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https://www.youtube.com/watch?v=fG-ZexdlziU

tpassuuawuanisisuuus awalnsalnu

= NMR : INATAILASI:KRDVAYaUUGLLLIRANUDVTIASTD
(nuclei) tulutana Bvo:tidoyalnedAUIILdULAzBIQUDY
o:=Qoutululana

s IAaawip:apuRdlauAlpuduadu (spin quantum) AOATU
LNAUAUE

5 u:)maaauaoa ApuADTIUdUUDVTIASDUSIUAUTUSOULTU
lauA Taun H BC 70 '9F P wa: Cl KSo UdLAagaidoudu
udQsoulla: IUsmaULUUlaunnon Iouﬂ ’H

= D= mauocmausoauuLHaﬂIWWmauansJuaomwua 3 Hz v
300 GHz mtRiAanswWasutUavadumeatutolndga

ST2092312 ASILASI=RAYLASDVID
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Quantum Mechanical Description of NMR >

HEALTH, COSMETIC § ANTI-AGING TECHNOLOGY

N

* Principal quantum number (n) Tell something about where

= Angular momentum quantum number (l) - the electron is relative to the

» Magnetic quantum number (m)) nucleus and something about
. —~  the electron’'s energy.

» Spin quantum number (m,) —

= Tells something about the
ability of an electron to interact
— with an applied magnetic field
= An electron has possible spins
of +1/2 (spin up, 1) or =1/2 (spin
SP'n up spin down down, )

w|

-

ST2092312 ASILASI=RAIYLASDVD 7



Nuclear spin A

= Nuclei with an even atomic mass or atomic
number (12C, *0) > No nuclear spin
= Nuclei with an odd atomic mass or atomic
number ('H, 2H, 3C, N, 7Q)
o In the absence of a magnetic field, :
nuclei's spins are orientated randomly. : With field
o In the presence of a magnetic field,
nuclear spins become parallel to the

direction of the field. Opposing external magnetic
‘ _ field (higher energy)

I ENEmy gap
AN

carbon-13 nudeus aligned
with extemal magnetc field
External - lower energy

magnetic field

Nuclei whose spin are in the same direction
as the magnetic field occupy a lower energy
state.

There are many more nuclei in

the lower energy state than the higher energy
state (opposite to the field's direction)

Radiowave

ST2092312 AMSILAS1RAIULAZDVDD 8



» laWNDUNANDUS:QUDVD:0DU AD SL&nAasau (-)
La:ldsaou (+) awisatianISKUUADY Zrants, z-axls,
(precession) SDULAUTDLIASYT ' 5

= JowatRudlndgadauuaaagunvuuiraniazlaq
WwWudAuwUlian (magnetic moment, p)

Applied magnetic field
+

Precessional -~
orhit

Spinning
nucleus

LWalusapunKuyuAIvSaULNUTDIAGgaLa:-0auUGrasunvuUiRanagiu
JuibubiHanMeuan (By) d:aduWalRlUsaulAQNISHYUAIVILULUAISUDS
(Larmor precession) SaulnU z anutu:lHUDUNUIVDAANIVUUNUNU B,
(@n1d:adu +/,) ua:nAN1VAsSVUIUAU B, (@n1d: adu -/,)

ST2092312 ASILASI=RAYLASDVID



B B
0 a ~
i
NS 2
= 4+1/2 | =-1/2

. mwuﬁlﬁouu (angular frequency, o) uds
WUQSVAU By

* Wsaoundxaedodeadanuddibdu
s:l08u Sa21vus:L1dsulu |

= TUsODULCa:aI9:0AULISIIEVYUILAzADIUA
AISUDSLOWI:

* srauwavviuwgnduanid:adu +/, (@au:
Woawn) Fvogchnds:auwavviuanid:=adu
-1/, (@ou:=0an)

= J0UzUDaWIR:IYIUDUTUSDULINAIN
anu=00ogLanuny

ST2092312 ASILASI=RAYLASDVID

E)

f
L]

energy

d =

1 nuclear spin aligned

\J \./ 2 against the applied field

| nuclear spin aligned

“oe' W |~ y +T with the applied field

$

B
CP 0
o r < e
ﬁﬂ—l— | =-1/2
AAAAAAAA N hn:ﬂ
u%ﬂ:ﬂﬂ
B.:;.z{] BE:HD -

10



= Jouzuawiv:dvudulUsaouuINNIGmu:=0aog
Lanloy )

= JudUlUSODUEIULAUT 1SgndT dutauluadsuuud
(Boltzmann excess)

= TUsopuadutauda:udsWwuasviauAULdY
auuuLIKanMeUDNLa:AIWAAZUINY (V)

Magnetic Radio frequency | Excess nuclei
intensity (Tesla) (MHz)

141 60 9
235 100 16
470 200 32
7.05 300 48
14.09 600 96
)
@ ©O QO .
@ O » ( o

i A A
" | nuclear spin aligned
0 0 0 2 with the applicd field

ST2092312 AMSILAS1RAIULAZDVDD

Boltzmann distribution equation

N, L & o e—AE/kT - e—h vkT

Nlower
h=6.624 x 1074 J-sec

k=1.380 % 10723 J/K - molecule

T = absolute temperature (K)
Where AE=hv

Population
Upper level N

N = 1,000,000

I Excess =9
Lower level N+9

—_—

N er )
wpper _ 0 99999 < 1:000.000
Niower 1,000,009

1



Hannistslsuwuus

. LsIUuuumﬂcﬂcﬂoatﬁnmuamau:)na (v) ms\mum:numuouu (@) Wwu
IUsmaunaatuﬂ:nuwuamuuumaﬂmauaﬂ (BO) LNAU 141 (ndan :1Aa
ANSHUADVSDULNU Z mem:numuouu LM1AU 60 MHz dovikAIUA
nau:)na LNAU 60 MHz QJgLBuUnuU

. IUsmauaaumunamu uwoaw (anid:=adu +1/2) n:nomtunﬂmu
FUILLLIRANGVTs: ouwaomumtosuwaomutuuaommuanauanan
IKUN=auU IUsmaua ocmauwaomuua:JLUasJuIU:mmtunﬂmu
FUIULLIRANGVTS: QuwavvIugutuaniu=um (Waguanid:=atuldu -1/2)
lSEJﬂUS']ﬂf_]ﬂ']SfLD’] ts[zmuua

e (SIBUUUBD: lﬂOE)EJ’]\)C‘IE)lUE)\)DUﬂS nomuauuamaaawsmaunamu A
doolrnAu 1Bend1 A1saucd (saturation) Bvo: IuUsmaamfmfu

. ua:JILJsmauamJ adu -1/2 (anu=uan) d:=navavdaniu: uaav\hwsauno
Wasuand:=aduldu +1/2 ua: mawaomuaaﬂmtmﬂuwaomunomau
LU (Sgnnisnaudaniu: lAUUS Mswounale (relaxation)
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No Magnetic Applied Magnetic Radiofrequency Detection of
Field Field Wave Pulse Energy Emission
Higher energy
spin state 9 9 9

Randomly oriented
protons with
magnetic moment

“4
n,é’m
% o

Protons anti-aligned with
the magnetic field

Protons aligned with the
magnetic field

Lower energy
spin state

D A

A

Hitting the protons
with radiofrequent
radiation make them
flip to the higher
energy spin state

-??.Q.Q-Q.-

f“’ ‘"Ll’i

As the protons return to
the lower energy state
they emit energy, which
can be detected

ST2092312 AMSILAS1RAIULAZDVDD

https://theory.labster.com/nmrspectroscopy/
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https://theory.labster.com/nmrspectroscopy/

m
HEALTH, COSMETIC & ANTI-AGING TECHNOLOGY

1) szuuAdUAUNISUS: Udawauoya KAV IU
1A€0v NMR Us:lDana T« sample

2) d@dunduUAUUAUGNS (Spectrometer console) n
KUNAUNISdudnueylnuluns: muawsmamomatu
magnet la: ASI9IUFeUrUItUNaISaIPENVUEDY
00N

3) uULHaﬂmaoao (Magnet) MKUNAUNISasIV
and:=NLHUA: autumsnoaao lagtRaunuuUikan
mwuwuaonnon Ioamwuwuuaoamuuumaﬂa
aUWUSﬂUF\I)']UﬂUE)\)F\aUDnEJnN']ULU'\TUEJ\)[F]SE)\)
(Dulgus:yaussau: UDVLASDY NMR (usUuuuuov
ADIUA LU 60 MHz, 100 MHz, 300 MHz ua:
400 MHz Wudu)

4) HI)C]SI)DHSE)TWSU (NMR Probe) momoaamutu
SzHIUULHANAY 2 (magnet gap) la: OHUNARDY
YIUWEVHSDSNUIS:QUUDVATSCIDEND

Bore

Probe
Section

B

Workstation NMR Console Magnet

ST2092312 AMISILAS1RAIULAZDVDD 14
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IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Liquid nitrogen tank

Vacuum chamber
Liquid helium tank

Field Coil

-

Sample

Magnet

NMR Console

Workstation

sjusauodwo) YN

KaduLASDVDD

15
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https://www.youtube.com/watch?v=Sn3dNMv-67k



https://www.youtube.com/watch?v=Sn3dNMv-67k

1AE2v NMR awisauuvoiuAIud U 60, 100, 300 Ko 600 MHz Wudu
T08AWALINTUDLWUUS: NS NIWASILENLa:ANULTUFeuaUeU
= 1A%09 NMR Juunoantdu 2 Us:tnn 1aun
) 1P3ov NMR wuundudatlov (continuous-wave NMR
spectrometer, CW-NMR)
2) 1A%DY NMR LUUWISESNSIUaWDSU (Fourier transform NMR
spectrometer, FT-NMR)
» mstAaslsuuuduaviusaauv:dungiuaNuduaunuiLikadnneuan (B,)
La:AUAAAUINY (V)
= MSWCUUILAZDY NMR Jvaiuisarild 2 wuu aun
1) AVA B, ua:lasu v
2) AVA v wa:lWasu B, (9:WeuutASavavignin)



Continuous-wave NMR spectrometer (CW-NMR)

. Haﬂﬂ"ISIT]\)']UF]E) F]\)n v la: lUEIEJU Bg
. lﬂSE)\)ﬂ']lUOEIfoU']fUﬂD']OO ADY o LWUADIU

[uauuubisan (B,) 1hu
o AULUAUIULLULIKANUS:UITU 14,100

1Nd d1KSULAZDY NMR A1WA 60 MHz
o ADULTUaUIULLIKANUS:UItU 23,500
1Nd d1KSULASDY NMR A1WA 100
MHztUumu
= yru:n BO quuuuu mwumuouuuaowsmau
D:LWuTudUASNVLIAAUANLAAAUINY LU 60

H3D 100 MHz UJudu

ST2092312 ASILASI=RAIYLASDVID

QS

RF Transmitter

aqn) a)dwes

RF Emitter

| 55 58
ooy

AL\

Magnets H

Scanning
generator j—

Audio field
modulation
generator

L 4

Oscilloscope or recorder

Detector

|

Medium.
Audio
amplifier

|

Phase
detector

=

Basic structure of CW-NMR

18




Fourier transform NMR spectrometer (FT-NMR)

m ms:)oaiyfmuuaomsao FT-NMR o: [€¢]
Lnnunmsaﬂ:n Pulsed NMR (tA%Dv
mtuon:numau:)naa la-Udatuyov
SHIE La1duus:uieu 10'5 :)uwn)

= 1n€0v NMR DE aoafyfmfunau:)nanﬂ
AUAIUEIVAGURLTNTIUSVIDENIA
JLASI:H

= dowatAiiomsiagualuvoviolndsa
AVHUQAUA 139N dniu=QANS: au
(excited state) 21AUUTdIASYFD: naud
donu=wu (ground state) Tagn1sAE

waomuaanmtusduaonau:)natusUzJao

AAURBoUAU NEeN3T deueyinu FID
(free induction decay)

ST2092312 AMISILAS1RAIULAZDVDD

RF

transmitter

nAlUlAfAuAT e EoA SRl
HEALTH, COSMETIC & ANTI-AGING TECHNOLOGY

Pulse

Reference

Transmitter
controller

probe

\

FID o

programmer

N

\

Receiver

Data

.
processing

Computer

g/

Magnet
N |

\

Shim
system

Field-

lock

> frequency

I A
A4

Spectrum

19




Fourier transform NMR spectrometer (FT-NMR) A

L LuaIUsmauamu 0o nauavuiganiu: WuD: mawaomuaaﬂmtmmﬂu LSeNIY A1Saaly
wUULRGgIUMSas: (free- induction decay, FID) oA WulULda:to1Adsatusaou:s
ADULUU FID aqav duns: n\)lUUFTUEJlUE)ﬂaUEIEIﬂ’IU awn

= Jeyeyed FID ﬂﬂllEJﬂE)E)ﬂlUUFD']UﬂC‘I'\\) <) numwuusouaoam&nmumﬂm\muto Q¢
NS:UDUNISNIVATUAEAS 1SYNI stasnswuaWDsu (Fourier transform) o1nlaltuu
1Dan (time domain) tROUTAWUANUE (frequency domain)

1) Time domain

sine wave

’1 PR N\N\/\dm
bl

——

tlme

J time

A
2) Frequency domain

pulse
o)
J

ppm H3C CH3 Acetone

2.1 frequency ——m

ST2092312 AMISILAS1RAIULAZDVDD 20



awnasu NMR

(time domain) (frequency domain)

Fulzse FID

Fourier | {
transform J '
Lo J

900 MHz

M

Felaxation time

Acquisition time Freqguency

ST2092312 AMISILAS1RAIULAZDVDD

750 MHz

500 MHz

HEALTH EDSMETIC

N

wnilagune wdondnebus:msy:soda
n

B ANTHAGH

16 TECHNOLOGY

J

IL i)

8.

i

6.5

6.0

T

5.5

5.0

4.5

4.0

3.5

3.0

21
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H-NMR spectrum

Jwnasu H-NMR dvdanuau-tduwn Tasdunuudu (x-axis) W0JuAl chemical shift

N1SQONAUWAVVIUDIN
GRS ERILNRIRERE R
s1QUCazBuav:0AIULANCIIY
Aiu H3DWUNS:NVIdIAGEdUDY
s1qulalQednunogiuanio:
WadaunuandoAuAds
f { J dryeyiunisQanauwavviun

J_JJ J jL LaNCIVAUQDE

T T T T T T T 1
1 10 9 8 7 6 5 4 3 2 1 ppm

chemical shift

https://www.acdlabs.com/blog/the-basics-of-interpreting-a-
proton-nmr-spectrum/

ST2092312 AMSILAS1RAIULAZDVDD 22



https://www.acdlabs.com/blog/the-basics-of-interpreting-a-proton-nmr-spectrum/
https://www.acdlabs.com/blog/the-basics-of-interpreting-a-proton-nmr-spectrum/

Joyantdtumsuuawaalunasu NMR Us:naulUddy

A1 chemical shift tGtun1susnNCNUKUVUDVITYTUITU
integration uonfivWuNIiAdeyayItU

spin-spin coupling 25U1gNvSULUUUDVATYTYITUALANCIVAU

coupling constant (J) UoNDIVS:8:HIVS:HIIVATYTYITU

i chemical shift e— L Ll andeini 8338883 523
2 T
. IREL QN i e
II L1 II ll.' e il 'x.%\ |f,r,|5/
" F I| Il | I |I II
coupling constant (J)
’ T~
| | '\
spin-spin coupling = | JUL , rLJL,U! : Ul
I 1.0 EEn
m '
I e U I L S BN I B L L L I L NN L N
75 70 65 60 55 50 45 40 35 30 25 20 15 1D 05 0.0 ppm
' . Il | T
INTEEIATION  — |£] |n| [n|
— . s

ST2092312 ASILASI=RAIYLASDVD

wAiadaur o
HEALTH, COSMETICE ANTH-AGING TECH
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Chemical shift (d)

= TJsooudanmwidaasunaltADALANCIVAUY-NIKUAIUKUILUUUDY
3LAanNSOUCIVAU dowatklusaoulKabutiatsisuuusnAIULoY

JuiuuultHancivau

= dhukuvALAaLSiBLUUBGYUSIo0IULUAT chemical CHs
shift (8) lagdaAIIUAUDVIYTIILULSTBULUUBNLAQUU H3C_S|i_CH3
LUSgULRgUAUaISoIvoY tetramethylsilane (TMS) CHs

{UKUDY Hz (TUsaaunv 12 dhuay TMS danio:
WadasuNMvlADALRUDUNUIVIHItY I UNCIULHUY
LN O Hz)

= A1 chemical shift (8) WduAUAUAUDVLAZDY NMR

tetramethylsilane (TMYS)

2181 Hz X 10°
o = E =727
(shift in Hz from TMS) 300 X 10° Hz
>
(spectrometer frequency in MHz) 436 Hz X 10°
O = = 2T

60 X 10° Hz



Chemical shift

A1 chemical shift TagUs:untuuovldsaoutututanads:tnNciv A
I I I I I I I I I I I

) ' _ Ethers Sulfides Sat. alkanies
p-Llgg _fromatics RaC=CHy  Roof Re-CH R
— : ¥ :
Alechol
RCH=CHR ——— Hooie RC=CH

FCH  CI-CH [-CH

FPHWO-CH——— Ar-CH—— —— B,C=CE-CH

AliadauAT 4o EpA LB
HEALTH,CO ANTHAGING TECHNOL O

0
Br-CH¢ Ry
Esters
RO CH | NC-CH
P pu— —— R N-CH
RO, H Aide ROONH ROH
PhOH E4MH
I | | | | | | | | | | | |
120 110 00 9.0 20 70 &0 50 40 3.0 20 10 00 pprm (5

ST2092312 ASILASI=RAIYLASDVD
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. B =2.04
i
HaC—C]
B 0—CHz-CHag
&
Jac = 7.2Hz
&=1.26
= 4.11 —
i TMME
| 20 Hz,
A
B A
| I | 1 1 | | |
6 5 2 1

ST2092312 ASILASI1=KAIYLAZDVD

0 &ppm

'H NMR
-OH -NH
) | ) |
L J0] [ ] I N T
I ] ] ] [] 1 ] ] ] [] 1 ] ]
12 11 10 9 8 7 6 5 4 3 2 1 0
PpPm
@ ﬁ H-C-X -CH,-
C=C—H
R” “OH R~ ™H H C=C-H = |
@’ HC-0  He.c=o -CH
H-C-C=C
X=F,Cl, Br
(i.e. electronegative atom) Hé—@
|
26
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TH NMR

Hp

TMS -OH -NH

H, O Hp

[l
—g-bo-g 1 .
Ha Hp | ) | I ] | | ) | | [ I | L4 |

ppm
H-C-N —CH,
° ﬁ nex O ow,
R R R E S HoCCH oo UM L
10 9 8 7 6 5 4 3 2 1 0 @l ~T |
REM.C) X=F,Cl, Br re-ese

(i.e. electronegative atom) HJ:—@

ST2092312 AMISILAS1RAIULAZDVDD 27



Integration

= WUNIAWNUDVdtYtIeU NMR d:t0u
3 a:)utoams\mumuauIUsmauntH
Jeyryreudu ) |

= dryeuntu NMR 1aaduonaisnidsaau
oonauwaomULwaanaunﬂmoms
onmatuauwuuumaﬂ K1NGIUSOpUn
uJaaunﬂmomsawomtuauwuuULHaﬂ
Lnﬂumwaotona:tuyvaomumﬂLmuu
NtRaryeItuNNQdUIAIULTY

WJaguudavmuidaoy —
2H 1H J
3H 6H 27H

ST2092312 ASILASI=RAIYLASDVD

—

N\

Integration

=N
i
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Integration

{_'H! — {Ht —_— 0 — :H;—' CHy — CH:'_
4 [ b c e

ST2092312 AMISILAS1RAIULAZDVDD

r

rﬂ Relative area: 3
- Relative area: 2

y
Hdt)h 1 . JHU& 1 .

3 2 1
Chemical Shift (6)

https://chemistrytalk.org/nmr-spectroscopy/

29



Spin-spin coupling (J)

= MSIAALSTBLUUBUDVIUSDUUDNDIND: Id§u5n§wamﬂéta‘3ﬂmsausau )
u:)maaaua:)aotosuanswamﬂuamaaanaamomaoaﬂma

- amuuuLHaﬂmﬂaUuuaouamaaanaamomaoo lAQNIS coupling AU
aUuuovloladeanniinsfAnu thafgfmfunmouumomsuaﬂaaﬂ
(split) uJuHawLautoaUSUuUUnucmmonunouuuaaﬂuamwuaoaau
n1vlAdupVlUSaDUNdUIDANUILA:SUdUTUSODUALAQNNS coupling Au
1S9NI mult1pl1c1ty

= JoAdgantnans coupling AUNY:DERIVAUTULAU 3 WUS: SUDUWAA
LAQDINATS coupling aWNSOAQA:UTADINAA 2nl+]

D N AD DUDUTUSQDUTIVLAYY
| AD spin quantum number
**tunstuyovlusaouidm | tNNAu 1/2 awwisaman:tu multiplicity
103N N+l



Multiplicity

= |f there are no neighboring hydrogen atoms, the resonance
will be a single peak (singlet, s).

= |f there is one neighboring hydrogen atom, the resonance is
split into two peaks of equal size (doublet, d)

* Two neighboring hydrogen atoms will split the resonance into
three peaks with the ratio 1:2:1 (triplet, t)

* The splitting for a hydrogen atom with two non-equivalent
neighboring hydrogen atoms will be two doublets of equal

size (double doublet, dd)

Singlet (s) Doublet (d) Double Doublet (dd)

ST2092312 ASILASI=RAIYLASDVD

AiadauA o 250
HEALTH, COSMETICE ANTH-AGING TECHHOLOGY

Il

Triplet (1)

31



Splitting patterns of H-NMR with the signal into the n+1 rule

Multiplicity N +1 He  Sigmal oy N +1 Multiplicity
| ]
Doublet 1+1 =2 _{f—?_ 1+1 =2 Doublet
Ha Hb
|
Triplet 2+1 =3 _(I:_(l:— J[ 1+1 =2 Doublet
H, Hb
H-C—GH -
Triplet 2+1 =3 a7y 7 " 2+1 =3 Triplet
Ha Hb
“ |
|
Quartet 3+1 =4 _?_?_Hb JL 1+1 =2 Doublet
Ha Hb

ST2092312 ASILASI1=KAIYLAZDVD 32



Pascal's triangle

atoms causing

splitting

’ 2
1 1

o " e 3

‘_-"", ""..‘ . -7 "..." . - "'n.“ 5

. I C R . 7

S ) ) I

—h__
Singlet

ST2092312 AMISILAS1RAIULAZDVDD

J

1:1

Dioublat

No. of equivalent H

0N

Multiplicity Relative peak intensity R

(splitting

patterns)

Singlet 1

Doublet 1:1

Triplet 1:2:1

Quartet 1:3:3:1

Quintet 1:4:6:4"]

Sextet 1:5:10:5:1

septet 1:6:15:20:15:6:1
1:@0 18030 LR B LR LAl R B L R R
Triplet  Quartet  Quintel Saxtel Septel

33



Splitting patterns N

Ha is a “singlet” with

no hydrogens on the
adjacent carbon H,
Ha ? Hb Hc
| | I
Ha—C—C—0—C—C—H_
Ha Hb Hc
1I_g 1II35 1:3 1,}.’5 1.10 1.08 1.06 1.04 1.02 1.00

L\ H, / Hc 1s a “triplet”

because there are two
hydrogens, 2Hb, on the
adjacent carbon

396 394 392 39 3.88 3.86 l\I_Ib
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Splitting patterns : Aliphatic

https://www.chemistrysteps.com/nmr-

inAlutad:
HEALTH,

e

spectroscopy-carbon-dept-ir-practice-

problems/

ST2092312 AMSILAS1RAIULAZDVDD

(a) (b) (c)
_ CH
C _CH3 3H 3H | 3 9H
HsC—C—
HC— CH
2H
I |
Ethyl Methyl t-Butyl
N\ J
CH 0 1 NH
(d) s () HN"T N NN TN
—HC ]
Fe======= CHj 6H .
. ! or a ring o
. T
I | lo)
! ]
! ]
! I
l ! 2H 2H 2H 2H
j hhﬁ JJU JJM hAI
Isopropyl -CH,-CH,-

g

35

i (RS ons
METIC B ANTI-AGING TE

Ee

LA

=Rody


https://www.chemistrysteps.com/nmr-spectroscopy-carbon-dept-ir-practice-problems/
https://www.chemistrysteps.com/nmr-spectroscopy-carbon-dept-ir-practice-problems/
https://www.chemistrysteps.com/nmr-spectroscopy-carbon-dept-ir-practice-problems/

Splitting patterns : Aromatic

H H H
H H H H
s X
5 4
https://www.chemistrvsteps.com/nmr—spectroscopv-ca rbon-

, dept-ir-practice-problems/
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Splitting patterns : Aromatic

wnilagune wdondnebus:msy:soda
HEALTH, COSMETIC & ANTI-AGING TECHNOLOGY

All the protons are non-equivalent and give Protons (a) and (b) are equivalent
different signals and each give one signal - doublet
N\
R R R
H H H H H_:EJQIHa
H R' H R H; f H,
H H 5
1,2 1,3 1.4

o

%

https://www.chemistrysteps.co
m/nmr-spectroscopy-carbon-
dept-ir-practice-problems/

——

—m m mm w e e e e mm m Em mm e e Em e e mm e e e e e e o e e Em e e e e o e e e e =

Multiplet

o o mm o mm Em e mm mm e o Em Em o Em R A M e m W A e e R R R e e e e e = e = = =
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Problem R-27L C:H;0O,
250 MHz "H NMR spectrum in CDCI,
Source: Adam Fiedler/Reich

O
/E\A'L
X5 -~
M‘H‘ D L b luvtnl H?-_
A 20 20 10 0
AT
‘ I 3.04
)
,_JU S
IS BN I T AT RN AN B A AN A A
FO05s 700 6595 650 'l H ‘
l( | |
1.00 1.04 | .
_..-*I Jh.__ _,1'|1'-»._ _.,.J'I'u"*-_\_;_
[T AT I BEN TN A A A A A I A A
590 585 5.80 S R 190 1.85
. . |
(AN AN TN N TN T T T T W T U N T W T T N O 0 AN MO A A A OO A A A AN O AN AN O O O A A O
g 7 b 2 4 3 2 1 0
PPm
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Coupling constant or Spin-spin coupling (J)

A Singlet
e B Doub et
A Tripla:
I
I e B artek

C
I
Mo Coupled C——C—H
Hydrogens |
iz
|
One Coupled c——r—H
Hydrogen |
iz
|
Two Coupled e C—H
Hydrogens |
C
|
Thres Coupled
Hydrogens H_(|:_C_H b
H

ST2092312 ASILASI=RAYLASDVID

AliadauAT 4o EpA LB
HEALTH, COSMETICE ANTH-AGING TECHHOLOGY

(1) o)
c \\ 4 Ha: 11.0 ppm
H C—OH @ PP
\ / Hp : 6.0 ppm
=0 He: 7.1 ppm
/ - \ Hq: 2.0 ppm
ﬁcﬂc H He - 1.0 ppm
\ 3 2 b
f(ii) 57.1
,,,,,,,, L
| T de=15Hz |

..................
_______________
...............
..........

JJUU\ U
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Exercise - O]

e
O _CH;j
There are five peaks (a-e) on d H H d
this NMR spectrum which
indicates that there are five c H H ¢
different types of protons. O
CHy,
|
4 CHj
I [ [
2 2 2 3 3
| i | | |
8 7 5 4 3
0 (ppm)
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Exercise - O2

There are five peaks (a-e) on
this NMR spectrum which
indicates that there are five
different types of protons.

i1

8 7

ST2092312 ASILASI1=KAYLAZDVTD
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NMR : Applications

MIsnaaoudd8y NMR d:tRUayandiAtungdAUTAsvasIvuavaisia avd
= ASS:UCUKUVUDVR:OUIUTULANa (allocating particular atoms in
a molecule)
= ANSS:ylASVAasIvUDvans (structural identification)
" NSOO9S 1ddUUDVAIstuaisway (measuring ratio of
components in a mixture)
= AsupnlAsSVULUUaUWNS (defining relative configuration)

ST2092312 ASILASI1=KAIYLAZDVD

nnluadaun
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#nvnssuU work@class

LUVAGUNIADNSSY 6.2

UDUKRU1gToNgtHLca:=Nay
S-QuauovUNUlaydsSAS
SHULIQvAIUAQLRU

(Huca:nauuntaus 3smsuntulongUaymr)

1) HAanASaATYHSDRANWUZIUNYNCDY

2) 351sAUdTUAINONCEDY

3) 3805UNgLBuwaAanssy (35UUA) Ngndov
TaglEnNdudu a SUWY ua:=snaiutudonavds
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