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The purpose of this Note is to point out the a’dvantages of the sideband

technique 1_’ 2.3 over the derivative method 4 in wideline NMR spectroscopy.

In the sideband technique the absorption spectrum-is recorded directly and the
i i . ) .
modulation ampli’tudé is no longer a determining factor in the resolution.
Here, the resonance condition whén the external magnetic field is sinusoidally
modulated is satisfied for

w :-IY\HO + nw

Mo R0t L g2 | (1)

"where 3y is the modulation frequen'cy.
, h :
The Block > :z‘)acro.scopic equations of motion for a 'sinusoidally modu -

lated. magnetlc fleld are ngen by

F o+ | (] v|'H, (t)—w)+1/T ]F+|y]MH

=0 @

y E z O  _
M, - [v|H v+ —2— — <0
"where
F=v +Ai‘u'

Hz(t) =- HO + HM. cos wMt
Under conditions of slow pas.sage and,
w Tl,wM277l : o (3)

the solution to equation 2 is 6.7.8 :
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~where Jq(f:_),are the Bessel functions of the f‘i'rstvkind and,

e

A w = [}'V}HO - (w - ]
. Y| H
p =~———-—~—}w‘ =
M

"The lock-in detector 9 responds only to the fundamental frequency W g which

'mea.ns that in-equations 4 only the terms with (n - k) = Y1owil contribute to
i

the. signal. The dc output of the lock-in detector is therefore given by

+ @ :
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wherce § s liie reference phase in the lock-in detector. The best conditions
are ovtained when ¢ is set ecual to zero, i.e.
A w
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‘Under these conditions the center band has zero amplitude and for vy i, <

the first sidebands appear separated by’ZwM as shown in Fig. 1 for the nitrogcen
resonance of liquid ammonia.
The real part of the absorption for the o' sideband from equation 6 is
given by
|/ H, M, T,

v_(0) = a_(B) o > (7)

2
1+TZAW+YTT n(B)Hl)

Equation 7 is identical with the corresponding equation in the static
magnetic field ~ except for the amplitude factor an(ﬁ) and the reduction of

the r-f field from H to' J (ﬁ)H

1
. The couplmg constant for hquxd ammonia (10) was determined with a

Varxan wideline NMR. spectrometer operatmg at 3.076 Mc/s in a field of

| lO oe. The_center band was set manually to zero amplitude by adjusting the

. referencg‘ phése. The amplitude 31(,6) = (2/B) J? (B) was set to a maxi-

‘muni, i.e,

B; Pmax. = }/Z(JI/JO) = }1.35

(8)

)“1\ ;na_x - 421

Here 3 was determined 'a‘ccuratel.y'from Fig. 2 by measuring the ratio of

the amplitudes of the first and second harm.onics which is given by

—=7 =3 = 3.7 (9)
£2 J2‘<B)

when p = 1.35.
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The value obtaired for JN is 40 - 1 ¢/s which is in agreement with

s H

- the value obtained for the same sample from the proton high resolution

»spc:(:_trum!isﬁ'aigher tixan t.he one reported by Ogg and Ray (10). However, the
.pre'parai_i'o‘n diffiéul;ies reporte'd by the above alithor.s were not encountered.
The coxnpre.s_sed ammonia from a cylinder tank was first dried with sodium
metal and theﬁ vdistillied under vacuum to a sample tube which had been first
a'ée‘d in dih'ne HClLpassed through cle'a'n‘_igg' solution, then steamed and dried.‘

The g’dva}ntages of the sideband te.chnique for_ studying the resonance
" absorption of nuclei \fvhere Tl' T2 saAtisfy conditions (3) are noted by com-
paring to the derivative rﬁetho‘d where the maximum voltage de‘flection is
given by 4 |

: ‘ 3/2 ‘
(I HyH &Y =2 / Mgl H T, (][ HyT,) (10)

daow . 8
. max

Here in order to obtain good resultion {yi HMTZ < 0.1 so that the improve-
ment in Sig‘n,al- to noise with the sideband technique is almost an order of mag-

)

nitude.
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Captions for Figures
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" Fig. 1 Nitrogeﬁ NMR :'esbnance '(Vl and V-‘l) of liquid ammonia at .

w = 3.076 Mc/S, w,, = 392,c/s, and B = 1.24.

Fig. 2 - Amplitude of the first sideband all and ratio of the amplitudes of the’

first and second sidebands vs. B.



