Metodos Espectroscopicos

* Eletronicos
* Absorcao e espalhamento de raios X
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Discovery of the Persistent Luminescence Mechanism of CdSiO;:Th?*
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| M) Check for updates | Flexible translucent persistent luminescent films
o based on Sr,MgSi»0,:Eu®*,Dy** cellulose ether
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Estados Eletronicos

Qual equacao descreve um estado eletrénico?

Born—Oppenheimer approximation

Repulsao nucleo-nucleo

A

Operador de interacao eletrostatica nucleo-elétrons (i: elétrons, A nucleos)
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SE NAO HOUVESSE REPULSAO INTERELETRONICA:

V= ¢1(1)p2(2) ... pN(N)

A funcao de onda poderia ser descrita como o produto da funcao de onda de cada elétron.

¢+ € a funcao de onda do elétron 1 e ¢1% é a probabilidade de encontrar o elétron no
espaco. Logo ¢, é a descricao do orbital



Tratar espectroscopia usando orbital ndao é a
melhor aproximacao...

* NUmeros quanticos...
* O que € um bom numero quantico?



Aproximacao de Russel-Saunders para
estados de energia atomicos

Lembram do

25+1 LJ



Para os estados excitados:

* Miessler Cap 11
* Links das aulas de graduacao de espectroscopia
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Para mais detalhes:

* McQuarrie, Physical Chemistry, a Molecular approach, item 9-14



Transicoes eletronicas

Fotos by @ton_bonturim
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https://www.ssi.shimadzu.com/products/uv-vis-spectrophotometers/faqs/instrument-design.html
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Cores dos compostos
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Ordem das transicoes em compostos
organicos
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Energy

Porgue vemos o espectro em bandas?

Energy
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Nuclear Coordinates
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Probabilidades de transicao



Regras de Selecao - Spin

Ponli = ) = K, H)



Regra de selecao de orbital

M21 — /\Ilzuq"] dr

M ,; = vetor momento de dipolo da transicao de 1 para 2
| M1 |2 = probabilidade intrinseca da transicao



linear functions,
rotations

quadratic
functions

cubic
functions
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Precisamos olhar a simetria

* O produto das representacoes irredutiveis com o operador dipolo
elétrico deve possuir a representacao totalmente simetrica
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Regra de Laporte

Para moléculas com centro de inversao: transicoes com A/#+1 sao
proibidas



Diagrama de OM de um complexo
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Diagrama de Jablonski

Excitacdo / Absorcdo: 101> s

C.l. (Conversao Interna) e Relaxamento Vibracional: 1014 - 1011 g

Fluorescéncia: 10°-10"7s

C.L.S. (Cruzamento Intersistema) : 108 - 103 s

Fosforescéncia: 103 —102%s




Exemplos de espectro
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“PhotochemCAD 3: Diverse Modules for Photophysical Calculations with Access to Multiple Spectral Databases,” Taniguchi,
M.; Du, H.; Lindsey, J. S. Photochem. Photobiol. 2018, 94, 277—-2809.

“‘Database of Absorption and Fluorescence Spectra of >300 Common Compounds for Use in PhotochemCAD,” Taniguchi,
M.; Lindsey, J. S. Photochem. Photobiol. 2018, 94, 290-327.



https://onlinelibrary.wiley.com/doi/full/10.1111/php.12862
https://onlinelibrary.wiley.com/doi/full/10.1111/php.12860
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“PhotochemCAD 3: Diverse Modules for Photophysical Calculations with Access to Multiple Spectral Databases,” Taniguchi,
M.; Du, H.; Lindsey, J. S. Photochem. Photobiol. 2018, 94, 277—-2809.
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M.; Du, H.; Lindsey, J. S. Photochem. Photobiol. 2018, 94, 277—-2809.
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FEem um solido?



ESPECTROSCOPIA DE CAMPO LIGANTE

O campo ligante, atuando sobre os
elétrons do metal, provoca a quebra da
degenerescéncia orbital, bem como o
desdobramento dos estados de energia:
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Diagramas de Tanabe-Sugano
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Shedding Light on the Color of Gems and Minerals: The selective absorption of light according to wavelength—
the result of various electronic processes whose energies correspond to certain wavelengths of visible light—
gives minerals their distinctive hues

Author(s): Bruce M. Loeffler and Roger G. Burns

Source: American Scientist , November-December 1976, Vol. 64, No. 6 (November- December 1976), pp. 636-647

https://www.jstor.org/stable/27847555
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Lantanideos



Tabela Periddica com os Lantanideos e

Actinideos no seu lugar de direito!

H He
Li | Be B|C|N]O|F]|Ne
Na | Mg Al[Si| P Cl| Ar
K |Ca|Sc Ti| V|Cr(Mn|Fe|Co|Ni[Cu|Zn|Ga|Ge|As|Se|Br|Kr
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Qual os NOX mais estaveis dos ions Ln**??
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Basics of Lanthanide Photophysics

Series Editor O.S. Wolfbeis
Volume Editors Pekka Hanninen - Harri Harma

Lanthanide Luminescence Jean-Claude G. Biinzli and Svetlana V. Eliseeva

Photophysical, Analytical and Biological Aspects

@ Springer




Efeito do Campo Ligante

Conf. C. Ligante
(cm™)
3d" | 15000
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Propriedades Eletronicas

AS =0

Al




Dep =e¢* ) O;|(¥[[v7[¥)]

)

/=246
Operator Parity AS AL AJ*
ED Opposite 0 <6 <6 (24.61ifJorJ = 0)
MD Same 0 0 0, =1
EQ Same 0 0, £1, £2 0, =1, +2
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Table 5.3 Number and degeneracy of >Dy—"F; transitions of Eu** ions in some common symmetries

71:;0 7F| 7F2 71_':3 71:4
Symmetry ED MD ED ED ED
I, none T none none none
0O, none T none T, none
Td none T| T2 Tl T2
Dy none Ay + E, E, Ay +E; none
Dy none A, +E; E, A, +E; B, + E,
Dy none A, +E B, +E B, +2E B, + 2E
Dsp, none A +E” E' Al +E” Aj +2F
Day none Ay +E, A, +E; none none
D; none A, +E 2E 2A, +2E A, + 3E
Cay A, A, +E A, +2E A, +2E 2A, +3E
Cy A A+E A+2E 3A +2E 3A 4+ 3E
Csy A, A, +B, +B; 2A, + B, + B, A, + 2B, + 2B, 3A, + 2B, + 2B,
G, A A+2B 3A+2B 3A +4B 5A +4B
G A 3A S5A TA 0A
C A’ A"+ 2A" 3A" + 2A" 3A" + 4A” SA" + 4A”
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Coordination Chemistry Reviews 295 (2015) 1-45

|Contents lists available at ScienceDirect %mm,
Coordination Chemistry Reviews : . jj

journal homepage: www.elsevier.com/locate/ccr

Review
Interpretation of europium(IIl) spectra (!)Cmsmrk

Koen Binnemans*

KU Leuven, Department of Chemistry, Celestijnenlaan 200F, P.O. Box 2404, B-3001 Heverlee, Belgium

Table 5
Overview of the transitions observed in luminescence spectra of europium(Ill) compounds.

Transition? Dipole character® Wavelength range (nm) Relative intensity*© Remarks

5Dy —Fp ED 570-585 vwtos Only observed in G, C,, and C; symmetry

SDo—"F MD 585-600 s Intensity largely independent of environment

Dp—F, ED 610-630 stovs Hypersensitive transition; intensity very strongly dependent on environment
5Dp —F3 ED 640-660 vw to w Forbidden transition

5Dgp— "Fs ED 680-710 mtos Intensity dependent on environment, but no hypersensitivity

5Dgp —7Fs ED 740-770 vw Forbidden transition

5Dp — "Fg ED 810-840 vw to m Rarely measured and observed

2 Only transitions starting from the Dy level are shown.
> ED=induced magnetic dipole transition, MD = magnetic dipole transition.
¢ vw=very weak, w=weak, m=medium, s=strong, vs =very strong.



Chem Soc Rev

TUTORIAL REVIEW

RSCPublishing

View Article Online
View Journal | View Issue

Some misconceptions concerning the electronic spectra

of tri-positive europium and cerium

Cite this: Chem. Soc Rev, 2013,

42, 5090
Peter A. Tanner*

Table 2 SLJ selection rules for electronic transitions of lanthanide ions®

Type of transition SLJ selection rules

Approximate order of magnitude
of oscillator strength

1. Electric dipole (ED) 4f"-af" 'sd AS=0; |ALl < 1; |A| < /=0 < J=0andL=0 < L' =0
(parity change) are forbidden.

2. Judd forced (induced) ED 4f"-4f"  AS=0; |AL| < 6;if L=0o0r L' =0, |AL| =2, 4, 6; |AJ| < 6; if
(no change in parity) J=0orJ =0, |AJ| =2, 4, 6. This implies that J =0 < J' =0
and L =0 < L' = 0 are forbidden.
3.  Magnetic dipole (MD) 4f"-af" AS=0; AL=0; |AJ| < 1;]=0 < J =0 is forbidden.

4.  Electric quadrupole (EQ) 4f™-af" AS=0; |AL| < 2;|4]| £ 2;J=0 < J' =0,1and
L=0 < L' =0, 1 are forbidden.

5.  One phonon ED vibronic 4f"-4f¥  The same as forced (induced) ED.

~0.01-1

~10 * of ED

~10 °® of ED

~10 'Y of ED

~10 7-10 'Y of ED

“ The site point group selection rules are equally important in determining whether a transition is allowed or forbidden. Writing the irreducible
representations of the initial and final crystal field states as I'; and I'y, and that of the electric and magnetic dipole moment operators as I'gp, and
Iyp: I'i X T'gp % I'econtains I'y; I'; X I'yp % Iy contains I'y, for electric dipole allowed and magnetic dipole allowed transitions, respectively. The
irreps I'gp and 'y, transform as cartesian vectors (x,y,z) and rotations (R,,R,R;) in the relevant point group and I', is the totally-symmetric irrep

(i.e. the first listed irrep in the character table).




Por que as bandas sao finas?

E large Stokes’ shift small Stokes’ shift
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Ln G I F //um or nm* Gap/cm " t/ms®
Ce *Fsp 5d  “Fsp Tunable, 300-450 - -
Pr "Hs 'Dy  °Fa, 'Gs, °Ha °Hs 1.0, 1.44, 600, 690 6,940 (0.05°-0.35)
P, 3H, (J = 4-6) 490, 545, 615, 640, 3,910 (0.003°-0.02)
Py °F, (J = 2-4) 700, 725
Nd “*lop  *Fipn *I, (J =9/2-13/2) 900, 1.06, 1.35 5.400 0.42 (0.2-0.5)
Sm °Hsp, “*Gsp °H, (J = 5/2-13/2) 560, 595, 640, 700, 775 7.400 6.26 (4.3-6.3)
“Gsp °F, (J = 1/2-9/2) 870,887,926, 1.01, 1.15
“Gspp “Hizp 877
Eu 'Fo  °Dy 'F;(J = 0-6) 580, 590, 615, 650, 720, 12,300 9.7 (1-11)
750, 820
Gd %S, °Pyn %Sy, 315 32,100 10.9
b "F¢ °Dy 'F;(J = 6-0) 490, 540, 580, 620, 650, 14,800 9.0 (1-9)
660, 675
Dy °Hysp *Fopn °H, (J = 15/2-9/2) 475, 570, 660, 750 7.850 1.85 (0.15-1.9)
isp °Hy (J = 15/2-9/2) 455, 540, 615, 695 1,000 3.22°
Hod °Ig S, L (J =8.7) 545, 750 3,000 0.37 (0.51°)
Fs g 650 2.200 0.8°
°Fs I 965
Er° “Lisp  *Ssyn ‘I, (J = 15/2, 13/2) 545, 850 3,100 0.7°
Forr “Nisp 660 2,850 0.6"
e ‘s 810 2,150 4.5°
Tean Tisp 1.54 6.500 0.66 (0.7-12)
Tm °“He 'D> °Fy °Hs °F3.°F, 450, 650, 740, 775 6,650 0.09
'Gy  ’Hg, *Fa. *Hs 470, 650, 770 6,250 1.29
‘Hy,  “Hg 800 4,300 3.6
Yb *Fyp  *Fsp “Fop 980 10.250 1.3 or 2.0
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Ln

AEfcm ™" No. of phonons Lifetime/ps

OH OD H,0O D0
Gd 32,100 9 15 2,300 n.a.
Tb 14,800 - 7 467 3,800
Eu 12,300 34 5-6 108 4,100
Yb 10,250 3 4.5 0.17* 3.95
Dy 7,850 2-3 R 2.6 42
Sm 7,400 2 3 2.7 60
Er 6,600 2 3 n.a. 0.37
Nd 5,400 -2 2-3 0.031 0.14

“Estimated from quantum yields in water and deuterated water and from t(D,0)
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E em materiais nao dopados?
Como sao os niveis de energia
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0K Room temperature FIGURE 7.16 Semiconductor
Bands at 0 K and at Room
| I | Temperature. (a) Intrinsic
semiconductor, (b) an n-type

Epoooe Epooeeeee
F F semiconductor, and
(c) a p-type semiconductor.
Eris defined later in this section.
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FIGURE 7.17 Band-Energy Diagram of a p—n Junction. (a) At equilibrium, the two Fermi levels are at the same energy, changing
from the pure n-type or p-type Fermi levels, because a few electrons can move across the boundary (vertical dashed line). (b) With
forward bias, current flows readily. (c) With reverse bias, very little current flows.
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FIGURE 7.19 The Photovoltaic
Effect. (a) As a light-activated
switch. (b) Generating electric-
ity. Light promotes electrons
into the conduction band in the
junction.
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Fig. 4 Schematic representation of the quantum confinement effect
on the energy level structure of a semiconductor material. The lower
panel shows colloidal suspensions of CdSe NCs of different sizes under
UV excitation. Courtesy of R. Koole (Philips Research Laboratories,
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Fig. 2.12 Evolution of the energy level structure from a hypothetical diatomic molecule (extreme
left) to a bulk semiconductor (extreme right). Egc and Eg indicate the energy gap between the
highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO)
for a nanocrystal and bulk, respectively (CB = conduction band, VB = valence band). Reprinted

with permission from Ref. [45]



