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Summary: A comparative analysis of phase transitions in diols with various chain
lengths [(CH;)44(OH), and (CH,)2(OH),] and changes in their absorption spectra
with temperature have been investigated by DSC and FTIR. Analysis of the DSC data
has led to the conclusion that the low-temperature phase transition of (CHz)»,(OH), in
a solid state (Tss = 367.1 K) is a phase transition of the first order, while the high-
temperature phase transition (T, = 376.3 K) is of the second order, i.e., a transition of
the order-disorder type. Splitting of the IR absorption bands into doublets at 720-730
em’' and 1463-1473 ecm’ indicates that crystalline subcells in the lamellae of both
diols are orthorhombic lattices with the parameters typical of hydrocarbons. IR
spectra showed that at the phase transition temperature T transformation of an
orthorhombic subcell into a hexagonal one occurs. This type of molecular chain
packing remains the same up to the melting temperature Tr,. In a (CH,)44(OH), diol,
the ortho-hexagonal subcell transition occurs only at the melting temperature (390.0
K). The wide IR band in the region from 3000 cm™ to 3600 cm™ shows that end
hydroxyl groups of diol molecules form, on the surfaces of lamellar crystals, long
(polymer) regular sequences consisting of intermolecular hydrogen bonds.
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Introduction

Due to their monodisperse molecular mass and absence of chemical defects, long-chain molecular
crystals are suitable models aimed at solving many of the controversial problems concerning the

relationship between structure and physical and chemical properties of polymers crystals, such as

© 2004 International Union of Pure and Applied Chemistry DOI: 10.1002/masy.200451024
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the influence of chain length and types of end groups on structure formation during crystallization
from solutions and melts, structural and conformational transformations at phase transitions, the
nature and energy of generation of conformational and translational defects, etc. Particular
advantages of long-chain molecular crystals over conventional polydisperse polymers with
chemical defects are offered in establishing general quantitative relationships between structure

and different properties of materials.

The simplest long-chain molecular crystals are n-paraffins, but even their structure and properties
are rather complicated and depend on the number (n) of CH, groups in the methylene sequence.

U-151 " The structure

In addition, the properties of n-paraffins depend on whether n is odd or even
and properties of long-chain a,w-alkanediols have not been extensively studied as the paraffins
have.l""%] The o,0-alkanediols are particularly attractive because they allow elucidation of the
influence of the type of end groups on the structure and properties of diol crystals in comparison
with n-paraffins with the same chain length (the methylene parts of both compounds contain
repeating CH, units). Interest in diols is also due to the fact that end hydroxyl groups on basal
planes of lamellar crystals form long “polymer” chains consisting of hydrogen bonds. This leads
to a significant increase in the surface energy of these crystals and, as a consequence, to changes
in their thermodynamical characteristics, such as melting temperature, specific features of phase
transitions in the heating-cooling cycles, etc.['52

The goal of our work was to study the morphology of diols and its transformation at temperature
phase transitions in diols which have the chain lengths differing by a factor of two, i.e., 1,22-

docosanediol (D-22) and 1,44-tetratetracontanediol (D-44).

Experimental
Materials

The compounds studied were 1,22-docosanediol (D-22) and 1,44-tetratetracontanediol (D-44),
synthesized in the laboratory of Prof. A. Jonas (Belgium) from commercially available reagents.
D-22 was synthesized using a procedure that was a slight modification of that described in **1,

D-22 and was recrystallized from methanol. D-44 was synthesized from D-22 by using the same
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improved procedure as for D-22. The final product was purified by recrystallization from

benzene and discoloration with silica.

Instrumentation

Morphology of the samples was investigated by a JEOL-6300 scanning microscope. A Perkin-
Elmer DSC-2 was used for calorimetry studies. Conventional procedures were employed for
device calibration. The velocity of scanning V of the thermal flow was varied from V = 1.25
K-min' to V = 10 K-min”, IR absorption spectra, from room temperature to the melting
temperatures of the samples, were recorded by a Bruker JFS-88 (Bruker Analytik GmbH,
Pheinstetten, Germany) Fourier spectrometer over a wide range of frequencies, from 500 cm™ to
5000 em'™.

Results and Discussion

Scanning Electron Microscopy (SEM)

Figures 1 and 2 show scanning electron micrographs of morphological units of the lamellar type

arising in the products of synthesis during polymerization-crystallization.

[ i oL " JECL
Figure 1. Scanning electron micrographs of 1,22 —~ Docosanediol.
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It can be seen that both types of diols are characterized by formation of fairly long (tens of
microns) structures of the lamellar type whose thickness can be as large as units of microns. A
tendency toward formation of spherulite-like units is more pronounced in D-22 than in D-44

(Figure 1).

2429) that long-chain molecules in molecular crystals form single lamellae from fully

It is known!
extended chains whose monodisperse thickness is proportional to the molecule length, i.e., it
amounts to several tens of nanometers. Therefore, it can be concluded that lamellar structures
seen on SEM micrographs (Figures 1 and 2) consist of stacks of several hundreds-thousands of

U781 that in diols with an even number of CH; groups

single-crystal lamellae. It has been shown
the chains are tilted at an angle (30-35°) to the normal to the basal planes formed by end hydroxyl

groups. In addition, when lamellae are superposed on each other, the tilts of the angles in

neighboring lamellae change to the opposite ones, and, as a consequence, structures of the
[18,19]

herring-bone motif arise.

D44D ' { 30 m ‘JEU ] D44F

Figure 2.  Scanning electron micrographs of 1,44 — Tetratetracontanediol.

Differential Scanning Calorimetry (DSC)

[16,19]

It has been found' that in diols, like in n-paraffins, phase transitions are observed, even in the

solid state. Their number depends on the chain length and on whether the number of carbon



atoms in the molecule backbone is odd or even.
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Figure 3. Heating — cooling DSC thermographs of a,w-alkanediols.
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Figure 3 presents the DSC thermograms obtained for the D-22 and D-44 samples with a mass of

about 3 mg in the heating-cooling regime. The scanning velocity was V = 1.25 Kemin™. It is

evident from Figure 3 that the thermogram of the D-22 sample heated from room temperature

exhibits an endothermal maximum at Ty, (about 367 K), which is attributable to a phase

transition in the solid state Tgs. At Tmaxe (in the vicinity of 377 K), melting of the sample takes

place (order-disorder transition). When the sample is cooled from the melt, it crystallizes at Tiin2

(disorder-order transition). Further cooling is accompanied by a pronounced exothermal effect,
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attributable to the phase transition in the solid state at Tiin1. In contrast to D-22, when D-44 is
heated, transition from the low-temperature crystalline state into the melt occurs in one stage at
the melting temperature Tpaxe (in the vicinity of 392 K). No transition of the T, type was
observed for this sample in the heating cycle. On the other hand, for the D-44 sample cooled from
the melt, the second endothermal peak at Tpyn; attributable to phase transition in the solid state is
observed in addition to the exothermal peak at Ty,n2 caused by crystallization. On the whole, the

observed picture agrees with the literature data®%!?],

Displacements of relative positions of
maxima of endo- and exo-peaks during the heating-cooling process (the hysteresis effect) can be
an important indication of the nature of phase transitions®". To be more exact, the effects of
hysteresis should be observed for the transitions of the first order (structural transitions), while for

the transitions of the second order they must be absent.

Howeverl®”

, it is known that experimental errors (displacements of peaks) associated with the
effect of thermo resistance, that strongly depends on the mass of the sample and scanning

velocity, can occur in DSC studies.
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Figure 4. DSC thermographs of 1,22 — Docosanediol recorded at various scan rate.

As an example, Figure 4 shows thermograms of the D-22 sample obtained when the heating rate

was varied from 1.25 K-min™ to 10 K-min™. It can be seen that not only do the positions of the



323

peaks at Ty and Thaxo shift by several degrees, but also the important characteristic of the half

widths of the maxima changes considerably.

Tllers showed?!! that experimental errors can be eliminated. To this end, from the experimental
data obtained for a wide range of heating rates V, the Trmax(exp) = v dependencies, which must
be linear in the case of absence of any phase transitions, are plotted. Extrapolation of the linear

dependencies to V — 0 yields the true transition temperatures.
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Figure 5. Dependence of phase transition temperatures on scan rate for 1,22 — Docosanediol
and 1,44 — Tetratetracontanediol.

Figure 5 shows the Trax(exp) = f(Vl/z) dependencies for the D-22 and D-44 samples in the heating-

cooling cycles. Table 1 gives extrapolated (true) phase transition temperatures Tmax1 and Tmini,

and also T and Tiyipo.

The data given in Figure 5 and Table 1 indicate that there is no hysteresis for positions of second
maxima for D-22 and D-44 in the heating-cooling cycles. In accordance with the theories of phase

tlransition,[3 o

these DSC data lead to the conclusion that the high-temperature transition in the
diols studied is indeed the second-order transition of the order-disorder type, and the hysteresis
observed earlier in a number of studies in heating-cooling cycles was due to experimental

inaccuracies.
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Table 1.  True thermodynamical parameters of phase transition in 1,22 — Docosanediol and

1,44 — Teteratetracosanediol.

¢ N r N ASexp Asexp
Tmax] TmaxZ Tmin 1 TminZ AT] ATZ AHl AHZ

Sample
K K K K K K Jig Jig  JgK JigK
C»(OH), 367.1 3763 362.8 3763 43 0 108.6 151.4 - 0.407
Cas(OH), - 390.0 384.0 3900 6.0 0 - 288.7 - 0.740

On the other hand, a pronounced hysteresis is observed for the low-temperature transition, even
for extrapolated temperatures at V — 0, which can be an additional argument showing that this
transition is of the first order, i.e., the structural transition associated typically with the change of

the crystallographic subcell type (see below).

Additional information on the nature of observed phase transitions can also be obtained from

analysis of the shape of peaks on the thermograms of the samples studied.

[32]

It has been shown'™* that, for the first-order transition, the endothermal peak must be 8-like

shaped and have hysteresis in the heating-cooling cycle.

On the other hand, characteristic features of the transition of the order-disorder type (of the
second order) is a A-like shape of the C,(T) peak and the absence of hysteresis in the heating-
cooling cycle.>*! Figure 6 demonstrates for D-22, as an example, that these requirements for the
peak shapes are fulfilled when each of the maxima (Figure 6b and c) is separated out from the

complicated thermogram (Figure 6a).

130

Tt has also been shown that at temperatures T < Ty, the Cy(T) dependence is described by the

power function of the type
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oT)=A+B(To-T)", M

where A, B, Ty, and n are constants. Ty has the meaning of the true temperature of the second-

order phase transition.
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Figure 6. Deconvolution of experimental DSC endo thermogram of 1,22 — Docosanediol (a)

into two peaks corresponding Tpax, — order-disorder transition (b) and Tmax — solid-
solid transition T (c).

For the experimental C,(T) dependence of D-22, a good agreement between calculated and

experimental curves was obtained if fitting parameters A = 1.5, B=10, n = 0.5, and To =374 K
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were used.

Note that the obtained To = 374 K differs from the value given in Table 1 (Tmaxx = 376.3 K). The

reasons for this discrepancy are unclear at present.

30, 33, 34]

It is believed! that the abnormal change in heat capacity at the order-disorder transition is

due to a change in the conformational entropy, whose limiting value at the crystal-melt transition

ist**
S¢=RIn2 =5.73 Jmol K )
The experimental value of AS; determined from

AS™? = jcp(T)d(lnT) 3)

exp
turned out to be

AS™2 = 407 Jg'K! “)

exp
Comparison of Equation (2) and Equation (4) yields the value of “mole” in our case

ASD®? = 0.407 Jg 'K = AS, = 5.73 J-mol 'K!

exp
ie.,
1 mole=14.08 g,

which corresponds to the mol mass of the CH, group. This is consistent with the statement that
the main role in realization of the second-order transition is played by kinetic units consisting of

CH; groups.

Associated with this, it is interesting to find what contribution to this transition comes from end

hydroxyl groups which, by forming a network of hydrogen bonds on the surfaces of elementary
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lamellae, prevent mobility under unfreezing. In particular, they considerably increase the melting
temperature of diols compared with n-paraffins with the same number of carbon atoms in the

chain.

Let us consider the entropy of a system consisting of two basic constituents - CH» groups and

CH;OH groups. For such a system, the entropy is
AS. = (n; + np) R:In2 = (N/Mg+ Nao/My %)R'ln2 =573 Jmol K\,

where N is the number of moles of CH; groups in one mole of diol (N; = 20 for D-22); N is the
number of moles of CH>,OH groups in one mole of diol (N, = 2 for D-22).

M

K= CHzM 5 Mey, =145 My o =31
CH,OH : :
14

Mp =342 K=_=0452
n1:£:ﬂ=0.0585m01/g

M, 342
= o2 6 0120molrg

M, K 342:0452

Then
AS = (0.0585 + 0.0129) - 5.37 J-mol K™ = 0.409 Jmol" K™ & ASeypr = 0.407 J-mol ' K.

Thus, our model is in good agreement with experimental data and allows estimation of the
relative contributions of CH, and CH>OH groups into the entropy of the order-disorder transition

as
W =0.129/0.0585=022=22%

These estimates show that despite a relatively low (~10 %) mole fraction of CH,OH end groups

in the molecule of D-22, their contribution to a change of entropy at the order-disorder transition
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is fairly large, i.e., about 22 %.

As noted above, the low-temperature (structural) first-order transition is typically attributed to the
change in the type of packing of molecules in subcells of crystalline lamellae accompanied by
conversion of subcells with lower symmetry into subcells with symmetry of a higher order. In the
literature on X-ray structural analysis of diols!'” **!, data on parameters of subcells are generally
not, though it is supposed that packing of methylene sequences at low temperatures is
orthorhombic and the subcell parameters of diols are similar to those of n-paraffins and
polyethylenel®™), i.c., a, = 7.4 A, by = 4.96 A, and ¢, = 2.54 A. It is also believed®® that the first-
order transition is accompanied by transformation of the orthorhombic elementary subcells into

hexagonal (rotational) subcells.

Valuable information on the type of subcells and character of structural transformations at phase

transitions in D-22 and D-44 can be obtained from analysis of IR spectroscopic data.

20
i

8 1.5

o

3

e}

2

@

>

2 1.0

2

=

T T T T
1000 2000 3000 4000
Wavenumbers, cm”

Figure 7. FTIR spectra of 1,22 — Docosanediol (1) and 1,44 — Tetratetracontanediol (2).

Figure 7 shows IR Fourier spectra in the frequency range from 500 cm™ to 4500 cm’ for D-22

(curve 1) and D-44 (curve 2). The spectra are seen to have intense characteristic absorption bands,
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typical of crystals consisting of methylene sequences with orthorhombic subcells, i.e., well
known doublets of methylene rocking mode bands at 720-730 cm’', methylene bending mode
bands at 1463-1473 cm™, and symmetric and asymmetric stretching C-H mode bands at v, = 2850

em’ and v, =2917 em 1B,

In addition to the bands caused by the methylene part of the molecules, the spectra exhibit a

narrow band at v=1067 cm™' and a very broad band in the region from 3000 em™ to 3600 cm™.

According to literaturel™®), the band at v = 1067 ecm™ corresponds to the C-O stretching mode of a
hydroxyl group, and the broad band is due to the O-H stretching mode of the hydroxyl groups
forming intermolecular polymer sequences consisting of hydrogen bonds of the (O-H...O) type

(see below).
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Figures 8-11 show changes in the doublets at 720/730 cm™' and 1463/1473 cm™ as temperature is
increased from room temperature to T > Ty, for D-22 and D-44. It is obvious from these figures

that there are phase transformations in subcells.

The temperature changes in the doublets of diols are similar to the behavior of analogous doublets

arising on heating of n-paraffins and polyethylene.

First of all, information on the change in the subcell type can be inferred from the behavior of the
high-frequency components (730 cm™ and 1473 em™) of doublets. It is known®”! that just the
high-frequency component appears in IR spectra of hydrocarbons as factor group splitting
resulting from specific intermolecular interactions between two chains in the orthorhombic
subcell when the planes of trans-zigzags in neighboring layers of the molecules are perpendicular
to each other. If this specific arrangement is disturbed (for example, in a hexagonal subcell), a

single band ascribed to an isolated trans-zigzag is observed instead of a doublet.
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It is known that the temperature-induced phase transition from the orthorhombic to hexagonal
packing is accompanied by an increase in the volume of the initial ortho-subcell resulting from
thermal expansion of a crystal. X-ray studies™ have shown that, on thermal expansion,

parameter a of the subcell experiences larger changes than parameter b.

[39

It has been shown!® that high-frequency components of doublets are polarized along the a

parameter, while low-frequency components are polarized along the b parameter.

Therefore, it can be expected that the high-frequency components of doublets will be most
sensitive to external factors, which was indeed observed in a number of studies of n-paraffins and
polyethylene!*! 421,

As follows from Figures 8-11, the high-frequency component in D-22 and D-44 is also most
sensitive to temperature. Intensities of bands at 730 cm™ and 1473 ecm™ gradually decrease, and
eventually these bands vanish. The maxima of the high-frequency components shift toward lower
frequencies by several cm™. The intensities of low-frequency components also gradually

decrease, and their maxima shift toward higher frequencies.

Since both doublets consist of overlapping bands, correct quantitative estimates of changes in
intensities, half widths of bands and frequency shifts of maxima can be obtained by using
computer fitting of the doublets. These investigations are in progress, and detailed results are to

be published.

It can be seen from Figures 8-9 that, at the temperature of solid-state phase transition T Tmaxi =
94 °C, splitting of both doublets for D-22 disappears, and, instead, single broad bands with
maxima at 720.9 cm’' and 1467.3 cm™ arise. As the melting temperature Trmae = 103 °C is
approached, a weak decrease in the frequencies of maxima (720.4 em’! and 1467.0 cm™) is

observed. This tendency is preserved at T > Tumaxo-

It should be noted that the band at 1467 cm™ of D-22 is asymmetric on the low-frequency side
already when it arises at T = Ty = 94 °C (Figure 9). This indicates that this band consists of

several overlapping bands. As temperature is increased, especially to T > Ty, asymmetry
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continues to increase. Detailed analysis of this complicated profile is currently being carried out,

and the results will be published elsewhere.

For D-44 in the heating cycle, DSC (Figure 3) has revealed only the order-disorder transition
(melting) at true T, = 117 °C. FTIR spectroscopic data (Figure 10) show that up to T = 118 °C
the band faintly resembling a doublet is observed at 719.6 cm™/727 em™. Butat T = 120 °C (true
Tm + 3 K) it becomes a broad band with a maximum at about v = 719.7 cm™. At higher

temperatures (130°C), an extremely wide band with a maximum at v =719.5 cm' is seen.

Of interest is the behavior of the doublet at 1463.7/1471.1 cm™ in D-44 (Figure 11). At T =
115°C, i.e., below Ty, a third peak at v = 1466.6 cm’! appears, in addition to the doublet. It has
nearly the same intensity and corresponds to the CH, bending mode band of an isolated trans-

zigzag.

This result is rather important because it indicates that the regions with the low-temperature
orthorhombic subcells and regions with the hexagonal subcells co-exist in D-44 below Ty,. It is
likely that phase transition does not occur simultaneously throughout the entire lamellar volume;

a new phase arises in the form of separate domains in the volume of the old phase.

As temperature is further increased to T = 120 °C, the doublet disappears, and only a single
strongly anisotropic band (on the low-frequency side) is observed. It requires computer fitting, as

the band for D-22.

The frequencies at the maxima of single bands (at v = 720 cm™ and v = 1467 em’™") are typical of

hexagonal molecular packing of n-parafﬁns[42]. 1361

As known™, a considerable weakening of the
intermolecular interaction occurs at the ortho-hexagonal phase transition due to an increase in the
subcell volume. As temperature increases, molecules get sufficient energy to oscillate, twist or
rotate about their two-fold screw axes, to such an extent that their cross sections become
statistically circular. The basal ab-plane expands so as to make the packing of the chains equal to

closest packing of circular rods, i.e., hexagonal subcell.

Of particular interest is analysis of the behavior of absorption bands associated with end hydroxyl
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groups. In this paper, we analyze only the broad band in the region from 3000 cm™ to 3600 cm’!,
which is due to absorption of the O-H stretching vibration of hydroxyl groups. The behavior of
other bands and, in particular, the band at v = 1067 cm™ (C-O stretching mode) will be analyzed

in a separate paper.

It has been shown!*’!

that for single (monomer) hydroxyl groups, the O-H stretching mode
manifests itself in the form of a very narrow band at vo = 3650 em™. Single-bridge dimers (1) or

double-bridge dimers (2) can arise if hydrogen bonds of the type

R TV Vs H~..
(1 \Oé 1 or 2 R—O/ e
H--—--0 . ~
R oy / R

are formed. In this case, the (O-H) bond participating in formation of the hydrogen bond becomes
weaker, which gives rise to absorption bands at v, = 3623 cm™, v, = 3496 cm’™’, and v; between

3623 cm™ and 3378 cm™.

When polymer chains consisting of hydrogen bonds of the type

E
v 1

are formed, the most appreciable weakening of the (O-H) bond in the polymer sequence occurs:

the frequency decreases to v4, which can differ from v, by several hundred em™'8]

. The change
Av of vibration frequencies of (O-H) bonds is proportional to the change in the energy of

hydrogen bonds when the distance between diol molecules varies.



334

1.2+

2 £

2 £

] 3

Py Py

8 e

5 5

© (]

2 2>

= £

c =

2 £

£ £

L 1 t 1 i 0.2 — " 1 L
3000 3200 3400 3600 3800 3000 3200 3400 3600
Wavenumbers, cm’ Wavenumbers, cm”
Figure 12. FTIR spectra of the O-H Figure 13. FTIR spectra of the O-H
stretching mode of hydroxyl end groups in stretching mode of hydroxyl end groups in
1,22 — Docosanediol. 1,44 — Tetratetracosanediol at different
temperatures.

At room temperature, the absorption spectra of D-22 and D-44 shown in Figure 12 and Figure 13
have two pronounced broad overlapping bands with frequencies of the maxima

D-22: v =3225 cm™ and v = 3275 cm’

D-44: v = 3225 cm™ and v = 3325 cm”
in the region from 3000 cm™ to 3600 cm™. These frequencies differ considerably from v = 3650

cm™! for a monomer and, no doubt, are the evidence of formation of polymer sequences consisting

of hydrogen bonds on lamellar surfaces. We suppose that the presence of two maxima with
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different frequencies is due to formation of polymers sequences in different crystallographic

directions of the orthorhombic subcell.

As temperature is increased, the spectrum of D-22 (Figure 12) undergoes appreciable changes
well below the phase transition temperature T = 94 °C: two bands gradually merge into one
broad band and its maximum shifts toward higher frequencies. These effects point to weakening
and averaging of the strength of hydrogen bonds, which is, evidently, caused by thermal
expansion of the ortho-subcell. This suggests that the frequency v = 3225 ecm™ in D-22 is
attributable to polymer chains consisting of hydrogen bonds formed along the @ parameter of the

orthorhombic subcell.

Changes at T > T, are even more appreciable: at T =97 °C there is only a single very wide band
with the maximum at about v = 3350 cm™ (D-22 has hexagonal subcells). On further heating (T =
107 °C > Ty), the band half width becomes even wider, and the maximum shifts to v = 3400

em™. However, this frequency still differs significantly from v = 3650 cm™' for a monomer.

Thus, in spite of transition of D-22 into the melt, and, hence, a higher molecular mobility, end
hydroxyl groups of the molecules turn out to be linked by hydrogen bonds. Note that a
pronounced single band at v = 3630 cm™ appears in the spectrum of the melt. According tol*?),
vibrations with frequencies v = 3350 cm™ + 3500 cm™ and v = 3630 ecm™ indicate that the melt

can contain agglomerates of molecules of diols linked by single-bridge or double-bridge dimers.

The spectra of D-44 (Figure 13) at room temperature also exhibit two rather wide overlapping
bands with v = 3225 cm™ and v = 3325 cm™, which indicate, like for D-22, that polymer chains
consisting of hydrogen bonds are formed. In contrast to D-22, heating of D-44 does not give rise
to a phase T transition of the ortho-hexagonal subcell type, and, therefore, two wide absorption
bands are observed up to T = Ty,. This is an additional proof of a higher stability of orthorhombic
crystals in D-44, the methylene sequences in which are twice as long as those in D-22. At T > Ty,
(120 °C and 130 °C), only a single extremely wide band with the maximum in the vicinity of v =
3430 cm’' is detected. At these temperatures the single band at v = 3635 cm™ becomes more and

more pronounced (like in D-22). Hence, similar to D-22, single-bridge or double-bridge dimers



336

are formed between neighboring diol molecules in the melt of D-44 (with participation of

hydrogen bonds).
Conclusions

Similarly to other long-chain molecular crystals, o,m-alkanediols (CH;)»»OH and (CH»)44(OH)2
exhibit a well developed morphology, characterized by the presence of large stacks of superposed

crystalline lamellae with the thickness proportional to the molecule length.

Splitting of the IR absorption bands into doublets at 720-730 cm™ and 1463-1473 cm™ indicates
that crystalline subcells in the lamellae of both diols are of the orthorhombic type, with the

parameters typical of hydrocarbons.

Analysis of the DSC data obtained in experiments where the heating rate was varied from V =
1.25 K-min™ to V = 10 K-min™' allowed estimation of the true solid-state transition temperatures
for (CH2)22(OH), (Tss = 367.1 K) and melting temperatures (order-disorder transition) for
(CH)22(OH); (Tr, = 376.3 K) and (CH>)4s(OH), (T = 390.0 K). It has been shown that hysteresis
of Ty, in the heating-cooling cycles observed in a number of studies was caused by experimental

inaccuracies.

Upon heating of (CH;)2(OH); in the range Tgs < T < Ty, splitting of the IR bands at 720-730
cm™ and 1463-1473 cm disappears and, instead, only single bands are observed. This indicates
that transformation of the orthorhombic subcell into a hexagonal one occurs at the phase
transition temperature (Ts). This type of molecular chain packing remains the same up to the

melting temperature Ty,

In a (CHy)44(OH), diol, the ortho-hexagonal subcell transition occurs only at the melting
temperature (390.0 K).

Analysis of the wide IR absorption band in the region from 3000 cm™ to 3600 cm™ has led to the
conclusion that end hydroxyl groups of diol molecules form on the surfaces of lamellar crystals

long (polymer) regular sequences consisting of intermolecular hydrogen bonds. These sequences
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are arranged in different crystallographic directions.

Linking of the ends of diol molecules by hydrogen bonds becomes weaker on heating, but it is
preserved even in the melt. In the melt, single-bridge or double-bridge dimers are formed between

neighboring diol molecules (with participation of hydrogen bonds).
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