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ABSTRACT

Thermodynamic protonation constants of dimethyl barbituric acid [DMBA], Diphenyl
barbituric acid [DPBA], di-o-tolyl barbitiuric acid[D-O-TBA], di-m-tolyl barbituric acid [D-m-TBA],
di-p-tolyl, barbituric acid [D-p-TBA], di-o-xylyl barbituric acid [D-o-XBA], di-m-xylyl barbituric acid
[ D-m-XBA], di-p-xylyl barbituric acid [D-p-XBA], di-+ napthyl barbituric acid [D-+-NBA] and di-p-
anisyl barbituric acid [D-p-ABA] have been determined in different mole fraction of deoxane [ 0.175
—0.350] at 20, 30, and 40 + 0.10°C. The thermodynamic protonation constant [pK™, ] values do not
vary linearly with reciprocal of dielectric constant of medium, but a plot of pk', versus the mole
fraction of dioxane is linear at all given temperatures. The mean ionic radii are for barbiturates ions,
being in the region of 2.12 — 2.72 AY, slightly increases with dioxane percentages. The values of
AGO, AH® and AS°® have been evaluated. The effect of temperature as well as medium effect are

briefly discussed.
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INTRODUCTION

Barbituric acid are have found immense
analytical and medicinal applications'®. However,
such applications necessitate a precise knowledge
of their protonation constants. Recently, several
analogous compounds have been synthesised by
the introduction of substituent groups in different
positions for improved analytical characteristics.
This empirical approach, although sometimes

inescapable , is generally wasteful and it is more
fruitful to determine the physicochemical properties
of the reagents and their resulting metal complexes,
and in particular their protonation constants, which
could lead to a better understanding of the cause
of specificity and selectivity of relevant medicinal
and analytical reactions. With this value, the
thermodynamic protonation constant [pK™, ] of 1, 3
di substituted barbituric acids in different mole
fraction of dioxane at 20, 30, and 40 + 0.10°C have



884

been determined. The thermodynamic functions,
associated with protonation processes have also
been evaluated.

EXPERIMENTAL

The substituted barbituric acids were
synthesised by the usual procedure reported in the
literature” and recrystallized before use and the
purity was checked by analytical analysis, UV and
IR spectra. All other chemicals were of Anala R and
G.R grades of B.D.H or E. Merck unless otherwise
stated. Dioxane was purified using the method of
Weissberger et al® or carbonate free sodium
hydroxide was prepared by the electrolytic method
of Vogel®.

The protonation constant were determined
by the pH-titration method employing a pH-meter
cell of type.

Ag, AgCl HCI, glass, KCI, Acids, HCIO,— NaCIO,
NaOH KCI, Hg,Cl,
[To maintain | = 0.1 M]

The pH values measured with an
expanded scale pH- meter were corrected from the
calibration curves to obtain the true pH values. From
the potentiometric titrations of HCIO, in the absence
and presence of barbituric acids, the formation
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curves in which n-, [the average number of protons
bound per free ligand] plotted against pH were
constructed in accordance with the procedure of
Irving and Rossotti'®. By applying Bjerrum’s™ 10 half
integral method, the protonation constants at three
temperatures were determined, the correction for
activity coefficient were applied on the basis of
Davies equation and the thermodynamic
protonation constants were evaluated. The change
in free energy AG®, enthalpy AH® and entropy AS°
associated with the protonation equilibrium, i.e

Ht+ A  =HA

can be readily evaluated on the basis of
the equations (1) — (3)

—AG® = 2.303 RT log Ky .1

d log Kt — AH"
d [1/T] 4.57 -~
AG® = AHO-TA S .(3)

RESULT AND DISCUSSION

The thermodynamic protonation constant
[pKT.] at temperatures -20, 30 and 40°C are given in
table-1. The average [pKT,] generally falls within a

Table 1. pKT values of 1, 3 —di substituted Barbituric acids at different Temperatures

Acids Mole fraction of dioxane (n,)
02 0.175 0.250 0.350

20° 30° 40° 20° 300  40° 20° 30°  40° 20° 30°  40°

C C C C C C C C C C C C
DMBA 3.85 3.74 365 4.18 4.00 392 425 412 402 433 421 410
DPBA 407 398 392 435 422 4.09 444 435 424 460 4.48 4.39
D-p-TBA 429 418 4.08 454 445 435 470 458 446 485 474 463
D-m-TBA 3.98 3.88 3.79 423 414 403 434 423 410 448 436 4.24
D-o-TBA 3,57 3.48 3.40 382 369 358 386 377 366 396 388 3.78
D-o-XBA 3.66 3,57 3.46 385 376 364 396 384 371 4.04 395 3.85
D-m-XBA 4.38 4.28 4.19 4.68 457 445 479 468 456 497 485 474
D-p-XBA 3.94 383 3.72 4.16 4.05 392 427 415 4.03 439 427 415
D-p-ABA  4.12 4.00 3.89 4.46 4.35 425 457 445 432 470 458 445
D-a-NBA 4.33 422 413 458 4.48 437 474 462 452 480 4.68 457

02 Extrapolated values at 0 % dioxane.
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spread of 0.02 but not beyond 0.03 in any case.
The empirical data for the mole fraction of dioxane
(n,) and AG®, AH® and AS°values are given in the
table 2 and 3 respectively. The pKT, values increase
in dioxane content because of the decrease in the
dielectric constant of bulk solvent. As the dielectric
constant decreases, the ion interaction involving
the proton and anionic oxygen on the ligand
decrease to a greater extent than the ion dipole
interaction between the proton and the solvent
molecule. A plot of pKT against mole fraction of
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dioxane [ Fig.1] shows a linear relationship of the
form. pK™.=mn, +c.

Gurney™ and others ™ '® have shown that
the standard free energy change associated with
the proton transfer, AG°, , may be split into two
distinct parts: electrostatic [el.] and none
electrostatics [nonel].

AGS, = AGS, + AGC ()

diss

Table 2: Empirical correlation of with mole fraction of dioxane (pK™)

Acids Temp.(°C) pK™,=m n,+c
Last square method Graphically
m r m c
DPBA 20 5.66 3.96 1.00 5.63 3.98
30 5.64 3.88 0.99 5.61 3.90
40 5.63 3.80 1.00 5.62 3.82
DMBA 20 5.56 3.81 1.00 5.54 3.82
30 5.53 3.72 1.00 5.52 3.74
40 5.52 3.64 1.00 5.50 3.65
D-p-TBA 20 5.69 4.20 1.00 5.68 4.18
30 5.68 4.11 1.00 5.67 410
40 5.66 4.05 1.00 5.65 402
D-m-TBA 20 5.09 3.65 1.00 5.08 3.68
30 5.09 3.60 0.99 5.08 3.63
40 5.08 3.52 1.00 5.05 3.57
D-o-TBA 20 5.03 3.44 0.99 5.02 3.45
30 5.03 3.39 1.00 5.02 3.40
40 5.02 3.33 1.00 5.00 3.34
D-o-XBA 20 5.78 3.60 1.00 5.76 3.59
30 5.75 3.53 1.00 5.74 3.52
40 5.73 3.48 0.99 5.72 3.46
D-m-XBA 20 5.14 4.00 0.99 5.12 4.02
30 5.14 3.94 1.00 5.12 3.96
40 5.12 3.88 1.00 5.10 3.90
D-p-XBA 20 5.25 3.65 1.00 5.23 3.62
30 5.25 3.55 1.00 5.23 3.54
40 5.24 3.50 0.99 5.22 3.48
D-a-NBA 20 5.36 3.57 1.00 5.35 3.56
30 5.37 3.52 1.00 5.35 3.50
40 5.36 3.46 0.99 5.34 3.44
D-p-ABA 20 5.44 3.50 0.99 5.42 3.48
30 5.43 3.43 1.00 5.42 3.42
40 5.43 3.37 1.00 5.40 3.35
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Table 3: AG®°, AH° and AS°values for 1,3 — di substituted barbituric acids at 30°C
Acids Mole fraction of dioxane (n,)
02 0.175 0.250 0.350

AH®  -AG° +AS° AH° -AG°® +AS° AH° -AG° +AS° AH° -AG° +AS°
DMBA 374 516 468 4.05 553 488 415 569 508 423 582 525
DPBA 392 550 521 421 583 534 432 6.01 557 445 6.18 570
D-p-TBA 453 577 409 485 6.15 429 498 6.32 442 515 6.55 4.62
D-m-TBA 369 536 551 399 572 570 407 584 584 420 6.02 6.00
D-o-TBA 3.18 480 534 341 509 554 348 521 570 358 536 587
D-o-XBA 3.06 493 6.17 328 519 6.30 3.34 530 6.45 344 545 6.63
D-m-XBA 416 591 577 452 6.31 590 462 6.46 6.07 480 6.70 6.27
D-p-XBA 368 529 532 394 559 544 403 573 561 414 589 577
D-p-ABA 405 552 485 448 6.01 504 456 6.14 520 4.68 6.33 5.44
D-a-NBA 445 583 455 475 6.19 475 490 6.38 4.88 5.07 6.60 5.05
AG° and AH° in Kcal ~'mole-"', in Cal mole ~" K-
aextrapolated values at 0% dioxane.

Table 4: pKT_(S-W) = pKT_(S) - pKT (W)
Acids Mole fraction of dioxane (n,)
0.175°C 0.250 0.350
20°C 30°C 40°C 20°C 30°C 40°C 20°C 30°C 40°C

DMBA 0.33 0.26 0.27 0.40 0.38 0.37 0.48 0.47 0.45
DPBA 0.28 0.24 0.17 0.37 0.37 0.32 0.53 0.50 0.47
D-p-TBA 0.25 0.27 0.27 0.41 0.40 0.38 0.56 0.56 0.55
D-m-TBA 0.25 0.26 0.24 0.36 0.35 0.31 0.50 0.48 0.45
D-o-TBA 0.26 0.21 0.18 0.29 0.29 0.26 0.39 0.40 0.38
D-o-XBA 0.19 0.20 0.19 0.30 0.27 0.25 0.38 0.38 0.39
D-m-XBA 0.30 0.29 0.26 0.41 0.40 0.37 0.59 0.57 0.55
D-p-XBA 0.22 0.23 0.20 0.33 0.32 0.31 0.45 0.44 0.43
D-p-ABA 0.35 0.34 0.36 0.45 0.44 0.43 0.58 0.58 0.56
D-a-NBA 0.25 0.26 0.24 0.41 0.40 0.39 0.47 0.46 0.54

The electrostatic contribution to the free
energy change is often estimated using Born

equation'®,

...(5)

Where R, and R _ are radii of solvated
ions and D is the dielectric constant of the medium™

8. Hence

Further, as , the equation simplifies as

against 1/D assuming AG°

nonel”

A7)

to be independent of

the solvent. When the values of substituted
barbituric acids are plotted against 1/D it is observed
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that the plots possess a distinct curvature. It seems
evident that non-electrostatic factors exert a
considerable influence on the deprotonation of
barbituric acids.

For barbituric acids, the change in pKT,
with mole fraction of dioxane (n,) is of considerable
magnitude. Generally, the difference in in agqueous
medium (n,= 0) and aqueous dioxane medium (
n,=0.350) is of the order of 1.45—1.95 pKT, units.
When pKT, values of these barbituric acids are
plotted against n,, the straight line relationship are
encountered [Fig 1]. The experimental values of pKT,
here indicate a maximum deviation from linearly of
the order of 0.05 or about 0.5% in pKT,

The goodness of fit in these instances was
judged by calculating the correlation coefficient, ,
defined by--

Where x and y are mean values of x (;
and y (pK",), respectively. The summations are
extended to all pairs (x, y) a variable. Linear

Fig. 1:
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proportionality is readily indicated between the
variables when the value of is +1.0.

Since the value of is approximately +1.0
at 20, 30 and 40°C for all the substituted barbituric
acids. [ Table-2], it implies that there is quite a high
probability of a linear relationship between (pKT,)
and ,. A similar behaviour is found for several other
acids such as benzoic, acetic propionic and formic
acids™. 18 in aqueous dioxane medium. Likewise,
linear proportionality is also obtained for some other
mixed water solvents, e.g: acetic, propionic, butyric
and benzoic acids in methanol-water mixtures?.

The values have been determined with a
precision of 0.02 to 0.03 and hence the error in AG°
is believed to be close to 0.03 and 0.04 Kcal/mole.
The values of AS®given in table -3 are accurate to
0.02 cal.mole ~"K-1.

The negative value of AH® found in
aqueous as well as dioxane mixtures for all
barbituric acids proves that their protonation at
temperatures up to 40°% is exothermic. The negative
values of AH® encountered here may be described
to the formation of the covalent bond between
proton and anionic oxygen on the barbituric acids.
Further, It is evident that the magnitude of Change
in, ” H° with solvent composition is relatively small
and falls with in the range of experimental error. it is
because of this that the slopes of straight lines in
the plots of  against n, (Fig — 1) do not differ
markedly and are nearly the same and parallel at
the three temperatures for all the barbituric acids.
The values of A S° are found to increase with
increase in dioxane content of the solvent medium
for all barbituric acids, there by proving that it is
dependent of solvent composition. The net entropy
changes associated with protonation process can
be attributed to a combination of the following:

(i). Change neutralisation; (ii) Subsequent
liberation of ordered water molecules; and (iii) loss
of rotational and vibrational degrees of freedom of
the legend only (iii) gives a small negative
contribution to entropy, but the contributions of (i)
and (ii) together more than offset that due to (iii)
and hence the protonation process has large
positive ” S° values. The protonation of these acids
then appears to be entropy driven as expected from
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the degree of change neutralisation and
polarizability of the resulting anions.

When the acid protonates in two media,
the free energy change for the transfer reaction from
one medium to the other is given by 2.303 RT . For
instance with DPBA, A G°(aql) and A G"( _o175 ar€ 5.50
and 5.83 Kcal mole ~', respectively at 30° and ” G°

changes by 0.33 Kcal mole~" in the transfer reaction.

and this result in a change of 0.20 Cal mole
~"inentropy. A (S —W) values, ie; (S)— (W) (where
S and W refer to mixed solvents and water
respectively) of barbituric acids are given in table 4.
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The change in (S —W) which is found to be different
for the different acids for the same percentage of
dioxane is probably due to the presence of different
substituents which cause a great change in the
distribution of electron density in the ring and hence
the electron density at any particular point is also
affected.
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