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Different examples of solvatochromic shifts are shown and the theory that explain the non-specific general solvent 
effects are discussed here. The use of solvatochromic shifts for the determination of excited state dipole moment has been 
presented in detail in connection with a brief overview of different solvent polarity functions. The lack of proper theoretical 
expressions to explain the specific solvent effect stimulates to introduce the concept of “empirical measures of solvent 
polarity”, based on well known, convenient, solvent sensitive model processes. Various solvent sensitive polarity probes are 
discussed in this context. So far as quantitative estimation of various parameters responsible for the observed 
solvatochromic shifts are concerned, introduction of multiparameter approaches, its application in recent years has been 
carefully analyzed. The review also focuses some of the recent developments on the theoretical calculations of various 
solute-solvent interaction parameters based on quantum mechanical approaches. This issue solvation interaction by the use 
of mixed solvents has been discussed in detail, starting from the early development of the theories related to preferential 
solvation to the recent scenario, with a critical survey on the application of the concept of preferential solvation in the 
solubilization of drugs, polymers considering the emerging ‘green approach’ in recent years. 
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Environmental effect on the physicochemical properties 
of a molecule (solute) is of key importance in science 
since most of the chemical and biological processes 
take place in solution, including pure solvents and 
their mixtures. The growing interest in recent years in 
understanding solvation has intensified to a large 
extent, because the “green” approach in performing 
chemical reaction is becoming increasingly important. 
The need for careful selection of green solvents has 
increased our purpose to understand the nature of 
solute- solvent interaction at the molecular level1-2.  

The development of solution chemistry essentially 
governs the study of solvent effects on the structure 
and spectroscopic behavior of a solute3-7. The 
intensity, frequency as well as the shape of the 
absorption and/or fluorescence spectra, fluorescence 
quantum yield as well as the fluorescence life time 
modifies as the spectrally active molecules pass from 
the gaseous phase to the liquid phase 8-17. The change 
of optical transition energies of the solute is termed 
solvatochromic shift, which obviously results 
from the difference in solute-solvent interactions of 

the solute ground and excited state. The term 
‘solvatochromism’ is used to describe the pronounced 
change in spectral properties of an electronic 
absorption or emission characteristics of a solute, 
accompanying a change in the polarity of the 
medium18-21. One can thus get information about the 
local electric field acting on the spectrally active 
molecules22-24 . In case of polar solvent, the change in 
charge density of the solute that results due to optical 
excitation polarizes the solvent and the interaction 
energy between the reaction field generated due to 
this mutual polarization effect between the solute and 
polar solvent with the charge density of the solute is 
termed as solvation energy25. The solvation energy of 
the excited state is a non equilibrium quantity as a 
consequence of Franck-Condon principle. On the 
other hand, in case of non- polar solvent, the 
polarization is basically inductive, caused by the 
charge density of the solute. Besides the inductive 
polarization interaction, the dispersive solute-solvent 
interaction becomes important in non-polar solvents. 
Central to the problem of understanding solute-
solvent interaction is the question, how the free 
energy of a solute changes due to the presence of the 
surrounding interacting solvent molecules.  

—————— 
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Over the past few decades, both theoretical3,5,7 and 
experimental9-12 studies have been made to understand 
the nature of solute-solvent interaction, sometimes 
called ‘’solvation interaction’’ or solvation effect26. In 
earlier studies27-28 , taking the spectral shift as 
descriptor of the strength of solvation interaction, 
some macroscopic solvation model have been 
developed, using some macroscopic properties of the 
solvent, such as electric permittivity and refractive 
indices, which permits the estimation of electrical 
dipole moments and/or polarizabilities of the indicator 
solute molecule. In such studies, the macroscopic 
parameters of the solute (either the van der Waals 
radius or solute molar volume or ground state dipole 
moment) are evaluated either by calculations using 
some approximations or by computation, from which 
the corresponding values in the excited electronic 
states can be evaluated. Practically in all such cases, 
the emphasis has been given on the long range 
interactions and the presence of possible specific 
interactions with respect to solvatochromic shifts has 
not been taken into account.  

Different types of intermolecular interactions in 
solutions were evidenced by solvatochromic studies29-

31 and the separation of the universal and specific 
interactions remains a challenge for solvation 
researchers till nowadays. Attempts have been made 
to correlate the observed solvatochromic shift by 
empirical polarity parameters11,32-33 or by linear 
solvation energy relationships34-35 . Chemists have 
tried to understand the environmental effect by 
introducing the concept of “solvent polarity” which is 
supposed to represent the overall solvation power of 
the solvent and includes both specific and nonspecific 
interactions 18. In developing a suitable scale of 
solvent polarity, a “model process” e.g., a chemical 
reaction or spectral transition is chosen and changes 
in one of its parameters are recorded when solvent is 
changed 36-37. Of the various polarity scale, the Z-
value 38 and ET values18 have passed the test of time.  

In view of the complexity of solute-solvent 
interaction the representation of polarity by a single 
parameter is not at all satisfying39-41 and 
multiparameter approaches have been proposed34-35. 
The Linear Solvation Energy Relationship (LSER) 
has been found to be of great importance in the theory 
of solvent effect and related applications in analytical 
chemistry42-43. Here again the specific interaction 
plays a crucial role, restricting the above mentioned 
approaches to act as universal in explaining the 

solvation behaviour of a particular solute in a 
particular environment. Solvation interaction studies 
in recent years involves a, large number of 
computational studies29-30,33,44-46 aiming at predicting 
solvatochromic shifts in different environments based 
on time-dependent density functional theory 
(TDDFT), incorporating the effect of specific 
hydrogen bonding in the process of solvation. 
Mechanism of solvation interaction and related 
solvatochromic behavior in biological systems has 
been the subject of extensive research in recent 
years47-49. The importance of understanding solvation 
of organic and inorganic species including 
biologically significant systems, the related solvent 
effect and resultant solvatochromism, on the basis of 
experimental, existing theoretical and recently 
emerging quantum mechanical calculations, is thus 
understandable by the fact that several books and 
review articles devoted to these subjects11,13,18,24,31,39,46.  

Mixed solvents add another dimension to the 
problem, as it is difficult to make predictions 
regarding molecular interaction between the solute 
and solvents based on the properties of pure solvents. 
Rather complex behaviour is observed as a function 
of liquid composition owing to the possibility of 
preferential solvation when the local composition of 
solvent mixtures in the immediate neighborhood of 
the solute (in the cybotactic region) differs from that 
of the bulk composition50-51. The preferential solvation 
phenomenon plays a key role in determining the 
physicochemical properties of a solute in mixed 
binary solvents52. 
 
Pure solvents: Theoretical approach 

When a solute is dissolved in a solvent, a solvent 
specific alteration of its optical properties is resulted. 
The change of optical transition energies of the solute 
is termed solvatochromic shift, which results from the 
variation in solute-solvent interaction in the ground 
and excites states of the solute. Intermolecular 
interactions between the solute and the surrounding 
solvent molecules are, in general, highly complicated 
and difficult to determine quantitatively. However, 
the solute-solvent interactions responsible for the 
spectral changes in a solvent medium are of two 
types53-56 . To the first category belong interactions 
which are due to collective influence of the solvent as 
a dielectric medium. This includes electrostatic forces 
arising from Coulomb interaction and polarization 
forces which are nonspecific in nature and is 
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determined by the static dielectric constant (ϵ) and 
refractive index (n) of the solvents or functions 
thereof. Specific solvent effects, on the other hand, 
refer to the specific chemical interaction between the 
solvent and the solute and depend solely upon the 
precise chemical structures of the interacting species. 

Numerous equations based on different models of 
solute-solvent interaction have been proposed to 
describe the solvent effect on the spectral properties 
of the solute57-64. Practically in all these treatments, 
described in terms of Onsager theory of dielectrics 
and the Franck-Condon (FC) principle, the solvent is 
regarded as a nonstructural continuum in which the 
solute is contained. For a species capable of 
exhibiting both absorption and fluorescence spectra, 
the influence of general solvent effect can be 
estimated by solvatochromic plots, such as Lippert-
Mataga65, Bakhshiev23 , Kawski-Chama-Viallet66 , 
McRae23, Suppan67 involving macroscopic solvent 
parameters described by functions containing bulk 
dielectric constant (ϵ) and refractive index (n). McRae 
and Suppan equations in this connection are based 
solely on absorption spectra. Related equations along 
with the polarity functions are given below: 
 

Lippert-Mataga: 
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Bakhshiev: 
 

𝐸ሺ𝐴ሻ െ 𝐸ሺ𝐹ሻ ൌ 𝐶ଶ𝐹ሺ∈,𝑛ሻ ൅ 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡;  𝐶ଶ ൌ
ଶሺఓ೐ିఓ೒ሻమ

௔య
 ; F(∈,𝑛ሻ ൌ

ଶ௡మାଵ

௡మାଶ
 ሺ
∈ିଵ

∈ାଶ
െ

௡మିଵ

௡మାଶ
ሻ  …(2) 

 

Kawski-Chamma-Viallet: 
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McRae: 
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Suppan: 
𝐸ሺ𝐴ሻ ൌ െ𝐶ହ𝐹ሺ∈ሻ ൅ 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡;  𝐶ହ ൌ
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In all cases, ‘a’ is the Onsager cavity radius and 

can be approximated as being equal to ටଷ௏

ସగ

య
 , 

assuming the solute to be spherical; E(A) and E(F) are 
the transition energies of absorption and emission 
maxima, respectively, μe and μg are the dipole 
moment of the molecule in the excited and ground 
state, respectively.  

We have also developed a general approach to the 
solvent effect12,41 on the spectroscopic transition 
energies by using the formalism developed by Marcus 
57,68 based on the same reasoning but somehow with a 
different approach. The spectroscopic transition, in 
general, involves an equilibrium initial state and a 
nonequilibrium final state. The absorption of a photon 
by the equilibrated ground state (denoted as ‘0’), with 
permanent dipole moment μ0, occurs within a very 
short time (≈10-15 sec). FC principle requires that the 
nuclear solvent coordinates are ‘frozen’ during the 
transition. The time is however enough to allow for a 
redistribution of electrons, which results in an almost 
instantaneous change of dipole moment (μi).  
Thus, while the solvent electronic polarization can 
instantly adjust, the solvent orientation polarization 
cannot. Therefore, the solvent is out of orientation 
equilibrium with the excited state (denoted as ‘1’) 
dipole moment μ1. This leads to an orientational strain 
which contributes to a blue shift in the absorption 
compared to the gas phase. Subsequent to excitation 
the solvent cage undergoes relaxation and after a 
sufficiently long-time excited state equilibrium 
solvation would prevail. The steady state fluorescence 
brings the molecule from this equilibrated excited 
state to a FC ground state where again an orientational 
strain prevails. Assuming that the entropy does not 
change due to a transition57,68 we may partition the FC 
energies E(A) and E(F) as: 
 

E(A) = ∆G (Solv.) + ERO
*(1)   …(6) 

 

E(F) = ∆G (Solv.) – ERO
* (0)   …(7) 

 

Where E(A) and E(F) denote the energies 
corresponding to the maximum absorption and 
fluorescence, respectively. ∆G(Solv.) denotes the 
difference in the free energies of the solvated ground 
and the solvated equilibrium excited states, ERO

*(0) 
and ERO

*(1) represent the solvent reorganization 
energy in the ground and excited states, respectively. 
Under the condition that reorganization energies are 
equal56, we obtain 
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E(A) + E(F) = 2 ∆G (Solv.) …(8) 
 

E(A) – E(F) = 2 ERO …(9) 
Thus, the Stoke’s shift [E(A) – E(F)] is a measure 

of the nonequilibrium ERO term, while [E(A) + E(F)] 
terms have only the equilibrium contribution. The ∆G 
(Solv.) term may be split into two components as 
shown in Eqn. (10) 

 

∆G (Solv.) = ∆G (gas) + [∂G1 - ∂G0] …(10) 
 

The first term in the right hand side represents the 
value of ∆G in the gas phase and the second term 
represents the differential contribution towards free 
energy due to solute-solvent interaction in the ground 
and excited state. The solvent dependent ∂G terms 
contain optical, orientational contributions and a 
specific contribution part59. The optical and 
orientational depend on certain solvent response 
functions BOP and BOR. Thus, 
 

∂GX = -(1/2) (BOP + BOR) μX
2 + ∆ (Sp)X : X = 0,1…(11) 

 

The nonequilibrium term may be written as  
 

ERO = BOR [μ1 – μ0]
2/2 …(12) 

 

Using Onsager reaction field model60 for BOP and 
BOR and neglecting the polarization of the solute, one 
may write Eqns. 8 and 9 as, 
 

E(A) – E(F) = [(μ1 – μ0)
2/a3] [2 (ϵ - 1) (2ϵ + 1) – 2(n2 – 

1)/ (2n2 + 1)] …(13) 
 

E(A) + E(F) = [(μ0
2 – μ1

2)/a3] [2 (ϵ-1)/ (2ϵ + 1)] + 2 
∆G(gas) + ∆(sp) …(14) 
 

Where ϵ and n represent the dielectric constant and 
the refractive index of the solvent, respectively, ‘a’ is 
the radius of the solvent cavity in which the solute is 
placed and ∆(sp) denote the contribution towards the 
free energy change due to specific solute-solvent 
interaction. Eqn (8) is the well-known Lippert-Mataga 
equation. 

The expression of the solvent Stoke’s shift depends 
only on the absolute magnitude of the change in the 
dipole moment due to the transition. The expression 
also provides a means for the determination of the 
dipole moment of the excited state (μ1), when μ0 is 
known. In the deduction of the expression, it was 
assumed that the specific interaction does not 
contribute towards ERO. Thus, the solvents to be 
chosen for the determination of μ1 by studying 
Stoke’s shift should not have specific interaction (e.g., 
hydrogen bonding or donor-acceptor). This method of 

determination of μ1 requires a correct estimate of ‘a’, 
the cavity radius. 

From Eqns. (13) and (14) we find that the ratio of 
the slopes of the plots of [E(A) – E(F)] and [E(A) + 
E(F)] versus the appropriate dielectric function for the 
case where specific interactions are absent provides 
an estimate of (μ1/μ0) from which μ1 may be 
calculated. This procedure also does not require a 
prior knowledge of cavity radius. Besides the plot of 
‘Stoke’s shift or absorption maxima with the 
appropriate polarity functions so far discussed, we 
have presented in an early communication that an 
analysis of the band-width parameter (70) of the 
charge-transfer (CT) absorption band can provide 
information about the change in dipole moment (∆μ) 
upon excitation and thereby the excited state dipole 
moment, with a prior knowledge of ground state 
dipole moment taking the experimentally determined 
band-width of the CT absorption band of N-ethyl-4-
cyano pyridinium iodide and Reichardt’s betaine. 
Here it has been assumed that reorganization energy 
of a solute in a particular solvent, capable of 
exhibiting CT band is made up of two parts: one is the 
solvent independent part that arises due to structural 
difference between the equilibrium configuration of 
the solute and another is related to solvent 
reorganization energy. This method is particularly 
useful for non-fluorescent compounds.  

It may be stated that all the methods for the 
estimation of excited state dipole moment have the 
following assumptions67,71-72 : 

(1) The dipole moment in the FC and relaxed 
state must be the same: i.e., μ1(rel) = μ1(FC) and 
μ0(rel) = μ0 (FC). 

(2) The cavity radius ‘a’ must remain unchanged 
in the ground and excited states. The conditions 
require that the solute molecule does not undergo a 
major geometrical reorganization in the excited state 
as encountered in the twisted intramolecular charge 
transfer (TICT) of some flexible molecules 73.  

All these models can explain the general solvent 
effects rather quantitatively74-75 . Within such 
theoretical framework, the specific solvent effects are 
easily recognized as deviations from the predictions 
of the theory. 

A procedure has been developed76 by Samanta et 
al. using the empirical solvent polarity parameter ET

N 
of Reichardt, instead of using solvent bulk 
macroscopic parameters such as relative permittivity 
and refractive index. The mathematical argument 
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minimizes the error in estimating Onsager cavity 
radius ‘a’. This method considers hydrogen bond 
donating/accepting characteristics of the solvent and 
often results in better correlation of solvatochromic 
shifts with the microscopic solvent polarity parameters 
ET

N, rather than traditionally used polarity functions, 
as discussed earlier. 

The solvatochromism of the absorption and 
fluorescence band would, according to the theory 
depend on the ground and excited state dipole 
moment. For the molecule where μ0 > μ1, a large shift 
in the absorption spectra with solvent polarity is 
observed. On the other hand, when the emitted photon 
will have much less energy than the absorbed photon 
with increasing solute-solvent interaction, there will 
consequently be a large red shift of the fluorescence 
band. Moreover, the fluorescence bands are found to 
be much more sensitive towards solvent polarity. 
Many examples of such type of fluorophore are found 
in the literature67-68. Besides, consideration of the 
change of dipole moment in the ground and excited 
states, the finite relaxation time τR for the 
rearrangement of the solvent molecules surrounding 
the solute in the FC excited state and the finite 
lifetime τe of the molecule in the relaxed excited state 
have also to be taken into account in order to explain 
the solvent dependence of the position of emission 
bands77. Hynes et al.78 have introduced the concept of 
dielectric friction which is a measure of the dynamic 
interaction of a charged or dipolar solute with the 
surrounding polar solvent molecules in order to 
account for the solvent and time dependent 
fluorescence shifts. If solvent molecules are strongly 
coupled to the charge distribution in ground and 
excited states, the relatively slow solvent reorientation 
leads to an observable time-evolution of the 
fluorescence spectrum in the nano to picosecond 
range. This time dependent fluorescence (TDF) shift 
has been shown to be proportional to the time 
dependent dielectric friction of the absorbing dipolar 
molecules. That is, the relaxation rate of the 
fluorescence spectrum directly reflects a dynamic 
solvent polarity, namely, the reorientation rate of the 
surrounding polar solvent molecules closest to the 
fluorescent solute molecules. 

Differential solvent interactions with ground and 
excited state molecules may also lead to perturbation 
of the relative intensities of the vibrational fine 
structure of emission bands79. Besides this, other 
fluorescence parameters, e.g. the fluorescence 

quantum yield 80 and life time of the excited state 15 
also show solvent sensitivity. 
 

Solvent polarity – Empirical measures 
Chemists have tried to understand solvent effect in 

terms of solvent polarity. The term ‘polarity’ reflects 
the complex interplay of all types of solute-solvent 
interactions i.e., non-specific and specific intermolecular 
interactions11. It is believed that the dielectric 
approach provides an isomorphic model for describing 
nonspecific interactions. Thus, the use of physical 
constants e.g., dielectric constant or refractive index 
of the medium is not adequate for describing the total 
solvating ability of the medium as they do not take 
into account the specific interactions. In such a 
situation, other indices of solvent polarity are sought. 
The lack of theoretical expressions for calculating 
solvent effects as well as the complexity that involves 
in theoretical calculations and the inadequacy of 
defining ‘solvent polarity’ in terms of physical 
constants have stimulated attempts to introduce 
empirical scale of solvent polarity, based on 
convenient, well known, solvent sensitive reference 
processes or model processes11,18 . If one carefully 
selects an appropriate, sufficiently solvent-sensitive 
reference process, one may assume that this process 
would reflect faithfully all possible solute-solvent 
interactions which are also present in related solvent-
influenced processes. It should, therefore, give an 
empirical measure of the solvation capability of a 
particular solvent for the given reference process. 
This reference process can be considered as a probe in 
the solvation shell of the standard solute – a probe 
that sums up a wide variety of possible intermolecular 
interactions. 

A study of absorption/emission characteristics of a 
suitable probe in various pure solvent or solvent 
mixtures lead to an overall estimate of solvent 
polarity. Spectroscopic parameters of solvent polarity 
have been derived from Solvent sensitive standard 
compound (reporter) absorbing light in the spectral 
region corresponding to UV-visible, IR-, ESR- and 
NMR spectra. The solvent dependence of the n →П* 
transition energies of two meropolymethine dyes (I) 
was used by Brooker et al.81-82 to establish the  
solvent polarity parameters χR and χB . Kosower38 a 
comprehensive scale by introducing the polarity 
parameter Z, as the transition energy, ET, expressed in 
kcal mol-1 for the longest wavelength charge transfer 
(CT) absorption band of 1-ethyl-4-methoxy carbonyl 
pyridinium iodide (IIa). The position of the band 
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shifts to the blue as the solvating ability of the solvent 
(in the chemical sense) increases. The use of 1-ethyl 
4-cyano pyridinium iodide (IIb) has also been 
advocated 83. Dimorth and Reichardt11 have proposed 
a solvent polarity parameter, ET(30), based on the 
transition energy in kcal mol-1 for the longest 
wavelength solvatochromic absorption band of the 
pyridinium betaine dye (III). Owing to exceptionally 
large displacement of the solvatochromic absorption 
band, the ET(30) values provide an excellent and very 
sensitive characterization of the polarity of the 
solvents 18. 

Besides these solvatochromic compounds, a large 
number of compounds capable of acting as  
solvent polarity probes have been reported in the 
literature13,18,20,27-29,33,74-75. Compared with many 
traditional tools, fluorescent probes remain the most 
commonly employed mean for detecting polarity in 
vitro and in biological systems, on account of 
operational simplicity, high selectivity and sensitivity 
in addition to real time monitoring, non-invasion84. 
Kessler and Wolfbeis have reported a group of 
fluorescence solvatochromic ketocyanine dyes (IV a, 
IV b)85. Parasassi et al. have reported the use of 

Laurdan (VI) and Prodan (VII) as polarity-sensitive 
fluorescent membrane probes86 . Use of Laurdan and 
Prodan as polarity-sensitive fluorescent probes in 
lipid bilayers to bridge spectroscopic behavior with 
microenvironmental properties have also been 
reported in recent years87.  

Structure of some solvent sensitive polarity probes 
are shown in Fig. 1. Although a large number of 
polarity probes have been reported to be sensitive to 
polarity or microenvironmental property as discussed 
above, none of them satisfies the criteria to establish a 
universal scale of solvent (medium) polarity based on 
a single empirical parameter, because in establishing 
such a scale, it is assumed that the combination of 
solute-solvent interactions between the indicator 
solute and the solvent (medium) is the same as the 
particular solute under consideration. In many cases, 
this becomes an oversimplification. To overcome this 
problem, multiparameter correlation equations have 
been introduced. 
 
Multiparameter approach 

In general, any solvent dependent property (A) of a 
solute ‘S’ in a solvent ‘i’ may be represented as 

 
 

Fig. 1 — Some Solvent sensitive polarity probes 
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AS(i) = A(S) + B (S, i) …(15) 
 

Where A(S) is the solvent independent part. The 
term B (S, i) is in general a complex function of both 
solvent and solute involving several modes of solute-
solvent interactions. Thus, a much- longed-for 
‘universal polarity scale’ seems to be a remote 
possibility. In essence there are three types of 
interactions88 : (i) non-specific, long range solute-
solvent interactions (ii) specific short-range solvent-
solute interactions and (iii) solvent-solvent 
interactions from the cavity effect. The most 
important non-specific interactions are considered to 
be determined by macroscopic physical parameters of 
the solvent, i.e., the relative permittivity or dielectric 
constant (ϵ) and refractive index (n). The specific 
solvation is mainly determined by the acidity and 
basicity of the solvent, in terms of Lewis concept, 
which are measures of the solvent hydrogen bond 
ability to donate (HBD) and to accept (HBA) a proton 
respectively. Disruption and reorganization of 
solvent-solvent interaction are measured by the work 
necessary to separate solvent molecules to create a 
suitable cavity, large enough to accommodate a 
solute. 

It has been shown that under certain simplifying 
assumptions the solute-solvent interaction term B (S, 
i) may be factorized as 89: 

 

B (S, i) = ∑ aα (S) Pα (i) …(16) 
 

Where suffix α represents various modes of 
interaction, the parameters aα(S) and Pα (i) depending 
on the solute and solvent respectively. This 
expression, often called Linear Solvation Energy 
Relationship (LSER), has been found to be of great 
significance in the theory of solvent effect 34-35,89 and 
extensive applications in recent years 43,90 . Thus, it is 
customary to express a solvent sensitive property of a 
solute as a multiparameter equation: 

 

A = Aα + ∑ aα Pα …(17) 
 

Where the parameters Pα’s is linearly independent 
and represent physically meaningful properties. Two 
main approaches in the field of multiple linear 
regression analysis (MLRA) may be distinguished, 
viz., the approach suggested by Koppel and Palm 
(KP) 91 and that by Abraham, Kamlet and Taft 
(AKT)35. In the KP approach functions of dielectric 
constant (ϵ) and refractive index (n) were used to 
describe the nonspecific interaction. Thus Onsager 
reaction field parameter (ϵ -1)/(2ϵ +1) was used to 

describe the nonspecific dipolar interaction, while (n2 
– 1)/ (n2 + 2) described the polarizability term. In the 
AKT approach the dipolarity and polarizability were 
described by experimentally determined parameter 
П*58 . The specific interaction was described by the 
parameter ‘E’ (electrophilic solvation ability) and ‘B’ 
(nucleophilic solvation ability) in the KP procedure83. 
But AKT have preferred the use of hydrogen bond 
donating (HBD) or hydrogen bond accepting (HBA) 
ability of the solvent by the empirical Kamlet-Taft 
parameter α and β, respectively 92. The endothermic 
cavity formation term was taken in the AKT approach 
as equal to solute molar volume times the Hildebrand 
cohesive energy density (∂H

2) defined as enthalpy of 
vaporization per unit volume. The original KP 
approach did not take this factor into account. 

Thus, the KP equation is 
 

A = A0 + yY + pP +eE+bB …(18) 
 

Y = 2(ϵ -1)/ (2ϵ + 1); P = (n2 – 1)/(n2 + 2) 
 

While the AKT equation is  
 

A = A0 + S П* + a α + b β + C ∂H
2 …(19) 

 

∂H
2 = (∆H – RT)/V 

 

Where ∆H is the molar enthalpy of vaporization of 
the solvent whose molar volume is V. It has been 
found that the various empirical polarity parameters 
e.g., ET (30), Z etc. depend linearly on α, β, П* values 
83,93. In recent times, the Kamlet-Taft parameters have 
been used extensively to explain the solvatochromic 
behavior of various solvent sensitive compounds in 
different environments and also in analytical 
chemistry94-95. The major drawbacks of Kamlet-Taft 
parameters (α, β and П*) is that, they are not based on 
a well-known reference process, rather they are 
derived from an average of measurements using 
numerous examples: also, the dipolarity and 
polarizability of the solvent are included in only one 
parameter П*. 

Catalan and co-workers 96-97 in this connection 
have introduced three alternative empirical polarity 
scales: SA, SB and SPP. In this approach, each 
solvatochromic parameters is based on a pair of well-
defined homomorphous solvatochromic probes and 
these parameters (SP) measure gradual differences in 
the surrounding’s polarizability by the solvatochromic 
method (ref). The multiparameter equation proposed 
by Catalan comprises two parameters for specific :the 
solvent acidity (SA), the solvent basicity (SB)and  



MALLIK & BANERJEE: SOLVATION AND SOLVATOCHROMISM 
 
 

479

two parameters for non-specific : Solute polarity  
(SP) and polarizability (SdP). It may be mentioned 
that Kamlet-Taft α and β parameters corresponds to 
SA and SB respectively, wheras the non specific term 
П* corresponds to SP and SdP terms in Catalan’s 
scale. It is difficult to predict that the Kamlet-Taft 
model is universally better than the Catalan because 
the regression quality of the two models will vary 
from compound to compound.  
 

Mixed Binary Solvents: Preferential Solvation 
The use of binary solvent mixture adds a new 

dimension to the problem of solvation. Here due to a 
difference in the interaction of the solute with the 
component solvent, the composition of the solvents in 
the immediate vicinity of the solute may be different 
from that in the bulk. This phenomenon, known as 
preferential solvation (PS), has been found to be 
important for explaining spectroscopic, equilibrium 
and kinetic data in mixed binary solvents98-101. The 
spectral parameters usually vary nonlinearly with the 
solvent composition (expressed in terms of mole 
fraction or volume fraction). A nonlinear variation of 
the parameter has often been explained as due to the 
preferential solvation of the indicator solute102-103. 
Obviously, due to the existence of PS, an 
unambiguous measure of solvent polarity may not be 
possible. A very careful analysis by Marcus104 has 
shown that several chemically dissimilar probes 
produce convergent values of the respective solvent 
parameters (at a given composition). Thus, in most 
cases the solute acts as stand-ins and report the 
property of the mixed binaries. 

The spectral response (R12) in a mixed binary 
solvent is usually written as a weighted mole fraction 
average of the responses R1 and R2 of the solute in 
two pure solvents 105 . 
 

R12 = X1
L R1 + (1 – X1

L) R2 …(20) 
 

Where X1
L is the local mole fraction of the solvent 

component 1. Several spectral parameters have been 
used for monitoring the preferential solvation 
characteristics. These include shifts in the absorption/ 
emission wavelength12-13,67,79,106 , quantum yield of 
fluorescence 78,80,107 and luminescence lifetime 16,78,108. 
The local mole fraction X1

L may be calculated using 
the equation as: 
 

X1
L = (R12 – R2)/(R1 – R2) …(21) 

 

The local excess or deficiency of the 1st solvent 
component in a binary mixture over the bulk 

composition is described by the parameter ∂S1 as,  
∂s1= X1

L – X1; where X1
L and X1 are the local and bulk 

mole fraction of the solvent component 1, in the 
binary mixture. The descriptor of PS, KPS is defined 
as KPS = [(X1

LX2)/(X1X2
L)]. The parameter KPS is 

related to ∂s1 , following the Bagchi-Chatterjee model 
of PS 109 , as 
 

∂s1 = - ∂s2 = X1(1 – X1) (KPS – 1)/ [1 + X1 (KPS – 1) 
 …(22) 
 

Or, KPS = 1 + ∂s1/ [X1(1 – X1 - ∂s1)] 
 

Several theoretical approaches to the problem of 
PS of a solute in a mixed binary solvent can be found 
in the literature. In the thermodynamic treatment of 
PS, first published by Grunwald et al. 110 and later 
elaborated by Covington et al.111, the phenomenon is 
described in terms of a chemical model involving 
stepwise solvent-exchange (SSE) equilibria. Langford 
and coworkers described a two-phase model for 
solvation and described PS as becoming similar to 
preferential adsorption phenomena112. The quasi-
lattice quasi-chemical (QLQC) statistical mechanical 
model of Marcus113 uses a lattice theory of solution 
and attempts to calculate the extent of PS in terms of 
nearest-neighbor interactions. Ben-Naim developed a 
theory114 for calculating the extent of PS in terms of 
Kirkwood-Buff (KB) parameters115 . It needs to be 
mentioned here, that, whether the dielectric enrichment 
model of Suppan102, preferential solvation model of 
Bosch and Roses99 and the Bagchi-Chatterjee 
model109 uses spectrochemical data in order to provide 
quantitative predictions of the local solvent composition, 
the model of Marcus113 is one of the prominent model 
based on thermodynamic studies. All the theories so 
far presented describe the PS characteristics of a 
solute in a mixed binary solvent in terms of solute-
solvent and solvent-solvent interaction that results in 
the variation in number of a particular solvent 
component in local and bulk phase. Despite several 
theoretical approaches to the problem, the role of 
various factors in determining the PS characteristics is 
not yet fully understood. In order to relate the various 
formulations of PS, we have developed a model in 
terms of solute-solvent and solvent-solvent interaction 
parameter as a function of composition and 
temperature103 . In recent years, the question of 
understanding the nature and extent of PS in mixed 
binary solvents is not only restricted in developing 
theoretical models, but extensive computational 
studies based on TDDFT 44-45 is going on, aiming to 
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evaluate the various component of solvation interaction 
in different environments. The problem of understanding 
the nature of solvation is now not only restricted in 
developing various models, but extensive studies  
are going on in recent years116-117 based on these 
models, in the field of solubilization of various drugs, 
particularly, in mixed aqueous solvent systems, which 
seems to be of great importance in the field of medicinal 
chemistry, so far as green approach is considered.  
 
Conclusions 

Stereoselective catalysis for drug synthesis, 
solubilization of drugs, folding up of protein chain, 
solubilization of polymer in green environments and 
many more aspects: all are chemical problems and  
all these are concerned in one way or another with  
the question of interaction of solvent molecules or 
surface with the particular solute under investigation. 
Mastering the problem of solvation in general sense is 
hampered due to an inadequate understanding of the 
issue of solvation. One thing is clear following  
the preceding discussion: the details of solvation, 
solvatochromism and related phenomena cannot be 
understood in a universal manner on the basis of 
either a simple principle or a suitable unique model 
developed on the basis of reasonable arguments or 
computational calculations in quantum mechanical or 
statistical framework or empirical approaches; as the 
essence of solvation lies with the mode of interaction 
of the particular environment with the local environment 
of the particular solute. Therefore, experimental 
researcher will always be in search of the much 
longed-for “the universal scale of solvent polarity”, 
the theoretical chemists will be in search of a 
universal model process and quantum chemists extend 
the calculation of various modes of solvation to large 
molecules. All these will be of immense help to 
solidify the basics of green approach to all branches of 
experimental chemistry. Let’s hope the phenomenon of 
“solvation” will be acknowledged as a distinct branch 
of molecular science and identified as the interface 
between chemistry, physics and biology. 
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