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Energy funneling and macromolecular conformational
dynamics: a 2D Raman correlation study
of PEG melting

Ashok Zachariah Samuel and Siva Umapathy

Cascading energy landscapes through funneling has been postulated as a mechanistic route for achieving the lowest energy

configuration of a macromolecular system (such as proteins and polymers). In particular, understanding the molecular

mechanism for the melting and crystallization of polymers is a challenging fundamental question. The structural modifications

that lead to the melting of poly(ethylene glycol) (PEG) are investigated here. Specific Raman bands corresponding to different

configurations of the PEG chain have been identified, and the molecular structural dynamics of PEG melting have been

addressed using a combination of Raman spectroscopy, 2D Raman correlation and density functional theory (DFT) calculations.

The melting dynamics of PEG have been unambiguously explained along the C–O bond rotation coordinate.
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INTRODUCTION

The polymer crystallization process1 and the protein-folding
processes2 are usually hypothesized as individual segments moving
down the free energy landscape through a sequence of conformational
reorganizations into an ordered lamellar crystalline state or a
functionally folded state.3 Understanding these stepwise
conformational bond-specific dynamics during the ordering of
flexible polymers into lamellar crystalline domains is a challenging
fundamental question because of the multi-dimensional
conformational space and the complexity associated with the size of
the macromolecule.4 Previous studies have examined different aspects
of polymer crystallization5,6 using experimental and theoretical
approaches, for example, on poly(ethylene glycol) (PEG) because
PEG is an industrial polymer with applications ranging from biology
to materials science, such as tribology, liposomes, drug delivery
nano-carriers and solid-state batteries.7–10 The structural dynamics
of PEG during crystallization have also been investigated using
time-resolved small-angle X-ray scattering measurements,11

four-dimensional electron microscopy techniques,12 conformation
correlation analysis13 and molecular dynamics simulations.14

However, the molecular bond-specific structural details of the
induced conformations (conformational modifications during
heating) remain unclear.15–17 Considering the wealth of information
generally available in the Raman spectrum of PEG,18–20 we address
the specific question of the mechanism of molecular structural
dynamics during PEG melting using two-dimensional Raman
correlation spectroscopy.21–23 The successive structural changes in

the system owing to an external perturbation can effectively
be explored by employing the two-dimensional correlation
methodology.21 Such two-dimensional correlation analyses
effectively deconvolute overlapping spectral features as well as the
sequence of the frequency-specific spectral intensity variations
(dynamical information).22,23

In the solid state, PEG has been reported to exist predominantly in
a helical configuration (72 helix) with O–C–C–O repeat units of the
polymer in a trans-gauche-trans (TGT) conformation.24 There are
three ways in which the PEG helix can change during heating
(Scheme 1): the first is where C–O single bonds rotate, the second
is where C–C bonds rotate and the third is where both the bonds
rotate. Note that the energetics of these events may differ.
However, the structural conformation modifications induced during
the melting of PEG remain unclear. For instance, a nuclear
magnetic resonance spectroscopic study of molten PEG indicated
that the gauche C–C conformation is more stable than the
trans form,25 whereas several other studies have argued that the
O–C–C–O dihedral angle changed from the gauche to trans
conformations.3,17 Furthermore, the Raman spectral features
assigned to the trans C–C conformation in the molten state13,26

contradict the well-known gauche effect in ethylene glycol, which
may also be expected in the polymeric analog.14 Thus, in this
letter, we have revisited the PEG melting process using Raman
spectroscopy and density functional theory (DFT) calculations to
understand the configurational cascading of PEG in the free energy
landscape.
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EXPERIMENTAL PROCEDURE
The PEG used in this study is a polyethylene glycol monomethylether with an

average molecular weight of 1000 gmol�1 (Sigma-Aldrich, St Louis, MO,

USA). The polymer sample was first dissolved in tetrahydrofuran and filtered.

Tetrahydrofuran was then removed by evaporation. The polymer was further

dried at 100 1C under vacuum for 3 h before the experiment. Before the

measurement, the sample was subjected to thermal cycling in a heating/cooling

stage (from 0 to 70 1C and back at a rate of 2 1Cmin�1) to prepare a proper

crystalline phase. The Raman spectral data were recorded using a Raman

microscope (RM1000, Renishaw, Wotton-under-Edge, UK) equipped with a

heating-cooling stage (THMS600, Linkam, Guildford, UK). All the spectra

were recorded using a 514.5 nm argon ion laser (Spectra-Physics, Santa Clara,

CA, USA) at a 40mW laser power (laser output power) and at a � 50

microscope objective. The PEG sample used for the analysis was equilibrated

for 3min at each temperature before recording the spectrum.

2-dimensional correlation analysis (Supplementary Information S1) was

performed using 2Dshige (Shigeaki Morita, Kwansei–Gakuin University,

2004–2005) software. Gaussian calculations were performed using Gaussian

09 software (Gaussian Inc., Wallingford, CT, USA).27 Geometry optimization

and frequency calculations were performed using the DFT/B3LYP/6-31þG(d,

p) method available in Gaussian 09. The X-ray crystal structure reported by

Takahashi and Tadokora24 was used as the model for the helical conformation

of PEG. The polymer structure was terminated after seven repeat units, and

one of the end groups (OH) was modified as O–CH3 for calculations. The

differential scanning calorimetry (DSC) experiment was performed using a

Mettler–Toledo DSC1 (Mettler–Toledo Inc., Columbus, OH, USA) with a

heating and cooling rate of 10 1Cmin�1. All of the calculated frequencies

presented here are scaled with a uniform scaling factor of 0.985. The polarized

optical microscopy studies were conducted using an Olympus BX-51 micro-

scope (Olympus, Center Valley, PA, USA).

RESULTS AND DISCUSSION

The Raman spectrum of the solid PEG19 obtained at 20 1C and the
DFT-computed Raman spectrum (using a heptamer model; see
Supplementary Information, Supplementary Figure S1) agree well
with the helical TGT (about the O–C–C–O segments of PEG)
configuration of PEG. The heptamer PEG model (CH3O(CH2-

CH2O)6CH3) represents one helical repeat unit (72 helix)24 of the
crystalline phase and therefore used to calculate the vibrational

frequencies of the helical configuration. A good agreement was
observed between the experimental and calculated spectra when
compared with other model structures employed previously18,20

(Supplementary Information, Supplementary Figure S2). The band
assignments and the results of potential energy distribution calcula-
tions are provided in the Supplementary Information (Supplementary
Table S1). The potential energy distribution results indicate that the
844 and 863 cm�1 modes have a mixed character of CH2-rocking and
backbone (C–O and C–C) stretching vibrations. Similarly, the Raman
bands from 1450 to 1500 cm�1 have a d(O–C–C)þ dCH2-scissoring
character (see Supplementary Information, Supplementary Table S1).
Therefore, the vibrations associated with CH2-bending are expected
to show characteristic changes in response to modifications of the
specific bond dihedral angle (backbone) during melting.
To follow the melting process, Raman spectra of PEG (molecular

weight 1000 gmol�1) at different temperatures were recorded over
the temperature range 0–70 1C at an interval of 2 1C. Completely
reversible spectral changes were observed within the temperature
window of 20 to 40 1C (Figure 1a). No spectral changes were observed
after 40 1C. The DSC thermogram of PEG (polyethylene glycol
monomethylether, molecular weight 1000 gmol�1) and the intensity
variation of the 844 cm�1 Raman band (heating and cooling) are
shown in Figure 1b. The Raman intensity variations observed during
the heating and cooling cycles are similar to the variation observed in
the DSC. To discern other Raman spectral differences, we subtracted
the Raman spectrum recorded at 20 1C from all of the other Raman
spectra recorded at various temperatures, and the resultant spectra are
shown in Figure 1c. In the difference spectra, peaks that decrease in
intensity during heating appear with negative intensities, whereas new
peaks appear with positive intensities. As expected, the region
between 770 and 1130 cm�1, which is owing to the skeletal
fingerprint vibrations, shows interesting spectral changes, but the
new spectral features that appeared were unusually broad. The peaks
at 844 and 863 cm�1 were found to decrease in intensity, whereas the
intensities of the 810 and 884 cm�1 peaks increased. The Raman
bands in the region between 1130 and 1500 cm�1 show a large
decrease in intensity along with an associated broadening during
melting. Similarly, changes were also observed in the C–H-stretching
region (Figure 1d). In the following sections, we analyze these two
regions (800–1500 and 2750–3100 cm�1) in detail to unravel the
molecular mechanism of PEG melting.

C–H-stretching region (2750–3100 cm�1)
Two strikingly different trends of intensity changes were observed in
the C–H-stretching region (Figure 2c). The Raman band at
2940 cm�1 remains stagnant until 30 1C, after which a sharp increase
in intensity was observed; whereas, the peak at 2887 cm�1 was found
to shift to 2874 cm�1. It is possible that these two peaks are sensitive
to completely different processes during the melting of PEG. Unlike
the crystallization of small molecules, polymer crystallization is a
complex phenomenon. During crystallization, polymer chains fold
into lamellar crystallites (secondary structure), and these crystallites
organize into three dimensions to form tertiary (or quaternary
structure) structures called spherulites.28 Polarized optical
microscopy-imaging experiments were performed at different
temperatures to probe the reason for different responses of the two
Raman bands to temperature variations. A birefringent pattern (see
Supplementary Information, Supplementary Figure S3) indicative of
ordered crystalline lamellae (spherulite)29 was observed, and the
pattern started to appear diffuse after 30 1C, signifying that the
vibrational modes at 2887 and 2940 cm�1 are sensitive to lateral

Scheme 1 A pictorial representation of two possible mechanisms for

modification of the PEG helix during melting. The C–C and/or C–O bond

rotation results in the destruction of the helical configuration during

melting. A full color version of this scheme is available at Polymer Journal

online.
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(spherulite) ordering of the polymer chains (Figure 2d). Earlier
studies on alkanes have demonstrated that the symmetric methylene
C–H-stretching mode (S–CH) and the asymmetric C–H-stretching of
CH3(As–CH) are sensitive to conformational disorder and the lateral
ordering of chains.30 Moreover, the ratio of intensity I(As–CH)/(S–CH)

has been demonstrated to be sensitive to the conformational changes
in alkane chains31 and has been widely used to study phase transitions
in lipid bilayers and intercalated surfactants.32 A ratio of B0.88, in
the case of intercalated surfactant species,33 was assigned to the
disordered organization of the chains with greater gauche defects.
On the basis of our present observations and earlier literature on
alkanes, we assign 2887 cm�1 as the symmetric C–H-stretching
(S–CH), 2903 cm�1 as the antisymmetric C–H-stretching (Ant-CH)
and 2940 cm�1 as the asymmetric C–H-stretching vibrations of the
terminal CH3 (As–CH).31,34 In the present case, the intensity ratio of
the antisymmetric C–H-stretching and the symmetric C–H-stretching
(I2903/2887 in crystalline PEG and I2903/2874 in molten PEG) remained
the same (0.79 and 0.77) before and after melting. The consistent
intensity ratio (I(As–CH)/(S–CH)) suggests an unaltered C–C gauche
conformation along the polymer chain during and after melting.
Similarly, in earlier studies the intensity ratio I2887/2940 was found to be
sensitive to the intermolecular interactions.31,32 The intensity ratio
I2887/2940 was found to decrease from 2.34 to 1.44 during melting,
suggesting a reduced intermolecular interaction compared with the
crystalline state. On the basis of the results described above, we
propose that the true melting of crystallites begins only after 30 1C,
while the changes observed in the Raman spectrum before 30 1C are
owing to the pre-melting dynamics of the polymer chain, in which
some of the segments change their conformation from TGT (about

O–C–C–O) to a new higher energy form. During the transformation,
the C–C dihedral angle most likely remains unchanged.

800–1500 cm�1 region and computational studies
As mentioned earlier, prominent changes were also observed in the
methylene-rocking region (B800 cm�1), but the features were
unusually broad. A plot of the intensity variation of different Raman
bands as a function of temperature (response of the system to
heating) is given in Figure 2a. Different vibrational modes responded
differently to the thermal perturbation. As mentioned earlier, the
Raman band at 844 cm�1 is specific to the TGT (helical) configura-
tion along the polymer chain. The intensity of this Raman band
decreased during heating, indicating a modification of the helical
(TGT) configuration. Consequently, a new band appeared near
810 cm�1, which increased in intensity during melting. Moreover,
the scaled intensity modulation at 844 and 810 cm�1 (Figure 2b; see
also Supplementary Information S2) suggested a correlation between
the existing conformation and the new conformation. Hence, it could
be inferred that every new conformation that is thermally induced in
the polymer chain (810 cm�1) is a result of a modification of an
equivalent number of TGT helical conformations that exist in the
solid state (844 cm�1). To explain the new spectral bands that
appeared in the methylene-rocking region and to gain more insight
into the new conformations formed during melting, we performed
DFT calculations using model conformers. The dihedral angles of the
heptamer helix (TGT; see Scheme 1) model were modified to generate
a new set of conformers that are most likely in the molten state. Three
sets of model structures were considered. Details of the model
structures studied are provided in the Supplementary Information

Figure 1 (a) Raman spectra of poly(ethylene glycol) (PEG) (molecular weight 1000) at different temperatures from 20 to 42 1C (interval of 2 1C).
(b) differential scanning calorimetry thermogram of PEG (green) together with the intensity variations in the 844 cm�1 Raman band during heating (blue)

and during cooling (red). (c) Temperature dependent variation in the difference spectrum. (d) C–H-stretching region of the Raman spectrum of PEG at

different temperatures. A full color version of this figure is available at Polymer Journal online.
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(Supplementary Table S2). The first set of model structures were
generated by changing the O–C–C–O dihedral angle from B601
(trans) to B1801 (gauche) without altering the C–O–C–C dihedral
angles. In the second set, the C–C–O–C and C–O–C–O dihedral
angles were changed from trans to gauche while keeping the O–C–C–
O dihedral angle unchanged. In the third set, both of these dihedral
angles were altered from that of the native helical (TGT) structure.
These conformers were separately optimized before calculating the
vibrational frequencies (DFT/B3LYP/6-31þG (d, p)).
The Raman spectra calculated from the first set of models exhibited

some interesting trends when the number of trans C–C’s were increased
in the model polymer chain. The 844 cm�1 Raman band was found to
decrease in intensity while that of a new band at 881 cm�1 simulta-
neously increased in intensity (Supplementary Information,
Supplementary Figure S4a). Similarly, a new band was also observed
in the 1509 cm�1 region of the calculated spectrum, which became
prominent as the number of C–C trans conformations were increased in
the chain. As mentioned earlier, these modes have a mixed methylene-
rocking and backbone-stretching character. Hence, the configurational
changes in the helical PEG chain owing to dihedral angle changes are
expected to affect these vibrational modes. Strikingly, these calculated
Raman spectra have no vibrational modes near 810 cm�1, which is a
prominent feature observed in the Raman spectrum of molten PEG.
This result suggests that the C–C dihedral angle variation may not be
the mechanism of helix destruction during melting. The presence of the
1509 cm�1 band and the absence of the 810 cm�1 band could be
considered as Raman signatures of trans O–C–C–O dihedral angles in
PEG. These Raman spectral features were observed in all-trans PEG
segments of a triblock amphiphile, which supports our findings.35,36 An

experimental study on a PEG segment in a triblock architecture using
Raman spectroscopy has shown that the 844 and 859 cm�1 bands
disappeared and that the 890 and 1497 cm�1 bands appeared when the
sample was kept under tension.35 These changes in Raman spectra were
also assigned to the conformational reorganization of the helical
configuration to a planar zigzag configuration. Another Raman
spectroscopic investigation on a similar triblock architecture that
contained PEG middle segments also demonstrated the presence of a
band between 1501 and 1516 cm�1 when PEG adopted an all-trans
conformation36 (O–CH2–CH2–O in TTT). From the above discussion,
it is clear that the 810 cm�1 band is specific to the C–O gauche
conformation, whereas the band associated with the C–C trans
conformation is observed in the range from 1497 to 1516 cm�1.
Notably, no new spectral bands were observed in this region during
the melting of PEG, confirming that the C–C gauche dihedral angle
remains unchanged during melting.
The Raman spectra calculated using the second set showed features

similar to the Raman spectrum recorded from molten PEG (Figure 3a).
In the calculated Raman spectrum, there were more gauche C–O
conformations as indicated by the new vibrational modes appearing
at B810 cm�1, but no frequencies were observed near 1509 cm�1

(Supplementary Information, Supplementary Figure S4b). To reaffirm
the results of the calculations, we performed calculations using the third
set of model structures, which consisted of both gauche C–O and trans
C–C conformations (irregular incorporations). It could be observed
(Supplementary Information S4c) that whenever the C–C trans con-
formation was incorporated into the model polymer chain, a band at
1509 cm�1 consistently appeared in the calculated spectrum. Hence, the
presence of a Raman band in the region of 1497–1516 cm�1 could be

Figure 2 (a) Intensity variations of different Raman bands as a function of temperature. (b) Intensity variations at two different wavenumbers: 810 (new

conformer) and 844cm�1 (helical conformer). (c) Intensity variations at different wavenumbers in the C–H-stretching region. (d) Polarized optical

microscopy (POM) image at different temperatures with the intensity variation of the 2940 cm�1 band. A full color version of this figure is available at

Polymer Journal online.
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considered as a marker band for the C–C trans conformations in the
PEG chain. The calculated Raman spectrum for two different models
(first and second set) and the experimentally obtained Raman spectrum
of molten PEG are given in Figure 3a for comparison. It is clear that the
calculated spectrum of the model generated through a C–O bond
rotation (second set) qualitatively explained nearly all the features
observed in the Raman spectrum of molten PEG, signifying that during
melting, the C–O bond rotation preferentially occurs over a C–C
rotation. We also performed calculations using a tetradecamer helical
PEG model (consisting of two 72 helical units) and the results were
consistent with the explanation given above (Supplementary
Information, Supplementary Figure S4d). The new bands in the
810 cm�1 region were hence assigned to the gauche C–O (GGT, TGG
and GGG about the O–C–C–O sequence) sequence in the PEG chain,
consisting of C–O and C–C gauche conformations along the polymer
chain. The results suggested a preference for the gauche C–C con-
formation in the melted polymer (no rotation about the C–C single
bond during melting). Such a preference for the gauche conformation is
generally known as the gauche effect and is well documented for
ethylene glycol.37 A molecular dynamics simulation study of chain
configurations in PEG homolog melts also suggested a similar
preference for gauche C–C.14 Our study clearly demonstrates that the
spectral changes observed in the Raman spectrum of PEG during
melting is owing to the conformational reorganization of the trans C–O
conformation to a gauche C–O (about the O–C–C–O sequence)
conformation. The trans C–O Raman band (844 cm�1) is characteristic
of a crystalline region, and the gauche C–O conformation (810 cm�1)
represents the amorphous or molten region of PEG. Hence, from the
relative band intensities, it is possible to calculate38–40 the composition
of the trans C–O bond, which reflects the percentage crystallinity of the
sample. We calculated the percentage of trans C–O conformations using
the equation given below. The solid PEG at 20 1C has 81±1% trans C–
O conformation and 19±1% gauche C–O conformations. These values
are in close agreement with the percentage crystallinity of the analogous
PEG-1000 determined using DSC.41 The plot showing the variations in
the content of trans and gauche C–O in the polymer as a function of
temperature is given in Figure 3b.

Percentage trans C�O in PEG¼ 100
IT

IT þ IGð fTf
G
Þ
¼ 100

A844

A844 þA810ðfTfGÞ

where, IT and IG are the intensities of trans and gauche C–O bonds,
respectively. fT and fG are factors that depend on the scattering solid
angle, Raman cross-section and the temperature dependent line-shape
for trans and gauche C–O, respectively. A844 and A810 represent the
areas under the 844 and 810 cm�1 Raman bands, respectively (For
details regarding the derivation and calculation, see Supplementary
Information S3).

Segment dynamics of melting PEG
The two-dimensional Raman correlation spectroscopy methodology
was applied to the Raman spectral data set to improve the spectral
resolution and to understand the segmental dynamics. The synchro-
nous and asynchronous correlation maps for the Raman spectral
region from 770 to 870 cm�1 are shown in Figure 4 (top), and the
two-dimensional maps for the other spectral regions are provided in
the Supplementary Information (Supplementary Figure S5). Highly
resolved spectral information was obtained after the asynchronous
correlation analysis. The broad spectral region from 770 to 900 cm�1

was resolved into 13 new bands. A good agreement was observed
between the resolved spectral bands obtained from the two-dimen-
sional correlation analysis and the analysis of the second derivative of
an average spectrum of the highly overlapped methylene-rocking
region (see Supplementary Information, Supplementary Figure S6).
As stated earlier, the fundamental principle that leads to the

resolution of broad Raman spectral features in two-dimensional
correlation analysis (Figure 4; top) is the difference in the response
of different wavenumbers to the external perturbation (temperature).
The sequence of spectral intensity modulation during the dynamic
events could be retrieved from the asynchronous correlation map.
Noda’s rules22 were applied to find the order in which the vibrational
bands modulated during the melting of PEG. The vibration at
934 cm�1, which corresponds to the amorphous domain13,15,17 of
solid-state PEG, was found to respond to temperature first followed
by the bands at 1280, 1472, 1124 and 1059 cm�1. The vibrations at
1280, 1472 and 1124 cm�1 correspond to the helical polymer chain in
the crystalline region (correlates positively with the 844 cm�1 band).
Subsequently, the vibration at 1059 cm�1, which is owing to the C–O
gauche conformer (because it correlates negatively to the 844 cm�1

band), begins to respond. A possible mechanism for the structural
modulation could be as follows. As the temperature of the system
increases, the CH2-wagging (1280 cm�1) vibration becomes active.

Figure 3 (a) A comparison of the Raman spectrum of molten PEG (2) with the calculated Raman spectrum of a model with a few O–C–C–O in the GGG

conformation rather than in the trans-gauche-trans (TGT) conformation (1) and with a few O–C–C–O in the TTT conformation rather than the TGT

conformation (3). The blue spectrum (experimental Raman spectrum of molten PEG) shows a close resemblance to the Raman spectrum of model 1 with
C–O gauche and C–C gauche, suggesting that C–O bond rotation preferentially occurs during melting but that the C–C remains gauche and does not rotate.

The well-known gauche effect in ethylene glycol explains this behavior. (b) The variation of trans and gauche C–O conformations in PEG as a function of

temperature. A full color version of this figure is available at Polymer Journal online.
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Then, the 1472 cm�1 CH2 scissoring vibration, with considerable
contribution from a backbone deformation (dO–C–Cþ dCH),
becomes active, and this provides flexibility to the chain. Subse-
quently, the 1124 cm�1 CH2-rocking vibration, with a considerable
C–O-stretching contribution, becomes active and results in the bond
rotation. The bond rotation results in the transformation of a few
TGTsegments to GGG (or GGTor TGG) segments. Consequently, the
vibrations of segments containing gauche C–O conformations (at
1059 cm�1) become active. At higher temperatures, more C–O bond
rotations occur and eventually result in the melting of the crystalline
domain.
The results and discussion to this point clearly demonstrate that the

PEG melting process involves stepwise configurational changes in the
polymer involving a C–O bond rotation. We have also demonstrated
that the heptamer helix (TGT) is a good model to represent the PEG

polymer chain in the crystalline state (Scheme 1). Hence, the heptamer
was modified to construct model conformers that represent the most
likely chain configuration in molten PEG. Thus, through computational
calculations, we identified the most probable chain configurations in
molten PEG. Moreover, the computational studies also indicated
minima corresponding to chain configurations of different numbers
of C–O gauche conformations along the helical (TGT) chain. The
energies of these chain configurations were found to increase with the
number of C–O gauche conformations along the chain. Hence, the
number of C–O gauche conformations thermally induced in the
polymer chain is a function of temperature. Thus, the PEG melting
process (and similarly, crystallization, but in the reverse direction) is a
cascading process in which the C–O bond rotation (trans) in crystalline
to gauche in molten state) leads to a higher energy polymer configura-
tion, and this is pictorially illustrated in Figure 4 (bottom). The barrier

Figure 4 Synchronous and asynchronous two-dimensional correlation plots. (Top; color code: negative correlation as gray and positive correlation as white).

A pictorial representation of the single chain dynamics during PEG melting (bottom). A full color version of this figure is available at Polymer Journal online.
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to each configuration is the C–O bond rotation barrier; because the
energy barrier is dependent on the local environment of the chain in the
crystal, it is difficult to measure experimentally. However, it is clear that
the molecule has to go through a large number of cascading processes to
achieve its lowest energy helical configuration when cooled from an
equilibrium temperature close to its melting point. The time required
for such a helical reconstruction has been measured in a recent
temperature-jump experiment, which supports our findings.12

In summary, we have demonstrated that a specific stepwise chain
configuration of PEG could be identified using Raman spectroscopy.
The two-dimensional Raman correlation spectroscopic study revealed
the PEG segment dynamics during melting. The results suggest that
the CH2-wagging vibration responds to temperature first, followed by
CH2-bending vibrations with considerable backbone C–O-stretching
character. This leads to a C–O bond rotation, the destruction of the
helical configuration and the eventual melting of PEG. This study
unambiguously demonstrates that the molecular mechanism of PEG
melting is a C–O bond rotation and that the C–C dihedral angle
remains in a gauche conformation during melting (gauche effect in
the PEG melt).
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