
Preface

With great initial hesitation, I considered a surprising invitation in early 2017 by De
Gruyter Publishers to write a book on NMR diffusometry in their series of graduate-
oriented textbooks. A related one by Bernhard Blümich and coworkers on Compact
NMR had already set a high standard indeed [1]. Three advanced monographs of
excellent quality on translational motion and NMR also had appeared less than a
decade ago: by William S. Price in 2009 [2], by Paul T. Callaghan in 2011 [3] and by
Geir Humborstad Sørland in 2014 [4].

Being professor emeritus since 2012, I felt that there was not much more I could
add to all this and to my own previous reviews on the subject and some families of
applications. The first one (in Progress in NMR Spectroscopy) formally dates back to
1987 [5], and was widely influential in the past (it was actually authored in late 1985
and appeared in print in late 1986). At the time of writing this book, it had about
1,600 citations. However, in later years, it seems that much of the actual informa-
tion in it is not noticed or actually read; especially numerous application studies
listed and outlined there seem widely ignored or overlooked.

My most recent NMR diffusometry review dates back to 2011 [6]. It is similar in
terms of outline to that in this book, although more compact. However, this text
appears unnoticed by many potential NMR users too, most likely because it consti-
tutes a chapter (among many other NMR-related ones with similar fate) in Encyclo-
pedia of Analytical Chemistry. This would not be the first choice for looking for
introductory information on NMR techniques and similar topics. Finally, an essay-
like one (written in 2015, but finally published in paper form in 2017) describes per-
sonal historical recollections on the early evolution of multicomponent diffusome-
try techniques in high-resolution NMR [7].

Oleg Lebedev, series editor at De Gruyter, gradually convinced me that a book
of primarily educational format and focus should indeed serve a purpose, especially
for persons who want to get started with hands-on NMR diffusometry. That the in-
tended book need and should not be “complete” with regard to choice of references
and topics, and there was virtually no limit to the number of color illustrations that
contributed a lot to my final positive decision. I just hope that colleagues around
the globe understand the scope and format, and do not feel offended that links to
their important contributions to the field might have somewhat arbitrarily been left
out.

I want to clearly stress that this book is not intended to compete in any way
with the detailed and quite complete texts mentioned earlier. It is simply meant to
be an introductory and rather nonmathematical textbook for beginners, with some
basic NMR experience. A main objective for a book of this kind is to introduce the
subject to those who want to proceed quickly to a “hands-on” situation. It is easy to
get misled by older literature and descriptions of numerous ingenious experimental
procedures and subsequently get lost into unnecessarily complicated or awkward
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measurement procedures. Modern equipment is also intrinsically much more arti-
fact-free than it was some decades ago, and there is less or no need for numerous
“corrective” measurement procedures that were common in the past; some of
which could even be quite contra productive today.

Nowadays, necessary equipment for NMR diffusometry is readily available in
many labs around the globe, also because “gradient-enhanced” procedures became
popular in high-resolution NMR. This has, in turn, promoted manufacture and sales
of NMR probes with integral magnetic field gradient coils as a standard option.
Such probes may also have multinuclear capability, through interchangeable in-
serts and generally have quite sufficient performance for many diffusion-related ap-
plications. Users who need higher specifications regarding gradient strengths and
similar will find dedicated probes and gradient drivers available commercially.
Some of that equipment may have also been designed for NMR microscopy (i.e.,
magnetic resonance imaging (MRI) on small objects). Here, the probe would have
three gradient coils for the x-, y- and z-spatial dimensions and three independent
gradient drivers. Coil design and gradient driver efforts in MRI have undoubtedly
also promoted vastly superior instrumental performance in modern-day NMR
diffusometry.

A companion method, electrophoretic NMR (eNMR), has been around for quite
some time [8, 9]. It later found its way into high-resolution NMR, primarily through
efforts by Charles S. Johnson, Jr. and coworkers around 1990 [10]. I personally spent
some months in his lab in 1992 to learn some tricks. Later I realized that practical
and reliable routine implementation of eNMR remained deceptive as a concept, at
least in our hands – and over many years. In particular, we found that the compet-
ing and mostly irreproducible phenomenon of electro-osmosis was difficult to sup-
press or correct for. Various glass coatings (meant to suppress electro-osmosis)
could work for a single sample, but were not stable enough to survive washing and
sample changing during longer actual measurement series. In this context, I feel a
need to apologize at this stage to my own past Ph.D. students who often had to suf-
fer in despair with irreproducible experiments, especially Kim Paulsen, Erik
Thyboll-Pettersson and Fredrik Hallberg.

Primarily through later-year innovative ideas by my local colleague István Furó
and our common former Ph.D. student Pavel Yushmanov (nowadays electronics
and fine mechanical wizard at the department), it appears that the eNMR technique
has finally reached a reasonable state of maturity and stability. I have, therefore,
included a final section on eNMR in this book. Despite a much more limited system
applicability than NMR diffusometry, high-resolution eNMR is a technique with
great and still largely unexploited potential in chemistry, even after three decades
of existence.

Before finally accepting the offer to compose and write this book on my own, I
contacted a few distinguished colleagues regarding possible coauthorship. Lack of
time within the foreseeable future was the common reason to decline. Also, I
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remember very well a previous joint book project efforts by three colleagues – after
more than a year of ambitious authoring, differing opinions on the content, level
and style made it impossible to finalize the work. Well, there is also a saying “too
many cooks spoil the soup.” I do not really think that could have been the case
with the coauthors I myself had in mind, but some practical, stylistic and logistic
aspects of writing likely got simpler. However, I hope that a related saying, “cook a
soup on a nail,” will not characterize the final result (a stone soup version of this
saying also circulates).

Before finally deciding to undertake this task, I also consulted Bernhard Blü-
mich, who already contributed to this book series with the volume Compact NMR
some years earlier. Bernhard advised me that authoring such a book requires a lot
of devotion and daily discipline – of course, he was right. However, on many occa-
sions during this intermittent two-year authoring, I rather got personal associations
to the frantically writing Dr Mabuse in the 1933 movie classic The Testament of
Dr. Mabuse, directed by Fritz Lang.

Anyway, I now want to thank all former collaborators in the topic areas of this
book. In recent decades, contact and discussions with persons on the other side of
the globe have been particularly valuable – special thanks go to William S. Price
(University of Western Sydney), who has been a great support and a good friend for
decades. He promptly assisted with various matters on numerous occasions while
authoring this book. I have also had great “across the Globe” contact with Philip W.
Kuchel and Paul T. Callaghan. Paul tragically passed away in 2012, and is sadly
missed. Help and advice from local collaborators István Furó, Pavel Yushmanov
and Sergey Dvinskikh have also been of immense importance for me during later
years. István and Pavel also kindly provided a number of illustrations and
related material for the eNMR sections of this text. In the past, I also enjoyed very
fruitful and stimulating collaboration with Michael E. Moseley, Wyn Brown, Olle
Söderman, Björn Lindman, Terence Cosgrove, Peter C. Griffiths, Lars Nordenskiöld,
Aatto Laaksonen, Magnus Nydén and Harald Walderhaug, in particular. I also
thank all former Ph.D. students, postdocs and visiting scientists over the years.

Thanks also go to Klaus Zick of Bruker Biospin and Gareth Morris and Mathias
Nilsson for kindly providing information, documentation and figure material re-
lated to Bruker and Varian/Agilent PGSE instrumentation and the GNAT data proc-
essing package. Andrew Coy and Bertram Manz made available information, text
and figure material related to PGSE operation on recent-year “bench-top” spectrom-
eters manufactured by Magritek. Daniel Topgaard and Daniel Gallichan generously
provided graphic tools and computer code for simulating echo formation, probably
saving me weeks of time and effort.

Special thanks go to Oleg Lebedev who originally persuaded me to write this
book, and to Lena Stoll of De Gruyter for innumerable consultations regarding tech-
nical typesetting and graphical matters. They all patiently and promptly dealt with.
During the final months of writing and actual preproduction, their respective roles
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at De Gruyter were taken over by Mareen Pagel and Ria Fritz, with a continued
pleasant, nonformal, constructive and very helpful atmosphere. I am also very
grateful that they gladly accepted a considerably longer manuscript text than ini-
tially agreed on.

Finally, I want to thank my former Ph.D. supervisor Sture Forsén for directing
me into the field of NMR diffusometry more than 40 years ago, when I moved from
Lund to a different and indeed highly molecular transport-oriented scientific envi-
ronment in Uppsala [7]. His encouragement and moral support for authoring this
book is greatly appreciated as well.

Åkersberga, December 31, 2018 Peter Stilbs
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