6 and (j)
9.7 × 10−6 mol dm−3. λex = 450 nm.

shown in Fig. 6B. The binding constants were calculated
from the intercepts and slopes and the values are sum-
marized in Table 1. The increase in the concentration of
NaCl increases the TFT–DNA binding constant values
(Table 1). The addition of NaCl to TFT–DNA (Fig. 5B)
leads to a decrease in the dimer TFT emission intensity.
The dimer emission intensity at 485 nm becomes very low
at higher concentration of NaCl. However, complete de-
crease of dimer TFT emission intensity at 485 nm was not
observed for TFT–DNA even after the addition of higher
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Table 1
Binding constants for the TFT–DNA and TFT–DNA containing various
concentrations of NaCl

[NaCl] (mol dm−3) Binding constant, ×104 dm3 mol−1

(λem = 485 nm)

0.0 3.0
0.5 11.3
1.0 22.4
1.5 31.0

concentrations of NaCl (Fig. 5B). This means that a small
fraction of dimer TFT is still bound to DNA. Sugiyama et al.
[7] have reported that the dimer drug molecules bound to the
minor groove of DNA. Sigman [10] Sigman and co-workers
[46] have also reported the minor groove binding of copper
complexes of substituted 1,10-phenanthroline ligand with
DNA. In the present case, we assume that the binding of a
small fraction of dimer TFT into the minor groove of the

Fig. 7. Three dimensional emission spectra of TFT (2.75 × 10−5 mol dm−3) in the absence of DNA: (a) three dimensional contour plot; (b) corresponding
excitation spectra and (c) emission spectra.

Fig. 8. Three dimensional emission spectra of TFT (2.75 × 10−5 mol dm−3) in the presence of (a) 1.10 × 10−5 mol dm−3 of DNA: (a) contour plot; (b)
corresponding excitation spectra and (c) emission spectra.

DNA would be possible in the presence of NaCl due to the
hydrophobic interaction. The complete elimination of dimer
TFT emission was not observed in the presence of DNA
containing higher concentration of NaCl (1.5 mol dm−3).
We assume that the groove binding of a small fraction of
dimer TFT with DNA is stronger than the electrostatic in-
teraction. The hydrophobic interaction [7,10,46] between
the small fraction of dimer TFT and DNA might enhance
the groove binding. The binding constants are calculated
with very low emission intensity (in the presence of 1.0 or
1.5 mol dm−3 of NaCl) and the spectral data might reflect
the groove binding of a small fraction of TFT dimer.

To further confirm the presence of two different emit-
tive TFT species observed in the TFT–DNA system, the
three dimensional emission and excitation spectral studies
were carried out. The three-dimensional emission contours
recorded for TFT in the absence and presence of DNA are
shown in Figs. 7 and 8, respectively, and the corresponding
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Fig. 9. (A) Excitation spectra of TFT (2.65 × 10−5 mol dm−3) at various DNA concentrations. [DNA]: (a) 0; (b) 6.52 × 10−7; (c) 1.30 × 10−6; (d)
1.94 × 10−6; (e) 3.82 × 10−6; (f) 5.0 × 10−6 and (g) 8.57 × 10−6 mol dm−3. λem = 450 nm. (B) Excitation spectra of TFT (2.5 × 10−5 mol dm−3) at
various DNA concentrations. [DNA]: (a) 0; (b) 6.52 × 10−7; (c) 1.30 × 10−6; (d) 1.94 × 10−6; (e) 2.57 × 10−6; (f) 3.82 × 10−6; (g) 5.0 × 10−6; (h)
6.24 × 10−6; (i) 7.42 × 10−6; (j) 8.57 × 10−6 and (k) 9.7 × 10−6 mol dm−3. λem = 485 nm.

excitation and emission spectra are also shown. In the
absence of DNA, TFT shows only one contour and the
corresponding excitation and emission spectra show only
one band each (Fig. 7). As shown in Fig. 8, two con-
tours were observed for TFT in the presence of DNA
(1.10 × 10−5 mol dm−3) and the corresponding excitation
and emission spectra show two excitation bands at 330 and
445 nm and two emission bands at 450 and 485 nm due to
the presence of two emittive TFT species. No further de-
crease was observed in the contour intensity of TFT–DNA

Fig. 10. 3D emission spectra of TFT (2.76 × 10−5 mol dm−3) in the presence of (a) 1.10 × 10−5 mol dm−3 of DNA in 1.5 mol dm−3 NaCl: (a) contour
plot; (b) corresponding excitation spectra and (c) emission spectra.

at lower wavelength band (λem = 450 nm) whereas the in-
tensity at higher wavelength band (λem = 485 nm) showed
an increase in the intensity at higher concentration of DNA
(Fig. 8). The new contour observed at higher wavelength in
the presence of DNA is assigned to the electrostatically in-
teracted excited state species of TFT dimer. The excitation
spectra recorded for TFT with different concentrations of
DNA are shown in Fig. 9A. Fig. 9A shows only one excita-
tion band at 330 nm, which corresponds to the emission at
450 nm. The excitation spectra recorded for TFT with DNA
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showed two excitation bands at 330 and 450 nm when the
TFT emission is fixed at 450 nm (Fig. 9B). Fig. 9B shows
that the intensity of 330 nm band decreased and the band
at 450 nm due to the dimer TFT increased with increasing
concentrations of DNA. Fig. 10 shows the three dimensional
emission spectra recorded for TFT with DNA containing
1.5 mol dm−3 of NaCl. In the presence of NaCl the new
contour observed for the emittive TFT dimer decreased to a
large extent due to the elimination of the electrostatic inter-
action between the TFT and DNA thereby eliminating the
formation of the dimer TFT.

4. Conclusion

The present study shows both groove binding and electro-
static interactions between TFT and DNA. The electrostatic
interaction between TFT and DNA facilitates the formation
of emittive TFT dimer. The addition of NaCl to TFT–DNA
solution eliminates the electrostatic interaction between the
TFT and DNA. The excitation and three-dimensional emis-
sion spectral studies of TFT–DNA system confirm the for-
mation of emittive TFT dimer. Two bands are observed in
the excitation spectrum (330 and 450 nm) for TFT and the
new contour observed at λex = 450 nm and λem = 485 nm
upon the addition of DNA is ascribed to the formation of
emittive TFT dimer. In the presence of NaCl, the new con-
tour is almost eliminated in the three dimensional spectra.
The presence of NaCl eliminates the electrostatic interac-
tion between the TFT and DNA. The electrostatic interac-
tion between TFT and DNA is responsible for the formation
of emittive dimer TFT.
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