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on solid substrates by ink jet printing has been

described (Roda A et. al. 2000 Biotechniques 28 (3)
WQagessA9I2- 496; W96/ 22533). Here, the objecti PET/IGB2603/000999

obtain an array of immobilised individual proteins

whi ch can be used to screen for unitary targets. |Ink

jet printing is the conventional technol ogy for

printing conputer-derived information onto paper
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[0008] In a third aspect of the invention, there is provided a method of forming a film
of inorganic nanoparticles on a substrate, which comprises preparing a suspension of
inorganic nanoparticles, each having been formed at least partially within a protein shell,

in a carrier fluid and depositing the said fluid suspension onto a substrate surface as
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Fig. 3. An ink-jet printing device wherein the spindle is in a retracted position.

Fig. 4. An ink-jet printing device wherein a substrate is arranged in a horizontal position.

Fig. 5. A tapping-mode AFM image of ferritin deposited onto a glass substrate.



picolitre. This quantity may be | ess than about 1
nanolitre, for exanple |less than about 100 picolitres
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aspect of the invention, the quantity of liquid

~ deposited per droplet is about 3 picolitres. [0012]
Nozzl e-deposition of picolitre anmounts of materi al
enabl es fine control of the volunme of materi al
deposited on a given area of substrate. Immediately
prior to contact wth a substrate the droplets may
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of the invention, the magnetic nanoparticles are formed within a macromolecular shell



magneti ¢ nanoparticle. [0016] A magnetic recording
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[0019] An ink-jet head, in turn, will usually sultably comprise (i) an inlet port; (ii) a
reservoir portion for the coating particle suspension; (iii) a plurality of nozzles with

apertures of a pre-determined size, preferably each nozzle comprising a smaller reservoir



vol ume of the nozzle available to the liquid and
causing a droplet to be discharged from the orifice.
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with the present invention. [0021] In the operation
of an ink jet application device suitable for the
present invention, a suspension of particles is
applied to a substrate via an ink jet head. In a
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surface roughness, R, is preferably less than about 1nm, for example about 0.1nm. Ra is

determined by finding an average centreline running parallel to the surface. Any troughs
below the centreline are inverted and counted as peaks. The average height of the peaks
above the centreline, (inclusive of the inverted troughs), is the roughness average, R..

The roughness average of the substrate surface may be measured using any technique



substrate and the coating particles nmay be obtained by
controlling the average size of the asperities.
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aluminium it may be coated with Ni-phosphorous.
[0026] In one embodiment of the present invention the substrate is arranged vertically

and the ink-jet head is arranged perpendicularly to said substrate (1) as shown in Figure 1.



For instance, the substrate is rotated whilst the ink

jet head arrangenent may either rotate about axis "X'
woeoosd9i n pl ane "Y". I n enbodi ments where thBCT/GB2004/000999

substrate is rotated relative to the ink jet the

angul ar velocity of rotation nmay be adjusted by the

control neans as a function of the radial position of

the ink jet head in order to ensure that the area of
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variety of devices ma ed to rotate the spindle.
positioned into the application dev1ce such that the centre of the aperture of the disk is in

line with the longitudinal axis of the retractable spindle. The retractable spindle may then
be inserted through the central aperture of the disk. The disk is then clamped securely on
the spindle. One skilled in the art will appreciate that disk clamping means such as

washers and the like may be applied robotically to ensure that the disk is adequately fixed



[0029] In another enbodi ment as shown in Fig. 4, the
substrate may be held on a spindle in a substantially
whorspsndnl plane. An ink jet head (1) is posiPCDOBA004/000999
over the substrate (2) and may nove parallel to plane
"X'. In operation the substrate is rotated about the
spindle (3) axis "X" whilst the arrangenent of ink jet

head(s) remains stationary. Alternatively, the
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I nter changeabl y different heads. 9 WO 2004/ 084195
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dlSlﬂDS’ﬁéﬂslé iftta bs apiliedt Mareoverdhe munbgpabnozzles used in a particular
head will be determined by the surface area which is intended to be covered by the ink-jet

ors

head. One skilled in the art will appreciate that the number of nozzles and dimensions of
the nozzles may be designed according to a particular application and that an ink-jet

application device may be constructed to accommodate interchangeably different heads.



(Accurate Chem cal and Scientific, Westbury, NY
11590US, Tel: (516)333 2221 (800)645-6264, Fax:

W@ 208)8095 4948) . The di spersants nay be appl i eBCT/GBRGV8/000999
substrate before the application of a suspension of
particles. Alternatively, dispersants and/or wetting
agents may be added to the suspension containing the
particles to be forned as a filmon the substrate.
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are arranged substantially perpendicularly to
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I'cu the substrate. _
disk through the area targeted by the source of the pre-treating agent. In other

embodiments an area of substrate may be subjected to several passes of the disk through
the area targeted by the source of the pre-treatment agent. A time interval may then pass,

before particles are deposited onto the substrate by ink-jet printing.
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[0036] The filmmy also be treated after deposition

of the particles onto the substrate, for exanple by
wWQJos0841p%), or exposure to IR light source or PYT/BB2aG04/000999

The filmmay al so be annealed follow ng deposition of

the particles, for exanple by heating the substrate in

a conventional annealing oven to a tenperature of at

| east about 300 C or by exposure to a |aser beam It

" is especially preferred to anneal fllns i n cases_where
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maéﬁeﬂgbllégéﬁgs tiee gRgapsul ating shell) for efficacy as a
netic recording medium [0038] It is also
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nmonol ayer. The fil m should be subst anti al | y .conti nuous

shopld perferablytbs lesp ghan ehoutHanm e hejehicebaye theimeesatic yriface.eEhis

medélg 3%% H’E}aé gelg,g %ggéga}]egﬁ 2 C%Jaﬂ;& seh tb@’gtt@% MP@S%Q?E@%& shell,
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medsuthst rate having an 11 WO 2004/ 084195

@&B2004/ 0009 sur.f ace roughness |, f
[00$ EISIaﬁ?arPr%%qﬂtgwﬁm @\1 EI5dS Yapieales Gan ¢ ﬁaﬂfﬁerﬁo ameters
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ferritin partlce has™ a i amet er of
whegp e sibsirateds selatiably sniopth apdthe tength{sodq of the gogingearticles.

[00@3 R 3§§ef8§'edt eﬂ?eclt DY &0 Eﬂ\%ﬂmoﬁﬁ\%ﬁ‘e%lte%e fﬁﬁxjn 7 éu%stgﬂﬁalfﬁﬁ‘ ﬂle
as a data sto age

form of a continuous monolayer. The film should be substantially continuous in order to

reduce the incidence of discontinuities in film thickness resulting from interfaces between
areas of coated and uncoated substrate.
[0040] For example, we have been able to perform magnetic recording on a magnetizable

device comprising ferritin-encapsulated magnetic nanoparticles on a substrate having an

11



medi um snoot hness of the filmsurface may be | ess
critical. The filmsnoothness required will depend on

wo b@4mpaes fi c application but in sone aspects, PEDGB2004/000999
exanpl e, the average surface roughness of the film
may not be greater than about 10, such as not greater
t han about 5 or not greater than about 3 or 2 particle
di aneters (including any encapsulating shell). [0042]

- Since the substrate exhibits differing degrees of
averagsuytacesrougimessdh.orf dess Sanabeul 1ngp, whesediiy V%@B@H"sfﬁ@f t he
. Ll nvent | - f fd i [eRmARQ1 Nt
kgLl R iy YRR 2o g SR S e

diantdeg besppodximatelyaledf thswglwpss of the underlying
substrate. |In sone aspects of the.inventjon
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med i, TR66thhEB BT BR AU shfadel HiBShel 188 fiitioste The fih stbethness
constituent particles (including any enca sulatinghe

requishdil) depend en fiespesiBiRplisRion gt B SORRASRASIOT §X4MRlE
aver%%gs}]ﬂg{)et ﬂoﬁklﬁae@ GRS fifm 03P Hot TR TreRErGhEY ABIlY1 0N AichH® 1t

out or 2 tines the particle dianmeter
greaentimh abvital dryot greatauthiroalout her 2 particle Hirmettss Gneluding pmm
t hickness wi ||l depend on the particle dianmeter but
encapSlgng gD i n accordance with the invention will
[00495 Balch me][sauw&& d@mﬂs ﬂﬁﬁe&ﬁng ﬁﬁ gieeﬁoﬂrg@lnnesa g;m adcoftafeeyith
~nore preferably | ess than abouyt nm and nos
difopens Feests 0§ MeaXerfipm e Bieess bt ﬁ?m_uaﬁ » g Bpl py e fim
surfdte %E "bfhd® BB} 90 He deBReloR Vigfick BFughh&t€ of thenderlying
hickness is |less than about 30nm substantially ,
substrhteo lig boug asphes of thednvpogmatheisfierecthe flm Hrigkngssmay not vary in
aventign rel gt.es. ] . not i
O T
enceigﬁﬂﬁlﬁigi Sah), evonapefaatly 0t @srothan abub Sttingsdheasariivle flawstsr
aving.a_ volunme less th about |.nl .  for  .exanpl .
and Pﬁﬁtﬁfﬁfﬁrﬁ?}y eleY; e thep @b(ﬁ’ig r%? i%&nes wrga{t&q?eéglawg{ép %ugjs{%}{tlally
throﬁ%folaﬁ{he ¢GRSt hedoffe Alm MdknmeRCARSMpaides. th fddE diameten &ut
case where the particles_are_encapsul ated, the

filme medpinAcaerdaeperveithethe avention Willgwpalysiave p gurinessaftles fbns
abo rSObﬁgrﬁ%??eﬁﬁbsﬁlb%ltﬁag%@& @Bl an@ HRRESrefePdblPREShAK about
thereof. By

érrvative encapsul ated" we nean
50 nparniespeesal ptpirefbrrerbymipainous efthevinvantions the dhmbickngss kileps

a. pre-defined cavi f ronol ecul ar materi al .
1hww%§u§%@g5§§ﬁQW#ﬁgfﬁéyépwg@e%ﬁéy be a conti nuous
[0043IWigdry ttprésehtifreentibe fel@xstoal method ok forming £mpgrotieiavording

comprising several polypeptide chains. Alternatiyvel
devicn By BPROSDEMASPFHE FHapagnF able sgmonprtigles 4o 3152?’5%‘6 as dropidss
havi%g Q484188 RGT/HBR0A46PO08R% bys RRIEHrRLHE) théfdgnetic

structures which encase, at '|east partially, an
partictes mgpgrieceitixat encipsiilatedcpr apn-peqepiWaad-n as j uxt aposed but
arat e SLEUCTAN a5 QL. 194 1R PG SRGHY fRial
R R A e
comprise organic materials or inorganic materials such as siloxanes, silanes or derivatives

thereof. By “encapsulated” we mean particles which may be coated with, or formed
within a pre-defined cavity of, a macromolecular material. The encapsulating material
may be a continuous unitary structure, for example a multimeric protein comprising

several polypeptide chains. Alternatively, the encapsulating material may exist as
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[ 0045] The encapsul ating material may conprise a
si ngl e conponent or a nunber of conponents that act
WO ogetkdps t 0 accommodat e a core magneti ¢ nanopBCT/GBR@4/000999
which preferably has a dianmeter (or |argest dianeter
in the case of non-spheroidal particles) not greater
t han about 100nm Preferably the dianeter is not
greater than about 50nm nore preferably it is about
20nm or less. This_ dinension is determ ned, at |east
sepqraie JRHAY Blucies Waichenease.iahleagparisiy, apporgania meferig and
eithfl Rl 3k "%&éﬁbsecf 08 sERFAPSiklclbs G iHBGLEN Wilth néTBibouRifg Ude
a sultableopening which is not fully surrounded, but
struotiuies o foemermblélcogwonent swdlee of recei ving and

orting.the netic particle: for ex e
00HERR ehC e TRER PRl S SRR b el o
contpRaERMheRtHogethfG046dontodaseedrs magndtio dahspagtivlé evhich
relating to the formatjon é)rfi{lﬁggnet isable fi

J
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gredgmﬁﬁﬁa[%{lﬁ (BfimS PRt AbRAhe Hi8meRr TR breatePfthn hBRY 5Whrh! more

e i ncapabl e of maintaining ferromagnetic properties

prefatablribisahoutt2@mmeor dassr Ebis dipesisiontis dederprnags afrleast Hypart by the

.ty | . . . .
s YR AR RGP O ol A B B e
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e encapsul ating material may be an organic¢

th
0046 c Frcasppcéscalitee iyertonaplatig tedbhiognatnne glagnetsbls fdwrpnd,
maé{%%c?@%%ﬁ%vict@{; ‘glje’(;%?‘? @Q%%gi@ablé@n@ﬁéﬁiaés WL ot BE sd/fnall

s than about 500kD. Such
thatohgamillds inwprldeof meinkdmingfiromecedicruypeiéesst pibistant s,

B T e

gredtBangt dvsabl £CT ianiBiat terdpdratlinas o typicaligdedsehan about 50°C, for
nanoparticles on a substrate, the particles are forne

exapple lesgdpanghpyt 39 € Thigymepns ihat foraperahop, Pta%mm@nta?ra}eeg?fﬁfe&qhe
ma%%ﬁéableqﬁhoﬁﬂd&ewmi @ﬁe&we&wk@%&r |

n-encapsul sat ed en "deposited onto the substrate.
[004Fdne préferr¢drombpalithent thn eprapulating snadgrial 5185ibe 8A QLE2NISH
nan Lt icl Pt ] ' S v
s OGRRTLS L e ok D581 S0E S0 L Do A50SHISanb e
molsuldait weigle off np aboud 5@0kEx pyypidadly éebs titaataboriSAakD1 Ruch angdrdic

resujt in em conduct or film havin . hi gher
mafga@deﬁ‘@}ardeﬁ&?tﬁ?ﬁ. mﬁ%bwgﬁ%%ﬁ@@%@“és pictP RIS 004/ 000999
[004 8§10 R re S EschiiBvitRioh QdlBtepREGEHBoO T fohfingraatgiktisable film or
i nvention involve a protein, the protein my

a filgpf inegatip opnoparigles cale sbsiigich Bie Pavigles are ITOHB%%GI??@’[ partially
wit%?%%%#%&aﬂlatﬂ{g%&bﬁ%heﬁ Bt AP e PenchRa Rl B @Bh-encapsulsated
when deposited onto the substrate. Where the inorganic nanoparticles are semiconductor
nanoparticles, it is preferred in some aspects of the invention that these particles are
deposited onto the substrate in a non-encapsulated state since this will result in a

semiconductor film having a higher packing density.
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[0050] In sonme preferred enbodi nents of the first,
second and third aspects of the present invention,

WO b@4fo84ap®i n serves as an encapsul ati ng nat er i BCT/GBR@W/000999
at least partially surrounds an inorganic particle.
In a preferred enbodi nent the inorganic particle
conprises a magnetic netal or netal alloy, or a
sem conductor material. [0051] In an enbodlnent of the

ect of the present i.nvention rofein is
[004.9@)%65%@18 YRUQUS @spegts of thedyresgirinyRytion dnve F P51 B protein
mayﬁie'd@h@éa fRori § RS ufAbLoth¥ dolirce! A8diAB kRfcA Broteihd @R 2kample a

Proteins suitable for use in the present” inventions
recombiglagtoteitagel | ar L- P ri ngs, bacterlophages

[Oo%ggpﬁﬁ%%rgfeﬂ& g‘lﬂg&ilﬁgntg Qlﬁ_thg Heds esrecl:cﬁ‘ld agggg’d ﬂggctsc%fot € present

VI T us
invehibon, kel pnothmmeﬂvegasea,n eﬁhoa:peuhﬁng mE]&Aa]pwlmblea:ttleampmmil}el n

conprising a hal cor ores in the three-fold
surr R Boaf paticleolt § s Eral enboigent e et TEGS os

compidsék B ShadheticHghl diln@df@taﬁsy,%fr a@aﬁfc@ﬂdd&'ﬁir &la¥erthBnm and
out er di aneter of ﬁ@ﬁP proxi mtely 20nm They can be

[OOSIh&U@wnWHp% RE thefbthaepqct eirthe pegend invaytiondie BistRIRE 1ot
assoSi4fel, %ﬁ‘é@!&'nn%hfé%ﬂﬁaﬁoﬁ%@ﬁ ffrg%ﬁta%hﬂsnla?é tﬁ‘oiﬂé!rﬁ}é enAfs

nor e ute concentrations, diners cah ormt
[00 531) Brodmnsrmm*celbly f@@sainihe presdnt irfvoOEBE inaudeifpgelar pre fmgsr e d

ments of. t he ent n i
bact A PRRRe Bt rin Spe o e eg BT G RS P i
capsf@NFbyexatipe, PPSsie Atferkifiv @0moDgusRid edafnef EN@D}bI‘.QSteﬁﬁdﬁﬁp‘rotem
use of the iron storage protein, ferritijn,

comprising hallopagare gnd RorerdB dha tregripliis. ﬁéafgs%fe&rPermgs are ring-
shapbc[‘ O GRAREChAR BtdnGhifes diafifFd: Ior aﬁbréssaﬁlat%lmn%ﬁd%tma&t&m of

450kD. Ferrltln is utilised 1n iron netabolism
appr@}hﬂ‘@t@@hmm | Theyregn bpodines! tameck into well-adetsd eripgs &hfai@idhgg

over%gYe?el 181%#% nggl%}ilﬂ?&%% lé i‘lm Cﬁl &{ I%.Ol%%iélf?l% C%HC %.E Fﬁ()l‘lf IH%GI'S

asse de a ol'row's rou
can ﬂoﬂntmamrapﬁio&hMtﬁy% hin theg. an 8nm di ameter cavity

[005%‘11@1%1%1{1 ﬁ rb%gl é"ft-ﬁ? ﬁlzetnl?sgoot G Iﬁ%%gah@%gl(olnl ls%ogwggt; Srr(r)?emsn the
protdi@fs'd fxHbdr e tlﬁﬁ@rrilﬁﬁ fRRIFPVERE fi8sent ﬁlrvéﬂdoh@ndi@y@fe@am;t makes
ferrihydrite is ternmed "apoferritin

use qfiheirqragteragiprotsen, f@fﬁa@r%bﬂs@tré@nalm@tss@ B8 to $radyce nanoscale
o b R DA RPNy DR B T
metapoleﬂlemr@tghputdtvmgspﬁr@cs ani;lstmstru@th:@ iy hxghkywnm@cmmngfthem.
s ol b ERLRR R, e BV B S0P RARERCR L 8
outeMﬁhlﬂ&@ﬂ/ IGBMESMMB&%’@ LD horhIBDSidres glduit #1500 ieGHIIIT)

nd n uraIIy in vertebrates, . invertebrates,
atomﬁ |1%1W@ orny e RFFAMAEREHG @mhysatet éfﬁlﬂsafzmhyﬂef&ﬁa% gEpmyed (a

ferrit{ @Q}‘éﬁﬁ?f fo ?&%E CRinhad ‘taBBféHﬁﬁ‘l”f SRR R Ealnbaues.

Such nt he forns may be identical to the natura
incotfporaasl. ’lé]ephm;pgﬁ in ferritin mcg tighids dppeeer there are channels into the

cavity at the 3-fold and 4-fold axes.
[0054] A preferred protein for use in the various aspects of the invention that involve a

protein is apoferritin which has a cavity of the order of 8nm in diameter.
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synt hesi se nmutant fornms which will still retain the

essential characteristic of being able to accomuodate
w@2ansgdigs e within their internal cavity. The BEEGBR004/000999

all such natural and synthetic forns of ferritinis

contenplated within the present invention. [0056]

Ferritin may be converted to apoferritin by dialysis

agai nst a buffered sodium acetate solution under a

nitrogen flow Reductive chel ation usi neg for xanyl e,
[00515hF@rgut1§x@@111 befoand aatﬁﬁyy %V%@B@t%m?’%ﬁ%@aé % plgn easts,
bact%pear 1 dhdohe. produfced 2 od}ﬁtlgeﬁ tﬁl%u&l%éc@%ﬂlaﬁb’ceclﬁlﬁﬁ@@t Kh

ySi's agai‘nst a hl orTde solution t
syntﬁdlmibmiﬁhg/y beemtmte:al toehe wdwrelefdrms, ethdughdtis elso @@%éﬁk foom

so| ution erl 1tin has a cavit

syncpeishutpns g veppt 3%l st wftRib PO G o
acconfifodafy LpiEdle wltﬂin tBX%E Intdhd gatitie Theaspsidibduch gatural and
material’) may have a dianmeter up to about 15nmin

synthitierfernes of fersitinecqpicaplated W&hmé]f‘? BesRt fyetielc onmodat e a
[OOW%Q&ﬁm%};Be‘:&oﬁvéﬂéﬁ Ro AerBNAbY Qialh R BRbBEt a thi¥fped] sodium

ts varilous aspect s"the pr esent i nvention
acetate saletiorsuridera higrogen flow. Beduckivecheigtionmising, Ragmemle

artl cl es th
oo SRR PSRRI EIRIALLIE I A R gy
repefiell G&ﬂysfs@fgﬁmsw soti i aﬂm‘a@metutlon mstcaimietsly(rhma'se the odolated
iron, or nickel; a nmetal .,a]lo rar

ferrihydiite cote gﬁ)nh@hg;onaﬁmyemm 38 caity ?J:iOH nI]P g}f?LF {eéaxeﬁlﬁ‘gxte

The?@tlteq{an%arﬁ@é gbat% foQy fI‘EY:oFeQﬂétéﬂleﬂ eREIBdIAL tﬁé%eap@ﬁlaﬁﬁge
um ni um barium bismuth, cer

material)ana)u]nave echahdter updp glout 18m pi igmgief, aa ths; Rmtlem can stretch to
accqxﬁ:{rlg arc%?%g ab IR o2 %kng{' &H Manidi@n, | ant hanum

anese, enum  neodym um nickel,
[003V] lehdxlénm ilalvdu'&ﬂﬁ aspects it praa@m IHWIEQE@GWMA@S formation of thin

pr omet hi um ont| u r
Sl of BRERHIE TURRRI G e T THCPa g T e P S
encaPsfbidh 8r hORERADsuld: Q0 SR udeicRha e Y %@ﬂo@hmmﬂeﬁxe@ls such as
nanoparticles conprise a binary alloy or tﬁr n%){yal | oy
cobel1onas TeHSH DRl AREY, T g piFtiiph metal alloy, Mikype or
splnépf%ﬁjitg PaL had %eﬂa{)ﬁf&y R@ly/ c@ﬁ!aﬁf@ne&fi‘ R 6the eRing:

sprosiumiron-turbi dé or neoogm umiron boride,
alummnma detiais biphathi eeivm, clyoniivm, Rlélcopliﬂfﬁ‘iﬂsh@ﬁf-‘m@?rbmm

cobal t - ni. ckel - cht om.um r b
cur a1 s S 0 BBy B e malybdenum.
neolififfuen hickel, fiobaim, phllajunfplatinoa, praamdymumn,mnmmth{mw]

I'n a preferred errbtg1 nment of the ifilrst a ect c? an
saR BB, KRGS L areq e P RS bnd)tohliFor any
HHXE%T?B kated by a protein material. 15 WO 2004/ 084195

(GB2004/ 000999 [0060] In a preferred enbodi ment  of
[005sid?1cﬂera|bw aibeegnett nenepaitigles aemprise a higary aﬁw o) tgwaty alloy
a -
soof g PR E ro g RERERT e oo RlmRUT A, Sfimactun-cobalt
dysprosium-iron-turbide or neodymium-iron bonde 1ron-coba11:—plat1num cobalt-nickel

platinum, or cobalt-nickel-chromium. More preferably, said nanoparticles comprise cobalt
or platinum or alloys thereof, e.g. an alloy of cobalt and platinum.
[0059] In a preferred embodiment of the first aspect of the invention, the magnetic

nanoparticles are encapsulated by a protein material.
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material. In a specific enbodi nent of this aspect of

the invention the magnetic particles conprise either
wa@nooalog4ys of cobal t/ pl ati num or iron/plati num IT/CB2@1H00999

encapsul ated by apoferritin or DPS. [0061] The

magneti ¢ nanoparticles may be prepared by a process in

whi ch a suspension of the encapsulating material such

as an organi c nacronol ecule, typically in an aqueous

medium is conbined with a source_ of ions of the

[OO(wﬁ Bn a prefrted embodiment ofthe Hitd aspect ofiihe inyentiqsy the pagicles are
{
e1th%'r Z?én%ce %ﬁ}?ﬁ%ﬁélkioﬁgﬂl?&%ﬁdt rﬁﬁ%]%agtllél@ eﬁcﬁs&lﬁﬁggjg g | droth

rre e source o ions be a
materiu}rlaaBpeddid smbalithén of this aspea bf thedmengaptha nsghetiy particles

conipige BRI oS SRR CraBU T SOP L B O ARCHEP A by

apofe%{h dsem of the cation and ani on sources per
encapsul ati ng shell per iteration, preferabIK nore .
[00&15 Ahe 2G.gactisrREneiaTtiches Taait heaprepaies iHe Bacess i whish ggpspension
o 5T ISk el oL AL BRoIcTIE, S dquons
medi)llnﬂvls dembibedwsith b kaurc@0liont afitbe gfpraphmiateoattalon negials tndomprise

I T

metANb beHILECREreRRAtal €BS bbitéd sTahSHRhpsulapag niateeiahit Faan.
~ Preferably, the cation and anion sources ]%Ebe add §
exampledlyf gation ant aHMHINNECSS May bp pedadde SEbEITt 2P URtsdRPrypde more

thad Dot iR b0 5h SRS B RBIpsOBGAPGHEI bt 1'&9at%?19| |

per iteration. These | ow concent rations may
premxahlyeuem thap 20 ataressel th@cadlon atd oign sfuress pet mmsulatmg shell per

iterfiy AhF £l 08 afRh SR AN AN AR AR Rent ANCLALH 66
fewa)mﬁlpﬁ(ﬂ) t@hs afothe mlm»amm amun‘sd)mtasqm ancaohguing shellgpea iteration,

magne napopartic Alter ativel but presentl
pre BBl it B B S0 & GaFHionad Abiol Fou e o R Tt el
per RESBGN PrefirliS QIERABHH brRPbrkh hiceimay 5OMded i® fuffitig@intunts
macronol ecul € i s added. [0062] The mxture of  organi c

to prﬂy@(ie(ﬁbgufeiﬁﬁt@ﬁs efitbie pritoaland apien pelyces @ehgIcRR IS éhell per

iterat|on- rI%e Wgﬁc%h?ﬁ fdn® Hl \Q@ %IGeJela rEﬁ&%?alrx&e"“dlh.ltlons of solutions
nanopa i'se an el ement al al

conﬂ:ﬁﬂimg/the aatlcemhudtalmn somc@f The tceucear ntetrd igs mpm'sheta S@h of the

e 5 SRR S R L G G5 Dl

nanBpfies. AtteyndidkIe Soud s entlylagigiefamed, fRrsoudt oDsphEioas hay be
protect the met al nanopartl cles from ox ‘ﬁﬁ 121 (y\/m ch
presgetin@ coppasiien torvehieh wregiHer 9 <9r¥ﬁn&fp‘€?‘t1?1€§ e de

[0062331% lseﬂ{r@;ff dsrgﬁdltf’ﬁa&t)ﬁlgle@ﬁ)és B heRERhEHaPES MBAR to ensure

tions o I ons may be the sane or
honttigkhisatont Wherethe ma@yciioe)anopﬂrmle is¢o gpmpiige an elemental metal or

ti 20
alloyg%%gﬁgn?ﬁgs %@eg&e 0 \r/]\ﬁ)e - contp uolrSlg%;ﬁra%%Be%% %gsgzgé trr%@eﬂ %gl%cle
fortheWikhabaisrgatie mawrotidiecpleaheity. éﬂns reduction preferably takes place

under an inert atmosphere to protect the metal nanoparticles from oxidation, which would

reduce their magnetic properties. The reduction/oxidation step may be repeated between
additions of metal ions (which may be the same or different in each cycle) to build up the

nanoparticles.
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tenperature at which the nmagnetic nanoparticles are
allowed to formand then raised to that tenperature.

w@\doatosps vel y, the source of encapsul ati ng nmaP€r/iGBR00H©000999
whi ch the source(s) of netal ions is to be added nay
be held at a tenperature of at |east 24C and the
nmetal ion source(s) added thereto. [0064] Proteins can
generally withstand tenperatures of up to 70C before
they lose their tertiary structure. Thus in

[0068"Phtienstinnsmintvee miay be fremed ategistipereugbelaw &g rypferred 5
proteip,. .1he tenperature.qf i

temiBgPiyB gLihish e T h BLSPEHE sy SN Sk ARV L FDARa W

that teRiPRARAE UAGerinstivelyg ey sabicy offecapslning naxteriabic26igreh ther
exanpl e above about 3.5C. The tenperature Ii@ 4°C and

sourga(fod mzetel yonsas tetheiaddesl ey brhelb i tewperatureet 4 JeafffteC an
bel.ow abo . 65] During the formation of

the %%@éﬁ%ﬁ?‘g‘feg% aﬁ%@nﬂél%ﬁg@' nanoparticles for use in the

[006!4{ PRAIhS canpeashilpwithstite tagpeauges wEdp tm7(°S beire thel fesd their
a

al kaline pH during the fqrnation of .the netic.
tertiay SBUGBISo P BEY IR difans Wher¢a g}%ﬁ&?%{ag%@&ﬁﬁ%qs @ protein,
Lenmplat eseq T g}d}h b & thed ehdbolliddnts, th
the e %g&%?%frﬁhe\?gg?t : .%Tlﬁfl%%?%ggmggﬁ? eved by “the use of

reacﬁorbtéf‘rg)efaturs ol prsfembly aihtabl ebee| 250 C dhsexaniple abavy about
depen

ing on the encapsul ati agent ed.. [ 0066
35° o oGBS R ele o TeRTiFRed Rl AB AP YHel st’o{ PP pelow
bnﬁl ggczd into a carrier fluid prior to deposition onto
abo I’? ‘ubstrate surface. |If the nanoparticles are

[0063] EREIE thd formation s prmpsubaied inhenesio spmpsitivies deryise &y the gresent
~caonponent or the entir.et f the carrier filuj .
invepiotor bRl e i Giet AR ing A g e oflpaion;of the
maghlf SHSRERSMABICE itk tRhmbheiolaiier Reeitgr dhapHds anterably
re-suspended in the carrier f]ui %ﬁTEE %ym cal
maippippe it the sange froms 6515y Tds ey doheehigpd, 8Y ‘E%B’g%‘a‘ifﬁ?é on
.he i catj. ol i addhPbRHN-
R R b
[00660 Fottaing|peeraemtipe oAthe menopgticiascthey anginbacad s earicrid

. be pmai ntai ned at vel s _suj t.ab] ' y
prig genicn P LR ort 1 paneheBI e BBRES R
susfRhBehd aBp&siohhgaycfafri b esmpdntintionthy ertirsiy dberervadict flod.

in order to provide easy  de &I ti ]gn of fluid g{gglléeethave
Altcswatiy b the gaBEFisles T SRRy o i pFRensioRd gl By

' - i i fehidVEcy h gl roReids @ f iy fuid

bee’itlE‘%?%I?/ggmg%rggg%ggﬁﬁt%?%e cz;r ri eegﬁ??%i (J}jﬁlrr%;i/Jtl be . .
majelopripusedatepersingen ibo applisaiionmedpr BXarepla iHihe caR A protein-

addj ti,ves to.nmdj,fy | i cal j
oo AT LS8 e B Bk o8
joni¥r @34k RETHeGCRASOAY S0BBI0 %o ajcdd 8dieceay dampge igrike

enbodi nent, the present invention concerns the

pro’rg'gxdggrttq depogjtion.

[0067] The properties of the carrier fluid may also be modified in order to provide easy

deposition of fluid droplets onto the substrate surface. For example, the surface tension
of the carrier fluid may be modified to give improved spreadability. The carrier fluid may
be aqueous or non-aqueous and may have additional additives to modify its physical

properties. In a preferred embodiment, the carrier fluid is water.
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I norgani ¢ nanoparticles encapsul ated by a
macr onol ecul ar material by ink jet printing, the
WO p@gspT nanoparticle is preferably a sem copdIGBRI04/000999
particle. [0069] In a highly preferred enbodi nent of
the third aspect of the invention there is provided a
nmet hod of formng a film of sem conductor
nanoparticles wherein said particles conprise either
CdS, CdSe, CdTe, ZnS, ZnSe, or ZnTe which are
[0068 Felese lim pesembsgimagnif the piesant inyentipgongeps/lp deppsiignet

. __enbodi nment. i i - QoL ik . .
e
the OLANID epOspiattib i predershlp atseraicenductoe pertickpsul at i ng shel |

may be, renoyed,to. | eave the jnorgani article .
ro0g s rienly TP eiabg BT e R ol I DS dher e
provifENhbR8d of 88nRB aFNBWIaEhiEndR I hhidpafiRies Mhetdieaidd

to |l eave a residue surrounding the core nanopartlclq

partiobas cosarigs GtheedSriisiSerfod kee 4y ZnSere 4nTipayhigfpare encapsuldted

carbanj y subjecting the substrate to an el evated
]””?8nﬁggh 3$§? for exanple of the order of 300 C

[0074] Tl sorad érabddimentaseithoythe fiys ssconslyoritirdiaspects of the invention

desired t ar boni se _t he, nangpart.icles | it U,
e g A aperiats AT R0 RO & My et 16 BspPesplntshelf iy be
remBYddab Ye%bé‘ﬂletiﬁtﬁ%ﬁﬂél?ﬁﬂﬂb ivgfbataecobiihgn at  hi gh
tenperatures, for exanple greater than abou

. t. 50QC
[007 T ofhsr grpldcrmetBs §f e HE SBAOTe BISEREAPSTIA S ‘ﬁ%‘e’flﬁlé‘?%yﬁ?é"stgeated
to 1%5’6 L D& RL TWSRREHS thd Qfre nSHBIBER, RY ekdMifOtHeGhdtomolecular

drogen or nitrogen into a pyrolysis vessel. [0072]
shelDirlag be narbbwisks! hyesybiabting the subsishto jeah elevateshiomperpiug, &1

encapsul ati n terial, .for.example .enz LCyscees .
cxo g AR P B OB AR EATRL G PRYTBRD s e
to cRbBhiS e MBNOpRRIcld H8AL TH: bipbiig nRkAnedsRtar ehelonmabalne: off

by adjusting the pH of the conposition to a value .
by fowelgsinethe manaparisalai filghatbich EEDEHRwES; for pEarapls gieater thap
abolRIPEE Tgsli %\‘eﬁ%ﬂ'} A8 - BnRE11RD A GnerBRAUS thdhtfhobhhert) for

ed p [ ma hen b f

enat ur rotein naterial may e renoved by, for
exampkrhylistrodusing hiydipgeher wirbesnrinioa royrolpsipeesilg it to a

sepus siream |n .a preferr L[ : ;‘
ooBA3FEH ARG 3M A0 BTG AE R e g tri,
for @)%Hﬁ%éﬂz' ﬁlfﬁt_icli @agbeﬁifaﬁm altmmtlerfbnfi)atic[ncb)ﬁﬂ@rtli(dﬂw, the prdtin oray be
_of snpot ilms of na article [ jet printin
digghigd usiwg Pé‘?’f??éﬁ%‘&die%mﬁgz’gtafbé‘ﬁ?%tﬁf P%‘r"f?l??e&’lnfpc?gﬁ“ flto &'Valuc
outsiESIRE BitoO Bt WhicP Bletpr6tb@Ss §table,Tor @agHld how about pH 4.0 or above
nonodi spersity of the particles, Noreover

t he
abopt e 010¢ Baendsmelupdypreteirameterialinan then bremened by, ?‘Preﬁ’fé‘i‘?P]ﬁg
n I n 1 S i n
w55 e Pl TP AREESAL L Gramaler o
prote@nie dastired Bg adjastingshewH bf the gowpegiiden toibglpvoabouh0.

roogh) fiaorizeign ot siish S el e Rich R FRRH il hE "
enhadH9 Bfel @St BHRARM DLHGSion of particles to increase the

monodispersity of the particles. Moreover, the pre-treatment may enhance film formation

Q

by removing undesirable debris. By “monodispersity” we mean the degree to which the
size of the individual magnetic nanoparticles varies within a composition of the invention

is low. This variation, measured in terms of the largest nano-sized dimension, should
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normal Iy be | ess than about 20 % preferably |ess than
about 10% and nost preferably | ess than about 5% For
W@ oipo84i1ps ons i n which the average size is rel B€T/GBRY4/000999
| arge, e.g. about 50nm it is preferred that the
variation is at the lower end of the above ranges,
whilst for relatively small particles, e.g. about
10nm the variation nay be at the upper end  of the
above ranges. The sizes of the particles in accordance
normaly be ldsethan eban 20 %, pueerably dess thanghoyrd 8% And dnqst prgfer qﬁy
xanpl e . Jransm Ssi i ' largele.g.
tess ES AR 5% TR BARGERpFLOFER e G Or GO rl My largle g
aboul 30ERAT fsipedfesedahs: thacaipton itabthethywer endrat the aboedanges. or

tei hel |, it, b to,. |
whilfifogselsuy 6560 PRUFTS SEamHie 1R he e BB Be alific Sbser
end SEHORR L k&lo8S el sPhes bPthBBAGidIeS FPdtkoidhnd@anith the present
nanoparticle size. This nay be done using any neth
invettiovmantbe nehpsed esig forexamplq Fangpsion éPcf@%dWﬁ?/‘écw @ﬁ%
In as?)%ﬁgia thg\il{vﬁr?tgo% iﬁ %h?dé}l tﬁﬂc&? ﬁXr%gg#fséfés R eﬂ}fei;ﬁ{flm%ﬁ%y a

ave T oun at non persi ty 0] .
macRidaldr ai pdteinshelizt tay beseavesprsite rempertbe ewlliy a

subjecting,a Jjquid c osition.conprisi '
reprasamaps RIS (PP RS L Oulepfeat e
nancdhfi1dYi2e0 ITH CmAERATInk nsiRg ahpmetbisa kpdven ythoselskilled in the art
rinting, on the substrate. Moreover, this

for eprmplarbatany of the apihos defaessabeyesich a8 REObsffoval of
[Oofé? g%enﬁagfg ol Rhdt ?-Ilon[) gge'i_’sllﬂl JF eAcPERRRA Rhropartitlel iagbon

composi tion e encapsul ated nanoparticl es,
pronted By atbjertinge tiquid campdsitingieootphising gl spishnagopatigiesis

. al cohol s or al.kanes may .be . ' .
micDp QLB POCRE S BF O B el E SR Y HcTRiring.
on 115 @Pstratd) Mibiedverf hlstpredakaive steppfict heiscdnpestiben of gnwantsd

i ntroduced to one side of the filter and filtered
debtisar ough the menbrane. Nanoparticles for use in the

[OOﬁlﬁggfepmM@é‘ﬁlitﬁﬁ‘oﬂt&), Brc:@ﬁa?éﬁ@é@’oﬂ&h@@ﬁapsuldﬁedﬁaﬁoparticles,
compoSition in a concentration in_the range from about
prefératlytaquedve althaxghrgihet solyemtsagych %%OMP}kaFﬁéni}i—Peo‘fse‘? f
conposition iS. # ' 1t thik O
som§ GRFRpnshA s sBRGEH Sty rd B Gr IS BRI In it
filtritnafepaiielcomgogiii it intedpeedgs onesiduef the filterendifiliered dhiopgh

step. For. exa e the applied pressure I
the PpRioamO A gaies g ove i B BieaR YRR orf B0 pRLRn e
com?gﬁﬁon NOJ dBRLdritratib i) thE RBESfremibblt (DEtd @bt 20nayimhbinn

O psi, for instance less th about 15 psi. T]['u/et bout
embfoitimenyitee PRARF  cERRT QIS PEETCTbl G IEREES SHom fhout 7 to abou
i loSiti i &iti E@8 during the
8.5 (AR i oSt R b RECH & SupplibS VP sa0 Quring
filtraticat stepg Hos keaarfle tenanplied presvieanay tej greatqrshasyabpyiel peiafar

e R 055 5 By A RO G0 5o EBBBL0s,o
insthie 158 thad aBOWRL1IS PO Rhe Sibirite] valiiels eomprisecoomprsitionredithel 9
nanoparticles is then recovered.

[0076] Membrane filters are well known structures which are distinguished from non-
membrane filters by the fact that membranes have a structure which is monolithic, i.e. the

solid structure is permanently bonded forming a continuous solid phase. In contrast, non-
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WD 2004/ 084195 PCT/ GB2004/ 000999 nenbrane filters are

formed by fibres held in place by nmechani cal
wepaoagiiehrent or ot her surface forces. Menbr aP€T/GB2004/000999

filters can be nade with a narrow pore size

di stribution and very small pores when necessary. The

m cr oporous nenbranes used in the present invention

have pores approximately in the range from about 0.02

to about 10m preferably |ess than about 1m and nost

menfbrank diltatsl aye fopmed bhfibreshddin plagry meehenicplentanglemsntear offer

whi
surtlEE TSy, SR S0 S At defouP A S0b alsRiRIbA AR
very 'Ehﬁ([jl PBEE ?ﬂhﬁn flbde%@r}; e rﬁfc?@btoﬁlﬁl aiem’mgama ngeddh €® presetite
used I n e present |1 nventl on, nmay vari ous
invepiqnetava pares m?r&p@axar?bv Bdhs Ragesfrom ﬁm n& @ @L%ﬁﬁ@
pref%hﬂzzegé‘ﬁ%n %@(ﬁﬁ q Pm ah¥ %dé@ﬂ)ljeﬁ:ratﬂl‘}elem éﬁlﬁlt 0i5|un; E}%mfic

meric material known in the art to be
exam;ﬂes:bﬁ porenETes rwslwél thiry ba usedl bnthe sresent drveniden arg pgrep pEabout

| RO
€|1 3)?9,: |ogf1§ rrg ﬁﬁ%ﬁ%@gg@g@ ﬁfcel(fgﬁﬁactlonfltmg particles to be
usedﬂﬁ Ithévpréﬁéhﬂ lﬂ%’lﬁlofl Imayrlie aendé B¥BR)arious materials, 1nclud1ng polymers,

tetrafluo F [ 1 ul ceII | ose
metdly @@ﬁa@wér glass aﬁl&@@f D sJPi’mi(é’# 6@ ingiffang &BO'? be fgrmedof s
polyfitie Rl kv RURS drddo BeSuséd inRh&rbbrafe ﬁnﬂaﬁoﬁremir aarfer
be selected to conprise a | ow protein-bin

example eplysulphoneh palyethgrsgiphgres KREDw PpIfesiglass: PRLyVIny idenibs, for
exarg]l(ﬂe #Xl% 1§68 %o%%@%\}ﬁl%r QiiBuckddityBE (P‘TFE}'W@!}dl@Q' e

pOr € rat’i Bedford 0
ceummmsme)rfcmpbgmmmemef aPrﬂ%wbbawleerd i@l@ncmsvllﬂbn@maféﬂﬁlé? a

fi.l ters_ar.
S 2 R L R
a po%ﬂie%‘dﬁ;hbﬂ@oﬁ pdpahilaenfSigh aﬁb@pmn@ﬁmm hel wsﬂable from
nposi ti ons fllter re size can be several orders of
Rﬂﬂﬂﬁﬁngﬂmﬁ@ﬁﬁﬁé%ﬁﬁﬁr “that of the nanoparticulate

[007‘7‘}]“1%5 LbybrER IR AP bE & nWRREScRIN higAcRSh bEr f@s bPméhBrane

esent 1 nvention ~are encapsulated by ferritin this
ﬁlte;sram; esahlehaﬁleaneﬁpfpnmntlnat e di aneter of 12nm W have

[OO‘;Siﬁ tf; {é}'f ps u f&?pﬂ%{aﬁ%gﬁc&ﬁiﬁ ?{e epsro%ctloﬂ of stable nanoparticles
compBsitiGdsditier pore sk gaieasevenl adersbé rragtm@@@deam' rthwga that 2fthe

nangTSisalaGuReT. (e PP LAY e P CRaD e v fon
are éﬂ&%s‘tﬂa@éd@‘t‘éﬁﬁﬁﬁhis rétﬁﬁ ha@aPapprGEmAR Iﬁl%metér}dflleﬁhl Weeliave
[ east about 1nm and no greater than ahout ﬁ{ﬂ?
are resistant to

fourps thitetadals Wematgméafﬁerﬂtﬂh%a%&ﬁ IOAPHUSRYY
agglp nﬁ%o%rcag by a&ﬁe&ﬁ%@ﬁ‘n Ziulﬂ%d PheNErgNm Preferably

I'C Oor sem con or nanoparticles of the
[0079} mmahm thaer mnoparbslbﬂmbeai8¢<$/1n§b¢19ne§ﬁn@ givention wigl have all of

nmet.er .in the ran e from ghout
i DB R OB R OREE) SO0 RN oS! 4 i SR Blatr han
aboiél?talrot)hl‘fflI ?@fe\ﬁfﬁlﬁ ho bruer thag a‘ﬁbdﬂﬁﬁt&n amd hﬂtbra:lbrefer&bbnm greater than
he nanosi ze r an%1
about 20nm Preferably magnetic or sethiconductor nanoparticles of the invention are
substantially spheroidal having a diameter in the range from about 1-100nm. However,
the present invention also extends to magnetic particles which have one dimension which

is not within the nanosize range.
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20 WD 2004/ 084195 PCT/ GB2004/ 000999 [0080] Were the
present invention involves nmagnetic nanoparti cles,
w@e@40849% nent purification steps may i ncl udePEr/GB2004/000999
magneti c fractionation step of encapsul ated nagnetic
nanoparticles. This involves passing a liquid
conposition conprising the magnetic nanoparticles
through a retardi ng medi um under gravity or by the
exertion of a positive pressure whil st subjecting it
[0080p Véhenmitha @rasent fiivehtion inuelies magnetitaaneparticles.dse W%tmew

{ {
puriiegion SEREREY el A piae PRLA R RERRD B Mo AEARlH nflint
nandPafREds! MBS iffol¥dd @ammﬁqtﬁ:d Cmmpiot |cmlnpss1ng\ﬂnemlrm1et1c
encapsul ated or not, be deter q d t he. si z
naneyPrte ThGhEh hRANBIE M ULSHET FEVD) 1T (BC RO LA g Tive
pres?l:[qrg Whﬂﬁ%u%e%?tofaqﬁaﬁﬁﬁ@ﬁaﬂ NGicRtHaP1He Paiticled vithiiehei n

core particles have a high degree of
compusitiel Zp ep:maﬂy seppOUg EHecorpiag tethgir qugget%p]gﬁw%ﬁmce the

ri se..st . :
mogB e gt oo gl B Relok Rhetnéy pilopsiblie P HOLASI be
detcpaitEé by tl’ﬁ:&&é?of dire cotdhmagretic nmiopantmle; ﬂmstmghoéalsq providesa
preferred that the retardi nmedi C [is.
mealts o8 OPRITIIE CHRISHEN BRI e O Rt TS 2 Hih RepReof
]nmﬂﬁgﬁggﬁﬁ nanoparticle conposition in such a way as to
damage or alter its structure al t ho

h
[00&l( dHne ﬁﬁ@lldlrlgh%edm ey icemprsfoeh-tiPeexasP 2@-‘ of 6?9ﬂler
smt%zbn chﬁr it a'té?fa? aRd fh o? Y 6)'09«%11 B&ids op@tﬁéqgﬁn Wh6wh! Ghthe

|ona I ng eV|ce One skilled in the
art. dt s pMeﬂre:iﬂ thgtpheeiadieg nhdnnnmn;prm amsterigh Whﬂ&@rdé@& 1got react

e P SRl ARETEE Fff er

altef fingiicARabitedugh @!ﬁhi}l IbHRISh tlia,mha npigefter Iraﬁd%%mjerchm ptmef
telnventlon the . co osition is sseq, t

T R AT, A Lt e s o U

[OO$23 SHRi1fel AR Qﬁ%ou@d Aphddhd Hafmdny AYBER E6r rBagnetic

actionation also provides the advantage of enabl ing
fractibmatioh arechvaiddileisnch as wagestic i, magrsiiaPpesedrepaiography and

ﬁel%?lg&/%a&ﬁ%%tngn gapﬁﬁg%l:glgg referkd Q8RNI 6¢ I"g]lQ SrvRAdd, Blees

pre- treat nent pnase may
conipdgititel & pasdeti igbugh doildrmisaiompnlsmg epgosticmmgriet aidlow rates

ractionation Qr S i.n a
rangitg i SPA -4rhORET - MECHOS 10T et PREBH By S iheoee of
enaBl‘ihgt tﬁ@ ﬂﬁf?il ﬂlé&i‘dﬂﬂ th WRidh ltlidﬂahbﬁ&tlcl@@ffmspﬁldeﬂ ﬂﬂ%éxchanged
Qg@ﬁ 0086] Apoferritin was produced descrlg§ﬁ
[008H Igshezwmes e gitio QEAIISH £1TS TBEHRERBOMED
either a filtration step or magnetic fractionation step or both steps in any sequence.
[0084] The invention is now illustrated by reference to the following non-limiting

examples:

[0085] Examples
[0086] Apoferritin was produced as described in WO 98/22942.
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[0087] Exanple 1. Synthesis of cobalt/platinum
nanoparticles within apoferritins [0088] Apoferritin
woa®4asdper sed in either 0.05M 4-(2- hydr oxyet hp€1/6B2004/000999

pi per azi neet hane-sul fonic acid (HEPES) buffer,

buffered to pH 7.5-8.5 or 0.25M AMPSO buffered to

pH7-5.8.5. Aliquots of 0.1Mcobalt (Il) acetate

solution and 0. 1M anmmoni um tetrachl oroplatinate (I1)

solution were then added and the m xture stirred at a
[OOS‘V]EEiJ.ﬁﬂpFe uc e Syheliesisaf c&ﬁl@l&ﬁﬂuﬁ@ﬁnommmle&mtlﬁm Rpefeenitins

duct di,um b nb f

[008FR AroLgE THE PP T R e R Ee e wer e
p1peﬁﬁ5£é%ﬁﬂﬁqiuff9m@ Q&é '(HEPMI@Eef ibufferet fo PHI7TCHE 5 oe OQGMEAMPSO

, were substantially occupi ed by Co/ Pt rysta ﬁg%%m
buffcz60, pIT-S AedgrLiasos.of 0 pheebatt ) wptasespliiog.an onitim
tetra%%%fgp]gaﬁa%? 81)[ %&é}é{l%@x 11|1 Qcﬂi%d gftg%glﬁlgé %ﬁre@@t a temperature

betweér0B5 10 aiid 50710 ril%hmw&rfollmhmhbmeﬂhmmnalpmgépémm‘qq)gohydnde A

0090] Apafe Ltln
num%ea,oﬁgﬂ eﬁa} |sa1§a<{ﬁ1§,tbqna c!'ug T (ZL)CglEnS Werg :3%4‘){(?1’646%1 F’g% R‘tétgnn
oA At sty
20004 Hasmiontaber 404D H2iisclany Lo oplEE APTaeiiss on

[ oms solutlons of ammoniumiron (I1)
Aﬁ%ﬂa{$h§§?8%§g h4) and ammoni um tetrachl oropl atinate

(1) (25mMV) were added increnentally to the
. ¢ S 1Sion.
oo Bl d 1 SveaRgecs Gee-uh v b Bhdicty D apbtni
[0099P %poizeﬁit;iﬂ Whﬂ"dlf@lrﬁﬁ ik SOmAd- {[d)}/ld-di@eﬂﬂgbb—hadh@xwtb}?] a@fmo) 2-
i Ton ,. a stoichio al i en
hydrpxgorepane sigheri feid w@gpﬁg@ %%%ﬁoél eg:f? é%wﬁ% 05 and
8.9; ﬂ%%ﬁ%kelnét)}rl geg; dﬁ?&t‘i}e @E‘iﬂg 'iﬂaﬁﬁalﬁéd atﬂﬂeﬂﬁdeﬁ ¥oPClahd 70, Ahquots

tant, for exaqy e sodi um borohydri de or
frontweeaiidme]ntiwasof aaorerdurh frog (B silERidRenpend sBmaiThe

tetragﬂl‘é{o% Wﬁ&egﬁg @féﬁ@ &78‘% ML 13&%151'1’(?@5/ RfthabpAsiatia sx‘i@@nsmn.

exce t he "addi ti on of
The bhiguots @ﬂirdﬂ () aﬂd(pld’amhn qm) adﬂed/va/gs eqwraﬂfmt eV ateratipel eRP-y

foll e addi n..of pron (Il
SRS R GRG0 bl Bt
to 2BYtEDn\AY, Df ﬁﬁﬁ&hﬂéhhirﬁlﬂl Wxide (2amnIen way added. After each addﬂ,lon of
nagnetlte/platlnun1 cores. The _su s. t hen
platishivenl (3 ceosuitgle rrstuciipls 8}* ex¥aple F?Qllé?lé’aﬂ’%gﬁ?% ﬁ“yga a310G, Was
add%(%]b &%m@&%tlﬁe %%ﬁﬁﬁtnﬁﬁealtnbﬂ%ﬁleﬁf inksvdl Gordfe AIdaArFdliquots was

jet printing ferritin onto glass

appsuihsdtelstl §snih Q09 2keeph fos thesnddisiongf & IW@r(B) exidat adnesyavg

o e A5 SR RS RET P By
Addiid %}eréﬁlam theupofentitinpedres were Gplstentialb@cupiad bysed

maglnre:t1tte/q>?afcIn(ljll‘nr ((())\)Mccges pThg (s:ues%gr{ﬂeon was then dialysed against water and filtered

through 0.2um filter before concentrating or using as prepared.
[0091] Example 3. Ink-jet printing ferritin onto glass substrates

[0092] Glass substrates were cleaned using an Oliver Design (SN252) multiple cassette

disk cleaning system.
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aqueous suspensions of ferritin having a protein
concentration of approximately 2-10 ng/m were
w0 ndogosiiged i nto the head of the printer whi chP€EEB2004/000999
static head of -5cm (approx. 0.075psi) using a
syringe. [0094] Disks were |oaded into the disk
hol di ng cassette and arranged in a stationary
position beneath the ink jet head. Ferritin
suspensi ons were deposited on the glass di sks at

[00982rAzi FREOM ink-ishprider (pbatgl?r?@) wes wed i the fellnying prosediEs s

aqu%od]a ﬁ‘&JPS‘?S??nﬁ% eéﬁt%g av11§ %rgjbezlkﬁon%tﬁtlﬁﬂ B%%b%%%n‘rﬂfn?ﬂﬁi her
mg/HRRFd igtroddcBDRE] théheat ofdkpmditén voliiclohastastaticdrend of +13cmhe

di sks were renoved and anal ysed by Atonmic Force
(aPM%WéWUSIW&an? ound that this application process
[009’4& 3519%% iolaéechﬁw e dlsk hbiakipeasese Waﬁ’emtaVMﬁbnary

man 12nm the latter Deing characteristic of
posttien beneath therimke btdgeed Femtsbmlpm@smmvwme@@%ﬁﬁﬁ% fo the edasy Wﬁks at

ure .5, -1jet printing
Varyﬂggg SP‘?equEaﬁ%mﬁsuiwet%ﬁg (gl i p{égtl numonto gl ass
[0093]1 1 béraé easkOBO aiskﬁwatESuB]Hd‘ISb nadthes roverdeofGhlepeh pdnting usipg the
an Qiver Design (SN252) nultiple cassette disk
samefergHp Mftedipkt em [ 0099] An EPSON ink jet printer
00§63 hoi adpfion Wl theUis@finithe I8 iRt Faadvied apd aeyled By Atomic
ueous ‘suspensi ons (which é contain up to 0,.2%
ForéryMicacsiopies). Hovasaperidethet this gpplicsbierpergpest giglded films having
obalt) ! el B é}ﬁydwﬁcff it
iR B0 80 1856, (RIS, Refe MBS, ofa fonn
mongdayer.i Atsaraple AdtM initogtapl isrshawn @f Fighe pri nt er whi ch has
a static head of -5cm (approx. 0.075psi) using a
syringe. [00100] Disks were |oaded into the disk
[@@@7}' iahIS BS'S BhLk-$etqthiBiz PO OL Fitinrenaapalatd ofailypplinee onto
eneath the ink jet head. Conpositions of the
glaapsbdraiet i n-encapsul ated netal alloys were deposited
Btk SeHed LShY bR DLNEAT:SRAGHD 52 PRGIIPR cassette
[OO%% Giag Sgii%lsﬁe 1080m secgl 1OOlOs?L] In sorr)g1 cages t he
mﬂdd@kmmmwmemsubject to another round of ink jet

OB R BT PO RS g
aqubuak/ s@%@ﬁéﬁﬁ%ﬂﬂh&n&}[ QAP E)(hi‘ﬂ[ﬁlhgdﬁzmbmf qpefenmn-nt i ng
ferritin gtoga subst ateé Zretr d[1 entration of
enceppulafegirebalEp M aloysas REp FETTAE :l?%‘féé g 88&8‘&" IR
appeSkifhieN e 1R R vdrSHRANcdhib it 1Rad 38 fiRtriater which has a static

head of -5cm (approx. 0.075psi) using a syringe.

[00100] Disks were loaded into the disk holding cassette and arranged in a
stationary phase beneath the ink-jet head. Compositions of the apoferritin-encapsulated
metal alloys were deposited on the glass disks at varying head speeds ranging between 10
and 100cm sec™.

[00101] In some cases the disks were subject to another round of ink-jet printing using

the same apoferritin-encapsulated cobalt-platinum material.
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di sk cl eaning system [00104] Substrates were exposed
to a W light source (wavel ength 172 inn) (USH O

W@ n@e08a9fi t r ogen at nosphere prior to the ink PEL/GB2004/000999
printing. Specifically, substrates were positioned
approximately 2mm from quartz gl ass encasing the W
filaments and exposed to WV |ight for approximately
20 to 40 seconds. [00105] An EPSON ink jet printer
(photo 1290) was used in the follow ng procedure:

[00192} ERanmpki s PhiksjeDpEinting) femhtmwptmgiassaubstm@tes prereatgd with
hydrazine) of ferritin having a protein concentration
e tapproxi mately 2-10 ng/mml were introduced into the

[00108 R ei1RE stiiRatePivbid bRanstisily daaBliver Dlesith (SNRSAY modtiplSeassette
(approx. 0.075psi) using a syringe. [00106] Disks were
dlsklctmdl@és}’tﬁ@m the di sk hol ding cassette and arranged in

[001@01";1)@%5 (A& ere F’Sﬂi%%@d l?%,wth? hit 36rck Maveiing}eBd nm) (USHIO)

ositions o erritrn were deposited on 'the
undélaasogetliatdssphre peonto tige inkdet psiptieg) §ppcaﬁgallbrgs®étrwe\ﬁerzo

d 100
pos paysBor s et B Db s RGP A i v
Ut\hﬁglﬁmpp@mtamoﬁm delctnds| 00108] AFM ni cr ogr aphs of

o] o ot et S R

f drkihg) @D feritidhas
oo BRI FIERES SN 0 ot oot

protsmhcsncreatre@omﬁraepmxmﬁ@ﬂ Zdﬁlm@mé We@ m%r@duceémﬁg e heppafhe

l.e e n 11
T T e i
[001067 VBiskeNgédb 1daded 1) the IBKhGMing magette anhartanggdin a stationary

at nosphere pri t he.ink

phagr}@@;qﬂp the 1pl§7] et g%sg?lgP%Séthﬁé rotﬁ-le 5%1‘§I]t1?1l eg%eposﬂ:ed on the glass

SR, ML 1D agbae@cnemésu ng the W
dls}(%aﬁ%lh?g ansgeexgosgg%mto W light for a pr aoxi mat el )(1
[00 0] tlo sa@e sesaribss lskfsomqgﬂ}bmﬁt@is@qr FyR Pg’c AFf pntipg lsing

t ]&%“ s used in the follow ng procedure:
thega%bgboagcsh suspeﬁgl ons (which may contain up to 0.2%

[oomsqi r AFMnmicragiaphp of @nori-iriadiatedrand pd Y -duradiated st areisheis in

. all oy as per Exanple 2 having a protein concentration

Figge 604 WD 2004/ 084195 PCT/ GB2004/ 000999 approxi mat el y
2-10 ng/mM were introduced into the head of the

rinter which has a static_, head of -5c appr ox.
10030 7B anple s ot reyRmages Dt e r IED (PP i guto
glaés@h?st}fptgs elle?ll%aﬂzﬂlvﬂ'tl{‘qu?gﬁﬁet te and arranged in a
[00110] Glass substrates were cleaned using an Oliver Design (SN252) multiple cassette
disk cleaning system.
[00111] Substrates were exposed to a UV light source (wavelength 172 nm) (USHIO)
under a nitrogen atr;losphere prior to the ink-jet printing. Specifically, substrates were
positioned approximately 2mm from quartz glass encasing the UV filaments and exposed
to UV light for approximately 20 to 40 seconds.
[00112] An EPSON ink-jet printer (photo1290) was used in the following procedure:
aqueous suspensions (which may contain up to 0.2% hydrazine) of apoferritin-

encapsulated iron/platinum alloy as per Example 2 having a protein concentration of
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phase beneath the ink jet head. Conpositions of the

apoferritin-encapsul ated netal alloys were deposited
worooilogt1gs ass di sks at varyi ng head speeds ranpCTGB2004/000999

between 10 and 100cm sec 1. [00114] In sone cases the

di sks were subject to another round of ink jet

printing using the sane apoferritin-encapsul ated

cobal t-platinum material. [00115] Exanple 7 |nk-jet

printing apoferritin-encapsul ated cobalt- Platlnun1onto

ater

apprefimetelys i@ meAnkwerp idraduenddatothe headof Fhegri as a static

head AR s PR B P R e B % Sl g 's§§{ er?? oo

[001[ j0 Disks vWBublohdesitint thedisk bolfing easstite adlaiengédghe setionare

phaséga vel egg gitllrj %{lé?g {Hﬁ’éﬂggﬂlf’g o’ﬁf tEe? gﬁ?rﬁ{lp ﬁégaggﬁgted metal alloys

Were%ﬁgslnfeﬂ e theYglass URES itlaBSndRdal spdeds tdngiig@@iween 10 and 100cm
approximately 2mm from quartz gl ass encasing the LTV

sec'filaments and exposed to WV light for approximtely

01 81598 3568083 001 0 FERRL s o i v

ﬂmsmmaemﬁemmmgpaqswaméCQMﬂH@MnnmymabnMaln up to 0.2%
hydrazi ne) of apoferritin- encapsul ated
cobal t/platinumall oy as per Exanple 1 having a

[001P510 Rk fhplo CRRLjepiiMingOAipofaR Rire i daptithied LoBAlt-piptinum onto
wer e |ntroduced into the head of the printer which has

glaspsubstrates prefeestedwith $EVrlightynr ox. 0. 075psi) using a

[001 E%]r g:ﬂ&@ subsBALd RbrelA ke V8L Larl ORHE Dekizh eSIIED) %Lﬁﬂfple cassette

Ing cassette and arranged in a stationafy phase
disk bleagng bystens |nk jet head. Conpositions of the

[001 mOfFH strafe WerTe d? %géeldlt Ao H?ﬁt%&uﬁ %Je I&\Qﬁleng@rﬁZ gﬁﬁg@Sﬁf@)

SS spee rangt
undebe hitRgen a@oaple:brel@ﬁlﬁnm tie én:k jle.t pflﬁ)lﬂ‘ilg?. Siaechﬁcaﬁp,rmbﬂmwdm e

.di sks were s ject to ano round of
posi e PRGN P S A ) SR e il e exposea
to UVQ Hbr bkiHafa g @rdoakeondd. WO 2004/ 084195
4/ 000999 CLAIMS 1. A nethod of formng

[001 hﬂg F‘l\éltEPcS QN Edsrigh mgit@éphqﬁ@l 299) vagusgd i1 theqfefowing pro cedure:
aquegﬁsgéﬁ &hdnSRR! h1 @Jnttehﬁ ag% 090 1§}a C{Sfe a}%ﬁerﬂﬁﬁ paring

SUSpensi o netls ['e 'nan In a
encapsnlmcbcrobhlt/pladnmn alldﬁm Epiaugplteriehas'higdt Hrotaindonermfratiei @i

ont o strate surf t havi ng .a .vol une..
apprptgiefr oD sl Vred e e ey B o s e B e
head RENEPR(FpbEIxES.0ApsH usitlf ¥ syidsdedue of the deposited fluid
[001 %SL)J]S %?sqg va?err]e' loaded into the disk holding cassette and arranged in a stationary

phase beneath the ink-jet head. Compositions of the apoferritin-encapsulated metal alloys
were deposited on the glass disks at varying head speeds ranging between 10 and 100cm
sec™.

[00120] In some cases the disks were subject to another round of ink-jet printing using

the same apoferritin-encapsulated cobalt-platinum material.

25



2. A nethod in accordance with claim1, wherein said

fluid suspension is deposited onto the substrate
waigiags4ipk jet printing. 3. A nmethod i n accor dBe/eBaA0L 000999

claim1 or claim2, wherein said nmagnetic

nanoparticles have been fornmed at |east partially

within a macronol ecul ar shell. 4. A nethod in
accordance with claim 3, wherein said nmacronol ecul ar
shell is a protein. 5. A nethod in accordance with

CLAIMSM 4, wherein said protein is apoferritin or |IMS
6. A nethod in accordance with any of clains 3 to 5,
wherei n said macronol ecul ar shell is subsequently

1. CARRARISTdording & Biaghdticiecotdify daviaytawingeifilat cffrﬁagnamsable
an el evated tenperature above 300

nangpagisiedayeish Gpmprisss pregpring ggusRension ggglaggm@?lge Harg)gftrggles ina
cm@ﬁﬁﬂ%ﬁ ﬁgﬁﬂt ng t1R8ld fliid s P%ﬁgﬁﬁﬁ; b YutRaB ku@ick ab¥roplets

er 1S n e nanopartlcu ate Imat a ten‘perature
havia§ a vgluestiess thanabosiOdCio form saidfiith of magnetiselde danepartigies ps a

n wherein the average surface
ryWééﬂgﬂiég,ge@gftedoﬁu@ﬁ%wg%& rate is |less than about
2. | ﬁlfﬂletﬁ)d i ab®frdade withatian gahaeinwhidflvad yuspénsidnas depoditado

wherei n the average surface roughness, Ra, of the
Ont%th%‘ihsﬁﬁtéuﬁ@gmklﬁtﬁgl B&ge from about 5nmto about

3. 28][%?110 Wﬂ ac&r&%‘é@ Qfkhichi@ QR cHaA 2ewhbrkih saiymanesedi ng
claim erein the substrate is treated to pronpt e

nanthaetickisdiers bieorfornfediah easippttiably vathispremasremolseular shell.
4. TRHER il'g%lﬁceqsfg]an%% with cfgﬁlngo@héﬂémasﬁfﬁ%%ﬁ&ﬁglgg\'}l%ﬁh&h figm

reatment’ conpri ses
protgmchanl cal or radiati on treatnent. 12. A nethod in

accor dance th cl a e, radi at
5.+ RaRithein aeonimes s e dstibgegreaicoieling phpEipsr DS
6. | A%éthodzlﬁ a%ﬁ&@é%ﬂi? af H4:GB3 G0 4heRA0A0 mﬁﬁom@leculal

od i n accordance wth an% pr eced] nlg claim er
it a@nﬁlglftotaﬂ evated

shelf h@ubseqmn‘t@ cerbeniseby Fubicring g nengpadicy
; nanoFeartl cg(%s onto the substrate. 14. A nethod in
em%eg%%‘ dance WIFh clains 13, wherein the filmis

7. apngah&dinakt@tancd ephsing obclainds 3 toes, manepasaid mh@smoletwar
the substrate. A method in accordance with an

shelh gL B g TR BRI TP R AR net p fefiarre of
aggrqﬁgnejoobdjan 2 particle dianmeters (including any

encapsul ating shell) substantially throughout the
8. f Almethod in accordance with any preceding claim, wherein the average surface

roughness, R,, of the substrate is less than about 1nm.

9. A method in accordance with any of claims 1 to 7, wherein the average surface
roughness, R,, of the substrate is in the range from about 5nm to about 20nm.

10. A method in accordance with any preceding claim, wherein the substrate is treated
té promote the dispersion of the applied suspension of nanoparticles.

11. A method in accordance with claim 10, wherein the treatment comprises chemical,
mechanical or radiation treatment.

12. A method in accordance with claim 11, wherein the radiation treatment comprises

exposure of the substrate to UV light.
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16. A nethod in accordance with any preceding claim
wherein. discontinuities in the filmsurface are |ess
wo ban/ostietit 13nmin height. 17. A nmethod i n acPCr/d&aw@a/000999
with any preceding claim wherein the nagnetic
nanoparticles have a dianeter (or largest dianmeter in
the case of non-spheroidal particles) of 20nm or
| ess. 18. A nethod in accordance with any preceding
cl ai mwherein the magnetic nanoparticles conprise an
13. allmsthaf incotsadancemithphy pieaeding algim, Avhegeimihg filsy is treated
accordan wherein the
fol iR dee on gk s AR e SR 15 20 ' A et hod
14, 1 Rrﬁ&ﬁ&hﬁ&ﬁ&ﬁda\mé vithlogiimes 18, wheketn therfilinhig ammekpsiitat i ng
material is a _protei % A nmethod in accordance
depeyition f|thg WQWI%F%?IE? ﬁ“”§8 W otein is apoferritin or

5. %(P r§ethod21% ac&rﬁfzﬁlfcg Qfthiafly PELATiASNGRN, WiHeei the fﬂﬁ&hl@fcness isno

21, wherein the conposition
gr eaéerctws?l@%{h‘éd dﬂmtﬂn‘a@mql@dlgaqysengqp@}ﬂg@@%@eﬂbsqi)stamally

arQus nmenbrane filtration step prior to
throb%lb gﬁ} fgrﬁl onto the substrate. 23. A nethod in

16. apandtiehidecvdrtidnce vaaihnimﬁ Preceding elaim, iergindicyitingities in the
saldrre rane f||t s i.n the range from 0.02-10m
filmpsyrfage 4 53 tan Aboxt & é“nlaeén% th clainms 22 or 23,

17. V"‘A%@ch&i $:3cEbrIRIER w@m@nygmédlﬁg51alr@abheealﬂ&resmg@bv@me or
a polyvinylidene. 25. A nmethod in accordance w th

nanppagiael haye e dismefer (prdpigest diametordy Hewrts ofmapsphareiday I@Etlcles)
jected to a magnetic fractionation step prior
szpgmé)eg‘%sml on onto the substrate. 26. A nethod of
18. f armethgl m avegrdstce sdthl aayfprdcnqhngvhllamh whorepy the axgpetispar i ng

a ensi on of. na I opartlcles each
nanﬂ%ﬁ“ﬁ OEERST B f aéts??‘pgaatr ally within a protein

19. 24 MEN3ORH:0844:25 Wﬁl@%@&h@ 6@9@ Ivhestin klle, magmetic
carrier fluid and depositing the said fluid suspension
nangparecles BupePwEeSur f ace as  dropl ets having a vol une

20.! %ﬁﬁﬁtﬁ&? %Q&Hénele Rkt QaiRPloai e A tHe BRAPATAtHRIherdl fva

strate as a dry residue of the deposited
profefnui d suspen5| on. 27. A nethod in accordance with

g:;?ia%n%ﬂzgin ADSH gﬂc@ hiftEerib o0 V\%Hl% ﬁi Igretehgi.s qggg.@ﬁ*l;&ﬁﬁg DPS.

22. mat fetlod th z&c@d;r?bfaﬁmglsam;?dne 2? damsﬂ@ to 21 cWhdrein 2if, composition
of e\élwgaeprsgllatgd ?121;0%& 1c?ets ?sl Qubjs’etc]:%d toa ?mcroporous membrane filtration step prior
to deposition onto the substrate.

23. A method in accordance with claim 22, wherein the pore size of said membrane
filter is in the range from 0.02-10pm.

24. A method in accordance with claims 22 or 23, wherein said membrane comprises
polyethersulphone or a polyvinylidene.

25. A method in accordance with any preceding claim, wherein the magnetic
nanoparticles are subjected to a magnetic fractionation step prior to deposition onto the
substrate.

26. A method of forming a magnetisable film, which comprises preparing a suspension

of magnetisable nanoparticles, each having been formed at least partially within a protein
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subsequent |y carboni sed by subjecting the

nanoparticulate filmto an el evated tenperature above
w@o@@0849 A nmethod in accordance with clai m 2BCDGB2004/000999

claim 27, wherein said protein shell is subsequently

burnt off by pyrolising the nanoparticulate filmat a

tenperature of greater than 500C. 30. A nethod in

accordance with any of clains 26 to 29, wherein the

average surface roughness, of the substrate is
shell g catrianfluit ot deporifios Bip said vt HSEPTSIN ABECH PR HEfage a

of. cl
arofg pfin€s PR K3 fin BBoue A Bl Oy AUEIBRRICHI 5t
subﬂﬁ?ﬁkaﬁmﬁhfﬂm?bﬁMkda&mnaiﬂﬂdsmqnm$®0d i n accordance
Wi any of clains |
27. ¢ et mE G PUTCHUD FP s BRFSR GRS B P et agpostied

tothe Shi@isidb i eg@ﬁﬁ&_cles 33. A nethod in
on accgﬁ%ance m%ﬁﬁgc ["ai m 32, wherein_the treatnent

28. Compethahis aceadneaith CHEBIRAR Slim 87, WhEAFia g frotein shell i
treat t

e R S R L o i o

abold1®)08Cbstrate to U light. 35. A nethod in accordance

W th aﬁy of clainms 26 to 34, in the film.i

29. 1 Pemi Bl RS & GG 0 AT 21 e oA el i
R R e
thmdﬁhﬁ@ntlon of the nanoparticles onto the substrate.
50,38 P bR bR SR SRPE BB 44 hphihrB fBeitinee

rougtfRgs, RheEthetsabstateds &rsettﬁnab@ft 1hine Const i tuent
partlcles (|nclud|n an enc

31. s @pmethed inAcesrdanse 8 Flﬁgn th \gﬁ&ﬂ:ﬂ&@g ?1‘)(%&%@ gurface
rouGRSY #2n¢ ﬁle%ﬁsrﬁaﬁﬂ)! iPfhe ?én%b @i%n?ﬁaoh@ﬁﬁﬂ to aMdaf ﬁ}rﬁh t he

veragé surface roughness, Ra, of the filmis

32.9 ﬂeatﬁthod intempordirsatvith qyarcf pleines 3 terddt whareipithe Waﬁr@{@ isdpppted

BIRRY BibBus0he g R REH IRl o w11 any

33. Oﬁ'& Iﬁbtﬁbchﬁl adBordshcewtitr @iim Ihhewiptbe ircdtmeniofomprises chemical,

encapsulated nanoparticles is subjected to a
meGRARICH 56 FBHALOR 'Wgﬁé filtration step prior to

34. dePRshbd fihcetighdeRATSAIEET 332 bderefilthe fudigtion aaintent comprises
accordance with axy of claims 26 to 39, wherein the

expragnef the substire pakM lighés have a dianmeter (or Iargest
35. 9 20EREF id RebncEaTith My JFRRIAPIECI4d dheRA the Gl B treated

following deposition of the nanoparticles onto the substrate.

36. A method in accordance with claims 35, wherein the film is annealed after
deposition of the nanoparticles onto the substrate.

37. A method in accordance with any of claims 26 to 36, wherein the film thickness
does not vary by more than about three diameters of the constituent particles (including
any encapsulating shell) substantially throughout the film.

38. A method in accordance with any of claims 26 to 37, wherein the average surface
roughness, R,, of the film is not greater than about 3 particle diameters (including any

encapsulating shell).
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of 20nmor less. 41. A nethod in accordance with any
of clains 26 to 40, wherein the magnetic
woa0vaose1ps cl es conprise an all oy of cobalt andPCT/GB2004/000999
platinum 42. A nethod in accordance wi th any of
clainms 26 to 41, wherein the encapsulating materia
is a protein. 43. A nethod in accordance with claim
42, wherein said protein is apoferritin or DPS. 44. A
nmet hod in accordance with any of clains 26 to 43,
39. mﬁenﬁhnhmhaxmﬁnp©3mhmnﬁoﬁﬂmnsdﬁéﬁsuhab&dhmamnmanhm&ﬁes

encds ST B RICkS < BREGTRG B Binerdnumhodfihondrmpit o
depésﬁticmaﬂmth&amtrmt h claim44, wherein t he pore size of
sai d rane, filf IS nthe range from 0.02-10pm
40. 23 M%‘H’f‘#ﬁc%’é Pe% BRI R (@ P rhsToim tigaggiefic
- I
T R R e D G e Bl Bafles
on@Mn@r 75 26 to 46, wherein the magnetic
n r
1. {RIBRRL I B SRa B En R AT 6t s s PRTR R s et
nanspatikdesabmprigkGan aﬂo;mf h@ﬂltaﬁdbmlmmg afilm of i nor gani c
riicles on a,subst conpr.i ses
42. oR antRod i SecoRiBpe HER o o Feikis B b n@aﬁqneapéglatmg
mat@Re s @Yl been formed at |east partially within a

protein shell, in a carrier fluid and depositing the
43. séur@pthqdun@cw@@p@wsth@hn@ﬁeowhpr@ms@d Peateindydosydtia gr DPS.

44, d%%?étl%dsin Iagc\ﬁkgﬁgcévv‘ﬂﬁl WGf él%ﬁ{@ 2khais %Veg n fd! co}xffwgsltlon

tain sa m on 't ate ds a dry resi e of
encaphtdatdé pawipbwidlef siubjestad pemsiiaopord®. memnbrendiditration step prior to

accor h claim48, wherein said fluid
depQsTii, e‘ﬁ’? %ﬁs%hﬁfg‘po& ted onto the substrate using ink
45. ] Atmd@]iddlhla&%rde'»ﬁ@e wikh ¥Rt ad, WReréig eloy wansies vl dahl BERbImg 8
or claim49, wherein said prote| n shell is

filte istis Saareelfipre 40BdArBed by subjecting the substrate to
16. B S ENOh st BBENAb I f BN, WHbkin &R HE-pARL AR
pobeﬂmmnhﬁﬁm&nrwﬁo@wmnAﬂpmmhere|n sai d macronol ecul ar

| | b ff .b l.
47, oo SETOREST PR OEOE BRger S o dearin TSR ¢ han
nan@eitlles2B0Gibjdaitd td\a AREHaI fddtiaetion sp gHotdotdapasitjorodnto the

clainms 48 to 51, wherein the average surface
substrate.

48. A method of forming a film of inorganic nanoparticles on a substrate, which
comprises preparing a suspension of inorganic nanoparticles, each having been formed at
least partially within a protein shell, in a carrier fluid and depositing the said fluid
suspension onto a substrate surface as droplets having a volume less than about 1nl to
obtain said film on the substrate as a dry residue of the deposited fluid suspension.

49. A method in accordance with claim 48, wherein said fluid suspension is deposited
onto the substrate using ink jet printing.

50. A method in accordance with claim 48 or claim 49, wherein said protein shell is

subsequently carbonised by subjecting the substrate to an elevated temperature above

300°C.
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roughness, Ra, of the substrate is |ess than about m

m 53. A nethod in accordance with any of clains 48 to
WG o4inkEapRi N t he average surface roughness, RaCT/GB260A©00999

substrate is in the range from about 5nmto about

20nm 54. A nethod in accordance with any of clains 48

to 53, wherein the substrate is treated to pronote

the dispersion of the applied suspension of

nanoparticles. 55. A nethod in accordance with claim
51. 54 metivelrigiaccordrace wsh chin 8 oo elpin 4% svherrimpaimacromolecular

B S35BE 3Ly B 205 AR PBr ln BPBE ok o

greatdig@hrggmtsgm(prl ses exposure of the substrate to W
ght. 57. A nethod in accordance wth an%/ of cl ains
52. 43 m@@an agfieedasrwith eny pf glims 48 i at-ethersipheqwpriage surface

rouggg&gj_g f@ogﬁbs{r&@lm A 1ot Aimont o the substrate.

I n accor ance wth clains 57, wherein the
53. f Alnmthel mrammllaade witheny ofidgiosi48ito il ,ofherdimthe average surface

rougAta) o e IS Ay P B i ARt a el AFUARRY [ e

54. T Alnpeihdd 16 koRSEancE GaE aRPbf daih 48R0 o8 piHerdly tHEBuBstiakais treated
about three dianeters_ of the con tltuent articles
to propieq e risgerainy obthe #pRlindsusnsgsion el 1aporglclen net hod in

55. & GRRHRAING Gcdlrddhc@R¥h Qfalrﬁ lsai Rer4i8 tﬁeotrer%gneﬂm&hﬁhiés th&nical,

average surface roughness, Ra, of the filmTis not
mechanical er ratliation tibaswent3 part i cle dianeters (i ncl udi ng any

56. e% e%? l%ll ataé:c%gda%gg Md‘l g{?(isrgi mﬁ%ﬂ@élﬁ% ﬂa&aﬁ&?&éﬂﬁ@r&%omph?es

crarns erein said I norgani
expdE&fdﬂﬁ@lﬁdSubkt%etdeﬂﬂghie magnetic materials or

m conduct or . mat er rdance
57. vﬁtm@ﬂéqdaﬂl APe1dangs it |"‘H3’ g%(?q@n'}sgé ' 5& Vgi%@&ﬂ ﬁfﬁaﬂﬂ 1§ frgged
foll FARPA dﬁ)@m%ﬁ BT &R rhgﬁkgfaarcmmh@rm@g@mﬁ@ A nethod in
accordance with claim62, wherein said inor glgm C

58. nérmq@@dun@c%d@e%mthé}wm%% ydesin hadbpdr pmepled after
r S, ZnS ZnTe whi ch
dep&ﬂm &f%e%nﬁya?’é%%? gs rAL nSe, or Znle whic

are encapsu err|t| n or DPS. 30 WO
59. za@mﬂmﬁlzm%commmn@ny 000888 4864 58, Aviraetin dut film thickness

or dan L.th any of 48 t o
doeCRRATE Aot by MofhtaRenh ot HiReh o i SUSHGLA phedBies
(inchRig@aY efbapsul@ingisaglppor ous nenbrane filtration st ep
prior to deposition onto the substrate. 65. A neth

60. | s regthashigarrosdance Withayy of claimsidfdo 28 whreih the gygrage s e
rougﬂﬁgég,eﬁa, 6f the film is not greater than about 3 particle diameters (including any

encapsulating shell).

61. A method in accordance with any of claims 48 to 60, wherein said inorganic
nanoparticles comprise magnetic materials or semiconductor materials.

62. A method in accordance with claim 61, wherein said inorganic nanoparticles
comprise semiconductor materials.

63. A method in accordance with claim 62, wherein said inorganic nanoparticles are
semiconductor nanoparticles comprising CdS, CdSe, CdTe, ZnS, ZnSe, or ZnTe which
are encapsulated by apoferritin or DPS.
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nanoparticles have a dianeter (or largest dianmeter in
the case of non-spheroidal particles) of 20nm or
wo e®s/084885 A nmethod in accordance with any of BCHGB2004800999
to 65, wherein said protein shell conprises
apoferritin or DPS. 67. A nmethod in accordance with
any of clains 48 to 66, wherein the conposition of
encapsul at ed nanoparticles is subjected to a
m croporous nmenbrane filtration step prior to
64. daposthad ipacendapce wih subef ¢laims 486863, AvheEin B copposition of

T I R R
dep&?cxon/bnlﬁemb@ﬁbstrmteaccor dance with any of cI a| ms 67 or

5. gl 0. L8 VSIS A0E SO S5, RRlu st s prone
nan&ﬂﬁhfblés'ﬂa% PialbRr B#4r86e dRhefer H1IAS bis8loe noﬂi@fblﬂrdiﬂﬂﬁa&*tﬂles)

filmhaving a thickness of less'than 10 tines the
of2@mra|¢eteé$ of its constituent protein particles

66. SM%&Q&H lh%uo\fdaa@é o Qﬂn%]; a!ﬁ?nsfzus 185 veme‘;éin geqmafdtaﬁ Shell

a sus otel n’part es’in
compﬁﬁerslapﬁfefrltmai,DESal d protein part| cles haV| ng been

sybjected to fi.lt
67. e - RrEnearan AL LIRS e PErTishes 1R empetiiap of
encépdiilhid8 Bancpartidled B sebfecliayd NghicopiRdbisRerhiRase filhatokepiprior to
I'nl to obtain said filmon the substrate as a dry

depositianiupdo bie sesBatgeposi t ed flui d suspension. 71. A
68. "RIAAfhd i By Ba0RA ¢ Jh%g%ﬁéréiﬂﬁ% potb 8 &b saiBinBmblaté d

suspension I s ep05|te hto the substrate using ink
ﬁltejrﬂtmﬂ’reirﬁuﬁg’erfgnmmaz 1Apnet hod in accor dance W|th any of

cl ai 70 or , Wherein.the s erou
69. oft mq?ﬁodsda@gw e i Ry OF SIS 52 56> Wity nﬁﬂ?-}’éiﬂi?od
confpﬂgé%gred@ﬂaﬁhwé&aCﬂo@ghmyZﬁem claim 71 \Aher ein the

surface roughness, of the substrate |s in the

70. r Arvgrshack @r@@mm PBYfH ffgn s g EowRpcef 2 sAbFHah e d prptein
thlllqﬁlglq{agﬁ s s g(?lflancllOat & tﬁ@dl‘é et%l?’of Whenhsited ??ott?]né

e1ls reate r onot |sperS|on 0
partafes |silesthntialphnsigbout dlie irﬂnruwdmh q@arrptruscsl reeparipg awmpension of
2004/ 084195 PCT/ 004/ 000999
prot 80 BAREL L3 ST 3 iR Sharislsy TeRBe PR pleed oo

meramy iﬁlﬁﬁtSorﬁJﬁ?TbﬁcBﬂeposMﬁgi ﬂ@%hﬂéﬂm@ﬁusp@dioatdnﬁm substrate surface
treat nent

hod d |
as dygpistehayingrevolyng kees 0 I?Aé‘gﬂaé ancfdu fg ‘il g@&gfg BJp
dry FdiRius UPAE dafRitd Py sﬁdpgfﬂstlon.

71. A method in accordance with claim 70, wherein said fluid suspension is deposited
onto the substrate using ink jet printing.

72. A method in accordance with any of claims 70 or 71, wherein the surface roughness,
R., of the substrate is less than about 1nm.

73. A method in accordance with claim 70 or claim 71, wherein the surface roughness,
R,, of the substrate is in the range from about 5nm to about 20nm.

-~ 74. A method in accordance with any of claims 70 to 73, wherein the substrate is treated

to promote the dispersion of the applied suspension of protein particles.
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77. A nethod in accordance with any of clains 70 to
76, wherein the filmis treated follow ng deposition
w@bRootlogt1pF ot ei n particles onto the substrate. F&I/GB2004/000999
nmet hod in accordance with any of clainms 70 to 77,
wherein the filmis annealed after deposition of the
protein particles. 79. A nethod in accordance w th any
of claims 70 to 78, wherein the filmthickness does
not vary in depth by nore than three dianeters of the
75. cAnsdthadientccqdanre imith plaimi7d] whereis glsstrestménd cpipprises chemical,
hr.oughout .the film 80. A nethod in accordance with
mech caggrfﬁldlfihﬂ%%%mfa%t‘ 79, wherein the surface roughness,
76. RAm&@hod idecédridicé with@laig!76 alvksreinkaradiation tréatmenttcomipeises
dianmeters. 81. A nmethod in accordance with any of

expesugs gfgbergybetgataty UNAigRki n said protein is apoferritin

77. O% dftfod ﬁ%%d%damé& Bl ahP o PO SABNG § 6 Wiikdiei e flin 16 RALEH
70 to 81, wherein the conposition of protein
following depasitivhef theprateibjpeticte onty the sHbsw@por ous nenbr ane

fiiltratjon st ri.or Y . .
78. tied BhoduiRel Hiantr (R ERI TR A i is ppealed
aﬁeﬂ\d‘l&@bﬁ’tiﬁnbﬂ?epﬁit%n@hxﬁdwf said menbrane filter is in
the range fro .02-10m _84. nmet.hod in d
79, AT B U ST BESIRHIGIO0D Aoo PR e
doeS ATREHSIE AP by @ldRe ik kiRBOMBmelerst IR dovibtitidrit BRAEn paficled
magnet’i ¢ recording device having a film of
submgnHYifgaltgmuﬁhﬁﬁglarti cles, wherein said _
g0. "ANARLd frn]ceécgog‘dzgl%g %gtﬂ%ﬁg of Elgfﬁ?srﬂdto 79, \Qhé%éiﬁ@l%' QP folefhess,
carrier urd and deposited onto a substrate Surface
R,, aithel fibp lisaics gleatet thgn aboud Bpagicleslism¢tian about 1 nl to

o1 8ol SrettigepgERegar rRaR wPenantn et

Banesdopg. ecordi ng device of claim85, wherein said

nanoparticl es are deposited, onto said substrate
82.j m@nyptb@d Wracerrfange métgpany of claims 70 to 81, wherein the ccmpos;i)‘i}(/)n of

protein nanoparticles is subjected to a microporous membrane filtration step prior to
deposition onto the substrate.

83. A method in accordance with claim 82, wherein the pore size of said membrane
filter is in the range from 0.02-10pm.

84. A method in accordance with claim 82 or claim 83, wherein said membrane
comprises polyethersulphone or a polyvinylidene.

85. A magnetic recording device having a film of magnetisable nanoparticles, wherein
said nanoparticles have been prepared in a suspension in a carrier fluid and deposited onto
a substrate surface as droplets having a volume less than about 1 nl to form said film of
magnetisable nanoparticles as a dry residue of the deposited fluid suspension.

86. The magnetic recording device of claim 85, wherein said nanoparticles are deposited

onto said substrate by ink jet printing.
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