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1. INTRODUCCION

Definicion de Cristalografia

cristalografia
Del gr. kpuoTaAAoG krystallos 'cristal' y -grafia.
1. f. Geol. Descripciéon de las formas que toman los cuerpos al cristalizar.

Diccionario RAE

Habitos cristalinos:
(Formas y caras) __ Cowtntbonds

CaF,

Fluorite on quartz Si0,

Ionic bonds 4




1. INTRODUCCION
Definicion de Cristalografia

Habitos cristalinos. Estructura atdmica vs. Condiciones
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1. INTRODUCCION

Definicion de Cristalografia

cristalografia
Del gr. kpuoTaAAoG krystallos 'cristal' y -grafia.
1. f. Geol. Descripciéon de las formas que toman los cuerpos al cristalizar.

Diccionario RAE

Crystallography, branch of science that deals with discerning the
arrangement and bonding of atoms in crystalline solids and with the
geometric structure of crystal lattices. Classically, the optical properties
of crystals were of value in mineralogy and chemistry for the
identification of substances. Modern crystallography is largely based
on the analysis of the diffraction of X-rays by crystals acting as
optical gratings. Using X-ray crystallography, chemists are able to
determine the internal structures and bonding arrangements of minerals
and molecules, including the structures of large complex molecules,

such as proteins and DNA.

Encyclopedia Britannica



1. INTRODUCCION

Definicion de Cristalografia: Cristal

“... A Crystal consists of atoms arranged in a pattern that repeats
periodically
in three dimensions....”

C.S. Barret, Structure of Metals. McGraw-Hill
(1952)
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1. INTRODUCCION

Difraccion de rayos X : Proceso de interaccion LUZ- MATERIA

Difraccion de la luz
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1. INTRODUCCION

Definicion de Cristalografia: Cristal

“... A Crystal consists of atoms arranged in a pattern that repeats
periodically
in three dimensions....”

C.S. Barret, Structure of Metals. McGraw-Hill
(1952)

Crystal A material is a crystal if it has essentially a sharp
diffraction pattern. The word essentially means that most of the
intensity of the diffraction is concentrated in relatively sharp
Bragg peaks, besides the always present diffuse scattering.

IUCR Online dictionary
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1. INTRODUCCION

Definicion de Cristalografia. Solido Cristalino

crystal

liquid or amorphous solid

monatomic gas

0 90 180
DIFFRACTION (SCATTERING)
ANGLE 26 (degrees)
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Definicion de Cristalografia: Cristal

Amorphous SiO,
ass)

Crystalline SiO
I.y(Quartz) 4
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Definicion de Cristalografia: Cristal

Policristal

Monocristal
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Definicion de Cristalografia: Cristal
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Definicion de Cristalografia: Cristal

Acetaminophen (Paracetamol)
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1. INTRODUCCION

Definicion de Cristalografia: Cristal

ADP
(NH,)(H,PO,)

No confundir con Adenosin difosfato!

0 0 N
] I </
HO—P—0O—P—0
| | N
OH OH O
CaoH15N5010P2

OH OH

Fosfato monoamanico
dihidrogeno fosfato de amonio

w20 30

0 %0
Diff.angle [20]

PURE ADP

60 70

phosphorus atom

ammonia atom




1. INTRODUCCION
JPor que la Cristalografia?

Structural characterization
I

Why do we need to determine
crydal sructures ?

o To categorize unknown compounds
o To rationalize structures / Understanding of bases

o To establish correlations between structure and properties



1. INTRODUCCION
Formas alotropicas del Carbono. Relacion estructura-propiedades
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1. INTRODUCCION

Transicion de fase Perovskita-Postperovskita

«(Fe,Mg)SiO,

125 GPa

2,500K — _2.700 kn

135GPa— Y /2,890 kn

3,.500-4,000 K

330 GPa
5,000-5,500 K

* (Mg,Fe)SiO,
» CaBO; (B:Ir, Pt, Ru)
e * MgGeO;, MnGeO,

* NaMgF,

* A, X5 (A Al, Mn...)



2. UN POCO DE HISTORIA

“Prehistoria”: de Teofrasto a Schoenflies

Jean Baptiste Louis Romé de |'Isle (1736 - 1790)

“La idea de los gérmenes no se puede utilizar
para explicar la formaciéon de cristales. Es
necesario suponer que las moléculas
integrantes, tiene una figura constante
determinada...”

Los cristales de la misma naturaleza quimica
derivan todos de una forma primitiva comun.
Basandose en los trabajos previos de Nicolas
Steno (1638-1686) elabord su Ley de la
Constancia de Angulos Interfaciales.

ESSAI CRISTALLOGRAPHIE,
DE o

u

CRISTALLOGRAPHIE, DESCRIPTION

ov DES FORMES PROPRES A TOUS LES CORPS
DESCRIPTION DU REGNE MINERAL,

Dans Tétac de Combinaifon faline , pierreufe
ou métallique

A PARIS,




EXSAr

DUNE THEGRIE
Ik LA ITHAETONE
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fFEC AR
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2. UN POCO DE HISTORIA

“Prehistoria”: de Teofrasto a Schoenflies

René Just Haliy (1743-1822)

Previa caracterizacion de cristales
solamente morfoldgica- Nueva
interpretacion.

Descubre que los cristales se fracturan a
lo largo de los ejes cristalograficos
unicamente.

Dedujo que los cristales deben ser
periodicos y construidos por apilamientos
de poliedros: los “moléculas integrantes”.




2. UN POCO DE HISTORIA

“Prehistoria”: de Teofrasto a Schoenflies

ETUDES

CRISTALLOGRAPHIQUES,

M. AUGUSTE BRAVAIS,
RE D LINSTITUT (ACADENIE BES SCIENERS)

PARIS,
Johann Friedrich Christian Hessel (1796-1872) August Bravais (1811-1863)
ACA MONOGRAPH NUMBER 7 l(RYSTALLSYS TEME
SYMMETRY OF CRYSTALS E :
E. S. FEDORQV KRYSTALLSTRUCTUR
i et L gl L,
[
m <,
TRANSLATED FROM THE RUSSIAN BY £

K UND VERLAG VON B. 0, TEUBNER.

~ PUBLISHED BY AMERICAN CRYSTALLOGRAPHIC ASSOCIATION 1871

Evgraf S. Fedorov (1853-1919) Arthur Schoenflies (1853-1928)




Linus Pauling

Alpha-helical

structure of

Wilhelm Rantgen proteins, nature of
Discovery of X-rays chemical bonds
1901 1954

i

2.

UN POCO DE HISTORIA

Cristalografia moderna: de los Bragg a Shechtman

Highlights of the Many Nobel Prizes

Francis Crick, James Watson & Maurice Wilkins
Created DNA model: double-helical structure
for biological information storage

1962

1914 1915 1962 1964
Max von Laue  Sir William H. & John Kendrew & Max Peruitz Dorothy Hodgkin
First demonstrated  Sir William L Bragg Hemoglobin: Transport  Structures of
X-ray diffraction First atomic protein, which led to  cholesterol,
through crystals crystal structure the understanding of penicillin, vitamin

Sickle Cell Anemia B2, and insulin

Awarded to Crystallographers

Herbert Hauptman & Jerome Karle
Direct mathematical methods of
determining crystallized materials

1994

1985

Johann Deisenhofer, Robert
Huber & Hartmut Michel

J

1976

William Lipscomb
The structure of
boranes, illuminating
problems of
chemical bonding

First membrane protein
that is essential to

photosynthesis

2003

Peter Agre

& Roderick

MacKinnon

Discoveries

CONCEerning
channels in cell

membranes

Clifford Shull & Bertram Brockhouse
Electron diffraction and
neutren diffraction

Studies of the structure and
function of the ribosome

Roger Komnberg
Studies of the
molecular basis
of eukaryotic
transcription

Venki Ramakrishnan, Tom Steitz

See a complete list of winners at
iucr.org/people/nobel-prize

Dan Shechtman
Discovery of
quasicrystals

2011

& Ada Yonath

2009

|

Martin Karplus, Michael Levitt
& Arieh Warshel

Development of sophisticated
computer simulations for
complex chemical processes

2006

Additional Important Contributors to Crystallography

Arthur Patterson David Harker
The Patterson z Applied Patterson’s
map to identify

Function (equation) & ¥ ="
gives a map of the X

vectors between m

planes and sections
on different axes in

atoms molecular structures



2. UN POCO DE HISTORIA

Cristalografia moderna: de los Bragg a Shechtman

Premio Nobel, 1901 "in recognition of the
extraordinary services he has rendered by the
discovery of the remarkable rays subsequently
named after him"

Tubo de rayos X utilizado por Roentgen



2. UN POCO DE HISTORIA

Cristalografia moderna: de los Bragg a Shechtman

Imagen de difraccion de cristales de Zinc

rimera imagen de aijraccion blenda (ZnS)

por un cristal

Max von Laue

Premio Nobel, 1914 "“for his
discovery of the diffraction of X-
rays by crystals”.

Dispositivo experimental utilizado por Friedrich y Knipping,
asistentes de Laue

Paul P. Ewald
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Cristalografia moderna: de los Bragg a Shechtman

William Henry William Lawrence

Bragg

.

Premio Nobel, 1915 “for their services &l
in the analysis of crystal structure by g an
means of X-rays". ot R

? T
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¥ 35 2t %) 19 S , S o
2410 st A \‘ Espectrémetro de ionizacion

- \;T,” 2 ' A S de Rayos X, antecesor de los
ni = sin 9 difractometros modernos



3. CONCEPTOS BASICOS
SIMETRIA : Elementos basicos

Planos especulares Ejes derotacion Centro de Inversion

Elementos de simetria puntual

Rotate
by 90

@

Rotacion impropia Eje helicoidal (02) Plano de deslizamiento

N

Elementos de simetria espacial



3. CONCEPTOS BASICOS

Concepto de Celda Unidad. Celda asimetrica

2D
® o o

®
® o o
.
o o= o o
1
® © ¢ o o ®

Simetria traslacional

Descripcion de la celda unidad:

* Dimensiones (a,b,c,a,B,Yy)

* Motivo: Atomos y coordenadas
* Factores de vibracion

e Ocupacion

Generacion de la celda unidad a partir de las operaciones de simetria



SIMETRIA : Elementos basicos

3. CONCEPTOS BASICOS

I 1 e
System Defining symmetry Unit cell geometry ; o P I b ". JE2
’ ’ Y
s ’ ’
Triclinic Only translational a=bzc; a=f=y .
simple cubic body-centered face-centered
Monoclinic One diad parallel to [010] or/and a=b=c; a=y=90°; B>90° cubic cubic
one mirror plane perpendicular to
[010] :
I
T
Orthorhombic Each axis should be parallel to a arb=c; a=p=y=90° : : o
diad or/and perpendicular to a - )L 4-
mirror plane ‘ '
Trigonal One triad parallel to [001] a=b=c; a==90°; y=120° simple body-centered
Hexagonal One hexad parallel to [001] a=brc; a=F=90°; y=120° Lt e
Tetragonal One tetrad parallel to [001] a=b#c; a=p=y=90° - i | e | @
T T T i
|
Cubic Four triads parallel to <111> a=b=c; a=f=y=90° 'l : . : .,I’. O
I).—-— I,--- I’-.___ &
- = < P hsm;lpleb' bcr)tdgr-c}f:nte;?d base-center(?d face-centered
/ ,/ / i l ‘ D '\ 1‘ . Lt L orthorhombic orthorhombic
{/ I/ { |1
/ '/ ! <
i . 5&9 : /
monoclinica h | o o ;
exagona
i T 9 triclinica :
I
“/ rhombohedral hexagonal
romboédrica
: —— tsam—y
e e 7y e/ P

[

base-centered
monoclinic

=T |
||| | | ||
=t | E—L,‘

e — = R
cubica tetragonal 4ptorémbica
sencilla  sencilla sencilla

[

simple triclinic

monoclinic

7 sistemas cristalinos, 14 redes de Bravais
32 clases cristalinas, 230 grupos de espacio




3. CONCEPTOS BASICOS

Planos cristalinos. indices de Miller

Crystal planes in cubic lattices
q ( Y
a, /

a,) % | D

Family of planes (1 00) (1 1 0) (1 1 1 )
Reciprocal - _ - =Y

a, intercept is 2 — 1/2 dpy=a dyy= alV2  dy,= a/V3
a, intercept is 3 —1/3
a; interceptis 3 —1/3
Hence Miller indices R 1 d 2 interf
are 3,2,2 and are ays 1 an Intertere
depicted by constructively if

( hkl) = (322) 2 Total Path Difference
is integral multiple of
the wavelength, A
Total p.d. = AB + BC
AOAB and AOCB are
d,, equivalent.
-~.AB=BC=d,,, sin@
Diffraction condition is:
2d,,,sin@= nA




4. TECNICAS EXPERIMENTALES
Fundamentos de difraccion

electrons 0. 20 — Brage angles

ol ':t.g?kéé 2A = 2dyy; smb - path difference %}f‘b
) - e S Acg? 2A = nk - constructive interference L@,ntg}.
Incident = i Y &£ % O
L ASC AN g AL 2.
wave
\e
e (hi]) ~
- N
scattered ¢ 7,‘/ i \\, s
waves } 4> '\ '
: i
A2 Braggs’ law: nk = 2d,,k]sme,,k,
0 nm 21 3x 4n Sz _6m 7n 8w LEY DE BRAGG
=" o a(l-cos20) _, asm’0 Relacion entre la distancia interplanar, la
A A A longitud de onda de los RX y el dngulo de

difraccion en el que se observa la condicidon de
mdximo para la interferencia (constructiva).

Intensidad de difraccion

sin“ N : ]

I ((p) OC———Z—p Factor de Scattering atomico ——= 400 ¢ - ]
1 = i 220 ]

sin- @ 320 | (31) ]

Factor de Estructura ~— o0t ]

- .2 . 2 = 160 | ;
inU.hnsin’Ukn sin’U,in = ) (222) ]

I(hkl) o F* (hkl))— 2‘ e : - 2 = 80 ]
sin“Ar SINTAT SINTIT T 0 e Mttt o Mebnssirica

40 45 50 58 60

26 (°)



4. TECNICAS EXPERIMENTALES

Difraccion. Tecnicas experimentales

-1 Polvo (muestras policristalinas)

Técnicas de difraccién o Difraccion de neutrones (NPD)
convencionales para el o Difraccionderayos X (XRD)
analisis estructural o Difraccion de electrones (ED)

1 Monocristal (Todas las fuentes)

Si Al Mg O D H

X-Rays ...... &
Neutrans. @ o 00 .. .u.’_'j}



Difraccion. Tecnicas experimentales

4. TECNICAS EXPERIMENTALES

Rayos x
Laboratorio

Rayos x
Sincrotrén

Neutrones

Intensidad I

Resolucion I

Problemas Absorcion I

LAl '
reflexion

LAl
reflexion

Discrim. atomos I

Atomos ligeros I

Muestras pequenas I

Disponibilidad I

LLLEEL
L e
[[EEeLLE

vvv




4. TECNICAS EXPERIMENTALES

Difraccion de rayos X en monocristal

020 100
® -t ®
130 010 1710
& @ o ®
120 000
o @ o
110 010
@ L @ @
100 020
@ o @ i
110 030

200 120 \b‘

& rotation

.  Cold nitrogen

X rotation beam trap : Image Plate
[ \ ___,_4--—6:3 o Scanner
incident X-ray ok

S . S

\ \}.‘ counter

\
‘:\ Crystal

n . —/ -
Sl S Collimation 3
~26 rotation system ! Goniometer

. : ; head
Esquema de un difractometro de 4 circulos




4. TECNICAS EXPERIMENTALES

Difraccion de rayos X en polvo

H20 In H20 Out

— FILAMENT
(cathode)

Fi: Filtro B

ScS: Rendija anti-scattering
RS: Rendija de recepcién
M: Monocromador

D: Detector
A v
AC CURRENT

F: Fuente de RX
SoS: Rendijas Soller
DS: Rendija de

Divergencia

\

422N /
X —
crystallite *

column




4. TECNICAS EXPERIMENTALES

Radiacion sincrotron

Wavelength, nm
124 124 1.24 0124 0.0124

10® ‘
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i w
w L]

Linear Accelerator i) 10 —
-
=
@
@ 10°
©
©
& 10
5. b
.~"'-. | -'--‘ - 2 jf
R diamond 10 ‘ 1
" 0001 001 01 1 10 100 1000

Laboratory/Office Buildings

S Q L E I L Photon energy, keV

SYNCHROTRON



4. TECNICAS EXPERIMENTALES

Difraccion de RX en polvo

‘ La(Ni, ¢:Sn, 15), Cu Ka
= Polvo: Pérdida
de Observables
- 20 - Informacion!!!
= ‘ | * N2de picos
m8 15 : i: * Posicion (29)
= ‘ ! * Intensidadesrelat.
> 10 - ! ] *  Forma de pico
_‘2-, ;
D
3
g 5 1 [
0 d
| 1 I RN
| | |
20 30 40 50 60 70 80

Bragg angle, 26 (deg.)
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