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The X-ray restrained/constrained wavefunction (XRW/XCW) fitting approach [1, 2] is one of the well-established methods of modern 

quantum crystallography [3-5], an approach that allows the determination of wavefunctions from experimental X-ray diffraction 

measurements by minimizing a functional (i.e., the so-called Jayatilaka functional) given by the sum of the electronic energy of the 

system under exam and of the statistical agreement between experimental and computed structure factor amplitudes. 

Initially proposed in the framework of the restricted Hartree-Fock formalism [1, 2], over the years the method has been gradually 

extended to other techniques of quantum chemistry (e.g., unrestricted Hartree-Fock formalism, density functional theory, relativistic 

methods and extremely localized molecular orbital (ELMO) strategy), but practically remaining always limited to a single Slater 

determinant ansatz for the wavefunction to be determined.  

In this presentation, two recent XRW fitting techniques that went beyond the previous limitation will be discussed: the X-ray 

restrained extremely localized molecular orbital – valence bond (XR-ELMO-VB) method [6, 7] and the X-ray restrained spin-coupled 

(XRSC) strategy [8, 9]. Both of them are multi-determinant XRW approaches and, above all, they are strongly rooted in Valence Bond 

theory, thus allowing the extraction of traditional chemical descriptors (e.g., weights of resonance structures) compatible with 

measured X-ray diffraction data 

The XR-ELMO-VB technique, which can be considered as the first prototype multi-determinant XRW approach, exploits the use of 

pre-computed and frozen ELMOs to define the basis of pre-determined Slater determinants on which expanding the desired 

wavefunction [6]. The method is particularly useful to investigate systems characterized by a multi-reference character. The performed 

calculations have also clearly shown that the technique is able to reveal how the relative importance of resonance structures changes 

when structure factors measured at different conditions (e.g., at ambient or high pressure) are used as external restraints [7]. 

The XCSC method can be considered a step forward compared to the XR-ELMO-VB strategy. In fact, through the coupling of the 

XRW philosophy with the spin-coupled technique of Valence Bond theory, the approach enables not only the determination of 

resonance structure weights, but also the optimization of the so-called spin-coupled orbitals, which are quite localized and allow us to 

shed light on the spatial rearrangements of the electronic clouds and the hybridization of atoms [8, 9]. Preliminary tests have shown 

that XCSC computations can provide resonance structure weights, spin-coupled orbitals and global electron density distributions that 

are different from those obtained through corresponding gas-phase calculations [9]. These differences are probably due to the 

capability of the X-ray restrained spin-coupled approach in getting information contained in the experimental data employed in the 

computations (e.g., correlation and crystal filed effects). 
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