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Introduction

The effects of the finite RF pulse width on the free induction decay (FID) and the solid-echo
signal in solids with only one nuclear species (homonuclear spin systems) were discussed in
[1-4]. It was shown that the FID after the hard 90° RF pulse with the finite ampl‘itude and
duration (t;) has its origin at the centre of RF pulse (1;/2). It was shown also that due to the
dipole-dipole interactions during the RF pulses the maximum of solid-echo signal was
observed at t. = 2t+1,~1,/2.

The main purpose of this work is the analysis the influence of the finite pulse width on the

FID and solid-echo signals in solids with two nuclear species (heteronuclear spin systems).

Results and discussion

Using the formalism described in {3 — 5] we obtained the following expression for the FID

signal in homonuclear spin system

G() = Go(t-t1) Fo(ty/2) + My Gi(t—t) Fit/2) + ..., m
where

Go(t) = Tr{exp(-iHint) Ix exp(iHint) Ix}/Tr(Ix) @)

is the FID signal after hard delta 90° pulse.

Hir is the interaction Hamiltonian of nuclear spin system
H=Hy + ss + His . &)

Here Hy, is the secular dipolar Hamiltonian of the I-spins
Hu = Ljy Dy Qlizliz - Iixljx - Livliv) C))

Hss is the secular dipolar Hamiltonian of the S-spins
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Hss = 2o Bij (282812 — SixSix — SkySty) -
His is the interaction Hamiltonian of [ and S spins
His = 2k Ci izSiz.
In Eq.(1) Myy is homonuclear contribution to the second moment M»
M; = Man + Myss ,

where Mj(s is the heteronuclear contribution to Ms.

in Eq.(1) the function Fo(t) has the form

Fo(t) = Tr{exp(-iHt) Ix exp(iHt) Ix}/Tr(Ix%) .

This function is the FID signal which would be observed if His = 0.
In Eq.(1) the functions G (t) and F (t) are

Gi(t) = - (/M) dGo(t)V/dt ,

Fi(t) = = (i/May) dFo(t)/dt .
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If His = 0 we have homonuclear spin system. For this case the function Fo(t) is equal to the

function Gy(t) and from Eq.(1) we obtain the well known result [1 - 3]

G(t) = Go(t-t;) Go(ti/2) + Mz Gi(t—ty) Gi(ty/2)+ ... =

~ Go(t-1/2) .

At the short times t and t, the good approximations for functions Go(1) and Fo(t) are

G =1-My2)F+... ,
Fo)=1-Mu/2) €+ ... .

Using Egs.(12), (13) and Eqs.(9), (10) from Eq.(1) we obtain

G(t) =1 - (Ma/2) (t = t,/2)* — Mag/2) (1 = t1)* + ... .

From Eq.(14) it follows that the origin (maximum) of the FID signal is observed at

to = (t/2) (1 + Mais/Ma) .
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So heteronuclear dipolar interactions lead to the shift of the FID’s origin from the time
to=ty/2(Eq.(11)).
The amplitude of the FID signal at t =ty is

G(to) =1 -1, Mo Mas/8 Mp) + ... .

Using again the formalism described in [3 - 5] we obtained the following expression for the

solid-echo signal (90% —1-90%) in heteronuclear spin system
V(t, 1) = Go(t — T - t2) Fo(— t/2) Go(~ T+ 1) +
+ My | Got -t - ) Fil-t/2) Gi(-t+ 1) +
+Git—t-1) Fo(- /) Gi(= T+ t)) + (16)
+Gi(t~ 1 - ) Fi(-t1/2) Go(- 1+ t1) ] -
~Maus Golt -t~ ) Fi(- /) Gi(t—t) + ... .

Here t; and t; are the RF pulses widths; the times t and t are measured from the beginning of
the first RF pulse.
If His = 0 from Eq.(16) we have

V(t, 1) = Golt — © — t2) Go(— t1/2) Go(— T 1) +
+ Mz [ Golt =1~ t2) Gi(— t1/2) Gy(— T +t)) + an
+Gyt—1—1) Go(- t1/2) G-+ t) +
+Git—7—12) Gi(- 1/2) Go(—T+t) T+ ... .
Using the expression [4]
Go(t; + tz + t3) = Go(tr) Golt2) Golts) +
+M; [ Gotr) Gi(t2) Ga(ts) + (18)
+Gy(tr) Go(t) Gi(ts) + Gultr) Gu(t2) Goltz) ] + -
we obtain from Eq.(17) the known result [4]

Vit, 1) ~ Got — 2t 2 + 1/2) . (19)
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In the case when His # 0 we again assume that Go(t) and Fo(t) may be approximate by Eq.(12)
and Eq.(13). Using these equations we have from Eq.(16)

Vit, 1) = 1 = (Ma/2) (t = 21 — 1o + 1;/2)* =
~Mag2) [(t-T-t + (-t ]+ (20)
From Eq.(20) it follows that maximum of the solid-echo signal has been observed at
te= (2t + 1t — t1/2) = (1~ t1/2) Mas/My) . @1

The amplitude of solid-echo signals is
V(te, 1) = 1 - (1 ~ t1/2)* (Man Maig/2My) - Maig/2) (1 - 11)° . (22)

If t;=t,=0 ( the approximation of the delta RF pulses) from Eq.(21) and Eq.(22) it follows the
known results {6].
Eq.(21) and Eq.(22) show that the heteronuclear dipole-dipole interactions induce the

attenuation and additional shift of the solid-echo signal amplitude.

References

1.D.Barnaal and LJ.Lowe, Phys.Rev.Lett.,, 11 (1963) 258; Phys. Rev., 148 (1966) 328.

2.M.Bloom, J.H.Davis and M1.Valic, Can.J. Phys., 58 (1980) 1510.

3.N.A.Sergeev, Solid State Nuclear Magnetic Resonance, 8 (1997) 47.

4.N.A.Sergeev, Solid State Nuclear Magnetic Resonance, 10 (1997) 45.

5.M.Siergiejew, Wstep do kwantowej teorii magnefycznego rezonansu Jadrowego,
Wydawnictwo WSP, Stupsk, 1996.

6.M Siergiejew, A.Sapiga, in: Materialy XXVII Ogdinopolskiego Seminarium na temat

Magnetycznego Rezonansu Jadrowego i jego zastosowar, Raport Nr 1695/PL., Krakéw
1995, str.55.

4198



