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Tabela Periódica

H
Hydrogen
1s¹

1.00794 1
+1
−1

2.201312.0

Li
Lithium
1s² 2s¹

6.941 3
+1
−1

0.98520.2

Be
Berylium
1s² 2s² 

9.012182 4
+2

1.57899.5

Na
Sodium
[Ne] 3s¹

22.98976 11
0.93495.8

Mg
Magnesium
[Ne] 3s²

24.3050 12
+2
+1

1.31737.7

K
Potassium
[Ar] 4s¹

39.0983 19
+1

0.82418.8

Ca
Calcium
[Ar] 4s²

40.078 20
+2

1.00589.8

Rb
Rubidium
[Kr] 5s¹

85.4678 37
+1

0.82403.0

Sr
Strontium
[Kr] 5s²

38
+2

0.95549.5

Cs
Caesium
[Xe] 6s¹

132.9054 55
+1

0.79375.7

Ba
Barium
[Xe] 6s²

137.327 56
+2

0.89502.9

Fr
Francium
[Rn] 7s¹

(223) 87
+1

0.70380.0

Ra
Radium
[Rn] 7s²

(226) 88
+2

0.90509.3

Ti
Titanium
[Ar] 3d² 4s²

47.867 22
+4
+3
+2
+1
−1

1.54658.8

V
Vanadium
[Ar] 3d³ 4s²

50.9415 23
+5
+4
+3
+2
+1
−1

1.63650.9

Zr
Zirconium
[Kr] 4d² 5s²

91.224 40
+4
+3
+2
+1

1.33640.1

Nb
Niobium
[Kr] 4d⁴ 5s¹

92.90638 41
+5
+4
+3
+2
−1

1.60652.1

Hf
Hafnium
[Xe] 4f¹⁴ 5d² 6s²

178.49 72
+4
+3
+2

1.30658.5

Ta
Tantalum
[Xe] 4f¹⁴ 5d³ 6s²

180.9478 73
+5
+4
+3
+2
−1

1.50761.0

Rf
Rutherfordium
[Rn] 5f¹⁴ 6d² 7s²

(261) 104
+4

580.0

Db
Dubnium

(262) 105
+5

Cr
Chromium
[Ar] 3d⁵ 4s¹

51.9962 24
+6
+5
+4
+3
+2
+1
−1
−2

1.66652.9

Mn
Manganese
[Ar] 3d⁵ 4s²

54.93804 25
+7
+6
+5
+4
+3
+2
+1
 …
−3

1.55717.3

Mo
Molybdenum
[Kr] 4d⁵ 5s¹

95.96 42
+6
+5
+4
+3
+2
+1
−1
−2

2.16684.3

Tc
Technetium
[Kr] 4d⁵ 5s²

(98) 43
+7
+6
+5
+4
+3
+2
+1
−1
−3

1.90702.0

W
Tungsten
[Xe] 4f¹⁴ 5d⁴ 6s²

183.84 74
+6
+5
+4
+3
+2
+1
−1
−2

2.36770.0

Re
Rhenium
[Xe] 4f¹⁴ 5d⁵ 6s²

186.207 75
+7
+6
+5
+4
+3
+2
+1
−1
−3

1.90760.0

Sg
Seaborgium

(266) 106
+6

Bh
Bohrium

(264) 107
+7

Fe
Iron
[Ar] 3d⁶ 4s²

55.845 26
+6
+5
+4
+3
+2
+1
−1
−2

1.83762.5

Co
Cobalt
[Ar] 3d⁷ 4s²

58.93319 27
+5
+4
+3
+2
+1
−1
−2

1.91760.4

Ru
Ruthenium
[Kr] 4d⁷ 5s¹

101.07 44
+8
+7
+6
+5
+4
+3
+2
+1
−2

2.20710.2

Rh
Rhodium
[Kr] 4d⁸ 5s¹

102.9055 45
+6
+5
+4
+3
+2
+1
−1

2.28719.7

Os
Osmium
[Xe] 4f¹⁴ 5d⁶ 6s²

190.23 76
+8
+7
+6
+5
+4
+3
+2
+1
−2

2.20840.0

Ir
Iridium
[Xe] 4f¹⁴ 5d⁷ 6s²

192.217 77
+6
+5
+4
+3
+2
+1
−1
−3

2.20880.0

Hs
Hassium

(277) 108
+8

Mt
Meitnerium

(268) 109

Ni
Nickel
[Ar] 3d⁸ 4s²

58.6934 28
+4
+3
+2
+1
−1

1.88737.1

Cu
Copper
[Ar] 3d¹⁰ 4s¹

63.546 29
+4
+3
+2
+1

1.90745.5

Pd
Palladium
[Kr] 4d¹⁰

106.42 46
+4
+2

2.20804.4

Ag
Silver
[Kr] 4d¹⁰ 5s¹

107.8682 47
+3
+2
+1

1.93731.0

Pt
Platinum
[Xe] 4f¹⁴ 5d⁹ 6s¹

195.084 78
+6
+5
+4
+2

2.28870.0

Au
Gold
[Xe] 4f¹⁴ 5d¹⁰ 6s¹

196.9665 79
+5
+3
+2
+1
−1

2.54890.1

Ds
Darmstadtium

(271) 110

Rg
Roentgenium

(272) 111

Zn
Zinc
[Ar] 3d¹⁰ 4s²

65.38 30
+2

1.65906.4

Ga
Gallium
[Ar] 3d¹⁰ 4s² 4p¹

69.723 31
+3
+2
+1

1.81578.8

Cd
Cadmium
[Kr] 4d¹⁰ 5s²

112.441 48
+2

1.69867.8

In
Indium
[Kr] 4d¹⁰ 5s² 5p¹

114.818 49
+3
+2
+1

1.78558.3

Hg
Mercury
[Xe] 4f¹⁴ 5d¹⁰ 6s²

200.59 80
+4
+2
+1

2.001007.1

Tl
Thallium
[Xe] 4f¹⁴ 5d¹⁰ 6s² 6p¹

204.3833 81
+3
+1

1.62589.4

Cn
Copernicium

(285) 112

Nh
Nihonium

(284) 113

Ge
Germanium
[Ar] 3d¹⁰ 4s² 4p²

72.64 32
+4
+3
+2
+1
−4

2.01762.0

As
Arsenic
[Ar] 3d¹⁰ 4s² 4p³

74.92160 33
+5
+3
+2
−3

2.18947.0

Sn
Tin
[Kr] 4d¹⁰ 5s² 5p²

118.710 50
+4
+2
−4

1.96708.6

Sb
Antimony
[Kr] 4d¹⁰ 5s² 5p³

121.760 51
+5
+3
−3

2.05834.0

Pb
Lead
[Xe] 4f¹⁴ 5d¹⁰ 6s² 6p²

207.2 82
+4
+2
−4

2.33715.6

Bi
Bismuth
[Xe] 4f¹⁴ 5d¹⁰ 6s² 6p³

208.9804 83
+5
+3
−3

2.02703.0

Fl
Flerovium

(289) 114

Mc
Moscovium

(288) 115

Se
Selenium
[Ar] 3d¹⁰ 4s² 4p⁴

78.96 34
+6
+4
+2
−2

2.55941.0

Br
Bromine
[Ar] 3d¹⁰ 4s² 4p⁵

79.904 35
+7
+5
+4
+3
+1
−1

2.961139.9

Te
Tellurium
[Kr] 4d¹⁰ 5s² 5p⁴

127.60 52
+6
+5
+4
+2
−2

2.10869.3

I
Iodine
[Kr] 4d¹⁰ 5s² 5p⁵

126.9044 53
+7
+5
+3
+1
−1

2.661008.4

Po
Polonium
[Xe] 4f¹⁴ 5d¹⁰ 6s² 6p⁴

(210) 84
+6
+4
+2
−2

2.00812.1

At
Astatine
[Xe] 4f¹⁴ 5d¹⁰ 6s² 6p⁵

(210) 85
+1
−1

2.20890.0

Lv
Livermorium

(292) 116

Ts
Tennessine

117

Kr
Krypton
[Ar] 3d¹⁰ 4s² 4p⁶

83.798 36
3.001350.8

Xe
Xenon
[Kr] 4d¹⁰ 5s² 5p⁶

131.293 54
2.60

Rn
Radon
[Xe] 4f¹⁴ 5d¹⁰ 6s² 6p⁶

(220) 86
1037.0

Og
Oganesson

(294) 118

B
Boron
1s² 2s² 2p¹

10.811 5
+3
+2
+1

2.04800.6

Al
Aluminium
[Ne] 3s² 3p¹

26.98153 13
+3
+1

1.61577.5

C
Carbon
1s² 2s² 2p²

12.0107 6
+4
+3
+2
+1
−1
−2
−3
−4

2.551086.5

N
Nitrogen
1s² 2s² 2p³

14.0067 7
+5
+4
+3
+2
+1
−1
−2
−3

3.041402.3

Si
Silicon
[Ne] 3s² 3p²

28.0855 14
+4
+3
+2
+1
−1
−2
−3
−4

1.90786.5

P
Phosphorus
[Ne] 3s² 3p³

30.97696 15
+5
+4
+3
+2
+1
−1
−2
−3

2.191011.8

O
Oxygen
1s² 2s² 2p⁴

15.9994 8
+2
+1
−1
−2

3.441313.9

F
Fluorine
1s² 2s² 2p⁵

18.998403 9
−1

3.981681.0

S
Sulfur
[Ne] 3s² 3p⁴

32.065 16
+6
+5
+4
+3
+2
+1
−1
−2

2.58999.6

Cl
Chlorine
[Ne] 3s² 3p⁵

35.453 17
+7
+6
+5
+4
+3
+2
+1
−1

3.161251.2

Ne
Neon
1s² 2s² 2p⁶

20.1797 10
2080.7

Ar
Argon
[Ne] 3s² 3p⁶

39.948 18
1520.6

He
Helium
1s²

4.002602 2
2372.3

Sc
Scandium
[Ar] 3d¹ 4s²

44.95591 21
+3
+2
+1

1.36633.1

Y
Yttrium
[Kr] 4d¹ 5s²

88.90585 39
+3
+2
+1

1.22600.0

La
Lantânio
[Xe] 5d¹ 6s²

138.9054 57
+3
+2

1.10538.1

Ce
Cério
[Xe] 4f¹ 5d¹ 6s²

140.116 58
+4
+3
+2

1.12534.4

Ac
Actínio
[Rn] 6d¹ 7s²

(227) 89
+3

1.10499.0

Th
Tório
[Rn] 6d² 7s²

232.0380 90
+4
+3
+2

1.30587.0

Pr
[Xe] 4f³ 6s²

140.9076 59
+4
+3
+2

1.13527.0

Nd
Neodímio
[Xe] 4f⁴ 6s²

144.242 60
+3
+2

1.14533.1

Pa
Protactínio
[Rn] 5f² 6d¹ 7s²

231.0358 91
+5
+4
+3

1.50568.0

U
Urânio
[Rn] 5f³ 6d¹ 7s²

238.0289 92
+6
+5
+4
+3

1.38597.6

Pm
Promécio
[Xe] 4f⁵ 6s²

(145) 61
+3

540.0

Sm
Samário
[Xe] 4f⁶ 6s²

150.36 62
1.17544.5

Np
Neptúnio
[Rn] 5f⁴ 6d¹ 7s²

(237) 93
+7
+6
+5
+4
+3

1.36604.5

Pu
Plutónio
[Rn] 5f⁶ 7s²

(244) 94
+7
+6
+5
+4
+3

1.28584.7

Eu
Európio
[Xe] 4f⁷ 6s²

151.964 63
+3
+2

547.1

Gd
Gadolínio
[Xe] 4f⁷ 5d¹ 6s²

157.25 64
+3
+2
+1

1.20593.4

Am
Amerício
[Rn] 5f⁷ 7s²

(243) 95
+6
+5
+4
+3
+2

1.30578.0

Cm
Cúrio
[Rn] 5f⁷ 6d¹ 7s²

(247) 96
+4
+3

1.30581.0

Tb
Térbio
[Xe] 4f⁹ 6s²

158.9253 65
+4
+3
+1

565.8

Dy
Disprósio
[Xe] 4f¹⁰ 6s²

162.500 66
1.22573.0

Bk
Berquélio
[Rn] 5f⁹ 7s²

(247) 97
+4
+3

1.30601.0

Cf
Califórnio
[Rn] 5f¹⁰ 7s²

(251) 98
1.30608.0

Ho
Hólmio
[Xe] 4f¹¹ 6s²

164.9303 67
+3

1.23581.0

Er
Érbio
[Xe] 4f¹² 6s²

167.259 68
+3

1.24589.3

Es
Einsténio
[Rn] 5f¹¹ 6s²

(252) 99
1.30619.0

Fm
Férmio
[Rn] 5f¹² 7s²

(257) 100
1.30627.0

Tm
Túlio
[Xe] 4f¹³ 6s²

168.9342 69
1.25596.7

Yb
Itérbio
[Xe] 4f¹⁴ 6s²

173.054 70
603.4

Md
Mendelévio
[Rn] 5f¹³ 7s²

(258) 101
1.30635.0

No
Nobélio
[Rn] 5f¹⁴ 7s²

(259) 102
1.30642.0

Lu
Lutetium
[Xe] 4f¹⁴ 5d¹ 6s²

174.9668 71
+3

1.27523.5

Lr
Lawrencium
[Rn] 5f¹⁴ 7s² 7p¹

(262) 103
+3

470.0

1170.4
+8
+6
+4
+2

+2

Praseodímio

6

s
d

p

f

Fe
Iron
[Ar] 3d⁶ 4s²

55.845 26
+6
+5
+4
+3
+2
+1
−1
−2

1.83762.5

Periodic Table of The Elements

+1
−1

+3
+2

+3
+2

+4
+3
+1

+3
+2

+3
+2

+3
+2

+3
+2

+3
+2

+3
+2

Atomic Number

1st Ionization Energy Electronegativity

Oxidation States

Atomic Mass

Chamical Symbol

Name

Electronic configuration

em kJ/mol

for the most stable isotope 

543 7 8 9 10 11 12

13 14 15 16 17

18

2

1

Group

Pe
ri

o
d

1

2

3

4

5

6

7

H
Hydrogen
1s¹

1.00794 1
+1
−1

2.201312.0
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Estrelas

“The Sun’s Energy Doesn’t Come From Fusing Hydrogen Into Helium

(Mostly)”, Forbes.

https://www.forbes.com/sites/startswithabang/2017/09/05/the-suns-energy-doesnt-

come-from-fusing-hydrogen-into-helium-mostly/?sh=765df6f970f9
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Estrelas

E = mc2
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Estrelas

E = mc2
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Estrelas

H
Hydrogen
1s¹

1.00794 1
+1
−1

2.201312.0

C
Carbon
1s² 2s² 2p²

12.0107 6
+4
+3
+2
+1
−1
−2
−3
−4

2.551086.5

O
Oxygen
1s² 2s² 2p⁴

15.9994 8
+2
+1
−1
−2

3.441313.9
1

Ne
Neon
1s² 2s² 2p⁶

20.1797 10
2080.7

He
Helium
1s²

4.002602 2
2372.3

Mg
Magnesium
[Ne] 3s²

24.3050 12
+2
+1

1.31737.7

Si
Silicon
[Ne] 3s² 3p²

28.0855 14
+4
+3
+2
+1
−1
−2
−3
−4

1.90786.5

Fe
Iron
[Ar] 3d⁶ 4s²

55.845 26
+6
+5
+4
+3
+2
+1
−1
−2

1.83762.5

Supernova
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Estrelas
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Supernova
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Moldando e Manipulando a Matéria

-

-

-

-

-

-

-
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Hidrogênio

-

+

PRL 110, 213001 (2013).
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Hidrogênio

-

+

PRL 110, 213001 (2013).
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A mecânica que descreve a matéria

Objetos macroscópicos:

Leis de Newton

−→
F = m−→a
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A mecânica que descreve a matéria

Objetos microscópicos:

Prinćıpio de Incerteza de
Heisenberg

∆x ·∆p ≥ ~
2

~ =
h

2π
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A mecânica que descreve a matéria

Objetos microscópicos:

Equação de Schrodinger

Ĥψ = Eψ

Ĥ =
p̂2

2m
+ V̂ (x)
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Hidrogênio

-

+

Ĥ =
−~2

2m
∇2 + V (r)

Relações de Comutação

[Ĥ, L̂2] = 0 [Ĥ, L̂z ] = 0 [L̂2, L̂z ] = 0.

Autofunções de Onda

ψn,l,m(r , θ, ϕ) ∼ r le−αrL2l+1
n−l−1(2αr)Yl,m(θ, ϕ)

Autovalores de Energia

En = −
~2Z2

2ma2
0n

2
= −

mZ2e4

32π2ε2
0~2n2

n = 1, 2, 3, ...

l = 0, 1, 2, ..., n − 1

m = −l ,−(l − 1), ..., l − 1, l
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Orbitais Atômicos

1s

2s

3s

4s

5s

6s

7s

2p

3p

4p

5p

6p

7p

3d

4d

5d

6d

4f

5f

0 1.5 3

0 4 8 0 4 8

0 9 18 0 9 18 0 9 18

0 16 32 0 16 32 0 16 32 0 16 32

0 28 56 0 28 56 0 28 56 0 28 56

0 40 80 0 40 80 0 40 80

0 54 108 0 54 108

(a) (b) (c)
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Átomos Multi-Eletrônicos

+
+ +

+
+
+-

-

- -

-

-

Ĥψ = Eψ

Interação eletrônica
correlaciona os movimentos
dos elétrons;

Solução anaĺıtica imposśıvel;

Métodos computacionais
aproximados;

O conceito de orbital ainda
é útil de forma aproximada.

15/49 Eduardo Costa Girão F́ısica Computacional e o Estudo de Nanomateriais



Sistemas Cristalinos

16/49 Eduardo Costa Girão F́ısica Computacional e o Estudo de Nanomateriais



Bandas de Energia
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Bandas de Energia
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Semicondutores
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Semicondutores
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Miniaturização

https://www.tsmc.com/english/dedicatedFoundry/

technology/logic/l_5nm
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Miniaturização
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O caso do Carbono
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Estutura Eletrônica do Grafeno
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Nanotubos de Carbono
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Nanotubos de Carbono
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Nanotubos de Carbono

Metal 1 (M1): mod(n −m, 3) = 0; mod(n −m, 3d) 6= 0

Metal 2 (M2): mod(n −m, 3) = 0; mod(n −m, 3d) = 0

Semiconducting (S): mod(n −m, 3) 6= 0; d = gcd(n,m)
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Nanotubos de Carbono
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Nanofitas de Grafeno
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Nanofitas de Grafeno
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Nanofitas de Grafeno - Caso Zigzag
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Nanofitas de Grafeno - Caso Armchair
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Nanofitas de Grafeno - Caso Armchair

A-GNRs são semicondutoras.

Y. S. son et al., Phys. Rev. Lett. 97, 216803 (2006).
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Nanofitas de Grafeno - Caso Zigzag

Z-GNRs possuem um conjunto de estados magnéticos.

L. Pisani et al., Physical Review B 75, 064418 (2007).
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Reações Assistidas por Superf́ıcie
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Escolhendo o Precursor

Nature 466, 470 (2010).

34/49 Eduardo Costa Girão F́ısica Computacional e o Estudo de Nanomateriais



Escolhendo o Precursor

Nature 466, 470 (2010).
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Teoria para que?
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Simulando imagens de microscópio

Nano Letters 12, 1928 (2012).
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Montando um “LEGO” Molecular

(a)

(b)
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Trifenileno Bidimensional
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PCCP 23, 25114 (2021).
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Trifenileno Bidimensional

“Com” spin

(a)

(c)
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Naftilenos Bidimensionais
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Physical Review Materials 4, 084003 (2020).
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Naftileno-γ → Nanofitas
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Quadrados em nanocarbonos

JACS 141, 17713 (2019).
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Super-Hepta-Zetrenos

Chem. Commun. 56, 7467 (2020).
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Super-Hepta-Zetrenos
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J. Phys. Chem. C 125, 11235 (2021).
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Super-Hepta-Zetrenos
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Super-Hepta-Zetrenos

J. Phys. Chem. C 125, 11235 (2021).
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“There is plenty of room at the bottom”

Experimentos;

Simulações;

Entender materiais já
existentes;

Descobrir novos materiais;

Como conectar peças
moleculares...

... e quais as propriedades
resultantes;

Nanociência → área
prióritária do séc. XXI;

Átomos: Instrumento de
Trabalho do F́ısico.
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existentes;

Descobrir novos materiais;

Como conectar peças
moleculares...

... e quais as propriedades
resultantes;

Nanociência → área
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Obrigado pela atenção!

Sigam @nanofisica no Instagram.
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