Cor em Vidros



Cor e Transicoes Eletronicas

Far IR, -
Radio | Micro- x-ray
adio e IR UV Yray

As cores no espectro eletromagnético
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Cores e Faixas de Comprimento de
Onda
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v'A cada cor esta associada uma faixa de comprimenimsdde

v'A cor de um objeto depende da faixa de comprimeti¢osnda refletidos por
ele, ou seja, daquilo que n&o € absorvido.

v'As cor ou as cores absorvida(s) dependem de um &ardifisico chamado de
transicdo entre os estados eletronicos da molécukejaua energia da transicao
eletronica depende da diferenca de energia entrestaslos eletronico inicial

(geralmente o fundamental) e a energia do estati@eico final (dito excitado).
Ubirajara Pereira Rodrigues Filho



Cor e Comprimento de Onda




Transicoes Eletronicas e Estados
Eletronicos como Origem da Cor

Absorcao

W T 2 Ocorre guando

o . AE = =EE— 3

g ol

% *II'_I!I =hu = EE - E1

Emissao
Ocorre quando

E, representa a energia de um estado eletronico fusrtam
E, representa a energia de um estado eletronico éacita
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A cor dos Objetos
Reflexao

e As cores refletidas sao complementares
aquelas absorvidas.

Subtractive Color System

Quando mais de uma cor é
Disco de Cores refletida, entdo usamos o
Ubirajara Pereira Rodrigues Filho Padrdo de cores subtrativas



Relacao de Cores

Complementares
Table 2.1 Complementary colour relationships
Wavelength range (nm)  Colour Complementary colour
400435 Violet Greenish-yellow
435-480 Blue Yellow
480490 Greenish-blue Orange
490-500 Bluish-green Red
500560 - Green Purple
560-580 Yellowish-green Violet
580-595 Yellow Blue
595-605 Orange Greenish-blue
605-750 Red Bluish-green

R.M. Christie, Colour Chemistry YRR Se€iErRetigige imidtry, 2001, pag. 14



Espectro Eletronico e Cor
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Figure 2.4 " Visible r.eﬁectance .spectra of (a) red, (b) green and (c) blﬁe-sur;faces'.
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Intensidade da Cor

« A Intensidade da cor esta relacionada a
Intensidade da banda de absorcao quando a
cor é fruto de uma absorcao de luz.

log I% =A=¢&d.cC

f = (432x107°) j ¢ dv L] areasobabandadeabsorcamoespectro
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Intensidade e Regras de Selecao

 Laporte

— O produto triplo das representacoes de simetria do
estado final pelo momento de dipolo elétrico pelo
estado final nao deve ser zero.

jw*pwdrz Ty 20

e Spin
— Nao pode haver mudanca de multiplicidade (2S+1).
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Intensidade e Regras de Selecao

: i"“??Table710 T Ty R
values_,;__ or ‘the intensities of bands of various typesin.....
ran "t1on metal complexes
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Spm allowed Laporte allowed 100.0

4t (charge transfer) e R .
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Cor e lons de Metais de Transicdo
Desdobramento do Campo Cristalino
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Figure 19-3. Energy levels of the d-orbitals in octahedral and tetrahedral £z =
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Increasing energy

Increasing energy
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Diagrama de OM
[Co(NH3)e]**
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Fig. 7.10 MO energy level diagram of [Co(NH,)]3~ illustrating electron distri-
bution and relation between MOT (Molecular Orbital Theory), CFT
(Crystal Field Theory), and VBT (Valence Bond Theory).

co 3+
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Estados de Energia
Metais de Transicao Externa

Table 7.7
For octahedral symmetry
Configuration Transition Energy
di;dS T, E 10 Dg
d*,d° E->T,  10Dq
dzd’ T,(F)>T,(P) (225B%+180B-Dq
+100 Dg?)!72
: 5 .
—A;(F) —7B+15Dq+~%(x)”2
15 2 :
=T (F) - — 73 +..5Dg +1/2(x)}/?
' 15 :
d?,d® A, ) > Ty (F) - ?B +15Dq—1/2(x)'/*
' nt e o5
STyP)  SB+15Dq+1/2(0*"
~T,(F) _ 10Dgq

where x = (225B* + 180 B-Dq + 100Dg?).

“verted-d*, d® (Cr®) Mn®", CU

A.Paul; Chemstry of Glasses.
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2
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Fig: 7.5 The splitting of d orbitals (a) for D-state, (b), (c) for P and F states. The
) diagrams are appropriate for octahedral fields and when inverted apply to
tetrahedral or cubic coordination.
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Figure 19-5. Orgel diagram for the energy levels of the Ni** ion in an octahedral
ligand field. B = 1030 cm™!. The field, 10 Dg, corresponds to an energy of about
8,500 cm 1. (After T. M. Dunn in Modern Coordination Chemistry, (J. Lewis and
R. G. Wilkins, eds.), Fig. 12, p. 250. Interscience Publishers Inc., London, 1960.)




Wavelength nm

Os espectros ao lado mostram as
bandas correspondentes as bandas
permitidas por spin para o ion Ni%*
em ambientes de simetria O,. O
espectro em linha cheia é do Ni?*
em vidro borato alcalino, baixo teor
de alcali.

O espectro do ion Ni2* no vidro de
borato alcalino, alto teor de alcali,
possui um padrao diferente mais
condizente com o Ni?* em simetria T.
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Figure 19-6. Absorption spectra (a) octahedrally coordinated Ni?** in various de tranSIan tende aT d-
media, (b) Ni?* in high-alkali borate glass. (Adapted from Bates [6], Fig. 37, p. 248,
and Fig. 38, p. 249. Reproduced with permission of Butterworth-Heinemann Ltd.,




Simetria e Cor

« Co(ll) apresenta

cores diferentes
guando em
simetria

octaédrica e

tetraédrica como
pode ser visto no
espectro
eletronico obtido
em modo de
transmissao ao
lado.
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Cobalto
O, vs T

COLOURED GLASSES
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Fig. 7.18 Optical absorption spectra of cobalt (I) in binary sodium-borate glasses.
(1) 10mol %, Na,O (2) 30mol %, Na,O.



Table 19-1.

Colors Generated by Transition-Metal and Rare-Earth Tons in Glass

Transition metal ions

Rare earth ions

Configuration Ton Color Configuration Ion Color
a° Tt Colorless 4f° La™ None
vor Faint yellow Ce*t Weak yellow
to colorless 4f 1 Ce3* Weak yellow
Cré* Faint yellow 412 Pyt Green
to colorless 41+ Nd*~ Violet-pink
d’ Tirt Violet-purple 4f 4 Pm3* None
LA Blue 41> Sm** None
Mn®* Colorless 4f° Sm?* Green
d? \AN Yellow-green Eu®* None
d e Green 4f7 Eu?* Brown
d* Cr?* Faint blue Gd3* None
Mn3* Purple 418 b None
d° Mn?~ Light yellow df= Dy®* None
Fe*™ Faint yellow 470 Dy=*"* Brown
d° Fe* ™ Blue-green Ho** Yellow
Co* Faint yellow 411 BT Weak pink
d’ Co?* Blue-pink FHe Tm>* None
d® NiZ* Brown-purple gft2 T~ " None
&’ Cu?? Blue-green Yb** None
dt° Cu” Colorless 4f 14 Lu** None




Pigmento Negro

Ao lado é mostrado um
espectro eletronico em 100
modo de refletancia do
FeO.Fe,O; ou Fe;O,
(magnetita), espinélio de
formula (A)[B,]JO4 onde
A é um sitio tetraedrico

Curvas ESPECTRAIS REPRESENTATIVAS
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Pigmento Vermelho

CURVAS ESPECTRAIS REPRESENTATIVAS
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Espectro eletrdnico em modo
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Pigmento Verde

CuUrvAS ESPECTRAIS REPRESENTATIVAS

* Ao lado € mostrado um o i) a1 ]
espectro eletronico em A .
modo de refletancia do | |
Cr,0;. W T U7

Refletincia %
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Cores nos Vidros

Vidro com Cr(lll)

o

Vidro com Cu(ll) Vidro com Co(ll)

Ubirajara Pereira Rodrigues Filho

Vidro com Fe(lll),
ambar, e
Fe(lll) e BaO, verde.




Oxidacao e Cor

4Fe**(glass) + 1402 (glass) + O, <«——== 4[Fe**0,]° (glass),

such that the rate constant is given by

[aFe3 e 04(glass)] ¢

— . ]
|:aFe2 - (glass)] [ao2— (glass)] : 4-pOZ{glass)

A quantidade de Fe(ll) e Fe(lll) dependem do teor de O, dissolvido no
vidro e no fundente.

Ubirajara Pereira Rodrigues Filho



Diagrama de Tanabe-Sugano d°
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Fig. 7.17 Optical absorption spectra of iron(II) in aqueous solution and in some
binary alkaline—earth—phosphate glasses.
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Diagrama de Tanabe-Sugano d°

Table 1. Tanabe-Sugano expressions for the ligand field state en-
ergies of octahedral Fe?* (from Lever, 1968). The terms which are 70l d5
quadratic in B describe the configurational interaction and are S —
derived assuming C = 4B. The quantities designated by x in the 26
expressions for the *T.(*D) and *T,(*P) state energies arise from 260
off-diagonal elements in the Tanabe-Sugano matrices; these quan- 2¢ _—2H
tities are neglected in the calculations of the spectroscopic state 23— 2
energies (Table 2). 501 ’
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Vidros com Oxidos de Ferro

Vidro ambar de embalagem
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Figure 19-8. Absorption spectra of Fe**, Fe**, and “carbon-sulfur amber.” (Af:z-
Paul [7], Fig. 9.31, p. 330. Reproduced with permission of Chapman & Hall.)



Razao entre Fe(ll) e Fe(lll)

472 Fundamentals of Inorganic Glasses

Log [Fe (II)/Fe (D)}

| | 1 |
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104/ (K)

Figure 19-7. Variation of Fe® "—Fe?* equilibrium with temperature in some binary
alkali silicate melts. (After Paul [7], Fig. 7.6, p. 233. Reproduced with permission of

Chapman & Hall.)
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Nanoparticulas e Cor

Ubirajara Pereira Rodrigues Filho



Ruby Gold

Quando vidros contendo pequenos
teores de Au, 0,001-0,002%, junto
com agentes redutores tais como
SnO, ou ZnO sao resfriados e
reaquecidos acima da T, leva ao
aparecimento de uma cor rubi
intensa devido a presenca de
nanoparticulas de c.a. 200A.

Ubirajara Pereira Rodrigues Filho



Ressonancia de Plasma e Cor
Particulas Metalicas
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Figure 19-9. Absorption spectrum of gold particles about 200 A diameter in glass.
(After Doremus [3]. Reproduced with permission of American Institute of Physics.)
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Cor e Ressonancia de Plasmon
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Ressonancia de Plasmon

Quasi-static case: A>>2R General case:A 3 2R

E(t=ty) E(t=ty)

2R
= X
s &

Homogeneous polari- Phase shifts in the
zation: dipole excitation particles: multipole excitation

2R
X

Raio do Cluster R

R <10 nm

R>10 nm

Elecrodinamica da teoria de Mie
funcdo Dieléctrica sofre
dependéncia do tamanho

Independente de R

£=4R)

intrinsico

f(R)

independente de R
extrinsico
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Ressonancia de Plasmon
Teoria de Espalhamento de Mie

o=, L8NV
E{(s' +2n2 )+ 8"2}]
a = coeficientedeextincao
n, =indicederefracaalo vidro

A =comprimenbdaradiacaoncidente

N = numeradeesferaslevolume V ectedielétricas” =€ - j&
J=~-1

RH Doremus, J.Chem.Phys, 40(8), 2389 (2964« Fino
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Dependéncia da Formacao de
Aglomerados e sua Simetria
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Influéncia da Forma
Ressonancia de Plasmon
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Filtros de UV
Transicao Interbandas
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Transicao Interbandas
Band Gap
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Optical Properties 475
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Figure 18-10. Optical absorption edges of some materials. Extrapolation of the
linear regime yields the “optical gap.” (After N. F. Mott and E. A. Davis, Electronic
Processes in Non-crystalline Materials, 2nd Ed. Oxford University Press, 1979,
Reproduced with permission of Oxford University Press.)
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Figure 19-11.  Optical absorption edges for several chalcogenide glasses at room
temperature, showing Urbach behavior. (After N. F. Mott and E. A, Davis, Electronic
Processes in Non-crystalline Materials, 2nd Ed., Oxford University Press, 1979.
Reproduced with permission of Oxford University Press.)
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Transferéncia de Carga

e Bandas muito intensas por serem totalmente permitidas.
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Fig. 7.23 Ultraviolet absorption of iron (III) in:
(1) 4.6 molar perchloric acid
(2) MgO-P,0; glass
(3) CaO-P,0; glass
(4) Na,0-Si0, glass
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Estrutura de Bandas
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Cor e Emissao
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Cor e Emissao
Nanoparticulas de CdSe

SRR

Figurs 1. Calloidd sispensions of CdSs quantum dats of increas
ing size from left fapproximately 1.3.0m diomater] to right [ap-

reximately 4.0lnm ‘Ih:lm-ﬂIEl"' Botzm: Samglss ﬂi'h"'!‘:lglrl am-
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The some samples siswsd under longowave uliraviolet illumina-
licn vary in color from blue to yellow.
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Figure 2. Mermalized smissicn specira of the samples in Figurs 1
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seconds after selenivm addifion to a final Hme of about two min-
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Emissao em Particulas Metalicas

UMO ,
sp-band Intraband Transition
R (0.81eV)

OMO

i Interband Transition
FEI‘lTli Le‘el :::::::::::::::E:::: E (1'489")
4 E A

d-band -{ —

2.53eV Excitation

Fig. 4. Solid-state model for the origin of the two PL bands: The
high energy band 1s proposed to be due to radiative interband
recombination between the sp and d-bands while the low energy
band is thought to originate from radiative intraband transitions
within the sp-band cross the HOMO-LUMO gap. Note that
intraband recombination has to involve prior nonradiative
recombination of the hole in the d-band created afier excitation
with an (unexcited) electron in the sp-band.
Ubirajara Pereira Rodrigues Filho
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Figura 1 - Esquema de janela eletrocromica

1.e 7. Vidro 2. e 6. Condutor transparente 3. Reservatorio

de ions 4. Eletrélito 5. Filme eletrocromico
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