4 Nuclear Magnetic Resonance
(NMR) Spectyoscopy.
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sk Chemi) ohTi g b e

| The diPPerence M%,_QLE@\DQW

_____ posiHon of profon wih vespeet fo and

_ orbiderary standard s called Chemicq hy,
) | The diPerence in peals POS'%’

' due 1o diPRerence 1n elechon Olef@\’ry
| T

:_%iaround Hoe pﬂ)’mn of Gamp\c as Co\mEQ\,EJ\
| O\Th  elechpn denSidy around the broton

_Stondard chosen chemical Shift m

e

_— in equivalent frequensy unit and nok
anu&S- | / "
___ chemieal shift signifies the QxQcf
position of resongnee Sighals of diPreren
types of protons Por an  qubitron
standarg . - Cheen
__Profons ohich are jn tdentic eley,
onvironment have game ochemica ShiP- s
Callei\ equivalent- proton | Then the  poton
are (n_diPkerent elechonic erwitonmend

bave diPReyent p=0foA  Chemical Shift+ o

called non- equivalent profong.
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IHLQMQS' 20, _abolute. pealke position cannot \
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be c\e+ve'rm|ned ond W Tg Q ﬂO‘\— eSSeAﬂ’HOJ o
%also A GMﬂdqrd +ofon. referene TS (g
OUh dHhe Som]v’p

ITMS pmh)ﬂ €30 Nate ar\cl Qosorb 1
arbv’h”omw Flaed v be 2ero. g0 we really

measure Q 'r@,\ah\/el-./ Preld Stenot+h 4o
Qet vyegquired accuracy. The TMS ie

aleeays higher peak o Qrea(uemw and
OOmmOﬂw peaks due fo  anilid prohms

remaing at lower (or down peak) and

Those of TS p-ro+or19

Delta scale : Cc?)

T+ 1S most Oommonw usced Qcale, A

delto unit jis t+he ratio of fegd @hielr

to the operating Preq?  Toshument, if vV

e Ahe P»ﬁq“ &;mbol +hen Chemical Shipt-

'S mathemat{cally given ig under,
J (o . c

0 = L\/\iamp\e - V‘FMQ) in Ho
L3 OPerctHna mshumev\r%m ™MHy

In +hic eq” Preq” oP sarnple and Trie

are eocpreSSEcl N Ha. \dbore F"‘qu of 1¢

| expedsed in MHz, So ¢ has' units vart

per Mmillfon — (PPM)

Now , Veample “VTMS = 8V and

i MH2 - \0° Hp

20, eq" O & @n be cositten qeo.
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1 §= OV (0 Ha - - pprd ! b
'ﬁi Ningtrumend 10 Ha e~ - \@

o

multiply €q® @ by s |07,

= L o 180 PP

Vinshrument % tgfHd "

= DV L ppy

Vinsthrument

The chemical ghiM (s direcot dimon,

Nal unite independent oF applied feld 1
P feld, 4y

Such a G8ecale 0@ a under.

7 =

The 4 NalueS  are  (n  ppm: ynike and

Ilindependent PFleld Strength. -

2) | The ' reference’ ComMpound (@ :assigned 2¢rp
doaNaluess i vTe s e die s, oo

8) | chemical shift Nalye 0(27mos+ PoYONe Varfes
bet” 0 aNdrd0; 1V < glgrnny ) -

4| ThQ-Ef- Value - devrérgeg With @hjelding
(up Pied Shibt) and increases with ol ~Shieidly
~ (deeon Pleld "ahipr)y - -
The Protont obedrbing ot Pleid Jower theo

tho 118 1e given ‘o + ve delta: valse.
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,4#7 -

7 b) Tawu (T) Scale

;,‘ _fj lOrS%Qm?)eS 'Dwef P\ejj
|Straingth and legger Shielding j.e down fetd.

| A Smwler%nnﬁps higer Field

| Stenagtd, greater Shildin e up Fed. so
values  espressed In 4 Sca,le Qre m\é‘féqd'ﬂj_
TO oOvercome +hig o\\PPic;cd‘r\/ a_ dived kau

Stale g intoduced. Tt is related fo 4- Value
by the equation,

T = (io-§)
The protons ha\(mg Same & or T vValue
are equivalent protong. The protong hcwmg,

| different § or T values are non~e9{ulvcder)4—

profons.

Q
x- SPPCo-H I
1k sk L G
0;5' - Q,Z - \5:\ - &8 — |l - J2
i — 3 { K l ]
Sp2- c-H ‘ -~ Sp2-(o-H 0
' | J ' R=C-oH

¥ | Factors aFPRedting chemica) shift § Volues:

Many factors mModiR, elesyon environ-

ment avound a pTO“}Dﬂ" b\/ ﬁinPluencfngr +S 10Q04

Feld and +therehy offect the 4 valuas.

Promfn@))t PQOJDFS' Qre df@m&sep\ below with

Ccommon  examples .

D || Blechroneqadivity and ndudive ePfect

Precence of an electron uon’rbolmu)mg

afomn or group in Near prozimity de- shidls

the proton and Tnereases the ¢ Value.

(down Pleld shipt). & . \ncreasing 4" Value ol
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Q

elechonegativity of halldes . increas ag Y

—

P>y BryT

C*ié - F CHa-Cl  CHa- By CHyo7
— =A3 T
L &.26 ﬁ_ 3.0 d 0824 Q-ls?\

Down feld (d e@hreldm,ﬂ

'\ The elechronegativity order of th,eo

I‘Seledﬁd atoms {5, 0> N> ¢, SO meth .

linked to_these afoms
get  [noveasingl, shi
| Bom |ePe o _Yight. o

H .

\‘ \ '
’ y % N CHg- C
B . 7
2.5 § i 20 g 0.9 4

Down  Pield

Magnetie §bididing increases ae He

Nnurnber of hydyvgen odoms linked 1o a given

Carbon (Neredses, 2o +thoir f veles gefs

Sraller. es .

Ro~- CH- C) s CHQ_‘ CJ R- CHQ_-Cl
| 404 864 3.04
| Down Proyy

NDWH% Qnad- eledhon w’IH\drqw'mq group

| Rurther  aws? from o_given proton Tneress ifs
) [0‘06’4\;\5_,45/‘

HQSH\eldmg( Cor Tedied ole-shiold]
————— [~ I&dlng
Ld VQlues Ca ‘/

— |

-
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* | T e e

| =CHy = By ;—CJHQ-c Br  -CHy-c-c-By.
| 3804 , 165§ o5&,
ol Doan Fed. B

More the number of ejectvon ibhdrauing
qroups linked to carbon cawying  profon rmose

(S_the de- shielding and larger +he § value g

c| g~ - M i
H- &= d H-¢-9d H-C-H H~¢—H
| l | T
cl CA C | H
724 4 5284 3.04 09d

De@h?elolfn& down Keld .

Terminal alkene hydyogens appear at

higher Piad *than their internal counter pard,

eq. \imDDene,

1/\\(/\/ 534

—

/\4.9&

Vander walls de- &hIQJd\"LQr

Protons ocaupymg “hindeyed posSitio A in

0 molecude bear slightty hq@”r d Value. Becayse

elechon cloud of o bulk\/ group 4end to repeal

Hhe eledon cloud of Sun"oundmg proton.

I

Anigotophic ePPeairg :

The pi elechons of the moleate under
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the e inPluence of applioal Pleld Ofceygag
enermte mq\jﬁoii( Flold, Bud l{hp Pr@(d_\é@;"?ﬁ:
(L pi- elechong S unsymmetsic or deeg %“ﬁ:
_Opevate equally (N gpace . That js, it Ma,

_exert paramagnefic ePfect causing up é@ 4
S\h(Pt In  Certain area. TIn Some oOther Are. |

2y

_exerts dlamagnetic ePfect Causing down f;

_ShiPt  eq . consider the § values of &émgg\[o%
. Compounds - |
=0 ) \ba: c\/ —C=c—
i ,}H_/ J\/l /' ~
0|8 T, V1.5 v 5-8 v 2.2

| Anisotrople  deghieding .
U.

aJ | Adehyde proton : '
Elechonegative nature of o} de- Shields

B OAdehde proton | fusthes, +he (ndyced el
'/_ \§en erated by Circwlating 1T - eleshong of =0
B }bmd reinforce. the. QFP\IJT@ Plald  around aldehg,
_— proton QS Sheen in R, The SIB6 cqus fs
= )I‘ Toodon Held 8O raiges d wvalues 4o v 97,
~ bl Benaene : |
L. | Induced Porce rainfPorces the Cerfered-on

i et and Sy "_appied  Peld qiound the
3 | asomatic tong  sp %67‘§ef~ ole-Shieided
| )

~ greedly this raises thett §- valye
e -
I .

|
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€-Shieldin - due to pavallel adignment

/@pyhed Pled  and ind
Eames o e 5 Shlp{:\e INduced Pleld. This

M higher ¢ valwo.
dJ |Alkynes :
In alkyn
yNes the pi- elechons Reel el
Circulate around the mme bond @;mm%

axis. The Qcetylene PTM‘DOG experience d|
tomm,
Shlelo\q,q and  cause Pyrther LAP Pleld chipe -

P Shledm% and De- Sh|elo\|mgr
An~ elechon S a Spmmgr charge. $o,
elechon civawlation under the mpluQnQe of
enfernad applied Pield generateas ks own
mMagnetc feld called Secondar or indyced
magnetic Pt@id :
\\,\ //r/
a0 T Cirewading
, - \\% Y ,‘-;(1' ‘( / ole WO
; Y Iy I( \ /|
R /
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, - (Pgoton P X
l 'l‘\ TN "’\i
: B Y w2 ] ’
\ 4 )’ \ ’
A
'//} [ \\ \
SN N -
AR NN
Wy t—— Socondo frerd i lnas )
e P AL
il lSh\‘@,\d‘m b m \U Q) f;p C uo 0 < 'ﬁ
b e) D1 AR “

(% Scanned with OKEN Scanner



(RERNEERY

I R———

U
e ’:R\

~ The induced Preid generoted aroun, +

¢ DN

| praton imay it ompos o1 ranforce
enternal Qpp”@,d Fleld. S1°) the actuay pTQM‘PQ‘
bj the pmﬁms (s Not Same as that wof QEP)(\IL
FPleld strength (Ho) and called as locar pr ©
| When she induced Feld OPPOSW‘
(erxtenal field (M), The protons experienc g

[Hed which s slightly less than "H\Q‘QEM\

Fled. such profons are gsaild fo be%

or Shielded. This phenomenon of - partial]
potecting  the protons [Rom  +he Q?m

colled ghielding or dienqgnetic shieldin The

extent of shidlding depends on the Gw

| Nd uCed magneHc Pk"()@ld 'C-Hind) ‘generatded. Tuo

factors  confo) Hind  Value and they are ag
under-. i ot Slegr teng
t| || Elechon den@rh’/ around the protson :

Greater +he @ech’pr{ density ‘avound the
proton greater is the induced Pield qoneratad.
The electron density depends On the nature of

atoms, +helr Cbﬁneo}t'\ri- ovrd er ;
: i and ove
orientation - 4_even speie

Strenath of applied Red :

|

! Greater the appliey R .,
linduced Fled. PRliel Heid greater is the
H I,‘ e H‘ﬁg‘ 0( Ho

H H f’\c‘;\: ‘o) HO

| Where. Proporfionaltty constant o 1S |
| Codled shielding parameter, 1 1s a measure oF -

& _", ‘I 1 s L L Lt 4 M g/‘//‘
* ' ‘
s
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W 1 Md@gree of shielding or de- Shiedin Larjor the

o value gveater s He cshreclm;\ &nd Smeal ler
the & valye lesger the shielding,
When the induced Field opposes the
applied Feld arund proton [+ (g called
dlomaqﬁ@hc (S‘hleldm;r and & Value IS positive,
When induced Reld™ +he applied Fed it is
called para- magnetic de- shne(dmg and s
value 18 negative, Thus & value (nPuYenwas
the local Bed CH) around proi—oq

Hy = Ho (\'- )

The fota) Pied ‘W {8 reladed Fo press
pwcesevoncd Prequenof by eg‘)

D = 3) Ho.(l-O‘)
| 27T

The V- and T are constants and iP
applied  Eeid- sfrengfh. 1sniixed iromenns the
N\ value 18 dep@nols Dﬂ\y oN 6. AS & Vaue
lincreases Ghvadm;r Increages. and Qg ¢ valuo
ldecreases Bhaeidmg decreases

ae et AR a given opthd Peld pofons Under
_hiiediag \d@ﬁhcod electronic environments have Same
_ e Value and ave called equivalent projong.
Psotons  under aAlberent gedonic environment
d’\% N o value and are alled as Dhon-
g uivalent PrO’h)ng_
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L TThe compound (CaHe0u) Can oxig,

44— S S S —

Ag‘i‘uub LS‘OMQY‘LC_ Porms depgﬂd ‘sﬂﬁ— oOn %%\{Q\“
| conneettvity  and  their Shructure ave ag Unds-
Q

| o

|
|

R ‘ g
H'?C’D—CT‘H i Hoe—0= 00—},
|
H g o H |
Nei—hoec?zmg‘rhane ‘ ethanol -

All sl protons of methgxs, Methqn,

are In tdenHeal chemical en\n'r'onm@rvt.go

they have Same ¢, H or V Vaiuésm

equc'mf shielding. process etk Same so Hh

all Porm oniy, one set of QQ“T‘QQJQD@I’{I

) I
Si%. _protons o ethans| are N Hiree

dltferent- chemical environments. so H’\Qi have

different valuog  of o, H or V. They are unegw

Shielded, kave &0 they Borm three sebg of

Nod - equivalent profong!

i~ ®

0y || Van der palls de—'sh‘ie)d‘g%~g«~.i.f

— The“ TOTON | ©CCUPying o Sterfcally,
Indered position in a . rigid rmoleades (s’

I de—@hfdde@, BQQQULSQ)'%Q electyon ee« cloud of

hindering _group wiill_tend fo_repel the ele

Cloud S\L}(TTDundm 2 e - :
UNCing . profon. eg. the highly Subst:

Stevo(ds  ANd adkedoid -

{

b | Anisotrophic ePPodc :

H The C:Trcumﬁor\cﬂ?\tg.j\.ejemng under
S ———
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L .amolled Pield gen erfes @ﬁorajpr induced Pied
/_,gmd profoundiy inPluences jocal Field. But the
Fleld d 9enerated n ur\97me1TLCC\! Or does not

;Luoll IN Spate. Tn certain reglon o
] (Qvea (t rainforces the applied Pied Cparamagnati
(/,,_M% down fleld ShiPFt and in ofher rejon

oF avea it Opposes the applied fietd (diamagreti)
Cawsing up Freld shipt. eg.

) [Benzene :

In benaene +he induced PT@id generadel
oy the cirw\oq‘fn;:r T - elechons 18 dlmeq neHC
Coppose) ar the centre of dhe rm;ar But it is
paramagnetc (rainforces) at e Hhe prn
pevifbery around the protons as shown in {-’ig
below,

De-shield e Shielded - ©Deshielded

e

,_'&gion o, YEsion. ., - Mon. .,

T ho— S
- L _ roTa <

X ! < \,,‘5 ' v Ind T;?g@;?‘- Magne
| /ﬁ \—"\ L‘\ oriented in Seme
TN/ 1 Siredion oo wo
\ }‘ ) avound H
\ AL

~ ok He

TP peelied Fiad-
Fig. Ring cument offecks in benzene.

of || Alkene *
kihen c=c of an alkene oviented af
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Vight _angle fo_the direction of +the appyi

Feld, the Tnduced PField due to pi- e lechy
foms 4+ud  cone Shaps |obe. O‘ﬂe'ory\%

: ! | 20_¢;
Side of C=c  bond Hhe lobes @qu\m’?h@i
bond amis as Shown in B'a  belowd . '

/./""\\\ Iy + /,./" L — =~ X4
{ \ Q0 (6] / L —

4 ¥ 86 ! A7 & /\\
. R \ R \ 5 S Hrﬁ'{‘\
f C%—C/ =l | Ci:l C‘/} :
| i | ; ;, /// o !
Y, AT T e

L // +/ + \ ;/J ‘ Y /\L‘Q_/_)/'\\' /)‘

~ ’ —_ - - -

V . , Ho % ﬁ\ ]

Flﬁ' Anisotropic effect of Pi- el@dhons in an

U kene.

The Protons Coming edithin CONe arec

Sxpefience. paramggnetic . efeot and de -shigy

Aldehyde :

|

In aldehydes the Sbhielding and de-

H

Shielding. 2one  around  c=0 qrpup i slight

|

= U
differes Rom  allkene. The fwo Cone Ghape

I

volumes Qre Centered 0N g atom 'T}\M

I

Ipczn‘a}f@ o the c=o0 bond anis The proto
OHNIN the 20ne erlene de- hjelding b

proToNS heu above or below the cbne are

Shield e

. j/
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0N ajdehyde. »

4| Q\K{yﬂe«

. The elechon dxsmbwhon at awtylene
H]Ple bond anis fs Stmmetric. When ’mple
bond axis yvemaing parallel to applied feld,
eledvonic Circulabion (nNduced is  perperdicios.
N oetylene potons ger shielded hence
absorb  Further up fiold +Hhan \)|n7nc profons.
Qs Ghoaoo m be!ow Magatic Feld

: | I \\ P ‘\\\' .,,r
H N (‘G"i:{ﬁ\o;j ,\.,h“.\ ". }‘“?
] } ‘\ ~ in

1/ \,C. A i{ C
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Coupling Congtant T
O : —
The coupling congtant is i gtqnc.
between the Cenmrtsu of {wo adjacent oy CK
Succeddive peake in & muHplet. Tt S das

Q&8 J, epressed in Units of Hora of «
and 18  value ranges Fom o mﬁg\

\

...f‘—' %l\b N

Typog of coupling congtant -

Depending “on the number of bon

‘in Dl @ J 9 o

volved 1n the Coupling diPferent fypes of —
Coq)plm%a Are  reeogniged and +hey
under . 7 /

Y | 4 bond Coupling (Ciy) - ,
This +"7/f%"e of coupling 70Cours be:h»@g

Fwo -SPT(\ QCHVQ nucle; ¢ s U ‘ ~ -
1 | Joined by a Gingle bho
e&. [QC_ H 7 Ho't— Q']O H;{ ’ M

The bonding electrons in a Single bond
are Qe\s%{meq o QA viod Qaoh -other «g Hat One
deofon is near [eft, nudleus ' gng other elecho
'S _Near right nudlens., Khere as dhen the.
nuglev are parallel O{C\”@hedr Chq\re Same <ph)
9 _is negative. Thus most one bond Coupling
hovegPOfsTHve J Vaduas emeopt fed orpeptions.
like "c- "F oher T Vadue is negadive.

Vajuy & \
ues of Some one bond ooupling  Constants )
C-H - 10 - 2970 Hg =

SP® - 116 - 125 Hy

Sp?- - \5D- 170 Ha

5 ——1q SP - 240 -070 Wy,
C-F — 165- 370 Ha,

L g—/“-’/
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| T O bDOO\ CDLL \ﬂa G{j) - -
”W@So h/pg of COup\\ﬂ G are C’Dmmo[l,,

Ll m NNR These are Sometime s colled .gem(na)
) A_,Cmphﬂ ~ becauge the fwo nuclej fhat
~iveract are ajtached 4o He Same central
adom. The +wo bond coupling  constanks are
;mpr@eﬂiﬁd s 2J. ¥

I (ﬂ\éﬁ oCeurs n  carbon  Compounds
(when tuwe Spin_ active afoms aqre attached 4o
the same carbon adom, ’rypycal\y Sonadler in
magnitude than one bond Oouplmq In majosity
cases the two bond Couplings are those of
HCH and are found 4o ke neggative.

:C\/H "q "'O "\5 Hg\
H

)C’,\/r‘ Ny & Ho

N
7

130

i
=c’ 04D 2 Hp

The walueg of 2T depend@ WPo NG
the bond angle CC H\ n Qage qu@ngq
mo’rons of ‘a Saturated Oompour)d
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ChagacterisHas of two bond or 8@“\”{8}\6\\1{)}
consrants - - B

3_) T}\e \/CUUQ Op C()LLPHQQ COF\S{'QO‘}- {r\c'rQq(S‘Qg —
Yoitss) TUOFGQGG N bor% angle, }

eq. Methane 23 = -12.4 Hy, Ethene T= 1o,

2y The volue of coupﬁné Constant  [nerease

L)

With  Tnergase In ajom or Qbuwp .

® The vaiue of coupling constant A coresgeg i

an eleotron negative Subghtuent Withd o

eledvon HOM  t+he T bond. e, Ethane - 23 - 1,

He. vinyl Bouride - 23 - _g.g 4,

3|

Three bond Couplin g Ce:r) .

In a hydrocdibong . the Spin_of hydm

Nucleus in one. C-H bond g Coupled 4v 4,

Spins of the hydrogens in adjacent c-H bon
: 3T =

(|

(Y
[l [ .
\ , Three bond vioinay

—cT e Coupling |
: \J

These H-c-c-H Couplings a-e alse

cadled  N\ioingl coupling beoa use the h+d rogen:

Qe _on neighbouring Carbons. visinal couplin

U °
are three bond Coupling. and have q coulin
constant™ deSignated ag ~ 6T Thege c@@plinﬁg

| produce spin - spin cOupling. paderng that “folle

N+d yue in BTmpPe al{gh\cjnﬁc_ ‘thmcgrbon

Chains. for Visinal protons the value of

m@\(q& dihelval anale. as Shoun in Py

.
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.90 40 60 3O 109 120 160 169

— oihedral amgle
Coupling constant maximum  Valueg
with when dihedral angle 1S 0° or 186° The
Value 0of J is Sliohtly Negetive when dihedyel
angle is qo. The valyes are some Oupling

are. H \:—(
_—C-c—. 2 toq alvays poSifive deperds
b Lpon ©.
b Y
] S(gls) T toio.
H\ v
=
7 CH (Trans) 18 £048 Hg
o 6-8 Hg

Y ortho - 6-9 Hz
~~"y  meto - (-3 Ha

H Pata - O-1 Hz,
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Factors affectin ng. three bond couplip
- @5‘

Dihedral angle - o
\When the +wo oq)ac)gnt C - H 5%
)

are perpendicidar there fs minimum OV,

of orbitads and S0 there ig No SETn mﬁ’"‘LJ

Hence the C,otqohr)pr consfant Gy H- H =0. lyhg,
[0S twe Spin actve nuclel are paralef R

| ‘e

=0 ur enfparadfof o = 180", The Couplj,

Lconstant hag mamimum \/aiue BJT« H = Moy
Q3

f |

ot
b

Valance Qiq\e-

l

The vValue to § de@m;z@ew QS B anyg

B i{norease in ee case of Ha. a. The i,
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1 On_Aqjacent carbons are joined by o single
Ov_ double bond. Hence ortho coupling

constant _are nearl; 8 Ha slighty lower then

s olefinie cogE\Tna constant Tn/mdohexm&

8'8"‘ 1016 HQ,

Prasence of eledhronegative or elechopositive

Subshtuents -

When eledronggative elements are

direeHy ottached 1o the Same rbon atomg

as \icinalr couple protons the coupling

congtant 16 decreases, wWheress aHached

eleehDn Qoatve elements  Increasas.

Long vange coupling (47 - 7)-

~ Thege Tnvo\v}é more than & bonds and

i commpn in Qlylic hydrogens of @vomatic

ring hydrggen.
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