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DEDICATION TO ATATURK’S CENTENNIAL

Holding the torch that was lift by Atatiirk in the hope of advan-
cing our Country to a modern level of civilization, we celebrate the
one hundredth anniversary of his birth. We know that we can only
achieve this level in the fields of science and technology that are the
wealth of humanity by being productive and creative. As we thus
proceed, we are conscious that, in the words of Atatiirk, “the truest
guide” is knowledge and science.

As members of the Faculty of Science at the University of
Ankara we are making every effort to carry out scientific research, as
well as to educate and train technicians, scientists, and graduates at
every level. As long as we keep in our minds what Atatiirk created
for his Country, we can never be satisfied with what we have been
able to achieve. Yet, the longing for truth, beauty, and a sense of
responsibility toward our fellow human beings that he kindled within
us gives us strength to strive for even more basic and meaningful
service in the future.

From this year forward, we wish and aspire toward surpassing

our past efforts, and with each coming year, to serve in greater measure
the field of universal science and our own nation.
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SUMMARY

Hetero-association constants and enthalpy changes are estimated for the hetero-association
reactions between trifluoroacetic acid and each of p-nitro and p-meythylbenzophenones, at the
temperature range 35-55 . The resulis show that the presence of the p-nitro group in the benzop-
henone molecule weakens the hydrogen bonds formed between trifluoroacetic acid and benzop-
henone, whereas the p-methyl group strengthens such bonds. ‘

INTRODUCTION

In Part I of this series! we have reported on the effect of the p-chlo-
ro and the p-bromo groups on the strength of the heterchydrogen bonds
formed between trifluorcacetic acid (TFA) and benzophenone, by com-
puting and comparing values of enthalpy changes (A H) for the hetero-
associaticn reactions between TFA aund each of the unsubstituted and
substituted benzophenones. Since that study proved to be in accordance
with the expected operating powers of the substituent groups?, we ex-
tended the investigation in the present work to the study of the effect
of some new substituents on the strength of the hydrogen bonds formed
between TFA and benzophenone. The substituents are the p-nitro and
the p-methyl, and were chosen on the basis of differences in the opera-
ting powers expected to affect the basicity of the carbonyl group to
hydrogen bond with TFA.

EXPERIMENTAL AND METHODS OF CALCULATION

The same experimental procedure employed in Part T was followed
in the present work'.*~’, It is based on the measured vapour pressure
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and on the resulting vapour phase equilibria® of added increments of a
volatile solute (TFA in our case) over a solution of this solute, either
alone, or with a nonvolatile solute (the phenone in our case), in a non-
volatile, nonpolar solvent. Diphenylmethane was used as the solvent
in the present study. The present investigation was carried out at 3 con-
centrations of each phenone, 0.05, 0.1 and 0.2 molar, and over the tem-
perature range 35-55 : for each concentration.

Also, the same methods of calculations adopted in Part I' were fol-
lowed in the present work, where the experimental data were fitted by
a computer program designed for linear and nonlinear least squares.
The data were best fitted by assuming the formation of a 1:1 and 2:1
hetero-hydrogen bonded TFA: phenone complexes, for which formation
constants K, and K,, were computed respectively, at each temperature.
Enthalpies of formation (/A H) of the heterocomplexes were calculated
from the temperature dependence of the computed formation constants.

RESULTS AND DISCUSSION

Table 1 summarizes the least squares values for the heteroassoci-
ation constants Ky; and K,, for each system, at each of the 3 tempera-

Table 1
AH | AH,
TFA with Temp. K, K, k.cal/ | of
(°C) (molar—1) (molar—?) mol of | complex
35 5.464-0.61 | 114.3110.32"
-4.95 ~9.63
p-Nitrobenzophenone 45 4.11.+0.42 79.747.51 ‘
10.46 | 10.72
55 3.3440.40 | 45.245.11 _
35 57.542.62 | 533.8--39.93"
-15.33 | -16.31
p-Methylbenzophenone 45 22.84.1.08 | 237.5+ 9.77
40, 5| 40.37
55 11.940.49 | 107.84 3.33_

tures. It also includes the least square values for A H; and A H,, the
enthalpies of formation of the 1:1 and 2:1 hetero-complexes, respectively,
in each system. Table 2 includes previously reported valuest of enthalpy
changes for the TFA: benzophenone, TFA: p-chlorchenzophenone and
TFA: p-bromobenzophenone systems, which will be needed for compa-
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Table 2*
AH, I A H,
TFA with X cal fmol | of complex |
. i
)
Benzophenone ~-13.46-1-0.24 | -14.944-0.26
p-Bromonenzophenone - 8.4610.14 | -12.254-0.19
p-Chlorobenzophenone - 7.704-0.15 | -11.4310.18

* previous y reported n Part I(1)

rison purposes with comparable values obtained in the present work.
The experimental monomer vapour pressures measured for successive
formal concentrations of TFA. for the different systems, are included in
Tables 3 and 4.

If we first compare the A H values for the two systems under in-
vestigation with these for TFA: benzophenone system, it can be seen that
the values for the TFA: p-nitrobenzophensne system are less, whereas
those for the TFA: p-methylbenzophenone system are more, than the
values for the TFA: benzophenone system. Hence, it cun be concluded
that the presence of the p-nitro group in the benzophencne molecule
weakens the hetero-hydrogen bonds formed between the latter and
TFA molecules, whereas the presence of the p-methyl group strengthens
such bcnds. The extent of weakening or strengthening can be estimated
from the difference in the values of A H.

Another conclusion can be drawn from comparing the values of
A H for the TFA: p-nitrobenzophenone system (Table 1), with those
obtained previously for TFA: p-chlorobenzophenone and TFA: p-brom-
obenzophenone system (Table 2), since the p-nitro group was found to
weaken the hetero-hydrogen bonds, similar to the p-chloro and the
p-bromo groups. Such comparison shows that the p-nitro group exhibits
a stronger weakening effect on the hetero-hydrogen bonds, i.e. a stronger
hindering effect on the formation of such bonds. This is judged from the
smaller values of A H for the p-nitro group as with those in case of
presence of the p-chloro or the p-bromo groups.

The conclusions reached can be explained on the basis of the effect
of the operating powers of the substituent grouns. In case of the nitro
group, its — I and —-R effects, which were discussed before in detail,’
will both contribute to the decrease of the rotency of the lone vairs of
electrsns on the carbonyl-oxygen to hydrogen bond. Such an effect will
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be more nowerful than the overating effects in case of either the chloro
or the bromo grouns®. On the other hand, the methyl groun exhibits
a + I effect, not ovposed by any other effect in case of the p-methyl-
benziphen.ne, thus increasing the electron density on the carbonyl-
oxygen, which exolains the increased nower of hydrogen bonding with
TFA molecules than for the unsubstituted benzophenone.
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