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Intyoducthon >

— This technique was developed d& Edwosad M. Puvcell ond Felix Bloch in 1940s.

— NMR mvmnw«ownoﬂm s a techvique which gives us infoymation about the mmuynbey and

types of atoms of a pavrticular element in the wnolecule.

—  NMR m,umnﬂqomnovm whieh gives the nfexmation about yamﬂommj atorm W & Tholecule
s caled 'H —NMR m,umnﬁ\o.mnbva o proton .30m5mmn ~e sonance stwu mvmnﬁdmroﬁ_.

- NMR spectroscopy which gives the ipfoymation about corboyy ak¥om In o Ynolewle
is coled “C-nMR  spectvoscopy .

- NMR @\Ves o decper nformation obout +he cavbsn- rd&qommj fyamework of

od.mo nic Trolecules-

L | -
— FeinciF \E

— The muclei Quom#?n—m_ chay ged pavticles) of cewvtain oatoms o¥ theix Tsotopes possess
peo pey ot mﬁ._dj.,sm P,o_.m theivy oxis, like electxron.

— These cChavged nuclei genevotes o hagnetic mement o.,qsm the oxis of spin. Thuys
nuclei behave as I:d magnet.
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= OZ& those mMuclkel possess such zﬁpmjmﬁﬂ moment (quantized spin Qj@r&D,ﬁ gagmggucuf..nf have -
©) odd atomic Muwmbey

aprd odd Mass Mumbey

oR
® odd otomic MNumbex and

even wTnass NuUumbeyw OR

@® even aYomic mMmumber and odd TMass Numbey

All Mucler possess either half integrval m@v ox full ..Swm.m,..o., (n) spin quantum
numbers (1). ¢-e-

—

atemic ruclei Teﬁjm_ T=n oY .Hnw will have §9@5@¢P vq%m.ln.mm-
- The atomic muclel which have even "mMass Mumber

amad evey agtemic Number
amnd bhence do not

do Yoot possess a Muclkar spin

have ﬁJo.ms:mT.ﬂ pPYopevties.
— The To. of oallbwed spin state for o muclei is
pJle =304 0
heve T = Spin quantom woe-. of muclous
Exommple :- __I Mass Mo. = § Atermic Mo-— L SPih n_\cn_s*cg Nno .- mHvL._M
= 2%+ +1

Allowed spin state = 2
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Element | Mass Number Atomic Number | Spin Quantum | Allowed Spin

Number () | States (21 + 1)
1H Odd Odd W 2
TH Even Odd 1 3
'\B 0Odd Odd w 2
- 8 Even Even 0 0
'«C 0dd Even w 2
N Even Odd 1 3
'$0 Even Even 0 0
Yo Odd Even m 6
-2, Even Even 0 0
F Odd Odd w 2

1

P 0dd Odd 2 2
g Even Even 0 0
= Odd Odd m 4
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- In the absence of o-pplied ﬂbamjmin field all the ollowed spin states of a nucleus

axe 493?53,& oxiented, &ﬁmmjmﬁﬁ.ﬁw ond axvxe olso nﬁab:& populated.

T Higher enesgy | [

A - = P ~2 ogur
R “o n s /o

A _H\k,/.._ 4 8 A
0 Q. f\) M F,H& N / o ; .
X 3 X, m Lower enevgy GJ . 1 (o\igned

State __ " with Hg )
LS Y

P XS MP =M

wﬁ‘mﬁmi) of applied ™ag netic Geld T._L >
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— In 4he presence of quo\jm external magnetic field (He) , +he diffevent spin states
of muclei Mo owe Yemain Yondom amd degenevate. -
Foxr example in case of

hydrogen mucleus , theve oave TWo spn strates, +1
and -4 . In +he p¥esence of Orﬁﬁznm éQmﬂmlIn fertd (He) , +he +two evevy ¢
Sta¥res il be @mjodbwmm . In lowex enevyy state mucleax JBQnoxjmT.n. ™omen t

will be Qh_mﬁmm with cpplied fHeld ﬁ+.w\v and in the Tmm_fm,q enery'y state
it will be Drcm\jmn— Qmﬁujmw the applied HHeld (-4).

The diffesence n energy bl two Vevy small when —the mﬁdjmﬁf of

of opplied Wogpelic field 1s lwd. Because of small differerce, the oo enemy
stated ave 3@9.1& N@CD:m populated.

States s

Howevey , calculatiens show “hat +thewe (s Q_En,am mﬁm*é excess of mudei in
the lower nﬁmqmd state.

The exXcess of muclei in  lower emergy State s ~wesponsible for the ol sorptio

of a:mq@a in +he wadio ‘T.mm.cm?u «nm.,aﬁ ot  the .mvnn.ﬂ.ca.s.

— The tvamsition AHrom one enevrgy state to other 1s <slled Flipping of the prvton,
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~ The diftevence in enevyy of two states m..ﬂ.mjmwf of applied gp@ﬁmﬁn Feld

~ The b«m@ﬁmsnm. ol obssxbed J‘Pn__‘oriaiﬁ(u s m._c,md Wm

M Ho hexe Al = aﬁnm\ﬁmin yooment

hT MHz Hy = mgjmnr.r of pﬁﬁ:mm \«.DD..@SN.TD Leld
h= Planck's constamt

I = 8pin quantum Mumbey

5

- A second effect of applied Mognetic field on the mMucleus is thot it begins
4o Wobble” o¥ "Precess” and tyoces &  cenicel surface in the swwme ynammer

as a w—u..j,.«_& top ov a ggvoscope tvaces under the influence of mgﬁiﬁdﬁaj fvce.

- S alll ‘; L ¢ ___..m U<
' 4
Pa..- precession of
RTt1 T 1 1] wvucleus in presepce
. | of H,
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~ The precession of rmucleus . @eénevates an Omn._:owu._s@ eleckyic +eld of the swwe
Tménmﬁnu (w) as +he h«mn_\c.m?a of ,u,.)mnmmm.,jm Pucleus (W)

— Now when such o Mucleus s Nnvradiated with mdmnfagorm\jm.fﬂ Yodiation also

of the same .Pmn_\;mﬁnm (W) +4he +wo frequenaes couple and +the TNucleus

-

attan the Stote of ~wesonace @nd obsoro evexngy - The mucleaxy SpPIn s
— The instrumepnt detects amnd yecovrds this as a w&jp_ +o m,_,\n a. spectyam
colled NMR spectrum.

Frequ r../_.-u _,.H_ DYeLess
_— " -5 { ]

.Pm — Resomance prvicess
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aeshiclaing ?

- In o Toolecule pxotens awe Surrounded rm the electron cloud . This glectyon clowd

Stayts n..,dnibﬂnm undey +the intluence of o.w_:_.mn_ ﬁapdﬁmﬁ.ﬁ Held. The civewlatieon

of electwons s called n__,930,u3m¢n cuwrent  (ohich nduces o loceal §9m‘5m¢.ﬁ
Liela (olso called SeCondary o¥ TInduced magnetic Hield) . This induced Magnetic field
opposes the appiied wmagnetic HHeld meax the Mucleus, As o vesult, +the Field
strength Qngm,_m Lelt ,om_ the Mmudeus (Heee) 18 Dﬂgpm_u less than the wvn«n_.amiv

of opplied Feld (H,). such a mucleus s said tv be shieded and the phenowenon
1S called mucleax mrﬂn_%:m.

As this WT._mE._im 1s due +to &ﬂpgpm‘jmin cuxcent, it Ts also called n_.,nrgpm\jmiﬂ
velding., ——————=Tnduced magnekic field opposes the gpplied
e @ >\ \«\/ mﬁ

Held meay mucleus.

A Nucleus
—— .\[Z\mC._QT:m e~ vwdaCnm.m m_.ougmr&ﬁmin curent
Ho 1 ,
/ le——— TInduced oY mmnojmo,,.u épm\sofn Lied
-
Applied g
fie\d

“.__@“ diamagnetic shieldi & ot PYotum

d
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Tm avound mucleus Y¥eatex Will be induced ng\ijn field

— (veater is the electron densi
which oppoeses the opplied magretic {Held . 4hus m;nofr.:. D._u.m:ma. go&mjmm.n field 1S
vequived Hor  absorption.
— When ocbsovption occurs | the Ffield H  felt+ by +he pyoton Ts  given by
heve H, = Applied mmagnetic field stwength
H= Ho(1-<) chene mT._m_m._Jm pavtametery (ohich shows extent of

w_im,n,..sm_
be +the value of Or_u_u__..m.m freld .mwdﬂSmIo

—  (nxeatevy the value Oﬂ i | &;ﬂﬂnpwm;& Wil
which has t© be opplied to get eHechive fiald wequived Hfox obsowption oamad vice
xeinfovces +nhe opplied field |, the proton (nucleus) feels oo
deshielded amd

Jyexsa.
such & Mucleus s sawid to be

T +he Induced Field
highex fievd steength  @gna  thus

the phemomenon e celled muclear mey..mdmfﬁm.-
" e~ In the bepzene volecule oave delocelised. when

~ Example:s» e
bengene 15 placed umnder the ‘nfluence of oppited éD&\ijh fied | it
ied ;Qmﬁmmn Held omd n._...n,F—nkJ.Jm e — mmjn;ﬂnwm the nduced §Qm\3m.in
and Qavemagmebic ln +he regien

C. TYnole ﬁrr‘,ﬂ D._w

orients 1tself

at 90" to +the Opp)
Lield which ig n.__.o.gpna\jmih in ‘+Hne ceptre of 4..5@.

of pyotwans.
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D:\DC._—D.—.J.Dm e \ _[.g.nr.r., N .w.____..;__,\.u middle 01 thne ¢ (_
’ )
Ho
—at
® - Cc-atom Ptz._mm
Herd
TInduced «jbmﬁmIn Lield wth

the divection of &pplied feld
ﬁo_mmfwm.%:&p

® - H-atom

— Pxyeserce of e- dﬂ_mom..sm group (+1) cCasues mrmm_m‘_sm o pvoton because Wil
ncvease the e- &mjm.;.m a¥ound pyoton while presence of e~ n.u,_*rn_..‘o.ﬁ._s.w‘ &ﬁcﬁm-d
Causes nwm.u...._ni\_jw ofF proten because it will decwyease o-— mmﬁn...w,@ ovyoumd the proten,

— In case of nucleax shielding , ctvength ot ?Pmdain Lield showld be incveased
While in case of nucleax anr..o_,__;m it showd pe decvyeased.
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The Mumber of signals In o NMR spectrum tells ithe mumber of the sets of equivalent
pyrotons in a olecule.

The vposition of signals v the sSpectvuwm help us t© Know +the Mature of protons
viz. oavowatic , aliphetic , ocetylenic, <..3a_..n etc.

Chemicel shift ~vepresent the position of signels.

If +the (nduced Field oppose +the applied field , ¥hen +the proton (mucleus) is said
40 be shielded: But ¥ the mnduced +ield vweintorxces +the D.v_&_.mm .P,m_m_i,m PYoton
feels a higher field Stwength ona thus, such o proton is said to be deshielded.
mr..mE._jm shifts +the obsovption upleld ang D_mmfﬂmi.:‘_m shift +the absorption
downteld to get om etHective field Stvength necessary For obsowption.

such shitts ﬁn,.gﬁvodmm with a Standasd ~yefexence) in ihe vom._pﬁ..gm of NMR ogbsovpons
which axises due to the w_.,._m_.n_..ﬁm ox deshielding of protons ra the electyons e
colled chemicel shifts.

Fot yneasuving of chemical shift fox  vavious protons In a ynolecule | the sigmal Cov
tetromethylsilane (CHa),Si (Tms) is token as ~efeyence.

The diffevence in obsowption ﬂOm..Ig of Xthe pyoton With vespect +o TMS mv,.&sum 1s
called chemical shifts.
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and Scale ot Chemical Shit+t:

The chemical shift con be MMeasuwved in Hz which s divectly pwopostional +o the mfmsmi)
of opplied ?ijmin field .
Since & mumber ot instyuments OﬁmJ\D.T.jM at Qqiffevent .Pm_n_ WW«M—J@*T ﬁﬁ..n. &0 MHz ._OOZIF‘

200 MHz etc.) gre 040.29me Yhe chemical shift, weasuved in Hz, will be diffevent

with different instruments.
To ovevcome this pwoblem o +Field independent scole, was developed.
The umt uUsed Hfor this is & (delta) which is the watio of obsewved chemical shift (He)

o the wodio fyequency used(MHz)
Since 40%93.?3& numbex (s too sSwall, it is grp_?w:mm T& |0S.

obsevved chemical shift fvam Twms (Hz) Lk
&= Spectremeter freq. (MH2)

Fos example ;-
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~The § value assigned to TMS is ©0 and chemical

shifts of ﬁan&o«._mm of pwestons +all
between o to &l10 on a +ten point scale.

-~ A small & value indicates upheld shift h?m_:mx +ie\d w.T.@:mt:v and the proton is sSaid
+o be shielded.

- A laxge 8§ value indicates downfield shift (lowey Field stvength) and +the proton s
Said to be deshielded.

— Chemical shiit olse easured £m..5m anothes scale called T (Taw) Scale. gn +his
scale the chemical shift of TMs is Dmm..mﬁmn_ the value T as l0O.

— The both & and T vyalues ave <welated 1o <cach other as ‘ollows:

8§+T-10
0¥ [

\0-T

ov T= l0-6

— The vd.#qjm Sn&._:m same value ofF 8§ avxe caolled QA\C“_/_P—mﬁ.n 14.o+.oﬁw.

— The pyotons 79_.:.& ditfevrent value of § oYxe called NoN egquivalent ﬂﬁowqﬁm.
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—The velationship b/w two scales, posibion of TMs Signal and covrelation of m.r..m_%_:m

ond n.mmr.dm.dn::m effects wWith gomjmin field ove shown In b&,

O 1 2 <! - 5 (4 7 & 9 |O y scale
| T
| Lowex field "
_ i — _
|
" deshielding _
I _
| |
: Higher +ield TMS|,
| ' |
" S, S O _
" Shielding _
i "
lo 9 - 9 G =) 4 3 2 L O & scale

.P.m..- Scales of NMR spectra
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| % - 1 + f 5 - - Y W | " M “W Il
| N3 8= PETEXEDNCE CoMmMmMpouna B INLY L I

(4 N

— Tt bhas been obsesved that +he diffevrence in wyesonance .ﬂdmnwﬁmjn.,mm of diffevent +N:um.m

of pyoten due +to m?w&;.:m ond mmmfwm,n_._sm is mmjmdo,:m_ vevy smeall. so it is mx.:ngm_m.

difficult to Mmeasure Such a small difference onnc«n*m_m.

— To ovexcome this L.mﬂ...nc_*.mh o suwitable ~wefesence compound is chosen awnd vesopance

.?.m@;mvnm Om_nsm @.st oa‘oﬁgwmgnomcaﬁm,ﬂﬁn_i<n.woP;ﬂmmoﬂoqﬁm l?m&c.m.:n& oh
—udo,.loﬂ of 4his sStandaxd compound.

— The most 00.«3305_& used vweference Compound 18 .Tu.mqp.gb*rm:mu__bsm ﬁo.drﬂmio..wmm a<
TMS) 2

_
CH— m__||n:w OR  (CH,) ST
CH,
— The choice of TMS as o ~wefesence compound s associated with the .ﬂo:ocu.Sm\
91<Dﬁ+0®mm|

@ Tt IS .«.m’nﬁcm.u inext as i+ \has Mo polar g voue:

@ It 15 O T..mZ& volatile -..J‘SL ﬁU.v. 299:5 k) and, +hevefoxe con be n..Om.._m_ Yemoved oftey

use +73nam éstm the )«mno<m...m of the sample (in pure condition) mn.m.__m

»
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\@\H». is wisdble with most of the or¥ganic Solvents and does Yot form any .mm_vm of

complexes with them.
@ Tt bas only one &.m_um of pyotons, so exhibits one shavp m.S@_m. vm?x.ﬁﬁ wA_«N_.,mS.

@ Que 1o presence of silicon atom, which s ore electro positive  thom Cavben, the chemnical

envivonment ofF all the pxotens of TMS is quite diffevent +than that of wost o

the pyotens- Yence +the mﬂmjor_ due to pwvotons of TMs oappears outside +the nMowme)

Yonge of protens of «5&04..& of OAN_EEA Compounds . In Hfact +he protons of

TMS aove Smmf_m shielded S0 Djo,s@n of Gcmiﬁuﬁ._jm of +he mﬂmﬁo; due to —“hese

peotons with othew —u#0¢gw is <D.am Yaye.
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- The chemical wch_lﬁﬁ of differwent +dvnm of proton ove affected r,m. local enviyonyentis. sSo
can be used Hor +the chavactewisation of diffevent Tm_wmu,

_....- AL

the Volues of chemical

of pvoten and

— The Vvalues of chemical

1__93.3@ a wejox Tole 'n determination of stvucture of un known Comp.
of Adiffexent

‘-e

shifts

shifts
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ey
1.6

20

(W )
—_—

2.1

types of protons

@._,Bj n toble.

" Proton L}
L—CH —OR 34
CCH,—1 32
~-C—CH,—Br s
—C—CH—Q 36
-C—CH,—OH 36
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™\

— The atom or Q¥ouP having -1 effect Wl veduce the electvon &m:m.?d cground —+the
p¥oeton and will wvesult in +he n_mmf._m.m._«d of +he p¥oton .

— The atom o¥ gvoup Soc,.sm +1 effect (il increase the electyon density avound the
psoton and Will vesult in the wj..m.o:sm of the proton.

E xoYnple 2 -

() The oppsox- value of § of wethyl pyotons in ditevent electromic. envivenwents ove
given below -

DIwI - Dzwi N CHy- 0 CHy- T CH,~ BY anl Cl ﬁJn F
S5 0+3-1-0 S 2-30 8 3-30 S 2-1¢ 8 2-70 S 3-05 8 ¢-2¢
E.N. 25 E.N- 3-0 E.N. 3.5 E-N. 2-5 EN. 2-8 EN. 3-05 EN. 4-0

M) TIn case of holoalkanes multiple substition sxwﬁmm abbuk move &m.ﬂ?m,&:m.

CHy~ €I CHCly CH-Cly
& a-50 d 530 8§ 7-27
(in) The deshieldi 2% effect fo;ommﬁ A ecyecases wWith incsease 'n distance
~ CH,~ BY —CH,— CH,—- BY — CH;- CH,— CH, - BY

§ 350 8 1,62 S\'25
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a hcseases (hen Sun_«om.mj catomm ﬁm.z 2-1) is weplaced Um coxbon

(iv) Gmmf.,m_n...:m effect s

atem( E'N 2.5)

H 4 C C
| —H | =¥ \ —H \

H—C-—-H _— C—C—H > & c— H rﬂlw nllﬁlI
| . < | 4 & \ |
H i H &

§ 6-23 8 09 § 12-1y S 2:0

) amwT._o_n—..jm eftect s ealso incvease cohen Sa&dombj of ethane is ~eplaced __OM_‘
15@_&_ o
DIA. ﬁhIWl ﬁIw Q.lhImu.PﬁIu. hpimuwl CH
§ 0.23 8§ 2-34 § 3-92 £§5-¢2

i) ,,U.wmi_b_,m_,«& of proton due t© nethine vyesonance in &ﬂqrns%ém»‘faﬂpﬁfaj

l*
hpimvpl CH
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(1) nﬂn —H - 8§ 0:00- 2:00 1°* 8 0:3- )13

2° 8§ \-2-1-7
3 § *4-2.0

5 -chavactes of 0m1 = 25°/. « E-N &mmT__mE._jw\

7 =
s T - Colled Olefinic o~ /}Ja:n pyotens

§ 4.5-7-0 (aliphotic)
g- chayvactey of n.m.wv., 3337 oL EN. npmm?m_n_.-s&.

§ 17-0-8:0 avomatic pryoton (higher +ham expected S volue)

hS | a to 1™ eth 150 e
& 9-0-10-0 O.Emfdnrr proton 5 18 due agnetic aw P§

M) CS"'—wHi-  called acetylenic protons

§ 2:0-3+0

g- chavactey of . s0°/.

& volue lower than expecked due to n_nm_:..mi._am, ﬁ;._m s due to gPﬁSmmn
Qﬁﬂmo&.«owt
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Hudvogen loonding >

— p¥okens ..540?.& " ymmﬁv@mj wojm.sm vesonate downfield compaved +o ﬁo_:-fanfﬁudmj
bsnded ovpe-

— This Shift is due to the Fact that in hgdrogen bonding theve s a shift of election
cloud Hrom the famdomm: atomn to +the attached hetew atem ((F,0,N ekd).

— Thic electron (oithdvowo| decveases +the electyom density avxound proton amd hernce

causing downfield shift (deshielding).
Examwplei-  concentraled ethyl alcohol 8 5-28  (hydwogen bonded —oH)
Very dilute solutiem 8§ 4.0 ( free —OM)
Tmis behavisur of proten s useful in o__.mij.mrnmf.,s& b/lw intey amd intramoleculas
SamaomNS bond

[vter moleculay IntraMmoieciial
/ "
Concentraled CH,~ CH;- OH (Coonded ..O:v § 528 0 M
SoR o-l2
Very dilube  CHy—CH,-OH ﬁTmm -oH) 8 4-%0 @\ . St |

No n:nsmn on dilubion
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-— vq0¢9).. of ﬁO«Jon‘@m achd § 10-6-l2.0
Pvoton of Phenol & 4.0-1-0
pyoton ot  Enol 8 »\150

— The &mm?m&..sm of Hnese ?ggm s due o h_o:oﬁ._j& Yeasons —
() Greatey electvonegativity of Oxygen
1) Electron — withdvawal fromm acidic protens due to ~resonavxe.

e
Co 0
| : g /
ﬁd«.o_uxdrﬁ aad R—-C° . — R—C
N0 —H B_H
& o
~ @
Lo NSO H
Phenols @\ —> @\ > etc.
3
A \0%I /M.wl ﬁ\
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(2) von der \Woals desnelding:

— When +two Ton-Vidnal protesns comes mMear each othex in the space, due o stevic
DAOF&;@. theixy e- clouds Cﬁmm,..@o c5mm_<5,3m¢«_.0nr. distrotion dmmﬁﬁg n MMutua|
deshielding of such protons.

= A i -
(6) WNa ..q.j etic OaONISOTLYCopY -

4

29

—  Anisotropy (Gveek - diffevent n diffexent divections)

— TIn Some molecude , Yhewe oy be mf..m_nr.am ot pProton in ore J.mm,_o,b of the
voolecule and &mmf.,m,n::m N the other . this is called épﬂﬁmIn anisotyopy.

Example .

P

Induced Mag netic Held o,mnr..jm¢ ‘he
D.to_..mnw moag- Field wn the }ﬁﬁ&a&)) o} Cc=¢ hond

Circulation of ne-

(V)

va:.mn_ P— H-)npr—ﬁmnw ;Qmﬂ@fﬁ .ﬁ_m_m wrth the Drﬁ_of.mn_
Zpdsmmm Moqnetic $ield.

Fie\d

He

b.m..u n_mmf._m_m._jw of olefipic protons by +the induced gpm,smfn Liled genevoded by
Civculation ofF K e-
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- Wwhen o Mmolecule of on alken (s placed in extewnal magnetic field , 't ovients jtself in
such a wanmex 4that 7T e~ cloud Te perpendiculay ‘o the applied g?dﬂm\fin freld
and \ts R e- staxt np«mF_DiDm in the plane of double bend cung generates Tnduced

39@5m.f,0 ..P.mi.
— This induced wagnetic fHeld oppoeses -the
bend and with 4+he ogplied Feld in e Tegion of proton. The met ~yesult is

opplied Jield in the wegion of double

the me.m?m_a_.a@ of  pwotovs. ,—— Induced épmdmmn field opposes +he

opplied Field in the ~vegion of

® Aldehydes
=0 bond
Applie d
z.nmjnﬁn
Lierd Ho D...J..DrLDﬁJ& N e

h,..@..l lmmf..m,n:jm of Emmfdn:n v«.o.rgm rm Tnduced
?o,djmin +eld @n«ﬁﬂpﬁm UM civcuwlation
of N e—.,

Tnduced dbnrmﬁmm.ﬁ .ﬂ_.m_&
with +he opplied magmekic
feld n Hne ;ﬁmm‘,oj of

1<o¢gwhmnm7._£m.§av
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When Q_mmsaum e placed in extexnaol gbms.min field ,it owients tself
the extewnal ox ogpplied ﬁxo_d\smin Lie\d -

The (nduced ﬁJP&‘ﬂmIﬁ Held .m_mjmﬁbrnn_ _oa the n e- is

pexpendicular to

wirth A Pv_v__.m.m 394.3}.“.
fHeld 'n the .«ommaj of PEmT&w,wn vﬁopﬁdmmmm?m,a;mv awnd oppose the applied
,gn»uﬁmmﬁ +ield n the Km&”oﬁ of C =0 double bend- )

The extenswe mnmf..m.m_.:m_ of aldehydic peoten is due o wagmnetic anisotyopy ana

mﬁdjm_ ﬂdmnqga.@bi <_.¢m of n.DdJo.:u_ Cavoon.

Mywmor COMPOUNGS : - Induced Wagnetic Field opposes the
_ > opplied Lield w Hae Ymiddle of
ﬂmdhc.ruﬁ:m e Py d:&\
Eﬁzmm
Bemﬁnmn )
e d S— TInduced .:pPNﬁm.ID tield with
Ho

Ane divecBon ot O\T_.uﬁmna
Lield in am&..q,: ot

proton (deshielding)
nduced Mmagnetic Held generated

of ben zene

l_w__m".u @mmr._o.o_..jm of avom otic protuns r,d
by n._dnc_»o......;m n &
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benzene olecule

axe delocalised. when a wolecule of benzene is placed

undex the Influence of opplied ?Dmﬁmﬁn field , 1t owients itself pexpendiculavy o the
opplied Field and m._dnc._Dij e~ genevate induced é&\ﬁmin +Held » Which Ta pava-

-mognetic in the Fegion of protwns

amd &._Qépmxjnin W Yhe cenhre of Ving .-
_(H,O ?.__.w.u_.,;....m.. ™

itself in such a

— When a ynolecwle of Dnhwa._njm fe placed under +he \nfluence ow opplied «Snrwxjmin
Lield bt o¥vents

w O.a +tha t
mogmetic Lred.

— The 7% e ﬂ?nc._pfyjm in the plame 0««70@%_
to the opplied field , gemevate the induced
39@5&&.0 £ield which opposes +the D.Eur.m.m Leld
in the wegiom of pyoton +thus Dncm.,jm MT...m_nI:m.
ctfect on them.

— The Yolecwle of o.hmrm,_nsn also oxSermed itself
at 90° to the opplied Feld the protons woud
have been deshielded. ouk —the ﬁ;ﬂdvb._o,____ﬁm of

+his oxientation is almost Smmrm_.:u_m because
7t e ave Mot xee 1o Civculate.

™olecwday axis 1s Pavallel 4o the nr_udu:an_
R 4

Trnduced gﬁm

Civaulaty g ne”

_/_f
N\

/

fied oppo ses ‘the

)vv:mm opplied LHeld ak
Z,ndﬂnr.n the Tdn:dmbS
Gield H,

aten In Hnhe
~wegion of c=c
bond (shielding)
Pm..- civculabion of & e~ of an*m\,msm
genevates am nduced Held (hich

opposes +he Pm%:nm %‘.m,a at
proten ﬁms.ﬁ,&smx
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2> Number of ailan

Protons TDc._sm same chemical shift volue, [-e: same e- mmjm,_& sl soms  ausEusivemnl
ave calied nfm3..nb__.a equivalent protons o chemical shift equivalent protons.

Al equivalent pwoton il give the same m&jor_-

1f a wolecwle has one set of equi valent ﬂﬁoﬁg:mh.__w will  give os,m_ oNne —yesonance
m..@jp,.

In other (wovds, the Number of NMR signals will be equal t0 the mumber of diffevent
types of pvortens n a compound.

In some cases,

it is casy to decide whether two protons ave equivalent o
not 5& just Toc.#jm o look at the Jowvmula.

mxbgv_n

() Acetone:- CH;— & — CHg

(o)

-

- AW S\ ...vdo._...qﬁ.w aYe A.J‘C..m(nr_n—an because an IrwlIw nm)qOCAv =) Qﬁ.an.Tﬂn_ ITU S amL

group (-e- im_.wtnw_lw.
— s0 this cCompourd gives only ome NMR signal.
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@ Nitvoethane:» CH; CH- NO,

— The protons of -cH, Froup hoﬁnnynm t© —-<CH,- NO,) axe different {yom those of
—cH,—~ gvoup (attached +o -CH, and -NO; ),
— So +this compound Fives *WwWo NMR mﬂmso_m.
@ Rutanone = CHy~ G—CH = CH4
— The protons of oInI.pn ove Aiffevent frem those of both —CH, qvoups.
— The peotons of +two —CH, QToups axe also diffevent . one is attached +o 1DI~:«.._,AIu
and Othey (s attached +to lm.u_ln.T—vanu.
o

— So thise ﬁgvocsu m?\mm +hree NMR mﬂmsny_w.

— JIn some cases it is Mot €asy +o ¥elognise set of equivalent pyotens ,om o
simple \ook ot +the structure,

— In such caseS the proceduwe of jeomer yuwber (s Used.

— TThis precedure involve  imaginaty yeplace ment of each lgdrogen otem _od @ GRUP X.

— If ~eplocement of two protens Qives Same product oY o pasr of enatiomers | the
two protons ave equivalent and will d._Sn G.«:a one m._msﬁd.
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<= 1+ <eplacement of +wo p¥otens @.:Ru.m diffevent products ¥ o paivr of diastereomers

]

the pvotons awve mMoN- equavalent and Wil m.zn twoe NMR .m._mﬁa_m.

mxngm,mhi _ _ |
® - pentane :» m_.wrmiui CH; CH,- m‘xw
Replace C,—H Replace Cp—H ﬁov.bn@ CxH
boNsm i {QM& r ot s
2 —CH CH-CH-CH,~ CHy CH-CH,~ CH- m__._..nxu CHy hInnﬁ_It CH-CHy
(A) ©) _ 4 z (E)
+ "
CHy~ CHym CH; CH-CH - Z CHg~ CH— CHy CHy-cH,
®) = ® — p¥oduck E is diffevent
fsom c amd D
— Aand B > same product — Cand D - Sowe product — hydrogen of this —cr,- s
— fmmdomﬁa of both cH, - rdmdommj of both —Cn,- oYe equivalent put Aifteyent
Q¥OUps arve cquivalent QYoUps ave equivalept from other —cn,- guoups

— one NMR m,__uju._ — Oone NMR mmdsp_ — one NMR wﬂd\SP_
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— Thevetore, the protons of n-pentane give thee signals (three sets of equivalent pyotons).

— The e placement

ol Twoo

Idadomm..j -

of 2-CH, and 4-CH,

Produce

o pair of enantiomers.

such peatsns are called enantiotopic protsns. such protens ave Wnagnetically equivalent

because of +theix envivrenments awe Mivror ﬂ._;:o&h of each oiher.

J
_ —H > -
H—C—-H > H—C-—-2Z ovr 2—C— H
.4 T+ _ \
g ST CHa CH,
f \ MIM
. CHa CHa ’
\ ) CHa
H
5 CH3 L 3 o
Enantiotropic protuens Enantictropic products
$# NMR connot diffeventiote enantiotvopic prokons. becase T+ Ts o achiral probe.
@) chlovoethene :- (cH,=cH-a)
. R c
~ F 4
C=—C
I\ B c\
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= c - a c
- I/ﬁ”n\x e > W/DHH\\I oY I/,n IIﬁ\\I
b g Ny +Z o/ S it ol — W)
Diastereotopic A . B
pPsotons Diastexeormeric  products
(Three mﬂmjﬂc CThe protons Hg and Hy are diosterectopic)

- The emivonment of Ho @Nd IU 1s  diffevent ana hence *Tm& axe Yaon- NhJ\C..._CPfMSW
and bhence produce 2 signals.
— So6 the Yolecuwle of chlomwethene gives three NMR m.,.,msﬁ,w.
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ISity _of _S!gNel and pyoten counting (Integration) - /Peak avea ond proton con

— The intensity of 'HNMR signal vepresents +the sige of pealk oF (Oyeq under +he peais which
g'\ve useful clue about the mumber of pyotons ~wesponsible foy each of these uﬂmﬁ&m.

— The axea Undex each peak (s propowtional +o the WMumber of protsns vesponsible fox
the peak.

— The jpeok avea 15 mMmeasuved Wwith +he help of an cukomatic electyenic nte m«oijm device

which traces Vextically wising lines wc.vma,.gvom_sm on the original spectrum in the fowm

of Stepped CUsVES oVeY each mmujﬁ.m.

— The hight of +these steps ave propostienal to +he wyeas Undex the peaks.

— The cChart poper of '"HNMR  spectrum s Cvoss —hatched , Thevefove  Ahe heights of +the steps
can be ﬂQm.;& Yneasuved ,o,m 00:5&.3@ the Tumber ofF Seuares.

— The ~otios of bhights of +he Steps, in tewm of mumber oF squaves ,is the same
as that of the mumber of proton of diffevent types.

— These vwumbers Qye converted inte smallest whole mumber fd &Z\_mg@ ceach MUumbey @ith
the smollest Muwmber and wounding Up the fackion Yo (dhele umbers U& ?cﬂfﬂ_a?ml

with the sMallest ,:,mmmn,ﬁ.
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of protons

— I+ 4the “otol Number

n a wolecule (Wwoleculas formula)

ot pyotons In

1S

Known we <cam

calculate 4+he numbey of vﬁuw.o;:m. ANmﬁojm\.f_n d.& each mﬂmﬁor, vm +the “‘otal Mumber

the samMe ~otio as detewmined above.

mxn&dm_n ‘- The 'HNMR Spectyum ot ﬂTP&fDnﬂgp ﬁﬂnzm — CH,- Mw..nva

— The Tﬂmfrl of ,_Slrn_m«.nb \ine

§= 7-2 > 443 divisions 87.2
= 3 e = 1715 dwWisions
=2 1 —> 261 divisions

17.5 Div ﬁ.\_\l

uu..c.\_mm:& each &m Smallest Number

/ _?_ Div
-

521

636
44.3 . \1's _ 26-) > )
\7' s s 17’ s -
2°'53 e 1.00 \-49 .m_. w ._ﬂ " _ __ _
?ﬁIo_d cach by 2 to et simplest wheole no. a | NMR spectrum of phenylaceto
2 I Z T 3

roor.::m ot 4he wolecwlar Fszmula DuI_oO

ﬁ_w nﬁa.dm Eﬂga )ﬁﬂmﬁuOm._T le .ﬁq* m.-.d‘jpw at m 5 L ) Aﬁ;ﬁr uub C.—u ..T...—.uo .'.uzﬂo.wgm ~e mdvg U.__V—ﬂ .ﬂaﬁ mﬂwjﬁ.” p* m W.PAIA_.—&IAD&

(i) twmee protons ~esponsible sy Signad at § 271 (~«<o

lnfwv
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= The analysis of  NWR spectium  wevealed that the mumber of peaks in the spectyum of
o gven coempeund 1S  equal to the mumbey of diffevent +avm.m of pwotons in t.

— In Other wo¥ds , theve Wwill oppear one pesk hm._:mﬁ,& for each set of equivalent protons.

gxample :- NMR epectyum of 7Tmﬁﬁgoﬁo¢qﬂm shows +hwee peakes(thre m..j&_a._.. 1m9rmu|
& 2:2 (3 pyvotons , - cCH;)
8§ 2.6 (2 psotons , —CH,-)

8§ 7.2 (5 pvotons, -C¢Hg)

_ But this is Mot true In all the cases. TIn J.Bouoﬁwm of compounds all the signals
do vot oppear as singlets. They oppears as—

two peaks — Joublet

three peaks — +txiplet

fous Deaks — Quartet

Sive peaks —> guintet

3ix peoks - Sextet

Seven peaks = Septe bt
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— This exomple shows that +the individual signal which we expect for a set of equivalent

protons oy vot wecessarily appear as a single peak but as a gvoup of peaks.
This phenoynenon s called Spin SP\N m_u:I;m.

— Spin- spIn mqim_jm' is defined as +the m.v:*r.:m of o m.ﬂmjo. into a eget of peak under the
influence of ﬂm.&j.ooq.}ﬁm non- equivalent protons.

— The patteanm of mv_n.mjm can be expldned on the basis of an empivical vule called as
N+l vule.

— Pccovding to this wule  iFa proton hos M protons mon-equivalent +o it but
equivalent among themselves on the Same 0¥ odjacent Cavbon atew | its m._,dJ.KL
is split into M+ L peaks

Exaxple : -

|ﬁo.d1 iﬁmm vﬂﬁvﬁ%m j”M.\I/ —\\u\ljiﬂouq %mn dv.ﬂo*‘lgm = _|

" - _ g " -
their m.mjo._ splits \n C\,CH — CH,C | thely m_dﬁnr— splits into
Dtv«. 3 peaks: (I+L) = 2 peoks -
o teiplet (1:21) a doublet (1)



—_—
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Splitting patterns

Two doublets of equal intensity
A B

)

Two triplets of equal intensity
A B

A doublet and a quartet
A B

M

A doublet and a tnplet

A septet and a doublet

‘ A B

A quartet and a triplet

-

A quintet and a doublet

o

Structural clue

X Y
||

:,Iﬁ__lJ.I:__ (X#Y)
x {.-

A B
X—CH,—CH,—Y (X#Y)

CHy—CH—

A B
—CH,— CH—

CH
A

I;ﬁ:/ B
CHy

A B
—CH,—CH,

B A B
X—CH,—CHY—CH;—X
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— T +the peotons Yesponsible for  spin- spin coupling ove not in myontm similay  envivronment
+Hhe MNumbey of lines o o pasticulax mulbiplet (Wwill e equal to

(0+1) (n'+1) (n"+1)
wheye. N, ' n" = mo. of protsns in diffevent envivonments.
Exavople:- 1 1-dib¥xomo-3,3- dichlsvopropane

a b c
Bv,~ CH — CH;~ CH-Cl,
I this Compound, protons ‘o' and (e “axe Mon - equyvalent and thus wnll,
intluence  the Mmethglene C—<Hy) protons differently.
Thus signal  For -cH;-  protoms  oppears as muwtiplet amd censist four
lines ((quartet)
(n+1) On' ) n= Mo. of protens of tyre o

]

G+ Q\+) = 4 P = po. of protons of *a.umn
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Sl
._r,.qh.. : =9

- M_..J”..h s|iCoal DOSIS O F_ sPiN

d . h 2D Q .
—The m_u__?f:m in  NMR m._mjo.ﬂm s due +«© SpPIN-5SPIN ﬁorrvrjm &€ SEIN -SPIN Mﬁ:IJ.:m. T
ﬁm._w_ocofm:w NoN- equivalent protons.

Protens ave lbehave as ting bar magnets ond genevates the local ov Secondavy
mognetic +ed . +his \ocal énmjmin Feld influence +he magnetic Held stength felt
J,m the ﬁm._&fmvocd._ﬂ_@ pxotons.

consider a Wolecule having twe mon-equivalent protons Hy and Hy | since Hey hhave

difterent epnvivonment iana Yesonate at diffevent eld m*«ns@t? The .m._ddo._n due 4o

Hhese protons do not  appear as mgm_ﬁ.. ASmm vather oppears as two doublets.

— Such o ﬂﬁ:*ﬁsm_ is due o fact that +he chemical envivenment & o given

proton (H,) depends ufen +the +otal J_S.me«._mf,n envivonment | which ‘includes the Joc al
enwironment due to jﬁmf_oorsy_sm protonm (H,)

of H, con either 0»._@5 with 6x 9._,..@5 QmﬁmjmT Hhat
of Io ﬁob_u_._mn, ASDmﬁﬂIn .ﬁ_\ﬁ_n—v.l_.fr.m PYoten Hy Com-

@ 1 ncrease +he met field Fm...:m felt by Hy thus ﬁDcm.,Sm mmmf,_m,m.im e ect. ﬁIr Pcnm\ﬁon_ With)

©) decyedase the met Held being felt r,a H, ¥hus Docmr,sm mfn.wgm cffeck ﬁIU aligned Dme,.s&
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— In fact H, coauses both umm?ﬁ%:m ond w?m_msm m....?c:njmoc&u. In solubion one bhalf of
the wolecuwles of Hp, Causes nfmmf.:m_m._Jm oF H, ond OYrex half causes m.fmm_n:j@\
ef Hg- As a Yesult +hies Ha Tesonates +wice and m._/..m ¥ise tv two mﬂmﬁp,mhmoﬁz&
one downtield oand one uphield compoved do the positien  of signal n dhe obsense

of W ( singlet).
c THa w1 1 THa 44
| _

L =X
- — —
Hy o.:%:mm with Hs He O._:.m:mm Q,mop:m¢ Ho
Ha deshielded Ha Shielded
va:m.n. feld
Ho

b

In cbsence of Hy
Proeton H, appeass l.*
Singlet In presence of H, , psoton Ho

oppears as clouble &

\- 1/ H_ shielded

H, deshielded =
(Ha P:w.snm with Iov ﬁIv O:mjmn_ Q@Qn._Smw. He)
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—dor similax Yeasons , the signal of H, is alse split o o doublet w& Ha -
mxﬁgm,m?@?.g_ﬂ spectyum  of 1,1- dibvomo-2,2- dichloromethane

_
m.,ﬂin_u.l. _h.I Q\

_

g« Q)

@ NMR spectva of  eHoylbromide

CH,CH,Br T

PPM
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— The cause of m@ft&:m

— The two protons of —CH,- can have fouy mn_‘co:a probable spin D_t.qvgms*m as shown

Doty i gNea @WiLn SN E all 9 n onNae Bothh O lianed o q B VS
AN othex A dainst

T
il
Ho 3¢

- two nddle alignments ove equivalent . Thus theve ove thvee different spin states
which influence ithe chemical

N

Shitt of CH, theveby oylitting its signal Wt o Wiplet.
— +he ﬁ,ﬂo_up.o\_:rm of Hest and third spin 's €qual but that of secoend Ts twice So

]

Hhe wselabive inlesties of +Hhe three peaks will e 1223
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aquaxtet Y 7\ tHhy

— The thvee protons of -cH; can have mum_iu m@cn:u prebable spin Q.,..Ns::nskm os shown

oelow— - ~ o —
\- ) i _ N
1l s AT -~y L I AL

)¢ h 4 D NE alignead @ity . A AL e
{ - J

QHaAInNst Tl al ra' i d A9l
> ( ¥ >

T4 14
™1 " L1l 1l
Ho V11 LU

— Thvee combiyatisns of set 11 and set N ow equivalent - Thus thewe ave Four
effective spin states |, with statistcal v#oaﬁ,v\.,..»nﬂ 193233\, which offect the chemical

Shift of -cH,- whose Sigral s split into o quavtet (with ~welative peak Intensity-
ot 123332
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NE F<latgve iINTersines y + ealk

— The ~yelabive intensities of the yavrious peaks of multiplet cam be calculated Cm._jm Hha

fU.-JJ.O\g..__gﬂ m«rau.anm.-qj [ hQ*qu . Wheve 1N = nNnumbex Oﬁ <.,.ﬁ._.3nurﬁ MVAOW%w

Lay M=1l ,; ﬁQ.ZOV_ = a+4+b , Yhe velative intensities LF a line of a doublet ave 121
fox M=2, (a+b)? = 0%:12ab+b-, 2 ‘. ‘ ‘s o tripler ave 1:2:]
fox =3 (a+b)® = o+ 3d*b+3aki+b ~ z “ Z e <« quartel ave [=3:3:|

—These <xelative intensities camn also be determined _um Pascal Tﬁ,o.\:w_e v Which each enbry
is 4he sum of two enhkries Gbove om the left amd other on +he nght

Singlet 1

Doublet i

Triplet 2221
Quartet 1333:3:1
Quintet 1:4:6:4:1
Sextet 1:5:10:10:58:])

Septet 120 :1:20:15:6:1
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_,r —_— — 4
- The distance between two adjacent peaks of a Wulkiplet is called nOcr_u,._Dm constant .
— It s devoted by J-

-~ Tt s measuved in Hz o¥ cps ﬁnan—m per second )-
- 1t genevolly vonges between 0-18 Hz.

— Unrnlike chemical shift, The value ofF 3 is constant #ox a pavticulax Qd«?j&hqﬁmj¢ of

protons- Thus when +he NMR sSpectra oF the same Compound ave Sconned ot

different Held strength | the chemical shift (in Hz) I\ be diffevent but , coupling constant
will be the sawe.

— Example:- cHi-cH,-Bx contains two sets of non- equivalent protons | Hhese both sets

have same Vaolue ofF n.oiu:sm con stant-

The peotons of -cHyBy aw Covpled ith —cH, protons omd oppears as
quavtet ot JI= 70 Wz

m.:s.ppxm the protons of ~CHg coupled (with - CHy BY ﬁd.umadw ond gppeoaYs Os
txiplet ot J=7-0 Hz

— This velotionship of coupling constont s quite useful n telling +hat protons of which two
sets ove coupled Wibth each othey.

— This is o Vvewy useful Structural infor mation provided by noc.tzsm constent-
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— cmCD:m a Shosthand motation s used 1o express 4he n.oc.,uzsm. constant Lﬁvmvn_._:m upon the

number ofF ._5~.m«<P5._3m coValent bonds between the nbcrw_gm vuclei -

2 vepresents geminal prokons , 2 Tneans two intewening covolent bonds | o,

I=N~
|

. _
3 vepresents vicinol protoms | 3 means thvee intevering covelent bonds, — =
H

|

\
in wvumrn.g. 4 means fous intevvening covalent bonds, !Awlml e
H

bunI  coupling
-

L
- tude ofF ocoupling constant &K
Magni Sl No. af ._:*m«,_ms._:m covalent bends

Zoa?rﬁmm of nocézsw censtant s almost ﬁﬁ@r.m.,gn & more than 4hvee bonds intevvene
between the coupling protons. Thus 7y, is obseved ,wheveas %3, is not obsevved.

In addition 1o mmumber of ﬂ.sﬁ.«cmj..ﬁm bonds, +he 159&3....?&@ ot coupling constamnt
also depends Lpon the dihedval amgle () between ploves of two o C-H kends.
i o is © oF \Bo* = T is maximum

-

oL Vs 90 = Jis voiwniwmum
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— The ~velationship between Do?v::m constont and dihedral angle is qiven jn the foem oF
Kaxplus cuvve.

7 (M=)

)

\
N ..\..
/rldh\

0 30" 60° Iwo. |20 150" 18¢°
Dihedval osmﬁ?v

- AN
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~The Ooc?__:m constants of Some unaﬂnn: Skructurva\l units ave give ™ ho:oco,:)m o ble -

S. No. Structural Unit Designation Value
H, H
1. o 'Y .., vicinal 68 Hz
—C
2 Im/ _ \Fu *Jx » vicinal, cis 7-11Hz
c=C
P N\
Hay _ / ~ )
3 \Olﬁ/ Jyw » vicinal, trans 13 — 18 Hz
Hy,
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Ne=c!
N A
/ Hy
N \Is
(a) C
/ /:c
N — \zn
(b) \n SN
Hy
H,
Hy,
H,
Hy,
:w Iv

Y, » vicinal, allylic

2

“J,uu » geminal

“J; » geminal

T, » Ortho

‘J,us » @ coupling, meta

]
an » para

4-10 Hz

0-20 Hz

6-10 Hz
(usually 9 Hz)

|1-4 Hz
(usually 2.5 Hz)

0-1 Hz
(usually not seen)
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Cnemic ,L| € XC ,ur VY pPyoton

r.ﬁ\._ JW.: —0OH u EOLL .. -

— When the NMR sSpectyum of commevcial sample of on olcobol is scamned in CHely oY cclg

solution , the mﬂmﬁp, due to —OH oppears as m.,smdm.m.

In other woxds it does Mot show Dsa Doc.ﬂ:qm with +the adjacent pyotons. because in

Commevcial alkehel the protons of -oH guups of Qiffevent Molecules undergo chemical
exchange ot a ~ate of

0% _udo._..rnuﬁm. pex mﬁna«i.ﬂ_o..m Second —ow a protsn t©o Move to
othex Ynolecule))

— This voke of exchange s *oo vopid as compared +o Intrument (107> to 1o s). So +he
instument xecsvds on avevage

situation In which  the coupling with odjacent protonis
"ot Visible -

-5
0™°s
R-0—H 4+ R-0—Hem—=——""R<0=HK + R-—O0 —H

x he @.yhf&:g@n \S m._an__.) +rastey than NNMR tiywe scale o#f 0n=-*_lo™ nv
= Reoson or PvotoN exchange -2

U -

— Commexcial D,rn_ufo_ contans aadic *3?;:&/@. which ﬂng—“ﬂmm the m.xh.fn:/@m J.gnfg nIJm;q.&UM
nﬁgﬁﬁﬁm the mxngﬁmm ~ate.
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— TIn case of puve olcohel 0% solubion in n_._Bmksa. suphoxide , +he —oH proton appears as triplet
n c,q..gpaw alcehel and as a doublet in wmnosmpﬂm alcohol-

- This s due to the fact that n both cases +he exchange pyocess js slowed . (-e.

® n cose of puve liquid the acid DO¢O_~_mm is ahsent.

® %_Bmis,ﬁ sulphoxide the Ffowmation of complex is takes Place.

— In such cases +ihe -OH Showing coupling with adjacent pyotons with I=4-71 Hz .

(a) NMR spectrum of commercial ethanol. CH CH L OH
.... ’
H i
N 4
for —OH
|
-
T T - | 1
s 4 3 2 1 D&
PPM
(b) NMR spectrum of absolute ethanol. CH,CH,OH
_ Multiplet (doublet of triplets ) Triplet
| for —CH, for CH,
_ Triplet
for —OH
; —
- - -r T ¥ T L .
5 4 3 2 1 0é
PPM
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aa B

ing —=o9-n_ 78

— In case of proton attached 1o sulphuy | +he exchange vate s Mouch slowey an«:voi

to —OH) and Hfalls within the NMR scale. hence it shows OOC..u_:..m W\ th Sm_.mf_aDCd._:%
peotons with T2 8Hz.

1....«...,\.“ - ﬁ. —-H i___ .m\ _U...FT

(S B . B

e’

— kike -OH in this Case also the exchange Yate is Youch vyopid compared to NMR time
scale. Hence Mo ﬁoc.._u__.sm with adjacept pustons is seen.

-~ Duetrium EX r.l__._,_,ﬂr__a__a,ul_ »
— In o "umber of cases +he Bw,_ﬁoj ofF mﬂmgﬂ due to — x—H ﬁdo*ﬂd ove varviable.The

easiest way to locate these proton is to vescan the spectvum after shaking the
sample (with 2 dvops of DP0.

- By mo.%&. So +the mJﬁP. of sudh o proton n:moévmo,..m due Yo deutevium ﬁxnfoﬁam. because
Dis NMR inactive at +he frequency of pwotn absorption.

R=X—H * D0 —> R-X—D =+ HOD X = Elechronegtive elewent
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— The NMR spectsa of ethapol before and after D0 mror‘_sm ove as ollows -

Aa/_ﬁz spectrum of ethanol before D,0 exchange

Quartet | Triplet
for —CH, for CH
_
Singlet CH,CH-OH
for —OH 1 )
.—..
:=— T i T T ~
5 4 3 2 1 0 ©
PPM
(b) NMR spectrum of ethanol after D,O exchange |
Quartet Triplet
for —CH, for CH;
o CH,CH,OD
No signal -
| for —OD
— T T v I g ' ' ! o
5 4 3 2 : g

PPM
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N M SLPCTTAL | -2

— NMR Spectvum of compound provide very impoxtant aboukt its moleculax structure. TThis

Wwrormation is gotheved as follows: -

® The Numbev of w._mg. Yepresents TNany Kinds of protens ip di Hevent chewical evvivonments
present in the ~molecule.

® The position of mﬂmﬁo._ vepvesents ihe electronic envivonment of each .ﬂ_vm of proten.
@ The Intensities of signal ~epresents the ~elative mumber of pProtens of diffevent
Kinds.

@ The mv...i...:m ot mqmﬁpd sepcesents the evvivonwment of Pdmo,.._o..:m psoton otk vespect

s the evvivovnment of the \5nﬂmf_ooc«,_5& p¥otens.

H HyC—CH,—Br figa:- NMR spectvum o
b 514 110k .m

P
[am¥ 3

=X ™l f. oY
J
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D NMR conpot be used +o n:ufamcgur between the enatiomers.-

® The somple should be in |iquid stabe | (-e. cithex puv liquid ox¥ the solution of the
Substarce In the suwitable Solvent-

® The instvument is quite costly.

@ TIntexpretation of the complex Spectra is obten o Véry boving job.



Online

Iuﬁ.‘.lﬁ,:n Br

v | LA | L T 1
4 3 2 1
- PPM
NMK Spectvum ol A, T,l_,. pYyomidae

— A look at +he spectrum of cwu,-cH-Br Teveals the ho__os,.ﬁm m“mﬁ&m.

@ A 3H tvipet (122%1) centeved at § 1180 , T =10 Hz
® A 2H Quartet (1:2:2:1) Centeved at § 3.40 ,37=7-0 Hz

cxplanat o I~

Which ave coupled with Hwo Mmethylene protons. (CH,—CH,-)

O

@ The 3H T¥iplel centeved at 8 1'80 s due to +hyee 39@218:& equivalent émrsm, vﬁawgm
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® The 2w quartet centeved at & 3:40 s due to two gbwjmT,ﬁp:M equivalent protons of a
Aﬁm*ra'm:m gEoup which ove coupled with +hvee J_Smiaa_ protons hﬂImiA.u,_._;lv

© Integration ~weveals that the ,_5*8@,3, wotio of two Signal is 3:2 (upkeld: downfeld ).
0s the molecule has os_m 5 protons | +he C_zn_.m_n, mmmsp, s due to 3 protons and down
field sigral s due +to 2 pwotens.

@ As +the coupling constant of the two nulkiplets is the same (7.0 Hz)  +hevefore , the
CH; and CH, pvotons ave coupled with each other.

() 1.1 2 - TYibryomoethnaneg Br—-CH.— CH-B¥., :5
\—/ i PR A e
54.20 05.70
Br— CH,—CHBr,
T T T T T T T T T T T m
6 5 4 3 2 1 0



®
®
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— A look at +the spectrum -veveals +he ._“o_,o&.‘;m signals:-

A 2H doublet (U:1) cenbteved 8§ 4.20, T=7-0 Hz

|

A i# Tvipet (1:201) cenkeved & 570, 3 =770 Hz

Explanaton
e e e

@ The 2H doublet centeved at 8 420 (s due to +two equivalent JB.wiJm_mﬁm vxo.qaj.w

®

©

Wwhich ave coupled with one methine pyoton, (—CH,— CH-)

The LH +txiplet centeved at & 570 is due to one Mmethine proton whicdh js
coupled with two §m+5a_m5m protens. CCH,~CH —)

Hs?w&oi% veveals that integval vatio of +wo mﬂwﬁn—, is 2:1 (wpfield : downheld).
As the olecule has only thvee protoms, the uphield Signal 1is due to two §n§m_m5m

protons and +the downteld signal is due to one nethine Proton.

@ e samwe Dofvr.ja constant of two MmMultiplets (7-0H2z) Puwther proves that CH, amd

cH protons ove Coupled Wwith each other.
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NMR Spéctvum o Toluene

oo

A look at +the spectrumm Yeveals the ho:ocu._jm. m_,&ﬁn._m..n
@ A 23M m.:;@dmﬁ. at § 2-34
® A sH w._Sm'm* at & 1-17

Explananon.~
Pl A%

A®| The 3H w,_jﬁ_mr. ot § 234 (s due to methyl gToupP attached to arometic .q.;am A)J\Iﬁzb

® The sSH Singlet at §717 is due to Hive pr¥otons of E..m?md group ﬁhn..uln..._wv
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— In case of high ~vesolubion instaument +he Five avomatic protons show o complex splitting
pattexn mforu..jm. up as a Youltiplet .

8 6 4 2 03

87.75-7.95
4 o 0255

5 7.40-7.60 CH;
~O r
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A look of the spectrum =weveals the .ﬁo:cco,,jm signals = -

© A 3H m..j@,m* ot § 255 is due to wmethyl protons ot Dnm&. qvoup (cHy-co)
@ The 3H ):.chfamf ot & 7-40-1-60 1s due to two Mmeta and one Po¥a T.nd*d.j of ijwmjﬁ
.a::m. H

H

=
© Te 2d multiplet at 8§ 1:75-795 is due to two O¥tho protons of lbenzene ¥ing.

H

I
¥ The excessive downtield shift of ovtho protons is otbtributed to additional 0.3._m.o¢.dv¢\

of the oo...aqﬁa, qroup e the ovtho protens Fall W the nrmm.f.ﬁ_%:m 2one of +he cavbony\
group
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K pectva ¢ B PO
') RNCCn|ac A& -y CHO
< ——— ( -]
CH,—CHO
_
” ] v T T T T
10 8 6 4 2 03
PPM
" NMR spectwum ot \u_rm..f.,,\.r_.n:\..__..\.?ﬁ
-

3
A look ot the spectrum ~eveals +the .ﬂo:ocu‘.Sm mnwﬁP_m "
@ A 3H doublet (\21) centeved ovF § 215 , T=2-8 Hz

® A K quawtet (1:3:3:1) Centered at 8 9:80, J= 2'3 Hz

ml;._.JI&um___l_.( 10N
® The 3H doublet centewed at 8§ 2:15 is due to three §p¢5m¢mhn__m eqwvalent protons of CH
ul.nIOv -J.fm —.ﬁm.Ig

group Which ave coupled with Mmethine proton ofF -crho growp (CH;

of m..mg_ at §2-15 alse shows preserce of CHy-Cco éo..nJ.
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@ The LH quoaxtet centeved at § 980 (s due to methine proton of PENT&% q¥oup , which

s coupled with ﬁ)m*f&— protons ﬁOTWID,.__Ov
The JED& position ot mm 9-80) of pYoton ﬁ_noim_ indicate the pyegence of

— CHO mqojv.
Y) _Ethyl ocevate CHy &~ O0~CH"CH,
CHy- G ~CH,—CH3y
621 4.06 1-23 .
\ \_ E
m ! . 3 . 2 . 1 0
PPM
14 . NMIR Spectrum OF Ethyl acetate
J " Y

A look ot the spectrum weveals the Following mmasor_w.. .
@ A 3H w..Sm_m.m cenyeved at §& 2+|

© A 1 Tripetr Centeved ot 8§ 1123 T=7-omH=

© A 2H quoxtet centeved at § 406 T=71-0hz
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@® A 3H singlet ot & 2:1 due +o ™e tnyl protons of 325% qroup ﬁn__.__.l _,.n,lo-nzp‘nrwu

o

® A 3H Triplet at & (-23 due to Jjnﬁ;a, protons oF ﬁDm.Tgf Fvousp ﬁﬁiw ﬂ.lo CH ;- C 13 ) which

ove coupled wWith two ?m*sm_mjﬂ protons.

© A 2H quaxtet at & 4-06¢ due to ém*rm-msm protYens hﬁfrlﬂiou C| uln_._uv which aye
(o
coupled with +hree ng&_ pxotons.
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( ,& cCgymimmexCa \ - _.. C ,U__JO..*

- Tn case of commevxcial alcoho!l , Hhe m,,mﬁof due to —0OH appea¥s as m..s&_m¢. I+ e

due to phenomenon of chemical exchange ox pvoton exchange-

.n.&x:/
\ CH,— CH,—OH
¥ LOQY

51.17 53.62
r
LA

' L b 1 1 | ¥ @
5 4 3 2 1 0

PPM
Y r.,..:.__.,..,_ alcopol

A look ot the spectrum of commevcial alcohol veveals the following m&ﬁo.,m.
® A 3H Tviplet (lt2:) Centeved at 8§ 1-17 , F=7.0 M2

@) A 2n Qquavtet (I:3:321) Centeved ot §3.62, 7=7-0 Hz
© A1H singlet centered ot & 4-80
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v X P\G NaT™ on

© +® The 3H triplet centeved at 8117 ond +the 2H quavtet centeved at § 362 both

having +the somne ﬁoc._u,._jm constant (7.0 Hz) Odmoiu proves the pyesence of

on  ethyl gvoup ( cHy=chy)
© The downtield singlet at §4-80 is due to —oOH pwion.

,v,.,, Absolute

— In case of puw olcohol , the signal due +o —oH proton oppears as taplet. it
is due +to slow Chemical mxﬂSBsmm o¥ pPyoton mthﬁ?mm ~Yeaction,

alc .,.u..._-..; ol o _PuU e G\C (Jw)h |

CH,CH,OH
P - a :
§ 17 M
Multiplet b3-¢2 842 | rripter
for —CH,- for CH,—
Triplet
for —OH
T T | 5 4 ! = !
4 3 2 1
S | PPM o
_.r i _(.w 8 CIT LAY O \ ’ e Q _ir - .;}:“. __
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A 100k ot ithe sSpectrum of puwe alcohol "eveals +the ;no:oru._jm sigmals -
@ A 3H txiplet (1:2:1) Centewved at & 117

® A 24 wultiplet centeved ot & 3.62

®© A 1H t¥ipler centeyed ot § 4-%0

Ex planatioy

© A 31 triplet centeved at B 1N (s due o +three 45&#5&, pyotons Ahﬂ.JlﬁIp\¢€rmnT
ave coupled with +wo Wnethylene protons.

@ A 2H m™ultiplet centexed ot § 3:62 s due o two 3mid’m5m peotons ﬁﬁ_&lntﬁrlv
which ave coupled with +hree ém?% proton amd one prvoton of -oH QIOUPp.

© A I1H Tyiplet centered at § 430 is due to -on peoton which s Coupled
wWith two ﬁﬁ.*fm_mﬁn pyotuns.
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» Applications o NMR _U__umn_ﬁn,u,nora €

| Tdentification of on unknown compound:?
— Like Hingewprit wegion of the IR spectra, the NMR spectrum can alsc be used as a .w..smﬁ_va._l.

1§

unknown ynust be

of o compound.
— In othex (owds , if NMR sSpectvum of unknowwn compound s Superimposable on +he NMR
identical wWith +he
as +hat of the known.

spectsum of compouna of kpown structuve 4hen the
Known sSubstance. (.e. £+ Mmust have +the same siructuye
Styuctuxe :»

9. Detvrew ynnation ot
- e chavacteristic pattewn of mw:wmsm (deublet , twiplet, Quartet etc) O_QJE.ZT theiv Duc.t::w
constant and integrval 7wahe n_ooim tell us which protons ove coupled with which, thereby

-~
-

sn:x:a us in mmw.nv_.,mfﬂ:& the structurve.

3. Distinction _Um_ﬂ.tm.ﬁD @m&..:m tnc |seVMeTS &4
- NMR spectroscopy is quite useful in distin m:.._.mr.:,m between cis- and +tyans— isomers on the

basis ©of +he Vvalues of Ooc%:sm constant. For ¢cis- I=7-11 Hz and for bvans T= 13-18 Hz.
O_m Yeaction conpounas o -
'soMexic products ave possible, the NMR wvm_ngmhovm camn be

JHh_.mﬁﬁhp.PD.ng
1f in a veaction o oY ynove

used to &mﬁmﬁm the octual products.
—~ These products can be momn_m n_..mmsmc.mu:nn. on the basis ofF their NMR spectrq.

4.
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e = Nat 4 i b % 3 -
y ...#.____r L10Y) DETWwWeen INnTEv® ang

intsaolecw e Jdvoge bornda .
IntsaTnolecw\ar T__..._mm gen

— T1Ff chemicol shift value ox & value of a proton shifts wphield on dilution +then Tmu_#o&mj

L-]

bonding is intevmolecular hydvogen Uoﬁmﬂ:@ and if & value yemains Unchanged on dilutien
+Hhen T&mdoamj Toﬁnr.sm ie intvxawmolecular Sam,ﬂomms Gaﬁm..:m.

Determination ot relative aynounts tautomers -

- Quantitative debteymination of vﬁqnms¢9mn of keto and evol foams v the equilibrium vtuve

can be easily done uSing NMR spectvoscopy.
The NMR specte ©f such ~olecules exhibit diffevent signals due to —cH,- protons ofF keto

— By Compaving avea undex these mJﬁP_ Qsﬁmﬁ& oveas) “he v@.dms*o,mm of kets amd enel

fssns can be mpm:m calculated using bo:oror_:m formulas-

ep«oms.npmm. of Keto .ﬂa.gu K X100 ep«n@ﬁwpmn of enol fexm = E x\|006
K+E K+E

hexe K H5+nﬂ¢d._ aveo. of ~CH,~ 1#c¢q$m of Keto S

| = H5¢mm4P_ avea of — CH= prolons of erol ._u.u.n:.,
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o RES TNV " Tne SCsuctUuse el cCiadaaton O SOoOme S\MMPpIE OTFTganIC CoMmpounas ASIing
O — - = - = = Cl. = . = cl
- - \ — J
| Vi L f & ' - 2CNhY 1 U
‘H. 1) 2 "
\ - - 3 R4 L 11} ™ f - ) - | - - Y -~
- = '} 0% _,L_ ATHIC i? | 'Y < A ¥ Y O L a \ _rw C ~ € +ol F O Wi q é€ L
SAOTO JV 2 - \ Ema x
IR 294 857 (n T5(s) and 1460 cm™ (M)
WJ IV - UQO L3 Vi TO rk PNI-
singlet | O A
-
iplet 1+ 0 8 (3H)
Tetes TMINE he StTructuye o M Tnhe Cornpouwmna
_ !

Solution : -
() The absowption ot 2795 v Epax T Is a choayactesstic of Do.,lub.ﬁm.. group due to M-n*
rronsition.

G 294 -2853(wm) s due +to c-H stretching , I1ms(s) is due to soturated ketonic gvoup,

1460 (W) (s due to C-H .oe:&:u.

) NMR spectvra  Yeveals <three +dem.w of protens
- Presence of triplet ot 1018 ond Quortet at 2-48 § s chavactexistic ot CH,— €W, -
— Singlet ot 2712 6 is due +o —CH, gwvoup adjacent +o nn.,logam- carbon.
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— Hence the probable structuve of compound s

CHy- CHy— - €My

2 -butanone
0
Froblem (£ ,_ — Ay o%gq anic Com pouNd W i+h woleculasr \ " ~ . " P T : \ne [ _ . ey d
— Jd _ T roymuio. Cang NOWSsS teE +ollowin w Spectra
- C
aato - UV yanspavent O ROVE =0
<R 3 3022(m) , 1676(m) and 965 e ( s)
N MR . \i) ...u.x_ JaxTte t 5SS nr. ﬁJ_ H w
Doublet 1-60 & (34)
detes™wne the Styuctuge ©+ the < o pouma

Solution ;-

6) Since +he Uv Spectum is transpovent above 210 nm , ik shows +he absence of conjugation
and cCaw Uosa_ Group-

@) TR, 2022(w) is due to C-H wﬁ.ﬁm#uhwi.bm. s\nce noddg&f mdnorPT is absent e bomd at
1676 cw' () may be due to c=c¢ mid*hi._ﬁm. Trus 4he compound Must be unsaturated.

@ NMR, Doublet at 605 (s due O methyl gvoup —<ts
Quavtet at 555 8 s due +o one ...«ogo% — CH= grou-p

Both w.&ﬁn-u ovxe due +o ﬁleﬁIH m...dcrv.



hence +the structuve of

Oh the

) 2)— A compound with
OSSO o ruC‘...._U W ¥
" n) ITn NMR TwWo S\ .,qw nals ax
ond anothes 18 doublet at -3
Solution:-
(I Since, LV

Q___ )

The woto
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- The woleculay Ffoymula (CiHg) of the compound |

compound is

is  Jjust double of CHiCH= qvoup (C H,).

TR band at 965 cm s

compound 18

chava ctevistic

spectumm s hkomnspavent above

Du.qaadm_ g¥ oOup-

of two pwiton set :-

—

4.2
4.2
4+

- \

H

N
CHy

mass. . 69 \S

of tvans alkene. Thus the exact shucture

“Txans 2-butene

trans pavent akhove 200 Mm.

The
ave () 294y e ' (w) () 2213 em ! (m) ona dn 1460
one g umﬁ_ﬁm C at a* 12 & _r- = 6T CP8 , -2 “.,..,&_LQ._X..J__
CPpS , 258 Squave).
200 mw, it shows absence of nbﬁ....FmpIg omd
2.8 - Twe oabssyption bamds - septetr and
25.8 doubet with the sSwme volues of 3
R Suggest +the presence of CHy

Q ~
" Y
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— The woleculax ™Mass of ﬁ.T|.@/nI ‘s 43 .
Chy ~

Moleculax wass of compound = 63

s’ s D.ﬂ. fo.-./ _ 3

n_.w\n.._l = &

—uﬁgp...ﬁ..d.u.

26

) IR band at 2273 cwt' shows presepce of mityile (—cw) group by —C=EN sivetching .

Thus +he stwctuve ofF compound s -

CH,
ani C=nN
CH,
— One pvoton sSepted DMnuLNv mr.ajim downtreld Amnmrmn.mn& due to +he presence of ¢=N

geoup o:qo?__& inked s ¥
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o _.._,A.w Spect ¥C iatTo
(-__ \/ |r|__ 5 qu._.L - _1___
1R 294 |- 2857 (Y 1“1\ S ﬁ..).v ana |40 cmMm : ()
NMR W Quavtetr 2-48 & (2H)
.._.,_ |.|_ _._.L__f._ﬁ k. | Mr.u. “... w.“___
i) Tsiplet 107 § (3H)
Jetes ™MWNE +he Styuctuve o+ +the ¢ oy poumad
Solubion ) Detevminabion of Moleculax .ﬂqﬂﬁcpo of nﬂdeocam-
— Censides 100 g of compownd - - c - H o
Mass of Cosbon = 6-c ¥ = 5.54S _ 5545 . |\-0} | 394
|2-01
4 divide ¢u smallest MNUMbe¥
L
Mass of hydwogen = T I+ 0l T -394
|-384  |-334 -394
of 22-3% 1-394
ox 5 = —— = . - .
Mass A%° 16 § 4 . 8 A
Thus  woleculer fovmula of compeund i CqHg O
I.ﬂﬂgﬁu...jajmn mo_c*.l-oj nu—.ﬁ ﬂ;ﬂOJfﬂg@ is m.pg._ao.ﬁ]ﬁ.o 30(4.1-:@



