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A B S T R A C T

In this work a new solution-based calorimetry approach for determination of the sublimation and
vaporization enthalpies of low volatile compounds was proposed. The approach is based on the
measurement of solution enthalpy of a molecule of interest in benzene and as well as the measurement of
molar refraction index for this molecule. Enthalpies of solution at infinite dilution in benzene for a set of
18 aromatic and polyaromatic hydrocarbons were measured at 298.15 K. Experimental data on
vaporization/sublimation enthalpies for this set were collected from the literature. For validation of the
literature data additional sublimation experiments were performed for phenanthrene, 1-phenyl-
naphthalene, 1,2-diphenylbenzene, 1,2,3,4-tetraphenylnaphthalene, hexaphenylbenzene, and rubrene
using transpiration, quartz crystal microbalance, and thermogravimetry. Vaporization/sublimation
enthalpies derived from the solution calorimetry approach were in good agreement (within
experimental uncertainties) with those measured by conventional methods. The solution-based
calorimetry approach gives a reliable and quick appraisal of vaporization/sublimation enthalpies. This
approach constitutes a complementary additional thermochemical option for vaporization/sublimation
enthalpies data evaluation as well as for rapid data gathering for low volatile and/or thermally unstable
organic compounds.

ã 2014 Elsevier B.V. All rights reserved.

Introduction

Energetics of vaporization and sublimation processes impairs
industrial phase separation operations. It governs solubility in
pharmaceuticals or volatilization of chemicals from soil. Enthal-
pies of vaporization/sublimation are also required to obtain
energetics of molecules and chemical reactions in the gas state,
and in this context the knowledge of vaporization/sublimation
enthalpies is indispensable (in combination with classic combus-
tion calorimetry) for validation of the modern high-level quantum
chemical calculations [1]. During the last two centuries, a large

number of direct (calorimetric) and indirect (from vapor pressure
temperature dependences) experimental methods have been
developed to obtain vaporization/sublimation enthalpies [2].
Yet, most of the available methods are only sufficiently developed
for measurements of highly volatile and volatile compounds. As a
rule, the available vaporization enthalpies of these compounds are
consistent. The discrepancies sometimes observed among the data
are typically due to possible impurities in the sample under study.
In contrast, only few experimental methods are well established
for the low volatile compounds: the mass effusion Knudsen
method (ME), the quartz crystal microbalance (QCM), the
transpiration method, and thermogravimetric analysis (TGA) [2].
The latter methods are less affected by possible impurities because
of the careful preconditioning of the sample in the measuring unit
prior to beginning of the experiment. However, it should be
noticed, that the quality of results from these four methods is
crucially dependent on operator competency and experience.
Conventionally, for the sake of comparison, the measured
vaporization/sublimation enthalpies are reported in original works
or compilations at the reference temperature 298.15 K. The highly
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volatile and volatile compounds are easily measured by calorimet-
ric methods directly at 298.15 K. Measurements of low volatile
compounds require increasing of temperature of about 100–200 K
above the T = 298.15 K. The Kirchhoff’s equation is used for the
temperature adjustment of vaporization/sublimation enthalpies
from Tav (average temperature of the experimental range) to
T = 298.15 K. Heat capacity differences required for the Kirchhoff’s
equation are usually derived from empirical correlations. One of
the most frequently used procedures was suggested by Chickos
et al. [3]. This method was parameterized using the data set of the
gaseous heat capacities restricted to small volatile molecules
because experimental heat capacities for large molecules are
absent. Due to this fact using of the Kirchhoff’s equation for
adjustment from Tav to the reference temperature T = 298.15 K may
be possibly uncertain, especially when the vaporization experi-
ment was performed at Tav lying by 100–200 K above 298.15 K [4].

Summing up, results from conventional experimental methods
for measurement of vaporization/sublimation enthalpies are
sensitive to possible impurities, operator experience, and ambigu-
ity of the temperature adjustment to 298.15 K. Each of these factors
could affect, in different extents, the reliability of the vaporization/
sublimation enthalpies reported in the literature. Thus, a careful
evaluation of the experimental data with the recommendation of
the reliable enthalpies including their uncertainties is a highly
valuable work [5,6]. In this respect, any additional independent
method to assess vaporization/sublimation enthalpies could be
very helpful to resolve contradictions in the data available in the
literature. For example, the available sublimation enthalpies of
9,90-bianthracene 128.4 kJ mol�1 [7] and 148.1 kJ mol�1 [8] are
different by nearly 20 kJ mol�1. Both values were measured with
well established methods in thermochemical research labs with
sufficient experiences. However, it is hardly possible to determine
the preferred value without an additional study. Also, very often
only a single value can be found in the literature, e.g. the
sublimation enthalpy 178.2 kJ mol�1 of 5,6,11,12-tetraphenylnaph-
thacene (rubrene) was measured by using the ME method [7].
Thus, another method is required to prove validity of this value.

Some time ago we have revealed [9,10], that the solution
calorimetry measurements at 298.15 K could provide an additional
method to assess vaporization/sublimation enthalpies especially
for large compounds. The solution calorimetry approach utilizes an
empirical correlation of the solvation enthalpy of a molecule of
interest with its molar refraction. For example, the sublimation
enthalpy of biphenyl available in the literature was measured using
five different methods with values spreading from 81 to 84 kJ
mol�1, with an average value of (82.1 � 2.1) kJ mol�1 recommended
in Ref. [5]. The value of (82.8 � 1.5) kJ mol�1 derived from the
enthalpy of solution of biphenyl in cyclohexane in our preliminary
study [10] is in fair agreement with the recommendation. Thus, the
solution calorimetry seems to be a promising tool for evaluation of
vaporization/sublimation enthalpy data. The main goal of this
work was to establish a reliable approach based on the results from
solution calorimetry. There are at least three crucial advantages in
the utilization of solution calorimetry. First, this method is already
well established in physical chemistry classes. Second, inexpensive
commercial devices are used. Third, experiments are performed
directly at the reference temperature (298.15 K) favorably over-
coming the temperature adjustment limitations inherent in vapor
pressure measurements.

In this work we have been challenged to develop and apply the
solution calorimetry approach to derive vaporization/sublimation
enthalpies for a number of aromatic and polyaromatic hydro-
carbons, where the experimental data according to recent
compilation [5] seem to be in disarray. For validation of the
results from solution calorimetry we additionally used the well
established transpiration, QCM, and TGA methods.

2. Experimental part

2.1. Materials

All aromatic hydrocarbons studied in this work were of
commercial origin with mass fraction purities >0.97. They were
further purified by repeated crystallization or by fractional
sublimation in vacuum. Purities of aromatic hydrocarbons were
analyzed by using the Konik 5000 gas chromatograph (GC)
equipped with a flame ionization detector (FID). Some samples
were analyzed using simultaneous TGA and differential scanning
calorimetry (DSC) (Thermoanalyzer Netzsch STA 449C Jupiter)
coupled with evolved gas analysis by mass spectrometry
(quadrupole mass-spectrometer QMS 403C Aeolos).

The calorimetric solvent, benzene, was carefully purified from
traces of thiophene by shaking with the concentrated H2SO4. Then
it was washed with the dilute aq. NaOH and water and then
distilled over CaH2. The mass fraction of benzene after purification
was 0.999 according to GC analysis.

Water used for calibration of solution calorimetry, densimetry
and refractometry techniques was distilled twice and deionized
using the purification system Easy Pure II (Thermo Scientific). Its
electrical resistivity was 18.2 MV cm.

2.2. Solution calorimetry

Enthalpies of solution of aromatic hydrocarbons in benzene
were measured at T = 298.15 � 0.01 K using the commercial TAM III
solution calorimeter. In a typical experiment, 100 mL of benzene
were placed in a glass calorimetric cell equipped with a gold stirrer,
a Joule heater, and a thermistor. The detailed description of the
standard solution procedure has been published elsewhere [11,12].

2.2.1. Liquid samples
Dissolution experiments with liquid samples were performed

by using the titration procedure: 100 mL of solute were dropped
into the thermostatted cell in small portions of 10–20 mL with help
of an electronically operated microliter syringe equipped with a
long gold cannula with the tip immersed in the measuring cell. The
heat effect of each addition was calculated from a calorimetric
curve. Experimental and data acquisition procedures were tested
by measuring the solution enthalpy of propan-1-ol in water. The
average value of the solution enthalpy of (�10.16 � 0.03) kJ mol�1

determined across 5 experiments was in excellent agreement with
the recommended value (�10.16 � 0.02) kJ mol�1 [13].

2.2.2. Solid samples
Dissolution of solid samples was carried out using the ampoule

technique. A cylindrical glass ampoule was filled with the sample
(0.01–0.05 g), sealed, weighed (�0.01 mg), inserted in the sample
holder, and immersed into the solvent. After thermal equilibration
with the solvent the ampoule was broken and the temperature
change in the cell was registered. Each solid sample was measured
at least 4 times. Experimental and data acquisition procedures
were tested by dissolution of KCl in water. The average value of the
solution enthalpy of (17.41 �0.04) kJ mol�1 measured across 5
experiments was in excellent agreement with the recommended
value (17.47 � 0.07) kJ mol�1 [14].

All experimental enthalpies of solution for aromatic hydro-
carbons in benzene measured in this work are listed in Table S1.
Analysis of the measured values did not reveal any concentration
dependence of solution enthalpies within the boundaries of their
uncertainties. This fact proved the assumption that a solute (Ai)
dissolves in sufficient amount of solvent (S) to give a solution of
infinite dilution. Average values of solution enthalpies of aromatic
hydrocarbons in benzene obtained from at least 4 measurements
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are presented in Table 1. Solution enthalpies of terphenyls in
benzene measured in this work are in excellent agreement with
the data obtained by Ogawa and Sugiura [15] which serves as an
additional confirmation of data reliability.

2.3. Molar refraction

Values of molar refraction of aromatic hydrocarbons (MRAi ) in
benzene solutions at 298.15 K were derived from experimental
refractive indices and densities according to Eq. (1).

MRAi ¼ 1
x2

n2
12 � 1

n2
12 þ 2

�MAi
x2 þ MBzð1 � x2Þ

d12
� MRBz � ð1 � x2Þ

" #
(1)

where MRAi is the molar refraction of an aromatic hydrocarbon; x2
is the mole fraction of aromatic hydrocarbon in benzene solutions;
;Bz and MAi

are the molar masses of benzene and an aromatic
compound; d1,2 is the density of the benzene solution of an
aromatic hydrocarbon with the mole fraction x2; n12 is the
refractive index of solutions of aromatic hydrocarbon in benzene;
MRBz is the molar refraction of benzene, which was calculated by
Eq. (2) using experimental data.

MRBz ¼ MBz

dBz

n2
Bz � 1

n2
Bz þ 2

; (2)

where ;Bz is the molar mass of benzene; dBz is the experimental
density of benzene; and nBz is the experimentally measured
refractive index of benzene. All auxiliary data were measured at
298.15 K. Obtained molar refractions of 6 aromatic hydrocarbons
are presented in Table 1.

2.4. Auxiliary quantities

Refractive indices required for calculation according to Eq. (1)
were measured at 298.15 � 0.01 K by using the automatic digital
refractometer RX-5000 alpha (Atago Co., Ltd.). Accuracy and
repeatability of this instrument are 0.00004 and 0.00002,

respectively. The refractometer was calibrated with water.
Experimental refractive indices of aromatic hydrocarbons are
collected in Supporting Material (Table S2).

Densities of neat liquids as well as densities of solutions, d1,2,
required for calculation of the molar refraction in Eq. (1) were
measured by a vibrating-tube densimeter Anton Paar DSA 5000 M
with an accuracy of 0.000005 g cm�3 and repeatability of
0.000001 g cm�3. The densimeter was calibrated with water and
air following the instructions and requirements of the manufac-
turer. Calibrations and all measurements were performed at
temperature 298.15 � 0.01 K. The auxiliary data are presented in
Supporting Material (Table S2).

2.5. Transpiration method: vaporization or sublimation enthalpy
measurements

Vapor pressures over the liquid 1-phenylnaphthalene, 1,2-
diphenylbenzene, and the solid phenanthrene were measured by
the transpiration method using the nitrogen stream [16]. About
0.5 g of the sample was mixed with glass beads and placed in a
thermostatted saturator. At constant temperature (�0.1 K), a
stream of N2was passed through the saturator and the transported
material was collected in a cold trap. The absolute vapor pressures
pi at different temperatures Ti were calculated from the amount of
product collected within a definite period of time according to the
ideal gas law. The volume of transporting gas VN2 was determined
from the flow rate and time of measurements. Vaporization or
sublimation enthalpies were derived from the temperature
dependences of the experimental vapor pressures (see Table 2).

2.6. Quartz crystalline microbalance (QCM): sublimation enthalpy
measurements

Sublimation enthalpies of the solid samples of 1,2,3,4-
tetraphenylnaphthalene, hexaphenylbenzene, and rubrene were
derived from the temperature dependences of the experimentally
measured change in the vibrational frequency of the quartz crystal.

Table 1
Enthalpies of solution in benzene, DsolnH

Ai=C6H6 , molar refractions, MRAi , enthalpies of solvation, DsolvH
Ai=C6H6 , used for calculation of enthalpies of sublimation,

D
g
crH

Ai
m , of aromatic hydrocarbons with Eq. (8) or (9) (all values at 298.15 K; uncertainties are expressed as standard deviation).

Compound (Ai) DsolnH
Ai=C6H6 a

(kJ mol�1)
MRAi

(cm3mol�1)
DsolvH

Ai=C6H6

(kJ mol�1)
D

g
crH

Ai
m (Eq. (9))

(kJ mol�1)
D

g
crH

Ai
m (Table 3)d

(kJ mol�1)
De

(kJ mol�1 (%))
1 2 3 4 5 6 7

Azulene (cr) 18.1 � 0.2 44.4 � 0.5 �55.2 73.3 � 0.7 74.2 � 2.2 0.9 (1.3)
Diphenylacetylene (cr) 18.2 � 0.1 62.0 � 0.9b �74.3 92.5 � 1.0 91.9 � 3.2 �0.6 (0.7)
Phenanthrene (cr) 17.7 � 0.1 62.3 � 0.6 �74.6 92.3 � 1.1 92.1 � 0.6 �0.2 (0.3)
trans-Stilbene (cr) 24.9 � 0.2 65.3 � 0.7 �77.9 102.8 � 0.9 101.7 � 1.2 �1.1 (1.1)
1-Phenylnaphthalene (l) 0.7 � 0.1 69.1 � 0.7 �82.0 82.7 � 0.8c 81.9 � 1.0c �0.8 (1.0)
Fluoranthene (cr) 18.1 � 0.2 71.5 � 0.7 �84.7 102.8 � 0.9 100.5 � 1.4 �2.3 (2.2)
Pyrene (cr) 16.3 � 0.2 74.1 � 0.7 �87.5 103.8 � 0.9 99.3 � 1.8 �4.5 (4.5)
1,2-Diphenylbenzene (cr) 15.2 � 0.2 (14.87 � 0.03)f 76.9 � 0.8 �90.5 105.7 � 1.0 103.0 � 1.4 �2.7 (2.6)
1,3-Diphenylbenzene (cr) 22.3 � 0.1 (21.92 � 0.03)f 79.4 � 0.1b �93.2 115.5 � 0.2 118.2 � 1.4 2.7 (2.2)
1,4-Diphenylbenzene (cr) 27.5 � 0.4 (27.41 � 0.28)f 79.9 � 0.8 �93.8 121.3 � 1.2 123.8 � 1.2 2.5 (2.0)
1,2-Benzanthracene (cr) 19.1 � 0.1 82.9 � 0.8 �97.1 116.2 � 0.9 116.2 � 0.6 0.0 (0.0)
9-Phenylanthracene (cr) 21.6 � 0.2 89.2 � 0.2b �103.9 125.5 � 0.4 120.3 � 0.8 �5.2 (4.3)
1,2,3-Triphenylbenzene (cr) 20.2 � 0.5 102.5 � 0.2b �118.4 138.6 � 0.7 136.8 � 0.8 �1.8 (1.3)
1,2,5,6-Dibenzanthracene (cr) 28.1 � 0.5 104.2 � 1.0 �120.2 148.3 � 1.5 148.5 � 1.0 0.2 (0.1)
9,10-Diphenylanthracene (cr) 18.7 � 0.4 117.0 � 0.6b �134.2 152.9 � 1.0 153.6 � 0.8 0.7 (0.5)
1,2,3,4-Tetraphenylnaphthalene (cr) 4.0 � 0.5 141.5 � 1.1b �160.8 164.8 � 1.6 160.2 � 1.6 �4.6 (2.9)
Hexaphenylbenzene (cr) 2.6 � 0.5 171.4 � 1.7 �193.3 195.9 � 2.2 196.6 � 1.0 0.7 (0.3)
Rubrene (cr) 10.6 � 0.2 179.9 � 1.8 �202.6 213.2 � 2.0 213.9 � 1.3 0.7 (0.3)

a Measured in this work.
b Measured in this work (see Table S2).
c Enthalpy of vaporization, D

g
l H

Ai
m .

d Recommended and selected values from Table 3.
e Difference between column 6 and 5.
f Measured in Ref. [15].
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Table 2
Results from measurements of the vapour pressure p of aromatic hydrocarbons using the transpiration method.

Ta

(K)
mb

(mg)
V(N2)

c

(dm3)
Gas-flow
(dm3/h)

pd

(Pa)
(pexp–pcalc)
(Pa)

D
g
l Hm=D

g
crHm

(kg mol�1)

1-Phenylnaphthalene (l) D
g
l Hm (298.15 K) = (82.7 � 0.5) kJ mol�1 ln (p/Pa) = 343:3

R � 111085:6
R�ðT;KÞ � 95:2

R ln T;K
298:15

� �

318.5 2.24 103.6 5.01 0.26 0.02 80.77
323.5 5.46 172.9 5.01 0.38 �0.01 80.29
328.3 3.9 75.12 5.01 0.62 0.02 79.84
328.4 5.04 100.6 5.01 0.6 0 79.83
333.4 4.37 58.18 5.01 0.92 �0.02 79.35
338 6.24 55.34 5.01 1.36 �0.02 78.91
343.6 4.92 28.39 2.35 2.09 �0.09 78.38
343.6 4.92 28.39 2.35 2.1 �0.08 78.38
351 5.41 17.53 5.01 3.76 �0.12 77.68
353.1 5.92 15.63 5.01 4.62 0.08 77.48
358.3 8.02 14.96 4.8 6.44 �0.22 76.98
358.5 5.29 9.18 5.01 6.87 0.12 76.96
363 6 7.51 5.01 9.53 0.24 76.53
368.3 4.92 4.34 5.01 13.52 0.15 76.03
371 6.27 4.6 5.01 16.65 0.63 75.77

Phenanthrene (cr) D
g
crHm (298.15 K) = (91.4 � 0.4) kJ mol�1 ln (p/Pa) = 307:4

R � 101458:73
R�ðT;KÞ � 33:8

R ln T;K
298:15

� �

306.2 0.23 66.3 5.06 0.05 0 91.11
309.4 0.34 69.5 4.98 0.07 0 91
313.2 0.14 16.9 5.06 0.12 0.01 90.87
316.3 0.14 12.8 5.06 0.16 0 90.77
319.3 0.15 9.87 5.06 0.21 �0.01 90.67
322.3 0.2 8.96 4.98 0.31 0.01 90.57
325.2 0.21 6.81 4.98 0.43 0.03 90.47
329.2 0.25 5.39 4.98 0.63 0.03 90.33
328.4 0.19 4.86 4.98 0.55 �0.01 90.36
334.2 0.46 6.28 5.06 1.01 0.01 90.16
330.7 0.32 6.16 5.06 0.73 0.02 90.28
337.2 0.41 4.22 5.06 1.35 0.03 90.06
340.3 0.49 3.79 5.06 1.78 0.01 89.96
343.4 0.41 2.49 5.06 2.29 �0.08 89.85
346.3 0.5 2.28 5.06 3.06 �0.03 89.76
349.4 0.53 1.81 5.06 4.03 �0.04 89.65
352.4 0.57 1.43 5.06 5.45 0.17 89.55
355.5 0.54 1.05 5.06 7.05 0.15 89.44
359.2 0.27 0.413 1.1 9.07 �0.34 89.32
356.8 0.31 0.559 1.1 7.6 �0.11 89.4
358.6 0.75 1.14 5.06 9.14 0.18 89.34
362.3 0.32 0.376 1.1 11.71 �0.45 89.21
365.3 0.37 0.33 1.1 15.34 �0.18 89.11
368.3 0.46 0.321 1.1 19.88 0.18 89.01
370.4 0.56 0.339 1.1 22.98 �0.25 88.94

1,2-Diphenylbenzene (l) D
g
l Hm (298.15 K) = (86.0 � 0.2) kJ mol�1 ln (p/Pa) = 361:5

R � 117565:6
R�ðT;KÞ � 105:8

R ln T;K
298:15

� �

343.5 0.83 5.3 3.09 1.66 0.01 81.23
345.5 0.6 3.33 4 1.95 0 81.02
346.4 0.7 3.56 1.68 2.1 0 80.92
348.4 0.6 2.6 4 2.5 0.04 80.71
349.5 0.6 2.39 3.11 2.7 0.01 80.59
351.5 0.57 1.93 4 3.15 0 80.38
352.5 0.55 1.75 4.04 3.39 �0.01 80.28
355.4 0.56 1.4 3.11 4.27 0.02 79.97
358.4 0.56 1.14 4.04 5.28 �0.06 79.65
360.4 0.31 0.53 1.67 6.2 0.01 79.44
361.4 0.61 1 4 6.58 �0.09 79.33
361.5 0.58 0.934 3.11 6.64 �0.07 79.32
363.2 0.57 0.82 2.24 7.52 �0.07 79.14
365.4 0.55 0.663 1.02 8.88 �0.01 78.91
366.4 0.56 0.642 1.67 9.43 �0.1 78.81
368.4 0.69 0.676 2.05 10.95 �0.03 78.59
369.4 0.64 0.586 1.64 11.87 0.11 78.49
371.4 0.55 0.438 1.01 13.63 0.13 78.28
373.3 0.54 0.383 1 15.27 �0.09 78.08
374.4 0.72 0.462 1.01 16.77 0.23 77.96
376.3 0.52 0.3 1 18.69 �0.06 77.76
377.4 0.58 0.307 1.02 20.37 0.21 77.64

a Temperature of saturation.
b Mass of transferred sample m condensed at T = 273 K.
c Volume of nitrogen V(N2) used to transfer mass m of sample.
d Vapour pressure p at temperature Tcalculated from m and the residual vapour pressure at T = 273 K. Vapour pressures derived from the transpiration method were reliable

within (1–3)%.
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The experimental setup was developed for measuring of com-
pounds with the extremely low vapor pressures. Experimental
procedure was tested with ionic liquids (ILs) and reported recently
[17]. This technique is principally different from the well-
established Knudsen-technique. In contrast to the Knudsen
method, where the sample cell is closed with a membrane and
only a small hole connects the sample container to the vacuum, in
our method a sample of an aromatics is placed in an open cavity
(Langmuir evaporation) inside of the thermostatted block and it is
exposed to vacuum (10�5 Pa) with the whole open surface of the
loaded compound. The QCM is placed directly over the measuring
cavity containing the sample. During the vaporization into
vacuum, a certain amount of sample is deposited on the quartz
crystal. The change in the vibrational frequency of the crystal, Df,
(which is a measure of an amount of sample deposited on the cold
QCM) was recorded as function of time at different temperatures of
the sample. Sublimation enthalpies were derived from the
temperature dependences of the experimental Df values (see
Table S4).

2.7. Thermogravimetric approach (TGA): sublimation enthalpy
measurements

Sublimation enthalpy of the solid 1,2,3,4-tetraphenylnaphtha-
lene was derived from the mass-loss temperature dependence
measured by a commercial PerkinElmer Pyris 6 TGA. A plane
platinum crucible with about 70 mg of the sample was used. Prior
to the measurement of vaporization enthalpy, a careful condition-
ing of the sample inside the TGA was performed. For the removal of
volatile impurities a heating ramp of 10 K min�1 was used,
followed by a 4 h static hold period at 423 K, continued with
stepwise isothermal runs. Isothermal gravimetric analysis curves
were measured in the temperature range 440–470 K at a N2 flow
rate of 140 mL min�1. In order to trace any possible effect of
impurities on the measured mass loss rate dm/dt a typical
experiment was performed in a few consecutive series with
increasing and decreasing temperature steps. The detailed
procedure has been described elsewhere [18]. The experimental
mass loss rates dm/dt temperature dependence for 1,2,3,4-
tetraphenylnaphthalene are listed in Table S5.

3. Methodology

According to the IUPAC definition [19], dissolution is an
interaction of a solute with the solvent, which leads to surrounding
of the solute species in the solution. The molar enthalpy of solution
DsolnH

Ai=S is the enthalpy change when 1 mole of a solute Ai

dissolves in sufficient amount of solvent S to give a solution of
infinite dilution. The molar enthalpy of solvation DsolvH

Ai=S is the
enthalpy change when 1 mole of gaseous molecules of a solute A
dissolves in a solvent S to give a solution of infinite dilution.
Enthalpy of solvation DsolvH

Ai=S and enthalpy of solution DsolnH
Ai=S

of any solute Ai in a solvent S are related over the molar enthalpy of
vaporization D

g
l H

Ai
m for liquid solutes and over the molar

sublimation enthalpy (Dg
crH

Ai
m) for solid solutes as follows:

DsolvH
Ai=S ¼ DsolnH

Ai=S � D
g
l H

Ai
m ; (3)

DsolvH
Ai=S ¼ DsolnH

Ai=S � D
g
crH

Ai
m : (4)

Thus, use of Eqs. (3) and (4) opens an independent way to assess
vaporization/sublimation enthalpy of any solute Ai provided that
the solvation and solution enthalpies are available. Indeed, the
solution enthalpy DsolnH

Ai=S in different solvents can be measured
by using the solution calorimetry at 298.15 K. Furthermore, our
systematic experimental and theoretical work on DsolvH

Ai=S

[9,10,20–22], spanning more than three decades, has allowed
detecting some general trends that are now useful for the
evaluation of vaporization/sublimation enthalpies. It has turned
out that a remarkable linear dependence exists between enthalpies
of solvation of solutes Ai in non-polar or polar solvents and their
molar refractions (MRAi ). The most extended study was performed
with cyclohexane as the solvent [9,10,20]. Different organic non-
electrolyte compounds from water to diphenylmercury (altogether
102 molecules) fit a linear equation (Eq. (5)) [20]:

�DsolvH
Ai=c�C6H12 ¼ 5:09 þ 1:03

� MRAi ðN ¼ 102; R ¼ 0:994; SD ¼ 1:56 kJ mol�1Þ:
(5)

The general linear correlation between enthalpy of solvation in
cyclohexane and molar refraction of solutes has a theoretical basis.
Solvation is the process of transfer of solute molecules from the
gaseous state, where intermolecular interactions are practically
absent compared to liquids. Hence, DsolvH

Ai=S values characterize
the overall energy of solute-solvent interactions. In the case of
cyclohexane solutions, solute-solvent interactions include only
dispersion forces. The energy of dispersion interactions linearly
depends on polarizabilities of interacting molecules. Following,
when we dissolve different compounds in one solvent, enthalpy of
solvation should be linearly dependent on polarizabilities of
solutes. At the same time polarizability values and MR values are
related through Eq. (6):

MRAi ¼ 4
3
� p � N � a; (6)

where N is the Avogadro’s constant and a is the molar
polarizability. Thus, the enthalpy of solvation in cyclohexane
should be linearly dependent on the molar refraction. The dipole
moment of solute molecules does not affect the linearity of
DsolvH

Ai=S vs. MRAi relationship in absence of any specific
interactions like hydrogen bonds or other donor-acceptor inter-
actions with solvent. It was shown that solvation enthalpies of
isomeric molecules which have differences in dipole moments up
to 5.8D (cis- and trans-dichloroethylenes, cis- and trans-dicyano-
ethylenes; o-, m-, and p-dichlorobenzenes; o-, m-, and p-
dinitrobenzenes and etc.) are practically equal [20].

The linear relationship between the enthalpy of solvation and
MRAi is universally observed for hydrocarbons as solvents [21].
Since the solubilities of polyaromatic hydrocarbons (PAHs) in
cyclohexane are generally very poor, a more suitable linear
correlation has been developed for benzene as the solvent
(Eq. (7)) [22]:

�DsolvH
Ai=C6H6 ¼ 6:86 þ 1:088

� MRAi ðN
¼ 11; R ¼ 0:998; SD ¼ 0:8 kJ mol�1Þ: (7)

Experimental data (see Table S3) for benzene, fluorobenzene,
chlorobenzene, bromobenzene, 1,2- and 1,4-dichlorobenzenes,
iodobenzene, naphthalene, 1-chloronaphthalene, biphenyl, and
anthracene were used to establish coefficients of Eq. (7). Now,
using enthalpies of solvation calculated with Eq. (7) and enthalpies
of solution of PAHs measured in benzene, their enthalpies of
vaporization/sublimation at 298.15 K can be derived as follows:

D
g
l H

Ai ¼ DsolnH
Ai=C6H6 þ 6:86 þ 1:088 � MRAi ; (8)

D
g
crH

Ai ¼ DsolnH
Ai=C6H6 þ 6:86 þ 1:088 � MRAi : (9)

With full respect to well established conventional techniques,
the calculation of vaporization/sublimation enthalpies according
to Eqs. (8) and (9) suggests an additional valuable option for data
evaluation especially for thermally unstable compounds, because
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the solution measurements are carried out directly at 298.15 K. As a
consequence, the ambiguous heat capacity adjustments of
vaporization/sublimation enthalpies to the reference temperature
are not required. It is also important, that only about 0.5–1.0 g of
sample are enough for a set of measurements. Moreover, the
solution experiment can be completed within a few hours as it is
independent of the size and the volatility of the solute, which
impacts significantly in the duration of conventional experiments.
Depending on a favorable solubility of a molecule of interest in
cyclohexane or in benzene, the linear correlations (Eqs. (5) and (7))
can be used for the evaluation of vaporization/sublimation data. An
example of step-by-step sublimation enthalpy calculations
according to the solution calorimetry approach presented in this
work is given in the Supporting Material. The calculated errors of
enthalpies of sublimation and vaporization with Eqs. (8) and (9)
has been assessed to be less than 2–3 kJ mol�1. This estimate is the
sum of uncertainties of the enthalpy of solution and the molar
refraction determinations.

4. Results and discussion

For this study, we selected 18 aromatic compounds (Table 1).
Our choice has been primarily motivated by collecting molecules of
possibly broad variations in structure: from sterically hindered
phenyl substituted benzenes and naphthalenes to polycyclic
aromatics. Enthalpies of vaporization/sublimation of PAHs were
determined by Eqs. (7)–(9) based on their experimentally
measured enthalpies of solution in benzene and molar refractions
(see Table 1). Molar refractions of diphenylacetylene, 1,3-diphe-
nylbenzene, 1,2,3-triphenylbenzene, 9-phenylanthracene, 9,10-
diphenylanthracene and 1,2,3,4-tetraphenylnaphthalene were
measured in this work, values of other studied molecules were
evaluated from the literature data [23–28] (for more details see
Supporting Material).

For validation of the solution calorimetry approach, we
collected experimental D

g
crH

Ai
m/D

g
l H

Ai
m data available in the litera-

ture. Six compounds have been additionally studied in Rostock
using “conventional” methods (Table 3).

Transpiration is the well established method for measurement of
absolute vapor pressures especially of thermally labile compounds
because the sample in the saturator stands always under protection
of N2 stream. However, for low volatile compounds like PAHs, this
method becomes very time consuming. In order to expedite
experiments, it is desirable to increase the gas flow over sample,
as long as the flow rate is not too fast in order to reach the saturation
of the nitrogen stream with a compound. We tested our setup with
measurements on phenanthrene. The upper limit for our apparatus
where the gasflow rate could already disturb the equilibrationwas at
a flow rate of 7.0 dm3h�1. Thus, we carried out the experiments at
flow rates below this limit to be sure that transporting gas was in
saturated equilibrium with the coexisting liquid or solid phase in the
saturation tube. The enthalpy of sublimation of phenanthrene,
D

g
crH

Ai
m (298.15 K) = 91.4 � 0.4 kJ mol�1 (see Table 2), measured by

transpiration in this work is in good agreement with the
recommended value D

g
crH

Ai
m (298.15 K) = (92.1 �0.6) kJ mol�1 [5].

For 1-phenylnaphthalene we measured by transpiration D
g
l H

Ai
m

(298.15 K) = (82.7 � 0.5) kJ mol�1 in order to ascertain the single
value D

g
l H

Ai
m (298.15 K) = (81.0 � 1.8) kJ mol�1 available from the

drop microcalorimetric method [29]. After completing of experi-
ments on 1-phenylnaphthalene we become aware of indistin-
guishable ebulliometric result (see Table 3) reported just recently
[30]. The sublimation enthalpies of 1,2-diphenylbenzene available
in the literature spreads from 101 to 105 kJ mol�1. In order to check
this value, we measured the vaporization enthalpy Dg

l H
Ai
m

(298.15 K) = (86.0 � 0.2) kJ mol�1 (see Table 2) by transpiration.
Using the enthalpy of fusion at 298.15 K Dcr

l H
Ai
m = (15.2 � 0.7) kJ

mol�1 reported for 1,2-diphenylbenzene [5] we calculated the
enthalpy of sublimation for this compound D

g
crH

Ai
m = D

g
l H

Ai
m +

D
cr
l H

Ai
m = (86.0 + 15.2) = 101.2 � 0.9 kJ mol�1 (see Table 3).

The single value D
g
crH

Ai
m (298.15 K) = (161.4 �1.4) kJ mol�1 for

1,2,3,4-tetraphenylnaphthalene reported from the ME–QCM study
[31] was proved in this work with QCM and TGA measurements.
The results are indistinguishable (see Table 3) within the
experimental uncertainties.

The enthalpy of sublimation of hexaphenylbenzene
D

g
crH

Ai
m(298.15 K) = (196.6 � 1.0) kJ mol�1 measured in this work by

QCM was in agreement with the result (195.4 � 6.7 kJ mol�1)
derived from thermogravimetry [33] and the value (195.9 � 2.2 kJ
mol�1) measured by solution calorimetry in this work. However,
the recent result measured by combination of the Knudsen method
with the QCM [32] was lower by 10 kJ mol�1. Our study was
performed at lower temperatures and in the broader temperature
range in comparison with the ME–QCM study [32]. Such a
discrepancy could be ascribed to a possible second order solid
phase transitions within the temperature range of the QCM (this
work) or ME–QCM [32] study. In order to detect this phase
transition we studied our sample from room temperature to the
melting point by the DSC. We have observed the solid phase
transitions with the ongoing temperature 533.3 K prior to melting
(see Fig. S1 in Supporting Material). However this transition was
outside of temperature ranges used in Refs. [32,33] as well as in
this work.

The value D
g
crH

Ai
m (298.15 K) = 178.2 kJ mol�1 available for

rubrene [7] was significantly different from our QCM result
Dg

crH
Ai
m (298.15 K) = (213.9 � 1.3) kJ mol�1. However the solution

calorimetry result D
g
crH

Ai
m (298.15 K) = (213.2 � 2.0) kJ mol�1 favours

the QCM result from this work.
Experimental data on vaporization/sublimation enthalpies at

298.15 K available from the literature are usually adjusted in the
different way. In this work we collected the original vapor
pressures and treated them uniformly. All available temperature
dependent pi data were fitted using following equation [16]:

R � ln pi ¼ a þ b
T
þ D

g
crCp � ln

T
T0

� �
; (10)

where a and b are adjustable parameters and D
g
crCp is the

difference of the molar heat capacities of the gaseous and the solid
phases, respectively. T0 appearing in Eq. (10) is an arbitrarily
chosen reference temperature (set to 298.15 K here). Consequently,
from Eq. (10) the expression for the sublimation enthalpy (or
D

g
crH

Ai
m) at temperature T = 298.15 K is derived:

D
g
crH

Ai
mðTÞ ¼ �b þ D

g
crCp � T: (11)

Eqs. (10) and (11) are also valid for the study of the liquid
samples. For this case the enthalpy of vaporization is derived from
Eq. (11) by using the appropriate values of D

g
l Cp. Values of D

g
crCp

and D
g
l Cp have been calculated according to the procedure

developed by Chickos et al. [3]. We used available experimental
isobaric molar heat capacities Ccr

p and Cl
p of aromatic compounds to

calculate D
g
crCp and D

g
l Cp or estimated them by the group-

contribution method [34].
The available vaporization/sublimation enthalpies at 298.15 K

for the 18 aromatic compounds are compiled in Table 3. We
carefully analyzed the primary references with respect to purity of
samples and experimental conditions. This analysis enables
assessment of the reliability of available data in order to calculate
the averaged values used in this work for validation of the solution
calorimetry procedure. The selected values are given in Table 3 in
bold. These values were taken for comparison with the vaporiza-
tion/sublimation enthalpies derived from the solution calorimetry
(Table 1). As can be seen from the last column of Table 1 the results
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Table 3
Compilation of data on enthalpies of sublimation, D

g
crH

Ai
m , and enthalpies of vaporization, D

g
l H

Ai
m , of aromatic hydrocarbons.

Compounds Techniquea T-range
(K)

D
g
crH

Ai
m /Dg

l H
Ai
m

Tav
(kJ mol�1)

Ccr
p (�Dg

crCp) Cl
p (�Dg

l Cp)b

(J mol�1 K�1)

D
g
crH

Ai
m /Dg

l H
Ai
m
c

298.15 K
(kJ mol�1)

Refs.

Azulene (cr) ME 253–293 75.8 157.0 (24.3) 75.2 � 2.0 [7]
ME + S 293–323 – 95.4 � 0.4 [35]

290–372 82.8 83.5 [36]
HSA 283.3–325.6 78.4 78.6 [37]
CGC 72.7 � 2.0 [37]
S 321.0–371.0 70.9 72.0 � 1.4 [38]
C 298.15 76.8 � 0.2 [39]

74.2 � 2.2 Average
SC 298.15 73.3 � 0.7 This work

Diphenylacetylene (cr) ME 317 88.7 240.3(53.2) 89.7 � 4.6 [40]
HSA 299–321 90.4 91.0 � 4.6 [41]
ME 95.1 � 1.1 [42]

91.9 � 3.2 Average
SC 298.15 92.5 � 1.0 This work

Phenanthrene (cr) T 306.2–370.4 90.1 220.3(33.8) 91.4 � 0.4 This work
92.1 � 0.6 [5]
92.1 � 0.6 Selected

SC 298.15 92.3 � 0.7 This work
trans-Stilbene (cr) ME 329 90.8 235.0(36.0) 91.9 � 0.8 [40]

TCM 303–315 86.5 86.9 � 0.3 [43]
C 298.15 99.2 � 0.4 [39]
TCM 295–318 102.1 102.4 � 0.6 [44]
TE, S 297.5–364.5 100.6 101.6 � 0.2 [45]
T 293–338 103.8 104.4 � 2.5 [46]
N/A 298–343 100.3 [36]
K 298–357 101.1 102.1 � 0.3 [47]
T 324.3–367.0 100.2 102.0 � 0.4 [48]

101.7 � 1.2 Average
SC 298.15 102.8 � 0.9 This work

1-Phenylnaphthalene (l)d DC 386 104.0 325.6(95.2) 81.0 � 1.8 [29]
T (323–383) 88.6 93.8 [49]
IP, E 375–630 82.1 � 0.5 [30]
T 318.5–371.0 78.4 82.7 � 0.5 This work

81.9 � 1.0 Average
SC 298.15 82.7 � 0.8 This work

Pyrene (cr) ME 342.1–358.4 94.6 229.4(25.4) 95.9 � 1.2 [50]
ME 298–363 100.5 101.3 [7]
ME 95.7 [51]
C 348–419 97.5 99.7 � 2.0 [51]
IP 348–419 97.7 99.9 � 0.5 [52]
– 398.2–423.2 94 96.8 � 0.2 [36]
– 298–401 98.3 [36]
S 360–419 103.5 [53]
K 353.3–423 97.6 99.9 � 0.6 [54]
T (353–403) 97.9 99.9 [49]
ME 320.1–366.2 103.1 104.2 � 3.9 [55]
ME 352 97.5 98.9 � 1.7 [56]
T 283–323 91.2 91.3 � 0.5 [57]
ME 322.0–381.4 97.8 99.1 � 1.3 [58]
S 99.3 [59]
ME 341.4–408.1 103.5 105.4 � 2.8 [60]

99.3 � 1.8 Average
SC 298.15 103.8 � 0.9 This work

Fluoranthene (cr) ME 298–358 102.5 230 (26.9) 103.3 [7]
ME 329.0–353.6 102.2 103.3 � 3.4 [61]
T 283–323 84.6 84.7 � 0.9 [57]
T (353–403) 98.3 100.5 [49]
– 99.0 [36]
CGC 99.4 [62]
CGC 93.3 [63]
CGC 100.8 � 2.6 [64]
ME 326.8–359.2 97.0 98.1 � 1.3 [58]
C 298.15 99.2 � 0.8 [39]

100.5 � 1.4 Average
SC 298.15 102.8 � 0.9 This work

1,2-Diphenylbenzene (cr) S 274.7(42.0) 103.1 � 0.1e [65]
105.2 � 5.0e [36]

ME 312.3–328.6 102.8 103.7 � 0.6 [66]
T 101.6 � 0.3e [67]
T 101.2 � 0.7e This work

103.0 � 1.4 Average
SC 298.15 105.7 � 1.0 This work

1,3-Diphenylbenzene (cr) 313–363 118.9 277.4(42.4) 120.6 [7]
T 328.6–358.2 115.6 117.5 � 1.2 [67]
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derived from solution calorimetry are in good agreement with
those measured by conventional methods. The average deviation
of 1.8 kJ mol�1 for 18 entries in Table 1 is quite comparable with the
uncertainties ascribed to the experimental values. Only for three
molecules from the list (pyrene, 9-phenylanthracene, and 1,2,3,4-
tetraphenylnaphthalene), the results from solution calorimetry are
�4–5 kJ mol�1 higher. The reason for these deviations is not quite

apparent and it could be ascribed to accumulation of uncertainties
of the methods applied. For example, for 9-phenylanthracene most
of experimental values have uncertainties of 3–5 kJ mol�1 and
could be the explanation for this outlier. At the same time, for the
largest molecules from the set, hexaphenylbenzene and rubrene,
the agreement of results between conventional methods and
solution calorimetry is exact. Comparison of vaporization/

Table3 (Continued)

Compounds Techniquea T-range
(K)

D
g
crH

Ai
m /Dg

l H
Ai
m

Tav
(kJ mol�1)

Ccr
p (�Dg

crCp) Cl
p (�Dg

l Cp)b

(J mol�1 K�1)

D
g
crH

Ai
m /Dg

l H
Ai
m
c

298.15 K
(kJ mol�1)

Refs.

ME 337.3–359.1 116.7 118.8 � 0.5 [66]
118.2 � 1.4 Average

SC 298.15 115.5 � 0.2 This work
1,4-Diphenylbenzene (cr) ME 333–393 120.6 279.6(42.7) 123.4 � 2.0 [7]

ME 338–431 118.9 122.6 � 2.0 [68]
ME 373.3–395.3 122.5 126.1 � 0.4 [66]
CGC 123.0 � 8.8e [69]
T 328.6–358.2 115.6 124.1 � 1.6 [67]

123.8 � 1.2 Average
SC 298.15 121.3 � 1.2 This work

1,2-Benzanthracene (cr) ME 333–393 119.6 273.6(39.3) 122.2 [7]
ME 377–400 104.6 108.1 [70]
ME 365–450 121.2 125.5 [68]
TE 377–426 103.9 108.0 � 3.8 [71]
T 353–403 115.5 118.6 [49]
ME 330–390 113.5 115.9 � 2.3 [72]
ME + TE 373–396 113.1 116.5 � 1.0 [73]

116.2 � 0.6 Average
SC 298.15 116.2 � 0.9 This work

9-Phenylanthracene (cr) 353–426 115.3 296.0(45.2) 119.4 � 5.0 [74]
TE/HSA 353–383 116.9 120.1 � 1.2 [75]

353–426 115.2 119.2 � 5.0 [36]
120.2 � 1.2e [75]
120.4 � 5.0e [36]

T 353–403 118.7 122.3 � 3.0 [49]
120.3 � 0.8 Average

SC 298.15 125.5 � 0.4 This work
1,2,3-Triphenylbenzene (cr) ME–QCM 373.2–395.0 132.1 358.0 (54.5) 136.8 � 0.8 [76]

SC 298.15 138.6� 0.7 This work
1,2,5,6-Dibenzanthracene (cr) T 353–423 134.1 313.0(47.7) 138.4 [49]

TE, ME 436–462 141.6 148.0 � 4.0 [73]
ME 403–512 142.0 149.0 � 2.3 [68]

148.5 � 1.0 Average
SC 298.15 148.3 � 1.5 This work

9,10-Diphenylanthracene (cr) ME 393–433 143.6 383.0 (58.2) 150.3 � 3.0 [7]
HSA 481–502 156.9 168.2 � 4.2 [77]
T (353–403) 137.5 142.2 � 3.0 [49]
QCM 341 – 373 149.3 153.6 � 0.8 Average
SC 298.15 152.9 � 1.0 This work

1,2,3,4-Tertra-phenylnaphthalene (cr) ME–QCM 430.3–448.3 150.9 491.6(74.5) 161.4 � 1.4 [31]
QCM 338.1–370.6 156.2 160.4 � 0.8 This work
TGA 440–470 147.3 158.9 � 1.4 This work

160.2 � 1.6 Average
SC 298.15 164.8 � 1.7 This work

Hexaphenylbenzene (cr) ME–QCM 491.4–510.5 166.9 627 (94.8) 186.1 � 3.2 [32]
TGA 573–603 167.9 195.4 � 6.7 [33]
QCM 445.6–493.6 180.4 196.6 � 1.0 This work

196.6 � 1.0 Selected
SC 298.15 195.9 � 2.2 This work

5,6,11,12-Tetraphenylnaphthacene (rubrene) (cr) ME 453–523 160.7 609.0 (92.1) 178.2 [7]
QCM 450.5–490.7 198.0 213.9 � 1.3 This work

213.9 � 1.3 Selected
SC 298.15 213.2 � 2.0 This work

a Techniques – C: calorimetry; CGC: correlation-gas chromatography; DC: drop calorimetry; E: ebulliometry; HSA: head space analysis; IP: inclined piston manometry; ME:
mass effusion-Knudsen; ME–QCM: combined mass effusion-Knudsen effusion and quartz crystal microbalance; QCM: quartz crystal microbalance; S: static method; SC:
solution calorimetry; T: transpiration method; TCM: thermal conductivity manometers; TE: torsion effusion; TGA: thermogravimetric approach.

b The molar heat capacities, Ccr
p and Cl

p , and the difference between solid or liquid and gaseous phases (Dg
crCp , D

g
l Cp) required for adjustment to 298.15 K. The D

g
crCp and D

g
l Cp

values were estimated by Chickos et al. [3] method from the experimental heat capacities Ccr
p , taken from http://webbook.nist.gov/chemistry/ or calculated by Chickos and

Acree group-contribution method [34].
c Uncertainties were expressed as standard deviation. Values taken into account are given in italic.
d For the liquid state we used Cl

p (Dg
l Cp) and vaporization enthalpy D

g
l Hm.

e Calculated as the sum D
g
crHm = D

g
l Hm + D

l
crHm with values of fusion enthalpies taken from [5].

B.N. Solomonov et al. / Thermochimica Acta 589 (2014) 164–173 171

http://webbook.nist.gov/chemistry/


sublimation enthalpies derived from the solution calorimetry
approach with those measured by conventional methods has
shown good performance of this complementary method by using
of empirical Eq. (7). It should be noted that coefficients of the
Eq. (7) were calculated in Ref. [22] from experimental data for 11
aromatic hydrocarbons and their halogen derivatives. The largest
in this series of solutes was anthracene. However, for further
applications it is important to prove how universal Eq. (7) be
towards hydrocarbons with different structures. We used new
results discussed in this work for this purpose. Vaporization/
sublimation enthalpies selected in Table 3 and new experimental
enthalpies of solution (Table 1) were used to derive enthalpies of
solvation, DsolvH

Ai=S, of 18 aromatic hydrocarbons in benzene (see
Table S6 in Supporting Material). We plotted DsolvH

Ai=S vs. MRAi

values for the extended set of 29 aromatic compounds (see Fig 1,
data are from Table S6 in Supporting Material). As expected, an
excellent linear correlation (N = 29; R = 0.99; SD = 2.1) was observed
with coefficients identical to those given in Eq. (7). It is also worth
mentioning that in contrast to the restricted data set used in Ref.
[22] the range of molar refractions used in the current study for the
linear data approximation was almost three times larger. This fact
was an evidence that correlation between the solvation enthalpy in
benzene and the molar refraction remains valid for this extended
set of aromatic hydrocarbons and their halogen derivatives
regardless of their size and structure.

4.1. Summary of benefits for using solution calorimetry for evaluation
of D

g
crHm/D

g
l Hm

There are several very important advantages of using the
solution calorimetry for the indirect evaluation of the vaporiza-
tion/sublimation enthalpies of organic compounds:

- measurements using solution calorimetry are quick and less
demanding as compared to conventional methods;

- purity and quantity requirements for the chemicals are less
rigorous;

- results from solution calorimetry are derived directly at the
reference temperature 298.15 K and the ambiguous temperature
adjustments specific for conventional methods are not required;

- solution calorimetry is the method of choice for studies of
thermally unstable and/or explosive compounds;

- the solution calorimeter is commercially available or can be
easily constructed.

5. Conclusion

We have developed and tested a solution calorimetry approach
for quick appraisal of vaporization/sublimation enthalpies of
organic compounds. It was based on the linear dependence of
solvation enthalpies of solutes in benzene and their molar
refractions. This approach suggests the validity of the comple-
mentary thermochemical option for vaporization/sublimation
data evaluation, which also permits the rapid gathering of reliable
information for very low volatile chemicals. Enthalpies of
vaporization and sublimation for 18 aromatic and polyaromatic
hydrocarbons at 298.15 K derived by using solution calorimetry
were in good agreement with the reliable results measured by
conventional techniques. Unlike conventional methods, the solu-
tion calorimetry approach provides results directly at the reference
temperature without heat capacity adjustments.
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