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Abstract: Molecular mechanics simulations within the field of threean(when disorder is present) crystal

lattice have been used to settle most of the ambiguities inherent to the interpretation of the diffraction experiments
on (E)-stilbenes. A dynamic process can be inferred by diffraction methods only if it leaves a track in the
atomic displacement parameters or gives rise to some disorder or to some anomaly in the bonding parameters.
However, since diffraction experiments map (according to Boltzmann’s statistics) only the bottom of the local
minima of the potential energy surface, many possible sources of misunderstanding are present. Indeed, the
coupling of molecular mechanics to Kitaigorodsky’s ateatom pairwise potential approach, offering a detailed
description of the solid-state trajectories (and of the involved energy changds)siflibenes, has allowed a
rationalization of the observed dynamic molecular disorder, which differently affects different crystal sites,
and has led to guantitatie description of the anomalous temperature dependence of the ethylene bonding
parameters in these compounds.

Introduction two half independent molecules in the asymmetric uhitand

13, both lying about inversion centers (thb @nd Z Wyckoff
positions, hereafter labeled asandg sites, respectively) and
both nearly planar. Some orientational disorder affectsothe
site (actually occupied by molecules in two different orienta-
tions, 1, and 1, almost related by a 18Qotation about the
C(1)---C(2) axis) but not the3 one (Figure 1).

At room temperature (hereafter rt), the two independent
ethylene bonds, C(AC(7") of 1, and1s are apparently shorter
(0.05 and 0.02 A, respectively) than the standard length of an
isolated ethylene bond (1.337 A), and on lowering the temper-
ature, their length increases (at 113 K, the bonddris still

We have recently devised a general, computationally easy
method, which couples molecular mechanics (MM) to Kitaig-
orodsky’s atom-atom pairwise potential (AAPP), to minimize
the steric energy of a molecule, polymer, surface, or net within
the field of a fixed, or periodically updated, crystal latticEhese
MMAAPP computations afford the “solid state” conformation
of the molecule, its intramolecular steric energy, and its
interaction energy with the surrounding lattice and are ideally
suited for studying relative stabilities of different polymorphs,
plastic deformations of a whole crystal lattice, molecular motions

of flexible guest molecules in host crystal lattices, and factors shorter than expected, while thatinapproaches the “normal”

controlling solid-state reactivity. In this paper we will show that . S -
our approach helps in understanding the solid-state dynamicsvalue): Itis noteworthy that no othgr bondllrmllsplgys a similar
behavior, much smaller lengthening effects being observed on

of a class oflexiblemolecules, namel)-stilenes, by offering decreasing the temperature. In addition, all angles but those
a detailed description of their solid-state trajectories (and of the involvin t%e c7y- Cp(7') bond have uite'normalgvalues and
involved energy changes), allows a rationalization of the 9 d

) . . . just marginally dependent on temperature. In detail, the
observed dynamic molecular disorder which differently affects 2 EJS - RPN
different crystal sites, and leads t@aantitatie description of C(1)~C(7)~-C(7) bond angles and the C(L(1)-C(7)-C(7)

the anomalous temperature dependence of the ethylene bonding':(fgir arl]igggrlﬁls iﬁgﬁtaent:ﬂgr:;fsfﬁ f;?%é?gagirﬁd'(;;d evci:\ljsls
parameters in these compounds. 9 y ge, 9 9. resp Y

. ' . as the temperature is lowered (see Table 1).
The crystal structure oH)-stilbene () was first determined, The t ture d d h by th ted bondi
as early as 1937, by Robertson and Wood®aiging photo- € lemperature dependence shown Dy the quoted bonding

graphic methods, but owing to the peculiarities of X-ray parameters casts some doubts on the quality of their estimates,
diffraction results’and the relevance dfto many theoretical which should not be rega_rded as real b.Ut’ rather,_as an artifact
and spectroscopic investigations, it has been subsequentl ue to some local dynamic process taking place in the crystal.

redetermined many times in different experimental conditfofs. Since the anomalous shrinking of the ethylene barithout

1 tall in th lini t ith orientational di;orde? has_been observed, at rt, in many
crystallizes in the monoclinic system, space gréagc, wi compounds having theEj-stilbene skeleton, such ag)¢2,2-

dimethylstilboene 2Z) (Scheme 1), Ogawa and co-workers
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with cell parameters fixed to their rt experimental values, to reach the
closest minimum of the potential energy surface. Then, the whole crystal
structure was minimized, optimizing alternatively the cell parameters
and the conformation of the independent molecules. For spécike
experimental parameters were in fair agreement with their optimized
) ) . ) o values & = 15.705 (15.674) Ap = 5.725 (5.729) Ac = 12.379
F_|gure 1. SL_Jperlmposmon of the two disordered individuals at the (12.298) A = 111.895 (111.730) V = 1032.7 (1025.8) A, so that

site of [€)-stilbene L, + 1). The two molecules are almost related  he former set could be adopted in all of the following calculations.

by a 2-fold rotation about the C(3)C(T) axis. On the contrary, a comparison between the experimental and the
optimized parameters f@ (a = 10.892 (10.852) Ab = 6.695 (7.205)

discovered that, as the temperature is lowered, the-Gg{7y) A, c=8.681 (7.920) A = 98.540 (94.277) V = 626.0 (617.6) A)

bond length significantly increases, although remaining shorter revealed some discrepancy, and both were employed in subsequent

than in an isolated €C double bond. He also found that the computations to check the consistency of the results.

C(1)—C(7)—C(7) and C(6)-C(1)—C(7)—C(7) angles show a  Finally, all simulations of the solid-state dynamics were performed

marked temperature dependence, aslimeaching (almost) in aflxe_d crystalll_ne enV|r0r_1ment, driving the selected molecule along

reliable values only at 118 K, whereas all other bonding he desired reaction coordinate.

parameters are substantially temperature insensitive. Accord- Disordered Systems.To model disordered crystals, we allow the

inal : iaid body librati f th hol | | Id presence of “fractions” of a molecule in our computations. In ref 1 we
ingly, since a rigid body libration of the whole molecule cou defined our model of the crystal as constituted by the ensemble of a

not account for the above behavior, Ogawa suggested that«eference molecule” (RM), and a set of “surrounding molecules” (SM),
moderatevibrations of the C(6) C(1)—~C(7)—C(7) and C(7)- generated applying the appropriate space group symmetry operations
C(7)—C(1)—C(6) dihedral angles may promote the intercon- to the RM. The latter could indeed contain more than one independent
version, through a flat transition state, of two enantiomeric molecule, but no explicit reference to this point was originally made.
forms, which are related by a reflection plane almost parallel At variance, in the following we briefly develop the formalism for

to the aromatic rings and differ in the orientation of the ethylene dealing with more than one molecuper RM. _
bond. At this point, the supposed presence of two enantiomers As for the simple case of a single |r_1depende_n_t molecule, the steric
led Ogawa to reconsider the orientational disorder problem and energyper RM clusterin the crystal Eg) is still partitioned as follows:
discover that it affected als® (see Figure 2). As expected for E,=E.+E

a dynamic process, the disorder ratio was temperature-depend- ntra - nter

ent, ranging from 0.65:0.35 at 298 K to 0.90:0.10 at 118 K, g is the sum of the conventionainframolecular) steric energies
and this dependence allowed the computation of the enthalpyfor the n individual molecules constituting the RM, each weighted by
difference between the two enantiomeric forms in their crystal- its site occupancy factow, i = 1, ...,n)

line environment. Differently, inls, Ogawa was unable to
separate the contribution of two enantiomers but suggested their
hidden presence in order to describe the dynamics occurring at
this site and explain the temperature dependence of ethylene

bond length. _ _ o while Eper is the sum of all nonbondedptermolecular interactions
Eventually, dealing with E)-azobenzene, which is isomor-  petween the molecules of the RM and those of RNEM
phous to E)-stilbene, Ogawasuggested that the very same
dynamic process he proposed fgrand2 was also operative n N Mpack
in 1, but due to the different crystalline environmeits Enter = Z Z W, Ejpiedi ) (W = W)
amplitude was somewhat largéndeed, large vibrations of the =T j=1T1
€l C) S0 Gy CT) OO e v e o o 1 e S 0. enr
9 Y thy! molecule belongs to SMy; is the occupancy factor of its “generating”
almost orthogonal to the plgne of the aromatic rings and molecule. To eliminate the intermolecular contribution due to different
eventually result in a 180rotation of the ethylene bond about  gisordered components at a single crystallographic site in RM, we set
the C(1)--C(2) axis (see Figure 3). w; = 0 if the molecules andj are two mutually excluding components
Following these observations, we developed an interest in of RM. Note that, at variance from what we have done in ref 1, here
(i) explaining the disorder at the site and the short ethylene  all summations run over molecules rather than atoms; however, this
bond at thef one in compoundl, through a molecular does not imply a whole topological description of the SM because the
mechar"CS and a thermodynam|c approach’ (”) tes“ng Ogawaonly molecular property of interest is the site occupancy fa&@r.
dynamic models forl,, 1 and2 with the aid of molecular directly refers to a local property of the whole RM and is the functional
mechanics computations; (iii) calculating the mean values of ©© Pe minimized to optimize the crystal structure. However, it is
lected temperature-d ndent metrical paramet " convenient to define also global properties for each molecule in the
selected te pe.a ure-aepe e’ geq _e cal parametdys o RM, namely its potential packing ener@@PHKi) and the derivedes*
and of 2, applying Boltzmann’s statistics to the molecular
mechanics results. N+ Mpack
PPE() = WE, . (i,j)
Meth0d0|Ogy A i |nter(

n
Eintra = W| Eintra(i)

Molecular Mechanics Calculations.All of the computations have n
been done employing a local version of MM3 upgraded in order to . N
deal with crystal lattices. Minimizations were carried out with the full- E Wi[Ejnyo(i) + 7,PPEQ]
matrix Newton-Raphson algorithm using the standard MM3(92) force
field’® and employing a delocalized description of the conjugated (5 pe used to compare computed steric energies with the global
m-system. Initially, for each phase, the experimental molecular con-

formation was allowed to relax in a periodically updated crystal lattice, ~ (10) Allinger, N. L.; Yuh, Y. H.; Lii, J.-H.J. Am. Chem. Sod 989
111, 8551-8566. Lii, J.-H.; Allinger, N. L.J. Am. Chem. S0d.989 111,

(9) Harada, J.; Ogawa, K.; Tomoda,/&:ta Crystallogr.1997, B53 662 8566-8575. Lii, J.-H.; Allinger, N. LJ. Am. Chem. Sod989 111, 8576~
672. 8582.
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Table 1. Comparison between Experimental and Computed Geometrical Parameters for Comband@®s

J. Am. Chem. Soc., Vol. 121, No. 15, 13880

compd  T(K) C(7)-C(7) (&) C(1)—C(7)-C(7) (deg) C(6y-C(1)-C(7)-C(7) (deg) ref

1o 298 1.295 1.303 125.8 127.4 3.3 1.0 3
298 1.288 126.2 3.2 4

295 1.328 - 126.8 - 3.6 - 60

1.330 126.2 5.3

113 1.331 1.330 126.1 125.9 3.4 0.5 5

1 298 1.318 1.321 126.7 126.7 5.0 8.4 3
298 1.313 127.0 5.6 4
295 1.326 126.4 5.3 6

113 1.341 1.341 126.0 125.6 6.9 9.0 5

2 298 1.283 1.271 1239 1283 129.5 131.2 11.7 13.8 12.9 8

234 1.300 1.283 1253  127.3 128.6 130.1 13.6 15.3 14.8 8

175 1.310 1.298 1272  127.0 127.5 128.8 15.4 17.2 17.5 8

118 1.321 1.318 1300 126.4 126.2 126.8 18.0 19.7 21.2 8

a Computed values are given in italicsSince ref 6 gives distinct values for the two disordered components which were, however, restrained to
be similar to those olg, a comparison with our computed values is not possifi@r compound the two computed values quoted refer to the

optimized and the original cell, respectively.

Scheme 1

(MR=H
(2R =CH;

Figure 2. Superimposition of the two enantiomeric forms Bj,2-
dimethylstilbene ) according to Ogawa’s dynamic model of disorder.
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The two molecules are related by a reflection plane nearly parallel to Figure 3. The mechanism of interconversion betweknand 1, at

the aromatic rings, and differ in the orientation of the ethylene bond.

properties of the crystal. In particuld* is related to the sublimation
enthalpyper RM clusterby the following relation:

n
AH5= Es. - Z WiEgaJi)
&

whereEg.di) is the steric energy of the isolated moleculi its gas
phase conformation. When timemolecules in RM are equal (as in the
case ofl), the sublimation enthalpper mole of compoundan be
obtained dividing byn, or more generally, by w.

Results and Discussion

Origin of Disorder in 1. This problem has been previously
tackled by Bernstein and Mirsky, who managed to include the
degree of disorder at the site in the evaluation of the lattice
energy in their AAPP calculatioridtheir results were consistent
with the preference for disorder at thesite only, and showed
that its amount was limited to a maximum value of 20% at 298
K. The method outlined in the following, despite the similarities
with that of Bernstein and Mirsky, allowing @omplete

(11) Bernstein, J.; Mirsky, KActa Crystallogr.1978 A34, 161-165.

the o site of (E)-stilbene, according to Ogawa’s pedal model. Wide
vibrations of the C(6)-C(1)—C(7)—C(7) and C(7)-C(7)—C(1)—C(6)
torsional angles lead to a transition state with the ethylene bond almost
orthogonal to the plane of the aromatic rings, and eventually result in
a 180 rotation of the ethylene bond about the C{i¢(1') axis.

optimization of the disordered crystal and, taking into account
entropic contributions, should grant superior results. In detalil,
(i) four hypothetical, ordered crystals were generated from the
four couples of independent moleculds,(15), (1o, 15), (1a,

1z), and (v, 1g)—1ly and 1z being related tol, and 1g,
respectively, by a 180rotation about the C(1)-C(1) direction;

(ii) the ordered crystals were allowed to relax, finding relative
sublimation enthalpies of 0, 0.16, 1.39, and 1.86 kcal thol
respectively; this implies that the presence of disorder afthe
site is considerably more costly than at thene (in qualitative
agreement with the fact that disorder is experimentally detected
only at thea site) and allowed us to focus on the latter site
only; (iii) relative sublimation enthalpies for the real, disordered
crystal as a function of the fraction of disorderthea site (p)
were evaluated including thk, 1., andls molecules with site
occupancy factors equals to £1p), p, and 1, respectively, and
employing the experimental cell parameters at rt (computdfions
have been done fgr values from 0.0 to 1.0, in steps of 0.1);
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Figure 4. Dependence of the computed enthalply &nd free energy Figure 6. Energy profile along Ogawa'’s reaction path at thsite of

(G) from the amount of disorder at thesite in 1. Solid and dashed (E)-stilbene (g). The two minima differ by 2.6 kcal mot (AHy),

lines have been obtained by interpolation of the data determined usingand are separated by an energy barrier of 9.7 kcat hfalH*15), thus

the experimental (at rt) and the optimized cell parameters, respectively. suggesting, at variance from that proposed by Ogawa, the availability
of the full rotation of the ethylene bond even at {hsite.

increase of the cell volume, the potential packing energy of the
ordered crystal could have been underestimated. Allowing cell
optimization on minimizing the disordered crystals, we found
that the volume does indeed increase on raising the amount of
disorder and that th& minimum moves to a lowep (0.14),
reaching an even better agreement with the experimental results
(see Figure 4).

(E)-Stilbene Dynamics at theo. Site. The energy profile for
Ogawa’s reaction path fd, (see Figure 5) has been computed

A by applying a torsional driver (37 steps of°18ach) to the

50 100 150 200 20 dihedral angles C(6)C(1)—C(7)—C(7) of the proper molecule

C(6)-C(1)-C(7)=C(7") 1 ° (in the frozen crystal lattice). The presence of a center of

Figure 5. Energy profile along Ogawa’s reaction path at thsite of symmetry has induced an opposite rotation of the)e(6(1)—
(E)-stilbene (). The two minima differ by 0.7 kcal mot (AHy,), C(7)—C(7) angle. The overall deformation path resulted to be
and are separated by an energy barrier of 15.1 kcal@lH*y), the “pedal” motion reported in Figure 2, i.e., a rotation of the
thus confirming the dynamic nature of the disorder. Being related by C(7)—C(7) bond about the C(1)-C(1') axis, substantially not
a 2-fold rotation of the ethylene bond about the G(Q(1') axis, they affecting the phenyl rings. Even by dropping the molecular
prove the availability of Ogawa’s mechanism fhy. center of symmetry, the isolated minima were centrosymmetric
(and real stationary points on the whole potential energy
hypersurface). The “real” path is not necessarily centrosym-
metric, yet centrosymmetry was imposed to allow a comparison
between the computational and the experimental results. The
- _ _ _ presence of two minima, related by a 2-fold rotation of the
S R = p)in(L = p) +pinpl ethylene bond about the C¢(1)C(1) axis and with “similar”
The computed enthalpies at various degrees of disorder showenergies AHi, = 0.7 kcal mot?), is consistent with the
that, from an enthalpic point of view, a perfectly ordered crystal observed disorder. Moreover, the presence of a “medium”
(p = 0.0) is preferred (see Figure 4). However, since the energy barrier among them*, = 15.1 kcal motf?) confirms
configurational entropy has its maximum foe= 0.50, the Gibbs the dynamic nature of this disorder, the feasibility of the pedal
free energy function has its minimum fpr= 0.18 (see Figure ~ motion at rt and its quenching at 113 K (no disorder has been
4). This figure compares well with the experimental result observed at that temperature).
obtained by Kroon et al.p(= 0.13f and with that computed (E)-Stilbene Dynamics at thef Site. It is noteworthy that
by Bernstein and Mirsky f < 0.20), while the straight the energy profile reported in Figure 6, computed asgr
Boltzmann’s statistics (applied to the relative energy oflan  does not justify just dimited libration about the C(6}C(1)—
molecule in the orderedl{, 15) crystal, AHy, in Figure 5) C(7)—C(7) and C(7)-C(7)—C(1)—C(6) torsional angles as
overestimates the disordep & 0.25). However, the above Pproposed by Ogawa; furthermore, the computedfs of 9.7
computations have been made using the rt experimental cellkcal mol~* implies an even faster dynamics than that at gite
parameters which, referring to theetual disordered crystal, ~ However, sinceé\Hys is much larger tharhH1, (2.6 vs 0.7 keal
might bias the computational results. In particular, since we mol~?), this motion does not result in any disorder and leaves
expect that the presence of some disorder determines a s|ighpnly subtle traces in the diffraction results (i.e., the anomalous
- . - shortening of the C(AC(7') bond length and its temperature
(12) Computations have been done employing a localized bond model dependence).
for the stilbene molecules (ITYPE 50 and 2, for the benzene and the ethylene

carbon atoms, respectively) because the upgrade of the force-field parameters  Quantitative Evaluation of Time Averaged Bonding
required by the delocalized model caused the optimization procedure to be Parameters in 1.The potential wells reported in Figures 5 and

unstable. However, we think that a localized model is adequate to describe6 associated with the torsional vibrations of the C(26J1)—
the shape of the molecules in their minimum energy conformation, as needed ! !

to account for the static behaviour of the disordered model, since a very C(7)_C(7)_¢(1')._C(2,6'.) mqiety, are adequately wide to
accurate description of torsional deformations is not necessary. allow ample librations which, independently from the presence
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(iv) the configurational entrop$ associated to disordeit the
a site only(hencen = /,) was calculated according to the usual
Boltzmann formula
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of disorder, can be responsible for the apparent shrinking of v
the ethylene bond and, since the librational amplitude decreases 20r
with temperature, are also responsible for the anomalous 18
lengthening of the ethylene bond on lowering the temperature. 16
More importantly, the actual shape of these potential wells 145
allows the computation of the time (thermal)-averaged values 12
of the temperature-dependent geometrical parameters at the
desired temperatures and to compare them with the correspond- 8
ing experimental values (see Table 1). After the minima were 6
localized, the shape of the reaction path in their vicinity (within 4

ol

0

E. / keal mol™

a range of 3 kcal mol) was determined in greater detail by a
dens_er sampling (’Znsteaq (_)f 10) of the reaction coordinate e om0 o0 o0 250
g. This allows a more realistic evaluation of the time (thermal)- CE-C(1)=C(T)=C(T) /1 *

ayeraggd atomic Iocatlonﬁkilj. which should l_)e the X-ray Figure 7. Energy profile along Ogawa’s reaction path f&)-2,2-
diffraction observable, according to the following formulas: dimethylstilbene 2) computed using the experimentat) and the
CE@RT optimized (- - -) cell parameters. Quantitatively, the overall differences
e @ are well within the expected uncertainties of our computations; however,
w(g) = _E(q)/RT from a qualitative point of view, it may be thought that the two profiles
fe da convey different information about the eventual presence of disorder.
Yet, the barrier between the two minima in the solid profile is so small
o= fW(Q)Xi(Q)dq and their interconversion so rapid, that the overall motion is the very
same ample libration permitted by the flat well of the dashed profile.
where the discreteness of the “vibrational” levels associated with MOreover, in both cases, the highest energy barrier does not exceed 10
the given potential well has been neglectedq) are the kcal mo_rl, t_hus suggesting, at variance from that proposed by Ogawa,
, . . . . the availability of the full rotation of the ethylene bond.
Boltzmann'’s statistics weights amg(q) are thei atom coordi-
nates ag (as estimated from our MMAAPP computations for
each sampled point). We actually computed in this way the
coordinates of C(1), C(6), C(7), and CYderiving the related
C(7)—C(7) bond distance and C(xC(7)—C(7) and C(6)
C(1)-C(7)-C(7) angles therefrom. As long ds is concerned,
both Finder and Bernstein reported averaged geometrica
parameters (they did not separate the two disordered individu-
als), whereas Boustra gave distinct valueslfpandl, which
were, however, restrained to be similar to thoségfAccord-

AH*, of 0.6 and 0.06 kcal mot, respectively, related by a
mirror plane almost parallel to the aromatic rings) supports the
disordered model proposed by Ogawa, who computéda

of 0.6 kcal mot?! from the temperature dependence of the
Imolecular site occupancy factdt©n the contrary, the dashed
profile lacks the two mirror-related minima but presents a flat,
asymmetric potential well, characterized by an inflection just
where the other profile has the mirror-related minimum. These
ingly, even if we could carry out our computations within the differencgs obviously persist also aftfer the denser_ sampling of
individual 1, or 1. potential wells, to compare our results with the reaction paths needed for the estimate of the time-averaged

those of Finder and Bernstein, we computed the averages bygeometrical parameters and result in slightly d'iffererln estimated
considering in the integration both basins (which are shaded in V&lues. In particular, the dashed path, even if lacking the two
Figure 5). From a qualitative point of view, the agreement is Minima, affords a better match between experimental and
fairly good since, on decreasing the temperature, the two setstheoretical trends (see Table 1). Quantitatively, the overall
of parameters show the same trend. The agreement is good eveflifférences are well within the “expected” uncertainties of our
from a quantitative point of view for all of the bonding Computations; however, from_a qualitative point of view, it may
interactions but for the C(6)C(1)~C(7)-C(7) and C(2)- be thought that the two profiles convey different information
C(1)-C(7)—C(7) torsions. As forl,, again, from a qualitative about the eventual presence of disorder. The latter seems Fo be
point of view, the agreement is good. Quantitatively, the major Supported by the two minima present along the solid profile,
discrepancy is once more found for the above torsions. Indeed,While the dashed one should allow only large librational motion
the averaged coordinates differ from the experimental onest0 be invoked. Yet, the barrier between the two minima is so
within 0.01-0.05 A, the C(2), C(3, C(6), and C(§ atomic small that their interconversion is very rapid, resulting in the
positions being the more affected. very same ample libration permitted by the flat well of the
(E)-2,2-Dimethylstilbene Dynamics.The energy profile for dashed profile. Thus, according to both profiles, the molecule
the pedal motion o2, determined as fat,, is reported in Figure is affected by a very ample, fast librational motion, responsible
7, where the solid line refers to the computations made with both for the detected geometrical anomalies and for the
the experimental cell parameters, and the dashed line refers tgincertainties in individuating the supposed disorder. Indeed, a
those made with the optimized cell parameters (see Methodol-substantial interconvertion barrier like that separatipgrom
ogy). The two profiles are similar, definitely more complex than Lo allows more conclusive considerations about the presence
those forl, and1s, and since the highest barrier does not exceed of disorder. Actually, the difficulty in treating emerges even
10 kcal mot™, the full pedal motion is allowed no matter which  in the work of Ogawa, where the site occupation factors resulting
cell parameters are used in the simulation. Thus, as for thefrom the refinement of the structure at 298 and 118 K do not
dynamics at site3, our computations suggest that Ogawa compare at all, both from a quantitative and from a qualitative
managed to recognize the nature of the observed phenomenaoint of view, with those evaluated on the basis of the disorder
but, lacking the proper tool for a quantitative evaluation of his model. At this point we have also attempted to theoretically
proposal, failed to assess the actual amplitude of the libration. evaluate the amount of disorder, proceeding as in the cake of
As for the shape of the potential well (see inset in Figure 7), Unfortunately, our results poorly agree with those computed
the two profiles do convey different information. According to by Ogawa (0.15 vs 0.35), even if cell optimization in the
the solid profile, the presence of two minima (wittH, and presence of the “experimental” amount of disorder (at 298 K)
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affords cell parameters and volume in fair agreement with the MMAAPP computations on a class @iexible (E)-stilbenes,

experimental ones. offering a detailed description of the molecular solid-state
_ trajectories (and of the involved energy changes), not only allow
Conclusions the confirmation the availability of the pedal motion but also

A dynamic process can be inferred by diffraction methods lead to aquantitative evaluation of the anomalous t_emperature
only if it leaves a track in the atomic displacement parameters dépendence of the ethylene bond parameters in these com-
(ADPs) and/or gives rise to some disorder or to some anomaly Pounds.
in the bonding parameters. However, since a diffraction experi- Summarizing, our computations (i) afford a theoretical
ment maps (according to Boltzmann'’s statistics) only the bottom estimate, better than that of Bernstein and Mirskpf the
of the local minima of potential energy profile many possible disorder experimentally observedin(ii) confirm the substan-
sources of misunderstanding are present. Indeed, as previouslyjial features of Ogawa’s interpretation of the anomalous solid-
shown for the solid-state dynamics ofsf€0);»,'3the presence  state behavior off)-stilbenes, (iii) suggest that, at RT, the pedal
of a soft vibrational mode (determining the ADPs shape) cannot motion is fully operative in all the situations here considered
exclude the occurrence of a more energetic, but still allowed, (1o, 15 2), and (iv) allow aquantitatve estimate of the
process along a different reaction path (not leaving tracks on anomalous temperature dependence of the ethylene bonding
the ADPs). Analogously, when Boltzmann’s statistics assigns parameters in these compounds)-Azobenzenes have solid-

a negligible population to a reaction “intermediate”, the failure state structures and features very similar to thos&)eétilbenes,

to observe it cannot be used as an argument about theand since we are inclined to believe that results similar to those
occurrence, or the amplitude of the dynamic process underobtained for E)-stilbenes will emerge forH)-azobenzenes as
scrutiny. Diffraction studies at different temperatures allow well, we are planning to extend our computational approach to
ascertaining the dynamic nature of temperature-dependentthat system.

features, but still little can be said about the details of the
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