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Classification of Lattices by Symmetry 31

Table 2.8. The seven crystal systems and fourteen Bravais lattices in three
dimensions
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Figure 8 The cubic space lattices. The cells shown are the conventional cells.

Table 2 Characteristics of cubic lattices”

Simple Buxly-centered Face-centered
Volume, conventional cell a a* a
Lattice points per cell 1 2 4
Volume, primitive cell a’ i 1t
Lattice points per unit volume Via® 2/a’ 4fa’
Number of nearest neighbors 6 S 12
Nearest-neighbor distance a 3" /2 = 0 866a ar2'"? = 0.707a
Number of second neighbors 12 6 6
Second neighbor distance 2% a a
Packing [raction® i V3 V2

=0524 =0650 =0.740

“The packing fraction is the maximum proportion of the available volume that can be filled
with hard spheres

a a

Primitive unit cell = conventional unit cell

(Vp=Vo)

> - A
W=ai g :a5 ; 4, =ak

4 a

SC : Primitive unit cell = conventional unit cell (Vp=Vc)

see problem 1 in HW#2 for calculation of Vp

for both fcc and bcc structures

FCC : Primitive unit cell # conventional unit cell (V, =V, /4)


see problem 1 in HW#2 for calculation of V

for both fcc and bcc structures
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see problem 2 and problem 4  in HW#2 for proof
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Close-Packed Structures
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ELEMENTS WITH THE MONATOMIC FACE-C ENTERED
CUBIC CRYSTAL STRUCTURE
FILEMENT a(A) ELEMENT  a (A) FLEMENT  a(A)
Ar 52642 K) It 3,54 P 197
Ag 4.09 K1 ST238K) d-Pu 4.64
Al 405 La 530 Rh 350
A 408 Ne 441H42K) S 4.54
Ca 5.58 Ni 3.52 Sr 6.08
Ce 516 Pb 495 Th 508
| §-Co 355 Pd 3.89 Xe(58K) 630
4 LP / unit cell Cu 361 Pr 5.16 Yh 349
ABABAB...... (hcp structure) Crystal cla Crystal cia Crystal oa
He 1.633 Zn 1.861 Zr 1.594
Be 1.581 cd 1.886 Gd 1.592
Mg 1.623 Co 1.622 Lu 1.586
I _ Ti 1.58G6 X 1.570
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2 LP/ primitive cell located at (0,0,0) and (2/3 a. 1/3 a, 1/2 ¢)



How to choose the two basis of the hcp structure
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Rocksalt—Sodium Chloride structure (NaCl)

Crystal a Crystal a Crystal a Crystal a Crystal «a

AgBr 577CiN 414Li1  6O00NIO 417SS 602
AgCl 555CsF 601 MgO 421 PbS 593 SrSe 623
AgF 492FeO 431 MgS 520 PbSe 6.12 SrTe  6.47
BaO 552 KBr 6.60 MgSe 545PbTe 6.45 TiC  4.32
BaS 639 KCl 630 MnO 444 RbBr 685 TIN 424
BaSe 660 KF  535MnS 522RbCI 658 TIO  4.24
BaTe 599 KI 707 MnSe 549 RbF 564 VC  4.18
CaS 569 LiBr 550 NaBr 597 Rbl 734 VN 413
CaSe 591 LiCl  5.13(NaCl_5.64JSnAs  5.68 ZrC 4.68
CaTe 635LiF  402NaF  4.62SnTe 631 ZIN 4.6l
CdO 470LiH 409 Nal 647 S10  £.16
Crystal a Crystal a Crystal a
AgCd 3.33 CsCl  4.12 NiAl 2.88
AgMg 3.28 CuPd 2.99 TiCl  3.83
AgZn 3.16 CuZn 2.95 TII 4.20
CsBr 4.29 NH4ClI 3.86 TISb  3.84
Fluorite—Calcium Fluoride structure (CaF2)
Crystal a Crystal a Crystal a
BaF, 6.20 CoSiy 5.36 Mg,Si 6.39
aF,  5.46 HfO, 5.12 Mg,Sn 6.77
CdF, 5.39 Li,O 4.62 Na,S 6.53
CeO, 541 LS  5.71 SiICl,  6.98
CmQO; 5.37 Mg>Pb 6.84 UO; 547
a
Zincblende (Zinc Sulfide) structure (ZnS)
Crystal a Crystal a Crystal a Slml|al’ tO d|am0nd; but
Agl 6.47 CdTe 6.48 HgSe 6.08 H H
AlAs  5.62 CuBr 5.69 HgTe 6.43 dlmond IS Composed Of
AP 545 CuCl 5.41 InAs  6.04 One type of atoms
AlSb  6.13 Cul 6.04 InP 5.87 .
BeS  4.85 GaAs 5.63 msb 648 (carbon), while
BeSe 5.07 GaP 5.45 SiC 4.35 . .
BeTe 5.54 GaSb  6.12 (ZnS ™ 5.41) Zincblende is composed
CdS 5.82 HgS  5.85 ZnTe 6.09 of tWO types of atoms (Zn
' and S)
Crystal a Crystal a
BaTiO3 4.01 CsHgCl; 5.44 LaAlO3 3.78
CaSnO3 3.92 CslO;  4.66 LaGaO;3 3.88
KIO; 441 RbIO; 452
CaZrO; 4.02 KMgF; 3.97 SrTiO; 391
CsCdBr3 5.33 KNiF; 4.01 SrZrO3 4.10
CsHgBr; 5.77 KZnF; 4.05 YAIO; 3.68
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detailed calculations of packing fractions are given in the solution of problem 2.6 of Marder textbook


detailed calculations of packing fractions are given in the solution of problem 2.6 of Marder textbook 
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Interstitial
impurity atom

Two-dimensional schematic representations
of substitutional and interstitial impurity
atoms.

Two-dimensional representations of a
vacancy and a self-interstitial.

(Adapted from Callister - Materials Science and Engineering An Introduction Sth
c2014 textbook)



	18acda3ec163d294e2dc51da60d3b6d2d1f1bb9f2a0350582b0d1510f5fed399.pdf
	5cd62b4597b025f31b090865c913b5c86e681e99c444540f6599b1a1355aa802.pdf
	02974f15e183e35502b5d4bd76a209818dbed2fb999cb4d6435f580f8bfb9c84.pdf
	e58968cd18123a3f76783a0a927dfcd88bcc22f9d2dcc459c65fe240977566a4.pdf
	516609dcb69a2ad96afb5217b63420b95b58b0fb00d908bae60b47a1d03218be.pdf
	af14b712a3f5f935d998f721c26644818d00d54998e6d034bd2d1900e05d96d9.pdf
	55e978d75b51469cfcc851f9586a72221c6096a1b8e6b2edb3ea82e696162e61.pdf



	e58968cd18123a3f76783a0a927dfcd88bcc22f9d2dcc459c65fe240977566a4.pdf
	516609dcb69a2ad96afb5217b63420b95b58b0fb00d908bae60b47a1d03218be.pdf
	af14b712a3f5f935d998f721c26644818d00d54998e6d034bd2d1900e05d96d9.pdf
	55e978d75b51469cfcc851f9586a72221c6096a1b8e6b2edb3ea82e696162e61.pdf




	02974f15e183e35502b5d4bd76a209818dbed2fb999cb4d6435f580f8bfb9c84.pdf
	e58968cd18123a3f76783a0a927dfcd88bcc22f9d2dcc459c65fe240977566a4.pdf
	516609dcb69a2ad96afb5217b63420b95b58b0fb00d908bae60b47a1d03218be.pdf
	af14b712a3f5f935d998f721c26644818d00d54998e6d034bd2d1900e05d96d9.pdf
	55e978d75b51469cfcc851f9586a72221c6096a1b8e6b2edb3ea82e696162e61.pdf



	e58968cd18123a3f76783a0a927dfcd88bcc22f9d2dcc459c65fe240977566a4.pdf
	516609dcb69a2ad96afb5217b63420b95b58b0fb00d908bae60b47a1d03218be.pdf
	af14b712a3f5f935d998f721c26644818d00d54998e6d034bd2d1900e05d96d9.pdf
	55e978d75b51469cfcc851f9586a72221c6096a1b8e6b2edb3ea82e696162e61.pdf





	5cd62b4597b025f31b090865c913b5c86e681e99c444540f6599b1a1355aa802.pdf
	5cd62b4597b025f31b090865c913b5c86e681e99c444540f6599b1a1355aa802.pdf

	3fd1425df2f20359e6b675eadf367bb7b671bce910be0ae7e09d7e8684cb14fe.pdf
	18acda3ec163d294e2dc51da60d3b6d2d1f1bb9f2a0350582b0d1510f5fed399.pdf



