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Thermoanalytical Studies on the Polymorphic Behaviors
of Long-Chain Vinyl Compounds

Yoshio Shibasaki

The polymorphic behaviors of long-chain n-alkyl acrylates and methacrylates (C3—Cyo)
as well as vinyl esters of long-chain fatty acids (Cy2—Cyg) were investigated by thermal
analysis combined with the analyses by X-ray diffraction and infrared spectroscopy. Effects
of the chemical structure of functional groups and the length of hydrocarbon chains on the
thermal behavior of these long-chain vinyl compounds were elucidated. n-Alkyl acrylates
and methacrylates with sufficiently long chains, such as octadecy] acrylate, exhibit five
crystalline modifications, « (hexagonal), sub a (hexagonal, partly diaxial orientation), 4,
(uncertain), 4, (monoclinic with M, subcell), and 4, (triclinic with T, subcell) forms,
while vinyl stearate exhibits three crystalline modifications, &, #;, and #; (monoclinic
with O, subcell) forms. With shortening of the alkyl chain the polymorphic behavior
simplifies. The packing modes of long-chain vinyl compounds as well as the rotational
freedom around the molecular axis and the conformational freedom of functional groups
estimated from the entropy changes for fusion and transformation were also discussed in

relation to the polymerizability.
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Table 1. Long-chain vinyl compounds
Compound Abbreviation mp (C)
Eicosyl acrylate CoA 391395
Octadecyl acrylate CiA 325330
Hexadecyl acrylate CiA 242247
Tetradecyl acryvlate CuA 140—145
Dodecyl acrylate CA 1.3— 1.9
Eicosyl methacrylate CoMA 36.6—37.7
Octadecyl methacrylate C.s MA 287—297
Hexadecyl methacrylate CieMA 205--21.1
Tetradecyl methacrylate CiMA 96—101
Dodecyl methacrylate CiMA —54-——49
Vinyl stearate VCisg 36.0- 365
Vinyl palmitate VCis 255—264
Vinyl myristate VCy, 150—158
Viny!l laurate VCy, 25— 38
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Table 2. Thermodynamic parameters for the phase
transitions of octadecyl acrylate

—» Heat evolution (arbitrary unit)
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Fig. 1. DSC curves of octadecyl acrylate.

Scanning rate: 2°C min~!,
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Fig. 2. Schematic diagrams for the Gibbs energy-
temperature and entropy-temperature
relationships of octadecyl acrylate.
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— > Heat evolution (arbitrary unit)
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Fig. 3. DSC curves of octadecyl methacrylate.
Scanning rate: 2°C min~}.
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Table 3. Thermodynamic parameters for the phase
transition of octadecyl methacrylate
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Fig. 4. Schematic diagrams for the Gibbs energy-
temperature  and  entropy-temperature
relationships of octadecyl methacrylate.
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Table 4. Thermodynamic parameters for the phase
transitions of vinyl stearate

. T AH AS

Phase transition X T ol TK mol™
(B s 309.7 816 264
(B > Dius 306.4 686 222
(@1 e 3032 465 153

2)The @ form is an extrinsic crystal form induced by
minute impurities.
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Fig. 6. Schematic diagrams for the Gibbs energy-
temperature and entropy-temperature
relationships of vinyl stearate.
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Fig. 7. X-Ray diffraction patterns for various
crystalline modifications of octadecyl
acrylate. These diffraction patterns were
obtained at room temperature (ca. 10°C)
after adequate thermal treatments.
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Fig. 8. Infrared spectra of octadecyl acrylate in
various states in a KBr disk: (A) molten
state, at 40—50°C; (B)&@ form crystallized
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Fig. 9. Phase transition behavior of octadecyl
acrylate and methacrylate, and molecular
arrangements and subcell dimensions in
the @, #, and £. form crystals.
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Fig. 10. Phase transition behavior of vinyl stearate,

and molecular arrangements and subcell
dimensions in the «, &, and £ form
crystals.
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Fig. 11. DSC curves for n-alkyl acrylates.
Scanning rate: 2 C min—!.
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