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Out-of-equilibrium charge density distribution of spin crossover complexes from steady-state photocrystallographic measurements: experimental methodology and results

The electron density distribution of a light-induced molecular excited state, i.e. the high spin metastable state of [Fe(phenh(NCS),], was determined from steadystate photocrystallographic measurements. We defined the experimental conc:Htions under which the accuracy of the measured diffraction data is compatible with an electron density analysis. These include: (i) a large structural and electronic contrast between high spin (HS) and low spin (LS) states, (ii) an efficient photoconversion under light irradiation and (iii) slow relaxation of the HS metastable state. Multipolar mode ling of the electron density yielded a deformation density and 3d-orbital populations for Fe(II) characteristic of a high spin (t 2 :e/) electron configuration and support the assumption of significant a-donation and n-backbonding of the Fe-N interactions. The electron density distribution in the intermolecular regions confirms anisotropic intermolecular interactions with possibly a layer topology parallel to the orthorhombic (ab) plane, related to the system cooperativity.

Introduction

Single crystal X-ray diffraction under optical excitation, termed photocrystallography, is a promising and rapidly developing field (see e.g. [START_REF] Coppens | Photoinduced linkage isomers of transition-metal nitrosyl compounds and related complexes[END_REF][START_REF] Ri | Groundand light-induced mctastable states of sodiumnitroprussidc[END_REF][START_REF] Lcgrand | Extension of the experimental elecLron density analysis to metastahle states: a case example of the spin crossover complex [Fe(htrh(NCSh]• H[END_REF][START_REF] Friscic | Single-crystal-to-single-crystal [2 + 2] photodimerizations: from discovery to design[END_REF]). Many solid-state processes can be light-triggered or -driven which renders this technique very appealing for the study of out-of-equilibrium phenomena such as structural relaxation processes [5], long-lived metastable states [START_REF] Coppens | Photoinduced linkage isomers of transition-metal nitrosyl compounds and related complexes[END_REF], short-lived excited states [6,7] and solid-state photochemical reactions [START_REF] Friscic | Single-crystal-to-single-crystal [2 + 2] photodimerizations: from discovery to design[END_REF]8]. Depending on the reversibility and time scale (ms to ps) of the solid-state physical phenomenon investigated, several photocrystallographic experimental setups have been designed specifically for laboratory [9], synchrotron X-ray [START_REF] Wulfi | Time-resolved structures of macromolecules at the ESRF: Single-pulse Laue diffraction, stroboscopic data collection and femtosecond flash photolysis[END_REF]11] and neutron sources [12]. For very long-lived species (t > hours), a conventional laboratory setup suffices, while for short-lived species, more sophisticated pumpprobe methods have to be considered. All of these experiments take advantage of the fast data collection opportunities that CCD area detectors afford. The usual experimental procedure for a photocrystallographic measurement consists in shining light from a lamp or a laser onto a single crystal; the exposure is timed empirically to reach a photo-stationary state, at which point diffraction data are collected as quickly and accurately as possible. The choice of suitable excitation conditions in terms of wavelength, bandwidth (broad-band or monochromatic), power and duration is a pre-requisite for any accurate photocrystallographic measurement.

We recently drew attention to the accuracy and precision of the structural parameters derived from a typical steady-state photocrystallographic experiment. We showed that the accuracy is lower than usually assumed; and in order to remedy this state of affairs we proposed ways to improve the experimental set-up [START_REF] Legrand | On the precision and accuracy of structural analysis of light-induced mctastable states[END_REF]. In the present paper we go a step further and define the conditions under which the quality of the diffraction data is such so as to permit a charge density study. The reconstruction of the periodic electron density (ED) distribution of light-induced metastable states from single crystal diffraction data is indeed a challenging task. We have already reported the ED distribution of a metastable state obtained by rapid thermal quenchinli to cryogenic temperature [START_REF] Lcgrand | Extension of the experimental elecLron density analysis to metastahle states: a case example of the spin crossover complex [Fe(htrh(NCSh]• H[END_REF]. This study demonstrated that detailed and accurate EO distributions of out-of-equilibrium states are experimentally within reach. The results obtained in that study encouraged us to pursue our• efforts towards the characterization of lixht-induced metastable states, the investigation of which is much more delicate.

For reasons detailed below, we chose the spin crossover coordination complex [Fe(phenh(NCS), l as a prototype of a photo-active molecular material. Magnetic and Mossbauer measurements show that [Fe(phen),(NCShJ undergoes at T = 176 K an abrupt first-order thermal spin transition from a high spin (HS, S = 2, t 2 .'e/) to a low spin (LS, S = 0, t2/e,' 1 ) electron configuration [14]. In due course, the crystal structures of both HS and LS phases of this compound were determined from diffraction measurements at 298 K and 130 K [15]; no space group change was evidenced, the corresponding phase transition is isosymmetric with orthorhombic Pbcn (No. 60) space group.

The structural differences characterized are pronounced and representative of thermal HS-LS transitions [START_REF] Guionneau | Structural Aspects of Spin Crossover. Example of the [Fc 11 L 11 (NCSh] Complexes[END_REF]: a drastic shortening of the Fe-N(phen) (from 2.206 A to 2.009 A) and Fe-N(CS) bond distances (from 2.057 A to 1.958 A), and a far more regular FeN, octahedral environment in the LS state. At the origin of the structural changes is the redistribution of electrons taking place in the magnetic spin-active metal ion upon cooling through the transition. In the present work we will focus on deter- mining experimentally just this subtle electronic redistribution which in the present case is not thermally induced, but caused by light excitation.

At very low temperature, [Fe(phenh(NCShJ exhibits the well-known Light-Induced Excited Spin State Trapping phenomenon ("LIESST"), by means of which a HS metastable state can be efficiently (completely) populated using filtered white light or a He-Ne laser excitation source [17 -19 j. This process consists of optical pumping from the thermodynamically stable LS state to an intermediate 1 MLCT state (Metal Ligand Charge Transfer), which in turn rapidly decays to a quintet HS state through intersystem crossings [START_REF] Hauser | Cooperative effects on the HS ____, . LS relaxation in tbe [Fe(ptz) 6 ](BF 4 h spin crossover system[END_REF][START_REF] Dccurtins | Light-induced excited spin state trapping in a transition metal complex: the hexa-1-propyltetrazole-iron(II) tetratluoroborate spin crossover system[END_REF] (Fig. 1). At very low temperature, HS to LS relaxation occurs extremely slowly through a multiphonon non-adiabatic tunnel process, and much faster at higher temperature by means of a thermally acti- vated mechanism. The relaxation rate kHL as a function of temperature was derived from photomagnetic measurements, and a LIESST relaxation temperature T LIESST of 62 K deduced [22]. The structure of the light-induced metastable HS state of in the following, to distinguish it from the room temperature HS-1 state, Fig. 2) was first detennined at 30 K by single crystal ditl'raction, consecutive to He-Ne laser excitation [START_REF] Marchivie | Structural characterization of a photoinduced molecular switch[END_REF]. The observed structural changes were as large as those occurring at the thermal HS-LS transition.

It is therefore tempting, on the basis of all the characteristics just described, i.e.: (i) large structural and electmnic contrast between both spin states, (ii) efficient photoconversion and (iii) slow relaxation of the HS metastable state, to demonstrate the feasibility of an EO study of a light-induced metastable state.

This paper is organized as follows. In Section 2, we recall methodological aspects of photocrystallographic experiments and in particular the influence of inappropriate experimental conditions on the accuracy or the derived crystal structure. Electron density modeling and analysis of the light-induced HS-2 metastable state is described in Section 3. Section 4 summarizes our results and outlines future work.

Methodology for steady-state photocrystallographic measurements

Synthesis and magnetic characterization

It is now well established that the spin transition characteristics of [Fe(phenh(NCSh]. particularly its abruptness and completeness (i.e. amount of residual paramagnetic species at low temperature), are highly dependent on the sample preparation method as demonstrated by magnetic susceptibility measurements and Mossbauer studies [START_REF] Marchivie | Structural characterization of a photoinduced molecular switch[END_REF][START_REF] Muller | Spin transition in [Fe(phen),(NCS),] and [Fe(bipy),(NCSh]: hysteresis and effect of crystal quality[END_REF]. Several synthesis procedures have been described in the literature, leading to two distinct magnetic behaviors. The slow solvent diffusion procedure results in incomplete thermal spin transition (nearly 14-17% residual HS species), while the extraction method leads to a more abrupt and complete transition. On the other hand, the diffusion method yields bigger and better quality single crystal samples; reason for which it has been preferred in the present study. Following previously published procedures [15], a H-shaped doubletube was filled on one side with a methanolic solution of I, I 0-phenanthroline and on the other side with stoechiometric amount of KNCS and Fe(S0 Samples from the same preparation than those used for the diffraction experiments were characterized by magnetic measurements; they exhibited spin transition properties in agreement with published results, with residual HS species amounting to nearly 19% at low temperature [22,[START_REF] Marchivie | Structural characterization of a photoinduced molecular switch[END_REF] (Fig. 2). This incompleteness of the transition precludes any determination of the LS EO distribution. 

Defining appropriate experimental conditions for steady-state photocrystallographic measurements

The structural determination and analysis of a metastable state obtained from steady-state photocrystallographic measurements is a difficult task. It requires a careful choice of several crucial experimental parameters, especially the light excitation conditions. We have recently addressed this point in a separate publication l13]; we briefly discuss below its main conclusions, together with a justification for the parameters selected in our present X-ray diffraction experiment, keeping in mind that the ultimate goal is to get a d~ta set of an accuracy suitable for an ED analysis.

Light excitation and relaxation parameters

Excitation conditions such as wavelength and power of the light source, exposure duration, continuous/pulsed excitation and diffraction measurement temperature, were chosen according to previously published spectroscopic and photomagnetic results.

In the LS state, the electronic spectrum of [Fe(phenh(NCS),j exhibits a weak band at 960 nm attributed to the spin forbidden 1 A 1 ~ 3 T 1 transition, and an intense broad absorption band at 580 nm due to a 1 MLCT (metal to lig•and charge transfer) transition [14]. We se- lected the red line of an Ar-Kr gas laser (A = 647 nm) and alternatively a He-Ne laser (A = 633 nm), the wavelengths of which are close enough to the absorption maximum at 580 nm to ensure a large excitation yield. but at the same time far enough as to warrant an adequate light penetration depth [26]. Monochromatic excitation was preferred to broad-band filtered white light, even though both source types have proven to be quite eftkient [17][18][19].

As a function of time, the populations of the molecular ground-state (LS) and of the metastable state (HS-2) result trom the competing intluence of laser excitation and relaxation through tunnelling and thermally activated processes. In the mean field approximation, according to Enachescu et al. [27, 28], the corresponding macroscopic evolution equation for a spin transition sys- tern is written as dyHS dt = cpphoto-ex.citation -<Prelax.ation ff = r a( I-YHs)-YHskuL(y, T)

(I)
where YHs is the fraction of HS species. The first term on the right-hand side of (I) is the linear photo-conversion rate, written as the product of the incident light intensity J'ff at the laser wavelength and a response factor a de- pending on the absorption cross section and the quantum yield of the photo-conversion process. The second term of (I) is the HS to LS self-accelerated relaxation of rate constant kHL (y, T), expressed as the product of a temperature dependent rate constant kHL(T) and an acceleration exponential factor exp [a(T)(l -YHs)] [START_REF] Hauser | Cooperative effects on the HS ____, . LS relaxation in tbe [Fe(ptz) 6 ](BF 4 h spin crossover system[END_REF]. In the photo-stationary state. when the population of the metastable state has stopped evolving, the conversion percentage results from the opposing terms in equation 1 and quantitatively depends on /'rr, a and kHL(y, T). Once the optimum exci- tation wavelength is chosen, a thus being essentially fixed, 1" 1 is tuned so as to counter the HS-LS relaxation. This latter has been experimentally determined as a function of temperature from photomagnetic and retlectivity measurements [22]. For illustrative purposes, the relaxation rate at T = 32 K, i.e. the decrease in YHs. is shown in Fig. 3.

This relaxation is fairly slow but still significant; we thus anticipate that this effect has to be accounted for with great care in both the diffraction measurements and subsequent structural refinements.

Diffraction measurement strategy and the photo-stationary state

Diffraction measurements were performed in two different experimental environments, the influence of which on the photo-conversion process is described below. (3) Diffraction measurement Fig. 4. Excitation and diffraction measurement cycles for the laboratory (32 K) and ESRF (15 K) data collections.

and cooled down to 32 K (well below T LIESST = 62 K) by !lash cooling to prevent any sample degradation upon passing through the thermal transition. The single crystal was then exposed at 32 K during 150 s to the 64 7 nm line of an Ar-Kr laser operating at 50 mW, while the sample was continuously rotated tG ensure a spatially homogeneous excitation. Lattice parameters were determined afterwards; their values confirmed the LS to HS-2 photo-conversion when compared with those reported by Marchivie et al.

[23]. A complete set of X-ray diffraction data was subsequently collected over nearly 22 hours, using an w-scan over 337', a 1' frame-width and lOO s exposure-time per frame. Since at 'this temperature the HS-2 lo LS relaxation is not negligible, the laser excitation (647 nm, 50 mW) was repeated every two hours during 15 s, which according to Fig. 3 is supposed to reduce relaxation effects to less than 1 %. This cyclic excitation/data collection procedure is shown in Fig. 4 (top).

In spin crossover materials, the cell volume of the HS-2 and LS states differs by a large amount, which correlates to a first approximation linearly with the fraction YHS•2 of HS-2 species, according to:

V(YHs-2) = YHS-2 • VIIS-2 + (I -YHs-2) • Vts • (2)
By monitoring the evolution of the unit cell volume during the course of the data collection of the HS-2 state, the stability of this photo-stationary slate can be estimated in situ, directly from the ditlraction measurement, the cell volume at time t being approximated by:

V(t) = YHs-2(1) • VHS-2 + (1-YHs-2(t)) • VLs • (3)
This method has already been successfully used during the X-ray diffraction measurements of the metastable state of the spin-crossover complex [Fe(btr)z(NCS)zj • H,O [START_REF] Lcgrand | Extension of the experimental elecLron density analysis to metastahle states: a case example of the spin crossover complex [Fe(htrh(NCSh]• H[END_REF]. In the case of [Fe(phen),(NCS)zJ. the relaxation rate derived from the time dependence of the unit cell volume at T = 32 K is depicted in Fig. 3 [29]. The agreement with the photomagnetic results is satisfactory; the continuous YHs(t) decay observed indicates a slight but significant relaxation between the 2-hourly laser ex:citations. This time interval is therefore certainly not sufficiently short to prevent significant HS-2 to LS relaxation at 32 K. In other words, the diffraction measurement in our home laboratory has not been performed on a purely photo-stationary state as represented schematically on Fig. 4 (top). Accordingly, the complementary population of metastable and groundstate species is changing during the course of the ditl'raction measurement as metastable state molecules progressively convert back to the ground-stale.

A second data collection was then performed using improved excitation conditions and an increased X-ray flux provided by a synchrotron source. Since HS-2 to LS relaxation strongly affects the quality of our diffraction data, a lower temperature (T = 15 K) than for the laboratory case (T = 32 K) was selected. The relaxation term in Eq. (I) is therefore reduced further; hence we expect a higher photo-conversion throughout the diffraction measurement. Data were collected on beam line BMOJ A at the ESRF, using a KUMA 6-circles diffractometer equipped with an Onyx (Oxford Diffraction) CCD area detector and a Helijet cryosystem. The wavelength (.i. = 0.7100(1) A) was ca- librated with Fit2D software [301 using LaB, NJST standard. Light excitation was performed with a He-Ne laser operating at 1.25 mW. Since the HS-2 to LS relaxation was nol negligible if excitation took place every two hours, laser excitation was applied continuously (see Fig. 4 bottom). Two detector positions (26 equal 50' and 130') were used with a scan width !' >.r:p = I' and a 4 s exposure time per frame, providing a higher resolution ( 1.0 A 1 ) than in the laboratory measurement (0.8 A-I).

However, due to the shadowing of the detector by the Helijet nozzle, the completeness was reduced to 72.2% for the whole 26 range, but reached 96% up to 0.8 A -I reso- lution.

For both 32 K laboratory and 15 K ESRF data sets, the diffraction profiles were integrated using CRYSALIS [START_REF]Oxford Diffraction: Cry sA lis CCD and CrysAlis RED. Versions 1.171[END_REF] and Gaussian analytical absorption corrections were applied. The data were reduced using SORTAV [32]. The crystal structures were first relined with SHELX97 [33]. Non-hydrogen atoms were refined anisotropically, hydrogen atoms were refined isotropically without any constraint. More details on data collection and structural refinement results are collected in Table I. For the ESRF data set, the good R;"' agreement factor is evidence of the high precision of the corresponding structure factor amplitudes.

Accuracy of the derived structural parameters

We have shown previously that for the 32 K laboratory measurement, the probed sample corresponds to a continuously relaxing system. Tn such a case, or for an incomplete photo-conversion, the probed single crystal contains both ground-state and metastable state species, with time dependent population and unknown spatial distribution. The corresponding structural analysis of the HS-2 meta- stable state is then obviously biased by the presence of residual LS entities. This situation is similar to that of treating Static" disOrder in a conventional structural refinement. In the case of an incomplete photo-conversion, one commonly models both species, including the ratio of metastable to ground-state populations in the form of a molecular occupancy faetor [34][35][36][37].

To quantify the influence of the relaxation on the refined structural parameters of the metastable HS-2 state of [Fe(phenh(NCS)z], a simulation was performed as depicted on Fig. 5. Using the purely HS-2 and LS crystal structures as references [START_REF]The LS data collection and refinement ure reponed in Legrand eta[END_REF], the system was considered as a random distribution of YHs fraction of HS molecules and (I -YHs) fraction of LS molecules; 18 hypothetical mixed structures with 0.05 <:: YHs <:: 0.99 were generated.

For a random spatial distribution, the asymmetric unit is built directly from a weighted superposition of the HS-2 molecular structure (with weight Ynsl and the LS structure (with weight [I -YHs]l (Fig. 5 left). The 18 static intensity data sets were computed according to the formula:

where F(YHs) is the structure factor amplitude at a given YHs value, FHs-2 and FLs correspond to the static (i.e. Debye-Wailer factors not included) structure factors of the reference HS-2 (YHs = I) and LS (YHs = 0) states, respectively. The data sets have been generated with the same resolution and reciprocal space coverage as the experimental 32 K HS-2 measurement, i.e. 0.8 A -I, to be representative of a real data co11ection. The structures corresponding to each of the 18 data sets have been refined by least-squares, using SHELX97 and assuming, for simplicity's sake, a purely HS-2 state (Fig. 5 right). This procedure mimics the situation for which a HS-2-to-LS relaxation (or incompleteness of the LS-to-HS-2 conversion) occurs, but is ignored in the structural retinement.

The derived structural parameters correspond to the refined HS-2 structure biased by the presence of the residual (! -YHs) LS species. We observed that for YHs ranging from 0.99 to 0.05, the refined crystal structure was, as expected, intermediate between the purely HS-2 and LS structures (Fig. 6). The refined HS-2 atomic positions are therefore highly biased by the residual LS species as these are not strictly taken into account in the structural refinement. Figure 6 gives the atomic position misfit (mfa) [39] versus reference YHs which specifies the mean error (root mean square deviation) in the refined HS-2 atomic positions; mfa represents the accuracy and not the precision on the refined atomic position. The value of mfa at YHs = 0.0 provides the mean deviation between the LS and HS-2 atomic positions, and is as high as 0.276 A. While reporting crystal structures refined by least-squares against photocrystallographic data, the usual atomic position accuracy is in the range of a few 0.001 A. For YHs = 0.96, the atomic position misfit exceeds 0.005 A, the hias on the atomic positions is therefore much larger than the expected accuracy. These errors in the atomic position in turn lead to biases in derived structural parameters, such as bond lengths and angles. For instance, the Fe-N bond lengths derived from our simulation range continuously from the purely HS-2 value to th~ purely LS value (Fig. 7). For a photo-stationary state of YHs = 0.96 and lower, or correspondingly for a mean 4% relaxation during the diffraction measurement, the derived Fe-N hond distances are significantly biased (>3a(dr,-N)). Based on this, we anticipate that the relaxation evidenced from the unit cell volume of the laboratory 32 K data collection renders any ED analysis unrealistic. On the contrary, the synchrotron 15 K data proved to be accurate enough and relaxation tree (vide supra).

On the use of the Wilson plot for sample heating estimation

The Wilson plot [40], which consists in analyzing the sin 2 1't .

quantity In (!ob,(H)) as a function of --1s a well- .<2

known method used to derive the mean temperature factor of a crystal structure at the measurement temperature and the experimental scale factor. Indeed, assuming as a gross approximation an overall isotropic temperature factor jj (i.e. equal for all the atoms of the structure), the usual formulation of the structure factor is given by : F(fi) = e-(H~) I: .l e(2iJrH•0)'

)='=I (5) 
where the sum rules over all the atoms of the unit cell and fJ is the atomic scattering factor. Wilson plots were tirst adapted to estimate the temperature increase from laser heating during a pump-probe experiment by Ozawa et al. . . • ,.
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• [41]. These authors showed that by comparing measured Bragg intensitics in the ground and excited states as in:

I ( /'"'"") -sin 2 it n --~ -2!l.B --,-, !ground A.- (6) 
they were able to derive the increase in mean displacement amplitudes related to the laser excitation. Depending on the laser repetition rate , this increase translated to a modest 1.4-2.3 K temperature increase of the sample. This simple method, which makes use of the raw ditlraction data, is widely used in photocrystallography as an internal check of laser-induced sample heating [42][43][44][45].

The atomic displacement parameters (ADP), derived from a structural refinement against diffraction data, correspond to the atomic probability distribution in the crystal, whatever the origin of this displacement. In particular, static disorder may contribute significantly to /IJJ. In addi- tion, significant metastable to ground-state relaxation as well as incomplete photo-conversion would result in apparent structural static disorder and therefore may mimic a increase in the temperature factor (toll> 0). This effect could be highly significant for spin crossover materials since light-induced atomic displacements are quite large, as indicated above by the large values of mfa. A differ- ence in vibrational amplitudes between the ground and the excited state also contributes to 1'18. Accordingly, in the context of photocrystallographic experiments, the slope of the Wilson-type plot can be approximated by : fl.fj;::::::::: (Bexcited-Bgroutu.l)vibrational + fl.fjdisorder + fl.fjlaser heating • (7)

As a first example, Wilson plots have been calculated from our static simulated data sets for YHs = 0.97 and YHs = 0.90; results are reported in Fig. 8. Large 1'18 are evidenced, 0.05 and 0.17 A 2 respectively, even though our simulated structure factor amplitudes are static quantities without any thermal effects included; this represents a Mdison:lcr contribution. As expected, !l.Bdisonlcr increases with the fraction of residual ground-state species: l'lBdismd"(YHs = 0,90) > Mdisoru«(YHs = 0.97). This con- tribution has also been quantified by Vorontsov & Coppens [44], for Cu molecular complexes, as a function of the photo-transformation process: random distribution or cluster-formation. In agreement with our results, they concluded that !l.Bdisorder is indeed important.

The X-ray diffraction data collected for the LS and thermally quenched metastable HS-2 states of [Fe(btrh(NCSh] • H 2 0 [46], at exactly the same tempera- ture ( 15 K) for both spin states, and in similar experimental conditions, can serve as another example. The corre-. . (/Hs-2) -sin 2 ft . spondmg Wtlson-type plot In ILS "' -2 1'18 7 ts given in Fig. 9. A large negative trend (l'lB = 0.59 A 2 ) is evidenced, although the data have been collected at exactly the same temperature without any laser exposure, ruling out any thermal difference explanation and laser heating effects. On the contrary, large HS-LS atomic displacement differences with BHs-2 > IlLs. related to LS to t ( /Hs-2)

..sin 2 if Fig. 9.

Wilson-type plot n --:=tl -2 aB -2 - for /Ls A lFe(btrh(NCSh]• H20, calculated from the diffraction data at 15 K [START_REF] Lcgrnnd | Optical, magnetic and structural properties of the spin crossover complex lFe(btrh(NCSh] • H 2 0 in the light-induced and thermally quenched metastable states[END_REF]. HS-2 Fe-N bond softening and lengthening, have been clearly evidenced and quantitatively characterized [START_REF] Lcgrnnd | Optical, magnetic and structural properties of the spin crossover complex lFe(btrh(NCSh] • H 2 0 in the light-induced and thermally quenched metastable states[END_REF]. Using the 15 K LS crystal structure, one can roughly derive BLs "'0.54 A 2 By comparison with this IlLs value at 15 K and assuming in the classical limit a linear dependence of li with temperature, a temperature increase of nearly 16 K would be erroneously attributed to the 1'18 = 0.59 A 2 value. This latter is rather due to a combination of (Bexcited -Bgroum.l)v 1 brational and Mdisorder contributions.

To conclude, in the case of large light-induced structural changes, the results of the Wilson-type plot method should not be taken into account too rigorously as a direct evidence or check for laser sample heating (overestimated l'lT). For spin crossover materials, this tool is clearly not appropriate, since (i) incompleteness of the LS to HS-2 photo-conversion, (ii) significant HS-2 to LS relaxation, (iii) LS to HS-2 differences in atomic displacement amplitudes and (iv) high LS to HS structural reorganization may contribute for the most part of the characterized 1'18.

Estimating light-induced sample temperature increase in such cases, is therefore a difficult, if not impossible, task.

2,2.5 Crystal structure of the HS-2 metastable state

Before describing the EO modeling of the HS-2 metastable state, it is useful to briefly recall the main structural features derived from the most accurate 15 K data. The HS-2 molecular structure and labeling scheme are shown in Fig. 10. The coordination environment or the central Fe(Il) ion, which lies on a crystallographic two-fold axis, consists of two phenanthroline moieties and two cis thyocianate groups in a butterfly orientation. The phenanthroline groups are almost perpendicular, the dihedral angle being 83.86(lr. The NCS group is quasi line11r with N-C-S = 179.7(1)" while the Fe-N-C linkage is bent (164.9(ln. The FeNn environment exhibits a large departure from regular octahedral coordination with Fe-N20 bond length (2.083(1) Al short- er than the corresponding phenanthroline ones (Fe-N!= 2.216(1) A, Fe-N2 = 2.201(1) A) and a large angular distortion(~= 68.9(6t).

Sheets of molecules pack parallel to the (ab) plane and connect through n-n interactions between neighbouring and nearly parallel phcnanthroline molecules (depicted in black in Fig. 11 ). The shortest C • • • C distances are Cll ... C6 = 3.545(2) A, ClO .. • C7 = 3.545(2) A and C12 • • • C8 = 3.329 (2) A. The molecules alternate in a zig- zag manner along b at x = 0 and x = 1/2. The interactions between consecutive sheets along the crystallographic c axis consist of S22 • • • C8 contacts (in dotted line on Fig. 11) and n-n interactions with longer C .. • C distances (the shortest being C4 • • • C6 = 3.811 (2) A) with re- spect to the intra-sheet connection.

Electron density distribution of the HS-2 metastable state

Electron density modeling

We demonstrate in this section that the data set measured at 15 K on the HS-2 metastable state is of an accuracy high enough to warrant an EO analysis. We also carried out an ED refinement on the lower resolution and lower accuracy laboratory 32 K data set; these latter results are or limited quality and are summarized in the supplementary material annex, for comparison purposes. The atomic positions and displacement parameters resulting from the SHELX structural refinement were used as starting parameters for the ED refinement using program MOLLY [47]. This latter implements the Hansen-Coppens pseudoatomic multipolar expansion of the EO [47,[START_REF] Stewan | On the mapping of electrostatic properties from hragg diffraction data[END_REF]:

Q(i') = (! 00 ,Jr) + P,K 3 Q, 1 (n) 
I + L K 13 R,(K'r)I; Plm±Yim±(6,cp), (8)

I m=U
where 1!oore (r) and Q,o~ (r) are spherically averaged core and valence EDs calculated from Clementi Hartree-Fock wave functions for ground-state isolated atoms [START_REF] Clementi | Roothaan-Hartree-Fock atomic wavefunctions[END_REF]. K and K are contraction expansion parameters and Pval is the atomic valence shell electron population. The deformation of the valence electron shell is projected on real spherical harmonics YlnoJ_ ( 0, cp) times Slater-type radial functions R. 1 (r) = N 1 r"' exp ( -g 1 r). Initial coefficients n, and g, were taken from the energy optimized Slater-type exponents of Clcmenti and Raimondi [START_REF] Clementi | Atomic screening constants from SCF functions[END_REF].

The atomic positions, atomic displacement parameters and scale factors were first refined on all data (S =sin 6/J.)m, = 1 A -1 ). In a second step, the atomic EO parameters (Pco ,-, hJ, P,.,) were relined up to S = 0. 7 A 1 while keeping the structural parameters fixed.

The NCS group was constrained to cylindrical symmetry while for the phenanthroline ligand, a planar geometry was applied with an additional mirror plane passing through the middle of the C l-C2 and C7 -C8 bonds. Different (K, .-') sets were introduced for chemically different atoms. The C-H distances were constrained to the typical neutron value of 1.08 A [51]. The deconvolution of thermal motion effects from the deformation EO was achieved by alternating refinement of structural (X, U;j) and ED (P,, K, K, P 1 m) parameters until full convergence of the least-squares fitting procedure was reached on all data. The ground-state 3d 6 4s 2 electron configuration was used for Fe, treating the contributions of 3d and 4s electrons separately as two monopoles P,(3tf>) and P 00 ( 4s 2 ).

After several preliminary refinement tests, the population of 4s electrons was fixed to 2e during the refmement. Assuming negligible 3d-4p hybridization and little covalency, only the multipoles of even orders were refined for Fe, and restricted funher by the two-fold site symmetry.

At convergence of the model, the agreement factor is RJ = 0.072 (S < 0.7 A • 1 ). Even if this factor is higher than usually achieved for a typical ED refinement on ground-state systems, it is nevenheless acceptable, given the ditliculty of the task. The efficiency of the deconvolution of the thermal motion from the electron density can be estimated from a Hirshfeld rigid-bond test [START_REF] Hirshfeld | Can X-ray data distinguish bonding effects from vibrational smearing?[END_REF]. The difference in r.m.s. displacement, ,'; = (ui) - (u~). along an interatomic rigid A-B bond is generally below 0.0020 A 2 for atoms of similar atomic weight. For [Fe(phen),(NCS),], the results of the Hirshfeld rigid bond test corresponding to the 15 K ESRF data in the HS-2 state are given in Table 2 for the phenanthroline and thio-Table 2. Results of the Hirshfeld rigid bond test for the 15 K data set. 6-ZA.II for pairs of bonded atoms is the difference of root mean square displacement amplitude along the A-B interatornic axis.

AtOm A Atonl B L'>ZA,n (A 2 ) Atom A Atom B L'>ZA., (A 2 cyanate ligands, which we consider as rigid enttttes. Except for the C8-C9 bond which exhibits an unusually high value, all the differences in r.m.s. displacements are lower than 0.0020 A 2 ; the ADP's are therefore properly deconvoluted from the ED. For comparison, a similar analysis of the ADP's relined from the laboratory 32 K data set (given as supplementary material) show the thermal motion deconvolution to be incomplete, with differences in r.m.s. displacements as high as 0.0101 A 2 for the C4-C5 bond. The significant improvement of the Hirshleld rigid-bond test for the ESRF 15 K data set results from its higher angular resolution (I A -I vs. 0.8 A 1 ) and the minimization of relaxation effects thanks to continuous laser excitation.

Deformation electron density and chemical bonding of the light-induced HS-2 metastable state

The results of the ED modeling is shown in Fig. 12 as the static deformation density, which is the difference between the modeled ED and the ED corresponding to the Independent Atom Model (lAM); it describes the deformation of the atomic valence •electron shell due to the interactions in the solid. In the phenanthroline plane, accumulation of ED is observed in all C-C, C-N and C-H bonds, with maxima almost centered in the bonds. NI and N2 exhibit lone pairs directed towards Fe, in a-bonding mode. The NCS group (Fig. 12b) exhibits a high deformation density centered in the C21-N20 formally triple bond, with the N20 lone pair directed towards Fe and the peak of ED in the C21-S22 bond displaced towards S22. This latter atom exhibits, in addition, a depletion of ED facing the C21 atom, characteristic of high electron polarization. Altogether, the deformation density features of the phenanthroline and thiocyanate ligands agree well with those usually reported in the literature for similar organic moieties in their ground-state.

The static deformation density around Fe is highly anisotropic (Fig. 13), a reflection of the distorted octahedral © Table . 3. Selected topologic?l prope~ies .at the Fe-N bond_ criti.cal points (full rr:operties are ,tven as supplementary material). Kinetic G, potcnttal V and total H energtes are gtven 1n kJ mol 1 A ... u(rcr) m eA -.1. Other untts based on .
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FeN 6 coordination geometry. It presents a positive lobe in the plane defined by N20, NI and Fe, and a spatially contracted positive contribution towards N2. Negative deformation density is observed between the positive lobes. This anisotropy results from the combination of crystal field and partially covalent Fe-ligand interactions. The positive defonnation density observed in the direction or the coordinating N atoms (from phenanthroline and thiocyanate) corresponds to a-bonding interactions, that is a partial electron delocalization from the tilled ligand a mole- cular orbitals to the Fe(II) partially occupied e, orbitals.

Accordingly, we anticipate an occupancy higher than I electron of the d,, and d,Lv' Fe(JJ) orbitals. At this point, we should mention that in spite of the large distortion of the Fe-N, coordination polyhedron we have adopted the octahedral notation in use for an electronic Fe(ll) configuration. Significant Fe-N covalency is evidenced, even for a HS electronic state; this covalency contributes somewhat to the e,-r 2 , splitting in addition to the purely electrostatic crystal field, altogether resulting in the spin crossover behavior. The defonnation density yields a first qualitative insight of the Fe-N interactions; more quantitative details will be provided by the following topological analysis. Topological analysis of the ED has proven to be a powerful tool to quantitatively analyze chemical bonding in ionic and molecular solids. According to the theory developed by Bader [START_REF] Badcr | Atoms in Molecules. A quantum theory[END_REF], a chemical bond is characterized by the presence of a line of maximum ED joining two bonded atoms (a bond path), on which lies a bond critical point (BCP) [START_REF] Bader | The characterization of atomic inteructions[END_REF]. The sign of the laplacian of the ED V' 2 e(r) points out regions of charge accumulation (V' 2 e(r) < 0) and charge depletion (V' 2 (l(r) > 0). The be- havior of the ED and laplacian at a BCP lets one distinguish between closed shell and shared shell interactions.

u(i'cp) Q-Oprom G(i'cp) G(i'cp) Y(i'ce) H(i'cp) u(f'
In the case or transition metals it has been suggested that the ED and laplacian are not sufficiently good descriptors to unambiguously characterize metal-ligand bonding. In such cases, kinetic (G(r)) and potential (V(r)) energy densities, evaluated according to the Abramov approximation [START_REF] Ahramov | On the possibility of kinetic energy density evaluation from the experimental electron-density distribution[END_REF] which is strictly valid only for low ED at the CPallow a better classification [START_REF] Cremer | A description of the chemical bond in tenns of local properties of electron dcn~ity and energy[END_REF][START_REF] Cremer | Chemical bonds without bonding electron density -does the difference electron density analysis suffice for a description of the chemical bond?[END_REF]; with covalency being associated with an excess or potential energy over the kinetic energy densities. The topological properties of the ED in [Fe(phenh(NCS)z] have been derived using Newprop [START_REF] Souhassou | Topological analysis of experimental electron densities[END_REF][START_REF] Katan | Numerical computation of critical properties and atomic basins from three-dimensional grid electron densities[END_REF] and they are listed in Table 3 for the BCPs, where they are also compared to those reported for the LS and HS-2 states of [Fe(btrh(NCS)zl • H20 [START_REF] Lcgrand | Extension of the experimental elecLron density analysis to metastahle states: a case example of the spin crossover complex [Fe(htrh(NCSh]• H[END_REF].

The ED at the Fe-N BCPs as a function or Fe-N bond lengths is reported in Fig. 14. The ED at these points mirrors the differences in bond length and correlates with the Fe(ll) spin state. Indeed, two distinct groups are evidenced in the (!(r)-dFe-N diagram: (i) a short bond length with high ED and (ii) a longer bond length with lower ED corresponding to the LS and HS electron configurations, respectively. The values of the ED at the BCPs for the Fe-NI and Fe-N2 bonds are close to those reported for [Fe(btr)z(NCS)z] • H 2 0 in the HS state, while it is considerably higher in the direction of the thiocyanate ligand. This may seem overestimated compared to the corresponding values for [Fe(btr}z(NCS)z] • H20 and is potentially indicative of a high covalent contribution to the Fe-N20 interaction, almost as high as for the LS state of [Fe(btrh(NCSh]• H 2 0. The excess of ED with respect to the promolecule (sum of EDs for isolated, spherical atoms) amounts to (ef!pruml ""0.17 eA 3 , pointing indeed to an increase of ED overlap in the interatomic region, as is the case for covalent interactions. The accumulation of ED along the Fe-N bond axis with respect to the promolecule is illustrated in Fig. 15. It results trom high a-orbital overlap between the partially vacant Fe(ll) e 8 orbitals and the filled ligand a molecular orbitals, with large population contributions from the N atoms (N1, N2 and N20). This orbital overlap mode is shown schematically in Fig. 16. A deeper insight into the covalent and ionic character of the Fe-N chemical bonds can be gained from a look at the energetic properties at the BCPs as listed in Table 3. For all Fe-N bonds, the potential energy density is the dominant contributor to the total energy density. The density normalized kinetic energy density G(r)/Q(r) is in slight excess or unity, indicating a significant shared shell component of the Fe-N chemical bond. The total energy density is clearly comprised between the LS and HS state of [Fe(btrh(NCSh] • H,O.

In conclusion, all the ED descriptors correlate with a significant covalent character of the Fe-N bonds in [Fe(phenh(NCShl. even in the HS-2 state.

Population analysis and Fe electron configuration

The structural parameters of [Fe(phenh(NCSh] in the HS-2 light-induced metastable state, such as the Fe-N bond distances (2.083(1), 2.201(1) and 2.216 [START_REF] Coppens | Photoinduced linkage isomers of transition-metal nitrosyl compounds and related complexes[END_REF] Al and FeN6 octahedron volume (13.10(1) A 3 ), are consistent with those usually reported for high spin electron configuration (dFo-N ~ 2.18 A, Vp ~ 13 A 3 ) [START_REF] Guionneau | Structural Aspects of Spin Crossover. Example of the [Fc 11 L 11 (NCSh] Complexes[END_REF]. To go further, our parameterized model of the electron density distribution offers the possibility to derive the Fe 3d orbital populations, as proposed by Holladay et al. [START_REF] Holladay | Generalized relations between d-orbital occupancies of transition metal atoms and electron density multipole population pammeters from X-ray diffraction data[END_REF]. Note that the model does not account for covalent effects, which are indeed significant for [Fe(phenh(NCShJ as shown above.

In the case of spin crossover materials, the singlet 1 A1 and quintet ;T 2 electron configurations have been respectively assigned to the LS and HS states for iron(ll) in perfectly octahedral surroundings: the triplet states are considered to be involved, through intersystem crossing, in the light-induced process (LIESST). For [Fe(btr),(NCShl • H,O, we previously assigned the 3d-orbital populations deduced from the multipolar modeling to the 1 A1 and 5 B, 8 configurations for the LS singlet and HS quintet state respectively. For [Fe(phenh(NCSh], the question of electron configuration is of fundamental interest owing to the high deformation of the FeN 6 octahedron. Defining a local axis system in such a highly deformed polyhedron is not unique and precludes any quantitative comparison with other similar systems, like [Fe(btrh(NCShl • HzO which exhibits a much more regular octahedral environment in both spin states. A qualitative comparison is nevertheless attempted below.

Judging from the static deformation density discussed above, the most appropriate local axis system for Fe consists of X and Y directions along NI and N20, respectively (i.e. in the plane of the positive spread lobe of deformation density) and of Z in the direction of N2 (see Fig. 13). With this axial system the corresponding 3d orbital populations amount to the values given in Table 4, where for comparison, those reported for [Fe(btrh(NCS)z] • H,O in both HS and LS states are also listed. The populations for [Fe(phenh(NCS),] indicate a significant occupancy of all the 3d orbitals, which reflects a high spin electron configuration. Compared to a HS configuration in a perfectly octahedral surrounding, the d,, and dx'-y' orbitals are more populated whereas the d:cz and dyz orbitals are less populated. This may be due to a donation from the NCS and phenanthroline ligands as well as 7T back bonding. This latter stems from a partial electron delocalization from the filled Fe(ll) From the present analysis and those previously reported for [Fe(btr)2(NCS) 2 j • H 2 0, it is manifestly evident that the EO analysis allows a clear distinction between the HS and LS electron configurations.

Intermolecular contacts and cooperativity
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The relationship between cooperativity of the thermal spin transition, that is abruptness and presence of hysteresis, and the geometry of the intermolecular contacts in the solid has been well recognized from careful structural analyses on chemically related spin crossover systems, sometimes conducted as a function of temperature or hydrostatic pressure [START_REF] Guionneau | Structural Aspects of Spin Crossover. Example of the [Fc 11 L 11 (NCSh] Complexes[END_REF][START_REF] Real | Communication between iron(II) building blocks in cooperative spin transition phenomena[END_REF]. In particular, the presence of short intermolecular hydrogen bonds and n-stacking is considered as a prime ~equisite for a highly cooperative behavior [62] aod serves as a guideline for the rational design of highly cooperative materials through crystal engineering. This purely structural approach proved to be efficient for elucidating the origin of the different magnetic behavior of the two polymorphs of [Fe(PM-BiA),(NCS) 2 ] for instance: polymorph (I) exhibits an abrupt t~ermal spin transition, while polymorph (11) undergoes a gradual transition, attributed to a lengthening of an S • • • H-C intermolecular contact [START_REF] Marchivie | Towards direct correlations between spin-crossover and structural features in iron(ll) complexes[END_REF].

However, it is well known that a purely structural investigation on its own does not permit to assess fine interaction details and to derive unambiguously the strength of the corresponding interactions, especially when the crystal finement packages [START_REF] Spackman | Atom-atom potentials via electron gas theory[END_REF][START_REF] Abramov | The experimental charge-density approach in the evaluation of intennolecular interactions. Application of a new module of the XD programming package to several solids including a pentapeptide[END_REF]. It is therefore highly demanded to investigate the EO distribution in the intermolecular regions, in addition to the structural characterisation.

The total EO of [Fe(phenh(NCShl was calculated for molecular dimers in the direction of the intra-sheet and inter-sheet contacts, using the parameterized model discussed above. The base level contour selected corresponds to the estimated accuracy of the electron density. From a look at Fig. 17 it is clear that EO contacts do exist in the intra-sheet region, corresponding to .1t-.1t interactions; these contacts are much less evident in the inter-sheet region (Fig. 18). Both n-n contacts lie in the (be) plane, directed almost along [011] and [01]] for the intra-sheet and inter-sheet interactions, respectively. It is therefore not surprising that the most compressible and thermally affected direction is a as pointed out by Gra- nier et al. [67] from crystallographic measurements under pressure and by Real et al. [START_REF] Real | Comparative investigation of the spin crossover compounds Fe(btzh(NCSh and Fe(phcnh(NCSh (where btz = 2,2'-bi-4,5-dihydrothiazine and phen = I, 10-phenanthroline). Magnetic properties and thennal dilatation behaviour and crystal structure of Fe(btzh(NCSh at 293 and 130 K. lnorg[END_REF] from thermal expansion analysis.

The anisotropy of the intermolecular interactions, that is stronger interactions within the (ab) layers, assessed from the crystal packing analysis, is clearly evidenced by the total EO distribution in the intermolecular regions. A quantitative estimate of the strength of the corresponding interactions from the EO is under way, and this will surely allow a better understanding of the relationship between the abrupt transition properties and the molecular organisation in the solid. 

Conclusion

The electron density distribution of a light-induced, molecular metastable state was determined from steady-state Xray diffraction measurements under light excitation. The experimental conditions were oplimized to yield diffraction data of acceptable resolution and quality. Due to experimental restrictions, the accuracy is reduced with respect to those typically achieved for a ground-state system but these tirst results are highly encouraging. Numerous experimental difficulties had to be overcome:

(i) Under the combined influence of cooling He flux, X-ray and laser beams, the mosaicity of the single crystal samples unavoidably increases. Hence, the maximum reciprocal space resolution is reduced as compared with a typical ED study of a groundstate system. ln the present work, the use of synchrotron radiation• enabled the collection of data at higher angular resolution, and this greatly improved the deconvolulion of thennal motion from the electron density; this was mandatory. (ii) Even at very low temperature, well below T LIESST.

the metastable to ground-state relaxation is not completely negligible. However, thanks to continuous laser• excitation during diffraction measurements, a photo-stationary state was achieved with complete photo-conversion. The modeled electron defonnation density as well as the Fe(ll) derived Sd orbital populations are characteristic of high spin (t,/e/) electron configuration and support the assumption of signiticant a-donation and n-back-bonding Fe-N interactions. Accumulation of ED in the bonding regions with respect to the promolecule indicates a significant covalent character in the metastable HS-2 stale. Specific topological properties of the ED at the Fe-N BCPs have been distinguished and allow a clear distinction between HS and LS state, with namely a higher ED at the BCP and an excess of potential energy density over the kinetic energy density.

The ED in the intermolecular regions confirms anisotropic inlennolecular interactions with possibly a layer topology parallel to the (ab) plane, related to the system cooperativity. This is of importance for understanding the spin transition mechanism of [Fe(phen),(NCS),j; a putative low dimensional behavior might be expected.

A more systematic ED analysis, derived from X-ray diffraction experiments and completed by ab-initio calcu-b c lations (DFT), could be a very fruitful approach to elucidate the role of the covalency of the Fe-N interactions on the occurrence of spin crossover properties. For instance, comparative studies of the a-donation and Jt-back bonding interactions on chemically related ligands may serve as guidelines for future rational design of spin crossover materials.

In continuation to these steady-state photocrystallographic results, we can suggest suitable strategies for future improvements. it is clear that more effort has to be dedicated to the laser excitation procedure in order to achieve high photoconversion and extended metastable state lifetime. For this purpose, the laser penetration depth, which is a crucial aspect, could be enhanced using twophoton excitation methods. Alternatively, the use of supramolecular solids (e.g. calixarene-based) as host for photoactive molecules was proposed as an efficient strategy for extending the excited-state lifetime while preserving the crystal lattice [START_REF] Coppens | Crystal engineering, solid state spectroscopy and time~resolved diffraction[END_REF], and allowing possibly higher photoconversion. Complementary techniques like transmission optical spectroscopy, used in combination with the diffraction experiment, could be applied to probe the ground to metastable state population ratio and therefore inspect in situ the photoconversion efficiency and relaxation. Efforts in these directions are under way.

To conclude, in view of our results, it seems fair to state that out-of-equilibrium charge density analysis from steady-state or in the near future lime-resolved photocrystallographic measurements is a really promising and exciting tield of research.

  Fig. t. Schematic energy diagram and LIESST process.
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 2 Fig.2. Temperature dependence of XM T for powder samples prepared using lhe diffusion method[22], HS-1 denotes lhe high temperature HS .'itate and HS-2 the light-induced mctastable, low temperature HS state.
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 3 Fig. 3. Evolution of the HS fraction Yus(t) between two laser excitations at T = 32 K: derived from ditiraetion data (open squares) and photo-magnetic measurements (full triangles) [22]. The line is a leastsquares tit to the diffraction data.
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 6 Fig. S. Schematic representation of the simulation procedure. HS-2 and LS molecular species are depicted on the left in black and light grey, respectively, whereas the refined mean structure is depicted in dark grey on the right.

  Fig. 7. (a) Relined Fe-N bond lengths as a function of reference YHs: (b) (dF,-N(Y)-dr,-N(Y ~ 1.0))/a(dr,-N(Y ~ 1.0)) ao a func- tion of reference YHS• Reproduced from [131 with permission of the International Union of Crystallography.
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 11 Fig. 10. Molecular structure and labelling scheme of [Fe(phenh(NCSh] in the HS-2 metastable state.
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 1312 Fig. 13. (a) 0.1 e A -J isocontour of the Fe static deformation density: positive in light grey, negative in dark grey. Sta• tic deformation density in the (h) Fc-N20-N20' and (c) Fe-Nl-N2 planes (contours of 0.1 e A ~). The lo- cal coordinate system centered on Fe is given in the insert.

  Fig. 14. Electron density (in c A -3 ) at the Fe-N bond critical points as a function of bond length, in lFe(pbenh(NCS) 2 ] and IFe(htrh(NCS)z] • H 2 0.

  Fig. tS. Total electron density (in eA 3 ) along the Fc~N bond axis for the Independent Atom Model (lAM) and the refined multipolar model.
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 16 Fig. 16. a-orbital overlap scheme between (a) N2 lone pair and Fe(d:l) orbital, (b) N1 and N20 lone pairs and Fc(dx!-_;-") orbital.
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 17 . 0.05 c A -J isocontour of the to- tal electron density in the intra-sheet re- gion (corresponding to the green arrow in Fig. 11).
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  Fig. IS. 0.05 eA -J isocontour of the total electron density in the inter-sheet region (corresponding to the red arrow in Fig. 11 ).

grew then by slow solvent diffusion over several weeks. For the diffraction measurements, single crystals, with size or

  

	4 ) • 7 H,O dissolved in
	methanol. Large dark single crystals of very good quality
	0.05 mm to 0.25 mm, of good quality were then embedded

in vacuum grease and mounted on glass fibers.

Table I .

 I Crystallographic data and experimental details.

	T (K)	32	15
	Space group	Pbcn (No. 60)	Phcn (No. 60)
	a (A)	13.1928(4)	13.185(1)
	b cAJ	9.9503(3)	9.948(1)
	c cAJ	17.1498(8)	17.135(1)
	V (A 3 )	2251.3(1)	2247.5(3)
	z	4	4
	X-ray source	sealed tube	Synchrotron/
		(MoK, 1 )	BM01A
	!. cAJ	0.71073	0.7100(1)
	Excitation source	Ar-Kr laser	He-Ne laser
	Excitation wavelength (nm) 647	633
	Excitation power (mW)	50	1.25
	Excitation duration	150s+l5s	continuous
		every 2 hours	
	Crystal size (mm)	0.15 X 0.10 X 0.05 0.24 X 0.22 X 0.21
	!i (mm•-1 )	0.87	0.87
	Transmission TminlTmax	0.86/0.92	0.85/0.88
	Data reduction		
	Meas. refl.	18028	23123
	lndcp. rcfl.	4045	7259
	Rint (!)	0.055	0.045
	(sin ~/i.Jm~ (A -I)	0.80	1.00
	Structural refinement		
	(SHELX)		
	parameters	191	191
	RI (all data)	0.099	0.109
	wR2 (all data)	0.108	0.300
	GoF (all data)	0.908	2.37
	Multipolar refinement		
	(MOLLY)		
	parameters		276
	R (S < 0.7 A 'l		0.072
	wR2 (S < 0.7 A-1 )		0.137
	GoF (S < 0.7 A -If		0.760

Thble 4. 3d atomic orbital populations of iron (in %), derived from the multipolar modeling. The crystal field hypothesis corre• sponds to pure octahedral symmetry. LS crystal field hypothesis HS crystal field hypothesis

  

	lFc(phen),(NCSh]	HS state	24(3) 20(3) 26(3)	t5(2) t5(2)
	lFc(htr),(NCSh] • H 2 0	LS state [3] HS state 13]	6(t) 16(1) 24(t) 26(1) t5(t) 3(t) 24(t) 36(t) 3t(t) t9(t)
			0	0
			t7	17
	orbitals of the phenanthroline and NCS ligaods. The de-
	parture tram ideal octahedral symmetry, induced by the
	structural distortion and the difference in ligand field
	strength between NCS and phenanthroline, is retrieved
	from these 3d orbital populations.		

t 28 orbitals (d" and dyz) to vacant rr•

packing contains counter-ions and solvent moieties l64] or in the case of n-n or van der Waals interactions. In this

  

	33	33
	22	22
	latter case, the analysis of few selected C • • • C distances is
	surely not sufficient to appreciate the extent of the interac-
	tion. The molecular EO distribution can provide the basis
	for interaction energy calculations through a defined parti-
	tioning of the total interaction energy in electrostatic
	(point charges and multipolar development), repulsion, dis-
	persion contributions, as implemented in several ED re-
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