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Electromagnetic radiation Electromagnetic waves

Electromagnetic waves

o Electric and magnetic fields

E=iEs=iEpcos(wt—kz)
B=jB, =jBy,cos(wt— kz)

Electric Magnetic
field field

o Periodicity
o Space = E(z) = E(z+ \) = k=271/A
o Time= E(t)=E(t+71) = w=2n1/7 =27V

: _ 1 _ 8
e Velocity = ¢ = Teois = 2.997910° m/s
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Electromagnetic radiation Photons

Photons

A Black-body spectrum

iance, Wi(m? um sr)

e Plank (1900) = EM radiation
= Photons = Einstein (1905)

Spectral radiant emittance, Wi(m? pm)

o Energy = E=hy = E=h§ =hw (h=4%)
e Momentum
E = \/m3c* + p2c?
»U/ m0:0

E
C

> =
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Electromagnetic radiation EM spectrum

EM spectrum

THE ELECTROMAGNETIC SPECTRUM
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& EM spectrum

Electromagnetic radiation EM spectrum

EM radiation A (nm) E (eV) Molecular transitions
Radio 3 x 10%- 4x107°-

Microwaves 3x10%-10° 4x107%-1.2x1073 rotation
Infrared (IR) 3.84x10%*-10° 12x1073-17 vibration
Visible 780-390 1.7-3.2 electronic
Ultraviolet (UV) 390-10 3.2-120 electronic

X Rays 10-0.006 120-2.4x10% ionization
Gamma Rays 0.1-1x10"° 10%-108
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Time-dependent Schrédinger’s equation
2 0O . e ] -
W# Time-dependent Schrodinger's equation

@ Postulate 5. The time evolution of the system is governed by the
time-dependent Schrédinger's equation

oV(x,t)

ih o H(x, t)¥(x,t)

@ Stationary state
W(x, t)]? = [(x)[?

W(x, t) = (x)e EL/M
Ay = Ey
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U L
Bl Transition probability

o lIsolated system = A (x){” (x) = ESV%{V (x)

@ Stationary state

D(x, 1) = WO (x)e EOM L jwi(x, )2 = [V (x)

e Perturbation (EM) = H(x,t) = HO)(x) + A'(x, t)

7 — il (0) 0

ih2YD — ()W (x,t) W, t)=3 (e (x)e T "
J
. _£© . 0
i GO e 5 =5 GO (O (ge T
J J
00\ _s.

Joe 00 0D (ax= (1] >6J,m{ 0 m4]
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(\VEIATEEL [EL RISl Transition probability

Bl Transition probability

HL (8= 1A (x, ) [

in%em —s~ i (t)H. (t)e™mi* m=123,...
t - j (0) _ (0)
j Ey’ —E
Wmj = ——
mj 7

|3
W(x,0) = ¥ (x)—= ¢(0) = 6

o If H' < EY) — B = indem(®) ~ 1 (¢)eitomnt

em(t)=2 [EHY,(t)emnt dt!

1 ¢ .,
Prom(D= en(O = g | [ Ho(€)e5" e
0

2
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U L
Bl Transition probability

o Force F:qE—}—ﬂVXB
c
§vnl~ag
F~gqgE
o Potential energy
F=-VV > V:—/Fdr

|l discrete charges
V= _Zqiri'E: —p-E
i

——
I

IJ;% electric dipole moment
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U L
Bl Transition probability

@ Dipolar approximation = molecular size < A

E~iEpcos(wt) = H = —pE = —pyEox cos(w t)
1
Hpn(t) = —Eox (mlpx|n) cos(wt) < =Y qixi
—— .

1
transition
dipole
moment

2
| EoxPl{mlie|n) 2

Pn—>m(t) hz

t
: /
/ cosw t'e'“mn t dt’
0
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U L
Bl Transition probability

ei(wmn-‘rw)t -1 ei(wmn—w)t -1 2

| EoxPl(mlpsel )2

Pn—)m(t) 4h2

Wmn + w Wmn — W

® Eox #0
o (m|ux|n) # 0 = Selection rules

o fwmp —w <K wmp +w

ellwmn—w)t _q

2 2
E
Posm( £)= LE0x 2 ml x| )

4h2

_ | EoxP[{mlpx|n) |? sen®(wmn — w)t/2

Pn%m(t) 72 (UJmn — w)z
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(\VEIATEEL [EL RISl Transition probability

Bl Transition probability

o Maximun
Ww=wmn— Emn— E, = hv

Po(to)

o Absortion
v>0=E, > E,

O )

° |fwmn+w<<wmn_w
P om(t) = (B LHmlind M sen*(wmn +w)e/2
o 2 (Wmn +w)2

o Maximun W= —Wmn— E,— E;, = hv

o Emission v>0=E,> E,

Adolfo Bastida (Universidad Murcia) Atomic spectroscopy

Physical Chemistry | 13 /18



Atomic spectroscopy Hydrogen atom

Hydrogen atom

e Transition dipole moment = (v;|p|1);)

p=—er

r=xi+yj+zk=r senf cos ¢ i+r send sen ¢ j+r cosO k

Wil e[y = Lt 1t g |01, m,ms )

<¢n/,//’m/’m;‘P'W)n,l,m,m5> :_efooo R:/J/(r) r3 Rn,/(r) dr
. 02” I e;’m/(e) ¢;/(¢)[sen 0 cospi+senf sen¢j

+cos 0 k]O;, 1 (0) Pm(p) sen O db dep (ms/|ms)#0

o (my|ms) #0 = ms =m., = Ams =0
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Atomic spectroscopy Hydrogen atom

Hydrogen atom

0 (0% [Op)=[7" e ™ PeMPdp£0 = m=m' = Am=0

(@ | sen ¢|dm)= [T =™ ¢ sen &M dp£0 = m'=m+1 = Am=+1

(<I>:;/|COSqf)\<1>,n):fO27T e—im'e cos peM?dp#£0 = m'=m—1 = Am=-1

1" m’

(O | 5en 0]O )= [27 ©% ,(8) sen 0©,(0) sen OO0

I"'m!

{ (O | c0s 0]©m)= 027r ©% ,(0) cos00),(0) sen 0dO+£0 } o Al

(R v \r|R,,Yl>:f0°° R:/J,(r) r3 R, (r) dr#0 = An=0,£1,£2,...
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Atomic spectroscopy Hydrogen atom

Hydrogen atom

o Energy differences (excitation = np > nyp)

uZ%k%e* (11
AEp n, = En, — By = T o2 \ 2T 2

@ Lyman series = n; = 1 = transitions from the 1s state
1s — 2s = Al = 0 = Forbidden

1s —» 2p = Al =1 = Allowed

1s — 3s = Al = 0 = Forbidden

1s — 3p = Al =1 = Allowed

1s — 3d = Al =2 = Forbidden

Transitions 1s — np
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Atomic spectroscopy Hydrogen atom

Hydrogen atom

o Balmer series = n; = 2 = transitions from the 2s or 2p states

e 25 — 3s = Al = 0 = Forbidden
e 2s — 3p = Al =1 = Allowed
2s — 3d = Al = 2 = Forbidden
2p — 3s = Al = —1 = Allowed
2p — 3p = Al = 0 = Forbidden
2p — 3d = Al =1 = Allowed

Degenerated transitions 2s — np, 2p — ns, 2p — nd
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Atomic spectroscopy Hydrogen atom

Hydrogen atom

o Initial state 2s = Relaxation into 1s = A/ = 0 = Forbidden
= Metastable state

@ Spin-orbit coupling = x L-S
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