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This invention relates to materials having a crystalline-like strucrure which

comprise transition metals that exhibit unique electronic properties.

BACKGROUND OF THE INVENTION
15 Photomagnetic compounds have been known for some time, they are also referred
to as magneto-optical (MO) materials. Enz et al. (1970) Philips Tech. Rev. 31:33; Enz et
al. (1971) J Phys. (Paris) Collog: Pt. 2 1-703; and Verdaguer (1996) Science 272: 698.
The changes in magnetic properties that generally occur are either an increase or decrease
in intrinsic magnetization, where the compounds can exist in a ferromagnetic,
20 paramagnetic or diamagnetic state.

Beginning in the late 1980°s, MO materials were utilized in devices that store and -
retrieve magnetic information. The materials are considered to be magneto-optical but in
reality use thermal heating supplied by a laser to affect the magnetic properties of the
material. The principle is to raise the surface 1o a temperature above the Curie point where

25 the magneric domains can be easily aligned with an applied magnetic field. Kryder (1993)
Annu. Rev. Mater. Sci. 23:411. The information stored in the magnetically alignesd
domains is retrieved by a second polarized low power laser that is altered by an effec
known as the polar Kerr rotation. The poiarization angle of the light is rotated when
reflected from the magnetically polarized surface. A drawback of this type of MO éystem

30 is that the effective area in which information can be stored, known as the areal density 1s

much larger than the width of the laser beam due 10 thermal propagation into the medium.
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5 127 megabytes of data. A further advantage of the MO drive is that it is virtually

impervious to the effects of a magnetic field at room temperature. This is an effect that
neither floppy disks nor fixed hard disks can offer. Buefly, this effect is due to the use of 2
thin film whose coercivity is strongly tempcrarure dependent. In addition o all these
benefits, the MO drive has enhanced stability. MO disk drives show promise of having at |

20 least a ten year life span on the media, and twenty vears can be expected. Also, anisotropy
can be expected to suffer no more than a 10% reduction in 70 years of annealing at 50°C.
All of these properties (high storage capacity, unaffected by a magnetic field and long-term
stability) made the MO disk an appealing new technology.

The MO drive also has some drawbacks that have prevented it from replacing
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conventional hard disk drives. The MO drives do not perform as well as fixed hard disk
- drives. They have access times of 50 to 100 msec instead of the 10 to 15 msec for hard
disk drives. MO drives also have data rates of about 1 megabyte per second instead of the
2 or 3 megabytes per second that hard disk drives have. These drawbacks along with the
~ fact that MO drives are still rare have made it difficult for MO drives to gain widespread
30 acceptance and popularity. _
Given the advantages and disadvantages of the MO disk drive as explained above,

the MO disk cannot replace either the floppy disk or the hard disk. The MO drive is too
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PCT/ US97/ 0540 1the vacuum chamber must be clean so that contamination does not evaporate off and get 3°
15 deposited on the film. Gas leakage through the chamber wall as well as evaporation of the
chamber wall must also be considered at higher vacuums. '
Sputtering is a technique where a target is put under vacuum with a substrate and
bombarded such that atoms from the target are gjected and deposited on the substrate. The
target is bombarded with high energy particles (2.2, | keV Ar ions) that shake atoms off of
20 the target and into the vacuurn. Once in the vacuum, the atoms from the target deposit on
the substrate, as well as the chamber walls. One major advantage 1o sputtering is that it
allows for the deposition of films having the same composition as the target. Other
techniques do not necessarily have this advantage because different atoms evaporate at
different rates and diffusion rates are high at the high temperatures used by other
25 techniques. Hence, a target can be made with a specific composition and sputtered with
the assurance that the right composition will be deposited on the substrate.
The basic theory behind the MO drive is the use of a substance that has very
temperature sensitive magnetic properties. This substance must have a curie temperature
-~ well above room temperature. The curie temperature is the temperature where a material
30 changes between ferromagnetic and paramagunetic. Below the curie temperarure, the
substaﬁce is ferromagnetic and has a magnetic susceptibility of (~106), meaning that it is

very difficult to change the magnetic field associated with the substance. Above the curie
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magnetic field is set to the downward direction and the new information is written, as
before, by pulsing the laser. Thus, two passes are required to overwrite ix}fonnation. This -
inherent inefficiency slows the MO drive and is a major drawback of the MO drive.

25 However, single-pass overwriting would require that the magnetic field be modulated at
the data rate. Furthermore, the magnetic head would have to be small and very close to the
recording film so that the domains that are cooling would not be affected. This would
eliminate a major advantage of the MO drive, its large head-to-media spacing.

- Reading the magneto-optic media also uses the laser in the drive, but at a reduced

30 intensity so that no significant heating takes place. The magnetic field could be read with a
magnetic head, but that would require a very small head that is very close to the media. As

mentioned above, such a setup would eliminate a key advantage of the MO drive. Figure
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15 magnetic field in such a small domain. The most promising materials under investigation |
are garnets, although there are still problems to be resolved.
Garnets have many attractive properties that maie them appear promisiag for
future MO applications. While their MO effects are small near the 800 nm range, the
effects become large around 400 nm. Gamets are also very stable against corrosion and
20 long-term annealing. They are even resistant to annealing at temperatures of several
hundred degrees centigrade. These properties make the garnets a very attractive choice for
short wavelength media.
Unfortunately, there are two major problems with gamets that are not yet resoived.

Since garnets are so resistant to annealing at high temperatures, the substrates must also be
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as durable because the garnets must be deposited at even higher temperatures. This rules
out the plastic substrates used for the current MO disks. Most substrates are too expensive
for a low cost storage media, except for one: glass. Because of its low cost and high
durability with respect to temperature and corrosion, glass may very well be the only
-~ substrate that garnets can use, at least for the time being. The other major problem with
30 garnets is that they have a poor signal-to-noise ratio. Garnets tend to have grain sizes of
around 400 nm which causes domain walls to follow the grain boundaries. This causes

large fluctuations in domain size and a large amount of noise. Some work indicates that
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Optical switches or optical switching is an important furure géal of the computer
industry. Islam (1993) Byte 17:183. The definition of an optical switch is a device that
allows one light signal to affect a property of second light signal. There are several types
of optical switches that have been developed most of which are electro-optical; these are
20 switches that require an external electrical potential in order to function. Mclntyre et al.
(1990) SPIE Proc. Ser.'1378:162. Recently, a few optical switches have been developed
which require only light to operate and are the most desirable in the proposed optical
computer industry. Unfortunately, these switches, which are based on light-induced

chemical or structural alterations in the switch matenal, are by nature siow and so their

usefulness is limited. Islam (1993); and Wood et al. (1989) SP/E Proc. Ser. 1105:154.
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Photocopying is generally accomplished by using a material that develops an
electrostatic charge when irradiated with light. Mercer (1967) “Photography and
Photocopying” 3rd ed. MacDonald and Evans, London, pp. 29-34. An electrostatic ink is

~ then applied to the areas which have been exposed to light forming an image. A drawback
30 of this design is fhat most materials respond to electrostatic charge and this can lead to
transfer of unwanted static charge to the other parts of the machine. This can in tumn affect

the functioning of the photocopier. The use of photomagnetic materials in place of the
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PCT/ US97/ 0540 1Fhese materials can exhibit a range of parameters from semiconductor 1o metallic-like 6

or an 2Aszes NaYRaRaeRielBRFnEY A WikRordichHy. FlleRatllY! e 1-BRERLECS Mller'®
can have a superconducting conversion tempcrature (T,) as high as 45 K.
Some copper oxide containing compounds have been found to have a T, value as
high as 125 K, which is believed 1o be due to planes of copper and oxygen that extend
© through these materials. See Cava, Sci. Amer., 263:42—49 (1990). Copper and oxygen
20 atoms positioned within a plane form only 90° and 180° angies for bonding. Such bonding
may have an important impact on the electronic system since the d and p electron orbitals
for the atoms are orthogonal to each other. The performance of the copper oxide
containing compounds has raised interest in investigating materials with a structure and
dimensionality similar to a copper-oxygen plane. Materials which geometrically mimica
planar structure are Hofmann clathrates and the best known of these is Ni(CN),NH,C,H;
disclosed by Iwamoto, Inclusion Compounds, 1:29-42, Academic Press, London (1984).
However, the material’s electronic properties are not very interesting. It is a very good
insulator and has the predicted negative resistance versus temperamure slope for insulators.
-~ There is no evidence of pi delocalization over the crystal structure. It is believed the
30 delocalized pi system in these compounds is limited and extends only over the units of
[Ni(CN)4]2'. Other compounds with structures which mimic a Cu-O plane are “Prussian

Blues™ described by Shriver et al., fnorg. Chem., 4:725-730 (1965). These compounds



dormain walls follow ng grain boundaries nmay soon be sol ved.

A recent conclusion is that MO disk drives are a grow ng technol ogy that
are - finding their place in the mass storage arena. Because of
their large storage capacities and 5 relatively slowread/wite
tinmes; they WP@7B®84 suited for |arge anpunts of data that RITAUSIODS401
used very frequently. There is a lot of fechnol ogy involved in the
deposition of thin fil s, but there is still quite a bit to be

| earned in t #idfer irtbareapectwiat the fikte/oND ackr thiee-dinnerisionalncdnigting of octahedralbasi s of

a large nmagnetic.field turning.a.snall d maln en it is heated above its
curi eg ° gans“{oélr% éfrﬁ?rg lb‘%bé 11"5%’(§ng nis. These compeynds gienpt slgthmtes dat a

requires twoarRbsntsa @funtehﬁm%u&xlaamkbﬁafémlm%ctmm@é a9&odatarR iR these
and another to wite in the new data. This double pass is one of the
reasons t hat coMPAapdsyisglso limited and ispekicvet taxrendioaly aver ibe guitaadnt i onal magnet i ¢

hard dj sks. ak

pol ari zed I @V\@K@qhgl t?v k{eées"gka Mo&x‘tdﬁ%?“ $ate of lf‘%’tr%rﬁnﬁ’? "fer‘i‘% %%ﬁ@ﬁ?%‘f‘l on of
the domai n b2 ag+3.cadk depigdbid olfesvideadoboiinds Wikrelithe bE®lodali 8@obs itk tdnhad
future MO drj probably have _garnets on_a gl ass substrate
using a | aseﬁ“’&ﬁ‘nﬂa‘hﬂ‘&h‘?féh‘émﬁ QxfdeAdyien ip oblain novel electronic propert@st i cal
switches or optical switching is an inportant future goal of the conputer

i ndustry. Islam (1993) Byte 17:183 The defl n|t|on of an optical switch is
a devi ce that MARYjK YV ENTE fect a property of
seco light sig Ther e _sever al Qptical sw tches
t hat have been dgﬁésl B(S‘poebéfcﬁﬁé IFS‘K%}“(Y?PUQ\PIEC’ %ff’é‘(d,"r Fli')v’?rﬁlc?@a’?sm& Helqpetheds 2

swi t ches t haéfuse Qbﬂtﬁx&n@'}h@%ﬁﬁ@ﬁ@lc rfh@f thhGadre R0 IBEY! inlndtDa@dlfier bGn
function. M|ntyre et al. (1990) SPIE Proc.” Ser. 1378:16 69.
Recent |y, a Fadialgrrapighiy tches have been devel oped - whi ch
require only |ighfy t I oposed
opt i cal LB RBPAR o R 0P syl TRl HER0AR B bt SV o
are based onbdth gmm-rcankalwnectapabmtv and randdrdnmssaﬂxenﬁlry dighuetightahotalst ﬁxﬁ@dd:iens in

t he swtch are b nat ur and so t hei seful ness is
i . 1's| Bels) B s visnuts il Mk oaes Sepers apicabvicchens: 154 - |
Phot ocopyi ngphosocggiaesr@hlsynsagcorrpl i shed by using a material that devel ops an
el ectrostatic charge when irradiated with light. Mercer (1967) " Phot ogr aphy
and Phbesi6 e vided byrihe RrgseaNBE@sARg usmef Trefamed plaran dompoynds .

29-34. An el &Gﬁ ﬁxtgq}%ngmhﬂ'h‘gb% selected from the Lrgv%'ccgl?xg v\l}l}r’g&(}& gb)t, p&(;@,rﬁgf),;vm! ch .

have been expose ormng an | mage this
design is t h&tx(lﬁbélt(l)n&h(é) a@d&raedspmdmm@ombamds cahptding widnaitige mends t hi s can

| ead 4.0 nsfer of .un € ar arts of
t he rr:‘IaOchi ne. Selasted fff’% eﬁ’?‘i?rﬁ?“ﬂ?‘%@l? E“(% Srtea Cﬁ‘?%@%&&r&fh@& Hgf 'Ito he :
phot ocopi er . MA{1E),W6(I0f ORNGIRRIMONREIS) B €N AhSerdin trizlxaff&e&épew@of these

compounds have a fingerprint peak within the range of 595-655 cm™ for the metal-carbon

stretch. In preferred embodiments, the compounds are ferromagnetic, comprise nickel,

iron or cobalt, have a density below 5 g/ch and show enhanced ferromagnetism when
25 exposed to light or thermal energy. Planar compounds such as those comprised of nickel

have a density below 5 gm/cm’. Three dimensional compounds such as those comprising

Fe or Co have a density below 3 gm/cm
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.electrostatic conmpounds currently in use Ilnrts this probl em since nost
material s do not respond to magnetic fields.

The devel opnd¥@ Yu¥62Hew naterials with intrinsic paraneters RARTERIASIUCt

el ectronic properties has becon® I ncreasingly nore inportant and
has begun to enconpass a varlety 5 of SC|ent|f|c di sci pli nes.

Coval ent crystalline materi2RH

are known to exhi e g fv,r@ée W th
ot her R{]aé'r éerrl O}Qﬁcgsfe%g%%g%%‘ri& g&%ﬁ{a\ggf? &f:&g {6% C energy
| evel s and cewilldteindry BAly @ppreciated s tie same becomes bettephmmmodmhm@xdeﬁﬂein for

exanple, Kittel, Introductlon to Solid State Phgsrcs 6th Ed
John wr cy & S9BRMctqnyith thyacrompanyipg drawings.ip whishdike seferenqe,charasters dggignate

meterials thap, aeorjsgm(lja: ard RGO BROEIEASiM:Culd g at e oraphi te and

n-dope pol yaceryl enes Nat ur e,
355: 712-714 (1992)Fxgq:redidpxedsﬂmlpymnadtmagnmteepircatmaﬁ-bryltd\mmhamsmdF@malAis

I et i ARhba o o eSS R P
Haddon et al . depii@bi bLthe Aiethod 26kd38 feald BA MO disk. These materials can

exhibit a range of paraneters from sem conductor to netallic-like 15
conducti vi ti es andigmng iss shenisaf terddey ohgmagastic sapaepsubstrathentpwhishc al at ed

Gerr ] t er 'm?agtl;]cl%s{»sof PM gnd NFY HAGY Beefl bRABS! &9@%’1}&:@% 5%%%\{%%{5%% tenperat ure

(T[ err oXI| ont ai ni ng
conpounds have be digyre Biixth scheaticerf 2robs sectign of M eoated onto a layer of NEM Buchsas 125
K, which is beligved to be due to planes of copper and oxygen that extend

t hrough t hese® QPYQ‘IS}éC’“S’é‘é’“EES\‘}Qk Sci. Aner., 263:42-49 (1990). Copper and
oxygen. 20 FHigEs A0 ad 4I?Bé‘;ﬁt:t‘ﬂ&etrﬂédﬂmﬁsxﬂ bﬁ&fboﬁ ef ﬁbﬁ@é ¥f iRRBAtidn iR
180[err] angles for~ bonding. Such_bondi ng may have an i nport ant

i npact on t hedeyicedepiomd i Bgmeénﬂxsl’m 44han applerimpenetie field draversdsithePM and
for t at OMB A8, Ul 0 t t her e'rcf N copper
OXi dehles N %"{%t}ﬁ‘gng‘ c%rr%lgﬁﬁ g a%m?éﬁngg | htcer qfﬁéhn a?%vstetsg?hl’ gatl ng
material s wi tdppﬁedsmﬁgtﬁhtl GieldaNadte that the appliedinagede Geldlis te;s thamBJn@c[, Thisds the

copper - oxyge ane. Materials_which geqnetricall
PP y9 % Bnkstorage medinm. In Figure 4B, 81 9»,‘ is appl%d tg one NFM datl)mam producing a

region of induced magnetism (or, enhanced local magnetic field) at the domain, raising
Biocal aboVe B iica and causing polarization of the domain.
20 Figure 5 is a schematic of an optical switch. The polarization (P) of light signal (B)
is altered by light signal (A).
Figure 6 is a representation of the partial atomic structure of a planar compound for
use in the present invention.
Figure 7 is a representation of the partial atomic structure of a 3-D compound for
25 use in the present invention.
Figures 8A-C are representations of possible stacking arrangements for planar
compounds for use in the present invention. '
Figure 9 is a representation of the atomic structure of a planar compound for use in
-~ the present invention with cations shown.

30 Figure 10 is an infrared spectrum of a compound for use in the present invention.



25 pl anar structure are Hof mann cl athrates and the best known of
these is NN(CN)[err]NH err]([err]Herr] di scl osed by I wanoto,
Icl usi on Conmpounds, 1:29-42, Academ ¢ Press. London (1984).

However, the material's electronic properties are not very interesting. It
IS a very go¥d97/36294 i nsul ator and has _the predicted neRgaViSIEosio1
resistance versus tenperature slope for i A8ul ators. There is no.
evi dence of pi delocallzatlon over t he crystal structure It is believed
the 30 AFICH) X3 FSPREE RAMBE EINITS

extends only ove nits . Clher corrpounds wth
structures which 4 %H%Fe’@u °Iﬂ“%ﬁ5§e”:§rnéa'°rgaﬂ> I‘(\g\g"g”ﬁs 10 any material f3at changes
described byis3hagn&s pRperiks whénrla(?cggsed B8Rt of A pdadiAICveiLABR hnd THERSY.
conpounds WO 97/ 36294

PCT/ US97/ 05401  As used herein, “rd§onfizne wameleigth’t @ap) ecfers tdrthe wavelemath wbliks thar e

t hr ee<di mensi onal Hst 4 gd%% oct ahedral . transition netals

i nt erI i nked IBy ﬁmﬁﬁﬁgp % a6 i°t's. These conpounds are not clathrates

and contain count@iusb@naeﬁlumnaﬁl @rdﬁaégnemha&ﬁan’mm?réf@& td 49§ material that

Del ocalization_in these corrpounds Is also limted and is

bel i eved to WBROEREBMERYFORRCHIE- units of [MX)(CN)[err] wherein
X is the oxidati fe i e I

%2 or 13, 1 Ts anreahet b Q?a%f*e%%%‘%m*cﬁtr% Bl

del ocal i zat ianmpius:rexxdemletdr a device capable of alitﬁvhag ohdidhe sigail a@f:ﬂdn@éa DRPPEY

oxi planes to obt novel el ectroni ¢ properties.
I\/I\/ﬁls? e s FW%&P'FF Such properties lncﬁm's’l ut prg naligedior PRgkS.t he present

Inventlon t%mﬁapm%ﬁé&@&»cmraﬁrynmeem g?stJﬁQ%n is readily measur@fie.US€
contai ni ng phot omagnetic matéri al that i ncréases | ocal rragnetlzatlon after

bei ng The ipnenaercencainpesses aphtications including, but not limitefita (Hevi ces and
met hods  of q?g@lnbagﬂtlfgl'?or&@nkt?ﬂpoﬁgm%,%Bélpx?tgddn(d\%gﬂq ?.Iccqéc%nglbgy, (2)

recording technology; (3) photocopying devices, (4) optical switches; (5) magnetic anatog

15 film; and (6) electronic devices and sensors.

' It is now possible to improve on previous devices incorporating MO materials by
using materials that have a true photomagnetic property. The areal density of thess
materials is limited only by the width of the Jaser beam, the wavelength of light and small
effects due to the scattering of light at the substrate surface. This can lead to effective

20 storage areas a few orders of magnitude smaller than what can be currently achieved with
current MO systems. A second improvement is the speed at which information can be
stored by the material. This can be realized when PM materials are chosen that have

mechanisms that are electronically based. Electronic excitations induced by the absorption

of light generally occur on a sub-nanosecond time scale making the alteration in magnetic

tJ
(¥4}

properties of these materials several orders of magnitude iess than currently used
compounds.
The use of electronically based photomagnetic effect materials to accomplish
optical switching makes possible the use of optical compuzers since the switches would
-~ intrinsically operate on subnanosecond time scales.
30 With respect to the photomagnetic effact, PMs are suitable for use in optical
computers. The compositions described herein are the preferred PMs as they are one of the

few known materials with the potential capability of converting light information into



both with read-wite capability and random access nenory; |ight weight

notors; magnetic 1 5 analog filns, tapes or substrates; digital
films, tapes or substrates; optical sw tches phot ocopi ers and
sensors. There is provided by t he present invention the
use of pref S¥P&WPManar conpounds 11 conprising traS(¥PER*Het al s
selected fromthe group consisting of Ni(Il), Pd(IIl), Pt(l1).

Au(ll), 1r(l), , and three di mensi onal conpaoun i sin

S €O
transition rmgafs“e@matwﬂ Althoughiiaforpraenyian bf Fagay %ﬁ@lmtm‘gﬂ gtr“h%u 1),
Fe(111) OOl migfldal: T blopticdobher indusiy has een Mkl for Ml
Gs(11), R(IIT), ﬁu( and wherein the infrared spectra of these
conpounds hmbaa cfﬂanw z;snhmmtqn@wadmlhght—!baeed sngmsehd 5@8nedb Satasfosage] f or
t he netal - car bon stretch. In preferred enbodi nents, the
conpounds aré'¥Btromagnetic, conprise nickel, iron or cobalt,
have g density bel aWiford{HeThe ial &ﬁ?ﬂds&@%@ﬂxﬁg’f&ﬁ@ﬂi f16 1 R RGER theSpBtadan 25
exposed to Ilght or thermal energy. Planar corrgoun s such as those
conpri sed offomireadeyrite” CDs that can heawritten oneYig lasgr Betoheserased and e-wsed. Thr ee
di nensi onal | ve a
density bel &9%9%&9%%&8%@&& NG SRIPLaS {ﬂ%ssgaff%rgrfﬁd 8k Lier 1R
PCT/ US97/ 054%8xter than a lower-temperature technology that uses the photomagneuc effect. 9
BRI EF DESCRI PTI ON. OF THE  DRA Vari ous ot her objects,
features and attéfhaas‘at%sfaﬁf Qﬁé’édweapﬁ@ab%wﬁtsmwﬁwsahna devices " yj | |
be mpe ful lphepRigelsaketedau) RRd 2RI MREAIBEDBELES is URGIREAL QRskrshen
considered in con| unct ion wth he acconpanyi hg draw ngs, in
whi ch | i ke meddecentsipingfdvnweigh subdusiigjlydess thag traditional mageets ahiisomagries | ar
parts throu%‘%tf thﬁM?%zvees{n blcf em?hemc\ﬁ'h o?el ctric cars, axrcrattan?_. ortable Figure 1
depicts the prror THT T nag flscal reaa- € nechanlrsm Pg re" 1A is

a schematic déeaptmh@awei‘ghtlbetmﬁ*edﬁnﬁh used to vvrl te to an MO disk. Figure 1B

is a schematic depiction of the nmethod used to read an MO di sk.
Derivatves of particular photomagnetic matenials can be made into normal

15 ferfomagncuc materials which are ferromagnetic without the assistance of li ght. U.S. Pat.

No. 5,501,808. These materials have very low physical densities but still have reasonably

large magnetic densities. These light weight magnets are suitable for use in machines

where weight is a critical factor such as motors for electric cars, aircrait and poftéb!e

devices.

20 Recording technology. A potential application is the development of a tape or
film impregnated with photomagnetic particles that will respond directly to light and form
a magnetic image. In the fields of audio and visual recording. the digital code can be

written on the tape with a laser beam, thus increasing the amount of information that can

be stored on the tape. Laser beam technology is already well-developed in connection with

2
Lh

CD-ROM technology, so adapting it to PM-based technology should not present any great
technical obstacies. In addition, in the field of visual recording, an image may be capable
of being captured directly in analog form on the PM-impregnated tape. i.c., the image is
actually captured magnetically. This is analogous to the tradizional motion picture
-~ celluloid film process where the image is stored ‘in a direct, oue-for-one representation on
30 the film by a chemical process. With the PM-based technology, however, the tape has the

potential 10 be re-used and readily edited like magnetic videotape.



Figure 2 is a schematic of top view of a nmagnetic tape or substrate onto

whi ch 10 particles of PMand NFM have been bl ended uniformy into a
tape. or substrate. Figure 3 is a schematic of cross
section of PMcoated onto a Iayer of NFM such as in a floppy disk
or. conput er wWD9k3I6294 Fi gures 4A and 4B depi RCHE7Mhani sm

of action of storage of inf @rmatron I n the =47 device depicted in
Figure 3. In Figure 4A an appl | ed magnetic field traverses the PMand 15
NFM | ayers. agh etica fd¥idiida 1BBd rage. aR € ordimglad agceasingimf@hation 6n ght angl es
to the appl.i ed magnercfrech chat t he applied magnetic
fieldis | eth"t“Ha‘%E“B'["éF‘Fﬁhum'ﬂ‘}P e pecoppyished asfollows. 1)) 91 st orage medium In
Figure 4B, the [ex¢ leﬂr&e@lﬂmx%lﬁgﬁtﬁc PREp AU ARPRIsEhtedbyORR Figurd 1) are

regi on of induced magneti sm{or, enhanced |ocal nagnetic field) at the

donai n, r ar smmbmed with the NH3I empleaﬁgnresus[eé rbV]Oaam HigueaiDilng aarieax pubstaton of
the d a_sc

The p arl za ’\a&rfm(:i?ftcé?“f?ﬁﬁtfo ihgx’gfls(cg?ted onto a aver Sh\F\gllatse gtg{ij;c?: swi tch.

signal (A). Figure3. Figure 6 is a representation of the partral
atom c structure of a planar conpound for use in the present

i nventi on. Information is placeq epjp eheangterial ay @pwsent ati on of the parti al
atom c structure o] 2 t dellid (&8 he

i nventi on. ﬁifeémﬁ IPF%% Fi giurerIr %37& 5°§°851r°36#§§aent éltir}lg‘11 ‘ot %)%‘sg? bl e

st acki ng arr Aeld€Bpht S tHaois 1ok drarhe critical magrxcm)mjd) (Buds. frequired &0 fuagteheallyr esent
I nventjon

) re. 9 representation of the atomc
structlre of P%P‘b?"’a?rﬁ?”%ﬁﬁﬂhﬁ’dm% "s%pq ’ﬁgﬁeﬁ AS SHOWR i) %‘F‘és@n‘f""?‘rﬂﬁg‘h?’i on
Wi th cationsyahoWhancd¥avelength (i) is appliell kcgélﬁﬁglégorh@orﬁﬂﬂ\. sifdcabede spgct r um of

a conpound for use In the present invention. WO 97/ 36294
PCT/ US97/ 054@xkface containing PM, the magnetization vector of PM increases. This increases the | 0

strength of the local applied magnetic field (B,,.,) according to the relationship By,
=P(Ares)Bapgtica» Where p(,.,) is defined as the photo-induced magnetic permeability of PM.
15 The B,,., is made greater than B, and this in turn induces a magnetic polarization
vector parallel to the applied field in the NFM domain at that point. The cross hatched
area in Figure 4B indicates the region of induced or enhanced local magneuzation.
Irradiation with X causes one NFM domain to ahgn with B, 5iee- This domain contains
magnetic information. This process occurs at close to the speed of light. This process caa
20 be reversed by reversing the applied magnetic field. In Figure 4, the applied magnetic field
can be applied at any angle. Likewise, the light beam can be directed at any angle 1o the
PM.
The magnetic information can be accessed by monitoring the polar Kerr rotation of

a light source reflected from the surface of the composite. Preferably, the light source is

2
W

not at A, or, if at A, it is below the critical intensity.

Forming analog magnetic images is accomplished as stated above except that the
gray and color scales can be represented by variations in the magnetization vector at
different points on the surface. These variations are induced by variations in light intensity

-~ (gray scale) and wavelength of light (color scale) altering the magnitude of p(%,), which
30 is a function of both these variables. This in tumn sets the magnetization vecior in the NFM

domains at each point forming an analog magnetic image.



IE)ETAl LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS As used
herein, "photomagnetic material (PM refers to any nmaterial that changes
Fts_nmagnetic properties when exposed to |light of a particular wavel ength

and intensity. As used her ei n, "resonance wavel erslg)t_h"
[ERR] refers MNP 1R&2%avel ength of |ight thql-l{’J maxi nfEEYSH/
phot o-i nduced effect. sed herein. "nornal

ferromagnetic material”™ (NFM refers to any material that can be
per manent |y magnet ine@magnetic materials-can be usedﬁsﬂlqﬁ@tﬂ Hersailrecordipg.i bedgeseant ch”
refers to and ch | a.true uter and
refers to a deb\%%éfé ceg dzli d Bf" % g\ﬁn r?él aonpe qu Iﬁfratglnaﬂrggmtmdomh %ge a
property 10 photoma@ﬁetﬁ campod, {.& ik nﬁi@namuaSuekbtmé@aﬁgﬁdmmy Migide, but
are not limted to, phase, | ari zation. and frequency.
Preferably, t r?éa’eﬁ%g%theéraéﬁ@n%iﬁ%&u%nwaa ljujoidhfilrm progess avhere the image is stored

T et | OF BAGAERASRAS:-BRMCLERIA07 o Il cnbleal)Bboetd, A thid few (1)
| i ght wei ght ferromaghetic applications, conput and él ta storage

t echnol ogy; ( 2¥chnology, howevercthotape has the phtamlzbgybe ré-B3edpind raxddpydired lidtevi ces,
(4) optical svmtches éS magneti c anal og 15 film and (6)

el ectroni c deVh8BEIGYid 50r'S. It is now possible to

i nprove on previ ouPhdebEAing kREREIDEY. AhAdikr MDIBASY it BleYePdlopment of a new USI NG
materials that have a true photomagnetic property. The areal density of

t hese photpgemsingprecdss Fiardnt e@tmpymbyrome»wsdhghtcsﬁnsum rhaterials beam |,

t he wavgl engt effects due t tering
of Ilg\klllfﬁ at tpfg%b‘%g% %’tcz&gﬁ cJeh AT %mc(l:eatrt{” “Ogg%tﬁe 6T EC ?c\f‘e%smg ¢ same

st or age ar eas canéepwabsppesash, qfnotmggnettmdmta—tm doibidel auich \Wigrhe Gl ¥ at BE Geat | y
achieved with current MO ystems A second inprovenent is the

speed at whi CH°?WF18F*}?&P]?B‘H°8§HF°B%S ace stored by the material. This
can be realized whaied b 5 ¥nS0rS N 88RBsLiAtse ) BVLubi nousf hiofTEChani snms
that are el ectronica Electroni c excitations induced y the
absorption thmughout mﬁusterg H'thened@d I}gfmwacrr ghwtaEnagottiqrantesads am haré me -

maeri ats Soverarts et PRTRe e lemprnt sl aRc: o et

conpounds. magnetic field strength, Eﬁ@eumie afd \eixelkhgtﬁmfﬁﬂhl V.hFeediapbsbpssgnetic
effect materials to acconplish opti Sw t chi ng nmekes. possible

the use of optf I CARHA P BRUpGipdss f"ﬁ‘é’hs}&ﬁ?fb 5“ SQ\%@IO&U to changes in light

i ntrinsically ;geg$ taﬁd anﬁéég'ﬂﬁ'{égﬁﬁﬁMnﬁq@%Q@b%ﬁm Sfhetic materials are Wth
respect to the photo netic fect, PMB are sultab for use I n optical

combined with applied magnetic ﬁvlds the waveleagth of light that they respond to can

20 vary with the intensity of the applied magnetic field. Sensors made with these materials
can respond to specific frequencies of light.

Any electronic devices which presently rely on ferromagnets are substantially
enhanced by using photomagnetic material. Inmost electronic devices, the electron speed
is about 1% of the speed of light, while optical signals ravel at 90% of the speed of light.

25 Thus, using ferromagnets that can respond to optical signals presents obvious speed
advantages. The photomagnetic material also presents a new way of detecting light,
magpnetic fields and/or combinations thereof. As a light sensor, it would be more versatile
than a photodiode. Preliminary testing indicates that the threshold frequency of light

-~ Which produces the photomagnetic effect appears to vary with the strength of an applied

30 magnetic field. The sensor could thus be “tuned” to react to different frequencies of light.

This is in contrast to photodiodes, wherein different materials need to be employed for

each frequency range.



conputers. The conpositions described herein are the preferred PMs as they

are one of the few known materials with the potential capability
-of converting light information into ' WO 97/ 36294
11 PCT/ US97/ 05401 - magnetic informtion.

Al t hough i mvowmeézpeon can be transnmitted 8 tically, it nmustPCYYIpo39H1
stored magnetically. Thus, the optical c ﬁputer I ndustry has been searchi-ng
for mterials capabl e of acting as the interface between

| i ght - based syst@pHcASvitehinge Optical avirclii@camde achieved as followsy Als@gpicted in

In addition,_ the fact that the PVs respond rraegnetical Ly to Iiggt creates
the pot ent i Gigure 5, a layer of ENj,is placed ju op arpbied magnefig field. £ light signal( A thabig alyj ¢ h
laser lighty t ﬁ,e-dsa@oﬁ,%go&ﬂ Ithes P&y er whil d SoibifRligh€atlal(E) ie

t echnol ogy ?L'ésl ealt-]base angmi S thugyefé"ss"%%eéﬁ’? altgaé énd lgi sks a](gl\(ret)eri orate

f ast er t hanreflettedromtthermaregioint @s (A [ie irsiyyed rhagnetzation f1fie ol thedtM aguses | ¢
effect. o . I ght wei ght of_the PMs ans that they are
suitabl e fo?heggléﬂf‘ar?%qu's'ﬁ@éiqﬁéé’ c%engev:a ¢ PRIRLKST FRIIPREESr & present |y used

and the wei ght ofperdifre @eMinbEr dfprodiBR MRt is VRAITS hive the li%htcst possmieelectric
contai ning PMs wei gh substantially | ess than traditional magnets. Thus,

magnet s motor. Forpxdmples elestip/Barsineed$ohavelyeny lightwaight eleptric motors ingrderdé
electric cars ircr and rtabl . ' [ i is at a
o o - eohsertl B nd WA pfHRIeh 8Py exey weighe milEY LESTpURELE BN b © @
mat eri al s chim. For emgidid GiroOpowerédy eléctric motors Wit maghegnedde dropP s walild bahi ch

are ferromagneti ¢ W thout the afsi st zari]ce of light. U S Pat. No.
5, 5010 808. Wﬁs‘%il?fﬁ?té‘ﬂié"lﬁ e \?_@3? Physi cal densities but still have
reasonabl y Another| RhSiBlc TRSHabI:2ubi8 AR VidePrecdrafipRebibe THRIBAE MBgnets.
are suitable for use in chi'nes where weight is a critical

f act or suchdesandptiat theseqprodiictsdieras dightzand compact asgfossibled Epar dextigk chowever,
devi ces. has to have an electric motor to roll the video or audio tape through the machine. Because
it must contain a maénet, the motor is one of the heaviest components in these devices and
15 PM will reduce that weight substantially.

The two primary applications in the computer/data storage market are: (1) high
sped optical computers and (2) laser-mediated data storage. An integral part of the optical
computer is a so-called “optical chip” which uses light instead of electronic signals.

Ordinary floppy disks use magnetic storage to store approximately 2 megabytes of

20 data. Optical disks can store up to 600 megabytes of data. The drawback of conventional
optical disks (such as CD-ROM disks) is that, unlike magnetic disks, they cannot be erased
and re-recorded with new data. Thus, over the past ten years, the data storage industry has
been developing MO disks which store the information magnetically like a magnetic disk
and can thus be erased and re-written, but which can be read and written on with light, thus

25 permitting the much higher data storage capacities of optical disks.

MO disks are currently being manufactured and sold primarily by Philips and
Sony, which also make the drives necessary for reading and writing on such disks.

PMs have applications in the area of MO disks. The current magneto-optical disks

-~ work by a heating process which is relatively inefficient. Recording takes place via a high-

30 power writing laser which quickly warms a tiny area on the disks metallic surface, causing
the magnetized molecules to line up with the magnet below. On playback, a specially

filtered low-power laser beam strikes these molecules and is altered slightly as it bounces



20 Recordi ng technol ogy. A potential application is the

devel opnent of a tape or filminpregnated with photonmagnetic

.particles that will respond directly to light and form a
magnetic inmage. In the fields of audio and visual recording Lgital

code can be WO9%M62%%  \ritten on the tapgswith a |l aser bea‘ﬁ#’p%ﬂgk&

I ncreasing the amount of information that can be stored on the -

tape. Laser b echpnology is already well-devel oped i.n connection with 25

CD- ROM t echn (5’?%81?/ ft‘*s"s-o?%%ﬁ‘%hgb(‘ 1% %emnmz%fédmeee ﬁ‘%&‘l"%ﬂ_j%/s‘g% u'Ir@I e ther esent

any great machinery sﬁxﬁﬁ@%@e@ges ﬂg%hﬁ'&{t%gfhe oAk '&@i‘ﬁn% |BerlcBfted bRk 4nUnd

vi sual recording, an 1hmhge may be capable of being capture

directly in drainolgedles gat BippedhcheloMier mpy.egnated tape, i.e.. the inmage is

actual ly capturedragnetjcally. Thi.s is anal.ogous to t tradi tional tion
pi ctur e BB Pl Gan Vocng rGrdag iR e el e ok Sedtney i o

di rect 5 one- flight, @Ebdcaie FEedthabhbR m@BriAcan in rn ehtiBed the BrdihdraheFhad
process. Wth the PWbased technol ogy, however, the tape has the

pot enti al t o fi5¥: pEnagaetis diskesurfacedian pe tapregnptad vith P gne thet apvgiingt lagsewill

WO 97/ 36294
PCT/ US97/ 054
Magneti c | nfto regiony andthar ragien onliRE©CEEH 1ag irbthe corpefssiangadndioosptivilidk. on

phot omagneti ¢ nmedi um can be acconplished _as_fol | ows, . As
depicted in I('irihb‘lﬁ‘%ceis,' WeveNsEa isgh é%%ﬁ@ﬁ?%%fﬁgghﬁnﬁfqr fri Yo spesys ar e
conbi ngd W t BoblPredbiMi RS fithE bdigh-AFFRRUGSHNM, BrtakoviBor fhidrl B bR a9didkd)t O a tape

=

or substrate. 5 In an alternate configuration. the PMis coated onto
a |l ayer of NRyrdisg astemplishedexactly as in the cufenfipeat-t@sed technology. Erasing is

I nformation 'sﬁ'n;m:r%ﬁ gnocr)g gf?icicpue thir \twﬁ{x khael cu?rgntfhgelnlb%sve\sdz systems, since the entire disk is

simply exposed to light in the presence of the reversed magnetic field instead of being

(ﬂcrease the magnertic field in the area where the beam strikes to a critical strength, causirzg

heated in the presence of the reversed field.

L

The inye:mion includes the use of compounds with only one transition metal as well )
as those with mixtures of transition metals having the same coordination characteﬁétics
which form either planar or 3-D structures. The molar ratio of the transition metals within
the compound can vary widely. A continuous ratio of mixing is possible. Mixed transition

metals have been shown in the planar Hofmann clathrates described Sy lwamoto, supra;

)
<>

the “Prussian Blues™ described by Shriver et al., supra. and the polv{yne) compounds
described bj'/ Sonogashira et al., J. Organomet. Chem. 160:319-327 (1978). The
compounds of the présent invention comprise transition metals as described abové ina
coordinated crystal structure such that a metal-carbon stretch provides a broad ﬁngérprim
peak within the range of 595 to 655 cm’™' within its infrared spectra. The t;ydratcd form of

the crystalline-like compounds of this invention which comprise nickel have a fingerprint

)
\¥ 3

peak of about 625 cm™ in the IR spectra and a fingerprint peak of about 7.98 A in the
X-Ray powder diffraction spectra.
The transition metals useful in forming the crystalline-like compounds having a
~ planar structure are those capable of forming square planar complexes such as Ni(II),
30 Pd(II), Pt(II), Au(IID), Ir(l) and Rh(I). Such transition metal species provide bonding
angles of 90° and 180°. The transition metals contemplated for use in crystalline-like

compounds having 3-D networks are capable of forming octahedral complexes with



Referring to Figure 4A, the prepared conposites are placed in an applied
magneti c field (B[err]) that is less than the critical magnetic
field (Blerr]) required to magnetically 10 pol ari ze a NFM domai n
parallel to the applied field. As shown in Figure 4B[err], when |ight at
the resonancwowas@ebength [err] is applied to a single poi NtPCIAUSPHRSI8Nr f ace
or the entire surface contai ni né PM the magnetization vector of
PM increases. This increases the strength of the local applied

magneti c fi ekstbb®| Blidst )nca@své(tm) r@am tda), wlamlamﬂ)l‘ﬂn@[)emdm) Mo(iD),
=[err]Blerr] defined as the photo-induced nmagnetic

)
perneability O@EII)pWI&B Ru(lID) and Ir{{H). Bfkes? yransiiopmpealypradide therppmpaye ppdingd
this in tur n?fllé}fly&gl%te%t %Q@ﬁ;}aépoﬂeé fﬁaﬁezaF] faﬂmn the traps itiolf friekaPplaf é&fo?gg@é to

t he applied I'n the NFM'domal n” at that po ecross atc
area i n Fi gudenehBionaidieoedrieshd tnmsxtmgmmtalasfreaumzﬂumdda cuorcﬁnmtaxgccenipbmmair

magnetlzatlo rradi t|on W th {‘errnl cayses one NFM domain to
the compoun

align With BF&?‘T‘*}‘O C?WPLetecFl?} Bﬁftﬁicﬁge of gnetic infornation.

Thi s process occurfe @it &IQ36 tﬁ&e u}@mﬁaeeﬁﬁe S mpdufi can b8 bni R Q&AMeARFhal 0
be reversed by reversing the applied magnetic field. In Figure 4, the

appl i ed magndenepding @ndhe transition metal ysed. Jge amfth@lurat ceélm}soa'ngqtsemﬂmk ew se,

the |light beam can be t ed n

The magnet i o AT APHATTON ‘Bt in BB bl ok el G orihor tmetomsich ine
rotati on of structure have a dindehgbr wﬁmuﬁg:aemmeifﬂemtae@lué ke talﬂgc siwsﬁm,&eo oftotdhe
conposite. Preferably, the light source_ is not at [err] or, if
at [ef?] it iThe pelppwultipied derepdsgn thﬁfrerﬁgwymml due to the varying size o thg§ppg ng

anal og ”ag”e‘iénEtHsm?ﬁ?ﬁmhtﬁ;h@?%?%ﬂ:@ﬁ%%?lloslb@d SRR PN FEGARI fotat the

gray and col or scales can bé represente y variatrons in the nmagnetization
vect or at Therefore, theliahgeofalmersing for thrrexeheamsi by fande repitsened st &t Neoms ar e
and

Suced bY vary 8 988D o B s o g SR RS, o
is a functi OBe@feebﬂie"pliﬂéeﬁﬁl ws?r frérh BESA 1olhh 4, fondriiydrfi€d Soripdandsr@asis-mat i on
vector _in the NFM omai ns at_each point form ng an anal og
magnet? ¢ i made intercalated or hydrated compounds. The C axis is some multiple of the distance
between planes. For nickel compounds, the dimensions of the two axes a and b are both
about 1.0. 13 A (N = 2) and the distance between planes is believed to be about 6.75 A with
a C-axis of about 13.5 A.
The unit cell for three dimensional compounds have axes a, b and ¢ with
20 dimensions represented by multiples of a value in the range 0of 4.9 A to 5.1 A, depending
on the transition metal. The multiplier, N, is also typically from 1-1000, more typically
less than 100. Therefore, the range of dimensions for the axes a, b and ¢ can be
represented as 4.9 A N to 5.1 AN. The axes a, b and ¢ do not have to have equivalent
dimensions.
25 Where more than one transition metal is used and the compound is crystalline, the
dimensions of the unit cell are expected to fall within the ranges above. However, with
mixed transition metals, the compound’s structure may be completely random with respect
to the order of transition metals with no deftnable unit cell.
- Not wishing to be bound by theory, it is believed that the transition metal is
30 coordinated with acetylide, sz', segmehts. This theory is consistent with the products
expeéted from the starting materials utilized in forming the transition metal crystal

structures; the size of the unit cell of crystalline-like nickel corapounds. as extrapolated
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:Phot omagnetic materials can be used in the fi el d of visual recordi ng.
| mages can be captured directly in analog formon a ta

e or
substrate i npVegHERed with a phot omagnet i c conpoﬁﬁa”{”s?g%sf“?l t he
image is actually captured:¥magnetically. Yhis i Sl anal ogous to -
the traditional notion picture celluloid film process where the inage is

stored 5 from X-Rag pawidecliffracive-dagrand tte ungpue ekkemdrat propertes dfhbe dantpoutds a

chem cal process. Wih this ne .t nol ogy,.. however he tape
has the pot enf’gté‘lne%/'volg ‘H%“af‘%t-"ﬁ@é\f,}l‘cgﬁda UL Cglg&?&‘bmﬁg‘%/akgns’% ) For ar#ﬁ'tjfﬁeti c
videotape.  coordinated transition mdtAl BoRERARY h28/1 1€ RANRE QB ture ARGINRIovAPPI i cati on

is the devel opnent of a new phot ocopyi ng process. Current

phot ocopyi ng processes use |light-sefisitive materials 10 conbi ned
with el®ctrostatic charge to guide tthe ink onto the copy surface. Using the
samne conceptual approathy (phdomagnetic materials conmbi ned with
magnetic fields can be used - | to guide the ink onto the copy
surface. El ectronicc devices and sensors. Sensors are used
in a ubiquitous fashion t hroughout i ndustry. \Wen used as a

light sgnsor, wmb%qgggpatmmgﬁﬁ'a@éd%raﬂgiso,m&@n_J,é,exa.mp . oSBT Lhifcdihan a

phot odi ode. Phot oma ic materials can respond to Iight intensity,
magneti c fi el (Fostereagbhs ndt elmqyer) donarsex codiineadgrassiggoh rrstal borgled to AdeSlidPbds.  No.

5, 501, 808. es Thi Sbils In contrast to photodi odes which in general
respond only fho B'H%ﬂﬁrgégf’% "?P‘ﬁht intensity and a limted range
of wavel engt hs. When phot ornagneti cgmjerials are conbined with

appl i ed magnetic fields, the wavel erjgrti of Iight that they respond to can
15 vary with the intensi tyE@tMtc(qu_Ca.:ppl ied magnetic field. Sensors

made with these materials i can respond to specific frequencies of
l'i ght. Any el gq;t renic devices which presently rely on
ferromagnets are substantially ¥ enhanced by using photonagnetic

material. In nost glectronic devicges, the. electr speed . ... .. 1S
About 19 of "t e spRRESPIAR LI SouR Py Lregt it BTG g B §USrLe SR ¢ he
speed 2§ | i ghineta?Sompounds JtHS prestat RertRh LRTIGRELGWE RAEhAAH N FREROF Vit
optical signals presents obvious speed advant ages. The ,

phot omagnet i c oMy {t@psiEen mewls Sand sestylenccarhons sayhayrm. dbe eeuofss §alqng Ate not

magnetic fiel %V@ﬂq/ﬁiurg 8 QPA ﬂ'@%blpeggd {Q@L{fﬁg Eet&%er?thle bﬁms %@%Q}%iriciaffo}QQML d be

nore versatile
for compounds with a structure as shown in Figure 6 is M(X)yyxM(Y)C,y. wherein -

M.(Y) is the transition metal, with Y being its ionic state and M(X) being the counter

o]
wh

cation with X being its ionic state. M(X) is typically an alkali metal, alkaline earth metal
or rare earth metal or stable cation such as a quaternary ammonium ion (NR, ") where R is
H or any organic moiety. Such a structure will provide a delocalized pi system over a
significant portion of the compound. Planar compounds of the formuia M(X),,.
vxM(Y)C,, wheretn n = 1-6 wili also provide a delocalized pi system. Insucha
30 compound, more than one acetylene group is bonded between the metal atoms.
In the crystalline compounds of the present invention having three dimensional

crystal structure, the coordinaring compounds or ligands extend between planes. Not

-~ wishing to be bound by theory, where the coordinating compound or ligand is an acetylide

(sz'), it is believed the 3-D crystalline network has a structure as shown in Figure 7. The

W)
h

empirical formula for such a crystalline compound is M(X) M Y)Cs, wherein M(Y)

Is a transition metal, with Y being its tonic state, and M{(X) being the counter cation with X



than a photodiode. Prelimnary testing indicates that the threshold

frequency of I|ight whi ch produces the photonagnetic effect
appears to vary with the strength of an applied 30 magnetic field.
The sensor could thus be "tuned" to react to different frequencies of

|'i ght. WO 97/362Phi s is in contrast to &hot odi odes, wher eP@ITUSA70840ENT
material s need to be enpl oyed for ' each frequency range.

WD 97/ 36294

PCT/ US97/ 054 ing its ionic state. Three dlmenswnal compound> of the formula M(X) WXMC(Y)CG,, 14
Opti cal SW|t h| ng. q%talﬂeal lgl n be achieved as follo
depicted in whereift =1 M gy esdeac‘”f &Pt SEFeM i s placed in an appl i ed

magnetic field. /Ad §'ngm;n iPFg0Rs 8AAIC, i ladaPstlctures can have xﬁ{n‘?rohlmtat]'l&(s' nc: dent

on a point on the PM I ayer while a second polarized sl gha
reflected friothdingedipsed, ptaggereday centgred ‘I‘lﬁb: ¢Chp|s.edénhrrmkgpwt szag I8G.l;ln'{ak6srt]1e of
t he PIVI cause

pol ar Kerr i%“ﬁf f‘i?ﬁ“gllpf’%egtang% aaétlrgg%%‘!’lou?m eelt SS‘I“ = agféa‘%ﬂr% anggr Vl)? the

products wher==ht96s Thelcakisti@giNaVa thdRudrpight %&im&osmplyﬁ @ﬂg%sh& fxas-
motor. For exanple, electric cars need to have very twel ght electric

notors i n ork§®t seep in certain transitigp mstal gxanisse esisciaved bnMIBﬁrfet di @ATHyroany extra
ht Kk fi |
11O NSRBI O 401 IRLATSIY h p y sSRERAA °

powered by e C notors w

nore ef fi ci eldcesthe pidakeattsomt bﬁuredmdncuﬂ@ethad eSip@®Sentered. The sequence could
Anot ng exargp s portable audi o and video recordin deV| ces. The market
demards t hat®® fﬁ@é‘f fedbriftriansearg 4n e giRe arrdiatignpart the Boplmss asestaggerehch

devi ce, howay&dial case of staﬁgerem%ﬁt&e@%}@wﬁfh Bh ert r]thEfE%s Mthd Okiflshwiddghe/ | d€O

or audi o tape through e machi ne. Because i1 must contain a
magnet, the iptetpianai distames. of t he heavi est conponents in these devices and 15

PMw [l reduce t %Een"}ﬁe %tc% lélztzjusotng‘gllelc%llas!za/ered in the structures given in Figures 6 and 7,

the unit cells will remain in the tetragonal crystal system if their arrangement is the same
IS for each unit. When the counter cations have repezt pattems that encompass more than one
unit, then the crystal system can changs. When the pattern is only along the ¢ axis, the
tetragonal system is maintained. Ifitis along either the a or b axes, then the sysiem can
become orthorhombic wherein a=bsec; however, a=pf=y=90°.
When considering the crystal structures for the 3-D networks as shown in Figure 7,
20 it is usually seen that the cell unit is cubic without consideration of the counter cations.
(a=b=c and a=f=y=90°). This would be true because the connectivity is the same along
three crystallographic axes. When the counter cations are considered, the cfystal system
can become either tetragonal or orthorhombic, depending on the direction of the counter

cation repeat pattern.

2%}
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Dimeric and oligomeric forms of these proposed compounds have been synthesized
by Takahasi et al. The Institute of Scientific and [ndustrial Research, pp, 247-251. The
compounds of the present invention are more delocalized and partially ionic in character
and thus have stabilities greater than known non-ionic linear transition metal acetylide

- polyfncrs. The compounds, described herein, like the linear transition metal acetylides,
30 can obtain high molecular weights. However, the compounds of this invention are two-

dimensional and three-dimensional in structure with many compounds being ceramic-like.



The two primary applications in the conputer/data storage market are: (1)
hi gh speed optical conputers and (2) | aser-nedi ated data storage.
“An integral part of the optical conputer is a so-called "optical
chi p" which uses light instead of electronic signals. :
Ordinary flopp9oMeass use magnetic storage g0 store approxi F&F@ISy7e0!

nmegabyt es of 20 data. Optical disks can store up to 600 negabytes of"
data. The drawback of conventional _ optical disks (such as CD-ROM
di sks) is that, urForpoundgpithe pregiintipyentionsyn bapiadiced by sagiingpnhydrous and

ety s R o S ol SRR bR 0 200

i nformati on nagtdide)dalah ¥nert defiosphere §slRwite Hixddg at a temperature ofide30500°0Ys be
erased and re-witten, but which can be read and witten on with |ight,

thus 25 Proterabiyt atitheyewtertic mRGrairg REthe ansifionmagial dulidegnd he Akl of “opti cal
di sks. 5 metal/alkaline eanﬁgegﬂ BAiRle 8rSt foltdt B SRhlit¥s RGhSHE uﬁ?%&l@ ﬁtg\iry gd and sold

primarily by Philips an Sony, I ch al so nake t drives
necessary f or exagplh, thy catedtioveiperagroot Niltand Cakl is about 600°C. Two or more PMs have

applications jn the ar MO di sks., The current net o-opti cal disks
work by a heal ?‘ﬁgmﬂr“b%%g’?ﬁéﬁic%g‘? r§a‘i§§q ‘aﬂvﬁv"mﬁ@w pixe Fee T aikes
place via a haGhxtudof black and WATE powddr b9 dHEhincATRIm W rehetiol! Thé BoradidiPofa ti Ny
area on the disks netallic surface, causing t he magneti zed

mol ecul es .t o Plaskepayslenistriticddeas thegrastion progressesnntil| applsa changa issqomplesg. | This
filtergd | ow @9&8@5 wal §6 10 GAPAE e ck‘ﬁ?al-ﬁikig?%gg%i}fﬁﬁ%@ismnﬁ& Bnlprsig

slightly as i unces

PCT/ US97/ 0540dickel with the following stoichiometry 15
of f the disk. The reflect L ght i .he onverted into an electronic
signal. To erase, I}Iﬁéz(s)+f(gaéz(s? ’r@ﬁiaﬁgr?&%ﬂ@ y reverses the current in
the magnet, the wWAkidgebRes forkBBSadBweN, and t he nol ecul es

get flipped the other way Because PMs can becone

ferromagnetic in tMdYpZes aMEE)6E: P (E .y L Y TG 1 XIMBYZ O f
15 where Z is a halogen. | |
This method is preferred and preferably, the reaction volume is minimized to
minimize sublimation loss of NiCl,. Purification of the product is accomplished by
extracting calcium chloride and unreacted nickel chloride with an alcohol. Calcium
carbide can also be removed by reaction with an alcohol. The planar structure and the
20 presence of acetylide ligands are consistent with X-Ray powder diffraction analysis.
Other methods are also suitable, such as reacting within a solvent a transition metal
tetraacetylide complex of the formula M(X),.yyxM (Y)(C,H), and a transition metal sait
of the formula M(X).vyxMc(Y)Z, in the presence of a catalyst such as a copper (1) salt of
the formula Cu(I)Z, AgClO;, AIBN or Bu,B/O,, wherein M(X) and M(Y) are as defined
25 above and Z is preferably a halide or carboxylate. Two or more transition metal halides
and/or two or more transition metal tctraacetylide comi)lexes can be reacted to provide
compounds with mixed transition metals.
An additional method for preparing a metal compound having a 3-D crystalline
-~ structure comprises reacting within a solvent a transition metal hexaacetylide complex of
30 the formula M(X)_(s,y),xMc(Y)(QH)s and a transition metal salt of the formula M(X),.
vixM(Y)Zs in the presence of a catalyst such as a copper (1) salt of the formula Cu(I)Z
(where Z is preferably halide or carboxylate) AgC10;, AIBN or Bu;B/O,. In preferred



5 | i ght, and because ferromagnetic materials can in turn enhance the
strength of a magnetic field, a magnetic disk surface can be

f mpregnated with PM such that - a witing |aser wll i ncrease the
magnetic field in the area where the beamstrikes to a critical strength,
causi ng WO097/36294 t hat region, and that_region only, to PETAURPI0s®1I N t he
conventi onal. magnet o-opti cal di sk. 2 Thi s process, however, uses
no heat, so the inefficiencies of heat transfer (e.g. slow speed. 10

poor er resolambodimenty, thelenkidanmefal Batickdl. rBg Gnorb kaake e haliBaRigl S) are
avoi ded. Wi Readi ng i s acconp] i shed exactly as in the current
heat - based tERITAGIEYASECLNGHY teteaacetylide complexes cap hpyFeapted irpraide ef fi ci ent

than wi th t hempdisdRitaakd BassshnSyshens, since the entire disk is
sinply exposed to light in the presence of the reversed nagnetic field

i nstead of bei ng The tetraacetylide chmptes dan be othangt lysamoel méthodef thivversssh fi el d.

15 . 5 The J I includes.the use of conpounds with_ only one _
transiti on n»%t{%ﬁﬁéésc%]\% 9 rea&eé m@“”“&‘é’%‘ﬁ&?@%&‘ﬁc% tof B fFmua it i on

metal s havi REMNAE)Z; divthe pos3essbiev8 b cBlySthas Rt obsdri(5 Salt, Cu(z (z=-hajia/¥2' ch form
ei ther planayr &F 3-D structures. The nolar ratio of the transition netals
wi thin AgClO;, AIBNr Buli{Bo agsardingrtovba fpllowimersaction cont i nuous rati o of

m xing i s possi bl xe NSiskyd AN \ | ave been shown in
the planar Hof rrarr:ﬁ)dglﬁ"é?f‘ﬁifg{)géiégéc?i_}bgg( %V”ﬁ%%?gﬁ g?&é?‘a; 20 t he
"Prussi an Bllhedtxadegylidelrochplex chbe vetained byh similatyei@ionatitbnieG ek Yiydhe)
corrpgﬁnds c b descri l?ed bfy Sonogashira et al., J Oganonet. Chem
160: 319- 327 SFlys)¥hesgpequivalents ot acerylsnmare Frasted in 4 ypkvent with MO mueit (Yo%
conprise traspiovidemmB}, 3l M e8dgpgri bed above in a coor di nat ed
crystal structure such that a nmetal -carbon stretch provides a broad
fingerprint Alternativglp ghe \giradeeiylidheomplexgandt obebed by 665 cntidner méaned t hi n

its infrare Avdr b f_ 25 . . t he.crystal|ine-like
conmpounds os u«flﬁlﬁgéal{cﬁ%%t@l‘%g#}Yo%nxﬁ%ﬁl‘igng arq.?tgé)rﬂagfgglw‘?{‘a@eamﬁhfe E‘FBL salfof

peak of aboatet@Rls iospieem] ThahdxascetyRds peapledesansboothingEsiidlir iR@aiguef about
7. 98,@ in thg’ﬁ . X- Ra .Elovvder i.ffractjion spectra. )

The tTansit i re%?‘é?récsﬂg’élf’lgl“%’ﬁ‘ 1P FyFtah Huqapanassy iy s3a51eH wib-anjajkali enstab sl hefs -
havi ng a acetylide. Pl anar structure are those capable of form.ng square

pl anar conpl exes_such as Ni(I1), 30 PA(I1), Pt(IL), Au(lll), Tr(l)
and Rh(1). Such tThessgraondnsoms eNamplss of methpdofpr chembieatigtilinging to transiion  angl es

R R R L CT R ——
form ng oct adeedoral(Cod)H) betvesn waidition metal complexes and acerylenes. - This works well
20 for Pt and Pd but not for Ni since the complexes form precipitates in amine solutions. The
choice of Z is preferably limited to halides or possibly saturated carboxylates. The most
stable catalyst is copper (1) iodide. These reactions should be carried out in the absence of
O, since oxygen can cause oxidative coupling between the acetylides.
When transition metals having ferromagnetic properties are used in the
25 crystalline-like compounds of the present invention, these crystal structures also exhibit
ferromagnetic behavior. They are of low density, typically below 5 g/cm3 for planar
compounds and below 3 g/cm3 for 3-D compounds, and also exhibit unusual electronic
behavior.
- Photoferromagnetic and thermoferromagnetic properties have been found to exist
30 in compounds comprised c;f nickel. In addition, a nonlinear ferromagnetic response with

respect to an externally applied magnetic field has been found.
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.carbon. These include Fe(ll), Fe(lll), Co(ll), Co(lll), Cr(l I) wMh(ll),
MA(TT1), M(I1), Gs(11), Rh(I11), Ru(Ill) and Ir( ._These
transition neWa1%APPbvi de the appropriate hpnding (é 505301
consistent with copper oxide planes. In formng the transition netal planes
or three- di mensi onal network, the transition netal is reacted

with a coordi nati ngheermeawnds entaigag nickel havedgeriopainedbiphaating pigkel chlpsdal | i ne
structure of th 5 e unit. I f these
crystalline-| aﬁcgc%%ﬂrr%ou%n%qse 185?1“155 aBP %Sﬁg?re (gorllo§r:[ 'g% rrnregpﬁl{sgltaélgg’lc%[ﬁ'g Rber tﬂee

dependi ng on tbaditisrarigsdribedinthé etampsesd Thd hiekd cap@indtiky giskictpic aid readrs o
varies with the transition netal (s) _utilized., Two axes (a_and b)
for the unit d@malewgetemeswamw tg PrRgiiteh 3 mpx@ure of nickel hydm@é? Geleiyrmehysdagrdey

di mensi gn whi ghyi b eﬁeanE:'Q“ ﬂ 3% dpes @fdﬁfaux'aram&,h%af&ma of wieretfl s bdfievedhd

10 The va ds on thetransition netal due to the
varying size befetwren BamuO The nickel comploemrglts hkxckmamtalhplwsr@r andNpas a dulk

typically f 1-10Q0 ically | h
e L Rt O e T A Eabts5E B hebB0 cpmste aroRBSRELA
to o dikitfyidther The axes a and b do not have to have equival ent

di mensi ons. The di stance bet ween the planes can vary from3.5 A
to 4.5 A for non- hyeremeghetsmisondngsd amlhencsdmmaﬂsmngasamnlepfﬁl"ﬁﬁ’é&%al at ed

or nydgt ed. © HURANOT Rerei TR B ol oSBT LB Bl of Il bAGE,

bet ween pl ane oun |ons t wo axgs a and
b are both between 600 aisiod(0 nbO. Tl'belgAt (sl‘prsicrﬂt)ly prcd' deli &y dhset sares 0 fipgstveenpot
pl anes is belleve to be abqu f about

135 A s$26° T Spot Siz8 Sliigeoply i e o S YRR TR AR e

have axes a, RcARHnE Mk Bildse are ne gim@aﬁle@ﬂ@ &ﬁ@é;&%&n%&oﬁa{g@uhﬁ ih@%e@f a
valuelntherangeof49At05 dependi ng _

~transition metoaknhalers byleaiigd 4 sampleNo at iesstab%lfﬁ‘&ip preidralyy 790 9ﬁ°@- fb@‘@f nor e

typi _Cal Ly temperatures provide a stronger response. The ferromagnetic compounds show a non-

| linear ferromagnetic response with respect to externally applied magnetic fields with the

response increasing with increasing fields. Not wishing to be bound by theory, itis

believed that when th_e conduction band reaches a critical electron density, the excha’ngé
interaction induces the ferromagnetic transition. This critical electron density can be

26 reached by either photon excitation or by thermal excitation or both. The energy gap of the
material is a function of the applied external magnetic field and decreases as field strength
increases since the energy of the conduction electrons are lowered. This applied external
field can be coupled with the excitation of electrons with photons or thermal energv. The
material is either semiconducting or semimetallic.

25 Not wishing to be bound by theory, it is believed that the structures and
stoichiometry of these compounds is indicative of a superconducting transition within
these compounds at some temperature. It is also believed the mixed transition metal
compounds will provide electrical properties different from those compounds having only

-~ one transition metal. For example, a compound with Fe(II) is expected to be semi-

30 conducting based on a diagram of its molecular orbitals and a compound with Fe(II1) is

expected to be conducting. A compound with both Fe(iliand F e(II) would transfer from

semiconductive to a metal-like conductor as the proportion of Fe(IIl) is increased.



| ess than 100. Therefore, the range of dinensions for the axes a, b and c

can be represented as 4.9 ANto 5.1 AN The axes a, b and c do
not .have to have equi val ent di mensi ons. 25 Wher e
nore than one transition netal is used and the conpound is crystalline, the
di mensi ons ovosnss2smit cell are expected 5%3]: all wthin th&CTFGES4Hbove.

However, with m xed transition tals the conmpound' s structure
may be conpletely randomw th respect to the order of transition

metal s with Metsdafikeaipeundds e expéed to have 60-100 mol% Fe(Iil) alNDemiinstailizgate0 be
bound by theory, it is believed that the transition netal is 30
coor di nat ed GrRaFtediehane0gel meYaF¢(Hsegments. This theory is consistent with

the products Without ﬁxﬁﬁ&f‘e@éb%ﬁatifyﬁ,ﬁmsﬁag?ev@é %{&mgkm@a &1 theh? o4 biihgad 10

formng the transition netal crysta structures; the size ofthe
unit cell of porcydit@ti¢scripidn iwdizmitiquescoonpatiod ®. itsadgllesk trtepollbe fodlowing

WO 97/ 36294 . e - iy .
PCT/ USY7/ 05 4Biefcrred specific embodiments of the preferred composition are, therefore, to be cqnsirued

from X-Ray payeRfeidilfubirAt b ndahAaARGS IHRReHAhdl 6f Bk ARtiaRt ¢ AyaRgrti es of
t he conpounds obtai ned. Pursuant to this theory, a partial unit

cel | (count e™hgp$vshs not shown) for a four coor di nat ed

transition netal Bp&g?&eéo(?n%%lx ltl'le%ll&@iﬁg E)Q?ﬂp%ésr HF&%&)&&&@% Q‘?b‘?&ﬁ

[err]
uncorrected in degrees Celsius; and, unless otherwise indicated, ali parts and percentages

10 are by weight.
The entire disclosures of all applications, patents, and publications, cited above and

below, are hereby incorporated by reference.

EXAMPLE

15 ' Nickel chloride and calcium carbide ina 1:2 molar ratio in a solid state (anhydrous)
were heated with a protective argon purge gas at 1 atm in a guartz reactor. The crucible
was open to the purge gas. An eleciric oven was used to provide a temperature of about
970°C for 24 minutes. During heating, a color change in the starting materials was noticed -
after two minutes and, following 24 minutes, the color change was complete. Following

20 heating, the reactants were washed with distilled/deionized water for one hour to remove
the soluble salt byproducts and unreacted starting materials such as CaCl, and NiCl; and
also to remove excess CaC,. The product was then dned for several weeks in a desiccator.
The product was anhydrous after heating. The resulting product was plated out to provide
a shiny black/white powder with a density of about 1.8 £ 0.5 g/em’. The compound

25 remained inert for about one year with no oxidation, even when heated to a temperature of
about 70°C. When added to diethyleiher, the solution bubbled, showing indications of a
reaction without a loss of material, suggesting catalysis. The combustion temperature was
found to be about 200°C;300°C which yielded a green and white powder.

- An IR spectrum and X-Ray diffraction spectrum were taken of the anhydrous

R
>

product. Diffraction and IR spectra showed the presence of Ca(OH),, CaCO; and Ni metal

and unusual peaks attributed to one of the inventive compounds in the mixture. The Ni



" 10 wherein Merr](Y) = a four coordinated transition nmetal. An

exanple of a partial unit cell (counter cations not shown) for a
. Six coordinated transition netal bonded to. acetylide has t he
structure shown bel ow [err] Not wi shing to be bound

by theory, iWO0i%2§84ieved the planar crysEgl line transitionf QOrSIMS40 et al
conpounds of the present invention are of structure as shown in Figure 6,
wher e only transition netals 5 and acetyl ene carbons are shown.

The count er wetel mawshavedesrpiormed by decompestiinaref NICEisgae & ivkneha that thedetit eved t o

extend between the.planes. The enpirtical fornul _ of~Or conpounds
wth a str uc?ali}r%r z'idsegéﬁidg’\c/\%tr“?‘nﬁmlgflé%’?a é%ﬁ 12 a‘N?%T%‘?“r?]s l?/f%bror“f Zoﬁgé[err] wher ei n
Merr](Y) isIhdiR® Sgeatpgi tion nmetal, with Y being its ionic state and M X)

bei ng the counter_25 . cation with X being its ionic state. X) is
typical ly an al kaiigudf i the It Raecirie o4 FemPeipt afoduccd by the methgql afoyp e Tharr ¢ h
metal or st afle: Gakifh S6bheds A QUALRRAARY ORTRIL YR ch@, MRl fikiby,) where R
is ' H or "any organic noiety. "Such a structure wiTl provide a

del ocal i zed watesyfdtydraion.eThsbroad band at 1208} 1¢H0 €4t frssipuedtto 6aCOf§ atd@a(Odhpound.

2T o w1 T S Yt ae L e b By Brelayarie T PeRICRIGEHY T

conpound, NDHEwERARhORBIRERIME SRR OB theSankRBSIA emésw&ﬂgstM@c)ﬁgtxﬁtms ons.
In the crystalline conpounds of the present |nvenF|on having three

di mensi onal on the surface. Ehepscampaindsane grast likehefoonest o Kagtiongiddmpusnds or
i gan exte n_pl ) ) -1 W-ghi ) ngd t heory,
wher efbts he co%?gkﬁgéas\tﬁ%&nﬁaﬁgzngﬁ\%ear f‘tg%%r? d s ‘%éﬁc@rfqﬁ%ﬁég?lmucm 8%)
(Cerr]), it815scabbiHywad7than3(H3)arySiC0]. iThe jagtdbdids heds00-4000 cat ik as
shown in Fig 7. Thg 35 ' .empirical formulg for ch a_crystalline
conpound is f{oﬁ)z[ogp f’ﬁ“lv[aéer?ie.(vﬁtfrér‘?)] : W&?"éﬁ‘h-’-%@f’éf*’r ]((3‘3”)1“5%]000.““ (J)ylFaé’ca
f: ;gng :1 ti 9{1 ] nﬁ&t%ken Ahihedat REL BGa] T8 bOM feaR bAIERs ANAEMSX)sibRl RGwhiBEorcOUNt €T
i Wi }
hydration. The presence of water of hydration in the spectrum may indicate the unknown

~
i

material is hygroscopic, since Ca(OH), and CaCO; do not form hvdrates. The bz:md at 625
cm”’ is believed to be Ni-C stretching. The approximate location of a nickel acetylenic b
carbon stretch in free molecuies is 585 cm’™', and, therefore, this black powder pr(;duct does
not comprise free molecules.

20 An X-Ray powder diffraction pattern was recorded and an elemental analysis was
also done. Confining the powder diffraction file search with the elementat analysis
allowed for identification of Ni metal, calcium hydroxide and CaCQ,. The intense lines
remaining define a compound of the preéent invention. This showed a low intensity line of

7.98 A. The elemental analysis showed the presence of Ca, Ni and lesser amounts of cl

25 and Mg, some Si, Al and S. The spectrum was recorded on an electron microscope
equipped for elemental analysis. However, this procedure did not allow for identification
of carbon.

Figure 9 shows a representation of the structure of a tetracarbide, the transition
-~ metals 5, acetylene carbons 135 and cations are shown but the »v;a{ar molecules are not
30 shown. A tetragonal unit cell witha=b=10.13 A, ¢ = 13.25 A is indexed from the X-Ray

diffraction powder pattern taken of the compound formed. The dimenstons of the a and b
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PCT/ US97/ 05401 being its ionic state. Three di nensional
conmpounds of the formula MX)[err]Merr](Y)(err] wherein n=1 -6,
al so provide a delocalized pi system As shown in

Fi gures 8A- ™MD ow/ke294| anar structures can have many ori ent atACENES97/05401

I ncludi ng eclipsed, staggered or centered?® The ecli psed form shown in Fig.
8A, makes the 5 pl anes superinposed and is a tetragonal unit cell
since a=b=c aRd ateBnliSeAt vAROhE experimental data difthé borldaengind A bbiPaighislof. The ¢
axis is given as the interplanar distance. This type of geonetry has

been seen i nnickgleegtylidesansi ti on metal cyani des as disclosed by MIler et
al . (1975) Prog. ogreal=ly) . g §? r m
shown in Fig. 7B.T%ea%°mrF§H§dgg%| na ib%ns an&nglpc‘}‘ththy? pagg%{g:p? eehgsanes at
sonme ori ent abeingindtdedror efilsanceinipop eggbsae te fudrescent lighthe sasliphe e coul d 10

be ABA where_the A planes are in the sane_orientation and the B planes are
stagget ed. Aferromagnetism wagslemostratedisually. SFhesgmpatnd ‘i!:a-“’@g*ﬁg o hatown in
Fig. 7C. In fomagfdfe prd ﬂ'éy@l‘éh bsPst hitdr Gfadidifon as | 1-3 hol3} Q;kn“ngé"
di st ance. % prﬂ& : enspte1e canter cgta?ggéafare con’si&gere in the
struct ures ggradwnlidecafi gures 6 and 7, the unit cells will remain
in the tetragonal..crystal stemif their. rangenent i s the, s )

for each unit. VN %Iqr'i’ép" i%tagsf) ql]&e f’%’ﬁ%ﬂeﬁ%\a/%ea?ié‘g $t°°pRe ?“edﬁtﬁgb?‘ﬁgﬁ'%n%orrpass
nmore than onduced or enhancedtihdnetit propertibe Thettdndgnaisad 8 fouhdat RApeGturesdfen t he
pattern is opnly al angt he ¢ axis, the tetragonal systemis

mai nt Hl ned. #9°C andjhig f-ong either the a or b axes, then the system can
become ort hor honby el [ L&s £ Y adlestdmahedd ek rr].
When consi deri ngbit5 8\9@ ;%% _ st%%%?‘u’?{g corl&?%‘g % B net wor g gtg Qseﬁ%an&\rei n

Fi gure 7, 20inresponsd tb light ancllhedtl \Expesare tb high nidgeeteditiengths dllomed indandesednt hout

consideratio f the counter catins. c . =h=c and... .

ol or 1] y—oofeeg indtos ReStakneh Sy Ftfomeenaism oducer uhfes Hieke ARGty oM. same
al ong with the dafri2Gest fdGheld hsed trdhbwdersorRiznetidhtinde Budtesdéiit dighc aldtons ar e
considered, the crystal system can becone either tetragonal or

or t hothonbi cVishisdn br Reunsibytheoryihighompgnstioficld pieengths arecxpected to reduce the

band gap, allowing such frequencies to provide the desired response.

The compound is a black material with a strong metallic luster. It is ferromagnetic
on the same order of magnitude as iron, but with a density of 1.34 glcm’. This means that
it is the lightest known ferromagnetic material, and weighs less than 25% of the weight of

20 better known ferromagnetic materials such as iron.

The preceding examples can be repeated with similar success by substituting the
generically or specifically described reactants and/or operating conditions of this invention
for those used in the preceding examples.

From the foregoing description, one skilled in the art éan easily ascertain the

25 essential characteristics of this invention and, without departing from the spirit and scope
thereof, can make various changes and modifications of the invention to adapt it to various

usages and conditions.



cation repeat pattern. 25 Dinmeric and oligomeric fornms of these

proposed conpounds have been synt hesized by Takahasi et al. The
I'nstiitute of Scientific and Industrial Research, pp. 247-251. The

conpounds of the present invention are nore delocalized and partially ionic
in character WO9736294  gnd thus have stabjlities greater thgﬁ”ﬂ% 1
non-ionic linear transition netal acetyli - polyners. The

conmpounds, described herein, like the linear transition—fetat—acetytides;,—

30 can obtain hish nol ecul ar wei ghCgalMBwever, the '
i nvention are two- di rensi onal and three-di me ;ﬁmﬁﬁm i'lﬁ "I Ir
* C L M *

structure with many conpounds bei ng ceram c-1ike. '
97/ 36294 WHAT IS CLAIMED IS: - :

PCT/ US97/ 05401 o ' ) ) ) )
19 1. A method pprrgpdingsnfonhatioproagenagniypmediin the magintic predihac ed
by reacting anhydrous transition netal halide with alkali netal

and/ or &l kal i nacleding h nmebed of arghsticaithe soléred kachl domains and photaasdngtit sheferthin an
inert atnosphere following mxing at a tenperature of at |east 300[err]C,

preferably at ddiReUb Gtrhdpnb @M balhiifcd 16al ddMnity BRMMdARRABESLg HRlstedeo/Nd
the al kal i 5 nmetal /al kali ne earth netal halide for at | east

mnutes to nore thajp hORMb netiE Medium it lied SRR Ese14-REg €Ut ecti C
tenperature of N Oaﬁ{]aerr andé%cg(:l [eelrr niag ag%é)eu?ﬁ(%oo Ce?erlf’c. Two or nore
transition netal hal]j e- react. ~provide conpounds with m xed
transition metals. i AP0 lrﬁﬁ)%‘t‘abrggooﬁ“ E]a %ﬁ%’cgﬁd‘u\%ﬁ?c’t‘% Y56 fFepetiction
obtained fromthis reaction. The formation of a . bl ack powder is
noti ced as theOtJrHé PRreBr i yPREad &t iﬁ‘g?‘ﬁ‘ ?033%% whereRdhri@egnstipdpbpiomagneris; s
10 met hod was used to prepare the crystal-like conpositions of this

i nvent i'@n conpP#Ep3 s adiacent to a first magpesically pakerized lorg|dosaitag st oi chi ometry
NiCl[err](s) + 2Ca(err](s) [err] CaNiCerr](s) + CaCl[err](s)

A nore general for rithezein the amaghesizatgysof the photomagnetic material inchfogasrle Sedgtbiof | +
2MX)[err] Cerr] [err] MX)[err] Merr](Y)Cerr] + YMX)[err]

the magnetic field at the first location by a first amount to change the polarization of the

first magnetically polarized local domain.

2. The method of claim 1 further comprising the step of:

15 applying light to a second location of the magnetic medium to induce
magnetization of the photomagnetic material at the second location, wherein the
magnetized photomagnetic material is adjacent to a second magnetically polarized local
domain,

wherein the magnetization of the photomagnetic material increasss the strength of
20 the magnetic field at the second location by a second amount to change the polarization of

the second magnetically polarized local domain, wherein the first amount differs from the
second amount, and the change in the polarization of the first domain differs from the

change in the polarization of the second domain.



15 where Z is a hal ogen. rhis nmethod is preferred
and preferably, the reaction vol uﬂl,l!ﬁu‘“'“l“'““mm) mnimze
subJimation loss of NiC[err]. lonwotf st he product is acconplished
by extracting cal ciumchloride and unreacted nickel chloride

wi th an al cwleot73628al ci um : carbi de can al so be rePEVEH7H0540F eact i on
wi th. an al cohol. The planar structure af@l the 20 presence of
acetylide ligands are consistent with X-Ray powder diffraction analysis.

Qther methods ar e ale@RdS8ideaing, infHfktioADn 8R4k MOMPAILRA] e haBMik etdidn
transition netal tetraacetylide conplex of the formula

MX)[err]M QEEIL&XQ Q%Bér] d]i)nga%xét}caﬁ@ lﬁnieﬂ S1 ddnihs Tk gtxot&%k&nen material of

the formula M X)[eéerr] err] Int e presence a catal yst such as

a copper (1), h Al BN.. or
Bulerr] B/ J er dﬁ%ut\/\??{he Sagngrcglly QOI%ﬁIQC%@ ar e as AQ% qd‘ %]Lﬂc SI€PS O ove
and Z is preferabl)y a halide or carboz}g ate. Two or m)regi anS|t|on net al
hal i des @) andlasethomagnetio medimadn an aprifed magasticd| BIRE de
conpl exes can be reacted to provide conpounds vvlth m xed
transi’tion rsitigelgnagnetic field required to change Ape nedptizatiosveiithavesH otretwic domepmar i ng a
nmetal conpound having a 3-D crystalline structure conprises
reacting wthin dbxol applying lighatn sipartonlanptaionlé deacahytid delioonpinguceof 30
the formula MX)[err]Merr] (Y)(C2H 6 and a transition netal salt of the
formul a M X)th&gnelization of the photoMb@ictil (nfjeAbkedt Ee paftiduhe IRERSC WaGeRfth@ cat al yst
such as a copper (1) salt of the fornmula Cu(l)Z (where Z is
preferably ha&gn@ﬁzearphsemgafaﬂc%@émm%ﬁkeﬁ fd 2 pofili B QagRitlcah§ ptTeBidct |1

preferred

PCT/ US97/ 054 20
enbodi nent s, (% am tﬂ}camn%%'}ef%aﬁ'mrlrg{mf" pp%m?]]?%:qgnﬁ: md'fndl Lh‘mm efnra rrx]%llctl on metal
hal i dl s and/ orl or _nor trlanS'd&' OQ net ahﬂt et raac yI i de
conpl ‘€xes cdif 355"5’%%&‘%"dpﬂc JRABQgcatly potarized loca xed

transition netals
strength of the local magnetic field at the particular locauon to be greater than the critical

magnetic field.
4. The method of claim 3, wherein the applying step changes the magnetic
polarization of a particular local magnetic domain to be parallel to the applied field.

15 5. The method of claim 3, wherein the applying step increases the strength of the local
magnetic field B,y according to the relationship Bjcy = R{A)Bygpiice» Wherein B poieq 1 the
applied magnetic field, and p(}) is a photo-induced magnetic permeability.

6. The method of claim 5, wherein p is a function of a parameter selected from the
group consisting of wavelength, temperature, light intensity and applied magnetic field.

20 7. A magnetic medium comprising:

(a) a plurality of magnetically polarized local domains, and
- (b) photomagnetic material adjacent to the magnetically pela.rizcd local

domains,



“The tetraacetylide conplex can be obtained b met hod of this
invention 5 wherei n acetyl ene M“tm um'"m HI“IOI vent with a
<transition netal salt of the fornula

Merr](Y)Z[err] in the presence of a catal yst such as a copper %7) salt,
Cu(l)[err] (¥&WAMRde) AgC J err], AIBN or BuB/ 030 or di ng
to.the followi ng reaction MX)[err]Merr](Y)Zerr] + =
AH err] (err] [err] MX)[err]Merr](Y)(Cerr]H[err]+4HZ The
hexaacetyl i de comiflex oémreirethophaibmegneymaesiiindrepses basIngth of eeagaelifl th t he
sanme 10 catal ysts wherein equivalents of acetylene are reacted in a
sol vent wi t h fdiddagrargd]ae nrapferica]yepaidrized local domain wieenphoptiotkenagnetic material
MX)[err]Merr](Y)(Cerr]H[err]. Al ternatively, the

tetraacetyl i decdiRiamigRat @ 3staliéh £ipicahtie thep¥riic BV BEAl idoma@In. Neans.
such as reacting a transition netal thiocyanate or cyanide with an al kali

earth metal salt magneti cdxurﬁ%FI:Iw{r\ ﬂ%ﬂcfku?ﬁkéﬁx%on E%oﬂ@é%@&&&%&d}&e
conpl exes can be o Car r%edtcby simlar téchniques wherein a

ol t eggond' ”qoéitgﬂ%gggf@ﬁ%g%é"meémm%cy(?) UG m%&é]x‘égne‘é‘ugnhmgan laglﬂ"a' | metal
exanpl es of nethods_fqr chem cally . |inkin o transitijion t al
atoms wi th acBRIERfiEiddsss Bande ol %ﬁ%&@ﬁwqw deignge g pplarizionol
catal yzed reactions (Cu(l)Z) between transition netal conpl exes
and acet yl enetbe lorali rsagrendkdomasts, ai((2) applying kght p thepytimdardosatiapel fier NI si nce
the conplexes form precipitates in am ne solutions. The _ choi ce
of Z is pref anabieyic nediuinad iddocdmbgradazation opths phdtbypageatic rmatead! ¢ arshexydudt es.
The nost stabl e catalyst is copper (1) iodide. These reactions
shoul d be caribtfidnOHE mafndiRioakS G2GAovMagnetic marterial cHahgihg theShdigericoxygen can
cause oxidative coupling between the acetylides. ~ Wen
transij on MBioRrizatieVd Mhattiulaf RAMRINEH SHORRE 1djREntdb CreltRMedRqt he 25
crystal line-li ke conpounds of the present invention, these crystal
structures aI ferromagnetic behavi or. They are of |ow
density, typi ca ﬂ%bg}cmm g/crr[ err] for planar conpounds and

bel 3 gf D I :
e o 3 o crfer) Jor 0, Sg0peneR tuGie e it oo b BRGORGE F e

properties hadb&)ﬂa&ﬁi‘lofftﬁélmﬂmhﬁ \@(&4)§ L d0:()C, whdr(ﬂn mmwﬁdﬁnﬁmtﬁﬁém@{cd
nickel. In addition, a nonlinear_ferronma %t(f response :

respect to arfremihegren sposiping o AR GRAH). S1dY. e"}‘{ﬁHH “)@é@ﬂ) P‘Gh‘nd being its

15 ionic state and M(X) is a counter cation selected from the-group consisung alkali metal.
alkaline earth metal and rare earth metals with X being its ionic state; or a compound of the
formula M(X).vyxMc(Y)Cs wherein M (Y) is a transition meta! selected from the group
consisting of Fe(Il), Fe(III), Co(lI), Co(IIl), Cr(11}), Mn(IT), Mn(III), Mo(II), Os(11},
Rh(III), Ru(IIl) and Ir(JII) with Y being its 1onic state and M(X) is a counter cation

20 selected from the group consisting of alkaii metal, alkaline earth metal and rare earth
metals with X being its jonic state. |

10.  The magnetic medium of claim 7, wherein the photomagnetic material is a layer of
material coated onto a layer of a magnetic material having the magnetically poiarized local

domains.
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11.  The magnetic medium of claim 10, wherein the magnetic material is a norrnal

ferromagnetic material.



V\;) 97/ 36294
%C]:;'/ gg?rgégﬁgglcont ai ni ng ni ckel ha“"l““]m

muulll\lulllby heat i ng ni ckel 2t

chlori de and cal ci um car bi*de®i ntan*i rfer t* at nosphere fol |l ow ng
m xi ng and he&en ¢¥gdnder t he - cogpdi tions descri bed PERUSHIS401
exanpl es. The ni ckel conpound is hygroscopi c and reacts wth a

| arge excess of water to produce a m xture of nickel hydroxide, calcium
hydroxi de 5 12. Theamgnawensdienefglasy 7. erhy grehowpiagndtio mmadrial el thg
CaNierr]H err]O wherein x is believed to be between 2 and 0.
The ni ckel commgutichlly poltidedlovdl dBmainTRicahttisferted Thhe @ Whritads ifla Bubsteate.
density of approximately 1.34 grans per/m . The conpound catal yzes the

deconposi tiom3  The magn@ic HefhWl8al®i2, wherein the magneticalﬁpolﬁ?z’éﬂ%ﬁlgnet ism
is induced or enhanced by irradiating a sanple of the PVMs 10

descri bed hergjn.w j t -l ight, or sunlight with an optinmum
wavel engt h (ﬁm&xﬂi&$p%e?'%ﬁ%&§§%%§%ﬁhﬁﬁg%he light is preferably
provided by laser so as tg adjuyst the spot . . i.ze. The spot size
Ps 1 i moted orldy by SRR aEepATE Fhoging 2 herpwritigehe S hefisimplothe Hetod
scattering effects. These are negligible and easily controll able.

Fer r omagnet i sSompsising digcséeps of: or enhanced by heating a sanple to at
| east about 20[err]C, preferably 70[err]-90[err]C Hi gher 15

t enper at ures provi(ge aplringrgdotomegpsisesterbhe: § megreradrldt i ¢ conpounds show
a non- |l i near ferronmagnetic response with respect to externally
appl i ed magnetic f(bel dsecaividy 4 ft€ond light signai at 4 SSRAAIR: pHCIRAREROMNESA to
increasing fields. Not wi shing to be bound by theory, it is

bel i eved t hatij ifiemaeh&iZARAHNChE BibiBAEhEAGRER sttt pblnGal el ectron density,
t he exchange interaction induces the ferromagnetic transition.

This qpitical el Eqey on g, ﬁﬁ% the 282 s@;ﬁal &F(’U int S%Q?gotg%a&ieh?ﬁ{ahcgigpt on

excitation or by thHermal excitation~or he energy gap o

material is function of the.applied external magnetic field and decreases
as field strehgt hc'lt'he metiod Orl?:gi’rﬁgrge‘?i R o Seﬁ-l’(‘?onduct-i on

el ectrons are. lowered. This applied exterpnal . field can be
coupl ed wi t h Rosizayen qighe {Lﬁﬁ‘ 8§£%V@é‘(“’r6‘?{%r‘{:ﬁrﬂﬁ“’ﬁﬂ‘6fg?f§' or thermal energy.
The material is either sem conducting or semnetallic. 25 ,
Not wi shing ti§-be Bewmahas\ofickemrly, whercinghaydpiagvatticinaphashef B¢ it sigpdds and
17.  The method of claiin 14, wherein the characteristic is 2 polanzation of the first
I5 signal.

18.  The method of claim 14, wherein the characteristic is a change 1n frequency upon

reflection of the first signal.



" stoichiometry of these conpounds is indicative of a superconducting
transition within t hese conpounds at sone tenperature. It is

. also believed the m xed transition netal ©~ conpounds wi Il provide
electrical properties different fromthose conpounds havin :
one transit manowsstsdl . For exanpl e, altﬂﬁﬂﬁﬂhh with Fe(ll) Pgﬂgg%ggpéd to be
sem - 30 conducting based on a diagramof its nolecular orbitals and
a conmpound with Fe(lll) is expected to be conducting. A conpound
with both Fe(lll) and Fe(ll) would transfer from sem conducti ve
to a netal -1ike conductor as the propghkisge of Fe(lll) is increased.

WD 97/ 36294 :

PCT/ US97/ 6401 Met al -1i ke conpounds are expected to have 60-100
nmol % Fe (I11) and sem netallics are expected to have 0-60 nol %
Fe(lll). W thout further elaboration, it is believed that
one skilled in the art can, using the precedi ng descri ption
utilize the presengpinvention to its fublest extent. The following 5
preferred specific enbodiments of the gpteferyed. gonmposition are. therefore,
to be construed as nmerely il fratgye; and not initative of the
remai nder of the disclosure in any waygv |- what soever

In the foregoing and in the foll gw exa all tenperatures are set
forth uncorrected i nfdegr 3\ and, unl ess ot herw se

i ndicated. all paM#gnamd percentages*d . y wei ght.

The entire discl osugigs e#—a##}a plfi clat { @ris, | pat gnt §, and publicati ons,
cited above and Trans W ar € hereny |ncor?prated by reference.
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15 Ni ckel chl.oride and calciumcarbide in a 1:2 nolar ratio
in a solid state (anhydrous) were heated with a protective argon
ipurge gas at | atm in a quartz reactor. The crucible was open
to the purge gas. An electric oven was used to provide a tegeimﬁng ;of
about woITBI err] C for 24 mnutes. During heating, col'or change
in.the starting materials was noticed after two m nutes and.
following 24 m nutes. the color change was conplete. Follow ng 20

heating, the reactants were washed with distilled/deionized water for one
hour to renove t he sol ubl e salt byproducts and unreacted
starting materials such as CaCl[err] and NiCl[err] and also to
renove excess CaC[er]. The product was then dried for several weeks in a
desi ccat or. The product was anhydrous after heating. The

resul ting product was plated out to provide a shiny black/white
powder with a density of about 1.8 [err] 0.5 g/cnferr]. The conpound 25
remai ned inert for W th no oxi-fation

ted t a
t enper at ure of x O X &bauk (@[ err] C. Whef adde t hyl et her, tg;
sol ution bubbl ed, s 5igRions of a = reaction wi fhout 8%
| oss of material. s esi roxXc@at@liysi s. The c8rbustion tenperatur¢ was 8=
found to be about 20 & é—@(@[érr]c whi ch yEe¥ded|a green and white 8-
powder . % O XD ﬁkspectrun1andg -Ray{diffraction S)ectrqgﬁ
were taken of the an éﬁjg 8 product. gD ffraction and IR §pect =
showed t he presence m%%[grx], CaCd err] 2and Ni netal ghd
unusual peaks attrilk 81 o)) n@%f the i nventfve\cofpounds{in the|m xt ire.
The Ni O 33 WR92/34294 _
PCT/ US97/ 05401 QcxXoo 23
nmetal nmay have been @éﬂ Qg%(ﬁmositi on of NiCyflerr] silnce it |ijs known
that the ionic O x<car

bi des reduce trangition fetal hdlides at
The IR $pectra '

conpound produced}by the |net hod jabove.

- 3600 cnferr] is assigned the Of stretch

t enper at ures of abot
Figure 10 is the IR
The S br oad
of Ca(OH)[err] and g

XD

Ox

X0
OX0

3

Figure 2
PM
NFM

XOOXOXOXOOXOXOXOXOXOXOOXOXXOXOXX00XOXDEDEOXOXDOXOXCOXGXOXLHE
Figure 3

OXOXXOXOOXOXOXO0XXOXOXOXOXXOOXOXXOOXXBKEXDX
XXOXOXOXO0XOXO0XOX00XOX0OX00X0X000XOXCEXOXDEDX
OXOXOXOOXOXOXOOXOXXOXXO0OX00XOOXOXOQOXCK
OXXOOXOOXXXOOXOX0OO0XXOOX000XOXOXOX0X0X0

OXOXOXOXOXOXOXOXOXOXOXOXOXOXOXOXOXOXOXQO
OXOXOXOXOXOXOXOXOXOXXOXOXOOXOXOXOXXO0X
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wat er of hydrati on.
CaCO3 and Ca(OH) 2.

The broad band at 1200- 1400 cnferr]
The two bands at 2924 cnierr]

is assigned to
and 2875

cnferr] correlate with the conpound Klerr]Pt(C[err]CH err].

However, the

M X) [err] (N (&P

[err]

nost” likely fornmed by reaction with inpure 10
The peaks at 1087 cnierr] (H),

CaC2. The peak at 2349 cnjerr] is
875 cnferr] (Herr]) and 712 cnfer
at 3600-4000 cnferr] and

The peaks at 2500 cnferr] (G and 1000njerr]
reak at

resence o

been assigned at this time. The br
to water of hydr at i on.

nds are due nore likely to the anal ogous species such as

on the surface. These EBGHEBUMWaH1are

CJerr].
rl

(H3) are Cagerr].

acetylides present in

The j agged bands

160Q- 2000 cnf-grr] are free water ( 12).

oad
The

spectrum nmay indicate the unknown 15

Ca(OH)[err] and CaCOerr] do not form Aydrates.
The

=

1%

mat eri al

(8) bhave
5 cnferr] (E) is assigned
wat er of hydration in the

not

i s hygroscopic since

he band at 625

mate | ocation of a

cnferr] is believed to be N -C strfetching. pr ox
ni ckel acetylenic bgn stretchiin free npl eewes is 585
cnferr] , and, therefore, this bl gck powder prodgct does not
conpri se free nol ecul es. X- Ray Hrast+on 20 An
X- Ray powder diffraction pattern Wwas recordpd ang an jel enental analysis was
al so done. Confining the powder dijffractionffitgsearich with the el enental
anal ysi s all owed for identificat on(* Ni [metal, cal cium
hydr oxi de and CaCJ err]. The intemse |ines remai ni ng define a
conmpound of the presené—invention/ This sho intensity line of
7.98 A. The el enmental analysis shpwed the prese cd—N—amd | esser
anounts of C 25 and My, sope Si, A 4 spectrum was recorded
on an el ectron m croscope equi p mental anal ysi s.
However, this procedure did not a|low for i|ldentigficati on of
car bon. Figure P shows a ireprésentation of the structure
of a tetracarbide, the transition mettal s %, acetyl ene carbons 15
and cations are shown but the watpr nol eculles—ate—noet 30 shown. A
tetragonal «nit cell wth a = ={ 10.13 A g = 1i . 25| A ks—indexed fromthe
X- Ray < diffraction pomdfr patterr tak$n o1}t he conmpound f orned.
The dinensi@ns of the a and b
= )
= t
e 1
T ———
f
} 3
y g
m
v.
$ &
-
- : 5
-— v @
A e ~
|
-.2
L9z
3/10 = g,,’_é
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.axes are consistent with the experinmental

angl es of ni ckel acetyli

found to be fwoposagnetic with the ferromagnetic properties
i nduced or enhanced upon exposure to fl uorescent

des.

i ght or sunlight.

24

data on the bond | engths and bond

h
e S e

The 5

ferromagneti sm was denonstrated visually. The conpound was al so found to

have
l ong as 1-3 howrs, showing a

conpound is aI§b therm)nagnetoqj
t enperatures of5 10
t he conpound t
in response todight and heat .

>

grad
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i nduced or enhanced magnetic émpgertlei

nhan

Mo

ual dEcay

ced f

ferromagnetic progeftles whi ch pepsist after irradiation as

The
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Ther nam@gnet i smis found at

20['#%3 EC and| hi gher .
fa megnetic fi%kH=al so
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black-material with a
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i ron. The preceq
success by substituting the

descri bed reactants and/ or operati
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CLAI M5 - WHAT IS CLAIMED | S: 1. A net hod of

recordi ng |anﬁgg;&9$,on a magnetic medium the nagnetic nedium 5
i ncluding a nunbér of nmagnetically polarized | ocal donai ns amg¢1/Us97/05401

phot'or nagneti c materi al adj acent to the magnetically polarized

| ocal dommi ns, the method conprising the steps of:

pl aci ng the magnetic nediumin an applied magnetic field; and
applying light to a first locatigpg of the magnetic nedlun1 to i nduce
magneti zati on of thé?ghbﬁbnagnetlc material at the first

| ocation, wherein the nagnetlzeaggH%Fonagnetlc 10 material is
adj acent to a first nagnetlcally;ﬁq§ar|zed | ocal domai n.

wherein the magnetization of the Epsonagnetlc material increases the
strength of t he MagRed EEEfleld at the first location by a first

E

= .
anount to change the poIaLJzatlﬂmE‘T th first magnetically
pol ari zed | ocal donai n. g —

(a0
3
So
o3 A
5. \
-~ —
~~ ' .| \\
55 A —
g2 L
.80 o
w) v,
> =
S E - el
= =
=t 4] —
» oy
=~
- ——
—
B
£
=8
20
@ a,
-3 —
R -
— R

Photomagnetic Layer
Applied Magnetic
Field
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2. The nethod of claim| further conprising the step of: 15

applying light to a second |ocation of the magnetic nediumto induce
magneti zati on of the photomagnetic material at the second | ocation. wherein
t he magneti zed photonagnetic material is adjacent to a secand
magnetical |y MQ¥HP6294d | ocal domai n, PCT/USITOGEr ei n
t he -magneti zati on of the photomagnetic material increases the strength of
20 the magnetic field at the second |ocation by a second anmount to
change the pol arization of - the second magnetically polarized

| ocal domain, wherein the first anount differs fromthe second
anount, and the change in the polarization of the first domain differs from
t he change in the polarization of the second donain

WD 97/ 36294

PCT/ US97/ 05401 ' 26

3. A nmet hod of recording i.nformati on on a magnetic nmedium the magnetic
medi um i ncl udi ng a nunber of magnetically polarized | ocal
domai ns and phot omagnetic nateyi al

@ ®
® ©
(-0 O-0-0—0O
) ) C)

oG

Q. Ay
O cedg Uy
. O —15
(O™~ 1§
<
O-O0—()
=

Figure 6
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adj acent to the magnetically polarized | ocal donmins, the method conprising

the steps of: (a) pl aci ng the magnetic nmediumin an
appl.ied magnetic field | ess than the 5 critical magnetic field
required to change the polarization of the |ocal nagnetic donuains;

(b)  applyi nﬁ’qag’ﬁﬁ’c”to a particular location of the magneti RCHESH7@SO o
i nduce magneti zation of the photomagnetic material at the
particul ar | ocation. wherein the magnet i zed phot omagneti c

material is adjacent to a particular magnetically polarized | ocal

dormai n, the magnetization of the photomagnetic material changing the
magnetic 10 pol ari zation of the particular nmagnetically polarized
| ocal domai n by increasing the strength of the | ocal magnetic
field at the particular |location to be greater than the critical

magnetic field. 4. The nethod of claim3, wherein the
appl yi ng step changes .t he nmagnetic _ pol ari zation of a particul ar
| ocal magnetic domain to be parallel to the applied field. 15 5.
The method of claim3, wherein the applying step increases the strength of
t he | ocal magnetic field B[err] according to the relationship
Blerr] = [err]Blerr] wherein Blerr] is the appl i ed magnetic
field, and [err] is a photo-induced nagnetic permeability. 6.
The nethod of claimb5, wherein [err] is a function of a paranmeter selected
fromthe

\
%/ ;
~ T

N
af\
’ \J

g

1/

Figure 7

710



group consi sting of wavelength, tenperature, light intensity and applied
magnetic field. 20 7. A magneti c nedi um conpri si ng:

(fa) . a plurality of magnetically polarized | ocal donains. and

(b) phot omagnetic material adjacent to the magnetically pol arized | ocal

donuai ns, WO 97136294 WO 97/ 36294 PCT/US97/05401
27 - PCT/ US97/ 05401 (c)
wherein the photonagnetic nateria sy eases the str th of a nagnetic

field at a particular nagnetlcally,po4 i-zed Losal/d n when the
phot omagnetic materi al SN _Teg
to the particular |ocal domain.
5

pl aci ng thefpRgnetic mediumin an
ess than the &gidicglg-magnetic field
he~l ocal nagnetic

e particul ar igfprrohsbf t he

Iocatlon on the magnetic nedlun1by ¢
appl i-ed magnetic field
required to change the polarizati op
domai ns, and (2) applying light to




magneti c nediumto i nduce magnetization of the photomagnetic material at

the particul ar | ocati on, the magnetization of the

phot onmagneti c material changi ng the magnetic 10 pol ari zati on of a
particular | ocal magnetic dormain adjacent to the nagnetized .
phot omagnet i c Wes766194l . 9. -The magnet PET/HBKTI08AH of
claim7, wherein the photonmagnetic material is a conpound of
the formula MX)[err]Merr](Y)(err] wherein Merr](Y) is a transition
nmetal sel ected fromthe group consisting of Ni(Il), Pd(Il).
Pt(ll). Au(ll), Ir(l), Rh(l), with Y being its 15 ionic state and

M X) is a counter cation selected fromthe-group consisting alkali netal.
al kaline earth nmetal and rare earth netals with X being its ionic state; or
a conpound of the formula MX)[err]Merr](Y)([err] wherein
Merr](Y) is atransition netal selected fromthe group

consisting of Fe(ll), Fe(lll), Co(ll), Co(lll), C(lIl), M(Il), M(IIl),

Mo(11), Gs(Il), Ra(l11), Ru(lll) and Ir(l1l1l) with Y being its
ionic state and M X) is a counter cation 20 sel ected fromthe group
consisting of alkali metal, alkaline earth netal and rare earth

nmetals with X being its ionic state. 10. The magneti c nmedi um

of claim?7, wherein the photomagnetic material is a'l ayer of

material coated onto a |ayer of a nmagnetic material having the magnetically
pol ari zed | ocal domai ns. 25 11. The magnetic medi um
of claim 10, wherein the nagnetic material is a nornal

ferromagnetic materi al

9/10
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PCT/ US97/ 05401 12. The magnetic nediumof-claim?7, wherein the
phot omagnetic nmaterial and the magnetically polarized | oca
dormains are interspersed nmagnetic particles in a substrate. 13.
The magneti c MRIPTRRJf claim 12. wherein the magnetical |y poFP&FUS¥@54%cal
donai ns are part of a normal ferromagnetic material. 5 14. A
met hod of optically changing a characteristic of a first light signal, the
met hod conprising the st-eps. of: (a)
pl aci ng a photomagnetic material in a magnetic field o
(b) receiving a second light signal at a point or the photonhgBetic
material to i nduce magnetization of the photonmagneti¢ materia
at the point; and 10 (c) reflectipgg the firs i gha
fromthe point on the photomagnetic material. = 15. i The net hod
of claim 14, wherein the induced magneti zati on chapfiges the
polarization of the first signal via the polar Kert_rotatien effect.
16. The nethod of claim 14, wherein the charact § a phase of the
first signal. o
=8
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. 1POS coPy
17. The nethod of claim 14, wherein the characteristic is a polari zaL,J. on

of the first 15 S|gnal 18. The net hod of Cla'”k&é
swherein the characteristic is a change in frequency upon
reflection of the first si gnal
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