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Interaccion de la radiacion con la materia

El espectro electromagnético

Photon energy (J)

Campo electromagnético asociado a una onda de luz

107" 10" 107" 10°'® 10720 10°%2 1072¢ 10°% 10728 1073 1073 10"
] ] 1 1 1 ] ] ] 1 1 ] ]
Wavelength (m) Source
10-1% 10712 10°10 1078 1076 104 102 1 102 104 108 108
1 1 1 ] ] ] ] ] ] ] ] ]
Gamma X rays § % Infrared (IR) Microwaves Radio waves
rays BT radiation
S5 %
El
Visible light
400 nm 700 nm
© 2010 Pearson Education, Inc.
TABLE 19.1 IMPORTANT SPECTROSCOPIES AND THEIR SPECTRAL RANGE
Spectral
Range A (m) v (Hz) P (em™) Energy (I) Spectroscopy
Radio >0.1 <3 x 10° >0.1 &9 9% 1 NMR
Microwave  0.001 — 0.1 3% 10° -3 x 10! 0.1-10 11022 — 2% 1072 Rotational
Infrared 7x107—-1%x103 3x 101 —4 x 104 10—-1x10* 2X102-3x%x10"° Vibrational
Visible 4%107-7x1077 4x10—7x10" 1 X10% -3 x 104 3X10°—5%x107" Electronic
Ultraviolet 1 x 1078 -4 x 1077 7% 10 -3 x10'° 3% 10%—1x10° 5x10°-2x%x107" Electronic

Wavelength, A, the distance
between 2 peaks

Electric field,
perpendicular
to magnetic field

Magnetic field,

perpendicular to

electric field Radiant energy
propagation
direction

© 2010 Pearson Education, Inc.

© 2010 Pearson Education, Inc.

© 2010 Pearson Education, Inc.

La interaccion de un dipolo electrico
oscilante con un campo eléctrico
variable es la base de la interaccion
radiacion-materia
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Energy

Absorcién y Emisioén

Spontaneous Stimulated

A Absorption emission emission

2

© 2010 Pearson Education, Inc.

Stimulated Spontaneous
Absorption  emission emission

N, _ - . :
1 En el equilibrio (condiciones fotoestacionarias)
n° procesos absorcion = n° procesos emision
3 = 5 Biop(v)Ny = Boip(v) Ny + Ay N,
Lﬁcﬁ ﬂ;& <C Copyright © 2010 Pearson Education, Inc.
A21 167T2fLV3
B12 = le and — 3
| | By c
N;

Copyright © 2010 Pearson Education, Inc.
© 2010 Pearson Education, Inc.
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Reglas de Seleccion para transiciones vibracionales

I
I+

Oscilador armonico: Av 1
Oscilador anarmoénico: Av==*1, + 2, + 3,
sobretonos

Integral del momento dipolar de transicion mn _ *
entre los estados my n Mx /‘/’ (xX)pr(x)P,(x) dx # 0

Copyright © 2010 Pearson Education, , Inc.

Obtencion de los transitos permitidos mo(x(t)) = po, + x(2)
entre niveles vibracionales dx

Copyright © 2010 Pearson Education, Inc.

/J‘xo = A AOPLOx /Hm(a

d
+ A AO[ Mx) ]/Hm(al/zx)xH (a'?x)e™ @ x* g
x=0

Copyright ©@ 2010 Pearson Education, Inc.

n=0—m=2b+ 1, for b =0,1,2,

Copyright © 2010 Pearson Education, Inc.

© 2010 Pearson Education, Inc.
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Absorbance

Potencial anarmonico de Morse

>
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2
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: V(x) = D,|1 — ¢ @ %)
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e
© 2010 Pearson Education, Inc.
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D,=D, +E,=D,+ -

16D,

Niveles vibracionales para un oscilador cuantico con potencial de Morse

1\ () 1\2

E,=h\n+—-|-— i & = n=0,1,2,3, ..
2) 4D, 2
§ JL AE =hc/A =f(v,n, D)
. /| W

1/x/(cm™)

Espectro IR de CO y CH,en fase gaseosa
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Determinacion de Estructura Molecular a partir de Espectroscopia vibracional y rotacional

TABLE 19.3 VALUES OF MOLECULAR CONSTANTS FOR SELECTED DIATOMIC MOLECULES

7 (em™1) v(s™h x, (pm) k(Nm™) B (cm™1) Dy (kJ mol~ 1) Dy (J molecule ™)
H, 4401 187 54 il 74.14 575 60.853 436 T ST
D, 3115 9.33 x 10" 74.15 S 30.444 443 7.36 x 1071
'H3'Br 2649 7.94 x 10" 141.4 412 8.4649 366 608 10w
'H3ql 2991 8.97 X 1013 1275 516 10.5934 432 TLE S T
'H"F 4138 1.24 x 10 91.68 966 20.9557 570 9.46 X 1071
IH'?"] 2309 6.92 X 10" 160.92 314 6.4264 298 4.95 X 107"
@l 559.7 1.68 X 10" 198.8 323 0.2440 243 4.03 X 1079
Br, 325.3 GSP-AlE kL] 246 0.082107 194 2l Sl
R 916.6 0l S e 141.2 470 0.89019 159 eA 10
2 214.5 6.43 X 102 266.6 1572 0.03737 152 57 A0
4N, 2359 7.01010:° 109.8 2295 1.99824 945 157 <102
o), 1580. 4.74 x 10'3 120.8 il 1.44563 498 827 X 1071°
2else 2170. 2.56 X 10" 112.8 1902 1.9313 1076 1.79 X 10718

Source: Lide, D. R., Ed., CRC Handbook of Chemistry and Physics, 83rd Edition. CRC Press, Boca Raton, FL, 2003.

© 2010 Pearson Education, Inc.
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Light source

== Espectroscopia Infrarroja

Ecuacion de Lambert-Beer

dI(N) = —e(\)MI(A) dI RICOS
I - I(a) = e Io(A)

e—s(/\)Ml

| ‘coeficientede 1 Lo
o o _absorcion molar
|
CH, solo presenta 2 bandas en lugar de 9
BEGTG Pearson Edostion, ho: la estructura de las bandas es debido a transitos rotacionales

Modos normales de vibracion

Asymmetric
stretch

cO

~— O —— C —— QO =—f— :
Symmetric ] CH,4
stretch -
q) —
o
-
m —_—
o—e- e ,-JA
O—C=—0—+ 2 3 J | i

| | | ] | 1 | | I
1000 1500 2000 2500 3000 3500
1/A/(cm™)

— Espectro IR de CO y CH,en fase gaseosa

/ stretch \
3657 cm ™!
TABLE 19.4 LECTED GROUP FREQUENCIES
Group Frequency (<cnmr—L Group Frequency (cm ')
O — H stretch 3450-3650 C =0 stretch 1650—-1750
“ M N — H stretch 3300—-3500 C =—C stretch 1620—-1680
Antisymmetric C — H stretch 2800—-3000 C — C stretch 1200—-1300

L et =1 C— H bend 1450—1480 C—Cl stretch 600—800
10 Pearson Education, |

© 2010 Pearson Education, Inc.
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Espectroscopia Rotacional

h h J=16
E=——lJ(+1)= J(J +1) = heBI(] +1) v e
0 2 2 240 hcB
2Mr0 877 Mro I 210 heB
T ——— TABLE 19.5 FREQUENCIES NEEDED TO EXCITE [ 182 hets
| VARIOUS ROTATIONAL TRANSITIONS | & I I :22 s
- =10 I I 110 hecB
J_)J’ Av A(AV) | I L 72 hcB
0-1 2cB 2B == e
1-2 4cB 2B
W3 6cB 2cB t
34 8¢B x| §
4-3 10cB 2cB = U U
RotaCIén actlva en espectroscopla ©2010 Pearson Education, Inc.
de absorcion rotacional (microondas) =
AE = E(innal) - E(‘Iinitial)
forAJ = +1 15 co
Te 2 2 10
Regla de Seleccion AR, = P w2 - e
2ury 2urg < 8 /
A\J = il ﬁz h2 S 6
ZZW%[(J2+3J+2)— (J2+J)]=W%(J+ 1) 4 300 K
2
= 2hcB(J + 1) andfor AJ = —1 .

2 ﬁZ
AE. = ——(J — )J—=—=J(J + 1)
2“1"0 2/.1)"0
2 2
= 2[(J2—J)—(J2+J)}=—21=—2thJ
2urj KT

Copyright © 2010 Pearson Education, Inc.

(0] 5 10 15 20 25
L

ny_ &e—(EJ—Eo)/kT = (27 + l)e—ﬁ21(1+1)/(21kT)
no 8o

Copyright © 2010 Pearson Education, Inc.




"\ gL\gNNLa ) l Q- v dparn J mdwlru fa EJ@MJQJO

Jen
L cho (/}\A(. Mlc/) JAMM M JUM UL &MMMLO Se @AM

KDW/) Mﬂ W cb QMMCA&M (3 K ]
)U\Ac\v\oo W JLQ W AN WM@;},O 4/0 Lee ,(,L ”
h Siukuian ) /2/ a An MM sz\”x\(c é J( mj\’“‘”“;;“’

J/( Almwm WJXLUJM IYM M&M ffyl X[c?ulw\w

@Mu MR A kogiu ;:U.Aa Vb e WG\LMWQM e’)?g\“ &W ;LL
e (ooe S =%4) PRI T S i

S N Ak e Ja gt

B 1 Lhg” - A g&w a At R fura T

M \O,J Lg . % 243 \6\’\” p“v\ %Q)A»')AM&W -

AE ,WB“S(SH)/{ZT
/)/S g&é‘ e— o ‘r‘ @XH) @

T T ) ek (73w

L dado T hrouy ot b /

Vo da o Awr WAL 0 d ', Layo am W\{‘i(‘/\; ”®
NIV DR R SO PR o o A

el s ﬁ\“u“' (ol st 4} Lr a4 Judiady foogt

v A ewKrLQ 2 - o\'ﬂ )
£ %‘\QLWU M»D’M’W&M (R (@w&c ‘x\—«ﬁkﬂ(- L\A Ww
G VO | b

QV\UL @ )\L'»Q S wt‘% / o it U\ TAD

di oot vm;
gt ’L e e Vo

r u

Qoo Muw \6\°\J\°N‘W‘W Yer N %J )\\ o derare
clé’\&fu %JW

ke (w\/\u JM’\A«QW AR VQWC&J\A A ({\MA,N)\MVQULCA\W(M

v Aen MMMQJ?LL«LH \A&kWown’Lw’) AP) o

A@ (h,(wlw ccuvv/\kc\ Som waeo )?;.4 WMo %/‘*’ 6),&4(,1«144 u»?gw}(o




75\{ Egﬁ&)ec‘Y(g QOFO—UQ[D(A o”\o)ua,( @

o Aﬂk&w\rc\io\ BV U)\L\%‘\u e whodes 'mxmiu,uaho o | dan gl R
N CY\M UJTM \NC\HLIA V{L“(C‘QMML%. Ve f’/}& su,xc[xv\ CL/Q wc\ﬂ'(du’x AMA
ooadts ke theds wbuctomnadty Ao @karm -~ e
oo ke wietlyy vedo amadey came €
wﬁ\u\,\‘m\w A Lo \‘CWG\M\Q/\MM, Jc&.
wendo ATz 4:4—/ )S\J,v{\‘w»«k\o
Kro de alymetin w&fﬂmja,

\J\/\L{ A (G

\WY& Cen M L[AJB %\LX\MMO
yecdn A edicetan W)\Wwdwd Gyt
Q\'\M"w M A wisaly A GO eyt
< =3+l §2 gonn ot R

< —55-4 Yoo L

it B e
oo 5wz A
e WM“’:’“‘ An e Bl il s L abu U s 2l
fena Lo Y2 o R e

~ {
CAMALN

AEOA?L - MD“M [7\)’3,\)4— 2\44?)[3+i) R@uc\ )’L
A | 702

Afo-’wg = Wi "(MX[?\YH)#l\AcBS [ orrat P
< >3- ZDQ

! 1
Rl U/
Cd\()\.uxokp -0 >4 Aa Vw\kc vobya cmuuu»\ A2 V\J L,Z-—-gz,M l/o

AE (xuna B) = W), = 2 B(sH)
A5 Coome D)2 dolly it ZHE™ > whecd, 2. -

@@)&\th‘ﬂ 11,0 W\ng A }& L‘U“L&/ (,Q,\/\k\\fc-bkﬂ) L \'\/\)a/%‘L W‘KM\ s
WQ A«( XL\MM [U U/\LA(KCU O,Q(fpc,uwtu‘u C«,Lc/iuwk\m cvwl ‘L;w L&T}ﬂt&'
}@\ ¢ Ao R LE cw\xa C\/wa‘ Nw?( W UNLS uw\\ L‘BL!\LLQL ]S\m ¢ ?S\,«s L v
s : o O Ceo WS TUTVRI- N et

L&A‘cw\rJ‘S;M\uwf W)MM o g
G o[.lC/w Ao Q{\M %M*

il JINS =S (o O
v MJLW(/{AA WML c.wgfr‘ybdb o Lo

< 20,42, -

(M qu

MCI\ RN &,{ uuu.mo
A OAN ia Y aoonet @ A WM@QQ



Espectro roto-vibracional
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