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We have investigated the Hg2þ transport from Crystal Violet Lactone to Fluoran dye based on the
association constant, Kass. Upon addition of Hg2þ, the Crystal Violet Lactone shows a new peak at around
603 nm, and the color of the solution changed from colorless to blue. With the addition of Fluoran dye in
this solution containing Crystal Violet Lactone and Hg2þ, the absorption intensity of Fluoran dye at
447 nm and 586 nm was all increased. So the color of solution gradually became black from blue color.
From the changes of the ratio A586/A447, it is apparent that the Hg2þ in Crystal Violet LactoneeHg2þ was
transported to colored Fluoran. The Hg2þ transport from Crystal Violet Lactone to Fluoran dye was also
carried out by the calculation of the association constant: the binding ability for the complex formation
of Fluoran dye and Crystal Violet LactoneeHg2þ is much greater in CH3CN solution (Kass ¼ 3.0 � 104 M�1)
than that of the Crystal Violet Lactone with Hg2þ (Kass ¼ 1.2 � 103 M�1).

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

The leuco triphenylmethanes are generally stable substance. The
formationof coloredmaterials from leucobases such asCrystal Violet
Lactone (CVL) and Fluoran is accomplished by treatment with acids
such as acid clay, bisphenol A, acetic acid, or silicagel. CVL is one of
most important phthalide dyes and extensively used in the pressure-
sensitive or the carbonless copy as color formers and other digital
printing outlet [1]. The process of the color formation using CVL
consists of a ground-state dissociation of the CeObond in the lactone
ring (in the presence of a proton donor) resulting in the formation of
the Crystal Violet cation [2]. The lability of the CeO bond under
various influencesmakesCVL very attractive for various applications,
such as a photopolymerization initiator [3,4] and the active ingre-
dient in thermochromic coatings [5,6]. Although there are wide-
spread uses of CVL, only a few studies have been carried out toward
understanding the fundamental photophysics and the photochem-
istry of CVL and other phthalide-based color formers. The existing
reports [7] give, however, incomplete or evenmisleading [3] insights
into CVL spectroscopy. Therefore, fundamental studies on the pho-
tophysical properties of CVL and its derivatives are still crucial for the
exploration of new functions and applications in CVL dye chemistry.
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CVL shows bluish violet (lmax¼ 603 nm), but is not fast to light. Oda’s
group observed a significant increase in the photostability of CVL by
adding of various counterions [8,9]. Our group recently reported the
ionochromic properties of CVL with metal cations [10]. It shows
a good selectivity and sensitivity for Hg2þ. Fluoran dyes are well
known as leuco dyes or colored cationic dyes for thermosensitive
recordingpapers andhave equilibriumbetween the colorless lactone
form and the colored zwitterion form. The colored form of Fluoran
has two distinctive absorption maxima in visible region. The two
colors are complementary, and fortunately the two absorption
maxima are nearly the same in absorbancy. As a result, a black hue
can be obtained by the use of only one chromophore. That’s why this
compound is called One Dye Black (ODB). A new chromogenic che-
mosensor based on Fluoran derivatives was developed by Kim et al.
[11,12]. It shows an extreme selectivity for Fe2þ and Fe3þ. The ion
transport process plays an important role in the hosteguest chem-
istry and molecular-level machine, the transfer of a guest ion from
one host to another [13,14]. In the present paper, we demonstrate the
active Hg2þ transportmediated by CVL andODB systembased on the
absorption titration and the value of the association constant, Kass.

2. Experimental

2.1. General

CVL was purchased from Aldrich. The other chemicals were of
the highest grade available and were used without further
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purification. Absorption spectra were recorded on Agilent 8457
UVevis spectrophotometer using 1-cm quartz cell. Mass spectra
were recorded on a Shimadzu QP-1000 spectrometer using elec-
tron energy of 70 eV and the direct probe EI method. 1H NMR, 13C
NMR spectra were recorded using a Varian Inova 400 MHz FT-NMR
spectrometer with TMS as internal standard. Spectroscopic titra-
tions were carried out according to the literature [10e12].
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2.2. Determination of binding ratio and association constant

In our present experiments, Hg(ClO4)2 was gradually added into
the solution of CVL as a mercury source, and the coordination
abilities of CVL with Hg2þ were investigated by UVevis spectros-
copy. The binding stoichiometry of CVL with Hg2þ ions was deter-
mined by using Job plot [15,16] according to the method of
continuous variations. For Job plot analysis, a series of solutionswith
varying mole fraction of Hg2þ were prepared by maintaining the
total CVL and Hg2þ ion concentration constant (1 � 10�4 molL�1),
and themolar fraction of Hg2þ varied from0.0 to 1.0. The association
constant (Kass) of CVLeHg2þ and CVLeHg2þeODB were calculated
by the linear BenesieHildebrand expression [15,16] with the good
linear correlation coefficient (R ¼ 0.9934 for CVLeHg2þ and 0.9980
for CVLeHg2þeODB) as shown in Fig. 2.
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Fig. 1. (a) Changes in UVeVis spectra of CVL (1 �10�5 molL�1 in CH3CN) upon addition
of Hg2þ. (b) Job plot of Hg2þ versus CVL ([Hg2þ] þ [CVL] ¼ 1 � 10�4 molL�1).
2.3. Synthesis of ODB (Scheme1)

ODB was synthesized according to the literature method [17].
Yield: 58%, m.p. 187 �C; mass (m/z) 532(Mþ); 1H NMR (400MHz,

DMSO-d6): d (ppm) 7.93 (d, J ¼ 7.56, 1H), 7.76 (t, J ¼ 7.56, 1H), 7.66
(t, J ¼ 7.36, 1H), 7.41 (s, 1H), 7.26 (t, J ¼ 7.84, 1H), 7.22(s, 1H), 6.99
(t, J ¼ 7.84, 2H), 6.62 (t, J ¼ 7.04, 1H), 6.55 (d, J ¼ 7.6, 2H), 6.49
(d, J ¼ 8.08, 2H), 6.43 (s, 1H), 6.41 (d, J ¼ 9.08, 1H), 3.25 (t, J ¼ 7.6,
4H), 2.21 (s, 3H), 2.07(s, 1H),1.48(m, 4H), 1.29(m, 4H), 0.87(t, 6H).

13C NMR (400 MHz, DMSO-d6): d (ppm), 13.78, 17.84, 19.63,
28.86, 30.59, 49.89, 83.55, 96.98, 104.1, 108.5, 114.63, 116.99, 118.32,
118.53, 119.49, 123.92, 124.45, 126.24,128.59, 128.77, 129.94, 134.92,
135.40, 136.85, 145.25, 146.58, 149.63, 152.43, 152.49, 168.66.
3. Results and discussion

Upon addition of Hg2þ the CVL showed a new peak at around
603 nm in its absorption spectra, and the color of solution changed
from colorless to blue (Fig. 1).

CVL showed a good selectivity for Hg2þ over the other metal
cations. No significant absorption intensity changes were observed
on the addition of Fe3þ, Cu2þ, Fe2þ and Al3þ, which makes it
promising application in Hg2þ sensor [10]. The stoichiometry and
association constant of the complex are established by use of the
BenesieHildebrand method [15,16]. When assuming a 1:1 associ-
ation between CVL and Hg2þ, the BenesieHildebrand expression is
given as follows:
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In this equation, A0 is the absorbance of CVL, A is the absorbance
obtained with Hg2þ, AN is the absorbance obtained with excess
amount of Hg2þ, Kass is the association constant (M�1), and [Hg2þ] is
the concentrationofHg2þ added (M). According to the linear Benesie
Hildebrand expression, the measured absorbance [1/(A � A0)] at
603 nmvaried as the function of 1/[Hg2þ] in a linear relationship. The
binding mode of CVL with Hg2þ from the results of absorption
titration spectra (Fig. 1) was 1:1 with the binding constant of
1.2 � 103 M�1 (error limits <10%) (Fig. 2(a)).
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Fig. 2. BenesieHildebrand plot of (a) CVL with Hg2þ and (b) CVLeHg2þ with ODB
(lmax ¼ 603 nm for (a) and 586 nm for (b), correlation coefficient; (a) R ¼ 0.9934, (b)
R ¼ 0.9980).
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Fig. 4. Changes in UVevis spectra of ODB (1 �10�5 molL�1 in CH3CN) upon addition of
Hg2þ to the solution of CVLeHg2þ.
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Job plot analysis of the UVevis titration carried out in CH3CN
revealed a maximum at 50% mole fraction, in accord with the
proposed 1:1 binding mode (Fig. 1(b)).

ODB was synthesized from 2-(4-(dibutylamino)-2-hydroxy
benzoyl) benzoic acid 1 and 4-methoxy-2-methyl-N-phenylben
zenamine 2 as starting materials using H2SO4 as catalyst (Scheme 1).
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Fig. 3. Changes in UVevis spectra of ODB (1 � 10�5 molL�1 in CH3CN) upon addition
of Hg2þ.
The recognition between ODB and Hg2þ was investigated by
UVevis spectroscopy in the CH3CN solution. From the absorption
spectrum of ODB in the CH3CN solution, it was not found that an
absorption band appeared in visible region, ODB solution was
colorless. Fig. 3 shows theUVevis spectra of ODB (1.0�10�5molL�1)
upon addition of Hg2þ, in CH3CN solution. Upon addition of Hg2þ, we
found new absorption bands appeared including the absorption at
wavelength peaked at 447 nm and 586 nm. The color changed from
colorless to black. The color of 447 nm is complementary to the color
of 586 nm. As a result, the black color hue can be obtained by use of
only one dye molecule.

The Hg2þ transport ability of ODB containing CVL and Hg2þ was
investigated in the CH3CN solution (Fig. 4).

Fig. 4 shows the absorption band at lmax ¼ 603 nm for solution
containing CVL and Hg2þ. While upon addition of ODB to
CVLeHg2þ, we also found new absorption bands appeared
including the absorption at wavelength peaked at 447 and 586 nm,
which is similar to Fig. 3.

Direct evidence for the decoloration of CVL and the coloration of
ODB was obtained by plotting A586/A447 (Fig. 5). As the ODB
concentration increases, the ratio A586/A447 decreases, the solution
changing from blue to black solution. The A586/A447 reached to 1.1
which is similar value with the ratio A586/A447 of ODBeHg2þ
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Fig. 5. Changes in absorption intensity ratio A586/A447 obtained from absorption
titration of ODB to CVLeHg2þ.



Fig. 6. Coloration and decoloration of CVL and ODB and their proposed Hg2þ ion
transport.
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binding up to 2 equiv of ODB. In order to understand the nature of
Hg2þ transport ability from CVL to ODB, as well as binding mode of
ODB with Hg2þ in the present system, the calculation of the asso-
ciation constant was carried out (Fig. 2(b)). From the absorption
titration the association constant of ODB in CH3CN with CVLeHg2þ

was calculated to be 3.0� 104M�1, showing the high affinity of ODB
than CVL for Hg2þ. It is apparent that the Hg2þ transport can be
rationalized on the basis of the Kass between CVLeHg2þ and
CVLeHg2þeODB. Fig. 6 shows the coloration and decoloration of
CVL and ODB and their proposed Hg2þ ion transport.

4. Conclusions

In summary, the Hg2þ transport ability from CVL to ODB was
investigated based on the absorption titration and association
constant. By adding of ODB to the solution containing CVL and
Hg2þ, the color of the solution changed from blue to black. As the
ODB concentration increases, the ratio A586/A447 decreases to 1.1
which is the inherent A586/A447 value of ODB with Hg2þ.
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