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WHhy this class on structural analysis of single crystal

* One of the most common and more accurate methods for determining

the three-dimensional structure of crystalline compounds

* There is virtually no scientific publication of a new compound, without

its crystalline structure.
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Why this class on structural analysis of single crystal

* One of the most common and more accurate methods for determining
the

three-dimensional structure of crystalline compounds

* There is virtually no scientific publication of a new compound, without

its crystalline structure.
« Much information about molecular and non-molecular crystals.

« Most of the students come in contact with this method during their

degree, or postgraduate courses.
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Examples of inorganic compounds

cisplatin

carboplatin

HaN
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In the design of a new molecule in chemistry the
crystalline structure is very important because one can
visualize the way it binds to the receptor.

11



Using this information the chemist can synthesize analogous compounds,
making changes to increase the interaction with the receptor molecule
and / or alter the properties of the drug without decreasing the
affinity of the parent compound to the target compound.

12



Why this class on structural analysis of single crystal

* One of the most common and more accurate methods for determining

the three-dimensional structure of crystalline compounds

* There is virtually no scientific publication of a new compound, without

its crystalline structure.
« Much information about molecular and non-molecular crystals.

« Most of the students come in contact with this method during their

degree, or postgraduate courses.

« Knowledge of the crystal structure of a compound is absolutely

necessary for a deeper understanding of their physical properties.
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Objectives that must learn in this lesson on structural analysis of single

crystal
* Theoretical basis of this method
 How to make the structural determination?
* Possibilities: What can be learned in a single crystal structure?

e Limitations: How precise and accurate is this method? What can be

determined?
Critical view of the results in a structural determination?
e How can analyze the result and the quality of a structural determination?

* How can detect possible errors in structural analysis?



What is X-ray diffraction useful for?

Gives information about the molecule: relative position of the atoms, bond
lengths and angles, torsion angles, conformation and flexibility of the
molecule.

Allows the understanding of the non-bonded interactions and therefore the
3D structure — supramolecular arrangement

Is a non-destructive method

Is an essential tool for the design of new compounds.

STRUCTURE > FUNCTION



X-ray diffraction analysis

* Crystals! How to obtain them? Crystallization techniques

* What are X-rays? How are they generated? X-ray tubes and

synchroton radiation

- Difraction X-rays interact with electrons (van Laue equations;

Bragg's law)

- Real /reciprocal spaces
(electronic density, atomic positions / structure factors, Miller indices)
- Real space versus reciprocal space FOURIER Transform

* Phase: Model >> fitting >> refinement

(model - experimental electronic density)

*Structural Information Design
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Definition of single crystal structure made
by X-ray diffraction

Determination of the exact three-dimensional arrangement of blocks (atomes,
ions, molecules) using a compound of X-ray radiation.
Analysis of a single crystal structure by X-ray diffraction

S Wilhelm Conrad

S Rontgen

7Y 1845-1923

¢ % J Physics teacher
Discovered the X-ray
on 08/11/1895

1st Physics Nobel
Prize in 1901




X-Rays

Radiation obtained when electrons produced by termoionic emission from a W
filament are accelerated by potential difference towards the anode.

High energy electrons (= 50 keV) hit the metallic target (e.g. Cu ou Mo)

X-rays are generated by the interaction between the electrons and the target

Heated
\ C —— tungsten
filament
L
PD =~ - electrons
50 k
X-rays
\

anode @

Copper anode



HOW ARE X-RAYS PRODUCED ?

Typical X-ray tube operation

Hgated filament Electrons are accelerated
emits electrons by by high voltage
thermionic emission anode

high speed electrons

% x-rays produced when
% hit the metal target

[ X

&

X- RAY
TUBE

CAUTION
HIGH INTENSITY
X-RAY BEAM




X-ray tube
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How a Synchrotron Works
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Why use the X-rays?

You can not view objects that are not separated by at least half the
wavelength of the radiation used (resolution).

A2

In a molecule the atoms are separated by distances on the order of 1 A = 0.1
nm = 1x101%m.

25



Why do you use the X-rays?

You can not view objects that are not separated by at least half the wavelength of
the radiation used (resolution).

A2
In a molecule the atoms are separated by distances on the order of 1 A= 0.1 nm =
1x101°m. 1A =108 cm
Visible light A = 4 a 8 x10-®> cm

_ - 10-8
X-ray A =10 cm This is the range of right wavelength?

|,“
|
‘]L

Light microscope Electron microscope




#»Unlike to what happens in
microscope, there is no way to focus
X-rays diffracted.

®Alternatively collect the diffraction
pattern (spots) or a list of intensities
of the diffracted reflections.

Determination of the crystal structure

Diffracted

X-rays

\
\\

X-ray detector

Computer

(stmulates lens)




Penetrates Earth's N N

Atmosphere?
Radiation Type Radio Microwave Infrared Visible Ultraviolet X-ray Gamma ray
wavelength (m) 107° 0.5%10°° 1078 10710 10712
= 3 ) :
Approximate Scale _ 55 :
of Wavelength _&
Buildings Humans Butterflies MNeedle Point Protozoans Molecules Atoms  Atomic Nuclei

Frequency (Hz)

104 108 1012 1015 106 108 10°°

Exzage rom Wikipeda

IMPOSSIBLE TO SEE THE
MOLECULES USING A
MICROSCOPE - NO LENS CAN BE

USED
28



Discover of X-ray diffraction by a crystal

Von Laue discovered X-ray interference
at crystal lattices and proved the wave
nature of X-rays in 1912 together with

Max Felix Theodor von Laue
1879-1960

Professor for physics Walther Friedrich and Paul Knipping.

I

For this he became a Nobel prize
winner in physics in 1914.

Collimator Photographic
film




What is X-Ray Crystallography?

It's a process of:
 Measure the diffraction produced by a X - ray beam passing through a

single crystal.
« Calculate the electron density corresponding to each reflected X - ray.
« Determine the molecular model that best fits the experimental data.

=/

N sin” 8 !
(G =E‘NJ £ -e)(p[— B -?]-eprll {hx|+kyj+lz]]
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Diffraction pattern

Reciprocal space

Fourier
Transform

Crystal

Real space

Structure
Real space

X- Rays



BASIC CONCEPTS

CRYSTALS - CRYSTALLINE SYMMETRY
SYMMETRY OPERATION
UNIT CELL
CRYSTALLINE CLASSE
SPACE GROUP
ASSYMETRIC UNIT
A-RAY DIFFRACTION - BRA66'S LAW

RECIPROCAL SPACE
Fourier Transforms

INTENSITY of REFLECTION - Electronic density (p(xyz))
STRUCTURE FACTOR

What is F(hkl) and how is it obtained??



Cry:tals

What is a crystal? It is a homogeneous solid that exhibits a high degree of
internal order

hY




< Crystals

What is a crystal? It is a homogeneous solid that exhibits a high degree of

internal order

{/
(- [
P WY %) Wil WY S
- eg &
Ce 2,
L7
/
v

»In the crystalline state, the molecules adopt one or more orientations producing a

repetitive three-dimensional structure of molecules
“+The unit cell is the smallest possible volume that, when repeated, represents

the entire crystal.
“+The unit cell therefore contains multiple copies of the same molecule whose

positions are governed by rules of symmetry. 35



- : ' One molecule is not enough to
| # obtain a X-ray diffraction pattern

The X-rays are diffracted by the electronic density

The solution for this problem is to use many molecules
arranged in a 3D regular pattern: A crystal
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THE UNIT CELL CONCEPT
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Numbers of unit cells in a crystal of 1 mm3 (106 A3):
NaCl 10?2 unit cells
D-xylose-isomerase 1015 unit cells



DEFINITIONS

UNIT CELL

“The of a crystal structure, in 3D,
which of the structure”

Unit cell is
defined by:

3 axis - a, b,
C

3 angles - «,

By




BRAVAIS LATTICES AND SPACE

GROUPS

CuBIC

a=b=c
o= p=y=90°

TETRAGONAL
a=bzc

o= p=y=90°

ORTHO RHOMBIC

azxbzc

o= p=y=90°

HEXAGONAL
a=bzc
o=p=9°

v =120°

MONOCLINIC

azb=zc
=y=90°

B =120°

TRICLINIC

azxb=zxc
o pey290°

@@@

4 Types of Unit Cell
P C P Primitive

I = Body-Centred

F = Face-Centred

P 7 Crystal Classes

-(r-

E‘"

-\]:ﬂ

O HE ET
gl

TRIGONAL
a=b=c
o=[p=y=+90°

C = Side-Centred
_l_

— 14 Bravais Lattices

32 point
groups, 14
Bravais
lattices,
each of the
latter
belonging to
one of the 7
lat"ice
sys' :ms

230 space



Unit Cell, the Atomic Planes and the

-a LAltiCe
‘ Large number of Repeated in all directions
identical molecules — ~ to give a highly ordered
arranged in a r‘egular' Tri-dimensionalitructur'e
yvh y iin thee
Frcell
Vil
7 Lattice Systems ]
L A
14 Bravais Lattices } = j/ V

\ 74

32 Point Groups

\ 4

230 Space Groups

Translational:
v’ Screw axes

N
i

8Rbic system - a = p = y= 90°
VI Improper rotdFion b=y

Non translahonal

Unit cell

\ J

L")

L]

Primitive unit
cell

Centred unit
cells



Space groups: construction plan of crystals
I —————————

The combination of all symmetry elements including the translation symmetry
elements yields only 230 combination.

These combinations are called "space groups”.

The correct determination of the space group is absolutely necessary for the
determination of the crystal structure.

Space groups Symmetry elements

Centrosymmetric Translation, rotational axis, mirror planes
center of inversion and combinations

MNon-centrosymmetric Translation, rotational axis, mirror planes
and combinations

Chiral Translation, rotational axis and combinations



Characteristics and advantages
of the unit cell concept

Characteristics of the unit cell:

Imaginary building block that helps to appreciate the internal
periodicity of crystals (that contains atoms or molecules, not unit
cells)

is usefull for an easier description of the periodicity in crystals

Advantages of the unit cell concept:

The crystal is divided into small identical units

For the description of the whole structure only a few parameters
are needed

The problem of determining the structure is reduced to that of
determining the structure of the content of only one unit cell. any
other unit cell will be like the first.

Only the positioning of the atoms in the unit cell must be
determined.



Which atomic positions must be determined ?
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Asymetric unit

*The asymmetric unit contains a
number of atoms whose positions
have to be determined in a

crystal structure determination.

*These atoms together with the

symmetry operations giving by

the space group are sufficient to E —
describe the content of the unit Asymmetri
cell and therefore the whole Unit
crystal structure.

]o

0

il

Q!

0

Unit Cell

Q!

il

Entire Crystal

In a crystal structure analysis only the positions of the atoms
of the asymmetric unit have to be determined.




BASIC CONCEPTS

CRYSTALS - CRYSTALLINE SYMMETRY
SYMMETRY OPERATION
UNIT CELL
CRYSTALLINE CLASSE
SPACE GROUP
ASSYMETRIC UNIT
A-RAY DIFFRACTION - BRA66'S LAW

RECIPROCAL SPACE
Fourier Transforms

INTENSITY of REFLECTION - Electronic density (p(xyz))
STRUCTURE FACTOR

What is F(hkl) and how is it obtained??



DIFFRACTION: What positions can be expected to
diffraction points?




X-rays from a given source

D

The crystal is kept In the
Incident beam during the
rotation










0 = Bragg angle, 20 = scattering angle
L=2d,,,SIn 0 (Bragg’s law)
). = X-ray wavelength

dy, = Interplanar spacings in the crystal



























DIFFRACTION: Examples of diffraction patterns




In 1912, Sir William Henry
Bragg and William Lawrence
Bragg developed the
Bragg's Law

The Nobel Prize in
Physics 1915 was awarded jointly to Sir William
Henry Bragg and William Lawrence Bragg "for
their services in the analysis of crystal structure
by means of X-rays"

. P Diffraction =
2d hK SIN 9 — nﬁ« Reflection from planes

in the lattice

Basis for X-ray
diffraction

o o o Baaan -‘-‘ y )



Diffraction: Bragg’s Law

A simple way to describe the diffraction conditions established
by Bragg in 1912, is to consider the diffraction as a reflection
of the X radiation by adjacent planes in the crystal lattice

Difference in the pathway

= AB + BC
d GN = dsin@ + dsin9
= 2dsin9
A C
B

Condition for a constructive interference:

Difference in the pathway =nA => nA=2dsind (n =
0,1,2,...)

1/d=2sin@/ A = |s]|



INTERFERENCE

in phase

Out on phase
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crystal A
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primary
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unit cell

diffracted

beam
unit cell [
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7 beam
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B\~ D ¥
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BC=CD=desinb

Diffraction by a Crystal

When the X-ray beam hits a
crystal, all the atoms in the crystal
disperse the radiation in all the
directions. In most cases, the
radiation is cancelled, but in a
certain direction it is added and
forms a diffracted beam.

Different planes disperse the
radiation in such a way that each
diffracted beam can be visualized
as a reflection of the incident
beam by a system of parallel
planes separated by a distance d.



Crystals produce 107?-
10° reflections.

Each crystal produces
a unigue pattern of
reflections, as a finger
print.

The interpretation of
the pattern leads to
the crystalline and
molecular structure.



REAL AND RECIPROCAL SPACES

Reciprocal space Real space

Diffraction pattern
| Crystal

1€ b V#=1/V

1 a*=1/a; b*=1/b; ¢*=1/c

a* a The symmetry is kept.

The dimensions are inverted.



DIFFRACTION - THE BRAGG’S LAW

Miller Indices
/) (hkl)

002 003 1

P P P 1z
- N >
P a/ - - -
= Diffraction occurs when a X-ray (with A wavelength) focus 20y Sin@ =nA

info the set of parallel planes (with d,,, distance) with © angle
and is reflected at the same angle

REAL SPACE AND RECIPROCAL SPACE

Real space Reciprocal space Real space
The crystal Diffraction Pattern Internal structure of
the crystal
FT of the FT of the
— electron density diffraction
. pattern
A8 >
- Experimental Calculated

1 . .
p(xyz) = (kD& AP R y+12) 1y, F (hKI) = |F (hk)|e™ ") F (hkD)| = /T(hkI
P%L%'i%b?e@ypd? smcnlly moqééulcgs (<) 10(10 r(wn-&‘ atoms) - Dir'ee‘:T (Me'zLods (k)
N——"7 N—"7



BASIC CONCEPTS

CRYSTALS - CRYSTALLINE SYMMETRY
SYMMETRY OPERATION
UNIT CELL
CRYSTALLINE CLASSE
SPACE GROUP
ASSYMETRIC UNIT
A-RAY DIFFRACTION - BRA66'S LAW

RECIPROCAL SPACE
Fourier Transforms

INTENSITY of REFLECTION - Electronic density (p(xyz))
STRUCTURE FACTOR

What is F(hkl) and how is it obtained??



Electronic density = Fourier Transform
FT is reversible, thus: p ©F

Unit cell volume phase

Electronic density /

plEy.z) =1V ZZZ|F (hk]) | Bhl - dmitckylz)
h.kc.l

| F(hkl)|=~ I(hk])
— ~~

Structure factor Average intensities
amplitude




The angle a is unknown... PHASE
PROBLEM!!

\

Unit cell volume phase

Electronic density /

plEy.z) =1V ZZZ|F (hk]) | Bhl - dmitckylz)

hll /

/

| F(hkl) |=[T(hK])
/

Structure factor Average intensities i
amplitude %

Those we have



So, an approximate model for the structure,
the position parameters (X,y,z) are needed to
determined | F ;.| € 0z

It is assumed that each reflection can be
described by a Fourier series:

F(hKI) = X f(j) exp 2 7i (hxj+kyj+Izj)

in which f(j) is the contribution of atom j for
F(hkl)



Methods for the phase determination

Considers that the diffraction is mostly due to the heavy atoms
(mostly used in coordination compounds)

Probability methods, purely based on mathematical relations
(organic molecules)



Diffraction and Fourier synthesis

For a crystal:

F(s) =T [r(r)] diffraction pattern = TF of electronic density
r(r) = T-Y[F(s)] electronic density = TF of diffraction pattern
:f_:i_ ‘:. ~.: ; ...... - EleC 1'|"OniC denSi 1’Y map
.............

i Atomic model
Diffraction pattern
We can always go back and forth with the TF:

e from the electronic density calculate the diffraction pattern
e from the diffraction pattern calculated the electronic density



Resolution: why is it important?

“Resolution” is related with the level of detailed that can be obtained: a high
resolution map gives more detailed image of the atomic structure

Resolution; sin 6 / A

Low resolution — High resolution

low 6, high d high 6, low d

- 7‘\—‘ ,;\”T' f

G /:\ \ 5 i \3
# 9 & ot /94
t{ 2 &’ a9

X B N\

Map at 4 A
Diffuse Almost contains the atomic detail

4




Refinement & Errors

 Refinement removes the initial errors in the model by
optimizing the model with experimental measures

 The difference between the model and the experimental
parameters is expressed by the R factor:
2 ”Fobsl - lecaIc”

hkl
)Y |Fobs|

A good quality structure determination should have R-factor ~ 5
(10)% and small standard deviations

 Error sources:
— Error in the intensity measures
— Slight variations in conformation of the molecules



Steps of a structure determination

1. Obtain crystals

N

Selecting a crystal using a microscope

3. Collect diffraction data

4. Data collection, data reduction and absorption correction
5. Solve structure

6. Refinement - accurate determination of atomic
coordinates and temperature factors

7. Validate and check structure

10. Structural analysis - Distances, angles, graphics and
confidence factors



1. Obtain crystals

v Transfer the crystals to inert oil
v' Select one crystal under a microscope
v Mount in the X-ray apparatus

79



Crystallization techniques
Small molecules

- Slow evaporation from the solvente
- Slow vapor diffusion

« Mixture of miscible and non-miscible solvents
(several techniques: direct, gel permeation,
evaporation...)

- Slow diffusion of solventes (porous plates, gel..)
- Slow precipitation
- Use of low temperature

Getting good crystals is o0 major importance!
— Well organized molecules: Stronger diffraction
Better results!



CRYSTALS




The second step for determining the molecular structure by

crystallography is to get the diffraction data.
1.Select and mount the crystal on goniometer head.
2.Set the goniometer head in the goniometer of the diffractometer







Crystal Moun
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Instruments for measuring intensity: diffractometers
with area detector

Advantages:
® Fast measurement (simultaneous

The complete diffraction pattern is measured measurement of multiple reflections)

and stored as a photographic film e smaller crystals (highest sensitivity)
e Weak crystals measurement (twinned

crystals)
e Super structures can be easily
detected



Collect diffraction data

v Collect:
1) An image: Screen the sample quality
2) A preliminary set of frames: Determine the unit
cell
v Index the reflections, refine and convert to crystal
system
v' Perform the intensity data collection

Reflections:
Adequate intensity
Good shape(sharp and not split)

Incremental scan method:
Crystal moves through small angles (0.1-
0.3°) with an image recorded at each step

86



Data collection, data reduction and absorption correction

Diffractometer software package

v' Integrate the images into a single file (list of intensities)
v Merge (identify same peaks in two or more images)
v' Scale the relative images

87



5. Solve structure

Atom assignments

v Transfer final data to structure determination software package -
WINGX and SHELXL program suites

v' Perform the Direct Methods calculations: programs SIR92, SIR97
or SIR2004

Assignment process:
Heavier elements are associated to higher intensities
Distances and angles between intensity centres

88



Structure solution: Introduction

| exp —B-Si;2 0 -exp [Zniﬁ'lxj Ky, +Izj)]

Il
Mz
-

Fhlcl

S
Il
—

IhI':I

What is needed for a structure determination?

* The intensity of each reflection (from intensity measurement)

* The phase of each reflection (Get lost in the intensity measurement
(called "Phase problem” 7)

» The phase of each reflection is determined by structure solution

89



Phase determination

This is the famous "phase problem" of crystallography

Each reflection (diffraction point) is
described mathematically by a G = &
vector designated by a design factor (F) phase ’:‘:t_“fe o
wave at orl
which may be represented by: 7

F= |F| el phase

direct beam
I wave scattered

from origin

amplitude . Y origin

The reflection intensity is proportional to the square of the amplitude factor of
the structure: I1=|F|?

Thus, although the scale of the structure factor can be directly calculated intensity
of reflection, the phase can not.



Phase determination

The next step for the determination of molecular structure is to solve the
“Lf\ﬂl\ ““I\L'I\“A

A MABVUY A L UNVIAVALL

crystallography

To reconstruct the image you need phases (even if approximate). Therefore is
necessary to build a model; we use this model to calculate the reciprocal lattice and
compare with the true diffraction data.

There are several methods for solving the structures:
- Direct methods (the most used) - statistical method for determining the phase angles
e Works in general for all atoms

¢ The phase angles are estimated with some
probability

- Patterson methods (when ¢ Interpretation of interatomic vectors for
there is a heavy atom) the determination of the phase angles
¢ heavy atoms must be present in the structure



Electronic densityp

X-rays are scattered by the electrons of the atoms; therefore the result of a
determination of structure is the distribution of electrons in the crystal
(asymmetric unit)

The electron density in a crystal is a periodic function.

The electron density map is calculated by a Fourier synthesis:

If the intensity and the phase angle of each (structure factor) reflection is known, tr
E-map means that the crystal structure can be calculated.

Poe = (/V)EyIFyylexp[2ni(hx+ky+Hz)+iahkl]

The electron density (e/A3) can be calculated at each point in the asymmetric unit



Electron density maps




Assignment of atoms to the maxima in the electron density map




Assignment of atoms to the maxima in the electron density map




Assignment of atoms to the maxima in the electron density map




Assignment of atoms to the maxima in the electron density map




6. Refinement - accurate determination of atomic coordinates and
temperature factors

Remove some errors in the model through least-squares

v Atoms are allowed to move slightly from previous positions
v Thermal factors are applied to each atom

Diffraction pattern calculated

Experimental diffraction pattern
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Structure refinement

*Problem:

*The structure model obtained from the E-map contains some errors in the atomic
ecoordinates and therefore, the position of the atoms is inaccurate

*Solution:

*Variation of the parameters in a way that the difference between the experimental
estructure factors and those calculated becomes smaller

*Method:

*Method of Least-squares

*Structure refinement

*Which parameters must be refined ?

1. Atomic coordinates X, Y, z

2. Isotropic and anisotropic displacement parameters (A measure for the electron
«distribution of an atom which depends on thermal motion, disorder and the atomic
number)

The model is therefore improved to give a better concordance between the
structure factors observed and calculated.
Currently, this is done by computer, however the role of the crystallographer
is to interpret the result and decide if the
changes made are the right ones or if the model got worse!



R factor

*The process of refinement of the structure is followed by the agreement
between observed data (data which is acquired in the diffractometer) and

calculated data (data calculated from the model). =

Factor R

e R=0% => Perfect agreement between observed and calculated
intensities.

e |n practice this is not achieved due to random errors in the
experimental measurements.

e A good structure should have a factor R smaller than 8%.



Other statistical factors

WRZ - R is a weighted factor that uses all the diffraction data and allows the

crystallographer follow the refining process. The numerator of wR, equation is
the function that is minimized in refining.

WR, = { Y [w (Fo?- Fc?)?] /'Y [w (F0?)?] }/2

S - Another statistical factor that is known as the goodness of fit. Theoretically,

goodness of fit is "the standard deviation of a observation with a weight 1." In
practice the goodness of fit shows how reliable are the deviations of the
positional and thermal parameters of atoms. This factor ranges from 0 to 1.
For a refinement on F2 the goodness of fit is determined by:

GoF = S = {3 [w(Fo? - Fc?)?] / (n-p)}*/2

where n = is the number of measured data,
and
p = is the number of parameters.



The structure is completed when ...

1. The bonds in the model must make sense chemically. Similar bonds

should have similar geometries, and all distances and bond angles, etc., should
have similar values in the literature.

2. There can be no atoms with temperature factors with values
too high or too low. Values should range between 00:03 and 00:15 depending on
the type of atom.

2. R1 and end wR2 The structure must be refined to convergence, i.e., the ratio

shift / error should be <0.05.
4. The goodness of fit, S, must have a value close to 1.0.
5. The final difference Fourier map should not be very large or very small peaks.

6. Final R, ad wR, values should be reasonably low compared to data quality.



7. Validate and check structure

Online service available by the International Union of
Crystallography

v' Reports the consistency and integrity of the crystal structure
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Structural analysis

What are actually the results of crystal structure determination?

Bl Atomic coordinates

Temperature Factors

Unit cell geometry

Unit cell symmetry

Bond lengths
Bond angles
Torsion angles
Ring conformation

Association degree

Intermoleculares Interactions (ex: hydrogen bond)



Structural analysis

What are actually the results of crystal structure determination?




Structural analysis

What are actually the results of crystal structure determination?

PACKING




Computer programs used in structures determinations

The most used GUI is :

WinGX - An Integrated System of Windows Programs for the Solution,
Refinement and Analysis of Single Crystal X-Ray Diffraction Data
de Louis Farrugia, Dept. Of Chemistry, University of Glasgow.

o WinE w1 B Cigstallographic Piograms e "Windosss & 2011

Fie Migdel [sts fbwody Sobee Fefne Mapr Orphics Apsbwee Pubich Help

AOARSONBDAFLIOBERF

Run CAMERDH JOBMAKE  ti2 HELALE iepd DIRECTORY oo ’\lachlneoesmphe single ol panic'usngs

ALTIE MODLLE | rore

/WinGX is a system of programs to solve and analyze data refine X-ray diffraction
of single crystal, for small molecules.

It provides a consistent graphical user interface and easy to use for some of the
best crystallography programs available to the public, and has interfaces with
other popular programs such as SIR-97 / SIR-2002.

http://www.chem.gla.ac.uk/~louis/software/wingx




Computer programs used in structures determinations

A interface grafica mais utilizada é:

WinGX - An Integrated System of Windows Programs for the Solution,
Refinement and Analysis of Single Crystal X-Ray Diffraction Data
de Louis Farrugia, Dept. Of Chemistry, University of Glasgow.

o WinlGd w1 B4 I Cigetallographic Piograns oo Windoses ® A0

Fie Mgdel Dota pbmd joke Refne Maps Grphics Apswe Publch Help

DOQARSCNEAFLICEET

Fun CAMERDMN JOBMAKWE gk HEL FILE gl DIRECTORY o lschbyed sdampls’ sawpleood panic s

ACTIVE MODLLE ;rore

It provides a consistent graphical user interface and easy to use for some of the
best publicly available crystallographic programs, Such As:

Data reduction - (CAD4 /Siemens P4/ KappaCCD/ SMART)
-Data Analysis - Graphics reciprocal network, peak profiles
*Absorption correction (analytical, semi-empirical, ref-DELF)
*Structure resolution - SHELXS Programs, DIRDIF, SIR
*Refinement structure - SHELXL-97 (CRYSTALS / Jana2000)
*Analysis of results - THMA, PLATON, PARST, GEOM
*Graphics - ORTEP, CAMERON (Schakal, RasMol, POV-Ray ...)
*Publication - CIF creation, validation (CIFtbx tools)



Crystallographic database - Cambridge DataBase

CONOUEST- The Interface for searching structures in the CSD Svstem
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Crystallographic database - Cambridge DataBase

eI

E um programd& gratuito que pode ser obtido

/WWW.CCdC.caé .ac.uk/free_services/free.downloads/
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Information in a single crystal
structure determination

* Crystal system, Bravais symmetry, space group, lattice parameters
* Electronic density and "chemistry composition"

* Symmetry of the molecules

* Constitution and absolute configuration of the compound
* Three-dimensional structure and crystal packing

* Precise and sometimes accurate lengths and bond angles
* Conformation of molecules (torsion angles)

* Intermolecular and intramolecular interactions

* Van der Waals Radius

* Volume of molecules

* Electronic Distribution

* Dynamics in crystalline solids

» Static and dynamic disorder in crystalline solids




Exercise:
The spacing of one set of crystal planes in NaCl (table salt) isd =0.282 nm. A
monochromatic beam of X-rays produces a Bragg maximum when its glancing angle
with these planes is 8 = 72 . Assuming that this is a first order maximum (n = 1), find

the wavelength of the X-rays.

The Bragg law is
2d sin 6 = nA
A=2dsin @ =2 x(0.282 nm) x sin 7° = 0.069 nm
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Powder X-ray diffraction

Allows :

Do phase identification

To detect phase transition

Follow a reaction path

Identify and compare molecular and crystal
structures

Study polymorphism

Study micro and mesoporous materials

And sometimes

to determine the molecular structure

(need synchrotron source. accurate equipment)




