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Spectroscopy
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Spectroscopy

fluorescence (F)

Absorbed

incident transmitted

B ——— B —

radiatioy radiation Yiation (Py)

Reflected radiation (P,) scattering (Py)
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Visible, UV #3a
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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




A15199 2 spectroscopy techniques

Nuclear Magnetic Resonance Nuclear spin coupling with an applied magnetic field
Microwave Spectroscopy Rotational Molecules

Electron Spin Resonance Spin coupling of unpaired electrons with an applied
magnetic field

Infrared and Raman Rotational of molecules

Spectroscopy Vibration of molecules
Electronic transition (Some large molecules only )

UV- Visible Spectroscopy Electronic energy changes
Impinging monoenergetic electron causing valence-electron
excitation

X — Ray Spectroscopy Inner- shell electronic transitions

Diffraction and reflection of X- ray radiation form atomic

[EVERS

Spectroscopy Techniques

Ultraviolet — Visible Spectroscopy
Infrared Spectroscopy
Nuclear Magnetic Resonance Spectroscopy

Mass Spectrometry




LASRINA L1 Spectroscopy

UV-VIS Spectroscopy

source of wavelength absorption

radiation selector cell

signal radiation

indicator detector

IR Spectroscopy

source of absorption wavelength

radiation
cell selector
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Ultraviolet — Visible Spectroscopy

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

C=C, C=C-C=C, @

Electron transition

AAaEY : 2 - cyclohexenone

1.0

absorbance

220 260 280




mIaeng : naphthalene

absorbance

260 280 300 320

Alkenes & Conjugated dienes
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molecular
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Bonding
— T,(HOMO) molecular
E 7T (HOMO ) orbitals

Tl
—
CH,=CH, CH,= CHCH = CH,

ethylene }\‘mu\= 165 nm 1,3-butadiene }L = 217 nm

max

The relative energies of the T molecular orbitals of ethene and 1,3-butadiene




\Na®1FNTZ U conjugate 1N 9)

- #1sUsenaunid aanauLasda Visible

CH,

. . y \
cn, cH, CcH,
Q /\/'\/\/I\/\/\/\/\/@
A\VANVEVE Y Y YA\ Y\ "N
| CH, | | !
l (‘"3 CH1 (‘"3

CH,

B—carotene: a widely distributed plant pigment

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

@@@@ Naphthacene

Absorption : 444 and 474 nm ; color : orange

@@@@@ Pantacene

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

Graphite

Absorption : all visible wavelengths ; color : black




d91 UV-VIS Spectroscopy

® Unsaturated functional groups
- double bond
- conjugate C=C-C=C
- conjugate zuUluA

® FMTAANAULEN
- double bond Wa&aNI1 200 nm
- conjugate 200 — 400 nm

- conjugate i:uﬂqu LNA®1SNA 400 — 800 nm

Infrared (IR) spectroscopy

2-30 KUm
29N 119U 2.5 — 15 Um

A15DUNSELNAANITAY (vibration) WuszlAAaUALAANNS
fm vA 1sa 1AL9R

Functional group fN4NU AzAANAY IR NANNLNIARUFAINNAY

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

alcohol, ether, ester, etc.




whaz functional group gtluuunisaanauninuuaulidnazagluaisia

Functional group class | Band position(cm™) | Intensity of absorption
Alkane, alkyl groups
C-H 2850 - 2960 Medium to strong

Alkenes
=C-H 3020 - 3100 Medium
C=C 1650 - 1670 Medium
Alkynes
=C-H 3300 Strong
-C=C- 2100 — 2260 Medium

Alkyl halides
Cc-cl 600 — 800
C-Br 500 - 600
C-1 500
Alcohols
O-H 3400 - 3640 Strong ,broad
c-0 1050 - 1150 Strong

Functional group class | Band position(cm™) | Intensity of absorption

Aromatics

Medium
1600, 1500

Amines
N-H 3310 -3500 Medium
1030, 1230 Medium

2500 - 3100 Strong very broad
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2.

NMR Spectroscopy

'"H NMR (proton NMR)
3C NMR (carbon NMR)
szlagiiuas '"H NMR spectrum
1. UANANIIZURIDLANATAUTDURILARLE WD H

2. UANWUBLNNILANUTANITAALTEUNAITAY H
AZAAN

NMR Spectrometer

Radio-frequency | | Detector &
and =
generator = d o
amplifier i

—
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) “128 ppm

Upfield AR UILIUURY peak NAIULNUDY spectrum
Downfield AR L3104 RY peak NIATUTIEURS spectrum

NMR Spectrum IALVLUNUFIFD19BY AD tetramethylsilane

(TMS), (CH,),Si
CH3

CH, - Si - CH,

CH

3

N19ANRITUAT chemical shift

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

AIBENY AIATUINY O UBINTAANAULAIN 1500 Hz

a v o ala ' <
downfield @10 TMS 132 ldlATaINNFUINLNLIRAN
300 MHz

1500 (Hz)
300 (MHz)

5 ppm
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maagine methanol

intensity

less shielded more shielded

lower field (downfield) higher field (upfield) TMS
= +

Chemical shift, ppm

increasing magnetic field strength (Hy) ———>=

FLAUADINTLN AN Y U

or

Equivalent H WAREZNEN ALLNANTS absorb WAINTUN

chemical shift (8) AN9NL

02.11
d 1.01 C|H3 (”)
CH, - C - CH, - C - CH,

CH, 0232
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Equivalent proton (H)

Aae Tuanandl equivalent H 1 ngau

0
[ 7
CH,- C - CH, CH,- 0 - CH,

Cl-CH,-CH,-Cl CH,-C=C-CH,

paat1g NMR spectrum AAIFI1TNH equivalent H 1 mg:u

1
CH,CCH,
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Aaat1g Talanandl equivalent H 11nnd1 1 nga

: AUNNINNAN 1 HEYEYNEY

cl
CH,CH,CI |
. CH,-CH
\
cl
CH,CH,OCH,CH,
R CH,CH,OH

0
Il
CH,CH,COH

paat1g NMR spectrum AAIFI1TNH equivalent H 2 mg:u

1]
CHLCOCH,
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Chemical shifts of common types of proton

agll . vay < [V 1
NUNLANAAR9 'H NMR spectrum aziiludngdau
TAAFINUINUIU H

Methoxyacetonitrile CH, -0 -CH, - CN
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N15LNA spin—spin splitting “ fine structure”

spin—spin splitting = n + 1
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e e
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1:6:15:20:15:6:1

1
2
3
4
5
6
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Aaae1g 'H NMR spectrum
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LULElNim  a9Wa1sae "H NMR spectrum siabilfidntluaesansia

CH,-CH-CH,  wsa CH,CH,CH,Br
Br

Spectrum 1 AR &9

Spectrum 2 Aa @19
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Mass Spectrometry (MS)

Organic

compound .
molecular ion

M? (WRISTUNINLNUNE)

LANAA

fragment ions
(carbonium or radical)

Mass Spectrometer (MS)

lons deflected according to m/z

Detector

&l lonizing
— electron

* Filament

Figure 12.6 Schematic representation of an electron-impact
magnetic-sector mass spectrometer. '
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@—CHZCH_; + e

Ethylbenzene (mass 106)

Mass spectrum of hexane C6H14

Intensity

+

L]
Loss of CH,
CH,CH, ’

Loss of CH,=CH,

Loss of CH,CH,

+

- @—CHZCH3 + 2e
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O
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+
H H
N
H— H

N\
H H
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H
N

H—

7N\
H H

phenyl ion (mass 77)

23



Relative abundance of ions (%)

Relative abundance of ions (%)

Figure 12.7 Mass spectra of (a) methane (CH,; mol wt = 16) and
[b] propane (C3Hg: mol wt = 44),

L4

Aaya Mass spectrum uan MW

¥ a =] (] %
g‘].]LL‘LI‘LI N1gLLAN mmmmi@umsﬂm | Ll uaneole

wnwgldlunisuaniassasamalulaiana
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Waia1s B ldiasiziisag 'H NMR lasilnasuasgy

ARTIMIU a:b = 3:2
é’aﬁ”’u a equivalent H
b equivalent H
MU a WAAINISAAAIURY H WL
MU b WAAINITAAMIURY H WL
ua1s B NGMASIASIRSIN An

wulinim  ansdunsdagns C,H,0, N IR uaz 'H NMR spectrum AW

1. grsdunsaiiluasdszianle 2. aadaugnslasasreiiiiulls

IR Spectrum

"H NMR Spectrum
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