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Introduction
During the last decades, the community needs for understand-

ing of chemical structure and activity of various groups of drug 
molecules have been as an important challenge. It is interesting to 
know that recently scientists have developed the applicable ana-
lytical methods such as different types of spectroscopic technique 
[1-5] to study the unique characteristic of biologically important 
compounds. There is no doubt that provide of a proper method 
can give a precise information of complex molecular details. This 
is vital in disease diagnosis and design of pharmacologically and 
biological important compounds. In laboratory condition, the ex-
perimental researches and naturally occurring phenomena are 
usually used in solution state. Under this circumstance, solvent 
molecules have profound effects on the behavior of solute mole-
cules in various biological, chemical and physical phenomena. In 
general, solvent sensitive processes are acquired from various 
molecular interactions, these includes general and specific sol-
ute-solvent interactions. Solvent induced effects are commonly 
discussed by their polarity and solvatochromic parameters [6-10]. 
The nature and strength of various molecular interactions can-
not exactly have described by single solvent polarity parameters. 
Hence, multi-linear solvent polarity parameters known as Catalan 
equation (equation 1) are used [6].

      0 ' ' ' 'y y a SA b Sdp c SA d SB= + + + +             (2)

In above equation, y indicates under study solvent sensitive 
quantity. y0 is also describe the property of under study quantity 
in reference solvent or gas phase. a’, b’, c’, and d’ are obtained from 
multi-linear analysis that express the contribution of various 
solute-solvent interactions in various phenomena. The remained 
parameters in two equations are famous as solvent polarity scales. 
According to Catalan equation, SP, Sdp, SA and SB symbols describe 
solvent dipolarity, solvent polarizability, solvent acidity, and 
solvent basicity, respectively [11-12]. The aim of this experimental 
work is prediction of interactional behavior of biological 
important drug molecules quantitatively in solution state. Among 
of various groups of drugs, in this research, folic acid, folinic acid 
and methotrexate with vital role in various phenomena [13-18] 
are used due to their activity in various biological phenomena.

Experimental
In this experimental work, in the first step, prepared solutions 

of folic acid, folinic acid and methotrexate with different polarity 
were poured in quartz cell while the experiment for each drug 
sample is repeated in different solvents. Then, the mentioned cell 
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consist of drug molecules are placed in Double beam Shimadzu 
UV-240 Scan Spectrophotometer and JASCO FP-6200 Spectro 
fluorometer for recording of the absorption and emission spectra 
of selected samples, respectively. Moreover, all selected solvents 
are from Merck and solvent polarity parameters of them can be 
found in Table 1 [6].

Table 1: Solvent polarity parameters.

Solvent SP SdP SA SB

Water 0.681 0.997 1.062 0.025

DMSO 0.83 1 0.072 0.647

Acetonitrile 0.645 0.974 0.044 0.286

DMF 0.759 0.977 0.031 0.613

Ethylene glycol 0.777 0.91 0.717 0.534

Methanol 0.608 0.904 0.605 0.545

Ethanol 0.633 0.783 0.4 0.658

2-propanol 0.633 0.808 0.283 0.83

1-Butanol 0.674 0.655 0.341 0.809

Dichloromethane 0.761 0.769 0.04 0.178

1-Decanol 0.722 0.383 0.259 0.912

Cyclohexane 0.683 0 0 0.073

n-Heptane 0.635 0 0 0.083

Result and Discussion
In this section, the interactional behavior of some drugs 

with different molecular structure (Figure 1) is investigated in 
various environments with different polarity. For this reason, 
the absorption and emission spectra of selected samples were 
recorded in UV-Visible region of electromagnetic spectrum at 
room temperature. The experimental data have provided in 
Table 2. According to these results, effective absorption and 
emission bands are in the regions of 274-300nm and 300-402nm 
of electromagnetic spectra. The results indicate that spectral 
shifts of drug samples by increasing media polarity are sensitive 
to presence of active groups in the molecular structure of folic 
acid, methotrexate and folinic acid drugs. In this case, maximum 
bathochromic spectral shifts in the ground state occur in folinic 
acid and maximum hypsochromic shifts occur in the excited state 
of Methotrexate by increasing media polarity. In tins case, various 
substituents lead to different molecular interactions between drug 
molecules and their surrounding media with different strength. 
Although this qualitative discussion can describe the positive or 
negative solvatochromic behavior of drug molecules, it cannot 
give sufficient information about nature and degree of various 
solute-solvent interactions.

Figure 1: Molecular structures of selected drugs.

Table 2: Maximum absorption and emission of drug molecules (cm-1).

Solvent υmax (Abs) (cm-1) υmax (Flu) (cm-1)

Folic acid

Water 36363.63 28985.5
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DMSO 34843.2 29069.76

DMF 35087.71 29239.76

Ethylene glycol 35211.26 28409.09

Methanol 35149.38 28409.09

Ethanol 35026.26 28490.02

2-Propanol 35211.26 28818.44

1-Buthanol 36496.35 29940.11

Dichloromethane 35971.22 29761.9

1-Decanol 36496.35 32467.53

Cyclohexane 35650.62 29761.9

Methotrexate

Water 33112.58 28818.44

DMSO 33557.04 28901.73

Acetonitrile 35087.71 31948.88

DMF 34722.22 30211.48

Ethylene glycol 33726.81 29154.51

Methanol 33613.44 29069.76

Ethanol 33726.81 30303.03

2-Propanol 35335.68 29411.76

1-Buthanol 34722.22 29940.11

Dichloromethane 36496.35 30120.48

1-Decanol 36630.03 32051.28

Cyclohexane 35714.28 30030.03

n-Heptane 33222.59 29761.9

Folinic acid

Water 34904.01 27472.52

DMSO 34482.75 28571.42

Acetonitrile 33557.04 28248.58

DMF 34013.6 28818.44

Ethylene glycol 34246.57 28328.61

Methanol 34013.6 28571.42

Ethanol 31746.03 28328.61

2-Propanol 31948.88 28328.61

1-Buthanol 35842.29 28901.73

1-Decanol 36101.08 29411.76

Cyclohexane 34965.03 30030.03

In general, there are many unanswered questions about how 
drug molecules or other biological active molecules function 
in various solvent media especially in aqueous and alcoholic 
environments. By using a quantitative method, it is possible 
to investigate the interactional behavior of drug molecules in 
solution state and find dominant molecular interactions in solvent 
environments. In this case, correlation between the linear optical 
properties and solvent multi-parameter polarity scales will be 
useful. The results for three samples among of various groups 
of biological important compounds are formulated according to 

following equations for folic acid, methotrexate, and folinic acid, 
respectively.

Folic acid
2(38138 2225) (1047 2572) ( 3404 10003) (556 622) ( 1252 749)( 0.71)abs SP Sdp SA Rυ = ± + ± + − ± + ± + − ± =

2(37125 3270) (4349 2493) ( 8688 1351) ( 3279 1075) ( 4516 1672)( 0.93)Flu SP Sdp SA Rυ = ± + ± + − ± + − ± + − ± =

Methotrexate
2(41186 2494) ( 472 2896) ( 5309 1296) ( 2272 659) ( 1869 892)( 0.83)abs SP Sdp SA Rυ = ± + − ± + − ± + − ± + − ± =

2(22446 2552) (11195 3719) ( 1824 658) (600 743) (1879 538)( 0.82)Flu SP Sdp SA Rυ = ± + ± + − ± + ± + ± =
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Folinic acid
2(32876 5122) (15870 6356) ( 8346 3308) ( 589 1567) ( 4800 2742)( 0.70)abs SP Sdp SA Rυ = ± + ± + − ± + − ± + − ± =

2(28972 871) (1453 1237) ( 1644 290) ( 651 280) (250 291)( 0.90)Flu SP Sdp SA Rυ = ± + ± + − ± + − ± + ± =

Above equations give key information about interactional 
behavior of drug molecules and molecular stability in the ground 
and excited states. A precise studying indicates that in the ground 
and excited state of folic acid general media polarity effects have 
high contribution in the interactional behavior of drug molecules. 
In this case, in the ground and excited states, solvent polarizability 
plays significant role in the linear optical properties of folic acid. 
In addition, this dominant solvent polarity parameter tends 
to increase the stability of molecular excited state. The similar 
analysis for methotrexate indicates that although in the ground 
state, solvent polarizability has major role in optical properties 
of drug molecules, solvent acidity, basicity and dipolarity with 
lower contribution have minor role in the absorption properties 
of selected drug. In like behavior of drug molecule in the ground 
state, in the molecular excited, general solvent effects can be 
considered as important effects. In this case, an increment in 
values of dominant solvent polarity parameters can decrease the 
stability of ground and excited states of methotrexate.

The quantitative investigation of media polarity effects on the 
behavior of Folinic acid appears the interesting results. Under this 
circumstance, by transition to the excited state, the contribution 
of solvent polarizability and solvent acidity is increases. In 
addition, effective solvent polarity parameters enhance the 
stability of ground and excited states. Finally, by determination of 
contribution of general and specific solute-solvent interactions, 
the studying of function of biologically important molecules in 
various media with different polarity is facilitated. In this case, the 
effects of a small change in the polarity parameters of molecular 
surrounding media on the molecular function are easily detectable 
by provided quantitative equations. Moreover, the provided simple 
quantitative method is applicable for other compounds especially 
biologically sensitive molecules.

Conclusion
The present experimental work appears the interesting 

behaviors of three different groups of drugs in various 
environments with different polarity. Although a qualitative 
investigation can describe approximately some properties of 
under study molecules in different environment, it cannot describe 
exactly the contribution of various solute-solvent interactions. By 
determination of various molecular interactions contribution, it is 
possible to obtain useful information about how drug molecules 
or other biologically active molecules function in various media 
with different polarity. By this quantitative method, the effects 
of small changes in polarity of molecular surrounding media are 
detectable.
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