Atomova fyzika a elektronova struktura latek

Co byste méli po dnesni prednasce umet:

* definovat a ve spravnych souvislostech pouzit terminy: dualita vina-Castice, fotoefekt

« porovnat metody rozptylu fotonU/elektronl/neutron(

* prokazat na vhodném experimentu dudalni vlastnosti (vina/¢astice) foton(

* prokazat na vhodném experimentu dualni vlastnosti (vina/¢astice) elektrond

* vysvétlit princip Thomsonova experimentu objevu elektronu véetné historickych souvislosti
a jeho dUsledky pro poznani struktury atomd

 porovnat a vysveétlit fyzikalni principy a pouziti metod - HEED, RHEED, LEED
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Dualita ¢astice -vina

Fotoelektricky jev
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Dualita ¢astice -vina

Fotoelektricky jev
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vinova teorie nevyhovuije:

1. energetické spektrum emitovanych e
nezavisi na intenzité dopadajiciho svétla

2. energie fotoelektron zavisi na vinové
délce dopadajiciho zareni

3. Casové rozmezi mezi dopadem fotonu
a emisi fotoelektronu je velmi malé (<3 ns)
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Dualita ¢astice -vina

Fotoelektricky jev

E, A / / 5 Planckova kvantova hypotéza
% e - )@@
@0 0@ @ © o)

e @ @0 vystupni prace maximalni E,_
fotoelektronu

dopadajici foton

Priklad: Jaka je maximalni kinetick& energie fotoelektront pro draslik (W=2eV) pfi dopadu
UV zafeni A=3500 A?

Reseni:

he

—57x107%J=36eV E.=hv—W =1.6eV

hy =
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zakon lomu
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Dualita ¢astice -vina

“

Hamiltonova analogie

geome_trické klasicka
optlvkg mechanika
(vinéni) (Castice)

Prince Louis-Victor
Pierre Raymond
de Broglie
(1892-1987)

svétlo - vinové vlastnosti (ohyb, interference), Huyghenstv princip

- Gasticové vlastnosti (fotoefekt, Comptonlyv rozptyl)

E = hv = hw 5
| p = hk ﬁ> A= —
h26.62x 10 % Js
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Dualita ¢astice -vina

. jako vina jako Castice
volna ¢astice 9
. 5 W dw : C
’ Wk ur = — U, = ) = —
vina w ok u“}(k) / k J dk Uy
| B : E dE D
astice E p E(p) U= — U= — v — P
P dp m
pro fotony
E = hv = hw / \
— " vinéni castice
p = hk
w = ck .
. w hw B W V= — E = mc?
oL . = — = m
"k nk o p Uy = - =¢ :
D C
dw U = m — .
7 dk
hmotné ¢astice: E,p,v —» , k, U, U_ u)(k) ,
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Vyboje v plynech

5000 Pa William Crooks — studium katodového

- ( o - >+ zareni
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Elektron jako ¢astice

==) katoda emituje néjake paprsky - katodové paprsky

- néjaké hmotné Castice? - viny v neviditelné hmotée, tzv. éteru,
(Crookes, J.J. Thomson, ...) néco jako svétlo? (Goldstein, Hertz, and Lenard)

?
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Elektron jako Castice Perrin - katodové paprsky nabité - zaporny naboj

... mnohé experimenty

... dalSi experimenty
— pokud to jsou Castice, jsou velmi malé (Lenard, Wiechert)

katodové paprsky: e sifi se pfimo
® prenaseji zaporny naboj

® prenasSeji energii (trubice se zahfivala)

® Sifi se vakuem, ¢im vySsi, tim lepsi
Philipp Eduard Anton
von Lenard
® prenos hmoty malinky - malé &astice? (1862-1947)
(N.c. 1905)

® jsou ovlivnény elektromagnetickym polem

10
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~ 1897 el. pole

Joseph John Thomson
(1856-1940)

vliv elektromagnetického pole: F = q E

(
z trajektorie pohybu urCim — ne samotny naboj

T

11
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Elektron jako ¢astice - Thomsonuv pokus

magn. pole el. pole X
gn.p P Zl_>

i
S ) {1 —

napeéti — urychleni

12
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Elektron jako ¢astice - Thomsonuv pokus

L q o
II‘ e 1) jedina hodnota _ ve vSech pokusech

A =_1.76%10"" Ckg ™! ... témé&¥ jako dnes (-1.758-104Ckg)

m
e 2) hypotéza: je to jedina Castice, ma naboj q = g, = e (z elektrolyzy)

m, = =9.1x10 kg
e/m

objevena prvni elementarni Castice, pozdeji nazvana elektron

1906: Nobelova cena pro J.J. Thomsona

_—

J.J. Thomson in Cavendish, Cambridge University 13
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Dualita ¢astice -vina

. jako vina jako Castice
volna éastice 9
. . W dw : C
’ Wk ur = — U, = ) = —
wna @ kowlk) =g vy = u;
| P~ .f E dE D
P dp m
pro fotony
E = hy = hw / \
— " vinéni castice
p = hk
w = ck p
. _E_E’W_E W V= — E = mc?
T o o —_— — = Tl
"k nk o p Uy = - =¢ :
D C
dw U = W
U, = — = C f
7 dk
hmotné Eastice: E,p,v —» w, k, U, U, w(k) ”



Atomova fyzika a elektronova struktura latek

Dualita ¢astice -vina

volna éastice
grupova rychlost u 4 RActica 1)
g hmotné Castice: E,p,v —» w, K, uf‘,\uy
I
11l = \/1 — (dosadim p=mv a upravim)
— 2z
¢ fazova rychlost u,
2
5 P E
E=c*\/mj+ — U = —
0T 5 f
C e
dw dE 2 2
llg: = — U _IIlC _C_
dk dp ! mouv v
P P
U, = s = = U e
\/ mg —+ i—g I ‘v<c = ur>c

ANNAANAAANASAANN,
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Dualita ¢astice -vina W
volna ¢astice
disperzni relace W (kf) Mg
h
—~ E = hw
E = ¢’ \/ mz + £ -
0 2 jT::=7Lk
- E(p moc \ 2
(i) = @) _ (—) g2
h h
E = myc? + E,
s L R
celkova kineticka

klidova

c-k

(E, je rozdil celkové a klidove energie)

P = \/— + 2moE,

U = C\J

Er(Eg + 2mgc?)
(Er + mgc?)?

16
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E2
p = L—; + 2moE;

Er(Ex + 2mgc?)
vV =c
(Er + mgc?)?

)\_2??_27??1_}1,
-k Rk p

limitni pripady
Ep > mgc2 B, < m[]cz
P = % p = \/21']:1[;,Ek
C
2E;
~ V=1 —
VR C mg
hc /
N = \ — ;
Ey Vv 2my B,
) hc B h
E (eV)le] \/21:11[]|e|E,rC (eV)
A\ N J
21
E'k,zio-m =c’——
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Elektron jako vina

Eev) = A(nm)  difrakéni rezim
nerelativisticky ( Ek < IILU(22 ) 15 10
7 150 0.1 LEED
A 15000 0.01 HEED

E \/Qm[] le|Ex (V)

1.5042
A(nm) = \/

E. (eV)

George Paget Thomson Clinton Joseph Davisson
(1892-1975) (1881-1958)

(~1925: HEED na pruchod)

Nobelova cena 1937

E~40keV > A<<d — 0 malé 9
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Elektron jako vina TN

celuloid

; MFiizkova konstanta [A]
Kov _ —
: z interference
z inlerference elektrond roentgenovyeh paprski

Al | 4,035 | 4,063
Au . 3,99 aZ 4,20 - 4,006

Pt i 3,89 3,91

Pb ' 4,99 4,92

Fe ' 2,80 2,36

: . 20
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Elektron jako vina

RHEED - Reflected HEED

CCD
Camara

fluorescent
electron beam Screen

10 keV (4,-0.124 A) ASPCACACATT

e

e" (5 — 100 keV )

- —
vzorek
_ vakuum
clektron L=10nm...d <0.2 nm krystal (Ag)
\ 8 I~ »
1/2 L d 1/2 L

mozno sledovat rlst struktur vrstvu po vrstvé! =)  MBE

21
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Elektron jako vina

RHEED - Reflected HEED

MBE | Molecular Beam Epitaxy

HEED GUN
LIOUID NITROGEN
COOLED SHROUDS Mnm SHUTTER
EFFUSION \ ROTATING SUBSTRAT
CELL I-CJLD"R
FC’“TE mmzmon GAUGE

1 A

SAMP
-’ EXCHAN
LOAD LO
S VIEW FORT

\
EFFUSION — |
CELL

SHUTTERS l
& TO VARIABLE
AS FLUDH_S?:%?E‘E SPEED MOTOR _
Al AND SUBSTRATE
Ga HEATER SUPPLY
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Elektron jako vina

MONOLAYER GROWTH
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xxxxxxxxxxxx

xxxxxxxxxxxxxxx

1111111111111

xxxxxxxxxxxxxxx

xxxxxxxxxxxxx

xxxxxxxxxxxxxxx

Specular Spot Intensity

Shutter Closed

=
-

10 15
Time

20

RHEED SIGNAL

——

AlAs

Shutter Clos ed

1]

5

10

1 20 25 30
Time

[001] ff10]
[110]
g=0
=
8=05 @ ==

§=125 g
8=15 .57
=175 =
g=2 &

8 number of
monoiayers deposiled

inlensily

s EFEFRFFEETT

-
3
m

23



Atomova fyzika a elektronova struktura latek

Elektron jako vina LEED — Low Energy Electron Diffraction

1927 ... Davisson, Germer (Bell lab.)

Journal
The Franklin Institute

Devoted to Science and the Mechanic Arts

VO[ 206 MAY,lgzg o s

ARE ELECTRONS WAVES? *

BY
C. J. DAVISSON, Ph.D.

Bell Telephone Laboratories, Inc.

24
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Elektron jako vina LEED — Low Energy Electron Diffraction
1927 ... Davisson, Germer (Bell lab.)

,4.
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\ \ |l
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U 1
NICKEL :::' . .
CRYSTAL ™l \/ / CURRENT TO COLLECTOR
- \/ VS. COLLECTOR ANGLE

. BOMBARDING POTENTIAL,83 VOLTS
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Elektron jako vina LEED — Low Energy Electron Diffraction

1927 ... Davisson, Germer (Bell lab.)
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VS. SQUARE ROOT OF BOMBARDING POTENTIAL

h h B 1.2264

A= — nm

p B v/2m,|e|U VU
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Elektron jako vina LEED — Low Energy Electron Diffraction S———

1927 ... Davisson, Germer (Bell lab.)
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SCATTERING OF 75 VOLT ELECTRONS FROM
A BLOCK OF NICKEL (MANY SMALL CRYSTALS )

o

As you see, it is really all very simple.
SCATTERING OF 75 VOLT ELECTRONS FROM

SEVERAL LARGE NICKEL CRYSTALS 27
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Elektron jako vina LEED — Low Energy Electron Diffraction

...~ 20-500 eV

~ 1960 ... technologie UHV (ultra high vacuum) — velky rozvoj LEED

pomérné jednoduché, velka presnost uréeni polohy atom( na povrchu

SRIppressor

- Phosphor Screen

28
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Elektron jako vina LEED — Low Energy Electron Diffraction

LEED — povrch — 2D difrakCni podminky

. ¢ krystal SIC

Direct lattice Reciprocal lattice
29
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Electron Diffraction

Energy £

LEED — Low Ener

Elektron jako vina

30
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kvazikrystaly

31
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X- ray cross section

Rozptyl neutront
. . @ .. ..

H

.oo- o
—_—

Neutron cross section

[~ (@ = Y3 fife T
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Vinovy charakter tézkych ¢astic (molekuly, ...)

h
A\ =
\/21:110|e|E,:C (eV)

Otto Stern
(1888-1969)
N.c. 1943

rychlost... l

Maxwell-Boltzmann

vakuum - technika molekulovych svazkd

pozoroval difrakci molekul a atom(

- Stern-Gerlachuv pokus 2
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Vinovy charakter tézkych ¢astic (molekuly, ...)

=
-

Otto Stern
(1888-1969)

l

vakuum

rychlost...
Maxwell-Boltzmann

3 1
<Ek‘> = ikBT = §f1”l,r<'tfg>

|
ngT]lff = §M'2<Uz>

3 1 h?
—kpTM = —(p*) = —
FsTM = 3517) = 53

h
A= — M = A.u
)
T
v2) = 1584/ —
V() =158y
A=25x 10"

VAT
o - Gastice: A=4, T=900K == \ — 4.2 x 10" m
35
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Vinovy charakter tézkych ¢astic (molekuly, ...)

2200

Qe IRS, DElrakees ofoond belin mo krys- gor, i8¢, Difrakes moleiul wvodiks ma
Lalu fluoesde Jithia, '-cr}'-:l,.;l|||':'_l_|:.r|-:u Lichie.

difrakce atomU He (Ne) jedna z metod studia povrch(, je nedestruktivni
36
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