
Molecular conformations of diblock oligomers H(CH2)10-
(OCH2CH2)mOH (m = 2, 4, and 6) in the solid state were stud-
ied at high pressures (1–2 GPa) by IR spectroscopy.  The
oxyethylene chain in the oligomers with m = 2 and 4 assumes
the all-trans planar conformation, while that in the oligomer
with m = 6 assumes the helical conformation.  The stabilized
planar structure of the oxyethylene chain at high pressures is
explained by increased intermolecular cohesive forces in the
alkyl block reinforced by external pressures.

The oxyethylene chain assumes a helical form with a repeated
trans–gauche–trans conformation for the O–CH2–CH2–O segment
in the solid state.1 Another form of the oxyethylene chain in the
solid state is an all-trans planar form, which was found for some of
the alkyl–oxyethylene diblock oligomers H(CH2)n-
(OCH2CH2)mOH (abbreviated as CnEm) and the alkyl–oxyethyl-
ene–alkyl triblock oligomers H(CH2)n(OCH2CH2)mO(CH2)n´H-
(CnEmCn´) in the solid state at liquid nitrogen temperature.2–11 It is
interesting to note that the conformation of the oxyethylene chain
in the CnEm oligomers changes from the planar form to the helical
form with an increase in the number of oxyethylene units (m).  For
example, the conformation of the oxyethylene block of the C10Em
oligomers with m ≤ 3 is all-trans planar, while the conformation of
the oxyethylene block of the oligomers with m ≥ 4 is helical.4–6

Such chain-length dependent conformational behavior is associat-
ed with the different rates of crystallization of the constituent
blocks of the CnEm oligomers on cooling of the liquid substances.11

Pressure is another important factor, besides temperature,
that controls crystallization of substances.12 Pressure-induced
crystallization has actually been applied to polymers,13–16 poly-
mer blends,17–20 amorphous solids,21 and proteins.22 It is
expected that pressure affects the rates of crystallization of the
constituent blocks of the CnEm oligomers, giving rise to chain-
length dependent conformational polymorphism which may be
different from that which occurs in the cooling process.  In this
letter, we report the conformational behavior of the diblock
oligomers C10E2, C10E4, and C10E6 in the solid state at high
pressures.

C10E2 was synthesized in our laboratry,4,5 while C10E4 and
C10E6 were supplied by Nikko Chemicals Co.  All materials
were purified by vacuum distillation.  The IR spectra of the
C10Em oligomers solidified by pressure were measured at ambi-
ent temperature at 1–2 GPa by using a high-pressure diamond
anvil cell (DAC).  Sample paste of liquid C10Em mixed with cal-
cium fluoride powder (a pressure-transmitting medium) was
placed inside a 0.3-mm diameter pressure chamber bored in a
0.3-mm thick Inconel gasket mounted on the DAC. The repro-
ducibility of the observed spectra was confirmed by the meas-
urements on different samples of the same compound.  Pressure

was monitored by using luminescence of a ruby chip located in the
pressure chamber.23 The IR spectra of C10Em (m = 2, 4, and 6)
solidified by cooling were also measured at liquid nitrogen temper-
ature at ambient pressure for comparison with the high-pressure
spectra.  The spectra were recorded on a JASCO FT/IR-620
Fourier transform spectrometer with a spectral resolution of 4
cm–1.

Figure 1 shows the IR spectra of C10E2, C10E4, and C10E6
solidified by pressure and cooling.  When pressure was applied
to the liquid samples of C10Em, the drastic spectral changes
were observed at about 0.5 GPa, with which the solidification
of the samples was confirmed.  Pressure-solidified C10E4 gave
an IR spectrum different from the spectrum obtained by cooling
of the liquid. C10E2 and C10E6 solidified by pressure gave spec-
tra essentially the same as those solidified by cooling.  The
molecular conformations of the pressure-solidified C10Em
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oligomers were examined by comparing their spectra with the
spectra of the cooling-solidified oligomers, for which the
molecular conformations have been established in our Raman
spectroscopic studies.4–6

Comparison of the IR spectra in Figure 1 shows that the
spectra are classified into two types according to the character-
istic spectral features.  In the spectra of C10E2 (solidified by
pressure and cooling) and C10E4 (pressure), a conspicuous band
was observed around 1500 cm–1.  In the spectra of C10E4 (cool-
ing) and C10E6 (pressure and cooling), on the other hand, a
strong, prominent band was observed at about 1280 cm–1.
These spectral observations indicate that the two spectral types
correspond to two types of molecular forms.  The less important
differences of the IR spectra between the pressure-solidified
and the cooling-solidified substances of C10E2 or C10E6 are
explained by different intermolecular forces acting in the rele-
vant solids.

The molecular form of cooling-solidified C10E2 at liquid
nitrogen temperature has been shown to be a highly extended γ
form,4–6 i.e., the all-trans conformation except for the terminal
OCH2–CH2OH part in the gauche conformation.  The molecu-
lar form of cooling-solidified C10E4 and C10E6 has been shown
to be the β form,4–6 in which the alkyl chain assumes the all-
trans conformation except for the CH2CH2–CH2O part and the
entire oxyethylene chain assumes a helical conformation.
These previous conformational analyses were performed on the
basis of Raman spectroscopic observations with the aid of the
established conformational key bands.24

In the light of the previous results, the molecular form of
pressure-solidified C10E2 and C10E4 is determined to be the γ
form. The characteristic bands at 1497 cm–1 for C10E2 and 1503
cm–1 for C10E4 are assigned to the CH2 scissoring mode of the
trans CH2OCH2–CH2OCH2 segment.5 The molecular form of
pressure-solidified C10E6, on the other hand, is determined to be
the β form.  The strong band at 1284 cm–1 for this oligomer is
assigned to the CH2 twisting mode and is a conformational key
band of the helical oxyethylene chain.11,24 The results of the
molecular forms of the pressure-solidified and cooling-solidi-
fied C10Em oligomers are summarized in Table 1.  It is impor-
tant to note that for C10E4 the pressure solidification gave the
highly extended γ form, while the cooling solidification gave
the β form with the helical oxyethylene chain.

Our previous studies on the cooling-solidified CnEm
oligomers have shown that the number of oxyethylene units in
the all-trans planar conformation is at most three.4–6 The chain-
length dependent conformational behavior of the CnEm and
CnEmCn´ oligomers solidified by cooling has been interpreted in
terms of the conformational competition between the alkyl
chain and the oxyethylene chain, namely the competition

between the intermolecular packing or cohesive energy of the
alkyl block and the intramolecular conformational energy of the
oxyethylene chain.11

In the case of pressure solidification, the length of the all-
trans planar oxyethylene chain in the CnEm oligomers is extend-
ed to four monomeric units, as revealed in the present work. The
literature25 indicates that the change in density of the alkyl chain
in going from the liquid phase to the solid phase is larger than
that of the oxyethylene chain.  Accordingly, pressure should
yield stronger cohesive forces in the alkyl block of the CnEm
oligomers than in the oxyethylene block.  This consideration
leads to the conclusion that the planar zigzag structure of the
oxyethylene chain with four monomeric units attained at high
pressures is associated with the preferential crystallization of the
alkyl block and is stabilized by increased intermolecular cohe-
sive forces in the alkyl block reinforced by external pressures.
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