Advanced Glass Science
(4016101)

Instructor: Asst.Prof.Dr. Jakrapong Kaewkhao

Course Outline:

Week 6: - Transition element in glass
- Glass color
- Oxidation/Reduction equilibrium in glass
Case studies from international publications

Book: A.K., Varshneya. Fundamentals of inorganic glasses
A., Paul A, Chemistry of glasses
J.E. Shelby, Introduction to glass science and technology
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There are three major approaches to the study of bonding in
transition metal complexs:

1. Ligand field theory, which is a modified form of crystal field theory
In which allowance is made for orbital overlap.
2. Valency bond theory

3. Molecular orbital theory
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Ligand Field Theory

Consider transition metal ions:

There are five hybrid orbitals for 3d electrons with distinct spatial
orientations.

 Energies of d orbitals in transition-metal ions in
Electron energy distributions for the five dorbitals different hosts are not identical

* In the absence of an electric or magnetic field
" (as in dilute gaseous state), the energies of the five
L 9% 71 9 orbitals are identical and so the absorption of a

photon is not required for an electron to move

\é/ \%\ from one orbital to another.

/q; e « In the presence of a field (e.g., when the

i {

R, e e e LR transition metal cation Is coordinated by anions)
splitting of the d-orbitals energies results.

« Electrostatic repulsion between electron pairs from the host (donor) and from the
‘central’ TM ion.



Ligand Field Theory

Splitting of d" terms in an octahedral field

Term Components in an octahedral field
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Ligand Field Theory

* In an octahedral ligand field, there is a
greater overlap of the d,, and d,, ,, orbitals
(the e, orbitals- so-named from group theory)
with the ligand orbitals, and so these will have
greater energies than the d,,, d,,, and d,,
orbitals (the t,, orbitals).

Xy! Xz

 Photons that possess the gap energy (the
energy difference between the different
d-orbitals, A,) will be absorbed as they excite

Octahedral Ligand Field

(:_arge overlap

/\small overlap

energy

dzz,dxz,yz
(& orbitals)

14
I
I
! A
h o
I

1
11g_d.d
'; !¢ fz;’argif&s')

dgdydy)

dzde,z
No ligand  Octahedral
field ligand field

electrons from the lower energy orbitals to the higher energy orbitals.

» Ti**/octahedral CN: [Ar]3d1: th, e — t0e!, transition: Purple color in phosphate

glass




Ligand Field Theory

Tetrahedral Ligand Field
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* In a tetrahedral ligand field, there is a greater overlap of the d
with the ligand orbitals, and so these will have greater energies than the d,, and d

orbitals.
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d,,, and d,, orbitals

X2-y2

 Photons that possess the gap energy (the energy difference between the different d-
orbitals, At) will be absorbed as the excite electrons from the lower energy orbitals to

the higher energy orbitals



Glass Color

1. The color is due to absorption of light.

- Environment in glass structure
- Oxidation state
Solid colloid

LN

From Bamford, Colour generation and Control in Glass (1977)

Ni#*(VI),
yellow . . N'E*(IV}
1 n P . purple
8 | \ I." 1
= III ¢ | FearrnL e L0 e
= | r
S | |
a | :5'.
< 'I :. II| I|
II L L =rlmdigm EETIA 1 ——_
--'--. -“l.---_ _-F-./q-l::--—- -
e s = = =S

WA ||

The color is due to differences in particle size.

« Consider Ni?*: ([Ar]3d8)
» Na-Ca-silicate: Ni#*(VI): t,e,, — t°,48%;;

pale

» K-Ca-silicate: Ni*(1V): e4t%,, — €3t°,
purple glass
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Oxidation/Reduction Equilibrium in Glass

Effect of Oxidation State
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Oxidation/Reduction Equilibrium in Glass
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Advanced Materials Research Vol. 979 (2014) pp 135-138
© (2014) Trans Tech Publications, Switzerland
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Fig. 11 The optical spectra of CoO-
doped glass
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Fig. 16 The optical spectra of ZnO-doped glass



Conclusion (Glass Color )

Transition ion Color

Cut, Zn?*, Sc3*, Ti4t Colorless
Cr2*, Cu?*, V#*, Co?** Blue
Fe2*, Ni%*, V3, Cr3*, Mn%* Green
Mn?2* Pink

Mn'* Violet




APPENDIX
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Next week

Course Outine:
Week 7: - Lanthanide element in glass
- Case studies from international publications



