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Due to the computational cost of quantum mechanical simulations for large and electron-rich systems, semiempirical methods have
been developed to provide a better compromise between accuracy and computational cost. The x7B program package [1] is a
collection of semiempirical quantum chemical methods based on the tight-binding approximation. The methods are designed to be
computationally efficient and can provide accurate results for a wide range of chemical systems. The x7B methods have been
implemented in the NoSpherA2 [2] software package, which is a tool for the calculation of non-spherical atomic form factors for
Hirshfeld atom refinement (HAR) in Olex2 [3].

Speed Accuracy

IAM | xTB-HAR DFT-HAR

R1: 3.20%, wRy: 7.54% R1:2.71%, wR5: 5.60% R1:2.39%, wR5: 4.27 %
0.21/-0.19 eA™3 0.16/-0.18 eA™3 0.12/-0.16 eA™3
Level of theory GFN-2 R2SCAN, cc-pVTZ
Calculation time 0.060 s 17.463 s
Partitioning time 8s 15s

Figure 1: Comparison of the difference maps (0.120 eA?) for the available methods.

Fig. 1 shows that for both HAR methods only statistically distributed residual densities are observed while the ITAM model shows
significant residual electron density on the bonds. However, while DFT-HAR yields the most accurate results, the XTB calculation
proofs to be significantly faster with retention of the HAR advantages, like realistic hydrogen distances and ADPs. Since xTB was
parametrized for geometry optimization, which is irrelevant for the HAR, it does not yield good results for structures containing
heavier elements. Nevertheless, this implementation serves as a proof of concept for the use of tight-binding methods in quantum
crystallographic refinement and the implementation of a new method called pTB™ is already being developed.. This method is
parametrized to yield accurate electron density matrices and should be ideal for calculating structure factors.
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