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requirements. Moreover, if the uniform particles are
arranged into an ordered array, each particle can

25 represent a “bit” of information at a predictable
location further increasing the media’s efficiency.
This invention details methods of producing parﬁiculate
media that meet these requirements for ultrahigh-
density recording. This invention is also an open

30 system which allows for the production of a variety of
magnetic materials, such that the media can be tuned
for different applications.

" In particular this invention details the use of an

iron storage protein, ferritin, whose intermal cavity

35 1is used to produce the nanoscale particles. Ferritin
is utilised in iron metabolism throughout living
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area, and provide the maxl mum
represents a separate ferromagnetic domain. The
25 magnetizable layer is preferably supported on a non-
magnetlc substrate.
According to a third aspect of the present
invention, there is provided a magnetic composition
comprising a plurality of ferromagnetic particles each
30 of which is bound to an organic macromolecule, and each
of which has a largest dimension no greater than 100nm.
In this aspect of the invention, it is preferred that
said organic macromolecule is ferritin from which the
normal core ferrihydrite has been removed and replaced
35 by a ferromagnetic particle.
As used herein, the term "ferromagnetic" embraces
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as possible to permit the maximum number of discrete
domains in a given area, and provide the maximum

25 storage capacity for the recording medium. The actual
lower limit will vary for different materials and other
conditions such as the temperature at which the
recording medium is to be used. The key requirement,
however, is that neighbouring domains should not be

30 able to interfere magnetically with each other to the
extent that the magnetic alignment of any domain can be
altered by neighbouring domains. Typically, the lower
limit on the spacing of the domains is about 2nm. The
distance between adjacent domains will be determined by

35 the density of discrete domains required. Typically,
however, to take advantage of the miniaturization
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25 Alternatively, the macromolecule may include a suitable
opening which is not fully surrounded, but which
nevertheless is capable of receiving and supporting the
magnetic particle; for example, the opening may be that
defined by an annulus in the macromolecule. For

30 example, suitable macromolecules which may be used in
the invention are proteins, for example the protein
apoferritin (which is ferritin in which the cavity is
empty), flagellar L-P rings, cyclodextrins, self-
assembled cyclic peptides. As an alternative to

35 encasing the magnetic particles within the
macromolecule, they may be organised on the
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25 ytterbium, yttrium or a mixture thereof; a metal

ferrite such as a ferrite containing barium, cobalt, or
strontium; or an organic ferromagnetic material.
When generating nanoscale particles, one major

concern is that the particles produced are not

30 superparamagnetic. Superparamagnetic particles are
those which have permanent magnetic dipole moments, but
the moments’ orientations with respect to the
cryétallographic axes fluctuate with time. This is not
useful for a practical magnetic storage media.

35 Superparamagnetism depends on the volume, temperature,
and anisotropy of the particles. Via energy
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Ferritin is utilised in iron metabolism throughout
living species and its structure is highly conserved
among them. It consists of 24 subunits arranged in a
25 432 symmetry which provide a hollow shell roughly 8 nm
in diameter. The cavity normally stores 4500 iron(III)
atoms in the form of paramagnetic ferrihydrite.
However, this ferrihydrite can be removed (a ferritin
devoid of ferrihydrite is termed “apoferritin”) and
30 other materials may be incorporated. The subunits in
ferritin pack tightly, however there are channels into
the cavity at the 3-fold and 4-fold axes. Lining the
3-fold channels are residues which bind metals such as
cadmium, zinc, and calcium. By introducing such
35 divalent ions one can potentially bind ferritin
molecules together, or at least encourage their
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t hese proteg nsfrdsiat thef nhidve feeﬁrdltdnbei.rﬂeppmdxmi sollucidwe, t thal-ar centres
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nanoscal e partpateicihescbyasodivm borpbhy@wride wedugtdon ahishenvention is
open to ot her %eBQBOE‘BQII? gébg.tﬁiﬁfmg&?@éc@@ f@fw& cav1t1<>e/s Fhﬂ@' ly

an ordered arrafigenent SIS _, desired
acconpl i sh t higer8rayipnj et Fn&aé'ﬁOW size ddmEidukicm Wrreaghicl es into

an MES/ gl uygps Qzﬁérédéﬁﬁi‘iﬁuéﬁltﬂbh(?nt@l@nt:@.lj@iﬂ:ldh D gfd 0 188 Int dhan

T oemra aondlialsnbieat prbbaREe” sorBkansShint Whiin chE bt RreRy:
occurs under nesédemnbles, ananhbayeans;ﬁhtrebﬂ(the mj-t]:!asamayoram &enperature,
the 30 arrang y tr f IS a r

pl acing the su%@%‘é?%‘qﬁr%gf’ﬁ ggn? he cg.Q%o nono ':taegier ror% %é tﬂ%%@ogAfter
W t hdr awi ng t Hehe fesnbsunaseurphemawt b@h@dvant&hg@mt invevtekdabeih a
thin |ayenf paben ElhgR! OYRAELONbaCREE TP IS priilbds SREULERN

evaporati 6n o traté can al so give 2-D arrangenents
this inventi orr-%@alpanant techniques. -10- not

be seen as linited Iﬁ thé ﬁ\étﬁaaeﬂéabrﬂbbaqd& metal alloy core may be

Ei)(é:‘vglr_rEl 'éL in f r%’?f?‘%??g Q}SI ﬁgﬁlﬁl@r H’%f%hygt D %%%c%par e s"=l p"f%‘b‘é?ed from
cadmi umfree rsad:lwhldaomeéai;pbaén Otherr bmda@:@a:ermmﬂimds e ndel ) by
0oL G Stbn, Bl hoRla il lalbelh, KB B A0 WasalLn
reductive chelg@bwpioni ngAlDerPﬁFé‘gﬁ}w)l Rc syditable safutien amy e he
ferrihydrite oxigPs€d #8i §ibsafal hevad Brriepeaiededi alosida@tsh NRhy

be chemical or electrochemical to yield the metal

ferrite. _ '

25 In this method, other methods of selecting a

narrow size distribution may be employed such as short

or long column meniscus deplétion methods or magnetic

field separation. _

Further, in this method, divalent metal salts.

30 containing cadmium, calcium, or zinc may be added into
the subphase solution to aid in particle ordering.

Further, in this, other methods of arranging the
particles into a 2-D array may be employed, such as
solution evaporation onto a solid substrate.

35 Further, in this method, the 2-D array may be

coated with carbon-based films such as hydrogenated or
-
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sodi um chl oride solution (0.15 M to conpletely renove = the reduced

ferrihydrite core fromsol ution. EXAMPLE 2 15
Thi s exanp ' 3 rates the preparation of cobalt metal _within
apoferritin. The apoprotein is addedto a deaer at ed TES/ BGHCHRIAHS3 1 de
solution (0.1/0.4 M buffered at pH 7-&-to give an approximte 17 ng/m"

wor king- solution of the protein. A deaerated 20 cobalt(I1l) [for exanple,

as the acet at enbtetrdgenoliopedndiamopd-dnkel rardomdded witth esEld @bhy sSuc

that the total n t oxi mately 500 ' e

at ons/ apopr ot e?arl\s?r%l gggﬁé ggﬁ?‘sgﬁg;sfigﬂ?g\?em?itoo gel T at roomtenperature

for one day in an iEBrthat preghsteinyentipns ferpditionwamaibybe owsedi o of

the cobalt(11) | L poLahydiide Wi P gl metal . The
REFLone, g SekPoRAtnenietp @ gl

final product yie C sol Oti1on of cohalt particles™each
surrounded by ifeRsieRnighdimited by ferritin’s inner diamsbesr(ef 3830

This exanpl e ikhUStrRECakBecDEBPAKS! poBdabed firsRbat zeadd»irigm&héslf :
OWs

yttrium cobalt_(YCp|err wi t hi n .apaferritin., The al all fql
the same proc ’élﬁydr éeEﬁ'Qﬁﬁl E°2Y5‘5ﬁ8u§?ﬁ§eirfﬁt‘§‘nr'ati %fli/t‘f‘%/r?'%(r)ky 1)
[for exanpdialpsishagainset e baffpred sokddum EicetEte SAlwddopl e, as
the acetate;ﬁ“ﬁ&erTQenitpggeBrgigg{ Redﬁ%hgbge@h%fgyfgﬂ(kaﬂ%yttr'um
cobalt particles; each =11-
surrounded-®y thieglycohichatid is used to remove the ferrifydrite 4

Thi s exanpl e 'ééﬂérra& st} Eéifa&é_h't By ebplated WAl diY ddbiACr, as

cobalt ferrite (CoO Fe[err]Qerr]) w apoferritirn. The apoprotein is
added to a deateditwm chloxpdessalukien 5P gempdrEelyn remome they) buf f er ed

at pH 6 t orddyGedNEAPRPIRYEFREE &olB/ EroMOblagisel.ut iRiedfthe the
protein. A dea%fgtted sol ut { on_of cobgl t%lﬁl %.Lfor exanpl e,, as the
acetate salt] FTEhETR) 1P 1 BFORBCeEy ahfFEL 287t FETE XUl phate sal t]

in a rati a%f partilcRessarnedidconporatetalihythad fallllowdda wayts .- oXthe se.

10, ety RS, R kAL Belion o5
Thi s exanpl e ip¥esence cof tapoferritinngeRRhe b6 perfpamed: iim escdnert
magnetic partifgSsphéRe 3 e9HStect EREUREOALObaRRAEN LS ok OM Exanpl es
2-4, and whose , _ ‘upi forrri%% I n izg has begn,sel ect edg is injected into
an VES! gl Ucos@iARNRR WBicR | BAULE. b35RPBoFbELR BRFBRIG DeRSEifer | dh
trough.  TPRte panbinfsioprefdnétalhgadis-in solubfibaseanntdeicade and a
bcased 1 paigaused B Sractatl Rl bE U RbeRulRbRE T

m nutes at ro@antempingtor cannéal ingabgeaenagaatiesfisddomayebear e

transferred tg,fnsdbisty ats &é{r/&?it—aeénehéhesefulsmﬁghée&e difiggld.y onto the

nonol ayer for 5 m nutes. er wthdraw n substrate, the attached

Another method is to oxidise a go&bsnation of an

25 iron(II) salt and another metal salt. This gives a
‘metal ferrite particle which does not suffer negatively
from oxidation. The metal salts which are beneficial
include salts of aluminium, barium, bismuth, cerium,
chromium, cobalt, copper, iron, manganese, molybdenum,

30 neodymium, nickel, niobium, platinum, praseodymium,
samarium, strontium, titanium, vanadium, ytterbium, and
yttrium.

" A narrow size distribution of particles is

necessary to avoid media noise. Such a distribution

35 can be obtained through a variety of procedures
including, but not limited to, density gradient



arrangenment- i s coated wi-th a thin |ayer of carbon for protection

-12 - CLAI VE: 1. Use for data storage of a nagnetic
recordi'ng wo9s22medi um which includes a magnetizabl e | ayer, pthats7Rsisz -
sai d magneti zabl e | ayer conprises a plurality of 5 donui n- separat ed
ferromagnetic particles fornmed of a ““mat erial and having a size such-

t hat 't hey possess. .. ﬁ t:]‘errona netl?%ﬁ%OPféi%eﬁ ggrgg eratures of

15[err]Cto s eac I'ng A Pargest di mensi.on,
whi ch varies by no mmyidltheEﬁwcfnngﬁmntpmogedureléstaimed uses great er
than 100nm .44y f%ﬁuﬁéigéﬁféé% totﬁi@'ﬂh%en@@%%?%ﬁ&dfa not

particles are No sma err {arges
3. Use accorbi?-ngele@ @Saﬂmf@-f{ﬁd Zo ki soeree15 Ferrifinogaands c

partlcles e§Cthﬁﬁﬁ.iﬂ‘%é¥%§bf£ﬂ§§5'£ﬁbertebraﬂés?r§§hﬁEsth%%n@@ﬂm
Use according to claim 3 wher ei n particl es

. ﬁr nﬁlnetl | |
each have a | a¥g§@8tsdi Rarhexia, or eYﬁP@FE%@%$e@h oygh regombinant” 5
Use according techhdighies. V\/lmjeifbatthﬁg mutant eapofegpetinspauickdngs each

h I t t t.h Us
e 3 e 0o BRI e munafi% AR STotB0 R o st e,
respective partmuchet proteimasssnble mne oblique assemblléseaaccordlng
to any preggdi ngggg'dnto\’wﬁfee'f%gaxlar pdhfodhat 088sbepeRRal esPect i ve

particles TS no~greate e according to
any precedi ng cl ai nifhider dexxdd-in seens gip the |2y bdeadr syagem £9xa 2-D -

ordered array.generating né%osdé%%EﬁaﬁﬁiﬁiEbtOléanpﬁéﬁeéhégoﬁﬁ?
wher ei n the ferromagnetic naterial is a tal, a netal alloy

netal ferrite § Ys‘éﬁmoﬁdét%l@bf]@rror%eﬁ’ﬁ“ﬁga? gel ar L-P r:.ngg a@%

according to ctabil8r Wieteihd Rt an idmsr czmmmetef OBt £Bi A.i Sy net al
EELﬁ;EESEf gLé%gg %hg a 2-D array of these protelns,lﬁetal fllmslron or

ni ckel . could be degeosiiechridity the dubwldr eémtreéna thecreate
perpendicular rods of magnetic material. Also metal

reduction in the presence of a microemulsion can be
used to generate nanoscale particles which arxre coated

20 with surfactant. This invention is open to other
nanoscale particle production methods. _

.Finally an ordered arrangement of the particles is

desired. One way to accomplish this 1s by injecting an
aqueous solution of partlcles into an MES/glucose

25 subphase solution contained in a Teflon trough. The
particles spread at the air-subphase interface, and a
portion denature to form a monolayer f£ilm. The 2-D
arrangement of encased particles occurs undermeath this
monolayer. After 10 minutes at room temperature, the

30 arrangement and monolayer are transferred to a
substrate by placing the substrate directly onto the
monolayer for S minutes. After withdrawing the
substrate, the attached arrangement is coated with a
thin layer of carbon for protection. Other methods

35 such as solution evaporation onto a solid substrate can
also give 2-D arrangements, and this invention should



ferromagnetic material is a netal alloy selected from al | oys which,
contain alumnium barium bismth, 5 cerium chromum cobalt,

copper,- i I 9fp ogRegRANESE, ol ybdenum neodymi um ni ck g@{)#

pl ati num praseodym um Samarium strontium titani um v g% i
ytterbium yttriumor a mxture thereof.-10- 12. Use according to .
claim9, wherein the 10 ferromagnetic nmaterial is a netal ferrite

sel ected fromnot be Eeeni assld:mmtednu.ng ilvsr lam:nangmnt gretshodst i um

13. Use according to any preceding cl g wherein, in the process
for making the magnetic recordl ng me |urn t he ferromagnetlc
particles are 15 Thiacexsaupler ipdnstrrtese fbes drepanatiiemedr gani c

macr orol ecul e. algoferﬁltln £3+6m He@saCepidiend f@%ﬁ'teirfn 13pdfeLifini n the
process for e magneti c recording nmedi um ferromagnetic

particles &e "é?l%aBEGPa6¢ pEFemapRgmbym- re@né‘é‘é‘éﬁ'e &H’Fﬁ% SBkLRByity or
opening of a pEELiLin (CalBﬂBéhéﬂP' 200! 6 i/ml) by dialydis UtkoBs@@IgHng t o

| ai m 14, wh , king.th et di
rediom ihe - wedsnt Genbrage of 1R EE; EPaltond] o ARIRF S 25 |

apoferritin pratetate solution (012. Mysbufifewed af pH &.& rarder véherein the
e onaTne! 1 FRLASLRSEEOUPRTEq BLafcRildl Ae1dRiRp uging !0V 27

encased by reducin on con or a
conbi nat i &P ofthvieglyecalic, achdt K@ .30M) tOprés@N@eténe tﬂ%mﬁm@mm n

protein in an d&ge!l rThis 8t fBiPBﬁé& b repeated dialydy #Hig to
claim 15, wherein the erronggne i cles co ose of net al
ferrite are S° lu@nﬁlaé%l‘ﬂ? 693-3F§Pﬁg(9n £ Fempletedy #aRer 35
netal salt inthe pe@sesgefetrihpdspeéecorei Iﬁrbfnobelllihtlon

18. Use according to any one of clai n%%g‘%%n wherein, in the
process for meking the magnetic I*hg medium the ferromagnet Ic -
particlesl&e Thijsnexampelle byl teptsateagthet pirepahet iiom ef feohalul ar

5 centres | ar e
according to a‘t‘% %Jfléﬂ%ﬁ{ﬂaaa%(gfiﬂrwﬁé The" aﬁmﬁgrégler}n |:LS ahdd°6dr oces%sJSf or

neki ng t he nagifagrated TES/%@‘éi‘dmnﬁhl@Hi’-Gﬁ] seRUEASRg Q- /-4 R network, a

dendri mer or %ﬁmﬁ@fé@raéypﬁ BYStEea givénﬁhoﬁﬁﬁrbﬁliﬁte 1 @igyal se the

ferromagnetic partjcles. acc one of clains
1to 1zg wo oRiring solntrion of, %%sgr?ﬁ?lﬁakl gggFﬁ‘g %/I c

recording zmdlcuhamtm) r efioct example of &acthd agethee salt] mcesmmof a
T Oy oomu ST ON (E/ATP bils | SAACHRIRE Lied a1y BAER EhER S9R Gbedy h

surf act ant . i C recor |nc udes a
magnet i zabl e Imyeer m’ér@ttcpms;aa@dm@gmsu énpr@xmyéely 500

atoms/apoprotein molecule. This was allowed to stir at
room temperature for one day in an inert atmosphere.

25 This is followed by reduction of the cobalt (II) salt
with sodium borohydride to cobalt(0) metal. The final
product yielded a solution of cobalt particles,'each
surrounded by a ferritin shell.

EXAMPLE 3

30 This example illustrates the preparation of a
metal alloy such as yttrium cobalt (¥Co;) within
apoferritin. The metal alloy follows the same procedure
as Example 2 but using a 1:5 ratio of yttrium(III) ([for
example, as the acetate salt] to cobalt(II) [for

35 example, as the acetate salt]. The final product
yielded a solution of yttrium cobalt particles, each



conpri'ses a plurality of domai n-separated ferronagnetic particles

fornmed of a material and having a size such 20 that they possess
ferromagneMQ98428¢krti es at . tenperatures of 15[ err] C PECTARFI03]ISZ, -
the particles each having a | argest 4di mension, which varies by no -
nore than 5% anongst the particles, no greater than 100nm

22. A magneti (‘s,_{%ﬁgg ﬁ%ugﬁﬁ}ggeg_ﬂi Bfetq .25 claim 21, wherein t.he

particles are no sna in their |argest dinmension. -
23. A magnetic recordi ng medi um accor BXREE 4 claim21 or 22, wherein

the ferromagnetic ppiisCéRsmple ill@aeRakage thd rad i@HsbHNa N0 great er
t han 50nm 30 etic J

24. A gn recordi ng e according to
claim 23, wheM&%RY H%e’f'ﬁ?%n%‘éggt pg ﬁgpﬁi | EEXEIES h% #e,8) "é&}ézl'%est
di nensi on BO Gipfierritim. 25Mhe apoprotein i35addedhdietd dexeratedg nedi um
/

di t | ai I f i icl ach h
357" 201 ar oMES/ROEHER b ERE Parubagy R0, " MEHELE a8 N
A magnetic redoru rgivedumpproximaget 3 mgyml workime sglutidmsofl to 25,
wherein the d'ﬁfea%{%t?%%ﬂ"?nggiludeaeraﬁglaﬁgst.l.h‘t‘.‘io?xarotf depmice) | past 2nm

27. A magnetic re m accor &to any ., 5 one arms 21 to
26, wherein t @xamplences Pigeafgetate sa E%pé@@" &g el EEOY s no greater

than 10nMg example, 8. tHe "BENRSHLGMS QﬁQF:ﬂial&& ERdityMiac GOt t@e any
one of clainms_21 to 27d v@ereln t he iiztlc ﬁs 3.5-6 arranged, in'a 2-D
ordered arraylifois adde %re%eﬂﬁg Yi 8P BSLOMRE Fuiddh Hfg to
any ~ onghef firdDspPddict 2@ielBedeansvhatien afagaddlr ferrite
forromagnet | RG2S edeh bubboulgll By bOEerledn sheld rnodi um
according to 15 cl ai m 29, wher ei n BEXAMPIF rSonagnetic material is a netal
sel ected §gom cobaliiyd oK1 ithstrates the 2-Blartd i ggcor ding

medi um according to arm whereln the ferromagrietic material is
a netal feamidingneassd fragnetieyRarhichegont 40n 3gMAAYE um 20

balrig(rjn biSWTsB&.tﬁﬂ[erBf_ %l}lf&a@néscpbﬂb&;bzﬁaﬁpglés 2-4, and Gfhod@Nganese,
nol ybdenum neo um. nickel, ni obi u i pum, _praseody,m um
samarium st r&f ity in ?*?%n?%ﬁ]bﬁﬁﬂaﬁ?g%ﬁfgﬁﬁ eS| d‘ﬁjeﬁi#&ﬁﬁ a

m xture ant MBS fludise subphas&2solvtiragndi.olr M¢@kdi repritedined
accordi Nng,hH0 ' er ejn. t [ terjal_ds a netal
ferrite _s% ectltraldaf rTgﬁf%&rﬁ%%bnﬁiﬁ?ﬂﬁgrﬁg%lﬁ%%qagggeaa g%og:gjieta aoir:"s :
strontium - subphase JPeyfaggncand acpordinyg Aenptrrecter domptd any 30

one of clai mpmghdiQRa: #4161 e NThd M iHCaPrakgenehe! of encagdddi Ny the
magneti c recordi ng 1um the ferromagnetic particles are encased,

or partially Qﬁg%e%qqﬁqr%mndemeath this monolayer. After 10
minutes at room temperature, the arrangement and

25 monolayer are transferred to a substrate by placing the
substrate directly onto the monolayer for 5 minutes.
After withdrawing the substrate, the attached
arrangement is coated with a thin layer of carbon for
protection.



or gani ¢ macr onol ecul e. 34. A magnetic recordi ng medi um

according to 35 claim 33, wherein, in the process for making the’
magnet i-C r Qg9 bghidgy medi um the ferronagnetlc particles ed,
or partially encased, within the cavity or openi ng ofpgiéﬁg?@ﬁﬁf
macr onol ecul e. 35. A mmgnetielBecordi ng nedi um according’to 5,
claim34, wherein, in the process for making the magneti c recording
medi um the fChLAIM8netic particles are encased within an _
apoferritin protei 16 ERYPISL WwhitsP d@dﬁk“ﬁgﬂ accordi ng
to cIa|n135n1mhere|%a?ﬁet%g?Pona%net|c particles conpos§%]10 of .
a nmetal or nmetRAgREYHG hr¥erncampassd P déémﬁ@naseparatQQﬂLnlon cont ai ni ng

a metal salt, ﬁr&ﬁ&@@é@%'ﬁﬁr@icles eachEb whdlchS halsh 4 NaRyasence of
t he apoferrlt n. i nert atnosphere. 37. A

magnetic rex $EF%%%?UH?a%EG?HFﬁgtPBnlgbonm'cla|n135 wherein the
ferromagnet i c partizl es Maghestd recording metidhnﬂw&mchemcﬂ\ﬂmswd by

OF! 01110 AN gl L ey 188 Ln8BoAIOABESTE! FpoiE el A oo

medi um accor dllraye:o eonpebses aopduvhliryi of 2grmmagnam@r epa:qtmﬂ.eme
process for B éhfafgggﬁt aiméﬁﬁﬁbfl flmgl?c‘%hg@r i %h doHmanetic

particles are generate y d rtin e tubular
centres oft0a AT fach of whagblpartECibes repregpRgs apseparate . A

magneti c reccwggfgbﬁﬁgh@m&@c&@ﬁgiﬁg to any - one of clains 21 to 32,
wherein, in the progess for t he na%netlc recordi ng .medi um an

i nor gani c- SH | cd""f‘@%‘?‘? rﬁ"ﬂﬁﬁﬂﬂ?n@?‘liﬂ‘ K3FFOEAIRY £ &AM om
is enpl oyed t@<mwh§weint&hef@isbangaebetwpantadhasenROferromagneﬂic A

magneti c recordgn{grr;@diémat@fgégéngn&lo any one of clainms 21 to 32,

wherein, in the process for maki ng the magnetic recording nmedi um
metal redd&tion 4. iMagébicevecardingpredinseactonding: semdlsiisn

resulting in fEIPMAINd Fe PRI Lh&E! §8s€RAEE DB IBeddadjactitf act ant .
ferromagnetic domains is no greater than 10nm.
5. Magnetic recording medium according to claim
1, 2, 3 or 4, wherein each ferromagnetic particle is

20 encased within an organic macromolecule.

6. Magnetic recording medium according to clalm
5, wherein each ferromagnetic partlcle is encased
within the cavity or opening of a protein
macromolecule. '

25 7. Magnetic recording medium according to claim
6, wherein each ferri- or ferromagnetic particle is
encased within an apoferritin protein. '

8. A magnetic composition comprising a plurality
of ferromagnetic particles each of which is bound to an

30 organic macromolecule, and each of which ferromagnetic
particles has a largest dimension no greater than
100nm.
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