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EELLEECCTTRROONNIICC  SSTTRRUUCCTTUURREE  AANNDD  TTHHEE  SSTTAABBIILLIITTYY  OOFF  MMEETTAALL  AALLLLOOYYSS::         

CCRRYYSSTTAALLSS,,  IIOONNIICC//MMEETTAALLLLIICC  GGLLAASSSSEESS aanndd QUASICRYSTALS 

IIIooonnn   CCC...   BBBaaaiiiaaannnuuu   
FFSSHHNN  &&  NNPPRREE  DDeeppaarrttmmeennttss,,  UUIIUUCC  

  

  

IIlllliinnooiiss  GGeeoommeettrryy  LLaabboorraattoorryy::  AA  QQuuaassiiccrryyssttaall  SSttaabbiilliittyy  GGrroouupp  pprreesseennttaattiioonn  
  

  

                                                                                                
  

                              AAA   333DDD---PPPrrriiinnnttteeeddd   MMMooodddeeelll   ooofff   aaa   666999444---ccceeellllll   PPPhhhoootttooonnniiiccc   IIIcccooosssaaahhheeedddrrraaalll   QQQuuuaaasssiiicccrrryyyssstttaaalll   
[High-res. Stereolitographic (SLA-250) model in plastic of an icosahedral quasicrystal,  

Source: W. Man et al., Nature, 2005:1 ]. 
 
 

 The first reported quasicrystalline structure was that of a metal alloy 

Al0.14Mn0.86 with icosahedral point symmetry (Schechtman, D. et al. 1984. 

“Metallic Phase with Long-Range Orientational Order and No Translational 
Symmetry”, Phys.Rev. Lett., 53: 1951-1953. 
Comment: Paul J. Steinhardt, 1986. Distinguishing a Quasicrystal from an Icosahedral Glass Via 

Lattice Imaging, Phys. Rev. Lett. 57: 2769).  

 This is where the quasicrystal story began, … or has it ?! 
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1. CCRRYYSSTTAALLSS and  LATTICES 
 

A crystal is a regular structure with long-range order and a single periodic unit (cell) that by exact 

repetition forms a lattice with both rotational and translational symmetry. 
 

 The lattice is a mathematical concept. 

 In Geometry and Abstract Algebra--Group Theory a lattice in n is a discrete 

subgroup of nn which spans the real vector space nn 
  

 
 

 In the context of Crystallography, Material Science and Solid-state physics, a lattice is a 
synonym for the "frame work" of a crystalline structure, a 3-dimensional array of regularly 
spaced points coinciding with the atom or molecule positions in a crystal.  

 

 Thus, a crystal lattice is a discrete, periodic arrangement of points in n dimensions 
larger than (or equal to) 1 and less than or equal to 3; its points are the atoms (or ions) 
that make up the crystal. 
 

1a. An Example  
  

A Face Centered Cubic (fcc) Crystalline Cluster and Lattice 

----  
                                                               Idealized, Discrete Geometry 
 

http://en.wikipedia.org/wiki/Materials_science
http://en.wikipedia.org/wiki/Solid-state_physics
http://en.wikipedia.org/wiki/Crystalline_structure
http://en.wikipedia.org/wiki/Atom
http://en.wikipedia.org/wiki/Molecule
http://en.wikipedia.org/wiki/Crystal
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       Regular OCTAHEDRON 

 

 
                                                       X-ray Diffraction ((FFTT,,  oorr  FFFFTT))  

 

11aa..  AA  ttrruunnccaatteedd  OOccttaahheeddrroonn  ((iinn  rreecciipprrooccaall  ((FFTT))  ssppaaccee))  

  

1a. 1b.  
             

1a. The first Brillouin zone of a face-centred cubic (FCC) lattice, with its points of high symmetry marked; 

its symmetry group is Oh . 

 

1.b. For the BCC lattice the first Brillouin zone is a rhombic dodecahedron.  

 

http://en.wikipedia.org/wiki/face-centred_cubic
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11cc.. The Brillouin Zones 
 

                                                   FT or FFT 

     Crystal Lattice    ---------    Reciprocal Lattice 

                                   <---- FT--11  

  

                                                                                          AA  SSIIMMPPLLIIFFIIEEDD,,  22DD--  RREEPPRREESSEENNTTAATTIIOONN  

                                     

 Mathematically, the Brillouin zone is the Voronoi cell around the origin of 
the reciprocal lattice. 

 

 Physically, the Brillouin zone turns out to be very important for understanding the 

electronic structure of crystals. It is defined by the set of points in reciprocal (or k-) 
space that are closest to the origin of k-space without crossing any Bragg planes.   

                              

http://en.wikipedia.org/wiki/Voronoi_cell
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         HCP                           
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2. STABILITY aanndd  EElleeccttrroonn  DDiissttrriibbuuttiioonnss  ffoorr  MMEETTAALL  AALLLLOOYYSS    
  
  

22..aa..  The concept of a Cohesive Energy in a solid 

 
The curve o(r) represents the lowest energy of electrons with the wave vector 

k=0 while the curve  kinetic represents an average kinetic energy per electron

 ioniz represents the ionization energy needed to remove the outer 3s electron 

in a free Na metal to infinity and  c is the cohesive energy. (THE BOSS!) 
 

The position of the minimum in the cohesive energy gives an equilibrium 

interatomic distance r0.   Gaps, or voids, between atoms would increase this 
distance and decrease the system’s stability.  
 
 
  

2.b. How are electrons distributed in Metals and Metal Alloys ? 
 

       How inter-metallic bonds or valence electrons contribute to   
      the metal alloy stability ? 
       (Assuming, of course, that all atoms are as closely packed as physically 
possible!) 
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     First, we choose a suitable coordinate, or 3D reference frame for the electrons, which is 
usually selected in the k-space, or the space of the wave vectors of the electron wave functions 
in a crystal and thermal vibrations of a lattice.  

                 
 

 In metallic and inter-metallic materials (alloys, for example) the metal ions are thought to be 
located at the crystal lattice points and to share a large number of energetic electrons that 
behave like a nearly `free-gas’ of Fermions with a density of states (DOS) which is continuous 
throughout the crystal.  For a free electron gas this is a parabola up to the Fermi level (or gap), 

EF! 
 

DOS := NUMBER OF ELECTRONIC  STATES per ENERGY INTERVALS that are available to the electrons:                        

E=p2/2m                             
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Because of the periodicity of the crystal lattice there are Bloch waves of the electrons 
in the crystalline metals whose behavior can be completely characterized by 
considering only the first Brillouin zone. Therefore, the stability of the metal might be 
related to the intersection of the DOS at the Fermi level with the face of the Brillouin 
zone (Jones, 1936; Mott and Jones, 1937), i.e., as long as the DOS is within, (or at) the 
Brillouin zone the metallic crystal is stable. Hume-Rothery was very happy with this 
explanation until Brian Pippard showed that the DOS in Cu5Sn8 alloys extended well 

beyond the first Brillouin zone [110] face ! 
At the Fermi level there opens a Fermi (or Jones) gap in the DOS -- the DOS has a 

minimum at the Fermi energy –so called “pseudogap”-- in most metal alloys. 
 

[Remark: In graphite layers and MOSFET type devices there is a 2D- free electron gas (2DEG)!]    

                                                            

A little basic, 101 Chemistry: 
 The arrangement of electrons in the (electron) orbitals of an atom is called the atom’s electron 

configuration.  
 One uses the Pauli exclusion principle (“An orbital can hold at most ONLY 2 electrons”      =  

up-down spin pair -> total spin is zero) and the Aufbau ‘principle’ or rules to arrange the electrons in 

stable electron orbitals of an atom: 
 Electrons are placed in the lowest energetically available subshell 

 If two or more energetically equivalent orbitals are available (e.g., p, d, f etc.) then 

electrons should be spread out between subshells before their spins are paired up (Hund's 

rule)  

Summary: When filled, the # of electrons in orbitals is: s 2  |  p 6 | d 10 | f 14 … 
 

The lowest energy levels are the most stable and are therefore filled up first ! 
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2.c. The Possible Connection with the Hume-Rothery Rule for 
 the Average # of Valence EElleeccttrroonnss//aattoomm  (e/a)  in metal alloys 
(Jones, 1936; Mott and Jones, 1937; Evans, et al. 1979; Mizutani, U., 2008, 2010) 
 

“The discovery of quasicrystal phases and (their) approximants in the Al(rich)-Mn system 
has revived the interest for complex aluminides containing transition-metal atoms.   
 

 On the one hand, it is now accepted that the Hume-Rothery stabilization plays a crucial 
role.  

 On the other hand, transition-metal atoms have also a very important effect on their 

stability and their physical properties. [Guy Trambly De Laissardière (LPTM, CNRS), Duc Nguyen-

Manh, Didier Mayou (LEPES, UKAEA; Submitted on 20 Oct  2004 (v1), last revised 3 May 2005 (this version, v2)):   
http://arxiv.org/abs/cond-mat/0410513  ]. 

 

2.d. Hume-Rothery Rule No. 2 (cca. 1926) : 

Metal alloys are stable for certain precise values of the  

average (total) number of valence electrons per atom  := e/a. 
Example :  Cu5 Sn8  has a stable bcc structure for a value of   

e/a= 1.615... = (5x1 + 8x2)/(5+8) = 21/13 ! (The Cu atoms valence is taken to be 1 !) 

-------------------------------------------------------------------------------------------- 

CuxAl1-x  e/a =7/5 =1.40 => f.c.c ;  e/a =21/13/=1.62 => b.c.c ; e/a= 9/5= 1.80 =>h.c.p. 

     Al(rich)–TM quasicrystals and related phases are now also  
                 considered  as Hume-Rothery alloys ! 

 

   [Transition-metal atoms (TM atoms) are: TM = Ti, V, Cr, Mn, Fe, Co, and Ni.] 
 

 In the literature, there are lots of theoretical studies-- from first-principles  
(ab initio)— of the electronic structure of Al(rich)–TM crystals and Al(rich)–TM 
crystalline approximants of quasicrystals. 
 

 At low energy, the total DOS is nearly-free electrons like-- 

           their states are mainly  sp states of the Al atoms.  
 

 The d-states of TM (TM = Ti, V, Cr, Mn, Fe, Co, Ni) are observed in the middle of the sp 
band.  

 In phases containing Cu atoms, the d peak of Cu is strong and it is located at an energy  

           lower than that of d-peak of TM. 

    

http://arxiv.org/find/cond-mat/1/au:+Laissardi%7Be%7Dre_G/0/1/0/all/0/1
http://arxiv.org/find/cond-mat/1/au:+Nguyen_Manh_D/0/1/0/all/0/1
http://arxiv.org/find/cond-mat/1/au:+Nguyen_Manh_D/0/1/0/all/0/1
http://arxiv.org/find/cond-mat/1/au:+Mayou_D/0/1/0/all/0/1
http://arxiv.org/abs/cond-mat/0410513v1
http://arxiv.org/abs/cond-mat/0410513
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       Guy Trambly De Laissardière et al (2005): “Electronic structure of complex spd  

         Hume-Rothery phases in transition-metal aluminides.” [ in The Science of Complex Alloy  

           Phases, USA, (2005) p. 345-374]: 
 

``In this paper, we review studies that unify the classical Hume-Rothery stabilization for sp 

electron phases with the virtual bound state model for transition-metal atoms embedded in 

the aluminum matrix. These studies lead to a new theory for "spd electron phases". It is 

applied successfully to Al(Si)--transition-metal alloys and it gives a coherent picture of 
their stability and other physical properties.”  

 ``These results are based on first-principles (ab initio) calculations of the 

electronic structure and simplified models, compared to experimental results.” 

 

  

        Ab initio Quantum Computations for spd Hume-Rothery Metal Alloys. 

 The red arrow points to the calculated Fermi pseudogap in the DOS ! 

 

http://arxiv.org/find/cond-mat/1/au:+Laissardi%7Be%7Dre_G/0/1/0/all/0/1
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 2.e. DOS of spd electron orbital Phases:   sp—d  hybridization 

<< “ 

 
       hybridization.” >> 
 

       Experimental Photo-emission Spectroscopy and specific heat measurements have  

        confirmed the presence of a Fermi pseudogap in the DOS of many Al–TM quasicrystals and  
        their crystalline approximants. 
 

  “The spd aluminides are characterized by a strong sp–d hybridization between the Al  sp states 

and the TM d-orbitals. Many experimental studies of photoemission spectra have shown this property 

(E. Belin-Ferr´e...) It is illustrated from the LMTO calculation through the comparison between the 

DOS’s calculated with the sp–d hybridization (“exact” calculation) and the DOS’ s calculated by setting 

to zero the matrix elements of the Hamiltonian that correspond to the sp–d hybridization (calculation 

`without sp–d hybridization’ [19]). The width of the TM DOS is strongly reduced in the calculation 

without sp–d hybridization with respect to the exact calculation. Indeed the width of the TM DOS (mainly 

d-state DOS) is proportional to the square of the matrix element that couples the d-states and the sp-
states in the (quantum) Hamiltonian.” [Guy Trambly De Laissardière (LPTM, CNRS) et al, 2005].  
 

`Negative valence’ of transition-metal atoms 
In his original work on negative valence, Raynor [1] assumed a transfer of electrons from the 

conduction band (sp band) to the d band in order to compensate the unpaired spins of the TM 

elements, and fill the d band. In this scheme the TM atoms remove electrons from the sp band and 

thus have a negative valence.  
``But a transfer of several electrons on one atom is unrealistic in metallic alloys since it corresponds to a  
  too large electrostatic energy for metallic alloys [2]. 
   The LMTO results allow to solve this paradox and to understand the apparent negative valence of 

TM in Al–TM compounds. Indeed, there is an increase of the sp DOS below EF as compared to the 

free electron DOS due to the combined effect of sp–d hybridization and the diffraction of sp states by 

Bragg planes. In this scheme filling these additional sp states below EF plays the same role as filling of 

the d band in Raynor’s scheme. It results in an apparent negative valence of TM. Contrary to the d 

orbitals these additional sp states are delocalized and do not lead to a strong electrostatic 

energy.    Yet one may expect that these additional sp states are linked to the TM atom and that they 

follow its displacement. This could explain the anomalous effective charge of TM elements as 
deduced from optical conductivity [24].” 

 

http://arxiv.org/find/cond-mat/1/au:+Laissardi%7Be%7Dre_G/0/1/0/all/0/1
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2.f. Generalization of the Jones theory for the spd electron phases 

“Following a classical approximation [5, 6] for Al(Si)-Mn alloys, a simplified model is 

considered where  sp states are nearly-free and d states are localized on Mn sites i.  

The effective Hamiltonian for the sp states is thus written as : 

 

where VB,eff is an effective Bragg potential that takes into account the scattering of  sp-states by the 

strong potential of Mn atoms. VB,eff depends thus on the positions ri of Mn atoms. 

By assuming that all Mn atoms are equivalent (and `avoid’ each other !), one obtains: 

” 
2.g. Structural Stability of complex spd electron phases 

`` 

 
 

By using a Rigid Band Approximation within local Density Functional theory,  

the effect of the average number of (valence) electrons per atom, e/a, on the relative stability 

has been studied [18].  
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This shows (“figure 7” of source) that transition-metal trialuminides go from the tetragonal Al3TM 

structure to the monoclinic Al13TM4 structure as a function of the average electron number per atom 

ratio:  TETRAGONAL (1.5)  -- MONOCLINIC (?)--  Al6Mn icosahedral quasicrystal (~2.15) 

 
 

 The Al3TM type structure is more stable for transition-metal trialuminides with TM at the 

beginning of the d series (Sc, Ti, V, Y, Zr, Nb, La, Hf, Ta),…. e/a =?    ( 3x3 - 3) / 4 = 1.50 , 

                              whereas 
 

  the Al13Fe4 type structure is more stable for the transition-metal trialuminides with  

                   TM = Mn, Fe, Co, Ni Tc, Ru, Rh, Pd, Re, Os, Ir and Pt [18]. e/a = ?...left as an exercise ! 

            Does the actual monoclinic structure agree with that expected for the e/a value of …? 
 
  These theoretical predictions of the relative stability of the transition-metal trialuminides 

between the simple tetragonal Al3TM structure and the more complex monoclinic 

Al13TM4 structure, agree with the Hume-Rothery condition for stabilization in terms of e/a.  

 

 For the Al6Mn icosahedral quasicrystal, e/a is:  (6x3 - 2)/7 = 16/7 = 2.286, or 2.0 if Val_Mn= - 4 !,  

whereas for other quasicrystals e/a = 1.75 !  [close to the Al13Fe4 value…?] 
 
 Concerning the DOS, it results that the consequences of the Hume-Rothery rules for the  

 transition-metal trialuminides are the same as for the simpler sp electron compounds:  

 

The most stable phases are those for which EF is located in a pseudogap of the total DOS. ” 
 

            EF :=  Fermi level 
 

 ACKNOWLEDGMENTS: 

Fruitful discussions and suggestions from Professor Florin Boca and 
Professor James F. Glazebrook  of our Mathematics Department –as well   
as valuable references to articles pertinent to the theme of aperiodic  
systems—are hereby gratefully acknowledged.  
 

 

Hamlet:  “And therefore as a stranger give it welcome. 
There are more things in heaven and earth, Horatio, than are 
dreamt of in your philosophy.” 
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     Further Reading: The solid-state `pin-ball machine’ 
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3. QUASICRYSTALS 
33..11..  AAllNNiiCCoo  QQuuaassiiccrryyssttaallss  

  
          IN THE PLANE, THE AlNiCo QUASICRYSTAL, WHICH CONSISTS OF    

          OVERLAPPING DECAGONS, IS APERIODIC. BUT THE STACKED PLANES  

          HAVE PERIODIC STRUCTURE. (EM Images by Steinhardt and Jeong,2000. Nature ,382,433-35). 
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“One may predict a quasicrystal structure starting from electrons and quantum 

mechanics, as approximated by interatomic  pair -potentials calibrated with ab initio total-

energy calculations, combined with the experimentally known composition and lattice 

constants. the ‘basic Ni’ decagonal phase   d(Al70 Ni21 Co9).” [C.L. Henleya, M. 

Mihalkovic, M. Widom. Total-energy-based structure prediction for d(AlNiCo). Journal of Alloys and Compounds 

342 (2002) 221–227 ; www.elsevier.com/ locate/ jallcom].  
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33bb..  PPhhoottoonniicc  QQuuaassiiccrryyssttaallss  
  

               BBBAAACCCKKK   TTTOOO   TTTHHHEEE   PPPHHHOOOTTTOOONNNIIICCC,,,   IIICCCOOOSSSAAAHHHEEEDDDRRRAAALLL   QQQUUUAAASSSIIICCCRRRYYYSSSTTTAAALLL   MMMOOODDDEEELLL   !!!   
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[Source: W. Man et al., Nature, 2005 :1 ]. 
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4. IONIC and METALLIC GLASSES ((mmyy  oowwnn  DDaattaa)) 
 

44aa..  LLiiCCll  ––nnHH22OO  GGllaasssseess  aatt  7777KK,,  CChheemm..  PPhhyyss..  LLeettttss..  ((11997788))  
  

IInnsstteeaadd  ooff  oonnllyy  XX--rraayy  ssccaatttteerriinngg  II  hhaavvee  uusseedd  SSoolliiddss  NNMMRR  &&  NNeeuuttrroonn  SSccaatttteerriinngg  DDaattaa  

                                                                                                                                                                                          

 ------  ddiissttoorrtteedd  FFCCCC  cclluusstteerr  ssttrruuccttuurree  

  
  

  

                                                                                                                                                                                                                                       HHH---   OOO---HHH    

                                                                                                                                                                                                                                                                                                               

                                                                                                                                                                                         
   

   

                                                                                                                                                                                                           

                                                                                                                               
   

                                                      

              WWaatteerr  mmoolleeccuulleess 

Chloride ion, Cl
-
 

o Li 
+
  := Lithium ion 
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                        FFCCCC  ddiissttoorrttiioonn    LLiiCCll  xx  nnHH22OO,,  ffoorr  22..22<<nn<<  1133  !!  

 r (Cl
-
) ~ 1.8 Å ,   r(Na+) = 1.0 Å .   

 
  

44bb..  LLaanntthhaannuumm  NNiittrraattee,,  LLaa((NNOO33))33  ––  nnHH22OO  GGllaasssseess  aatt  7777KK,,  

ffoorr  44<<nn<<2299  
  

The number of electrons in each of Lanthanum's shells is 1s2; 2s2 p6; 3s2 p6 d10; 4s2 p6 d10; 5s2 p6 d1; 6s2 and its 

electronic configuration is [Xe] 5d
1
 6s

2
. 

La
+3

  has the electronic configuration : 2, 8, 18, 18, 8 

LLooccaall  SSttrruuccttuurree((ss))::    

DDiissttoorrtteedd  IIccoossaahheeddrraa  ooff  HHyyddrraatteedd    LLaa++33  iioonnss  wwiitthh  ((22  ++11))  

hhyyddrraattiioonn  sshheellllss::  

II((66));;  IIII((1122))  ++  33  aattttaacchheedd  NNOO33
--
  hhyyddrraatteedd  wwiitthh  33  wwaatteerr  

mmoolleeccuulleess  eeaacchh::  TToottaall  ccoommpplleexx  hhyyddrraattiioonn  ==  2277  HH22OO  !!!!  
  

            Ih:=      ………------------LLaa
++33

  ------1188  HH2OO       + 3 x [  -- 3H2O ].   

   

TThhee  hhyyddrraatteedd  LLaanntthhaannuumm  NNiittrraattee  xx  2277HH22OO  ggllaasssseess  hhaavvee  aa  llooccaall  cclluusstteerr  ssttrruuccttuurree  wwhhiicchh  iiss  

aa  ddiissttoorrtteedd  vveerrssiioonn  ooff  tthhee  IICCOOSSAAHHEEDDRRAALL  CCOOOORRDDIINNAATTIIOONN  iinn  tthhee  ccrryyssttaall  ssttrruuccttuurreess  ooff  

http://en.wikipedia.org/wiki/%C3%85
http://en.wikipedia.org/wiki/%C3%85
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AAmmmmoonniiuumm  NNiittrroollaanntthhaannaatteess  

                                                                                                                                                         

   

   
   

   

                                                         

Fig. 6. View of one chain of lanthanide-centered polyhedra running along the b-axis in Nd2(1,2-bdc)3(H2O)2 (4). Open 

circles indicate the additional terminal water bounded to Nd1 and Nd4 cations. 
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        “ 

`    ”   

  

  
  

 USES:  1. Lanthanum-rich lanthanide compositions have been used extensively for cracking 
reactions in FCC catalysts, especially to manufacture low-octane fuel for heavy crude oil. It is 

utilized in green phosphors based on the aluminate (La0.4Ce0.45Tb0.15)PO4.  

o 2. Lanthanide zirconates and lanthanum strontium manganites are used for their catalytic 
and conductivity properties and lanthanum stabilized zirconia has useful electrical and 

mechanical properties.  
 

o 3. Lanthanum's ability to bind with phosphates in water creates numerous uses in water treatment. 
It is utilized in laser crystals based on the ytrium-lanthanum-fluoride (YLF) composition. Lanthanum 
metal is predominantly used in the production of mischmetal  and steel additives but  is also important 
in the production of hydrogen storage alloys for nickel-metal hydride (NiMH) batteries.  

 

  

Fig. 4. View of the structure of Ln2(1,2-bdc)3(H2O) (1 and 3) along the c direction, showing the atomic and polyhedral 

arrangement of the layers of lanthanides with the phthalates groups. Journal of Solid State Chemistry, 183 (9) Sept. 2010: 1943–1948 

  

http://www.americanelements.com/AEwatertreatment.html
http://www.americanelements.com/lams.html
http://www.americanelements.com/Hydrogen-Storage.html
http://www.americanelements.com/Battery-Technology.html
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444ccc...   OOOttthhheeerrr   GGGlllaaassssss   LLLooocccaaalll   SSStttrrruuuccctttuuurrreeesss   ttthhhaaattt   III   dddeeettteeerrrmmmiiinnneeeddd   iiinnn   111999777777   

   bbbyyy   SSSooollliiidddsss   NNNMMMRRR   aaattt      777777KKK      
   

   CCCddd(((NNNOOO333)))222      ---   sssHHH222OOO,,,   sss===111888,,,      
                     AAA   dddiiissstttooorrrttteeeddd   IIIcccooosssaaahhheeedddrrrooonnn,,,   tttoooooo   !!!   

   

                                                                                                                              DDDiiissstttooorrrttteeeddd   OOOccctttaaahhheeedddrrraaa:::      
   

   ZZZnnn(((NNNOOO333)))222      ---mmmHHH222OOO         mmm<<<111333   
   

   CCCaaa   (((NNNOOO333)))222   ---ppp   HHH222OOO         
   

            CCCuuuCCClll222   –––   qqqHHH222OOO         qqq===666   !!!      
DDDyyynnnaaammmiiiccc   JJJaaahhhnnn---TTTeeelllllleeerrr   EEEffffffeeecccttt:::   ttthhheee   ssstttaaabbbllleee   ssstttrrruuuccctttuuurrreee   ooofff   hhheeexxxaaa---hhhyyydddrrraaattteeeddd         

CCCuuu++22     is an axially distorted octahedron!   
[Ar] 3d10 4s1. A filled or half-filled d shell is more stable. So, in the most stable configuration the 3p shell takes an  

electron from the 4s orbital.  
 

444ddd...   MMMeeetttaaalll   GGGlllaaasssssseeesss   (((aaattt   ttthhheee   CCCaaavvveeennndddiiissshhh   LLLaaabbbooorrraaatttooorrryyy   iiinnn   111999777888---777999)))   
   

   CCCooo999PPP-distort.Icosahedra;FeNiPB,Pd4Si,Fe4B, Cu4Zr…   
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   CCCooo999PPP   –––rrroooddd,,,   

QQQuuuaaasssiii---iiicccooosssaaahhheeedddrrraaalll      (((wwwiiittthhh   ssshhhaaarrreeeddd   cccaaapppsss))):::   from X-ray 

Scattering (XRS) and Ferromagnetic Resonance 
(e/a = (9x2 +4)/10 = 2.20  icosahedral !, but P is non-metal !!) 

 

         FFFeee000...666NNNiii000...222PPP000...111BBB000...111      :::   XRS and Spin Wave Resonance      
FFFeee333   NNNiii………:::      e/a   ~    (((333xxx   333   +++222)))///666   ===   111...888333   ………    111...999111      dddiiissstttooorrrttteeeddd   hhh...ccc...ppp...   ooorrr   ~~~   dddooodddeeecccaaahhheeedddrrraaalll   ???   

   

 PPPddd444GGGeee         fffrrrooommm   XXXRRRSSS   +++   NNNeeeuuutttrrrooonnn   SSScccaaatttttteeerrriiinnnggg   (((NNNSSS)))  

(e/a = (4 +4)/5= 1.60   bcc lattice ? , but Germanium is a semiconductor !); perhaps,  

there is so much metal in the glass that the metallic character apparently predominates, 

but there are neither Brioullin zones nor Bloch waves in metallic glasses?!  
 

   PPPddd444SSSiii   fffrrrooommm   XXXRRRSSS   aaannnddd   NNNSSS   
 

 Fe4B 

 Cu4Zr 
 

                                     

                     Lanthanum Nitrate Hexahydrate –80 x Polarized Light Micrograph:            

                   ``Lanthanum (III) nitrate hexahydrate (La(NO3)3 ) is a strange compound!” 
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Only 24 Bravais crystal lattices  230 crystallographic (or space) groups 

                (only 14 crystal lattices are shown here !) 

                                 
   
   

There are many more quasicrystalline arrangements of atoms possible, 
corresponding to some 776+… superspace groups up to 6D. 
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555...   CCCOOONNNCCCLLLUUUSSSIIIOOONNNSSS   
1.  Icosahedral structures, albeit distorted, were observed  in 

both hydrated Lanthanide crystals and ionic glasses a full 7 
to 20 years prior to the reporting of the icosahedral 

quasicrystalline structure of Al0.14Mn0.86  (Al14Mn86 ~Al6Mn) 
in 1984. 

2.  Both quasicrystals and metallic glasses (e.g., Ni67Zr33) have 
Pseudo Brillouin zone(s) and a Fermi pseudo-gap.  
 

3. The stability of the quasicrystalline and of crystalline metal alloys 
depends in a systematic manner on the electron distribution in 
these systems, and can be predicted surprisingly well from e/a values—

the average number of valence electrons per atom-- for a wide range of 
binary alloys, from CuAl alloys, to brasses, and to AlTM alloys (including 

quasicrystalline Al6Mn) for the entire series of transition metals (TMs) 

that are `Hume-Rothery complex alloys’. It seems that ab initio quantum 
computations are now possible for all such metal alloy structures, 
fulfilling Hume-Rothery’s dream from 1936! 
 

4. In ionic glasses with water, quasicrystals and crystals the close 
packing of atoms and the valence electron interactions result in 
stable or meta-stable coordination structures that cover the 
complete range of Platonic polyhedra, albeit often in distorted 
forms, thus deviating from the ideal polyhedra.  
 

 

5.  Aside from ab initio computations, there is plenty of scope for 

geometric and topological approaches to these systems. 
 (Mathematics is thus neither Platonic nor it is an ivory tower!) 
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EEEvvvaaannnsss   eeettt   aaalll...   (((111999777999)))   PPPssseeeuuudddooopppooottteeennntttiiiaaalll---bbbaaassseeeddd   cccooommmpppuuutttaaatttiiiooonnnsss   fffooorrr   CCCuuuAAAlll   aaalllllloooyyysss:::   
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CCCuuuSSSnnn   AAAlllllloooyyysss  
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CCCuuuZZZnnn   AAAlllllloooyyysss   
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Hamlet:  “And therefore as a stranger give it welcome. 

There are more things in heaven and earth, Horatio, 

than are dreamt of in your philosophy.” (William Shakespeare) 

 

 

       Elke Koch & Werner Fischer. Mathematical Crystallography.  

       http://www.staff.uni-marburg.de/~fischerw/minsurfs.htm 

       http://www.staff.uni-marburg.de/~fischerw/mathcryst.htm 
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