
On Molecule Symmetry, Latent Heat, and Entropy
Henmei Ni 

School of Chemistry and Chemical Engineering, Southeast University https://orcid.org/0000-0002-
3315-8475

Research Article

Keywords: Molecule Symmetry, Latent Heat, Heat Transfer, Superfluid, Phase Transition,
Thermodynamics

Posted Date: February 27th, 2026

DOI: https://doi.org/10.21203/rs.3.rs-8975789/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Additional Declarations: The authors declare no competing interests.

https://doi.org/10.21203/rs.3.rs-8975789/v1
https://doi.org/10.21203/rs.3.rs-8975789/v1
https://orcid.org/0000-0002-3315-8475
https://orcid.org/0000-0002-3315-8475
https://doi.org/10.21203/rs.3.rs-8975789/v1
https://creativecommons.org/licenses/by/4.0/


1 

 

On Molecule Symmetry, Latent Heat, and Entropy 

 

Henmei Ni* 

 

School of Chemistry and Chemical Engineering, Southeast University, Southeast University Rd. 2#, 
Jiangning, Nanjing 211189, China. *Email: henmei_ni@seu.edu.cn 

 

 

Abstract 
This paper suggested correlating entropy with the geometric symmetry of molecular orbitals rather 
than with the atomic mass distribution within a molecule. Employing the NIST thermodynamic 
parameters of substances at saturation, linear regressions of exothermic heat over T give ε௘௫௢ = ܤ −3+2஺2 ܴܶ. B is the molar heat of liquefication, which equals the latent heat (∆ܪ௩ః) at the boiling point. 

A reflects the molecule's symmetry; the more symmetric the molecular orbits, the smaller A. For 
example, the symmetry of inert gas atoms gives the operation number n = 1 in the theoretical frame of 
the geometric symmetry of atomic mass distribution. However, three p orbitals give n = 7; 
correspondingly, the A values for Ne, Ar, Kr, and Xe are 2.5518, 2.9104, 2.9140, and 2.9178. Similarly, 

a tetrahedral C sp3 gives n = 8, CH4: A=2.9519. Hence, assuming that 3+2஺2 ܴ is the lost entropy, 

௡−2஺2 ܴ may be regarded as the residual in liquid. According to the above suggestion, CO is more 

symmetric than CO2. Moreover, the similarity in A between ethylene and ethane, propylene and 
propane, etc., implies that the C-C π bond should be rotatable rather than rigid.  Helium-4 superfluid 
finds an increase in entropy as T decreases from 3.5 to 0.8 K. Clausius-Clapeyron equation was derived 
from ε௘௫௢. 

Keywords: Molecule Symmetry, Latent Heat, Heat Transfer, Superfluid, Phase Transition, 

Thermodynamics 

Introduction 

Molecular symmetry significantly affects the phase transition temperatures (Tm and Tb) and solubility 
of organic compounds. [1-10] As a general rule [1], crystals of symmetrical molecules have higher melting 
temperatures but are less soluble than crystals of less symmetrical molecules with similar structures. 
A prevalent explanation is based on Gibbs free energy at the thermal equilibrium regarding the 
relationship between the enthalpy (ΔH), entropy (ΔS), and phase transition temperature. A higher 
temperature implies a smaller ΔS because enthalpy is usually related to molecular interactions, such 
as ionic, polar, and hydrogen-bond interactions. Isomers have the same functional groups; thus, the 
enthalpy should be equal. Hence, entropy dominates the difference in phase transition temperatures 
between isomers. Walden showed that the average entropy of melting for many “coal tar” derivatives, 
which consist mainly of aromatic hydrocarbons, is constant, 13.5 cal/(deg·mol) [8]. In contrast, for 
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small spherical molecules, it is 3 cal/(deg·mol) [9]. The boiling entropy of non-hydrogen-bonding 
organic compounds generally follows Trouton’s rule, 88 J/(deg·mol) [10]-[12]. However, conventional 
thermodynamics infers that molecules have a large degree of rotational and conformational freedom 
in both the liquid and the gas; the entropy associated with changes in these parameters upon boiling is 
small. Conversely, liquid molecules gain tremendous translational freedom upon entering the gas phase. 
The entropy of boiling is almost entirely the result of this increase in translational motion. In contrast, 
the entropy of melting is primarily due to rotational and conformational factors and only slightly due 
to translational factors. Therefore, the factor of molecular symmetry gradually fades in the studies of 
boiling entropy. Instead, Joback quantified the contributions of functional groups to enthalpy to predict 
boiling points and solubilities. [13] After that, this method dominated studies of boiling points. [14]-[17] 

  The intimate connection between molecular symmetry and melting temperature is quantified by 
Yalkowsky et al. [18]. A high melting enthalpy implies strong bonding. Molecular symmetry may 
contribute to tighter crystal packing via shape-cohesion effects. The molecular rotational symmetry 
number (σ) is introduced to express the impact of molecular symmetry on the entropy of melting: the 
number of indistinguishable positions that can be obtained by rigidly rotating the molecule about its 
center of mass. The greater the molecular rotational symmetry number, the higher the probability of 
the molecule being in the correct orientation. In the solid phase, the symmetry of a molecule results in 
a residual amount of molar entropy of magnitude Rlnσ above that of a similar but non-symmetrical 
molecule. Consequently, the difference in entropy between the liquid and solid phases will be 
negligible for the more symmetrical molecule. This, in turn, means that symmetry in a molecule 
reduces the entropy gained upon melting for that compound (ΔSm). Either of the two effects listed 
above, not to mention a combination of the two, would result in a higher melting temperature for a 
symmetrical molecule over a non-symmetrical one. ∆ܵ௠ = 56.5 −  (1)       (J K-1mol-1)   ߪ݈ܴ݊

The significant intuitive appeal of the above explanation comes from its conceptual and numerical 
arguments being valid and entirely consistent. However, the same account fails to explain a widespread 
observation: Symmetrical molecules, which, as a general rule, do have higher melting temperatures, 
quite often have greater melting entropies than their less symmetrical isomers. Therefore, Gilbert 
introduced the “entropy-enthalpy compensation” effect into Eq. 1, namely that ΔSm is dependent upon 
the enthalpy of melting ΔHm. [19] `Flexible' molecules (potentially multi-conformational) tend to yield 
higher values of ΔSm for a given ΔHm than `rigid' ones. 

Another effort to incorporate molecular symmetry into the phase transition temperature is to 
maintain theoretical consistency. [2], [20]-[22] Within a homologous series, adding a substituent that 
increases internal cohesive forces also increases densities, boiling points, heat of vaporization, 
refractive indexes, and surface tensions. However, the melting points are the outstanding exceptions, 
which behave idiosyncratically. The lack of molecular symmetry in the functional group contribution 
equations is considered a reason. 

Although significant progress has been made in predicting the physical properties of organic 
compounds, some fundamental problems still exist. First, it is hard to correlate the contributions of 
functional groups and molecular symmetry numbers with thermodynamic properties such as pressure 
and temperature. For example, the Clausius-Clapeyron equation indicates that pressure affects the 
phase transition temperatures. [23] Second, determining the functional group contribution and symmetry 
number is arbitrary. For example, the symmetry number of CH4 is designated as 12 because it has 4 C3 
rotational axes. [18] However, nine symmetry operations should be degenerate in the energy level. 
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Moreover, the symmetry number of a monoatomic gas is designated as 200. [18] In contrast, the 
symmetry number of entirely asymmetrical molecules CHXYZ (X, Y, and Z denote different atoms or 
groups except for H) is 1. It is beyond common sense that the spin of an atom can contribute so much 
entropy. Moreover, it seems to be the inverse of entropy, reflecting the diversity of molecular 
configurations. Third, the geometric symmetry of the mass distribution is selected solely without any 
reasoning. However, in quantum theory, the symmetry of orbits is vital to the reactions [24], [25] and 
spectroscopy [26], [27]. Therefore, it is essential to assess the definition of molecular symmetry and the 
quantifying approach based on the principles of straightforwardness and reasonableness. 

In our previous papers [28]-[32], we defined heat in terms of the first law of thermodynamics. In 
classical thermodynamics, only the variation of internal energy is considered, instead of the variation 
of total energy in a thermodynamic system, while the variations in kinetic and potential energy are 
neglected without any convincing reason. In the new thermodynamics, variations in kinetic and 
potential energy are also considered, thereby defining heat. Based on the definition of heat, a series of 
achievements were obtained, such as the state equation of real gas [28], gas solubility and gas-liquid 
interfacial tension [29], the specific heat capacity of real gas [30], the equilibrium distance of molecular 
interaction [31], and the state equation at isotherm [32]. Therefore, this paper will address molecular 
symmetry and entropy. 

 

Results and discussion 

First, it should be noted that, unless otherwise noted, all thermodynamic parameters of the substances 
used in the calculations, i.e., T, P, VG, and VL, are cited from the NIST Chemistry WebBook, and are 
the experimental data. 

 

Scaling the Symmetry of a Molecule 

The exothermic heat at saturation is defined as [31], − ε೐ೣ೚ோ் = 32 + ݈݊ ௏ಽ௏ಸ − గഀ௠௚ோ்௏ಸ        (2) 

Thus, ܻ = − ε೐ೣ೚ோ் − 32 = ݈݊ ௏ಽ௏ಸ − గഀ௠௚ோ்௏ಸ         (3) 

As shown in Fig. 1, a linear regression perfectly fits the curve of ܻ~ 1் with a coefficient of 

determination R2=1 from M.P. to the critical temperature (Tc). Here, note that the maximum value of 
R2 is 1. R2=1 indicates that the fitting is perfect. As R2 deviates from 1, the worse the fit. Since the 
coefficient R in the figures duplicates the gas constant, D2 will be used instead of R2 in the context. 
Therefore, Eq. 2 may be altered by Eq. 4. − ε೐ೣ೚ோ் = 3+2஺2 − ஻்         (4) 

A is the intercept, a dimensionless value, and B is the slope with the Kelvin temperature. Helium is an 
exception, which will be discussed in the last section. 

Inspired by the inert gases, all other gases are treated using the thermodynamic data issued by 
NIST. The fitting results of some representative examples are shown in Fig. 2. 



4 

 

As shown in Fig. 2, Eq. 4 is universal, irrespective of the molecules’ properties. Moreover, the 
following results are obtained by comparing A, B, and D2. 

1) The effects of atomic/molecular mass and molecular interactions on the A and D2 values are 
not observed; however, they are significant on the B value. The series of inert gases in Fig. 1 
exemplifies the mass impact. B values of NF3 and NH3 in Fig. 2 exhibit the effects of molecular 
interactions. 

 

 

Figure 1, ܻ~ 1் of inert gases 

2) A and D2 significantly correlate with molecular symmetry. A symmetric molecule gives a much 
smaller A, and in most cases, D2=1 or 0.9999, whereas an asymmetric molecule gives an inverse. 
For example, cyclopropane is symmetric; thus, A=3.7396, D2=1. In contrast, propane is 
asymmetric; therefore, A=5.0709, D2=0.9974. As a result, A and D2 may be the criteria for 
assessing the molecule's symmetry. 

3) As shown in Fig. 2, in the cases of smaller D2, e.g., NF3: D2=0.999, the linear regression can 
proceed in different temperature intervals to gain D2→1 as much as possible. It is natural and 
rational because, for asymmetric molecules, the molecular packing in a liquid may be affected 
by temperature. For example, as the temperature increases from M.P. to Tc, NF3: A decreases 
from 5.7103 to 3.6213, while B (absolute value) decreases from 1566.7 to 1317.8 K. Since A 
and B represent the difference of packing status between gas and liquid, the more significant 
value indicates that the packing is tighter in liquid, provided that the packing status in gas is 
entirely random. Hence, as molecular motion slows at lower temperatures, it is reasonable that 
the packing becomes tighter, thereby yielding larger values of A and B. This result indicates 
that A and B vary with temperature. The linear regression over the entire temperature range 
from M.P. to Tc yields the average A and B values. D2=1 is just a signal of tiny variation. 

4) The same configuration exhibits a different symmetry according to A and D2. For example, the 
configuration of both NH3 and NF3 is a tetrahedron with a vertex occupied by an unbonded p 
orbital. However, the averaged A and D2 of the two molecules are quite different. D2=0.9998 
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exhibits that NH3 is close to a symmetric molecule, while D2=0.999 indicates that the symmetry 
of NF3 is inferior. However, an inverse conclusion is drawn from the A values (NH3: A=4.8459; 
NF3: A=4.1011). Therefore, we must use the interval value. In the 85-97.5K interval, the linear 
regression of NF3 yields A=5.7103. Comprehensively, it is concluded that the symmetry of NH3 
is superior to that of NF3. Fortunately, the assessment is consistent across pairs of H2O/H2S and 
CH4/CF4. For H2O, A=5.3322, D2= 0.9998; H2S: A=3.6898, D2= 0.9999, whilst for CH4, 
A=2.9519, D2=1; CF4: A=4.0262, D2= 0.9997. Accordingly, the symmetry of H2S and CH4 is 
better than that of their counterparts. It indicates that the unbonded p orbital, e.g., 2p of the 
Fluorine atom, and its size, e.g., 3p of the Sulfur atom, impact the molecule’s symmetry. This 
result suggests that the symmetry of the molecular orbital, rather than the conventional mass 
symmetry [18], is proper to be a criterion for assessing molecule symmetry. However, the sign 
symmetry of the molecular orbital in Woodward and Hoffmann’s rule [25] should be excluded. 
As a result, set D2 → 1 as possible, A is solid for assessing the molecule’s symmetry, though, 
in most cases, the averaged A is reliable enough. 

 
Figure 2, Curves of Y ~1/T and the results of linear regression of some representative gases 

 

Figure 3 summarizes the average A values of small molecules. It is striking that some asymmetric 
molecules, e.g., CO, exhibit greater symmetry than symmetric molecules, for instance, CO2, according 
to the theory of mass symmetry. It supports the molecular orbital symmetry argument. Fig. 4 shows 
the average A values of hydrocarbon molecules. Four linear relationships are observed. For example, 
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except for CH4, the straight-chain alkanes with an even number of carbons and those with an odd 
number of carbons lie on straight lines. It reflects the better symmetry of alkanes with an even number 
of carbons. However, cyclo-C4F8 does not fall on the line composed of CH4, cyclopropane, etc. 
Considering the higher A values of fully fluorinated alkanes, it indicates that the effects of the 
unbonded p orbitals of Fluorine are significant. A striking observation is that the A value of propene 
equals that of propane, while the spot of benzene overlaps that of cyclohexane. It is beyond the 
anticipation provoked by the symmetry of a double bond. 

 

Figure 3, Averaged A values of various small molecules. 
 

 

Figure 4, A values of (fluorinated) hydrocarbons 

(solid black cycles denote straight-chain alkanes) 
 

Fig. 5 exhibits the A values of fluorinated hydrocarbons and alcohols. Adding fluorine atoms to 
alkanes reduces symmetry due to the three unhybridized p orbitals. Therefore, the fully fluorinated 
alkanes are less symmetric than their counterparts. Alcohols show higher A values that are equivalent 
to those of decane and dodecane (Fig 4). This is unusual. 

Now, it is clear that A and D2 are tightly related to the molecule’s symmetry. 

Provided that 3+2஺2 ܴ is the entropy change of evaporation (ΔSv), A must be an item reflecting 

the entropic contribution of symmetry operations because the item of long-distance kinetic energy is 
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set to 3/2. Moreover, the conventional mass symmetry is not suitable for describing the variations of 
A and D2. Therefore, the shapes of atomic/molecular orbitals are worthy of discussion. 

Given that the description of the quantum theory is correct, for instance, the outer atomic orbital 
of inert gas (excluding He) at the ground state is s2p6, and the p orbital shields the s orbital. Fig. 6 
exhibits the shape of atomic/molecular orbits and the number of symmetry operations. 

 
Figure 5, A values of fluorinated hydrocarbons and alcohols 

 

     As shown in Fig. 6, using Argon as an example of inert gases, the operation number, n, of p6 
atomic orbital is 6+1 (1 denotes E operation). Assuming that each operation contributes 1/2 RT to either 
the rotational kinetic energy or the entropy of the ensemble, n/2=3.5 is close to the A value of Ar, 
2.9104. This means that 0.5896 RT remains in the liquid, assuming that a molecule in the gas phase is 
entirely free and has all the operational numbers. It converts to rotational and translational energy in 
the liquid state, even though most operations are restricted by the dense packing of molecules. 
Similarly, for Ne, Kr, and Xe, the values of n/2-A are 0.9492, 0.5896, 0.586, and 0.5822, respectively. 
It implies that the smaller the atom, the more energy remains. In other words, the larger the atom, the 
tighter the packing in the liquid. It is consistent with the density variation. 

CH4 has a similar A value, 2.9519. Yalkowsky [18] designated 3 to 1C3. Accordingly, CH4 owns 
12 operation numbers. However, 1C3 is considered a degenerate energy state in this paper. Hence, as 
shown in Fig. 6, n of CH4 is 8 (4C3+3C2+E); thus, it remains 1.0481 in liquid. 

As we try to correlate the number of symmetry operations to A, it should be emphasized that a 
default prerequisite is n/2 > A. Otherwise, RT/2 of each operation must be adjusted case by case to fit 
A. Although the choice is arbitrary, we choose the former, namely that n/2>A, as the prerequisite for 
the following discussion. 

As shown in Fig. 6, in contrast to the concept of mass symmetry, N2 (A=3.1403, D2=0.9999) is 
more symmetric in comparison with O2 (A=3.2418, D2=0.9994) and F2 (A=3.5235, D2=0.9994). In 
addition, CO (A=3.2879, D2=0.9999) is also symmetric. 

For N2, n=6, i.e. 1C4+4C2+E, but A=3.1403. Therefore, an additional symmetry operation should 
be found. Conventionally, two π bonds are considered rigid. However, the σ bond's rotation must be 
included to ensure n/2>A. A σ bond rotation supplies two operations: a cross of p orbitals of two N 
atoms and a C2 of cross. Hence, n = 8 for N2. The twist of two π bonds is also acceptable, but we must 
endow a twist operation with RT. Compared with a σ bond rotation, a σ bond rotation is a better choice, 
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as it is universal across other molecules. As mentioned above (Fig. 4), the C-C π bond in the ethylene 
and benzene rings does not exhibit symmetric superiority compared to ethane and cyclohexane. Hence, 
if the σ bond in ethylene and benzene could rotate freely as in ethane and cyclohexane, the similar A 
values could be rationally interpreted. Moreover, CO2 (A=4.2768, D2=1) should have more than nine 
symmetry operations. Only two σ-bond rotations can supply so many symmetry operations. Those 
analyses are consistent with the oscillating structure of the π bond, namely that two bonded electrons 
may immigrate to one of the bonded atoms. [31]  

CO is similar to N2 because a spare O p2 orbital can form a π bond with a vacant C p0. Therefore, 
n=8, satisfying A=3.2879. Similarly, for CO2, moving one pair of spare O 2p electrons from C to O 
increases the number of operations. 

For O2, as shown in Fig. 6, n=6. However, Fig. 7 shows that the maximum A = 4.2336 occurs for 
n ≥ 9. O2 has two spare O p2 orbitals. Since the kinetic energies of all electrons are equal, apart from 
a σ bond, the molecular structure oscillates O p4 ↔ O p2, by which an additional 5 operations are 
obtained. Therefore, n=11 for O2. 

F2 has four spare p2 orbitals. As shown in Fig. 6, n=11. It satisfies the maximum A=4.4655 
corresponding to n ≥ 9 (Fig. 7). 

 

Figure 6, Orbital symmetry of some molecules 

 

As shown in Fig. 7, H2O and H2S are asymmetric molecules in terms of the geometric symmetry 
of mass. However, H2S acts as a symmetric molecule. A=3.6898 corresponds to n ≥ 8. It is likely 
ascribed to the large 3sp3 hybridized orbital of S, relative to the small 1s orbital of H. Two H-S bonds 
do not destroy the tetrahedral symmetry of the sp3 hybridized orbital (see CH4, n=8), though it 
inevitably deforms. Hence, n=8 is possible. 

In contrast, H2O in ice is abnormal [33]. A breakpoint is found at M.P. due to the abrupt decrease 
of density, and A=9.2823 corresponds to n≥19 below M.P. It is hard to get so many symmetry 
operations from H2O in gas. Meanwhile, such a large A (>9) is only found in the longer alkanes (C > 
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4) near M.P. Moreover, it is rare even in alcohols, i.e., methanol, ethanol, propanol, and isopropanol. 
Therefore, two causes are possible. The first is that migrating two hydrogen atoms among the four 
vertices of an O sp3 tetrahedron increases the operation number. The second is that the complex forms 
due to the strong H-bonds at temperatures below M. P. 

Like H2S, NH3 appears to be a symmetric molecule with A=4.832 and D2=0.9999. This implies 
that the volume of N 2sp3 hybridized orbitals is much larger than that of the H1s orbital; thus, the 
tetrahedral symmetry remains major. However, even though a tetrahedron gives n=8, it doesn’t satisfy 
A. Hence, considering the packing of molecules, the immigration of H among the four vortexes of a 
tetrahedron is a kind of freedom, provided that immigration is forbidden in liquid because another NH3 
occupies the vacant orbital via the hydrogen bond. By this means, n=11 is obtained for NH3. Such an 
approach is also suitable for H2O. From M.P. to B.P. of H2O, A=5.9334 corresponds to n≥12, while 
above B.P., A=5.1168. As shown in Fig. 6, because H2O has two spare sp3 hybridized orbitals, two H 
atoms can migrate between them. It produces 6 additional operations. Therefore, n = 14 for H2O. 

 

 
Figure 7, Y via reciprocal T of some asymmetric molecules 

 

However, NF3 (A=4.1011, D2=0.999) exhibits asymmetry due to the unbonded three occupied F 
sp3 hybridized orbitals. As shown in Fig. 3, near M.P., A=5.7103 corresponds to n≥12. The tetrahedron 
possibly collapses. Therefore, the symmetry operations should be a molecule C3, with three migrations 
and a contribution from the rotation of three F sp3 hybridized orbitals. Since each F atom has a C3, the 
total operations should be 9, i.e., molecule C3×F atom C3. Subtracting a C3, n=13 for NF3. 

Due to the application of molecular orbitals, CF4 exhibits a symmetry different from CH4. As 
shown in Fig. 6, n=8 for a tetrahedron, in addition to 4 rotations of σ bond, thus n= 4 molecule C3×4 
F C3 -4 molecule C3 + 3 molecule C2×4 F C3- 3 molecule C2 = 22, namely that CF4 has 22 operations, 
n=22. However, since a fluorine atom is bigger than a carbon atom, in addition to the three big sp3 
orbitals of each fluorine atom, the rotation of the σ bond may be restricted. Something like the 
synergistic rotation may exist. It may reduce the number of operations by half. Hence, CF4 gives 
A=4.6377 near M.P., corresponding to n=10. In contrast, SF6 exhibits excellent symmetry with 
A=4.2976 and D2=0.9999, corresponding to n ≥ 9. In the theory of mass symmetry, it is an octahedron 
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consisting of 8 equilateral triangles formed by the d2sp3 hybridized orbitals of a sulfur atom. However, 
according to the theory of this paper, the optimal structure is a regular tetradecahedron with three 
vertices occupied by vacant d orbitals. Accordingly, it is hard to scale the symmetry. 

 

 

 
Figure 8, Y ~1/T of cyclohexane and benzene 

 

As shown in Fig. 4, the similarities between ethylene and ethane, propane and propene, and 
cyclohexane and benzene in the A values align with common knowledge of molecular structure. Unlike 
the rotatable σ bond, a C-C π bond is usually recognized as a rigid and symmetric bond; thereby, as an 
example, benzene should have exhibited excellent symmetry relative to cyclohexane. However, as 
shown in Fig. 8, the difference in the A values is not as significant as anticipated. A cyclohexane 
molecule is commonly recognized as a soft regular-hexagon frame that the conformations of chair type 
and boat type can form due to the rotation of C-C σ bonds. In contrast, a benzene molecule is a rigid, 
regular-hexagonal pie fixed by a grand π bond. Therefore, the operation number of a benzene ring can 
be readily determined, i.e., n = 12 (1C2+3C3+1C6+6C2+E). Correspondingly, above B.P., A=4.3072 
corresponds to n=9, while below B.P., A=5.2 corresponds to n=11. However, for cyclohexane, the max. 
n = 7 (3 boat types×1 C2 + 3 chair types×1C2 +E). It needs additional symmetry operations. Based on 
effective packing and entropy, the mirror operation can be added to cyclohexane operations, provided 
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it does not overlap with the rotation operation. By this means, n=3 boat types × (1 C2 + 1 σ2) + 3 chair 
types × (1C2 +1 σ2) +E =13. Unfortunately, such a treatment is not suitable for ethylene. Therefore, as 
mentioned above, for N2, etc., π bonds must be rotatable to satisfy n/2≥A. There are only 3 C2 
operations for CH2=CH2, but the max is A=5.1978, corresponding to n≥11. In contrast, ethane has the 
operations, 3C3+9C2+3C2+E=16, thus the max. A=6.2299 is proper. 

However, as the chain extends, maintaining the scaling symmetry becomes increasingly difficult. 
As shown in Fig. 5, alcohols have a large average A, generally >7. Near their M.P., A=8.1776, 

9.0645, 8.7631, and 8.8537 correspond to methanol, ethanol, n-propanol, and isopropanol. For those 
molecules, symmetry is out of the question. It is too complicated. The diversity of conformations or 
the number of freedoms should concern the molecules’ packing and entropy. 

In summary, the first attempt to connect the entropy of a phase transition with the symmetry of 
atomic/molecular orbitals is successful. Compared with the mass distribution theorem, [18] this method 
is operable with rational results. For example, the symmetry of inert gas atoms gives the operation 
number n = 1 in the theoretical frame of the geometric symmetry of atomic mass distribution. 
Meanwhile, for an asymmetric molecule CHXYZ where X, Y, and Z are different atoms, the operation 
number is also n = 1. Hence, it is not distinguishable by symmetry. However, based on the shape and 
size of molecular orbitals, the symmetries of the above two molecules are distinguishable with different 
rational A values. 

 

Latent Heat 
The following tables list the A and B values of some substances. 

Table 1, A and B values of small molecules 

Gas A 
B 

(K) 
 A+3/2 

Tc* 

(K) 
Tc 

(K) 
R×B 

(kJ/mol) 
Latent Heat 

(kJ/mol) 
He -0.405 9.5516 1.095 8.72 5.2 0.079 0.084(4.15K) [34] 

H2 1.0916 105.48 2.5916 40.7 33.15 0.88 0.90(21.15K) [34] 

D2 1.7213 144.46 3.2213 44.85 38.34 1.20 - 
Ne 2.5518 202.0 4.0518 49.85 44.36 1.68 1.71(27.15K) 
Ar 2.9104 736.15 4.4104 167.21 156.66 6.12 6.53 (87.15K) [34] 

Kr 2.914 1024.6 4.414 233.24 209.48 8.52 9.03(121.2K) 
Xe 2.9178 1423.6 4.4178 322.04 289.73 11.84 12.6(165.2K) [34] 

N2 3.1403 646.79 4.6322 139.63 126.19 5.38 5.58 (77.15K) [34] 

O2 3.2418 802.48 4.7418 169.23 154.58 6.67 6.82(90.15K) [34] 

CO 3.2829 698.16 4.7829 145.97 132.85 5.80 6.0 (81K) 
F2 3.5235 783.58 5.0235 155.98 144.41 6.51 6.32(85.15K) [34] 

H2S 3.6713 2097.6 5.1713 405.62 373.1 17.44 18.6 (243K) 
COS 3.9798 2221 5.4798 405.31 378.77 18.47 18.3 (299K) 
N2O 4.0568 1861.8 5.5568 335.08 309.52 15.48 16.5 (184.7K) 
NF3 4.1011 1404.3 5.6011 250.72 234 11.68 11.59 

CF4 4.1222 1382.0 5.6222 245.81 227.51 11.49 12.1 (212K) 
CO2 4.2768 1906.7 5.7793 330.06 304.09 15.85 16.7 (288K) 
SF6 4.3239 2000.3 5.8239 343.46 318.73 16.63 - 
NH3 4.8459 2764.1 6.3459 435.57 405.56 22.98 22.7 (308K) 
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SO2 4.9188 2940.1 6.4188 458.05 430.64 24.44 24.9 (263K) 
Note: the temperature in the parenthesis is B.P. 

 

Table 2, A and B values of alkanes 

Gas A 
B 

(K) 
A+3/2 

Tc* 

(K) 
Tc 

(K) 
R×B 

(kJ/mol) 
Latent Heat 

(kJ/mol) 
CH4 2.9519 943.95 4.4519 212.03 190.56 7.85 8.17 (111.7K) 
C2H6 4.0933 1815 5.5933 324.50 305.32 15.09 14.7 (194.1K) 

n-C3H8 5.0709 2479.9 6.5709 377.41 369.89 20.62 19.04 (231.1K) 
Cyclo-C3H6 3.7396 2283.6 5.2396 435.83 398.3 19.00 20.0 (240.3K) 

n-C4H10 4.9811 2873.3 6.4811 443.34 425.13 23.89 22.4 (272.7K) 
i-C4H10 5.0867 2774.3 6.5867 421.20 407.81 23.07 21.3 (261.3K) 
n-C5H12 5.5374 3405.8 7.0374 483.96 469.8 28.32 25.79 (309.2K) 

2-Me-C4H11 5.7903 3386.4 7.2903 505.66 461.35 30.65 24.69 (301K) 
n-C6H14 5.7066 3797.2 7.2066 526.91 507.6 31.56 28.85 (341.9K) 

neo-C5H12 4.2544 2690.9 5.7544 467.62 433.74 22.37 23.1 (397K) 
Cyclo-C6H12 4.4558 3541.2 5.9558 594.58 553.6 29.44 29.97 (353.9K) 
2-Me-C5H13 6.4178 3927.9 7.9178 496.08 497.8 32.66 27.79 (333.4K) 

n-C7H16 6.2496 4301.7 7.7496 555.09 540.2 35.76 31.77 (371.6K) 
n-C8H18 6.3553 4628.6 7.8553 589.23 568.9 38.48 34.41 (398.8) 
n-C9H20 6.8522 5102.9 8.3522 610.96 594.55 42.43 36.91 (424K) 
n-C10H22 7.0868 5453.3 8.5868 635.08 617.8 45.34 38.75 (447.3K) 
n-C12H26 7.8104 6259.6 9.3104 672.32 658.2 50.42 51.6 (415K) 

Note: the temperature in the parentheses is B.P. 
 

Table 3, A and B values of unsaturated hydrocarbon 

Gas A 
B 

(K) 
A+3/2 

Tc* 

(K) 
Tc 

(K) 
R×B 

(kJ/mol) 
Latent Heat 

(kJ/mol) 
CH2=CH2 3.8512 1622.3 5.3512 303.17 282.35 13.49 13.54 (169.4K) 

CH3-CH=CH2 5.037 2430.7 6.5037 373.74 365.21 20.21 18.42 (225.5K) 
CH3-C≡CH 4.2869 2521.1 5.7869 435.66 402.38 20.96 21.9 (374K) 

Benzene 4.5019 3620.7 6.0019 603.26 562.02 30.10 30.77 (353.25K) 
Toluene 5.7686 4406 7.2686 606.17 593.2 36.63 33.18 (383.8K) 

Note: the temperature in the parentheses is B.P. 
 

Table 4, A and B values of hydrogen-bonded compounds 

Gas A 
B 

(K) 
 A+3/2 

Tc* 

(K) 
Tc 

(K) 
R×B 

(kJ/mol) 
Latent Heat 

(kJ/mol) 
H2O 5.3322 4771.2 6.8322 696.45 647.10 39.67 40.68 (373.15K) 
D2O 5.5269 4859.4 7.0269 691.54 643.85 40.40 40.657 (374.57K) 

CH3OH 6.9586 4540.9 8.4586 536.84 513.1 37.75 37.49 (337.7K) 
C2H5OH 7.5734 4853.2 9.0734 534.86 514.7 40.35 38.8 (351.5K) 

n-C3H7OH 7.3825 4946.3 8.8825 556.86 536.9 41.12 41.44 (370.3K) 
i-C3H7OH 7.6060 4811.6 9.1606 525.25 509.4 40.00 39.85 (355.4K) 
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NH3 4.836 2761.6 6.336 435.57 405.4 22.96 23.5 (239.0K) 
Note: the temperature in the parentheses is B.P. 

 

   As shown in the above tables, if defining ஼ܶ∗ = ஻3+2ಲ2 , Eq. 4 transforms into 

− ఌ೐ೣ೚ோ் = 3+2஺2 (1 − ೎்∗்)            (5) 

In our previous paper [29], it was pointed out that Tc is the temperature corresponding to x2 = 
60~70%, a maximum value that a gas system enables to keep the thermal equilibrium by the heat 
exchange cycle. Here, Tc

* is the theoretical temperature at x2 = 1. It corresponds to Pc* [32]. 

Moreover, ஻் = ோ∙஻ோ்  , as shown in the above tables, R∙B equals the latent heat (∆ܪ௩∅ ) at B.P. 

However, in this paper, R∙B is the heat delivered by, theoretically, complete liquefaction of 1 mole of 
gas. − ఌ೐ೣ೚ோ் = 3+2஺2 − ∆ுೡ∅ோ்                   (6) 

Thus, ∆ܪ௩∅ = 2ܣ3+2 ܴܶ∗ܿ                     (7) 

     Analogous to Gibbs potential, Eq. 6 may be written as, by including the symmetric entropy. ߝ௘௫௢ = ∅௩ܪ∆ − 3+2஺2 ܴܶ = ∅௩ܪ∆ − ܶ∆ܵ   (8) 

Eq. 8 can never be zero unless T=Tc*. It is similar to the definition of internal energy in conventional 
thermodynamics. 

As discussed above, for a symmetric molecule, ܪ௩∅ is constant, irrespective of temperature and 
pressure. However, for an asymmetric molecule, B is different due to the different packing status of 
molecules in the liquid at various temperatures. Hence, ∆ܪ௩∅ is variable. However, the variation is 
generally slight except for water below M.P. For example, in Fig. 8 of oxygen, ∆ܪ௩∅ = 7.22 kJ/mol 
near M.P., while ∆ܪ௩∅ = 6.35 kJ/mol above B.P. The discrepancy is about 0.87 kJ/mol. The lower 
temperature gives the higher ∆ܪ௩∅. It is consistent with the experimental results. 

Since, ݈݊2ݔ = 3+2஺2 − ∆ுೡ∅ோ்                     (9) 

Reminiscent of the pressure at saturation, [32] ݈݊ܲ − ݈݊ ௖ܲ∗ =  (10)                    2ݔ݈݊
Thus, provided that A and ∆ܪ௩∅ are independent to the temperature, డ௟௡௉డ௟௡் = ∆ுೡ∅ோ்                             (11) 

Eq. 11 deforms into the Clausius-Clapeyron equation. Of course, it is an approximation because A and ∆ܪ௩∅ are, to some extent, dependent on the state parameters. 

Trouton’s rule states that the entropy of vaporization (∆ுೡ∅்್  ) is almost the same value, 85~88 

J/(K·mol) [10], [12], for various kinds of liquids at their boiling points. Although it is based on the Gibbs 
potential ∆G =  ௩∅ and Tb are measured independently. Hence, ∆S௩ may be comparable to theܪ∆ ,0
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data in Tab. 1-4. Tab. 5 shows the results. 
 

Table 5, Comparison of entropy calculated in this paper and from Gibbs potential 

Gas 
R×(A+3/2) 
J/(K·mol) 

Latent Heat 
(kJ/mol) 

Tb 

(K) 
Trouton’s ΔSv 

J/(K·mol) 
Ar 36.7 6.53 87.15 74.9 

Kr 36.7 9.03 121.2 74.5 

Xe 36.8 12.6 165.2 76.3 

N2 38.5 5.58 77.15 72.3 

O2 39.4 6.82 90.15 75.7 

CO 39.8 6.0 81 74.1 

F2 41.8 6.32 85.15 74.2 

H2S 43 18.6 243 76.5 

CO2 48 16.7 288 58.0 

SO2 53.4 24.9 263 94.7 

H2O 56.8 40.68 373.15 125 

NH3 56.7 23.5 239.0 98.3 

CF4 34.3 12.1 212 57.1 

CH4 37 8.17 111.7 73.1 

C2H6 46.5 14.7 194.1 75.7 

n-C3H8 54.6 19.04 231.1 82.4 

n-C7H16 64.3 31.77 371.6 85.5 

n-C8H18 65.3 34.41 398.8 86.3 

n-C9H20 69.4 36.91 424 87.1 

CH2=CH2 44.5 13.54 169.4 80 

Propene 54.1 18.42 225.5 81.2 

Propyne 48.1 21.9 374 58.6 

Benzene 48.7 30.77 353.25 87.1 

Toluene 60.4 33.18 383.8 86.5 

CH3OH 70.3 37.49 337.7 111 

C2H5OH 75.4 38.8 351.5 110 

n-C3H7OH 73.8 41.44 370.3 112 

i-C3H7OH 76.2 39.85 355.4 112 

 

As shown in Tab. 5, Trouton’s entropy is only found in some long-chain alkanes, benzene, and 
toluene. An interesting observation is that the entropy of small molecules calculated from Gibbs's 
potential is approximately twice that calculated in this paper. For example, this paper gives the entropy 
of 36.7 J/(K·mol) to Ar, whereas Trouton’s entropy is 74.9 J/(K·mol). 

This result reveals flaws in classical thermodynamics. The first law of thermodynamics states that 
the total energy of a thermodynamic system consists of its kinetic, potential, and internal energy. 
However, in classical thermodynamics, as the state changes, only the variation of internal energy is 
considered, equal to the variation of total energy, assuming that the variations of kinetic and potential 
energies are zero. This flaw results in the second law of thermodynamics, i.e., entropy increasing, to 
satisfy the requirement of energy conservation, because, as reported above, the variation in kinetic and 
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potential energy is nonzero. Since the surroundings must maintain the isolation of an isolated system, 
they require more energy than the system exhausted. 

Gibbs’s potential suggests the minimum ΔG at equilibrium, but it doesn’t imply ΔG = 0. 
Assumedly realizing the heat equilibrium of a gas system, namely that the exothermic equals the 

endothermic, the exothermic quantity is ܴ݈ܶ݊ ௏ಸ௏ಽ . Under ordinary conditions, VL can be considered a 

constant, and the variation in kinetic and potential energy is negligible. The equation of exothermic or 
endothermic quantity is similar to that of ΔG. That is why Gibbs potential has been widely applied. 

Similarly, it may be inferred that Walden’s entropy of fusion [8] should also have been 
overestimated. 

Nevertheless, Walden’s and Trouton’s entropies are conceptually different from our entropy. 
Another interesting observation is Tc*. Because Pc* is defined in our previous paper, [32] at the 

saturation, lim௫2→1௏ಸ∗→0
1−௫2௏ಸ∗ = 10−3௉೎∗ோ ೎்∗                   (12) 

It implies that, at extreme compression, the gas density is not infinite. Each gas has its own extreme 
density. Table 6 lists the extreme densities of some gases. It is obvious that alkanes have lower densities 
than the smaller gases. However, the physical significance of the extreme density is unclear. 
 

Table 6. Extreme densities of some gases 

Gas 
Tc* 
(K) 

Pc
* 

(MPa) 

Ex. Density 

(mol/L) 
Gas 

Tc* 
(K) 

Pc
* 

(MPa) 

Ex. Density 

(mol/L) 

He 8.72 0.434 5.988 CH4 212.03 8.049 4.566 

H2 40.7 2.315 6.842 C2H6 324.5 7.803 2.892 

D2 44.85 2.926 7.846 n-C3H8 377.41 6.804 2.168 

Ne 49.85 4.448 10.733 Cyclo-C3H6 435.83 6.163 1.701 

Ar 167.21 8.252 5.936 n-C4H10 443.34 5.493 1.490 

Kr 233.24 8.993 4.638 i-C4H10 421.2 5.061 1.445 

Xe 322.04 9.733 3.635 n-C5H12 483.96 4.597 1.143 

N2 139.63 5.706 4.915 2-Me-C4H11 505.66 4.235 1.007 

O2 169.23 8.369 5.948 n-C6H14 526.91 3.902 0.891 

CO 145.97 5.740 4.730 neo-C5H12 467.62 3.541 0.911 

F2 155.98 8.369 6.453 Cyclo-C6H12 594.58 3.066 0.620 

H2S 405.62 14.476 4.293 2-Me-C5H13 496.08 9.066 2.198 

COS 405.31 10.397 3.085 n-C7H16 555.09 5.945 1.288 

N2O 335.08 11.664 4.187 n-C8H18 589.23 5.438 1.110 

NF3 250.72 7.603 3.647 n-C9H20 610.96 5.374 1.058 

CF4 245.81 6.325 3.095 n-C10H22 635.08 6.703 1.269 

CO2 330.06 12.237 4.459 n-C12H26 672.32 4.901 0.877 

SF6 343.46 5.933 2.078     

NH3 435.57 18.982 5.242     

SO2 458.05 12.942 3.398     

H2O 696.45 40.711 7.031     
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D2O 691.54 40.467 7.038     

 

Helium-4 Superfluid 

In the above discussion, helium is not mentioned because its behavior is weird. It should be noted 
that the data on helium-4 in the technical note [35] has been adopted. By comparison with the data in 
the NIST Chemistry WebBook, it is found that WebBook digested the technical note data from 2.18 to 
5.20 K. 

 

Figure 9, Y~1/T and Y∙T~T curves of helium-4 

 

As shown in Fig. 9, at first, it is disturbing in mathematics that the Y∙T~T curve is not a straight 
line, in contrast to the other gases so far concerned, in which both Y~1/T and Y∙T~T curves are straight 
lines, and the linear regressions give similar results. Moreover, A is negative. For example, 4.22-5.20 
K, A=0.3009; 3.2-4.22 K, A=0.0152; 2.05-3.2 K, A=-0.4843; 1.05-2.05 K, A=-0.8058; 0.8-1.05 K, A=-
1.3004. This means that the entropy of a liquid or solid is greater than that of a gas at the same 
temperature. 

Liquid helium is a superfluid with zero viscosity, which flows without losing kinetic energy. [36]-

[38] When stirred, superfluid forms vortices that rotate indefinitely. The viscosity of superfluid helium 
can be understood in the classical two-fluid model, where only the normal fluid contributes to the 
viscous response. The abrupt drop in the mobility of electrons leads to a change in the solvation 
structure: the electron becomes localized and forms a sizeable spherical cavity (‘‘bubble’’) in the 
medium. [36] However, it is hard to imagine that the positively charged nuclei are dissolved in the 
negatively charged electrons. From the viewpoint of orbital symmetry, the following atomic orbital 
shape change is depicted in this paper. As shown in Fig. 10, assuming that the shape of helium in gas 
is elliptic, whereas in the interval 4.2-5.2 K, it is spherical, we get n=2 for gas and n=1 for liquid. After 
that, the shape changes as the temperature decreases. In addition, helium's mobility in liquid increases 
as the temperature decreases. Hence, A values become negative. 
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Figure 10, Shape changes of helium atomic orbital at low temperature 

 

 

 
Figure 11, Y~1/T and Y∙T~T curves of H2 and D2 

 

In H2 and D2, A decrease is also observed as the temperature decreases. As shown in Fig. 11, for 
H2, A=1.48 in the region of Tc, but A=0.79 in the area of M.P. As for D2, the decrement of A is decreased 
considerably to 0.2. It implies that the mass of nuclei may relieve the particularity. On the other hand, 
comparing the Y∙T~T curves of He-4 (Fig. 9) and H2, it is observed that, upon extrapolation to 0 K, the 
H2 curve may exhibit a shape similar to that of He. That is, increasing entropy near 0 K is expected for 
all gases. 

It is rational that the mobility of electrons decreases near 0 K [37]. However, the assumption must 
be clarified that the positively charged nuclei dissolve in a solvent of the negatively charged electrons 
[38]. This assumption implies that the electron and the nucleus are electroneutral, consistent with the 
results reported in our previous paper [31].  

 

Conclusion 

In the paper, linear regressions of ε೐ೣ೚ோ் ~ 1் on all the substances, for which NIST has issued the 

thermodynamic data, give a universal equation of heat, ε௘௫௢ = ܤ − 3+2஺2 ܴܶ, where B represents the 

heat delivered by, theoretically, complete liquefaction of 1 mole gas. It equals the latent heat of 
evaporation, ∆ܪ௩ః. After analyzing the relationship between the number of symmetry operations and 
the A values, it is observed that A reflects the symmetry of the quantized atomic/molecular orbital at 
the ground state: the smaller A and bigger D2, the more symmetric the molecule. Using inert atoms as 
examples, the symmetry operation number of the 3 p2 orbitals is 7; correspondingly, the A values of 
Ne, Ar, Kr, and Xe are 2.5518, 2.9104, 2.9140, and 2.9178, close to 7/2. Meanwhile, the tetrahedron 
of C sp3 gives the operation number n=8; thus, for CH4, A=2.9519. Based on this principle, in contrast 
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to the common sense of the geometric symmetry of atomic mass, CO is more symmetric than CO2; 
H2S and NH3 are more symmetric than their counterparts, H2O and NF3. Moreover, the similarity in A 
between ethane and ethylene, propane and propylene, etc., suggests that the C-C π bond should be 
rotatable rather than rigid. Assuming each operation gives 1/2 RT, the remaining energy in liquid is 
(n/2-A) RT, provided that a free gas molecule owns all the operation numbers. Meanwhile, defining 3+2஺2 ܴ as the condensation entropy, it is observed that the entropy is about half of the entropy derived 

from Gibbs’s free energy, i.e., ∆ܩ = 0. This result reveals flaws in classical thermodynamics that only 
consider the variation of internal energy, but neglect the variation in kinetic and potential energy. 
Indeed, the exothermic heat of liquefaction is not equal to the endothermic heat of evaporation. The 
Clausius-Clapeyron equation is derived from the equations of exothermic heat. Helium-4 superfluid 
exhibits an abnormal increase in entropy in the liquid as T decreases from 3.5 to 0.8 K. A similar trend 
in the linear regression curve of H2 as the temperature approaches 14 K suggests that the entropy 
increase in liquid is a common phenomenon as the temperature approaches 0 K. 
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