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MATERIALS SCIENCE

Colloids get complex

Alfons van Blaaderen

Self-organization of soft-matter components can create complex and
beautiful structures. But the intricate structures created by adding a
second stage of organization could reveal more than just a pretty face,

“The term ‘soft matter’ denotes materials that
are easily deformed by external stresses, and
encompasses liquid crystals, potymers, surfac-
tants and colloids { particles dispersed within
another medium). Their basic constituents
have characteristic sizes of between several
narmmetres and several micrometres, and,
crucially, have the potential to self-organize,
torming beautiful, regular three-dimensional
structures, A triplet of recent papers' ™ pre-
sents the latest such structures: complex
colloids formed through sell-organization om
NJ.IEK'“.P B0 3 mHCromet e,

Allernative terms that have been used o
describe these collaid structures — ‘collobdal
molecules, or ‘patchy particles’ — hardly do
justice to their intricacy. What is considered a
compley colloid is, admittedly, sonvewhat arbi-
trary: the colloidal ‘ice-cream cones’ (Fig, 1a)
produced some years ago®, which resulted from
repeated polymerization and the subsequent
phase separation of the polymers formed,
winild certainly have merited the term com-
plex colloid. The innavation of recent efforts,
however, is that structures are being designed
with a seecond stage of sell-organization in

minad. Sach an approach, in which colloidal

prarticles ase fivst foemned at soft-roatter scales,
and then built up to far more intricate strue-
rures, should allow unprecedented cantrol over
the three-dimensional onganization of materi-
als, as well as the combination of different
materials over several length scales.

The results of Cho er al.', pablished in the
Jowrmal of the American Chwmical Saciery,
exemplify the fruits of this technique. The
authors created complex colloidal structures
(Fig. 1k, ¢ by drying emulsion droplets con-
taiming hidisperse’ changed colloids, conasting
omponents of two quite different sizes
e on the nanometre and one on the micro-
metre scale. Using the sumeor opposite charges
oo the P Compainents, anaszing richness of
structural matifs could ke abtained. Foqually
iipeessive results have been published by Lin
etal” (Fig. 1d] in Chemisiry of Miterinls and
by Zoldesi and Imhot” (Fig. 1e) in Advanoed
Materials. Their stactures were fabricated by
depasiting silica on liquid crystals formed by
surfactants’, and through the regular defor-
maticn by osmatic stresses of thin siloane
shells grown armund emulsion droplets that are
mlmudisﬁprnrI:nl]!hr.ﬂmz.&h:pezndsi)-z]'.

It is important to mention at this point that

Figure1| A selection of complex colloids achieved by varieus means of self-organization. a, lce cream
comes” resalting from repeated polynserization and phase separation between polymers of differemt
compozition”. b, g, Through controlled drying ofa binary dispersion in water-in-oil ensulsion
droplets’ b, bath calloids samie charge: e, collobds with opposite dhiarge. d, Through slica deposition
o liguied eryetal phases formed by surfactante’, o, Through asmetic stress deformation of thin hytrid

sl oviame chells afler growing them om monsdisperse il draplets’, (Camrbesy o
b, £, Arnerican Chembeal Societysd, C, M. van Kate, IOt Hlast ad D Mechdij

ard A Tiihal Al scale hars are approvimate.)
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50 YEARS AGO

“The training efuniversity
teachers™ = The question of the
advisability and possibility of
prewiding new recruits ba
umiversity teaching with same
initial guidance im the bechnigue
of their calling has been pxamined
by 5. Radcliffe, lecturer in German
a1 the Uiniversity af Beistal.. In
general, lecturers are
comseientiaus about the matter of
theie lectures, but ghve |itte
thought ta their farm or their
celivery... [Radclifie] suggests
that an arhist reguires o me basic
Iratruc tion, t least in the
rudiments of his cradt, The
Pallowing are 2 bew of the purely
mechanical skills which might be
comsidered desirableina gead
teacher or lecharer, First, the
adaption of a fitting spead and
clarity ef diction, Secandly, the
clear formulation and appropriate
stressing of the main paints af the
subjectundar review, Third by, the
ability to wse a blackhoard
suecesshully. Faurthly, the
‘staging’ of matenal ta make it
come ‘alive’.. Learning the
students’ names Is an essential
requirement in establishing claser
comtact with them... The prompt
return of writben work nat caly
hedps ko keep up sudenis”
Interest in their subject, hutalsa
gives the rightio demand written
werk from the students within the
time-limit specified.

From Wafurz 4 February 1955,

100 YEARS AGO

“The Revolution of the Corpuscle”

A corpuscle once did ascillate so
quickly bo and fra,

Healways ralsed disturbances
wherever he did go.

He struggled hard for freedam
against a powerful foe —

A atom = who would not let
fim ga.

The aether trembled at his
agitatiang

Ima manmer so familiar that | anly
meed b shy,

Im aceordance with Clerk
Maxwell's six aquations

It tickled peaple’s optics far awsy,
You can beel the way it's done,
You may trace them as they rum

— dyhy dy less dg by dz is equal

KX 7t

Froem Matore 1Fe bnare 1906,

GO

50 &100 YEARS A

£ NATURE 02/02/2006 Section: News & Views Page: 545

i
in

NMYCK

S @ VHTepHeT




A https://www.newsstand.com - NewsStand, In

- Today's Way To Read Publications--Digitally - Micr... [=

T

P enter search word

NEWS & VIEWS

MATURE Vil 439|2 Febeunry 2006

complex shape is no prerequisite for complex
interaction., The adsorption of charged mal-
ecules on colloids with sizes of the ander of
micrometres” and several nanometres” has been
shewwn, for example, to result in charges small
enmgh that ionie colloidal crystals — crystals
comprising partices of apposite charge — can
form. The added complexity of the interactions
between oppasitely charged spheres, compared
with components with the same charge, has
already vesulted in the number of different
:ﬂ.’,\:nfﬂnaryaﬂlnidﬂcryg‘m]mﬂhamhem
icated doubling within a few manths ™.

Starting self-assembly with complex col-
Inids, however, affers increased possibilities.
This is nicely demonstrated by a modest goal
that marny grovps are aiming tor: the creation
of colloidal crystals with diamond symmetry
Such stroctures could be vsed to :mwa.pha
tomic crystal with a robust *hand gap’ that can
inthihit the propagation of light and modify the
spontanents emission of photons at vishle
wavelengths, These crystals are potentially as
useful for manipalating the fow of Tight waves
as semiconductor crystals have become for
wranipulating the flow of electrons. The inter-
estin these three-dimensional structures is so

great that they have even been assernbled do-it-
ymuw:lfstplr placing thousands of colloids
into a diarnond lattice one by one”. But, whereas
just a few years ago most considered the cre-
wnnmdramuﬁmlccsbyﬁclf assermibly o e
wishful thinking, several approaches now seem
tovmake it an immediate prospect. Some pro-
posed schemes, based on theoryand computer
simulations, make vse of complex spherical
colloids with either tetrabedrally arranged
altractive rnh:hr'_fnr, rermarkably, non-additive
spherically symmetric potenitials that might be
produced nsing particles couted with comple-
eeritary strands of DINA {that is, that can bind
together to form deuble-stranded DNAY

For a second self- nzua:.lnnm step to
succeed in any system, rlicles must be
manodisperse and the yldd af the first step
must be high. The pnhdlchrﬁc emlsion
draplets cremted by Cho eral.’ are therefore at
present unsuited for self-organization into
maore complex three-dimensional structures,
becanse no two colloid particles that they
praduce are exactly the same. But the path
o monndispersity, clearly outlined by the
annthors, should net be too arduous,

Gronng even further than this, 2 crystalline
arrangemend of smaller monadisperse nano-
particles between larger spheres, or o mixture
of oppositely charged and monodisperse
masocrystals of different composition, could
be created. Transistors with o conwentional
two-dimensional lavout can be made from
self-organized colloidal crystals of nanoparti-
cles"": by self-onganizing such semiconductin
colloidal cqrsﬁhcmam larger colloids, sud
asthase devised by Cho et al, individual tran-
sistors could be arranged into regular, three-
dimensional structures, A three-dimensional

wiring systermn could alse conczivably be estab-
lished by using spheres that comprise a con-
ducting and an insulating part as the larger
tailding blocks, allowing each transistor to be
addressed individually as it sits in the lattice,
Eveni though the complex colloadal strue-
tures i heng created arebeginning to show
a faint resemblance to the beantiful silica
structures prodoced by distoms, natral
examples of self-organization on multiple
lesspth scabes and from different materials are
generally still far ahead of army human desigr.
Such structures are always available in case we
run out of inspiration’. ]
Alons van Blaaceren is at the Debye Institute,

Utrecht University, Utrecht, The Metherlands,
e frabil: & venSlasderen @ physwnl
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NEUROBIOLOGY

Memoties of a fruitfly

William & Quinn

Despite its tiny size, the fruitfly brainis staggeringly intricate. So teasing
apart how it remembers things — even a simple line pattern — is a daunting
task. Progress is being made, thanks to genetic innovations.

MNeuroscicntists these days have a satisfactory
understanding of how individual newrons
work and of how they communicate with their
immediate neighbours, By contrast, under-
standing at the next level of arganization is
hazier; for example, how neurons form fune-
tiomal circoits, how these creuits encods
hehaviowr and particularly how experience
changes the activity and connectivity in cir-
cuiits boalter hehaviour,

In this fog, a namral question is: how simple
a systen can one study profitably? Molluses
such as the rmarise snail Aplysia have yielded
rrch insight becase they have Large, sin
I1MUISJL§3"‘E‘IIJ"DE. thmtt{ﬂmmall;ignmk:ﬁf
torm only very basic behaviours. Insects, on
the ather hand, often have intricate newral cir-
cuits and complex sterectyped behavioars,
such as the dance language of the honeyhee.
Bt their newrons have seemed too small and
tangled for conventional analyses. Advances
in genetic techniques have overcome this
prefdem of scale, and in this isue Liv ef al.
{page 5513 use these ingenious methods
to hegin to dissect finely how the fruitfly
Drozapinla leamns visual patterns.

The authors take advantage of ‘jumping
genes, which can hop about the fly genome
and splice themselves into chronmosomes at
random points. A fumping gene can be tailored
to carry along anather ge nc::ﬁ::.:lm-m —a
transgene. If the transgene (c G-I
is jumped into the gnm near a |1:m.u§3
ocourring gene, it is usually r:rpr\c.w:d in 1Ju:
same tizsues a5 the natural gene’. This jump-
ing-gene method is now highly developed
in Drasophila, so that large mumbers of fly

Figure 1| Expressing a learming enzyme in
sebected cells. Liueral’ used astraim of Froitfly
that kecks a functional refabaga gene, amd added
asnbstituge rutabaga pene (TG-2) that could be
canteolled by the transeriptional activator GALS.
By heeading these fies with varoms straims that
express GALY anly im certain subsets of nearans
{froam TG-17, they conld ensure that the Rutsbaga
profein was produced only in those nearons.
They then tested the flies’ memories of various
wisual pallerns,
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CHEMISTRY

Catalysts live and up close

Bert M. Weckhuysen

Designing efficient solid-state catalysts would be easier if we knew which
parts of them do what. Fluorescence microscopy could help: the technique
allows single catalytic events to be observed in real time.

Catalysts are the workhorses of the chemical
industry: mare than 80% of all modemn chem-
icals come into contact with at least one cata-
Tyst during their marufacture. They can also
be extremely complex: solids with large sur-
Face areas, for example, possess many potential
active sites in their crystal structure, In this
issue, Roeffaers of ol (page 572} premiére a
method of ‘filming’ single catalytic events in
real time on 2 solid crystal, allowing catalytic
activity to be mapped over its whole surface.
The innevation is a step farther on the road to
the ‘rational design’ of catalysts, which offers
the prospect of improved formulations for
existing caralysts, and moee effective and selec-
tive catalysts created from scratch.

Rational design remains in most cases @
pipe-drean the experimental toals available
Tor mionitoring catalysts inaction are still, in the
mairi, too rudimentary, Nevertheless, this area
o research — often referred to as in sinespec-
troscrpy — has seen tremendinis progress aver
thpnqtdacade pnrliaﬂya.qammmfm?mv-
ments in zna]yr.lcal Instrumentation”’

Tatest contritnition' exploits 2 miethad known as
fluorescence microscopy. This technique has
been used, for instance, in combinatorial catal-
vsis, o screen whole series of catalyst libraries
tor the formation of Hhunrescence, and for mon-
itoring the disappearance of specific organic
malecules during catalytic transformations™
It has also been wsed to track the diffusion pat-
terns of fluorescent molecules, and to deter-
mine their diffusion coefficients in different
porons oxides™ . Furthermare, Muorescence
microscogy can monitor the adsarption and
desorption of o dye molecule by individual
crystals of 2 catalyst rraterial.
mdlﬂlthupntnfﬂmﬁ;thdcn]-
Texgues” wark!, however, is the use aof high-
resohution fluoeescence ndCrascapy to observe
aca tal at work in liguid-phase reac-
tlmmylr:llwcc R:::h sEnsitivity Dﬁmﬂwnmh
enabled the authors to monitor single catahytic
events in real time by ohserving a ‘reporter’
mlecule that becomes fluorescent only after
catabytic action, They could thus beautifully
map the spatial distribution of active sites over
a single catalytic crystal.

The authors tested the method on a layered

donsble hydroide {LEVH) catalyst consisting of

prismatic crystals with large hasal planes
lateral faces (see Fig. | on page 573} Intriga-
ingly, the tracks of the Mlsorescing molecuiles
revealed that one reaction, ester hydrolysis, is
catalysed only by active sites on the lateral
faces of the LIDH particle, whereas another
rveaction, trangesterification, oocurs on the
entire outer crystal surface. In the terminology
of surface sclentiss, ester hydralysisis a struc-
ture-sensitive reaction, whereas transesterifi-
cation is ot

Such ‘crystal-face-dependent’ catalysis has
already been abserved on metal single-crystal

surfaces, for example in the synthesis of

amiminia, where the rate of product femation
is found te depend critically on the arientation
of the crystalline iron cnln]yxl“_ Bt the cur-
renit wink is, | helieve, the first of its Kind to use
catalytic solids in liguid-phase applications.

Whether fluorescence micrascopy can be
introduced as 2 more general method for
it sifu spectrosoopy incatabysis vesearch dearly
depends on the availahility of 2 sufficient range
of tiorescent melecules that responsd to differ-
ent reactions. Attention should also be paid to
the question of whether fluorescent reporter
malecules behave like non-flusrescent mol-
ecules, and so indeed reproduce the distri-
bution of catalytic sites reliably. Finalhy
tluewescence quenching — which may sgni-
ficantly affect the intensity of fhanrescent emis-
sion — could become a problem, especially
when the approach is extenided to more severs
reaction comditions,

Carrenitly, work on the in st spectrscopy
of catalytic solids is divided, roughly speaking,
into two growps, peobably reflecting the differ-
ing expertise of the chemists invalved. The
first group focuses on the inorganic part of the
catalyst material, and aims to o re its oui-

dation state and the geometrical structure of

its bonds (its ‘coordination enviromment').
This group uses technigues such as absorption
spectroscopy and  electron  paramagnetic
resonance. The second group, which focuses
on the organic parts of the catalyst, uses
muclear magnetic resonance and vibrational

spectroscopic techniques, such as infrared
arsl Raman spectroscopy. to illuminate
reaction mechanisms and potential reaction
intermediates.

With Roeffacrs and colleagues’ work', the
organic chemists gain a new toal For their in
s spectrmscopic work. Further effarts should
be directed towands combining both schools of
thoughd, fcusing, with nanometre resclution,
it bath the insrganic and organic parts of a
catalyst. That could allew cmcial insights into
changes in the coordination enviromment of
an active site, a5 well the reaction intermsedi-
ates formed. The results could then be inter-
preted in terms of catalytic reactivity and
selectivity in a ‘joined-up’ fashion. Although
combi ning two or more spectroscopic tech-
miques might seem simple, many hurdles st
he cleared hefore it becomes a realing™ %,

Tt the main challenge is to push the resoh
tion of in sitw spectroscopic tools into the
nanometre range. Transmission  electron
miicroscopy offers resolution at the atomic scale
{aroamad a tenth ol a nanomedre), Congpling this
with electron energy-loss spectmscopy, in
which the sarmple is bombarded with a miorso-
energetic beam of dectrons, allows chemical
mapping of a catalytic surface. However, the
energy resalution of this technique is still too
liow to identify the different oidation states of
the hombarded material. Moreover, clectron-
based techniques also need low pressures
(in the millitar range), and thus the results ob-
tained may deviate from those of experiments
performed nnder true reaction pressures.

5o there is room for other spectroscopic
toils that, in combination with Roefaers and
could
infor-

colleagues’ Tuorescence micrmscopy,
deliver both inorganic and argani
mation abeait a catalytic process, areating a
pevwerful e sifu nanospectrascopy technique
for taking anapshots of a wide variety of cata-
Iytic solids at work. [f this endeavonur succeeds,
rational catalyst design will be a step closer to
realization. [ ]
Bert M. Weckhuysen isin the Department of
Chemisiry, Debye Institute, Utrechi University,
Sorbonnelaan 16, PO Box B00E3, 3508 T
Ltrecht, the Metherlands.
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