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Introduction 22 

From the day in August 1985 when I left the thriving research group headed by 23 
Richard Ernst at ETH, after five intense years in Zurich that allowed me to give count- 24 
less physical chemistry classes as teaching assistant, write about 20 papers, and complete 25 
a sprawling monograph [1], I knew that I had to cut the umbilical cord (abnabeln in Ger- 26 
man) and develop some novel projects of my own. This sounds simple enough, but as 27 
many freshly appointed junior professors will recognize, starting afresh is easier said 28 
than done. Not surprisingly, I fell short of my objectives. When moving from ETH to the 29 
Université de Lausanne (UNIL), I carried with me, as entrenched it were in my mental lug- 30 
gage, not only my passion for two-dimensional Fourier transformations - which I had 31 
stumbled upon in Oxford around 1975, and which I had carried with me to San Diego, 32 
Cambridge, Zurich, and Lausanne - but also my recent fascination for multiple-quantum 33 
filtration as a means of identifying multi-exponential relaxation [2, 3], and my dream 34 
that automated interpretation of two-dimensional spectra by pattern recognition would 35 
sooner or later be widely recognized [4]. 36 

A favorable environment 37 
At the time, my group at UNIL was housed in an ancient XVIIIth century building 38 

on the Place du Château, in the romantic center of the city of Lausanne, only a few hun- 39 
dred steps from a magnificent XIIIth century cathedral, just opposite the Château St 40 
Maire, the seat of the government of the Canton de Vaud. What used to be my office in 41 
those days is now occupied by the Chancelier of the Canton. There were initially only 42 
two NMR spectrometers, both housed in a fairly decrepit building across the square: an 43 
aging narrow-bore 360 MHz and a brand-new wide-bore 400 MHz. The former was used 44 
mostly by synthetic organic chemists like Hans Dahn, Hugo Wyler, Manfred Schlosser, 45 
Pierre Vogel and their lively groups, all supported by our heroic engineer Martial Rey. 46 
The latter spectrometer was shared with André Merbach and Lothar Helm, who were 47 
both interested in chemical exchange reactions under high pressure, and who did not 48 
care much for the homogeneity of the NMR magnet that suffered from swapping 49 
probes. 50 

Located about 7 km away from Lausanne’s city center, the Ecole polytechnique 51 
fédérale de Lausanne (EPFL) had its own chemistry department that was mostly con- 52 
cerned with chemical engineering and physical chemistry, closer to my heart than syn- 53 
thesis. In those days, my appointment at the Institut de chimie organique (ICO) of UNIL 54 
seemed to be based on a misunderstanding, which is one reason why I occasionally at- 55 
tended talks on physical chemistry at EPFL. The key players at EPFL were Tino Gäu- 56 
mann and Michael Grätzel, the former an established expert of mass spectroscopy, 57 
nicely equipped for ion cyclotron resonance (ICR), the latter interested in (though not 58 
yet famous for) solar cells.  59 

It must have been at EPFL that I listened to a talk by Alan Marshall, at that time at 60 
Ohio State University, who had no doubt been invited by Tino Gäumann. Alan’s draw- 61 
ings of ion packets exposed to oscillating electric fields, undergoing acceleration on a 62 
spiraling trajectory with increasing radius, reminded me of trajectories of magnetization 63 
in NMR, much like those my DPhil advisor Ray Freeman used to draw with unmatched 64 
talent [5]. Moreover, Alan showed that ions could also be decelerated (“cooled down” or 65 
“de-excited”) when applying another oscillating electric field with opposite phase [6]. 66 
Perhaps paradoxically, the initial inspiration for 2D ICR came by drawing analogies not 67 
so much with two-dimensional exchange spectroscopy or “EXSY” [7, 8] but rather with 68 
z-filtered correlation spectroscopy or “z-COSY” [9], a method that we were developing 69 
in 1987, mostly to investigate spin systems with second-order scalar couplings [10]. Alt- 70 
hough this application has no obvious relevance for ICR, it makes use of some aspects of 71 
small nutation angles that can be summarized under the term of “linearity” (vide infra). 72 
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It took a while to realize that 2D ICR was more closely related to EXSY [7, 8], the ances- 73 
tor of two-dimensional Overhauser effect spectroscopy or NOESY [11, 12], both of which 74 
have had considerable impact in NMR. 75 

 76 
A long gestation 77 

In fact, my old agendas that I have compulsively collected reveal that I had been 78 
toying with 2D ICR at least two years before moving from Zurich to Lausanne. I had 79 
written a first proposal in 1983 in Tallinn in Estonia, on the occasion of an NMR sympo- 80 
sium where I was introduced to Endel Lippmaa,1  who had a keen interest in ICR [13]. 81 
My visit to Estonia was part of an extensive tour of the USSR on the invitation of Yuri 82 
Ovchinnikov, a trip that was somewhat impeded by the fact that all flights to the USSR 83 
were suspended, following the downing of a Boeing 747 of the Korean Airlines on Au- 84 
gust 30, 1983, so that I had to fly to Helsinki and take a boat from there. It felt like a spy 85 
story from the days of the Cold War. My agenda mentions a dinner with Lippmaa, 86 
Cibeldina, Eichhof and Schneider on September 28th 1983. I gave a talk on multiple- 87 
quantum NMR and coherence transfer pathways at Lippmaa’s institute, and I wrote 88 
“discussions ICR with Pikver, draft proposals 2D-ICR” in my agenda on September 30th. 89 
At Lippmaa’s request, I wrote a few pages about 2D ICR in my hotel room and ceremo- 90 
niously handed them over to Lippmaa, but he never responded. He was at that time 91 
mostly concerned with determining the mass of the neutrino by comparing the masses 92 
of tritium and helium-3 [14], so he may be forgiven that he paid little attention to such a 93 
mundane idea as 2D ICR. This was perhaps the first time that I came to realize how a 94 
nice idea can be “crowded out” by other more compelling ideas. Back in Zurich, I could 95 
not find anyone with an interest in ICR, although I discussed the idea with Pablo Cara- 96 
vatti, with whom I worked on pulse sequences that allowed us to invert families of spin- 97 
ning sidebands in magic-angle spinning NMR spectra [15]. Pablo would later join the 98 
ICR department at Bruker in Fällanden, shortly after completing his PhD at ETH under 99 
Richard Ernst’s supervision in 1986. 100 

 101 
Only a dynamic research atmosphere can make innovation possible 102 

After Alan Marshall’s talk in Lausanne, I tried to convince a few members of my 103 
tiny group to develop an interest in 2D ICR. My first graduate student at UNIL was Guy 104 
Jaccard, who had started his PhD under the guidance of my predecessor, Jürgen Lauter- 105 
wein, who had just moved to the University of Münster. Guy was looking forward to 106 
complete his thesis, although he was to endure the joys of multi-exponential relaxation 107 
of 7Li before he would be released [16]. The second student was Steve Wimperis, who 108 
had spent some time in Southampton and Oxford, where he had worked on broadband 109 
Jeener-Broekaert [17] and INEPT sequences [18]. The third student was Peter Pfändler, 110 
who had completed his Diplomarbeit (or M2, in modern parlance) on pattern recognition 111 
at ETH [4]. Peter had gone to India for a few months. I wrote a long letter to invite him 112 
to join our group in Lausanne. If I remember his story correctly, he received my message 113 
in a favorable mood on a boat gently swaying on the Ganges. If the Indian postal service 114 
had not been so reliable, if Peter had not picked up his poste restante messages, if he had 115 
decided to return to ETH rather than come to Lausanne, 2D ICR might never have seen 116 
the light of day. One may wonder which avatar of the Hindu goddess of science inter- 117 
vened in our favor. The first post-doctoral fellow to come to our team was Hartmut Os- 118 
chkinat, later to be joined by Marjana Novic, Claudio Dalvit and Hans Grahn. The next 119 
graduate students, Urs Eggenberger, Jean-Marc Böhlen, Lyndon Emsley, Irene 120 
Burghardt and Lorenzo Di Bari would arrive after the shockwaves of 2D ICR had settled 121 
(see Figure 1).  122 
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 123 
Figure 1. Early co-workers of the Lausanne Spin Department (LSD) at UNIL, only one of whom 124 
was reckless enough to embark on the first 2D ICR experiments. 125 

I was quite unable to tackle the challenges of 2D ICR all by myself, without active 126 
support of graduate students or post-docs. The last time I had done any experiments on 127 
my own was around 1983 [15]. What else was going on in our tiny group, at a time when 128 
I was apparently the only fool to believe in 2D ICR? What other ideas threatened to 129 
crowd out my pet idea? Steve Wimperis appeared rather reluctant to switch his attention 130 
to 2D ICR. In a mail of March 29th 2021, Wimperis wrote “the project didn’t appeal to me 131 
because of the lack of a clean connection between theory and experiment.” Steve had just 132 
succeeded a remarkable transposition of some peculiar manifestations of multi-exponen- 133 
tial relaxation, discovered by accident at ETH in triple-quantum filtered correlation spec- 134 
tra (3QC-COSY) of methyl groups in proteins by Norbert Müller in Kurt Wüthrich’s lab 135 
at ETH [2, 3]. In a clever paper, Steve Wimperis and Guy Jaccard adapted this discovery 136 
to isolated spin I = 3/2 nuclei such as 7Li in viscous isotropic phase [16]. Some 40 years 137 
later, I still view this work as one of the pinnacles of “my” career, although I barely con- 138 
tributed anything. Steve wrote “I always recall that this was the time you got your ‘su- 139 
pervision’ of me spot on. You were going away (to a conference, I think) and quite casu- 140 
ally said to me ‘Feel free to finish writing the paper while I’m away.’ I was thrilled: I was 141 
still a 1st-year PhD student and yet I was being treated like an equal and trusted with an 142 
important task.” Steve was about to discover other curious consequences of cross corre- 143 
lations (CCCP, as he liked to say) such as relaxation-allowed coherence transfer (RACT) 144 
[19, 20]. I do not blame Steve for his reluctant attitude to 2D-ICR. The reader is referred 145 
to statistics (vide infra) about the relative impact of cross-correlations and 2D ICR. I like 146 
to think of Steve’s work as a heroic forerunner of Transverse Relaxation Optimized Spec- 147 
troscopy (TROSY) [21], although Kurt Wüthrich never acknowledged any debt. 148 

Fortunately, Peter Pfändler was willing to give 2D ICR a try. Since his work on au- 149 
tomatic analysis by pattern recognition, based on NMR correlation spectra like z-COSY, 150 
looked rather promising [22, 23], Peter decided that he could afford to divert his atten- 151 
tion to ICR for a few months. He was quickly introduced to the secrets of ICR by Ray- 152 
mond Houriet, Jacques Rapin, and Marc-Etienne Walser in Tino Gäumann’s lab. They 153 
offered us a first demonstration on an ICR spectrometer at EPFL on April 11th 1986. More 154 
experiments were carried out on June 25th, and a whole week was booked in January 12- 155 
16th 1987. The data were analyzed by Peter Pfändler, using a rather unreliable computer 156 
developed by Bruker (‘workstations’ were not yet widely available in those days), lo- 157 
cated in our lab in the center of Lausanne. The transfer of large data matrices in incom- 158 
patible formats on bulky discs required a good dose of fearlessness in those days.  159 

 160 
The basic idea 161 
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The 2D ICR method allows one to map correlations between “parent” and “daugh- 162 
ter” ions in complex samples without ion isolation. One may wonder why there are 163 
never any boys among the offspring of ions. Whoever invented the expression of 164 
“daughter ions” must have been a forerunner of gender equality. In a static magnetic 165 
field, an ion Ik (or any charged particle like an electron or proton) with a mass mk and a 166 
charge qk moves on a circular trajectory in a plane perpendicular to the field with a cyclo- 167 
tron frequency that is inversely proportional to its mass: 168 

, 
(1) 

A parent ion Ip can be transformed into a daughter ion Id by fragmentation, proto- 169 
nation, loss of neutral fragments, etc., modifications that can be induced by collisions 170 
with neutral molecules, or by irradiation with infrared or ultraviolet lasers. In our first 171 
experiments, ion fragmentation resulted from collisions with neutral atoms. The trans- 172 
formation of a parent ion Ip into a daughter ion Id is accompanied by a sudden change in 173 
cyclotron frequency from wp to wd. 2D ICR allows one to correlate pairs of frequencies 174 
(w1, w2) = (wp, wd ) that are characteristic of parent and daughter ions before and after a 175 
modification of their mass-to-charge ratio. There are of course many similarities between 176 
2D ICR and two-dimensional NMR exchange spectroscopy (2D EXSY) which allows one 177 
to correlate pairs of frequencies (usually chemical shifts) that are characteristic of the 178 
environments of nuclei before and after a chemical reaction or cross-relaxation process.  179 

In its basic form, two-dimensional exchange NMR spectroscopy (2D EXSY) [7,8] 180 
uses a sequence comprising three pulses and three intervals: 181 

 182 
b – t1 – b’ – tm – b’’ – t2          (2) 183 
 184 
Usually, all three pulses have the same nutation angles b = b’ = b’’ = p/2, a concept 185 

that has no equivalent in ICR. The key element of the 2D EXSY method is the ‘mixing 186 
time’ tm where chemical exchange may occur. (In 2D NOESY [11, 12], exchange does not 187 
occur through chemical reactions, but through cross relaxation.) In ICR, it is in the inter- 188 
val tm that the transformation of parent ions into daughter ions may be monitored. In 189 
NMR, it is the partial conversion of a longitudinal component of the magnetization Mzk 190 
into Mzl in the mixing interval tm that leads to a cross-peak at coordinates (w1 = wk, w2 = 191 
wl).  Again, there is no equivalent of a longitudinal component in ICR. In NMR, if a frac- 192 
tion fkl of the magnetization Mzk is converted, while a fraction fkk = (1 - fkl) remains invari- 193 
ant, this leads to a cross-peak with a relative amplitude fkl/fkk when compared to the diag- 194 
onal peak. (This simple rule can be refined to take longitudinal relaxation into account.) 195 
Likewise, in ICR, the conversion of a fraction fkl of parent ions Ik into daughter ions Il in 196 
the mixing interval tm leads to a cross-peak at coordinates (w1 = wk, w2 = wl), with a cross- 197 
peak amplitude proportional to fkl. To the best of our knowledge, no attempt has been 198 
made so far in 2D ICR to normalize cross-peak amplitudes with respect to diagonal peak 199 
amplitudes. Line-broadening due to collisions with neutrals and to Coulomb repulsion 200 
between ions is usually not taken into account in analysis of 2D ICR spectra. 201 

In NMR, the three radio-frequency (rf) pulses b, b’ and b’’ are characterized by nu- 202 
tation or ‘flip’ angles that are determined by their durations and their amplitudes. The rf 203 
amplitude is usually chosen to be stronger than the range of offsets, so that the pulses 204 
induce the same nutation angles regardless of offset. The three pulses in Eq. (1) usually 205 
have the same monochromatic carrier frequency, chosen in the vicinity of the precession 206 
frequency of the nuclei under investigation.  207 

In NMR, 2D EXSY experiments can be described in terms of classical Bloch equa- 208 
tions. Each ensemble of identical spins is associated with a classical magnetization vector 209 

ω k =
qkB
mk
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Mk = (Mxk, Myk, Mzk). Relaxation can be treated in purely phenomenological terms. The 210 
transverse components Mxk and Myk decay with a time constant T2, while the longitudinal 211 
component Mzk returns to its equilibrium at the North pole with a time constant T1. If 212 
relaxation can be neglected, the trajectories of each Mk vector can be described on the 213 
surface of what is commonly referred to as Bloch’s sphere. The curvature of this sphere 214 
is responsible for the non-linear response of magnetization in NMR. There is no analogy 215 
in ICR for such non-linear effects. 216 

In NMR, the transverse magnetization precesses about to the applied magnetic 217 
field B0, in a plane perpendicular to this field, both in the ‘evolution interval’ t1 and in 218 
the ‘detection interval’ t2. On the other hand, in the ‘mixing time’ tm, only longitudinal 219 
magnetization that is parallel to the applied magnetic field B0 need to be considered. In 220 
ICR, one cannot make a distinction between transverse and longitudinal components. 221 
One usually neglects so-called ‘magnetron motions’ parallel to the applied magnetic 222 
field B0, by assuming that the ions only evolve in a plane perpendicular to this field.  223 

Normally, 2D EXSY experiments in NMR use three pulses with identical flip angles 224 
b = b’ = b’’ = p/2. In this case, the fate of the magnetization is readily described. The first 225 
pulse b converts Mzk into Mxk (or Myk, depending on the phase of the pulse), the second 226 
pulse b’ has the opposite effect and generates a t1-dependent longitudinal component 227 
Mzk(t1), which, after a partial conversion from Mzk(t1) into Mzl(t1) through exchange or 228 
cross-relaxation, is converted by the third pulse b’’ from Mzl into Mxl (or Myl) that induces 229 
a signal at w2 = wl in the section interval t2. Again, since one cannot distinguish longitudi- 230 
nal and transverse components in ICR, the analogy seems to break down.  231 

Although this is not routinely done in NMR, one can modify 2D EXSY by using 232 
three pulses with small flip angles b = b’ = b’’ << 90o, say 15o. This can be used to obtain z- 233 
filtered COSY spectra [9] or to map longitudinal relaxation pathways in systems with 234 
scalar-coupled spins [24]. Although 2D EXSY with small flip angles remains confidential 235 
in NMR, it offers straightforward analogies with 2D ICR. Indeed, by using only small 236 
flip angles in NMR, the excursions of the magnetization vector are limited to the vicinity 237 
of the North pole of Bloch’s sphere. The precession of a magnetization vector leads to a 238 
circular trajectory around the North Pole on a plane parallel to the equatorial plane. By 239 
focusing attention on this plane, i.e., by neglecting the curvature of Bloch’s sphere, the 240 
non-linear response typical of NMR can be ignored, so that NMR becomes analogous to 241 
ICR in this linear regime. Yet 2D EXSY NMR with small nutation angles cannot be un- 242 
derstood without distinguishing longitudinal and transverse magnetization compo- 243 
nents, so the similarity between NMR and ICR seems far from obvious. 244 

In both 2D NMR and 2D ICR, the evolution interval t1 = n1Dt1 is incremented in N1 245 
steps with n1 = 0, 1, 2, …, (N1-1), where the increment Dt1 determines the spectral width 246 
Dn1 = 1/Dt1 in the F1 or w1 domain after Fourier transformation. The maximum duration 247 
t1max = (N1-1)Dt1 determines the digital resolution dn1 = 1/t1max = Dn1/(N1-1) in this domain. 248 
Likewise, the signal is observed in the detection interval t2 by taking N2 samples at inter- 249 
vals Dt2 that determine the spectral width Dn2 = 1/Dt2 in the F2 or w1 domain. The ‘acquisi- 250 
tion time’ t2max = (N2-1)Dt2 determines the digital resolution dn2 = 1/t2max = Dn2/(N2-1). In 251 
NMR, the spectral widths Dn1 = 1/Dt1 and Dn2 = 1/Dt2 after Fourier transformation are typ- 252 
ically on the order of a few kHz, while the linewidths are on the order of a few Hz, and 253 
the data matrices have typical dimensions N1 x N2 that are on the order of 128 x 1024. In 254 
ICR, the spectral widths Dn1 = 1/Dt1 and Dn2 = 1/Dt2 may be on the order of several MHz, 255 
1000 times larger than in NMR, while the linewidths can be just as narrow as in NMR, 256 
on the order of a few Hz. For ICR, the data matrices may have typical dimensions N1 x 257 
N2 on the order of 1 Mbyte x 1 Mbyte. 258 

 259 
Similarities and fallacies 260 
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In ICR, the three audio-frequency (af) pulses with alternating electric fields confer 261 
energy to the ions (acceleration or heating) or withdraw energy from these ions (deceler- 262 
ation or cooling) [6, 13]. In either case, the energy is determined by the product of the 263 
durations and amplitudes of the pulses. 264 

While this analogy has led to the simple (or should we say simplistic?) idea that 2D 265 
EXSY could be readily ‘carried over’ from NMR to ICR, it has also given rise to some 266 
misunderstandings. In NMR, regardless whether the description is limited to the polar 267 
region of Bloch’s sphere or not, the North pole acts as an ‘attractor’ [25], since non-van- 268 
ishing transverse magnetization components that appear as soon as one deviates from 269 
the North Pole must decay through transverse T2 relaxation. At any time in NMR experi- 270 
ments, the transverse components can be scrambled (‘purged’ or ‘de-phased’) without 271 
affecting the longitudinal magnetization components by applying pulsed field gradients 272 
(PFGs), where the homogeneity of the field B0 is deliberately degraded during a brief 273 
interval tPFG. Again, there is no analogy in ICR. 274 

In NMR, undesirable transverse components can also be eliminated by phase-cy- 275 
cling, i.e., by combining several experiments with the same sequence of pulses and the 276 
same intervals, but where the phase fi of the ith pulse in the sequence is incremented from 277 
one scan to the next, i.e., fi = nkDfi for the kth scan in a series of ki = 0, 1, 2, … , (Ki -1) com- 278 
plementary experiments that are otherwise identical [26]. In the special case where Dfi = 279 
p and Ki = 2, a phase-cycle boils down to a simple phase alternation. This can be used in 280 
2D EXSY, regardless of the flip angle b, to cancel transverse components in the mixing 281 
interval tm. As we shall see below, these concepts cannot be transferred from NMR to 282 
ICR, for one cannot distinguish longitudinal and transverse components in ICR. 283 

 284 
Our first paper on 2D ICR 285 
On June 25th 1986, Raymond Houriet suggested to investigate reactions involving 286 

the following species: 287 
 288 
A = 81Br-pyridine (mA = 159 amu, fA = 289.7 kHz, fAH = 287.8 kHz), 289 
B = 79Br-pyridine (mB = 157 amu, fB = 293.4 kHz, fBH = 291.5 kHz). 290 
 291 
These species can be involved in the following reactions: 292 
 293 
 A+ + B -> AH+ + neutral products (hydrogen transfer from neutral to ion)  (3a),  294 
and 295 
 B+ + A -> AH+ + neutral products (proton transfer from ion to neutral)     (3b). 296 
 297 
Our first communication was submitted to Chemical Physics Letters on April 2nd 298 

1987, with an accompanying letter to its prestigious editor, A. D. Buckingham in Cam- 299 
bridge, that contained a strange warning: “It might be difficult to find a reviewer for this 300 
paper, which is likely to appear obscure for both ICR and NMR people.” It was received 301 
on April 3rd (air mail did not yet deserve its current name of ‘snail mail’ - Fedex and the 302 
like cannot guarantee such a quick service despite their atmospheric fees) and accepted 303 
on April 30th [27]. The anonymous referee report is worth reading: “The paper describes 304 
a novel application of two-dimensional spectroscopy to ion cyclotron resonance. Because 305 
the paper has pioneering character, it should be published despite the fact that the pre- 306 
sented two-dimension spectra are not yet convincing in terms of practical applicability 307 
and aesthetic beauty” (my italics.) Indeed, the quality of the first 2D spectra was unbeliev- 308 
ably poor (Figure 2). Only with a generous dose of wishful thinking could we see any 309 
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cross-peaks at all. We boldly (and unethically) decided to emphasize these feeble cross- 310 
peaks by hand-drawn boxes.  311 

 312 

 313 
Figure 2 Two-dimensional ICR spectrum of the reactions of Eq (3). The arrows indi- 314 

cate harmonics. The dashed line represents the diagonal that is partly folded. Repro- 315 
duced with permission from our first paper on 2D ICR [23].  316 

 317 
Since we used monochromatic pulses, the bandwidth was very limited, so that we 318 

could only study a few simple reactions. We therefore developed an alternative scheme 319 
where the frequency was jumped between the second and third pulses of the sequence. 320 
There were other problems. In our first paper, we claimed that the second pulse would 321 
de-excite the ions packages, and that the chemical reactions would involve only ‘cold’ 322 
ions. An anonymous expert repeated our experiments and came up with a picture that 323 
was diametrically opposed to ours: he/she believed that only ‘hot’ ions that would be 324 
excited onto higher orbits would be capable of undergoing a reaction. Although I was 325 
initially mightily irritated that such an unorthodox theory could have been published in 326 
a respectable journal (I believe it was in J. Chem. Phys.) without my prior approval, I be- 327 
gan to realize that I had no strong arguments in favor of ‘cold’ ions.  328 

 329 
A trip to Caltech 330 

On April 10th 1987, just after ENC in Asilomar, I gave a talk about 2D-ICR at Cal- 331 
tech in Pasadena. I had invited myself by writing to my old friend Manfred Morari, who 332 
passed my letter on to Daniel Weitekamp. The latter promptly organized a talk and a 333 
meeting with John Baldeschwieler. 334 

On April 27th 1987, I sent a copy of our manuscript to John Baldeschwieler at Cal- 335 
tech, with another unusual comment “You are most welcome to use this paper for your 336 
‘old man’s lecture’ on ICR, even though it has not been accepted yet.” Not shying away 337 
from setting up a double-bind situation, I sent a follow-up message by telex (!) to John 338 
on May 14th: “Could you please refrain from mentioning our paper (…) in public talks? 339 
We are preparing a patent application, and public presentation would be harmful (…) 340 
under European law.”  341 

Also on April 27th 1987, I sent a copy of our manuscript to Ernest Laue in Cam- 342 
bridge, in the hope that his skills in maximum entropy methods (MEM) might help us to 343 
overcome the limitations of Fourier transformations. Indeed, we realized that, unlike 2D 344 
NMR, the modulations as a function of the evolution interval t1 were far from sinusoidal. 345 
We were aware that Fourier transformations were therefore not adapted to the problem 346 
at hand, since they gave rise to a series of harmonics. Ernest Laue suggested an elaborate 347 
MEM strategy densely packed with equations, including a promising comment “It 348 
should be possible to set up a discrete reconstruction in a better way.” I must admit to 349 
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my shame that we never tried to implement Ernest’s ideas, which have remained in my 350 
files ever since 1987. 351 

 352 
Our patent application 353 

Just after submitting our work to CPL, on April 4th 1987, I sent a copy of our manu- 354 
script to H. P. Kellerhals, director of Spectrospin AG in Fällanden, who had a strong in- 355 
terest in ICR. He promptly replied on April 14th and forwarded our manuscript to his 356 
patent attorney in Stuttgart on May 19th (“Professor Bodenhausen überlässt uns die Idee für 357 
eine Patentanmeldung” – I confirmed my agreement on June 5th.) The attorney was 358 
warned that the paper had been accepted and would be published on June 10th. On June 359 
3rd I received a draft (in German) of 13 pages with 6 claims. The final application (“Ver- 360 
fahren zur Aufnahme von ICR-Massenspektren und zur Durchführung des Verfahrens ausge- 361 
bildetes ICR-Massenspektrometer”) was filed at the European patent office on June 6th 1987, 362 
4 days before our work was published in CPL. An English translation was filed in the 363 
USA. The US Patent 4,855,593 was awarded 12 years after our filing on Aug. 8th 1989, 364 
apparently without review. 365 

A fairly positive examination report by the German patent authorities was emitted 366 
about a year after our filing on May 27th 1988. My elaborate reply (in German) was dated 367 
July 28th 1989. The German patent DE 37 19 018 C2 was issued 4 years after our filing on 368 
April 16th 1992. I have been worrying ever since that the lecture I gave at Caltech might 369 
be exploited by some hypothetical opponent to nullify our patent. To my disappoint- 370 
ment, there have never been any opponents – and 34 years later the question has lost its 371 
relevance. 372 

The European patent office (EPO) sent their highly critical comments (also in Ger- 373 
man) about 7 years after our filing on 5th September 1994. In a nutshell, the EPO exam- 374 
iner was of the opinion that the step from 1D to 2D ICR was trivial. My reply, printed on 375 
the letter-heading of the National High Magnetic Field Laboratory (NHMLF) in Talla- 376 
hassee, was dated October 12th 1994. Since Alan Marshall’s office was only about 10 me- 377 
ters from mine, I could easily consult him and quote his opinion. He noted that 13 years 378 
had passed between his patent on 1D ICR and our patent application on 2D ICR, and 9 379 
years between the 2D EXSY paper [7] and our patent application. Our attorney in 380 
Stuttgart wrote a powerful rebuttal in 7 densely argued pages. I do not have any records 381 
if a European patent was ever awarded. 382 

This was the first patent in my career. For many years I continued fighting similar 383 
cases, convinced that it would be good to show off a few patents to boost grant applica- 384 
tions to various agencies, good for the careers of graduate students and post-docs, and, 385 
last but not least, good for my own career. After having been awarded no less than 26 386 
patents against increasing odds, I decided that it was no longer worth the effort. I have 387 
never earned any significant rewards for my efforts. The fact that I do not expect any 388 
further promotions may have played a role. 389 

In the early days, the University of Lausanne did not interfere with matters of intel- 390 
lectual property (IP) – I fact they did not even have an office to deal with IP. More re- 391 
cently, employers like EPFL, ENS, PSL, CNRS, etc., have come to view IP as a potential 392 
gold mine, and have developed elaborate rules to prevent any uncontrolled transfer 393 
from the public to the private sector. While this may be worthwhile for a handful of in- 394 
ventions, the complexity of the IP rules and the length of the approval procedures has 395 
greatly dampened my enthusiasm and inhibited my desire for any further IP adven- 396 
tures. Experience with French and Swiss authorities have exhausted my energy: a patent 397 
on “Heteronuclear Decoupling by Quenching Rotary Resonance in Solid-State Magic 398 
Angle Spinning NMR” filed with Piotr Tekely and Markus Weingarth (EP 2 159 589 B1) 399 
with no less than four owners (EPFL, ENS, CNRS, and Bruker Biospin), and a patent on 400 
a “Method and Device for Performing High Resolution Nuclear Magnetic Resonance 401 
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with Unknown Spatiotemporal Variations of Magnetic Fields” filed with Philippe 402 
Pelupessy (US13/376,741) with the support of the CNRS both demanded considerable 403 
diplomatic skills. None of my employers or funding agencies have ever been rewarded 404 
for their time-consuming attempts to make money on the back of our ideas. 405 

 406 
Extending the bandwidth: our second paper on 2D ICR 407 

In our first communication, we used three monochromatic pulses, which severely 408 
limited the bandwidth in both dimensions, so that we could only illustrate our idea with 409 
rather trivial reactions. Raymond Houriet explained to Peter Pfändler that frequency- 410 
modulated “chirp” pulses were routinely used in 1D ICR, and that they allowed one to 411 
cover bandwidths of several MHz. However, it is far from obvious that one can run an 412 
EXSY-type 2D experiment with three chirp pulses. There are lots of sketches in my files 413 
that show my skepticism. Fortunately, Houriet and Pfändler went ahead despite my ob- 414 
jections.  415 

The first broad-band 2D ICR spectra were discussed in internal seminars on March 416 
2nd and October 28th 1987. The method was illustrated for the following reactions that 417 
may occur when starting with ionized methane CH4+: 418 

   CH4+ + neutral atoms -> CH3+ + CH4+ + CH5+      [4a] 419 
and, more interestingly, when starting with CHD3 gas: 420 
   CHD2+ + CD3+ + CHD3+ + neutral atoms  421 
   -> CHD2+ + CD3+ + CHD3+ + CH2D3++ CHD4+ + C2H2D3+ + C2HD4+ + C2D5+  [4b] 422 
The resulting 2D spectrum for the latter case is shown in Figure 3. 423 

 424 
Figure 3. Broad-band 2D ICR spectrum reproduced with permission from our sec- 425 

ond paper [28] 426 
 427 
The broad-band 2D ICR paper was received by JACS on December 17th 1987, and 428 

gave rise to a lively debate. Reviewer 1 wrote: “This paper is definitely appropriate for 429 
publication in JACS” but continued with a long list of “minor” revisions, requesting us 430 
to explain the presence of axial peaks, discuss harmonics, and cite the extensive history 431 
of double resonance in ICR. Let me reproduce the most elaborate comment in full: “It 432 
seems to me that the ‘hot’ A+ ions raised to higher orbits by [the second pulse], even if 433 
they lose their phase coherence during tm, will still re-acquire phase coherence when ex- 434 
cited by [the third pulse], and will therefore be observed along the diagonal of the 2D 435 
plot, provided that the excited A+ ions are not actually ejected from the cell? The authors 436 
might discuss this point.” 437 

Reviewer 2 was much more critical: “Although the present paper has aspects of 438 
“cross-technology” and therefore does not deserve the highest marks for creativity, it is 439 
a clever adaptation and was made possible by the appropriate collaboration of NMR and 440 
MS groups.” This was followed by a few tough statements: “… the first paper [27] is 441 
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judged to report the breakthrough and this paper is but a modest extension.” (…) “The 442 
authors must defend their proposal in terms of advantages in FT ICR.” (…) “The authors 443 
must compare their method to the Hadamard proposal [29] which is another means of 444 
encoding parent ions but is based on the mechanism of ion ejection.” Then comes again 445 
a question that sounds by now familiar: “Why are the ‘hot ions’ that are not decelerated 446 
by [the second pulse] impossible to detect in contrast to ‘hot’ ions formed in the now 447 
classic FT ICR MS/MS experiment, which are detectable?” (…) “FT ICR excitation does 448 
change the ion energy and, as a result, the rates of ion-molecule reactions.” 449 

Alan Marshall wrote us a long letter on July 1st that explained our experiments bet- 450 
ter than we had done ourselves, though he was still not convinced that only ‘cold’ ions 451 
participate in the reaction. To my perplexity, he wrote “I forgot that ion-molecule colli- 452 
sion mechanism switches from Langevin to hard-sphere as the ion orbit increases.” Fur- 453 
thermore, Alan argued that the number of daughter ions produced from a parent ion 454 
should vary directly with the velocity of the parent ion (which increases with orbital ra- 455 
dius.) He concludes “that relationship is what generates the parent-daughter relation- 456 
ship in the 2D experiments – the time domain signal of the daughter ions produced by 457 
the third pulse is modulated by the sinusoidal variation of the radius of the parent ions 458 
produced by the first two pulse.” I quote this letter verbatim 34 years later, because 459 
Alan’s interpretation was diametrically opposite to ours. In my reply of August 18th, I 460 
argued that parent ions that would be excited onto higher orbits by the second pulse 461 
would “somehow” lose their phase coherence. The argument seemed relevant since 462 
daughter ions that appear at arbitrary times “would be scattered all over the cell with 463 
arbitrary velocities and phases.” I must admit that, 34 years after exchanging these let- 464 
ters, I am still not quite convinced that our views were correct.  465 

One minor point: Alan wrote in the same letter “Chirp excitation will be especially 466 
unsuitable for this purpose [of covering a large frequency range] because the effect of 467 
the chirp is to excite ions well beyond their final orbit before the end of the chirp.” We 468 
would soon have the satisfaction to prove that, despite Alan’s warning, chirp pulses are 469 
quite suitable! 470 

In an elegant letter dated December 2nd 1987), Fred W. McLafferty of Cornell Uni- 471 
versity humbly offered apologies (this letter greatly intimidated me because I had been 472 
taught about “McLafferty Umlagerungen” as an undergraduate at ETH): “we did misun- 473 
derstand the operation of your very clever system” and then proceeded to ask a key 474 
question: “[you] state that the precursor ions that will undergo reaction during the time t 475 
are those that are de-excited by the second pulse. How de-excited do these need to be to react 476 
and produce product ion signals using the P3 pulse?” (my italics.) In other words, how cold 477 
must these ions be? How close to the center of the cell? That is indeed the crucial ques- 478 
tion (Figure 4). 479 

 480 
 481 
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 482 
Figure 4. Letter from Mc Lafferty. 483 
 484 
In my reply to McLafferty of April 14th, I suggested that there should be a (possibly 485 

fuzzy) upper ceiling of the energy of the parent ions, and that the lower this ceiling, the 486 
weaker the harmonics should be. To the best of my knowledge, this claim has never 487 
been put to test. 488 

Alan Marshall wrote to Tino Gäumann on December 27th 1987, after receiving a 489 
preprint of our second paper [28]. He drew attention to prior work on double resonance 490 
in ICR, now seemed to accept our view that only ‘cold’ ions contribute to the cross- 491 
peaks, worried about resolution of closely-spaced m/z values, and suggests that ‘hot’ 492 
parent ions, even after losing their phase coherence in the tm interval, may nevertheless 493 
acquire a renewed phase coherence after the third pulse, provided that they are not 494 
ejected from the cell. 495 

Meanwhile, we struggled with the very concept of chirped pulses in the context of 496 
2D spectroscopy. Figure 5 shows the effects of two consecutive chirp pulses, which actu- 497 
ally consisted of a cascade of monochromatic pulses with decreasing frequencies. If an 498 
arbitrary ion A+ is only affected by the second pulse in each of the two cascades (assum- 499 
ing that the first and third pulses are too far off-resonance to have any effect), the phase- 500 
time diagrams and the orbit radius are quite unambiguous. 501 

 502 
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 503 
Figure 5. Phase-time diagrams and orbit radii resulting from two consecutive chirp 504 

pulses, reproduced with permission from [28]. 505 
 506 
While the bandwidth problem could thus be overcome with chirp pulses, other 507 

problems remained formidable. In contrast to the classical Bloch equations that describe 508 
magnetization vectors in NMR, which invariably return to the North pole of the Bloch 509 
sphere, the ions in ICR experiments have no reason to return to any particular location 510 
in the ICR cell. There is no attractor [25], as we would explain much later in 2016.  511 

Indeed, extensive (unpublished) numerical simulations by Akansha Sehgal showed 512 
that the circular trajectories can be off-center not only after the second pulse, but even 513 
after the first pulse (Figure 6.) We shall leave it to future generations to ponder about the 514 
implications. 515 

 516 
Figure 6. Simulated trajectories that can be off-center not only after the second 517 

pulse, but even after the first pulse. Unpublished work by Akansha Sehgal. 518 
 519 
Furthermore, we realized that the spiraling trajectories are not limited to a plane 520 

perpendicular to the static field, and that the ions may undergo oscillating motions (so- 521 
called magnetron motions) parallel to the magnetic field. We never found a way to gain 522 
control over the third dimension, nor could we agree if this had any relevance to the 523 
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success or failure of 2D ICR experiments. Attempts to make an ambitious stride from 2D 524 
to pseudo-3D ICR in the manner of “accordion” spectroscopy backfired painfully. 525 

 526 
A complete failure in terms of bibliometrics! 527 
In retrospect, it seems remarkable that we have given up developing 2D ICR after 528 

only two papers on the subject [27, 28]. Although I am hardly a fan of bibliometrics, and 529 
in fact known for my fierce opposition to any “metrics”, it seems instructive to monitor 530 
the number of citations that mention our two pioneering papers: 531 

 532 
 533 

 534 
 535 
Figure 6. Number of citations aggregated for the two initial papers on 2D ICR [27, 536 

28] between 1988 and 2021. The resurgence in 2018 to a modest peak of 12 citations can 537 
be ascribed to papers by Delsuc, Rolando et al. [30, 31, 32]. Source: Web of Science. 538 

 539 
By today’s standards, a record such as shown in Figure 6 is the hallmark of a com- 540 

plete failure! Although we did not count any citations in those early days, all of us were 541 
(and still are today) obviously concerned with recognition: we hoped to contribute to 542 
future breakthroughs, or at least to leave a trace of our efforts. It is interesting to see that 543 
Peter Pfändler’s main effort on automated analysis of 2D NMR spectra scored a bit bet- 544 
ter, with a peak of 45 citations after 2 years, although our hope that pattern recognition 545 
would become popular in NMR spectroscopy turned out to be elusive (Figure 7.) 546 

 547 

 548 
Figure 7.  Number of citations aggregated for the 8 papers on automated analysis 549 

of 2D NMR spectra by Pfändler et al. (excluding 2D ICR and pure spectroscopic NMR 550 
methods) between 1988 and 2021. The “top” paper, resulting from Pfändler’s undergrad- 551 
uate work at ETH [3], has been cited 79 times. Source: Web of Science. 552 

 553 
Steve Wimperis’ focus on curious consequences of cross-correlated relaxation ef- 554 

fects achieved a somewhat higher integrated score, with a peak of 35 citations after 9 555 
years (Figure 8.) 556 

 557 
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 558 
Figure 8. Number of citations aggregated for the 5 papers on multi-exponential re- 559 

laxation by Wimperis (excluding broadband INEPT and Jeener-Broekaert sequences) 560 
between 1988 and 2021. The “top” paper on 7Li [16] has been cited 310 times. Source: 561 
Web of Science. 562 

 563 
Obstacles 564 

Why did we not follow up on 2D ICR after the first two pioneering papers? There 565 
are at least five factors that contributed to our failure to persist: (i) insufficient under- 566 
standing of the underlying physics, (ii) lack of motivated students and staff, (iii) lack of 567 
interest in the community of mass spectrometry, (iv) lack of interest of instrument com- 568 
panies, and, last but not least, (v) the trap of administrative duties. The following ac- 569 
count is by necessity rather personal, but I’ll try to emphasize some obstacles that are 570 
likely to be encountered anywhere else, with other people, in other labs, and on other 571 
subjects. 572 

 573 
Insufficient understanding  574 

Despite considerable efforts by Akansha Sehgal, and despite our offerings to the 575 
Hindu goddess, we never succeeded to provide truly enlightening simulations of the ion 576 
trajectories in the course of 2D ICR pules sequences. We neglected ion-ion Coulomb re- 577 
pulsions, although Nikolaev and co-workers [33] have shown how such effects lead to a 578 
dispersion of ion clouds, and affect both the phases and the radii of the individual ions. 579 
We also neglected ‘magnetron’ motions along the z-axis, and assumed that the magnetic 580 
field is homogeneous across the ICR cell. Recent work by Delsuc and Rolando et al. [32] 581 
has successfully addressed the issue of harmonics by developing suitable alternatives to 582 
Fourier transformations. We continue to worry about the consequences of the lack of any 583 
attractors, and still have doubts about the site of the crime: where do the fragmentation 584 
reactions occur? Thus, Mc Lafferty’s question (how cold, how hot?) has still not been 585 
answered. 586 

 587 
Lack of motivated students and staff  588 

After his work on 2D ICR, Peter Pfändler turned his attention back to pattern recog- 589 
nition in NMR spectra, driven by his early passion for a subject that fascinated both of 590 
us, though many scientists in our field looked down on us in silent contempt. None of 591 
the other people in my group (Figure 1) were willing to take the risk of embarking on 2D 592 
ICR. Not so much because they failed to be intrigued, but simply because they had other 593 
ambitions, and were driven by dreams of success and celebrity in other areas of re- 594 
search. Should I have wielded my authority of PhD advisor and exerted more pressure?  595 
Should I have told my students to drop their pet subjects and give priority to ICR? I felt 596 
intuitively in those days – as I still do - that totalitarian interventions are likely to be 597 
harmful to the motivation of a research student, his most precious gem, the only driving 598 
force that matters. Furthermore, new attractive avenues opened up that would carry us 599 
back to NMR. Although frequency-swept “adiabatic” pulses had been known from the 600 
early days of NMR, we had never thought that such pulses might be useful in modern 601 
NMR, let alone in modern EPR. The fact that such pulses made a come-back under the 602 
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bouncy name of “chirp pulses”, an expression that came from radar technology, gave 603 
them a modern and exciting flavor. In a flurry of hyperactivity, our laboratory devel- 604 
oped chirp pulses for the inversion of magnetization [34], chirp pulses to generate spin 605 
echoes [35, 36], chirp pulses to excite double-quantum coherences [37], and chirp pulses 606 
for broadband decoupling [38]. With such a full plate, who would be willing to invest 607 
his or her precious time in 2D-ICR? Should I have stopped all of these projects on the 608 
grounds that they did not address any fundamental questions?  609 

All PhD supervisors do their best to prepare their students for careers in industry, 610 
academia, teaching, etc. It makes sense to encourage initiatives, to associate younger au- 611 
thors with drafting papers and patents, and to facilitate their active participation in 612 
meetings by posters and lectures. However, some of our former co-workers opt for ca- 613 
reers that are quite unexpected. Thus, Jacques Rapin, one of the inventors of our 2D ICR 614 
patent, joined the higher echelons as an officer in the Swiss army (Figure 9.) It must be 615 
feared that no amount of papers, patents, posters and lectures could have prepared him 616 
for such a challenge. Would Jacques have returned to 2D ICR if his career in the military 617 
had not given him full satisfaction? Raymond Houriet rose through the ranks of the 618 
higher administration at EPFL. Could he have come back to the laboratory to achieve 619 
some unforeseen breakthrough in 2D ICR? Tino Gäumann was approaching his retire- 620 
ment in 1990, and had obtained a key to the XVIIth century baroque church of St Laurent 621 
in the center of the city of Lausanne, where he would play on a beautiful organ early in 622 
the morning. Had his fingers be less agile on the keyboard, had he experienced some 623 
frustration with his musical skills, would he have turned his attention to 2D ICR? Would 624 
Peter Pfändler have done a brilliant post-doc in this field? It so happened that his dream 625 
to become the chemistry teacher in the Gymnasium of his home town of St Gallen was to 626 
become true. His predecessor, who had encouraged Peter to study chemistry at ETH, 627 
died prematurely just after Peter obtained his PhD, and Peter was appointed to become 628 
his successor. Another intervention of our Indian goddess? 629 

 630 

 631 
Figure 9. Cover of a Swiss magazine showing Jacques Rapin, one of the inventors of 632 

2D ICR, after joining the Swiss army. 633 
 634 

Lack of interest in the academic community 635 
 The academic communities of NMR and ICR turned out to be raised in different 636 

cultures. In both communities, one ultimately expects to come up with some sensible 637 
tools that can provide information about the composition of samples or the structure of 638 
matter, be it for analytical chemistry, biochemistry, biology, or medical diagnosis. But 639 
the NMR community nurtures a remarkably playful attitude to this grand challenge. 640 
People like Freeman, Ernst, Levitt, Morris, Bax, Kay, Frydman, and many others, have 641 
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made their reputation by inventing oodles of seemingly useless pulse sequences. There 642 
is a remarkable tolerance to try ideas simply for the sake of the art. The expression elegant 643 
is quite common in the NMR literature, much more so than down-to-earth expressions 644 
like useful or practical. The ICR community, possibly more exposed to the whims of 645 
granting agencies, seems to be more focused on ideas of societal or industrial im- 646 
portance.   647 
 648 
Lack of interest for developing instrumentation 649 

 It took about 10 years (1975-1985) for manufacturers of NMR instruments to de- 650 
velop software for 2D Fourier transformations, for programming pulse sequence, 651 
shaped pulses, phase-shifters, chirp pulses, etc. Manufacturers of ICR instruments took 652 
much longer to develop suitable hardware and software, presumably because their cus- 653 
tomers pushed for improvements in other instrumental aspects of ICR, like efficient cou- 654 
pling with gas chromatography, ionization by electrospray, UV and IR methods. As re- 655 
cently as 2015, we failed to convince Bruker Daltonics to design electronics that would 656 
allow computer control of the initial phase of a chirp pulse. Consequently, we could 657 
never test our ideas on phase cycling. Since the accumulated phase is given by the inte- 658 
gral over the time-dependent frequency, chirp pulses that provide a linear frequency 659 
sweep in time domain can be programmed in the form of a parabolic time-dependent 660 
phase. This has become routine in NMR. In ICR, chirp pulses are generated in a far less 661 
sophisticated manner by stepping a frequency source, so that the phase may not be var- 662 
ied in a smooth and continuous manner. Manufacturers of ICR instruments seemed re- 663 
luctant to overcome the limitations of Fourier transformations, and to invest in massive 664 
data storage that can accommodate very large matrices. Presumably, if the scientific 665 
community had taken up the ideas of 2D ICR with greater enthusiasm, the instrument 666 
manufacturers would have responded more keenly, as they have in NMR. 667 

 668 
The trap of administrative duties 669 

One of the main obstacles to research is that scientists tend to get trapped in admin- 670 
istration. At the time of my appointment in 1985 at the Institut de chimie organique (ICO) 671 
of the University of Lausanne, my more senior colleagues did not trust each other and 672 
could never agree on anything. To resolve a stalemate, I was appointed to the job of di- 673 
rector of ICO in 1987, only two years after my arrival, although I was about 10 years 674 
younger than my next youngest colleague Pierre Vogel. With a staff of about 80 person- 675 
nel, postdocs and graduate students, and a yearly budget for equipment and consuma- 676 
bles in the vicinity of a million Swiss francs, I initially felt greatly honored. But I soon 677 
came to realize that, as the youngest man on the block, I had little influence on policy 678 
and budget. After being awarded a generous Latsis prize by the Swiss national science 679 
foundation (SNSF) for NMR and ICR, I prepared a speech [39] that made me realize how 680 
much my research had suffered from pointless administrative duties. On the occasion of 681 
the formal prize ceremony in the Rathaus in Bern, I was deeply intimidated by the pres- 682 
ence of the President of the Swiss confederation and a brochette of ambassadors, all of 683 
whom seemed to thrive in higher spheres. I resigned from my ICO directorship in a 684 
burst of anger. Soon after my resignation, my research group was left out in the cold, 685 
exposed to the whims of my successor, who had little appreciation for anything other 686 
than organometallic synthesis. I started looking for more a fertile environment, applied 687 
in vain for Tino Gäumann’s succession (EPFL declined my application on the grounds 688 
that “NMR belonged to the field of analytical chemistry”, which was at that time consid- 689 
ered not to be good enough for EPFL and reserved for UNIL.) I declined job offers at the 690 
ENS in Lyon and at the CEA in Saclay, and – strongly encouraged by Alan Marshall and 691 
by Hans Schneider-Muntau, the chief magnet engineer of the National High Magnetic 692 
Field Laboratory in Tallahassee (NHMFL, now MagLab) – I moved with my family to 693 
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the USA in August 1994, thus interrupting (only temporarily, as it would later turn out) 694 
our stay in Lausanne. The move to Tallahassee should have opened new perspectives of 695 
joint research with Alan’s thriving team, but our ambitious plans to work together on 2D 696 
ICR never materialized, in part because, in my capacity of “NMR program director”, I 697 
was expected to start a new group from scratch, while Alan was deeply absorbed by his 698 
ICR program. Managerial duties interfered once more. Together with Louis-Claude Bru- 699 
nel who was responsible for ESR, we agreed to set up a joint structure at NHMFL that 700 
we somewhat bombastically called Center for Interdisciplinary Magnetic Resonance (CI- 701 
MAR), but we never came around to developing any exciting joint research projects. I 702 
came to realize that the American bureaucracy was much more time-consuming than the 703 
Swiss, although in the last 30-odd years the Swiss, French and European authorities 704 
have largely caught up by creating a flurry of top-down mechanisms to ‘manage’ re- 705 
search, rather than trust individuals to come forward with ideas in a less bureaucratic 706 
and far more efficient bottom-up approach. 707 

Many years later, around 2015, it was at the initiative of Christian Rolando and 708 
Marc-André Delsuc that the field of 2D ICR would experience a renaissance. Our joint 709 
PhD students Akansha Sehgal and Julien Bouclon bravely travelled back and forth many 710 
times between Paris and Lille, but the inherent difficulty of the subject, instrumental 711 
problems, the lack of a common language shared by ICR and NMR, and weak manage- 712 
ment made this joint adventure short-lived, although it may have helped to boost some 713 
renewed interest in 2D ICR.  714 

 715 
Conclusions 716 

In summary, the slow start of our 2D ICR ideas in 1983 can be ascribed in part to a 717 
competition with neutrinos in Tallinn, to spinning about the magic angle at ETH, and to 718 
the writing of a monograph. The fruitful period in 1986 was brought about by a favora- 719 
ble encounter of a charismatic external speaker, the geographic proximity of two labora- 720 
tories concerned with ICR and NMR, and the willingness of Peter Pfändler to suspend 721 
his thriving research on pattern recognition for a few months. Our failure to follow up 722 
was due to multiple factors discussed above, like competing passions, diverging ambi- 723 
tions, lack of interest in the community of ICR scientists and instrument manufacturers, 724 
and a manifold of administrative black holes that have absorbed much of our precious 725 
energy. 726 
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