
Preface 

"High resolution NMR in solids" has become the standard term for a 
variety of experimental techniques which allow the observation in solids of 
resolved, "chemically shifted" NMR lines from spin-^ nuclei in magneti-
cally equivalent lattice positions. This is usually accomplished at a level of 
spectral resolution which may seem ridiculously poor by the standards of 
high resolution NMR proper. But this shortcoming of high resolution NMR 
in solids is compensated for by "new" information accessible to the experi-
menter; the most important one concerns nuclear magnetic shielding tensors. 
A substantial part of this volume is consequently devoted to the determina-
tion of nuclear magnetic shielding tensors (Chapters III and VI). 

Four main approaches to high resolution NMR in solids are currently in use: 
magic-angle sample-spinning, multiple-pulse, proton-enhanced nuclear induction, 
and indirect detection methods. They have been tailored to suit a variety of 
different experimental situations. In this volume we discuss the principles of 
how "high resolution" is achieved for all of them (Chapter IV). The latter 
two also involve, as well as means for obtaining "high resolution," ingenious 
tricks for enhancing the sensitivity of detecting the NMR signal; but we 
consider these as being outside the scope of this volume. 

Experimental and theoretical details as well as a comprehensive review of 
applications are restricted to multiple-pulse techniques (Chapters V and VI). It is 
in this field that 1 have concentrated my own research efforts in recent years. 

The leitmotiv of high resolution NMR—generally, not only in solids— 
is always some kind of selective averaging. By this we mean that those 
interactions of the nuclear spins which are considered uninteresting in a 
particular experiment are somehow made time dependent. Ways to accom-
plish this range from simply melting the sample to applying highly complex 
multiple-pulse sequences. Provided the time dependences so introduced meet 
certain conditions, the unwanted spin interactions are efficiently averaged out, 
whereas the interesting ones remain more or less unaffected. 

In order to understand what is possible and what is not by selective 
averaging, a good grasp of the tensorial properties of nuclear spin interactions 
in both ordinary and spin spaces is required. Chapter II is devoted to a study 
of these properties. 

Chapter III deals with the manifestations of nuclear magnetic shielding in 
NMR spectra of both single-crystal and powder samples. The techniques for 
analyzing spectra and "rotation patterns" in terms of shielding tensors are 
discussed. Line broadening by spin-spin interactions is largely disregarded 
in this chapter. 
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Chapter IV is the central one. Here we treat a wide range of phenomena 
in NMR which are the result of intentional or natural, selective or unselective 
averaging processes. Some can be described adequately by simple "average 
Hamiltonians," others require the inclusion of corrections. A theory (average 
Hamiltonian theory) that yields these corrections in a general way is outlined 
in Chapter IV, Section D. 

Chapter V is a detailed discussion of multiple-pulse sequences intended for 
high resolution NMR in solids. It is rather specialized and mainly written 
for readers interested in the development and the limitations of the technique. 

Chapter VI is a review of applications of multiple-pulse techniques. The 
emphasis is—naturally—on measurements of 1 9F and *H shielding tensors. 
I hope I have not overlooked important contributions. As it is likely that I 
have, I want to apologize "preventively" to the authors. The current status 
of the interpretation of shielding tensors is also discussed. The viewpoint and 
the language are naturally those of an experimentalist. 

What is lacking—fully by intention—is a chapter on instrumentation, 
although Chapter V and Appendix D do contain technical hints here and 
there. Multiple-pulse spectrometers can be assembled to a large extent from 
commercially available components. 

From talking to several people interested in multiple-pulse techniques I 
feel, though, that one word of warning is in place: The crucial part of a 
multiple-pulse spectrometer is not the pulse programmer. From the point 
of view of being difficult and critical in design, construction, and operation, 
I would even call it a quantite negligeable. In my opinion the crucial parts are 
the transmitter and the probe. Readers interested in instrumentation are 
recommended to consult a recent article by the MIT NMR group in Volume 
5 of this serial publication. 

As regards notation I have always tried to keep it self-explanatory, even 
at the expense of uniformity. Hamiltonians are written both in dimensions of 
energy (hJi?) and angular velocity ( ^ ) . Unfortunately, I have had to decorate 
the symbol for the magnetogyric ratio, y„, with an index n in order to dis-
tinguish it from the frequently occurring Euler angle y. 

It is a pleasure for me to take this opportunity to express my gratitude to 
Professor J. S. Waugh for his suggestion that I review multiple-pulse NMR 
for Advances in Magnetic Resonance, for his kind encouragement during the 
writing of what became this volume, and—last but not least—for the exciting 
and stimulating couple of years I could work in his laboratory. To Professor 
K. H. Hausser I am greatly indebted for his continuous interest in the progress 
of this work and, above all, for enabling me and my close colleagues to set 
up and run an excellently equipped laboratory devoted to high resolution 
NMR in solids. It is probably only natural that I draw heavily on the work 
and ideas of many of my colleagues. I acknowledge gratefully their direct and 
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indirect contributions to this work. My special thanks are due to my friend 
H. W. Spiess for innumerable discussions from which this work profited a 
good deal and specifically for critically reading the manuscript. The beautiful 
dipolar and multiple-pulse spectra of KHF2 I owe to P. Van Hecke who 
spent the first half of this year (1975) in our laboratory. I want to thank P. 
Moravek for drawing most of the figures and diagrams. My wife painstakingly 
typed a first draft and the final version of the manuscript. I am very grateful 
to her for this help, but even more so for the good humor with which she 
endured my virtually total preoccupation with the preparation of the manu-
script for more than a full year. 

ULRICH HAEBERLEN 




