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A huge number of small-crystal structure has been solved by single-crystal data

The CSD was searched using ConQuest
(Bruno et al., Acta Cryst. 2002, B58, 389–
397) to retrieve only single-crystal X-ray
diffraction (scXRD) data, explicitly excluding
powder structures.

1,436119 entries stored in the Cambridge Structural Database (CSD, Feb 2026; Groom et al. Acta Cryst.
2016, B72, 171–179; A. Maloney, Day 3 AIC School 2026), including also crystal structures solved by 
powder diffraction data.

1.423687 stored entries!



CSD statistics (https://www.ccdc.cam.ac.uk/solutions/about-the-csd/csd-statistics/)

Exponential growth of the number of  deposited small-molecules crystal structures!

A huge number of small crystal structure has been 
solved by single-crystal data



Experimental, methodological, computing advances in single-crystal Crystallography: 

▪ Efficient and widely used software packages and suites for structure
solution and refinement using single crystal diffraction data, e.g.:

▪ Robust phasing methods (C. Giacovazzo, AIC School 2026, Day 1, Opening 

lecture):

Direct Methods (reciprocal space), Patterson methods (direct space), dual-
space methods ( bridging reciprocal and direct spaces);

▪ Great advances in instrumentation and detectors;

‘Black-box’ 
successful 
approach

What drives its exponential growth?
Betteridge, P. W., Carruthers, J. R., Cooper, R. I., Prout, K., Watkin, D. J. (2003). J. Appl. Cryst. 36, 1487. 

SIR (Burla et al., J. Appl. Cryst. (2015). 48, 306–309; B. Carrozzini, AIC School 2026, Day 2,
Morning Session);

SHELXS / SHELXL (Sheldrick, G. M. Acta Cryst. (2008). A71, 112−122; Sheldrick, G. M. 
Acta Cryst. (2015). C71, 3−8);

CRYSTALS (Betteridge et al., J. Appl. Cryst. (2003). 36, 1487);

Olex2 (Dolomanov et al., J. Appl. Cryst. (2009). 42, 339−341; F. Kleemiss, AIC School
2026, Day 2, Afternoon Session);

WingX (Farrugia,L.G., J. Appl. Cryst. (2012). 45, 849−854).



In the case of small crystal structures,
single-crystal structure solution and refinement have long been 

routine and, usually, ‘blink-of-an-eye’ fast.

Is that really always the case? 

✓ Very small crystal size (micro-nanometer scale)

‘Black-box’ approach: 
is it always successful for small crystal structures?

Not always… For example, in the case of

✓ Low resolution of data

✓ Structural disorder

✓ Twinned crystals

Some case studies concerning
small crystal structures that
cannot be solved by a 'black-
box' approach will be described,
along with some practical
guidelines for successful
structure solution, completion,
and refinement using single
crystal diffraction data.

✓ Uncertainty on the unit cell content



Single crystal and/or powder diffraction Crystallography

Single crystal 

Conventional X-ray sources 2D detector

sampleIncident
beam

The diffraction effects are well separated
The experimental information is three-dimensional

(dimensions: fractions of mm)

Individual  
information;
Single phase

bulk information

(dimensions ~ m)

Single phase or 
polyphase mixturePowders

High-brilliance X-ray sources may be 
a necessary choice in the case of 

▪ Single crystal microdiffraction;

▪ low crystallinity and/or nanocrystalline 
materials (C. Giannini, AIC School 2026, 
Day 3, Morning Session).

In the case of powder data 
three-dimensional  information is lost. 

The experimental information is one-dimensional 
(A. Altomare, AIC School 2026, Day 2, Morning Session).



When possible, both single-crystal and 
powder diffraction-based studies should 

be carried out to gain a deeper 

understanding of a crystalline compound.

Single crystal and/or powder diffraction?

 It depends on the crystal size and the type of required structural information.

While powder diffraction-based studies allow for a
'panoramic view' of the crystalline sample, they
cannot provide the structural precision typical of
single-crystal-diffraction-based studies.

Conversely, single crystal diffraction-based studies
provide accurate structural information (a ‘zoomed’
view on one ‘individual’ crystal), but miss the
'panoramic view’ of the crystalline sample.

Focus on
single-crystal 
diffraction-

based studies 



Crystallization

1. Critical step:
The higher the crystal quality, the better the quality of 

diffraction data, which increases the chances of 
successfully solving the structure.

For small crystal sizes, such as laminar, 
few-micrometer-thick crystals,

Main steps:

Workflow of single-crystal diffraction-based characterization

Data collection
2. Critical step:

The better the quality of diffraction images (in terms of 
well separated diffraction spots, high ratio 

‘signal/noise’, high data resolution), the greater the 
chances of successfully solving the structure.

Data reduction 

Instead of conventional X-ray sources, 
high-brilliance sources (synchrotron light) 

must be used, as they offer the only 
chance of solving the crystal structure.Scaling and absorption correction of measured intensities were

performed using the diffractometer's software suite.
For each reflection h, the Miller indices (h, k, l), the squared 
structure factor modulus (|Fo|2) and sigma (σ(|Fo|2)) are 
provided, stored in the file of reflections.

Structure solution using 
crystallographic 

software

Minimum information required by the crystallographic software (f.e., SIR): 
unit cell parameters, expected unit cell content, and reflections file 

used to phase the reflections. 
Once the phases ({h}. have been determined it is possible to calculate an electron density map via 
Fourier synthesis (). A preliminary structure model was therefore located, and successively 
completed and optimized by least-squares refinement.



The observed Fourier synthesis

The observed electron density map is calculated using 
- the experimental {|Foh|} as Fourier coefficient;
- the estimated phases {eh}.

Io,h  ∝ |Foh|2

Fh= σ𝑗=1
𝑁  fjexp(2pi hrj) =|Fh|exp(ih)

FFT-1

h

Phasing methods estimate
the lost phases 

A diffraction experiment provides 
the reflections intensities

(r) = 1
𝑉
  ෍

𝐡

Fh exp(−2pihr) 

Fh

A preliminary starting model is obtained by locating the peaks 
in the electron density map and is subsequently optimized.



The observed Fourier synthesis

The ‘true’ electron density map is calculated using 
- - ‘true’ {|Fh|} Fourier coefficients;
- - ‘true’ phases {h}.

The summation involves an infinite number of reflections.

(r) = 1
𝑉
  ෍

𝐡

Fh exp(−2pihr)= ෍

𝐡

|Fh|exp(ih) exp(−2pihr) 

Every effort should be made to collect high-quality, high-resolution diffraction 
data to reduce the magnitude of unavoidable errors in the observed electron 

density map (see the case studies described later).

The observed electron density map (obs) is firstly calculated using 
- the measured {|Foh|} as Fourier coefficients (they are not ‘error free’);
- the estimated phases {eh} (they are not ‘error free’). 

Next, during the optimization of the structure model, the phases are calculated using the available model.

The summation σ𝐡 involves  the measured 
reflections (i.e., a finite number).             

This causes series truncation errors, which lead to peak
broadening in the map and the appearance of 'ripples'
(false peaks).



Difference Fourier synthesis

When a partial structure model is available (i.e., some non-H atoms and/or H atoms are still missing), 
the difference Fourier electron density map can prove estremely useful to complete the model.

The difference Fourier electron density map is given by

obs(r) – p(r) ≈
1
𝑉

σ𝐡 (|Foh|−|Fph|)exp(iph) exp(−2pihr) 

The full structure (i.e, partial + missing part) contributes to the observed Foh.

The difference Fourier synthesis is a powerful mathematical tool 
for identifying the missing atoms. 

where p is obtained using {Fph}, i.e., the structure factors calculated from the partial structure
model.

The symbol ‘≈’ has been used because the phases {ph}, calculated from the partial model, have
been associated also with {Foh}.



Difference Fourier synthesis

In case of X-ray data, if an atom is wrongly assumed
to be light (e.g., a carbon atom) but it is heavier
than supposed, a residual positive electron density
in the difference Fourier map suggests changing the
assignment of the atomic species

(see the case study 3).

obs(r) – p(r) ≈
1
𝑉

σ𝐡 (|Foh|−|Fph|)exp(iph) exp(−2pihr) 

The higher the quality of diffraction data (and therefore of |Foh|) and the greater the reliability of 
the partial model, the more informative the difference Fourier electron density map will be.

A careful inspection of the difference Fourier map can also provide information about the already
positioned atoms of the partial structure model, e.g., to recognize a possible wrong assignment of
the atomic species.



✓ Rint to evaluate the data goodness  

Rint = 
Σ||Fo|2 − <|Fo|2 >|

Σ|Fo|2

RF = 
Σ||Fo|−|Fc||

Σ|Fo|
|Fc| = structure factor modulus calculated from the structure model.
The summation involve all input symmetry-independent reflections.

✓ RF to evaluate the reliability of the structure model

Useful agreement factors:

The summation involves all measured reflections for which more than one symmetry equivalent is averaged (<|Fo|2 >).
The smaller the Rint the greater confidence in the quality of your data.

Rint provides an excellent check on the space group assignment and consistency of the input data. 
In case of wrong space group determination the Rint is usually large. 

The higher the quality of measured |Fo|, the larger the efficiency and reliability of RF

In the case of electron diffraction data, for which the
errors on |Fo| are usually larger than those ones of X-
ray data, Rint values are usually larger than those ones
calculated in case of X-ray data (E. Mugnaioli, AIC
School 2026, Day 2, Morning Session).



Once the model has been completed and optimized, check the crystal packing to 
identify intermolecular interactions that can help deduce structure-property 

relationships (see, e.g., p-p interactions, see case study 1).

✓ Carefully inspect the difference Fourier map to locate and add the missing atom(s) to the
structural model;

✓ assess the assignement of the atomic species checking the atomic displacement parameters
 If an atom is incorrectly identified as a light atom (e.g., carbon) but is actually heavier, its
displacement parameters will be significantly lower than those of correctly assigned carbon atoms.

If RF increases after modifying the structure model, the changes should be reconsidered as they are 
probably incorrect.

In case of uncomplete structure model, to complete and refine  the crystal structure

✓ After each change made to the structure model, refine it and check whether the RF value 
decreases.



For small crystal size synchrotron radiation
may be a necessary choice

micrometer-sized fibre

Some case studies will be analyzed for which synchrotron light makes a difference

laminar few-micrometer thick crystalsNeedle shaped crystal

High-brilliance X-ray source (synchrotron radiation)
is needed for the success of the structure solution process by single crystal data.

High-resolution and high-quality microdiffraction data can be measured.

High-resolution 
microdiffraction data

To reduce the Fourier truncation errors, i.e., the ripples in 
the electron density map, caused by the limited number of 
measured reflections used in the Fourier synthesis.

High-quality and high-resolution microdiffraction data 
Difference Fourier synthesis (|Fo|-|Fc|) allows for the reliable location of light atoms 
(including hydrogen atoms) from the observed |Fo| values, by searching for maxima in the
difference Fourier map. In the presence of heavy atoms, difference Fourier synthesis 
contrasts their tendency to dominate and obscure the presence of light atoms (see case 
study 2).



Organic 
semiconductors

New compound 
of possible 

pharmaceutical 
interest

New materials 
of interest for 
Environment 
and Health

Hybrid organic-
inorganic 

perovkites

C24H22F4Si2

C26H60N2PbBr4

C36H56Cl2Co4N12O6

erionite fibre
amosite fibre

Some case studies ( ‘black-box’ approach OFF)

Case study 1

Case study 2

Case study 3

Case study 4Case study 5



Single crystal diffraction Crystallography:

Case study 1: Organic compound (anthracene derivative compound) - C24H22F4Si2

In collaboration with
Andrea 

Camposeo

Dario 
Pisignano

Main aim of the paper Main aims of the crystallographic study

▪To prepare and characterise anthracene derivative 
compounds to be exploited for the development 
of efficient light-emitting component and optical 
sensors.

▪To solve the crystal structure of anthracene derivative 
compounds by single crystal synchrotron X-ray microdiffraction 
data using SIR (structure refinement by SHELXL);

▪To identify the main intermolecular interactions influencing the 
crystal architecture and the optoelectronic properties. 

Vincent 
Olieric



Why do we need synchrotron radiation?

Case study 1: Organic compound (anthracene derivative compound) - C24H22F4Si2

Asymmetric unit

The use of synchrotron radiation is a necessary choice
for reaching the data completeness.                     Needle shaped crystal

                      size: 0.09 x 0.01 x 0.01 mm

The parallel-offset p−p
interactions are indicated
by lines between centroids
(red spheres).
Distance between nearest
ring planes: 3.422 Å.
Distance between nearest
centroids: 3.7 Å.

Crystal packing

Janiak, C. (2000). J. Chem. Soc. Dalton Trans. 3385-3896.



Case study 1: Organic compound (anthracene derivative compound) - C24H22F4Si2

Parallel-offset p−p interactions were responsible for

▪ stacking parallel to a

▪ charge transport properties (Yao Z.-F. et al. (2018). Cryst. Growth Des. 18, 7-15).

In addition, we observed a broad red-shift 
photoluminescence (PL), typical in case of p−p interactions. 

Light propagation efficiency.

Photoluminescence lifetime:

Parallel-offset p

▪ the lifetime of PL is independent on the PL wavelength   



Single crystal diffraction Crystallography:

Case study 2: Hybrid organic-inorganic perovkite - C26H60N2PbBr4

In collaboration with

Liberato 
Manna

Milena P.
Arciniegas

Vincent Olieric

▪ To explore different classes of organoamines to engineer the 
optical emission of new metal halide layered perovskites.

Main aim of the paper

Main aims of the crystallographic study

▪To solve the crystal structure of one of the new 
perovskites by single crystal synchrotron X-ray 
microdiffraction data;

The exploration showed that

▪ The kind of organic molecules regulates the number of H-bonds 
with the edge sharing [PbBr6 ]+ octahedra layers and their distortion, 
leading to strong differences in the wavelength of the emission 
(from deep-blue to pure white); ▪To identify the presence of H-bonds and estimate

the degree of distortion of the inorganic chains.
▪ The intensity of the emission depends on the length of the organic 
molecules.



Why do we need synchrotron radiation?

Case study 2: Hybrid organic-inorganic perovkite - C26H60N2PbBr4

Three different 
types of  the 

terminal group of 
the amines have 
been considered.

The crystallographic study was 
carried out in the case of an 

amine with terminal group of 
Type III and a 12 C aliphatic 

chain: 

(N-MDDA)2PbBr4

Different lengths
of the aliphatic 

chain have been 
explored.

Explored amines used for the 
synthesis of new perovskites

Synchrotron radiation was a necessary choice for ensuring to 
reach  the data completeness.

Low temperature experiment (T=100 K).

▪ Structure solution carried out by SIR

▪ Structure refinement carried out by SHELXL

Small size of  single crystals (laminar 
samples, third dimension of a few m)



Case study 2: Hybrid organic-inorganic perovkite - C26H60N2PbBr4

▪ Asymmetric unit

▪ Asymmetric unit + 2 symmetry equivalent Pb atoms + 4 symmetry 
equivalent Br atoms to show the inorganic chain distortion.

Distortions of the inorganic layers due to 
the interactions between the halides 

of the inorganic layers and the hydrogens 
of the ammonium functional group 

(180° for undistorted layers). 

The crystallographic study confirmed the expected structure: 

H-bond

H-bond

Some missing carbon atoms in the chain 
were located by difference Fourier synthesis



Case study 2: Hybrid organic-inorganic perovkite - C26H60N2PbBr4

▪ Asymmetric unit

▪ Asymmetric unit + 2 symmetry equivalent Pb atoms + 4 symmetry 
equivalent Br atoms to show the inorganic chain distortion.

Distortions of the inorganic layers due to 
the interactions between the halides 

of the inorganic layers and the hydrogens 
of the ammonium functional group 

(180° for undistorted layers). 

The crystallographic study confirmed the expected structure: 

H-bond

H-bond

A view of the crystal packing 
of the (N-MDDA)2PbBr4 

crystal showing the bending 
of the chains (framed in red) 

near to the anchor site.



(presence of  Cl, absence of Ni)

Case study 3: a new compound of pharmaceutical interest, based an a double-open-Co4O6 cubane cluster
C36H56Cl2Co4N12O6

Expected structure (no presence of Cl)
Published structure

C36H56Cl2Co4N12O6

Carlotta Giacobbe

In collaboration with

Rachid 
TouzaniPitfalls:  

small crystal size  and uncertainty in the unit cell content 



Single crystal X-Ray diffraction (laboratory data; = 0.71073 Å)

Crystal size:  0.30 x 0.125 x 0.1 mm

Too many diffraction spots!
The sample is not a single crystal.

We tried to selected a smaller sample

Crystal size:  0.30 x 0.125 x 0.1 mm Crystal size:  0.15 x 0.04 x 0.08 mm

The sample is still not a single crystal.

Not enough sample for trying to 
collect powder X-ray diffraction data

Why do we need synchrotron radiation?

Case study 3: a new compound of pharmaceutical interest, based an a double-open-Co4O6 cubane cluster

C36H56Cl2Co4N12O6



Crystal size:  0.09 x 0.06  0.02 mm

▪ Rint = 5.9% 

▪ Res(Å) = 0.75

▪ = 0.29339 Å
Structure solution
By SIR
Structure refinement
By SHELXL

When the crystal size is extremely small…
Synchrotron light can make a difference!

As a last trial, we selected a very small crystal to be analysed by synchrotron X-ray microdiffraction data

A careful inspection of the difference Fourier map suggested 
the assignment of the correct atomic species (chlorine) to an 

atom originally assumed to be lighter (carbon).

Additional errors in species assignment were corrected by also 
considering the atomic displacement parameters.

The decrease in RF validated the changes made to the structure model 
during the refinement process.



Crystal size:  0.09 x 0.06 x 0.02 mm
▪ Rint = 5.9% 

▪ Res(Å) = 0.75

▪ = 0.29339 Å

A. Titi,R. Touzani, A. Moliterni,  C. Giacobbe, F. Baldassarre, M. Taleb, N. Al-Zaqri, A. Zarrouk, I. Warad (2022).
ACS Omega 7, 32949-32958.

A view of the asymmetric unit

A view of the asymmetric unit and its local environment

▪ RF = 5.1%

Structure solution
By SIR

Structure refinement
By SHELXL

When the crystal size is extremely small…
Synchrotron light can make a difference!

As a last trial, we selected a very small crystal to be analysed by synchrotron X-ray microdiffraction data



Case study 4: ab-initio structure solution of an amosite amphibole asbestos fibre that had remained,
for ≈ 40 years, in the lung of a patient dead of malignant mesothelioma, in order to verify
its stability in vivo.

Experimental details:
ID11 beamline
Energy: 40 keV
Wavelength ≈  0.3 Å
Beam size:  800 nm x 500 nm
Investigated volume:  < 1m3

A 30-m-long amosite fibre (diameter ≈ 1 m), 
was investigated for the first time by single 
crystal synchrotron X-ray microdiffraction.

TEM image and selected-area electron diffraction (SAED) 
pattern of the asbestos fibre

Why do we need synchrotron radiation? 

In collaboration with

Alessandro Gualtieri Carlotta Giacobbe



Data collection step: 3D reciprocal space:

When the crystal size is extremely small…
Synchrotron light can make a difference!



Case study 4: ab-initio structure solution of an amosite amphibole asbestos fibre

An inspection of the electron-density map
calculated by difference Fourier synthesis allowed
to position a hydrogen atom bonded to the O3
atom.

Substitutional disorder:
M1              (Fe, Mg)
M2              (Fe, Mg)
M3               (Fe, Al)
M4               (Fe, Ca)

Two sets of data were collected by investigating two different  zones (volume  < 1m3) of the amosite fibre, i.e., the  top 
(fibre_T) and the center (fibre_C).
For each of them  the ab-initio structure solution process was successfully carried out  (structure solution by SIR and 
structure refinement by SHELXL).

The two refined structure models in the
case of fibre_T (in colour) and fibre_C
(monochromatic blu) strongly overlap
and are in agreement with the literature
structure model.

High resolution data (Res = 0.75 Å), for fibre_T: Rint=3%)

When the crystal size is extremely small…
Synchrotron light can make a difference!

During the structure refinement step, 
substitutional disorder was taken into account.



Case study 4: ab-initio structure solution of an amosite amphibole asbestos fibre

▪ Amosite asbestos fibres can be chemically stable at the atomic scale in the lungs for 40 
years;

By single-crystal X-ray Crystallography  and the help of synchrotron radiation we concluded 
the following:

▪ The obtained results have a paramount importance for the understanding of the
asbestos toxicity/carcinogenicity mechanisms as they show that the atomic
structure of amphibole asbestos fibres remains stable in the lungs for a lifetime,
during which they can cause chronic inflammation and other adverse effects that
lead to carcinogenesis.

▪ The structure refinements showed that the amosite fibres are not iron depleted.

When the crystal size is extremely small…
Synchrotron light can make a difference!



Case study 5: ab-initio structure solution of an erionite fibre from Tuzköy (Cappadocia, Turkey)

Experimental details:
ID11 beamline  
Energy: 38 keV
Wavelength = 0.3257 Å
Fiber size:  350 nm x 540 nm x 20 m 

A 20-m-long erionite fibre (section =350 nm 
x 540 nm), was investigated for the first time

by  single crystal synchrotron X-ray 
microdiffraction

Erionite is a non-asbestos fibrous zeolite classified by the International Agency for Research on
Cancer (IARC) as a Group 1 carcinogen; like asbestos minerals it is responsible for malignant
mesothelioma (MM) and is considered even more carcinogenic than asbestos minerals.

Why do we need synchrotron radiation? 



In Cappadocia, tuff rocks contain erionite; unfortunately they were used for building 
three villages (Karain Tuzköy and Sarihidir). 

The erionite caused epidemics of malignant mesothelioma (MM).

Cappadocia: A view of the ‘fairy chimneys’, rocks containing 
erionite. (photo by courtesy of Mangano D.)

Cappadocia: A view of the abandoned houses of the Turkish village of 
Tuzköy (photo: source  https://www.trt.net.tr/italiano/arte-
cultura/2017/01/24/capadocia-ospita-oltre-1-milione-turisti-658094).

Why do we need synchrotron radiation? 



The knowledge of the crystal structure of erionite is fundamental for the comprehension of 
the carcinogenic process caused by the inhalation of the erionite fibres.

The crystal structure of erionite was successfully
solved by SIR and refined by SHELXL (RF=3.8%). Substitutional disorder

Tetrahedra:
T1              (Si1, Al1)
T2              (Si2,Al2)

Cations
C1               (Ca2, Na2)
C2               (Ca3, Mg3)

Erionite is a natural zeolite, characterized by a framework of tetrahedra (with Si and/or Al as central atom, and
oxygen atoms at the vertices), channels and cavities (micropores) that host, in variable quantities,
exchangeable water molecules and extra-framework cations (e.g., Na+, Ca2+, Mg2+, K+).

The high quality of diffraction data and the applied
special refinement protocols allowed to overcome the
difficulties due to the substitutional disorder typical of
this material.

When the crystal size is extremely small…
Synchrotron light can make a difference!



When the crystal size is extremely small…
Synchrotron light can make a difference!

Erionite fibres were characterized via a multi-technique approach, including

- Quantitative chemical analysis via X-EDS (Energy Dispersive X-ray spectroscopy) that gave 
information on the atomic species (in agreement with the literature data, X-EDS data
revealed the occurrence of Ca, Mg and K as extra-framework ions);

- Three-dimensional electron diffraction (3DED) that confirmed the results obtained by
single-crystal synchrotron diffraction.

The information provided by a multi-technique approach guided the successful
structure refinement via single-crystal synchrotron diffraction and validated the
obtained results.



Case study 5: ab-initio structure solution of an erionite fibre from Tuzköy (Cappadocia, Turkey)

When the crystal size is extremely small…
Synchrotron light can make a difference!

✓ The positions of the extra-framework atoms were identified by careful inspection of 
the electron-density map calculated by Fourier difference synthesis;

✓ the use of prior information on the chemical composition and the expected
coordination of the cations was extremely helpful to guide the structure completion
process and correctly label the extra-framework atoms in the final refinement steps,
where we choose the association that also minimized RF.

By single-crystal X-ray Crystallography and the help of synchrotron radiation



▪ Verified the similarity of the crystal structure of erionite and asbestos fibres;

▪ Determined in detail the crystal structure of erionite, extra-framework cations
included.

By single-crystal X-ray Crystallography and the help of synchrotron radiation we

The detailed structural knowledge of erionite represents a first important and crucial step
on the path towards the construction of a carcinogenicity model of the fibrous erionite and
the full understanding of the biochemical mechanisms responsible for the onset of MM.

Case study 5: ab-initio structure solution of an erionite fibre from Tuzköy (Cappadocia, Turkey)

When the crystal size is extremely small…
Synchrotron light can make a difference!



▪ Collect high-quality and high-resolution diffraction data, employing  synchrotron radiation, if necessary;

▪ Get information on all the reagents used in sample preparation prior to structure solution, especially if the synthesis
protocol is unknown;

To increase the probability of a successful structure solution, it is recommended to

Single-crystal structure solution is not always routine, even for small crystal structures

Conclusions and suggestions

▪ Locate missing non-H atoms via difference Fourier synthesis if a preliminary partial structure model is obtained;

▪ Refine the non-H atoms isotropically first, checking the reliability of their atomic displacement parameters, atomic
species assignment and the RF factor;

▪ Switch to anisotropic refinement only after ensuring that all non-H atoms have been positioned;

▪ Apply constraints/restraints during the refinement cycles if necessary and/or prior information coming from a multi-
technique approach, which is particularly useful for complex sample.

Try to discover what ‘X-ray eyes’ perceive and hear and understand what diffraction data have to tell.

▪ Locate H atoms if present, either via difference Fourier synthesis or by placing them geometrically in calculated
positions;



Suggested textbooks and papers

Fundamentals of
Crystallography SHELX Refinement 

Practices

Weak 
Hydrogen Bonds

Review on 
intermolecular interactions
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   ∑ 𝐡  Fh exp(−2 p ihr)=  ∑ 𝐡  | Fh|exp(i f h ) exp(−2 p ihr) 
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