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STANDARD MOLAR ENTHALPIES OF FORMATION AND
SUBLIMATION OF N-PHENYLPHTHALIMIDE

M. A. V. Ribeiro da Silva" and Claudia P. F. Santos

Centro de Investigagdo em Quimica, Department of Chemistry, Faculty of Science, University of Porto
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The standard (p°=0.1 MPa) molar enthalpy of formation, AH?, for crystalline N-phenylphthalimide was derived from its standard
molar enthalpy of combustion, in oxygen, at the temperature 298.15 K, measured by static bomb-combustion calorimetry, as
~206.0+3.4 kJ mol™'. The standard molar enthalpy of sublimation, A? H ,?1, at 7=298.15 K, was derived, from high temperature

Calvet microcalorimetry, as 121.3+1.0 kJ mol .

The derived standard molar enthalpy of formation, in the gaseous state, is analysed in terms of enthalpic increments and inter-

preted in terms of molecular structure.

Keywords: Calvet microcalorimetry, combustion calorimetry, N-phenylphthalimide, standard molar enthalpy of formation, stan-

dard molar enthalpy of sublimation

Introduction

As a part of our interest on the thermochemistry of ni-
trogen heterocycle compounds, the substituted
phthalimides have recently attracted our attention [1].
Phthalimides, which are bicyclic non-aromatic nitro-
gen heterocycles, are important compounds with a va-
riety of applications and a wide range of properties.
Generally, they are used as starting materials and in-
termediates for the synthesis of many types of alka-
loids and pharmacophores [2], in polymers [3] and
copolymers [4], synthesis of pesticides [5] and lately
are being under intense biomedical research [6—8] due
to their important biological effects. In particular, the
N-phenylphthalimide besides being used in several
herbicides, in reactions with dry ozone, moist ozone
and ozone plus ultraviolet light, to simulate certain
aspects of the space environment [9], they show
hypolipidemic activity lowering the serum choles-
terol and triglyceride levels [10], they are dipeptidyl
peptidase-IV specific inhibitors [11], have anti-
inflammatory activity [12], etc.

Despite their high importance, the thermo-
chemical data on the phthalimides is still limited to
only phthalimide [1, 13-15], N-methylphthal-
imide [16, 17], N-ethylphthalimide [1] and N-propyl-
phthalimide [1].

The present work reports the experimental re-
sults of thermochemical studies of N-phenyl-
phthalimide [CAS 520-03-06], whose structural for-
mula is represented in Fig. 1.
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Fig. 1 Structural formula for N-phenylphthalimide

The standard (p°=0.1 MPa) molar enthalpy of
combustion, ACH[?l, in oxygen, at 7=298.15 K, was
determined by static-bomb combustion calorimetry
and the standard molar enthalpy of sublimation,
A H, at the same temperature, was obtained from
high temperature Calvet microcalorimetric measure-
ments. The derived standard molar enthalpy of forma-
tion, in the gaseous state, is analysed in terms of the
enthalpic increment due to the introduction of the
phenyl group in the phthalimide structure.

Experimental
Materials

Compound and purity control

The N-phenylphthalimide was obtained commercially
from Aldrich Chemical Co., with the label massic pu-
rity of 99.1%. The sample was purified by repeated
sublimation under reduced pressure. The purity of the
sample was checked by DSC using the fractional fu-
sion technique [18]. A differential scanning calorime-

Akadémiai Kiado, Budapest, Hungary
Springer, Dordrecht, The Netherlands



RIBEIRO DA SILVA, SANTOS

ter, Setaram DSC 141, was used. The temperature
scale of the calorimeter was calibrated by measuring
the melting temperatures of three high purity refer-
ence materials: naphthalene (Aldrich 99.9%), benzoic
acid (NIST Standard Reference Material 391) and in-
dium (Aldrich, mass fraction >0.99999) [19], and the
power scale was calibrated with the high purity in-
dium sample as reference material [19]. Curves of
samples hermetically sealed in stainless steel cruci-
bles were recorded in an air atmosphere. The cruci-
bles and the samples of compound were weighed on a
Mettler UMT2 microbalance with a sensitivity of
1-10°® g. For the experimental determinations, sam-
ples weighing ~6 mg were scanned in the temperature
from 7=298 K to about 15 K above of the melting
point, using a heating rate of 8.3-10% K s™'. The re-
corded curves did not show any phase transitions be-
tween 7=298 K and the melting temperature of the
samples. The onset melting point of N-phenyl-
phthalimide was determined as 7=484.8 K; literature
values: 7=476.6-480 K [20] and 7=477-480 K [21].
The analyses of the carbon dioxide recovered from
the combustion experiments was a supplementary
check of the purity of the sample since the average ra-
tio of the mass of carbon dioxide recovered, from
eight independent combustion experiments, to that
calculated from the mass of sample was:
(0.9983£0.0006), where the uncertainty is twice the
standard deviation of the mean.

Methods

Combustion calorimetry

The combustion experiments were performed with an
isoperibol calorimetric system, with a static bomb
(Parr instrument, model 1105); apparatus and proce-
dure have been described [22, 23]. Combustion of
certificated benzoic acid BCS-CRM 190p was used
for calibration of the bomb. Its specific energy of
combustion is —26435.1+3.5 J g”', 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 eighteen independent calibration ex-
periments, &(calor)=15908.7+1.3 J K™', where the un-
certainty quoted is the standard deviation of the mean.
For all experiments, ignition was made at 7=
298.1504£0.001 K. Samples, in pellet form, were ig-
nited in oxygen, at a pressure p=3.04 MPa, with a vol-
ume of 1.00 cm® of water added to the bomb.
The electrical energy for ignition was determined
from the change in potential difference across a ca-
pacitor when discharged through the platinum igni-
tion wire. For the cotton thread fuse of empirical for-
mula CH; 3600843, —Act’=16250 J ¢! [24], a value
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that has been confirmed in our Laboratory. The cor-
rections for nitric acid formation were based on
—59.7 kJ mol ™ [25], for the molar energy of formation
of 0.1 mol dm HNOs(ag) from N,, O,, and H,O(/).
Corrections for the carbon residue soot formation
were based on Aqu’=—33 kJ g ' [26].

The amount of N-phenylphthalimide used in
each experiment was determined from the total mass
of carbon dioxide produced after allowance for that
formed from the cotton thread fuse. All the necessary
weighing was made in a Mettler Toledo AT201
microbalance, sensitivity +1-10° g, and corrections
from apparent mass to true mass were made. The av-
erage ratio of mass of carbon dioxide recovered after
combustions to that calculated from the mass of the
samples was 0.998310.0006, where the uncertainty is
twice the standard deviation of the mean. The density,
at 7=298.15 K, for N-phenylphthalimide is
1.075 g cm™. The pressure coefficient of massic en-
ergy, at 7=298.15 K, has been estimated as
(Guldp)r=-0.2T g MPa™', a typical value for most
organic compounds [27].

Calorimeter temperatures were measured within
the bounds of £1-10* K, at time intervals of 10 s, us-
ing a Hewlett-Packard (HP-2804A) quartz crystal
thermometer interfaced to an Olivetti M 250E micro-
computer programmed to compute the adiabatic tem-
perature change. At least 100 readings were taken for
both the fore and after periods, whereas in the main
period the number of readings was about 120. Data
acquisition and control of the calorimeter was per-
formed by means of the LABTERMO program [28].

For each compound, the massic energy of com-
bustion, A, was calculated by the procedure given
by Hubbard et al. [26].

The atomic masses used for the elements were
those recommended by the IUPAC in 2001 [29],
yielding the molar mass of N-phenylphthalimide
223.228 g mol .

High temperature microcalorimetry

The standard molar enthalpy of sublimation of
N-phenylphthalimide was measured using the ‘vac-
uum sublimation’ drop-microcalorimetric technique,
established by Skinner et al. [30, 31]. The measure-
ments were performed with a Calvet high-tempera-
ture microcalorimeter (Setaram HT 1000) with the
vacuum promoted by a rotary vacuum pump and a
vapour diffusion pump. Samples of about 3—5 mg of
crystalline N-phenylphthalimide, contained in small
thin glass capillary tubes sealed at one end, and a
blank capillary, were simultaneously dropped at room
temperature into the hot reaction vessel in the Calvet
high-temperature microcalorimeter, held at 7=457 K,
and then removed from the hot zone by vacuum subli-

J. Therm. Anal. Cal., 87, 2007



STANDARD MOLAR ENTHALPIES OF FORMATION

mation. The samples of compound and the glass cap-
illary tubes were weighed on a Mettler CH-8608 ana-
lytical balance, with a sensitivity of 1-10° g.
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 pg, into each of the
twin calorimeter cells. For these measurements, the
microcalorimeter was calibrated in situ using the re-
ported standard molar enthalpy of sublimation of
naphthalene 72.6+0.6 kJ mol ' [19].

The observed enthalpies of sublimation were
corrected to 7=298.15 K, using the wvalue of
AN (HY(g) estimated by the Benson’s Group

298.15 K

Method [32], using values from Stull et al. [33].

Results and discussion

Results for all the combustion experiments 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,
and AUs is the correction to the standard state. The re-
maining quantities are as previously described [26].
As samples were ignited at 7=298.15 K,

AU(IBP) = —{g(calor) + Am(H,0)c,(H,0,(/)) +
+ et ATw + AUign (M)

The individual values of A, registered in
Table 1, are referred to the combustion reaction ac-
cording to Eq. (2):

61
C14sHoNOy(cr) + joz(g) -

14C0(e) + Nute) + 11:00) @

The derived standard (p°=0.1 MPa) values for
the molar energy and enthalpy of combustion, as well
as the standard molar enthalpy of formation, at
7=298.15 K, of crystalline N-phenylphthalimide are
the following: A UQ (cr)=—6587.5+2.8 kJ mol ',
A H? (cr)=—6589.442.8 kJ mol ™' and A,H’ (cr)=
—206.0+3.4 kJ mol™. In accordance with normal
thermochemical practice, the uncertainty assigned to
the standard molar enthalpy of combustion is 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) from
A H (cr) the standard molar enthalpies of formation
of H,O(/) and CO,(g), at 7=298.15 K, respectively,
—285.830£0.042 kJ mol" [34] and -393.51%
0.13 kJ mol™" [34], were used.

Detailed results of the measurements of the
enthalpy of sublimation are given in Table 2. From
five independent determinations at 7=457 K, the av-
erage value of the observed enthalpies of sublimation

Table 1 Standard (p"=0.1 MPa) massic energy of combustion of N-phenylphthalimide, at 7=298.15 K

1 2 3 4 5 6 7 8
m(CO,)/g 1.90755 1.92085 1.93414 2.28130 1.92693 1.90859 1.82238 1.85004
m(compound)/g 0.68875 0.69278 0.69845 0.82382 0.69581 0.68815 0.65711 0.66745
m(fuse)/g 0.00449 0.00575 0.00472 0.00494 0.00398 0.00571 0.00576 0.00515
AT,4/K 1.28299 1.29238 1.30166 1.53433 1.29715 1.28437 1.22507 1.24558
g/ K 15.56 15.57 15.58 15.82 15.58 15.56 15.51 15.52
Am(H,0)/g 0.0 0.0 0.1 0.0 0.0 0.0 0.0 —0.1
—-AU(IBP)/J 20429.46 20579.01 20726.25 24432.26 20654.99 20451.44 19507.08 19833.18
—AU(carbon)/J 6.60 5.28 11.55 4.62 0 0 5.61 4.62
AU/(HNO3)/J 30.73 30.73 31.30 39.27 30.16 30.73 29.03 30.16
AU(ignition)/J 1.20 1.20 1.20 1.20 1.19 1.20 1.20 1.19
AU(tuse)/] 72.92 93.38 76.65 80.23 64.64 92.73 93.54 83.64
AUs/) 15.32 15.47 15.60 18.74 15.50 15.34 14.56 14.82
A1) ¢! 29498.49 29511.10 29514.28 29495.08 29526.29 29517.75 29486.02 29529.07

<A’>=-29509.8+5.4J ¢!

*AU(IBP) includes AU(ignition); m(CO,) is the mass of CO, recovered in the combustion; m(compound) is the mass of compound

burnt in each experiment; m(fuse) is the mass of fuse (cotton) used in each experiment; AT, is the corrected temperature rise;

gris the energy equivalent of contents in the final state; Am(H,O) is the deviation of mass of water added to the calorimeter from
3116.3; AU(IBP) is the energy change for the isothermal combustion reaction under actual bomb conditions; AU(carbon) is the
correction energy for carbon soot formation; AU(HNOs) is the energy correction for the nitric acid formation; AU(ignition) is the

electrical energy for ignition; AU(fuse) is the energy of combustion of the fuse (cotton); AUs is the standard state correction;

A’ is the standard massic energy of combustion
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Table 2 Standard (p"=0.1 MPa) molar enthalpy of sublimation of N-phenylphthalimide, at 7=298.15 K

/K m/mg A% o1 H o/kI mol ™ Alog 15 H (g)/kI mol ! A2 H ) (T=298.15 K)/kJ mol !
457.4 4.073 162.62 40.73 121.89
457.5 4.165 162.58 40.76 121.82
457.5 3.684 161.02 40.76 120.26
457.9 3.797 163.13 40.88 122.25
458.1 4.257 161.41 40.94 120.47
<A® H'(T=298.15 K)>=121.34+0.99 kJ mol!
is Aif;;ﬂs H,=162.15k] mol™'. The standard molar phthalimide N-phenylphthalimide
enthalpy of sublimation, at 7=298.15 K, is calculated 0 0
by Eq. (3): A~ ~A @
A HY(T=298.15K)= A2 50N H, — L)\(N ~ N/
457 K 0 (3) © ~126.4+4.1 k] mol! °
Azgg' 15 KHm (g) ~211.142.1 kJ mol ™ * —84.7+3.5 kI mol™!
using the enthalpic correction to the reference temper- dimethylamine } dimethylphenylamine

ature 7=298.15 K, AL 5. H° (g)=40.81 kJ mol ", es-
timated by a group additivity method, i.e.,

0 0
-0 - G- O -
o o CH,

N-phenylphthalimide phthalimide toluene methane
based on the values of Stull et al. [33], thus yielding
the value of the standard molar enthalpy of sublima-
tion A, H " (T=298.15 K) =121.3420.99 kJ mol .
From the values, at 7=298.15 K, of A, H? (cr)
and of A°_H , the derived standard molar enthalpy of

formation, in the gaseous phase, for N-phenylphthal-
imide is calculated as A, H® (g)= —84.7+3.5 kJ mol .

Conclusions

From the literature data, the standard molar enthalpy
of formation of phthalimide, in the gaseous state, at
7=298.15 K, is —211.1+2.1 kJ mol ' [1], from which
one calculates that the enthalpic increment of the ad-
dition of a phenyl group to phthalimide, to yield
N-phenylphthalimide, is —126.4+4.1 kJ mol™'. The lit-
erature values for the standard molar enthalpies of
formation, at 7=298.15 K, of gaseous dimethylamine
and dimethylphenylamine are, respectively, —18.8+
1.5 kJ mol ' [35] and +100.5+3.2 kJ mol ' [35], from
which the enthalpic increment for the dimethyl -
amine—dimethylphenylamine transformation is cal-
culated as —119.3+3.5 kJ mol .

As shown in the scheme, these two enthalpic in-
crements for the addition of a phenyl group to the ni-
trogen atoms of phthalimide and of dimethylamine, to
yield respectively, N-phenylphthalimide and di-
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§ T — CH,
e | (O
CH,

~119.343.5 kI mol!

—18.8+1.5 kJ mol™ » +100.5+3.2 kJ mol™!

Scheme Enthalpic effects of the introduction of a phenyl
group in the phthalimide and in the dimethylamine

methylphenylamine, do overlap within the assigned
uncertainties, showing that the phenyl molecular in-
crement does not introduce different specific
enthalpic effects.
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