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D ABSTRACT: The standard (p° = 0.1 MPa) molar enthalpies of formation of 2-, 3-, and 4-methylbenzophenone were

derived from the standard molar energies of combustion, in oxygen, at 7=298.15K, measured by static bomb
combustion calorimetry. The Calvet high temperature vacuum sublimation technique was used to measure the
enthalpies of vaporization or sublimation of the three isomers. The standard molar enthalpies of formation of the three
isomers of methylbenzophenone, in the gaseous phase and at 7=298.15 K have been derived from the corresponding
standard molar enthalpies of formation in the condensed phase and standard molar enthalpies for phase transition. The
results obtained are (27.2 +3.7)kJ - mol !, (22.7+4.0)kJ - mol~!, and (20.4 +3.0)kJ - mol ! for 2-methyl, 3-methyl,
and 4-methylbenzophenones, respectively. Standard molar enthalpies of formation were also estimated by employing
two different methodologies, one based on the Cox scheme and one other based on DFT computations. The agreement
between experimental and estimated results is very good. Two possible conformations were found for the 2-methyl and
3-methylbenzophenones, one with the C=0 bond pointing in the same direction of the Ph—CHj; bond and another
one with these bonds pointing in different directions. The former conformations are most stable by 5.1 and
0.9KkJ - mol " for 2-methyl and 3-methyl isomers, respectively. Copyright © 2007 John Wiley & Sons, Ltd.
Supplementary material. Tables S1 to S3 listing the details of all the Combustion Calorimetry experiments for the three
isomers of methylbenzophenone studied. This material is available free of charge in Wiley Interscience. http://
www.interscience.wiley.com/jpages/0894-3230/suppmat/
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INTRODUCTION

Benzophenone or diphenylketone (Fig. 1), which is an
aromatic ketone, is an important compound on organic
photochemistry and perfumery as well as in organic
synthesis. For example, this compound is an important
constituent of synthetic perfumes and it is a starting
material for the manufacture of dyes, pesticides, and
drugs.' It is also used as a photoinitiator of UV-curing
applications in inks, adhesive and coatings, optical fiber
as well as in printed circuit boards.? Some benzophenone
derivatives are excellent optical filters and, therefore,
current industrial applications involve their use as
sunscreen agents for the production of skin-protectors
and their addition to plastic casings, which are used to
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prevent damaging of scents and colors by ultraviolet
radiation in products such as perfumes and soaps.>*
Despite the wide range and large number of
applications involving benzophenone and their deriva-
tives, little attention has been given to the gas-phase
thermochemistry of these compounds. In fact, only the
parent benzophenone and the 2,4,6-triisopropyl derivative
have been investigated in detail so far. In the case of
benzophenone, several studies have been carried out
concerning the determination of its energy of combustion,
enthalpy of sublimation and enthalpy of fusion, and hence
the determination of its enthalpies of formation in the
crystalline and gaseous states.” Based on a careful
analysis of the several experimental results, the standard
gas-phase enthalpy of formation for benzophenone is
(49.9 +3.0) kJ - mol "> In the case of 2,4,6-triisopropyl
benzophenone, Inagaki et al. have used® a static bomb
calorimeter to determine the enthalpy of combustion of
this solid, and then the enthalpy of formation in the
condensed phase; the latter value is —(304.6 £3.4)
kJ-mol~'. Measuring vapor pressures, these same
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Figure 1. Benzophenone

authors determined the enthalpy of sublimation to be
(116 +7) kJ - mol . Combining these two quantities, the
standard gas-phase enthalpy of formation for 2.4.,6-
triisopropyl benzophenone is—(189 +8) kJ-mol'. In
the literature, it is found also a study concerning one
methyl derivative, the crystalline 4-methylbenzophenone
compounds, for which the standard molar enthalpy of
formation in the condensed phase has been determined.
In that work due to Colamina et al.,’ AH), (cr) was
determined as being—(77.8 +2.1) kJ-mol~'. This
quantity has been later reviewed by Cox and Pilcher®
as being—(78.2 +2.1)kJ - mol . No other thermochemi-
cal data have been found for the other methylbenzophe-
none derivatives.

The methyl derivatives have been the subject of other
research studies concerning mainly their polymorphism.’
These compounds present quite different physical
properties when melted and then cooled to a specific
temperature which are important for the understanding of
organic crystals. In this area, Kutzke er al. have
determined the crystallographic structures of stable and
metastable forms of 4-methylbenzophenone; a mono-
clinic and a trigonal structure have been identified.”

In this work, we present the experimental determi-
nation of the standard (p° = 0.1 MPa) molar enthalpies of
formation, both in the condensed and gaseous state, at the
temperature 298.15 K, of 2-, 3-, and 4-methylbenzophe-
none, derived from combustion calorimetry and high
temperature Calvet calorimetry. Those parameters, for the
gaseous state, were also calculated by computational
thermochemistry and with the Cox scheme'® and
compared with the experimental-derived results. The
applicability of the Cox scheme to substituted benzo-
phenones is discussed.

EXPERIMENTAL DETAILS
Materials and purity control

The 2-methylbenzophenone [CAS 131-58-8], 3-methyl-
benzophenone [CAS 643-65-2 and 4-methylbenzophe-
none [CAS 134-84-9] studied in this work were obtained
commercially from Aldrich Chemical Co. with mass
fractions purities of, respectively, 0.9910, 0.9930, and
0.9970. The liquids 2-methylbenzophenone and 3-
methylbenzophenone were purified by successive frac-

Copyright © 2007 John Wiley & Sons, Ltd.

tional distillations, under reduced pressure, at T=473 K.
The crystalline 4-methylbenzophenone was purified by
successive sublimations under reduced pressure at
T=338K. The purity of the compounds was checked
by GLC and from the average ratios of the mass of carbon
dioxide recovered from combustion to that calculated
from the mass of sample as: 1.00034 for 2-methylbenzo-
phenone, 0.99981 for 3-methylbenzophenone, and
1.00028 for 4-methylbenzophenone. The densities,
at T7=298.15K, were taken for 2-methylbenzo-
phenone as 1.083 g - cm >, for 3-methylbenzophenone
as 1.095 g.cmf3 and for 4-methylbenzophenone as
0.886g-cm >, this one determined from the ratio
mass/volume of pellets of this compound.

Combustion calorimetry

The combustion experiments were performed with an
isoperibol calorimetric system. The bomb calorimeter,
subsidiary apparatus and technique have been described
previously in the literature.'>"?

Combustion of certificated benzoic acid NBS Standard
Reference Material, Sample 39i, was used for calibration of
the bomb. Its massic energy of combustion is —(26 434 + 3)
J-g7', under certificate conditions."* The calibration
results were corrected to give the energy equivalent
g(calor) corresponding to the average mass of water
added to the calorimeter: 3116.3 g. From six calibration
experiments, &(calor) =(16005.0+1.7) J- K~!, where the
uncertainty quoted is the standard deviation of the mean.

In all combustion experiments, 1.00 cm’ of water was
introduced into the bomb, a twin-valve static combustion
bomb Type 1108, Parr Instrument Company, made of
Carpenter 20Cb3 stainless steel, with an internal volume
of 0.342 cm’. The bomb was purged twice to remove air,
before being charged with 3.04 MPa of oxygen.

For all experiments, the calorimeter temperatures were
measured to £=(1-10~%) K, at time intervals of 10's, with
a quartz crystal thermometer (Hewlett Packard HP
2804A), interfaced to a PC. The ignition of the
samples was made at 7=(298.15040.001) K, at least
100 readings, at time intervals of 10s, after the start of
the experiment, by the discharge of a 1400 wF capacitor
through the platinum ignition wire. After ignition,
100 readings were taken for the main and after periods.

The crystalline sample of 4-methylbenzophenone
was ignited in the pellet form, whereas the liquid samples
of 2- and 3-methylbenzophenone were contained in
sealed polyester bags made of Melinex®™ (0.025mm
of thickness) with massic energy of combustion
A’ =—(22902+5) J-g~ "' The mass of Melinex™
used in each experiment was corrected for the mass
fraction of water (w=0.0032) and the mass of carbon
dioxide produced from its combustion was calculated
using the factor previously reported.'® For the cotton
thread fuse of empirical formula CH; 3600543, the
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massic energy of combustion was assigned to
—Au®=162407 - gfl.m The massic energies of com-
bustion of Melinex™ and of the cotton thread fuse have
been confirmed in our laboratory.

The electrical energy for ignition was determined from
the change in potential difference across a capacitor when
discharged through the platinum ignition wire. The
corrections for nitric acid formation were based on
—59.7kJ -mol "7 for the molar energy of formation of
0.1 mol -dm ™ HNOj3(aq) from N, O,, and H,O(1). In the
experiments with carbon residue soot formation during
the combustion, the necessary energetic correction for its
formation was based on Au®=—-33T-g '.'® All the
necessary weighing was made in a Mettler Toledo AT201
microbalance, sensitivity £(1 - 10_6) g, and corrections
from apparent mass to mass were made.'® An estimated
pressure  coefficient of specific energy: (Jou/
p)r=—02T-g ' -MPa~! at T=298.15K, a typical
value for most organic compounds,'® was assumed. For
each compound, the massic energy of combustion, A.u°,
was calculated by the procedure given by Hubbard
et al®® The amounts of methylbenzophenones used in
each experiment were determined from the total mass of
carbon dioxide produced (Mettler Toledo AT 201 balance,
sensitivity +(1-10"%) g), produced during the exper-
iments taking into account that formed from the
combustion of the cotton-thread fuse, of the Melinex®™
and that lost due to carbon formation.

The relative atomic masses used throughout this paper
were those recommended by the TUPAC Commission in
2001;2] using those masses, the molar mass for the
isomers of methylbenzophenone is 196.2445 g -mol .

Microcalorimetry Calvet

The standard molar enthalpies of phase transition of the
methylbenzophenones isomers were measured using
the vacuum sublimation drop-microcalorimetric tech-
nique,”*** and the same method was employed in the
determination of the enthalpies of vaporization.”* The
apparatus and technique have been recently described.”
Samples of about 4-8 mg of liquid 2- and 3-methylben-
zophenone and of 3-6mg of the crystalline 4-methyl-
benzophenone, contained in a small thin glass capillary
tube sealed at one end, and a blank capillary with similar
mass, were simultaneously dropped at room temperature
into the hot reaction vessel in the Calvet high-temperature
microcalorimeter (Setaram HT 1000), held at the
convenient temperature 7, and were removed from
the hot zone by vacuum sublimation or vaporization.
The thermal corrections for the glass capillary tubes were
determined in separate experiments, and were minimized,
as far as possible, by dropping tubes of nearly equal mass,
to within +10 g, into each of the twin calorimeter cells.
The observed enthalpies of sublimation or vaporization,
A§£§.298.15KHm’ were corrected to 7=298.15K using

Copyright © 2007 John Wiley & Sons, Ltd.

values of A%ngKH%(g) estimated by a group method,
that is, methylbenzophenone = methylbenzene + propa-
propanone + benzene — 2 methane, based on data of Stull
et al.,”® where T is the temperature of the hot reaction
vessel. For these measurements, the microcalorimeter
was calibrated in situ using the reported standard
molar enthalpies of sublimation of naphthalene
(72.6 +0.6) kJ -mol ' 2° for crystalline 4-methylbenzo-
phenone and of vaporization of n-undecane
(56.58 4 0.57) kJ - mol ",?® for the liquids 2-methylben-
zophenone and 3-methylbenzophenone.

Theoretical calculations

Density functional theory computations have been
performed with the B3LYP method — Becke’s three-
parameter hybrid functional using the non-local corre-
lation due to Lee ez al.,>”*® — and two different basis sets.
The 6-31G(d) basis set was used for the optimization of
the geometry of all compounds studied here and to
calculate the vibrational frequencies. The latter set of
calculations enable to correct the energies calculated with
a larger basis set, 6-311 + G(2d,2p), for 7=298.15K by
inclusion of vibrational, rotational, translational, and pV
thermal corrections. All these calculations have been
performed by means of the Gaussian 98 computer code.”
This computational approach seems to be adequate for the
present purposes. In fact, computed gas-phase structural
parameters for the 4-methylbenzophenone are identical to
those obtained experimentally for the same compound in
the solid phase,9 with maximum deviation in bond lengths
and angles smaller than 0.03 A and 1.0°, respectively. A
large difference is found between the tilt angle between
the phenyl rings. In the gas-phase, the tilt angle is of ~50°
while in the solid the tilt angle is larger than 58°.

RESULTS

Results for a typical combustion experiment of each
compound are given in Table 1, where Am(H,0) is the
deviation of the mass of water added to the calorimeter
from 3116.3 g, the mass assigned to &(calor), and AUs is
the energy correction to the standard state. The remaining
quantities are as previously defined.” The samples were
ignited at 7=(298.150 £ 0.001) K, with

AU(IPB) = —{cey + Am(H,0)cp(H,0, 1)
+ er}AT,a + AU(ign), (1)

where AT, is the adiabatic temperature raise.

The individual values of —A u° together with the mean
value, (A u°), and its standard deviation, are given, for
each compound, in Table 2. Here, A.u® refers to the
idealized combustion reaction yielding CO,(g) and
H,0().
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Table 1. Results of a typical combustion experiment at T=298.15K

2-methylbenzophenone

3-methylbenzophenone 4-methylbenzophenone

m(CO,, total)/g 2.68862
m’ (cpd)/g 0.81213
m” (fuse)/g 0.00297
m’” (Melinex)/g 0.05854
AT,¢/K 1.93804
e/ (J-K™H 16.77
Am(H,0)/g 0.0
—AU(IBP)/J? 31050.3
AUMelinex)/J 1340.76
AU(fuse)/J 48.23
AUHNO;)/J 1.12
AU(ign)/J 0.53
AUs/T 19.10
—AuO7-g™! 36497.96

1.78470 2.29693
0.52736 0.72898
0.00240 0.00510
0.05463 —
1.28187 1.66194
16.00 16.17
0.0 0.0
20535.66 26625.4
1251.21 —
38.98 82.82
0.99 3.90
1.18 0.82
12.07 15.70
36469.22 36383.69

“AU(IBP) already includes the AU(ign).

Table 2. Individual values of the massic energy of combustion —A.u° of the compounds at 7=298.15K

2-methylbenzophenone

3-methylbenzophenone

4-methylbenzophenone

—Aau’y-g7!
36497.96 36471.37 36388.58
36510.82 36463.02 36379.77
36492.84 36477.61 36383.69
36507.24 36469.22 36382.98
36510.56 36448.12 36390.38
35499.76 36442.85 36393.82
36509.74 36442.79 36393.87
~Au’y-g!
36504.1 £2.7 36459.3+5.5 36387.6+£2.1

Table 3 lists the derived standard molar energies and
enthalpies of combustion and standard molar enthalpies
of formation for the methylbenzophenones in the
condensed phase, at T=298.15K. In accordance with
normal thermochemical practice,30’3 ! the uncertainties
assigned to the standard molar enthalpies of combustion
are, in each case, twice the overall standard deviation of
the mean and include the uncertainties in calibration and
in the values of auxiliary quantities used. To derive A¢H},
(cr, 1) from A H? (cr, 1), the standard molar enthalpies of
formation of CO,(g) and H,O(l), at T=298.15K,
—(393.5140.13) kJ-mol ' ** and —(285.830 4+ 0.004)
kJ-mol ™' *2, respectively, were used.

The standard molar enthalpy of formation in the
crystalline state of 4-methylbenzophenone determined in
the present work is, within the associated uncertainties,
identically to that obtained previously.7’8

Measurements of the standard molar enthalpies of
sublimation/vaporization of methylbenzophenones, by
microcalorimetry, as well the respective uncertainties,
taken as twice the standard deviations of the mean and
include the uncertainties in calibration, are given in
Table 4. The derived standard molar enthalpies of
formation in the condensed phase, and the standard
molar enthalpies of phase transition yield the standard
molar enthalpies of formation in the gaseous phase of the

Table 3. Derived standard molar energies, A.US,, standard molar enthalpies of combustion, AH?,, and standard molar

mr

enthalpies of formation, AsH2,, for the compounds at T=298.15K with p°=0.1MPa

—ALP (cr,1) (kJ-mol ™)

—AH° (cr,1) (kJ-mol ') —A(HC (cr,1) (kJ-mol )

2-methylbenzophenone (1) 7163.9+£2.7
3-methylbenzophenone (1) 7155.0+3.3
4-methylbenzophenone (cr) 7141.0£2.1

7170.1 £2.7 54.0£3.3
7161.2£3.3 62.9+3.8
71472 +£2.1 76.9+£2.8

Copyright © 2007 John Wiley & Sons, Ltd.
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Table 4. Microcalorimetric standard (p =0.1MPa) molar enthalpies of sublimation or vaporization, A?

T=298.15K*?

H°(298.15K), at

cr,1

Number of T Achl 298KH0 293 15KH0 (g) cr lH0 (298.15K)

experiments (K) (kJ-mol ™1 (kJ-mol 1) (kJ-mol ™)
2-methylbenzophenone (1) 6 523 141.8+£1.7 60.6 81.2+1.7
3-methylbenzophenone (1) 5 523 146.2+£1.2 60.6 85.6+1.2
4-methylbenzophenone (cr) 5 401 120.8+1.0 235 973+1.0

N Af;‘Tl 9sicHm is the measured enthalpy for the transformation from the condensed state, at T=298.15K to the gaseous state at temperature T3 Alyo | o H° (g) is
the difference of enthalpies of the gaseous compound between the temperatures 7" and 298.15 K.

three isomers of methylbenzophenone which are sum-
marized in Table 5. Although these values can be
considered equal within the associated uncertainties, they
seem to diminish from the ortho-methyl to the meta-
methyl, and from this one to the para-methyl.

Cox suggested'® a method to estimate the standard
molar enthalpies of formation of gaseous benzene
derivatives, by assuming that each group, when sub-
stituted into a benzene ring, produces a characteristic
increment in A¢H} (g) and that each ortho-pair of substi-
tuents leads to an enthalpy increment of 4kJ-mol ',
with another additional correction of 4kJ-mol ' for
every set of three substituents in three consecutive
carbon atoms of the aromatic ring. From the literature
values, A¢HS, (CeHsCH;, g) =(50.540.5) kJ -mol ' **
and AHS, (CeHe, £)=(82.640.7) kJ-mol ' ¥ the
enthalpic increment for the monomethylation of
benzene is —(32.1+£0.9) kJ-mol™', so, from the
enthalpy of formation of benzophenone, AiH), (CeHg,
2)=(49.9+3.0) kJ-mol™ 13 accordingly to the Cox
scheme, the estimated value for the standard molar
enthalpy of formation, in the gaseous state, of 2-

methylbenzophenone is (21.8 42.6) kJ - mol ™', whereas
0
CEE @
Gy CA

the estimated value for both the 3-methylbenzophenone
and the 4-methylbenzophenone isomers is (17.8 +2.6)
kJ-mol ', c.f. Table 6.

These estimated values differ from the experimental
ones by less than 6kJ - mol ™', which is very well within

the limit of acceptance of 10kJ - mol ™" indicated by Cox
for his scheme.'” The Cox scheme fails completely in the
differentiation between the 3- and 4-methylbenzophe-
none isomers since the same value is predicted for these
two isomers, which was expected since Cox did not
provide any correction to differentiate substitution at
aromatic ring positions 3 or 4 due to the possibility of
different resonance/inductive effects depending on the
substituent, which could increase or decrease the overall
compound stability.

From the values of the standard molar enthalpies of
formation, in the gaseous state, of the three mono-
methylated isomers of benzoic acids’ registered in
Table 7, it is found that the calculated increments for
the ortho, meta, and para methylations of benzoic acid
show the same tendency as the ones in benzophenone, i.e.,
the increasing of the relative stability of the methyl
isomers from the ortho to the meta to the para, supporting
the basis transferability principle which is inherent in the
Cox scheme.

The B3LYP/6-311 4+ G(2d,2p)//B3LYP/6-31G(d) app-
roach has been used to compute the enthalpy of the
following reaction:

Then, using the experimental enthalpies of formation
for benzophenone, methylbenzene, and benzene (values
given above) and the enthalpy of reaction (2), the standard
molar enthalpies of formation of the three methylbenzo-
phenone isomers were estimated. The DFT estimated

Table 5. Derived standard (p° = 0.1 MPa) molar enthalpies of formation, AfHC,, and of vaporization or sublimation, A? . H°, at

cr,1

T=298.15K
AHY (er. 1) A%, H}(298.15K) AHS (2)
(kJ -mol™ 1) (kJ-mol™) (kJ - mol™ 1)
2-methylbenzophenone (1) 54.0+£33 81.24+1.7 272+3.7
3-methylbenzophenone (1) 62.9+3.8 85.6+1.2 22.7+4.0
4-methylbenzophenone (cr) 76.9+2.8 97.3+1.0 20.4+3.0

Copyright © 2007 John Wiley & Sons, Ltd.
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Table 6. Comparison of experimental and estimated values of standard molar enthalpies of formation in the gaseous state,

AHC (g), in kJ-mol ™"

Estimated Computed
Compound Experimental Cox method A B3LYP A
Q CH,
27.2+£3.7 21.8£2.6 54+45 26.6 0.6
]
CHs 22.7£4.0 17.8£2.6 49+438 18.6 4.1
(0]
O 204+£3.0 17.8£2.6 26+4.0 17.4 3.0

CHg

A = (Experimental value) — (Estimated/Calculated value).

Table 7. Enthalpic increments for the methylation of benzophenone and benzoic acid. Values in kJ - mol™'

X = Benzophenone

X = Benzoic acid

Compound AHY (2) A (methylation) AHY (2) A (methylation)
X 49.942.4° —296.1 +1.5°
2-CH;.X 272 +3.7° 227+44 —320.6+1.5° 245+1.8
1 44 173
3-CH;.X 22.8 +4.0° 27.1+47 —327.9+1.4° 31.8+1.7
124 125
4-CH; X 20.4 +3.0° 29.5+3.8 —330.4+1.5° 3434+1.8
2This work.

b Reference 5.

The enthalpic difference between o-, m-, and p-methyl-substituted benzophenone isomers is presented. The standard enthalpies of formation are found to be

correlated with the tilting angle between the aromatic rings.

values are also given in Table 6 and in the case of the 2-
methyl and 3-methylbenzophenones, the values refer to
the most stable conformation, i.e., with the methyl group
pointing in the same direction of the ketone bond. The
estimated enthalpies of formation for the least stable
conformations for the 2-methyl and 3-methylbenzophe-
nones, (Fig. 2), are 31.7 and 19.5kJ - molfl, respectively.
The enthalpies of formation computed for all isomers
show clearly that the 4-methyl derivative is the most
stable methylbenzophenone, even its enthalpy of for-
mation is similar to those computed for the two 3-
methylbenzophenone conformations, and that the 2-

Copyright © 2007 John Wiley & Sons, Ltd.

methylbenzophenone is the least stable isomer. The more
positive enthalpies of formation for the two 2-methyl-
benzophenone conformations are a consequence of the
destabilizing interaction between the methyl group and
the oxygen lone-pairs when both C—0O and Ph—CHj;
bonds are pointing in the same direction and between the
methyl substituent and the other benzene ring when these
bonds are pointing in different directions. This is clearly
seen from the computed C,—C,—C3;—C,; dihedral
angles in benzophenone and in the different methylben-
zophenones. In the non-substituted compound, the
B3LYP optimized dihedral angle is 50.0° and a similar

J. Phys. Org. Chem. 2006; 19: 689-696
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O O
CHj3

Figure 2. The two other least stable minima on the potential energy surface computed for 2-methyl and 3-methylbenzo-

phenones

value is found for the two possible conformations (C=0O
and Ph—CHj pointing in the same or opposite directions)
obtained for 3-methylbenzophenone and also for the 4-
methylbenzophenone isomer. In these cases, the C;—
C,—C3—C, dihedral angles are 50.2°, 49.5°, and 50.2°,
respectively. In the case of the 2-methylbenzophenone,
the angle increases to 56.2° when the C—0 and Ph—CHj;
bonds point in the same direction and it is even larger,
62.9°, in the case of the least 2-methylbenzophenone
conformation with C—=0 and Ph—CH3; bonds pointing in
opposite directions.

CONCLUSIONS

The standard molar gas-phase enthalpies of formation, at
T=1298.15K, of 2-methyl-, 3-methyl-, and 4-methylben-
zophenone have been obtained both by experimental and
computational techniques. The enthalpies of formation
were indirectly obtained from static bomb combustion
calorimetry and Calvet microcalorimetry experiments,
and their values show that the 4-methylbenzophenone is
the most stable isomer. Those parameters were also
estimated by the Cox scheme yielding values in
reasonable agreement.

The A¢H;, values have been also estimated by DFT
using the B3LYP/6-311+ G(2d,2p)//B3LYP/6-1G(d)
approach and a convenient work reaction. All computed
values are in excellent agreement with the experimental
data herewith reported, with a maximum deviation of
4.1kJ -mol . The computed values also confirm that the
4-methylbenzophenone is the most stable isomer of
methylbenzophenone, a fact that can be understood by the
dihedral angle of the two benzenic rings of the different
isomers.
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