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The special case of the stacking of trihalogeno mesitylene (TXM) molecules has been investigated. Below 300 K, these molecules lead to needle shaped crystals in a triclinic arrangement. Thanks to DFT computations and an empirical atom-atom interaction model this packing mode has been rationalized. Aggregates of TXM molecules differently packed have been considered, namely dimers and trimers of type A, the molecules being piled one over the other along the axis a, and dimers B and trimers B, the molecules lying in the same bc plane. From the computations, it appears that the stabilizing energy of formation of a dimer of two molecules piled along a is several times larger than the energy gain obtained from the formation of a dimer of two neighbors in the bc plane. It has also been found that the energy of formation of a trimer of type A is approximately twice the energy of formation of a dimer A, so that an additive rule occurs. These conclusions are in perfect agreement with the experimental observations of the shape of the crystals obtained by crystallization from a super-saturated solution of TXM in an organic solvent: long needles with TXM molecules stacked along the axis a have always been obtained and never thin plate-like crystals.

Introduction:

Investigating the nature and the role of the intermolecular interactions which drive molecular stacking in crystals is of importance especially for crystal engineering. Among the different possible driving forces at work in the interaction between substituted benzenes, van der Waals (vdW) interactions, π-π stacking or hydrogen bonding in some cases, have been pointed out. In the case of benzene derivatives bearing halogen substituents, the influence of halogen-halogen contacts (since the X…X distance could be shorter than twice the vdW radii) and halogen bonding have also been cited.

We are interested in the special case of the stacking of trihalogeno mesitylene (TXM) molecules. The latter species exhibit a dipole moment almost equal to zero. Below 300 K, these molecules are packed in such a way that they lead to needle shaped crystals in a triclinic arrangement. To shed light on the origin of such crystal structures, we investigate theoretically different possible packing modes, considering several sets of molecules, using two theoretical approaches, namely Density Functional Theory (DFT) computations and an empirical atom-atom interaction model. The computations of the packing energies and of the optimized geometries of the considered molecular clusters are carried out to assist the understanding of the observed stackings. Furthermore, new crystallographic and thermal analyses are carried out.

Previous works on halogenomethylbenzenes

As early as 1940 [1], researchers at Bell Telephone laboratories were interested by hexa-substituted benzenes (HSB) of general formula C 6 X n Me (6-n) containing both halogen atoms and methyl groups (X = Cl, Br, I and Me = CH 3, n varying from 0 to 6) because of their relatively high dielectric static constant at room temperature in the solid state. The large permittivity found at 300 K for frequencies larger than 10kHz and even 1 MHz, is explained by the possibility for the molecules to rotate by 60° steps, leading to the characteristic Debye absorption-dispersion phenomenon. The validity of this hypothesis of an orientational dynamic disorder was confirmed in 1958 by the X-Ray Diffraction (XRD) determination of the crystal structure of the 1,2-dichloro-3,4,5,6-tetramethylbenzene (dCtMB) [2] at room temperature. The crystal is monoclinic and the space group is P2 1 /n with 2 "mean" disordered molecules per cell. In the seventies, the structures of several other HSB were studied, all of them were found to be disordered [3][4][5][6] within the space group P2 1 /n. At the same time, two European groups have systematically studied HSB by proton nuclear magnetic resonance and dielectric susceptibility in the 70-320 K temperature range [6][7][8][9][10]. They established that what Kitaigorodski called the "rotational crystalline state" was widespread [START_REF] Kitaigorodski | Molecular Crystals and Molecules[END_REF]. In this state, the "quasi hexagonal" discotic molecules are rotating by of 60 or 120° steps into their molecular plane at frequencies often larger than 1 MHz while an ordering in a static state is appearing below 150 K [3,9,10]. Amazingly, until 1995 no work has been done to establish the structure of the symmetrical trihalogeno-mesitylenes congeners C 6 X 3 Me 3 (or TXM). Our group, in the period 1995-2002, has established that below room temperature, TXM compounds crystallize in the P-1 triclinic group without any apparent disorder and not in the monoclinic group like the others HSB. The structure of the trichloro-mesitylene (TCM) at 150 and 297 K was solved by XRD [START_REF] Tazi | [END_REF], that of the tribromomesitylene (TBM) was solved at 295 K by XRD [13] and at 14 K by neutron diffraction (ND) [14] while that of the triiodo-mesitylene (TIM) was solved at 293 K by XRD [15] and at 15 K by ND [16].

So below 300 K, these TXM molecules are always packed in a triclinic arrangement and stacked as pancakes along the oblique axis a, giving crystals with a needle shape (Figure 1). The molecular plane lies practically into the bc plane (deviation smaller than 5°) forming a quasi-hexagonal arrangement characterized by halogen synthons: Cl 3 , Br 3 or I 3 but also (CH 3 ) 3 synthons (Figure 2). The planar bc layers are stacked in an antiparallel manner along the axis a. This triclinic arrangement below room temperature was confirmed later by XRD [17] and ND experiments [18]. The Figures 1 and2 give two projections of the common structure. Figure 1 is a projection on the ab plane and Figure 2 the projection on the bc plane in the case of the TIM at 293 K. In fact, the case of TCM is a little more complicated: from X-ray [START_REF] Tazi | [END_REF]18] and calorimetric measurements [19,20] it has been established that below 300 K, TCM exhibits two different triclinic crystal phases differing only by translations of the molecules in the bc plane while there is a "sluggish' transition around 160 K. To summarize, at temperatures below 160 K, TCM, TBM and TIM, are rigorously isostructural, irrespective of the nature of the methyl group (CH 3 or CD 3 ) as shown in Table 1. However, no experiments have been done above room temperature and in consequence only partial information was available to draw general conclusions regarding the structures of TXM species in the solid state. Table 1 -Crystal cell parameters for C 6 X 6 (CH 3 ) 6-n using the convention a < b < c and 60° < angles < 90° for the triclinic cell even if another convention was used in the published papers. For comparison data for two symmetrical hexa-halogeno-benzenes C 6 Cl 3 I 3 and C 6 Br 3 I 3 are also tabulated. New crystallographic and differential thermal analysis data on trihalogenomesitylenes.

Mat C6Cl3(CH3)3 C6Cl3(CH3)3 C6Br3(CD3)3 C6Br3(CD3)3 C6Br3(CH3)3 C6Br3(CH3)3 C6I3(CH3)
In order to have a complete overview of the thermal history of TXM compounds, Differential Scanning Calorimetry (DSC) experiments have been performed from 223 K up to 513 K (Figure 3 and Figures S1 and S2 in Supporting Information SI). TCM and TBM were found to melt into an isotropic phase at 484 K and 499 K, respectively, whereas TIM compounds melt at much lower temperature around 433 K. The melting of the compounds into an isotropic phase was confirmed by polarized optical microscopy investigations. The melting transitions are also associated to high enthalpy values around 30 to 50 J.g -1 . A phase change from an ordered triclinic to a disordered monoclinic structure was also observed around 319.5 K for TCM, 362.5 K for TBM and 327.5 K for TIM. This crystal-crystal transition requires far less energy and the transition enthalpies are found to lie around 3-5 J.g -1 .

Temperature-dependent X-ray diffraction experiments performed on TCM single crystal upon heating confirm the presence of a phase transition between 315 and 320 K. Below 315K, the compound crystallizes into a triclinic unit cell (a = 7.7907 Å, b= 8.8483 Å, c = 8.8782 Å,  = 119.3439°, = 107.1781°,  = 96.1198°, vol = 485.923 Å 3 at 315K), whereas, above 320K, the compound crystallizes into a monoclinic unit cell (a = 8.2578 Å, b = 3.8981 Å, c = 14.2567 Å, b = 94.0246°, vol = 457.784 Å 3 , at 320 K). Unfortunately, the crystal structure of the TCM compound in the monoclinic crystal system could not be solved due to the appearance of cracks in the crystal above 320K.

A second thermal anomaly between two disordered phases also occurs at 396 K for TCM and 456 K for TBM (Figure 3). This second transition is not observed with TIM but it cannot be excluded that this transition is concomitant with the first crystal-crystal phase transition considering the broadness of the peak observed with TIM. Furthermore, from solid state NMR studies, it may be concluded that the disorder in these high temperature phases corresponds to rotation of TXM molecules by steps equal to 60° around the "quasi-hexagonal" axis perpendicular to their molecular plane, the rotation occurs at frequencies in the megahertz to gigahertz ranges. Thus, TXM does not behave differently from other HSB contrarily to what was thought by several authors [17,[START_REF] Desiraju | Crystal Engineering. The design of organic solids[END_REF]22], but these compounds also show a phase transition between an ordered triclinic phase and a disordered monoclinic phase in which the molecules rotate around their three-fold axis but at higher temperatures. 

About the conclusions on the halogen-halogen interactions previously drawn from studies of halogeno-aromatic crystal structures.

In 1994, examining the nature of Cl…Cl intermolecular interactions Price and al. [23] reported that in 1971 Green and Schmidt [START_REF] Green | Israel Chem. Soc. Annual meetings abstracts[END_REF] had found that dichloro-substitution on aromatic molecules tends to yield crystals with a short axis around 4 Å. They extended this observation and mentioned the possibility for halogen atoms to play a specific role in what they call "Crystal Engineering". In 1989, Desiraju [START_REF] Desiraju | Crystal Engineering. The design of organic solids[END_REF] examining the consequences of X…X close contacts in the crystals structure of polyhalogeno-aromatics, emphasized that "the role of halogen-halogen (X…X) contacts within crystal structures is to stabilize two-dimensional motifs which may in turn stack to form the 4 Å short axis". He concluded that these two-dimensional motifs give rise, in monoclinic structures, to corrugated sheets or linear ribbons. Desiraju added "it is even possible to reverse the argument to adopt the 4 Å structure for chloro-aromatics, the molecule must be planar, have a large number of halogen substituents, and lack other stronger substitutions". He concluded that "the most problematic aspect of crystal structure prediction of halogen-atom containing compounds is that there is a complex interplay between several weak, variably directional forces, probably X…X contacts are most effective when they compete only with van der Waals forces". Desiraju and Parthasarathy [START_REF] Desiraju | [END_REF] have also examined the question of local geometrical problems: what is the preferred direction of approach of an electrophile or nucleophile atom around the carbon halogen bond? They have proposed to name I and II the two different types C-X…X-C contacts observed in the local geometry. The angles characterizing the X…X interactions are named respectively  1 for the angle C-X 1 …X 2 and  2 for X 1 …X 2 -C; in type I geometry,  1 =  2 ~ 160° (head-on approach) and in type II,  1 is nearly 170° and  2 nearly 90° (side-on approach). They said that in type I identical portions of the halogen atoms make the nearest approach, whereas the variation in the X…X distances is due to the elliptical shape of the halogen atoms as proposed by Nyburg and Faerman [26] for chlorine, which has a minor radius r min = 1.58 Å for head-on approach ( = 180°) and a major radius r max = 1.78 Å for a side-on approach ( = 90°). This is in agreement with the fact that the majority of the Cl…Cl contacts in chlorinated hydrocarbons is smaller than twice the spherical (vdW) Waals radius i.e. 3.52 Å. This geometrical anisotropy results of an anisotropic distribution of the electron density [27][28][START_REF] Auffinger | Proc. Natl Acad. Sci[END_REF] named polar flattening [17,[START_REF] Auffinger | Proc. Natl Acad. Sci[END_REF]30], the chlorine atom showing an electropositive crown in the polar region along the C-Cl axis surrounded by an electroneutral ring and further out, an electronegative belt in the equatorial region.

The triclinic packing is restricted to molecules that have a symmetrical (1,3,5-and 2,4,6-) halogen substitution pattern. In the triclinic structure, the planar molecules form  stacks; within these stacks the molecules are 3.44 Å apart (perpendicular distance) (Figure 1). The close packing of these stacks is characterized by specific, polarization induced X•••X interactions that result in the formation of threefold-symmetrical X 3 synthons, this leads to a layered pseudo-hexagonal structure in the bc plane (Figure 2). As can be seen in Figure 2 and in Table 2, the halogen-halogen interactions is intermediary between a head-on approach ( = 180°) and a side-on approach ( = 90°) in the bc planes for the TXM compounds. The triclinic packing can also be viewed as a stacking layered pseudo-hexagonal structures in which successive planar layers are inversion related in a space-filling manner. Regarding the comparison between interatomic distances and angles from the XRD measurements and the DFT computational results in Table 2, it can be seen that the agreement is satisfactory only for chlorine and not for bromine or iodine. However, it is worth reminding that the XRD values refer to the whole crystals whereas the DFT values are computed for dimers and trimers models. It is likely that the packing effects are more important in the case of the heaviest halogen atoms. Interestingly, when considering the distances between the centroids of the rings a rather good agreement is observed between the XRD and the DFT values. Indeed, the average XRD distance between the benzene rings centroids is respectively equal to 3.83, 3.94 and 4.16 Å for TCM, TBM and TIM whereas the DFT values are only 0.11 to 0.17 Å smaller than the XRD ones. It is worth noting that these short distances are indicative of a strong π-π stacking interaction.

π-π stacking dominates the packing in the triclinic structure but specific X•••X interactions should play a role in the triclinic packing, especially in the formation of the pseudo-hexagonal structure in the bc plane. Is the crystal packing governed by the  stacking or by the formation of X 3 synthon which in turn leads to the formation of the bc plane?

To give a quantitative answer to the uncertainty about the origin of the TXM packing energy and particularly in the case of the triclinic arrangement, we present two ways of calculating this energy. In the first one, we have extended to clusters the results of standard DFT calculation on an isolated molecule; in the second one, we have used atom-atom semi-empirical interaction parameters to find the van der Waals energy of formation of the same clusters. 

Determination of the energy of stacking of the TXM in the triclinic phase Energy of formation of dimers or trimers of TXM calculated using DFT computations

In our previous studies on TXM structures, we have determined the molecular conformations at low temperature (14 or 15 K) using ND. This allowed us to determine the precise positions of the atomic nuclei, thus accurate internuclear angles and bond lengths [14, 16 and 18].

DFT calculations have been carried out using different functionals, M062X [31,32], ωB97X and ωB97XD [33] and a suitably polarized LANL2DZP atomic basis set [34] using the Gaussian09 package [35]. We present only the results obtained with ωB97XD because those obtained with the other functionals lead to similar conclusions. We point out that the ωB97XD functional includes atomatom dispersion corrections. Geometry optimizations and calculation of the normal modes of vibration have been done for all species, in order to get their total energies including the zero point vibration energy (ZPE). First, we computed the values for the geometrical parameters and energy E m of an isolated molecule. A good agreement between the calculated values and those measured by ND is obtained (Table S1 in the SI). Furthermore, the computed vibration frequencies were also found to be in good agreement with the values obtained experimentally.

Then, we extended such DFT calculations to aggregates of TXM molecules, namely dimers and trimers in which the stacked molecules have different relative positions. For the dimers A and trimers A, the molecules are piled one over the other along the axis a, one dimer A corresponds to the pair M p + M + of the Figure 1; its energy of formation is E DA and comparison with 2 times E m allows to estimate the packing energy of DA. Trimer A corresponds to a trio like M -+ M p + M + (see Figure 1); its calculated energy of formation E TA is compared to three times E m. Dimer B and trimer B correspond to molecules lying in the plane bc (Figure 2). DB is the pair M p + M A or the pair M p + M C and its energy of formation is E DB . The trimer B is M p + M A + M B of energy E TB (Table 3). The optimized geometries of the DA and DB dimers of TBM are given in the SI (Table S2) as well as the optimized coordinates of all species in Table S3, whereas their structures are displayed in Figure 4.

Dimer A (DA ) Dimer B (DB) Trimer A (TA)

Figure 4 -Optimized geometries of DA, DB and TA From Table 3, it appears that the increased stabilizing E DA -2.E m energy for formation of a dimer with molecules piled along a is several times larger than the energy gain E DB -2.E m obtained for the formation of a dimer with two neighboring molecules in the bc plane. Interestingly, it can be seen that the energy difference E DA -2.E m increases when passing from TCM to TBM then to TIM, so that the most polarizable halogen, i.e. iodine, leads to the most stable dimer stacked along a.

It can be seen that the energy of formation of a trimer TA is approximately twice the energy of formation of a dimer DA so that an additive rule occurs. It is worth noting that taking into account the counterpoise correction when computing the bonding energies in the case of dimers DA or DB, it is found that this correction has a small effect on the bonding energy so that it can been neglected.

The planar TB configuration is not stable at our level of DFT calculations. Indeed, when optimizing the geometry of TB trimers, starting from three in plane molecules as described above, the three molecules do not remain in the same plane but move on to give either a DA stacked dimer , the third molecule being perpendicular to this dimer or to give three molecules facing to each other with the centers of the benzene rings approximately placed on the vertices of a triangle (the 3 obtained structures S1, S2 and S3 given in Figure 6). If the geometry optimization is carried out imposing the three rings to be in the same plane, the bonding energy is very low, -10.4 kJ/mol, and the structure is unstable as indicated by the obtained numerous imaginary vibration frequencies. This result is indicative of the fact that in-plane aggregation of TXM molecules is not favored.

The S1, S2 and S3 structures exhibit a smaller bonding energy than the TA one. In the case of TBM, the bonding energies of these forms are respectively equal to -84.0, -102.4 and -76.1 kJ/mol to be compared to that of a TA stacking, i.e. -115.5 kJ/mol. So the most stable trimeric species is formed along a. The trimer observed in structure S2 is the most stable trimeric species of the three packings. These calculations which may be extended to clusters of more numerous molecules along a or in the bc plane, demonstrate that the stabilizing energy of uni-dimensional stacking of TXM molecules like pancakes along the axis a is larger than that involved to form triangular interactions into a twodimensional sheet. Experimentally, these conclusions are in perfect agreement with the observations of the shape of the crystals obtained by crystallization from a super-saturated solution of TXM in an organic solvent. Long needles aligned along the axis a have always been obtained and never thin plate-like crystals.

Electrostatic surface potential (ESP) calculations may give additional insights into the electrostatic effects driving the crystal arrangements, and particularly shed light on specific interactions. First of all, it can be seen on Figure 6 in the case of an isolated TBM molecule that the ESP is not uniform around the halogen atoms. Indeed the bromine atom is polarized with a large negative lateral belt (red color in Figure 6, top) and a highly positive surface potential localized at the apex of the C-Br bond (blue dot at Br on Figure 6 top, often referred to as a "sigma-hole"). The initial model assumed that the molecules are rigid and that the effects of internal vibrations are neglected. This approximation is justified by the fact that we will take into account the structures found at temperatures below 15 K, so that even the lowest internal vibrational modes and lattice modes are sources of very small thermal amplitudes motions, except perhaps for the methyl hindered rotations. In fact, it is admitted that the Born-Oppenheimer approximation is valid for all the nuclei, i.e. that the localization of all the nuclei is well defined in agreement with neutron diffraction results. Then, it is assumed that the interactions between the molecules in the crystal can be represented as the sum of atom-atom terms, functions of the distance d ij between atomic nuclei i and j and, for simplicity, it will be admitted that these radial interactions are isotropic. In the present work, it will be assumed that the main inter-atomic interaction potential is represented by the simple Buckingham or 'exp-6' potential of Equation 1 as in references [36][37][38][START_REF] Kitaigorodsky | Molecular Crystals and Molecules[END_REF][START_REF] Williams | [END_REF][START_REF] Pertsin | The Atom-Atom Potential Method[END_REF][START_REF] Gavezzotti | [END_REF][43] and in consequence the forces interacting between atoms i and j are given by Equation 2:

Equation 1 V ij = K ij { -A ij / d 6 ij + B ij exp (-C ij d ij ) } Equation 2 F ij = -V ij / d ij = K ij { -6 A ij / d 7 ij + B ij C ij exp (-C ij d ij ) }
In this approximation for non-polar molecules, there is no need to evaluate local atomic charges [36,[START_REF] Williams | [END_REF] and so the convergence problems connected with the use of coulombic potential are avoided. The reasons to admit such simplification are: 1-the parameters in Equation 1 which were deduced from the literature [43] have allowed to calculate accurately a lot of physical properties for several hundreds of molecular crystals, 2-several sets of parameters may be used after small adjustments in order to better represent the cell parameters, 3-the coefficient K ij allows to adapt the value of the calculated energy to that of the sublimation energy if it has been measured 4-the halogenomesitylenes are hexapolar molecules with local atomic net charges smaller than 0.3 electron from DFT computations, so that multipolar interactions are more or less included in parameters of Equation 1. 

Figure 7-Variation of the atom-atom interaction forces as a function of the interatomic distance

Figure 7 illustrates for a pair of bromine atoms, the variation of the vdW interaction potential and of the corresponding force in function of the interaction distance d BrBr ; they are calculated using Equations 1 and 2 respectively with K ij = 1 and the "UNI" parameters given in Table 4 and the X-ray data. As it can be seen in Table 5, the same conclusions as those obtained using DFT computations are reached using the empirical model, namely that the most stable stacking is obtained when the molecules are piled along axis a. An additivity rule applies for the bonding energies. Finally, it can be seen that the order of magnitude of the computed stabilization energies is the same for the DFT and the empirical model approaches (Table 6) thus validating the theoretical approaches used here. 

Conclusions :

Below 300 K, trihalogeno mesitylene (TXM) molecules lead to needle shaped crystals in a triclinic arrangement. To shed light on the origin of such packing mode, we investigated different possible packings using two theoretical approaches, namely DFT computations and an empirical atom-atom interaction model. Thus, we considered aggregates of TXM molecules differently packed, namely dimers and trimers, and computed their packing energies. For the dimers and trimers of type A, the molecules are stacked one over the other along the a axis whereas dimer B and trimer B correspond to molecules lying in the bc plane.

From the DFT computations it appears that the stabilizing energy of formation of a dimer of two molecules stacked on top of each over along a is several times larger than the energy gain obtained for the formation of a dimer of two neighbors in the bc plane with edge-to-edge contacts. Moreover it has been found that the energy of formation of a trimer of type A is approximately twice the energy of formation of a dimer A so that an additive rule occurs. The main stabilizing effect which determines de crystal packing is the π-π stacking although consideration of the ESP maps in the case of TBM brings to light Br…H and Br…Br specific interactions.

The calculations using the empirical model leads to the same conclusions; these empirical calculations which may be extended to clusters of more numerous molecules along a or in the bc plane, demonstrate that the stabilizing energy of uni-dimensional stacking of TXM molecules like pancakes along the axis a is larger than that involved to form triangular interactions into a twodimensional sheet. These conclusions are consistent with the experimental observations of the shape of the crystals obtained by crystallization from a super-saturated solution of TXM in an organic solvent: long crystalline needles aligned along the axis a are always obtained and never thin dimensional sheets. 0.71073 Å). Optical microscopy investigations were performed on a Nikon H600L polarizing microscope equipped with a Linkam "liquid crystal pro system" hotstage LTS420.

Figure 1 -

 1 Figure 1-Projection of the TIM unit cell along c, onto the ab plane. Displacement ellipsoids are shown at the 50% level probability. Structure obtained at 293 K.

Figure 2 -

 2 Figure 2-Projection onto the bc plane showing six TIM molecules.

Figure 3 -

 3 Figure 3-Result of a DSC analysis for TCM. The sample was quenched at 248 K, then warmed until 513 K at a speed of 10 K per minute and then cooled to 248 K.

Figure 5 -

 5 Figure 5 -Structures S1, S2 and S3 (from left to right) of a TB trimer of TCM initially in the bc plane

Figure 6 :

 6 Figure 6: Molecular electrostatic potential surface mapped at the 0.003 e -.au -3 isodensity surface, for: Top: two views of TBM, Middle: two views of Dimer A, Bottom: Dimer B. The common color scale ranges from -9.4 kcal.mol -1 (red) to +25.7 kcal.mol -1 (blue).

  

Table 2 -

 2 Mean halogen-halogen distances (Å) and mean  1 and  2 angles (°) measured by XRD and computed by DFT for TCM, TBM and TIM.

		XRD a	DFT	XRD a	DFT	XRD a	DFT
		X…X	X…X	C-X1…X 2	C-X1…X 2	X1…X 2 -C	X1…X 2 -C
	TCM	3.575	3.711	169.97	165.537	128.14	123.750
	TBM	3.627	3.984	171.39	158.508	124.61	119.330
	TIM	3.929	4.480	170.38	153.186	119.41	105.015

a) TCM, 293 K; TBM, 173 K; TIM, 293 K.

Table 3 -

 3 

	Cluster	Energy +ZPE	TCM	TBM	TIM
	Mono:	E m	-393.049	-387.680	-382.319
	Dimer A: DA	E DA	-786.117	-775.381	-764.662
	Dimer B: DB	E DB	-786.100	-775.363	-764.641
	2 separate M: 2 M	2.E m	-786.098	-775.360	-764.638
	DA -2M(Ha)	E DA -2.E m	-0.019	-0.021	-0.024
	DA -2M (kJ/mol)	E DA -2.E m	-49.9	-55.1	-63.0
	DB -2M (Ha)	E DB -2.E m	-0.002	-0.003	-0.003
	DB -2M (kJ/mol)	E DB -2.E m	-5.3	-7.9	-7.9
	Trimer A: TA	E TA	-1179.187	-1163.084	-1147.004

ωB97XD DFT energies (Hartree Ha and kJ/mol) of formation of dimers and trimers along a and in the bc plane.

Table 4 -

 4 Atom-atom 'exp-6' UNI van der Waals interaction coefficients a used for the calculation of the energy of packing in the halogeno-methylbenzenes in the triclinic crystal phase.

				TCM				TBM			TIM
		At-at	Aij	Bij	Cij	At-at	Aij	Bij	Cij At-at	Aij	Bij	Cij
		Cl-Cl -7939 950430 3.51 Br-Br -15180 1132190 3.28 I -I	35033 1560214 3.03
		C-C -2418 226145 3.47 C-C -2418 226145 3.47 C-C -2418 226145 3.47
	UNI	H-H -109	24158	4.01 H-H -109	24158	4.01 H-H -109	24158	4.01
	mean	Cl-C -4382 463611 3.49 Br-C -6058 506003 3.375 I -C	-9204 594000 3.25
		Cl-H -930	152845 3.76 Br-H -1287 165183 3.645 I -H	-1954 194143 3.52
		C-H -513	73915	3.74 C-H -513	73915	3.74 C-H -513	73915	3.74

a Units: Aij (kJ/mol Å 6 ), Bij (kJ/mol) and Cij (Å -1 )

Table 5 -

 5 Bonding energy: UNI results for TBM a)

	DA(M p +M + ) DA(M p +M -) TA(M-+ M p + M + ) DB(M p +M a ) DB(M p +M c ) TB (M a + M p + M c )	HB ( M p + 6M)	b)
	-44.7	-44.8	-89.4	-4.0	-3.9	-7.9	-22.2
	a) Energies in kJ/mol; b) HB: hexamer planar cluster, M p has six neighbors in the bc plane.

Table 6 -

 6 Comparison between DFT and atom-atom energies (kJ/mol)

		TBM (B97XD)	TBM (UNI )
	E DA -2.E m	-55.1	-44.8
	E DB -2.E m	-7.9	-4.0
	E TA	-115.5	-89.4
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Experimental part:

Differential scanning calorimetry (DSC) was carried out by using NETZSCH DSC 200 F3 instrument equipped with an intracooler. Temperature dependent XRD analysis were performed on a D8 VENTURE Bruker AXS diffractometer operating with graphite-monochromated Mo-Kα radiation (λ =
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Highlights :

. Trihalogeno mesitylene (TXM) molecules lead to needle shaped crystals in a triclinic arrangement.

. Computed packings using DFT and an empirical atom-atom interaction model.

. The stabilization energy for TXM piled up molecules is the highest one.

. Electrostatic potential maps bring light on X…X and X…H specific interactions.