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This Virtual Special Issue celebrates the beginning of a
new chapter in the career of William (Bill) Jones, now
Emeritus Professor at the Department of Chemistry at
the University of Cambridge. The collection of papers in
this issue also marks the profound influence he has had
on the development of new concepts in materials sci-
ence, organic solid-state chemistry and crystal engineer-
ing. Last but not least, this issue is a testament to the
tremendous support and inspiration he has provided to
numerous colleagues, collaborators, students and post-
doctoral researchers throughout his career.

Bill was born in Mold (Wales, UK) in 1949. He ob-
tained a BSc (Hons) from the University College of
Wales (Aberystwyth, UK) in 1971. He then pursued a
PhD degree at the same institution, under the guidance
of Professor Sir John Meurig Thomas and Professor
John O. Williams. After being awarded his Phd in 1974,
he completed a postdoctoral fellowship at the Weizmann
Institute (Rehovot, Israel; 1975-76), then moved to the
University of Cambridge (Cambridge, UK; 1978). It was
a there that he later established his Materials Chemistry
Group. Bill eventually became the Head of the Depart-
ment of Chemistry at Cambridge, and the Deputy Direc-
tor of the Pfizer Institute of Pharmaceutical Materials
Sciences. Bill has also been a Visiting Professor at State
University of New York (New York, USA, 1988) and at
McGill University (Montreal, Canada, 2012), and an
Adjunct Professor at the World Premier Institute (Japan,
2010-2015). His contributions to the solid-state sciences
have won him many accolades throughout his career,
including a Jacob London Fellowship (which he took to
the Weizmann Institute) and the Royal Society of Chem-
istry Corday Morgan Prize (awarded for the most meri-
torious contributions to experimental chemistry). He is
the acting president of the British Association for Crystal
Growth, and an Emeritus Professorial Fellow at Sidney
Sussex College (at the University of Cambridge).

Bill’s research career encompassed several areas of or-
ganic solid-state chemistry, crystal engineering and ma-
terials science, but was primarily focused on the use of
transmission electron microscopy and atomic force

Figure 1. ill (middle) with Tomislav (left) and Kreso
(right) at the 2016 Crystal Engineering Gordon Research
Conference in Stowe, VT, USA. Credit: Prof. Sally Price.

microscopy to study crystal defects and phase trans-
formations, organic solid-state photochemistry, the de-
velopment of crystal design strategies and the applica-
tion of mechanochemistry to the discovery of pharma-
ceutical crystal forms. Bill has always espoused a cross-
disciplinary and collaborative approach to solid-state
research, often strengthened by the unconventional use
of the latest analytical techniques (e.g., terahertz spec-
troscopy, transmission-electron and atom-force micros-
copy), computational tools (e.g., crystal structure predic-
tion) and innovative synthetic methods (e.g., liquid-
assisted grinding, previously known as solvent-drop
grinding). In the next few sections, we reflect on his
long fruitful scientific career and his many outstanding
contributions to organic-solid-state chemistry and crystal
engineering.

Applications of transmission-electron and atom-force
microscopy in (organic) solid-state chemistry and mate-
rials science

In the 1970s, Bill launched a series of studies focusing
on the on the characterization of defects in molecular
crystals and electron-beam induced changes to crystals
and their molecular constituents; these experiments were
guided by his expertise in the electron microscopy of
beam-sensitive materials. An early and particularly strik-
ing study described the structural characterization of a
low-temperature polymorph of pyrene.1



Figure 2. a) Electron diffraction pattern, used to deter-
mine the structure of the low temperature polymorph of
pyrene. The pattern was collected at 110K, and displays
diffraction peaks for both the room- and low-temperature
polymorphs. b) Packing diagrams of the room- and low-
temperature polymorphs. Panels (a) and (b) are adapted
with permission from ref 1. Copyright 1978 Elsevier.

Pyrene undergoes a phase transition that is accompa-
nied by a change in its luminescent properties. Since
crystal shattering precluded single-crystal X-ray diffrac-
tion studies in 1977, Bill resorted to using electron dif-
fraction studies in combination with atom-atom potential
calculations. This approach ultimately led to the deter-
mination of the crystal structure of the low-temperature
polymorph (Figure 2), and the unorthodox combination
of diffraction and computational methods later became a
standard Materials Chemistry Group protocol for the
structural characterization of solids in the absence of
single-crystals.”> This protocol is now being widely
implemented by crystal engineers and organic solid-state
chemists. In recent years, Bill and his coworkers have
also led the way in the identification of polymorphs
using atomic-force microscopy6 height images to distin-
guish polymorphs of molecular crystals.”

Solid-state  photoreactivity, single-crystal-to-single-
crystal transformations and crystal design principles
Bill was a post-doctoral fellow at the Weizmann Insti-
tute at a time when it was a renowned center of excel-
lence in the field of organic solid-state photochemistry.
Influenced by his time there, he extended his microsco-
py studies to investigate crystal defects in photoreactive
molecular solids (such as anthracenes, divinylbenzenes
and styrylpyrazinesg), in an effort to determine how
crystal dislocations affect the regioselectivity and other
aspects of their solid-state reactivity. In this context, he
made use of transmission electron microscopy (capable
of examining surface areas of 10x10 umz) to assess the
conversion rates of monomers to polymers within crys-
tals, as well as to gain insight into the role of structural
defects in the progression of solid-state photodimerisa-

tion reactions,® and to explain the formation of unex-
pected photoproducts (such as the trans photodimer of
9-cyanoanthracene, which forms crystals wherein the
monomers are stacked in a cis fashion).9'10

Building on pioneering works by Kohlschiitter and
Schmidt, Bill and his collaborators were also directing
their attention to crystallographic aspects of the solid-
sate photodimerisation reactions of benzylbenzylidene-
cyclopentanones (BBCPs). Their main subjects were
BBCPs with unsubstituted and bromo-substituted phenyl
grouﬂs, as well as Cl- and CHj-substituted benzyl
sites ; this family of compounds became the basis of a
systematic exploration of topotactic and topochemical
photoreactions, with a particular focus on the manner in
which molecular substitutions affect their reactivity.
Such crystallographic studies resulted in several pivotal
accomplishments: For example, the introduction of sin-
gle-crystal X-ray diffraction as a tool to study dynamic
changes in photoreactive solids led to the structural
characterization of the first single-crystal-to-single-
crystal (SCSC) transformations based on a [2+2] photo-
dimerisation reaction (Figure 3)."*'* These results, ob-
tained from unreacted, partially reacted and full reacted
single crystals, revealed that the [2+2] photodimeriza-
tion reactions can only be described using complex
structural models, which take into account the gradual
change in concentration of dimers from the crystal sur-
face (highest concentration) to the core of the crystal
(lowest concentration). It was also proposed that, in the
absence of a phase separation of the dimers, it is feasible
to expect the existence of an range of “molecular orien-
tations intermediate between those of the monomer and
dimer since these are likely to depend on the exact local
environment.”'* Later, the group also studied photoin-
duced SCSC transformations in  crystals of
diacetyleneslS’16 and acridizinium salts.'”"’

Following Kitaigorodskii’s pioneering studies of solid-
state solubility and isomorphism in molecular crystalszo,
and prompted by the discovery of isomorphous crystals
in the BBCP family'!, Jones and co-workers explored
the use of functional-group interchangeability principles
to engineer solid-state cross-photodimerization reac-
tions. In a landmark crystal-engineering study in organic
solid-state photochemistry,” Jones and Desiraju accom-
plished the cross-photodimerization of various CI- and
CHj; derivatives of BBCPs in their solid solutions. A
particularly  impressive  feat ~was the  cross-
photodimerization of two non-isostructural Br-BBCPs,
one of which was known to be photostable in the solid
state as a consequence of its unfavorable molecular con-
formation in the solid state. By taking advantage of the
Cl/CHj exchange rule, and the ability of the photostable
Br-BBCP to mimic the conformation of the photoactive
counterpart,” the photostable Br-BBCP was successfully
introduced into the matrix (i.e., crystal lattice) of the
photoactive Br-BBCP to yield both homodimers and the
heterodimer upon UV irradiation. The Materials
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Figure 3. a) Photodimerization of BBCP b) a composite
figure showing the relative orientation of the BBCP mono-
mer and dimer in a UV-irradiated single crystal of BBCP
and c¢) ORTEP plots showing a photodimerizing BBCP
monomer at 0%, 30%, 70% and 100% yield. Panels (b) and
(c) are adapted with permission from ref 14. Copyright
1981 American Chemical Society.

Chemistry Group also studied cross-photodimerization
reactions involving compounds based on interchangea-
ble benzene, pyridyl and pyrazyl moieties.”

The Materials Chemistry Group maintained its interest
in Kitaigorodskii’s interchangeability principles beyond
the study of photoactive materials, and also investigated
their applicability to the design of multi-component
molecular cocrystals, leading to one of the first system-
atic analyses — based on both crystallographic data and
surveys of the Cambridge Structural Database®*** — of
the CI/CHj; interchangeability in cocrystals. Not surpris-
ingly, their conclusions were consistent with earlier
observations that the ClI/CH; exchange principle is not
likely to apply in cases where a replaced ClI atom is in-
volved in directional electrostatic interactions.”® This
work had an additional, important effect on the broader
community: it encouraged the examination of other
functional groups deemed to be exchangeable in the
organic solid state.

avve

the establishment of the supramolecular equivalence of
two halogen-bond donors (namely, Br and 1)*"** and
three acceptors (namely, O, N-H and S)28 in a series of
halogen-bonded cocrystals. These studies and their find-
ings are highly relevant, as they signify that

Kitaigorodskii’s exchange principles might only apply
under specific conditions, and that a successful exchange
of functional groups strongly depends on the environ-
ment of the exchanged moiety, as well as on the nature
of the intermolecular interaction that this group is en-
gaged in.

Bill’s group has also contributed to our better under-
standing of molecular solids included through some the
earliest studies of synthon hierarchies in molecular co-
crystals. For example, Shan, Batchelor and Jones re-
ported a R22(7) Vs. R22(8) “synthon competition”31 study
using a series of cocrystals composed of 4,7-
phenanthroline and a carboxylic acid. Phenanthroline
was selected as probe as due to the local environments
of each spz—hybridized nitrogen atom, providing the
opportunity to form either an RZ(7) or an RZ(8) synthon
involving a pair of O-H--N and a C-H--O interactions.
Crystallographic studies established in all cases the ex-
clusive formation of a R,%(7) synthon, indicating their
greater stability, as compared a R22(8) interaction (Fig-
ure 4). This little-known study, simple and yet convinc-
ing, shines as an example of an elegant and effective
strategy to probe molecular self-assembly in solids.

Figure 4. Competition of R5(7) vs R3(8) synthons in a
cocrystal composed of 4,7-phenantroline and carboxylic
acid (top) and the crystal structure of the (4,7-
phenanthroline)-(oxalic acid) cocrystal featuring RZ(7)
synthons (bottom). Adapted with permission from ref 31.
Copyright 2002 Elsevier.

Inorganic side of the Materials Chemistry Group: mes-
oporous silicas, zeolites, clays and salts

Besides organic solids, a major focus of Bill’s Materi-
als Chemistry Group have been different classes of inor-
ganic materials, and in particular layered solids such as
layered double hydroxide (LDH) materials, framework
solids (such as zeolites), and complex salts (for example
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Figure 5. a) Transmission electron microscopy image and
corresponding selected area electron diffraction pattern of a
large crystal of MCM-41 and PXRD patterns of alumini-
um-grafted sample of MCM-41 compared to the sample
after 4 hours steaming at 750 °C and 16 hours in boiling
water, demonstrating structural stability. Panels (a) were
adapted with permission from refs 32 and 33. Copyright
1998 and 1999 Royal Society of Chemistry.

different “perhydrates”; solid forms of hydrogen per-
oxide). Indeed, the width of Bill’s research interests and
its persistent focus on understanding and learning how to
control the structure and therefore the functionality of
materials (rather than on following artificial divisions
between inorganic, organic or metal-organic solids) is
very well illustrated by his work on solid-state structures
and structural changes in reactions of solid peroxides.
Whereas this work has led to structural characterization
of organic solids, for example peroxycarboxylic acids,”*
% it has also included the exploration of metal-organic
materials, for example magnesium peroxyphthalate,36 an
important oxidation and epoxidation reagent in organic
synthesis. On the opposite side of spectrum, Cosgrove
and Jones®">’ have provided a series of papers outlining
the detailed analysis of the reactivity, structural under-
standing and, eventually advances in the design of a

particularly complex family of multi-components solids
— the alkaline metal sulfate chlorides perhydrates.

Zeolites, clays and other related framework and lay-
ered materials are ubiquitous in modern industry and
technology, manufactured in millions of tons annually
and comprising markets worth many tens of billions US
dollars per year. In this area also, Bill’s group has left a
permanent mark through their work on the modification
and crystallization of zeolites. Notably, the Jones Mate-
rials Chemistry Group in Cambridge was finding new
ways to crystallize, use and modify advanced silica ma-
terials, such as MCM-41, very quickly after they were
first reported. An example of such work is “A method for
the synthesis of high quality large crystal MCM-41"%
developed by Mokaya, Zhou and Jones, who used seed-
ing of solutions with “primary MCM-41” crystals to
obtain “secondary MCM-41" crystals that were over an
order of magnitude larger, almost micrometer-sized, and
of improved quality evidenced by selected area electron
diffraction patterns (Figure 5a).

There have been a number of advances that the Mate-
rials Chemistry Group introduced to the chemistry of
MCM-41, not least being a method for post-synthetic
grafting of aluminium onto this purely silica mesoporous
material, leading to an increase in important Brensted
acid groups,40 along with retention of chemical proper-
ties, overall hexagonal architecture and a remarkable
improvement in stability — resistant upon hours of
steaming at 750 °C or extended exposure to boiling
water (Figure 5b).33

Another major class of inorganic materials addressed
and advanced by the Jones Materials Chemistry Group
are LDH solids, composed of cationic mixed-metal hy-
droxide layers separated by layers of other types of often
exchangeable anions. Bill’s work on LDHs has included
experimental studies on their ion exchange properties,41
as well as theoretical investigations42 of their structures
—especially the possibility of controlling the separation
between and arrangement of catalytically active LDH
layers through intercalation of inorganic and organic
guests.43 This is very well illustrated by his develop-
ment, together with Kooli,* of a simple methodology
for intercalation of oxometallate clusters into LDH ma-
terials to form pillared structures with permanently open
pores. While a detailed description of these contributions
and their broader significance remain outside of the
scope of this Editorial article, we happily invite the
reader to consult the excellent review by Newman and
Jones.” Here, however, we would like to highlight the
advances that the Jones group has made in the synthesis
of LDH materials with intercalated inorganic or organic
anions — making the assembly of these materials not
only simpler, more efficient, but also “greener“; in other
words, more environmentally friendly.4



The Pfizer Institute for Pharmaceutical Materials Sci-
ence: contributions to mechanochemistry and pharma-
ceutical solids

The Materials Chemistry Group has played a pioneer-
ing role in the recent emergence of mechanochemical
routes for the synthesis of molecules in materials, by
providing some of the seminal contributions to using
grinding or milling as a methodology to screen for new
forms of pharmaceutical solids. Notwithstanding the
important contributions of the eminent groups of Toda,"’
Braga,”® Zaworotko® and others®*”" to the emergence of
mechanochemistry of molecular solids during 1990s and
2000s, it is not an exaggeration to state that the Jones
group was one of the pioneers in the area. In an example
of such pioneering work, Bill and coworkers demon-
strated in 1996 the use of solvent-free mechanochemis-
try — in the form of manual grinding using a mortar and
a pestle - to synthesize binary and ternary cocrystals.
Specifically, the communication “Creation of crystalline
supramolecular arrays: a comparison of co-crystal for-
mation from solution and by solid-state grinding” by
Pedireddi, Jones, Chorlton and Docherty described an
elegant early exploration of how different substituents
on a molecule can steer or prevent cocrystallization
(Figure 6a,b).52

This systematic study provided a blueprint for the later
development of strategies in which mechanochemistry is
used as a reliable method to explore how elements of
molecular structure affect cocrystal formation. A recent
example of such a mechanochemistry-based strategy for
Trask, Motherwell and Jones, who systematically milled
mixtures of caffeine and succinic acid with small mole-
cules of carefully chosen size, shape and polarity, per-
mitting the authors to deduce the importance of C-H--O
hydrogen bonds and CI-*N or Br--*N halogen bonds for
ternary cocrystallization (Figure 6c).53

The most significant contributions of the Jones group
to modern mechanochemistry were made in the context
of pharmaceutical materials,” and eventually established
mechanochemistry as ubiquitous in screening for new
solid forms of active pharmaceutical ingredients (APIs).
The majority of these advances were made by Jones
Materials Chemistry Group in the context of the Pfizer
Institute for Pharmaceutical Materials Science (PIPMS)
during 2000s and 2010s, with Bill as the co-director.
Many concepts and techniques that were developed or
touched upon by the Jones group during that period
became the foundation of modern mechanochemical
synthesis and we believe are worth noting in the follow-
ing sections.

1. Cocrystals of poorly soluble compounds.

A major advantage of mechanochemistry over solu-
tion- and melt-based cocrystal screening is the ability to
avoid bulk liquids and, therefore, the limitations of solu-
bility or thermal sensitivity. Thus, mechanochemistry
permits cocrystal screening even with very poorly
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Figure 6. Fragments of crystal structures of mechanochem-
ically obtained: a) binary cocrystal of anthracene with 4-
methyl-3,5-dinitrobenzoic acid and b) ternary cocrystal of
anthracene with 3,5-dinitrobenzoic acid and benzene. c)
Relation between molecular structure of a guest molecule
and the formation of open hydrogen-bonded host networks
of caffeine and succinic acid. Panels (a) and (b) are adapted
with permission from reference 52, and panel (c) with per-
mission from reference 53. Copyright 1996 Royal Society
of Chemistry and 2008 American Chemical Society.

soluble compounds,55 such as APIs. This was illustrated
by Karki, who used mechanochemistry to prepare co-
crystals of poorly soluble and high—melting theobromine,
which were not accessible from solution.’

2. Using and combining advanced experimental and theo-
retical techniques.

This work also highlighted the potential of PXRD for
not only evaluating whether a mechanochemical reaction
took place, but also for directly determining the structure
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Figure 7. a) Overlay of predicted (red) and experimentally
determined (blue) crystal structures for the cocrystal of
acetic acid with dihydrocarbamazepine and b) dependence
of the amount of cocrystal on milling time and approach,
established by THz-TDS in the solid state. Panels (a) and
(b) are adapted with permission from refs 57 and 58, re-
spectively. Copyright 2006 American Chemical Society and
2007 Nature Springer.

of the product, sometimes with a bit of assistance of
thermal analysis or spectroscopy. This indeed illustrates
an important hallmark of Bill's work — the creation of
techniques for materials synthesis and using them to
challenge new and innovative instrumental and theoreti-
cal characterization tools. Such an approach has made
the Materials Chemistry Group and PIPMS pioneers in
establishing a number of strategies that are still consid-
ered cutting-edge in materials science. One of them is
using crystal structure prediction (CSP) to direct the
experimental search for new materials, elegantly demon-
strated when Cruz-Cabeza, Day, Motherwell and Jones
first predicted and then experimentally achieved the
structure of a previously unknown cocrystal of the API
dihydrocarbamazepine (Figure 7a).57

Another example is bringing together terahertz time-
domain spectroscopy (THz-TDS) and PXRD to establish
not only the kinetics of mechanochemical cocrystalliza-
tion but also to provide rare direct evidence of cocrystal
amorphization during milling, as shown by Nguyen,
Fris¢i¢, Day, Gladden and Jones in 2007 (Figure 7b).”®
The power of the “Jones-style” integration of theory and
experiment is illustrated by a recent tour-de-force study
by Arhangelskis, Eddleston, Reid, Day, Bucar, Morris
and Jones,”’ who combined PXRD, electron microscopy,
solid-state nuclear magnetic resonance, reflectance UV-
Vis spectroscopy and periodic density functional theory
(DFT) modelling to provide a detailed understanding of

how the crystal and surface structures of a material dic-
tate the color of a solid organic dye. Other fine examples
that illustrate the usefulness of combined theoretical and
experimental solid-state research include work on fluo-
rescence by Yan and co-workers in the Jones group,60
where halogen bonding with a judiciously chosen fluo-
rescent building block led to new materials with modi-
fied optical properties; or the preparation of paracetamol
cocrystals wherein flat molecules were built into to en-
hance the compaction behaviour of the APLY

We have no doubt that Bill’s multi-disciplinary ap-
proach to addressing complexities of solid-state reactivi-
ty has also ploughed the way forward for emergent
complex and sophisticated methods for real-time moni-
toring and structural characterization of solid-state reac-
tions.

3. Making cocrystals that are not accessible from solution.

An early, simple but striking illustration how mecha-
nochemistry can yield products that are difficult (or even
impossible!) to access via solution has been provided by
Trask, van de Streek, Motherwell and Jones, who found
two distinct cocrystals of caffeine and acetic acid by
milling the two in different stoichiometric ratio.® Mill-
ing caffeine with acetic acid in a 2:1 stoichiometric ratio
led to a cocrystal with identical composition, while mill-
ing of a mixture containing equal amounts of the two
components gave a cocrystal containing the two in a 1:1
ratio (Figure 8). This stoichiometric control of reaction
product contrasted solution screening experiments,
which always yielded the cocrystal of acetic acid and
caffeine in a 2:1 ratio. Such excellent control of reaction
stoichiometry using mechanochemistry has since been
established in many other mechanochemical processes,
from glaking coordination polymers to organic mole-
cules.
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Figure 8. Difference in stoichiometric control in: a) mech-
anochemical and b) solution-based cocrystallization of
caffeine with acetic acid. Mechanochemistry can selective-
ly produce cocrystals with either 1:1 or a 2:1 stoichiometric
ratio of acetic acid and caffeine, while solution growth
produced only the 2:1 stoichiometry cocrystal.




4. Modified mechanochemical methods

The Cambridge Materials Chemistry group was an ear-
ly adopter of automated electrical ball milling in investi-
gations of mechanochemical processes (with the pio-
neering work most certainly been done by the Etter
group),64 and we believe they must bear significant re-
sponsibility for the use of caffeine, theophylline and
theobromine as model APIs in cocrystallization studies
and, therefore, for the subsequent spike in crystallo-
graphic studies of materials containing these molecules.
However, perhaps the most important contribution of the
Materials Chemistry Group to modern mechanochemis-
try was the simple discovery that minuscule amounts,
sometimes only a drop or two, of a liquid phase can
vastly accelerate cocrystallization. For example, addition
of 50 microliters (so, around 1-2 drops) of a liquid can
reduce time needed for quantitative cocrystallization
from hours to minutes, as shown by the seminal paper of
Shan, Toda and Jones in 2002.°° Even more surprisingly,
miniscule amounts of a liquid can even enable cocrystal-
lization of substances that apparently did not yield a
cocrystal when milled under dry conditions. This dis-
covery was in many ways critical for the ongoing explo-
sion interest of chemists and materials scientists in
mechanochemistry, as “solvent-drop grinding* unex-
pectedly handed to solid-state chemists a superb method
to control and optimize chemical reactions. Systematic
studies of this “solvent drop effect” revealed that solu-
bility of solid reactants is now a critical factor for the
success of liquid-assisted mechanochemical cocrystalli-
zation. Indeed, Bill’s team has shown that, in some cas-
es, mechanochemical cocrystallization was equally well
promoted by liquids in which solid reactants were re-
spectably soluble, and by liquids in which one or both
cocrystallization partners are practically insoluble.®
Consequently, solvent-drop grinding was redefined into
“liquid-assisted grinding® or (now widely referred to as
“LAG“67) and studies in Bill’s laboratory led to the in-
troduction of # — a parameter to quantitively define
LAG, compare it to, as well as distinguish it from other
liquid-assisted transformations, such as slurring or solu-
tion cocrystallization.66 By developing LAG, the Jones
group has also shown the way forward for mechano-
chemistry, by inspiring the development of further modi-
fied techniques, where different types of additives ena-
ble increasingly powerful means to control and direct
reactivity (Figure 8): polymer-assisted grinding
(POLAG)®™ by Hasa and Jones, seeding-assisted grind-
ing by Cinci¢ and coworkers® and by Bucar and Jones,”
or by vapor-assisted grinding by Yuan.”'

5. Directing polymorphism through mechanochemistry.

Besides catalyzing mechanochemical cocrystallization,
Bill's group has also established that a liquid additive
can direct polymorphism of organic solids. In the first
example of this effect, Trask, Shan, Motherwell, Jones,
Feng, Tan and Carpenter have shown how solid an-
thranilic acid can easily be cycled between known
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Figure 9. a) Control over polymorphism of solid an-
thranilic acid by LAG and neat grinding; b) fragments of
crystal structures of two polymorphs of the cocrystal of
caffeine and glutaric acid, each accessible selectively by
LAG with a liquid of a chosen polarity and c) systematic
investigation of how # and the dielectric constant of the
liquid additive affect polymorphism control via LAG of
anthranilic acid. Panel (c) is adapted with permission from
ref 72. Copyright 2016 American Chemical Society.

polymorphic forms by milling with selected liquid addi-
tives (Figure 9a).” This unexpected, simple approach to
control polymorphism has also been embraced by other



groups, and was applicable to cocrystals: for example
Trask, Motherwell and Jones have used LAG to selec-
tively make either the form I or form II polymorph of a
cocrystal based on glutaric acid and caffeine, with the
reaction outcome depending on polarity of the liquid
(Figure 9b).74 The high complexity of LAG has been
most recently highlighted in a systematic investigation
by Hasa, Miniussi and Jones, revealing that polymorphs
selection depends not only on the polarity of the liquid,
but also the 7-parameter (Figure 9¢).””

Conclusion

It is difficult, if not truly impossible, to highlight all
exciting, innovative and charming contributions that Bill
Jones and his Materials Chemistry Group in Cambridge
have provided to understanding and engineering solid
materials. No matter how much we tried, we always
unraveled more. For this reason, we apologize for omit-
ting the descriptions of truly ingenious work that was
conducted in the area of amorphous organic materials,
such as trehalose,” and not dedicating more space to
outstanding advances that the Jones group as made in
CSP in the 21% century. We feel we have also not suffi-
ciently clearly shown how the work of the Jones group
has in many ways anticipated the current trends in mate-
rials science, for example combining mechanochemistry
and 6ph0t0chemistry to achieve cleaner organic synthe-
sis.”® Rather to highlight all research contributions, we
feel it is also important to note how much Bill Jones has
been central to all these successes of the group. Defining
his approach to research is not a focus on high-impact
journal and high-volume production. Instead, his trade-
marks have always been an emphasis on understanding,
deep thinking and search for the truly important ques-
tions. Many of his queries have since become cutting-
edge concepts or new products. The very recent emer-
gence of cryo-EM mirocrystal diffraction,’” for example,
is a stunning development that can also be traced to the
type of pioneering work performed by Bill (on pyrene
polymorphs reflected on herein') and others.

It is remarkable how much time Bill was able to put
aside for discussing research problems and plans with
undergraduate and graduate students, postdocs and other
team members — even when he took the highly demand-
ing role as the Head of Department at Cambridge. He
has always been a true example of modesty and selfless-
ness, in face of his outstanding reputation, which also
made him a superb team builder. This was more than
obvious at the celebration held in his honor at the Uni-
versity of Cambridge in September of 2017, which
brought together many generations of the Jones Materi-
als Chemistry Group as a single family with members of
different backgrounds from all continents but Antarctica.
With this article, we have attempted to provide an in-
sight into research contributions of Bill Jones, but we
must end by highlighting him as a mentor, advisor, lead-
er, supporter and friend to all his groupies.
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