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Modelos Atomicos
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“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 / 7sh=765df6f970f9
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Estrelas
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Moldando e Manipulando a Matéria
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PRL 110, 213001 (2013).
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A mecanica que descreve a matéria

Objetos macroscopicos:

Leis de Newton
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A mecanica que descreve a matéria

Objetos microscépicos:

Principio de Incerteza de

Heisenberg
Ax-Ap > i—i
2
h
h=—
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A mecanica que descreve a matéria

Objetos microscépicos:

Equacado de Schrodinger

Hy = Ey
D
A p A
H=—+V
ot (x)
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N -
z Hzﬂv +V(r)

Relagdes de Comutagido

Autofungdes de Onda
y ¢n,/,m(f79790) ~ r/eiarLf,I:r/lfl(zar)Yl,m(gv90)
Autovalores de Energia

E — n2Zz? . mZ2e*
" 2ma(2)n27 327r26%h,2n2

o n=123,..
0 /=0,1,2,...,n—1
o m=—1,—(1—1), ...,/ —1,
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Orbitais Atdmicos

@ e® s ©
ﬁ = ‘6 ‘O 2s || 2p
L 006 (s
T QOICIQ s 4 4d
] @OIE [ lerlse
“VAQ ‘W” p “ ‘O 7s||7p




Atomos Multi-Eletrénicos

Fyp = Ev

@ Interacdo eletronica
correlaciona os movimentos
dos elétrons;

Solu¢do analitica impossivel;

Métodos computacionais
aproximados;

O conceito de orbital ainda
é atil de forma aproximada.
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Sistemas Cristalinos




Bandas de Energia

Distancia
NC O

oy
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Bandas de Energia

Distancia
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Bandas de Energia

Distancia >
A @ @ @ @ @ @ @

Energia
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Bandas de Energia
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Bandas de Energia
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Bandas de Energia

Distancia
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Momento Cristalino >
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Semicondutores

Metal Semicondutor  Isolante
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Miniaturizacao
https://www.tsmc.com/english/dedicatedFoundry/
technology/logic/1_5nm
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https://www.tsmc.com/english/dedicatedFoundry/technology/logic/l_5nm
https://www.tsmc.com/english/dedicatedFoundry/technology/logic/l_5nm

Miniaturizacao

https://www.tsmc.com/english/dedicatedFoundry/
technology/logic/1_5nm
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https://www.tsmc.com/english/dedicatedFoundry/technology/logic/l_5nm
https://www.tsmc.com/english/dedicatedFoundry/technology/logic/l_5nm
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Silicio

iy
INSTITUTE OF PHYSICS PUBLISHING REPORTS ON PROGRESS IN PHYSICS
Rep. Prog. Phys. 68 (2005) 2701-2746 doi:10.1088/0034-4885/68/12/R01

Physical limits of silicon transistors and circuits

Robert W Keyes
IBM Research Division, Yorktown, NY 10598, USA

Received 27 April 2005, in final form 11 August 2005
Published 19 September 2005
Online at stacks.iop.org/RoPP/68/2701
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O caso do Carbono

6 12.0107

Carbono
1s?2s?2p?
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O caso dos Nanocarbonos

dad
TRANETAC 2601 T0F DA .
1688 of 1008 shots
186a - )
6800
el
P, :

3080

i . \ 1 |
H: l\»u.LuL iiluhmw ww\mﬂ m‘! u’. U\VWM‘M:M

[ I ]
9- 41985 Time teicnseeonds) 1m3ed?

Eduardo Costa Girdo Fisica Computacional e o Estudo de Nanomateriais



O caso dos Nanocarbonos
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O caso dos Nanocarbonos

1985 1991 2004

20 um

1um
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O caso dos Nanocarbonos

1

1985 1991 2004 Hoje

QV '.‘"- b K@"t};’; >
- >,4'7)§k.4

Nature 466, 470 (2010). Nature 531, 489 (2016).




Estutura Eletronica do Grafeno
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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) #0
Metal 2 (M2): mod(n— m,3) =0; mod(n— m,3d) =0
Semiconducting (S): mod(n — m,3) # 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 s3o semicondutoras.

T T T T
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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.
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Nanofitas de Grafeno - Caso Zigzag

@ Z-GNRs possuem um conjunto de estados magnéticos.
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L. Pisani et al., Physical Review B 75, 064418 (2007).
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Reacoes Assistidas por Superficie
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Escolhendo o Precursor
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Nature 466, 470 (2010).
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Escolhendo o Precursor
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Nature 466, 470 (2010).
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Teoria para que?




Nano Letters 12, 1928 (2012).
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Trifenileno Bidimensional

“Sem” spin

Energy (eV)
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PCCP 23, 25114 (2021).
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Trifenileno Bidimensional

“Com” spin
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PCCP 23, 25114 (2021).
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Naftilenos Bidimensionais

Caso v
= | I
E-l /J-

r S -
k points DOS (arb. units)

L

Physical Review Materials 4, 084003 (2020).
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Naftileno-y — Nanofitas
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Physical Review Materials 4, 084003 (2020).
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Quadrados em nanocarbonos

BrBr

Polymerization l Au(111l)

JOo-Co- -0t =2 S




Super-Hepta-Zetrenos

9-bromoanthracene,
o\B/o K,PO,, Pd,(dba),,
KOA, (Bpin),, DPEPhos, ‘
O Br DCM Pd(deDCl DMSO OO PhMe/EtOH/H (0] 111) “
ﬂcmnw BDCZOh 110C4d 310C5mln
®) 8% B
S 0

~o

(5) Super-heptazethrene (1

0 ) BEENR 1 Leplace-fitered (RN

Eduardo Costa Girdo Fisica Computacional e o Estudo de Nanomateriais



Super-Hepta-Zetrenos
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J. Phys. Chem. C 125, 11235 (2021).

k.
a% o
i

1

(b)
a3a3] [@181]  [a383]
3

fgf@%%
EY

Eduardo Costa Girao

Fisica Computacional e o Estudo de Nanomateriais



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”
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“There is plenty of room at the bottom”

e Experimentos;
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“There is plenty of room at the bottom”

e Experimentos;

[ = — ) . -
l.“ : \ e Simulacdes;
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“There is plenty of room at the bottom”

e Experimentos;
[y~

l
B

e Simulacdes;

e Entender materiais ja
existentes;
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o Descobrir novos materiais;
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