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CHAPTER ONE
((CRYSTALLOGRAPHY ))

‘ Crystallography

Crystallography is the experimental science of determining the arrangement of atoms in solids. In older usage, it is
the scientific study of crystals.
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Before the development of X-ray diffraction crystallography, the study of crystals was based on the geometry of the
crystals. This involves measuring the angles of crystal faces relative to theoretical reference axes (crystallographic
axes), and establishing the symmetry of the crystal in question. The former is carried out using a goniometer. The
position in 3D space of each crystal face is plotted on a stereographic net, e.g. Wulff net or Lambert net. In fact, the
pole to each face is plotted on the net. Each point is labeled with its Miller index. The final plot allows the
symmetry of the crystal to be established.
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Crystallographic methods now depend on the analysis of the diffraction patterns that emerge from a sample that is
targeted by a beam of some type. The beam is not always electromagnetic radiation, even though X-rays are the
most common choice. For some purposes electrons or neutrons are used, which is possible due to the wave
properties of the particles. Crystallographers often explicitly state the type of illumination used when referring to a
method, as with the terms X-ray diffraction, neutron diffraction and electron diffraction.
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These three types of radiation interact with the specimen in different ways. X-rays interact with the spatial
distribution of the valence electrons, while electrons are charged particles and therefore feel the total charge
distribution of both the atomic nuclei and the surrounding electrons. Neutrons are scattered by the atomic nuclei
through the strong nuclear forces, but in addition, the magnetic moment of neutrons is non-zero. They are therefore
also scattered by magnetic fields. When neutrons are scattered from hydrogen-containing materials, they produce
diffraction patterns with high noise levels.
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‘ Theory of Crystallography

An image of a small object is usually generated by using a lens to focus the illuminating radiation, as is done with
the rays of the visible spectrum in light microscopy. However, the wavelength of visible light is about 4000 to 7000
angstroms and the length of typical atomic bonds is about 1 to 2 angstroms. Therefore, obtaining information about
the spatial arrangement of atoms requires the use of radiation with shorter wavelengths, such as X-rays. Employing
shorter wavelengths implied abandoning microscopy and true imaging, however, because there exists capable of
focusing this type of radiation. Diffracted x-ray beams cannot be focused to produce images, so the sample
structure must be reconstructed from the diffraction pattern. Sharp features in the diffraction pattern arise from
periodic, repeating structure in the sample, which are often very strong due to coherent reflection of many photons
from many regularly spaced instances of similar structure, while non-periodic components of the structure result in
diffuse (and usually weak) diffraction features. Because of their highly ordered and repetitive structure, crystals
give diffraction patterns of sharp Bragg reflection spots, and are ideal for analyzing the structure of solids.
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‘ Crystallography in materials engineering

Crystallography is a tool that is often employed by materials scientists. In single crystals, the effects of the
crystalline arrangement of atoms are often easy to see macroscopically, because the natural shapes of crystals
reflect the atomic structure. In addition, physical properties are often controlled by crystalline defects. The
understanding of crystal structures is an important prerequisite for understanding crystallographic defects.
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A number of other physical properties are linked to crystallography. For example, the minerals in clay form small,
flat, plate-like structures. Clay can be easily deformed because the plate-like particles can slip along each other in
the plane of the plates, yet remain strongly connected in the direction perpendicular to the plates. Such mechanisms
can be studied by crystallographic texture measurements.
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In another example, iron transforms from a body-centered cubic (bcc) structure to a face-centered cubic (fcc)
structure called austenite when it is heated. The fcc structure is a close-packed structure, but the bee structure is not,
which explains why the volume of the iron decreases when this transformation occurs. In Fig. 1 four cubic crystal
structures of materials is shown.
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Primitive Body-centered Face-centered Side-centered

Fig. 1. Four cubic crystal structures of materials

Crystallography is useful in identification of phases. When performing any process on a material, it may be desired
to find out what compounds and what phases are present in the material. Each phase has a characteristic
arrangement of atoms. Techniques like X-ray diffraction can be used to identify which patterns are present in the
material, and thus which compounds are present. Crystallography covers the enumeration of the symmetry patterns
which can be formed by atoms in a crystal and for this reason has a relation to group theory and geometry.
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‘ Definitions

Absorption: _i>
Absorption, in chemistry, is a physical or chemical phenomenon or in which atoms, molecules, or ions enter some

bulk phase - gas, liquid or solid material. This is a different process from adsorption, since molecules undergoing
absorption are taken up by the volume, not by the surface (as in the case for adsorption).
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Bragg Diffractions1, 5,8 L 3,
Diffraction from a three dimensional periodic structure such as atoms in a crystal is called Bragg diffraction.
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Crystallographic axes sl Syl S slo,gme
The crystallographic axes are imaginary lines that we can draw within the crystal lattice.
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A crystallite is a domain of solid-state matter that has the same structure as a single crystal. Metallurgists often
refer to crystallites as "grains".
s asls S s a1y cedling S o dsllie wlél oyls LSl JLsle a5 il duls cdl s gladlate ¢ Jliny S o5 alie woollin S
LS o0
Goniometer:LisS s 455
In crystallography, goniometers are used for measuring angles between crystal faces.
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Miller index: L. .ol

A family of lattice planes is determined by three integers /,m , and n, the Miller indices and they are written (Imn),
like (010).
V) :)L_.a ¢ (lmn)gﬁ_p 4o g g o oals WLQJ ‘)_lr.n GL‘I’U“‘A—" Jn,m ,l TP B3¢ 4w L aSiss soums J..S.....’ Sl )| oo|5.§L"> S5



% 4 -%’/ ubuéﬁz"d!.: Chapter One: Crystallography

‘ Vocabulary

Adsorption: attraction; k. wix>
Similar to surface tension, adsorption is a consequence of material surface energy.
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Beam: radiation- ray of light; axal . b )¢ ¢,

In crystallography tests, the beam is not always electromagnetic radiation, even though X-rays are the most
common choice.
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Body-Centered-Cubic Structure: s ;5,0 z5ho b =S sl (BCC)
Crystalline defects: i, 5l
Physical properties are often controlled by crystalline defects. Sgbca S s S sloais bwg Sombd olys 5]
Cubic Crystal Structure: _»S. Ji, 5 LsLs
Close-packed Structure:os ,z5 ,tsL,

Cubic Crystal Structures includes Simple Cubic (sc), Body-Centered Cubic (bce) and Face-Centered Cubic (fcc)
Structures that the fcc structure is a close-packed structure, but the bee and sc structure are not.
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Explicitly: clearly;ti>| o gss 4
Enumeration: counting, numbering; 5, < ,go w,lad s
Nets and the quotient-graphs representing nets are shown to be a powerful tool for the enumeration and analysis of
crystal structures.
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Face-Centered-Cubic Structure: s 5 .. =S tsLs (FCC)
Group Theory: 245 4,
Group theory has three main historical sources: number theory, the theory of algebraic equations, and geometry.
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Greenhouse gases: slilS sla ;5

The main greenhouse gases in the Earth's atmosphere are water vapor, carbon dioxide, methane, nitrous oxide, and
0Zone.
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INlumination: lighting, brightening; b o « by, o
Crystallographers often explicitly state the type of illumination used refers to the method.
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Interact: act on each other, act reciprocally Jliis ;56 ((2iS e )
Moment: Lo 3 glics
Electrons and many nuclei also have intrinsic magnetic moments.
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Organic . « J1 54550 4 aily
Organic compounds are typically colorless or white.
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Prerequisite: prior condition, previous stipulation;Ls .
The understanding of crystal structures is an important prerequisite for understanding crystallographic defects.
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Symmetry: proportion s s
Symmetry generally speaking, a balance or correspondence between various parts of an object.
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Stereography: ,sSs jiul (g5 glao 5 el plorl Gialos b

Stereography, stereoscopic imaging is any technique capable of recording three-dimensional visual information.
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Spatial distribution _las & ;5

Scatter: sprinkle, spread, disperse; oSl a5 ( SasSl,,

Spectrum: range of colors; b (5 il

The types of signals produced by an SEM include secondary electrons, back-scattered electrons (BSE),

characteristic X-rays, light spectrum, specimen current and transmitted electrons.
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Single Crystal jle., 5 <5 5L S5

An important application of single crystal solids is in materials science in the production of high strength materials,

such as turbine blades.
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Valence electrons: electron in the outermost shell of an atom; _.Vlg «ous b slacyg xSl
X-rays interact with the spatial distribution of the valence electrons.
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Wavelengthz . Jsb
Wavelength is commonly designated by the Greek letter, lambda (1.).
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‘ Summative test

USING YOUR KNOWLEDGE OF METALLURGY AND MATERLALS TOGETHER WITH THE ENGLISH
GRAMMATICAL RULES, CHOOSE THE BEST CHOISE WHICH FIT THE SENTENCES:

™ 1- Because of ......... crystalline structure, ceramic materials have high melting points.

1) unique 2) complex 3) similar 4) defined
R 2- Because of low ......... of crystalline structures, polymers are chemically inert.

1) resistivity 2) conductivity 3) melting point 4) polarity
2 3- The six-sided crystals in structure of materials called:

1) tetrahedral 2) tetrahedron 3) octahedron 4) hexahedral
R 4- The most important technique employed for ......... the crystal structures is x-ray ..........

1) performing - adsorption 2) occupying - diffraction

3) complicating - absorption 4) determining - diffraction

W 5- Using X-ray crystallography, chemists are able to determine the internal structures and bonding

......... of minerals.

1) arrangements 2) diffractions 3) structures 4) techniques
. 6- In single crystals, the effects of the crystalline arrangement of atoms are often easy to see ......... ,
because the natural shapes of crystals reflect the atomic structure.

1) theoretically 2) macroscopically 3) microscopically 4) accurately
WAT- e indices are a symbolic vector representation for the orientation of an atomic plane in a crystal
lattice.

1) Brag 2) Wullf 3) Miller 4) Lambert
2 8- Iron transforms from a ......... structure to a ......... structure, called austenitic transformation, when
it is heated.

1) fce- bee 2) bee- hep 3) fce- hep 4) bee- fee
®W9-The ......... structure is a close-packed structure, but the ......... structure is not.

1) bee- fec 2) fce- bee 3) bee- hep 4) hep- bee
R 10- In crystallographic observations, the beam is not always electromagnetic radiation, even though
......... are the most common choice.

1) X-rays 2) electrons 3) neutrons 4) protons

‘ Answers
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‘ Progress Check

R 1- When the electrons ......... the tungsten target, they give up their kinetic energy and there by produce

X — rays. (VO (6 sl yoo = Slge cmskige)
1) hide 2) strike 3) strive 4) drive

™ 2-The normal metallographic structure ......... many of the properties ......... available from the cast

metal. (V8 syl por = 0lge (saviigo)
1) determines, inherently ~ 2) reveals, mainly 3) entails, primarily 4) contains, rarely

W 3- The structure of crystals is better understood if their ......... atoms are considered to be spherical in
1) continent 2) consultant 3) contaminant 4) constituent

R\ 4- Experience has indicated that success in microscopic study depends largely upon the care taken in the
preparation of the specimen. The most expensive microscope will not reveal the structure of a specimen that
has been poorly prepared. The procedure to be following in the preparation of a specimen is comparatively
simple and involves a technique, which is developed only after constant practice. The ultimate objective is to
produce a flat, scratch- free, mirror like surface. A Gyl = Slge owiig)

1) Without having a very expensive microscope, the success in microscopic study is not possible

2) Success in microscopic study is more depends on the quality of microscope than of the sample

3) Without the care taking in the preparation of metallographic sample, the success in microscopic study is not

possible.
4) Success in microscopic study is mostly depending on the microscope, regardless of the quality of the
sample.
¥ 5- The structure of a material can be studied at various levels of observation. AY 6yl o = Slge owiig)
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R\ 6- The most important technique employed for ......... the crystal structures is X-ray ......... .
1) performing — absorption 2) occupying — diffraction
3) complicating — absorption 4) determining — diffraction
™\ 7- The internal structure of a material can be studied at various levels of ......... o AF ol n Slge cwiige)
1) obstruction 2) obscuration 3) observation 4) obstruction
™ 8-A e, glass is any device that uses a simple lens which enlarges the object when viewed.
1) magnify 2) magnificent 3) magnifies 4) magnifying
R 9- The formation of two or more crystal structures by the same substance is called ..........
(AY alﬂ - Olge pwiigs)
1) coordination 2) transformation 3) configuration 4) polymorphism
¥ 10- In atomic structure; the number of anions surrounding a cation is called ......... e AY SlTC Slge cwiige)
1) the atomic number 2) the coordination number

3) the ionic number 4) the anions number
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The structure of a material can be studied at various levels of observation. «F» &35 0
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‘ Exam

B B For the first time, scientists are able to see the crystalline structure of carbon dioxide, a view that could help
them learn how the crystals cause the greenhouse effect. According to William Agricultural Research Service
report, carbon dioxide crystals are as small as 1/200,000 of an inch. The crystals generally appear as eight-sided
structures called octahedrons, the scientists say.

Carbon dioxide ranks high, along with nitrous oxide and methane, as a greenhouse gas that contributes to global
warming as it increases in concentration in the atmosphere. Scientists say knowing the crystalline structure may
give them clues to the capacity of carbon dioxide gas to absorb and re-radiate energy, which is the behavior of
greenhouse gas that makes it so troubling.

Plants take up carbon dioxide through photosynthesis. When they are harvested, the crop residue is incorporated
into soil and becomes organic carbon. This gives farmers a chance to reduce atmospheric carbon dioxide by
improving their management of agricultural systems to increase soil organic carbon. The spinoff benefits from
increased soil organic carbon are reduced soil erosion and improved soil tilth, an indicator of soil health. No one
has ever before seen the structure of carbon dioxide crystals because the crystals evaporate at temperatures higher
than -210 degrees F.

R 1- Why no one has ever before seen the structure of carbon dioxide crystals?

1) because they are very small 2) because they evaporate at -210 F
3) because they evaporate at 320 F 4) because they are in a organic manner

¥ 2- The eight-sided crystals in structure of materials called:

1) tetrahedral 2) tetrahedron 3) octahedron 4) hexahedral
2 3- The roll of greenhouse gas is:

1) help to photosynthesis in plants 2) increasing the temperature of earth

3) reducing atmospheric carbon dioxide 4) reducing soil erosion
R 4- What is the soil tilth?

1) an indicator of soil health 2) soil erosion

3) an organic material in soil 4) a bacteria in soil

R 5- Which gas is taking up through photosynthesis in plants?
1) methane 2) nitrous oxide 3) greenhouse gas 4) carbon dioxide



