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Abstract: The utilization of empirical correlations for the estimation of thermodynamic functions is a
valuable approach for reducing experimental effort and for validating existing data. Established
correlations and group contribution methods provide reliable heat capacity estimates for simple
organic compounds. The present work assesses the extent of deviations introduced by employing
conventional heat capacity correlations for diols. For this purpose, heat capacity differences between
the solid, liquid, and gas phases are evaluated based on experimentally determined vapor pressures,
enthalpies of vaporisation, heat capacities in the solid and liquid phases, and quantum chemical
calculations. It is demonstrated that the structural characteristics of diols result in a significant
overestimation of heat capacities when conventional empirical methods are applied. Deviations in

the range of 30-50 J-K-''mol'were observed when compared to consistent experimental data. As part
of the evaluation, new group contribution parameters were developed for calculating heat capacities
in the solid and liquid phases. Based on these improved data, inconsistencies in literature values for
enthalpies of vaporisation (on the order of 10-15 kJ-mol') could be resolved. Furthermore, a new
correlation was derived that allows for the reliable prediction of enthalpies of vaporisation for a,w-
alkanediols from pentanediol to decanediol. The resulting data provide significant advantages for
the design of technical processes involving diols as renewable sources and for the accurate modeling
of their phase behavior.

Keywords: structure-property relationships; diols; enthalpies of phase transitions; vapor pressure;
quantum-chemical calculations

1. Introduction

Diols are important chemical intermediates that are used in a wide range of industrial
applications, e.g., in the production of polyesters, polyurethanes, adhesives and coatings. Their
functional hydroxyl groups make them valuable for polymer synthesis, as solvents and
pharmaceuticals. The production of diols from renewable sources, such as biomass, is becoming
increasingly important for reasons of sustainability. The short-chain diols (C2 - C5) are liquid at
ambient temperatures. The diols with the longer chains are usually solid. The development of
industrial technologies involving diols requires knowledge of the reliable energetics of phase
transitions for these chemicals.

The phase transition enthalpies - liquid to gas (vaporisation), solid to gas (sublimation) and solid
to liquid (fusion) - are of crucial importance for both practical applications and theoretical studies.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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The standard molar enthalpy of vaporisation, APHS, is essential for industrial processes such as
distillation and cooling, determines the energy requirement for boiling and condensation processes
in power plants and cooling systems and determines the volatilisation of organic compounds from
the soil into the environment. The standard molar sublimation enthalpy, A%.HS, is important for
materials science, e.g., for fractional sublimation for purification, freeze-drying of pharmaceuticals
and food preservation. The standard molar enthalpy of fusion, AL HS, determines the melting and
solidification processes in materials technology and is of interest for energy storage systems. A special
example in this regard are phase change materials. In this technic, enthalpy of a phase change,
particularly melting, is utilized for storing thermal energy. Organic phase change materials enable
application for heat regulation in domestic environments (e.g., keeping temperature at a constant
level during day-night cycles).

The theoretical significance of liquid-gas, solid-gas and solid-liquid phase transitions extends to
numerous areas. For example, they quantify the intensity of molecular interactions and provide
information on the strength of intermolecular forces (including hydrogen bonds). They help to define
phase criteria for equilibria in the thermodynamics of phase diagrams. These enthalpies are used in
statistical mechanics and computational chemistry to model phase behaviour and validate the
theoretical predictions of molecular dynamics simulations. In materials science, the energetics of the
phase transition is a very good aid in the development of substances with tailored thermal properties
for technical applications. Therefore, the understanding and reliable quantification of these
enthalpies is of crucial importance in fields ranging from engineering and environmental sciences to
fundamental physics and chemistry. The actual temperatures of the AS.HS and APHY
measurements depend on the sensitivity of the instrument or device and the properties of the
substance under study. In common practice, the experimental enthalpies for low volatile compounds
are measured at elevated temperatures. Since enthalpy changes are always temperature dependent,
they must be adjusted to any temperature of interest to ensure consistency and comparability. The
comparison is conventionally carried out at the so-called reference temperature T = 298.15 K, but
other temperatures, e.g., the melting temperature, may also be of practical interest. The adjustment
is made according to Kirchhoff’s equation (e.g., for the enthalpy of vaporisation process from Tav to
T =298.15 K):

Tav
APHS (298.15 K) = APHG (T,,) + f (CRm(liq) — Com(g)) dT (1)
298.15

This ensures that enthalpies can be directly compared under different measurement conditions
at the desired temperature. Adjusting the experimental phase transition enthalpies to 298.15 K
ensures that data from different sources can be compared and used consistently in technical
applications, thermodynamic modeling, and phase equilibrium calculations. The term Tav in Equation
(1) stands either for the measurement temperature in calorimetric experiments or for the average
measurement temperature in experiments carried out in particular temperature ranges. Experimental
heat capacities, CPy,(liq) (298.15 K), for numerous liquids are available in the literature [1] or can be
estimated using empirical methods. Experimental gas-phase heat capacities, Cg,(g) (298.15 K), are
only available for a very limited number of volatile compounds and need to be estimated in general.
Nowadays, the heat capacities of the gas phase can be estimated using group additivity methods [2]
or quantum chemical methods [3].

Numerous group-additive (GA) methods have been developed to estimate the heat capacities in
the liquid phase [2,4] and in the gas phase [5]. It is beyond the scope of this article to compare and
evaluate the advantages and disadvantages of the available methods, as a simple and straightforward
system of group-contributions and empirical equations suitable for the temperature adjustments for
all three types of phase transitions has been developed by Chickos et al. [6]. This system is practically
predominant in the current literature and successfully complements and validates the experimental
methods for the €3, (liq) and the modern QC calculations for the Cpn,(g). Essentially, the following
three basic empirical equations were developed by Chickos et al. [7] and proposed for the
temperature adjustments of the vaporisation, sublimation and fusion enthalpies:
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APH,(298.15 K) = AFPHS (Tav) + AFCRy (298.15 K — Tav) ()

A% HY(298.15 K) = A HY\(Tav) + A8 €91, (298.15 K — Tav) (3)
AL H2(298.15 K) = AL H(Trus) + AL C9(298.15 K — Thus) 4)

where APHY is the standard molar vaporisation enthalpy, A%.Hg, is the standard molar sublimation
enthalpy, and AL.Hg is the standard molar enthalpy of fusion. The differences between the molar
isobaric heat capacities of the phases are empirically related to Cp,(liq or cr) as follows [7]:

DBCO =C8m(8) - Com(liq) = —[10.58 + 0.26xCYm(liq)] (5)
AB.COm =C8m(8) - Com(cr) ==[0.75 + 0.15xCZpm(cr)] (6)
ALCOm =Com(liq) - Com(cr) = —[0.15%CSm(cr) +0.26XCQm(liq) +9.93] 7)

where the heat capacities Cgp,(liq) and Cg iy (cr) are referenced to 298.15 K.

It is assumed that the heat capacity differences calculated according to Equations (5) to (7) do
not depend on the structures of the organic molecules, provided that reliable data on Cg,(cr) and
Cpm(liq) are available. These equations are widely used in the current literature for the temperature
adjustments of the phase transition enthalpies [8]. In our recent work [9], however, we have already
questioned the general validity of Equation (5) for long-chain aliphatic esters, since for this family of
compounds the relationship between AfCg,, and CZy(liq) still shows a linear correlation, but with
parameters that differ significantly from those originally described by Chickos et al. [7] in Equation
5).

This experience provided the motivation for the present study, since the diols are even more
predisposed to certain special features than the long-chain esters due to two oxygen functionalities
that are bound to the long alkyl chain. Furthermore, it has been found that the liquid-phase heat
capacities Cgn,(liq) and the crystal-phase heat capacities Cg,(cr) of the a,m-alkanediols (see Table

S1) calculated by Chickos’ group are systematically overestimated by 30-50 J-K-'mol! compared to
the consistent experimental data from the recent literature (see Tables S2 and S3). What is also
worrying is that the differences increase with chain length. Even if the uncertainties associated with

the heat capacity differences in Equations (5) to (7) were set at 15 J-K-I'mol" (the standard deviation)
[7], the systematic nature of the deviations has an impact on the temperature adjustments of the phase
transitions carried out according to Equations (5) to (7). The consequences are particularly dramatic
for the enthalpies of vaporisation derived from the ebulliometric vapor pressure measurements,
where the experimental temperature ranges are typically close to the normal boiling point of a diol.
For example (see Table 1), the very accurate experimental vapor pressures available for 1,6-
hexanediol in the temperature range 422.2-559.5 K [10] were used to derive the enthalpy of
vaporisation values, APHS (T,,), and this result was used to calculate the enthalpy of vaporisation
using various heat capacity differences ACS,, available in the literature or according to Equation

©)-

Table 1. Temperature adjustment of experimental vaporisation enthalpies AlgHI% (Tav) to the reference
temperature T =298.15 K using different heat capacity differences AigC}S’,m.

Diol T-range ASHO (T ,,) —A¥CS APHY,(298.15 K)
K kJ-mol- J-K-1-mol-! kJ-mol-!
1,6-hexanediol 422.2-559.5 [10] 67.7 90.9a 84.7
7830 82.4
97.7¢ 86.0
153.0d 96.3
1,10-decanediol 457.0-566.3 [11] 73.6 124.0 99.6

116.6° 97.0
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121.2 ¢ 99.0
154.0 105.8

2 Using the original Chickos’s parameters (Table S1) and Equation (4). ® Using the experimental heat capacities

(Table S2) and Equation (4). < Developed in Refs. [12,13]. ¢ Developed in this work, using the experimental vapor
pressure from Ref. [14] . ¢ Developed in this work, using the experimental vapor pressure from Ref. [11].

From Table 1, it is clear that the final AFHZ,(298.15 K) values depend crucially on the AFCQy,-
value used for the adjustment. The fluctuation of the AlgHg,(298.15 K) values from 82.4 to 96.3 k]
mol is unacceptable, even if the vapor pressure measurements were of impeccable quality. Similar
calculations performed for 1,10-decanediol showed that the variations of the APHZ (298.15 K) values
from 97.0 to 105.8 k] mol!are comparable to those of 1,6-hexanediol (see Table 1). It is obvious that
the main reason for the unacceptably large scatter of the APHZ (298.15 K)values is the [(298.15 K —
Tav)]-term in Equation (5), which drastically increased even small fluctuations in the AigCg,mvalues
derived using different methods.

The experimental data on vaporisation thermodynamics of other a,w-alkanediols found in the
literature show that most results were measured at elevated temperatures. Therefore, the correct
evaluation of the heat capacity differences (see Equations (4) to (6)) for each diol is essential for a
correct adjustment and comparison of their phase transition enthalpies. This evaluation was the focus
of this work. The available experimental data on heat capacities, vapor pressures and enthalpies of
vaporisation for a,w-alkanediols (C2 — C10) were carefully compiled from the literature in this work
and the AfCg,,-values were derived using various methods, critically evaluated and recommended
for the temperature adjustment of the phase transition enthalpies for this family of compounds. To
validate and cross-check the available experimental data, the additional vapor pressure
measurements were carried out on 1,6- and 1,10-alkanediols using the transpiration method. The key
advantage of this method is that the measurements were carried out at temperatures not too far from
the reference temperature T = 298.15 K, so that any uncertainties in the AFCS,, values have only a
tolerable influence on the final A‘lgH,%(298.15 K) values.

2. Experimental and Theoretical Methods

Provenance and purities of the commercial sample of 1,6-, and 1,10-alkanediols are shown in
Table S4. A transpiration method [15] was used to measure the vapor pressures over the liquid
samples of 1,6-, and 1,10-alkanediols. The temperature dependences of the absolute vapor pressures
for each compound were used to derive the enthalpies and entropies of vaporisation of the diols (see
Table S5). The general description of the experimental procedure have been published elsewhere [15].
The essential details are given in ESI.

The Gaussian 16 series software [16] was used for quantum-chemical (QC) calculations. The
standard molar gas-phase heat capacities of 1,2-, 1,3-, 1,4-, 1,5-,1,6-, and 1,10-alkanediols were
calculated using the B3LYP 6-31+g(d,p) method [17]. The general details of the calculation procedure
can be found elsewhere [3].

3. Results and Discussion

3.1. Gas Phase Heat Capacities of a,-Alkanediols from Quantum-Chemical Calculations

Estimating the heat capacity for a,m-alkanediols using quantum chemical methods is not a trivial
task, since the molecules under investigation are very flexible. Conformational analysis of such
molecules using quantum chemical methods is a scientific problem in its own right due to their
complexity. Flexible molecules have many rotational degrees of freedom, which leads to an
exponential increase in the number of possible conformations. Each of these conformations requires
a separate calculation, which is extremely resource-intensive, especially at a high level of theory, and
scales poorly with increasing system size.
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Determining the global energy minimum is complicated by the fact that many conformers can
have similar energy values and, without effective search algorithms, the most stable structure can
easily be overlooked. Furthermore, the results are very sensitive to the choice of the basis set and the
quantum chemical method. Since 2022 [18] there is an efficient program CREST (abbreviated from
Conformer-Rotamer Ensemble Sampling Tool) developed for the automated exploration of the low-
energy molecular chemical space, which considerably facilitates the search for conformers. The
calculation algorithm includes efficient force field and semi-empirical quantum mechanical methods
and offers a variety of options for creating and analysing structural ensembles.

To estimate the heat capacity of 1,2-, 1,3, 1,4-, 1,5-, 1,6- and 1,10-alkanediols, a conformational
analysis was carried out using the CREST software to identify the first ten most stable conformers.
The heat capacity was then estimated for each of them using the B3LYP 6-31+g(d,p) method. Table
S6 shows the heat capacities for each series of conformers in order of decreasing population. It has
been observed that the differences in heat capacity between conformers within the given series of

diols are on the order of 3-5 J-K-''mol, so the Cp,(g) of the most stable conformer is a good enough
representation of the heat capacity of the mixture of conformers present. This assumption helps to
significantly reduce the scope of quality control calculations in the future, e.g., for other branched
diols. However, the potential difficulties in the general estimation of the thermochemical properties
of flexible molecules, as described above, indicate the need for additional independent methods to
verify quantum chemical results.

3.2. Are the Chain-Length Dependencies of the Heat Capacities of o, -Alkanediols Linear?

The dependence of the physico-chemical properties on the chain length in a homologous series
is the simplest case of structure-property relationships in chemistry. In general, a monotonic increase
in the property with increasing number of CH: fragments in the growing alkyl chain is expected.
Therefore, the adherence to this linear dependence serves as a criterion for data consistency within
the series. The B3LYP-calculated gas-phase heat capacities, Cg,(g), of the most stable conformers of
1,2-,1,3-, 1,4, 1,5-,1,6-, and 1,10-alkanediols compiled in Table S6 were correlated with the number
of carbon atoms Ncin the alkyl chain. An almost perfect correlation between Cg,(g) and the number
Nc was obtained (see Table S7), which is expressed by the following equation:

Com(g)/ J’K'mol1 =20.14 x Nc +36.4 with R?=10.9997 for C2 to C10 (8)

The good linear correlation between Cp ,(liq) and Nc (see Table S7) is expressed by the following
equation:

Com(liq)/ JK1mol = 30.85x Nc +80.0 with R2 =0.9985 ©9)

however, for this correlation, the heat capacity of 1,2-ethanediol was not included in the correlation
because, due to the strong intramolecular hydrogen bond specific to this molecule [19], its heat
capacity is obviously irregular (see Table S7). A good linear correlation was also observed between
Cpm(cr) and Nc (see Table S8):

Com(cr)/ JKmol 1 =24.1 x Nc+43.0 with R2=0.9952 for C6 to C16 (10)

The high correlation coefficients R? derived for the Equations (8) to (10) can be seen as evidence
for sufficient internal consistency of the B3LYP-calculated or experimental heat capacities within each
type of phase.
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3.3. Methods for Assessing Differences in Heat Capacity, AJCg,,, for the Adjustment of the Enthalpies of
Vaporisation of Diols from Tw to 298.15 K

3.3.1. Method A: With Quantum-Chemical Gas-Phase (g (g) and Liquid-Phase Cg,(liq)

This successful validation of the Cpn,(g) and Cgn(liq or cr) data in Section 3.2 allows the direct
calculation of the A]gCS, m (see Table 2, difference between columns 3 and 2).

Table 2. Comparison of A;*;C}‘jl m Tesults on a,m-alkanediols based on QC calculations and the results estimated

using the GA method developed by the Chickos group (in J'K™*'mol™ at T =298.15 K).

Diol Cym(liq) » Com(®P  APCS ., AFCS, ¢ doe AFCS ¢
1 2 3 4 5 6 7

1,2-ethanediol 149.7 78.0 -71.7 -49.5 222 -62.5
1,3-propanediol 175.8 96.5 -79.3 -56.3 -23.0 -72.6
1,4-butanediol 203.3 115.1 -88.2 -63.4 -24.8 -83.3
1,5-pentanediol 2325 137.1 -95.4 -71.0 244 -94.6
1,6-hexanediol 260.4 157.7 -102.7 -78.3 244 -105.5
1,7-heptanediol 296.6 177.4 -119.2 -87.7 315 -119.5
1,8-octanediol 327.6 197.5 -130.1 95.8 -34.3 -131.6
1,9-nonanediol 359.5 217.7 -141.8 -104.1 -37.8 -144.0
1,10-decanediol 388.5¢ 238.0 -150.5 -111.6 -38.9 -155.2

2 Experimental data from Table S2, column 2. ® DFT calculated values from Table S6, column 3. © Difference
between columns 3 and 2 of this table. ¢ Calculated according to the Equation (5) using experimental Cgn(liq)
data from column 2 of this table. e Difference between columns 4 and 5 of this table. f Calculated according to
equation: A;gCgm/ J.K.mol-1 = -0.3885%Cg n(liq) — 4.3 with R2 = 0.9996, derived from approximation of data
given in columns 2 and 4 of this table. The data in bold were used for further thermochemical calculations.

It is interesting to compare the AFCS,,-values derived in this way (Table 2, column 4), with the
AFCS n-values calculated according to the original empirical Equation (5), developed by Chickos et al.
[7] and using experimental Cg,(liq) data from column 2 of Table 2. The results are shown in Table 2,

column 5, and it is obvious, that the AigCI‘,’,m derived in this way are of 20 to 40 J-K-*'mol"! lower.
Therefore, it makes sense to re-evaluate Equation (5) by approximation of data given in columns 2
and 4 of Table 2. The following new correlation specific for diols was obtained:

APCY 1/ T K mol = —0.3885%CYm(liq) — 4.3 with R? =0.9996 (11)

and it is useful for prediction of the unknown Aig Cpm-values of diols, when the Cp,(liq) are known.
The data in bold (see Table 2, column 7) were used for further thermochemical calculations.

3.3.2. Method B: From Kirchhoff’s Equation

Analysis of the experimental data on vaporisation thermodynamics available for diols shows
that the data can be divided in two sets. One set includes the vaporisation enthalpies measured
directly at T = 298.15 K or with the Tav, which is close to the boiling temperatures (see Tables S9).
Another set compiles the measurements of vaporisation enthalpies with Tav which are not too distant
from the normal boiling points of diols. This observation conveys an idea to apply the Kirchhoff’s
equation to calculate the AFCS,,-values as follows:

£BCS, = [ABHQ(Tw) - ABHG(298.15 K)] / (298.15 K — Tav) (12)

For example, the vaporisation enthalpy, AigH,?l = 65,620,6 k] mol! of 1,2-ethanediol was
measured by Knauth and Sabbah [20] directly at T=298.15 K (see Table S9-1). This value can be taken
as the “reference” value to perform calculations according to Equation (12). The very accurate
ebulliometric measurements of 1,2-ethanediol by Markovnik et al. [21] in the range between 384.0 K
and 470.9 K (with Tev = 424.5 K) provided APHS (T,,) = 57,5+0,3 k] mol! (see Table 9.1). Using these
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experimental values and Equation (12), the heat capacity difference AFCS,, = -64.1 J-mol-K! was
calculated (see Table S9-1). The same procedure was applied for all twenty two vaporisation enthalpy
entries collected in Tables 59-1 to 59-6, and the results derived using the calorimetric results by
Knauth and Sabbah [20] were averaged.

Even if the vaporisation enthalpy, AlgHr?1 = 65,6+0,6 k] mol, from Knauth and Sabbah [20] was
considered as reliable, the AFCS,, calculations using another reliable vaporisation enthalpy with Tav
close to T'=298.15 K could certainly increase the degree of confidence for such a sensitive property
as AigClgm. Indeed, the vaporisation enthalpy A?H{l’l = 64,3+0,8 k] mol! (see Table S9-1) of 1,2-
ethanediol was measured between 308,2 K and 336,2 K (with Tav = 319.2 K) using the transpiration
method [22] can also be considered reliable. This value can be taken as the second “reference” value
to repeat calculations according to Equation (12). Using the same as above data from Markovnik et
al. [21], the heat capacity difference AlgCr‘,’,m = -64.6 J-mol1-K-! was calculated (see Table S9-1). The
agreement of results obtained using first and second “referenced” compound is convincend and it
has motivated a further systematic calculations according Equation (12) using the transpiration
“reference” value all twenty two vaporisation enthalpy entries collected in Table 59-1, and the results
derived using the second “reference” were also averaged.

In the similar way the Equation (12) was applied for the data sets available for 1,3-propanediol
(Table S9-2), 1,4-butnediol (Table $9-3), 1,5-pentanediol (Table 59-4), 1,6-hexanediol (Table S9-5), and
1,10-decanediol (Table 59-6). Where it was possible, a few “reference”-values were involved in order
to ascertain the resulting AFCS,, values for each diol. The final results were averaged (see Tables S9)
and given for comparison with other methods in Table 3.

Table 3. Comparison of data on A?C}‘,’, m of a,m-alkanediols derived by methods A, B, and C (in J-K™'mol" at T'=

298.15 K).
Diols APCS m(Equation  ASCS ., (Equation e AFCS m(Equation e
(11))> (12))¢® (13)) ¢
1 2 3 o) 5

1,2-ethanediol -62.5 -59.0+1.3 -3.5 -68.0£3.9 5.5
1,3-propanediol -72.6 -68.4+1.6 -4.2 -77.15.6 4.5
1,4-butanediol -83.3 -82.1+2.6 -1.2 -81.2+7.0 2.1
1,5-pentanediol -94.6 -96.4+8.0 1.4 -94.0+7.0 -0.6
1,6-hexanediol -105.5 -106.3+5.3 -111.5+4.2 52

1,7-heptanediol -119.5

1,8-octanediol -131.6

1,9-nonanediol -144.0
1,10-decanediol -155.2 -155.0 +£2.0 -0.2 -154.2+2.3 -1.0

2 From Table 2, column 7, calculated according to Equation (11). The data in bold were used for further
thermochemical calculations. » From Table S9, calculated according to Equation (12). Uncertainties are expressed
as the standard deviations. ¢ Difference between columns 2 and 3 of this table. 4 From Table S9, calculated from
approximation experimental vapor pressures according to the Clarke and Glew equation (Equation (13)).

Uncertainties are expressed as the standard deviations. ¢ Difference between columns 2 and 5 of this table.

3.3.3. Method C: From Approximation of Experimental Vapor Pressure Temperature Dependences

It is well known that the approximation of vapor pressures measured over a wide temperature
range using the Clarke and Glew equation [23] provides a reliable estimate of the AFCS,-values. One
advantage of the Clarke and Glew equation is that the fitting coefficients are directly related to the
thermodynamic functions of vaporisation. The Clarke and Glew equation with three adjustable
parameters is as follows:

ABGR.(0 1 1 6 T
R x In(p,/p°) = — ‘T() + A°HO.(6) (5 - ?) — A5CS.n(B) (T “1+4In (5)) (13)
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where 0 = an arbitrary reference temperature (in this work we used 6 = 298.15 K), p;= the vapor
pressure at the temperature T, p°® = an arbitrary reference pressure (p° = 1 Pa in this work), R is the
molar gas constant, A¥GS(6)=the difference in the standard molar Gibbs energy between the gaseous
and the liquid phases, AFHS (6)= the difference in the standard molar enthalpy between the gas and
the liquid phases, and AFC2,,(6) = the difference in the molar heat capacity at constant pressure
between the gaseous and the liquid phase.

It is also known that the Clarke and Glew equation is very sensitive to the quality and
consistency of the experimental vapor pressures. Furthermore, as an adjustable parameter of this
equation, the AFCP,, does not provide reliable values in a relatively short experimental temperature
range. Not many of the data sets collected in Table S9 fulfil this requirement. With this in mind, the
available vapor pressures for each diol were fitted to Equation (13) and the corresponding AFCS,,
values were derived (see Tables S9). The average values are given in Table 3 for comparison.

The analysis of the AFCS,,, results derived with methods A, B and C compared in Table 3 shows
that the averaged values are practically indistinguishable, taking into account the uncertainties
attributed to the results of methods B and C. Therefore, with the convincing support of method A by
methods B and C, the revised empirical dependency AFCSy, = f (Com(liq)) according to tp Equation
(11) was generally recommended for the temperature adjustment of diols. The AFCS,, values
calculated from this equation (Table 3, column 2) were finally used in this work to adjust the
enthalpies of vaporisation APHS(T,,) to T =298.15 K (see Table S10), and the final averaged results
are shown in Table 4.

Table 4. Compilation of the recommended standard molar enthalpies of vaporisation of the short-chained o, -

alkanediols (in kJ-mol™).

Diol AHZ,/298.15 K=
1,2-ethanediol 65.7+0.2
1,3-propanediol 71.5+0.3
1,4-butanediol 79.0+0.7
1,5-butanediol 86.8+0.6
1,6-hexanediol 90.4+1.0
1,10-decanediol 106.6+1.3

2 Averaged values from Table S10. Uncertainties are presented as expanded uncertainties..

3.3. Methods for Assessing Differences in Heat Capacity, A .C3 ., for the Adjustment of the Enthalpies of
Sublimation of Diols from Ta to 298.15 K

The reliability of the experimental Cgy,(cr)-values and quantum chemical Cg,(g)-values for
o,0-alkanediols was checked for consistency in Section 3.2 and the differences A%.CS, were
estimated based on these evaluated values (see Table 5, difference between columns 3 and 2).

Table 5. Comparison of A8 €2 results on a,m-alkanediols based on QC calculations and the results estimated

cr-p,m

using the GA method developed by the Chickos group (in J'K™'mol™ at T =298.15 K).

Diol CmE)? @  AGCQmc  AGCmd ke AGCom *
1 2 3 4 5 6 7
1,6-hexanediol 190.7 157.7 -33.0 -29.4 -3.6 -30.1
1,7-heptanediol 211.74 1774 -34.3 -32.5 -1.8 -33.6
1,8-octanediol 236.5 197.5 -39.0 -36.2 -2.8 -37.7
1,9-nonanediol 258.7 217.7 -41.0 -39.6 -1.4 -41.5
1,10-decanediol 279.6 238.0 -41.6 -42.7 1.1 -44.9
1,11-undecanediol 298.4 257.9 -40.5 -45.5 5.0 -48.1
1,12-dodecanediol 330.7 278.1 -52.6 -50.4 2.2 -53.5
1,13-tridecanediol 365.8 298.2 -67.6 -55.6 -12.0 -59.3

1,14-tetradecanediol 380.4 318.4 -62.0 -57.8 -4.2 -61.8
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1,15-pentadecanediol 404.54 338.5 -66.0 -61.4 -4.6 -65.8
1,16-hexadecanediol 426.4 358.6 -67.8 -64.7 -3.1 -69.4

2 Experimental and empirical data from Table S8, column 2. » DFT and empirical calculated results from Table
S6. © Difference between columns 3 and 2 of this table. ¢ Calculated according to the Equation (6) using
experimental (g, (cr) data from column 2 of this table. ¢ Difference between columns 4 and 5 of this table.
Calculated according to Equation (14) derived from data given in columns 2 and 4 this table. The data in bold

were used for further thermochemical calculations.

Comparison of the data for A%.CSy, of a,w-alkanediols based on quantum chemical calculations

(Table 5, column 4) and those estimated from the empirical equation developed by Chickos et al. [7]
(see Equation (6)) shows a generally good agreement between the results of both methods.
Nevertheless, it seems reasonable to refine Equation (6) using the data specifically for diols, whereby
the data given in columns 2 and 4 of Table 5 are used. The following equation was developed
specifically for diols:

A3 CS m/ JK T mol! = - 0.1668%CS 1 (cr) + 1.7 with R2=0.9216 (14)

cr~p,m

The crystal-phase heat capacities derived from this equation were used for thermochemical
calculations in this work.

3.4. Re-Parameterisation of the Group Additivity Method for C;,,(liq) and C;,,(cr) Designed for Diols

The compilation of the experimental heat capacities in the liquid phase (Table S2) and the
experimental heat capacities in the crystal phase (Table S3) shows that both phases are systematically
overestimated compared to the method of Chickos with its original parameterization [6,7]. However,
the analysis of the deviations shows that in both cases the deviations generally do not increase with
increasing chain length and can be considered constant. This constant behaviour makes it possible to
retain the original parameterisation of Chickos (see Table S1), but the specific contributions for diols
[OH]2 = -45.7 - K'mol~ (Table S2) for the liquid o.,0-alkanediols and [OH]2 = -37.0 ]-K-*'mol (Table
S3) for the crystal diols were proposed to reconcile the experimental and estimated results. This slight
modification of the empirical group additivity procedure, as developed by Chickos et al. [6], can be
useful for estimating the heat capacities of diols with branched alkyl chains, for which only a few
experimental data are available in the literature.

3.5. Heat Capacity Differences AL.C3, for the Adjusting the Fusion Enthalpies of Diols from Trs to 298.15
K

The enthalpy of fusion (or melting enthalpy), AL.HS, is usually measured at the melting (or
fusion) temperature and this enthalpy and temperature are considered as constants specific for the
compound. Is there any difference between notation melting and fusion? As a matter of fact, melting
and fusion are closely related, but have subtle differences: melting refers specifically to the phase
transition of a solid that turns into a liquid when heated to its melting point. Fusion is a broader term
that can refer to melting, but also includes other processes in which materials combine, such as
‘nuclear fusion’ (in which atomic nuclei fuse to form a heavier nucleus and release energy). In physics
and materials science, the term ‘fusion’ is sometimes used interchangeably with ‘melting’, but it has
a broader application than just phase transitions. Melting is therefore a special type of fusion, but
fusion can mean more than just melting. Nevertheless, melting and fusion can be considered
equivalent in thermochemistry.

The fusion enthalpy (or melting enthalpy), AL.HS, was not always adjusted to the reference
temperature T =298.15 K. However, such an adjustment is essential for thermochemical calculations,
since according to the textbook, the consistency of the energetics of the phase transition can be
determined using a general equation:

APHR, = AGHS - Ay HS, (15)
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whereby all properties have to be adjusted to a common temperature (e.g., to the reference
temperature T = 298.15 K in this work). According to the Chickos method, the temperature
adjustment of the fusion enthalpy is usually carried out using Equation (4), whereby the heat capacity
difference is estimated according to Equation (7). However, since the heat capacities of the liquid and
crystalline phases are significantly overestimated in the original parameterisation of the Chickos’s
method, the Alch]‘;m also follows this trend (see Table 6, column 6).

Table 6. Calculation of the molar heat capacities differences, AlchP?l m for a,w-alkanediols using the Clg m(lig) and

€S m(cr) validated in this work and comparison with the Chickos’s method (in J*K™'mol™ at T = 298.15 K).

Diol Cym(liq) » Com(cr)® ALCS o © ALCY o ¢ doe

1 2 3 4 5 )
1,6-hexanediol 265.1 187.6 -77.5 -107.0 29.5
1,7-heptanediol 296.0 211.7 -84.3 -118.6 34.3
1,8-octanediol 326.8 235.8 -91.0 -130.3 39.3
1,9-nonanediol 357.7 259.9 -97.8 -141.9 44.1
1,10-decanediol 388.5¢ 284.0 -104.5 -153.5 49.0
1,11-undecanediol 419.4¢ 308.1 -111.3 -165.2 53.9
1,12-dodecanediol 450.2¢ 332.2 -118.0 -176.8 58.8
1,13-tridecanediol 481.1¢ 356.3 -124.8 -188.5 63.7
1,14-tetradecanediol 511.9¢ 380.4 -131.5 -200.1 68.6
1,15-pentadecanediol 542.8f 404.5 -138.3 -211.7 73.4
1,16-hexadecanediol 573.6¢ 428.6 -145.0 -223.4 78.4

2 From Table S7, column 7. ® From Table S8, column 4. < Difference between columns 3 and 2 of this table. The
values in bold are recommended for thermochemical calculations in this work. ¢ Calculated according to

Equation (7). ¢ Difference between columns 4 and 5 of this table. f Calculated according to Equation (9).

To eliminate the consequences of overestimates, the corrected values of Cg,(liq) from Table S7,
column 7 and the corrected values of g, (cr) from Table S8, column 4 were used to calculate the
reliable Al Com values (see Table 6, column 4), which were recommended for temperature
adjustment of the fusion enthalpy of diols from Ttus to 298.15 K. For practical reasons, it is also useful
to derive a correlation between A}.CS,, and the heat capacity of the liquid phase. Using the data in
columns 2 and 4 of Table 6, the following equation was developed:

AL S/ Kol = - 0.2188xC 1 (liq) — 19.5 with R2 = 0,9999 (16)

This equation can be useful for a quick appraisal of Al,C3,, valuesand the resulting adjustment
of the fusion enthalpies to the reference temperature T =298.15 K.

3.6. Are the Literature Experimental Data on Energetics of Phase Transition of the Long-Chained Diols
Reliable?

Experimental studies on the thermochemistry of diols are very limited, especially for the long-
chain species. Systematic studies on the energetics of phase transitions for o,m-alkanediols have been
described mainly in a few papers by the Sabbah group [20] and the Della Gatta group [12,13]. In the
Sabbah group, the molar heat capacities in the gas phase at 298.15 K and Tav were calculated from the
group increments tabulated by Benson [24]. The enthalpy differences H(T) - H(298.15 K) of the
condensed phase were measured with a Tian-Calvet calorimeter using the drop method. In the Della
Gatta group, the molar enthalpy functions for the gas phase were calculated using the Benson group
additivity scheme [24] and for the liquid phase, the molar enthalpy functions were also estimated
using the Missenard’s empirical additive method [25]. Since the approaches used in the literature for
temperature adjustments of the enthalpies of vaporisation are not identical, it makes sense to apply
the heat capacity differences evaluated in this work in order to obtain an appropriate comparison
and analysis of the available experimental results.
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Equation (15) is a generally useful tool for establishing the consistency of the energetics of the
liquid-vapor, solid-vapor and solid-liquid phase transitions. Admittedly, for these three phase
transitions, it is more advantageous to compare and analyse the values of the enthalpies of
vaporisation, since this thermochemical property obeys the rules of group additivity and correlates
successfully with boiling temperatures, the number of carbon atoms in a molecule, etc. The
compilation of the enthalpies of vaporisation of the short-chained a,m-alkanediols is given in Table
4. The compilation of the enthalpies of vaporisation of the long-chained a,w-alkanediols is given in
Table 7.

Table 7. Compilation of standard molar enthalpies of vaporisation of long-chained a,w-alkanediols (in kJ-mol-)

a.

Diol Ta/K APHY/Tav AFH{,/298.15 Kb Ref.
1,6-hexanediol 342 87.0+4.0 91.6+4.1 [12]
92.3+1.5 Table S11
90.4+1.0 Table 4
90.2+0.6 [26]
346.2 86.4+0.3 91.3+0.7 Table S5
417.2 74.0+1.3 89.5+3.4 Table S14
90.7+0.4 average°©
90.8+0.3 Table S15
90.9+2.0 Equation (20)
1,7-heptanediol 323 93.8£1.0 (96.8+1.2) [20]
341 92.4+3.0 (97.5+3.2) [13]
(97.9+1.0) [26]
421.3 77.2+1.2 95.5+3.9 Table S14
95.9+0.6 Table S15
94.9+2.0 Equation (20)
1,8-octanediol 356 101.1+3.4 (108.7+3.7) [12]
(106.2+2.0) Table S11
104.9+0.6 [26]
423.8 80.7£1.8 98.9+4.1 Table 514
98.7+0.2 Table S15
98.8+2.0 Equation (20)
1,9-nonanediol 360 104.4+6.8 (113.3£7.0) [13]
323 110.0+2.0 (113.6+2.1) [20]
(112.5+0.4) [26]
+ 102.5+5.2 Table S14
102.7+0.2 Table S15
102.8+2.0 Equation (20)
1,10-decanediol 364 112.4+4.6 (122.6+5.0) [12]
(111.0£2.0) Table S11
511 73.6+1.1 106.6+6.7 [11]
(120.0£0.6) [26]
453.9 76.8+2.1 106.2+6.2 Table S14
358.1 97.3£1.2 106.6+1.3 Table S5
106.6+1.3 average¢
106.7+0.2 Table S15
106.7+2.0 Equation (20)
1,11-undecanediol 110.6+2.0 Equation (20)
1,12-dodecanediol 114.6+£2.0 Equation (20)
114.5+0.6 Table S15

1,13-tridecanediol 118.5+2.0 Equation (20)
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1,14-tetradecanediol 122.5+2.0 Equation (20)
122.3+1.2 Table S15
1,15-pentadecanol 126.4+2.0 Equation (20)
1,16-hexadecanol 130.3+2.0 Equation (20)
129.4+2.5 Table S15

@ Uncertainties are presented as expanded uncertainties. The values in bold are recommended for
thermochemical calculations. ® Adjusted in this work using the A? Cpm-values from Table 2, column 7. < Weighted

average (uncertainties are used as a weighting factor).

Some of the results given in this table were measured directly above the melting temperature
and these enthalpies of vaporisation AigHr?l(Tm,) were adjusted from T,, to T =298.15 K using the
AFCSm—values from Table 2, column 7. Other results given in this table were measured below the
melting temperature and the corresponding sublimation enthalpies A%.HQ (T,,) were first adjusted
from Tg, to T =298.15 K (see Table S11) using the A%ngm from Table 5, column 7. After that, the
fusion enthalpies, AL.HQ (Tfs), available for these diols were also adjusted to T =298.15 K (see Table
S12) using the values (Table 6, column 4). Finally, the enthalpies of vaporisation AFPHg (298.15 K)
available in the literature for 1,6-hexanediol, 1,8-octanediol and 1,10-decanediol [20] were calculated
according to Equation (15) and given in Table 7 for comparison.

If the sufficient quantity and good consistency of the available enthalpies of vaporisation of the
short-chain o,w-alkanediols were observed in Table 4, the data for the long-chain species (with the
exception of 1,6-hexanediol) are rather confusing (see Table 7). Even when the enthalpies of
vaporisation were uniformly adjusted to T = 298.15 K, the unusual differences between the
corresponding homologous data observed in the literature are rather questionable. In fact, the
comparison of the vaporisation enthalpies in Table 7 for the sequence of 1,8-octanediol
APHS (298.15 K) =106.2 £ 2.0 k] mol?), 1,9-nonanediol APHS(298.15K) = 113.6 + 2.1 k] mol?) and
1,10-decanediol APHg(298.15 K) =111.0+2.0 k] mol*, calorimetrically measured in the Sabbah group
[20], make it clear that there is no reason or specific interaction that makes the enthalpy of
vaporisation of 1,9-nonanediol higher than that of 1,10-decanediol.

The set of vaporisation enthalpies of a,w-alkanedios measured by the Della Gatta group [12,13]
measured using a combination of the torsion-effusion and Knudsen methods is more problematic.
The results of the adjustment of the experimental enthalpies of vaporisation, APHS, of o,0-
alkanediols [12,13] from (Tav) to the reference temperature T =298.15 K are shown in Table 8.

Table 8. Adjustment of the experimental enthalpies of vaporisation, A{“’Hr%, of a,m-alkanediols [12,13] from (Tav)
to the reference temperature T =298.15 K =

Diol Tav AHG(Tw)  APCO b APCS o x*T  APHS(298.15)¢  APHY,(298.15)originatd
K k] mol!  J-K--mol k] mol? k] mol? kJ mol?!
1,11- 365 123.0£38 1672 5.6 128.6+4.0 1316
1,12- 379 119454 1792 6.7 126.15.6 13248
1,13- 372 122.0£7.6 1912 6.2 128.247.7 13248
1,14- 386 128.1:58  203.2 7.3 135.446.0 141+8
1,15- 390 124.3:38 2152 7.7 132.0+4.1 13816
1,16- 398 130.5£3.6  227.2 8.3 138.8+4.0 146+6

2 Uncertainties are presented as expanded uncertainties. ® From Table 2, column 7. ¢ Adjusted in this work using
the AlgC}‘,’, m-values from Table 2, column 7. ¢ Adjusted to the reference temperature T = 298.15 K in the original

work [12,13].

This table shows that AFH(298.15 K) reported by Della Gatta group [12,13] for the series of
diols from 1,11-undecanediol to 1,16-hexadecanediol are practically the same within the limits of
experimental uncertainties. Such an anomaly cannot be meaningfully explained and could only be
attributed to possible experimental problems in the investigation of the diols. The general trends of
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the APHS(298.15 K) chain length dependencies for the diol series measured in the Sabbah and Della
Gatta groups are shown in Figure 1.
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Figure 1. Chain length dependence of the enthalpies of vaporisation, AFHZ (298.15 K) for the data available in
the literature and results of this work: green circle - [20]; black circle - [12]; blue circle - [26]; red circle - this work
(data from Tables 4 and 7).

The following linear correlations were obtained from the numerical results compiled in Table 7,
column 4:

Ref. [20]: ABHY,(298.15)/ k] mol = 6.47 x Nc + 53.1 with R2 = 0.9705 (17)

Ref. [12,13]: ABHS,(298.15)/ k] mol = 4.43 x Nc + 71.5 with R2 = 0.8982 (18)

The significantly different slopes of these correlations are further evidence of the internal
inconsistencies of the experimental data sets. This inconsistency seems to have been overlooked by
the Chickos group, as they used the data for the long-chain diols from [12,13,20] (see Table 7) as
standards for the correlation gas chromatography (CGC) method.

The CGC method used by the Chickos group is based on measurements of the retention times r
of the series of “target” compounds, which are generally structural parent molecules [26]. In the first
step, the mixture of “target” compounds and “standards” (similarly shaped compounds with reliable
enthalpies of vaporisation) are injected simultaneously into a gas chromatographic column and their
retention times recorded at different temperatures.

The slope of the dependence AH,(Tn) =f (1/T) provides the transfer enthalpy, AHy.,(Tn), of the
“target” from the liquid phase of the column to the gas phase. Tm is the average temperature of the
GC experiment. In the second step, the transfer enthalpies, AH,(Tw), of the standards are correlated
with their known enthalpies of vaporisation, APHS (298.15 K). The unknown enthalpies of
vaporisation of the “target” substances are then derived from this correlation. The CGC has proven
to be a reliable method for the evaluation of the enthalpy of vaporisation, provided that a sufficient
number of suitable standards with reliable enthalpies of vaporisation are available [27].

The original APH2(298.15 K) values derived by Chickos et al. [26] were based primarily on the
correlations with the calorimetric data reported by Sabbah et al. [20]. Consequently, their correlation
with chain length does not differ significantly from those shown in Equation (17):

Ref. [20]: ABHY,(298.15)/ k] mol = 7.21 x Nc + 47.9 with R2 = 0.9994 (19)

The most surprising thing about this correlation is that all diols from 1,2-ethanediol to 1,16-
hexadecanediol lie on the flawless straight line (see Figure 1). At the same time, it is known that 1,2-
ethanediol, 1,3-propanediol and 1,4-butanediol exhibit pronounced intramolecular hydrogen

d0i:10.20944/preprints202504.1785.v1
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bonding [28], and this peculiarity should influence the vaporisation energetics and the resulting
decrease in enthalpy of vaporisation, as a consequence [29].

Another unusual aspect that can be seen from Equations (17) and (19) is that the slope of both
dependencies is around 7 kJ mol, suggesting that the contribution of the CH: fragment to the
enthalpies of vaporisation of diols is extremely high compared to the contribution of CHz from 4.4 to
5.0 k] mol" in the most homologous series of organic compounds (see Table S13) and even for the
ionic liquid with CH2= 3.9 + 0.2 k] mol~ [30].

All these issues led to additional experimental work, and the liquid samples of 1,6-hexanediol
and 1,10-decanediol were deliberately measured using the transpiration method in this work. The
latter method has already been successfully used to measure the vapor pressure of the short-chained
diols 1,2-ethanediol [22], 1,3-propanediol [31] and 1,4-butanediol [32]. These results were used in
Section 3.3.3 to determine reliable values for the heat capacity differences (see Table S9). The decisive
advantage of this method is that the measurements can be carried out close to T = 298.15 K.
Furthermore, the residual water content typical for diols is removed from the sample in the
preconditioning experiment. In addition, the sample is held in a saturator under a supply of the inert
gas (nitrogen) during the transpiration experiment. In order to gain experience with long-chain diols,
1,6-hexanediol was measured (see Table S5), and the enthalpy of vaporisation from the transpiration
measurements agreed very well with the results of other methods (see Tables 7 and S10).

The results of the transpiration experiment with 1,10-decanediol are shown in Table S5 and the
final value AlgHr‘,’l(298.15 K) =106.6 £ 0.9 k] mol! was compared with the results of other methods in
Table 7. Our new value is perfectly consistent with those derived from the very good quality
ebulliometric result 106.6+6.7 kJ mol? [11], but it is far away from the vaporisation enthalpies
determined by the Sabbah group (111.0+2.0 k] mol, Table 11) and the Della Gatta group (122.65.0
kJ mol- [12]), and consequently also differs from the enthalpy of vaporisation (120.0+0.6 k] mol) of
the CGC method of the Chickos group [26]. In order to find possible independent support for our
new or previous results, we collected numerous boiling points under reduced pressure from the
literature (see Table S14). These are usually given by organic chemists as a constant value during
distillation after synthesis and are necessary to characterise the compound produced. These vapor
pressure data typically cover a wide range from atmospheric boiling point down to pressures
attainable with rotary vane vacuum pumps commonly used in chemical laboratories. In our
experience [33], these reduced pressures, when treated as a function of temperature, usually provide
a rough but reasonable trend for a compound of interest (significant details are given in ESI).

The approximation of the boiling points (BP) found for 1,10-decanediol (see Table 514) yields
AigHgl(298.15 K) = 106.2 £ 6.2 k] mol! (see Table 7), which is in excellent agreement with our
transpiration result. The approximation of the boiling points found for 1,6-hexanediol (see Table 514)
yields APH2(298.15 K) = 89.5 + 3.4 k] mol" (see Table 7), which is in good agreement with other
results collected for comparison in this table. This good performance with the BP method prompted
the collection of the available boiling points for the diols with a chain length between six and ten (see
Table 514) in order to evaluate the dependence on the chain length and possibly understand why the
previous Egs. (17) and (18) are so different. The treatment of the BP data yielded the following results
(see Table 7): AFHZ(298.15 K) =95.5 + 3.9 k] mol for 1,7-heptanediol, AFHS(298.15 K) =98.9+4.1k]
mol! for 1,8-octanediol, and A]gH,‘,’1 (298.15 K) =102.5+5.2 k] mol- for 1,9-nonanediol.

The BP result for 1,7-heptanediol is about 2.5 k] mol" lower than previous values (see Table 7).
For 1,8-octanediol and 1,9-nonanediol, the BP results are significantly (by 10 k] mol') lower than the
previous results obtained by the groups of Sabbah and Della Gatta. In such an ambiguous situation,
we decided to reassess the CGC results reported by Chickos et al. [26] using their original transfer
enthalpies. However, instead of the original standards published by Sabbah [20] and Della Gatta
[12,13}, which Chickos [26] used in his work, we used the evaluated APHS(298.15 K) from Tables 4
and 7. The algorithm of the revision is shown in Table S15 and the final results are listed in Table 7
for comparison. It is not unexpected, but now the revised enthalpies of vaporisation AFPHg (298.15 K)
derived in this way are hardly distinguishable from the carefully evaluated results in Table 4 and the
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results obtained in this work using the experimental transpiration method and the empirical BP
method. This perfect match resolves our doubts about the selection of the “true” enthalpies of
vaporisation AlgHr‘,’l(298.15 K) for the long-chain o,w-alkanediols. It is now obvious that the
enthalpies of vaporisation for 1,7-heptanediol, 1,8-octanediol, 1,9-nonanediol and 1,10-decanediol,
measured by the Sabbah and Della Gatta groups, should be considered questionable (they are given
in brackets in Table 7).

The enthalpies of vaporisation of 1,5-pentanediol (Table 4) evaluated in this work and the values
for 1,6-hexanediol, 1,7-heptanediol, 1,8-octanediol, 1,9-nonanediol and 1,10-decanediol (see Table 7)
show a good linear dependence on the chain length Nc (see Figure 1):

ABHZ,(298.15)/ k] mol = 3.94 x Nc + 67.3 with R2 = 0.9979 (20)

This dependence reproduces the selected for correlation values of the long-chain diols C5 — C10
within £+ 1.0 k] mol! (see Tables 7 and S16) and can be recommended for calculating the
AlgH{,’](298.15 K) values for the a,w-alkanediols with the longer chain. It turned out that the
enthalpies of vaporisation of the first three representatives of the o,w-alkanediols are completely
outside the correlation represented by Equation (20): 1,2-ethanediol with —9.5 kJ mol!, 1,3-
propanediol with -7.6 k] mol! and 1,4-butanediol with 3.9 k] mol (see Table S16). These significant
stabilisations of the short-chain diols are due to the relatively strong contribution of the
intramolecular hydrogen bond, which is a special feature of these molecules.

4. Conclusions

In this work, the inconsistencies of the conventional heat capacity correlations for diols were
uncovered and their consequences for the estimation of thermodynamic properties were analysed.
The differences in heat capacity between the solid, liquid and gaseous phases were evaluated using
experimentally measured vapour pressures, enthalpies of vaporisation, heat capacities in the solid
and liquid phases and quantum chemical calculations. It was shown that the observed systematic

and significant overestimation of the heat capacities up to 30-50 J-K-'-mol led to an overestimation
of the vaporisation enthalpies in the order of 10 to 15 k] mol-!. The re-evaluation of the parameters
for diols and the revision of the structure-property correlations have helped to reconcile empirical
and experimental heat capacities and enthalpies of vaporisation for a,w-alkanediols. The resulting
data offer significant advantages for the design of technical processes involving diols and for the
accurate modelling of their phase behaviour.

This paper is a contribution for the Special Issue “Thermodynamics of Molecular Complexation
and Hydrogen Bonding in Solution Chemistry — A Themed Issue Honoring Professor Dr. Boris N.
Solomonov”. Considering the excellent expertise of Boris Nikolayevich in the field of intermolecular
hydrogen bonding (HB), we propose to use our analysed and consistent data of vaporisation
enthalpies for short-chain diols to resolve the challenging issue of energetic quantification of
competition between inter-HB and intra-HB of diols in the pure liquid phase.

Supplementary Materials: The following supporting information can be downloaded at: Preprints.org.
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