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ACTI VATED BY AN ELECTRI C FI ELD FOR ELECTRONI C | NK AND OTHER VI SUAL

Dl SPLAY ANBLOB@ASTIEONS 10 CROSS- REFERENCE TO RELATED APPLI CATIr@N®2/p@001] The
present application is a continuation-in-part application of Serial No.

09/ 844,862, filed April 27, 2001, which in turn is a continuation-in-part
applica- tion of Serial No. 09/823,195, fliled March 29, 2001, which in turn
is a continuation 15 in-part application of Serial No. 09/759, 438, filed
January 12, 2001, which in turn is a continuation-in-part application of
Serial No. 09/738,793, filed Decenber 14, 2000. [0002] The present
application is directed to a specific nolecular systemthat in- volves at

| east one rotatable segnent (rotor or rotors) that has a | arge dipole
nonent and that links with at | east one other portion of the nol ecul e that
is imobilized (stator or 20 stators). The nol ecul ar system di scl osed
herein provides swtching fromone state to a different state,

char act efi zedBMTAB:IhEer)LEQ%AdbMEQHAMEe‘BLi REVIGES AChEVATED, ' of
the nolecules. In the case of color swtchin t he present invention turns
ink or dye nol e- &NM.E&E@&HGEIE&QF@&EEE @&J@: EYK Ad¥Dcan be
switched wwth an external electric ield for electronic nk and ot her

vi sual display appli cal0HER YQSWW@BLQ%N?M@@ ﬂﬂg pr esent
invention relates generally to visual display applications, such as

el ectronic ink, and, nore particularly, to a nolecular systemthat provides
opti WD 03/005116 PCT/ US02/20805 2 cal switching. Optical devices of both
m cronmet er and nanoneter scale nmay be con- structed in accordance with the
t eachi ndg® herei n. BACKGROSSIRAFERESCEJUODRELATEN APRLKIANONS made with a
technol ogy known as electronic ink, or E ink, are in the process of
commerci al devel opnent. While the early versions are ex-

[0001] The present application is a continuation-in-part application of Serial

No. 09/844,862, filed April 27, 2001, which in turn is a continuation-in-part applica-
tion of Serial No. 09/823,195, filed March 29, 2001, which in turn is a continuation-
15 in-part application of Serial No. 09/759,438, filed January 12, 2001, which in turn is a
continuation-in-part application of Serial No. 09/738,793, filed December 14, 2000.
[0002] The present application is directed to a specific molecular system that in-
volves at least one rotatable segment (rotor or rotors) that has a large dipole moment and
that links with at least one other portion of the molecule that is immobilized (stator or
20  stators). The molecular system disclosed herein provides switching from one state to a
different state, characterized by a change in the optical properties, including color, of the
molecules. In the case of color switching, the present invention turns ink or dye mole-
cules into active opto-electronic devices that can be switched with an external electric
field for electronic ink and other visual display applications.
25
TECHNICAL FIELD

[0003] The present invention relates generally to visual display applications,

such as electronic ink, and, more particularly, to a molecular system that provides opti-



pected to resenble sinple displays that might sit by the side of a highway
to warn of trouble ahead or m ght advertise specials at a conveni ence
store, | awero3wesizé ons are ex 10 pected to | ead to el ectromca/usozkaesos t h
paper-1i ke pages and illustrations that nove, newspapers that update

t hensel ves, reusabl e paper displays for cellular phones, dis- posable TV
screens, and even el ectronic wal | paper. RB0005] There are two
present|y-known conpeting technologies: E Ink's elec- trophoretic displays
and Xer ox' s @yswitching phpticab devifes| (IOfdf) mitremetee cind aphanets scathi sipy dy scoar e

di scl osed, for exanmple, in US. Patent 6,017,584, issued January 25, 2000,
and entit| edtrugige i1 aceprdgpcepy it the dsRNREISIGIND s- pl ays and Materials for
Maki ng the Sane", and in U S. Patent 6,067,185, issued May 23, 2000, and
entitled "Process for Creating an Encapsul ated El ectrophoretic Dis- play".
20 [0007] Cenerally, an encapsul aBaACKEIROUNIpABRTeti ¢ di spl ay includes one
or nore species of particles that either absorb or scatter light. One
exanpl e Ps a systemin which the capsules contain one or nore species of
el ect rophor ehhsal | Y Ll.e particl ' r ' in

medi um Anote[&ggﬁex arrprTFl%;aleJiugleaaa}gsp)}és‘{ée“(r?n??dler}ng ﬁ?%ﬁﬁfﬁg‘éi]}é@ﬁ%ﬁ%&g‘% n glgir(l VE\D
separ at e spegkesedh tiRapiocedses conmpecidiedevielopient. RhilS UrpRNYi vegsiads 4k ekd, in
whi ch one of the species of particles absorbs Iight (black), while the

ot her specin®stedfto pesemblg @glpgec@WIéYSsthM Frght é\i\/ﬂ%’ttgf) sidppha highytag Ae W ofir e
possi bl e, i1n¢l udi re than t-wo i arti 1 M . L.t hout a
dye, etc. Tﬁgougﬁajer |8?g)¥s) maltgéat a@%‘enr“&lsen%%P@&sagﬁing‘ﬁ%é&néﬁtg lso?aééi}ggd‘geggg{lsl %{:yfg)s(', or
pi gment Apol ygefedao MeABic @8ctrdn®B&dks Wille paei-like pag@haideislua fiods ek as@d, i N a
nunber of patents issued and as- 30 signed on their face to Xerox

Cor por at i on;heayspapessriiab update tenesgbis. paesshle paperdisplapy for\gellply pbonesedis-

PCT/ US02/ 208005 bl31'$p§cr56n§9a% %@611 eli s[§0ueé:lwa vaenper 9, 1999, and entitled
"FabricatiorP3f" & vmsffln’g gal? f)lcsp ay \Plerig Two or More Different Kinds
of Balls". [[000%9)] The T aRMwRpeendfkn8dntddenperihs tdchBolbaiet: EILSOL alec-
rotary ball display, particle display, dipolar particle l'ight valve, etc.,
of fers a techenbooyy displaysard Xgrox's gyrfcopsplsresel ectric paper. Briefly, a

i d | e di .mad f .. |t} plicity. jcall
D sotrds o BAFE, “cachEneouPhieER BuR e, b Bbbl il s Baler? Y

6,017,584, issued January 25, 2000, and entitled “Multi-Color Electrophorectic Dis-

plays and Materials for Making the Same”, and in U.S. Patent 6,067,185, issued May
23, 2000, and entitled “Process for Creating an Encapsulated Electrophoretic Dis-
play”.

20  [0007] Generally, an encapsulated electrophoretic display includes one or
more species of particles that either absorb or scatter light. One example is a system in
which the capsules contain one or more species of electrophoretically mobile particles
dispersed in a dyed suspending medium. Another example is a system in which the
capsules contain two separate species of particles suspended in a clear suspending

25  fluid, in which one of the species of particles absorbs light (black), while the other
species of particles scatters light (white). Other extensions are possible, including
more than two species of particles, with or without a dye, etc. The particles are com-
monly solid pigments, dyed particles, or pigment/polymer composites.

[0008]. The gyricon spheres are disclosed in a number of patents issued and as-

30  signed on their face to Xerox Corporation; an example of one such patent is U.S. Pat-



sent a desired face to an observer. Thus, in one version at |east, the
gyricon is a solid mcrosphere, hem spherically-colored black and white
and havi ngolsmb3pheri cal | y- opposi ng zeta potentials. Eachkrogyusozeosos ot at es
within a dielectric oil-filled mcrocavity 10 forned in the nedia upon
exposure to an externally-applied electric field. [0010] The primary

di sadvant age of both el ectrophoretic ink3and the gyricon is poor contrast.
Hem spherical | y-col ored mi crospheres, or mcrocapsules, being fully three
di mensi onal ,enh&8923d6kissubd N@afehtet Dpro@ndndemitiedr Falgridadtiah of @dwdstirigiBall
contrast of _dark _and white jimages reflected toward the observer.

Addi ti onal | yPisBY Hayimgoh s psMereDiferent Iﬁe%%?fléﬁih ially visible in

m crocapul es taini art I Guhd r-.an i 4 endent
of whioh col900e % o Qﬁ‘@%g’?r&?ﬁo?@{’ %ggﬁ 9’6?3’3%1 g?%‘]\%a‘r“g&%ﬁem& é?l\l/g%%%Thi s,

t 0o, negati vigirtycle Mipptdys dipotgepLaacie Naht valve0did] offees s aeshndlogy TadaRkingge of
both the el ectrophoretic ink and the gyricon solutions is |imted inage
resol uti &n. BoNIe! gleriiciraper. Briefly; wgxrican avahiddeesseble disply mpade yp0p aundtior

m crosphere [q c?tgﬁ)tcf)g{gﬁcﬁl}eﬁrg?otl%rp&elgﬁﬂ@];%zl%gyotfs%}ﬂgh e B? rs@%&[v%la/ ool {qo%rte-e

phoretic ink 'm psul‘es are i e need tO mcrdencapsu

sufficient ghogiaadied fae @randbsti@e v, de ohe assiadt@e0!t gaizohhasoknd
opacity within each mcrocapsule. Gyricon spheres are |imted by thernal

nmass requi r emsEesphers, herpipphericalpsplestdeblack gptl cvhilceand faving deedspdeidgallyt s in
ter. M . i t h of 5.t0 10 mig
Gos red and S0ns 76t BPENERS SRy RSB E kP ool RAATRES AL

prior salout i AmeAE!thegRda UpoW eslb&uecioranGxtdrgitliychppticd tlectii@tfleel. than water.
Wat er, being conductive, would collapse the electric field that otherw se

al l ows el ecli0P&hor et i Ehaprvapsisagvantage of botr ddeatepphauetic gnkl anddhe gwidondhi ng
time and vol t age its gggd%?eﬂdentn onloiA vi.scqsity, which is, negati\vel
 mpact ed by RORseBiet HPEREIe R0t iesghetrs fostiiemsticochons dity 4

[0013] Fi nal thiee difi€nfih2) have hablidy RAE&IdMMR ReRrinFEReRIGR] thd ebaist bf y by
vir- tue of their mcrocapsule conposition. Mcrocapsule fabrication

processes getazk and yhitpimagesachiectedioward heohperiete Additionally.\hottcenlpsantsges of

(he.cebsud o SUSIEh iyt DRI Caf Rl TERSER i el ghiind Rt
ant, independent of which colorant is electrophoretically moved toward the observer.
This, too, negatively impacts image contrast.
[0011] The second disadvantage of both the electrophoretic ink and the
gyricon solutions is limited image resolution. Both solutions are limited to practical
20  microcapsule or microsphere diameters on the order of 20 to 40 micrometers. Electro-
phoretic ink microcapsules are limited by the need to microencapsulate sufficient
pigmented colorant to provide reasonable color contrast and opacity within each
microcapsule. Gyricon spheres are limited by thermal mass requirements to form
microspheres from coalesced colored droplets in water. Microsphere diameters on the
25  order of 5 to 10 micrometers are desired and common to toner colorant used in laser
printers.
[0012] Each prior solution must use a low dielectric liquid (oil), rather than
water. Water, being conductive, would collapse the electric field that otherwise allows
electrophoretic movement of the colorants. The colorant switching time and voltage is
30 dependent on oil viscosity, which is negatively impacted by lowered ambient tempera-

ture.



5 fluids upon application of external pressure or solvation (e.qg.,

carbonl ess paper) The fragile nature of m crocapsul es nmakes them poorly
sui ted fowoalBmeimeni c paper applica- tions where fol di ng @0d/0zt@oe
contact is common. [0014] - Thus, what is needed is a nol ecul ar systemt hat
exhibits image contrast and nmechanical durability commensurate with ink on
paper, avoids chem cal oxidation 10 andAor reduction, permts reasonably
rapid switching froma first state to a second, is re versible to permt
real -time orpopisico ratEnsliyspheyridPat talatahBMBive Podr rRbhAdal d@ebiliby By Vil | -
ety of optical display applications, such as e-ink. DI SCLOSURE | NVENTI ON
15 [0015] | ntuacd dheimmierogipshletqomposisioanMi¢racapsvliedabricptionipredsstss genpdsallyum f or

a visual display conprisin n_el.ectr.ig,fi ctivated bi-stabhle

ol ecul ar sy DU HH G slF oS Spie Ll B b RIS TaBeil oBRile sospa
of el ectrodejy boked. AhiFRbkor 1Why HKBEdps@AEs S 3yHRIaAsedto 4QRSF eRaBulkAEPT
portion connected to at |east one stator 20 portions, wherein the rotor
portion($) ribuids spomipiiceéepetextemal pressireapinyol paon G .sprbankassvpaperaihe east
two different states ugon aﬁgﬁl ilcaltniﬁgn tgf t he el e.gt rtic lfitel dé therel:li/

i nduci ng a b&RRHCJAHE REMGEOTIRSYIRE THETSOTR £ O SYUSH fOfRIEFEITHE PR PR (8t
state, therejdms wiRdPRIARE bid siERE UeRhdQcdnenghout the nol ecul ar system
resulting in arelatively smaller band gap, and wherein in a second state,
t he subst anti0814]conj ugBisowhatsis desried dy & gholecRBr spsem that gxhihitaimage gontvast y

| ar ger band p. [[0016]. The.present inventio rovides field.swtchable
ol scul oe. ¢ HAE Ttianiet i icBR iy Sl (ReB SPet re Ehomigl e

di spl ayg,g el ﬁﬁi?dr?éﬂu%ti&i?‘f%ﬁrﬁtsf&wohﬁla}ﬁ kid §Rieththg REH alfltst dhdtk & a deBom)icR- t he
nol ecul es reversi bly change col or en changing state (e.g., one color to
a second col warsible t¢ pemsp@Ealetime povided tite disiBayc dppdioptians aanidaas bapged30 adiaseussed
el sewher e, andeg(;e. glg.ﬁgermape foth resent invention, except to the ex
WD 03/ 005116°PETIRYSHA HORHPISAUOBH U H PRe fiel d switchabl e nol ecul es of
the present invention are enployed in the construction of apparatus of
such applications. [0017] Thus, the nolecule is neither oxidized nor
reduced in the toggling of theDISSQSIRE BEENMENTION nol ecul e exhibits

i mge colr%t rast and nechani cal durability com

[0015] In accordance with the present invention, a switchable medium for a
visual display comprising an electric field activated bi-stable molecular system
configured within an electric field generated by a pair of electrodes is provided. The
molecular system has at least one rotor portion connected to at least one stator
20 portions, wherein the rotor portion(s) rotates with respect to the stator portion(s)
between at least two different states upon application of the electric field, thereby
inducing a band gap change in the molecular system, wherein in a first state, there is
substantial conjugation throughout the molecular system, resulting in a relatively smaller
band gap, and wherein in a second state, the substantial conjugation is destroyed,
25  resulting in a relatively larger band gap.
[0016] The present invention provides field switchable molecules that can be
assembled easily to make electronic ink, visual displays, electronic books, rewritable
media, and the like, in which the molecules reversibly change color when changing
state (e.g., one color to a second color or transparent to color). Such applications are

30 discussed elsewhere, and are not germane to the present invention, except to the ex-



5 nmensurate with ink on paper. Al so, the part of the nolecule that noves is
quite small and free of viscous drag forces, so the switching tine should
be very faoto3/0)0L8] A primary advantage of the nol ecul ar peydaiSemmshs t he
present invention is inproved contrast. Because the colorant of the
present invention is nolecular and thus effectively nonoplanar, there
shoul d be no backside reflection or scatbering from 10 the colorant. The
background color (e.g., white) of the electronic nedia is provided by the
medi a subst nedtaharths fileki switehableaholagulendf ihe mekncionpitoon sednipjoyetien the
switchable <colorant. [0019] A second, advantage of the present invention is
i nproved r e<SEPSHFYCHAN of ApPaFaiissofi syl apRlcationssol ution is only linited by the
addr essi ng , Si t . ; di i 0020]
il y, eadbOEl ecul oty (R aRiieRledRheink? oRARTRLAR il #HEOBURRET 0

one or the ahieh. Birthet, Sh€ alodcud exhitsits iBREEROMESCRIPTeMnidal THELIDRAWMGS 20
[0021] FIG 1 is a schematic representation (perspective, transparent view

of a twd cdanumugae yith ing ar RapergAlRR; he Ppagiof theafnoleeple dhatapenes itigeifcomdbr use
( o ) _ . yFursp . |
1 accor dang Wk ek s B3 A ARk BRARb FBreb s an et ar geren

or a | ayer el enent

of the displ[ap18icr een; A [pPidds} adilamtagdafitte mokehRNMBysidin LE fHeeHresthainvention
(perspective, transparent view) of a full-color display screen
const ruct i oris imprayse cprirast dncadssdhe plornt 196 ther pretent invigplien isoReleculanand F| G

2b is a viewsinmlar to th f FlG., 2 | Gt rior -

oronch: vio darudierRkeikdnnBlmh ghsEndihy Y gh paRIdE Aty R seliclps o8

r epr esenpat i @ c6lbraat. fiihe Vack@Rblic cddid e 2D PAHIRY USthe @lectrdhic nhddiga B peoedashyng i n

accordance with the present invention as shown in FIGS., 1 and |a; 2‘&)86026]
5

FIG 4 is a themsadia pubsiralgrassahsizate enatote andsiscrmiEompromged by thp suiteh
for witing and etrasi ng in accordance wth the present invention as shown
in FIGS 1 ¢oorant

[0019] A second advantage of the present invention is improved resolution. In

this instance, resolution is only limited by the addressing scheme, since the colorant
15  has molecular dimensions.

[0020] Finally, each molecule of the present invention will latch to stabilize

one or the other of its color states.

BRIEF DESCRIPTION OF THE DRAWINGS

20
[0021] FIG. 1 is a schematic representation (perspective, transparent view) of a
two color (e.g., black and white) display screen construction for use in accordance with
the present invention;
[0022] FIG. 1a is an enlargement of a portion of FIG. 1, showing the detail for a
25  colorant layer element of the display screen;
[0023] FIG. 2a is a schematic representation (perspective, transparent view) of a
full-color display screen construction for use in accordance with the present invention;
[0024] FIG. 2b is a view similar to that of FIG. 2a, but depicting a prior art ap-

proach;



and la; [0027] FIG 5 depicts an alternate enbodi mrent of the present
invention as illus- trated by FIGS. 1, 3, and 4; [0028] FIG 6 is a
schemat i cwowd@ds1depi cti ng an E-fiel d-i nduced band gap 10Pcharsgu2080a
rotation of one portion (rotor) relative to two other portions (stators);
[0029] FIG 7a depicts a nolecule conprising a mddle rotor portion with a
di pole and two end stator portions; [0030] FIG 7b is a schematic
representation (perspective) of the nolecule de- picted in FIG b5a,

il lustratingoo2sd pl anaIGsBas e schuindakic trépeesentadon afal fisdt afielicel aldl apparapis faar ;
15 and [0031] FIG 7c is also a schematic representation (perspective),

i |1 ustrati ng"iitg andograsinginsacsprdancs; With theePressplinvensiont as shown W FE9§-elsﬁe§f:t to
the stators.; BEST MODES FOR CARRYI NG QUT THE | NVENTI ON 20 Definitions
[0032] The teim "self-assenbl ed” as used herein refers to a systemthat
natu- rally [e0f)t S sorEGgedsatschanpidtiepesenbtionwsa wtorddaethdd aind hpypaedtud he
components of the systen the system achieves at |east a |ocal mninmumin
its ener§y Hyr ¥Eéipsiand crasing in 26cEGHICE iithathe preseptgogtionas shayiyn EIGYy
configurabl%& ans that a switch can change its state only once via an
irreversi bl e protess such as an oxidation or reduction reaction; such a
switch can ljgo2fle basimGOb depielsQ@raiemaleletnboditten® B the ed¥erityin(FREMhs ilfuer
exanpl e. [Ooa:zg The term "reconfigurable" neans that a switch can change
its state 30rawd PGS 1ierddi a a reversible process such as an oxidation

or reduction,.ify ot her 3/ 005116 .PCT/ US02/ 20805 d the switch can
be opened a:lgo%ﬂos ed rﬁﬂ\étol 68 e atsicﬁ%g?tlcsﬁlg hjgaéepf Cglél ErE) mé Ft’ée\‘?(%lnfdg Cedi ﬁanél gapn dom
access HBMOIhahd?AM rdition of Sh@polbiX GbtoryteRtith frtbvdlother BORhs Ghforsyer m
"bi-stable"” as applied to a nolecule nmeans a nolecule having two

rel atively 1[002¥8ner gy HGat/edepisprar maderulsy cemprisieg gyniddle mtari peati¢rowyth a
barrier. The either irreversibly switched fromone state

. nol ecul e be .
to the ot herdl?‘?f’ F’r{j‘:i §/W%5'Hl-sr{§%r portions;

[0030] FIG. 7b is a schematic representation (perspective) of the molecule de-

picted in FIG. 5a, illustrating the planar state, with the rotor and stators all co-planar;
15 and

[0031] FIG. 7c is also a schematic representation (perspective), illustrating the

rotated state, with the rotor rotated 90° with respect to the stators.

BEST MODES FOR CARRYING OUT THE INVENTION

20
Definitions
[0032] The term “self-assembled” as used herein refers to a system that natu-
rally adopts some geometric pattern because of the identity of the components of the
system; the system achieves at least a local minimum in its energy by adopting this
25  configuration.
[0033] The term “singly configurable” means that a switch can change its state
only once via an irreversible process such as an oxidation or reduction reaction; such a
switch can be the basis of a programmable read-only memory (PROM), for example.
[0034] The term “reconfigurable” means that a switch can change its state

30 multiple times via a reversible process such as an oxidation or reduction; in other



figurable) or reversibly switched fromone state to the other
(reconfigurable). [0036] Mcron-scale dinensions refers to di nensions that
range frowob3misii€roneter to a few mcroneters in size. [@OIASoBuIs03Ti Ccr on
scal e dinensions refers to dinensions that range from1l 10 m croneter down
to 0.05 mcroneters. [0038] Nanoneter scale dinensions refers to di mensions
that range fromO0.1 nanoneters to 50 nahoneters (0.05 mcroneters). [0039]
M cron-scal e and subm cron-scale wires refers to rod or ribbon-shaped
conduct or s orord€the ewiltle tar be vpdnad whndl ichsed mudkiFerties Ssuth\ab tige bmodi biensi ons
of 0.05 15 to 10 microneters, heights that can range froma few tens of
nanomet ers ti agafdom Wé%ﬁé?@ﬂ?f}’a(ﬁé“\gbﬁ’fgat ¢pdorgrixeldy 8 diPlagi cr onet ers and

| onger. [00 LHOMO' 0, , i: r " hi ecupi ed
o resul ar D0, ik AT O, £ BRLEEL SECRINE A Ahs o AR nRoG

"l owest unoawoCidpikied yelvesitrar staebiségrited bOMnserzrg) (ddMcdvaion) basarBhdl e
for electronic con 20 duction in nolecul es and the enert%y di fference

bet ween Bhe mERElamRy oMBhaniTevetsHlY swHetegdrora Ane platreter By ofist &ungly con-
orbitals is #&SR00SI DG GO LAGGR (ﬁI{l b stafio TR &herc(lﬁ’éc%nfiélg%% . AN
rﬁ<, TH The COAYEXToF es

el ectronic i e present 1nvention, Fnvo

sw tchabl e qpesges i n NMigoek@td HRneMBDAS tréfersPloodiatchsiofs €fat riige fedrR AUNES,
within that 25 spectral region detectable by the human eye. Swi tching of

el ectroni c iqikmael woufeasmiciorpeterds siéhanges in properties such as

absor pti on, ectio refraction,.. diffraction nd __diffuse s tering of
el ectro- nagn@ﬁyc] r adi zrﬁ"iba‘ﬁ‘.‘“%r é%ﬂ?er HP%lsioﬁlgr N Bodsiengen glagcriadlrgégttg% e
rewitahbe "BRidn&tedIRse0.0emhidrdmetesat er detail in co- pending U. S
application Serial No. , filed on [PD-10011314-1]. A WD 03/005116

PCT/ US02/ 2040838]8 gendNanpmesterrmghle dimkesiorfsrigfars kadimgnpions shat smge Jrage i lct ed
herein in FIG 1. éﬁs chenmat i cajly in a mgnified partial view

idlustrate
in FIG 1, &lUeYFSHR g&‘]aﬁ?mﬁ’sﬁﬁd@@dﬂ‘eb‘metﬁ? ‘ses an el ectrochronic coating
12 affixed sjgpgyjadj aceridryn-bkeu@akPiibhiigon 4BAE Wate§ rdfdrs to THE ofHBKInL MGPEPM C

coating 12 is a nolecul ar colorant coating that contains nol ecul es
conductors or semiconductors with widths or diameters having the dimensions of 0.05
15 to 10 micrometers, heights that can range from a few tens of nanometers to a mi-
crometer, and lengths of several micrometers and longer.
[0040] “HOMO?” is the common chemical acronym for “highest occupied mo-
lecular orbital”, while “LUMO” is the common chemical acronym for “lowest unoc- ,
cupied molecular orbital”. HOMOs and LUMOs are responsible for electronic con-
20  duction in molecules and the energy difference between the HOMO and LUMO and
other energetically nearby molecular orbitals is responsible for the color of the mole-
cule.
[0041] An electronic ink, in the context of the present invention, involves
switchable changes in the electro-magnetic properties of the molecules, within that
25  spectral region detectable by the human eye. Switching of electronic ink molecules in-

cludes changes in properties such as absorption, reflection, refraction, diffraction, and

diffuse scattering of electro-magnetic radiation.

Electronic Ink
30 [0042] Field addressable rewritable media are described in greater detail in co-

pending U.S. application Serial No. , filed on [PD-10011314-1]. A



5 16 (represented by greatly magnified |lines) that undergo chem cal changes
as a result of application of an electric field that, in effect, changes
sel ecti veWwyp oBoedlé zed regions of this coating from one hmeTtusozemsvher. |n
order to describe the print nmedia 10, the electrochrom c nol ecul es

t hensel ves are depicted as polarized lines 16 in FIG |a; however, it
shoul d be recogni zed that there are liteBally "mllions" of such nol ecul es
10 per cubic microneter of colorant. [0043] It will be i medi ately apparent
that the el g@hedebtapiple takon foml that applieatiohdandepiaéd héreininh €$GN1. Asnllesitatah ar e
substantially and uniquely different than the mcro- capsul e technol ogy
currently erssheipaiirally ippdbagnificdcrarHRlsView; IRAEG: Heclsplratc pEat BEdianl) cipesent

vent ion thETREhY eR b GHR Bh% FOhL kel RubERRRAATY IPa BRLIGRPLSEaEh ot 11 C

15 field, the Issues of C ras nd 1 nmage resolution are 0 I'n the

former case, ThebdedSicB®niietdLidii1ars amiblatdiricelorarg codtirg tghtcongis| holeqdéLd,
since nol ecul es, not mcro- spheres, are the agents of color change. In the
latter c&se,lGadenrasenipglbycarpatly mpgnifigd lingse thas waderae chempigalhapess i arigsult

It i IRV i | uti i -1 .- of - band
ST ORI LA, AR SRR ot b
technol ogy dssiifsi doating fro@i 6@ Bie @edmditer.DR-ori@Wo deberitevide \Whiat media HJ i@t age

of el ectrochrom c nol ecul ar col orants over mcro- capsul e technol ogy (see,
Backgr ound ofleqtipshiomie malesylessthemnsplvasorre slepictedoni Rolggizedtlingg -16dp F1Gs lahe

realization Oc;cwesvtf:la ri]td rogldz li?egﬁ,eecé%ﬁ@}edctﬁ%tsthéilalréalggr:hﬂp‘qgilﬁo% glgrédcﬂ%?lgﬁﬁgs[ use

of electrochrom¢ nolecu or a Wi rovi‘de rea con hat

resenmbl @9 Coper 2Bbiv flkiogieddr oPEbIBEdnhg dyes or pigments on paper forms in
col or node, color density, and coating |ayer incorporability. As depicted
in FIG 2a, [0043kstr at ilhgviBh bstimmedistely mpearentdhatiibe eleetredhpergic molecular col-

absorption-refl ecti,on physics of hem,spheric m croc e chnol o as
dep ched i n G O PR Pln i 4SFUPRABHL, o GHGREP et BN 8RS e
el ectrochr ondapsulBcBAdIoaY cddrolyatipleRaAl ineckdnicGARY SifdenBe ehoteclits F Whes 16,
absorbs light uniformy 30 at all light incidence angles to provide

convent i onal preseat deveption dhpsiselves [ape changingagdpiaim raspenssttaran aoplied|edgety
) ST MR S ek SR PSSR BB
al | owi ng medbRkSHOBSfleetiéh add eubhg ¥t HERWSs diffipated) sifte meBé ey nbeyfirol2.
The difference between the two groups of nolecules is
spheres, are the agents of color change. In the latter case, again, molecules, being
much smaller than microspheres, result in greatly improved image resolution, switch-
ing speed, out-of-band transparency, and durability.

20 [0044] With respect to the molecular technology described in greater detail be-
low, the overwhelming advantage of electrochromic molecular colorants over micro-
capsule technology (see, Background of the Invention, supra) for electronic print me-
dia is the realization of standardized print contrast and image resolution. Such use of
electrochromic molecular colorants will provide readable content that resembles con-

25  ventional printing dyes or pigments on paper formé in color mode, color density, and
coating layer incorporability. As depicted in FIG. 2a, illustrating a stark contrast to the
combined absorption-reflection physics of hemispheric microcapsule technology as
depicted in FIG. 2b, in the high color density state 20 (e.g., black), the electrochromic
molecular colorant coating 12, comprising dye molecules 16, absorbs light uniformly

30 at all light incidence angles to provide conventional ink color density. In the transpar-

ent state 22 (FIG. 2a, right side), the bichromal molecules 16 of the present invention



sinply the energetic state in which they reside, as discussed nore fully
bel ow. Thus, to the observer, an electrochrom c nol ecul ar col orant inmage
appears swbgsaetii@l |y 5 identical to the inmage as it woul eCapsez2oshii
conventional ink print on paper. Namely, gradations of the specific high
density color, if any, are invisible to the naked eye. The term
"el ectrochrom c nol ecul ar colorant” as uSed herein is expressly intended to
in- clude a plurality of different co] or ant rrpl ecul es blended to forma
| ayer that crm)mOtabtan\aey msthlﬁdappmmabm akdowinganedid fidstrathdd td Iﬁﬁl}mhempl ary
bl ack state. 0045] Referri n whi ch depicts the |or art
ﬁpproaﬁh i tth qogg @é?ncoaflﬁéta}ﬁf é? ‘é‘lfflégen?‘?l WS@lt}EfeBV%fPHP%O mgiegules is
Oror | appi ng Spg e Lpetbd e T SRAH ey RtRe, 2 ek ORI BRRC Hlyeldy 2™
gol or densi tty,tht idbsérverg api fedtrochsmbivtmalacular téleraat dangeobp@A tubstiffally
ots-per-inch ("dpi ") (whereas the unaided vision, human eye can
di scri ni Rat édemica tht%a@erpag_e BOO WPHId FPednconverkiopilink pRnt OIDP%RS’F Ayanekide
that penct r A SLRES Bt B8 shEMe bilh JBRYE BTGRP L ARlis B e B OB P OF
subadj acent tging r‘eleatpsdhtdfic Malvailngcoterant” amwsemgereﬁelsmpfesslymntahdad tdln- poor
i mge contrast arises from backside reflections fromeach m crocap- sule.
Li ght ent er ishefean Plyahiet phadiffegent relarst opglerdles bipnded 9 fagm jaghaygr $at can
SR & IR FR S R Lt i A T T S A
of subsmuer[oom]crocanw*elemlgaysems 2bOowWhival d¥pidiethe [ridryarasmasachf ittib@eédrage
becone darker and hi gh col or density areas becone |lighter than would

OL herw se odbadrmicrospheresi2gy I@f@&ﬁ@@l Math ablaek bemispherg rzfrﬂ and arwhiter heajphgre
t t {
r Ieln,[ i ﬁ)g< S; Ioég %2 %slmln%rsjerdulﬁ avﬂqmd ?é %%H\Bﬁpugg%)shgﬁe%%? Hﬁﬁtﬁjplé (i)]afy(éx% %Héedg@ﬂl

m crocapsul eghiebBdedREECHIST @éﬂsay lim@ingapikyl ﬂ’e&ﬂdﬁ?érﬁd) d@r&dgr GY3GR #50 a
l'ight gray background. [0046] It will be noted that the electrochromc

mol ecul ar cdlq&mmmde;é i9d(wherear |t upaided vapien.i kumap evrdeas displimingie 1q s

nol ecul sca r an the
7o 2or 45 SRR LB gBRup? OMaR, DAy L T PRI PSR OPad ) L
adapt abl e f CHav@ 6br étﬁl@raktsandQ:%erbéeﬂlsd: HgM that Jeatediés lﬁ:.yﬂ;ﬂ@tf%ls‘ﬂtrfaéﬁ’llayéﬂ ed WO
03/005116 PCT/ US02/ 20805 10 "Ml ecular Wre Crossbar Menory" by Philip J.

Kuekes et alflectsseffiefithsbacksidshefrsubadjacent microcapsules, causing color mixing. As seen

in FIG. 2b, poor image contrast arises from backside reflections from each microcap-

sule. Light entering and penetrating the interstices of a first layer of microcapsules 24
20  in the media surface coating 26 reflects and is absorbed by the backside 24b, as well
as the front side 24a, hemispheres of subsequent microcapsule layers. Low color den-
sity areas of the image become darker and high color density areas become lighter
than would otherwise occur if the microcapsules were of uniform color throughout
their exterior (as is true with pigments and dyes used in conventional printing proc-
25  esses). Thus, in a device using layers of bichromal microcapsules, the image is often
actually rendered dark gray against a light gray background.
[0046] It will be noted that the electrochromic molecular colorant depicted in
FIG. 2a is spatially addressable at its molecular (Angstrom) scale, allowing far greater
image resolution than the tens-of-micrometers scale of microcapsule colorants. A mo-

30 lecular wire adaptable for such use is described in U.S. Patent 6,128,214, entitled



2000, and assigned to the present assignee, incorporated herein by
reference. [0047] Further, the color switching tine for the el ectrochromc
nol ecul arwoaB/oozan@nt pervaded pi xel regions of the nedi a POTIE02/20805
significantly shorter than that for 5 mcrocapsule colorants, allow ng
significantly faster imaging speeds, in the main be cause the

el ectrochrom ¢ nol ecul es of the col orantlOare substantially stationary and
change col or either through the novenent of electrons, the tw sting of

nol ecul ar el*MoleatdrsWVirerCilos¢bar Memagt hy Padp, J.tKeekeotahl, mass] omOowbendnt f or
any addressed aixel IS nang orders of magni tude smaller than that required
with m croca¥9th @dastighegipdhe prgsqppsigneaiGaPeraied herein BY &4 PsSi ¢ nedia 10
containing t | ectr i = . r L.ag: | ) S
described i n[bg"e ai | hgﬁgu{hﬁgf‘%eém ra%/“g&?l@%% itﬁ%ﬂ‘?’g@o If%?ﬁcnrﬁmgén‘ﬁ% cot
convent i onaloramdicavaied paxed mgions objtlecmetia YD livs@nifichndakiager ttharo tigh fext er -
nal | y apglied.pressure in manufacture. or use as .is nedia coated with

mi cr ocapSul dNCESRER U eorants, plhowinp sigrifiaatly Mstdiimesing saessiscindle mpirpes. 1
and la, the c_?iké%cfhégé/fé&r gEIQ)'ITﬁC mfledute e<§feﬁlter oforhhShd sﬁgg{nﬁﬁaﬁ?tﬁltzﬁioﬁgx@ Amd
rewitable. & medi & L conprises (a) a i chromal nol ecul ar

el ect r ochr orshéngandoberidicher tpbuphahé movpmegnatetadttrong tthaygviktipuoftnoleellacdle-
(hereinafter generically referred to as the coating 12 which forns the
writabl e- erBEHH|B hoéyefri cgeh resgi Hertotpl aRES hmoxemedfor av addiesspd RiXphich t he

coating is ggi%‘gg%_s %gsnlagﬁkﬁ%le shiife HQ@@ af egu&éq WRK rnge;seg'saﬁ Aafdfitety of

materials a one exanpl e ypi ca copy appli1cation uses,

t he coatipng [0048Jay be SIf ifucetér,Odle@ronit fle@il Db @ofaiméigd ehemBlb@rdcatonsivhabr at e
14 in the approxi mate size, thickness, and shape of ~commopn stationary

| et t er head. lqtndarpglarppygoating layst(paasedesarikednip sistail kpseinafigr ase thegdyrabilifyy) | y
dependent ont il i .0 i I t hat
the sub 25 ot A SEEG e fioRE Bidaitiiadbe BRubREL b Bl bhealdft iiehners 121

is inmposed aEIQS$$pliie pteddire ih Manutitaire b2 .usd @9kl nedaccoagat whi miditehpsile of
the nedia 10 conprises bichromal nolecules 16 (FIGS. 1, la), or nolecules
in associ at i9IPreRts-h anot her cheni cal conponent, the "vehicle", having an

el ectrical fj respansi ve hi gh col or . densi tat e einafte .sinply
"col or g?’lat e[bﬁhgnd a traf sepeér%meo% m %I{B’a @ Cq e %§$c %ndng)ﬁlﬁerlgllggtcrﬁenléi"%glear S,
sol WO 03/ 00l {6 elRsihic USd/ #1d8i5ablel hnd is rewritable. The media 10 comprises (a) a

bichromal molecular electrochromic molecular colorant impregnated coating liquid
vehicle (hereinafter generically referred to as the coating 12 which forms the writable-
erasable layer of media 10) and (b) a substrate 14 upon which the coating i$ affixed.
20 [0050] The substrate 14 may comprise a variety of materials and forms. As
one example of typical hard copy application uses, the coating 12 may be affixed onto
a flexible plastic material substrate 14 in the approximate size, thickness, and shape of
common stationary letterhead. The particular substrate 14 composition implemented is
fully dependent on the specific application and, particularly, to the role that the sub-
25  strate plays in supporting or creating the electric field that is imposed across the coat-
ing layer 12.
[0051] The coating layer 12 of the media 10 comprises bichromal molecules
16 (FIGS. 1, 1a), or molecules in association with another chemical component, the
“vehicle”, having an electrical field responsive high color density state (hereinafter

30 simply “color state”) and a transparent state. The vehicle may include binders, sol-



vents, flow additives, or other common coating additives appropriate for a
given im plenentation. [0052] Preferably, the colorant of the coating 12
obt ai ns awomBwoo51s¢ ate (e.g., black) when subjected to a fPCcraiSorbases ri cal
field and a transparent state when subjected 5 to a second el ectrical
field. The coating 12, or nore specifically, the addressable pixel regions
of the nedia 10, in a preferred enbodineht is thus referred to as
"bi-stable"; in other words, once set or witten, the field targeted,

"col ored pi xednts, flopl alditives, ¢t dther Cqminen eohtingradditivey appmopiiate ifor @ piver imr ent
state until the second field is applied, "eras- ing" the inmage by returning
the mol ecul ¥PEAHY} 1 transparent state at the field targeted 10 pixels.

No hol di ng ejopssy i cal If’rief‘éréjol%r,sthé%lﬂrﬁrﬁ%ftt‘ﬂe%hﬂﬁﬂg”‘hﬁ' JobndPh i8I RO £NT -
[ 0053] Alternatively, the colorant nmay be nonostable, obtaining a

| ocal i zed, blaclotwheolsobjestedtte a frstglgctricad fisjvlaandrit transhareit satbjwet subjeced

| ocalized electrical field, configuratively rel axi a secon
color st Pa feoniseRsalfild e sSuie b 6f meRecUicaD: FOpkiFIIEPaEhbI y.
the chromatigof,a86F tRMmedia §8CH é)hre‘fé}Fedaé‘n%o%%&’ft'iQE}ﬁﬁ I lh@&i tobas Milsedbyes 1S

field rever5|§le and bi-stable 1h the absence of a field so that a fiéld is

not requi r ed dtherhodrds,tdnee seregevi@tmh, thecfidldnbaygetad y chleradr pik¢l&molecwdse the and

overwitten  nmany tines, [0055] Although vergf.dhffere t,eltlﬁ-con titution,
the coating JBMFESIVTEH RN )88 CHEFEStIe UnUAP seroe fiedd EompaRt. Gryr

coating for myacha b6 AR AL hd HBICARS (2BeRiahUERLR s0td de HERAADONS he

r heol ogy and esl o e printing/coating proc ess an strate
mat er i alL0 Typixelal Ny holting eteradi¢ah fielday exquir2d wi mhincampirei smted donteB@ wt % of t he
solid content of the filmdeposited to formthe coating |ayer on the
substrate 1410053h s andlismatively,dhacplprans meynds Bypnpstaklesobtaiging dépcalisnder

density. Thefi&P@élBP&atjez(g.‘Qi.,'&ans;?zlré]q) %v}ﬂ%gsﬁhjf}s‘teh G 'a‘JlQ%li%ecPQfeX(Ti‘iﬁli 18! Aider Lo

produce a dried or cured-Coating layer t he substrate in which the
el ect r ochr oneanfigotadetiy aglaxiaf o apdcond csluspewrded., bAkckeihnhe abhsene of thd fieldsol i ds
content may include as_nuch as 100% cql orant for certain known manner

evapor ative W88%ki ti onPitrsindheplrematc renstiempheaghiof theafgremeatonadold- vehi -

O SRR O Rl SOLF R BORE'G U816  y
pre-orient edreguirdd o héld tlepmage ah@ thec DAigen@ay dy ewritlch, tepasad | Mma dveeweipén mum
al i gnnment W}ngn;tri]r%esefl ectrical field that wll
[0055] Although very different in constitution, the coating composition em-
ployed herein is analogous to conventional coating formulation technology. The con-
20  stituents will depend on the rheology and adhesion needs of the printing/coating proc-
ess and substrate material. Typically, the coating layer 12 will comprise 1 to 30 wt%
of the solid content of the film deposited to form the coating layer on the substrate 14.
This amount is usually determined by desired image color density. The coating 12 will
also typically include a polymeric binder to produce a dried or cured coating layer on
25  the substrate 14 in which the electrochromic molecular colorant is suspended. Alterna-
tively, the solids content may include as much as 100% colorant for certain known
-manner evaporative deposition methods wherein the colorant, or an associated vehi-
cle, is evaporated. In the case of colorant evaporation, there may be no associated ve-
hicle.

30 [0056] In some instances, the colorant must be pre-oriented within the depos-

ited coating layer 12 to allow the optimum alignment with the electrical field that will



WO 03/005116 PCT/ US02/20805 12 be used to wite and erase a printed
content. Such orientation may be achieved by so- lidifying the deposited
coati ng lwpas/ntAiander the influence of a sinultaneously @eT/yshe/eworl ectric
field across the nedia 10. [0057] In one specific enbodiment, the coating
12 conprises electrochromc 5 nolecular colorant and a |iquidous,
ultraviolet (UY) curable, prepolyner (e.l, (neth)acrylate or vinyl
nononer s/ ol i gomrers). The polyner in this instance is formed in situ on the
medi a subst retwed @ whighasidipect pdnted chhenitaSuat ordemtatiduahaypbembioved bg soar e
wel | -known in the coatings art. [(P058]ll In a ?‘ec,o d qu)e(i:i fi.c enbodi nent,
coating sol illifingathe sleppsiipd soating layer {2 radenine Hetlyrars ¢i AcimplianequsleRpel e

chemcal re khgﬁ%tr&qggmgcrf)gsotggwina \y ethane, and thermal free radical

activated polynerization. a third specific enbodi nent, coating
sol i dificati[@057Tfay ocduronetshecifiglenpadimeak, the coaimyg 1% etinplises eleapoctabmin.

[ 0060] The colorant may al so self-aorient through _col orant/coating design
that = 155al I'BN§CHars spkoram seh pe Hayideys, cBtraiplgt t({h'a, cwinblee inseRobERETc - &r ant

nmononer al i i adj 0 ] i i ce
Coructuras it AAThofALARLROOTRE bolyl I 4652 LADnBOR hfihed °0
for self-assanithyonty nidddd sithetrseqOenhent sudjecrdnol &Y eddisktgo Suth prepoBinteeds,

such as wel | -known Langnuir film and gas phase deposition techniques. 20
[0061] The stipyeHFnawnan drgordangscart abri cated of a material having a

the. col or antOR fng ey ereiry bEptico PRRTHeKL ' obatly GOLFRTRLSITRY “octlle”

i mpl emenbat i @rougH GReraRllf 28iivawE vetigletche@ical esiciidmbioinmian do epey, MBdhamedr a
data storage nedia 10, It nay be desirable to create 25 an electrical

writing fielandithesmahfree regicel aieiedgobmpsizatien: exanple, with an el ectronic
pen tip or i()ﬁ%ﬂﬂr ode i 1?1%:(11 ?ﬁ]e%' 1c03m%|2)d§x(h)e t,aggatl %gsdﬁf;ﬁcatéigrﬁe%ta& ?%ct%g{ he

field acros e coating l'aye n such i’nstanees, rop y | ow

conducti vi tythaﬁ%h@bﬁﬂa%rtotan véhi€leRSApsticnol orant coating 12 is desirable to
prevent field shunting within the coat- ing layer. The electrical

properties d006Me subsFheagadorant meyp alsesslfionsot thagighyiolorar{aeonting design that

15 allows a self-assembled lattice structure, wherein each colorant monomer aligns with
adjacent colorant monomers. Such design and lattice structures, for example, are
common to dendrimers and crystals. Processes fdr self-assembly may include sequen-
tial monolayer deposition methods, such as well-known Langmuir film and gas phase
deposition techniques.

20 [0061] The substrate 14 should be fabricated of a material having a dielectric
constant and electrical conductivity which complements that of the colorant coating
layer 12.

[0062] Turning now to FIG. 3, for the implementation such as a simple sheet
of rewritable hard copy media or a data storage media 10, it may be desirable to create

25  an electrical writing field from a single coating side, for example, with an electronic
pen tip or electrode pair 301 and 303 or 301 and 305, and to entrain the field across
the coating layer 12. In such instances, an appropriately low conductivity and dielec-
tric constant colorant coating 12 is desirable to prevent field shunting within the coat-
ing layer. The electrical properties of the substrate 14 are less important with such

30 fringe fields (represented by dashed arrow 307) type writing instruments.



30 fringe fields (represented by dashed arrow 307) type witing
instrunments. WO 03/005116 PCT/ US02/20805 13 [0063] For applications in
which it weodesimabl e to create the witing field (dasheacarrsones0l)

t hrough the nmedia 10 thickness, such as depicted in FIG 4, wth

el ectrodes 403, 405 on opposing sides of the nedia, the substrate 14
preferably has a high dielectric constalt, or high electrical conductivity
if the adjacent electrode is 5 common to all pixels. These properties
mnimze theg0068]t age dfepappliostiins anr\ohxshtihés dssifabier at ered® the writingnfiedd nedi a
swi t ching vol tagg requi renents. For ex pl oyabl e sub}%}éa es 14 are
sel ected frdfrte a&PB’u‘i:pléél?@P%li fh%g}n%ﬁla tlptt]&‘ﬁi‘%f?sf iSuFRas gericted i) Yig} n

hi gh di ef ooty i BONSANbs LG ool APLAENGE B MARETfe s ARSI SrrdAOA For

certain inplenentations, dr's oards, It is eS|r to 10
coat subst r diigls divdatitiig camst:ﬁiteat higdeelén’trl@eﬂI‘cﬁ)yldwcftlvﬁlyelftth@d@&cem&ﬂad:dede @n the
substrate sur- face to be coated. Representative substrates inclu

net al - cl &d fGOHERGLET a4 Pixsls. rﬁI@éP papr:wﬁ tmigyaizg dhe yelfage| drop ¢l Ogva?wss the

ol'asti o5, - snagyrie A4 RN Reqil ARisE AJPREE BAREthents PEERAE em,
more costly oabit subbirates v ardedieated Grom itk grayp t:m;hsmdg of tisdnxs filled pla,éﬁbshavi ng

a reflective substrate 501 coated with a preferred back round col or |ayer
503, wher ei rFeflpid gl diglestiisEoaspy ey BRPIEgnAted BaPcinh and Mg pendent of the

normaity cr a6 he battsrainanesHRRREinFic Ml ek RS g 1

col or- amt ceat dubgtratayBdvidgan dediidt ohatlay 6f dibrodeainslude ok tlﬁ:tsabﬁrate?uﬁh
surface coatings gener 20 ally conprise a conventi onal (Efgrrent or col orant
1

i ncor por at edfamw t Qépﬁftﬁér RmfﬁﬁéFaUVMUbW&E% lﬁlﬁ]@d§ upsdlrdace fiberboarde Rrged ng
| ayer 503 coy t%%%r t?aﬂfi d gﬂig é%OJ‘f%’e %6@893 nﬁ%@%é}%ﬁﬂ% lflrﬁﬁ’%gﬁatél 10

malntalntheln egrl I’IC

and to m ni nguBBeradskd pllagrbal shéed hagk, didape ﬁﬁé oss the nedia. Alternatively, a
conventi onal Bﬁ%rrent or colorant nmay be incorporated into the substrate 14
itself. 25 90 surfac@@@ﬁtﬁﬂg tak |§1c1§rﬂpmoéﬁt eeptly (pshodiment e gpedia dﬂ

a0 Sohon BEPSERRES, gt S B PRS PP 5ok ORRL IO
protective spick@eand ayer 1@@17 508, whébhl the Wa@ﬁhﬁ@@f&éﬁloﬁfﬁﬂn@ﬁ@flﬂ&i §nd file-
col orant pendent of the imposed electric writing fields (dashed arrow 505). This surface 501
will normally create the background color of the media 10’ when the molecular color-
ant coating layer 12 is switched to the transparent state. Such surface coatings gener-
20  ally comprise a conventional pigment or colorant incbrporated in a polymer binder. As
with the substrate 14, the coating layer 503 comprises a binder and colorant of a com-
position chosen to maintain the integrity of the electric field 505 imposed on the me-
dia 10’ and to minimize additional voltage drop across the media. Alternatively, a
conventional pigment or colorant may be incorporated into the substrate 14 itself.
25  Such surface coating and incorporated substrate coloration fabrication processes are
well-known in the media art.
[0066] The media 10’ may further include a protective surface layer 507. In
general, the protective surface layer 507 is visibly transparent and protects the colorant
coating 12 from abrasion, photo-oxidative color fade, chemical decomposition, or

30  other environmentally-imposed factors that may alter the integrity of the media 10’.

Fabrication of the protective surface layer 507 can be performed in a known manner,



coating 12 from abrasi on, photo-oxidative col or fade, chem cal
deconposition, or 30 other environnentally-inposed factors that may alter

t he i nt egwotog/oafi1i¢ he nedia 10'. Fabrication of the prote@dmsoyenshace

| ayer 507 can be perforned in a known manner, WO 03/005116 PCT/ US02/ 20805
14 such as a polyneric coating, a transparent material deposition, or a

| am nate. As ex- anples, polynethyl nmethbkkrylate and pol yuret hane type

pol ymeric coatings are knowmn to contain ultraviolet radiation absorbing
addi ti ves; tduch af ial polymwejxocoatiepos trhm,aregt am&:nahdcpopmioymmr a laminaat Asfek} s
may al so be empl oyed. Met hods of r application are 5 also wel]-known in
the art. As ¥PRIgS, tpﬁleynmyéweélﬂaérﬂ%e agq‘?eolpﬂl@ﬂ@e% FXPE POIHRAICE OPURRS TG Known

preferably glgggﬁﬁgaﬁjan[gi {Igét%&aﬁoﬁ Qﬁso‘rlé\ﬁ?gaaﬁﬁées()f ih8ne! a@g&r depolited! ghagg‘rposed

on the ne- mnimze ad i onal tage p across
nmedi a. Presedd polyraet lagiinat® filio by also l&cmpldym Methdds dfhlayqrrappieition are
i nvention, a nolecule systemis pro- ded that conprises at | east one

rotatabl & sedfeitellkingwaringhe gt degyith Fhft subgigatg lﬂafltfeprﬂfecnb‘b?‘é?f%ﬂ@f% and
that 1inks al.t8a5 os% I?c?Fn]aﬁR{uE'tfPeﬂﬁnegr e} BEnPRILEY feid ﬂﬁ&os@ﬁ %nt
S). us, the S

bilized (stator or g or ent invention turns in r “dye

mol ecul es i rﬂlaloamidltbjenidﬁﬂiizéeﬁditibﬁdl vohapehkop wérbsshielmatiiah an ext er nal
electric field by a mechanism 15 conpletely different fromany previously
descri bed el ectro-chrom c or chronogenic material. [0068] Under the

i nfluence ofgl%penglﬁglehgg electric field, the vector dipole nb- nent of the
rotor wll ign parallel to the direction of the external
field. 1ldowe[oes7] t he nml &guidanies wattsthg peekeh0invameon, it MbdtecalRdyStem is pro-

i ntra-nol ecul ar forces, such 20 as hydrogen bondi ng or di pol e-di g;)l e

i nt eracti onsvided thei ¢oraprisss a least noegmt%tpblﬁ§egmmﬁrot<§toat§9qorsi éhat hes ¢ lagasrdis n
part | cul ar Orélg rr]r;[o%e'n flrhd maE {‘ nisSa ga;g{ one ?tLFr o%#u%sogt(tﬁg m ?e thit a.réa{rﬁl%f)l field

is required To cause or (s) roman ini orién

and rotate wiikéu (sﬁﬁcﬂﬂﬁtstdt@rs) Mhus] @e @fe(ssat,mvénubheuﬁs figC i @férﬁi)leéﬁl& P! | ed
field is opposite to that of t he d@{)ole of the rotor. Once switched into a

particul ar o#itigatdgyicenthat l§an pe|sadighed With| anpexteraphplactrig fighd by gr meehagisnbn
Vol t age i 11 CHUIEPELEEHep TR TS bectIGE AR BRPOLFRL S Bombbhic,
are a nunbermge‘engpnbi nations that can be envisi oned exanpl es
[0068] Under the influence of an applied electric field, the vector dipole mo-
ment of the rotor will attempt to align parallel to the direction of the external field.
However, the molecule is designed to have inter- and/or intra-molecular forces, such
20  as hydrogen bonding or dipole-dipole interactions as well as steric repulsions, that
stabilize the rotor in particular orientations with respect to the stator(s). Thus, a large
field is required to cause the rotor(s) to unlatch from an initial orientation and rotate
with respect to the stator(s), if the direction of the applied field is opposite to that of
the dipole of the rotor. Once switched into a particular orientation, the molecule will
25  remain in that orientation until it is switched out. For most electronic ink applications,
the voltage will be greater than 1 volt, perhaps 1 to 50 volts.
[0069] There are a number of combinations that can be envisioned; examples
include, but are not limited to, (1) one rotor connected to one stator, (2) one rotor con-
nected between two stators (one preferred combination), (3) two or more rotors each
30 connected to one stator, and (4) alternating rotors and stators. Depending on the spe-

cific configuration, the stator(s) may be connected to another stator on another mole-



i nclude, but are not limted to, (1) one rotor connected to one stator, (2)
one rotor con- nected between two stators (one preferred conbination), (3)
two or nowe isposane each 30 connected to one stator, and (2CTAalShze0se3 i ng
rotors and stators. Depending on the spe- cific configuration, the
stator(s) may be connected to another stator on another nole WO 03/005116
PCT/ US02/ 20805 15 cule or to a substrat®in order to inmmobilize the
stator(s) with respect to the rotor(s). 1In enploying the terms "rotor" and
"stator", itculd bt tobesuppatecn atded te ramobhize thesstaoe(s) with sespaet tpdhe ravdr(f)he

nol ecul e rotating with respect to angther, part of the nolecule; thus, the
notion of o %@%mt erfe grﬁ{ﬂreé?fpe“w{ h&r pl_??c‘ippf‘:(flaé ﬁﬁb?”ﬁ?%‘s gt i ve.
5 [0070] Ongg %Fg?gﬂt %Fﬁgtrﬁé&eﬂlsrmfgcwhﬁ r&esiiah ahéth&ffa&t SBE Shdlut; Rl i ¢ or

Cou- |l onb repu on t prevent the rotor fromrotating through a
conpl et e 18Chelegtier of had fegmeat m.thd neleeald, withespast &t another $s lektived by t he

steric interaction of bulk roups o the (1) rotor(s), 2). stat
or (3) béth WAL ot or (e %{%'Bi‘%g‘fn&{%cﬂf(tgﬁ mgfecy ‘%ﬁ‘épés @g‘t %iﬁr-eqrﬁf“g??%‘ﬁ;f §P§-r (13)to

170 degrees TR ' td : t 4y 10
degree ori enlg)glt%ir%%m?gh s%ag%@:l P‘%&%‘ﬁgg‘/@f t@ﬁ?@?@%ﬁ%@%? aiér%% 1%9%%(371%%&

i nt ranol ecul lalf ¢peth: dnstgpentheantisionris Halpal iy thetsercihtesatsion afidulky dgrbws dmat ched
into place even after dis turned off. For colored ink and

th lied fiel
dye ol ecul &8¢ (DHOLOrE) TRy SHGT Pt Gh Dpthht 50BHS) RO spgleod ap-
separ at ed b#r?ﬁigr{a?éégg?ttgllyo &%{ée‘g fh@t&%ﬁﬁﬁ?ﬁﬂ&h&fﬂ t.?ﬁrtﬁérﬂ%o%, ¥his ?9 gfi”raﬂr?]' al.

15 [0071] | case, Tor e orientation ere the rotor d
stator (g9 ardegreeldrieatatiph &nasbilizddebyndigferdne sét f limer- bad/buinktmotejlaghydrd-
state. Thus, the it or_it-and non- nonebondi ng-el ectrons of the nol ecule
are del ocal i g8cbwdepr dipolerigierassiops.grd d¢ thup datcheg) igtoplace evea afiet Bgrappled

i dentical to. i cal e LT 0X, 7 e box
s the oi ze HOThurEA ArETLHRIRR AR SR mBBEhLS s LRy ROVicp e R

del ocal i zed, be2®¥ednhBvOstpreb edpareed b apichimaadigd 10WYD70sleprekatronethy sedblis 1 n
this case, the HOMO- LUMO gap of the nolecule is designed to yield the
desired col ofu@fl- t he ink or dye. The HOMO LUMO gap for the all-parallel

structure c t une i j i ] r he
=t at or & 1onar 07 ot or ¢ o s RERCAE Aol I, oréEUEH SAERSITL QLG SRR A 03 |
10 to 170 degr egplanhd lthd @oRe6lk it on @REUIDY comiguted ah@r Thiothe #or Aahl Yion90

degrees), the conjugation of the nolecule is broken and the HOMO and
nonebonding-electrons of the molecule are delocalized over a large portion of the
molecule. The effect is identical to that for a quantum mechanical particle in a box -
when the box is the size of the entire molecule, i.e., when the orbitals are delocalized,
20  the gap between the HOMO and LUMO is relatively small. In this case, the HOMO-
LUMO gap of the molecule is designed to yield the desired color of the ink or dye.
The HOMO-LUMO gap for the all-parallel structure can be tuned by substituting
various chemical groups onto the stators and/or rotor(s). In the case where one or
more rotor is rotated by 10 to 170 degrees with respect to one or more stator (nomi-
25 nally, 90 degrees), the conjugation of the molecule is broken and the HOMO and
LUMO are no longer delocalized over the large portion of the molecule. This has the
effect of shrinking the size of the box, which causes the HOMO-LUMO gap to in-
crease. Depending on the nature of the chemical substituents bonded to the rotor(s)

and stator(s), this increased HOMO-LUMO gap will correspond to a color that is

30  blue-shifted with respect to the color of the all-parallel structure or is even totally



LUMO are no | onger del ocalized over the |large portion of the nolecule. This
has the effect of shrinking the size of the box, which causes the

HOMO- LUMWOQap/003116 n- crease. Dependi ng on the nature of tir€Taisernmsed
substituents bonded to the rotor(s) and stator(s), this increased

HOMO- LUMO gap will correspond to a color that is 30 blue-shifted with
respect to the color of the all-parallelléstructure or is even totally WO
03/ 005116 PCT/ US02/20805 16 transparent, if the new HOMO-LUMO gap is |arge
enough. Thustranspaemplfethel eew $OMM-LUNEDIgap hetlaee enowgh. dblusr the anolecwdenione
color to a tragzlpairgnt state. L)OO? } The ggl ecul es of the present invention
evi dence an WERable betyegp Ve cgorsiqrdiom ong cIIIQQ FBSRASH AUt at | east one

rotatabl e seghyHn (r ot @ ec@leﬂgkn gfé:’fél‘ésetn? nfvla ev1§entcg'%n cgﬂadg hgthe

nol ecul e. Thus, t he coﬁ)r swtc the resu an E-Ti e d uced
i ntranol ecul ﬁaaid’o Hadhged raitivar oftan &asteord rbn‘atm;)lecn&ctﬁrm (wtndaif iaandle@de ot ¢hange
reaction, contrast to prior_art approaches. A so, (he part of _the

nol ecul e>t hatfle 0d gap of dhe melegwla. Thus.gihe (qolor yitchmE g t}c"? fesult Of apoEdteldy t o
be quite T ashaudefiHfitnol Q1 Shdpekficr AL GG 8r BH8KiAFARYion IO ] (2)

The nol ecul e ave one or re rotor segnents an one or nore Stator
segnents; [ OédAbhst (GpridrmarappreatidseAlsb, thh@amof the uhdeculdibatemevesid ghiteemall,
delocalized it- states that extend over a | arge portion of the nolecule
(rotor(s) ani® the sihinggme igcapeciad tobg quKelask her state, the it-states are

| ocal i zed o(r)s[rPJ??] r ot or l?e)foﬂ?gr nsgtl,g e(n§ tsr}lést[b?%e] (c) The connecting unit

bet ween rot and at or st ngle bond or at |east one atom

wi th (1pononobp4di ng eI ect r(@m(m):,m@lrecdla)must hawd 66d OO Rfore @btof Sygrhdnteh@Tt r ons
and non-bondi ng el ectron(s); [0077] (d) The non-bondi ng el ectrons, or
7t - el ect r onsQneg MEre sfad SegIAts;and non- bondi ng el ectron(s) of the rotor(s)

d stat be | i
conf or mat 1 ort 875 he ol ecul @ MR e PofEReu PefSPRRt BB rar ca
by an E-fi el dated @QF&Jter(cﬁéveTlaan?@ pbRIoNEf ieNnslec@b (;dﬁﬁ(mhae@woe(sy)awhbﬁas
E-field depend- ent or stabl'e; [0079] (f) The bi-stable state(s) can be

achi eved by inrthe athestate ithe rm—states are localized on the rotor(s) and stator(s);

15  [0076] (c) The connecting unit between rotor(s) and stator(s) can be a
single 6-bond or at least one atom with (1) non-bonding electron(s), or (2) m-
electrons, or (3) w-electrons and non-bonding electron(s);

[0077] (d) The non-bonding electrons, or m-electrons, or T-electrons
and non-bonding electron(s) of the rotor(s) and stator(s) can be localized or de-

20  localized depending on the conformation of the molecule, while the rotor(s) rotate(s)
when activated by an E-field;

[0078] (e) The conformation(s) of the molecule can be E-field depend-
ent or bi-stable;
[0079] (f) The bi-stable state(s) can be achieved by intra- or inter-

25  molecular forces such as hydrogen bonding, Coulomb force, van der Waals force,
metal ion complex or dipole inter-stabilization; and
[0080] (g) The band gap of the molecule will change depending on the
degree of non-bonding electron, or t-electron, or w-electron and non-bonding electron
de-localization of the molecule. This will control the optical properties (e.g., color

30 and/or index of refraction, etc.) of the molecule.



25 nol ecul ar forces such as hydrogen bondi ng, Coul onb force, van der Waals
force, netal ion conplex or dipole inter-stabilization; and [0080] (g) The
band gap wb oshesim®l ecul e wil | change depending on the de@Cearsot/20805

non- bondi ng el ectron, or n-electron, or it-electron and non-bondi ng

el ectron de-localization of the nolecule. This will control the optical
properties (e.g., color 30 and/or indexl7of refraction, etc.) of the

nol ecul e. WO 03/005116 PCT/ US02/ 20805 17 [0081] The novel bi-nodal

mol ecul es of[0081 pr eseTHe rovelebitmodul atcedddsi ofeh®pickent Gialendew heestivhaptican be
switched with an external electric field. Wth reference to. FIGS. 6 and
7a-7c, whi cifabidpyiess that ek hatswatched ith. apegemal slesiricchigldi Yitmisfersneerioc 6)
and one pref e e ] . B € ] | I dgsi gn
"o the 5. arSct eS8 borarnPELL kil wald o RENSlicobfifanch (120067

di pol e nonenind(seepréfeadd calbedinlendMBIGY). 7arit),! thatgehérakilene todesigrefms aid y t wo
ot her portions of the nolecule 630 that are imobilized (stators) 634.
Under thé i rinplaatesea pftatable spgimens drasore 87 that hpep darge gipolepement @E¢pBrammonent

f th 632 . W i di ' f h
external 116151 el aft BBk e AT RRNY Chnb pek BN e nd o7

inter 10 andhfraré HhmabiléEGHEE) 63 Tader the GiTlRacdWitinagplicdelacliio gield, the
di pol e-di pole interactions as well as steric repul sions, that stabilize

the rotor 632ciondipete memealofdhe erier@IZonsl sifempt t aligreparalied to fe diregtion of 634,
Thus, a |ar ch? gil(t%xcntai 'ﬁ%{df 'Pﬁ)lvxgevlgﬁ éfle? g}uo'lf%c%% %ﬁq%?%e%%é%(? %}J%hoth%{é th%?ez flret Bregnl atch

fromits ini ori entation ate w stators 634.

[0082] @oce dor GhedmolcOlad fdrads} is@dh!a%rhyﬁfdg@ﬂbaﬁdliﬁﬁ or Uliplen@ibeeuh@r£86nn | |
re- 15 main in that orientation until it is swtched out. However, in one

enbodi nent dofs wdlkas sierierephlsionsstihginstabilizs dejrgtog 632 & partigalaCeigrisising with
repul sion that wll.prevent,t r ot,or 32. f . I Ot at | t hrough lete
180 hal © cycr@et] RpERAOR . ABped Blpe et fARF oS GO R B FET

t1of I's ha e steric Interaction

of bul ky gr adpsidh frdif ifs Hli0Al FRAta@0f abd Atk vithddsprtt @RhORhioesAb Iy
significant angle of %ﬂ cally between 10 and 170 fromthe initial

ori ent ati on.[00&2] t he geuwitshed ingd 2 parigtaraariestationhihs raplgeude 030 sHbwip- as 90
B A T T N T et
hydr ogen bongsie@ile @kﬂg&,&h'&@tie A ORSCo@bfbicSreptildon! BACKRMpieler AE Sot6 €N
after the applied field is turned off. ‘For switch nolecules, this ability
to | at ch t hed32dtan rotating through a complete 180° half cycle. Instead, the rotation is halted by
the steric interaction of bulky groups on the rotor 632 and stators 634 at an optically
significant angle of typically between 10° and 170° from the initial orientation. For the
20  purposes of illustration, this angle is shown as 90° in the present application. Further-
more, this switching orientation may be stabilized by a different set of inter- and/or in-
tra-molecular hydrogen bonds or dipole interactions, and is thus latched in place even
after the applied field is turned off. For switch molecules, this ability to latch the rotor
632 between two states separated by an optically significant rotation from the stators
25  iscrucial.
[0083] The foregoing strategy may be generalized to design colorant molecules
to provide several switching steps so as to allow multiple states (more than two) to pro-
duce a multi-state (e.g., multi-color) system. Such a system permits the optical proper-

ties of the colorant layer to be tuned continuously with a decreasing or increasing elec-

30 tric field or changed abruptly from one state to another by applying a pulsed field.



632 between two states separated by an optically significant rotation from
the stators 25 is crucial. [0083] The foregoing strategy may be

gener al i z&0 oBoodesi gn col orant nol ecul es to provi de sevePall/tsoe/2a8hd ng
steps so as to allow nultiple states (nore than two) to pro- duce a
multi-state (e.g., multi-color) system Such a systempermts the optical
proper- ties of the colorant |ayer to bel8t uned continuously with a
decreasing or increasing elec- 30 tric field or changed abruptly from one
state to andDO®t] by apFpirthen gheacqodasteriofecwbdmay\be Qis4i@Hkll thGin€lGdd HS0RAs206805
18 [0084] Further, the col qrant nolecul es may be designed to i.nclude the
case of  no,N%ePr [y, acHyatiop Rarisy Bt ash byt VP&‘HF%I%‘@‘ECW 1§ g {atepsitiggion hing. 1 n
this latter Shitpatd on,i=qS Pl S : T : is
sui £ chod 1 nt g 1A redlicd Sy e 1 Ry UG Sl s ELRHETRIE, |
ori gi nal st aind relpes hackbialts ofiginllestdié epah rethovalrafdiad figld (toi-neddbly.tin efedthese
forms of the bi-nobdal_ colorant nolecules are "self-erasing”. In contrast,
wi th bi - Sst 4Bese feanoetahe birplodal foberantipeleeiligsrantelhvipeibgl dn PR ¥ fithed
inits stat = f el N tl j he
presence of estt%zé)g%{)ﬁr}%ﬁagegblﬁg’rtp |& gglogdﬁ?tnﬂoé{cﬂgclg@rgégéﬁﬁ?iy g%%)fmlec%?c{% of an
opposi te fi ahévdl of sheiffeh(nbheolilesttilck), bad the tpeestiice g tlevictivationHadiee in that

[ 0085] When the rotor(s) 632 and stator(s) 634 are all co-planar, the

nol ecul e i sCapereayiFesRPPhcaion o aprosts figld t ewitchrthg soleayle hagk tiERIEHGUS

el ectrons, o .(t-electrons, or n-electrons and non-bondi ng el ectrons of
the nol ecul e, are delocalized over a large portion of the nolecul e 630.
Thi's isipef 0083 t 0 aswaen fRGosINsh 682 asd ah@i(sf 634 ibellndlslandthe madcule
"optical state I". In the case where the rotor(s) 632 is(are) rotated out
of con 15 j ugaefeaed 0 ah mersmenjugalgdt.nehust te aopshond g, eledtens.onjmaglagtrans, of
the nol ecule 630 is bro- ken and the nd LUVD are, | ocali.zed oyver

sral ler - por tardRgeton 4ad Ak eihas < FFipiy e moraaiios el Eiied btiartern; s
is a "blue- Sﬁﬂﬁiérﬁgf fkahSleclf eBHETHIPiCerRdG3Qs a0fred-sREH S@le” ThAIHR thdle-
Thus, the colorant nolecule 630 is reversibly swi tchable between two

di fferent optilear “sptatabstate|lt’. Initht¢ cive vappe theiratoe@) 6his(amh) togat@Doutaf &bnon of
t he rotir is 20.depicted in EIG
g

RGEIRENIR IR T NN LR R TN IR R
be appreci atigd 2 thd eRMBKAdd EAMO atBc@fzbd LREL sthiliek BrdHAs ¥ tsgBlecule,
referred to as “less-conjugated”. This is a “blue-shifted state” of the molecule 630, or
“optical state II”. Thus, the colorant molecule 630 is reversibly switchable between
two different optical states. It will be appreciated that while 90° rotation of the rotor is
20  depicted in FIG. 7c, for example, the rotation in fact may be any angle that destroys
conjugation, as discussed above.
[0086] It will be appreciated by those skilled in the art that in the ideal case,
when the rotor(s) 632 and stator(s) 634 are completely coplanar, then the molecule is
fully conjugated, and when the rotor(s) 632 is(are) rotated at an angle of, say, 90° with
25  respect to the stator(s) 634, then the molecule is non-conjugated. However, due to
thermal fluctuations, these ideal states are not fully realized, and the molecule is thus
referred to as being “more-conjugated” in the former case and “less-conjugated” in the
latter case. Further, the terms “red-shifted” and “blue-shifted” are not meant to convey
any relationship to hue, but rather the direction in the electromagnetic energy spec-

30 trum of the energy shift of the gap between the HOMO and LUMO states.



when the rotor(s) 632 and stator(s) 634 are conpletely coplanar, then the
nol ecule is fully conjugated, and when the rotor(s) 632 is(are) rotated at
an angl e wD,03®65116 90 with 25 respect to the stator(s) 634pcCriEsaz/dses

nol ecul e i s non-conjugated. However, due to thermal fluctuations, these
ideal states are not fully realized, and the nolecule is thus referred to
as being "nore-conjugated" in the fornerl9%ase and "Il ess-conjugated” in the
| atter case. Further, the ternms "red-shifted" and "bl ue-shifted" are not
meant to corj0e87] any rENaaiplesnishidd2 belohushowbiwto diffetvar otitreatibinsefot $woirching t he
el ectromagneti c energy sgec- 30 trum of the energy shi f&fgiofe%he gap between
the HOMD andh¢ oyatscadest bisExampple sl 3o 1otatioceripigh hotpsersis desigped i Pe Bxdbbl es 1

and 2 bel ow ' . 0r ' ' ' | es.
' Exampl o Poieydiclly ) b SHEfHauH pET} Bl dGecls, S AT Brartdl 2 L B
per pendi cul afontaxid idpanillelenithd bidntaionsaxdd oft the niokdoateu Tasse dekgnealtow diffexanpl e
2, the rota- tion axis is parallel to the qgrientation axis of the nplecule.
These de8i grfdt &pqmesiries ¢fimelecularilmycandeieatiodesio hegised fersnding pg the esired

el ectrodes tg he used, depending on the desired results. [0088] Turning
first to Exanple la, this depicts a first generic nolecular ex- anple for
the present [0088Nt i on.Turxiapiret lolExankple haf bisl dupicts dépitclenedc apbtufar @x0-

| ecul ar system Conl ---- Connecting Gou Conl- SA Con2 ---- Connecting
Group A SB ample fag the presgntgavention. Example Jb, pvinch followss depietsra snecidict men

wi t hdrawi ng lgqrjgupsg,st n110 SB- Con2 D+ _--- Donor (Electron donating group)
Exanple la [ 25] Where: 15 [0090] The letter A- represents an Acceptor
group; it is an electron-w thdravg _ar, ; e one of the

fol | owi ng: hy(%rqgg,A car boxylic acdis‘gl11 or (?%ecflgﬁp\r@%biuges, sul furi'c acid or
its derivativeés,' pfosphoric aci d @ns t-s @eRnectingV@®uUmitro, nitrile, hetero

atons (e.g., N, O PA F, d, , O upgtional groups with at | east one
of above- @ Bé% ----%t;tor%
D* .

SB—Cony

SA ---- Stator A
A ---- Acceptor (Electron withdrawing group)

10 D*---- Donor (Electron donating group)

Example 1a

[0089] where:

15 [0090] The letter A" represents an Acceptor group; it is an electron-withdrawing
group. It may be one of the following: hydrogen, carboxylic acid or its derivatives,
sulfuric acid or its derivatives, phosphoric acid or its derivatives, nitro, nitrile, hetero
atoms (e.g., N, O, S, P, F, Cl, Br), or functional groups with at least one of above-
mentioned hetero atoms (e.g., OH, SH, NH, etc.), hydrocarbons (either saturated or

20  unsaturated) or substituted hydrocarbons.

[0091] The letter D* represents a Donor group; it is an electron-donating group. It may
be one of following: hydrogen, amine, OH, SH, ether, hydrocarbon (either saturated or
unsaturated), or substituted hydrocarbon or functional group with at least one of het-
ero atom (e.g., B, Si, I, N, O, S, P). The donor is differentiated from the acceptor by
25  that fact that it is less electronegative, or more electropositive, than the acceptor group

on the molecule.



mentioned hetero atons (e.g., OH, SH, NH, etc.), hydrocarbons (either
saturated or 20 unsaturated) or substituted hydrocarbons. [0091] The

| etter DAWwoepnedents a Donor group; it is an el ectron-don&Crrapozemsep. |t
may be one of follow ng: hydrogen, am ne, OH, SH, ether, hydrocarbon
(either saturated or wunsaturated), or substituted hydrocarbon or
functional group with at |east one of he#@ ero atom(e.g., B, Si, I, N, O,
S, P). The donor is differentiated fromthe acceptor by 25 that fact that
it is |ess €l0892] Bimetpateisv€onoandnCor, Epastntoponali cannettgnutitsebeiweapboe
group on the gol ecule. WO Og‘/ 0q5116 PCT/ USOZ/‘20®05 20 [ 0092 hThe letters
Con, and ConBOleyF aad Arothgsinelreiie ehRREE Y TRIEELC BRd fsrstigite ThgPR% DS e and
anot her nol I e _ any
one of the. fall sin RGeS B Pl e TIoh ), g it B
hetero at- ooms (iie..eC, N,@), $\,P, @tc.)Sr fipctizmel groaps domtesning nizdse hetoropgome t.gi, ni ng
t hese hetero_ at (e.g., 5 NH PH etc.),, hydrocarbgns (either saturated
or unsat gr atgg) 8@ CECSngqu‘Eﬁrg‘ﬂ‘sl{ﬁ %ééﬁ“fgt%ﬁ%‘?nsf‘% "fﬁéb%“é‘t“F‘éP}é‘?rS%fand SB
are used herg,fo designate Stator A and Stator B. They may be a

hydr ocarbon (either unsaturated or saturated) or substituted hydrocarbon.
Typi cal |y, t[0693] TiydleaedrSr¥oandiSBtse asdt leratocdasjgngt@t Srator iAngsl Sthat Bcdhey i but e

to the ex 10 tended conjugation of the nolecule when it is in a planar
state (red sHRYPed Bydipeybon feitheryawturptgd or sgiiwated) emupstigiedchyregapanme

bridgi ng gr op:ﬂ | d : I, [Wolol .g.,
acetyl ene, et §%ﬁé?@gémﬁ%dé§&?bn§g§?tsp%n%%€H%?Sgét%qt gﬁg%gp&{n%%%wgleﬁged to
connect 1tthe mhdddotonjugatibee of eledmholztule ovleanneécin 4 planar stae(edchiffedgaited Inr i ngs
to achieve a desired chronophore. The connector may alternately conprise a

15 singl e at $AIDLHAQHENIS [y BaY gANRIMEE H5IdEHESAPR FoARd(% ok FPASINENETOBR a

direct sig . o] d F i HRE; Ci rou (e.g.,
phenyl , i ngir{ bg@‘{éd%l?&%‘égg%ugﬁt@ ﬁ&g{y&&)@ %trﬁgl%hés)’eaém tEo’ lf)r? g@il eged%zg’pép}?gﬁgi ate
3- di nensi onalypieaidy hidddorgnheat eel waoi toethe BBtbe otitoenhectpackormge cbgjugmbd | e

provi di ng space for each rotor to rotate gver the de- sired range of
notion. 20 [OO4P FoRiEYH|edesired ShEineros. (Tdg| CoRpeQERMaY AHREHSE COPPBifed

teﬂte)ofiog‘é;%t i gii%lé !lgor?ggﬁtﬁg&})sgkﬁ'\ég Uh'er b PSAHPAL okfbentdisin! 8 24ir08 Fgths Of
- bond between the rotor and stator. The spacing groups (e.g., phenyl, isopropyl or tert-
butyl, etc.) are used to provide an appropriate 3-dimensional scaffolding to allow the
molecules to pack together while providing space for each rotor to rotate over the de-
sired range of motion.
20  [0094] Example 1b below is a real molecular example of one embodiment of
the present invention. In Example 1b, the rotation axis of the rotor is designed to be
nearly perpendicular to the net current-carrying axis of the molecules, whereas in Ex-
ample 2b, the rotation axis is parallel to the orientation axis of the molecule. These

designs allow different geometries of molecular films and electrodes to be used, de-

25  pending on the desired results.



nearly perpendicular to the net current-carrying axis of the nol ecul es,
whereas in Ex- anple 2b, the rotation axis is parallel to the orientation
axi s of twemmwbsaeul e. These designs allow different geon®CTiEss2/2d805

nol ecul ar filns and el ectrodes to be used, de- 25 pending on the desired
results. WO 03/005116 PCT/US02/20805 21 RRLRBRR R3 R R Con, R O
g~z Con Gi & Gl6 A D+t O/ Switch O%L D+," OF A G3, Switch Ox &
Conz B3, A 001 0Cn2 R RRR-z RBR R RR R 3 On State
(Optical State 1) Transition State Switch - On// Switch Of RR R3 R2 R

g Switch Off
H D*

Gs, Switch On;

On State (Optical State 1) Transition State

Switch O%witch off

Off State (Optical State 1)

- Example 1b

[0095] where:

[0096] The letter A™ is an Acceptor group; it is an electron-withdrawing group. It may

be one of following: carboxylic acid or its derivatives, sulfuric acid or its derivatives,

phosphoric acid or its derivatives, nitro, nitrile, hetero atoms (e.g., N, O, S, P, F, Cl,
10  Br), functional group with at least one of above-mentioned hetero atoms (e.g., OH,

SH, NH, etc.), hydrocarbons (either saturated or unsaturated), or substituted hydrocar-

bons.

[0097] The letter D* represents a Donor group; it is an electron-donating group. It may

be one of following: hydrogen, amine, OH, SH, ether, hydrocarbon (either saturated or



.Con OGiIi & &B; GaConti RRR ORBRRZ R Of State (Optical State 11)
Exanple b 5 [0095] where: [0096] The letter A- is an Acceptor group; it

i s an el eworoomesié hdrawi ng group. It nay be one of foll owcmgiSozanshoxylic
acid or its derivatives, sulfuric acid or its derivatives, phosphoric acid
or its derivatives, nitro, nitrile, hetero atons (e.g., N, 0, S, P, F, d
10 Br), functional group with at |east ddie of above-nentioned hetero atons
(e.g., OH, SH, NH, etc.), hydrocarbons (either saturated or unsaturated),
or substi t utedatyatkd)car subbinged Hydogdiboi lve fumdttivasl goup efithes dedssoe &bl

00D e STes TSR O 9 R o TS i b8 s
rogen, a P r

03/ 005116 P

05 OIS PR EbAIPR e RO e SR gty gy

S, P). The dante mdeddid ferentiated fromthe acceptor by that fact that i t
Is | ess el ectronegative, or nore electropositive, than the acceptor group

on the ndl ed@P®8] Bhq brfors) CameandeCprn PISETNL ORHANTFRANERREuRH bebpesnopas
connecting &H{)lﬁ'éulg F&%ﬁé&&gpﬁole@fe (%(Lﬂe?w@eﬂda ﬁ@?ecnﬁranrfﬁotjhg %?‘ll c? ﬁl?Js rQ %t by il a

nmol ecul e an €'so rate e any one o Iomnng
hydr ogen (utihy B¢ gy andyfl tmﬁmoaﬁrgd)lydnasgéﬁ (uxaizmgt a hh@bgerob@idMultivaknt  C,

N, O, S, P, etc.) or functional groups containing these hetero at- ons
(e.g., NH, Flwter@taaon)s (igy §r O 49.00 s eicei ar Herctionpl gravrRsd-ontaining Hicse hetew@)ator
substi tut ed oms (ehél dI(IPlC ﬂ-lbgﬁﬁ hydrocarbons (either saturated or unsaturated) or substituted
10  hydrocarbons.
[0099] Letters R, R,, R3 represent spacing groups built into the molecule. The func-
tion of these spacer units is to provide an appropriate 3-dimensional scaffolding to al-
low the molecules to pack together while providing rotational space for each rotor.
They may be any one of the following: hydrogen, hydrocarbon (either saturated or un-
15  saturated) or substituted hydrocarbon.
[0100] Letters G;, G, G3, and G4 are bridging groups. The function of these bridging
groups is to connect the stator and rotor or to connect two or more conjugated rings to
achieve a desired chromophore. They may be any one of the following: hetero atoms
(e.g., N, O, S, P, etc.) or functional groups with at least one of above-mentioned het-
20 ero atoms (e.g., NH or NHNH, etc.), hydrocarbons (either saturated or unsaturated) or
substituted hydrocarbons. The connector may alternately comprise a single atom
bridge such as an ether bridge with an oxygen atom, or a direct sigma bond between
the rotor and stator.
[0101] In Example 1b above, the vertical dotted lines represent other molecules
25  or organic or inorganic solid substrates, to which the molecule is optionally linked. The
direction of the switching field is perpendicular to the vertical dotted lines.
Alternatively, the linking moieties (Con; and Con;) may be eliminated, and the molecule
may be simply placed between the two electrodes. The molecule shown above (Exam-
ple 1b) has been designed with the internal rotor 632 perpendicular to the orientation
30 axis of the entire molecule 630. In this case, the external field is applied along the ori-

entation axis of the molecule 630 as pictured - the electrodes (vertical dotted lines) are



[0099] Letters R, R2, R3 represent spacing groups built into the nol ecule.
The func- tion of these spacer units is to provide an appropriate

3-di nensiwpab/ossad f ol ding to al- | ow the nol ecul es to paclecCraser/bmsns whi |l e
provi ding rotational space for each rotor. They may be any one of the

foll owi ng: hydrogen, hydrocarbon (either saturated or un- 15 saturated) or
substituted hydrocarbon. [0100] Letters 3, &, G3, and G4 are bridging
groups. The function of these bridging groups is to connect the stator and
rotor or to @@nrdcierpandicaiarnotie: plang ufjdteegshper agh pérpendiaitirersaha odestati@
chronophore. They may be any one_of the follow gq hetero atons (e.g., N,
0, S, P, etcs eﬁthﬁ aidecuimn®0. gypligation; of nglectrasligld orenigd Trgmy Irdt tediaht Bhed
het 20 ero - - it ted
or  unsat ur at g gl ohl O e ARG S plorarl HERE AR MageBh DB MRS el y
conpri se a sSpasgion shb@monkthé tgeer 3iphn dagraam aat vide Yersad fethid ¢die,ahe extypg63R at om
or a direct sigma bond between the rqotor and stator. [0101;l In Exanple | b
above, t ke \Asrstaed ip Sierlewer figltdipgamds Bek coptanal WHB (tecigsteaf thomolgeulsy sani ¢
or inorgani [ St : ' I ' i hked.
The i rect i 5n To PSR Biscal Rl hORCHE, GRULE the BB 1 00F il

dott ed | i nesthe réit betheaidiyslle/on tHeaippendibfrgmi®o @iid 8shd fedrshifesdcbpGodlalateray be
elimnated, and the nolecule nmay be sinply placed between the two

el ect rodes. traaoksuise Fhe sewiiie showy in helawer 1pft diagmm depictp therransiiog e wi t h

t he internal L CLH to th ri o) i he
entire nol ec%qrg{agéﬁséﬁ]ﬁ ?L@?}ggﬁ%ﬁa gﬁ{aﬂle(%gftl@raﬁé\'f)gﬁ %gt%:%) ‘?‘S %g%g‘ﬁ%é‘%éi (tcl)lra]b t he

ori- entiat i offamXténtAf pérkion Asthee oh-Gafugatedpi ctured - the el ectrodes
(vertical dotted lines) are WD 03/005116 PCT/ US02/ 20805 23 oriented

per pendi cul d0192 t he pWatidhefotemmtasedhart ofipngeeqranantion] the madecujpedepicted
orientation. is of .the | ec.ul 0. ] tiaqn.of .an_electric, f.ield
oot ad £ raniant 1bIF sRnfigehy faoueRE dr il fiud] Bhebsfitid Ll o

pi ctured in thBendldRRS evildengésaddldrOor 9 kél-¢hifted.t he position shown on the | ower
right diagram and vice versa. In this case, the rotor 632 5 as pictured in
t he | ower ril§h031di agr draritke motecelsplohRaampletlh, 2 pagleasenalgyer molagslagéilmes so
thisiséli?he que-ishiftedoticl?I e t he, rot or

. 0 a S %;[ art-gloaf tE geehniol & urI self-zy\lh eert‘?laé monglay, . - .
i's copl anar vl Qf_ﬁ:é nglgt g8 T HE" O e QGPE" o e u%pgr 5?5% &m°d8 _?'hl S is
the red-shi f¢rgduepttattle ditedta@oRlaxistoiehdMbREUESs pEgendichlE to/fhe pidieWT th) t he
| oner | eft diagramdepicts the transition state
. electrodes used to switch the molecules. Electrodes may be deposited in the manner
described by Collier et al, supra, or methods described in the above-referenced patent
applications. Alternate thicker film deposition techniques include vapor phase deposi-
20  tion, contact or ink-jet printing, or silk screening.
[0104] Example 2a below depicts a second generic molecular example in ac-
cordance with the teachings herein. Example 2b, which follows, depicts a specific mo-

lecular system.

Cony ---- Connecting Group

A Con,, ---- Connecting Group
SB ---- Stator B
Coni—SA SB—Conz SA - Stator A
o* A ---- Acceptor (Electron withdrawing group)

25 D*---- Donor (Electron donating group)



of rotation between the upper diagram (co-planar, conjugated) and the | ower
right dia- 10 gram (central portion rotated, non-conjugated). [0102] Wth
t he rot orwoeBabdads out of pl anar conjugation, the nol ecul e PdEfiSo2/2305 i n
Exanple Ib is chromatically transparent, or blue-shifted. In the conjugated
state, the nol ecule evidences color, or is red-shifted. [0103] For the

nol ecul es of Exanple | b, a single nonol &fer nolecular filmis 15 grown,
for exanpl e using Langmruir-Bl odgett techni ques or self-assenbl ed nonol ay-
ers, such that texaiplepiati on axis of the nolecules is perpendicular to
the plane of the electrodes used to switch the nol ecul es. El ectrodes may
be deposited in the manner described by Collier et al, supra, or nethods
descri bed i rmi&ei \gltl)%/,e-ref erenced patent applications. Alternate thicker
filmdeposition t'echni gues include vapor phase deposi- 20 tion, contact or

ink jet prirolo6] THY letéd X is ah @RBEpI6r grb0d;Qdis deddtplon-withdial iy ge@ip. tirfiayd
second generic nol ecul ar exanple in ac- cordance with the teachings herein.
Exanpl e 2b, tehonehoff iollpwing: hiidgeen sadpoxplic agifl ©r i -derisatiesr sutpsic agid aoitst - - - -
Connecti ng oup.. A Con2 ----_.Conneat i ng . SB.---- Stator, B Goni-SA O
SE Conz SA ey BRnasc i€ 8T el . 8P el AR R ey T Bup)
25 Dt_--- Daiqr, F( El,Bxd, /2 FurdGidadli gaGupow ok i) e WDoRS 6 D5l & bnditibhddIbérd Qs 24
Exanpl e 2a [0105] where: [0106] The letter A- is an Acceptor group; it is

an el ect r on-(@igt.HaH a®Hn Y Hy et hydnocarhgn (dthpesaswratedfor fussatiafady or pukstibrech,
car boxylic gg’ldd Corboi ts derivatives, sulfuric acid or its derivatives,
phosphori c Bt s derivatives, nitro, nitrile, hetero atons (e.qg., N,

0, S Ro Fo#d7] ﬁ{e)leuarnwia&fsmmbogéﬁeuswit 13 aleldcRBfdoRRgPkoup. It may
above-nenti oned hetero atons (e.g., , SH, NH, etc.), hydrocarbon (‘either

sat ur at ed orbeun@a_qf dolavedy: dregehsaminet @, SH, ether, hydrocarbon (either saturated or

unsaturated), or substituted hydrocarbon or functional group with at least one of het-
ero atom (e.g., B, Si, I, N, O, S, P). The donor is differentiated from the acceptor by
that fact that it is less electronegative, or more electropositive, than the acceptor group
15 on the molecule.
[0108] The letters Con; and Con, represent optional connecting units between one
molecule and another molecule or between a molecule and a solid substrate, as in the
above examples. They may be any one of the following: hydrogen (utilizing a hydro-
gen bond), multivalent hetero atoms (i.e., C, N, O, S, P, etc.) or functional groups con-
20  taining these hetero atoms (e.g., NH, PH, etc.), hydrocarbons (either saturated or un-
saturated) or substituted hydrocarbons.
[0109] The letters SA and SB are used here to designate Stator A and Stator B. They
can be a hydrocarbon (either unsaturated or saturated) or substituted hydrocarbon.
Typically, these hydrocarbon units contain conjugated rings that contribute to the ex-
25 tended conjugation of the molecule when it is in a planar state (red shifted state). In
those stator units, they may contain bridging groups G, and/or spacing groups R,. A
bridging group is typically used to connect the stator and rotor or to connect two or
more conjugated rings to achieve a desired chromophore The connector may alter-
nately comprise a single atom bridge, such as an ether bridge with an oxygen atom, or

30 adirect sigma bond between the rotor and stator. A spacing group provides an appro-



hydr ocarbon. 10 [0107] The letter D+ represents a Donor group; it is an
el ectron-donating group. It may be one of follow ng: hydrogen, am ne, OH,
SH, et herwohgdozaaear bon (either saturated or unsaturated) pCorussubmsosi t ut ed
hydr ocarbon or functional group with at | east one of het- ero atom (e.g.,
B, Si, I, N O, S P). The donor is differentiated fromthe acceptor by
that fact that it is |less electronedgative, or nore el ectropositive, than
t he acceptor group 15 on the nolecule. [0108] The letters Con, and Cone
r epr esepriag3-dinmmbkionalseeffoliding tunllow thetmwirenle mepackbgther evhdle pravidt her

nmol ecul e or between a nolecule and a solid substrate, as in the above
exanpl edng npipnabspagfon§3choi9lPtof the fol | owi ng: hydrogen (utilizing a

hydr o- ond), § Vv t i W Q, P, etc.) or
functioﬁgﬁ@roups%h{p gtL?%ﬁ?ﬁgﬁg)ﬁg@%gﬂ&og%ﬁ%%%ﬁm?gg.s,eémlgi,e%H, etc.),
hy dr ocardodiifienf @i tthe breséit Un @éngidn OAs Uidic8ed ub@teg th ERamplebRy, ithelt@@stion

hydr ocarbons. [0109] The letters SA and SB are used here to designate

St at r  Axinef the seter 1sglesigneq to baperly parpied 1o cher iantation: s ofthe Aqleat ed or
sat ur at ecq‘e or substituted hydrocarbon. Typically, these hydrocarbon units
contain conjugated rings that contribute to the ex 25 tended conjugati on of
the nolecule when it is in a planar state (red shiﬁ;ted state). In those
stator units, they may contain bridging groups, G sapd/ or spaci ng groups Rn.
A bridging group is typically used to connect the stator and rotor or to
connect two or nore conjugated rings to achieve
connector may alterB2nately conprise a si ngle ato J
bridge with an Rxy{en' atom or 30 a direct Aignma bet ween tho—+Bs or and

stator. A spacing provi des / US 0805 25
priate 3-di nensm, d,ol di-Hg I s @Mger
while provid- ingr i of 5 PH110] Exa 2b bel ow
i s anot her reaIRam) ecul ar +$econd em bodi ment of th L esent

i nvention. As indi ed abov N Exanple 2b, the rotation 5mXys of the

rotor is designed % “be near| Arallel to the orientation axi sVof the

nol e- cule. R2

On State (Optical State 1)

Switch On Switch Off

Ro
R3 R4
R R
B R
Rs Rs
Ji 96 G&
Conjy %1 94 Gs Gg Cono
G2 G3 J2
Rs Ry R3
RP2 Ry
R
R Ry

[0111] Off State (Optical State Il)



RBR R ORRRR RBRLAR3 196 G~ Con, GL A O B Cone & &B J2 R3
RRDR2, RRRO1 R RBR On State (Optical State I) Swtch On Switch Of
R2 R3 RwBA3BBA1I6R3 RL R3 i GZ Con, G HA_ G &B O CoreT/iGa2/88032 Rs R2
Re RR2 R , R2R3 Rl [0111] Of State (Optical State Il1) WO 03/005116
PCT/ US02/ 20805 26 Exanple 2b [0111] where: [0112] The letter A- is an
Acceptor group; it is an electron-w thdr26M ng group. It may

Example 2b

[0111] where:

[0112] The letter A" is an Acceptor group; it is an electron-withdrawing group. It may

be one of following: carboxylic acid or its derivatives, sulfuric acid or its derivatives,
5  phosphoric acid, nitro, nitrile, hetero atoms (e.g., N, O, S, P, F, Cl, Br), or functional

group with at least one of above-mentioned hetero atoms (e.g., OH, SH, NH, etc.), hy-

drocarbons (either saturated or unsaturated) or substituted hydrocarbons.

[0113] The letter D" represents a Donor group; it is an electron-donating group. It may

be one of following: hydrogen, amine, OH, SH, ether, hydrocarbon (either saturated or

10 unsaturated), or substituted hydrocarbon or functional group with at least one of het-
ero atom (e.g., B, Si, I, N, O, S, P). The donor is differentiated from the acceptor by
that fact that it is less electronegative, or more electropositive, than the acceptor group
on the molecule.

[0114] The letters Con; and Con;, represent optional connecting units between one

15 molecule and another molecule or between a molecule and the solid substrate. They
may be any one of the following: hydrogen (utilizing a hydrogen bond), multivalent
hetero atoms (i.e., C, N, O, S, P, etc.) or functional groups containing these hetero at-
oms (e.g., NH, PH, etc.), hydrocarbons (either saturated or unsaturated) or substituted
hydrocarbons.

20  [0115] The letters R;, R, and R3 represent spacing groups built into the molecule. The
function of these spacer units is to provide an appropriate 3-dimensional scaffolding
to allow the molecules to pack together while providing rotational space for each ro-
tor. They may be any one of the following: hydrogen, hydrocarbon (either saturated or
unsaturated) or substituted hydrocarbon.

25  [0116] The letters G, G, G3, G4, Gs, Gs, G7, and Gg are bridging groups. The func-
tion of these bridging groups is to connect the stator and rotor or to connect two or
more conjugated rings to achieve a desired chromophore. They may be any one of the
following: hetero atoms (e.g., C, N, O, S, P, etc.) or functional group with at. least one
of above-mentioned hetero atoms (e.g., NH or NHNH, etc.), hydrocarbons (either

30 saturated or unsaturated) or substituted hydrocarbons. The connector may alternately



be one of follow ng: carboxylic acid or its derivatives, sulfuric acid or
its derivatives, 5 phosphoric acid, nitro, nitrile, hetero atonms (e.g., N,
0, S, P, WpoGlogs1Bs ), or functional group with at |east on@Cw®fUs02/20805
above-nentioned hetero atons (e.g., OH, SH, NH, etc.), hy- drocarbons
(either saturated or unsaturated) or substituted hydrocarbons. [0113] The
| etter D+ represents a Donor group; it i% an electron-donating group. It
may be one of follow ng: hydrogen, ami ne, OH, SH, ether, hydrocarbon

(ei ther sat woaipeide @kinglklatoishidge alichhs,an@thes blidgd with @bl oRyEnQCeh i difect
functional group with at |east one of het ero atom(e.g., B, Si, I, N 0O,
S, P). The ddgio: bengl bfitveesy tharotar ¥ $410in t he acceptor by that fact that it

is less ele ative, .or re el ositive...than t ac 0 rou
on 1 he ol oM AR S 1 nd Birfpf e BROR e Bt B Ind AR RGR PPAC kel OUP
connecting umnt & thedevaRing PrGupske.cNMDIECNHR, @r@anQNbﬂltrdﬁé{ce)Ciﬁ|t@Fﬂfvid63:§ﬂ/\Ben a

mol ecul e and the solid substrate. TheK. may be any one of the follow ng:
hydr ogen 5( utdppiopriaty fnetjanabglectdoadhoth paductive eleet andaesonancgtebfests) andlor C,

Ce. g, e ereatieds. T Bing o offes to e e hond S pvernem of Bieanfieo,
substituted . fiygy Q&athp(?lgﬁredzaeitﬁ)ﬂﬁélisl WoR _ds &ptiehiSprBdertiER ol RSleE@Rr ERENT

spacing groups burlt into the nolecule. The function of these spacer units
is to provi deeraneffgopisoloriuat ¢he3mdliendas caraimatioafthmugh ngric thindadriceyuntdre or

nol ecul es to pack together while providi rotati.onal, space. for each ro-
Tor ey Rt RS Erctibr SreB et M Tosk] ARBHRR: Chy R G ml ST ehar

sat ur at qglorder Wrsat YoRtedWr & (%%ch%t it Wk eSLINYALLARIRDOSE mERLIA! dtnidishs.
letters , &, &, A, &, , G/, and &8 are bridging groups. The func-
tion of thesEhdymajgbaanygpreudshd ollowing hydogen, hetese atoors (agd N, 6,d, PoB, Fo
connect two Qr _ nore_conjuygated rin taq achi ev desi red chronophore.
They may be GnProfi B RFHESHA GFAHG: oIEREPBE 4f SRRV BERoneE hefo Goms,
etc.) or fur\gldk&taﬁdong&&ﬂaer Wrlredlor LE@RIra@Bfor AbstRRRY ByaRaLbaned hetero
atons (e.g., 'NH or NHNH, etc.), hydrocarbons (either §0 saturated or

unsat ur at ed)[0@18]subst | The mdicdeykrshownbxbnge (Eteenpde Bhehisoreemalgsighddewithtthd y WO
03/ 005116 PCT/ USQ2/ 20805 27 t?lorrp,ri se a single atom bridge such as et her
bri dge Wit h IRk FolR PaTAPRY togihe rigntaben axgiogﬁae BRAIE BYEHEe Rl @t 3R and

stator. external field is applied perpendicular to the molecular axis - the electrodes are ori-

ented parallel to the long axis of the molecule and can be either nominally perpendicu-

lar or parallel to the plane of the above model structures. For example, application of

an electric field to the upper molecule shown above where the field lines are perpen-

20  dicular to the molecular axis and pointing upward will cause the rotor as pictured in

that diagram to rotate to approximately 90 degrees and appear edge on, as shown in

the lower molecular diagram above, and vice versa. In this case, the rotor as pictured

~ in the lower diagram is not coplanar with the rest of the molecule, so this is the blue-

shifted optical state of the molecule, or optical state II, whereas the rotor is coplanar

25  with the rest of the molecule on the upper diagram, so this is the red-shifted optical
state of the molecule, or optical state L.

[0119] For the molecules of Example 2b, the films are grown such that the

molecular axis is parallel to the plane of the electrodes. This may involve films that

are multiple monolayers thick. The molecules form solid-state or liquid crystals in

30  which the large stator groups are locked into position by intermolecular interactions or



[0117] The letters J1 and J2 represent tuning groups built into the

nol ecul e. The func- tion of these tuning groups (e.g., OH NHR COOH, CN,
nitro, etwo)3issit® provide an 5 appropriate functional efCa&aiSoz/zn805 both

i nductive effect and resonance effects) and/or steric effects. The
functional effect is to tune the band gap (DExoMO LUMD) of the nole- cule
to get the desired electronic as well as2&ptical properties of the

nol ecul e. The steric effect is to tune the nol ecular conformation through
steric hi ndréfeeboridiigfo-a Qippoit Biri@urpbetabe eotoi S tsaraehbwgh foaneeswititin ghe

hydr ogen bondi ng, Coul onb interaction, van 10 der Waals forces) or to
provi de bi - lémwﬁﬂfﬂﬁﬁn@ﬁ@ﬂﬁblllty of nol ecul ar orientations. They may be
any one of t ol | ow e ,
c, Br, and [WZ&]f unct |IE(;1g}al7ripélg ngﬂole{Lﬂé {'%Iﬂgltag{ﬁ 8£’nee° o (%?/se]zbrﬁg1 dtil%c)rtl)gtd
hetero at ommpmywoﬂspafsb@rwm(cmﬂd et m&ﬁw@:{Mdaonwﬁaatquioa@anm4 As in
substituted hydrocarbons. [0118] The nol ecul e shown above (Exanple é&} has
been des |5gne1%vcaml¢ﬁ Hh@nd b the\raiprpartipn 032 ComprSes & bengeneringothpelstraeYided axi s
of the entlre e t hi s r I

per pendi cul af tl?? l%sﬁ uents thnt a%leratﬁ@%&m %vqﬁ (Féglt%r'g ets\L%? ag)rtp%rt%?lg 6'32

paral l el to dabe cb%t@moﬁdéﬂ td the bBBAeaE Wing tiBdglE am aReligidgh eind ok f)@thbﬁs
perpendicu- lar or parallel to the plane of t%e above nodel structures. For
exanpl e, applompuise @n agmatigiingl ectric.field to the upper nol ecul e shown

above where ield ar e en 20 di r xi s and
poi nting up EZIJWI wzgf%% S?h(%fr@ 1Cé%pr%seg{ ﬁ?légper??ec?ﬁe ’t1 Bftﬁg é%'et@ rotate
to appraxi mat.e |sbéte9Q/1ﬁ’1QBé RR6r GIhnARRLGE 6B YR cOPlards 15 BRVlanad statd) nel rRWYBY

nol ecul ar di agram above, and vice versa. In this case, the rotor as

pi ctured i rculh€30 w@ﬂlyonoagxgaﬁ:dua@drmdeo@ﬁpl@Mr(fwttsneqtm of epticabftateeThe

nol ecul e, so this shift tic | ecul.e, or
oot § cal st ateonienionet B8 seRs waRhety B8 s B 7 Foaf e Sene

mol ecul e on lbg;erégg&%,eg, AR P thelbRclls eBhle red-shifted optical state of
t he nol ecul e ptical state |. [0119] For the nolecul es of Exanple 2b,
the filns ar[@l@Z]own suEIIG t7ha$ alste schenlagic ut@meseasation i(gergmetvd) gilllustoatingehgl ane
of the el ectrodes. involve filpos that are multiple m)w(%layers

t hi ck. HRe n‘i9F3é‘?fh$té‘§ w&hﬁhesfﬂt?r&@trgfaéedo?ml Wﬁ%rﬁpﬁt&%#@ﬂ Hatprs 63¢. WhickHet he
large stator @O@DC@/%OE; %g@gtwg&(ﬁp% ddn nga{n PR ABlEEK! @D i Rr&lact i ons

or WD 03/ 0051 i rect Ing to a support structure,
but the r ot oConssquiiEly) the rilginld 630N ueitvsecbndsgebeal (or optical) state.
[0123] For color displays, appropriate molecules can be designed that change
state from transparent to a particular color or change state from one color to another.
20  For text, it is desired to employ black contrasted with white, as presently done with
printed text. White is achieved, as described above, using a white substrate and mole-
cules having a transparent state. To achieve a black color, it is only necessary to rec-
ognized that a fully conjugated molecule absorbs across the visible spectrum with an
intensity and increasing wavelength that increases with conjugation (more rings). The
25  limit is graphite (carbon black).
[0124] The technology disclosed and claimed herein for forming E-field

switchable molecules may be used to assemble electronic ink displays and other visual

displays.

30



| attice of the nolecules. [0120] FIG 7a depicts nolecules simlar to those
of Exanples |Ib and 2b, but sinpler, conprising a mddle rotor portion 632
and two ewo osweilos portions 634. As in 5 Exanples | b andPerusoheosndt or
portion 632 conprises a benzene ring that is provided with substituents
that render the rotor with a dipole. The two stator portions 634 are each
coval ently bonded to the benzene ring ti%ugh an azo |inkage, and both
portions conprise an aromatic ring. [0121] FIG 7b is a schematic
representation (perspective), INDUSERIATI ARPLICARILBFY 10 nar state, with the
rotor 632 and stators 634 all co-planar. In the planar state, the nole-
cule 630 is fully conjugated and evidences color (first spectral or optical
state). The j ugat i

cl ouds 700a, wi%b abov@{é ﬁfgd %@ﬁcl?ajbﬁgfﬁ?lgéﬁée%&lI&b\?/%ﬁe&%@n‘éhxp%e E&ﬁeeletd 18 lhﬁhtu%

ol ecul e 630in ellfk3AL ik dpplidations asvelbasta BEiograftvistal dgpl@sent at i on
(perspective), illustrating the 15 rotated state, with they rotor 632
rotated 0 with respect to the stators 634, which re- main co-planar. In
the rotated state, the conjugation of the nolecule 630 is broken.
Consequently, the nolecule 630 is in its second spectral (or optical)

state. [0123] For col or displays, appropriate nolecules can be designed
that change state fromtransparent to a particular color or change state
fromone color to another. 20 For text, it is desired to enploy black
contrasted wwth white, as presently done with printed text. Wite is

achi eved, as descri bed above, using a white substrate and nol e- cul es
having a transparent state. To achieve a black color, it is only necessary
to rec- ognized that a fully conjugated nol ecul e absorbs across the visible
spectrumwith an intensity and increasing wavel ength that increases with
conjugation (nore rings). The 25 |limt is graphite (carbon black). [0124]
The technol ogy di sclosed and cl aimed herein for formng E-field swtchable
nol ecul es may be used to assenble el ectronic ink displays and ot her visual
di spl ays. 30 WO 03/005116 PCT/ US02/ 20805 29 | NDUSTRI AL APPLI CABI LI TY




[0125] The field-sw tchable nol ecul es disclosed herein are expected to find
use in electronic ink applications as well as a variety of visual

di spl ays.wb 03003 005116 PCT/ US02/ 20805 30 CLAIMS What IpsT@Saz/emsds|s: 5
1. A switchable nmedium (10, 10") for a visual display (12) conprising an
elec- tric field activated bi-stable nol ecul ar system (16, 630) configured
within an electric field generated by ggpair of electrodes (301, 303 or
301, 305 or 403, 405), said nolecu- |ar system (16, 630) having at | east
one rotor portion (632) connected to gf slpgast one stator portion (634),
wherein said at | east one rotor portiO‘n_ngm rotates with respect 10 to
said at | east one stator portion (634) between two different states upon

application gﬁ ;a'tg.el %_tri c field, thereby inducing a band gap change in
said nol ecul & €46, 630), wherein in a first state, there is

ext ended conj ugation throughout said no- |ecular system (16, 630),
resulting in a rel ativel mal | er ~gap, .angd wherein in a secpond state,
sai d extemded conjlugat 1&9?%&‘17%'“8 gT‘r(g@gg,)q?rgasﬂf‘{apﬂ‘\é%]?%agp?oé’?pé‘f'ingéilﬁgf'arger
band 15 gap. i -field&iisHkd 6haiiemorelilarsyéda, (16,053p) &fnfighrad Mithinvnedl&itre sai d
nol ecul ar system (16, 630) has an orientation axis

) an% wher ei gD??ai d rotor
portion (632)¢ld zeeradttych il elserrdredl hriVe o7 M d0ori*er ie) 1Y BHEY- wi th
sai d external el eeh{ 16, b3 |hqviﬁ€91| le2d oRSfoddr Blich Q63 B QosiRbEdd @ heBdsabhdn axi s.
3. The switchabl’e nedium (10, 10') of daim2 wherein said nol ecul ar system
(16, 630) conprtpspati@nfB4), where@omnited teapigPnareigpPortiph fe3Bhrotassvith respect
Connect i ngy G QUP: 4 MER orie siarorpRkRh (BdPptvesn tivo dtReRY stfeRpoapplicatidif Cept or
(El ect rongovvi t &rbwﬁng gorn&f@ p%B— C(gn24§)D+_- -- Donor (El ecthrbon ponati ng
group) 25 of said electric field, thereby inducing a band gap change in said molecular system

(16, 630), wherein in a first state, there is extended conjugation throughout said mo-
lecular system (16, 630), resulting in a relatively smaller band gap, and wherein in a
second state, said extended conjugation is destroyed, resulting in a relatively larger band

15 gap.

2. The switchable miedium (10, 10’) of Claim 1 wherein said molecular system
(16, 630) has an orientation axis and wherein said rotor portion (632) is oriented per-
pendicular to said orientation axis, with said external electric field applied parallel to

20  said orientation axis.

3. The switchable medium (10, 10”) of Claim 2 wherein said molecular system
(16, 630) comprises

Cony ---- Connecting Group

Con—S8A Con,, ---- Connecting Group
A SB ---- Stator B
SA ---- Stator A
D* A ---- Acceptor (Electron withdrawing group)
SB—Cony

D*---- Donor (Electron donating group)
25

where:



where: WD 03/005116 PCT/ US02/ 20805 31 A is an Acceptor group conprising an
el ectron-wi thdrawi ng group selected fromthe group consisting of: (a)

hydr ogen, wohp/oesaméoxyl ic acid and its derivatives, (c) swicfrarSoz2@osd and
its derivatives, (d) phosphoric acid and its derivatives, (e) nitro, (f)
nitrile, (g) hetero atons selected fromthe group consisting of N, 0, S, P,
F, d, Br, 5and I), (h) functional grogps with at | east one of said hetero
atons, (i) saturated or un- saturated hydrocarbons, and (j) substituted

hydrocarbons; Dt i i@ ,PoRQEnS SYRh Ed?ﬁg?fslr% dﬁgel@c%oﬁl\ﬁﬁltdfa%gdgr@ﬁ; bddL el oup

sel ected fromthe gr oup con5| stin % mnes, (c) OH,
(d) SH, (e) -efrérathe gréyp consistinzaafed) hmrowns@ eﬁrmxedc hgtdhamtlasrctmm@lve§ 4%

subst it ut ed PyGiAeanRang u. BN, IRSLRNAI oo PR, QMR @nisERE o0

hetero atom selected from the grou ngo
P, wher ei n saxhidil@dg)olnetgo aupns slened éroel @etgrampcwnsmtmg of NID, §anFﬁ€b8|nt or

and an otror AR EE G Ruaoissh HRFREE b ol S B SRut e ca o

connecti ng undatiBatsEhydreatteds, fahd () dubaitgedhpireatmnst i ng of @ (a) hydr ogen

(utilizing a hydrqgen hond b) 15 nultival ent hetero at el ected from
the group consi st 3%@}56 0@"2 Nosbco@rlsﬁﬁdmlﬁ ecpray- H‘P’H’Heg PMBSe ‘Q‘t“éjtfs%mé}&nt ai ni ng

sai d hetero ai@iFconkidlinsSatt W) AY@dgR! (waﬁaiew(@t@ﬂ fay HO@REthe D ANSatusdidd ( €)
substituted hydrocarbaons; and SA and SB designate Stator A and Stator B,

respect i vel y, Onitisatpraiegyhydocarhens, @éﬁ‘ﬁ’sﬁﬁ“‘e&}‘fyﬁ’é’F@H?“sah‘tﬁ @& BrctippaherruRnt | y

sel ected {4 Othlli‘@t l%s%i?e FAAS a8 QecRld it tRakrdlp Msikifleest B0, UnRabusat ed
hydrocarbons and (b) substituted hydrocarbons, wherein sai'd hy drocarbon

uni ts cont ai nanddhpigrainedidrPengs sronaits %ﬁ?k?tmétlfﬂhﬁhswfﬁ@ﬁﬂéﬁg@@m ugat i on
of ~the nolecul e whgn, (f o, ér@ o u&Jaﬁaﬁ,re hedin@ el rb gémg ﬁgleéméltaﬁa anWherein

said stators op- tionally cont a n at ast “one ging group G at | east
one spaci ng gotberpndleruleoer H@waamﬂi@m@mﬂd%&pﬂd atbstraasr‘alquenebm&j@mgegroup is

ei ther (a) Selegtg& ?r%mf {hg r&g)e Hr% gfogz?dlﬁ}dro%grélg&glz f £4 rgéfirb%hd ! ene,

am de, imde, Tmne, 15 u nect esai ator o said
rotor or 1% cmnlmemntattekceasmstwlnrtaﬂcfmrmgatgdlpramgsmtgmf&m €&y 8, anddegey ed

ST N TR TR TR O T Y
wher ei n sai d tains,|aad$d) sosituted hydrocarbons; and
SA and SB designate Stator A and Stator B, respectively, which may be the
same or different and are independently selected from the group consisting of (a) satu-
20  rated or unsaturated hydrocarbons and (b) substituted hydrocarbons, wherein said hy-
drocarbon units contain conjugated rings that contribute to an extended conjugation of
the molecule when it is in a planar state (red shifted state), wherein said stators op-
tionally contain at least one bridging group G,, at least one spacing group Ry, or both,
wherein said at least one bridging group is either (a) selected from the group consist-
25 ing of acetylene, ethylene, amide, imide, imine, and azo and is used to connect said
stators to said rotor or to connect at least two conjugated rings to achieve a desired
chromophore or (b) selected from the group consisting of a single atom bridge and a
direct sigma bond between said rotor and said stators and wherein said at least one
spacing group is selected from the group consisting of phenyl, isopropyl, and tert-

30  butyl and is used to provide an appropriate 3-dimensional scaffolding to allow mole-



spacing group is selected fromthe group consisting of phenyl, isopropyl,
and tert 30 butyl and is used to provide an appropriate 3-di nensional

scaf f ol diwg osmozlié ow nol e WO 03/ 005116 PCT/ US02/ 20805 32 pcaless2/2aopack
together while providing rotational space for each rotor to rotate over a
desired range of notion. 4. The switchable nmedium (10, 10') of Caim!l
wherein said nol ecul ar system 5 (16, 6g0) has an orientation axis and
wherein said rotor portion (634) is oriented parallel to said orientation

axi s, wth sai exte nal ele i.ed perpendi id
orientation dXi§Rx ‘f‘FﬁSthf é%%’lvmmﬁegtlaﬁ%i e Ecﬁ'e%&oﬁ‘olo‘é %fblriﬁté gvﬁigr ein
sai d nol ecul alesifadshrgglof ABtid.6, 630) conprises: A Conl-SA O SB-Con2 D+
where: A" is an Acceptor group conprising an el ectron-w thdraw ng group

sel ected 15 fromthe group consisting of: (a) hydrogen, (b) carboxylic
acid and its deri vathe/@®Sichittd medibihnf(o,i no )@@C@hnarldxmdran ged mokbilyeystem( d)
phosphoric acid and its derivatives, nitr (f) nitrile &g% etero

at oms sel ct d6:103BYHas preonttipn é’%ﬁ%’lds"’(tleﬁﬁ’ Bid rRFor portian (6p4) igorigated baliel gy | ()
functional grgupg oeditiRtaxiseash s@a&xRinab él'eéjtn&"ﬁEl@ra‘%pﬁ’édoﬁéﬁpenﬁntl)larst@tsﬂlﬂat ed or
un- saturated hydrocarbons, and (j) substituted hydrocarbons; 20 D+ is a
Donor group coepeii®iaty. an el ectron-donating group selected fromthe group
consisting of: (a) hydrogen, (b) am nes, (c) OH (d) SH, (e) ethers, (f)
saturated or unsaturated hydrocarbon, (g) substituted hydrocarbons, and
(h) functional gr (5u7§be swuctndtblfamedllems(ﬂo dfie ofilaamd. whasein said awleswar sygamt he
group conﬁj (58%3 co ws , N 0, S, and P, wherein said Donor group is
nore el ectroposSitl han sald Acceptor group; 25 Con, and Con2 are

opt i onal connectlng unlts b
bet ween a nol ecul e and a sg
consi sting of a netal
substrate, saigdnc@MIEL
consisting of: (a) hydr

tween one nol ecul e and an- ot her nol ecul e or
d substrate selected fromthe group

rode, an inorganic substrate, and an organic
AEBs-Gardependent |y sel ected from the group

where:
A’ is an Acceptor group comprising an electron-withdrawing group selected

15  from the group consisting of: (a) hydrogen, (b) carboxylic acid and its derivatives, (c)
sulfuric acid and its derivatives,. (d) phosphoric acid and its derivatives, (¢) nitro, (f)
nitrile, (g) hetero atoms selected from the group consisting of N, O, S, P, F, Cl, and
Br, (h) functional groups with at least one of said hetero atoms, (i) saturated or un-
saturated hydrocarbons, and (j) substituted hydrocarbons;

20 D" is a Donor group comprising an electron-donating group selected from the
group consisting of: (a) hydrogen, (b) amines, (c) OH, (d) SH, (e) ethers, (f) saturated
or unsaturated hydrocarbon, (g) substituted hydrocarbons, and (h) functional groups
with at least one hetero atom selected from the group consisting of B, Si, I, N, O, S,
and P, wherein said Donor group is more electropositive than said Acceptor group;

25 Con; and Con, are optional connecting units between one molecule and an-
other molecule or between a molecule and a solid substrate selected from the group
consisting of a metal electrode, an inorganic substrate, and an organic substrate, said

connecting units independently selected from the group consisting of: (a) hydrogen



WO 03/ 005116 PCT/ US02/20805 (utilizing a hydrogen bond), (b) nultival ent
hetero atons sel ected fromthe group con- sisting of C, N, 0, S and P, (c)
functi onaWwogBoogise cont ai ni ng said hetero atonms, (d) sat urarabozeosos

unsat urat ed hydrocarbons, and (e) substituted hydrocarbons; and SA and SB
designate Stator A and Stator B, respectively, which may be the 5 sane or
different and which are i ndependently selected fromthe group consisting of
(a) unsaturated or saturated hydrocarbons and (b) substituted hydrocarbons,

wherein said hydrocarbon unit Q i n i ted ri.n f ribute to
an extended c&H ‘a‘-“gﬁi*!?%ﬁe“o ongﬁé&n@flgﬁa&?ngg%gﬁ%ﬂs Sf:lgale%ﬁgﬁ‘g%ﬁgl?pnctsop ate (red
shifted st at e}istivhéer @ M, 028, chndtPa{c)tfongioogtgrapalcbytaiaing ssdpmread edoys.cdnt ai n at

| east one bridgin roup G ,, at least one 10 spagcjn roup R.,, or both,
wher ei n sai d é%q“rlaggg’f “'Eﬁ'é”abfidilﬁafoﬁagﬁl?soE'Birtf)ssug?“t“ﬁg‘ﬂ“(dg?gébé’ﬁ '*Btted fromthe
group consisting ofaaseisy @IgnateShitdrenand Smdil®, réspedely] whitk mard azo and
is used to_connect said stators to said rotor or to c%nnect at _I,eas% t wo
conj ugat ed> r F#HBGOR Giferens and evhichye iindspendpitlyris|sres &oBY the §1OUE SPRYYBE Of r om t he
group consi st :gdjgmggtu@ted ot @zgﬁrﬁteath?mo@i[rbé}g_ehn@ 5) Abditkted hydrb&iFonbomérdaet ween
said rotor and said stators and 15 wherein said at |east one spaci ng group
i s sel ected fsdthydrecaghapumite 6pnddis cpriggaisd ring gy sontitigiogmyaxtendideopar t - but vyl
and is used tgat noo\flthleernﬁigc PRRARS 1s3h & pind g’m&l?wmmd s£8f hateihngidka. al | ow
nol ecul es to pack together Ile providing rotational space for each rotor
to rotate ovetors ogéwialpdnd asmgeatady cawrinos lea3Qom:, bridgéngs gioup Kabhtelepg @peim ( 10,

10') of d.aim]l_wherein,sai . . I S B | e,
ani oh pr ovfdes s BB AR Bote Gl ta U SR nc eh e Hhyr 8 RAerBR 0 1)
of Claim1l whésceidrfrsmibd ghmipeondisaimgf ataylene( dibylei@30nideasnids swimei aidlago a | ow

activation barrier between different states to provi st ut

vol atile, swi 8h™* %?gtﬁncémg%gf%%é%ﬁoés tﬁesaﬁaurﬂ’t\of Rbt,OQf6n3cg§tflgaé[ z?ix?on’%c’%ﬁ] \%ﬁtg(tr?ei n
sai d mol ecul akingy®tahievd 4 BesirbdEhrotaghomdsre(b deltet ns e tgedupltbesisingbs, such
that optical properties of said no-.|ecular syste 16, 630), can be tuned
by eit her conﬂ"ﬁ@cﬁﬁ%‘]’ rigge andg H’éeé&[ is’(gﬁ‘aéong bﬁ‘@%%sa@ g"ég'il o Sé’id ?t%&sé’.ﬂ%i ng

el ectric fisel dvHeRid 94iNad 1049 éde spaciawidr@lp W@rselebied GRIOthd BroGh @Ogtiny\Of

03/ 005116 PCT/ US02/20805 34 abruptly by the aEI)_BI i cation, of vol tage pul ses
to a swi tch wiPhFMYhiSOPERD aihEerRuty At it provite an appropriate 3-dimensihal

scaffolding to allow molecules to pack together while providing rotational space for

each rotor to rotate over a desired range of motion.

20 6. The switchable medium (10, 10’) of Claim 1 wherein said molecular system

(16, 630) is bi-stable, which provides a non-volatile component.

7. The switchable medium (10, 10’) of Claim 1 wherein said molecular system
(16, 630) has essentially a low activation barrier between different states to provide a

25 ' fast, but volatile, switch.

8. The switchable medium (10, 10’) of Claim 1 wherein said molecular system
(16, 630) has more than two switchable states, such that optical properties of said mo-
lecular system (16, 630) can be tuned by either continuously by application of a de-

30 creasing or increasing electric field to form a volatile switch or the color is changed



rier. 9. The switchable medium (10, 10') of Caim1 wherein said nol ecul ar
system 5 (16, 630) changes either between a transparent state and a

col ored swatos/oasiibet ween one colored state and anot her ceicaresdz/sisas e. 10.
The swi tchable nedium (10, 10') of Caim1l wherein said nolecular system

(16, 630) conprises either (a) one rotor (632) and one stator (634) or (b)
at least two ro- 10 tors (632), each cofynected to one stator (634) or (c)
one rotor (632) connected between two stators (634) or (d) alternating

rotors (632) 4 g said
el ectric fi ef“%fu yalé‘f %p(fhégl%s%)g qlégenénse ecu{wafreng@tgtaglf%sﬁ%L%)aclgg%?”gk Claim1l
confi gured writihi n an electric field generated by a 15 pair of el ectrodes
(301, 303 or 301, 305 or 403, 405), wherein said at |east one rotor portion
(632) rotates with respect to said at | east one stator portion (634)
between two di ffermts“@tt@besnddmm(mpmboﬁCiaDmlmfhe&ai dideheletulirgydténel d,

t her eby i nduci ng:fa col or chan in said mol ecu ]%é/dstem

6, 630),
wherein in s&if%3Q chingss ithgr b "FF@Pé‘tTagSp&?Pbﬁﬂ%ﬁ“ cd e |°§) et‘f’?‘ﬁ“c?ﬂéhout
sai d nol ecul g§losd Sta®tnd 3&theP3fdred t@GUI LIiNGg i N a f| rst color state, and 20
wherein in said second state, said extended conjugation is destroyed,

resulting in either a transparent state or a second color state.
10. The switchable medium (10, 10’) of Claim 1 wherein said molecular system

(16, 630) comprises either (a) one rotor (632) and one stator (634) or (b) at least two ro-
10 tors (632), each connected to one stator (634) or (c) one rotor (632), connected between

two stators (634) or (d) alternating rotors (632) and stators (634).

11. An electronic ink (16) including said electric field activated bi-stable mo-

lecular system (16, 630) of Claim 1 configured within an electric field generated by a

15  pair of electrodes (301, 303 or 301, 305 or 403, 405), wherein said at least one rotor
portion (632) rotates with respect to said at least one stator portion (634) between two
different states upon application of said electric field, thereby inducing a color change

in said molecular system (16, 630), wherein in said first state, there is extended conju-
gation throughout said molecular system (16, 630), resulting in a first color state, and

20  wherein in said second state, said extended conjugation is destroyed, resulting in either

a transparent state or a second color state.



