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Five experimental two-component phase diagrams between orientationally disordered crystals (ODICs) have been
established from the low-temperature phase to the liquid state using thermal analysis and X-ray powder diffraction
techniques. The high-temperature orientationally disordered phases for the pure components, which belong to the
series (CH3)4−n1C(CH2OH)

n1 (n1=1,2,3) and (NO2)(CH3)3−n2C(CH2OH)
n2 (n2=0,1) are all face centered cubic.

Continuous disordered mixed crystals in the whole range of concentration have been found, which indicates the
existence of an isomorphism relationship. The intermolecular interactions in the ODIC state of these systems and
other related two-component systems are discussed using the evolution of the packing coefficient as a function of the
composition.

melting, because the vibrational modes must be activated1 Introduction
during the reorientation itself.11 This coupling is one of the

Organic compounds characterised by globular or pseudo- most studied effects in organic materials displaying conven-
globular molecules with weakly angle-dependent interactions tional glass phases.12 A particular category is the so-called
are capable of forming orientationally disordered (ODIC)1–4 glassy crystal13 which is obtained by freezing of the orien-
phases (also called plastic phases) before the liquid state. tationally disordered phase of molecular crystals. Although

An extensive study has been undertaken for many years on the substitution of a guest molecule in the host crystal is not
the ODIC state from the investigation of single compounds in necessary to observe orientational freezing, several studies can
order to relate both macroscopic (heat capacity, phase trans- be found where the disordered mixed crystals display the
ition, …) and microscopic (molecular dynamics, crystallo- glassy state more readily.13,14
graphic structure, …) physical properties to the intermolecular In the present study, which is part of the general framework
interactions. These studies have been performed in most cases of mixed crystals,15–17 we have spanned a wider number of
by analysing the dependence of some physical measurable two-component systems6,18,19 where the orientationally dis-
properties as a function of one intensive variable, either ordered phases of pure compounds are isostructural and thus
temperature or pressure, in order to change the intermolecular are candidates to be isomorphous. In this first article we deal
interactions by modifying the local order in this kind of with the experimental systems as well as the establishment of
materials. A different way to modify these microscopic param- common relations from a crystallographic point of view. In
eters consists of the change of the molecular surroundings by the following paper the thermodynamic mixing properties will
adding a guest molecule in the host crystal. Assuming that the be examined and a link between both points of view will be
geometry permits the substitution of a molecule of the host presented. To do so, several pure substances which are
crystal and that the guest molecule does not possess the branched or tetrahedral molecules belonging to the series
symmetry elements of the lattice, a symmetry simulation has (CH3)4−n1C(CH2OH )

n1 (n1=1,2,3) and (NO2) (CH3)3−n2C-
been proved to be present.5 Such a simulation is carried out (CH2OH)

n2 (n2=0,1) have been considered. Whatever the
by the guest molecule by achieving as many orientations as substance, strong molecular interactions by means of hydrogen
required by the symmetry of the crystallographic site of the bonds or dipole–dipole intermolecular interactions (n2=0) are
host molecule. This well known rule5 is of fundamental displayed.
importance in the analysis of mixed crystals in the ODIC
state, where a large number of possible energetically feasible
orientations exist. Such experimental evidence has been found

2 Experimentaleven in compounds whose molecules present some groups able
to form strong interactions, either by means of hydrogen 2.1 Materials
bonds or by the existence of large dipole–dipole inter-

The pure materials were purchased from Aldrich Chemicalactions.7–10 Many studies have concluded that the character-
Company with a purity of 99%. They were submitted to anistic relaxation time of the overall tumbling in the ODIC state
additional purification process consisting in a repeated vacuumis considerably high when compared to similar molecules
sublimation at 313 K for n1=1 [(CH3)3C(CH2OH), 2,2-lacking these types of molecular interactions.7 Moreover, the
dimethylpropan-1-ol, NPA], 343 K for n1=2 [(CH3)2C-geometrical factor for orientationally disordered mixed crystals
(CH2OH)2 , 2,2-dimethylpropane-1,3-diol, NPG], 393 K forshould play a decisive role. Nevertheless, it has been also well
n1=3 [(CH3)C(CH2OH)3 , 1,1,1-tris(hydroxymethyl )propane,established for pure compounds that for an asymmetric mol-
PG] and 353 K for n2=1 ((NO2)(CH3)2C(CH2OH), 2-ecule the reorientational motion has to couple with the lattice
methyl,2-nitropropan-1-ol, MNP). For n2=0 [(NO2)C(CH3)3 ,vibrations in order to make compatible its orientation in the
2-methyl,2-nitropropane, TBN] the sublimation was per-ODIC state with the short-range repulsive forces of the neigh-
formed under a low-pressure Ar atmosphere at 303 K.bouring molecules in the generally close-packed lattice. This
Molecular sieves were initially mixed with all the materials.coupling between reorientational and vibrational modes pro-
Two-component mixtures were prepared from the melt of theduces a diminution of both the temperature range of the

orientationally disordered phase and entropy change at the pure materials in the selected composition by slow cooling (ca.
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2 K min−1) to room temperature. The samples invariably were existence of an equilibrium between several conformers.30,31
The thermodynamic and crystallographic parameters are giventreated under a controlled Ar atmosphere.
in Table 1.

2.2 Thermal analysis
3.1.3 NPA [(CH

3
)
3
C(CH

2
OH)]. The low-temperature

All the transition temperatures of the two-component systems ordered phase of NPA ([T ]) has been recently determined to
as well as enthalpy changes were determined by means of a be triclinic.33 This phase II transforms to an orientationally
Perkin-Elmer DSC-7 calorimeter equipped with a home-made disordered phase I.40 The latter phase is stable up to the
cooling attachment which enables temperatures of ca. 140 K melting at 329.8 K. The thermodynamic parameters of the
to be attained in a control mode. The powder samples sealed phase transitions determined in this work (see Table 1) match
into aluminium calorimetric cells weighed between 5 and quite well with previously reported values.34,41
10 mg. Heating and cooling rates of 2 K min−1 were typically It should be pointed out that the phase behaviour of NPA
used. The solid–solid transition of CCl4 and the melting of In will have a strong influence on the two-component systems
were used for temperature and energy calibration. (Section 3.2) and, therefore it deserves special mention. The

The characteristic temperatures of the equilibria were thermal hysteresis in the transition I–II depends on the cooling
determined from the thermograms using the shape factor conditions. When NPA in its orientationally disordered phase
method.20 I is cooled fast enough to prevent the transition towards the

C
p

measurements for the glassy transitions were performed ordered phase II, the disordered system is supercooled and a
with a commercial modulated DSC TA2910 system from TA glassy state (Ig) is formed.42 Such a state is characterised by
Instruments Inc. equipped with a cooling accessory which the existence of the (average) translational order of the plastic
enables cooling to ca. 130 K. A heating rate of 2 K min−1 , a phase with the orientational order partially frozen. It has been
modulation amplitude of the sample temperature of ±0.2 or largely proved for this new condensed state that the averaged
±0.5 K and a period of 60 s were chosen over the temperature space groups of the plastic phase I, supercooled plastic phase
range. Sample masses were ca. 5–10 mg and, as previously, I’ and the glassy state (Ig) are all identical.43,44 This property
sapphire was used for calibration. enables to the lattice parameter evolution with temperature to

be readily monitored. Fig. 1 depicts the cubic lattice parameter
2.3 X-Ray powder diffraction for the I, I’ and Ig phases as a function of temperature together

with the volume expansivity. At 123 K a change in theX-Ray powder diffraction measurements were performed with
expansivity, which is known to be a general thermodynamica horizontally mounted INEL cylindrical position-sensitive
signature of the glass transition,45 is found. When increasingdetector (CPS-120)21 equipped with a liquid nitrogen INEL
temperature from the glassy state, the relaxation phenomenonCRYO950 (80–330 K ). The detector, placed in Debye–
corresponding to the Ig–I’ phase transition (at Tg) takes place.Scherrer geometry, permits a simultaneous recording of the
It should be pointed out that such a process is sample historypowder pattern over the range of 2h=0–120°. Monochromatic
dependent. At higher temperatures the supercooled phase I’Cu-Ka1 radiation was selected with an asymmetric focusing
can crystallise irreversibly to the stable phase II (this is theincident beam curved quartz monochromator (l=1.54059 Å).
most common effect) or to a new intermediate metastableThe beam section was 6.3 mm high by 0.3 mm wide. The
ordered phase (as for example in cyclohexanol13). As NPApowdered samples were sealed into 0.5 mm Lindemann
behaves in the latter mode, single crystal studies would becapillaries which rotate during the measurement in order to
needed in order to characterise the structural properties of thisimprove the averaging of the crystallites. External calibration
new metastable solid phase.using the cubic phase of Na2Ca3Al2F4 (NAC )22,23 was applied

Owing to the low temperature value of the glass transitionin the range 2h=0–55° due to the lack of reflections for higher
determined by X-ray powder diffraction, it was not possibleangles. In the case of diffraction at constant temperature,
to measure the heat capacity change associated with theacquisition times of 30 min for the patterns and 10 min of
relaxation effect by means of our calorimetric devices. In astabilisation time were used, with a slewing speed of
previous reported work the dielectric relaxation time was1 K min−1 . After the indexing of the patterns lattice
studied in the plastic phase as a function of temperature andparameters were refined by means of the AFMAIL program.
pressure.41 It is well known that the glass transition occurs
when the characteristic time of the isotropic reorientational

3 Results motion reaches ca. 103 s,46 whereas other possible anisotropic
larger amplitude motions continue to exist within the glass3.1 Polymorphism of the pure components
state. The extrapolation of the relaxation time vs. temperature

3.1.1 TBN [(NO
2
)C(CH

3
)

3
]. Solid TBN is known to occur (at normal pressure) by considering an Arrhenius law corre-

in three different crystalline forms. Phase III (the structure of sponding to the above work46 gives a temperature of ca.
which is unknown, hereafter denoted as [D]) transforms to an 125 K, which is certainly very close to the experimental
orthorhombic structure24 ([O]) where the molecules perform temperature determined in this work. Nevertheless, in the
uniaxial rotations (C∞3) around the C–NO2 axis ( librational neighbourhood of the glass transition non-Arrhenius behav-
phase).25–27 The high-temperature solid phase I is an orien- iour might occur giving rise to significant differences between
tationally disordered phase where the molecules display overall the extrapolated and the experimental values.
rotation. In spite of the large molecular dipole, previous
studies28 revealed no specific correlations, giving rise to a high 3.1.4 NPG [(CH

3
)

2
C(CH

2
OH)

2
]. The crystallographic

symmetry fcc lattice.24 The thermodynamic properties charac- properties of the low-temperature ordered ([M]) and ODIC
terising the phase transitions as well as the lattice parameters phases35,47,48 as well as the thermodynamic properties of the
for the different solid phases are gathered in Table 1. phase transitions34 are given in Table 1. A recently published

dielectric study on the disordered phase has revealed significant
deviations from the single Debye relaxation, showing that3.1.2 MNP [(NO

2
)(CH

3
)

2
C(CH

2
OH)]. The low-tempera-

ture ordered form of MNP ([M]) transforms to an orien- strong intermolecular interactions via hydrogen bonds are
present.10 Such results confirm previous findings on the roletationally disordered face centered cubic phase, which remains

up to the melting point. Several NMR and IR spectroscopic played for those interactions which control the molecular
packing in the mixed crystals of two-component systems.18,19,49studies have revealed the existence of intramolecular hydrogen

bonds between the nitro and hydroxylic groups, producing the On the other hand, a theoretical temperature (also calculated
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Table 1 Summary of the crystallographic properties and the thermodynamic characteristics of the phase transitions for the pure components

III–II II–I I–L

Formula T/K DH/kJ mol−1 Phase II T/K DH/kJ mol−1 Phase I T/K DH/kJ mol−1
TBN (NO2)C(CH3)3 216.4a 4.34a Orthorhombicb 260.0a 4.64a Fccb 298.5a 2.56a

a=10.280(6) Å a=8.765(5) Å
b=9.993(5) Å Z=4, T=273.2 K
c=6.205(4) Å
Z=4, T=233.2 K

MNP (NO2) (CH3)2C(CH2OH) — — Monoclinic P21/cc 311.5a 14.64a Fccd 363.9a 3.17a
a=6.195(3) Å a=8.857(10) Å
b=19.115(8) Å Z=4, T=356 K
c=16.601(9) Å
b=90.12(2)
Z=12, T=293.2 K

NPA (CH3)3C(CH2OH) — — Triclinice 235.4a 4.14a Fcca 329.8a 3.73a
a=10.304(10) Å a=8.815 Å
b=10.418(9) Å Z=4, T=293 K
c=11.398(12) Å
a=90.14(6)°
b=99.51(3)°
c=107.08(1)°
Z=7, T=233.3 K

NPG (CH3)2C(CH2OH)2 60.4f 0.177f Monoclinic P21/ng 314.4a 12.43a Fcch 402.8a 4.34a
a=5.979(1) Å a=8.854(8) Å
b=10.876(2) Å Z=4, T=353 K
c=10.099(2) Å
b=99.78(1)
Z=4, T=293.2 K

PG (CH3)C(CH2OH )3 — — Tetragonal I49 i,j 356.7a 20.94a Fcck 474.4a 4.72a
a=6.052(2) Å a=8.876(8) Å
b=8.872(3) Å Z=4, T=363 K
Z=2, T=293.2 K

aThis work. bRef. 24. cRef. 29. dRef. 32. eRef. 33. fRef. 34. gRef. 35. hRef. 36. iRef. 37. jRef. 38. kRef. 39.

tationally disordered–liquid loop. The eutectoid limiting points
were determined to be at 0.02 and 0.94 by means of the
Tammann diagrams.50 Fig. 3 shows the enthalpy change for
the orientationally disordered–liquid equilibrium as a function
of the mole fraction.

Crystallographic study at 293.2 K. The continuous evolution
of the lattice parameter vs. concentration for the fcc phase
([CF]) at 293.2 K, shown in Fig. 4, together with the continu-
ous evolution of the temperatures characterising the
plastic–liquid equilibrium, prove the formation of orien-
tationally disordered substitutional mixed crystals in the whole
concentration range. In addition, this crystallographic charac-
terisation shows that the orientationally disordered phase of
TBN is isomorphous to that of the NPA, confirming the fcc
lattice symmetry found recently for TBN6 in contrast to

Fig. 1 Cubic lattice parameter (#) and volume expansivity (%) for previous works.51plastic (I ), supercooled (I∞) and glassy state (Ig) phases vs. temperature
for NPA [(CH3)3C(CH2OH)].

3.2.2 TBN–MNP system. The experimental two-component
phase diagram TBN–MNP from 223 K to the liquid state isfrom the extrapolation of the relaxation time assuming an
shown in Fig. 2. The low temperature side of the phaseArrehnius behaviour) corresponding to the freezing of the
diagram shows a eutectic invariant at 250.0 K in the rangelarge-amplitude motions (glass transition) was determined to
x=0–0.95 molar fraction of MNP (the eutectic point atbe ca. 120 K.
x#0.13). Such values were obtained from the Tammann
diagram associated to the eutectic transformation.50 The influ-3.1.5 PG [(CH

3
)C(CH

2
OH)

3
]. Basic crystallographic and

ence of the phase transition III–II of TBN on this two-thermodynamic data corresponding to the ordered and dis-
component system was not studied. The enthalpy change forordered phases and the phase transitions are listed in Table 1.
the melting process as a function of the mole fraction isStructural details can be found in references 6, 37 and 38.
depicted in Fig. 3.

3.2 Two-component systems
Crystallographic study at 293.2 K. In order to verify the

possible isomorphic relationship between the disordered phases3.2.1 TBN–NPA system. The main characteristics of the
TBN–NPA two-component (Fig. 2) system are the existence of the two components, an isothermal X-ray powder diffraction

study in the molecular alloys was undertaken at 293.2 K.of a low-temperature peritectoid invariant (between ca. 0.03
and 0.94) concerning the [D+T+O] three-phase equilibrium Moreover, this study enables analysis of the evolution of the

volume of the unit cell as a function of the mole fraction atat 217.9 K, a eutectoid invariant relating the three-phase
equilibrium [O+T+CF ] at 227.8 K and a very narrow orien- constant temperature. For samples with mole fraction x�0.7
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Fig. 2 Two-component phase diagrams. ($) Transition temperatures obtained from DSC measurements. The non-equilibrium glass transition
temperatures (#) from Cp and (D) from X-ray powder diffraction measurements have been included in the equilibrium phase diagram for
brevity. [L] Liquid phase; [M] monoclinic, [T ] triclinic and [Q] tetragonal low-temperature ordered solid forms; [CF ] orientationally disordered
fcc phase. (For compound abbreviations see Table 1.)

of MNP the two phases [M] and [CF ] coexist at 293.2 K. melt in such a way that the two-phase orientationally
disordered–liquid equilibrium is a loop. The enthalpy changeTherefore, the measurements for these samples were carried

out on the experimentally metastable orientationally dis- of the molecular alloys in such a process is shown in Fig. 3.
ordered phase. For the pure component MNP (x=1) it was
not possible to retain its ODIC phase at 293.2 K, the lattice Crystallographic study at 313.2 K. The variation of the cubic

parameter as a function of mole fraction at 313.2 K is displayedparameter at such temperature being obtained by means of its
evolution with temperature between 323 and 303 K. Fig. 4 in Fig. 4. The continuous evolution of this parameter vs. mole

fraction together with the loop for the melting process enablesdepicts the results corresponding to the continuous evolution
of the lattice parameter with mole fraction. us to establish the existence of continuous mixed crystals, i.e.,

the establishment of an isomorphic relationship between the
high-temperature disordered phases of both pure components3.2.3 NPG–PG system. The NPG–PG two-component

system was published some time ago32 and is now restudied NPA and NPG.
due to the considerable difference in the melting temperatures
of the pure components as a consequence of the purification Glassy mixed crystals. Concerning the low-temperature

phase equilibria between the orientationally disordered phaseprocess. The low-temperature side (Fig. 2) displays no qualitat-
ive changes with the previously published results. A small shift and the ordered triclinic (NPA) and monoclinic (NPG) phases,

the DSC curves did not show the typical thermograms corre-in the eutectoid temperature (at 306.5 K) as well as in the
eutectoid composition is however seen. By contrast, the orien- sponding to the standard solid–solid transformations. In order

to distinguish between the two possibilities, that is to say,tationally disordered–liquid equilibrium is determined to be a
narrow loop, in contrast to the Gibbs minimum reported in metastable supercooled ODIC molecular alloys or the existence

of a glassy state, Cp measurements at low temperature (fromref. 52. The evolution of the enthalpy change for the melting
of molecular alloys is depicted in Fig. 3. Some measurements 130 K) as well as X-ray powder diffraction measurements

(from 80 K) were performed. Results for the former are shownby X-ray powder diffraction have been performed in order to
determine the cubic lattice parameters for the molecular alloys in Fig. 5 for several molecular alloys (x∏0.5) as a function of

temperature. A typical relaxation process from the glassy stateat 356 K with no noticeable differences being found in relation
to the previously published data. to the supercooled plastic phase characterised by a Cp change

was found. The latter, performed on the NPA0.7NPG0.3 mixed
crystal is shown in Fig. 6. The evolution of the cubic lattice3.2.4 NPA–NPG system. As in the previous two-component

systems, NPA and NPG are found to be isomorphous in the parameter vs. temperature as well as the discontinuity on the
lattice expansivity are the irrefutable signatures of the existenceODIC state. As shown in Fig. 2, disordered mixed crystals
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Fig. 4 Lattice parameter as a function of the composition for the
cubic orientationally disordered mixed crystals for the two-component
systems. (For compound abbreviations see Table 1.)

Fig. 3 Enthalpies of melting as a function of the composition for the
orientationally disordered mixed crystals in the two-component
systems. (For compound abbreviations see Table 1.)

of a glassy state. Although the Tg temperature is not an
equilibrium temperature, these values, as a function of the
mole fraction, have been also included in the equilibrium
phase diagram. Owing to the different time-scaling of the
experimental techniques used, the Tg temperatures are rela-
tively different. This fact explains the breakdown of the
evolution of Tg vs. mole fraction shown in Fig. 2 between the
pure component NPA and the mixed crystals. Unlike the
preceding published examples concerning the formation of a
glassy state in mixed crystals, such as those formed by chlo-
roadamantane and cyanoadamantane,14,44,52,53 a strong vari-
ation of Tg with the mole fraction is found. This fact shows
that the freezing mechanisms are scarcely influenced in the Fig. 5 Cp variation as a function of temperature for several
presence of the guest molecule. It is also worth noting that NPA1−xNPG

x
{[(CH3)3C(CH2OH)]1−x/[(CH3)2C(CH2OH)2]

x
}

mixed crystals in the temperature range corresponding to the glassthis binary system displays a very interesting phase stability
transition. ($ x=0.1, # x=0.2, & x=0.3 and % x=0.5.)sequence which gives rise to a unique opportunity to study

the dynamics of the glassy state as well as the supercooled
plastic phase. On the one hand, the quench, which is necessary samples is not reached. Particularly, for the mixed crystals

with x�0.9 the ordered solid phase [M] is partially achievableto by-pass the first-order phase transition toward the lower
symmetry crystalline (ordered) phase to reach the glassy state, giving rise to the possibility to obtain, in some cases, the upper

solvus corresponding to the crystalline ordered (monoclin-is easily achievable in these molecular alloys (cooling rates of
ca. 2 K min−1 are required). On the other hand, after the ic)–orientationally disordered equilibrium. There was no mole

fraction for which the necessary three-phase invariantglassy to supercooled ODIC phase transition has been carried
out, the orientationally disordered phase is in a metastable [T+M+CF ] was detected.
situation with regard to the low-temperature ordered crystal-
line phase that remains until the temperature where it becomes 3.2.5 NPA–MNP system. The loop corresponding to the

orientationally disordered–liquid equilibrium is depicted instable. Therefore, the temperature domain where the dynamical
behaviour of such phases can be studied is considerable and Fig. 2. The associated enthalpy change for this melting process

is shown in Fig. 3. With regard to the low temperatureenables analysis of the evolution of physical properties vs.
temperature. equilibria, the phase behaviour is strongly dependent on the

mole fraction. For mole fractions x�0.6 the DSC scans displayFor molecular alloys with mole fraction >0.5 the kinetic
behaviour is different and the glassy state for any of the signals corresponding to a three-phase eutectic equilibrium at
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generated by the –OH groups and, when present, –NH2groups. Nevertheless, owing to the disordered character of the
high-temperature phase, no structures describing this form
have been published for the mentioned compounds. In order
to obtain information on the degree of interactions in molecu-
lar alloys, the approach proposed by Kitaigorodsky,55 which
relies on the analysis of the packing coefficient, has been used.
Previous work has shown that this parameter is a powerful
tool to account for intermolecular interactions in molecular
alloys.19,49

The packing coefficient is defined as the ratio between the
volume of the molecule Vm (or the average molecule for the
molecular alloys) and the available volume in the lattice (V

Z
=

V/Z, where V is the unit-cell volume and Z is the number of
molecules in the unit cell ). The average molecular volume
Vm(x) for a given molecular alloy of mole fraction x can be
assumed to be:

Fig. 6 Cubic lattice parameter (#) and volume expansivity (%)
Vm(X )=(1−x)VmA+xVmBfor plastic (I ), supercooled (I∞) and glassy state (Ig) phases vs. temp-

erature for the NPA0.7NPG0.3 {[(CH3)3C(CH2OH)]0.7/[(CH3)2C-
where VmA and VmB are the molecular volume for the A and(CH2OH)2]0.3} molecular alloy.
B components of the mixed crystal, respectively. Thus, the
temperature- and composition-dependent packing coefficient

227.4 K, in addition to the upper solvus corresponding to the j(x,T ) is defined as:
[M+CF] to [CF ] transition. For mole fractions with x∏0.5
the thermodynamic equilibrium is not reached owing to the

j(x,T )=
(1−x)VmA+xVmB

V
z
(x,T )fact that the triclinic structure of the necessary limiting solid

solution does not appear on cooling. Therefore, on the heating
where V

Z
(x,T ) is the available unit-cell volume per moleculeruns, only the upper solvus corresponding to the [M+CF ] to

of the molecular alloy.[CF ] transition is present. Such an experimental fact can be
In order to account for the influence of the substitutionprobably associated to the readiness of the orientationally

process in the molecular alloys by analysing the packingdisordered phases of NPA to be undercooled and subsequently
evolution vs. composition, the temperature effect must beto be frozen in a glassy state.54 Unlike the previous two-
avoided by measuring the lattice volume at constant T (as hascomponent NPA–NPG system, no glass transition was detected
been shown in previous sections). To evaluate Vm the moleculesfor the low mole fraction samples in the experimentally
have been built up by means of the standard distances betweenavailable temperature domain.
atoms (irrespective of the type of molecule) and van der Waals
radii. The values were taken from references 56–58. Table 2Crystallographic study at 303.2 K. The continuous variation
summarises the calculated molecular volumes.of the cubic lattice parameters of the disordered mixed crystals

Fig. 7 depicts the evolution of the packing coefficient vs.vs. mole fraction at 303.2 K (see Fig. 4) implies isomorphism
composition for the preceding two-component systems ana-between the orientationally disordered phases of NPA and
lysed in the previous sections together with those formerlyMNP.
published. The B component of the A1−xBx molecular alloy
has been chosen as the molecule having the largest number of3.3 Packing of the orientationally disordered molecular alloys
CH2OH groups. Whatever the two-component system ana-
lysed, the experimental results confirm that the packing param-Most of the ordered low-temperature structures of the

compounds belonging to the series studied in this work eter is an increasing function of the number of potential
intermolecular interactions by hydrogen bonds. To reinforce(CH3)4−n1C(CH2OH)

n1 and (NO2)(CH3)3−n2C(CH2OH)
n2 as

well as similar series such as (NH2) (CH3)3−n3C(CH2OH)
n3 this idea, two additional experimental findings should be

pointed out. On the one hand, the highest change in thehave been solved. The common feature is the existence of
strong intermolecular interactions by means of the bonds packing coefficient on going from x=0 to 1 is determined

Table 2 Molecular volumes (Vm) for the pure components and eK values for the two-component systems

System A–B VmA/Å3 VmB/Å3 eK

NPA–MNP 102.6 103.7 0.904
[(CH3)3C(CH2OH)]–[NO2(CH3)2C(CH2OH)]
NPA–NPG 102.6 108.9 0.938
[(CH3)3C(CH2OH)]–[(CH3)2C(CH2OH)2]
NPG–PG 108.9 115.2 0.941
[(CH3)2C(CH2OH)2 ]–[(CH3)C(CH2OH)3]
TBN–NPA 97.4 102.6 0.882
[NO2C(CH3)3]–[(CH3)3C(CH2OH)]
TBN–MNP 97.4 103.7 0.935
[NO2C(CH3)3]–[NO2C(CH3)2(CH2OH)]
PG–PE 115.2 121.4 0.946
[(CH3)C(CH2OH)3]–[C(CH2OH)4]
MNP–NPG 103.7 108.9 0.889
[NO2C(CH3)2(CH2OH)]–[(CH3)2C(CH2OH)2]
MNP–PG 103.7 115.2 0.826
[NO2C(CH3)2(CH2OH)]–[(CH3)C(CH2OH)3]
AMP–TRIS 103.6 109.9 0.939
[NH2C(CH3) (CH2OH)2]–[NH2C(CH2OH)3]
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As a conclusion of these results when continuous disordered
mixed crystals from x=0 to 1 are formed (i.e., the existence
of isomorphism), the intermolecular interactions control the
structure of the orientationally disordered molecular alloys.
Such a conclusion was already announced for ODICs in the
case of molecular alloys between non-isomorphous plastic
phases.19 To go further into the research in two-component
systems of this type of materials, an approach connecting this
structural parameter with the thermodynamic properties has
been performed and is presented in the following paper.
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