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Spectroscopic Methods

e Mass spectrometry
e UV-visible spectroscopy
e Infrared spectroscopy

e Nuclear Magnetic Resonance
spectroscopy
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Mass spectrometry
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® Mass spectrometry 3LAT1ZY ions MAATUINEIUNALT W
ANEMINAIUNIAFDLTE] m/Z

! = [ % %l/ 1 A .
® Jons @Quslﬂﬂalllﬂﬁ‘trﬂ +1 ANUUAT m/Z ARNINURY ion

A Gl 1 k2
® Mass spectrum A® AT NUTANITNUAAIATANLLN

o/ o g

AUWNS (relative intensity) 1BNATYQYIUNUAREAT m/Z

® base peak : AoynuNHAMNTNgINgARRLTW 100%

a

intensity 209 ion auAAUERTIAIN % U89

403221-spectroscopy 4
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Alkane

ionization .
CH,CH.CH, —_— [CH3CH2CH3 ]
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® Benzene

@ Alkyl substituted benzene

tropylium ion or
cycloheptatrienyl cation




® MS aromtic compound
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Electromagnetic Waves

= 1 1 1 1 al < 1
® ARULAITIANE ) U BrsNaBRUlA (visible) T2
aandlalatan da9dunssn tluaauusiuan Wil
® AAULUATUNAMNLIIARULANFANINU

1 < al A= 10 -1
@ LLANAINNLTIAAULNINUAD 3x10" " cm.s
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Electromagnetic Waves

® ANNTARAUANNUSNUAIMNLENIARUATNANNNS
v=CclA
WHa VAR AMNDAAYLUL9S Hz

(hertz ARATUIUTAUADIUN)

A AaANEIIARWIUUUEAE m
a 2 8 -1
ARAIINLS? 3x10° m.s
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Electromagnetic Waves
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Electromagnetic Waves

QJ

¢ wasuilaanaldfuiintuduiusiunnuiaasssd
ANANNNG
AE=hv
de  AE Aendsaufilésuluming 1 Goule)

h ARA1AINAA Planck NAN 6.626x107* I

A dl dl 1
v Ae AcuDAaLlmag Hz
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Electromagnetic Waves
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Spectroscopy

® N1SANEN interaction SEUINNWARIINU
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Spectroscopy

® AL1nmsN (spectrum) Pa9815Us=nauna plot
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UV-visible Spectroscopy

® 593 ultraviolet AINENIAAYW A = 100-400 nm (10°° m)
® 537 visible ANNEINIAAY A = 400-800 nm

o | o a . . o va & a dl
® VWAWNUTWIIA UV-visible azyinWBidnmsatAnnsiaeu
ANN92ANN orbital NIEAUNANUAN G orbital NANAIII

A o

ANAUIN

a e

& UV-visible ADANINNAUSZAUTAWUESAIN
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® BANNITNNIUAAY UV-visible spectrometer
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UV-visible spectrum

A
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= dld =
® ;“max AIHETIANUNHNNITAANAY
S AN o a dl
NANINNEGA

e Absorbance

A =log(l /1)
A =¢ecL

¢ =molar absorptivity (M-tcm1)

¢ =molar concentration
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[ ] ﬁ/ﬂgaﬂ’m UV-vis spectrum 24 e

N
2,5-dimethyl-2,4-hexadiene
}\‘mgt;anol 2425 NM (€ = 13,700 M-tcm

® snvinazanai lifedlinAnauiaddag Uv-visible 1

hanol ethanol chloroform

isible. spectrum UN9ATILTENIN electronic spectrum

INFENENd eI uN1INILAUBLANATAY
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® N15AANAY UV-visible 1BIUBAAY

WA

"
T*——7p LUMO
— 13" LUMO
: : T -->T0*
excitation

_H_ —H— n, HOMO
T = HOMO

—
N CH,-CH, CH,-CH-CH-CH,
TN Apax 170 1M Amax 217 M
NN

HOMO = Highest Occupied MO
LUMO = Lowest Unoccupied MO
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N19AANAY UV-visible 1B9uaaAY

Ao o a & a
® asuUsenauNANUSE T N19NTeAUBLANATAULAASIN
sEAU TC -> TC*

® alkene Wag non-conjugated diene 3 }"max A1N21 200 nm

® conjugated multiple bond & 7“max #4n91 200 nm

F2NAUNNINUIU conjugated multiple bond NNAU
ANENIARULNIUY
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813sznay Amax  Emax
H,C=CH, 171 15,530
ethene
H,C=CH-CH=CH, 217 21,000
1,3-butadiene
H,C=CH-CH=CH-CH=CH, 274 50,000

1,3,5-hexatriene

497

B-carotene
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N1sAANAY UV-visible 12981515snauasuaiia

[C=0)
A 7 Uy
excitationg — .
i iexcitation I
CH3C—CH,
\ 1 -
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N1sAANAY UV-visible 21298151l5znauA1suaiia
(C=0)

® acetone Qﬂngu?ﬁaﬁ Kmax 280 nm, € 15

max

¥ a Y a & [ %
o me@mn%‘uﬁl,nmmnn'\snsw;uﬂLaﬂm@umm‘mu n-->7C*

® f15153nauNA C=C conjugate Nl C=0 HN1TNTTHU

< &
\aﬂmm@ummn n-->7C* WL T0-->TC*

Q N-->1" Ay 324 NM &
H,C=CH-C—CH, gn->g* A __219nm ¢

/

max = 24
= 3600

max max
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UV-visible spectrum uanazlais1ng

= Q

® gsAuNIENAANAUSIR UV-visible Anauliansa
® §158UNFE7IAANAUSIR UV-visible NIANENIARUSS

Y conjugated TT system
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Infrared Spectroscopy

® 5933 UNTIAADFIA 11T
AYNENIARL A =2-50 um (107° m)

AYNND (wavenumber) V=1/A = 4000-500 cm™*

Utnef@aunIeaazn A AN asuul aeniedu
Miauiluluana
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a o a < . . a
® Tauianaa15aun3dazin194U (vibration) 2 WULIAR
. =
bond stretching (81A-11M)

angle bending (48) TEWAIIUAININNITRULLL

stretching
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® AL UBINTAUNUSZLUUFN o)

(v N Lv N
stretching .‘ e‘

€’ ¢
‘ symmetric H antisymmetric ‘
K’L’ VL’
bending .‘ .‘
In plane k;(,, \_S,

B N
e S
e 9
‘wagging ‘ ‘twisting ‘ 32

AN
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® ANATISIR Infrared AQnEANAUTUAL
1. TIAUBINITAY
NNSRULLL stretching anﬁu%’a%‘ﬁﬁqamwﬁgandﬁLu_n_l bending
2. NIRUDIDTADNTNAININUES
NINDZABNNIN AANAUSIANTI9ANNTG

C-H stretching 2900cm™
O-H stretching 3600cm™

3. ANLTILTIUDINUEE

AUIBINUBERINAANAUSIANTINANNDFININTNUEEA

C=C stretching 2200 cm™

C=C stretching 1660 cm™
C-C stretching 1200 cm™
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® Infrared spectrum 152 IR spectrum ﬁﬂﬂ‘i’]‘ﬂﬁ plot
seinaLlFanmsaRNignaanau (absorbance) 38
N1KAaNNT (%transmittance) N ANDUIRANN
219ARY

® Infrared spectrum ARUTINNTUTDULNTIZURARZN UGS

sLNANITAULARARILLIL
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percent transmittance

® Infrared spectrum

wavelength (um)
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B T T T T T T T Ll T

T

T T T

100 T T

80
CH, /

i CH, rock

rock

60

— C—H

40t stretch (:HI 4
Cissor T
| T CH,(CH,),CH,
20k n-octane
0 I S o e o | 1 | I SIS RTINS S OIS JSSE] U] S
4000 _ 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600
— Functional group region = L . . .
wavenumber (cm™') Fingerprint region
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Infrared spectrum wiaiily 2 dauda

@ functional group region
® 119ANDTTHU 1400-4000 cm’!
L. s .
® \utanavnurasnsduluLEn-uatusslulana

® iiilselemilunismaagandni (Ve lud)ugaridulalu

a a oy
ANTAUNTELN
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® fingerprint region

® 119AND19YHNs 600-1400 cm’”!

® AN peak FLTAY

® LLAANANHTULIANITTDIANT

a = o A 1
Lﬂumummmnum@iu
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® 15z lamilunNIMIRAa AN ANHIURANT WTeLLHeL9N
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o/ 1 1 a o
AIREN [ﬂ’]ﬁ"NLL@ﬁQﬂ’]LLﬂUﬂ’]?@Jﬂﬂ@uNg IR

'TABLE LEX8 Infrared Absorption Frequencies of Some Common Structural Units

Structural unit Frequency, cm™'

Structural unit

Frequency, cm ™'

Stretching vibrations

Double bonds

Aldehydes and ketones

Carboxylic acids
Acid anhydrides

1620-1680

1710-1750

1700-1725
1800-1850 and 1740-1790

Acyl halides 1770-1815

Esters 1730-1750

Amides 1680-1700
Triple bonds

—C=C 2100-2200

C=N 2240-2280

Bending vibrations of diagnostic value

Single bonds

0O—H (alcohols) 3200-3600
—0O—H (carboxylic acids) 25003600
\,

N—H 3350-3500
/
sp C—H 3310-3320
sp? C—H 3000-3100
sp° C—H 2850-2950
sp’ C—0 1200
sp> C—0 1025-1200
Alkenes:
RCH=CH, 910, 990
R,C=CH, 890
cis-RCH=CHR"’ 665-730
trans-RCH=CHR’ 960-980
R;C=CHR’ 790-840

Substituted derivatives of benzene:

Monosubstituted
Ortho-disubstituted
Meta-disubstituted
Para-disubstituted

730-770 and 690-710
735-770
750-810 and 680-730
790-840

19



FaaelNS IR spectrum WAZNIE1L

Wavelength (um)

25 3

0.05 ¥
C=C
(stretch)

g CHy(CH,),CH,—C=CH
S 0.40 e e e i

0.8 - ECH

1.0 F—(stretch)
2.0 b i

) - CH,, CHj (stretch)
4000 3500 3000 25

2000 1800 1600 1400 1200 1000 800 600 400 20§

Wavenumber (cm 1)
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NMR Spectroscopy
(Nuclear Magnetic Resonance
Spectroscopy)

® TinAv9 U INTIAT9ANDINE (radio frequency)
dl =X 6
ANDYTENNL 60 DN 800 MHz (10° Hz)
a = dld . dld .
® 1ARnaNTlaT8sAaN 1Te NaesAaNiula1AN nucler sping

1H 13C

da o aua o .
1D INANT9ILALIWLLAS nuclear spin U89
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L gﬂwﬁqmumm nuclear spin

yva = a al asal
UILANLIALNA resonance W 2 18

=
AN
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TN b ol 5 ]
| a F «
- sk
| |
. Nomagreticfield | Appiled magnetic fleld By |
(a) (b)
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l B B Spin state
I
§§-4 “AE AE AE
o i
B, 1.41 Te ...i—- b
a Spin state
By, 7.04 Tesla
(a) (b) (c)

- S A 4 a
MRNN1EUBNANIN Lﬂ@ﬂummm@mwa

AIngAsh lasuauINuAnNauen
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Magnetic shielding by electron

a a aa & '
L u’JLﬂ'&ﬂﬂN’ﬂL@ﬂﬁl‘a"ﬂu’ﬂﬂﬁ’ﬂU °)

o ialuanaagludunausiiuan (H, , applied field)

AannsaulnassauRARLa AR AR UINLNLUAN
AR FIRNANIATITINAY FUINUNLAAN H,

° ammmmanawﬁ (effective field) vnTﬂsmu‘lmmmaﬂ
AUNNULANLUAN H, Lsﬂnﬂmngmemum shielding

AUNYU electron density WAz 1UsAaULIGLAL
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avmividnmioni (H,)

g
auLILYan

meven (Ho)

—

i . G
Circulating y

electrons %
of o bond N, /
by

=3 o
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® Tilsmaunigninuinaanmany azld applied field
1 [ 1 o = 1
(AUINWHLUAN H,) AINULNALIALA effective field LViNNY

o aa

® VIANNDAAUINEULN NNTUTARUAZAANAUSIAY

effective field LYINNY WARBI LT applied field AN9NU

=

A v ! o Nal
® NMR spectrum 7116A8 Naszud 191 EuuSaNgNAANAY
U applied field
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NMR spectrum
Hz
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[ I I I | T
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i T
ERTITRETRURTARARRUTANETY AUTRU FRURAUANU SUUTY FUUA FUUNE FUUTY FERU ATETE AUUTY FUNTA FRATE FRUTY AR AUTRY SNUTY SNTTIT
10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

3 (ppm)
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¥

’ﬂgﬂﬁlﬁh’m NMR spectrum

® INUIURTYYIU
vaniluluanaililsnaunirerundin

® FNLUUIA TN
uandanmnunsannealanasautadlilsnaunnaztiin

® AMNLTNWTAANNGIURIRTY UM

ANDATIAIUANUINIUTAAULARLTNA

£N19 splitting URIREY YU

a ' 4 1 =
nn Tﬂimauwaguum%‘u'ﬂumwmm
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51u3u‘ﬂﬁﬂﬂlﬂﬁiﬂﬁﬂﬂu/
° o NUIUTYY IV
ITUIUA LY EYEU .
|
, H,C—C—CH,
equivalent protons H
“Tilsmauna
o CH,-CH,-CH,-Cl
AMNUIARAN
IANDUNY
7
il NMR HC—C—CH,
NFINUS d
L) HC,
_CH-CH,-0-CH,

H.C
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2194 Chemical shift (O, ppm) ldszy

AL NUSA DY
Aunuadnyay 1l NMR spectrum LABUNUAITNIATTIU
tetremethylsilane (TMS) (le3
H,C—Si—CH,
eillilsmautdlininen 1 Ao CH,

Yo a a [ < 1 a a oal
Oiuarymw'\mﬂusmmﬂmmm mangamﬁmiaumﬂ@u

®n1andng
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~ 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 ﬁ
Chemical shift 3, ppm) ™S
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» hielding by
| if o electrons — b g By
(A SR 5
| e mor prsend ¥} i 08
the signal might | ] hahirlal 4t
I IrPPt':rf here = | L |the -“'H”*”’ ”f’f""{‘f.
R ok NE Lto bere _ ]
L External magnetic field strength\ H \
] - ° ]
Downfield Upfield
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ala I a @ '
-lsAaunANguaIANATAURBNTALUUILUUNIN AzgNUA
%4 1 [~ alay
931N (shielded) ARIITAUINUWNLUAN H, NAANLDN
NN LUN15LNA resonance --> high (up) field

al [ % 1 [~
-ldsmaungnuatiauas (deshielded) AzldRUINUNIAAN H,
AN YR lUN1FLNA resonance —-> low (down)field

CHCI, CH,CI, CH,CI
| ® O (ppm) 7.3 5.3 3.1
CH,F (CH,),0 (CH,),N CH,CH,
® J (ppm) 3.2 2.2 0.9

4.3
\ \ 403221-spectroscopy 51

/1

/

@ | b
'CH,OCH,CN

@

b

f TMS

8 i 6 5 4 3 2 1 0
&y (ppm)

403221-spectroscopy 52

26



/]

TMS

< _JL

posppadupnpdopnnbonnndynpadppnelosnadopnalopastonaabyangdopealoney

100 9.0 8.0 70 60 50 40 3.0 2.0 1.0 0
& (ppm)
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/]

AMNLTNUDIN YUY

o =9 [ & d
® 1iuyinLily integration WRINUNLA peak
o \Tudndaunudruirullsnaunliduiuuu

Hz
600 500 400 300 200 100 0
[y Pl ] T | 2 ] T
Sl T e |

= = ! / o e s s

\ / 2 ad RS2 L B |

Br—C—C—H?)| |~ g Foblvclbaad

H(l_r. HP i ! | | 1 |
e SRR Lot o) I
{ { { "; | I

FETTT] FRRTY FYTTY SUUTY (RUTIFUUT] FTTRE AUTT FETEE FETTY FRNT FRTTY FRRNY FRTTY FRNTY PR Y IRUTY FRTTY AUUTE FUTTUAUTTS FTTTIT

10,0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

d (ppm)

AN
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splitting ARIR Y QUNEU

%

1 @ a a U = = 1
o ﬂu']&lLLNL‘M@ﬂ‘VILﬂﬂqqﬂiﬂ‘iﬁ]’ﬂ'u‘ll'lﬂLﬂﬂﬂNN@ﬁ]’ﬂTﬂiﬁﬂu
naula

® 31UIU peak tingl ) NLANAAN => multiplicity
® multiplicity AU

= 97U U H maaménauﬁ’wﬁm +1

LUNTETUIN peak SRABNAVINU AT coupling
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multiplicity
UM H  multiplicity BNIIFIUANNLTN
7191A 84 284 peak #ae
0 1, singlet 1
1 2, doublet 1:1
2 3, triplet 1:2:1
3 4, quartet 1:3:3:1
\ 4 5, quintet 1:4: 6: 4:1
\ 5 6, sextet 1:5:10:10:5:1
6 7, septet 1:6:15:20:15:6:1

Quintet, sextet, septet Fensaui multiplet

\ \ 403221-spectroscopy 56
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500 400 300 200 100 0
{7 B | I R B F
2HP i lddyanaes H2
split dlu triplet
. _ Br Br /
; L \ / = e 5
b Br—C—C—H°) sl ;
- | / \ 7 | . .
Ha silddyanaves He B S :
|| HP split iilu T B B s 3 | |
= i o ]
doublet t | frnd
[ M l'

|||||||||\|i||||||!||||1l||||ul||||J||||||n|||\|l{llllll||!IllljllllJInl|k|||llll|Il!ll\IJ!I[IJIIII“UIUIII]

10.0 9.0

8.0 7.0

6.0 5.0 4.0 3.0
4 (ppm)

403221-spectroscopy

2.0 1.0 0

57

voany CHj split
dlu doublet

5
TilsaoutimIddyga

H,C- (l‘ -CH,4

Cl

5
6 TdsaeuiimIddyanuvea

H split lu septet

B

A

a— -

1.8 1.6 1.4

e

CH;

44 43 42 4.1 40 CH
o o l R -

10.0 9.0 8.0 7.0

e

6.0 5.0 4.0 3.0

Chemical shift (8, ppm)

2.0

£

1.0 0.0
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(a)

Cl }‘l (l'l
|
(b)) H=C—C—C—H (b)
[
Cl Cl Cl
(o
(a) ™S
- iy - L
S 6.2 6.0 46 4.4
8 7 6 5 4 3 2 1 0
By, (ppm)
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Hz
600 500 400 300 200 0
TR T R A T T R b W R R B T T
| {(@) C;H,CILL L
7
=t
- A e
I]llllllLllllllllllllllIlIIIIIIiIIIIIIIIIiII!!lllIIIIIlljIlIIIIIIIIIIII‘iLll IlIJlIiillllIIiIIIIIIIIIIIIIIIIJIIII

100 90 80 70 60 50 40 3.0
d (ppm)
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CHCI,

o)

|
o |

™S |

VI AN
: r
58 57 4.0 39
[ j
PO | W |
8 - [ 5 4 3 0
8y, (ppm)
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CH.Br
(b)
T™MS
(a)
= . ) \ 7,,‘__.."“[]\. =
[~ 35 3.3 17 15
7 6 5 4 3 0
&y (ppm)
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® NMR spectrum @12UBNAN chemical shift,
multiplicities WA AMNLTNUDILARSAY U TAEl
“laimmgﬂ spectrum LU
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® NMR spectrum 2184815 C,H Br HUayamnall
a. doublet, O 1.04 ppm, 6H

b. multiplet, O 1.95 ppm, 1H

/

c. doublet, O 3.33 ppm, 2H
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® 1118 NMR spectrum UBIAT CH:CH-CH-Br
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