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A molecular modelling study of the (O001) surface of benzil 
reveals evidence for surface reconstruction associated with 
a change in molecular conformation effected v i a  a relaxation 
of n-n intermolecular interactions which are strong in the 
solid-state but absent on the exposed surface. This is 
confirmed by an examination of a single crystal sample 
using ultra-soft polarised X-ray absorption spectroscopy at  
the C K-edge. 

Over the past 20 years UHV surface science techniques have 
made a dramatic and substantial contribution to our 
understanding of the surface crystallography of metals and 
semi-conductors and, to a lesser extent, simple AB components 
such as oxides. However, despite the importance of surface 
structure in understanding and controlling the processing of 
organic solids, particle formation, comminution, colloidal 
dispersion, tabletting etc., our knowledge of the surface 
chemistry of most molecular solids remains completely 
unknown at this time. The surfaces of simple elemental 
compounds are known to reconstruct due to the termination of 
strong primary bonding at the exposed surface thus leading 
to relaxation of atoms from their bulk positions, resulting in 
surface symmetry reduction. Intuitively one would not expect 
such effects to be as strong in organic solids due to their crystal 
chemistry being dominated by much weaker van der Waals' 
forces. Despite this, recent molecular modelling studies by 
George et af.' have indicated the likelihood of a degree of 
surface re-ordering in molecular solids. 

The inherent flexibility in many complex organic molecules 
would suggest that some molecular rearrangement should 
take place in cases where packing forces induce a change in 
molecular conformation with respect to that expected for the 
free molecule. 

Benzil (C6H,C==O)2 comprises two phenyl rings joined 
together by two trans carbonyl groups, with the latter providing 
a degree of conformational flexibility. It crystallises in a 
trigonal structure P312 in a tri-molecular unit cell with Q =  

8.409 A and c = 13.672 kompar i son  between the molecular 
structure derived from semi-empirical quantum chemistry 
calculations t and that derived from the published crystallo- 
graphic ~tructure ,~ shown in Fig. 1, reveal a substantial change 
in molecular conformation reflected by the crystallisation 
process. This change, associated with an increase in the molar 
enthalpy of formation from 38.3 kcal mol-' (1 cal = 4.184 J) for 
the isolated molecule to 97.5 kcal mol-' for the same in the bulk 
crystal structure, reflects the strong intermolecular packing 
forces in the solid-state. These forces are dominated by an 
interleaved packing motif between benzil molecules from 
adjacent molecular layers which are, in turn, dominated by 

f Calculations carried out using MNDO. 
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Fig. 1 Overlay of optimised (---) and crystallographically derived 
(-) molecular structures for benzil showing the nature of 
conformational changes induced by packing in the solid state 
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Fig. 2 Projection of the molecular packing onto the a-axis showing the 
interleaving intermolecular packing involved in the formation of the 
(OOO1) surface of benzil 

strong n-n interactions (as shown in Fig. 2) across the basal 
(0oO1) plane. It is the strength1 of these x-n intermolecular 
interactions ( -8 .04  kcal mol-') with respect to the overall 
lattice energy (-25.9 kcal mol-I) that maintain the benzil 
molecules in a conformation away from that expected for a 
minimum intramolecular energy. 

It is thus reasonable to suppose that during the growth 
process the conformation of the bend molecules on the (0001) 
surface will relax back towards that expected for the isolated 

$ Calculations carried out using HABIT95 and Dreiding force 
fields. 
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Fig. 3 Molecular diagram showing conformational change in the 
(0001) surface molecules following relaxation of the surface layer 

molecular state. This supposition is confirmed (Fig. 3) through 
a detailed molecular minimisation study4 carried out for benzil 
(0001). This reveals that the exposed surface molecules 
experience conformational change due to the loss of the 
intermolecular a-a interactions inherent in the bulk structure 
but missing on the exposed (Oool) surface. 

Experimental confirmation of this model is provided via the 
examination of single crystal samples" using polarised ultra- 
soft X-ray absorption spectroscopy * at the carbon K-edge. The 
experiments were carried out on beamline Ul  A' at the national 
Synchrotron Light Source (NSLS) at Brookhaven National 
Laboratory in the USA. Absorption spectra were recorded at 
normal incidence (Fig. 4) simultaneously in electron yield and 
fluorescent yield modes. These techniques probe, respectively, 2 
and 200 nm into the sample surface." The fluorescence yield 
spectra, representative of the bulk crystal structure, reveal (a) 
well defined C-H*** and C==C a**"*(( resonance features, 
together with other less distinct features. The strong G=C a* 
resonance reflects the fact that the ring planes of the phenyl 
groups of the benzil molecules are aligned normal to the surface 
and hence the R orbitals of the molecules are parallel to the 
electric field vector of the linearly polarised synchrotron beam 
which for this orientation runs parallel to the sample surface. 
The C==€ R* resonance is substantially reduced in the electron 
yield data (b) reflecting significant disordering of the ring 
orientation in the phenyl rings in direct confirmation of the 
molecular modelling studies. 

Thus in this work we have provided direct evidence for 
a degree of surface reconstruction in the organic solid-state. 
In the case of benzil (OOO1) the reconstruction involves 
conformational changes to the surface molecules, rather than 
shifts in their relative position, as would be more typical for 
such effects in elemental compounds. Studies are currently in 
hand with a view to assess how general these effects are in terms 
of organic solid state chemistry as well as to determine the role 
of molecular size, shape and bonding type on the surface 
reconstruction mechanism. 
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and also in the main text of Stohr's book, indicated in ref. 11 as well as 
by other researchers. However, in the particular context of Table 4.2, 
ref. 1 I ,  * is given an alternative use, this time to denote the excited atom. 
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Fig. 4 Carbon K-edge X-ray absorption spectra recording in normal 
incidence from a Bend O001 surface in (a) fluorescence yield, (6) 
electron yield 
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