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Abstract

The nature of hydrogen bond (HB) interactions is still far from being understood despite intense
experimental and theoretical studies on this subject carried out by the leading research centers.
In this paper, by a combination of unique high-pressure infrared, dielectric and volumetric data,
the intramolecular dynamics of hydroxyl moieties (which provides direct information about H-
bonds) was studied along various isolines, i.e., isotherms, isobars, isochrones, and isochores, in
a simple monohydroxy alcohol (2-ethyl-1-hexanol). This allowed us to discover that the
temperature controls the intermolecular hydrogen bonds, which then affect the intramolecular
dynamics of O-H units. Although the role of density fluctuations gets stronger as temperature
rises. We also demonstrated a clear connection between the intra- and intermolecular dynamics
of the associating liquid at high pressure. The data reported herein open a new perspective to
explore this important aspect of the glass transition phenomenon and understand H-bonding

interactions at varying thermodynamic conditions.

Keywords: Hydrogen bond, Temperature, Pressure, Isolines, Intramolecular dynamics.



Introduction

Pressure (p) is a fundamental thermodynamic variable that affects the distances between
molecules (molecular packing), depth, and shape of the potential well describing intermolecular
the studied matter. As an example, one can mention that previous studies performed at varying
thermodynamic conditions demonstrated that it is possible to shorten reaction times and
synthesize materials of unique properties or geometry not attainable at ambient pressure [4,5].
What is more, the experiments allowed inducing quite an extraordinary variation in physical
features of the compressed matter. In this context, it is worth reminding of the most spectacular
ones, such as gas metallization, the transition from insulator to superconductor, ionization of

water, or ammonia that occur at high compression [6,7,8].

Furthermore, the studies at elevated pressure were the key to better understanding the
essence of H-bonds (HBs) — one of the most fundamental and crucial electrostatic interactions
occurring in nature. Briefly, one can recall that this type of molecular interactions 1) underlies
all-important processes undergoing in the living organisms, as well as the self-assembly
phenomenon, ii) determines the biological activity of proteins, or iii) the peculiar behavior of
water and other associating liquids. Herein, it should be added that extensive high-pressure
(HP) studies on the H-bonded liquids clearly indicated that their dynamical and
thermodynamical properties, such as pressure evolution of the relaxation times, diffusion,
pressure coefficient of the glass transition temperature, activation volume, bulk moduli, and
thermal expansion coefficient, are much different with respect to the van der Waals systems
[9,10,11,12]. What is more, it was experimentally observed that the thermodynamic scaling
(TS) - a hotly debated concept that links dynamical properties (relaxation times) with the
exponent describing intermolecular repulsion between molecules, is usually not satisfied for
liquids forming HBs. However, it is not a rule, and the TS seems to depend on the strength of
H-bonds, variation in the architecture of nanoassociates, range of p, etc. A good illustration of
a deviation from the TS rule is 2-ethyl-1-hexanol (2E1H) - a simple monohydroxy alcohol, for
which the scaling exponent is not constant above 500 MPa [13,14,15]. Interestingly, this
extraordinary behavior was linked with the change of the H-bonding pattern in the sample.
Nevertheless, it should be emphasized that the mentioned example and others described above
are devoted to investigating the behavior of associated liquids at high p, not HBs themselves.
Over recent years, using indirect experimental methods was the most common way and serious

drawback of probing HBs under high p. As a consequence of that, there are different points of



view on the impact of high compression on the strength and population of this kind of bonds at
different temperature and pressure conditions. Based on dielectric data, it was postulated that
HBs are being broken, and their population decreases with the increase in p [16,17,18]. On the
other hand, the simulation data obtained for various systems indicated no effect of pressure or
UIL UILIALVULTICIIL UL UIUSY LWL AULIULLS WL VULLPIUSSIULL | 17,20 . 1 111aily, 1 UULICL= 1 LAl 1ULLL
Infrared (FTIR) and Raman studies revealed a monotonic increase in the strength of HBs with
p [21,22]. In fact, the former technique is the most sensitive and fully dedicated to probing the
properties of H-bonded associates at varying thermodynamics conditions. It is worth
emphasizing that the length, as well as the angle between the proton donor (X-H) and acceptor
(Y) groups, influence the frequency of the stretching vibration of the hydroxyl units (vg _y)
and the shape of the related band [23]. Therefore, any variation in the spectroscopic parameters,
namely frequency, the full width at half maximum (FWHM), or the integral intensity of the
vx _ g band, may provide unique information on the real effect of compression on the behavior
of HBs. Nevertheless, due to the high intensity of the mentioned band in FTIR experiments
under high pressure, performed usually in diamond anvil cells (DAC) [24,25], determination of

the credible parameters describing these specific interactions is quite difficult.

In this paper, we applied the vibrational spectroscopy technique combined with the DAC
to measure FTIR spectra of 2E1H at high p. To obtain samples of uniform thickness and
absorbance value, DAC was filled with the tested alcohol and very thin polyethylene foil. The
collected data yielded fundamental information about the impact of pressure on HBs.
Furthermore, by combining dielectric and volume data with the ones obtained from FTIR
investigations, we were able to make credible conclusions about the behavior of H-bonding
interactions along different isolines, namely isotherms (temperature, T=const.), isobars (p

=const.), isochrones (relaxation times, t,=const.) and isochores (volume, V=const). Finally, for

the first time, we evaluated the effect of density and temperature on the energy/strength of HBs.

Materials and Methods

2-ethyl-1-hexanol (2E1H) was purchased from Sigma-Aldrich (purity > 99%). Before
use, the alcohol was dried under a stream of liquid nitrogen. The chemical structure of the

studied compound is presented in Scheme 1.
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Scheme 1. The scheme of chemical structure of the H-bonded 2E1H under investigation.

High-pressure (HP) Fourier Transform Infrared (FTIR) spectroscopy

FTIR absorption spectra were recorded using a Bruker-IFS 120 HR spectrometer
suitably modified for experiments in DAC, with an instrumental resolution set to 1 cm™! [26].
The sample pressure was measured by the ruby fluorescence method using a few mW of a 532
nm laser line from a doubled Nd: Y AG laser source. 2E1H was loaded into a membrane diamond
anvil cell (MDAC) equipped with type Ila synthetic diamonds from Almax easyLab Inc.,
together with a small ruby chip as a pressure gauge. A thin pellet of polyethylene was used to
reduce the sample thickness and to have an O-H absorbance from 0.1 to 1. All samples were
laterally contained by steel gaskets, drilled to have an initial sample diameter of 150 um and a
thickness of about 50 um. High-temperature runs were carried out using resistive heaters, and
the temperature was measured by means of a K-type thermocouple with an accuracy of + 0.1

K.

It should be added that the analysis of spectral parameters (the peak position, FWHM,
integrated intensity) for the bands measured at HP was a challenging task due to the interference
fringes disturbing the data. This well-known and common effect occurring in the HP
experiments results from multiple internal reflections inside the film with two nearly parallel
surfaces leading to signatures of constructive and destructive interference. For this reason, the
O-H peak positions were determined using the Fityk software (a data processing and nonlinear
curve fitting program; version: 1.3.1.; url: https:/fityk.nieto.pl/) by applying VoightA peak
profile functions adjusting the intensity and the width of the fitting curves [27]. It should also
be noted that the band component analysis of the C-H stretching region, occurring at ca. 3050-

2700 cm™!, was excluded from the deconvolution of the O-H band due to the saturation of C-H
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bands. Moreover, this spectral region was strongly disturbed by absorption signals originating
from the polyethylene spacers used to maintain a reliable absorbance value of the v _ y band.
Moreover, the fitting of poorly resolved and broad O-H bands with saturated components of
C-H bands led to a large error, only worsening the final deconvolution result. One can stress
Ldt e Simnusolddl DdCKErouna wds AacLlermmined 1ro1l ue pdruculdr 1riges observed 111 €dclll 1K
spectrum individually and then was fitted to the measured data in order to facilitate the
interpretation of the IR spectra without losing any spectral information. The experimental error
for the band position in the HP FTIR spectra was estimated to be ca. + 5 cm!, although for
higher p (>3 GPa), it was ca. + 10 cm! since the O-H band profile overlapped the C-H band
region with increasing compression. Illustrative plots and details for the fitted spectra are shown

in Figure S1 in the Supplementary Material (SM).

Fourier Transform Infrared (FTIR) spectroscopy

FTIR spectra measurements were also performed at atmospheric pressure in the
temperature range 123-293 K using a Nicolet iS50 FTIR spectrometer (Thermo Scientific) with
a Linkam THMS 600 heating/cooling stage (Linkam Scientific Instruments Ltd., Surrey, U.K.)
mounted inside the sample stage of FTIR spectrometer. A sample of the studied alcohol was
placed between two CaF, windows, separated by a 15 um thick spacer, which ensured the
uniform thickness of the sample and warranted the constant geometry of the system. The spectra
were recorded in the range of 4000-400 cm™! at a resolution of 4 cm™!. For every spectrum, 16

scans were averaged. The temperature stabilization accuracy was equal to + 0.1 K.

Results and discussion

Despite the universal nature and ubiquity of HBs, so far, it has not been experimentally
shown which thermodynamic parameter (temperature or pressure) has the most significant
impact on their dynamics, pattern, and strength. Furthermore, it was not proven if there is any
connection between the behavior of HBs and dynamics of associating liquids - an assumption
made a priori by leading research groups. To gain an insight into these fundamental problems,
we have carried out HP FTIR measurements on 2E1H, model alcohol, for which dielectric as
well as volumetric data obtained at varying thermodynamic conditions are available in the

literature [15, 28]. IR spectra of 2E1H were collected upon compression runs up to p ~ 6 GPa



at four different T = 293, 308, 323, and 348 K. A separate IR experiment was performed at
ambient pressure as a reference to track the changes in the behavior of HBs as a function of T.
Herein, it must be stressed that to avoid the saturation effect of the stretching vibration of
hydroxyl units at elevated p, a very thin polyethylene foil has been introduced between
UIAONUS 11 dil dlvil Cell. AS d COLSCYUCIICE, UIE Uylaliics did uie specudl paldiiciers
originating from the vibrations of C-H units were highly affected by those coming from
polyethylene. Therefore, this spectral range was excluded from further analysis. What is more,
the disturbance of the C-H bands also had a negative effect on the deconvolution of the vg _
bands, as this absorption signal moved towards the C-H bands with increasing pressure.
Another problem was the interference, which introduced a disturbance in the shape (the subtle
structure) of the v _ i band, influencing its spectral parameters (the peak position, FWHM, and
integrated intensity). Data analysis revealed that the O-H band frequency is the least affected
parameter due to interference and saturation effects. Hence, the evolution of this parameter as

a function of varying thermodynamics conditions will be analyzed in more detail in this paper.

The temperature and pressure evolution of the IR spectra in the region of 3600-2500
cm! is shown in Figure 1 and Figure S2 in the SM file. As can be seen, there is a broad
absorption signal between 3600 and 3050 cm! assigned to the stretching vibration of the O-H
group, whereas the lower frequency band (3050-2700 cm™") corresponds to the C-H stretching
vibrations. As mentioned above, the observed C-H bands were not taken for further analysis
due to the saturation effect and overlapping with the vibrations originating from the

polyethylene spacers.
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Figure 1. FTIR spectra of 2E1H measured at (a) T =293-123 K and p =0.1 MPaand b) T =293 K and
p =400-6170 MPa in the frequency region of 3600-2500 cm.

At first, we analyzed the IR spectra measured during isobaric cooling. As shown in
Figure 1(a), the stretching frequencies of the covalent O-H bonds are red-shifted (shifted to
lower wavenumbers) with decreasing T due to the elongation of the O-H bond lengths (the
strengthening of the H-bond interactions). This spectral modification, connected with a change
in the X-H peak position of the H-bond donor molecule (where X is either O, Cl, C, N, or F),
accompanying different external factors, i.e., T or p, is an indicator of the strength of HBs. It is
a well-known correlation that the larger the red-shift of the X-H band position, the stronger the
hydrogen bond [29]. It should be mentioned that the high-precision ab initio methods of
calculations applied recently on water dimer showed that the H-bond (H:--O) becomes weaker
with the contraction of H-bond length and O---O distance, which is attributed to the exchange
repulsion of electrons [Refs. 30, 31, 32].

Next, the effect of isothermal compression on the position of the band was considered.
As can be observed in Figure 1(b), with increasing pressure, the vy _y signal red-shifts and
shows the monotonic change in the frequency with no discontinuities or changes in slope
indicative of a phase change or crystallization. An analogous spectroscopic effect of lowering

the frequency of the O-H band with the compression was observed for other IR spectra recorded
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as a function of p at 308, 323, and 348 K (see Figure S2 in the SM file). Thus, the studied
alcohol exhibits a typical pressure-induced behavior, i.e., the red-shift of the IR active O-H
vibration with increasing pressure suggesting the strengthening of intermolecular HBs. A
similar scenario was detected in previous HP studies on methanol, ethanol, or ethylene glycol

| £4y00].

At first glance, one can see that the pressure had a greater effect on the position of the
O-H band than temperature (Figure 1). The O-H peak frequency for the temperature-dependent
IR spectra moved to the red regime by 62 cm! (from 293 to 123 K) compared with the 135
cm! shift obtained during the isothermal compression at 293 K (from 0.1 to 6170 MPa) (for
higher temperatures: Av=121 cm'!/6140 MPa at 308 K; Av=166 cm!/6130 MPa at 323 K; Av
=145 cm™'/6290 MPa at 348 K). The much longer elongation of the O-H bond for an isobar
compared to that of an isotherm indicates stronger H-bonding interactions occurring at high p
than at 123 K. This experimental finding suggests that isothermal compression (density) has a
greater effect on the H-bond dynamics than isobaric cooling (combined effect of temperature
and density fluctuations). However, this effect may be apparent since it is very difficult to
compare directly pressurization effects (density packing) with a thermal variation. Hence to

gain deeper insight into this problem, further analysis was performed.
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Figure 2. FTIR spectra of 2EIH in the frequency region of 3600-2600 cm! obtained after the
deconvolution process, using sinusoidal and VoightA formulas, at (a) 293 K as a function of pressure,
(b) constant specific volume (V; = 0.88 cm3-g'), and (c) at isochronal conditions determined from the
pressure dependences of the glass transition temperature for the alcohol under investigation. The spectra
have been shifted for clarity.

Considering dielectric and volumetric data measured for 2E1H at various
thermodynamic conditions (given in Refs. [15] and [28]), we decided to take a unique
opportunity to monitor the behavior of H-bonding interactions along different isolines, namely
isotherms (T=const), isobar (p=const), isochrones (t,=const) and isochores (I/=const).
Representative FTIR spectra at the following constant condition of (a) temperature, (b) specific
volume (V4=0.88 cm3-g'!) and (c) relaxation times (viscosity) are shown in Figure 2. To

determine the values of V for the given T and p conditions the Tait equation of state was used

[15]:

V(T, p) = Voexp (aOT){l —Cln[1+ m]} (1)
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where: Vo =1.1729+10~* cm?-g!, ay=(8.873 +0.008)-10~* C', by=137.5+0.1
MPa, b; = (6.19 + 0.02) - 10 =3 C-!, and C = 0.0894 are constants taken from Ref. [15]. It
should be noted that the temperature and pressure dependence of V; was determined
avnarimantally nn ta 200 MPa (nndar the aiven T and m canditione) Henca ta ahtain V(T m) at
much higher pressures, corresponding to those where FTIR spectra were collected, we
calculated them from the Tait equation of state (Eq. 1). Thus, by combining the isothermal and
isobaric FTIR data with the results of volumetric measurements modeled using the Tait formula,
the correlation between the Vs and the O-H peak positions for any conditions of T and p were
estimated. IR spectra measured at isochoric point (V= 0.88 cm3-g!) are shown in Figure 2(b).
To monitor the evolution of the O-H band at isochronal conditions (t,=const), we used
dielectric data reported in Ref. [28]. In this paper, a pressure evolution of the glass transition
temperature (T ;) was evaluated (please see Figure S3). Taking into account that vitrification
occurs at constant structural relaxation times (usually, it is defined as temperature or pressure
at which 7,=100 s), one can easily determine isochrones along various thermodynamic
conditions. Herein, it should be noted that the pressure evolution of the T, for the studied
alcohol was obtained up to 1570 MPa. Hence, to evaluate T, vs. p, variation at much higher
pressures, comparable to those applied during FTIR experiments, this dependency was further
modeled by the well-known empirical Anderson—Anderson formula (see Figure S3 in the SM
file) [34]. Having all these analyses done, one can follow the shift of the O-H peak position
under the isobaric, isochoric, and isochronal conditions in Figure 2. At first sight, it is visible
that there is a red shift of the vo _ i band, the blue-shift one, and the non-monotonic change of
this band frequency for isobaric, isochoric, and isochronal conditions, respectively.
Nevertheless, to explore these spectral changes in detail, the determined O-H peak positions

along different isolines were plotted vs. p and T in Figure 3.
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Figure 3. The variation of the O-H band frequency along a) isotherm at 323 K, b) isobar at 0.1 MPa, c)
isochore at V5= 0.8, 0.88 and 1.0 cm3-g!, and d) isochrone (7,=100 s) along T 4(p,).

Examination of the plots presented in Figure 3 revealed: (a) the red shift of the vy _y

band frequency from 3329 cm™ (460 MPa) to 3189 cm’! (6130 MPa) during isothermal
compression at 323 K; (b) the reduction of the vy _ i band frequency from 3331 cm! (293 K)

to 3269 cm! (123 K) during cooling at ambient pressure; (¢) the blue-shift of the vy _ i band
frequency from 3231 cm™! (293 K; 2110 MPa) to 3268 cm™! (348 K, 2350 MPa) with an increase

of temperature at constant volume (V¢ = 0.88 cm3-g!); and (d) a drastic decrease in the v _ g
band frequency from 3277 to 3214 cm! along T 4(p,) line from 7=143 K to 7=293 K, then the
non-monotonically rise of this parameter up to 348 K (3241 cm™). It was also observed that for

higher specific volume (Vs = 1.00 cm?*-g'"), a smaller change in the O-H peak position for 293
K and 348 K (Av ~ 27 cm™!) occurs than for the lower V: 0.80 and 0.88 cm3-g"! (Av ~ 36 cm-

1. This observation may suggest that for the higher compression, the temperature fluctuations

become more important in controlling the strength of HBs.

However, to quantify this observation, as a final point of our discussion, we analyzed

the pressure dependence of the ratio of the isochoric and isobaric activation energies, Ey/E,

(where Ey = R0 log(x)/d(1/T)|v, E, = R0 log(x)/d(1/T)|,), which is a fundamental tool to
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verify whether the temperature or density fluctuations govern the x parameter, which refers to
the dynamics. Herein, it should be noted that this kind of analysis was commonly adopted to
determine the influence of thermal and molecular packing on the structural and segmental
dynamics in low- and high-molecular-weight liquids [9]. Briefly, one can stress that as this ratio
Cyual> U UL 1, UIC LIVULLILY 1> ZUVCLIIOU SUICLY CIUICL Uy VUIULLC UL LOLPOLatulT, 1OSPOLLIVOLY .
The schematic representation of the discussed scenarios is presented in Figure 4(a) for the
vo_py band. The blue arrow depicts the situation, in which the volume controls the shift of
Vo _ g band. In this case, the change in the temperature at isochoric conditions does not affect
the v _ i position. Consequently, one can observe the horizontal vy _y (1/T) dependence, (Ey
/E, =0). Contrary, the red arrow reflects the scenario, in which exclusively the temperature
controls HBs dynamics. In this situation, the isochronal vg _y (1/T) overlaps the isobaric one
(Ev/E p = 1). Hence, to find out which scenario prevails, we plotted the pressure dependencies
of the vy _y band position at four different isotherms and described them by the exponential
functions (see solid lines in Figure 4(b)). This procedure allowed us to estimate v _y at any
pressure at T=293, 308, 323, and 348 K. Subsequently, employing the equation of state, we
predicted the evolution of pressure, when temperature increases at V=const. Hence, it was
possible to estimate the position of the O-H band along the isochore. We performed these
computations starting with a density corresponding to the point measured at 7=293 K and p=0.1
MPa, see Figure 4(a). Interestingly, the obtained isochoric dependency of the vg_py band
almost perfectly overlaps the experimental points measured at ambient pressure (isobar p=0.1
MPa). It means the Ey /E, ratio should be close to the unity. In fact, the calculated Ey /E,
equals 0.97. From this analysis, it becomes clear that temperature is the main parameter
controlling the intermolecular hydrogen bonds that influence the intramolecular dynamics of

O-H moieties.
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Figure 4. Panel (a) depicts an evolution of the logarithm of the O-H band frequency (V) as a function
of the inverse temperature (1000/7). Arrows schematically present the behavior of O-H band frequencies
corresponding to the situations in which the dynamics of HBs is governed by the volume (blue arrow, Ey

/Ep=10), and the temperature (red arrow, Ey /E, = 1). The black arrow illustrates the results of our

calculations. Panel (b) presents O-H band frequencies (v) as a function of p. The pressure dependence
of Ey /E, is shown in the inset of panel (b).

Further deeper analysis of the data revealed that the Ey/E, parameter changes non-
monotonically with the pressure for all isotherms up to the values close to the unity (from 0.86-
0.97 at 0.1 MPa to 0.96-0.98 at 5800 MPa). Moreover, the characteristic minimum occurs at ca.
600 MPa. Interestingly, such pressure corresponds to the upper limit of p, for which the TS rule
for 2E1H is obeyed [13]. One can add that below and above this p, one can scale the relaxation
times measured at different thermodynamic conditions with constant and 7,-dependent scaling
exponent [13], respectively. What is more, the Ey/E, approaches unity with the compression.

It means that temperature plays a dominant role in controlling the intramolecular dynamics of
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O-H units. Moreover, panel (b) in Figure 4 revealed that as the temperature of the isotherm
increases, the Ey /E,, decreases, suggesting the increasing role of density. The other interesting
result is that the weaker HBs (the higher values of the O-H band frequency) are more sensitive
to changes in the volume than the stronger HBs. Finally, it should be noted that the obtained
vdlucs Ol £y /Ep Tdl0 dIc Cl1O5C L0 U10SC UCLCTIIIICA 1TOIT AIC1CCLUIIC TICASUTCIIICIILS 10T UIC JCDYC
relaxation (Ey /E, = 0.76), which is regarded as a manifestation of the dynamics of HBs [15].
Therefore, the analysis of the O-H stretch band position at high p clearly indicates that there is
a close correlation between the dynamics of the Debye relaxation observed in dielectric loss
spectra and the intramolecular dynamics of O-H units or the strength of HBs. What is more, the
value of Ey /E, obtained herein is also comparable to those estimated for the structural
relaxation in other H-bonded liquids with more than one hydroxyl group, e.g., glycerol (Ey /E,,
=0.97), sorbitol (Ey /E,=0.87), glycol derivatives (propylene glycol: Ey /E,=0.88, dipropylene
glycol: Ey/E,=0.86, and tripropylene glycol: Ey /E,=0.83) [15]. Herein it should be noted that
the value of this parameter for the non-associated materials, such as ortho-terphenyl (Ey /E,
=0.55), salol (Ev /E,=0.43), propylene carbonate (Ey /E,=0.64), and
phenylphthaleindimethylether (Ey /E,=0.53) is much lower [15]. These simple examples
indicate that so high values of Ey /E, for liquids associating via HBs are connected to the

intramolecular dynamics of O-H units.

Conclusions

In this paper, we considered a fundamental question from the perspective of physics,
chemistry, and biology: which parameter does determine the properties of HBs — temperature
or density (at given thermodynamic conditions)? For this purpose, we have analyzed the
variation of the strength of HBs in 2E1H, directly through the shift of the O-H band position in
the FTIR spectra, upon T and p variation. Then, the obtained FTIR results were combined with
the dielectric and volumetric data. In this way, we were able to describe the temperature and
pressure dependence of H-bonding energy along various isolines. What is more, we calculated
the Ey /E, parameter, which provides a direct insight into the impact of density and temperature
on the dynamics of an associating system. Adopting this kind of analysis for the O-H band
frequencies of simple alcohol — 2E1H allowed us to demonstrate that 7 controls the
intermolecular hydrogen bonds affecting the intramolecular dynamics of O-H moieties.

However, it must be added that the impact of density grows together with increasing 7" and
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weakening of H-bonding interactions. It was also found that the temperature plays a dominant
role in the case of stronger HBs, while for the weaker ones, the density effect on the association
process via HBs gets stronger. Thus, the presented studies enable unprecedented insight into
the behavior of HBs and the dynamics of associating liquids. What is more, they open

LULLIPIVILVLY VW pallivways WU VAPIULL 11D 111 valluud DNHUS Ul latvliiald aliu all vvuldl vviivl

understanding of these fundamental electrostatic interactions.
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Highlights:

T and p dependence of H-bonding energy along various isolines was studied.

A phase diagram of 2E1H, identifying isolines in the 7-p plane, was constructed.
T controls the intramolecular dynamics of O-H units in 2E1H.

The impact of density fluctuation grows with increasing 7" and weakening of HBs.
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