
Infinite linear and layered structures 







AuCN 
chains 

AgCN 
chains 



Pb(η5-C5H5)2 zig-zag chains 



BeCl2	
  	
  solid	
  







Intercala1on	
  of	
  inorganic	
  ca1ons	
  
between	
  graphite	
  layers	
  



Stages	
  of	
  intercala1on	
  



α-­‐BN	
  (hexagonal	
  layered)	
  



α-­‐BN	
  



α-­‐BN	
  



The structures of binary compounds based on the plane 6-gon net. 



Layers in the structures of (a) Ag[S3(CH2)3]NO3·H2O; (b) 
Ag[C(CN)3]; (c) two interwoven layers of type (b). 



Black	
  P	
  



Layers in (a) As2O3 (orpiment); (b) P2O5. 







Layer in crystalline ThI4. 



Structural units forming 4-connected nets. 



Structures based on 4-connected nets. 



All	
  possible	
  ways	
  of	
  linking	
  polygons	
  with	
  one	
  	
  
kind	
  of	
  link	
  to	
  form	
  2-­‐periodic	
  structures	
  

augmented	
  regular	
  nets	
  

augmented	
  quasiregular	
   augmented	
  dual	
  of	
  quasiregular	
  



Infinite three dimensional networks 



Packing of 
spheres 

CLOSE 
Packing of 
spheres 



Tetrahedral	
  and	
  octahedral	
  holes	
  





One	
  octahedral	
  hole	
  per	
  sphere.	
  Twice	
  as	
  many	
  tetrahedral	
  holes	
  per	
  sphere	
  



Packing	
  of	
  ions	
  in	
  NaCl	
  



Packing	
  of	
  metals	
  



Structures	
  of	
  metals	
  









There are four different types of three-dimensional unit cell 



The 14 Bravais lattices 





Crystal structure of CsCl (unit cell shown) 
 

Two interpenetrating primitive cubic arrays 
(note: it is not a body centered cubic because the environment of 
the atom at the center (Cs) is not the same as that on the corners 
(Cl). 
 
Examples: CsBr, CsI, TlCl, TlI, NH4Cl and metal structures of the 
first group  



Crystal structure of NaCl (rock salt) 

Two interpenetrating face centered cubic arrays: one of Na+ and the other of 
Cl-. Each Na+ is surrounded by 6 equivalent Cl- and vice versa. Coordination is 
6 for each. 
 
Examples: Most alkali halides (MX) and AgF, AgCl, AgBr. All the alkali 
hydrides, MH. Monoxides, MO of Mag, Ca, Sr, Ba and their monosulfides, MS.   



Close-packed layers of NaCl 



Edge-sharing octahedra of Na+ (or Cl-) 





NiAs structure. Similar to NaCl but hexagonal close packings of As.  
Ni is Octahedral and As is trigonal prismatic  





Crystal	
  structures	
  of	
  ZnS	
  (Zinc	
  blend	
  and	
  Wurtzite;	
  polymorphs)	
  

ccp of S with Zn in half of tetrahedral holes (i.e. every other tetrahedral hole) 

Note: discuss 
diamond and β-
cristobalite 





β-­‐BN	
  (zinc	
  blend,	
  cubic	
  structure)	
  



hcp of S with Zn in half of tetrahedral holes (i.e. every other tetrahedral hole 



BN	
  (wurtzite,	
  hexagonal	
  3-­‐D	
  
structure)	
  









Doubly	
  interpenetrated	
  diamond	
  
frameworks	
  of	
  Cu2O	
  





Fluorite	
  and	
  An1fluorite	
  structures	
  

a.  ccp array of Ca2+ 

b.  Redrawn as primitive 
cubic array of F-  

c.  Unit cell 
d. Primitive anion cube 
 
Antifluorite: Ca and F 

switch places  



From	
  CaF2	
  to	
  Cdl2	
  

a.  hexagonal close packing of l- with half 
of octahedral holes filled in a manner 
such that alternate layers have fully 
occupied octahedral sites (CdCl2 
same but ccp) 

b.  Layer of CdX 



Ru1le	
  (TiO2)	
  structure:	
  Not	
  based	
  on	
  close-­‐packings	
  
a.  Tetragonal cell with Ti 

(6-coordination 
octahedral geometry 
and oxygen in trigonal 
planar geometry. Both 
geometries are 
imperfect because 
mathematically 
impossible to have a 
perfect geometry in this 
kind of cell. 

b.  TiO2 structure best 
viewed as columns of 
octahedra TiO6 in 
which octahedra are 
sharing opposite 
edges, then linked to 
other columns by 
sharing vertices as in 
(c)   



ReO3:	
  Primi1ve	
  cubic	
  array	
  of	
  O	
  but	
  with	
  ¼	
  of	
  them	
  missing	
  	
  
Best	
  viewed	
  as	
  Octahedra	
  sharing	
  corners	
  	
  



Pervoskite	
  ABO3	
  compounds	
  (CaTiO3)	
  and	
  ReO3	
  (shown	
  
in	
  (b).	
  CaTiO3	
  can	
  be	
  viewed	
  as	
  ccp	
  array	
  of	
  Ca	
  and	
  O	
  

with	
  Ti	
  in	
  octahedral	
  holes	
  



Spinel	
  structure	
  (cubic	
  close	
  packed	
  array	
  of	
  O	
  with	
  A2+	
  ions	
  occupy	
  
1/8	
  	
  tetrahedral	
  holes	
  and	
  B3+	
  ions	
  occupy	
  ½	
  octahedral	
  holes):	
  

MgAl2O4	
  



2/3 of octahedral 
holes occupied 
in an hcp arrays 
of O 



α-Αl2Ο3	
  (Corundum)	
  







Magne1te,	
  Fe3O4	
  crystallizes	
  with	
  
the	
  spinel	
  structure.	
  The	
  large	
  
oxygen	
  ions	
  are	
  close	
  packed	
  in	
  a	
  
cubic	
  arrangement	
  and	
  the	
  
smaller	
  Fe	
  ions	
  fill	
  in	
  the	
  gaps.	
  
The	
  gaps	
  come	
  in	
  two	
  flavors:	
  
	
  tetrahedral	
  site:	
  Fe	
  ion	
  is	
  
surrounded	
  by	
  four	
  oxygens	
  	
  
	
  octahedral	
  site:	
  Fe	
  ion	
  is	
  
surrounded	
  by	
  six	
  oxygens	
  	
  
	
  
Note:	
  The	
  tetrahedral	
  and	
  
octahedral	
  sites	
  form	
  the	
  two	
  
magne1c	
  subla]ces,	
  A	
  and	
  B	
  
respec1vely.	
  The	
  spins	
  on	
  the	
  A	
  
subla]ce	
  are	
  an1parallel	
  to	
  those	
  
on	
  the	
  B	
  subla]ce.	
  The	
  two	
  
crystal	
  sites	
  are	
  very	
  different	
  and	
  
result	
  in	
  complex	
  forms	
  of	
  
exchange	
  interac1ons	
  of	
  the	
  iron	
  
ions	
  between	
  and	
  within	
  the	
  two	
  
types	
  of	
  sites.	
  











Other	
  common	
  tetrahedral	
  
structures	
  

SrAl2 CrB4 



Decorated CaB4 



Interpenetrating  SrAl2 



Common	
  interpenetra1ons	
  



Sodalite	
  



sodalite	
  



Decorated	
  sodalite	
  









Natrolite	
  zeolite	
  
	
  
Minerals	
  (boiling-­‐stone,	
  zeo-­‐lite)	
  
	
  
	
  
Na2Al2Si3O10

.2H2O	
  







Faujasite	
  	
  



Elemental boron exists in more than one form 
(polymorphs). α-B 



Default	
  Structures	
  (transitivity	
  1111)	
  	
  



acs pbz flu 

pto tbo bor 



ctn pts she 

pyr rtl soc 



toc gar nia 

the scu ocu 


