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Abstract—The molecular mobility of the pentitol isomers (xylitol, adonitol, p-arabitol and L-arabitol) was studied by thermally
stimulated depolarisation currents (TSDC) in the crystalline and in the amorphous solid states. Differential scanning calorimetry
(DSC) was used to characterise the phase transformations, to detect polymorphism and to analyse the dynamics of the structural
relaxation in the glassy state (from the heating rate dependence of the onset temperature of the glass transition signal). The mobility
in crystalline xylitol and adonitol displays features that are different compared with crystalline arabitols. No difference of the
dynamic behaviour seems to emerge from our results on the primary and secondary relaxations in the amorphous isomeric pentitols.
The values of the steepness index or fragility obtained in this work by TSDC and DSC are compared with the values reported in the
literature obtained from other experimental techniques, and with values predicted by empirical formulae.
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1. Introduction

Polyols are low molecular weight carbohydrates that are
important in food and pharmaceutical applications.
They are used as a substitute for sucrose because they
share with sugars the characteristic sweet taste, but they
have low energy content when compared with sucrose.
Moreover, they reduce the development of dental caries’
and they do not require insulin or glucose in their
metabolism, so that they are suitable for diabetics.
For pharmaceutical applications, the state and phase
transitions of drugs and excipients, and of polyols in par-
ticular, are very important as they affect the product shelf
life and the kinetics of dissolution. It is now recognised
that the amorphous solid state offers very interesting pos-
sibilities in the control of bioavailability.** Knowledge
of the time scales of molecular motions in amorphous
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systems, that is, knowledge of the relaxation map that
characterises the molecular dynamics in a given material,
is needed for profiting from the advantages of the amor-
phous state, and is an important requirement for safe
storage and use of amorphous pharmaceutical solids.’
The temperature dependence of the molecular mobility
in the amorphous state is thus an important problem
to be addressed in this context. Another important
aspect is the stability of the amorphous state with regard
to cold crystallisation (or recrystallisation).® The propen-
sity of the amorphous solid and of the supercooled liquid
to crystallise is essentially determined by the molecular
mobility and by the thermodynamic driving force.

The pentitol isomers, with general name pentane—
1,2,3,4,5-pentol, are four: xylitol, adonitol, p-arabitol
and L-arabitol. The respective structures are shown in
Figure 1. A few studies have been published to date
describing the crystalline structure, thermal behaviour
and mobility features of the pentitols. The crystal
structures were determined’ and it was found that the
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Figure 1. Chemical structures of pentitols with general formula
HOCH,-(CHOH);-CH,OH.

conformation of the chain (planar zigzag or bent non-
planar) depends on the configuration at alternate carbon
atoms. The melting enthalpy, the glass transition tem-
perature and the heat capacity jump across the glass
transition region have been reported for the four penti-
tols.®1° The dielectric,'"™"* mechanical'' and thermal
properties'! of xylitol have also been addressed, while
some features of the molecular mobility in the amor-
phous solid state of the four pentitols have been deter-
mined by temperature modulated differential scanning
calorimetry.’

In the present study, we wish to characterise in detail
the molecular mobility of the pentitol isomers, in the
crystalline and in the amorphous solid state, using the
experimental technique of thermally stimulated depolar-
isation currents (TSDC). The study of the mobility in
the glass and in the crystal in this family of compounds,
as well as the comparison of the stability of the super-
cooled liquid, is interesting given that we are dealing
with molecules that are diastereoisomers: the molecular
weight is the same, the connectivity between the different
atoms is also the same, but the configuration at the dif-
ferent chiral carbon atoms is different.

2. Materials and methods
2.1. Substances

The four isomeric pentitols have molecular formula
CsH,0s5, ITUPAC name pentane-1,2,3,4,5-pentol
(molecular weight M = 152.15 gmol™") and the chemi-
cal structures are shown in Figure 1 as Masamune for-
mulae.'® In this representation, the main carbon chain
is drawn as a planar staggered zigzag conformation,
shown with ligands (other than H) with bonds coming
above or going below the plane of the zigzag chain. Xyli-
tol (CAS No. 87-99-0) was purchased from Sigma (mass
fraction > 0.99). Adonitol (CAS No. 488-81-3), p-arabi-

tol (CAS No. 488-82-4) and r-arabitol (CAS No. 7643-
75-6), all with mass fraction >0.99, were purchased from
Acros. All substances were used as received.

2.2. Techniques

2.2.1. Differential scanning calorimetry (DSC). DSC
measurements were performed with a 2920 MDSC sys-
tem from TA Instruments Inc. Samples of ~5-10 mg
were introduced into aluminium pans and hermetically
sealed using a sample encapsulating press. The measur-
ing cell was continually purged with high purity helium
gas at 30 mL/min. An empty aluminium pan, identical
to that used for the sample, was used as reference. De-
tails of the calibration procedures are given elsewhere.'’

2.2.2. Thermally stimulated depolarisation currents
(TSDC). TSDC experiments were carried out with a
TSC/RMA spectrometer (TherMold, Stamford, CT,
USA) covering the range from —170 to +400 °C. For
TSDC measurements, the sample was placed between
the electrodes of a parallel plane capacitor with effective
area of ~38 mm? (thickness of ~0.5 mm). The sample
was immersed in an atmosphere of high purity helium
(1.1 bar). The fact that the relaxation time of the motional
processes is temperature dependent and becomes longer
as temperature decreases enables their immobilisation
by cooling. This is the basis of the TSDC technique, which
is particularly useful for probing slow molecular motions.
To analyse specific regions of the TSDC spectrum, differ-
ent methods of polarising the sample can be used, namely
the so-called TSDC global polarisation experiment and
the partial polarisation (PP) experiment (often called
thermal sampling or windowing or cleaning). The PP
method, where the polarising field is applied in a narrow
temperature interval, enables to resolve a global peak into
its individual relaxation modes.'® This partial polarisa-
tion procedure allows the retention (or freezing) of a
polarisation that arises from a narrow variety of dipolar
motions. In the limit of a very narrow polarisation win-
dow, the retained polarisation (and, of course, the current
peak that is the result of a partial polarisation (PP) exper-
iment) would correspond to a single, individual dipolar
motion.'” The physical background of the TSDC tech-
nique is presented elsewhere.'®!” The basic description
of the TSDC experiment, and the discussion of the nature
of the information it provides, is presented in detail in pre-
vious publications.!”2%?!

3. Results and discussion

3.1. Thermal behaviour and polymorphism

The melting temperature, T4, and the melting enthalpy,
AgusH, of pentitols are shown in Table 1 and compared
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Table 1. Melting temperature, Ty, and the melting enthalpy, Ag,H, for the pentitols

Pentitol Ttus” (°C) (This work) Trys (°C) (Literature) AgusH® (kJ/mol) (This work) AgusH (kJ/mol) (Literature)
Xylitol 95.7 94.9:° 92.7° 37.340.1 (15) 377 37.4;4 35°

Adonitol 102.8 101.9;° 101.6¢ 35.04 1.1 (5) 33.5;° 37.6¢

D-Arabitol 102.9 102.9:¢ 106.3¢ 35.04+0.8 (7) 38.8;° 38.9¢

L-Arabitol 102.0 100.9¢ 34.6 +0.3 (8) 43¢

# Temperature of the maximum of the DSC peak.

®The reported uncertainties correspond to the standard deviation of the mean. The number of determinations is indicated between parentheses.

°From Ref. 9.
4 From Ref. 10.
¢From Ref. 11.

with values from the literature. The melting tempera-
tures of our samples are in very good agreement with
the values of the literature. For the melting enthalpies,
the agreement is not so good, particularly in the case
of L-arabitol, as shown in Table 1. Our results suggest
that the melting energy is nearly the same for the four
pentitol diastereoisomers.

The glass transition temperatures, T,, and the heat
capacity jump in the glass transition region, ACp, are
shown in Table 2 and compared with values from the lit-
erature. The values we obtained for the glass transition
temperature confirm that we can group the pentitols in
two pairs with respect to the value of T, as suggested
before.” However, the values of the heat capacity jump,
ACp, presented in Table 2 do not corroborate the same
grouping.

A common behaviour shared by the four pentitols is
that none of them crystallise on cooling from the melt,
even if the cooling rate was low (<2 °C min~'). How-
ever, some differences were observed in their thermal
behaviour. Our samples of xylitol were, among the four
pentitols, those that showed a stronger resistance to
crystallisation (most stable metastable supercooled
liquid): after melting the crystalline as received samples,
no crystallisation was observed neither on cooling from
the melt nor on heating from the glassy solid. Further-
more, we did not observe any polymorphism in xylitol,
despite the fact that a metastable crystalline form melt-
ing at 61 °C was reported in the early literature.”” In the
case of Dp-arabitol, cold crystallisation was always

observed if the sample was heated from the glassy state
(below T,) with heating rates between 1 and 19 °C min ",
giving rise to a crystal whose melting temperature is
102 °C. Sometimes, particularly when the heating rates
lie between 10 and 12 °C min~', a polymorph of p-arab-
itol melting at ~83 °C was detected. The DSC thermo-
gram indicates that this polymorph easily converts in
the most stable one. L-Arabitol and adonitol, on the
other hand, displayed cold crystallisation on heating
from the glassy state with heating rates lower than
6 °C min~'. However, cold crystallisation was a rela-
tively infrequent occurrence for heating rates higher
than 6 °C min~'. In L-arabitol and adonitol, cold crys-
tallisation on heating from the glassy state always led
to the most stable polymorph melting at 102 °C, but
there is evidence for polymorphism in these two penti-
tols. In the case of L-arabitol, if the isotropic liquid is
cooled down to room temperature (well above T,) and
heated up, a polymorph melting at ~83 °C is formed
by cold crystallisation. If the rate of heating from room
temperature is low (1-2 °C min~"), the pure polymorph
melting at ~83 °C is formed. However, for higher heat-
ing rates (in the range 3-6 °C min~') a mixture of the
two polymorphs (melting at 83 and 102 °C) is obtained,
and there is no indication of interconversion between
them. In contrast, for adonitol, a polymorph melting
at ~83 °C was observed, but it was never formed by cold
crystallisation. Instead, it was formed by cooling from
the melt down to room temperature and annealing for
several hours (at least 12-15 h) at that temperature. In

Table 2. Glass transition temperatures, T, and heat capacity jump at the glass transition region, ACp, for the pentitols

Pentitol T, (°C) (This work) T, (°C) (Literature)® ACp (J °C~ ' mol™") (This work)d ACp (J °C ' mol™!) (Literature)
Xylitol —25.5;* —20.5° —29;¢ —23.2;f —24.1% 145 +2 (101) 174;F 202;% 148"

Adonitol —24.9;7 —18.7° —21.2f 168 +2 (91) 176"

D-Arabitol —15.0* —10.6° -12.2" 160 & 2 (53) 205;" 202¢

L-Arabitol —15.8; —10.1° —12.2f 173 4+ 2 (35) 205"

# Temperature of maximum intensity of the partial polarisation peak with higher intensity in the glass transition region, Ty (see later).

® Onset of the DSC signal at 10 °C min~".
¢ The values from Ref. 9 correspond to the midpoint of the Cp jump.

9 The reported uncertainties correspond to the standard deviation of the mean. The number of determinations is indicated between parentheses.

°From Ref. 8.
fFrom Ref. 9.
£ From Ref. 10.
"From Ref. 11.



964 H. P. Diogo et al. | Carbohydrate Research 342 (2007) 961-969

conclusion, a crystalline form melting at ~83 °C was ob-
served for all pentitols except xylitol, but the thermal
conditions for its formation seem to be rather different.
The fact that, for p-arabitol, the DSC thermogram indi-
cates that this crystalline form easily converts in the
most stable one probably indicates that we are in the
presence of a true polymorphic form.

3.2. Mobility in the crystalline state

The TSDC study of the four pentitols showed relaxations
in the crystalline state. However, some differences are to
be underlined with respect to the features of this mobil-
ity. Figure 2 shows the partial polarisation peaks of the
relaxations observed in the crystalline (most stable struc-
ture, as received) form of the four studied pentitols.

It is true that the dynamic features observed by dielec-
tric methods, and particularly by TSDC, in the crystal-
line state can originate from material discontinuities.
These anomalous effects are usually called Maxwell-
Wagner effects, and may arise from some residual non-
crystalline material eventually present (semi-crystallin-
ity) and also from the grain boundaries. Based on our
DSC and TSDC results, we have reasons to believe that
our crystalline samples are fully crystalline. On the other
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hand, the relaxation peaks showed a very high reproduc-
ibility along the hundreds of thermal cycles to which the
crystalline samples were subjected, reinforcing our belief
that the relaxation peaks observed in the crystalline
samples of pentitols correspond to dipolar reorienta-
tional motions. In all the four cases shown in Figure
2, we observe two kinds of mobility in the crystal: one
with higher dielectric strength at higher temperatures,
and another one at lower temperatures with lower inten-
sity (shown in the insets of Fig. 2). In the cases of p- and
L-arabitols (Fig. 2c and 2d, respectively) the two relax-
ations are well separated in the temperature axis. For
xylitol and adonitol (Fig. 2a and 2b, respectively) how-
ever, the two processes merge in the temperature axis,
so that the low intensity mobility appears in the lower
temperature side of the dominant relaxation (see the
insets of Fig. 2a and b).

Some relaxations in molecular crystals studied by
TSDC show a dielectric strength that continuously
increases as the temperature increases up to the vicinity
of the melting temperature. They appear as a premoni-
tion of melting, announcing the proximity of the transi-
tion as its temperature is approached on heating.
Oppositely, the relaxation observed in the crystalline
phase of the pentitols (Fig. 2) shows a well defined

-63 -43 -23 -3 17 37

T (°C)

Figure 2. Partial polarisation components of the slow mobility of the crystalline pentitols obtained at a heating rate of 4 °C min~!, with a polarising
electric field of E = 450 V/mm, and with a polarisation window of AT = 2 °C. The property in the ordinate axis is the current intensity expressed in
ampere, /(A). (a) Xylitol with polarisation temperatures, 7},, ranging from —15 up to +25 °C. The inset displays the lower temperature and lower
intensity peaks with polarisation temperatures, 7}, from —75 up to —25 °C. (b) Adonitol with polarisation temperatures, T}, ranging from —15 up to
+25 °C. The inset displays the lower temperature and lower intensity peaks with polarisation temperatures, T}, from —60 up to —5 °C. (c) b-Arabitol
with polarisation temperatures, 7}, ranging from 10 up to 38 °C. The inset displays the lower temperature and lower intensity peaks with polarisation
temperatures, 7, from —100 up to —70 °C. (d) L-Arabitol with polarisation temperatures, 77, ranging from 0 up to 38 °C. The inset displays the
lower temperature and lower intensity peaks with polarisation temperatures, 7}, from —105 up to —70 °C.
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higher temperature limit (or boundary), relatively far entropy line shown in Figure 3. The observation
from the melting temperature. We would thus say that reported previously is an interesting finding as the
this mobility cannot be ascribed to the ‘softening’ of crystal-structure determination of pentitols showed that
the crystalline sample, but rather corresponds to a the conformation of the carbon chain is bent,
specific motional mode present in the crystal. A similar nonplanar, for xylitol and adonitol, while it is extended,
mobility was observed by TSDC in different crystals, staggered and planar, for the two arabitols.” We thus
as, for example, salicylsalicylic acid.*? conclude that the different mobility features in the crys-
The analysis of these PP peaks using the usual Bucci tal arise from the different rotameric conformations of
integration procedure®® allowed the determination of the different pentitol molecules in the crystalline state.
the corresponding temperature dependent relaxation
time, (7). The fitting of the (7)) lines using an appro- 3.3. Mobility in the amorphous state
priate equation (Arrhenius, Eyring, Vogel, etc.) provides
the kinetic parameters which characterise the studied The pentitols in the solid amorphous phase were pre-
mobility. Figure 3 shows the activation enthalpy, AH”, pared by rapid cooling (~30 °C min~") of the isotropic
of the partial polarisation components of all the liquid from 10° above the melting temperature down
relaxations observed in the four pentitols, plotted as a to ~50° below T.
function of the peak’s location, T;,. Figure 3a concerns
xylitol and adonitol, while Figure 3b concerns p- and 3.3.1. Secondary relaxations. The four pentitols show
L-arabitols. The relaxations in the amorphous solid state secondary relaxations that are observable in the TSDC
will be discussed later, so that we will focus now on the spectra between —165 °C (lower temperature limit of
mobility in the crystalline state that corresponds to the our TSDC equipment) and the glass transition tempera-
points in the right-hand side of Figure 3a and b with ture region. They appear as broad relaxations that
Tn>-5°C. merge with the o-relaxation in the higher temperature
It can be concluded from the observation of Figure 3 side, and correspond to zero entropy motions. To pre-

that these molecular motions in the crystalline phase of vent excessive lengthening of this manuscript, we do
pentitols are narrowly distributed in energy. Further- not show partial polarisation components of the second-
more, from the comparison of the results obtained on ary relaxations. However, Figure 3 displays the activa-
the four pentitols it comes out that the degree of coop- tion enthalpy, AH”, plotted as a function of the
erativity of those motions in the crystal, quantified by peak’s location, T,,, for many partial polarisation com-
the deviation of the activation enthalpy from the zero ponents of all the relaxations in the four pentitols. The
entropy behaviour, is higher in xylitol and adonitol points in Figure 3a that lie in the temperature region
when compared with the arabitols. Let us briefly eluci- such that T, <—45°C correspond to the secondary
date that the zero entropy behaviour corresponds to relaxations of xylitol (triangles) and adonitol (circles);
the motional processes with no activation entropy, that the points with Ty, < —35°C in Figure 3b correspond
is, to the noncooperative modes of motion. Such pro- to the secondary relaxations of Dp-arabitol (triangles)
cesses have activation enthalpies that obey to the zero and L-arabitol (circles). In all the cases, we can see that
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Figure 3. Activation enthalpy, AH”, of the partial polarisation components of the relaxations in pentitols as a function of the peak’s location, T,.
The uncertainty in the enthalpy values is less than 2%. The line describes the zero entropy behaviour. (a) Xylitol (triangles) and adonitol (circles). The
higher temperature points (7}, > —15 °C, filled symbols) correspond to the relaxation in the crystalline phase, while the other points (open symbols)
refer to the mobility in the amorphous solid state. The points on the left-hand side of the figure correspond to the secondary relaxations, while the
points in the region —45 < T, < —15 °C correspond to the glass transformation range. (b) p-Arabitol (triangles) and L-arabitol (circles). As in (a) the
higher temperature points (7, > —5 °C, filled symbols) correspond to the relaxation in the crystalline phase, the points on the left-hand side
correspond to the secondary relaxations, and the points strongly deviating the zero entropy line (—35 < T}, < —15 °C) correspond to the glass
transformation range.
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the zero entropy behaviour is obeyed. The kinetic fea-
tures of this mobility are similar for the four pentitols.
On the other hand, the intensity of the partial polarisa-
tion peaks of the secondary relaxation is of the same
order of magnitude for the different pentitols.

3.3.2. The glass transition relaxation and the fragil-
ity. The mobility in the glass transformation range was
studied by TSDC using the partial polarisation (PP)
procedure. Figure 4 shows some selected PP peaks of
the a-relaxation of the four pentitols.

Again, the temperature dependent relaxation time,
7(T), was obtained using the Bucci integration proce-
dure,” and the kinetic parameters which characterise
the studied mobility were obtained by fitting the (7)
lines with an appropriate equation. The points in the re-
gion —45 < T, < —15 °C of Figure 3a correspond to the
partial polarisation components of the a-relaxation of
xylitol (triangles) and adonitol (circles), while those in
the region —35 < T}, < =5 °C of Figure 3b correspond
to the partial polarisation components of the a-relaxa-
tion of p-arabitol (triangles) and L-arabitol (circles). It
is clear that the mobility in the glass transformation
range of the four pentitols shows a clear deviation from
the so-called zero entropy line (also called compensation
behaviour). The strong deviation from the zero entropy

T(°C)

(o8

1x10" (A)

o

1x10" (A)
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line observed in the glass transformation region consists
in fact of a concomitant increase with temperature of the
activation enthalpy and entropy of the motional pro-
cesses in the transformation range. This effect is often
called compensation.

The peak with higher intensity in the glass transition
region is the manifestation of a mobility component that
is characteristic of the glass transition. The temperature
of maximum intensity of this peak, labelled Ty; (see
Table 2), is the glass transition temperature provided
by the TSDC technique (at the heating rate of the experi-
ment, 4 °C min~' in the present case). The analysis of
this singular peak for each one of the pentitols in Figure
4 allows the determination of the relaxation time at the
glass transition temperature, 7(7), of the activation en-
ergy for the structural relaxation, E,(7), and also of the
steepness index or fragility of the glass forming system,
m. Table 3 displays the values of the activation enthalpy,
E,(Ty), and of the relaxation time, 7(7,), for the four
pentitols obtained from the analysis of the peak with
higher intensity in the glass transition region.

It can be concluded from the data in Table 3 that the
relaxation time at 7, is identical for the four pentitols.
On the other hand, the activation energy of the struc-
tural relaxation appears as slightly higher in the arabi-
tols compared with xylitol and adonitol.

800 [
600 |
400 |

200 |

300
200

100

T (°C)

Figure 4. Partial polarisation (PP) components of the glass transition relaxation of the four pentitols. The experimental conditions were strength of
the polarising electric field, E=450V mm™; polarisation time, 7p =5 min; width of the polarisation window, A7 =2 °C; heating rate,
r=4°Cmin~". The polarisation temperatures, 7p, were (a) xylitol, from —40 up to —26 °C, with intervals of 1 °C; (b) adonitol, —47, —45, —43, —40,
—37 and —35 up to —26 °C, with intervals of 1 °C; (c) p-arabitol, —36, —34, —32, —30, —28 and —26 up to —16 °C, with intervals of 1 °C; (d) L-

arabitol, —32, —30, —28, —26 and —24 up to —17 °C, with intervals of 1 °C.
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Table 3. Relaxation time at the glass transition temperature, 7(7}),
and activation energy for the structural relaxation, E,(T,), for the
pentitols obtained from TSDC data

Pentitol ©(Ty) (s) E(T,) (kJ mol™")
Xylitol 26 275
Adonitol 26 278
D-Arabitol 27 295
L-Arabitol 26 289

From the value of the activation energy of the struc-
tural relaxation, the fragility (temperature dependence
of the relaxation time normalised at 7,,) was calculated
as

Eq(Te)

_ [dlogwr(T)} _ . (1)
rr,  2303RT,

d(T,/T)

Several experimental techniques enable the determina-
tion of the activation energy of the structural relaxation:
dielectric relaxation spectroscopy, conventional DSC,
temperature modulated DSC and TSDC. The fragility
indexes of the pentitols obtained in this work by TSDC
(temperature dependent relaxation time, t(7), of peak
with higher intensity in the glass transition region) are
presented in Table 4. Because the arabitols have simulta-
neously higher activation energy and higher glass transi-
tion temperature, the consequence is that the fragility
values obtained in the present work by TSDC are very
similar for the four isomeric pentitols.

On the other hand, it was shown® that the depen-
dence of the glass transition temperature, 7,, on the
heating or cooling rate, |r|, of a conventional DSC
experiment is given by

din|r|
d1/7,

E,

R )

(2)

where E, is the activation energy for the relaxation times
controlling the structural enthalpy relaxation, and R is
the perfect gas constant. The fragility values we ob-
tained based on this method are also shown in Table
4, together with values determined by other techniques.
We note that the onset temperature was obtained at a
given heating rate ¢ after cooling from the metastable

967

undercooled liquid at the same rate —¢. From those val-
ues we can draw the following observations:

1. The fragility values obtained in the present work by
TSDC are very similar for the four isomeric pentitols.

2. The fragility indexes obtained in the present work on
the basis of conventional DSC data have values in
reasonable agreement with those obtained by TSDC.

3. The fragility indexes obtained by DSC and by TSDC
are significantly lower compared with those reported
in the literature based on modulated temperature
DSC data.’

4. The results obtained in the present work do not sup-
port the suggestion that pentitols can be grouped into
two pairs according to their dynamic behaviour in the
glassy state, as suggested previously.” In fact, accord-
ing to our results we can group the pentitols in two
pairs (xylitol/adonitol and p/L-arabitols) with respect
to the value of T, and with respect to the values of E,.
However, the values of the heat capacity jump, ACp,
presented in Table 2, and of the fragility, m, presented
in Table 4, do not corroborate the same grouping. We
have also underlined before that no difference of the
dynamic behaviour seems to emerge from our results
on the secondary relaxations of the isomeric pentitols.

An excellent empirical correlation was found by
Wang and Angell*® for glass-forming liquids, between
some Kkinetic properties (fragility index, m, and glass
transition temperature, 7,) and some thermodynamic
properties (molar heat capacity jump at T,, ACp, and
molar enthalpy of melting, ApH). The empirical for-
mula looks like

T, ACp

m = 56 AH

(3)

On the other hand, a formally similar relationship was
proposed,?’ based on a random first-order transition
theory

TwACp
AfusI{ .

m=34.7 (4)

Table 4. Fragility index, m, of pentitols calculated from data obtained by different experimental techniques, and from the equations proposed by

Angell (Eq. 3) and by Wolynes (Eq. 4)

Xylitol Adonitol D-Arabitol L-Arabitol
Dielectric relaxation spectroscopy 66:* 87° — — —
DSC (temperature modulated) 76° 78°¢ 92¢ 90°¢
TSDC (temperature dependent relaxation time) 60 60 61 60
DSC (heating rate dependence of the onset temperature) 75 55 60 75
From Eq. 3 54 67 69 71
From Eq. 4 50 62 63 64

#From Ref. 11.
®From Ref. 26.
“From Ref. 9.
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Table 4 also shows the values of the fragility index, m,
estimated on the basis of Eqgs. 3 and 4 using data
obtained in the present work and displayed on Tables 1
and 2. It can be concluded that the results on Table 4
do not support the suggestion that pentitols can be
grouped into two pairs. Furthermore, the fragility val-
ues on Table 4 are in reasonable agreement with those
obtained by TSDC and by conventional DSC, but are
much lower compared with those obtained by tempera-
ture modulated DSC.

Let us finally call attention to some discrepancies that
are observed in the value of the fragility obtained by dif-
ferent, and well established, experimental techniques. In
fact, the fragility values displayed in Table 4, obtained
from several experimental techniques, show a consider-
able dispersion. We believe that the origin of this disper-
sion is not the presence of residual water in the pentitol
samples. Dehydration during melting was assumed be-
cause temperatures above 100 °C are needed for prepa-
ration of the pentitol melts. The scatter of the fragility
values has been reported before,”®?° and is not a new
finding. It is well known that various experiments such
as viscosity, thermal, mechanical and dielectric relax-
ations, and optical and nuclear magnetic resonance tech-
niques lead to somewhat different values of fragility, an
effect which becomes more pronounced for high fragility
liquids.*® On the other hand, it is well known that the
thermodynamic and kinetic data of polyols and sugars
are quite divergent.”® Nevertheless, we need to draw
attention for the reasonable agreement observed
between the fragility values obtained by TSDC and by
conventional DSC.

4. Conclusions

Crystal polymorphism was detected by differential scan-
ning calorimetry in the cases of adonitol and p- and
L-arabitols, but not in xylitol. Some information was
obtained about the general conditions allowing the for-
mation of the less stable polymorph and of transformation
between the different polymorphs of the same substance.

The different pentitol isomers displayed different
mobility features in the crystal that arise from the differ-
ent rotameric conformations of the pentitols in the crys-
talline state. In particular, the degree of cooperativity of
the molecular motions appeared to be higher in xylitol
and adonitol when compared with the arabitols.

On the other hand, the results obtained in the present
work do not support the suggestion that pentitols can be
grouped into two pairs according to their dynamic
behaviour in the glassy state, as previously suggested
in the literature. In contrast, no difference of the
dynamic behaviour of the isomeric pentitols in the glassy
state seems to emerge from our results on the primary
and secondary relaxations.

Furthermore and finally, some scatter of the fragility
values of the pentitols obtained from different experi-
mental techniques was observed.
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