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9-1 Elektromanyatik Isima

Elektromanyetik 1sima, elektrik ve
manyetik alanin birbirine dik (boslukta
veya bir ortamda) dalgalar halinde

yayilan enerji seklidir.

Dalga bir ortamda enerji tasiyan bir

uyaricidir.

Birbirini izleyen iki dalga tepesinin en Ust
noktalari arasindaki mesafeye dalgaboyu
denir ve lamda (A) ile gosterilir.

Prentice-Hall © 2002

General Chemistry: Chapter 9

Slide 4 of 50



9-1 Elektromanyatik Isima

« Dalgaboyu bir dalganin en
onemli karakteristigidir.

o Belirli bir noktadan birim

zamanda gecen dalga
sayisina frekans (v), denir ni
Ile gostertilir.

 Frekansin birimi genelde 1/sn
ve frekans ile dalga boyunun
carpimi dalganin birim
zamanda aldigi yolu verir.
Buna dalganin hizi denir.
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Elektromanyetik Isima

Electric field component
|... \ p| \ Magnetic field component

Duguk frekans V- 12— B Of

travel

Electric field component
\ Magnetic field component
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irection

travel

(b)
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Frekans, Dalgaboyu ve Hiz

* Frekans (v) Hertz—Hz veya s

« Dalgaboyu (A)—m.
° cm m nm A° pm
(102m) (10°m) (10°m) (10 m) (101°m)

e Hiz (¢)—2.997925x108m s,

C=Av A=cClv v=C/A\
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Elektromanyetik Spektrum

Frequency, s |

1% 1022 1020 108 1ole 104 1012 1ot 108 10° 10°
| | I 1 : : | 1 1 : |
Y rays Radio
X rays Micro-
wiave
Ultra- Infra-
violet red
| | | 1 | | | | | | |
- 1% 1914 19712 10719 108 10°% 1074 1072 1oY 102 104

Wavelength, m

‘ ‘ ‘ ! |
A= 390 450 a0u 550 600 650 700 760 nm
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Elektromanyetik dalgalarin 6zelligi

Elektromanyetik dalgalarin en 6nemli iki 6zelligi girisim ve Kirinimdir.

- Siddetlendirici

. Yokedici

(b}
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Dalgalarin Girisimi

(a) (b)
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Isigin Kirtlimi ve Kirinimi

Bir 1sin demetinin yivli bir ylizeyden yansimasiyla
olusan girisimden kaynaklanan farkli dalgaboyundaki
bilesenlserinin sacilimina kirinim(difraksiyon) denir.
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(a) (b)
Isik bir ortamdan farkli bir ortama gecerken
Kirthir(bkdlir). Beyaz bir 1sik prizmadan gecirildiginde
Kirmizi 1s1k en az mor 151k en ¢ok kirtlir.
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Atom Spektrumlar

(a) (h) (€) (d) (€)
Hidrojen, Helyum, Lityum, Sodyum, Potasyum
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Atom Spektrumu

¥

Slit Prism

?

Helium :
lamp \

f
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Kuantum Teorisi

Isitilmig bir cisimden yayilan isima:, | Classical theory
Siyah cisim 1simasi VX
2 \ T = 7000 K
€=nv = O T = 5000 K
Pl N .

0 250 500 750 1000 1250

Wavelength, A (nm)
Max Planck, 1900:

Enerji de madde gibi strekli degildir. Klasik fizik bir sistemin sahip
oldugu enerji icin sinirlandirma getirmezken Planck kunatum teorisine
gore sistem belirli paketler halindeki enerjilere sahiptir. Herbir enerji

paketine enerji kuantumu denir.
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Fotoelektrik Olayi

« 1888 de Heinrich Hertz, belirli metallerin ytzeyine 1sik
carptiginda metalden elektron bosaldigint bulmustir.

» Elektron yayilimi yalnizca gelen isigin frekansinin esik
degerinin Gzerine ¢ikinca olur.

* Bu kosul saglandiginda yayilan elektron sayisi gelen 1s1gin
siddetine baghdir.

 Yayilan elektronlarin kinetik enerjisi 1sigin frekansina
baghdir.

e v>v, esik frekansi

» Elektromanyetik i1simanin taneciklerine foton
denir.
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Fotoelektrik Olay!

Plate

hv -é' ¥ F/f
W, vy /

Voltmelter LT

Evacuated chamber Frequency, v

(a) (b)
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Fotoelektrik Olay!

 Durdurma potansiyelindeki yayilan elektronun
Kinetik enerjisi potansiyel enerji olarak ifade
edilebilir.(Vs: durdurma potansiyeli)

1 mu? = eV,

2

 Esik frekansi v, ve gelen isigin frekansi v :

v, her metal icin farklidir. Eger frekans esik frekansinin altindaysa
fotoelektrik olusmaz. Vs 1s1gin siddetine degil frekansina baglidir.

V=K (v-v,)
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Bohr Atom Modeli

Electron Ry =2.179 x 1018 ]
excitation

- Light
emission
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Enerji-Duzeyi Diyagrami

n=c - - - - E.=0
5=3 --1 | Es=—Ry/5* = —872x107%0]
n=4 - 1 | E,=—Ry/4?*=-136%10"17]
=g == | Ey=—Ry/3?=-242x1071]
Balmer
series 7 ‘
n=2 = Y Ey= —Ry/22=—545x10"19]
B _ _ 'RH 'RH
: ANE=E,-E = — - —F
= | 2 2
= N¢ n,
=R, (— - —)=hv=hc/A
HA 2 2
n; N¢
[onization Lyman
I ¢ & § series _ ; A
n=1 L} E = —Ry/1?=-2179 X 10718]
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lonization Energy of Hydrogen

This also works for hydrogen-like species such as He* and Li?*.

hv =-Z2R,

Prentice-Hall © 2002 General Chemistry: Chapter 9 Slide 20 of 50



Emission and Absorption Spectroscopy

Prentice-Hall © 2002
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9-5 Two ldeas Leading to a New Quantum

Mechanics

* \Wave-Particle Duality.

— Einstein suggested particle-like properties of
light could explain the photoelectric effect.

— But diffraction patterns suggest photons are
wave-like.

» deBroglie, 1924

— Small particles of matter may at times display
wavelike properties.
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deBroglie and Matter Waves

E = mc?
hv = mc?
hvic=mc=p
p = h/A

A =h/p =h/mu
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X-Ray Diffraction
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The Uncertainty Principle

* \Werner Heisenberg

Microscope

Photon
h '«
AX Ap 2> 4_’_[ =© Microscope
Electron /
Photon A "
%\\
Electron

Prentice-Hall © 2002 General Chemistry: Chapter 9 Slide 25 of 50



9-6 Wave Mechanics

« Standing waves.
— Nodes do not undergo displacement. B

@ < " =N
=

R

09 | s o e
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Wave Functions

A
Energy | | _ _

: = |, psi, the wave function.

n=3 X7 — Should correspond to a
\\N ; standing wave within the
/ " boundary of the system being
n=2 TR | described.
 Particle in a box.
n=1
¥ L|J=1/Esin np X
| I | L L
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Probability of Finding an Electron

A
Energy

s
S N
Zero

1n

Il
o

.
<

P2 (x) = biﬂ (WTT )

The prohablhties
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Wave Functions for Hydrogen

e Schrddinger, 1927 EY =HY

— H(X,y,z) or #(r,0,0)

(r8.9)= RNYOGY : ‘V |

. _ _ Sg)hcri(_:al polar coordinates
R(r) is the radial wave function. B g 1
y = rsin 0 sin (!;

Y (0,0) Is the angular wave function. *Z"*"7
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Principle Shells and Subshells

* Principle electronic shell, n=1, 2, 3...

e Angular momentum guantum number,
(=0,1,2...(n-1)

[=0,s
[=1,p » Magnetic quantum number,
(=2, d m=-/...-2,-1,0,1,2...+/(
[=3,f
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Orbital Energies

Shell n =23 3s 3p——— 3d-

n=2 E| 2s 2p

n =1 ls
Subshell [ =0 [ =1 ] =72

Each subshell 1s made
up of (2/ + 1) orbitals.
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TABLE 9.1 The Angular and Radial Wave Functions of a Hydrogen-like Atom

Angular Part Y(0, ¢b)

Radial Part R, , (r)
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p Orbitals

i
i <

(a) (b) (¢)
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p Orbitals

z vz plane z z

X
xv plane
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d Orbitals
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9-9 Electron Spin: A Fourth Quantum
Number
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0-10 Multi-electron Atoms

 Schrodinger equation was for only one e-.

 Electron-electron repulsion in multi-
electron atoms.

« Hydrogen-like orbitals (by approximation).
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Penetration and Shielding
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Z .+ 1S the effective nuclear charge.

Prentice-Hall © 2002 General Chemistry: Chapter 9 Slide 39 of 50



9-11 Electron Configurations

« Aufbau process.
— Build up and minimize energy.

 Pauli exclusion principle.

— No two electrons can have all four quantum
numbers alike.

e Hund’s rule.
— Degenerate orbitals are occupied singly first.
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Hydrogen atom

Orbital Energies

Three multielectron atoms
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Orbital Filling
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Aufbau Process and Hunds Rule
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Filling p Orbitals
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Filling the d Orbitals

Sc:  [Ar] M| [Ar3d'4s2

Ti:  [Ar] M [Ar13¢%4s?

V:  [Ar] M| [Ar3d34s2

Cr: [Ar] [Ar]3d>4s]

[Ar]3d74s?

Fe: [Ar]

Co: [Ar] [Ar]3d 452

'
V| [Ar]3d%s2
v
v

Ni: [Ar] [Ar]3d %452

Cu: [Ar] LIS [Ar]3d!04s!

VI [Ar3a0as?

3d 4s
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TABLE 9.2 Electron Configurations of Some Groups of Elements

Group Element Configuration
1 H 15!
Li [He]2s'
Na [Ne]3s'
K [Ar]4s’
Rb [Kr]5s
Cs [Xe]6s'
Fr [Rn]7s’
17 F [He]2s2p’
Cl [Ne]3s°3p’
Br [Ar]3d'%4s5%4p’
I [Kr]4d'"5s*5p’
At [Xeldf'5d"%6s%6p’
18 He 1s°
Ne [He]2s*2p°
Ar [Ne]3s*3p°
Kr [Ar]3d'45%4p°
Xe [Kr]4d'55%5p°
Rn [Xeldf'*5d"%6s°6p°
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9-12 Electron Configurations and the Periodic Table

Main-group elements

~

5 block :
1 I3
— o
(B p block DL
H 2 13 14 15 16 17 | He
3 4 5 6 7 8 9 10
@)+ >
Li | Be Transition elements B| C|INJ]O]|F|Ne
B 12 |- —A 13 14 | 15 16| 17| 18
GD : d block y
Na [Mg | 3 4 ~ . L 8 2 10 11 12 | Al | i P 5 Cl | Ar
19 1 20 | 21 22 | 23 [ 24 | 25 .26 | 27 | 28 |29 | 30| 3 | 32 | 33 L34 | 25| 36
'-I-."u' = -
K Q a | 8¢ | Ti W Cr |Mn[ Fe | Co | Ni | Cu | Zn | Ga | Ge Ae@ Se | Br | Kr
a0, %\533 39 | 40 | 41 | 42 | 43 L 44 | 45 | 46 | 47 | 48 | 49 | 50| 51 L 52 | 53 | 54
54 - -
Rb | &r Y Zr | Mb (Mo | Tc [ Ru | BRh | Pd | Ag | Cd In | Sn | Sb T Te | Xe
S5 Los6 | 5T 72 | 73| 4 | 75 (l\?ﬁ 77 | 78 | 79 | B0 | 81 B2 | 83 L 84 | B5 | 36
'f'l'.'\' = Sd [
i
Cs [ Ba | La*| Hf | Ta | W | Re | Os Ir Pt | Au | Hg | TI Pb | Bi | Po | At | Rn
87 L. 88 | 89 | 104 | 105 é% 107 | 108 | 102 | 110 | 111 | 112
Ts E
Fr | Ra | Act| Rf | Db | Sg | Bh | Hs | Mt
Inner-transition elements
1 block K
58| 59 |60 | 61 [ 62 | 63 | 6465 | 66 | 67 | 68 | 69 | 7O | 7]
% 4f -
Ce | Pr | Nd | Pm | Sm | Eu | Gd ""fl"h Dy | Ho | Er | Tm | ¥b | Lu
o0 |0 |92 | 93 | 94 | 95 | 96 ";‘? 98 | 99 | 100 | 101 | 102 | 103
Th | Pa U |Np | Pu [Am |CmTBk [ Cf | Es | Fm | Md | No | Lr
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Focus on He-Ne Lasers
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(b) Stimulated emission
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Chapter 9 Questions

1,2,3,4,12, 15,
17,19, 22, 25, 34,
35,41,67,69, 71,
83, 85, 93, 98

General Chemistry: Chapter 9

Slide 49 of 50



