B.Sc. Sem.- 6, CC CH 604, Unit-2

(A) IR Spectroscopy

* Introduction

* Molecular vibrations(fundamental vibrations of AX2 type molecule)
* Characteristics of IR Spectroscopy

e Sample technique.

* Finger print zone

* Effect of IR in geometrical isomerism

* IR Spectra and H- Bonding

* Factor affecting on >C=0 group frequencies

* Differentiate two compound by the IR frequencies
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(B)

Problem pertaining to the structure elucidation of organic
compounds using UV, IR & NMR spectroscopic technique.

(one out of two)
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Infrared Spectroscopy




The propagation of electromagnetic
radiation in a vacuum is constant for all

regions of the spectrum (= velocity of
light):

C=AXV

1A=10""m 1nm=10°"m 1pm=10"5m
Another unit commonly used is the wavenumber, which is linear with energy:

= ey LY
v (cm )_?\._c

Work by Einstein, Planck and Bohr indicated that electromagnetic radiation can be

regarded as a stream of particles or quanta, for which the energy is given by the
Bohr equation:

h=6.626 x 1034 Js

h-c —
AE = h v sﬁ.Tsﬁ.brdf.,CSéi\tollege, ¢ =2.997925 x 108 ms—?
I
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Frequency, v in Hz

~1019 ~1017 ~1015 ~1013 ~1010 ~105
Wavelength, A
~.0001 nm ~0.01 nm 10 nm 1000 nm 0.01 cm 100>m
Energy (kcal/mol)
>300  300-30 300-30 ~104 ~106

Radio

molecular molecular Nuclear Magnetic
vibration rotation Resonance NMR (MRI)

nuclear excitation  (Inner) core Outer
(PET) electron electronic
excitation (X-ray excitation (n
cryst.)



There are three basic types of optical spectra.

1.Electronic or Vibronic spectra (UV-

visible-near IR)

(transitions between a specific vibrational and rotational level
of one electronic state and a vibrational and rotational level of
another electronic state)

2.Vibrational or Vibrational-rotational

spectra (IR region)

(transitions from the rotational levels of one vibrational
level to the rotational levels of another vibrational level in
the same electronic state)

3.Rotational spectra (microwave region)
(transitions between rotational levels of the same
vibrational level of the same electronic state)
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FIGURE 1-3 Vibrational and rotational levels
of molecular electronic states A and B. The vi-
brational levels are given by v” and »’, while the
rotational levels are given by J” and J'. The three
arrows show the three types of transitions pos-

Dr. S.G.PATEL, Asso. Prof,, Ssiblgizg@lectronic (x), vibration-rotation (y), and

Himatanagar Ppure rotation (z).



IR deals with the interaction of infrared radiation with matter.
(s i IR (A3l a2l vidulbul 12 dsnad €9.)

The IR spectrum of a compound can provide important information about its
chemical nature and molecular structure. (ued-il IR agiuz i ueld-l usli x4 ol

| a1l HIlRdl 21U ©.)

Most commonly, the spectrum is obtained by measuring the of IR
radiation, although infrared emission and reflection are also used. (uelg-l IR agiue
> IR [Aleid 2taiinel, Gy i uldd- 4l Hoay 9.)

Widely applied in the analysis of organic materials, also useful for polyatomic
inorganic_molecules and for organometallic _compounds. (s[5 usldl »id

OLEURHLRALY 215161 FS AR i S16141[@AS UBLAL 21041, 112 Gulail ©)




Unit conversion

1 nm=10"° mtr 800 nm,
1nm=103x 10 ® mtr = 800 x 10 ° mtr
1 pm=10°mtr = 800x 103 x 10 *mtr
1nm=10"3 um = 800x 10 -3 um(micron)
= 0.8 um
1um=10"*x10"2 mtr =0.8x 104 x 102 mtr

1 um = 10 SR pareL, asso. Prof.,?ti.nge,Hm =0.8x10“* cm
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P Y =800 nm,

viem )=y =1 = 0.8 um
=0.8x10“x 102 mtr

1um=10“x10"2 mtr =0.8x10* cm
g

1um= 10" cm il

=1 /(0.8 micron)

=1/(0.8x10* cm)

=10000/0.8 cm)

Dr. S.G.PATEL, Asso. Prof., Sci .Caq|l -1
Himatanagar— 1 gbo cm



Wavelength, A

>
800 nm, 2500 nm, 15000 nm, 2 00,000 nm,
0.8 um, 2.5 um, 15 um, 200 pum,

12500 cm-" 4000 cm-? 667 cm’’ 50 cm-’

Wave numbers
DT. 5.G.PATEL, A550. PTOl., SCI. COlEgE,

Energy-{keal/mol)
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IR aelue il itid (PRINCIPLE OF IR SPECTROSCOPY)

Molecule are not rigid(>12L & -2l.)

Dr. S.G.PATEL, Asso. Prof., Sci. College,
Himatanagar



 Molecular vibrations

> BRLHIAL URHIBLAL AL €L dld v AL, elHxdl
el (Blor el UL Al Al WS B, - g8
-2l dell vqleldd sl sld 8§

The IR Spectroscopic Process

1. IR usgisidlul vladisH ada saied HIsMsa al3d 2l
YRHIGL SUrt 9.

2. Q,{ll{lé\l Q){i,?:l.el,“[‘.‘\l @1;:.“_ (‘[Qr]:’s Q{Q{@Q}{ ggr[:g;L Vibration of a Diatomic Molecule

Approximates an Oscillating Spring

3. 6L UMY A2 ASAUL%S oM, 6L URHIRLA %BLedl SUr 53l
[RBioL. sladoils AR 6i8 HidR.

4. Ael FuHedly vRHd glRl AHD ASIA

Dr. S.G.PATEL, Asso. Prof., Sci. College, VioletEsteemedApe-mobile.mp4
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e How many vibrations are possible (=fundamental vibrations)?
dieladl L qvuL 7?7

A molecule has as many degrees of freedom as the total degree of freedom of its
individual atoms. (8Ll $& HScldistl 2lall, ARl 2AULAAL URHISUAL $E Hsddidl 218 6RAGR €l 69)

Each atom has three degrees of freedom (corresponding to the Cartesian
coordinates), thus in an N-atom molecule there will be 3N degree of freedom.

£25 URHIRL 28l Hsclcdirl Slall HAd 9. dell N uHIgL Haladl 248, Hi sa 3N Hsddlel 29l 1y 9)

Dr. S.G.PATEL, Asso. Prof., Sci. College,
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Translation - ¥LLdIA

» The movement of the entire molecule while the positions of the atoms relative
to each other remain fixed (A4 2R Ol 53 €. AR UHIAAL wisoilon-il

Asail Rl MAd 28 ©)
» 3 degrees of translational freedom.

Rotational transitions -a™Melly

» Interatomic distances remain constant but the entire molecule rotates with
respect to three mutually perpendicular axes (Ald2 YRHMIRAIY id2 YN & &
U VAL AR URUR €L AL el AEGUL 52 )

> 3 rotational freedom (nonlinear), 2 rotational freedom (linear).

Vibrations — relative positions of the atoms change while the average position
and orientation of the molecule remain fixed. (UHIRLALAL AUE UL HEALY €9 U AR
ldR A RAlA vian W €9) Dr. S.G.PATEL, Asso. Prof., Sci. College,
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3N = Translation + Rotational transitions + Vibrations
LAY ARy el il

Vibrations = 3N — (Translation + Rotational transitions

Fundamental Vibrations

Degrees of freedom linear non-linear
Translational S 3
Rotational 2 3
Vibrational 3N-5 3N—6
Total 3N 3N

N = number of atoms in malecul&EtL Asso. Prof, Sci. College,
Himatanagar



There are two different types of vibrational modes:
(1) Stretching vibrations: 4000-667 cm™ (2.5 -15 um)
(2) Bending vibrations: 1550-500 cm™ (6.5 -20 um)

Vibrations can either involve a change in bond length (stretching) or bond
angle, bond axis (bending)

- / AN

v

Stretchifig G- PATEL Asso. Prof, Sci cRending
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Calculating stretching frequencies

Hooke’s law : —
\VAE Frequency in cm™
— 1
AV 5 \/ K c : Velocity of light => 3 * 101° cm/s
TC
: K : Force constant => dynes /cm
i : masses of atoms in grams
2nc=1.8876x1011=18876x10%°| - MMy M, M,
N = 6.0 * 1025 m; + m, (M; + M, )(6.02 * 10%)

‘\/ 60.2 * 1022 =7.758 * 1011 =77.58 * 1019

C—C K=5%*10°dynes/cm
— _ 1 K C=C K=10* 10> dynes/cm
Vv C=C K=15*10° dynes/cm

Dr. S.G.PATEL, Asso. Prof., Sci. College,
Himatanagar
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Calculating stretching frequencies

c=C —
v = _1 \/ 10*6/1185 1682 cm-L
(18.876 * 101°)

v = (77:58*10%)  [10* 10°

e 1682 cm?
(18.876 * 1010)

Vv = a1l \/L;OS - 1682 cm'

_ MM, _ (1212) — | 1
: (M, +M,)(6.02 *10%) ~ {12+ 12)/N = 6/N V Experimental =» 1650 cm

Dr. S.G.PATEL, Asso. Prof., Sci. College,
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\y = 1/2 ,]L
V /27cC |

C—H K=5*10°dynes/cm Ny = 1/2mc 5* 10° 3032 e
M, M 12)(1 M 923N -
= ML EMON S ((12)(+)1)N =923
Lo \/  Experimental =>» 3000 cm'?
C—D K=5%*10°dynes/cm — * 105
= 1/2mc 510 =2228 -1
v \/ 923/N .
u= MM, (122 g
(M; + M, )N (12 +2)/N Experimental =» 2206 cm™!

Dr. S.G.PATEL, Asso. Prof., 3ci. College,
Himatanagar



3/4
K: a . N {XAXB} + b
d2

a & b = Constant
N = Bond Order

X, & X; = Eelectronegativity of A & B atom
d = Bond distance

Dr. S.G.PATEL, Asso. Prof., Sci. College,
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As a covalent bond oscillates — due to the oscillation of the dipole of the molecule
— a varying electromagnetic field is produced ugulas oll=s UAlde &y € - UHLrL
[EsarL 2R sl [Ala SasgiHonles & Gau~t iy &

M
)
\

Vibration of a Diatomic Molecule
Approximates an Oscillating Spring

Dr. S.G.PATEL, Asso. Prof., Sci. College,
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When a wave of infrared light encounters this oscillating EM field generated by the

oscillating dipole of the same frequency, the two waves couple, and IR light is
absorbed wuiz $-s1¢ ustaAl doll Aud dd-Al 2HR1EI0L B3 gkl Gt 28d 2 illadl EM
Slegell ULHAL 52 €9, AR 6L AL S8 €9 2 TR ustaL s 9.

The coupled wave now vibrates with twice the amplitude 21 d3a1 gd o138l Su-dldRdlz w1
NG UYL 9

IR beam from spectrometer

“coupled” wave

) .

M oscilatingwve
r. SSO. Fro ci. Co ege,
from bond wbra’mggnagar

o

Vibration of a Diatomic Molecule
Approximates an Oscillating Spring




DIPOLE MOMENTS

Absorption of IR o (change in dipole moment)?

Only bonds which have significant dipole moments will

absorb infrared radiation.® = »tal ol 5 @4l Al (ghdl
BRLL Sl H518 L3Aa Wl & &

Dr. S.G.PATEL, Asso. Prof., Sci. College,
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Bonds which do not absorb infrared include:

ollvs 5 % Ovs14 ANl A2l dul lALdl aHd AU S:
e Symmetrically substituted alkenes and alkynes

R—C=C—R 3={

R R

e Many types of C-C Bonds

e Symmetric diatomic molecules

DII.-L-(l-.l)ATE L,GJS-CCIII’O]C., Sci. College,
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