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Thermodynamic Studies of Molecular Motions
in p-Polyphenyl Crystals

Kazuya Saito

Recent thermodynamic studies of crystalline p-polyphenyls are described. The properties
of the twist transitions of biphenyl, p-terphenyl and p-quaterphenyl are discussed in relation
to the internal flexibility. The crossover of the low temperature heat capacities of biphenyl
and p-terphenyl is attributed to the greater twisting flexibility of biphenyl molecule on the
basis of lattice dynamics calculations. The role of the incommensurability is discussed about
the abnormally large heat capacities of biphenyl at low temperatures. The thermodynamic
properties are also disctissed of other related substances (4,4"-difluorobiphenyl, p,p’-biphencl,

perfluorobiphenyl and perchlorobiphenyl).
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Fig. 1. Interatomic distances between ortho atoms
as a function of the twisting angle. Broken
lines show van der Waals radii of ortho
atoms.
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Table 1. Structures of biphenyl and related substances.

space group twisting angle/ °

biphenyl (BP)®®
p-terphenyl 50
p-quaterpheny
4,4'-difluoro-BP °¥
4,4'-dichloro-BP *®
4,4’-dibromo-BP *?
4,4'-dimethyl-BP *® (p p'-bitolyl)
4,4'- dinitro-BP "

4,4~ dihydroxy -BP * (p, p'- biphenol )
perfluoro-BP

perchloro-BP *¥

2,2',4,4',6,6'-BP*)

15C)

P2,/a 0
P2,/a 0
P2,/a 0
P2,/a 0
P2,/n 39, 42
P2,/n 38, 42
P2,/n 36, 40
Pc 33
P2,/n 0
Fdd 2 59.6
Pben 86.6
C2/¢c 87.3

Table 2. Phase transitions of biphenyl, p-terphenyl and p-quaterphenyl.

IC IC
y 27 P2,/a
biphenyl
168K 404K
g= 5 (1=3,)b% q=+(3,8"~5.c")
i%(l“&b)b*
heny PT { P2,/a
-1
b-terpheny 1935K
rerohenvl P1 | P2,/a
p-quaterpheny 9330K
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Fig. 2. Molar heat capacities of biphenyl, p-
terphenyl and p-quaterphenyl.  The
arrows indicate the location of the phase
transitions of biphenyl.
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Fig. 3. Thermal anomalies due to the successive
phase transitions of biphenyl. a) twist
transition; b) partial lock-in transition.
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Fig. 4. A, twisting mode of p-quaterphenyl.
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Fig. 5. Intramolecular potentials calculated with
Hiicke] method and non-bonded inter-
atomic potentials of Buckingham type for
biphenyl (solid line) and 4,4'-difluoro-
biphenyl (broken line).
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Fig. 6. Molar heat capacities of 4,4'-difluoro-
biphenyl.
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Fig. 7. Debye characteristic temperatures of
biphenyl, p-terphenyl and p-quater-
phenyl, assuming 6 degrees of freedom
per molecule.
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Fig. 8. Calculated vibrational spectra for biphenyl
and p-terphenyl crystals.
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Fig. 9. Calculated Debye characteristic tempera-
tures assuming 6 degrees of freedom per
molecule; rigid p-terphenyl (solid line),
rigid biphenyl (dot-dash line) and flexible
biphenyl with a twisting force constant
corresponding to 60 cm™! (broken line).
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Fig. 10. Two possible behaviors of the heat
capacities of biphenyl (broken line) and
p-terphenyl (solid line) at lower tem-
peratures.
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Fig. 11. Debye characteristic temperatures of
biphenyl (solid line) and 4,4'-difluoro-
biphenyl (open circle), assuming 6
degrees of freedom per molecule. The
arrow indicates the location of the
partial lock-in transition of biphenyl.
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Fig. 12. Debye characteristic temperatures multi-
plied by the square root of the molar
masses of perfluorobiphenyl (filled circle)
and perchlorobiphenyl (open circle).
Smooth extrapolation curves to T—0 are
also shown as solid and broken lines.
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Fig. 13. Differences of heat capacities due to the
twisting vibration. The twisting heat
capacity of perchlorobiphenyl was sub-
tracted from that of perfluorobiphenyl.
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