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Abstract: The new approach to the calculation of the NMR line shapes in solids has been discussed. This
approach has been applied to simple model of quadrupolar nucleus with spin I =1 (or isolate water mole-
cule) jumping between two positions in crystal.

The problem of the NMR lineshapes or free induction decays (FID) in solids with molecular
mobility is well known although still unsolved [1-3]. At present time a variety of approaches have
been proposed in order to resolve this problem. One from these approaches is the moment method

proposed in the papers [4, 5]. In this method the shape of FID G(¢) is approximated by a Taylor
series
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In the rigid lattices the coefficients are related to the Van-Vleck’s moments [6]. In the solids with
molecular mobility the first coefficients a, can be also easily calculated. For example for simple

model of the molecular motion in solids between discrete lattice sites it has been shown that [4,
5,7]

amy, o AM,
2 (2

[

ay=1, a,=0, a,=M,, a,=i » a, =M, -

[4
In Eq. (2) 7, is the correlation time characterizing the molecular motion and
AM, = M, - M,,

where M, is the second moment of NMR line in rigid lattice and M, is the second moment of
motionally narrowed NMR line.

The other approach has been proposed in [8, 9]. In this approach the NMR lineshape f (4) is
represented in the form of an infinite fraction
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InEq. 3) 4= w - w;, where w, = ¥B, is the Larmor frequency (y is the magnetogyric ration of
nucleus).
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The coefficients V2 and w, are connected with coefficients a, [8, 9]:

w, = ay, (4a)
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In the case of rigid lattice the well-known result follows from (3) [10].

In this report we consider the application of Eq. (3) to simple model of quadrupolar nucleus
with spin /=1 (or isolate water molecule) jumping between two positions in lattice for which
the NMR resonance frequencies are w; and w,. This simple model has the well-known exact
solution 1, 11-13].

The so-called stochastic Liouville equation for this case has the form [11, 12]
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where Liouville superoperator L is
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and

In Eq. (6)

and W is the rate constant which describes the probability of the nucleus jump.
The formal solution of (5) can be written as

I(t)=exp(-iL1)-1,(0). 8)
From Eq. (8) it follows
@] 10) (L) exp(-iLN)| 1,(0)) _ & (=iry (T (0)| L 1,(0))
(I, (0)[1,(0)) (T (0)[T,(0)) =0 nb (T(0)[T(0))

and so the coefficients a,, are defined by equation
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Using Liouville superoperator (6) we obtain from Eq. (10)
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a, = @* + 62, (12)
a; =% +3&6% - 2 W2, (13)
a, =" +6@26% + 6* + 462W?. (14)

Using Egs. (11-14) we have from Egs. (4)
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Using these values we can write Eq. (3) in the form
f(4) = Re 1 -Re idw-2W ’
62 -(Aw)’ - 2W(Aw) + 62 (19)
id-io-2W
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where dw=4 - @ .
From Eq. (19) it follows

2
fi4) = 2Wé .
Aw* + 240 QW? - §2) + 64
The obtained expression (20) fully coincides with one obtained in [1, 11-13].
In conclusion, it should be note that in the considered model the dipolar interactions between
different nuclei (intermolecular interactions) were neglected. Usually these interactions may be
included in consideration by introducing the phenomenological parameter 7, [12, 13]. We hope
the Eq. (3) can be treated as the base for making further approximations in order to find the most

convenient way of describing the intermolecular dipolar interaction in NMR spectra of mobile
water molecules and 2H nuclei.

(20)
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