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A. Bulk truncation structures
Mill I di ( i )
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Miller Indices (again)

• For plane with intersections bx, by, bz write:

• If all quotients rational or 0 this is Miller Index
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• If all quotients rational or 0, this is Miller Index.
e.g., 1, 1, 0.5  (112)
For cubic 1  (100)
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In general:  (i j k) =                            

where cd = common denominator
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In fcc and bcc
x, y, z, -x, -y, -z all equivalent  (100), (010),          , etc.

all equivalent.
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NOTE: (i j k) identifies plane; [i,jk] identifies vector  plane
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A. Bulk truncation structures

Very different surfaces:
Close packed:  fcc(111)    bcc(110)
Very rough:      fcc(210)    bcc(111)  bcc: 8 n.n.          fcc:  12 n.n.

Note: Cross product of two vectors iin a plane defines direction perp. To plane:

[i j k]  =  [l m n] x [p q r]   where latter vectors lie in (i j k).

Angle between two planes:    
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 e.g., for [1 1 1] and [2 1 1] :



A. Bulk truncation structures
fcc(100) fcc(110) fcc(111)fcc(100) fcc(110) fcc(111)

bcc(100) bcc(110)bcc(100) bcc( 0)
bcc(111)

hcp(100) hcp(110) hcp(111)
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A. Bulk truncation structures
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But i + j = -l
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So often use 3-digit notation

Basal plane (b):  (0 0 0 1) = (0 0 1)

Side (c)
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In hcp, (1 0 0)  (0 0 1)
NOTE: fcc(111) and hcp (0001) have same top layer structure,
but stacking is different: hcp: ABAB…; fcc: ABCABC…
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but stacking is different: hcp: ABAB…;  fcc: ABCABC…



A. Bulk truncation structures
Other structures:Other structures:

Wurtzite (interpenetrating fcc lattice), Zincblend (hex w/tetrahedral bonds)
NOTE: polar terminations not equivalent
Diamond (or Si): Like zincblend, but all atoms the same

Stereographic projection:  

6Surface atom density:  ~ 1015



A. Bulk truncation structures
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B. Relaxations and reconstructions
Crystal termination often not bulk-likeCrystal termination often not bulk-like
Shifts in atomic positions may be perp and/or parallel to surface

Selvedge region extends several atomic layers deep
Rationale for metals: Smoluchowski smoothing of surface electronic charge

Inward relaxation;
little or no lateral motion

dipole formation

For semiconductors: heal “dangling bonds; 
often lateral motion Relax Often oscillatoryoften lateral motion.   Relax. Often oscillatory

d45
d23 Surface   d12(%)

dbulk

d12
d34

d56
Ag(110)     -8
Al(110)     -10
Au(100)       0
Cu(110) 10ce bulk
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Cu(110)    -10
Cu(310)      -5
Mo(100)    -12.5su

rfa
c bulk



P i di L tti t it i it ll

C. Classification of 2-D periodic structures
Periodic Lattice: repeat unit is unit cell Unit cell is not unique.

Propagate lattice: n, m constants

Primitive cell: unit cell w/smallest area, 

21 amanT 


shortest lattice vectors, smallest 
number of atoms

(if possible: |a1| = |a2|;  = 60, 90, 120;  
1 atom)1 atom) 

Symmetry:
translational symmetry // surface;      

t ti l t 1 2 3 4 6rotational symmetry: 1, 2, 3, 4, 6
mirror planes;   glide planes.

All 2-D structures w/1 atom/unit cell have
t l t t f ld i
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at least one two-fold axis.



For 1 atom/cell and 2-D periodic structure, only 5 symmetrically different lattices
C. Classification of 2-D periodic structures

For 1 atom/cell and 2 D periodic structure, only 5 symmetrically different lattices
Bravais Lattices

When more than 1 atom/cell, 
more complicatedp

5 Bravais lattices
10 2-D point symmetry groups
17 types of surface structure17 types of surface structure

D. Substrate and Surface Structures
Suppose overlayer of substrate surface layer has lattice different from bulk:

Substrate: 21 amanTa



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Overlayer: 21 bmbnTb
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Wood’s Notation: Simplest, most descriptive notation method
D. Substrate and Surface Structures

(NOTE: fails if   ’ or bi/ai irrational)
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Determine relative magnitude of respective a’s and b’s.
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Identify angle of rotation (= 0 here).
Notation:                                  for above overlayer, (2 x 2)  [often called p(2 x 2)] 
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Matrix Notation: Use mtx to transform substrate basis vectors, a1, a2, into
D. Substrate and Surface Structures

overlayer basis vectors, b1, b2

where: so that:
2121111 aGaGb 


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where: so that:

F (2 X 2) bi (100) F (2 X 2) f (111)
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For p(2 X 2) on cubic (100) For p(2 X 2) on fcc(111)
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For                    on fcc(111)

22 20 ab   20
22 20 ab   20
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Areas:  A = |a1 X a2|;     B = |b1 X b2|;   ABG /ˆdet 



Comparison of Wood’s and Matrix Notation

D. Substrate and Surface Structures
Comparison of Wood s and Matrix Notation

Classification of Lattices
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(a) Simple: All Gij are integers  all sites identical in overlayer (strong corrugation). Here b = 2a
(b) Coincidence: one or more of Gij are rational numbers  different types of sites
(c) Incoherent: one or more of Gij are irrational  inf. Number of ads sites, flat surface pot’l.



D. Substrate and Surface Structures

Examples of 
coincidence lattice

Note that symmetryy y
does not identify
adsorption sites, only all (2 X 2)
how many there are  = 1/4

Domain structures:
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(1 X 2) = (2 X 1)



D. Substrate and Surface Structures
Ambiguity: fcc(110) reconstruction models for (2 X 1) periodicityAmbiguity: fcc(110) reconstruction models for (2 X 1) periodicity

Missing Row Paired Row Saw Tooth

Another complication:
indexing of stepped surfaces
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