Lineshape analysis of signalsoriginated from intermolecular multiple-quantum coherences
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Introduction

Although the theory and applications of intermolecular multiple-quantum coherences (iMQCs) have been developed for over a decade, the discussions are mainly
confined in the time domain [1-5]. Based on our previous works [4,5], we have extended the discussion to the frequency domain and developed a full expression to
describe the signals originated from iMQCs for the first time. The peak height, linewidth, and phase of the signal were investigated in detail under linear approximation
[2]. For theiMQC signals at different coherence orders, Fourier transformation of FID no longer results in Lorentizian or Gaussian lineshapes, but particular lineshapes
distorted by an oscillating cosine term. The resonance line profiles presented here show a good coincidence with numerically simulated data.

M ethods
For a general discussion of iMQCs, we consider the basic CRAZED sequence consisting of two RF pulsesin combination with suitably matched field gradient pulses
[1]. In order to derive an explicit expression, we use the Taylor expansion of the Bessel function [2]. Thereal part of the complex Fourier transformation for the different
coherence orders(n = 0 ) isgiven by,
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whereﬂ isthe flip angle of the second RF pulse, y=e""singlr, and 1/ 1 = VT, +(2j+n- 1)[k2D +1/T,]- Eq. (1) represents a superposition of a
series of weighted particular lineshapes given by Gamma functions and distorted by an oscillating cosine term. The terms proportional to 12 I+~ arise solely from the

g 21" termin the equilibrium density matrix [3]. It should be emphasized that, for the linear approximation NYIRTRE e (K*D+1/THt . 1 tobevdidin
most situations [3], the attenuation terms of relaxation and diffusion need to be introduced. To further verify the validity of the Eq. (1), inverse Fourier transforms of Eq
(2) were calculated and the results are equated to the first point (t=0) of the relevant FID.

Results and Discussion
The theoretical and simulated lineshapes are plotted in Fig. 1, respectively. For simplification, we confine the discussions of the intensity and linewidth to the first
order approximation (j= 0) of Bessel Taylor expansionwith 3 =90°. It is essential to include the effects of diffusion, longitudinal, and transverse relaxation over along

time scale. The expression of peak height (forn = 0 ) is,
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Eq. (2) shows that the peak height is proportional to Mg and directly related to the concentration of the samples. The linewidths, which are inversely proportional to
the coherence order n, are calculated with software MATHEMATICA 4.2. The basic relation is Av =1/nzA for phase-sensitive mode, and
AV = (41’” _;I_)l’2 | A for average-value mode. The linewidth is independent of the flip angle, a property that is completely different from that of radiation
damping [6]. With the increase of coherence orders, the linewidths become narrower and the phases are more distorted by the oscillating term. Although the lineshapes
originating from iMQCs are very similar to those from radiation damping, their expressions in the frequency domain are indeed different (?) [6]. The results thus
demonstrated that iMQCs and radiation damping are of different physical mechanismsin highly polarized liquid state NMR experiments despite their similar lineshapes.
A better understanding of the physical mechanisms of iMQCs will be useful to quantitatively interpret theiMQC spectra and design experimentsin thefield of MRS and
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Fig.1 Theoretical (solid lines) and simulated (dot lines) lineshapes for iMQC signals of different Mao, X.A., et al., Phys. Rev. B., 49, 15702, 1994.
orders. The calculated results based on Eq. (1) agree well with the simulated data based on the

revised Bloch equations.
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