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Basic Crystallography

CHAPTER

Practice Questions : Level-I

m Aluminium has an FCC crystal structure. Its atomic weight equals 26.98 amu. The approximate atom
radius equals 1.431 A (A = 10-1° m). Determine the weight density of aluminum.

Solution:
_ (number of atoms/ unit cell) x (atomic weight/ A, )
- volume of unit cell
(4 atoms)(26.98 amu/ 6.02 x 102 amu/ g)
AT 3
a

From table, a3 = 66.314x 1024 cm? [-- For FCC 2 a= 4r]
Therefore, Pal 4% 26.98 =2.703 g/cm?3

~ 66.3314x102* x6.02 x 102

In a body centered cubic crystal of lattice parameter 3.6 A, a positive edge dislocation of 1 mm long
climbs up by 1 um. How many vacancies are created?

Solution:
When a dislocation of 1 mm long climbs up by 1 um.
Areaaffected = 1 x 103 x 1x 108 =109m?
Area of unit cell, a2 = (3.6 x 10710)2 = 12.96 x 1020 m?
Number of atoms per unit cell in BCC structure = 2
For an area of 12.96 x 1072 m2, 2 atoms gets affected (destroyed).
For an area of 102 m?2, the number of atoms destroyed

2x107°

 12.96x10°®
Number of vacancies created = 1.5432 x 109 atoms

=1.5432 x10'° atoms

What is a slip system? What is its significance?

Solution:

The combination of a slip plane and its directions of slip is known as a slip system. The slipping of one plane
of atoms over an adjacent plane (slip planes) under shear stress causes plastic deformation. The significance
of slip system is that metals with slip systems of 5 or above are ductile, whereas those with the slip systems
below 5 are not. In body-centered cubic crystals, there are 48 possible slip systems. Therefore metals with
BCC structures generally have good strength and moderate ductility. In FCC crystals, there are 12 slip systems.
These metals generally have moderate strength and good ductility. The Hexagonal close packed crystal has
3 slip systems and so it has a low probability of slip. Therefore, metals with HCP structure are generally brittle
atroom temperature.
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m In an orthogonal crystal structure with lattice parameters a # b # ¢, draw the direction [212].

Solution: 274
Orthogonal Crystal Structure (a# b# ¢, o.= B =y =90°) i
Direction [2 12] : /» 0[212]
Here, x=2 c|l010] 2710]
y=-1 b
z=2 0.0, 05— Lo =

— f’y
Joining the point 0[2 1 2] with the origin m [0 0 O] gives the crystal direction.

m Silver is face-centred cubic with lattice constant 4.086 A. Calculate the planar density of atoms
(a) on the (100) plane, (b) on the (111) plane and (c) the linear density of atoms along the [110]
direction.

Solution:
Silver is FCC with lattice constant 4.086 A.

Number of atoms
Area of plane

Planar density =

(i) Onthe (100) Plane
32: ;102 =1.1979 x 10'° atoms/m?
2 (4.086x10° 1Y)

P(100)

2 4
V3 2| J3x(4.086x10710)°
2

(i) Onthe(111)plane Patny =

P, = 1.3832x 10" atoms/m?
(iii) Linear density of atoms along the [110] direction

_ Number of atoms on the direction vector
P Length of the direction vector

-2 _ 2 = 3.4611 x 10° atoms/m

V2a 2 x(4.086x1071°)

X} Calculate the number of atoms per unit cell of a metal having lattice parameter of 0.29 nm, density of
7.868 g/cc, atomic weight is 55.85 g/mol and Avogadro’s number is 6.023 x 1023, What is the crystal
structure of metal?

Solution:
Given data: Avogadro’s number, N, = 6.023 x 10%%;  Lattice parameter; a=0.29 nm = 0.29 x 10~ cm
Density, p = 7.868 g/cm?; Atomic weight, A = 55.85 g/mol
Number of atoms/unitcell = n
Volume of one unit cell, V. = (a)® = (0.29 x 107)> cm®
nA
P=1vnN
- 7 868 = nx55.85

3
(0.29%x107)” x6.023 x 10?3
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o 7.868x(0.29x107)° x6.023x 102
56.85

=206~2

Crystal structure of the atoms is BCC.

Define unit cell of a space lattice. Derive the effective number of lattice points in the unit cell of cubic
lattices. Calculate the packing efficiency and density of silicon which has diamond cubic structure.
Use the following properties for silicon :
Atomic Number = 14
Atomic mass unit = 1.66 x 1072 kg
Lattice parameter = 5.431 x 100 m

J3
Assume radius of Si atom in diamond cubic structure to be (? times the lattice parameter.

Solution:

Unit cell: The atomic order in crystalline solids, indicates that small group of
atoms that form a repetitive pattern.
a b, c

o, B,y = Interfacial angles B ________ | _y
Effective number of lattice points/ atoms in the unit cell of cubic lattices. o | Y=o

1. Simple cubic structure: In simple cubic structure, with atoms located at J
each of the corners of a unit cell.

T SR
N

Lattice parameters

S

| =

Number of atoms = Number of corner atoms (N,,) x

= 8xl=1atoms
8

2. Body centered cubic structure (BCC): In this crystal structure a cubic unit cell with atoms located at
all eight corner and a single atom at the cube center.

y
Number of atoms = Number of corner atoms (N,,) x 8 + Body centered atom ()

8><%+1:2atoms

3. Face centered cubic structures (FCC): In face centered cubic structure a unit cell with atoms
located at each of the corners and the centers of all the cube faces.

1 1
Number of atoms = Number of corner atoms (N,,) x 8 + Number of face centered atom x >

. 8x46x+=1+3=4atoms 3
8 2
Diamond cubic structure (Si)
Sihas a diamond cubic structure. In this structure 8 atoms are arranged at
corners and 6 atoms are arranged at face centers and 4 atoms are arranged

inside cell on 4 body diagonal.

1
Average number of atoms in the diamond cubic unit cell = 3 x 8 (Corner

y
atoms) + > x 6 (Face centered atoms) + 1 x 4 (Atoms inside the cell)

=1+3+4=8
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Relations between atomic radius (R) and lattice parameter (a)

aV3
8
Lattice parameter (a) = 5.431 x 107" m

R:

-10
Atomic radius (R) = M =1.1758 x 107 m

Volume unitcell = &% =(5.431 x 107°)3

N, x%n/?g 8><g>< (11758 x 10-10)3

- = 0.3400
a (5.431x 107103

Atomic packing factor =

% APF = 34.00%

N, x Atomic weight _ 8x(2xatomic number)
Avagadro numberx Volume of unit ~ 6.023 x 10%° x (5.431x 10719)°

Density =

_ 8x2x14x107°

564833105 - 2321:645kg/ m®
. X

Practice Questions : Level-ll

m Prove that the packing fraction for F.C.C. structure is 0.74. Draw the phase diagram of Pb-Sn alloy and
from this diagram draw cooling curve for eutectic alloy. How many atoms per mm? are there on the

(100) planes of lead (Pb) radius 0.1750 nm? What is deformation by twinning?

Solution:

Atomic Packing Fraction,

Navg vaolecule
APF = —v—

unit cell

N,

avg.

Average number of atoms in a unit cell

V = Volume of one atom/molecule

molecule

For FCC structure, (\/Ea = 4r) e

N

3
4 4 Ne
4)(*7”’ 3 ( 4 a)
apF = —S— _16m 1637 ) _o74

a 3 g° 3 a°

Assuming lead (Pb) forms FCC structure.
Number of atoms _ 2
Areaof plane  g°

Planar Density (100) =

and, J2q = 4r

,_ Ar _4x0.1750x10
V2 V2

m =0.495 x 102 m = 0.495 x 10°% mm
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2
(0.495%x 107 x10°)?

Planar density(100) = =8.1624 x 10'? atoms/mm?

The Lead-Tin phase diagram
327°C—\
300°C N
N Liquid
+ N 232°C
o+ L\ itectic| point /7
200°C \B

300°C

//

m

\_—Q

97.8%(Sn)

S H TP 200°C
100°C /

183°Cl NV T
10 120 30 40 50 600 70 80 90 100
18.3% 61.9%

100°C

R
+
=

Composition (wt% Sn)

The other mechanism of plastic deformation is twinning, in which a portion of the crystal forms a mirror image
of itself across the plane of twinning. Twins forms abruptly and are the cause of the cracking sound (“ tin cry”)
that occurs when tin or zinc rod is bent at room temperature. Twinning usually occurs in HCP metals.

m What is the packing factor of diamond? Mass of carbon is 12 amu and lattice size is 0.3569 nm.
Diamond is having a cubic unit cell. What is the density of diamond?

Solution :
The strength of covalent bonds and the arrangement by which atoms
are held in structure make diamond a very hard and strong material
with a high melting point.
There are four atoms (within the unit cell) marked 1-4, six atoms at
the centre of six faces (marked 5-10) and eight atoms at corners
(marked 11-18) (figure).
Effective number of atoms in a diamond cubic unit cell

l><8+1><6+4 =8
8 2

Diamond - Atomic Structure

—nr?
3

where ris the atomic radius of carbon atom.

Volume of each spherical atom

Radius of atom, r= a/3/8, where ais the lattice parameter.

3
R a\/§) _32 nx3B s su0 4

olume of atoms in unit cell = - === === oYy X
volu in uni 8><37tr 3nr 3 xn( 3 3 510

Volume of unit cell = a3

0.34a
Packing factor = e =0.340




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




