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INTRODUCTION

Barbituric acid always attracts attention because of great
importance for biology and medicinal applications [1,2] as
anticonvulsants, narcotics, soporifics, sedative hypnotics, anxy-
iolytics and tranquilizer [3,4]. Thiobarbituric acid derivatives
have vast medicinal importance showing a number of activities
e.g. antifungal [5] antidepressant [6], antimicrobial [7], anti-
tubercular, antiherbicides [8], antioxidant, membrane protector
[9] and radio protector [10]. 2-Thiouracil (2-mercapto-4-hydroxy-
pyrimidine) (2TU) is a thio-derivative of uracil, one of the
nucleic acid bases (NABs). Its biological importance had been
established as an antithyroid drug [11], antiviral agent [12]
and anticarcinogenic agent [13-15].

Aim of the work is focused to synthesize barbaturic, thio-
barbaturic and uracil complexes with NaCl and KCl to examine
the effect of molecular structure on their UV-visible spectra.
A careful analysis of the obtained data using statistical tech-
niques showed that the solvatochromism correlate to the identity
of the complexes and the solvent parameters. Infrared spectra
for the complexes were carried out using experimental and
theoretical studies using Gaussian program [16]. The compo-
sition of the studied complexes was confirmed by thermal
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analysis (TG, DTA and DSC). The thermodynamic parameters
are evaluated and discussed.

EXPERIMENTAL

Synthesis of the complexes: Complexes I, II (structures
2,3) were prepared by dissolving 0.128 g of barbituric acid
(structure 1) in 10 mL distilled water followed by adding 0.075
g of potassium chloride in case of preparation of complex I
and 0.224 g in case of complex II. The solution mixtures were
heated for a few minutes until the volume of solution decreased
to the half and the precipitated complexes were formed and
then dried. The complex III (structure 5) was prepared by
dissolving 0.1442 g of thiobarbituric acid (structure 4) in 10
mL distilled water then 0.058 g of sodium chloride was added.
The complex IV (structure 7) (TU.3KCl) was prepared by
dissolving 0.128 g of thiouracil (structure 6) in 10 mL distilled
water followed by adding 0.075 g of potassium chloride. The
physico-analytical data of the complexes are given in Table-1.

Spectral measurements: FTIR of the ligands and their
complexes were taken in potassium bromide disc using Perkin
Elmer spectrophotometer, Model 1430 covering frequency
range 4000-200 cm-1. The electronic spectra of complexes
under investigation in presence of eight solvents (ethanol,
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methanol, acetonitrile, dimethylformamide, dimethysulfoxide
chloroform, dioxane and water) were obtained using recording
JascoV-530 UV/visible spectrophotometers. The spectral data
were analyzed by the multiple linear regression technique using
statistical package of social science program, SPSS version
15 and the calculations have been carried out on a personal
computer to obtain the different statistical parameters. The
Gaussian computer program [16] has been used to calculate
the theoretical infrared spectra of complexes. Thermal analysis
(DTG, TGA and DSC) were carried under nitrogen atmosphere
under heating rate 10 °C/min, Faculty of Science, Cairo University.

RESULTS AND DISCUSSION

Solvent effects on the electronic absorption spectra:
The absorption spectra of the investigated complexes in the

UV region are highly affected either position or intensity [17-
22]. The change in λmax is taken as a standard to solvent effects
(Table-2). The solvent polarizability effect, leads to red shift
due to the stabilization of the excited state by the induced dipole
interaction between the transition dipole of solute and the
solvent molecules [23].

Methods of calculations

Data analysis: The observed peak position of an absorp-
tion band λmax in a given solvent as the dependent variable Y
may be expressed as a function of different solvent polarity
parameters xn as follows:

Y = ao + a1x1 + a2 x2 + a3 x3 + …….+ anxn (1)

Eqn. 1 is amenable to solution for the intercept ao and the
coefficients a1, a2, a3, …….+ an by multiple regression
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TABLE-1 
PHYSICO-ANALYTICAL DATA FOR THE COMPLEXES 

Elemental analysis (%): Calcd. (Found) 
Complex Colour m.f. 

C H N Cl 
BA.KCl.2H2O (I) Pale orange C4H4N2O3KCl·2H2O 20.13 (20.12) 1.68 (1.51) 11.74 (11.75) 14.88 (14.56) 
BA.3KCl.2H2O (II) Light brown C4H4N2O3·3KCl·2H2O 12.38 (12.45) 1.03 (2.42) 7.22 (7.72) 27.47 (27.82) 
SBA.3NaCl (III) Pale pink C4H4N2SO2·3NaCl 15.02 (15.32) 1.25 (1.35) 8.76 (9.32) 33.34 (32.42) 
Tu.3KCl (IV) Yellowish white C4H4N2SO·3KCl 13.65 (14.11) 1.14 (1.46) 7.96 (8.44) 30.29 (29.13) 

 

TABLE-2 
EFFECT OF SOLVENTS ON THE ELECTRONIC ABSORPTION SPECTRA OF THE COMPLEXES  

λ1 λ2 λ3 λ4 Solvent 
I II III IV I II III IV I II III IV I II III IV 

Dioxane – 258 245 – 256 – – 270 – 285 294 – – – – – 
CHCl3 – 264 232 231 232 277 – 271 282 – 283 291 – – – – 
Ethanol  215 258 212 214 255 – – – – 283 291 – – – – – 
Methanol  215 258 234 213 255 315 – 272 329 283 293 – 328 – – – 
DMF 268 – – – 268 315 271 272 328 285 295 – – – – – 
Acetonitrile  207 254 233 210 254 – – 268 – 282 290 – – – – – 
DMSO – 264 – – 264 316 265 270 317 328 288 297 329 – – – 
H2O – 254 242 212 – 318 262 270 314 326 280 – 328 – – – 
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technique. The regression intercept ao has been considered as
a peak position in the gas phase. One, two and three parameters
equations are applied using suitable combination between the
solvent polarity parameters E, K, M, J, H and N as reported
before [23]. The dielectric function K represents the dipolar
interaction [24].

K = (D-1)/(2D+1) (2)

where D is the dielectric constant. The parameter E is sensitive
to both solute-solvent hydrogen bonding and dipolar interaction:

E = 2.859 × 10-3 ν– (3)

ν– is the wave number of the absorption maximum in a given
solvent [24].

The functions H and J have been introduced to account
for the non-specific solute- solvent interactions such as disper-
sion and dipolar effects.

J = (D-1)/(D+1), H = (n2 – 1)/(n2 + 2) (4)

where n is the solvent refractive index. The parameters N and
M are the measure of the permanent dipole-solvent induced
dipole and solute permanent dipole-solvent permanent dipole
interactions respectively M = (n2-1)/(2n2 + 1), N = J–H [25-29].
The values of solvent parameters E, M, N, K, D, n, X1 and X2

in different solvents are given in Table-3. The solvent induced
spectral shifts observed for the prepared complexes (I-IV) have
been analyzed using the multiple linear regression technique
(SPSS program). In each case fits are obtained as a function
of parameter E, M, N and K, each of which alone then obtained
as two parameters (E, M), (E, N), (E, K), (M, N), (M, K) and
(N, K), the three parameters (E, M, N), (E, M, K), (E, N, K)
and (M, N, K) and four parameters (E, M, N, K) for the
complexes at different wavelengths [30] are given in Tables
4-7.

TABLE-3 
SOLVENT PARAMETERS, X1 AND X2 FOR SOLVENTS 

Solvent D N E M N K X1 X2 
Dioxane 2.20 1.422 36.0 0.20 0.03 0.22 0.4444 0.4300 
Chloroform 4.70 1.446 39.1 0.21 0.29 0.36 0.7115 0.4191 
Ethanol 24.3 1.361 51.9 0.18 0.67 0.47 0.9395 0.3623 
Methanol 32.6 1.329 55.5 0.17 0.71 0.48 0.9546 0.3381 
DMF 36.7 1.427 43.8 0.20 0.67 0.48 0.9597 0.4086 
Acetonitrile 37.5 1.346 46.0 0.18 0.71 0.48 0.9605 0.3496 
DMSO 48.9 1.478 45.0 0.22 0.66 0.48 0.9696 0.4412 
H2O 78.5 1.333 63.1 0.17 0.76 0.49 0.9810 0.3442 
X1 = 2(D-1)/(2D+1) X2 = 2(n2-1)/(2n2+1) 

 

TABLE-4 
REGRESSION ANALYSIS FOR COMPLEX I (BA·KCl·2H2O) IN DIFFERENT SOLVENTS AT λ3 

Parameters a0 a1 a2 a3 a4 MCC P 
E 38409.79 -111.240 – – – 0.408 0.559 
M 28647.22 21522.0 – – – 0.068 0.832 
N 37781.82 -8474.03 – – – 0.928 – 
K 46174.08 -29825.1 – – – 0.981 0.088 

E, M 83328.96 -404.850 -152563.5 – – 1 – 
E, N 35691.78 82.294 -11891.31 – – 1 – 
E, K 46442.24 35.584 -34368.3 – – 1 – 
M, N 43739.20 -25772.8 -9882.492 – – 1 – 
M, K 49422.44 -12326.1 -31591.57 – – 1 – 
N, K 54632.08 9058.95 -60550.52 – – 1 – 

 
TABLE-5 

REGRESSION ANALYSIS FOR COMPLEX II (BA·3KCl·2H2O) IN DIFFERENT SOLVENTS AT λ2 

Parameters a0 a1 a2 a3 a4 MCC P 
E 38753.16 -126.087 – – – 0.381 0.268 
M 25741.87 35026.70 – – – 0.163 0.500 
N 39017.54 -10486.23 – – – 0.971 0.002 
K 49165.66 -36307.01 – – – 0.999 0.000 

E, M 53811.33 -231.197 -50908.68 – – 0.461 0.539 
E, N 37753.40 49.499 -12389.44 – – 0.997 0.003 
E, K 49179.27 5.821 -36963.27 – – 1.000 0.000 
M, N 42977.17 -16809.60 -11616.59 – – 0.997 0.003 
M, K 49828.68 -2403.164 -36736.72 – – 1.000 0.000 
N, K 50827.64 1790.675 -42352.02 – – 1.000 0.000 

E, M, N 40377.92 27.982 -8808.89 -12154.5 – 0.999 0.029 
E, M, K 49800.31 0.337 -2297.49 -36755.8 – 1.000 0.020 
E, N, K 53982.16 -12.748 5221.59 -52496.9 – 1.000 0.016 
M, N, K 50187.66 -1633.276 615.628 -38677.3 – 1.000 0.019 
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The multiple correlation coefficient (MCC) has been used
in one-tail test to obtain the level of significance for each test.
This value is considered as a measure of the goodness of the
fit. The high value of MCC (near one) means that a certain
solvent parameter has a good correlation to the spectral shift.
The spectral shifts for the peak are greatly sensitive to the
solvent parameter that gives a value of MCC near to unity.
Alternatively, the small values (near zero) of the significance
parameter (P) mean the correlation is good. The parameters
that gave the best correlation and best significance among the
other for the different electronic transitions of the investigated
compounds (Tables 4-7), indicating that all solvent parameters
are sensitive to dipolar and hydrogen bonding interaction, other
interaction such as dispersion force, solvent induced dipole
and solute permanent dipole-solvent permanent interaction.

The values of the multiple correlation coefficient indicated
that experimental data are best fitted in case of one-parameter
equation, the parameter (K) plays the important role for
determining the spectral shifts for complex I at λ3, for complex
II at λ2 and for complex IV at λ1 (Tables 4-7). The relative high
value of the multiple regression coefficient and the lower value
of the probability of variation (P) for the parameter (K) points
to that the solute permanent dipole-solvent induced dipole
interactions are playing the important role to explain the spectral
shifts observed. However, the parameter (N) is important for
determining the spectral shifts for complex I, II and IV. The
relative high value of the multiple regression coefficients for
parameter (N) points to that the dielectric constant is effective
to explain the spectral shifts rather than the electronic character
of the substituents. The parameter (M) is important for deter-

mining the spectral shifts for complex IV at λ1, the relative
high value of multiple regression coefficient and the lower
value of the probability of variation (P) for the parameter (M)
point to that the solute permanent dipole-solvent induced dipole
interactions are playing the important role to explain the spectral
shifts observed. For the two parameters equation, the combi-
nation (E, M), (E, N), (E, K), (M, N), (M, K) and (N, K) give
higher values of correlation for complex I at λ3, complex II at
λ2, complex III at λ2 and complex IV at λ1, due to high value
of the multiple regression coefficients and the lower value of
the probability of variation (P). So, the solute permanent dipole
solvent induced dipole combined with solute permanent
dipole-solvent permanent dipole interactions are major factors
for determining the spectral shifts. For three parameters equa-
tion, the combination (M, N, K), (E, M, N), (E, M, K) and (E,
N, K) give high values of correlations for complex II and IV
as shown by its multiple regression coefficient and low probabi-
lity of variation (P). So, the intermolecular hydrogen bonding
combined with solute permanent dipole-solvent induced dipole
and solute permanent dipole-solvent permanent dipole inter-
actions are effective parameters to explain the spectral shifts.
So, the effect the intermolecular hydrogen bonding is of major
effect. The addition of four solvent parameter to the three
parameter equations give rise to improvements in the correla-
tion with the solvent induced spectral shifts. For the parameters
(E, M, N, K) give high value of correlation complex IV at λ1.

The spectra for each solvent are correlated with physical
properties of solvents especially the dielectric constant, D and
the refractive index (n). K1, K2, νvapour, MCC and P are computed
(Table-8). The data showed that the dielectric constant D and

TABLE-7 
REGRESSION ANALYSIS FOR COMPLEX IV (Tu:3KCl) IN DIFFERENT SOLVENTS AT λ1 

Parameters a0 a1 a2 a3 a4 MCC P 
M 64213.0 -98141.6 – – – 0.856 0.024 
N 40743.7 8929.23 – – – 0.964 0.003 
K 31887.1 31719.6 – – – 0.971 0.002 

E, M 78977.6 -105.872 -149528.5 – – 0.930 0.070 
E, N 42363.7 -59.762 11214.34 – – 0.999 0.001 
E, K 31427.2 -49.151 38238.29 – – 0.996 0.004 
M, N 24656.2 68602 14664.74 – – 0.985 0.015 
M, K 11566.0 64181.2 50667.74 – – 0.991 0.009 
N, K 15428.1 -16707.6 90823.44 – – 0.976 0.024 

E, M, N 38942.4 -53.413 13855.49 12129.96 – 1.000 0.027 
E, M, K 24653.5 -38.055 43179.39 21721.58 – 0.997 0.068 
E, N, K 51824.2 -68.338 20887.36 -33106.89 – 1.000 0.010 
M, N, K 7465.22 60523.8 -5338.23 68471.72 – 0.991 0.121 

E, M, N, K 48784.4 -64.145 6131.39 19732.55 -27767.7 1.000 0.000 

 

TABLE-6 
REGRESSION ANALYSIS FOR COMPLEX III (SBA:3NaCl) IN DIFFERENT SOLVENTS AT λ2 

Parameters a0 a1 a2 a3 a4 MCC P 
M 39822.8 -1129526 – – – 0.195 0.709 
N 31900.4 8183.269 – – – 0.699 0.507 
K -3473.7 84983.00 – – – 0.580 0.449 

E, M 24746.5 119.469 34605.88 – – 1.000 0.000 
E, N 56620.7 291.923 -48517.21 – – 1.000 0.000 
E, K 590553 696.233 -1216973 – – 1.000 0.000 
M, N 2665.46 58579.27 33610.53 – – 1.000 0.000 
M, K -92452.4 41774.00 252079 – – 1.000 0.000 
N, K -328893 -83548 878689 – – 1.000 0.000 
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the refractive index (n) of solvents affect on the electronic absor-
ption spectra [27,28]. The νvapour values and the coefficients K1

and K2 were determined, based on linear regression, the func-
tion ν solution is linear in both D and n, eqn. 6 is applied. Table-8
explains the solvent parameter relation for the complexes
(I-IV) with different solvents as follows:

νsolution = νvapour + K1 [2(D – 1)/2D + 1] + K2 [2(n2 – 1)/2 n2 + 1] (5)

νsolution = νvapour + K1 X1 + K2 X1 (6)

• The best correlation for complex I (BA·KCl·2H2O) is at
λ3 and for complex II (BA·3KCl·2H2O), the best correlation
is at λ2. However complex III (SBA: 3NaCl) is at λ2 while for
complex IV (Tu: 3KCl) at λ1 where the value of MCC near to
unity.

• The K1 value (which is related to dielectric constant of
the solvents) of complex I is higher due to the polarity of the
solvent which affected on the investigated complexes.

• The negative charge of K2 values (related to the refractive
index of the solvents) means that the forces of the solute-
solvent interactions are in the same direction, while the positive
charge of K2 values are of the opposite trend.

Table-9 shows the solvent parameter relation for the
complexes and Fig. 1 for the plot of K1X1 + K2X2 versus ν
(cm-1).

Multi parameter analysis: The effects of solvent polarity
and hydrogen bonding on absorption spectra are interpreted
by means of the linear solvation energy relation energy (LSER)
concept [27], using general solvatochromic of the following
form:

νmax = νo + a α + b β + s π* (7)

TABLE-9 
SOLVENT PARAMETER-RELATION FOR THE COMPLEXES 

ν (cm-1) K1X1 + K2X2 

Complex I Complex II Complex III Complex IV Complex I Complex II Complex III Complex IV 
– 38759.69 35087.72 – -8632.92 -8128.73 -3191 8488.62 

35460.99 37878.79 35335.69 43290.04 -12520.54 -8438.35 -3255.744 12794.98 
– 38759.69 35335.69 46728.97 -15609.62 -7895.71 -2984.224 16330.66 
– 38759.69 35335.69 46948.36 -15715.48 -7512.55 -2825.624 16504.44 
– 37313.43 35087.72 – -16131.26 -8719.74 -3313.34 16795.54 
– 39370.08 35460.99 47619.05 -15858.07 -7687.04 -2907.83 16634.25 

31545.74 37878.79 34722.22 – -16434.79 -9291.95 -3542.82 17052.63 
31847.13 39370.08 35714.29 47169.81 -16134.39 -7665.08 -2881.41 16951.29 
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Fig. 1. Solvent parameter-relation for (A) BA·KCl·2H2O, (B)
BA·3KCl·2H2O, (C) Tu:3KCl, (D) SBA:3NaCl

where α, β and π* are solvatochromic parameters and (s), (a)
and (b) are solvatochromic coefficients. π* is an index of
dipolarity/polarizability, which a measure of the ability of the
solvent to stabilize a charge or dipole by its own dielectric
effects [29].

The multiple linear regression correlate electronic spectra
data νmax with the solvatochromic parameters [25] α, β and π*

for protic, non-polar and dipolar aprotic solvents.
For complex I (BA·KCl·2H2O):

νmax = (52057.9 ± 2291.3)- (3900 ± 1122) α -
       (2352 ± 1697)β-(13739 ± 2365)π* (8)

(n = 7, s = 1249, F = 13.65, r = 0.97)

TABLE-8 
K1, K2, νvapour AND CORRELATION ANALYSIS FOR THE COMPLEXES 

Complex νvapour (cm-1) K1 K2 MCC P 

I (λ1) -113722.3 137473.4 85778.861 1.000 0.000 

I (λ2) 47531.462 -4553.209 -11100.969 0.186 0.662 
I (λ3) 47981.530 -14752.01 -4830.546 1.000 0.000 
I (λ4) 30597.103 214.887 -930.003 1.000 0.000 
II (λ1) 46682.648 -1852.511 -16989.46 0.668 0.064 
II (λ2) 48110.181 -17337.67 757.712 0.999 0.001 
II (λ3) 24372.450 5972.800 1149.819 0.971 0.172 
III (λ1) 3465.297 16442.135 69184.992 0.359 0.513 
III (λ2) -33251.35 71420.405 3939.202 1.000 0.000 

III (λ3) 38372.749 -523.155 -6880.260 0.729 0.038 
IV (λ1) 30508.121 16243.217 2953.783 0.973 0.027 
IV (λ2) 37383.815 -115.913 -783.306 0.025 0.950 
IV (λ3) 36973.337 -620.916 -5894.114 0.541 0.211 
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For complex II (BA·3KCl·2H2O):
νmax = (57101 ± 4916)- (1271 ± 1569) α -

     (7945 ± 3516)β - (20669 ± 3764) π*  (9)
β and π* parameters are the most effective, the α parameter is
neglected, so
νmax = (57101 ± 4916)- (7945 ± 3516)β - (20669 ± 3764) π* (10)

n = 6, s = 1533, F = 10.8, r = 0.97
For complex III (SBA·3NaCl):

νmax = (333708 ± 727)+(1433 ± 387)
α -(1446 ± 634)β + (2523 ± 832)π*             (11)
n = 8, s =478, F = 10.5, r = 0.97

For complex IV (TU.3KCl):
νmax = (32805 ± 726.9) + (1392 ± 387) α -

(1547 ± 634)β + (2385 ± 831) π*               (12)
n = 8, s = 477, F= 10.2, r = 0.94

where n is the number of solvents, s is the standard deviation,
F is statistic and r is the correction coefficient.

For complex I, α, β and π* parameters are the most effec-
tive parameters on the absorption wavenumber, the hydrogen
bond donor and acceptor and polarity-dipolarizability. For
complex II, β and π* parameters are the most effective para-
meters, while for complex III and complex IV, α, β and π*

parameters are effective. The electronic absorption spectral
data (νmax) is in correlation with solvatochromic parameters
α, β and π* for protic and aprotic solvents. The results of corre-

lation with solvatochromic parameters (α, β and π*) and the
coefficients a, b and s from eqn. 7 are given in eqns. 8-12.
Percentage contributions based on eqns. 8-12 for different
organic solvents are shown in Fig. 2.
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Fig. 2. Percentage contribution P (%) to the solvatochromic effects

Smoothly, the systematic multiple regression analysis
leads to the following:

• For all complexes (I-IV), the contribution of the solvent
dipolarity/polarizability to the total effect is predominant.

TABLE-10 
FUNDAMENTAL INFRARED FREQUENCIES (cm-1) OF THE LIGANDS AND THEIR COMPLEXES (I-IV) 

Compound ν(NH) ν(OH) 
ν(CH2) & 

ν(CH) 
ν(C=O) & 

ν(C-O) 
ν(C=C) & 

ν(C-C) 
ν(C=N) & 

ν(C-N) 
ν(C=S) & 

ν(C-S) 

BA 3561, 3477 -  3100 1749, 1717 1619 1193 -  
BA·KCl·2H2O (I) 3558, 3476 3186 3186, 3101 1747, 1717 1619 1528 & 1192 -  
BA·3KCl·2H2O (II) 3474 3182 - 1708 1619, 1585 1473 & 1193 -  
SBA 3563 -  3104 1693 1607 1442 1163 
SBA·3NaCl (III) - -  3102 1717 1572 1438 1164 
Tu 3465 -  3084 1706 1625 1425 1166 
Tu.3KCl (IV) - -  3083 1702 1562 1421 1165 

 

TABLE-11 
THEORETICAL AND EXPERIMENTAL INFRARED SPECTRA OF BARBITURIC ACID AND ITS COMPLEXES 

BA BA.KCl.2H2O BA.3KCl.2H2O 

Gaussian Experimental Assignment 
(cm-1) 

Gaussian Experimental Assignment 
(cm-1) 

Gaussian Experimental Assignment 
(cm-1) 

3615 3562 ν(N1-H9), 
ν(N5-H8) 

3877 3186 ν(O15-H16), 
ν(O15-H17) 

3725 3182 ν(O15-H9), 
ν(O15-H16), 
ν(O17-H14), 
ν(O17-H14) 

3118 3187 ν(C3H10H11) 
asym 

3663 3558 ν(N1-H9) – 3474 ν(N1-H9) 

3082 3100 ν(C3H10H11) 
sym 

3332 3186 ν(C 3H10H11) 
asym. 

3041 – ν(C 3-H9) 

– 1619 ν(C2-C3), 
ν(C3-C4) 

3280 3101 ν(C3H10H11)sym. 1543 1585 ν(C2-C3), 
ν(C3=C4) 

1235 1193 ν(C4-N5), 
ν(C2-N1) 

1673 1619 ν(C2-C3),  
ν(C3-C4) 

1116, 1449 1193, 1473 ν(C6=N5), 
ν(C6-N1) 

1820 1750 ν(C2=O12), 
ν(C4=O13), 
ν(C6=O7) 

1511 1528 ν(C4-N5),  
ν(C2-N1) 

824   ν(C 2-O10
-), 

ν(C4-O12
-), 

ν(C6-O7
-) 

      – 1717-1747 ν(C2=O12),  
ν(C4=O13) 
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• The positive sign of the (s) parameter indicates that the
value of this parameter increases with increasing polarity of
solvent and negative values of (s) for complexes I and II show
a positive solvatochromism of the studied complex with solvents
dipolarity/polarizability. This suggests a higher stabilization
of the electronic excited state as compared to the ground state
stabilization.

• The negative sign of (b) coefficient indicates that the
decrease in hydrogen bond acceptor formation.

• The positive values of (a) coefficient for complexes III
and IV lead to the increase of hydrogen bond donor ability,
while for I and II leading to the decrease of hydrogen bond
donor ability with the solvent.

The percentage contribution of solute-solvent, dipole-
dipole interaction π* dipolarity/polarizability (non-specific
solute-solvent interaction) is much morepronounced than the
specific ones (α and β, Fig. 2) for all selected complexes.

Infrared spectra: The fundamental frequencies of barbi-
turic acid, thiobarbituric acid, thiouracil and their complexes
(I-IV) are given in Table-10.

Theoretical infrared spectra: The theoretical infrared
spectra of the complexes (I-IV) with the free ligands, structures
(1-7) are calculated by using Gaussian program [16] (B3LYP,
6-31G) d,p) method (Tables 11-13) and compared with experi-
mental data as follows:

• The theoretical calculations for complex I pointed to
the symmetric and asymmetric stretching vibrations of CH
taking place within the ν(C3H10H11) group are calculated at
3280 and 3332 cm-1. However, the experimental values show
two bands at 3101 and 3186 cm-1. The ν(N1-H9) stretching
vibration is calculated at 3663 cm-1, while the experimental
value is at 3558 cm-1. The calculated ν(C2-C3) and ν(C3-C4)
stretching vibrations are at 1673 cm-1 while the experimental
value is at 1619 cm-1.

• Also the ν(C4-N5) and ν(C2-N1) stretching vibration are
calculated at 1511 cm-1 while the experimental value is at 1528
cm-1. The calculated ν(O15-H16) and ν(O15-H17) stretching vibra-

tions of OH in water molecules, 3877.57 cm-1, far from the
experimental value, 3186 cm-1.

• For complex II, the ν(C2-C3) and ν(C3=C4) stretching
vibrations are calculated at 1543 cm-1 while the experimental
value is 1585 cm-1. On the other hand the ν(C6=N5) and ν(C6-
N1) stretching vibrations are calculated at 1449 cm-1 while the
experimental value at 1473 cm-1. The calculated ν(O15-H9),
ν(O15-H16), ν(O17-H14) and ν(O17-H14) stretching vibrations
appear at 3725 cm-1 which is far from the experimental value,
3182 cm-1.

• The theoretical infrared spectra of complex III are com-
pared with experimental one as follows; the ν(C3-H10) stret-
ching vibration is calculated at 3022 cm-1 while the experi-
mental value of this vibration is recorded at 3102 cm-1. On the
other hand the calculated ν(C2=C3) and ν(C3-C4) stretching
vibration at 1582 cm-1 while the experimental value at 1572
cm-1. Also The ν(C6=N1) and ν(C6-N5) stretching vibration are
calculated at 1421 cm-1 while the experimental at 1438 cm-1

• For complex IV, the calculated ν(C2-C3) and ν(C3=C4)
stretching vibration are in the range of 1330-1507 cm-1 while
the experimental value at 1562 cm-1. The ν(C4-H11) stretching
vibration is calculated at 2932 cm-1 and the experimental value
is recorded at 3083 cm-1. From the above data, the theoretical
calculations are compared with experimental spectra where
more or less concordant results are obtained

Thermal analysis

TG and mechanism of decomposition: Thermogravi-
metric analysis (TGA) of the complexes are used to get infor-
mation about thermal stability of these new complexes (Table-
14). The thermal degradation of complex I started at 20 °C
and ended at 600 °C. The first step of decomposition occurred
in the range 50.87-117.73 °C (endothermic peak) with weight
loss 13.053 % (calc. 13.42 %) corresponding to the loss of
CH3OH molecule. The second step occurred at the range
117.73-252.77 °C with weight loss 22.829 % (calc. 22.85 %)
corresponding to the loss of H2O and HCl molecules while

TABLE-13 
THEORETICAL AND EXPERIMENTAL INFRARED SPECTRA OF THIOURACIL AND ITS COMPLEX 

TU TU·3KCl 

Gaussian Experimental Assignment (cm-1) Gaussian Experimental Assignment (cm-1) 
3642, 3608 3465 ν(N5-H11), ν(N1-H12) 2932 3083 ν(C4-H11) 
3265, 3225 3084 ν(C3-H10), ν(C4-H9) 1330-1507 1562 ν(C2-C3), ν(C3=C4) 

1815 1706 ν(C2=O8) – 1421 ν(C6=N5), ν(C6-N1) 
1682 1625 ν(C3=C4) – 1165 ν(C6-S7

-) 
1407 1425 ν(C6-N1), ν(C6-N5) – 1702 ν(C2-O9

-) 
1163 1166 ν(C6-S7)       

 

TABLE-12 
THEORETICAL AND EXPERIMENTAL INFRARED SPECTRA OF THIOBARBITURIC ACID AND ITS COMPLEX 

SBA SBA·3NaCl 

Gaussian Experimental Assignment (cm-1) Gaussian Experimental Assignment (cm-1) 

3604 3563 ν(N5-H9), ν(N1-H8) 3022 3102 ν(C3-H10) 
3116 3104 ν(C3-H12-H13) asym. 1551 1717 ν(C4-O11

-), ν(C2-O9
-) 

3080 3104 ν(C3-H12-H13) sym. 1421 1438 ν(C6=N1), ν(C6-N5) 
1820 1693 ν(C2=O10), ν(C4=O11) 1582 1572 ν(C2=C3), ν(C3- C4) 
1148 1163 ν(C6=S7)    
1437 1442 ν(C6- N1), ν(C6- N5)    
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the third step in the range 337.95-507.78 °C with weight loss
64.118 % (calc. 64.15 %) corresponding to the loss of COOH,
C2N2 and KOH molecules. The DTA of this complex showed
two endothermic peaks at (92.64 and 230.27 °C) and one
exothermic peak at 419.23 °C.

For the TGA curve of complex II. The first step of decom-
position occurred at the range 22.14-503 °C with weight loss
24.608 % (calc. 25.406 %) corresponding to the loss of H2O,
HCl and CO2 molecules and the second step occured at the
range 503-596.79 °C with weight loss 75.392 % (calc. 74.562
%) due to the loss of C3H4N2, 2Cl, K2O and KOH molecules.
The DTA showed two exothermic peaks at (364.90 and 436.27
°C).

For the TGA curve of complex III, the first step of decom-
position occurred in the range 58.12-299.46 °C with weight
loss 54.296 % (calc. 56.805 %) corresponding to the loss of
H2O, H2S, 3Cl and Na molecules while the second step at
the range 299.46-499.79 °C with weight loss 26.718 % (calc.
26.912 %) due to the loss of 2C and Na2O molecules. The
DTA showed two exothermic peaks at (364.90 and 436.27 °C).
The third step occured at the range 499.79-730.88 °C with
weight loss 18.986 % (calc. 18.78 %) due to the loss of C2N2

molecule. The DTA of this complex showed three endothermic
peaks at (80.08, 243.68 and 481.61 °C).

For the thermal decomposition of complex IV, the first step
of decomposition occurred at the range 93.47-204.57 °C with
loss 6.234 % (calc. 5.1187 %) of weight due to the loss of H2O
molecule. The second step occurred at the range 204.57-399.77
°C with weight loss 85.507 % (calc. 85.77 %) due to the loss
of HCl, 2Cl, N2, K2O and KSH molecules, while the third step
occured at the range 399.77-596.89 °C with weight loss 8.256

% (calc. 9.00 %) due to the loss of CH3OH molecule. The DTA
showed two endothermic peaks at (290.08 and 504.18 °C).

Differential thermal analysis: Fig. 3 shows plots of ln ∆T
versus 1/T for the complexes, for each DTA curve, gave straight
lines from which the activation energies (Eo) are calculated.
The thermodynamic parameters of decomposition processes of
compounds, namely enthalpy ∆H and entropy ∆S are evaluated
[30-35]. The order of chemical reaction is calculated via peak
symmetry method [36].

ln
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Fig. 3. ln DT-1/T relation for complexes (I-IV)

The values of the change of entropy ∆S for all complexes
(Table-15), are of the same magnitude within the range of
(-0.299 to -0.023) kJ K-1 mol-1. The values of the decomposed
substance fraction α are in the range (0.54-0.68). The change

TABLE-14 
THERMOGRAVIMETERIC (TGA) RESULTS OF THE COMPLEXES 

Complex Temp. (°C) Loss found (%) Loss calculated (%) Assignment 

I 
50.87-117.73 

117.73-252.77 
337.95-507.78 

13.053 
22.829 
64.118 

13.42 
22.85 
64.15 

CH3OH 
H2O + HCl 

COOH + C2N2 + KOH 

II 
22.14-503 

503-596.79 
24.608 
75.392 

25.406 
74.562 

H2O + HCl + CO2 

C3H4N2 + 2Cl + K2O + KOH 

III 
58.12-299.46 

299.46-499.79 
499.79-730.88 

54.296 
26.718 
18.986 

56.805 
26.912 
18.78 

H2O + H2S + 3Cl + Na 
2C + Na2O 

C2N2 

IV 
93.47-204.57 

204.57-399.77 
399.77-596.89 

6.234 
85.507 
8.256 

5.1187 
85.77 
9.000 

H2O 
HCl + 2Cl + N2 + K2O + KSH 

CH3OH 

 

TABLE-15 
THERMAL ANALYSIS DATA OF THE COMPLEXES 

Complex Type Slope Ea  
(kJ mol-1) 

n α Tm (K) Z (s-1) ∆S  
(kJ/mol K) 

∆H  
(kJ mol-1) 

I 
Endo 
Endo 
Exo 

-14005 
-13129 
- 48950 

116.44 
109.15 
406.97 

1.15 
1.63 
1.46 

0.606 
0.54 

0.561 

365.6 
503.3 
692.2 

115.63 
74.68 
71.81 

- 0.207 
- 0.213 
- 0.039 

113.40 
104.96 

401.215 

II 
Exo 
Exo 

-39507 
-31960 

328.46 
265.71 

1.782 
1.26 

0.522 
0.589 

637.9 
709.3 

63.03 
46.12 

- 0.215 
- 0.023 

323.16 
259.81 

III 
Endo 
Endo 
Endo 

-12580 
-17771 
-35876 

104.59 
147.75 
298.27 

0.891 
1.18 

0.753 

0.653 
0.602 
0.683 

516.7 
641.5 
754.6 

25.39 
28.74 
48.60 

- 0.033 
-0.223 
-0.220 

100.29 
142.42 
291.99 

IV 
Endo 
Endo 

-18716 
-69652 

155.60 
579.09 

1.173 
0.760 

0.602 
0.681 

563.1 
777.2 

95.83 
273.38 

-0.212 
-0.299 

150.92 
572.63 
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of enthalpy, ∆H values for any peak temperature Tm can be
given by the following equation ∆S = ∆H/Tm are with + ve
signs, where processes are endothermic.

The DTA data gave the following: (i) first order kinetics
(ii) negative values of entropy for all complexes where the transi-
tion states are more ordered thus in a less random molecular
configuration than reactants.

Differential scanning calorimetry: Differential scanning
calorimetry (DSC) is used to measure the excess heat capacity
(Cp) of the sample solution with respect to the reference (usually
aqueous) solvent. The DSC curves are obtained for barbituric,
thiobarbituric, thiouracil and their complexes which done
under a flow of N2 at heating rate 10 °C/min in the temperature
range 300-650 °C.

The Debye  model [17] is applied to describe the change of
heat capacity with temperature range as empirical equation:

Cp = a T + b (13)
Fig. 4 shows full Cp-T while Cp-T relation for the straight

line is represented by (B) for complex (III) as example. From
the slopes and the intercepts of Cp-T relations, a and b can be
calculated (Table-16). Another application of Debye model
on investigated complexes by the following equations:

Cp = αT3 + γT, Cp/T = αT2 + γ (14)

where α and γ are the coefficients of electronic and lattice
heat capacities respectively, Fig. 5 shows plots of (Cp/T) versus

T2 for complex (III). The full relation (Cp/T) versus T2,
similarly (CP/T) – T2 relation analyzed in similar way to (B)
should yield straight lines with slope α and intercept γ (Table-
17). The straight lines are analyzed (figure not shown) and
their reasonable equations are given with higher R2 values for
each line.

Evaluation of kinetic parameters: The following equation
is applied [34-37]:

ln [- ln (1- α)/T2] = (- Ea/RT) + ln AR/β Ea (15)

Plot of left hand side versus 1/T, from the above equation
(figure not shown) is found to be linear where Ea is calculated
from the slope and A is calculated from the intercept. The
enthalpy (∆H) is calculated from the following equation, ∆H
= Ea – RT. The entropy of activation ∆S (J K-1) is calculated from:

∆S = R ln (A h/K TS)

where K is the Boltzmann constant, h is the Plank’s constant
and Ts is the DTG peak temperature. ∆G is calculated from
∆G = ∆H - T∆S (Table-18).

The Ea values for the investigated complexes (I-IV) are
evaluated [37-40].

lnln (1-α)-1 = (Ea/RT2
s)θ (16)

lnln (1-α)-1 versus θ plots exhibit straight lines (figure not
shown). Thermodynamic parameters of investigated complexes
(I-IV) are calculated and shown in Table-18. All decomposition

TABLE-16 
THE SLOPES ‘a’ AND INTERCEPTS ‘b’ FOR DSC CURVES OF COMPLEXES (Cp = a T + b) 

Complex a1 (b1) a2 (b2) a3 (b3) a4 (b4) a5 (b5) a6 (b6) a7 (b7) 
BA.KCl.2H2O 

(I) 
0.1235 

(-27.053) 
-0.3959 
(145.15) 

1.1718 
(-434.92) 

0.0154 
(8.2299) 

-0.2454 
(133.39) 

0.9277 
(-458.85) 

0.0263 
(1.6372) 

BA.3KCl.2H2O 
(II) 

0.4409 
(-124.21) 

0.1008 
(43.466) 

0.3118 
(-102.13) 

0.036 
(0.6466) 

0.0267 
(3.5896) 

-0.0241 
(32.995) 

– 

SBA.3NaCl 
(III) 

0.0257 
(3.0234) 

-1.5274 
(837.7) 

3.7754 
(-2064.2) 

0.0155 
(6.7891) 

– – – 

TU.3KCl 
(IV) 

-0.0181 
(23.31) 

-0.225 
(111.71) 

0.298 
(-134.99) 

-0.0237 
(24.959) 

– – – 
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stages show that the best fit for n = 1, the negative values of
entropy of activation indicate the fragments have ordered
structures than undecomposed complexes. The positive values
of enthalpy of activation of the decomposition stages indicate
that the process is endothermic. The positive values of free energy
of the decomposition indicate that non-spontaneous process.

The plot of ∆H versus ∆S for the complexes I, II and IV
are linear (r = 0.975) for both methods (figure not shown). The
isokinetic temperature β is 407 K, which is lower than experi-
mental temperature range, confirming the processes is entropy
control. However, such plots for the complexes under investi-
gation in both methods lie on the same straight line indicating
a close similarity in the mechanism for complexes I, II, IV
but for III with different mechanism.
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