HEXAGONAL CLOSE-PACKED STRUCTURE

To construct:

1stlayer: 2D HCP array (layer A)

2nd layer: HCP layer with each sphere placed in alternate interstic&daypet (B)
34 layer: HCP layer positioned directly abovélayer (repeat of layer A)

HCP is two interpenetrating simple hexagone
lattices displaced bg,/3 +a,/3 +a,/2
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HCP STRUCTURE

Anot a Bravais lattice ST

[ Orientation alternates
/ with each layer

Astructure has maximum packing fraction possible for sisgled spheref.74)
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HCP STRUCTURE

Aideal ratio c/a of, /8/3 = 1.63%

_ (0,0,0)
a (2/3 1/3,1/2
Aranks in importance with FCC and BCC

A{0002} planes are close packed

Bravais lattices

<

Aunit cell is a simple hexagonal lattice with a
two-point basis

Plan view


http://www.chem.ox.ac.uk/icl/heyes/introtosolids/files/Met-hcp.cmdf
http://www.chem.ox.ac.uk/icl/heyes/introtosolids/files/Met-hcp.cmdf

HCP STRUCTURE

Aabout 30 elements crystallize in the HCP form

Table 4.4

ELEMENTS WITH THE HEXAGONAL CLOSE-PACKED CRYSTAL

STRUCTURE

ELEMENT  a (A) ¢ cla ELEMENT a(A) ¢
Be 2.29 3.58 1.56 Os 2.74 4.32
Cd 2.98 5.62 1.89 Pr 3.67 592
Ce 3.65 596 1.63 Re 2.76 4.46
a-Co 2.51 407 1.62 Ru 2.70 428
Dy 3.59 5.65 1.57 Sc 3.31 527
Er 3.56 5.59 1.57 Th 3.60 5.69
Gd 3.64 5.78 1.59 Ti 2.95 4.69
He (2 K) 3.57 5.83 1.63 T1 3.46 553
Hf 3.20 5.06 1.58 Tm 3.54 5.55
Ho 3.58 5.62 1.57 Y 3.65 5.73
La 3.75 6.07 1.62 Zn 2.66 4.95
Lu 3.50 5.55 1.59 Zr 3.23 5.15
Mg 321 521 162 - -
Nd 3.66 5.90 1.61 “Ideal”

- ¢fa

1.58
1.61
1.62
1.59
1.59
1.58
1.59
1.60
1.57
1.57
1.86
.59

1.63

73



CUBIC CLOSE-PACKED STRUCTURE
| ACCP crystal is a close-packed structure vith the stacking sequence .. ABCABC...

To construct:

1stlayer: 2D HCP array (layer A)

2nd layer: HCP layer with each sphere placed in alternate interstic&daypet (B)
39 layer: HCP layer placed in tlweherset of interstitial depressions (squares, C
4™ [ayer: repeats theslayer (A)

e ABCABCABCE

stacking

of HCP layers
along

|body diagonals

It turns out that the CCP structure is jus
the FCC Bravais lattice!
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CCP STRUCTURE
ACN = 12, packing fraction 0.74

A{111} planes are close packed

A4 atoms in unit cell

1;

Unit g .2 &
Cell

1 .
a=b=c @” @ @° Plan view
a=p=

“ @ ¢ @ .


http://www.chem.ox.ac.uk/icl/heyes/introtosolids/files/Met-fcc.cmdf
http://www.chem.ox.ac.uk/icl/heyes/introtosolids/files/Met-fcc.cmdf

CLOSE-PACKED STRUCTURES

Amost common are HCP and CCP

(LI

~

Aan infinite # of alternative stacking sequences exist

Example: silicon carbide has over 25@olytypes
e.g., 6HSIC
stacking seqguence




STACKING FAULTS

e.g., an <110> projection of an FCC lattice:

© >

SHLCTULLLLRLARLNES
.““"“"“‘%“%’l‘l‘l‘l‘l‘l‘l‘l‘l missing
i“"%““""""' 5 plane
0.7 % % 5 W 0 L S 0 W W W W £ at
A A T T L ST of atoms
SRS HNNTINNNNNNNN
IEFﬁﬂﬂﬁﬁ!ﬂlﬂﬂﬂ!ﬁﬂﬂgﬂlﬁﬂﬂih

perfect FCC ' faulted FCC
ABCABCABC ABCBCABC

@ >

[111]

A
[110] B

i A
[001] B

w >

[110]

The stacking fault is an example of a planar defect

Astacking fault energy 9 ~100 mJ m-2

Aalso results in a linear defect called a dislocation
17



EXAMPLE InAs nanowires - <110> projection
a R S

ZB

20 nm i ys . D=84nm 20 nm D=10nm

Caroff, P. et al. Nature Nanotechnology 4, 50 - 55 (2009).78



Body-centered 13 14 15 16 17
cubic 3A 4A 5A 6A TA |

Other structures
(see caption)

ACCP and HCP have very similar lattice energies
Ano clear cut trends
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BUCKMINSTERFULLERENE FOOT & MOUTH VIRUS

FCC
Nature 353 , 147 - 149 (12 Sep 1991)

Rare GasesNe, He, Ar, Kr, Xe CCP)
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ANOTHER VIEW OF CLOSE PACKING

oy

Hexagonal Close Packing

Cubic Close Packing

hcp
Mg, Be, Sc, Ti...
4
ccplfcc

Cu, Ca, Sr, Ag, Au, ...
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Close Packing of Spheres

The most efficient way to fill space with spheres

Is there another way of packing spheres that is more space-efficient?

In 1611 Kepler asserted that there was no way of packing equivalent spheres

at a greater density than that of a face-centred cubic arrangement. This is now
known as the Kepler Conjecture.

This assertion has long remained without rigorous proof. In 1998 Hales
announced a computer-based solution. This proof is contained in over 250
manuscript pages and relies on over 3 gigabytes of computer files |t was

reviewed by a panel of 12 referees; the panel reported in 2003, after 4 years of
work, that i1t was nN99% certaino of t
verify all of the computer calculations. Hales and Ferguson (his student)
received the Fulkerson Prize for outstanding papers in the area of discrete
mathematics in 20009.

In 2003, Hales announced that he would pursue a formal proof of the
Conjecture that could be verified by computer. He estimated that the proof
would be finished by 2023¢ébut i1t was

In January 2015 Hales and 21 collaborators published "A formal proof of the Kepler
conjecture". The proof was accepted in 2017.

http://en.wikipedia.org/wiki/Kepler_conjecture



PACKING FRACTIONS

The fraction of the total crystal volume that is occupied by spheres

CCP (and HCP)

radius:{L/E
, 4 a\/§3
V 4 5/7(7) D
fraction= —&loms - . E.[2 0z40¢
VceII a 6
74%
e
radius:‘fjl—\/g 4 a.s
| 3/7(2)
fraction= . £.523¢
224y i a
fraction— cl : o) £.6802 52%
a

68% ”




Close Packing of Spheres

Comparison of Packing Efficiencies

Primitive Cubic [o-Po]
Coordination Number 6
52% Packing Efficiency

Vaioms/Veen = 0.52, since
V. = a®and
Voms = Z 4/3 w3
witha=2rand Z = 1

ccp

Close-Packed (ccp or hcp)
Coordination Number 12
74% Packing Efficiency

Body-Centered Cubic [W]
Coordination Number 8
68% Packing Efficiency

bcc

(increased pressure favors higher packing efficiency)
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DENSITY CALCULATION

n: number of atoms/unit cell

(o} ~, .
A: atomic mass
rnatoms a nA (1

I = —= :
aell | V~: volume of the unit cell
\ C' A 9; :

cell
N, Avogadr o0¢
(6.023<10°3 atoms/mole)

Calculate the density of copper.

R-,= 0.128 nm Crystal structure: FCC, A= 63.5 g/mole
n =4 atoms/cell, V.=a f2/2R’® 6/2F

. (4)(63.5)

= 8.89y /cnt
[164/2(1.28 10° § 3 (6.023 318 )] g /c

8.9 g/cn? in the Iiteraturg6



INTERSTICIAL SITES IN CP STRUCTURES

A large number of ionic structures can be regarded as built of CP layers of anions
with the cations placed in interstitial sites

for every anion, there is 1 Octahedral site and 2 Tetrahedral sites

~

(a) (b) 2 layers
b O

=) ;mm.\ m\ N
il*\rlﬂ\li\l*\*i

o)

Hol dhvosdp
oles OSs

; 4
Fig. 7.7 Interstitial sites in a c.p. structure. Heavy ‘
circles are above and the dashed circles below the r=0225 r=0414

plane of the paper: (a) T, site, (b) T_ site, (c) O site Tetrahedral Octahedr@



Octahedral holes

coordinates:
1500
0120
00v%

YoYols
+ = O site

| y -
' I g i cavities havg 100
T— orientation




Tetrahedral holes in CCP T, sites:

YaYaY 4
YaY a4
YaYaa
Y224

T._sites:
YaYaY4
Y4¥aY4
YaYs¥a
YaY2¥a

cavities have <111> orientatio




Holes in HCP

O sites:
2/3,1/3,1/4
2/3,1/3,3/4

T, sites:
1/3,2/3,1/8
0,0,5/8

T sites:
0,0,3/8
1/3,2/3,718




LOCATION OF OCTAHEDRAL HOLES

HCP

Location
of

O O OCTAHEDRBAL

T Mges 2 O
O On Q 7rersphere i
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LOCATION OF TETRAHEDRAL HOLES

an;':ftinn
TETRAHEDBRAL

Interstitial
Holes 3 55

(3/8 of a unit cell directly
above/below each anion)
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SIZE OF OCTAHEDRAL CAVITY

Only cations smaller than the diameter of the cavity can fit
without forcing the anion lattice to expand

/'
from cell edge

face of unit cell a=2r, 42,

from face diagonal

a= 2\/§rx

M = cation ™™+ Tx = :}(_\/5
— . TM/TX= 2—1
X = anion '

The cavity radius is 41%
of the anion radius




SIZE OF TETRAHEDRAL CAVITY

The tetrahedral holes are twice as
numerous but six times smaller in volume

e/
) M+ rx=rx-3V6
oo rm/Tx=3V6 -1
—o 225
le2=ry The cavity radius is
22.5% of the anion radius




EUTACTIC STRUCTURES

Within certain loose limits (given by thradius ratio ruleg, cations
too large to fit in the interstices can be accommodated by an
expansion of the anion array

Aanions dondt | i ke to touch a

Amodern techniques show that, in many cases, anions (cations)
not as large (small) as previously thought

Awe still describe eutactic structures as CCP or HCP lattices
with 1ons in some fraction of the interstitial sites
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CRYSTALS THAT CAN BE DESCRIBED IN
TERMS OF INTERSTITIAL FILLING OF A
CLOSE-PACKED STRUCTURE

96



SOME EUTACTIC CRYSTAL STRUCTURES

Variables:

1) anion layer stacking sequence: CCP or HCP array?
2) occupancy of interstitial sites

Interstitial sites

Anion arrangement 3 5 ;i Oct Examples

+

cCp. NaClrock salt <———
ZnS blende or sphalerite
MgAl,O,, spinel <—
CddCl,

CuFeS,

CrCl,

K, O antifluorite

NiAs v aiiss,
ZnS, wurtzite

Cdl,

TiO3%, rutile

Al,O,

Mg,SiO,, olivine «
B-Li,PO,

y-Li; PO *

CaTiO, perovskite

h.c.p.

o T e T I R I
#l'—‘l | NIWINNIHva—' — 'wlv— ' NI»—-NI»—-I gk

e N S I e

c.c.p. ‘Ca0y’ layers

*The h.c.p. oxide layers in rutile and y-Li; PO, are not planar but are buckled. The oxide
ion arrangement in these may alternatively be described as tetragonal packed (t.p.).

97



Structures obtained by
filling Octahedral Holes

Structures obtained by
filling Tetrahedral Holes

Fraction
Structure | Holes | Packing
Filled
Fluoritet 1 cep
Sphalerite | 1/2 cep
Wurtzite 1/2 hep

Fraction
Structure | Holes | Packing
Filled
NaCl 1 ccp
NiAs 1 hep
CdCl, 1/2 ccp
CdI, 1/2 hep
TiO,f 1/2 hep
AlLO, 2/3 hep

T The hep anion layers are buckled in rutile.

*In fluorite (i.e. CaF,) the cations are
close packed and the anions fill the
tetrahedral holes. The opposite is true
of the antifluorite structure (Na,0)

98



NaCl (ROCK SALT, HALITE) STRUCTURE

(CCP, 100% Oct. Holes Filled)

1;

00+

Table 7.5 Some compounds with the NaCl structure

Space Group = Fm3m

Lattice = FCC aA) aA) a(A) aA)
Basis = Cl (0,0,0), Na ('2,"2,%-) MgO 4213 MgS 5200 LiF 40270 KF 5347
Ca0 48105 CaS 56948 LiCl 51396 KCl 6.2931
SrO 5160  SrS 6020  LiBr 55013 KBr 6.5966
T BaO 5539  BaS 6386 Lil 600  KI 7.0655
Coordination=6, 6 TiO Al -4MnS 8994 L 4083  RbF 56516
: v MnO 4445  MgSe 5462  NaF 464  RbCI 6.5810
Cation Coord°__Y Octahedron FeO 4307  CaSe 5924 NaCl 56402 RbBr 6889
: CoO 4260  SrSe 6246  NaBr 59772 Rbl 7342
Anion Coord. Y Octahedron NiO 41769 BaSe 6600  Nal 6473 ., AgF 492
ivi : Cdo 46953 CaTe 6356 NaH 4890  AgCl 5.549
Connectivity Y Edge sharing octahedra g4 57248  SrTe 6660  ScN 444  AgBr 57745
with faces parallel to {111} T€ 43285 BaTe 700 TiN 4240 CsF 6.014

ucC 4955 LaN 5.30 UN 4.890 o

4 NaCl in unit cell


http://www.chem.ox.ac.uk/icl/heyes/introtosolids/files/NaCl.cmdf
http://www.chem.ox.ac.uk/icl/heyes/introtosolids/files/NaCl.cmdf
http://www.chem.ox.ac.uk/icl/heyes/introtosolids/files/NaCl.cmdf
http://www.chem.ox.ac.uk/icl/heyes/introtosolids/files/NaCl.cmdf

POLYHEDRAL REPRESENTATION

Ashows the topology and indicates interstitial sites
Atetrahedra and octahedra are the most common shapes

Rock Salt:

AArray of edge sharing NaCl, octahedra

AEach octahedron shares all 12 edges

ATetrahedral interstices

100




ROCK SALT - OCCURANCE

e Very common (inc. 'ionics', 'covalents' & 'intermetallics' )

AMost alkali halides (CsCl, CsBr, Csl excepted)
AMost oxides / chalcogenides of alkaline earths

AMany nitrides, carbides, hydrides (e.g. ZrN, TiC, NaH)

101



COMPLEX ION VARIANT OF ROCK SALT

Aspace group = Pa3

ASZZ' dimers oriented along <111>

102



ZINC BLENDE (ZnS, SPHALERITE)

(CCP, T+ Holes Filled) 14

o &

Space Group = F43m
Lattice = FCC
Basis =5 (0,0,0), Zn (Y4,V4,Va)

Coordination=4,4

Cation Coord. Y Tetrahedron

Anion Coord. Y Tetrahedron
Connectivity Y Corner sharing Tetra.
4 7nS in unit cell



http://www.chem.ox.ac.uk/icl/heyes/structure_of_solids/Coords/ZnBlende.cmdf
http://www.chem.ox.ac.uk/icl/heyes/structure_of_solids/Coords/ZnBlende.cmdf
http://www.chem.ox.ac.uk/icl/heyes/structure_of_solids/Coords/ZnBlende.cmdf
http://www.chem.ox.ac.uk/icl/heyes/structure_of_solids/Coords/ZnBlende.cmdf
http://www.chem.ox.ac.uk/icl/heyes/structure_of_solids/Coords/ZnBlende.cmdf
http://www.chem.ox.ac.uk/icl/heyes/structure_of_solids/Coords/ZnBlende.cmdf
http://www.chem.ox.ac.uk/icl/heyes/structure_of_solids/Coords/ZnBlende.cmdf
http://www.chem.ox.ac.uk/icl/heyes/structure_of_solids/Coords/ZnBlende.cmdf

ZINC BLENDE

Abonding is less ionic than in rock salt

Acommon for Be, Zn, Cd, Hg chalcogenides (i.e., ZnS, ZnSe, Zr

Acommon for IHV compounds (B, Al, Ga, In with N, P, As, Sb)

Table 7.6 Some compounds with the zinc blende (sphalerite) structure

aA) a(A) a(A) a(A) a(A)
CuF 4255 BeS 4.8624 p-CdS 5.818 BN 3.616 GaP 5.448
CuCl 5416 BeSe 5.07 CdSe 6.077 BP 4.538 GaAs 5.6534
y-CuBr 5.6905 BeTe 5.54 CdTe 6.481 BAs 47717 GaSb 6.095
y-Cul 6.051 p-ZnS 5.4060 HgS 5.8517 AlP 5451 InP 5.869
y-Agl 6.495 ZnSe 5.667 HgSe 6.085 AlAs 5.662 InAs 6.058
p-MnS, red 5.600 ZnTe 6.1026 HgTe 6.453 AlSb 6.1347 InSb 6.4782
f-MnSe 5.88 p-Sic . 4358
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DIAMOND STRUCTURE

Same as sphalerite, but with identical atoms in all positions

Unit
Cell

Space Group = Fd3m
Lattice = FCC
Basis = C (0,0,0), C (Ya,Va,Va)

TABLE 1.9 Elemental Crystals with the Diamond Crystal

Coordination=4 Structure

Connectivity Y Corner sharing Tetra. Flement a (nm)* Element a (nm)*
- C 0.3567 Si 0.543

8 C atoms per unit cell = il s i

“Lattice constants are values at room temperature.
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FLUORITE (CaF,) & ANTIFLUORITE (Na,O)

Fluorite : CCP of Ca2*, 100% Tetra. Holes Filled with F-
Anti-fluorite : cation and anion positions are reversed

Ca2t|

- 2 Plan view FCay Tetrahedra
Fluorite A-cell

Table 7.7 Some compounds with fluorite and antifluorite structure

Space Group — Fmgm Fluorite structure Antifluorite structure
a(A) aA) a(A) ah)

Lattice ~ FCC CaF, 54626 PbO, 5349 Li,O 46114 K,O 6.449
Basis = Ca?* (0,0,0), F (444 & (A%%) $H % & b bs e xs m

ome g ol R
Coordination = 8, 4 (fluorite) i Rl o N L B L
Cation Coord. Y Cubic Eligor 28 8360 Qe M HMTEL
Anion Coord. Y Tetrahedral CmO, 53598

Connectivity Y Edge sharing FCa, tetrahedra or edge sharing CaF, cubes
4 CaF, in unit cell 106


http://www.chem.ox.ac.uk/icl/heyes/structure_of_solids/Coords/CaF2.cmdf
http://www.chem.ox.ac.uk/icl/heyes/structure_of_solids/Coords/CaF2.cmdf
http://www.chem.ox.ac.uk/icl/heyes/structure_of_solids/Coords/CaF2.cmdf
http://www.chem.ox.ac.uk/icl/heyes/structure_of_solids/Coords/CaF2.cmdf

 HAuorite A-cell Plan view Fa Tetrahedra

Displacing the unit cell by % of a body diagonal emphasizes the cubic cation coordination:

e B-cell Plan view a Cubes

Fluorit

107


http://www.chem.ox.ac.uk/icl/heyes/structure_of_solids/Coords/CaF2.cmdf
http://www.chem.ox.ac.uk/icl/heyes/structure_of_solids/Coords/CaF2.cmdf
http://www.chem.ox.ac.uk/icl/heyes/structure_of_solids/Coords/CaF2Bcell.cmdf
http://www.chem.ox.ac.uk/icl/heyes/structure_of_solids/Coords/CaF2Bcell.cmdf

FLUORITE / ANTIFLUORITE

Ca2+
Aorigin of the term

(George Stokes, 1852)

Afluorite common for fluorides of large,
divalent cations and oxides of large
tetravalent cationgM?*F, and M*QO,)

Aantifluorite common for
oxides/chalcogenides of alka(is!,O)



FLUORESCENT MINERALS

* = fluorite http://en.wikipedia.org/wiki/Fluorescerice



COMPARING NacCl, ZnS, Na,O

NacCi ZnS Na,O
> O
& » ¢ | ° ° %
o'joO@'E 'Eo = .l. °
o e o
/‘_ L L _C?—___ @) _O_ y
.L/O/ 0.0.»} o ] / ‘/;/ A_ ® /
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Li,BI EXAMPLE
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NiIAs STRUCTURE

(HCP, 100% Oct. Holes Filled)

@ Ni
@ As

Table 7.10 Some compounds with the NiAs structure. (Data taken from Wyckoff, 1971,

Vol. 1)
Space Group = P6,/mmc

. L a(A) c(A) c/a a(A) c(A) c/a

Lattice = Primitive hexagonal :
" NiS 34392 53484 1555 CoS 156755 "5 160"P° 19453
Basis = As (0,0,0) &(2/3,1/3,1/2) NiAs 3602  5.009 1391 CoSe 36294 53006  1.460
) NiSb [ B o 1305 CoTe 3886, .- . 5360 199
Ni (1/3,2/3,1/4) & (1/3,2/3,3/4) NiSe 36613 53562 1463 CoSb 3866 5188 1342
.. NiSn 4048 5123 1266 CrSe 3684 6019 1634
Coordination=6,6 NiTe 3957 5354 1353 CrTe 3981 6211 1560
, g FeS 3438 5880 1710 CrSb 4108 5440 1324
Cation Coord. Y Octahedron FeSe 3637 5958 1638 MnTe 41429 67031 1618
. Oy . FeTe 3800 5651 1487 MnAs 3710 5691 1534
Anion Coord. Y Trigonal prism FeSb 406 513 1.264 MnSb 4120 5784 1404
e : §-NbN* 2968 5549 1870 MnBi 8 W00k Bl 1423
Connectivity Y Edge/face sharing Oct.  pp- 3358 4058 1208 PiSh A0 S sagr o
PiSn 4103 5428 1323 PtBi 4315 5490 1272

or edge-sharing trigonal prisms
2 NIAS in unit Ce” * Anti-NiAs structure.
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http://www.chem.ox.ac.uk/icl/heyes/structure_of_solids/Coords/NiAsalt.cmdf
http://www.chem.ox.ac.uk/icl/heyes/structure_of_solids/Coords/NiAsalt.cmdf
http://www.chem.ox.ac.uk/icl/heyes/structure_of_solids/Coords/NiAsalt.cmdf
http://www.chem.ox.ac.uk/icl/heyes/structure_of_solids/Coords/NiAsalt.cmdf
http://www.chem.ox.ac.uk/icl/heyes/structure_of_solids/Coords/NiAs.cmdf
http://www.chem.ox.ac.uk/icl/heyes/structure_of_solids/Coords/NiAs.cmdf

Alternative unit cell with Ni at the origin:

4 unit cells
dalre NeCes5ary
fosec



http://www.chem.ox.ac.uk/icl/heyes/structure_of_solids/Coords/NiAs.cmdf
http://www.chem.ox.ac.uk/icl/heyes/structure_of_solids/Coords/NiAs.cmdf

I"'-]L"J'L SE
Ortahedra

AsN Trigonal Prisms

ATransition metals  with
chalcogens, As, Sb, Bi
e.g. Ti(S,Se,Te);
Cr(S,Se,Te,Sh);
Ni(S,Se, Te,As,Sb,Sn)
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WURTZITE (ZnS) STRUCTURE

(HCP, T+ Holes Filled)

Spa ce Grou P= P6 3MC Table 7.9 Some compounds with the wurtzite structure. (Data taken from Wyckoff, 1971,
. e eye . Vol. 1)
Lattice = Primitive hexagonal

Basis = S (0,0,0) & (2/3,1/3,1/2) i il oMl ot

Zn (0,0,5/8) & (2/3,1/3,1/8) zis s ex . TewAN 311 497 o035 100
Coordination = 4, 4 Zite 421 I 3sm ses  Len
Cation Coord. Y Tetrahedron GiS  alMs 670 | LR NHF 4% 702 0365 160
Anion Coord. Y Tetrahedron MflEeonoi e et Gy Lo Sl 112 0000000 LN
Connectivity Y Corner sharing Tetra. ~ MnSe 412 672 sk

2 ZnS in unit cell 116


http://www.chem.ox.ac.uk/icl/heyes/structure_of_solids/Coords/ZnWurz.cmdf
http://www.chem.ox.ac.uk/icl/heyes/structure_of_solids/Coords/ZnWurz.cmdf
http://www.chem.ox.ac.uk/icl/heyes/structure_of_solids/Coords/ZnWurz.cmdf
http://www.chem.ox.ac.uk/icl/heyes/structure_of_solids/Coords/ZnWurz.cmdf

Zinc Blende Wurtzite
CCP ABC repeal HCP AB repeat

Projections perpendicular to close-packed planes
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