


https:// www.mybestplace.com/ it / article/la -miniera-di-naica-la-grotta-dei-cristalli-giganti

Nature grows crystals 12 m long

Gypsum crystals in Naica Mine
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shell

NATURAL MATERIALS: WHICH ONE ARE MINERALS?



shellobsidian

AmorphousSiOі Laboratory-grown
crystalline!ƭіhї

CrystallineCaCOї όŀǊŀƎƻƴƛǘŜκŎŀƭŎƛǘŜύ 
or a mixtureƻŦ /ŀљόthјύїόhIύ όhydroxyapatite) 

and collagenproducedby living organisms

shell/bonequartz ruby

CrystallineSiOі 
occurringin rocks
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«In general terms, a mineralisan elementor a chemical compound thatisnormally

crystallineand thathasbeenformedasa resultof  geologicalprocesses.»

Nickel, E.H. (1995) Definition of a mineral. The Canadian Mineralogist, 33, 689-690.

OFFICIAL DEFINITION OF MINERAL
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https:// www.mindat.org/a/ what_is_a_mineral

INFORMAL AND PRATICALDEFINITION OF MINERAL

A mineral is a chemical element or compound that:

Áis formed by natural geologic processesand without human or other 
biologic intervention
Áis not a mixture oftwo or more blended substances

Calcite, 
CaCO3

Ca:C:O= 1:1:3

(fixedatomicratio)

Magnesiancalcite, 
(Ca1.xMgx)CO3 with (0<x<0.5)

(Ca+Mg):C:O= 1:1:3

(fixedatomicratio)

Áhas a more-or-less constant composition
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https:// www.mindat.org/a/ what_is_a_mineral

INFORMAL AND PRATICALDEFINITION OF MINERAL

A mineral is a chemical element or compound that:

Áis formed by natural geologic processesand without human or other 
biologic intervention
Áis not a mixture oftwo or more blended substances.

Áis usually a solidwith an ordered three dimensional array of ionsand 
molecules in its crystal structure

Na+ Cl- Periodicrepetition in 3D ENTIRECRYSTAL STRUCTURE

Identified unit cell Isolated unit cellOrdered atomic arrangement1 2 3
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XRD providea uniquefingerprintof  the crystalstructure

Cubic, Fm3m, a = 5.64 Å

Na Cl

Trigonal, R3c, a = 4.99 Å, c = 17.06 Å Trigonal, P3221, a = 4.91 Å, c = 5.41 Å

Ca

C

O

Si

O
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Halite, NaCl Quartz, SiO2Calcite, CaCO3
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Chemical bonding 

in crystal structures

COVALENTBONDING

Á Overlapof adjacentatomicorbital
Á Highly directional  

+

The arrangements between atoms in a 

crystal structure depends on the nature 

of  the cohesive forces holding the 

structure together.

Á Cation fixedat reticularpositions and 
surroundedby delocalized electrons

Á No directional 
Á Typicalof metals

METALLICBONDING

Chemical Bonding ω LƻƴƛŎ /Ǌȅǎǘŀƭ tŀŎƪƛƴƎ ω tŀǳƭƛƴƎΩǎ wǳƭŜǎ

Á Transfer of electrons
Á Electrostaticattractionbetweenopposite 

chargeions
Á Nodirectional
Á Most common bondingin mineral

IONICBONDING
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/ƘŜƳƛŎŀƭ .ƻƴŘƛƴƎ ωIonic crystal Packingω tŀǳƭƛƴƎΩǎ wǳƭŜǎ
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What is the most space-efficient packing of  

equal sized spheres?
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Closest packing
ensures maximum density (i.e. full use of  space in the unit cell) and 

maximum stability.

In 2D

SQUARE HEXAGONAL

V Minimized empty spaces 
V One sphere surrounded by 

several neighboring spheres.

A

A

A

A

A
B

A
B



Prof. Maria Lacalamita ςmaria.lacalamita@uniba.it

1. Fundations>>    2. Structurecomplexity>> 3. Structure-properties>>  4. Applications 
Crystallographyof  naturalmaterials

/ƘŜƳƛŎŀƭ .ƻƴŘƛƴƎ ωIonic crystal Packingω tŀǳƭƛƴƎΩǎ wǳƭŜǎ

1. FUNDATIONS>>  2. CRYSTAL CHEMISTRY>> 3. CRYSTAL STRUCTURESTABILITY>>  4. APPLICATIONS 

Closest packing

from 2D to 3D

A second layer of  red spheres 

overlays the yellow spheres 

centering the triangular vacancies

COUPLE OF AB LAYERS

UNLIMITED ABA STACKING SEQUENCE

Crystal structure based on 

Hexagonal Closest Packing (HCP)
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Closest Packing

from 2D to 3D

UNLIMITED ABC STACKING SEQUENCE
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Hexagonal Closest Packing UNLIMITED ABA STACKING SEQUENCE
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Hexagonal Closest Packing

when the unit cell is addedé

UNLIMITED ABA STACKING SEQUENCE
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Hexagonal Closest Packing UNLIMITED ABA STACKING SEQUENCE
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Hexagonal Closest Packing

Hexagonal unit cell, 

s.g. P63/ mmc, 

translation period c

Coordinationnumber: 12

Densityof  packing(fractionof  space

occupiedby the spheresin the unit cell): 74 %

UNLIMITED ABA STACKING SEQUENCE

A

B

A

3

6

3

Other coordination numbers are 

possible for non-equal size spheres

See radius ratio rules next!
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Closest Packing

from 2D to 3D

A second layer of  red spheres 

overlays the yellow spheres 

centering the triangular vacancies

COUPLE OF AB LAYERS

UNLIMITED ABC STACKING SEQUENCE

Crystal structure based on 

Cubic Closest Packing (CCP)
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Closest Packing

from 2D to 3D

UNLIMITED ABC STACKING SEQUENCE
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Cubic Closest Packing
UNLIMITED ABC STACKING SEQUENCE
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Cubic Closest Packing

when the unit cell is addedé

UNLIMITED ABC STACKING SEQUENCE


