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EE NMR Spectrum at more than one Radio-Frequency

It may be noted that the chemical shift positions fm;i thte d;’;‘;;‘:i ::é?o?££r0l0n§ are fiy
dependant. If we work the spectra of a particular compound at e—_— Auencies, e,
has been found that the value of coupling constant (mfaasured i T) Lni; Sdie SAME Wy,
the applied field. Scanning at different radio-frequenc.les te?ls cledar 3]/3 ]V:t e EI:JI‘ a partlcu]a'r Sigyg
is a multiplet or a few singlets. Let us consider a case 1n which a dou " 1s observeq zfnd 15 bep,
suspected as two singlets. For this, the spectrum of the same compoun . ;S }I;e-lc;lfn ata hlgherradi.:.
frequency. Now the signal will appear at a different ﬁelc'i gtrength buf ift ; Istance betm?eu
two peaks (coupling constant J) remains the same, tl?en it is n.ecessar]ly a doublet. If l}'le distag,
between the two peaks increase by working at a higher radlo-freqw:‘:ncy, .the formation of g,
singlets can be safely declared. Sometime, it happens that at a certain radlo—f{equency, the
signals in the nan- spectrum overlap and thus, the analysis becomes difficult, This techmquahe[p;
in simplifying such a complex spectrum. The multiplets can be pulled apart by scanning
Spectrum of the same compound at a higher radio-frequency. Thus, thedcomg)lex 2spectru]]115
improved ™. For example, in the nmr spectrum of 4-chlorobutyric acid (CIC'H,C’H,C H2C100m
at 60 mega cycles sec”, the quintet for the central methylene and the triplet for C,-methylex
overlap and thus complexity arises. But the signals get apart by working the spectrum at 200 mep

cycles sec™. At 200 mega cycles sec™, two distinct signals (quintet and triplet) are observed wit
different chemical shifts.

EFE] Deuterium Exchange Reactions

It has been found that if a few drops of deuterium oxide are added in the sample,‘the DY
exchanges with the labile protons such as —OH, —NH, —SH and also with the reactive methylex

protons flanked by the carbonyl groups. The mechanism involves the same course as is seen il
proton exchange reactions.

When a little D,0 is added to ROH, then due to rapj
ROH + D,0 = R—0Op + H—OD

spectrum and instead, a signal for Proton in H—OD wi]| 3 - . S 0 is added
to RCOOH, then due to rapid exchange, it becomes RCCI)J(I;;‘;“. Nl fo U0

RCOOH + D,0 = RCOOD + H—OD
Clearly, the signal for the proton i RCOOH (i ,
(iIl the absence of Dzo) at a negativ (ln the_PMR-Spelem) which nOrmali)f 3ppem
proton corresponding to H—QOp appears instead, Th; .
the presence of OH, NH groups etc, i called dey This techn
two spectra are run.

sample dic . PPy - |
drops of D,0. Ple dissolved in the same solvent and containing 2

On comparing the two spectra, if the pe .
o, a g !
contain —OH, —NH, —SH group in “'hicph dk Areas are seen to diminish then the sample

Cuterium exchange i ibl
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W ~ aatum nun;})cr, I'for C™* is equal to zero, 1t is, ther
ﬂ‘st,?mr i gnal. C' has a spin quantum number equal to

;[i\t’n{,bscr\'cd ina magﬂclic field of 23,500 gauss at 25

! ‘Jn,d pat with the SzEm(; ;{ag{\ctlc‘ﬁck:, H' ";nr is observed at 100 mega cycles per second. T_hc
gl |sbundance of C-151solope 1s oaly 1.11%. The low abundance further reduces the sensitivity 5
”ﬂﬂo tion. Although the l,ow ﬂl?undam:c had been a major obstacle for the advent of c nmr, i
"Hbsw know that the nature's choice had been a very fortunate one. Since with higher abundance,
'f;obbr, qeither proton nor C™ nmr would ever have even become a meaningful technique for
i anic chemist because of the great complexity of spectra that would result from heteronuclear .

omonuclear spin-spin coupling. H™ nmyr spectrum is normally obtained by sweeping either the |
~ation frequency of the ficld through the region of nuclear precession frequencics. The inefficiency
. i« method i clear fron}slhe. fact that only one line can be observed at a given point in time.
;hc oblem arises when C* with intrinsically narrow lines covering a wide absorption range are,

ied. It 18, therefore, advantagcous'lo excite the whole band of frequencies simultancousfly. _It f
i;done by using a strong pulse of mfi'o‘ﬁ'cqllc“c)’ covering a large band of frequencies Whl'Ch is
bl of exciting all resonances of interest at once. At the end of the pulse period, the nuclei will

¢ frecly with their characteristic frequencies reflecting with the chemical environment.

Each ¢" resonance in organic molecule is spin coupled not only to the directly attached
guton but also to the proton(s) which is (are) two to four bonds away. The value of the coup]inl% il
otant also differs accordingly. The value of the coupling constant is over 125 cps for the C
grorption when it couples with the proton directly attached to it (Jo_y;> 125 cps). The value of
aupling constant is nearly 20 cps when the coupling proton is two to four bonds away. C"~ nmr

in, therefore, appear as multiplets with unresolved long range couplings. Each signal appears ]
| s1broad peak. The complexity in the spectrum further increases by the overlap of multiplets due
i the large number of one bond C—H couplings. , li .

Development of a proton decoupling technique was most significant in sir_nplifyi_ng C nmr
gectra, In this technique, a single H' decoupling frequency as the centre _of' a finite excitation band
suilised. Tt is called proton noise decoupling. This single frequency is modulated by a pseudo l

mye-?nerator yielding effective excitations throughout a preset band width. The band

cfore, non-magnetic and does not
%2 and its nuclear magnetic resonance
.2 mega cycles per second. It may be |

wlh pif be sét broad enough to cover all protons in a sample. ,
hemical Shift in C'> smr. For almost all ozganic molecules, complete C'~ spectra appear
ktveen low field carbonyl carbons and high field methyl carbonslisin the range 0 to 200 ppm
(bvalue). TMS is the common internal reference which is used for C nmr. Ore of the advantages |
Msing CMR* in organic chemistry is that many of the functional groups containing carbons are i]
fielly observable. The CMR spectrum detects: :
() the total number of protons |
li) the total number of carbon atoms and also ‘-
(i) the presence of carbonyl group in the organic compound. S ‘{
Medium induced and concentration dependant chemical shifts are negligible in C*~ nmr because

"ki studieq are buried in the molecular framework. Unlike protons which are in the periphery

Mlecule, 13 i i tremely sensitive to substitution and molecular
» C chemical shifts are, however, extremely ’
Metry, |t may be noted that highly substituted carbon atoms resonate at tower field. Carbon i
SSeparated by several bonds strongly influence each other if these are spatially close (NOE). rl
the chemical shift of a carbon \

| © State of hybridisation i inating factor determining
oy .3 ybridisation is the dominating ; 5 e ‘aboel gE] |
Sbenmsl‘l" hybrid carbon atoms absorb upfield while sp carbon atoms a ower field -
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The carbonyl carbon has been the most investigated of all carbon atoms bY_CMR‘ The
arbonyl carbons of all aliphatic ketones absorb farthest downfield with § Valuer%%
PPm. The esters and lactones appear between 160-180 8. ‘qual,n

In an unsaturated framework, delocalisation of charge across the 7 electrop,
large effect on 1

of ¢
200

System
lectr,

. : yStems thUS
he ortho and the para carbons. Substituents with lone pairs

hile the electron attracting groups have a deshieldipg influence Cy
carbons are Particularly important in describing the position of chemlcal-shlﬁ_ The Carbony[ )
bears a partia] positive charge and hence resonate at the lower field (higher § value), | ta

. ' 0t
of conjugateq carbonyls, the positive charge can be delocalised and as a resyt of it, the cae%
carbon resonates upfield.

i
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Fluorine with mass number 19 is the naturally occurring isotope. Like IH,

I = l- Fvyerant £ a1 _

1¢ value of the chemical shift. In aromatic compounds, the e

substituents yjz. —NH,, —OH delocatise their lone electron pairs into the 7t s
the charge density at t

and para carbons w

pr
0 dopy,
> thug, shielg , nr.ﬁ

We know thyt

N

giox!
Cor®
pot

]owff
fiqut

Scanned by CamScanner



