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Abstract: A simple and fast spectrophotometric method has been used to determine the
thermodynamic parameters of the inclusion complex formed between N-(2-ethylphenyl)-N'-(2-
methylphenyl) thiourea, a hydrophobic substrate trap and hydroxypropyl-S-cyclodextrin (HP—£-CD).
The overall association constants have been calculated at different temperatures using the Scott's
method and are found to decrease with increase in temperature. The free energy change (AG®) and
the enthalpy of formation (AH®) as well as the entropy (AS°) have been determined for the various
inclusions. The method has been applied with satisfactory precision; the values of relative standard
deviations did not exceed 2%.

Keywords: Thiourea, Inclusion complex, Cyclodextrin, Association constant

Introduction

N-(2-ethylphenyl)-N'-(2-methylphenyl) thiourea belongs to the thiurea compounds family
which are active traps of the heavy metals and play an important role in the field of
asymmetric organocatalysis'. Bifunctional chiral thioureas, have emerged as a successful
class of organocatalysts for a variety of asymmetric transformations, such as the
cyanosilylation of ketones®, Strecker reactions’, Michael additions® and hydrophos-
phonylation of imines’. Their success as bifunctional organocatalysts is based upon their
ability to function as hydrogen-bond donors and to incorporate of additional basic or acidic
activating groups’.

Cyclodextrins (CD) are a family of cyclic oligosaccharides containing 6(a), 7(B), 8(Y)
or more glucose residues and are characterized by a truncated cone shape’. Cyclodextrin
molecules consist of secondary hydroxyl groups extending from the wider edge while the
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primary groups from the narrow edge. This gives cyclodextrin molecules a hydrophilic outer
surface, whereas the lipophilicity of their central cavity is comparable to an ethanolic
solution®’. Natural cyclodextrins show limited aqueous solubility due to the strong
intermolecular hydrogen bonding in the crystal state. Substitution of any of the hydrogen
bond-forming hydroxyl groups, greatly improves their aqueous solubility'®. CD derivatives
of interest include the hydroxypropyl derivatives (i.e. HP-a~CD, HP-$-CD and HP-y-CD),
the randomly methylated-CD and sulfobutylether-CD'""".

Cyclodextrins are widely used as trap molecules in the pharmaceutical, agrochemical,
food and cosmetic industries'®. They are used as complexing agents that encapsulate a
variety of poorly water-soluble substrates inside their cavity through non-covalent bonds to
form inclusion complexes resulting in an increase in their apparent water solubility'’. The
forces involved in the complex formation are the hydrogen bonding, the Vander Waals’
interaction and the charge transfer interaction'®. The physicochemical properties of the free
cyclodextrin molecule are different from those in the complex'. This study involves the
determination of the association constants, free energy changes, enthalpies of formation and
entropies of the complex formed at different temperatures.
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Figure 1. (a) Chemical structure of hydroxypropyl-f-cyclodextrin (HP-4-CD); (b) truncated
cone shape of (HP-4-CD; (c) N-(2-ethylphenyl)-N'-(2-methylphenyl) thiourea

Experimental

The preparation and purification of N-(2-ethylphenyl)-N'-(2-methylphenyl) thiourea substrate
was prepared according to the procedure reported in the literature®. HP-B-CD was
purchased from Sigma-Aldrich Company. All solvents and materials used throughout this
study were of analytical grade and used as such. All laboratory reagents were freshly
prepared. Water was purified by triple distillation.

Apparatus

Double beam UV-1800 (Schimadzu UV-VIS, Japan) spectrophotometer with matched 1 cm
quartz cells was used for all the spectrophotometric measurements. The wavelength of UV
detector was set at 220 nm.

Preparation of solutions

Substrate was accurately weighed, transferred to volumetric flasks and dissolved in a solvent
(water, propan-2-ol, acetonitrile; 1/3 volume each) to make individual stock solutions of
10 mmol/L. The stock solutions was stored at 4 °C and was further diluted with the same
solvent to obtain working solutions.
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Preparation of inclusion complexes

For each measurement, cyclodextrin and substrate was mixed and shaken for 10 min to
obtain a stable state of solubilization.

Absorption spectra

Schimadzu UV-VIS spectrophotometer (UV-1800) was employed to determine the
wavelength of maximum absorption for the substrate in solvent. It was found to be 220 nm.

Standard curves

For calibration, a 10 mmol/L mother solution of substrate in solvent was used. A series of
5 mL solutions of concentrations between 0.1 and 10 mmol/L were prepared and left at room
temperature (25 °C) for 10 min. Absorbance was measured at 220 nm for each solution
against a blank solution.

Association constant Ka, molar absorptivity and free energy change

Scott’s plot method was employed®'. From the initial equimolar (10 mmol/L) aqueous
solutions of HP-A-CD and the substrate, serial volumes of 0 to 4.5 mL of HP-S-CD solution
was transferred to different test tubes. 0.25 mL of the substrate was added to each test tube
and completed to 5 mL by addition of the necessary volumes of solvent. The method is
based on the graphical representation of curves, obtained by means of the experimental
measurements from a chemical system in equilibrium using Origin 6.0 professional
program. The procedure was continued as described for the calibration and was further
analysed at temperatures of 10, 40, 55 and 70 °C.

Results and Discussion

The complex was formed instantaneously; constant absorbance readings have been obtained after
10 minutes of standing at room temperature (25 °C) and remained constant for at least 24 h
(Figure 2). At 220 nm, linear relationships have been obtained (Correlation coefficient, r =
0.9993) between the absorbance and the concentrations over the 20-100 umol/L range. The
regression equation of the line as derived using the method of least squares™ is:
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Figure 2. Absorbance-Time relationship for N-(2-ethylphenyl)-N'-(2-methylphenyl) thiourea
-HP-S-CD inclusion complex
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Where Ay is the absorbance at 220 nm and C is the concentration of N-(2-ethylphenyl)-
N'-(2-methylphenyl) thiourea. The slope of the calibration curve reflects the sensitivity of the
procedure. The standard deviation was calculated to be 3.87298x10™.

The absorbance of the complex obtained experimentally was used to calculate the
association constants (Ka) of the substrate-HP-S-CD complex at different temperatures
using scott's method®' which, like the Benesi-Hildebrand method™, depends on the
experimental condition in which one of the two components species should be present in
large excess. Accordingly, its concentration is virtually unaltered upon the formation of an
inclusion complex. According to Scott’s equation (Eq. 1), the [HP-S-CD]/AAs have been
plotted against [HP-S-CD] (Figure 3) showing a linear correlation an indication of 1:1
inclusion complex. The slope of the plot (1/AA,,.x) and the intercept with the vertical axis

(1/Ka.AA ) allow the calculation of the association constants (Ka) at different temperature.
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Figure 3. Scott’s plot for substrate with HP-£-CD inclusion complex, showing overall
association constants at different temperatures

[HP-S-CD)/AA s = [HP-B-CDV/AA ik + 1/Ka.AA i« (1)
Knowing ka, it becomes possible to graphically obtain the standard enthalpy change,

AH®, of an inclusion interaction by plotting log Ka versus 1/T in (Eq. 2)** and determine the

slope from Figure 4.
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Figure 4. log Ka of the inclusion complex versus 1/T
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logKa _AH + constant
2303 RT )
As well, the standard free energy, AG®, is calculated from Ka according to Eq. 3 which,

in turn, leads to the determination of the standard entropy change, AS®, as shown in Eq. 4:
AG° =-RT InKa 3)
AG° =AH° -T AS° 4)
The thermodynamic parameters of the studied inclusion complex are presented in Table 1.
All the slopes and intercepts used to calculate these parameters have been determined
statistically by the method of least squares. Table 1 shows that the association constants

have been observed to decrease with increase in temperature which is in agreement with
earlier studies™.

Table 1. Association constants (Ka), standard free energy (4G°), standard enthalpy (AH®)
and standard entropy (A4S°) of the substrate-HP-S-CD inclusion complex at different
temperatures

Temperature Ka AG° AH’ A5°
K M kcal/mol kcal/mol cal/deg/mol
283 152 -2.829 - 4.682
298 140 -2.930 -1.504 4.785
313 127 -3.017 - 4.834
328 108 -3.056 - 4.732
343 94 -3.101 - 4.656

A negative free energy change (-AG°) and a positive entropy change (+AS°) are
indicative of a spontaneous reaction”®. The inclusion complex between the substrate and HP-
S-CD occurs spontaneously and a negative AH® is itself a proof of such a spontaneous
reaction. Andrews and Keefer”’ had demonstrated that AH° and AS° generally become more
negative as the association constant for the complexation increases. Table 2 demonstrates
the accuracy of the method.

Table 2. Results for regression equation (y = a + bc) of the substrate-HP-S-CD inclusion
complex at different temperatures, where c is the concentration of the HP-3-CD

Temperature, K

Parameter 283 298 313 328 343
Number of measurments 9 9 9 9 9
Regression equation (y)

Slope (b) 0.0450 0.0414 0.0363 0.0313  0.0273
Error on (b) x 10* 6.6855 3.3242 53715 3.1605 3.5375
Error on (a) X 10* 29613 2.9394 2.8547 2.8988  2.9061
Error on (a) X 10° 3.7560 1.8674 3.0274 1.7753  2.1077

Corelation coefficient () 0.9992  0.9998 0.9992 0.9996 0.9995
Standard deviation x 10° 5.5489  2.7591 44583 2.6232  2.2926

Reproducibility

The reproducibility of the methods has been determined by replicate analysis of three
separate solutions of the working standard. The results have proven satisfactory with relative
standard deviations not exceeding 2%.
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Conclusion

Thiourea substrates are known for being traps for heavy metals and accordingly may be used
as filters or as means to enhance the measurement of heavy metal concentration. The poor
solubility of such substrates continues to impact the development of such potential non-
water soluble trap molecules candidates®.

In this study, the mechanism of inclusion complex formation of N-(2-ethylphenyl)-N'-
(2-methylphenyl) thiourea with HP-£-CD has been studied. The dependence of inclusion
complex on temperature has been investigated and trends in thermodynamics parameters
have been determined over a wide range of temperature. It is evident from the apparent
association constants that the extent to which the inclusion complexation is favoured
depends, not only on the polarity and structure of the substrate molecule, but also on the
temperature of the solution. The thermodynamic data proves the formation of the inclusion
complex and that the process is essentially enthalpy driven.

In addition, this study demonstrated that UV-VIS Spectrophotometry remains an
effective, fast and accurate method for measurements aside its simplicity as compared to
other methods.
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