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Spectroscopy

ARULALIAN IAAN

<
I
9]
<
non
w >
X C
—
o
[o¢]
3
~—
77

T

Frequency (v) in Hz
mll

1012 10
T T

1016

Microwaves | Radio waves <>

Wavelength (1) in cm

ire 12.12 The electromagnetic spectrum.




Spectroscopy = ?

___________ fluorescence (F)
o Absorbed
incident transmitted
radiatioy radiation Yiation (Py)
Reflected radiation (P,) scattering (Py)

M15199 1

S9@Nnd
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Visible, UV #58

X-ray

Infrared

Far-infrared or

Microwave

Radio frequency

Electronic transitions

Vibrational or rotational changes

Molecular vibrational changes with superimposed

rotational changes

Rotational changes

Too weak to be observed except under an

intense magnetic field




A1919% 2 spectroscopy techniques

Nuclear Magnetic Resonance
Microwave Spectroscopy

Electron Spin Resonance

Infrared and Raman

Spectroscopy

UV- Visible Spectroscopy

X — Ray Spectroscopy

Nuclear spin coupling with an applied magnetic field
Rotational Molecules

Spin coupling of unpaired electrons with an applied

magnetic field

Rotational of molecules

Vibration of molecules

Electronic transition (Some large molecules only )
Electronic energy changes

Impinging monoenergetic electron causing valence-electron

excitation
Inner- shell electronic transitions

Diffraction and reflection of X- ray radiation form atomic

layers

Spectroscopy Techniques

1. Ultraviolet — Visible Spectroscopy

> W N

Infrared Spectroscopy
Nuclear Magnetic Resonance Spectroscopy

Mass Spectrometry




\A3R9Na LW Spectroscopy

UV-VIS Spectroscopy

source of wavelength absorption
—> —
radiation selector cell
158 monochromator ‘
signal radiation
<
indicator detector
IR Spectroscopy
source of absorption wavelength
— —
radiation
cell selector
signal radiation
<

indicator detector




Ultraviolet — Visible Spectroscopy

A & 200-400 nm UV
X 400 -800 nm VIS
¥ unsaturated functional groups %

c=C. C=C-C=C, @

Electron transition

A

MIagE1g : 2 - cyclohexenone

W7 T T T T T T T T T T T 1

’ 0]
I

08 L

absorbance

1.0

0.8

1 0.6

0.4

T 0.2

0.0




AIAENY : naphthalene
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- #15UsEnauniE AANAULRITI Visible

B-carotene: a widely distributed plant pigment

Absorption : 466 and 497 nm ; color : red-orange

@@@@ Naphthacene

Absorption : 444 and 474 nm ; color : orange

OIOI0I00) e

Absorption : 533,575, and 580 nm ; color : blue

Graphite

Absorption : all visible wavelengths ; color : black




atgﬂ UV-VIS Spectroscopy

® Unsaturated functional groups
- double bond

- conjugate C=C-C=C
- conjugate szuUluA

® FNTAANAUUEAY
- double bond Wa&ana1 200 nm
- conjugate 200 — 400 nm

- conjugate szuvlun LNAF1SNA 400 — 800 nm

Infrared (IR) spectroscopy

A= 2-30 Wm
9N151E9 2.5 — 15 Lm

A15DUNIELNAANITAY (vibration) WuszlALAUALAANIS
g WA 15a 1A99D

Functional group fN4NU AzAANAY IR NANNLNIARUFAINNAY

. alkane, alkene, alkyne, aldehyde, ketone, carboxylic acid,

alcohol, ether, ester, etc.
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Functional group class | Band position(cm'l) Intensity of absorption
Alkane, alkyl groups
C-H 2850 - 2960 Medium to strong
Alkenes
=C-H 3020 - 3100 Medium
Cc=C 1650 - 1670 Medium
Alkynes
=C-H 3300 Strong
-C=C- 2100 - 2260 Medium
Alkyl halides
C-Cl 600 — 800 Strong
C-Br 500 - 600 Strong
C-1 500 Strong
Alcohols
O-H 3400 - 3640 Strong ,broad
C-0 1050 - 1150 Strong
—
£a
Functional group class | Band position(cm’l) Intensity of absorption
Aromatics
// - 3030 Medium
C=C\
< /C 1600, 1500 Strong
N_ 7
Amines
N-H 3310-3500 Medium
C-N 1030, 1230 Medium
Carbonyl compounds
C=0 1670 - 1780 Strong
Carboxylic acids
C-H 2500 - 3100 Strong very broad
Nitriles
C=N 2210 - 2260 Medium

10
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1.

2.

NMR Spectroscopy

'"H NMR (proton NMR)

3C NMR (carbon NMR)

Uselagyuaas 'H NMR spectrum

1. ULANANIITURIBLANATAUSAUTILAREA s H

2. UBNWUBZNILANUTANIFAALTLIAIARY H
ATADN

NMR Spectrometer

‘ Sample

Magnet

North

4 C”Tf’".;

Radio-frequency Detector
generator N anf:!
amplifier

Recorder chart

Figure 13.4 Schematic operation of an NMR spectrometer.
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'"H NMR Spectrum

NMR spectrum plot §214214 intensity of peak N1 chemical
shift (0) #1428 ppm
Upfield AR U3L20uR9 peak NMYANLLANURG spectrum

Downfield A U3L20UARY peak NIANUTIEURY spectrum

NMR Spectrum IALVLUNUFIFD19DY AD tetramethylsilane

(TMS), (CH,),Si
CH
|

CH, - Si - CH,
|
CH

3

3

N19ANRITUAT chemical shift

O = observed O downfield from TMS (Hz)
V of NMR spectrometer (MHz)

AIBEIN AIATUINL O UBINTAANAUWAST 1500 Hz
downfield a1n TMS iialdiATasnFauInNusiuan

300 MHz

o7}
I

1500 (Hz)
300 (MHz)

5 ppm
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maasine methanol

H
|
H— O—(‘If H
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<
= less shielded more shielded

lower field (downfield) higher field (upfield) TMS
increasing magnetic field strength (H)
Chemical shift, ppm 0 ppm
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Equivalent proton (H)

Aqating Tuiananal equivalent H 1 ngx

0
I
CH,-C-CH,

Cl-CH,-CH,-Cl

CH,- O - CH,

CH,-C=C-CH,

CH, CH,
N\, /
c=cC
7 N\
CH, CH,

A22£i19 NMR spectrum 22481993 equivalent H 1 ngu

CH;3Br

I
CH,CCH;

T T T T T T T T T T
a 8 7 & S 4 3 z 1 0
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Aaa1g Taanandl equivalent H 11nnd1 1 ngx

L 4

: AEUNANINNAN 1 Feyaunod

CH,CH,CI

CH,CH,0CH,CH,

0
I
CH,CH,COH

cl

|
CH,-CH

|

a

CH,CH,0OH

CH,CH, CH,CH,

N, 7/

c=cC
7\
H H

R84 NMR spectrum 22981593 equivalent H 2 nga

Il
CH,COCH,
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Chemical shifts of common types of proton

Type of proton 0, ppm Type of proton 0, ppm
RCH, 0.9 C=C-—H 4.5-6
R,CH, 1.3 O)+ 6.5-8
R,CH, 1.7 R—CHO 9-10
Z=C—C —H 1.5-2.5 RCOOH 10-12
— C=C —H 2.5 ROH 1-5
Z—C —H 2.5-4

; . - YP="] < [V 1
NUNLANALR9 'H NMR spectrum azlludndau
TagIMSINUAIIUIU H

Methoxyacetonitrile

3

:2

®

CH, - O - CH, - CN

(a)
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N15LNA spin—spin splitting

spin—spin splitting = n + 1

“ fine structure”

ﬂ; [ o c;m [ %3 o o
W12 N 1uaIUIN H NEanuA1sUauaann bl

urulilsnau ANHUSNA ANTIFIU
0 Singlet 1
1 Doublet 1:1
2 Triplet 1:2:1
3 Quartet 1:3:3:1
4 Quintet 1:4:6:4:1
Sextet 1:5:10:10:5:1
6 Septet 1:6:15:20:15:6:1

spin — spin splitting

Structure

Spin states (2")

Signal of H,

= FFI
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A2ae19 'H NMR spectrum
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CH,-CH-CH,  wsa CH,CH,CH,Br
Br

Spectrum 1 A2 @19

Spectrum 2 A@ /19
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Mass Spectrometry (MS)

Organic SELAel

1a M: + @

compound .
molecular ion

M? (WRIUNINLNUNE)

WANGA

fragment ions
(carbonium or radical)

Mass Spectrometer (MS)

Ions deflected according to m/z

g Schematic representation of an electron-impact,
-UCsSector mass spectrometer.
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Figure 12.7 Mass spectra of (a) methane (CH,; mol wt = 16) and
(b) propane (C;Hg; mol wt = 44),

ﬁﬂga Mass spectrum uan MW

- sduuunsuanAIIaIdNsaunse e o uanse
gl lunisuaniassasenigluluiana

24



AIaEne A1sauvstilsznaunds C waz H dminlaana 58
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