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Lipids are the major substance in biological membrane. They also make an important role for
industrial applications such as food, pharmaceutical and cosmetics. Here, we have reviewed the physical
chemistry of lipids, especially, highlighted to triacylglycerols (TAGs) and phospholipids. In the TAGs part, the
thermal and structural properties of PPP and POP, the typical TAGs, have been focused on. The complicated
polymorphism is present in TAGs. In order to determine polymorphs, time-resolved synchrotron radiation X-ray
diffraction measurement and differential scanning calorimetry (DSC) under the same conditions, simultaneous or
even though not simultaneous, is effective. As for phospholipid part, at first, the type of phospholipid and
relationship between phospholipid and bio-membrane has been introduced. Secondly, crystal structure of
phospholipid has also been introduced. Thirdly, the polymorphism and phase transitions of phospholipids under
excess water, namely hydrated membrane state, have been highlighted. DSC data and its analysis, transition
temperature, transition enthalpy and conformation entropy, have been explained and discussed. Finally, an
interesting topic about the relationship between phase transition and life activity has been introduced.
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Fig.1 Typical molecules of lipids. (a) n-octadecane, (b)
n-octadecene (cis), (c¢) n-octadecene (trans), (d) stearic acid,
(e) oleic acid, (f) triacylglycerol, (g) phosphatidylcholine,
(h) sphingolipid.
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Fig.2 Two ways of phase transformation. (a) enantiotropic, (b)
monotropic. G: Gibbs free energy, T: temperature, A and B:
phases, T(A) and T,(B): Melting temperature of A and B
phase.
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Fig.3 Phase behavior of oleic acid. G: Gibbs free energy,
T: temperature, o, B,  , and y : polymorphs of oleic acid.
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Fig.4 DSC heating thermogram of tripalmitoyl glycerol (PPP).
Heating rate is 5°C/min.
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Fig.5 X-ray diffraction patterns and corresponding subcell
structure models of polymorphic forms of PPP. H : hexagonal,
O, : orthorhombic perpendicular, T, : triclinic parallel.
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Fig.6  Polymorphic behavior of POP, (a) cooling at 2 °C min™' and heating at 2 °C min™ and (b) cooling at 2 °C min" and
heating at 1°C min™". For both, A; DSC patterns and B; wide - angle SR - XRD patterns.

Table 1 Thermal and structural data for polymorphs of POP.

Enthalpy
Melt.lng ?f Subcell short
polymorphs ~ Point  fusion : ing (. i
(T /K) AH; spacing (4)
/kJmol™!

a 2882  68.1° 421 (vs)
4.74 (s), 4.46 (m),

Y 300.00 925 39 (6. 3.58 (w)
4.29 (s), 4.13 (s),

5 3022 1075 383 (s)
4.38 (w), 4.23 (s),

B, 303.3 95.5 4.15 (m), 3.96 (s),
3.83 (w)

> 4.45 (w), 4.27 (m),

B 306.5 983 413 (m), 3.96 (s)
4.61 (vs), 4.07 (m),
3.93 (m), 3.82 (m),

By 308.1 1244 372 (m), 3.62 (),
3.55 (w), 3.52 (w)
4.61 (vs), 4.07 (m),

Bi 309.7 1302 3.88 (m), 3.82 (m),

3.72 (s), 3.67 (m)

* : Enthalpy of melt crystallization was measured on o.
Vs : very strong, s : strong, m : medium, w : weak.
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Fig.8 (a) Dependence of the transition temperature on the
chain length of saturated symmetric PC (Pg—L,, phase transition,
closed circles ®) and saturated symmetric PE (Lg—L, phase
transition, open circles o, and L,—Hj phase transition, closed
triangles A). The curves are best-fitting parabolic lines. (b)
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