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A huge number of small-crystal structure has been solved by single-crystal data [/ azoucios
1,436119 entries stored in the Cambridge Structural Database (CSD, Feb 2026; Groom et al. Acta Cryst. :igg:ﬁ‘g:
2016, B72, 171-179; A. Maloney, Day 3 AIC School 2026), including also crystal structures solved by :iﬂi“’,{ﬁg‘,

H : w AHAKEEBM
powder diffraction data. @ CCDC ConQuest (1 v AHAKIFO1
File Edit Options View Databases Results Help v AHEDEXO2
v AHENAGO1
Build Queries . Combine Queries = Manage Hitlists = View Results v AHETECG1

| - . ¥ AHUFESO1

Dr @ Experimental (1) - New _ a X v AJAGIDOZ
v AJERCYM

397) to retrieve only single-crystal X-ray Authosl R-factor = — @ fractional © % v AJUDIVY

. . . . — ¥ AJUFIY
diffraction (scXRD) data, explicitly excluding o AJUFOE
powder structures.

The CSD was searched using ConQuest
(Bruno et al., Acta Cryst. 2002, B58, 389-

ame [~ Exclude disordered structures v AJUGAR

. . » v AJUGARM
[~ Exclude structures with unresolved errors v AJUGEY

v AJUHAS
Average e.s.d. of C-C Bonds Any — v AJUHEW

v AJUHIA
¥ Exclude powder ltrutturul v AJUHCG
v AJLJAL
Temperature of — G K C°C v AJUKAY

it Structure Determination v AJUKEZ

Z/De Room Temperature | v AJULEA

v AJUNUS
1 . 42 3 687 Sto rEd e nt ri es ! __Experl  allvalues in the range 283-303 K are stored as Room Temperature

wad A ILIMAA '
e =

_Ai Radiation Source Any — ‘ 1425687 hits

Refcode

Elenm

Fon

Space

100%,

[)I - . Search | Store | Cancel | Reset | @Consiglio Nazionale

delle Ricerche

1C

CNR

Istituto di Cristallogralia



AAAAAAAAAAAAAAAAAA

\‘2:@
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CSD statistics (https://www.ccdc.cam.ac.uk/solutions/about-the-csd/csd-statistics/)

Total Structures | New Structures
1.600.000

Exponential growth of the number of deposited small-molecules crystal structures!
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‘Jﬁ% ' What drives its exponential growth?
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Experimental, methodological, computing advances in single-crystal Crystallography:

Great advances in instrumentation and detectors;

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);

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

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

INTERNATIONAL AIC SCHOOL 2026
Crystallogra From Basic Principles to Emerging H
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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?

Not always... For example, in the case of : :
Some case studies concerning

small crystal structures that
v" Very small crystal size (micro-nanometer scale) cannot be solved by a 'black-
box' approach will be described,

=) | along with some practical
v Low resolution of data guidelines  for  successful

structure solution, completion,
and refinement using single

v Twinned crystals crystal diffraction data.

b ( ] Consiglio Nazionale
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v Uncertainty on the unit cell content

v’ Structural disorder
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Single crystal and/or powder diffraction Crystallography R

Conventional X-ray sources 2D detector

Individual

‘[ information;

Single phase

Single crystal
(dimensions: fractions of mm)

The diffraction effects are well sepafated

p
bulk information - : > < ! X
\ ) The experimental information is three-dimensional

Single phase or

) High-brilliance X-ray sources may be
polyphase mixture

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).

|
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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). @
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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

Conversely, single crystal diffraction-based studies
cannot provide the structural precision typical of view on one ‘individual’ crystal), but miss the

'‘panoramic view' of the crystalline sample, they

single-crystal-diffraction-based studies.

'panoramic view’ of the crystalline sample.

provide accurate structural information (a ‘zoomed’

1COI
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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
based studies

Focus on

diffraction-

@
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Principles to

Crystallography: From Basic Emergin|

¢ Crystallization

Data reduction mm)

Data collection The better the quality of diffraction images (in terms of

m For small crystal sizes, such as laminar,

1. Critical step:
The higher the crystal quality, the better the quality of
diffraction data, which increases the chances of
successfully solving the structure.

2. Critical step:

well separated diffraction spots, high ratio

Scaling and absorption correction of measured intensities were
performed using the diffractometer's software suite.

For each reflection h, the Miller indices (h, k, /), the squared
structure factor modulus (|F,|?) and sigma (o(|F,|?)) are
provided, stored in the file of reflections.

Minimum information required by the crystallographic software (f.e., SIR):

Structure solution using unit cell parameters, expected unit cell content, and reflections file

crystallographic

software
1C D1

CNR | stituto di Cristallogralia

‘ used to phase the reflections.

Once the phases ({4, }. have been determined it is possible to calculate an electron density map via
Fourier synthesis (o). A preliminary structure model was therefore located, and successively
completed and optimized by least-squares refinement.

@

few-micrometer-thick crystals,

‘signal/noise’, high data resolution), the greater the Instead of conventional X-ray sources,
chances of successfully solving the structure. high-brilliance sources (synchrotron light)

must be used, as they offer the only
chance of solving the crystal structure.

Consiglio Nazionale
delle Ricerche



The observed Fourier synthesis

to

mental Sciences

Fh= 9’=1 fiexp(2mi hr;) = | Fh | exp(i¢h)

A diffraction experiment provides A
the reflections intensities

Phasing methods estimate

the lost phases

FFT-1 l olr) =% z F,, exp(-2mihr)
h

The observed electron density map is calculated using
- the experimental {|F_, |} as Fourier coefficient;
- the estimated phases {¢,, }.

A preliminary starting model is obtained by locating the peaks
in the electron density map and is subsequently optimized.
11 @) copsigicazonas
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The observed Fourier synthesis

o(r) = %z F, exp(-2mihr)= z |F, | exp(i¢,,) exp(-2mihr)
h h

The ‘true’ electron density map is calculated using
- ‘true’ {| F,,| } Fourier coefficients;
- ‘true’ phases {¢ }.
The summation involves an infinite number of reflections.

The observed electron density map (p,,) is firstly calculated using
- the measured {|F_, |} as Fourier coefficients (they are not ‘error free’);
- the estimated phases {¢.,.} (they are not ‘error free’).

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

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

reflections (i.e., a finite number).

Every effort should be made to collect high-quality, high-resolution diffraction
data to reduce the magnitude of unavoidable errors in the observed electron
1CD1 density map (see the case studies described later). @ Consiglio Nazionale

delle Ricerche
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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
1 : :
Pous(r) = (1) = 5 Ty ([Fop | =IF o | Jexplidy,) exp(-2mihr)

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

The symbol =’ has been used because the phases {¢ .}, calculated from the partial model, have
been associated also with {F_,}.

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

!

The difference Fourier synthesis is a powerful mathematical tool
\1 for identifying the missing atoms.
1CO1
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Difference Fourier synthesis

Crystallography: From Basic Pri pl t 0 Emerging Hor
20-23 Julyzozs-
i rtment of Earth

Pl -pi0 =13, exp(id) exp(-2ihr)

The higher the quality of diffraction data (and therefore of |F_, |) 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.

K owz
Fle Ed0 Vi

Suctws Mode Tosh Model Select Help

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

(see the case study 3).

e e et - CH s iy
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Useful agreement factors:
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v R,

In the case of electron diffraction data, for which the

errors on |F,| are usually larger than those ones of X-
) 2 ray data, R;,, values are usually larger than those ones

Z| | F | - < | F | >| calculated in case of X-ray data (E. Mugnaioli, AIC
Z | F | 2 School 2026, Day 2, Morning Session).

in¢ to evaluate the data goodness

R.

int —

The summation involves all measured reflections for wh|ch more than one symmetry equivalent is averaged (<|F_ |2 >).

The smaller the R,,, the greater confidence in the quality of your data.

R.

.t Provides an excellent check on the space group assignment and consistency of the input data.

In case of wrong space group determination the R, , is usually large.

v" R to evaluate the reliability of the structure model
2| 1Fol=1F]]
Z|F|

| F,| = structure factor modulus calculated from the structure model.
The summation involve all input symmetry-independent reflections.

1CO1] The higher the quality of measured |F,|, the larger the efficiency and reliability of R, ﬂ

CNR | stituto di Cristallografia
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In case of uncomplete structure model, to complete and refine the crystal structure

v’ assess the assighement 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.

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

v' After each change made to the structure model, refine it and check whether the R, value
decreases.

If R increases after modifying the structure model, the changes should be reconsidered as they are

probably incorrect.

Once the model has been completed and optimized, check the crystal packing to
identify intermolecular interactions that can help deduce structure-property
o relationships (see, e.g., -7 interactions, see case study 1).
I(_.J L)I p g y @ Consig.lio Nazionale
delle Ricerche
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Brillance (photons/s/mm?/mrad?/0.1%BW)

For small crystal size synchrotron radiation

may be a necessary choice

Needle shaped crystal

— Mom

laminar few-micrometer thick crystals micrometer-sized fibre

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

ESRF-EBS (2020) e

ESRF (2014)
..n..I‘.;‘::LmM / High-resolution and high-quality microdiffraction data can be measured.
High-resolution To reduce the Fourier truncation errors, i.e., the ripples in
— microdiffraction data m) the electron density map, caused by the limited number of

o measured reflections used in the Fourier synthesis.

First
generation

o High-quality and high-resolution microdiffraction data

Difference Fourier synthesis (|F,|-|F.|) allows for the reliable location of light atoms
(including hydrogen atoms) from the observed |F, | values, by searching for maxima in the
difference Fourier map. In the presence of heavy atoms, difference Fourier synthesis
Lo00 1920 1940 1960 1980 2000 2000 CONtrasts their tendency to dominate and obscure the presence of light atoms (see case

St u dy 2) . @ Consiglio Nazionale

delle Ricerche
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Case study 3

C36H56Cl,Co4N,,04

22

New compound e
of possible /'

pharmaceutical
interest

Organic
semiconductors

New materials

of interest for

Environment
and Health

Case study 2 Hybrid organic-

inorganic
perovkites
C,¢H¢,N,PbBr,

165.465°

M3

Case study 4

amosite fibre

Br1

¥
_— S
Case study 5 3

erionite fibre |
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. RESEARCH PAPERS

Acta Cryst. (2020). B76, 427-435
https://doi.org/10.1107/52052520620004424

cited by
.

properties of anthracene derivative compounds

A. Moliterni'®, D. Altamura'®, R. Lassandro, V. Olieric

Anthony and C. Giannini
Main aim of the paper
*To prepare and characterise anthracene derivative
compounds to be exploited for the development

of efficient light-emitting component and optical
sensors.
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Synthesis, crystal structure, polymorphism and microscopic luminesce

, G. Ferri, F. Cardarelli, A. Camposeo, D. Pisighano, J. E.
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Vincent
Olieric

UNIVL'RSI'I'A DI P1sA :' “
@ CNRNANO
Main aims of the crystallographic study

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

B8 comPUTER PROGRAMS

J App/ Cryst. (2015). 48, 306-309
s://doi.org/10.1107/51600576715001132

e Crystal structure determination and refinement via SIR2014 —— o
S'llfﬁw i SHELXT - Integrated space-group and crystal-structure determination

M. Mallamo, A. Mazzone =="~-1

M. C. Burla, R. Caliandro, B. Carrozzini, G. L. C: C. Cuocci, C. Gi;
: and G. Polidori

The program SIR2014 for crystal structure solution is described.

*To identify the main intermolecular interactions influencing the
crystal architecture and the optoelectronic properties.
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' The use of synchrotron radiation is a necessary choice

Needle shaped crystal for reaching the data completeness.

size: 0.09 x 0.01 x 0.01 mm

Asymmetric unit )

(,

ﬁ he parallel-offset —7T
interactions are indicated
‘ by lines between centroids
as | (red spheres).
Distance between nearest
ring planes: 3.422 A
Distance between néwgest
&entroids: 3.7 A.
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Case study 1: Organic compound (anthracene derivative compound) - C,,H,,F,Si.

Parallel-offset 7—x 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 lifetime:

photoluminescence (PL), typical in case of 7—x interactions.

=
3]

»
o

PL Int. (Arb. Un.)

'''''''''

0 5 10 15 20 25
Time (ns)

&0
[3)

PL Intensity (Counts x10° )

PL Intensity (Arb. Un.)

3.0
® 500-525 nm
[ m 575-600 nm
o 5 10 15 20 25
T ——— T T T Time (ns)
450 500 550 600 650 700 . .
Wavelength (nm) “ the lifetime of PL is independent on the PL wavelength
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Case study 2: Hybrid organic-inorganic perovkite - C,,H.,N,PbBr,

ADVANCED
MATERIALS

www.advmat.de

RESEARCH ARTICLE

Engineering the Optical Emission and Robustness
of Metal-Halide Layered Perovskites through Ligand
Accommodation

Balaji Dhanabalan, Giulia Biffi, Anna Moliterni, Vincent Olieric, Cinzia Giannini,
Gabriele Saleh, Louis Ponet, Mirko Prato, Muhammad Imran, Liberato Manna,
Roman Krahne,* Sergey Artyukhin,* and Milena P. Arciniegas*

Adv. Mater. 2021, 33, 2008004 2008004 (10of 1) © 2021 The Authors. Advanced Materials published by Wiley-VCH GmbH

Main aim of the paper

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

The exploration showed that

" The kind of organic molecules regulates the number of H-bonds
with the edge sharing [PbBr, ]* octahedra layers and their distortion,

leading to strong ditferences in the wavelength of the emission
(from deep-blue to pure white);

" The intensity of the emission depends on the length of the organic
molecules.

1COI1
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In collaborat!'on with

ISTITUTO
ITALIANO DI
TECNOLOGIA

b

PRELSORERRER 1BSTITUT

=0
Liberato ;:M-« "y @
WV X -

Manna

,iaﬁt Milena P.

"  Arciniegas

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;

Vincent Olieric

*To identify the presence of H-bonds and estimate
the degree of distortion of the inorganic chains.

«r ] Consiglio Nazionale
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Why do we need synchrotron radiation? 'a i

Case study 2: Hybrid organic-inorganic perovkite - C,cH,,N,PbBr,

Explored amines used for the
synthesis of new perovskites

Three different
types of the

The crystallographic study was
carried out in the case of an
amine with terminal group of

terminal group of
the amines have

been considered.

Type lll and a 12 C aliphatic
chain:

- (N-MDDA),PbBr,

| ——
NH
_ oA AC Different lengths
o CH . .
,§ NH = of the aliphatic
C/MM :
o |18C chain have been
| Length of the aliphatic chain | explored.
—
1COI
CNR I stituio di Cristallogralia

Small size of single crystals (laminar
les, third dimension of a few um)

y

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

[ COMPUTER PROGRAMS

J. Appl. Cryst. (2015). 48, 306-309
https://doi.org/10.1107/51600576715001132

g e Crystal structure determination and refinement via SIR2014
Sir
.”U_\‘ M. C. Burla, R. Caliandro, B. Carrozzini, G. L. Cascarano, C. Cuocci, C. Giacovazzo, M. Mallamo, A. Mazzone
. and G. Polidori

The program SIR2014 for crystal structure solution is described.

= Structure refinement carried out by SHELXL

[Bl RESEARCH PAPERS

Acta Cry (2015) 71, 3-8
10.1107/52053273314026370

SHELXT - Integrated space-group and crystal-structure determination
G. M. Sheldrick

= SHELXT a tmat tne
e group and a nab\eg

starting from single-

crystal reflection data, the Laue
twhh\matsmlghtbp ent.
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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).

Hydrogen-bond geometry (A, °)

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

D—H--4 D—H H---A4 D4 D—H--4
mmmm) |C3—H3B--Br2  [0.99(5)  [3.08(5) 3.844 (4) 134 (3)

N1—HN14--Br2  10.99 (6 231(6)  13.265(4 162 (4

H6B H6A

H8A HEB

N1—HN1B--Brl [0.81(6 120 (4

. mmmm) (N1—HN1B--Brll [0.81(6)  |2.97(5) 3.624(3) 139 (4)
H13A mmmm) |C2—H2B-Br2  10.96(5)  [2.92(5) 3.564 (4) 126 (3)
@i x Symmetry codes: (i) x+1,y,z; (i) x+1,y, -z+1/2; (iii) x+1/2,-1/2, z.

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

. ( ]Consiglio Nazionale
I(_,J »\)I @ delle Ricerche
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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).

c

N
PE— V4

165.465°) 7

A view of the crystal packing
of the (N-MDDA),PbBr,
crystal showing the bending
of the chains (framed in red)

b near to the anchor site.

H6B H6A
H8A H8B

W&

“ Asymmetric unit + 2 symmetry equivalent Pb atoms + 4 symmetry IA ; }d‘ }"
equivalent Br atoms to show the inorganic chain distortion.
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I(,_J L)I @ delle Ricerche
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Case study 3: a new compound of pharmaceutical interest, based an a double- open Co,O, cubane cluster

C,H..Cl,Co,N,,0,

‘
N Ce080 In collaboration with
http://pubs.acs.org/journal/acsodf
Ultrasonic Clusterization Process to Prepare [(NNCO),Co,Cl,] as a
Novel Double-Open-Co,0, Cubane Cluster: SXRD Interactions, DFT, Rachid
Physicochemical, Thermal Behaviors, and Biomimicking of .
Catecholase Activity . . Touzani Carlotta Giacobbe
Abderrahim Titi,* Rachid Touzani, Anna Moliterni, Carlotta Giacobbe, Francesco Baldassarre, P Itfa I IS °

Mustapha Taleb, Nabil Al-Zaqri Abdelkader Zarrouk, and Ismail Warad*

f. small crystal size and uncertainty in the unit cell content

Published structure (presence of Cl, absence of Ni)
Expected structure (no presence of Cl) C..H..Cl.Co.N..O
36" 56 4" %12

(NNCO)C04Cl,
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Case study 3: a new compound of pharmaceutical interest, based an a double-open-Co,0, cubane cluster
C;6H56Cl1,Co4N,,0¢

‘ Single crystal X-Ray diffraction (laboratory data; A= 0.71073 A)

m Crystal s'l;zé:*jro.sg;meﬁzs x 0.1 mm Crystal size: 0.15 x 0.04 x 0.08 mm

Ci N ’
2 e AN e b Ty i »
— (rs__'.f‘ & ol

_ _i?.‘.,wThe sample |sst||1nQ}ta single crystal.

T e O :
\ﬂ{“/ cl { «— Not enough sample for trying to
----------------- - collect powder X-ray diffraction data
(NNCO)zCo4Cls P s

1COI1
|k
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When the crystal size is extremely small...
Synchrotron light can make a difference!
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Crystallography: Frol B ic Pri pl Emerging Ho
uly 2s aly

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

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

Crystal size: 0.09)(0.06 002 s - atom originally assumed to be lighter (carbon). TheEuropesnsytvron

= Res(A) = 0.75

= A=0.29339 A
Structure solution
By SIR

Structure refinement
By SHELXL

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

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

I(j [)I @ Consiglio Nazionale
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| When the crystal size is extremely small...
S N Synchrotron light can make a difference!

ESRF
A view of the asymmetric unit
Crystal size: 0.09 x 0.06 x 0.02 mm £z
R, =5.9%
Res(A) = 0.75 g

A=0.29339 A

Structure solution
By SIR

S

Structure refinement
By SHELXL

A view of the asymmetric unit and its local environment
A. Titi,R. Touzani, A. Moliterni, C. Giacobbe, F. Baldassarre, M. Taleb, N. Al-Zagri, A. Zarrouk, I. Warad (2022).
ACS Omega 7, 32949-32958.
1COI
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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. In collaboration with

https://doi.org/10.1107/52052252520015079 IUCr) (2021). 8, 76—86
I U C Crystal structure determination of a lifelong =
r biopersistent asbestos fibre using single-crystal ‘nly:; UNIMORE |
ISSN 2052-2525 W'/ e susnen

synchrotron X-ray micro-diffraction
NEUTRON | SYNCHROTRON

Carlotta Giacobbe,” Dario Di Giuseppe,l"“ Alessandro Zoboli,” Magdalena
Lassinantti Gualtieri,” Paola Bonasoni,® Anna Moliterni,™ Nicola Corriero,” Angela

] sari Carlotta Giacobbe
Altomare,” Jonathan Wright® and Alessandro F. Gualtieri”* Alessandro Gualtlerl

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

Experimental details:

ID11 beamline ERAUAR
.. . . ..
: | Energy: 40 keV e i
The amosite fibre mounted on a MiTeGen microloops™ Wavelength = 0.3A '...".:' ?'._': -
3 ® e : . 200nm  of 400 pm diameter and 10 pm mesh size. Beam size: 800 nm x 500 nm ESRF
TEM |mage and selected -area electron diffraction (SAED) Investigated volume: <1pm3 ————
11 pattern of the asbestos fibre ' @ Consiglio Nazionale
ylie delle Ricerche

CNR I stituto di Cristallogralia
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3D reciprocal space:
S| S aaREAET - - o
el rysAlis

Crystal

Data collection step:

I™" Log window

LATTICE (CSD: install)

9.5401(7) 18.2425(13) 5.3237(4)
90.003(6) 101.968(6) ~ 89.989(6)
V = 906.38(11) mC, index: 99.41%

Overlay off

Activate twin / multicrystal

Activate incommensurate peaks
Distribution histograms [2 vectors projection 0-1-2]

- -
il 0

Filters
Selection/Lattice-It
38 3

S - ‘J,,LJ,{ [— . .

Peaks: visible - 8898, hidden - 0, selected - 0 Hold LMB and move: XY rotation.
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When the crystal size is extremely small...
Synchrotron light can make a difference!
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Case study 4: ab-initio structure solution of an amosite amphibole asbestos fibre

Two sets of data were collected by investigating two different zones (volume < 1um3) 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 S/IR and
structure refinement by SHELXL).

High resolution data (Res = 0.75 A), for fibre_T: R

An inspection of the electron-density map
calculated by difference Fourier synthesis allowed
to position a hydrogen atom bonded to the 03\
atom.

0 During the structure refinement step,
int=3A) substitutional disorder was taken into account.

04 Substitutional disorder:
M1 —> (Fe, Mg)
M2 ~° (Fe, Mg)
M3 —> (Fe, Al
M4 —> (Fe, Ca)

B8 COMPUTER PROGRAMS

J. Appl. Cryst. (2015). 48, 306-309
https://doi.org/10.1107/S1600576715001132

05
O3 -F

Crystal structure determination and refinement via SIR2014

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.

E [ELXT automates routine small-molecule structure determination starting from single-crystal reflection data, the Laue
oup and a reasonable guess as ta which elements might be present.
- M3 s e .
I( S - : r Consiglio Nazionale
A A
delle Ricerche
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M. C. Burla, R. Caliandro, B. Carrozzini, G. L. Cascarano, C. Cuocci, C. Giacovazzo, M. Mallamo, A. Mazzone
and G. Polidori

Acta Cry
»»»»»»

SHELXT - Integrated space-group and crystal-structure determination



LA When the crystal size is extremely small...

e Synchrotron light can make a difference!

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

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

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

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

" 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.

| ( ] Consiglio Nazionale
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Case study 5: ab-initio structure solution of an erionite fibre from Tuzkoéy (Cappadocia, Turkey)

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.

I UC l The crystal structure of the killer fibre erionite from
g r Tuzkoy (Cappadocia, Turkey)

NEUTRON |SYNCHROTRON

A 20-um-long erionite fibre (section =350 nm
x 540 nm), was investigated for the first time
by single crystal synchrotron X-ray

Carlotta Giacobbe,* Anna Moliterni,”* Dario Di Giuseppe,® Daniele Malferrari,
1UCr) (2023). 10, 397-410 Jonathan P. Wright,® Michele Mattioli,¥ Simona Raneri,® Cinzia Giannini,”
Laura Fo ini, ico Mugnaioli,' Paolo Ballirano® and Alessandro F. Gualtieri

microdiffraction
Experimental details: ...
| 1ID11 beamline -'"':

Energy: 38 keV R0y

Wavelength = 0.3257 A ESRF

b Fiber size: 350 nm x 540 nm X ml The oropeansynchroter

((r ] Consiglio Nazionale
delle Ricerche
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In Cappadocia, tuff rocks contain erionite; unfortunately they were used for building
three villages (Karain Tuzkoy and Sarihidir).
The erionite caused epidemics of malignant mesothelioma (MM).

G AN <

¥ Bl
£ \ B —
b - S =
M| e o~ 3
oy Sy A ~
= 5 3
3 A :
C P %
&z A Ta
R ®
Pom b 2
A

. . .. . , o Cappadocia: A view of the abandoned houses of the Turkish village of
Cappadocia: A view of the ‘fairy chimneys’, rocks containing Tuzkoy (photo: source https://www.trt.net.tr/italiano/arte-

erionite. (photo by courtesy of Mangano D.) cultura/2017/01/24/capadocia-ospita-oltre-1-milione-turisti-658094).
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When the crystal size is extremely small...
Synchrotron light can make a difference!

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*, Ca%*, Mg?*, K*).

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 (R.=3.8%). Substitutional disorder

Tetrahedra:
T1 —> (Si1, All)

The high quality of diffraction data and the applied T2 —> (Si2,Al2)

special refinement protocols allowed to overcome the

Cations
difficulties due to the substitutional disorder typical of Cl1 —> (Ca2, Na2)
this material. C2 —> (Ca3, Mg3)

1C
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When the crystal size is extremely small...
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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.

| Consiglio Nazionale
I(—J k)l @ delle Ricerche
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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 Tuzkoy (Cappadocia, Turkey)

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

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

v'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 R,.

~|r Consiglio Nazionale
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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 Tuzkoéy (Cappadocia, Turkey)

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

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

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

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.

| Consiglio Nazionale
I(—J k)l @ delle Ricerche
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Conclusions and suggestions

Single-crystal structure solution is not always routine, even for small crystal structures
To increase the probability of a successful structure solution, it is recommended to

= 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;

= 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 R, factor;

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

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

= 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.
ICPI @ pziioiont
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