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Single-crystal X-ray diffraction
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Spherical model

IAM = Independent Atom Model



Spherical model

Residual electron density




Non-spherical models
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Prospects of Quantum Crystallography

« Accurate and precise structure determination, including
hydrogen-atom positions and ADPs

X-ray data,
QCr treatment

Capelli, Burgi, Dittrich, Grabowsky,
Jayatilaka, IUCrJ 2014, 1, 361

Neutron data



Prospects of Quantum Crystallography

» Electron density and chemical bonding

N. Kocher, D. Stalke et al., J. Am. Chem. Soc. 2004, 126, 5563

,...we conclude that the silicon atom in 1 definitely is not hypervalent.”



Prospects of Quantum Crystallography

* Measuring electron correlation

Genoni et al., IUCrJ 2017, 4, 136

Difference
Electron Densities:

Electron Correlation
from the experiment

Difference
Exchange-Correlation
Potential:

Electron Correlation
from the experiment



Prospects of Quantum Crystallography

« Measuring polarization Atomic properties:

« Atomic polarizability tensors
P. Macchi et al.,

J. Appl. Cryst.

2014, 47, 1452 Molecular properties:

Molecular or fragment polarizability
tensors
« Molecular refractive index

Crystal properties:
JJ\ « Crystal susceptibility

» Crystal dielectric constant
H 2N NH2 « Crystal refractive index

1

Polarization
from the experiment
- Optical properties, Reactivity

Difference
Electron Densities:
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Prospects of Quantum Crystallography

 Core deformation and relativistic effects

Compounds with heavy elements
I
Ph Ph
\ > ~, P<
Ph Hg Ph
, - / /\
| ONQ2  O3NO
Hg(Pphs)z(NOs)z

Problems:
» Absorption
« Anomalous dispersion

» Radiation damage
S.J. Coles et al., before QCr, after QCr,

IUCrJ 2019, 6, 703 AP, as=3.8 eAs AP a=1.4 €A
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Requirements for quantum crystallography
measurements

Best possible quality (importance of low order data)

100% complete and highly redundant (> 20 times)
Very high resolution (d = 0.5 A and better)

Temperatures < 100 K



Krzysztof’s part
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Non-spherical models: theoretical raw data

Chemical
Science
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NoSpherA2 = non-spherical
atoms in Olex2

Olex2

1) Input selection
2) Structure growing
3) Refinement
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Software

Form factor calculation
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TITLE:

SYMM:

AD:
SCATTERERS:
[ ANYTHING ]:
DATA:

h k

hy k-
h, k-
hﬂ. kﬂ

optional title of the structure
‘expanded' or list of symmetries’!
TRUE or FALSE (anomalous dispersion)
space-separated list of all atoms

colon must be present

(denotes the end of the header)

[ A1 A

ll fl (hlJ kl) ll) fz (hlJ kl} ll)
lz fl(hZIkZJ ZZ) fz (th kZJ IZ)
ln fl (hn: kn: Zn) f2 (hn: kn.: Zn)

An

ﬁl.(hb kl) ll)
ﬁl.(hZI k2! IZ)

foCho Ko 1)
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| nitron_ACN_Mo_absorption.tsc - Notepad — O =
P p

File Edit Format VYiew Help

FITLE: nitron_ACN_Mo_absorption.cif

SYMM: expanded

SCATTERERS: N3A N3 N1A N4A N4 N2A N2 N1 N5 C2 C2A C1A C3 C9 C1 C154 CSA C3A C15 C4 C14 C13 C4A C3 C12 (¢
DATA:

-18 8 6 1.53765885e+88,2.81578857e-82 1.52388532e+080,2.248160561e-02 1.53997077e+00,-1.07916130e-82 1.52¢
e+00,1.92169822e-02 1.329726602e+00,-1.82099676e-02 1.403308360e+08,9.71445625e-83 1.40552649e+088,-1.87154
e-83 3.63148422e-82,5.41532845e-83 3.37234152e-02, -8.8488407%e-83 3.34624591e-02,1.15745988e-82 3.25757¢
-18 B 8 1.53690833e+088,2.38920314e-82 1.52751997e+88,2.920851788e-02 1.54067722e+00, -8.20153363e-83 1.52¢
7e+88,1.78064747e-82 1.39548938e+08,-2.32598455%e-02 1.40624206e+00,7.52001651e-83 1.41019316e+B8, -1.672¢
e-83 3.66125383e-82,5.455211808e-83 3.42770086e2-02, -8.58814003e-03 3.48770750e-02,1.06798083e-02 3.38707!
-18 8 18 1.53168968e+88,1.79418281e-82 1.52677230e+080,3.47558132=-02 1.53689608:+00,-5.71419278e-83 1.5:
e+80,1.47628046e-82 1.39879253e+080,-2.718949941e-02 1.40608393e+00,4.58079718e-03 1.4113962%e+08,-1.4501:
-B3 3.58439216e-82,5.34853627e-83 3.37950773e-02,-8.81543717e-03 3.35274666e-02,9.64797571e-83 3.256181°¢
-18 1 6 1.53711934e+88,3.06864818e-82 1.52279918e+88,2.15351750e-02 1.53954402e+00, -7.35885998e-83 1.52¢
+88,2.86258616e-82 1.39569961e+88,-1.740161608e-02 1.408222951e+00,6.47743908e-83 1.40372783e+00, -2.01774¢
83 3.592088083e-082,6.083442254e-83 3.345805987e-02,-9.27944017e-03 3.33912277e-02,1.1732837%e-082 3.2465001:
-18 1 7 1.53728695e+88,2.79483906e-82 1.52514436e+88,2.52047751e-02 1.54044615%e+08, -6.18576518e-83 1.52¢
+808,1.94541873e-82 1.39536935e+088,-2.015132668e-02 1.484176064e+08,5.53367122e-83 1.408649198e+88, -1.91806¢
83 3.61608338e-82,6.11417352e-83 3.37953300e-02,-9.22952970e-03 3.37780958e-02,1.13404047e-02 3.2824706¢
-18 1 8 1.53624658e+88,2.5867852%-82 1.52646919=+0@,2.86433154e-02 1.54026255e+00, -5.05298437e-83 1.52¢
e+88,1.82481687e-82 1.39424188e+80,-2.28326436e-02 1.40533783e+00,4.430760060e-03 1.40836162e+00,-1.8039¢
-B3 3.61578798e-82,6.11826753e-83 3.39196162e-82,-9.87517128e-03 3.39884173e-02,1.088991316e-02 3.293762¢
-18 1 9 1.53421248e+88,2.21449351e-82 1.52674345e+088,3.17908030e-02 1.53899369%e+00,-3.982760835e-83 1.52]
e+B8,1.78258968e-82 1.29247841e+88,-2.52114818e-02 1.40580397e+00,3.13980278e-03 1.40948252e+008, -1. 6804
-83 3.59046662e-82,6.01948282e-03 3.38155876e-02,-8.803485956e-03 3.37726433e-02,1.03814667e-82 3.281249¢
-18 1 18 1.53892186e+88,1.92497688e-82 1.52581538e+080,3.458958682-02 1.53648023e+00,-2.99824858e-83 1.5:
e+88,1.57363842e-82 1.38978840e+00,-2.70763348e-02 1.40524375e+00,1.75888646e-03 1.40950943e+08,-1.5523¢
-83 3.54271184e-82,5.87389922e-03 3.35825492e-02,-8.438699432-03 3,33828728e-02,9.7794480%-83 3.247119¢
-18 2 7 1.53496362e+00,2.93634818e-82 1.52259700e+008,2.41768560e-02 1.53843626e+08,-2.81252408e-83 1.52;
+88,1.99880848e-82 1.39273193e+88,-1.93758144e-02 1.481923922+00,2.26172813e-03 1.40342506e+08, -1.97153¢
83 3.54865437e-82,6.66856641e-83 3.3144286%9-02,-9.58927688e-03 3.33070453e-082,1.142668180e-82 3.2439297¢
-18 2 8§ 1.5339688%e+088,2.62199746e-82 1.52390231e+088,2.77787313e-02 1.53823844e+00,-1.87268294e-83 1.52¢
e+88,1.86933983e-82 1.39179785e+88,-2.228781560e-02 1.40315885e+00,1.38310705e-03 1.40526473e+008, -1.8478¢
-83 3.53896492e-82,6.65480308e-03 3.32445417e-082,-9.45428167e-83 3.33975238e-02,1.10140873e-82 3.254859]
-18 2 9 1.53190665e+88,2.38115661e-82 1.52418782e+080,3.10888782e-02 1.53694327e+00,-1.02233831e-83 1.52¢
+808,1.73694211e-82 1.39816757e+08,-2.473878552-02 1.48363126e+00,2.17647877e-04 1.40630771e+80,-1.71133¢
83 3.51888856e-82,6.52595168e-83 3.31969831e-082,-9.18511960e-03 3.33067498e-02,1.04964771e-82 3.2465273¢
-17 @ -1 1.55835731e+0@8,4.28931834e-082 1.52173551e+88,-3.006426094e-84 1.54571465e+88,-2.15296482-02 1.1
9e+8@,2.78095272e-82 1.48869291e+088,-5.108823242e-04 1.462135622+00,1.57564161e-82 1.39704642e+08, -2.615:
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Every structure determination is always based on

two sources of raw data:
» Measured structure factors/ intensity data

* Calculated atomic form factors

—> Both types of raw data should be considered
when we talk about publishing/ depositing raw data



