| 510 3 February 2006 MOLECULAR DEVI CES ACTI VATED BY AN ELECTRI C FI ELD FOR
ELECTRONI C | NK AND OTHER VI SUAL DI SPLAY APPLI CATI ONS TECHNI CAL FI ELD The
present invention relates generally to vilsual display appllcatlons such as
electronic ink, and, 15 nore particularly, to a nol ecul aFebasa ¥ t hat

provi des optical switching. Optical devices with mcronmeter or

sub-m croneter critical dinensions may be constructed in accordance with

t he teachi ngs herein. BACKGROUND ART Fl exi bl e di splays made with a

t echnol ogy known as electronic ink, or Eink, are in the process 20 of
commerci al devel opment. While the early versions are expected to resenble
sinple dispbays that mght sit by the side of a highway to warn of trouble
ahead or m ght advertise specials at a convenience store, |ater versions
are expected to lead to el ectronic books with paper-1|ike pages and
illustrations that nobve, newspapers that update thensel ves, reusabl e paper
di spl ays for cellular phones, disposable TV screens, and even el ectronic
wal | paper. 25 There are two pr®OEEIULYR REVIGES AOISEDNg t echnol ogies: E Ink's

el ectrophoggtic displays angl, \NEIER¥rE FBYH FGORLEERBNIERK The electrophoretlc

di spl ays are disclosed, for exanp|e i ssued Janu-
ary 25, 2000, and entltled "NUIEB“%%H%E §P roan?ggggé% splays and
Materials for Making the Same", and in U S. Patent 6,067,185, issued May
23, 2000, and entitled "Process f or TEQHBEIAL RIELEAN Encapsulated 30
Ellectrophoretic Di Spl ayen in{aRekak gxml@cz,vﬁm@sﬂauwa@gs wc@&tlscgarme.;a c

di splay includes one or nore species Of h torb or
scatter |ight. menetiessys aé“"i'e%‘"aésy§“3‘7‘s"faé‘?‘i‘i"ldﬁ °Wﬁ‘1’ wcw"ﬁé’*’&%&%ffs ed '(‘;)rl‘%rf‘eaelr n one or
nore species afsubaliedieepia digtsica mbhybe cvminicledin peorduice vithghe dickippebesdd i n a dyed
suspendi ng nmedi um Another exam ple is a systemin which the capsul es
contain two separate species of part%ﬁcﬁﬁm& igended in a clear sus

Flexible displays made with a technology known as electronic ink, or E ink, are in the process
20 of commercial development. While the early versions are expected to resemble simple displays that
might sit by the side of a highway to warn of trouble ahead or might advertise specials at a convenience
store, later versions are expected to lead to electronic books with paper-like pages and illustrations that
move, newspapers that update themselves, reusable paper displays for cellular phones, disposable TV
screens, and even electronic wallpaper.
25 There are two presently-known competing technologies: E Ink’s electrophoretic displays and
Xerox’s gyricon spheres.

The electrophoretic displays are disclosed, for example, in U.S. Patent 6,017,584, issued Janu-
ary 25, 2000, and entitled “Multi-Color Electrophorectié Displays 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

30  Electrophoretic Display”.

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 exam-
ple is a system in which the capsules contain two separate species o»fbparticles suspended in a clear sus-

35 pending 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 parti-
cles, with or without a dye, etc. The particles are corﬁmonly solid pigments, dyed particles, or pig-

ment/polymer composites.’
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35 pending fluid, in which one of the species of particles absorbs Iight
(bllack), while the other species of particles scatters light (white).
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February 2006 The g eres are atents
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D fferent Kinds of yricon, also évx,h g

di spl ay, rot3ar yrepislF l’gth’F'éepf‘%lfﬁe’ifa{'fcf“]"myé”a‘f“%“éf’5’9" °f81°°68lp%??r B a’?y £ r(':55" I i ght
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25 Finally, the prior art colorants have poor mechanical durability by virtue of their microcapsule

composition. Microcapsule fabrication processes generally produce micron thin capsule walls, typically
10% of the capsule diameter, which are easily broken. This factor is why microcapsules are typically
used to deliver encapulsated fluids upon application of external pressure or solvation (e.g., carbonless
paper). The fragile nature of microcapsules makes them poorly suited for electronic paper applications

30  where folding and surface contact is common.

Thus, what is needed is a molecular system that exhibits image contrast and mechanical dura-
bility commensurate with ink on paper, avoids chemical oxidatior: and/or reduction, permits reasonably
rapid switching from a first state to a second state, is reversible to permit real-time or video rate display
applications, and can be used in a variety of optical display applications, such as e-ink.

35
DISCLOSURE OF INVENTION

In accordance with the present invention, a switchable meclium for a visual display comprising an

electric field activated bi-stable or e-field dependent molecular system configured within an electric field
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that otherw se allows el ectrophoretic novenent of the colorants. The
colorant switching tinme and volt- age is 3dependent on oil viscosity, which
is negatively inpacted by |owered anbient” tenperature. 25 Final 4)0% t he
prior art colorants have poor mechanical durability by vilFEBY 81%t hei r
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commensur at e wierfubstapgal Eﬂﬂ’"%i‘é"bél"“"°éﬁ96i’sﬂf§“g¢"ri‘é"r‘ﬁ“t‘fﬁ faregyoind &P BhhAE g %F“bsf"‘éd ucti on,
perm ts reasonaiblcynjugsienyag beswwpripdithedrigpné of derfollowing vast st ate to a second state,

is reversible to permt (rneeairgefsepmorp& réébrb@Rion AloRpabibdHy li@¥asin@ftiAkckeasif iv@NS, and
can be use n 2 varl ﬁ E" catel di spl ay appfl cations, such as e-ink. 35
DI SCLOSURE T SEEBFHEREE with the present invention, a

swi t chabl e rredl um for a (@) dbanee| of Hif spshtepf canivssyinn ioktherypplegiar electrenit sfafevid hisged

activated bi - stsgpmtgngrrec@mm,aiadd,dﬁmnd@@t,rmgecul ar system configured within
an electric field C'fﬁsee 100|9ve:§10 rov: es F ?cp swqq}alXe o?eguﬁes thgtenegea;[ss%xqm yeas Bal rof
he ot Be m has d

el ectrodes is provi ded i nduced
band gap chandgukedeatonip dkiiseal Wfpéﬁysaelffﬁ‘é‘ﬁd’é“( r’%’éﬂ% |“15‘I“% a'tS’r““ﬁ 'I“F éﬂ/&‘?‘%‘lﬂlﬁl e) of
t he extent 16f tnlRcuORjetblBichatya cdldh when Biahghg sthte(e.g. MinGcodire MieCaall cdbomrakatygreahange,

whi ch results 't&ofoh%u&nﬁﬁggonpire &Jaﬁsepag&ghegaﬁd ar;rrm mlance & e P& m&elﬁm Rl ecul ar
system can under br eaki n%aor makl n presence of an applied

electric field® P?'ﬁé}eé’ﬁi?‘ tha thesfield, sire '°a1°ﬁ°ahb°f8'aﬁese‘ﬁaﬁ&@" PR epRipEed el ar
system wher ei ratrucuivnafafmarastofsxt;le&bl&lsatmrhere i s substantial conjugation
throughout the nol egldl ¥ m3¥sk Bhevel KRiltbd doiBdubed infthel 1§2bifk lomgé vitShBkthe® fine DaNd
gg‘g,’[ r g;g d‘Mﬂr@;gL o&eéupe egub%s? 1%%:; cqnt?a%tat rﬁ\echanincanuraHR%t an‘t nlsu?a?lte wi rgifa.iiéelr %o th%
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(1) charge sepafsltboomayest reconbi nati on acconpani ed by increasing or
decreasing the A primary advantage of the molecular system of the present invention is improved contrast.

Because the colorant of the present invention is molecular and thus effectively monoplanar, there
25  should be no backside reflection or scattering from the colorant. The background color (e.g., white) of
the electronic media is provided by the media substrate or substrate coating and is not compromised by
the switchable colorant.
A second advantage of the present invention is improved resolution. In this instance, resolution
is only limited by the addressing scheme, since the colorant has molecular dimensions.
30 A third advantage is that the switching may have a longer lifetime since the switching only in-
volves the charge separation and recombination inside molecules.
Finally, each molecule of the present invention will latch to stabilize one or the other of its

color states.

35 BRIEF DESCRIPTION OF THE DRAWINGS

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;
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10 localization of nolecular electronic states; or (2) change of the extent
of conjugation of the nolecular electronic states via charge separation or
reconbi nati on and n-bond breaking or nakitg. The present |nvent|on provi des
field switchable nolecul es that can be assenbl ed easily td &%l ectronic
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commensur at e W cofdanpevith hepresapeentiond shewn it Bi@S. 1 apdilat  of t he nol ecul e t hat noves
is quite small and frieeis @fchehbts cprekentalbndBPa fehidiRBiod 2K QpgadiBs S\t AhdRGsidg i TE
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present invention IS | cause the col orant of the
present invéhtion i §I%1’eé’ﬁ‘iﬂ"é‘f°ma"rﬁﬂ‘b?dl"i‘ﬁ§‘ obtherpesteptiinyatiop as oSt i f4eS Lére 25
shoul d be no backside reflection or scattering fromthe colorant. The

background col or (e'Fﬁ? 6a lé’!fllcht-,rﬁ‘a)lc r{?Jdelfdi}i%:m@a@&ew&Qid G IRYLA gdpShah) Gg Qéﬁéeﬁlﬁﬂheby the
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i nproved resol uedreating binglogalipetign;pndst ance, resolution is only limted by the
addr essi ng 1schene, sicNesss & RfematR Infdded Bepictg sn MxmuluaﬁcedﬁaﬁaegaﬁbmscausmyA third

advantage is that wtehin have .a | agn |fet| SiAce th

I 1
swi t ching only .ng° °PS“PS§‘“ e i ge se@”p%?“é’{ F%’ﬁg'éa‘r'%‘ dztonlireusome | e
mol ecul es. FindPty, each nol ecul e of the present invention wll latch to

stabilize one or the other of its color states. 35 BRI EF DESCRI PTI ON COF
THE DRAWNGS FIG 1 is a £ ective, transparent
vi ew) of a2t wo- col or (e.gﬁg bLrdRRARER %rrlr f&(lggyﬁég reen construction

for use inZ28ccedpistse with the present invention;
The term “self-assembled” as used herein refers to a system that naturally adopts some geo-

metric 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 configuration.

The term “singly configurable” means that a switch can change its state only once via an irre-

25  versible process such as an oxidation or reduction reaction; such a switch can be the basis of a pro-
grammable read-only memory (PROM), for example.

The term “re-configurable” means that a switch can change its state multiple times via a re-
versible process such as an oxidation or reduction; in other words, the switch can be opened and closed
multiple times, such as the memory bits in a random access memory (RAM) or a color pixel in a dis-

30  play.

The term “bi-stable” as applied to 2 molecule means a molecule having two relatively low en-
ergy states separated by an energy (or activation) barrier. The molecule may be either irreversibly
switched from one state to the other (singly configurable) or reversibly switched from one state to the
other (re-configurable).

35 Micron-scale dimensions refer to dimensions that range from 1 micrometer to a few microme-
ters in size.

Sub-micron scale dimensions refer to dimensions that range from 1 micrometer down to 0.05

micrometers.
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Case 10004619 4 3 February 2006 FIG | a is an enlargenent of a portion of
FIG 1, show ng; the detail for a colorant |ayer elenment of the display
screen; FIG 2a is a schematic representation (perspective, transparent
view) of a full-color display screen construction for use in accordance
with the present invention, 5 FIG 2bis a view simlar to A% G 2a,
but depicting a prior art approach;. FlI 3 is a schematic representation
of a first met hdaomated sl parcesionsrefeoio dimeisionntfjat zangk feoma® | mgometprsge S0 womgince
with the pnﬁg@ﬂ%mkggpntion as shown in FIGS. 1 and | a' FIG. 4 is a
rasing i n  accOrTAAdE A EITHa L A eht e hbuA rrierree and
la; 10 FI Gritlswidibpirdiegeteanhaging by Wa«tnéoreﬁ%ﬁitm’é’mwrmeteﬁh@lgm éﬂste‘m raifgp et feon as
illustrat ECinsthnaE&n%rs tala miGometh) @nddéngthd oEsevéddimicodmaersabengt | ¢ nodel depi cting an

electric field Hg)ﬁ)lgf?éﬂe R, cﬂé’rﬂca?il%ﬁsgﬁfoﬁﬁ‘lgrl%ﬁgcc@{edmﬁculapﬂﬁ’iﬂg%«hﬁi 1SS kanti al

conj ugati on via e separation or recombination accompani ed by
|ncrea5|ngmBmeﬂﬁcﬂﬁégfﬁ&mﬁgn@rIB%%HP?ﬁ??ﬂnmmﬁﬁﬂ yhtal) BOMBH 2ps LEMAE A mat i ¢

nodel depi ctriom@legor ebteait randuction @i rabldcrict wadtbe doarpydifffegocedbtareg dhe t@YSeld byMOchange

of SUbSban&M%haG&&hugéhaﬂﬂan@mﬁﬂﬁﬁQ§e§ a@m@hh&@umﬁamgqgaamnatlon and
n-bond breaki ng NVENTICN

20 Definitions .lec&romcn%m in l}efcontext ollz'ﬁﬁ lpreﬁnt 1nvent10n 1nao1Y_les sw1tc ablo‘gg egrg:s in the o%{IC yS tem
t hat nat ur aldoyelesie persrtisorighe gelgwuleppithip @atp%?ettabrﬁﬁonb’eteca% éy e hltrqﬁ@eeymfévmhimey of
t he conponefttegroit ink hele@l¢Sih@udes chdiges Biypshetrs auchds evastioatrefle@ias tefractiod, idiadtiony ni mum

in its energViny sAfQR!Jr AuldefuCRRET guration. The term "singly
configgéable" nmeans that a switch can change its state only once via an

irre- versi bl e process such as an oxidation or reduction reaction; such
a switch chBetbichihe basis of a pro- grammbl e read-only nenory (PROM, for

exanpl e. Field addressable rewritable media are described in greater detail in co-pending U.S. application Serial

No. 09/919,394, filed on July 31, 2001 now U.S. Patent 6,556,470 issued April 29, 2003. A generic example

taken from that application is depicted herein in FIG. 1. As illustrated schematically in a magnified partial view

20 in FIG. 1, electronic print media 10 comprises an electrochromic coating 12 affixed superadjacently to a

backing substrate 14. The electrochromic coating 12 is a molecular colorant coating that contains molecules 16

(represented by greatly magnified lines) that undergo chemical changes as a result of application of an electric

field that, in effect, changes selectively localized regions of this coating from one hue to another. In order to

describe the print media 10, the electrochromic molecules themselves are depicted as polarized 25 lines 16 in

25  FIG. la; however, it should be recognized that there are literally "millions" of such molecules per cubic

micrometer of colorant.

It will be immediately apparent that the electrochromic molecular colorants of the present invention are

substantially and uniquely different than the microcapsule technology currently employed in electronic inks.

Since the molecules of the present invention themselves are changing color in response to an applied electric

30 field, the issues of contrast and image resolution are resolved. In the former case, backside reflection is

eliminated, since molecules, not microspheres, are the agents of color change. In the latter case, again,

molecules, being much smaller than microspheres, result in greatly improved image resolution, switching speed,
out-of-band transparency, and durability.

With  respect to the molecular technology described in greater detail below, the

35 overwhelming advantage of electrochromic molecular colorants over microcapsule technology (see,

Background Art, supra) for electronic print media is the realization of standardized print contrast and image

resolution. Such use of electrochromic molecular colorants will provide readable content that resembles

conventional printing dyes or pigments on paper forms in color mode, color density, and coating layer incorpo-
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The term "re-configurable” means that a switch can change its state
multiple times via a re- versible process such as an oxidation or
reduction; in other words, the switch can®be opened and closed nultiple
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nol ecul es and t he eReftrgng toFIGE 8y eridaedrettwmer att lappropd®NOs seathdt ARsphdre 24nd ot her

energetical4gy rAw@mmmLm uén%hegrzm ahct “smare.e,sgh&&m mﬁl.megedf.m liquld @6. @01 Of

;[ 2\6/0 FeLSC glme te h ggle%s%he%]es n muﬁlple ﬂye{s are nee%e{&?o !I? Q/E acf( (Hl?t(’ co]or ?ensnt? Iix%l%e ntixg rgsig tg n;; 02 :

t he nol ecul es, tigk P ﬁfdffr?gi’oosfp"@&ﬁot*saPPf"'rcb@i‘mi’h(“tﬂ@taé@t wpjfed Vision, b‘ﬁ’é" e Fﬁﬂﬂls'eye
Swi tching of eligeddi®ibos 1jo0kipitDbee tiboREon). DEplAyERSle BINDIY @Srocdpsufes ©fded HavteeS such

as absorption. K&LLRatddor b&LLAG bl eneillel Sl AF ik Qace 1fdfWnell If 43R oREAL LET T NG

00T ¢
of electr omatgnep
snde of subadjacent microcapsules, causing color mixing. As seen in FIG. 2b, poor image contrast arises

from backside reflections from each microcapsule. Light entering and penetrating the interstices of a
first layer of microcapsules 24 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 density
areas of the image become darker and high color density areas become lighter than would otherwise oc-
25  cur if the microcapsules were of uniform color throughout their exterior (as is true with pigments and
dyes used in conventional printing processes). Thus, in a device using layers of bichromal microcap-
sules, the image is often actually rendered dark gray against a light gray background.
It will be noted that the electrochromic molecular colorant depicted in FIG. 2a is spatially ad-
dressable at its molecular (Angstrom) scale, allowing far greater image resolution than the tens-of-
30 micrometers scale of microcapsule colorants. A molecular wire adaptable for such use is described in

U.S. Patent 6,128,214, entitled “Molecular Wire Crossbar Memory” by Philip J. Kuekes et al, issued on

October 3, 2000, and assigned to the present assignee, incorporated herein by reference.
Further, the color switching time for the electrochromic molecular colorant pervaded pixel re-
gions of the media 10 is significantly shorter than that for microcapsule colorants, allowing significantly
35  faster imaging speeds, in the main because the electrochromic molecules of the colorant are substan-
tially stationary and change color either through the movement of electrons, the twisting of molecular
elements, or both. In each case, the total mass in movement for any addressed pixel is many orders of

magnitude smaller than that required with microcapsule colorants.
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15 Electronic Ink Field addressable rewitable nedia are described in
greater detail in co-pending U S. application Serial No. 09/919, 394, filed
on July 31, 2001 now U.S. Patent 6,556,470 issued April 29, 2003. A generic
exanpl e taken fromthat application is depicted herein i3 REFRE2008  As
illTustrated scherratstlualnhey eleEtrofic FBNI0f do@hing aife tele@rochxoim@vnoREular poldrinGoatig

el ectronic pri Et r(g‘isddes%rb (d\mgrélélﬁé h@pth@cluﬁﬁﬁl{r&gm %&er@gﬁltrﬁemgana-ae &t fixed
super adj acent | y substrat e chromi c. coating 12

is a nol ecul ar 5“816‘1‘6’r%lH"ta"‘(?Eiél?ﬁeﬁl@jwﬁlha‘fem&'{%r??pé{fdri’éessﬁtﬁI'“e%atﬁ’l’éc o A BT esent ed by

greatly nmagni f toaed withmespaptuleadlorander go chemi cal changes as a result of

appl i cati Ong of an ellg g%te&l&oﬁlmerit dgpllcgd taads. 2 b 2@fh€ a&konxcméﬁ]gﬂg cl&fi gad davel y
| ocal i zed regions o from one

le wrt le. ge 060! %lhl' F q ar ele ocrlllromlc me[ to
descri be the pfPs ﬁ‘é‘dfﬁ 16’ T'ﬁé“ dip & ‘t?‘?ﬁf‘?"ir(%ﬁ] C ST BT fRensel Ves are
depi cted as poleatst @edntdiprdgianéathliquig VQEIeFP@'aﬁFraenerheiWFd to gstthe SHENEIH be
recogni zed t hatpnitehemdkRablelefa@bi@ihyelof madid 10j BdVS)'a sOHfstraieLic hporwhieohe cesingier cubi ¢
mcronmeter of colorant. It will be imediately apparent that the

el ectrochrom ¢ nol'ecul ar colorants of the i nvent i Lon

substanti alPy and ulHF OWRS 10T PR EIYAT ‘F"I‘f@asrﬁ“‘i PEEARST 8°1 %fal ogy
currently enpl aaydadpyiappli@li@ates, i oating hiksay be aixgioato § ﬁPelblno‘PSéQ:fEﬂ‘eéﬂ 5‘@%‘"“? Hdn pr esent

i nvention t heﬁﬁgL phfoximdtd sze, mglaﬂ&sh&b@h@&uﬁoﬁ'std’tx&ﬁ@@ﬂ&&a& %e@ﬂtlcﬁ]ﬂ'ﬁ\hbbtﬁd el ectric
30 field, the issues of contr

former case, bm%sitl&élmP g?eptsédds[fﬁgrqepergem t@lthe cnfr ¢ a%p dcatlilc;[n ax%npa icu alrl§ % ro\{qut L n the
m crospheres, te ebdreplag@ntpgorgl ocadaing the hlemg éeld thH 'St'ﬁ?f’sqdafr?séihe ?93%{"”&9 ain,
nol ecul es, 19ei pg much srral | er than m crospheres, result in greatly i rrproved

i mage r esol uti on, SWe JE:o Itmg l er%%gfe edQLI? co%EnsQ%&g'oJ\Ji ﬁx@@oqg{ f%rtﬁ}és lana§i or

durability. Wth respec ecul ar "technol O% escrl‘3 dq greater
detail bel ow, t"PieculeSSSaSWéP\‘/\m‘é‘laPﬁ“ﬁ@h“&b‘\?'afﬁ"t"Péﬁé" “velicle P BE ?’f‘i“’& 'ﬁlnfeecul ar
col orants over spdisié ghaplordbmitytsene (haehagesimbls eelor stalBd @idgrtouprentArt., Theehigle f or

el ectronic pri Q%y urlrc'la’uq(! ﬁnd £ s hlaﬁts rtﬁ)@'aﬁd?ti%s' &th@fcoﬁ%ﬁ-m%fgq’hd_ﬁtﬁ@ apirépﬂite gt r ast
and i mage resol'ution. Slch use of el ectrochrom c nol ecul ar col orants will

provide r edllabBign fwlkPEHtot hat resenbl es conventional printing dyes or

pi gments on paper fredfdlyjit ca@hnost thaoaing 12okiora cdemgt teg; bleckidvhengebierterge 4 ay er

i ncor po Case 19erQéc§r1t% f@ld §nd F%‘%M@Et)ﬁtat@ QQ@ subﬁc@eb tolal sbc¥nd eé&ncdl&'pl'd Cﬂl&daﬂn@lﬂq G 2a,
I Tustrating aorsnso?érsl;)(em 18{1]} {he addresszgle plxeq reglons o% tpeer%dlgpé %ra% e¥c991 e[nngJmQrﬁ Es'ﬂﬁp

referred to as “bi-stable”; in other words, once set or written, the field targeted, “colored pixel”, mole-
25  cules (the “printed content™) remain in the current state until the second field is applied, “erasing” the
image by returning the molecules to their transparent state at the field targeted pixels. No holding elec-

trical field is required to maintain the printed content.
Alternatively, the colorant may be monostable, obtaining a localized, first color state (e.g.,
transparent) when subjected to a localized electrical field, then configuratively relaxing to a second

30 color state (e.g., black) in the absence of the field.

Preferably, the chromatic reaction of each of the aforementioned colorant types is field re-
versible and bi-stable in the absence of a field so that a field is not required to hold the image and the

image may be written, erased, and overwritten many times. ‘ .
Although very different in constitution, the coating composition employed herein is analogous
35  to conventional coating formulation technology. The constituents will depend on the rheology and ad-
hesion needs of the printing/coating process 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 sub-

strate 14. This amount is ﬁsually determined by desired image color density. The coating 12 will also
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physi cs of hem spheric m crocapsul e technology as depicted in FIG 2b, in
the high color density state 20 (e.g., black), the electrochromc

nol ecul ar col orant coating 12, conprising8nol ecul es 16a, absorbs |ight
uniformy at all light incidence angles to provide convertPwaak% nk col or

density. In thebicapsnae e pliynRrictiatQo ,?r?du&eFld@d OZ@M Edaglguay§ioﬁi @) subg‘ukielm chromal
nol ecul es 16b Ot'vhxghnl% eQ&r%%%Mc rr{o é{lﬁlncoftoralﬂ E ju?%erp({) c# A?rnatwel?:i the s&{lﬂls conte thma¥ cl dI 9 ht
I a

appreciably, allo ow t hrou e coat i ng

| ayer 12. The éﬁ"l'“F’b&ls Apeieolpatt \Wé@ﬁa"h’ﬁP‘@’dﬁP’\é’scv?BG%{‘“a‘?stTﬂ’d“Fheds S 4 Phe
energeti c st at eoram ordiiasdtiathielicle, @ svapt@ated diSthectiass of cQlbres @sboritunghefeutlay bt nb@booW.

Thus, to thesobggrMalie @an el ectrochrom c nol ecul ar colorant inmage appears
substantlally identical to the inage as it woul d appear .in conventional ink
print on paper. Nanel§me Q‘F‘%{‘C"iéhed&JPrF"éﬁ%“ Qﬁ?'eﬁﬂ"é‘e%ﬁ@&‘l"fel depopieyteatiie st 120 col or,

i f any, are invalbwkk eptimon fligenemaftiete deyptecal fiEld @hattvall lruse@loaite agiehase@-prined €on-

nol ecul ar col oramtsl,ch@ﬁenu&%q,amgmead by%olmsmrg%sépaenad@&am 4 13 Qad REhMERe @
plurality of dif nded to forma layer that can
achieve a desir ‘he exenplary black state.
Referring t&80 FI G 2H® °W“¢fﬁ eRopiment. dhe foaine repraprisenplectroshyprripmeldsularcqlorgntanden t hat
m crospheres  2Hquidoud, Sultiavieky i(he hurdtile, Breplyladr 20K (et ©f @ny? denoddibligomak)i t e

hem Spher e 24b, i &y\"\e eal%gnck Q (ﬁdellrgs“liJ tl%QnedlacMﬁ{the JO msc'l'g’ecéaott'%glga%lal n

nmul tiple layers are nee I eve adequate co ensrty, limting

pi xel resol u- ti%r?“ihdret’wg‘e'é?’ﬁlﬁ“r“ kg B0 00 dot s- per-inch ("dpi ")

(wher eas the unai dedn vde®hdrpecifitiembadimepty @atpgslidificgion raay oevurniadugh thegnatipativatedl, 000
dpi or bettes resaktbthi@kactidd SREWS epoB ABetrhde NI HedAGdD el O GARS p8sneliANd t O
have poor contrast and col or because |ight that penetrates beyond the
surface layer reflects off of the back 20 side of subadjacent

m crocapsul es, causilhfhipdspegific ppadimsey, coaiag selidifipptiqnmaymicegr thppeh pagighar tofalvghcle
contrast ari seSevapB:ra@m backsi de refl ectl ons from each m crocapsul e. Light
entering and penetr r apsul es
24 in the rredl a sur %%%gﬁgg%f Jrllsggegf ff’}ﬁ%‘é gmfgjﬁémg dé%ﬁ)lshg)ré@cvs p{)lfmeﬁgel%gackm de
24b, as welq0 asletiss&mptrg herdy @ c?‘ﬂ%[“ mﬂ‘é‘Fﬁ’ gightetpliagspt el é‘EﬂS@?ﬁ Y5k ¢figcapsul e
| ayers. Low col @d latl@Rr@ictuys, fopdx@n, 2 cotulid td deralgreersaeioonystels. Gateksesrforadifchsskblyn  col or
density areas hﬁag%ﬁde s'ecgg&lﬁ oﬂoﬂ?ep dwsogmgﬁo&eguw a%eweﬁ)ﬁxogn Iléan&Hﬁr dln]i axIdQ%

m crocapsul es \Qﬁre of .uniformcolor throughout their exterior (as Is true
with pignents e CBYEL TS n conventional printing processes). Thus, in
a devi ce usi ng | ayefMhe soifstratsi 1¢ Fhoddee fabritated ef @ apreriabhatings, diefefteic dorviany endickctiishlt en
actual ly rcﬂsderceldmddaryklmg{caapneag@sitﬁhs&fthacdnoiragrhsamgnaaafdoackgr ound. It wi II be

28;'??8.} P)a/'t aghe dsleggg{{)rﬁgeg $ OQJ]F?G %ﬁ’é mcﬂ?emen?aﬁol&cs)&c %s a siﬁlfle sheet FfdrewntaF f La% c rlp

greater inmage rreedia pristditpystoraghmediatl fdt mapbpglesiggble to create an electncal writing field from a smg C

coating side, for example, with an electronic pen tip or electrode pair 301 and 303 or 301 and 305, and

t{a sxmelgneousl(l))' fap@rle% nlf:ctrlc %9? aﬁ:ross die Hledb

far

to entrain the field across the coating layer 12. In such instances, an appropriately low conductivity and
30 dielectric constant colorant coating 12 is desirable to prevent field shunting within the coating layer.
The electrical properties of the substrate 14 are less important with such fringe fields (represented by
dashed arrow 307) type writing instruments.
For applications in which it is desirable to create the writing field (dashed arrow 401) through
the media 10 thickness, such as depicted in FIG. 4, with electrodes 403, 405 on opposing sides of the
35 media, the substrate 14 preferably has a high dielectric constant, or high electrical conductivity if the
adjacent electrode is common to all pixels. These properties minimize the voltage drop (loss) across the

substrate 14 to minimize media switching voltage requirements. For example, employable substrates 14
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3 0 mcroneters scale of mcrocapsule colorants. A nolecular wre adaptable
for such use is described in U S. Patent 6,128,214, entitled "Ml ecul ar
Wre Crossbar Menory" by Philip J. Kuekef et al, issued on October 3,
2000, and assigned to the present assignee, incorporatedHEF8Y3A0%y
reference. Fur tledected fifh BOIrap cohsMitihiCdn kitaga-filledTiashic) certaill Rigleli@& it O@mRAnOMRIiITC
mol ecul ar col og“ﬁ,%na{ggl;ak;%dg,gmﬁ;lg(el re- gions of the nedia 10 is

S t

significantly an that for mcrocapsule colorants, allow ng
significantly 35 f ERE £eB4M MBI PHG™ <o LS diskiay Pt i AGFbIp 9 CoR STy daving
el ectrochr om camatectexdeidr@sayof eldctpdes dolkdyd amthe saseatesuhetiar coated| Regresgrttatiteisonar y and

change col og ewa!e@lacmdb muglad %Ja@oa;@\@ﬁmaram@fboa?ds Qfelafifd Slass, Lsacd heitled®  Of
nmol ecul ar el enent s, bot h. the tofal. nass in nmovenent for

arty addressed"§f 8t g’?@'“rﬁﬂﬁﬁ“"‘éef’ B’Btf“ss “gfplas“ﬁsaﬁ?ﬂ PEEE N T er than t hat
required with m cr dvepg néveto E61 H ingrmiose, costhy gebodiHOUGAGia 70’ Jnaf-tjrdg a supstr26) 06

Still further, pﬂlaaﬁgtarmune m@atasol&amthaalpmfen@ bt.dnﬁoued &6k laRE 505 Ok ®! ecul ar
col orant coati have the

durabi ity of pgkg ar)cli colgr rzmams ﬁ)ief ang mflepengea! or} the 1md>ose<l electnc \fvntm%I'l tl(F éda.%hed[ago% ol or ant

br eakage tﬁ?ougﬁ) ’é’aaserrf%faw y*"awr"rf&rertewreévs%?"éd ‘i°H’°r‘i‘éﬁ'El?d§d? mh@‘bfrmf’ef%@r as is
nmedi a coat ed wuotahx chitiay Igyealp Hlskiehed @l tiprampasent sbte.ISich @untece edrtdgelgenay somphepi ct ed i n

FIGS. 2 and 2a, oilfiofd Sﬁ&)éfnpalcﬁorg?g&of‘box;tgd fn% p@l £ bihdeC Af {vﬁlltﬁ]e ﬁ@fratéjueﬁ@ab l'e and
is rewitable. The nedia 10 conpri ses i chronal nol ec

el ect rochr oni c®fft3e aysecd IcapPritet W%{ﬁ'ld °P‘Pf%1‘ &fdﬁ%ﬁp&s&“"bﬁ&sﬂ f 5“"1“?“&%? RIS
(herei nafter gendscrictdld 505 impdseiron helm¢dp 16/ Ind thwinimgaddiitiagal YGltagevitop ednosf trnes t he

writabl e-efasagl mtén@wsg LbovERGhIPigh or 3616lank Ry bRin@PESE iRb Be deffserbtP R sdihi Ch t he
coating is af$| Xﬁéi subst rise a var

materials and T8 HZ 3&%“"6% e ‘? ES“‘?te °'°'a“%g’g"cgﬁﬁ?r&mé%ﬁ” WEILkB ‘iy“c"é{’l on uses
the coating 12mdagtbe affixed onto a flexible plastic material substrate 14
in the approxi mat eh&maie, 10ty Gitie BEyde & pdteSioycediyerCOTINOZR e, aite ipORAINY

| etterhead. Thgpapld 96‘7' @Msﬁ}l%}p&a& %djpflmec&ﬁlgpé?oﬂmt JoQ.Hg HMJH?EE%QLneﬂmioS fully
dependent g(? t he sgem ic . ap g{l cation and lﬁ,art e role that
e

t he substr P12y cofon fadey (ETBifa} Geroppasitionc¢r attrie §°“E“H’8“ye‘{"%°é%érf?°i‘,’“1‘*la‘é\‘aéﬁl Aehat s
i nposed acr ossthe iegriyadithe mefid 1Yy Babricatioh oflie proftiveve wlade ilapg S¢7arprebe phiforodd itdhe medi a
10 co nprises %mrn%ml, sms @Ed-l&ln@l% cgaﬁng( Haﬁ?&ren@lmatel'iﬁ)lepOSQBn, or a laminate. As exam-

ples, polymethyl methacrylate and polyurethane type polymeric coatings are known to contain ultra-

violet radiation absorbing additives; thin film, vapor deposited, glass and polymer laminate films may
25  also be employed. Methods of layer application are also well-known in the art. As with the substrate 14,
the protective surface layer is preferably composed to maintain the integrity of the electric field im-

posed on the media 10’ and to minimize additional voltage drop across the media.

Present Invention
30 In accordance with the present invention, a molecule system is provided that comprises an
electric (E) field induced change of substantial conjugation via chemical bonding change. The change of
substantial conjugation may be accomplished in one of the following ways:
(1) charge separation or recombination accompanied by increasing or decreasing mo-
lecular electronic state localization; or
35 (2) change of an extent of the conjugation of the molecular electronic states via charge

separation or recombination and n-bond breaking or making.
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nol ecul es in association wth another chem cal conponent, the "vehicle",
having an electrical field re- sponsive hi gh col or density state
(hereinafter sinply "color state") and alfransparent state. The vehicle
may include binders, solvents, flow additives, or other CG&mew2Wbating

addi tives appr @rlélatnmmédca"an@ap 2hngd iCHid bl @tnﬁ@ ﬂﬁEiferldElft:omEifaﬁfn@l’a&théé,Seé he
colorant of the tCr? %‘xt er<]: bm%t 09 c% 9cre%rl BLC as(n L&allzat}% %PJQ M\Q{hcglar

subj ected to %‘r&%“%ﬁﬂﬂ#@%@ﬁ 1 (ra a'n‘%__‘t__r—fs aren ‘& wher

subj ected to a BECTDSGAE] QLIRS e coating 12, or nore
specifically, the adnir essaxbdnau)pdem@d thi§ .erglmmh @afolvesre Emﬁdi-lnalc&i&pndlgﬁp cangr ef erred
enbodi ment IS tE\F% b%' Eh@tlﬁr(g'é thxth@ed@(ﬁu J%n v?‘atcﬂipéegepa'ratlbr{br %Lm{natwﬁ):{c%ﬁang e set or

witten, the fi ore , 5 cul es ri nted
content") r enm'?f’ef‘st‘i’gf’ °"E9E}?gr"§ﬂtza“%’t%fhéelffﬁ?“i‘clS‘a‘f‘d'é‘h‘s‘é%eé‘ﬁ"dAT Pard® F1S- Gl i ed,
“erasing" the moivades3bgpmpristsiwopprigs 3R endiBl Be blessle (30 evidawesia lagechasigarsemt st at e
at the fieldt av‘ltgﬁgsetciielpdaﬁ(zgtloﬁ Ap[mgltl&'l(ak Q'e@&nc@"el@&usestcﬁalrgg @elparjtlbﬁil) d{e h@ecﬁl@@b" red to
mai ntain the printed con}ent he col

monost abl e, obt &I &' [B'édéf“i s%‘dv ‘tp?‘infré‘tdel °6‘fz?3'|°“ §?°%{‘Eb8'at(°&°me chrg(es Hi¥par ent)
when subj ectOed theanolaeuledib itsoeiginatstaiect r i cal fi el d, then configuratively
relaxing to a secondhefaﬁwﬁg}k@ﬁem&h@{uabz{wgmm&eack) in the absence of the
field. Preferably, the chr actd.on ,of oned

col or ant types is field ej?'e W‘)elercséif li’o"l‘se af'fr? B d'efgm corgtantrtrlﬁ gsegsrr}ggﬁa!{)f a
field so that azed by dximsl Erfilld, withaqjuthe rauge pfc nh&aeld rolaézatioprfigids raagied fiomd01 fonmge may
be witten, eragegfm, and overwritten many t| rres 0 Al t hough very different
in constitution, the co conp03|t| herein.i s apal ogous 35
to convent :it)snal coat i ngaé’ n‘euTtﬁ‘Ee Tt &c bt ? °"le “SLr'ﬁwe "°6‘r’159'"gtﬂ°é:n Py O Wl |
depend on the thewntsogy- elaqﬁrelnsazdmmlsilneriecneedscvaﬂ’e mdhidizep pyenthq entipt @da?tllr ﬂg process
and substrate r,m{&{hbgl,]ecullypl cally, the coating layer 12 will conprise | to
30wOo of the solid cQ qla Q%uefcantbgemklmcn?orasgm+t§d to formthe coating

| ayer on the sub- strate A AOUNt al 1y determ ned by desired

i mage col or density. Theddbaipdueite dippleiyof e mylegyy CE',‘a?ééf‘eTGO'(PABTg’"Bd"SC"F‘Ebr uary
2006 typically include (g Tpohygevill B sipariretizithet @artily GtotepRted deHng Beldnducdr ed
coating |ayer gglar&glgn substrate 14 in which the electrochrom c nol ecul ar
colorant is su ed. Alternatively, the solids content may include as
nmuch as 100% coI orant fdP TE‘e*F"’F%ﬁfFf‘%ﬁiﬁ@ﬁ“%&’ﬁﬁfé’?‘b‘@\}‘é}ﬁﬁ‘rb&ﬁf\‘?‘é dEPEYFS P on

nmet hods wher ei isalfld) @abdigdd-through inter- or intra-molecular forces such as covalent bond formation, hydrogen

bonding, differences in electron affinities of different fragments of the molecule, Coulomb forces, metal
25  complex formation, or Lewis acid (base) complex interactions, etc.;
(g) The process of charge separation or recombination of the molecule may or may
not involve o- and n-bond breakage or formation; and
(h) During the charge separation or re-combination process activated by an E-field,
the band (HOMO-LUMO) gap of the molecule will change depending on the degree of the non-bonding
30 electron, or m-electron, or n-electron and non-bonding electron de-localization in the molecule. Both
optical and electrical properties of the molecules will change accordingly.
One example of an E-field induced band gap change (color change) via charge separation or

recombination involving bond breaking or bond making is shown below (Examplel):
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orant, or an associated vehicle, is evaporated. In the case of col orant
evaporation, there nay be no asso- 5 ciated vehicle. In sone instances, the
col orant must be pre-oriented within thelideposited coating layer 12 to
all ow the optinum alignment with the electrical field thafeipP%e used to
wite and erase a printed con- tent. Such orientation may be achi eved by
solidifying the deposited coating |ayer 12 under'\he i nfluence of a
simul taneously applied electric field across the @ a 10. 10 In one
speci fic enbodi ment, the coating 12 conprises el eg} hrom ¢ nol ecul ar
colorant and a |I|iquidous, ultraviolet (W) curablr 6?epo|yner (e.qg.,
(meth)acrylate or vinyl nononers/oligo \ ]l yner in this instance
is formed in situ on the nmidi a 3cted to UV radi a-
tion. Such prepolyners are y ags art. In a second
speci fic enbodi nent, coatrhg sordi fi cati®n may oqgur t hrough thermal ly
activated 15 vehlcle chemical rdactions conmon bthQQFX’ ur et hane, and
thermal free radical activated polyneriza- tion. f hird specific
enbodi ment, coating sol i digfds@ik@sh may dﬁmaduhmmugh partial or total
vehicl e evaporatlon The colorant y @also sel fQorjent through
col orant/coating design that alTows 'a sel f-asseph]e | attice structure,
wherei n each col orant nmononer aligns w th adj agenseol orant nononers. Such
design and lattice structures, for exa are cogmon to dendrinmers and
crystals. Processes for self- aqsenblyN } Urete ~¢quential nonol ayer
deposi tion methods, such ass i rahd gas phase
deposi tion technlques The s bs
having a dielectric constaﬁ% an Jelectrlca 25 cowductivity which
conpl enents that of the colorant “coating |ayer 12. Turning nowto FIG 3,
for the inplenentation such as a sinple sheet of rewitable hard copy
media or a data storage nedkaom&mmig njygx@@mﬁamable to create an

I

electrical witing field froma.-single| cpating side, for exanple, wth an
el ectronic pen tip or electrode pair 301 and 303 or 301 and 305, and to
entrain the field across the coating | ayer 12. In syich instances, an
appropriately | ow conductivity and 30 diel ec®yj ant col orant coating
12 is desirable to prevent field shunting with |n tthe Coating layer. The

el ectrical properties of the substrate reN nportant with such
fringe fields (representeﬂ\by i; > N J3

Optical State Il

Example 1

5  where:

The letters 1y, J3, J3, J4 and Js represent tuning groups built into the molecule. The function of
these tuning groups (e.g., OH, NHR, COOH, CN, nitro, etc.) is to provide an appropriate functional ef-
fect (e.g., both inductive effect and resonance effects) and/or steric effects. The functional effect is to
tune the band gap (AEnomor-Lumo) of the molecule to get the desired electronic as well as optical prop-

10 erties of the molecule. The steric effect is to tune the molecule conformation through steric hindrance,
inter- or intra-molecular interaction forces (e.g., hydrogen bonding, Coulomb interaction, van der Waals
forces) to provide bi- or multiple-stability of molecular orientation. They may be any one of the fol-

lowing: hydrogen, hetero atom (e.g., N, O, S, P, B, F, Cl, Br and I), functional group with at least one

Case 10004619



dashed arrow 307) type witing instrunents. For applications in which it is
desirable to create the witing field (dashed arrow 401) through the nedia
10 thickness, such as depicted in FIG 4,2with el ectrodes 403, 405 on
opposi ng sides of the 35 media, the substrate 14 prefer ab§=Ha¥% a high }

di el ectric consfgflemdt onib' Hetkko %:ﬁsclﬁyﬁﬂo&:%n (GRO Ufedred o} dnYatubafed) o RibsBitlie 8101
electrode -is comon to all pixels. These properties mnimze the voltage
drop (I o0ss) acrBe¥ ¢ he substrate 14 to minimze nedia switching voltage
requi renents. For eXbalpteeS: isarbpdsoy e Shefiroton pithedgdging eraindsdo coOeDHE ponoge 3

Flebr ;Jar y 2006t acro@ug&ed rﬁgsttesth,tweeaasteb @u&{o?ﬁl@ TRORRgirtelehoROma be dnf %naﬂﬂtﬂ: -thliok] €d ;
pl asti cs, ain c ant resin- nat e , an
netal s. For eJJeer‘f’gaTeﬁ’°%}?Bf<§ I?{t { #’ eﬁg °rr%5‘°“°"a QU Ve e StrrB)el D Soar la'p 9&%{0 i
desirabl e to cotems GabNtretad, éﬂirqqawﬂgubsﬂalﬁd@’ﬂ@@tbla‘bde or ar r ay of electr odes

i ncl uded on the substdiakew suh tiaca-vWilirdeg Goat e fund@if B8 eddpad tb wee thetkre- 5
strates incl Udenle? tf@tL mgi caﬂryfd\ll g&-ﬁ%%:gtﬁelecﬂg 'wﬁEheeQabE! tﬁ%letulehpﬁlﬁgg% a smthal l'i zed

gl ass, surface- et C I zed P{a a gra J‘rpre nat e leers and
pl astics, sheet® %P?F’%‘w“ o AgorRorarion {oped bre U’F‘ﬁl ﬂ‘o\f\? et “%’c” re
costly enbodl nmemtemal Effield. fbdil@trch®/ithdremips srmlmde agy ogeudf ghe foljewang: qrhOXW&\PFlﬁg a
reflective subsf B&Lﬁvéwg eRAbraMiddNch) Mhitd, ntzxm@ic@crns endehmcstﬂgﬁeosamc s‘etaloots de-ayer

503, wherein the  background co end f the

i mposed el ectrlrlYat\Xﬁsla'F g@”‘f’t%?&S&(‘%{asﬁg%“&f? \'/’\‘/:"Tﬁl % ‘{haﬁl ones°ur létegee 501
will normally otomate.E.ReBbh¥ck§rwund col or of the nedla 10" when the

mol ecul ar  col or ant AR ©AkIEGK ah BYiR indudedi bSnd $¥d dhanpieigholviag thb@miaicans pasient- st at e.
Such surface cq i | pigment or

col orant i ?IJ%OI‘ por at eﬁexlgn ’ﬁ”%léil V%%ﬁ%ﬁ%@.s Sh@wr&%yﬁ%ﬂpﬁgﬁsubst rate 14, the
coating |l ayer 503 conprises a binder and col orant of a conposition chosen
to maintain the integrity of the electric field 505 inposed on the nedi a
10" and to mnimze additional voltage drop across the ne 15 dia.

Al ternatively, a conventional pignment or colorant nmay be incorporated into
the substrate 14 itself. Such surface coating and incorporated substrate
coloration fabrication processes are well-known in the nedia art. The
media 10' may further include a protective surface |ayer 507. In general,
the protective surface layer 507 is visibly transparent and protects the
col orant coating 12 from abrasi on, photo-
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20 oxi dative col or fade, chem cal deconposition, or other

environnental | y-i nposed factors that may alter the integrity of the nedia

10'. Fabrication of the protective surfadé |ayer 507 can be perforned in a

known manner, such as a polymeric coating, a transparent fet@piPP

deposition, or a |lam nate. As exam ples pol ynmet hyl nmet hacryl ate and

pol yuret hane type polyneric coati ' Ao contain ultra- violet

radi ation absorbUgg ads ves:N h‘gosited, gl ass and

pol ynmer | am nate f : Met’hods of | ayer

application are 3Vso ‘% mnth the substrate 14, the
is preferably corrpos&P“?@J Stelenlt ai n the integrity

protective surfate |aye

of the electric field it posed on the } VT ze addi ti onal
vol tage drop across the nedia. Present 1 2 QL @ﬁ ce with the
present invention, a nolecule sy ten1|§ provide an

electric (E) field induced ggang of| sypstanti al conjugatlon V|a chem cal
bondi ng change. The changée substjanti al conjugation may be acconpli shed
in one of the follow ng ways: (1) charge separation or reconbi nation
acconpani ed by increasing or decreasing no- C onic state

| ocal i zation; or 35 (2) change of an ext 6?" ﬂﬂ?eéﬁﬁf‘ﬁfé’;ti on of the

mol ecul ar el ectronic states via chat ion or reconbination and
it-bond breaking , ' bruary 2006 E-Field
dended Conjugation via

| nduced Band Gap ' e
Charge Sepa- ration o bi nat i oh Acco by Increasing or

Decr easi ng Local idati ofFof the Mol el ar Electronic States (or Electronic
States in the Nblecule)J1FIG. 6a schematically depicts this nodel, which
invol ves an E-field-induced band gap change 5 caused by the change of
extended conjugation via chargg,sepafatjon or recombination acconpani ed by
increasing or decreasing localizatio the electronic states in the

nol ecule. As shown in FIG 6a, th | ecul e 630 conprises two portions 632
and 634. The nol ecul e 630 eV|dences a Ia er band gap state, wth |ess

it-delocalization. Application o eIe rlc field causes charge
separation in th nol ecul e 63 res | ti smal | er band gap state,
with better rc- éﬁz&%::fﬁloy co in \he charges returns

Optical State Il

Eg (HOMO /LUMO ) = 2.04eV
(When R1=R2=R4=Rs5=H; R3= CH3)

Example 2

where:

5 The letters J;, J,, J3, J4 and Js represent tuning groups built into the molecule. The function of
these tuning groups (e.g., OH, NHR, COOH, CN, nitro, eic.) is to provide an appropriate functional ef-
fect (e.g. both inductive and resonance effects) and/or steric effects. The functional effect is to tune the
band gap (AExomorumo) Of the molecule to get the desired electronic as well as optical properties of the
molecule. The steric effect is to tune the molecular conformation through steric hindrance, inter- or in-

10 tra-molecular interaction forces (e.g., hydrogen bonding, Coulomb interaction, van der Waals forces) to
provide bi- or multiple-stability of the molecular orientation. They may be any one of the following:

hydrogen, hetero atom (e.g., N, O, S, P, B, F, Cl, Br, and I), functional group with at least one of the
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10 the nolecule 630 to its original state. The follow ng requirenents nust
be met in this nodel: (a) The nol ecul e nust have a nodest dielectric
constant Er and can be easily polar- ized4by an external E-field, with Er
inthe range of 2 to 10 and polarization fields rangi ng Preo2¥1 to 10
Vinm 15 20 (b) pfVe-nleRRmb ndttBaoS BPEBdArbR eitheN Bl @ Githt@atdl) SSubsdhadd@ydis- bondi ng
electrons,-or it- electrons, or 1lt-electrons and non-bondi ng el ectrons that
can be nobilize¥™over the entire nolecule or a part of the nolecule; (c)
The nol ecul e can be Tsylrteed isadrdeing groupsppritvestion jofihe| bridging yroupliseto opraes EXolst reore
di pol e(s) of t h@njiERleGd] 6 kv a BRired ir@idhiRA. Thélbridginglgashay 0Oy ecobd blowm;  ( €)
The charges wil] | separ. at Lt her I . | i E-field
i nduced pol aérMi za 'F%rrlo; a?o?'f g"'g’rﬁ’g)’ g? ?aeP: ggr f%?‘%&arggérugé'mgglﬁagt%gﬂfgéﬁ%o%mg}gg(h)é& I nation
can be E-field ¥spérdBHictcopr syptituted hydpopagbon. st abi | i zed through inter- or
i ntra-nol ecul ar f or aeSepRitahmads, Baviab eikitida @iaels, botdirablbgain complyds @ e or otheondi ng,
differences in &Ae%Fﬁe{vQQfd@.fi nities of different fragnents of the nol ecule,
Coul onb forces, "neta Y conplex formation, or Lewis acid (base) conplex
interactions, etc.; (g) The process of char
of the nol edul eE-Riely InducedrRand Ga; de |Cousdd\pp thE§ Cha
(8]

1§ [InducedB o th 0 erhoriugatienyja Shasee §
formation; and (h) o Rdoinbibhida B AL BISKSERREIEI ON or re-conbination process
activated by an E-Tield,  the band L . .gap, of | ecul.e will
change dependi ng on ffhé& ‘dé@‘?“’é‘@“c&f’p‘?‘g; 8r\‘1°¥g%f'h'&‘glv§d“ éli}’gl%'?’guﬁe%%mgrgap

n-el ectron, or chingedaset byair cang oharrdedbevdigatipn @ik dheizy oprratien-dr creqibingtion dndmr i n t he
mol ecul . Bot h poontdaGalor AR Aol e, &Y fH@rﬁ‘di&JleﬁﬁO’Q&rgﬁiQ?m@P&rﬁGmenM N
change accg]gﬁdl " L’y’]‘ Qe E)%gdjp\lng cosfa s?ﬁglle!;\;afncl eal Qatd. Rglfllcagon ot?g‘nngec Q‘pxelgcgaspsge

(col or change) % aeislFys °<e FATHES LI 6t "¢ BRoHbI At on i nvol vi ng bond
breaki ng or bonueakiegof they-osd is thompecied3gwestirbearpiigsr tayd garcipeeRe1TaIOLBe Bfield)

re-connects the n-bond between the two portions 632’ and 634° and returns the molecule 630’ to its

ge separation or reconbination
w 'w ‘1: a A HGRO -

b U

original state.

The requirements that must be met in this model are the same as listed for the previous model.
20 One example of an E-field induced band gap change cause by extended conjugation via charge

separation (o-bond breaking and n-bond formation) is shown below (Example 3):
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J5\ N J4/ E-Field Direction E-Field Direction Optical State Il Exanple | 3
February 2006 5 where: The letters J1, J2, J3, J4 and J5 represent tuning
groups built into the nol ecule. The functison of these tuning oups (e.g.,
OH, NHR, COOH, CN, nitro, etc.) is to provide an approprﬁﬁﬁ@mvgﬁétlonal ef -
fect (e.g., both inductive effect and resonance effects) and/or steric
effects. The functional efsfect is to tune the ba ap (-zEHOMO . LuMO)  of
the nolecule to get the desired electronlc as wehl qptlcal prop 10
erties of the nolecule. The st \‘c e Qs NI €3l ecul e
conformation through steridn [ of" |ntra mol ecul ar
interaction forces (e.qg., *hydregen-Doadirgg, ~20ul onb i nteraction, van der
Waal s forces) to provide biRreQr mibsipl ¢-stability of mol ecul ar
orientation. They may be;anyROnekot t’he” | owi ng: hydrpgen, hetero atom
(e.g., N, O, S P, B F, id, Br and 1),\fukctional group with at |east one
Case 10004619 12 3 February 2006 of above- m¥fiti oned hetero atons,
hydrocarbon (either saturated or unsaturjated) or substituted hydro- car bon.
The letter G is a bridging group. The jﬁnctlon of the bridging group is to

connect two or nore conjugated rings to achie ue sired chronophore. The
bridging group may be any one oﬁ,the fO||OMF 57n gio atons (e.g., N,
0, S, P, etc.) or functiional 'wup v \:.§h, of above-nenti oned

het ero atons (e.g., NH ‘é% ' _9r substitutéd hydrocarbon. The
JgL ffhe function of this group is to
tune the reac- tivity of th “*wleic an MNJde group of thls nol ecul e, which
enabl es the nolecule to unde?go a snoot

E+ Wi

|

Example 3
where:

5 The letter Q is used here to designate a connecting unit between two phenyl rings. It can be
any one of following: S, O, NH, NR, hydrocarbon, or substituted hydrocarbon.
The letters Con, and Con, are optional connecting groups between one molecule and another

molecule or between a molecule and a solid substrate (e.g., metal electrode, inorganic or organic sub-
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charge separation or reconbination (bond breaking or formation, etc.) under
the influence of an applied 10 external E-field. The el ectron-w thdraw ng
group may be any one of the follow ng: cdéboxylic acid or its derivatives
(e.g., ester or amde etc.), nitro, nitrile, ketone, al déhspeey sul fone,

sul furic acid eraté Et@) €Ry mhyl bVﬁIy.bﬁé%ﬁhe ttlﬁ‘atvﬂé deﬁ&éﬂ (@ou@ﬁa Hdrogedbond)] heterBhtomsN, 0, S,

t f t
é f: )BI’ or tu nC | O ngt % g;ir 19 E\hor functlonal groups fvnth at E%te 01519 of |abave mexgxonegﬁ ?ef) a% S g% pl(llg hgnge F,

|nvoIV|ng the ﬁ@ﬁﬁa#%@ﬁmﬁﬁmafﬁﬁméewW%mm%%mﬁéﬁawdb@ﬁﬁﬂ@ﬁ or a nol ecul e-Lew s
acid conpl ex i s show i@k Qnd RXaprehi@padihg gréupstilt IdORA@Eile] Bre Rinctidboflshedd G J4

i 213 February, 2005 42, (B Ve blep ok nd RSP MR s 105 o Wher

gether while provxdmg rotational space for the lower part of the molecule. They may be any one of the
following: hydrogen, hydrocarbons (either saturated or unsaturated) or substituted hydrocarbons.
The letters J,, J, J; and J, represent tuning groups built into the molecule. The function of
these tuning groups (e.g., OH, NHR, COOH, CN, nitro, etc.) is to provide an appropriate functional ef-
10 fect (e.g. both inductive and resonance effects) and/or steric effects. The functional effect is to tune the
band gap (AExomoumo) of the molecule to get the desired electronic as well as optical propetties of the
molecule. The steric effect is to tune the molecular conformation through steric hindrance, inter- or in-
tra-molecular interaction forces (e.g., hydrogen bonding, Coulomb interaction, van der Waals forces) to
provide bi- or multiple-stability of molecular orientation. They may also be used as spacing group to
15  provide an appropriate 3-dimensional scaffolding to allow the molecules to pack together while pro-
viding rotational space for the lower part of the molecule. They may be any one of the following: hy-
drogen, hetero atom (e.g., N, O, S, P, B, F, Cl, Br, and I), functional group with at least one of above-
mentioned hetero atom, hydrocarbon (either saturated or unsaturated) or substituted hydrocarbon.
The letter G, is a bridging group. The function of the bridging group is to connect two or more
20  conjugated rings to achieve a desired chromophore. The bridging group may be any one of the follow-
ing: hetero atoms (e.g., N, O, S, P, etc.) or functional groups with at least one of above-mentioned het-
ero atoms (e.g., NH or NHNH, etc.), hydrocarbon (either saturated or unsaturated) or substituted hydro-
carbon.
The letter W is an electron-withdrawing group. The function of this group is to tune the reac-
25 tivity of the lactone group of this molecule, which enables the molecule to undergo a smooth charge
separation or recombination (bond breaking or formation, etc.) under the influence of an applied exter-
nal E-field. The electron-withdrawing group may be any one of the following: carboxylic acid or its de-
rivatives (e.g., ester or amide etc.), nitro, nitrile, ketone, aldehyde, sulfone, sulfuric acid or its deriva-
tives, hetero atoms (e.g., F, Cl, etc.) or functional group with at least one of hetero atoms (e.g., F, Cl,
30  Br,N,OandS§, etc.), hydrocarbon (either saturated or unsaturated) or substituted hydrocarbon.
The uppermost molecular structure has a smaller band gap state than the lowermost molecular

structure.
Another example of an E-field induced band gap change caused by breakage of extended =-

bond conjugation via charge recombination and o-bond formation is shown below (Example 4):
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J2 .J3 Optical State Il
CH3) Exanple 2 where:

groups built into the nol ecule. The fun
OH, NHR, COON, CN, nitro, etc.) istop
fect (e.g. both inductive and resonance

Eg (HOVD / LUMD)

functional effect is to twune the band
get the desired electronic as well as o
The steric effect is to tune * ol e

hi ndrance, inter- or in 1€nt
bondi ng, Coul onb i nt eracit+ on,

2. 04eV (Wen R1=R2=R4=R5=H; R3=

5 The letters J1, J2, J3, J4 and JS represent tuning

ct’ion of these tunlng groups (e.g.
rovide an appropr P 58T titt i onal ef -
effects) and/or steric effects. The

gap (AEHOM& LMK» -pf the molecule to
ptlcal

of the nolecule.

of vt Lon ?hrough steric
~4cti on forces (e.g., hydrogen
orces) to pTOVIde bi - or

mul tiple-stability of the mal.e ulﬁr orle,ta |on They may! be any one of the
foll owi ng: hydrogen, heter®sAat (e o, N, 0, S, P, B, F, d, Br, and |),
functional group with atijeast one of ase 10004619 14 3 February 2006
above-nenti oned hetero atons, hydrocarbon (@1ther saturated or unsaturated)
or substituted hydrocar- bon. The letten Gi is a bridging group. The
function of the bridging group is to co&nect two pr nore conj ugat ed rings
to achieve a desired chronpphore. The b |dg|nq%€ may.;be any one of the
follow 5 ing: hetero atofs (e gu, N, 0, S P <x&unct|onal group
with at | east one of abgve- ™My oned webe .0.+ NH, etc.) or
substituted hydrocarbonic es : |nclud|ng transition netals,

or their hal ogen conpl exes
E-Field I nduced Band Gap Cifans
Conj ugation via Charge Sepaﬁ2 raki on or
or Maki ng:

; +

fype of Lewisiacid(s). 10
Yy \the Change of Extended

Reconbi nation and:it-Bond Breaking

Example 4
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FIG 6b is a schematic depiction of this nodel, which involves an
E-field-induced band gap change caused by the change of extended
conjugation via charge separation or recoWbi nati on and n- bond breaking or
formation. As shown in FIG 6b, the nmol ecule 630" conpri $&S W %ortions
632" and 15 634whereThe nol ecul e 630 evidences a smaller band gap state.
xlplelcﬁf‘tel (6)20'0f ?gsﬁlﬁc [:tergls lgt% hgrr&_e?oad"]sslggge ad;lgrl{ngc ing u{llg%e?weenl:?éc{/pher;[lr?l(g)s ? alfxn the
E-field re- conﬁ@e'te§fff"l?é““8\5tfbh'5 ’ﬂbf‘xﬂf@@ﬁmft’ﬂé“bﬂ\%db@mﬂrb@‘hs 632' and 634' and

returns the nmol ecul erhBf¥rs do) ahd Con; afopt@haN@hneSibgdra@ps bliveen bRGslcEv@NRIUnGhet hat
nust be net f n In ’scﬁle E%gtséen glglcctullg gndggﬂﬁ su@%atle %t ﬁﬂa t:chErodre hr%rgpnrlceoy Brg?}rli% \[ED del .
I nduce an a d

20 One exanple o % nge cause ext ende
conj ugation vi as"emrc@éheyg@bawr PB AT treloligning hystoess k'1°‘ﬁ’@ il A 80?18 f3r°hat i on)

i s shown bel ow {ubciewalziogp Bih:at Baswe dEBPAGE®nclBetGo Febiem My, 200G dGornéh (Gon2
Exarrpl et 3JZ CRAs agmzt | orlr%?ﬁe%%ﬁ@muwdﬁyd%&@oo* etter Qis used here to
Col T ot ng: 5. 0. NH RIS Se B ek B S0t e PR B PB4 o
letters ConlOangec@ong ige eroocptan epnbriatc G1limensivriakseptfolding tp sllols dite yoeleanlexym packiol ecul e
and anot her  NDiegein pRividRELMRRN s;acerfaalherawr Bartd ke olcBdM. iy 44108 n Ble@f . 0.
metal el ectr Odefollolwgl(g) rh rorétiens:hygr{)car%&ge ér(s:atu§a ed or uxgaqurachi]' rsugzhgx;]'g hy%rocal%o Febr uar y
The letters Jy, J,, J; and J, represent tuning groups built into the molecule. The function of
these tuning groups (e.g., OH, NHR, COOH, CN, nitro, etc.) is to provide an appropriate functional ef-

15 fect (e.g., both inductive and resonance effects) and/or steric effects. The functional effect is to tune the

one of

band gap (AEnomorumo) of the molecule to get the desired electronic as well as optical properties of the
molecule. The steric effect is to tune the molecule conformation through steric hindrance, inter- or intra-
molecular interaction forces (e.g. hydrogen bonding, Coulomb interaction, van der Waals forces) to
provide bi- or multiple-stability of molecular orientation. They may also be used as spacing groups to
20 'provide an appropriate 3-dimensional scaffolding to allow the molecules to pack together while pro-
viding rotational space for the lower part of the molecule. They may be any one of the following: hy-
drogen, hetero atom (e.g., N, O, S, P, B, F, Cl, Br, and I), functional groups with at least one of above-
mentioned hetero atom, hydrocarbon (either saturated or unsaturated) or substituted hydrocarbon.
The letter G, is a bridging group. The function of this bridging group is to connect two or
25  more conjugated rings to achieve a desired chromophore. The bridging group may be any one of the
following: hetero atoms (e.g., N, O, S, P, etc.) or functional group with at least one of above-mentioned
hetero atoms (e.g., NH or NHNH, etc.), hydrocarbon (either saturated or unsaturated) or substituted hy-
drocarbon.
The letter W is an electron-withdrawing group. The function of this group is to tune the reac-
30 tivity of the lactone group of this molecule, which enables the molecule to undergo a smooth charge
separation or recombination (bond breaking or formation, etc.) under the influence of an applied exter-
nal E-field. The electron-withdrawing group may be any one of the following: carboxylic acid or its de-
rivatives (e.g., ester or amide, etc.), nitro, nitrile, ketone, aldehyde, sulfone, sulfuric acid or its deriva-
tives, hetero atoms (e.g., F, Cl etc.) or functional group with at least one of hetero atoms (e.g., F, Cl, Br,
35 N, O, §, etc.), hydrocarbon (either saturated or unsaturated) or substituted hydrocarbon.
Again, the uppermost molecular structure has a smaller band gap state than the lowermost

molecular structure.
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strate, etc.). They may be any one of the follow ng: hydrogen (through a
hydr ogen bond), hetero atonms (i.e., N, 0, S, P, etc.) or functional groups
with at | east one of above-nentioned hetero atons (e.g., NH, etc.),

hydr ocarbons (either saturated or unsaturated) or substituted hydrocarbons.
The letters R and R2 represent spacing groups built into PH&WBP&ul e. The
function of these 5 spacer units is toprovide riate

3-di mensi onal sEEPESMIYTYR §a M SWAE R HGT &8 ?Ctév§ Véce{))tg be §-SVERERET i 1 e
provi di ng eotat dlotria fielé paceechagism téwplefelywiferep diom awfpr%VFveslmwcebedlebmom Y¥ay be
any one of clﬁdﬁ%geni‘c Q]ader@aWTHQgenelﬂay QAE09BNse nMHEQGRIDGBIS 14cBhd hiRE ofSidlebliled intthichr
et B Tk et RSB B0A S Sl A 12
tuning gr oEPpsmléSé agd4ab®€}UH‘NHPFlnwfampheﬁﬂwr@ﬁel@tc ) is to provide an
appropriate funghds@nddnd @hegatidOchb@Cdre feferdied dixdik lihe iCrEibad broRing prelcessE T RAKDE

effects )| O %dp/ Q We%{p%ratg&ﬁﬁ)g rgcg:v% R opﬁ-gnt% dlt'e'cmgst darglli}e?‘llo Jpﬁ&i xtérﬁal i (E;h&&%a& J} e band

gap (AE "T‘ﬁ eS| re ctronic as well as
optical pr opete) edorsrottigelowsprag el fhamoleriy. The wipsr@nog ragigp pf thednoleglg Wi Perf
nol eculiar e@ndeordpsit ns(mmbllatﬂ@ugmxgsetdeandca &ion redashidte resulth {seq” Example 3 -However, the

tra-nol eculnglgcufe rl'st &E Q’l@é lochqve RS Qﬂ%/o( ﬁnegrnolecmM‘c*Sr%,echhbag mgirdégl bomlél @(Hit}mb or
i nteraction, van

mol ecul ar GP9'%e ‘?ﬁ"?t”ﬁ"?ﬁf%‘“rlﬁseve%ﬁﬁte%‘% e e il Perma%e“‘ ‘m% fe “‘?P‘Zig’“l" oy de
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of above- ment i Whred e Erisid istapaipd (Rypeple DalioBshrreeapidfipalignpasieslq th firection
unsat ur at eet)thatveStidieinkit fidki EThe hostivOdagdx@nhe ufRepattef hemoléule wil raigrar fodigr cager gr oup.
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rings to achi ?ve a desired any one

ro
of the fol pr&ﬁ_ectfoH d)r - F]l c{r%x}, aBd %({n 8?]@0 5 céec ron delRpaFZthon é;dlgpl) 9 th{a geg%lvp char]gé{i lower pce)lrrt] al
gr oups 20 t bf tizgtmoleergestill gnyito move SJBGGV@WWWPIMQK theugh C-6)bend 4R Akgy. c@““""“N’i—‘l’for
NHNH, et c. jhe mbiydlre faez;p'gﬁ Raw 6@ & bakricSad sutiadeglion berias @i 00 abed I and Jsgped that ut ed
hydro- car b?l[s‘)rf;rﬁnf| tﬁe lov?etr 1}"%aertrof hWC maec%le (tEeiggaLJeQﬂn‘g\% }ePg \M r@tgtl g'EthHBr a c-gxnﬁeté ppct ion

of this grou one group of this
mol ecul e, mieéwlfé}‘f&bﬁn&ad tﬂﬁé"“’}‘r‘ﬁ‘f ‘éE‘UFdebyt“tﬁ Stﬁrl‘fd’é?rijfimé’f%“ﬁ‘ﬁéf°ﬂpsé’ﬁ5‘fa e péré"p?&r ation
or reconbi matppemparf 4 analgib sfapdixingtely 90 fiaareereiioin dnr initet aiedtatiom Eatherinpre thist0ldegence of

gz o ag]p |2% ﬁcei orf%?&gtﬁ')rl 1s sﬂﬁﬂlzegbyfd Qed) gond Tcmﬁatl@rl £& EHa@QrecyMnt)lh'dlB@ﬂlﬂﬂ)g tHE pRUd s, m}fah@cﬂal any

am de etc. jarboxh ap }sp)latgrpﬂs [Cf%nfléi;d ét tylektél axa/ﬂlgeth fi pc? tnonsl‘he con u%qllpgnagf Ith\é ?n%ie%u?e lgbrékerg ?Sn e:)l’ or

its deri vathe p- and n-electrons are no longer delocalized over the uppermost part of the molecule. This has the effect of
shrinking the size of the volume occupied by the electrons, which causes the HOMO-LUMO gap to increase. A
blue-shifted color or transparent state will result during this process.

30 For colored ink and dye molecules, the limitation of the positive charge migration just
between one side of a molecule and the center position is crucial. Another important factor is the
ability to switch the lower part of molecule between two states separated by an optically significant
angle (nominally 10 to 170 degrees) from the upper part of the molecule. When the intra-molecular
charges separation reaches a maximum distance, then the upperrnost part of the molecule becomes

35 completely conjugated. Thus, the m-electrons or m-electrons and nen-bonding electrons of the molecule
are delocalized over the upper most regions. The effect is identical tc that for a quantum mechanical particle
in a box: when the box is the size of the entire molecule, i.e., when the p- and m-electrons are delocalized, then

the gap between the HOMO and LUMO is relatively small. In this case, the HOMO-LUMO gap of the
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tives, hetero atons (e.g., F, C, etc.) or functional

group with at | east

one o% hetero atons (e.g., F, d, 30 Br, N, O and S, etc.), hydrocarbon

(either saturated or unsaturated) or subst®t ut ed hydr ocar bon.

mol ecul ar structure has a smaller band gap state than the Nﬁﬁ%?ﬂﬁst
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IRlto 1G-degieda @ithirespdct té3Bdupper partk3f the molecule, dYbndingAn e wheureBEinetflen)
cal substituents (J, J, J, J4, and W) bonded to the upper and lower parts of the molecule, then the in-
creased HOMO-LUMO gap will correspond to a color that is blue-shifted with respect to the color of
the all-parallel structure. With sufficient shifting, the molecule becomes transparent, if the new HOMO-
LUMO gap is large enough. Thus, the molecule is switchable between two colors or from one colorto a
transparent state.

Examples 3 and 4 show two different states of a representative switchable molecule under the
influence of an externally applied E-field. For this particular type of molecule, a sufficiently thick mo-
lecular film is grown, for example using Langmuir-Blodgett techniques, vapor phase deposition, or
electrochemical deposition, such that the orientation axis of the molecules is perpendicular to the plane
of the electrodes used to switch the molecules. Another deposition technique is to suspend the molecule
as a monomer/oligomer or solvent-based solution that is thick film coated (e.g., reverse roll) or spin-
coated onto the substrate and subsequently polymerized (e.g., by UV radiation) or dried while the
coating is subjected to an electric field that orients the molecule. A top electrode may be a transparent
conductor, such as indium-tin oxide, and the films are grown such that the molecular axis is parallel to
the plane of the electrodes. The molecules form solid-state or liquid crystals in which one part of the
molecule (here, the upper part) is locked into position by intermclecular interactions or direct bonding
to a support structure, but another part of the molecule (here, the lower part) is small enough to move
within the lattice of the molecules.

The following Examples 5 and 6 are examples of another class of E-field dependent electro-
chromic organic colorants. The molecules depicted here are differentiated from those earlier mentioned
examples (Examples 3 and 4) in that these molecules are E-field dependent to maintain the switched
color. These examples show two different states of a representative: switchable molecule with or without
the influence of an externally applied E-field. The uppermost molecular structure in both Examples 5

and 6 has a smaller band gap state than the lowermost molecular structure.
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Exanpl e 4 Case 10004619 18 where: 3 Fe'--,--y 2006 The letter Qis used
here to designate a connecting unit betmeen two phenyl rings. It can be
any one of following: S, 0, NH, NR hydr¥dcarbon, or substituted

hydr ocarbon. The letters Con, and Cone are optional connedfiig %roups
between one nol ecul e and another 5 nolecule or between Iecule and a
solid substratea(e g., netal Jel ectrode, inorgani &br ofgani] é strate
etc.). They nay: be any one o& the follomnng hyd“ggen 0 ﬂPQnB (1.

N, O, S, P, etc:) or 3 \ p easb on above- nentloned
hetero atoms (ei t her sat ur ated or:
unsaturated) or:su st d hyd ocgghon etters R and R2 rdpresent
spaci ng groups+bU|It FO the nol¥Cul Y TheYfunction of these 1Q spacer
units is to provide an Appropri ate 3- dlnenS|onaW“E%Gﬂ©BN§ﬂh@ to allow the

mol ecul es to pack tBiggether whid2e~prowidi ngsr ohemelesaiais reigaaed fori t he | ower
part of the nolecul &2 They“may be an of t hive torehareeseheRten hydriegen,

hydr ocar bon (enther saturated or unsg ated) or substituted hydrocarbon.
The letters J,, J2, J3 and J4 represe\ tuni*hg groups built into the
nol ecul e. The function of these tuning.groups (e.g., OH NHR COCH, CN,
nitro, etc.) is to provide an approprijafe functional ef- 15 fect (e.g.,
bot h i nductive and resonance effects) d/or sterjc effe ) The functional
effect is to tune the band ggp (AEHOMYLUMO) of H 8 gel t he
desired electronlc a§1mell a optlcal @ropertlesppf t b (1 ec The
- 0 ~s'¢w|@'ro ) sterlc
on forces (d2g. hydrogen

steric effect |s to tdh

hi ndrance, intefegg ﬁm_hntr

bondi ng, Coul onb i nt & acis gt ces) to provide bj- or
THEY bfIBY ad|cBfgeb e Used as
s AR ASthONRtoR 68hd 0l di ng to

nultiple-stability of
spaci ng groups to 20

al l ow t he nDIecuIest"' k tod -'oEfmadlng rotational: space for
the | ower part of tR2 nol &dul e. o may be any one of the following: hy-
drogen, hetero aton1(e g., N O, S P BO F, d, Br, and 1), functional
groups with at | east one of above- Qﬁﬂ:@ﬁ %qg kegNydr ocar bon
(either saturated or unsaturated) or stltﬁte éﬁ%@g}con The letter G
is a bridging group. The func;,tsl on of t s bridgi n?ngot% cannect two
or ; Jq —on:
: N :
AN :
G \, §
0 s
3 The molecule is charge-
Ja W neutral in the absence ofan |
O external E-field :
Example 5
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25 nore conjugated rings to achieve a desired chronophore. The bridging
group may be any one of the followng: hetero atons (e.g., N, 0, S P,
etc.) or functional group with at |east o#e of above-nentioned hetero
atoms (e.g., NH or NHNH, etc.), hydrocarbon (either saturéﬂ@ﬁ”é@

unsat urated) or substituted hy drocarbon. The letter Wi
el ectron- mnthdramnng group. TRe function of this gﬁUupl

une the reac-
s~Gdfe i nol ecul e
to undergo a snnoth ch : O AN RgRd br eaki ng or
formation, etc.): Bngerlthe s of an applled extler- nal, E-field. The
el ectron- mnthdramnng s ¢ D follomnng carboxylic acid
or its de- rivatives (e y S e .), nitro, nitrile, :ketone,
al dehyde, sulfone sulfu iC - iva- mhMEaumhemﬁiﬁdatons (e.qg.,
F, d etc.) or f unct Retys 3 gast Joneheofolebidd iepadaraedo s (e g., F
d, Br, 35N 0 S hetc. t her degttochargestpasationnsat ur at ed)
or substituted hydrocarbon Agaln t he gr nost nol ecul ar structufe has a
smal |l er band gap state than the | ower nds DWecul ar structure. Case
10004619 3 February 2006 19 The present _invention turns ink or dye

nol ecul es into active devices that can awk i etk tehod ext er nal
electric field by a mechani smconpletely |[different from previ ously
descri bed el ectrochronic or dhironogeni ¢cvmat eri al .CHhe ¢ | ideais to
use nmodi fied Crystal \jol et |actone types of rml ecyl es i Thons ithe C-O
bond of the |actébne is S 31 1Y v '

breaki ng and for
an applied eIect?%%%fi

separated and nove in op osi ¢ _dife 'onsoparalIeujkgekgﬁmﬁﬁg&4ed external
field (upper part ofRgw hond Jot ation (| ower part of t he
nol ecul e). The upper i T e ile with a partial 10:extended
di pole is conpletely conjugated, amd a co (red-shift) results (see
Exanple 3). However, the nolecule is designed to have inter- and/or

i ntra-nol ecul ar forces, such as hydroge bondi ng, Coul onb, or

di pol e-di pol e interactions as‘ﬁe as stlgric repul gjons, a per manent
external E-field to stgblllze ot charges in th| art —@r,ent ation.
Thus, a | arge fleld i's eqU|rq@ to unlatgh th uIe ts |h|t|al
; Coni— 2
(o) Without the external E-field, !
O | J; themolecule becomes
Ja W charge-neutral after charge !
0 recombination

Example 6

5
where:
The letter Q is used here to designate a connecting unit between two phenyl rings. It can be
any one of following: S, O, NH, NR, hydrocarbon, or substituted hydrocarbon.
10 The letters Con, and Con, are optional connecting groups between one molecule and another

molecule or between a molecule and a solid substrate (e.g., metal electrode, inorganic or organic sub-
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orientation. Once switched into a particular orientation, the nolecule wll
remain in that orientation until it is 15 switched out. Wen a reverse
E-field is applied (Exanple 4), both charfes tend to reali gbn t hensel ves to
the direction of the reverse external field. The positiVé“EA3rgé on the
upper part of tdige 6®). eReyhey Bé\/hdylonensrgdf fBlloinf: Gydfobe® (1RrQURk £Kydrogaa bdnd)eterb BtGmsOI ecul e
(tri-aryl met ha(”.f N°8~°s'$'et95’3i fu%?m grols v W%LQ?easg he df %verl}ﬁ%ln%ﬁéd'h eréi?orr&gg f;he

non- bondi ng el ec tron and non- |ng
el ectron del ocaldZufroeabens EirRated °”f1ﬁ@'a‘ﬁ‘lﬂ,\@'é'ﬂb|‘°‘\9’é?dé>ﬁé’?"d’éﬂf | ower part 20 of
the nol ecule wi |l t &hdetes Rnay R, redrogiespacinggréupebuidittoesthavadlects. Thecfinclioh bitgsegh C- C

bond rotati an. sﬁhcg%y ts %QJW&WI@Mapﬂgpnat; h@m%&nﬂ%ﬂkﬁdu@@@dllg@thb §ol£clﬂétto ﬁat](QS eis a
steric and statltﬁelr &Eu si.on )S t hat

et [o
will prevent tHg lp'°‘ﬁ$'|’gtr°‘?5‘f’"a¥\ege f?th &vﬁf‘@“%é’°{%‘%‘5aﬁ'%%aygwﬁ¥g’ “Sector)
fromrotating tfhiveinghydmeodngrcerbaas (GiBe sateg prawsatiratpd) orgypetituted hydreearbenid, t he
rotati 03 [ shhal ted by ddber st eri, endiulrrs;ﬁaeeaaﬁnin@grom buhkUtltck@(e @m@upmmctrom | ovvﬁr
part an t he art 0 eI £ Lomthe
M. . gFepequnngoulpi ﬁéfﬁ%H Bg ‘ﬁ-lR é%(g—pglg%?&l} %EE 99 aq%g:l: g%ﬁﬁjg

initial orientation rientation is
stabilized By diowl eewsgcbonddperveispsesaere effea apdlonsisricrTaonBe fuponalsfieet Y t hi s
process, a tet rimbee bad gap QRO DM aMNthd Molbudeti@ge) the dBsirbdlettRalic sstwell Bepticat progr v |

nEt hane pOSI ti OQxes o-F FR?m&QoIﬁL 3%%¥ellp gcQ S 1 tungthMJle@lﬁallj LOQfohr&tIJHG}QJﬁmtemmaﬁcbe p- and

n-el ectrons are no ocal | zed over ernmost part of t
mol ecul e. Thi s HEr t“F?éméeF‘f'aéE‘{mﬁ‘f’“ f°’§ﬁr(‘ign|k’id’ﬁ§“ 'E°ﬁ‘?é“gs oylgmbypreri Pt occupi ed
by the el ectr orfgseswhproie biaersmiple-habiliOMD dciliviegfation. fThey imax 7l s wsed af\spacing

bl ue-shi fted coldap m%vm a,raw@pmm dnﬁEn@iBrﬁl swﬁtlhmgr@sxwk”tmedhmacm td ,tabkstogamcess 30
For col ored ink he | i t at 0S| t| fhar ge

mgration just hBee‘E'?XEéFImBH"éS@i’a&‘ '6*?" Iy °%Féclﬂfl"é’le%'%dﬂ1%'§ay 8 °po§|f° ionis
cruci al . Anot hdewingriydrogera heterd agoott(eg., N, §, $ P, F. &b B, antl ), &mtmwgltowmb Pdeagt efper part
of nol ecul e betyARER-reMBned helo@BmI REthBinQGthePWmaed & Msinkadd) ¥ sblighl hydcant angl e
(nomnally 10 o 170 degrees) fromthe upper part of the nolecule. Wen the
i ntra-nol ecul ar" char(]:;es separation reaches a maxi rum di stance, then the
upper nost BArt of t R 1it5Cek brideingesrapke faioneS the rideing ayoup i Pt RO ™PRus, t he

i t-el ectrons oOreonfligatédlriGgs toraciiese mdremmmlmbdndrrlngynelnegrbubmsbe@ﬁy b thedllecul e are

del ocal i zed OVEe. I‘h@r% atUrRR?é NTBS§ P eggb%\?nona?pﬁxpgnfl @Gdast b of MR Ikrided fle@ T hat
for aquantumrrec ani cal ticle in box ze of

the entire nol &QFPEsECg- T‘E‘“’ NW%’I‘?‘C? ﬁé““ﬁa’b"%\ﬁﬂm sfmraéﬁdé’b“t"faf‘}ﬁggﬁrrsébsﬁ@%gﬁdzﬂ i zed,
then the gap b&btomeen the HOMO and LUMO is relatively small. In this case,

the HOVD LUMO gap Ofycfche wias BectORABNAg 28p. The functids 8 8sYroddddB rune the reactivity

of the lactone group of this molecule, which enables the molecule to undergo a smooth charge separation

or recombination (bond breaking or formation, etc.) under the influence of an applied external E-field. The
electron-withdrawing group may be any one of the following: carboxylic acid or its derivatives (e.g., ester
or amide etc.), nitro, nitrile, ketone, aldehyde, sulfone, sulfuric acid or its derivatives, hetero atoms (e.g., F,

30 Cl, etc.) or functional group with at least one of hetero atoms (e.g., F, Cl, Br, N, O and §, etc.), hydrocar—
bon (either saturated or unsaturated) or substituted hydrocarbon.

As with Examples 3 and 4, the general idea is to use modified Crystal-violet-lactone type of
molecules in which the C-O bond of the lactone is sufficiently labile enough and can undergo a bond
breaking and forming (see Examples 5 and 6 above) under the influence of an applied electric field.

35 A positive and a negative charge are generated during the C-O bond breaking process when an
external E-field is applied to the molecule. The resulting charges will be separated and move in oppo-
site directions parallel to the applied external field (both the upper part of the molecule and a lower part

of the molecule). The positively charged upper part of the molecule is completely conjugated, and a
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nol ecule 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
vari ous chem cal groups (J1, J2, J3, J4, 2and W onto the different
aromatic rings of the nolecule. In the case where the | ov&r"Ba%of the

ol ecule is rot @oso%iegwm rel&?ts§ﬁE%Qleqﬁam&gaem&u.urb@amﬁmed £sQonk A\Ghe WRARE, Part of
t he nol ecul e, depen e nature of the chem stbst it uent s (J1,
J2, J3, J4, andEW'd‘biPﬁ'Héd to the upper and |ower parts of the nolecule,
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i nfluence of an gxxl'orce r}"Linternyl Eaﬁgl %gul a]%tllog Dy l:llig[hls f)r ess aRgrr e!ir% garb%ll; Msge of

nol ecul e, a suf f1¢le anp e using
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per pendi CU| ar tg. l-idiﬁ) lElhin%p toﬂZreaLeh@blﬁls%E goBﬂ#t?anéﬂ&%gtaIeQnIﬁé%ltthrng pﬁocgpl ecul es.
Anot her deposition technigue is to sus he nol ecul e

mononer / ol i gomer or “OF) RPEPTES FRERIEN r§"’6‘f°h{) aé‘ﬁ““f’ fistrce;uadet ty 'B‘k‘"“l“i Q%Fﬁ‘e@ﬁlgta%d (e.g.,
reverse roll) ontiedstpiichl, thoweet welt o bighetnoleculs bidsertes evmpleteinednjgaaiod Elpgliaat i igenti-

pol yneri zed (e. cﬁl to thi Yor Maﬁtﬁad&@iah@ﬁ)aﬂ@l@ inQlbbx@ @neNVAE bR lSteH.Ql m GRS hd§re bfShe

SUbJ ected t QS an tr qgcglé N Ihr: & tamat Ot[;(}nseapetﬁlal Ee o¢ llg?ﬁhe betweengpg—lﬁklg(:t rode
may be a t ranspareRtecit ShdlRese: df BT &8 e films
are grown such anhE{Me he&lamlyemullaﬁhls m e $C§4Cb'dﬂ\é9 dapdf t*leolole«t"hé desleeed éo vistd t he

el ectrodes. Thahmlraabnb@sma‘,mmys%é @bmds aﬁl@o &b fohi\equipﬂanelrsmﬁﬁual:as bd tihed3i Ch one

part of the 20 nple PE, art : osi tion by
i nt er mol ecul ar wbs?t‘é“r"%lcatrmu(g)lr}hs?m’édr' S [ gb E a"d &') 'fm the ngtjt}e"ga""f'a&w ‘E"P?J%Jtﬂﬁr e, but

anot her part ofmoepde. HislinereantddOMOd MO gahwil! F‘Um"r"d LRSS ‘thSS b@ﬁmfied WHGSKF t o nove
w t hin the doat ttb mecodt ofttikaii-pandlia Guelkees.. withRafidetx shifiy, Agmécalepde@®s anparehe, & ar e

exanpl es of anqgfhgy, H&Ma%x«@ gapis faf @Lndugf#emﬁnﬁi%recuﬁl&whme batuegmofeol&mam c
col orants. The nol ecul es i ct eé here are differentiated fromthose

earlier nenti orf@ﬂ‘mf%'”é‘kaafﬁﬁ EE PExampl es 3 and 4) in that these nol ecul es
are E-field dependeBtamples Srrad Grshawi two diffeentsstalies of eptesentiligrswitciidhle gielecal andpittes show

two different SimbgSor @ exdindiPRHRE BALAFH IR ps.wura bdrﬁ'one@apé £ Gk cma
wi t hout tgt% gfl uence of ﬁn ext er nal lk’ E@ Jéen i el The upper nost
mol ecul ar €t ucttiFd™T £ ERSPHOT IR e Lanemy Hﬁ&"'“gﬁssﬁgﬂ' PReEFe 4580 g% p st at e
t han t he | ower reisssiochpmitabdepdsition, sy¢hrthatthe prientation axis of the molecules is perpendicular to the plane
of the electrodes used to switch the molecules. Another deposition technique is to suspend the molecule

s

as a monomer/oligomer or solvent-based solution that is thick film coated (e.g., reverse roll) or spin-
coated onto the substrate and subsequently polymerized (e.g., by UV radiation) or dried while the
30 coating is subjected to an electric field that orients the molecule. A top electrode may be a transparent
conductor, such as indium-tin oxide, and the films are grown such that the molecular axis is parallel to

the plane of the electrodes.

INDUSTRIAL APPLICABILITY

35 The field-switchable molecules disclosed herein are expected to find use in electronic ink

applications as well as a variety of visual displays, sensors, and detectors.
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Case 10004619 R111111- 2 R/00 J1 21 3 February 20 G. 2 Wth an external
E-field, the nolecule is polarized due to charge seperation Cone Bond
breaks and charges are W-,,/ ~G ~ 3 separated in the direction of the

E-field J4 An external E-field is applied CH3 Cone Con, CH3 I H
- 3 February 2006

25
CLAIMS

What Is Claimed [s:

1. A switchable medium for a visual display comprising an electric field activated molecular system
configured within an electric field generated by a pair of electrodes, said molecular system having an electric
10 field induced band gap change that occurs via a reversible or irreversible change of extent of the electron
conjugation in the molecule via chemical bonding change to change the band gap, wherein in a first state, there
is conjugation throughout the molecular system, resulting in a first band gap, and wherein in a second state, the

conjugation is changed, resulting in a second band gap, where said second band gap is larger than said first band

£4p.

2. The switchable medium of Claim 1 wherein said change of conjugation is accomplished by charge

separation or recombination accompanied by increasing or decreasing molecular electronic state localization.

3. The switchable medium of Claim 2 wherein said molecular system comprises
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\ Gl \J2 The nolecule is charge- neutral in the absence of an external
E-field Exanple 5 5 Case 10004619 22 J5 N Con, U 3 February 2006 CH3 - Con2
QG J 2 ------------ - Under an externa E-field, -02C J3 the nolecule

is polarized due to charge separation w After the E fi éFegP"ex2i0%npved
Charge reconbi nati on CH 3 Con, o

o)

&O
N
Js N~ X }_ ]
;N / G1 2 3
Jq Ja
J1 w

Optical State |

E-Field Direction l ] E-Field Direction

t o— -

- 0
+ Ka—>=/8‘
- T
Js\;\l\‘ \} N G }J3
Ve J2
Ji W

- —»

E-Field Direction J ] E-Field Direction

+ — -

0
== N

Js. + S N -J
74 J2

J1 W

Optical State I

where:
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Example 6 51 Con2 \ N Wthout the external E-field, the nolecul e becones
charge-neutral after charge reconbination G J2 where: The leiter Qis
used here to designate a connecting unit ?between two phenyl rings. It can
be any one of following: S, 0, NH, NR hydrocarbon, or s%fﬁ%‘taiytz&)f’ed

hydr ocar bon. 10 They| Btif, &rasd Q&Bm@@ou@&ﬁo@&& QR oheQPRdpridiOdsuail leffegdt sgf OUPS

bet ween one nol l&%y L'rg'n QD%E?Q@\EQ?&’ of mqocl ve eHect? re(s?gnanlge ctﬂ‘é@seﬂd Qengg&egtg "éxlnﬁ and a

solid substrat nor gani c_or
10004619 23 3 Fzé"ﬂwa?%fe'ﬁef fiprg ‘he§1°?Paf€'é‘5“"ét’fda>)hyd'°Fﬁ‘eS}°) 'i*fﬁg? ES iiﬁg}edoﬁﬁ@ “Bf the

foll owi ng: hydreogewnsistigoONughs.&, Biyd?l.dyed 1160 fudktionalgeups wish @ teshee of (3id Istero N, O,
S, P, etc.) sor folpeh !ﬂﬂé& orgﬁsmm&i hWchJFbo@st anb éﬁsﬁﬁsm&iﬂ%y«ﬂfaar@h&ove rrent l oned
hetero atons (e.g bons (e

unsat ur at ed) or subgt‘f {’ Eﬂdé'&g 45%)'81‘ ?Cb%r‘fgst e ’Fab% f"@? Qe %’eve { Sf”ﬁzc r°'3‘|’or esent
spaci ng groups pham, kaid brifging stohre selvesddefion |the grodfheansisting of (alitero fatomzslsgted figmdhsacer
units is to pr @mhaensmga@pbwm@t@ fudctichlal BRUDSsiw@iaR leasBdn@d b4 heterb Gonks(c)@hrk-OW t he

nol ecul es to pagk h whil e prov ot ati onal space for the |ower
part of the mol' e unsam%ﬁéh et rﬁand(‘ﬁs‘&thgd%%m{aﬁms dg | | owi ng: hydrogen,

hydr ocar bortd (eit he}” '%‘"‘af't’:ﬁ“&’t"é d’ﬁ?““&&f‘?%ﬁ’&i‘“&‘% reRgy Vit f the et bveride grotyphiEBce ar bons.
The letters J, moB@iar Jgem, JichandledBid melpuigssitn ¢ widrgeg sgroduipeee aparition or¢-0 t he
ol ecul e. The fupghidoR Bho fpplichdd Saili MO Berd mtera&m.( @nhqmwmglgmugﬁoted% adHR,
GOOH, CN. nitr %foupec%nsmt?ng ofs(a) carbo?yh((:)t\l{:!dqned 1t?5!3m?ap €s, 8)?mtro Ec) nitrile, I?dg ketone, (e) aldehyde,

() sulfone, (g) sulfuric acid and its derivatives, (h) hetero atoms selected from the group consisting of

15 F,CLBrN,O,andS, and (i) functional groups with at least one of said hetero atoms.

4. The switchable medium of Claim 2 wherein said molecular system comprises
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10 tional effect (e.g. both inductive and resonance effects) and/or steric
effects. The functional effect is to tune the band gap (AEHOMO /LuMD of
the nolecule to get the desired el ectroni® as well as optical prop- erties
of the nolecule. The steric effect is to tune the nnlecupgﬁnﬁﬁﬁpﬁrnation

t hrough steric hindrance, inter- or intra-nolecular interaction forces
(e.g., hydrogen bondi ng" Coul onb i \\acgju- vaQ der Waals forces) to
provide bi- or mulstipleg \gbil " igntation. They may al so
be used as spaci ng N 4 > pr owi=de anGapp ¥ i ate 3-di mensi onal
scaffolding to al |[6w t pack togééﬁg’ Stalﬁli |l e providing
rotational space tor ththomer part of the nol éCule. ey may be any one of
the fol- |ow ng: hydrogen, hetero atom(e.g., N, 0, S, P, B, F, d, Br, and
), functional group with at |east one of above-nentioned hetero atom

hydr ocarbon (either saturated orjunsIturated) or substituted hydrocar- bon.

20 The letter G is a briddipg grjoup| e function of the bridging group is
to connect two or nore conjugatdgd rigngs to achieve a desired chronophore.
The bridging group nay be any one of the follow ing: hetero atons (e.g.,

N, 0, S, P, etc.) or functional groups wtlat |east one of above-nentioned
het- ero atons (e.g., NH or NHNH, etc.), drocarbon (either saturated or
unsaturated) or substituy e letter Wis an
electron-mﬁthdramUQg prpup is to tune the
reactivity of the |\ 1 : ule, Whi ch enabl es the

nol ecul e to undergg a syipofh charge geparation  or reconbi nati on (bond
breaki ng or fornmatton, egc.) under the influence of an applied external
E-field. The electron-mnfhdramjng group may be any one of the foll ow ng:
carboxylic acid or its derivatives (e%g., ester or amde etc.), nitro,

nitrile, ketone, aldehyde, sul e, sulfyric acid or its derivatives,
hetero atons (e.g., F, 30 d, etc.) o unctional group with at |east one
of hetero atons (e.g., F, d, Br, N, O and' ' S, etc.), hydrocar- bon (either
saturated or unsaturated) or substituted drocarbon. As with Exanples 3
and 4, the general idea is to use ifiedNCr al -violet-lactone type of
nol ecul es in whigh the-G-0O bo th ct "nﬁufficiently | abil e
enough and can undgragg br &aki/ng or d (see Exanples 5 and 6
above) under the i o of an applied electfic field. 35 A positive and
a negative chargdsare gererated duri’ng the C-B HQ %ugéﬂaking process when
an external E-field isJapplied to the nolecu 8féghe resulting charges will
be separated and nove in oppo- site directions parallel to the applied
external field (both the upper part of the nolecule and a | ower part

where: _
3y, J2, I3, J4 and Js are tuning groups to provide at least one appropriate functional effect se-
5 lected from the group consisting of inductive effects, resonance effects, and steric effects, said tuning
groups being selected from the group consisting of (a) hydrogen, (b) hetero atoms selected from the
group consisting of N, O, S, P, B, F, Cl, Br and I, (c) functional groups with at least one of said hetero
atoms, (d) saturated or unsaturated hydrocarbons, and (e) substituted hydrocarbons;
G, is a bridging group to connect at least two conjugated rings to achieve a desired chromo-
10 phore, said bridging group selected from the group consisting of (a) hetero atoms selected from the
group consisting of N, O, S, and P, (b) functional groups with at least one of said hetero atoms, (¢} satu-
rated or unsaturated hydrocarbons, and (d) substituted hydrocarbons; and

M is selected from the group consisting of transition metals, their halogen complexes, H’, and

Lewis acids.
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of the nolecule). The positively charged upper part of the nolecule is
conpl etely conjugated, and a Case 10004619 24 3 February 2006 col or
(red-shift) results (see Exanple 5). This colored state will be naintai ned
as long as the externally E-field is applied. Wien the external E-field is
renoved (Exanple 6), the positive charge on the upper part 3&trRe%%mp| ecul e
will migrate to the center part of the #blecule (tri-aryl methane position)
fromthe side of the 5 nolecule through the non-bonding el ectron, or

n-electro n, or 5 t Tﬁe! s@ﬁ'(;hgb@e"}neam ofrt(i)ﬂn pgﬂ%nqu &Lﬁgsfrc Qi@xll Q ac@@tlph%aftﬂy Qrﬁnge
Li kew se, the negat i ve charged | ower part of ﬁecu le will tend to nove

cl oser to theateqt @WNWHQP“ﬁﬂFPEFﬂhPﬁ?ﬁﬂ@ﬁm@V@°ﬁﬁﬁﬁ*?3?%?lon and a C O bond
formati on anechbhan ge rbedordkingatmabing. r esul ted due to the force of internal
E-field and Coul onb attraction. During this process, a tetrahedral carbon
(an insu- lator for tr net hane i nded
conj ugati on of DBEEI’ b%}?l{ r(r)l%lug]f { a1m % ? ré/ n fald rﬂ_ ecu ar sgs%rsn 1£clu(ag§_|ah(£r Beoor%xotfg

ef fect of &hpiethiingbik h@umaz@amndergpea boes] Wg@e@m@&hwwn?@f@} @e'teﬂ Ei?fglc vvh| ch
causes t hﬁelh@é@ylﬂl&mggﬁﬁchﬁr@e bR L RASEsonjyatih VR cifhich b@ding iRt toGkanderti@Bapar ent
state W%II result during this process. Wen the charge separation reaches
a maxi num &'st ance under the influence of externally ap plied E-field, the
upper nost part of the nol ecul e becones conpletely conjugated. The ef f ect
is identi- cal 10T ThdatchibGrmegiuguEdinfwethanhndablapmemicohmeisasn a box: when the

box is equal in size to the size of the 15 entire nolecule, i.e., when the
p- and n-electrons are fully delocalized, then the gap between the HOMO and
LUMOis relatively small. In this case, the HOMO LUMO gap of the nol ecule

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
chem cal groups (J1, J2, J3, J4, J5 and W into the different aromatic
rings of the nolecule. The increased HOMO LUMO gap will correspond to a
color that is blue-shifted with respect 20 to the color of the all-parallel
structure. Wth sufficient shifting, the nolecul e becones transparent, if
t he new HOMO- LUMO gap is | arge enough. Thus, the nolecule is swtchable
between two colors or fromone color to a transparent state. Exanples 5
and 6 show two different states of a representative sw tchable nol ecul e
under the influence of an externally applied E-field. For this particul ar
type of nolecule, a sufficiently thick no-
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25 lecular filmis grown, for exanple using Langnuir-Bl odgett techni ques,
vapor phase deposition, or electrochem cal deposition, such that the
orientation axis of the nolecules is perp¥ndicular to the plane of the

el ectrodes used to switch the nol ecul es. Anot her deposit P&% 8&Rhi que is to
suspend the nolecule as a nononer/oligoner or so]vent-based sol ution that

is thick filmcoated (e.g., reverse roll) Jar. spin- coated onto the
substrate and subsequent]y polynerlzed ?b oy UV radiation) or dried
whil e the 30 coating lubj et el Lo~ ic field that orients the

nol ecule. A top ep~
indiumtin oxidej* e B g '
parallel to t he: pl &he of;{@g eI*ctmpdes. INDUSTRIAL APPLI CABI LI TY 35 The
fiel d-sw tchabl e nolRCul®s di sq ed herein are expected to find use in
el ectronic ink appllcatlons assuehl, as a variety of visual displays,
sensors, and detectors. Case 10004619 3 February 2006 25 CLAIMS 5 What |s
Claimed Is: 1. A switchable nedijumfor a visual display conprising an
electric field activated nol ecullar system, configured within an electric

:nsparent conductor such as

field generated:Qy a pair of electrodeg, mof ecul ar system havi ng an
electric 10 fleld i nd cad ba d gap chapge (hmecurs via a reversible or
i rreversi bl e change © el 6ctr conjugation in the nolecule

via chem cal bondi®ig L change the band gap, wherein in a first
state, there |s+cq91 gahlon th ghout the mol ecul ar system resulting in
a first band gap, a@' whet ein i a“second state, ithe conjugation is
changed, resultiing in a second and gap, where sald second band gap is

| arger than said,first band g#p. 15 2. The swit-chable mediumof Caim1l
wherein said change of conjugation is acconplished by charge separation or
reconbi nati on acconpani ed by in¢reasing or decreasing nol ecul ar el ectronic

state localization. 3. The switchable nediumof Caim?2 wherein said

nol ecul ar system conpri ses . S L

: CHy' |

; aQ ,l\‘ Cony g

B E \G1 / El

2 ’
' i

where:
Q is a connecting unit between two phenyl rings and is selected from the group consisting of S,
5 O, NH, NR, hydrocarbon, or substituted hydrocarbon;
Con, and Con; are optional connecting units between one molecule and another molecule or
between a molecule and a solid substrate, said connecting units independently selected from the group

consisting of: (a) hydrogen (utilizing a hydrogen bond), (b) multivalent hetero atoms selected from the
Case 10004619



Case 10004619 J5\ N J/ / E-Field Direction E-Field Direction 26 E-Field
Direction O + E-Field Direction C J2 JI WOptical State Il where: 3
February 2006 Case 10004619 27 3 February! 2006 J,, J2, J3, J4 and J5 are
tuning groups to provide at |east one appropriate functidf&dl&ff%ct se-

| ected from t herogy BRGNS NSO SN@d Bic) funddlohaltgrou c@ifaiBEdhis heteremonadcauradf ect s,

and steric effects Ld tuni I ' sel ected fromthe group
consi sting of C&T”ﬁ?%?@ggﬁf°f%%”ﬂg?§§%§§$§%§9§b|ected fromthe. group

consi sting of N, O, RQnd R aregpacipg grqups, usqdto pqyige fn 2pRropyaterSpfifpepsiop) P °$df’8LPp’g with at
| east one of saiwtndelle fopack togiteOrBe providing ®@tansl spece Gr oart ofits aolggulzt seid spacing
hydrocarbons, qRghs 68 imabHamibdr} 4Rl Y EE ERLRMAE of: (B hydrSzerid (DPSafuM@E HUns@i-oUP O

connect at | east E] conj ugg ed.rin to achieve a desired chronpb- phore

. . . e 0 t'tutedhgdS bons; . . P !
said bridging ¢ 8%3% §oR% §"1”‘?5(‘)mt &°Gr6tp consisting of (a) hetero atonms
sel ected fromthe JuJJs and J, are tuning groups to provide at least one appropriate functional effect selected

from the group consisting of inductive effects, resonance effects, and steric effects, said tuning groups
being selected from the group consisting of (a) hydrogen, (b) hetero atoms selected from the group con-

10 sisting of N, O, S, P, B, F, Cl, Br and |, (c) functional groups with at least one of said hetero atoms, (d)
saturated or unsaturated hydrocarbons, and (e) substituted hydrocarbons;

G, is a bridging group to connect at least two conjugated rings to achieve a desired chromo-
phore, said bridging group selected from the group consisting of (a) hetero atoms selected from the
group consisting of N, O, S, and P, (b) functional groups with at least one of said hetero atoms, (c) satu-

15 rated or unsaturated hydrocarbons, and (d) substituted hydrocarbons; and

W is an electron-withdrawing group for tuning reactivity of the maleic anhydride group of said
molecular system, which enables said molecular system to undergo a smooth charge separation or re-
combination upon application of said electric field, said electron-withdrawing group selected from the
group consisting of (a) carboxylic acid and its derivatives, (b) nitro, (c) nitrile, (d) ketone, (e) aldehyde,

20 (f) sulfone, (g) sulfuric acid and its derivatives, (h) hetero atoms selected from the group consisting of

F, Cl, Br, N, O, and S, and (i) functional groups with at least one of said hetero atoms.

8. The switchable medium of Claim 6 wherein said molecular system comprises
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group consisting of N, 0, S, and P, (b) functional groups with at |east one
of said hetero atons, (c) satu- rated or unsaturated hydrocarbons, and (d)
substituted hydrocarbons; and 10 Wis an3&l ectron-w thdraw ng group for
tuning reactivity of the maleic anhydride group of said 3@6?@%%Wér system
whi ch enabl es said nol ecul ar systemto undergo a snooth charge separation
or re- conbinatian upon application of saikl electric field, said

el ectron-w thdraw ng group selected fromt oup consisting of (a)
carboxylic acid and its Heriyatieess (b , (c) nitrile, (d) ketone,

(e) al dehyde, (ﬁ¢m1' i*cCacid andiits derivatives, (h)
hetero atons sel ect ed~{#c , onsisting of 15 F, d, Br, N, 0, and
S, and (i) functiong. ¢ , it agsleast one of:said hetero atons. 4. The
swi t chabl e nmedi um ofrCl ai vérgi n sai d nol ecul ar system conpri ses Case
10004619 28 J5\ N J4 3 February 2006 J1 - M+ - My J5\+ N J4 M+ M |

where: J,, J2, J3, J4 and J5 are tuH?ng groups to provide at |east one
appropriate functional effect sj- 5 lected fromthe group consisting of

i nductive effects, resonance efflects, and,steric effects, said tuning

groups being sel.ected fromthe droup c&gs# i{ng aof (a) hydrogen, (b) hetero
atons sel ected fifomthey, | /JfﬁEPCmﬂ
¢ v

N. :
i Q Gj E
i +O
: " H 07 \Ja ;
Wiy '

where:
Q is a connecting unit between two pheny! rings and is selected from the group consisting of S,
5 0, NH, NR, hydrocarbon, or substituted hydrocarbon;
Con, and Con; are optional connecting units between one molecule aqd another molecule or

between a molecule and a solid substrate, said connecting units independently selected from the group
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group consisting of N, 0, S, P, B, F, d, Br and I, (c) functional groups
wth at | east one of said hetero atons, (d) saturated or unsaturated
hydr ocar bons, and (e) substituted hydrocafbons; G is a bridging group to
connect at |east two conjugated rings to achieve a desiréd=ehyéNd- 10

phore, said bri ebgdisisg of (a) hiaroged (uliiing d hydfogsibdnfyA(b)JtulivglenCiR@S i sElgte@fron{ 9 het er o
atonms sel ected %rgugmnglgiﬁg of @rIQIé)OS Qﬁqs{c)sfmctﬂ)gal qupuontzgmnggmd l@@rq atE)ms (dps)atuxfat'e’cp(:t i onal

groups with at one of 'said ero atoms, (c) satu- rated o
unsat ur at ed hydP"dEsaHshrocabs. ind o) whiiued aER® hy dr ocar bons:  and M is
sel ected fromthe grRowd Reangaci gmgs, 0fed © p@yidsiat ippropriate B- anknsmortahedffpldiMb ggen

co nP' ﬁx Els |_b 4i BW glolethles\% @cl@géem whlgﬁl%ﬁdlr;lg(;)&w&l@ll‘:&ce?t& aiar‘: o tﬂE H@JcMe gam&c@g The
SW tchabl e nedl U m n _sal
la%mda ;())efrlrcle%t % electfde t]ro]m t}{e I%roup consmﬂe%o% (8 O)ﬁirogfnj (%'ng%x ate(a r unsa

acconpl i shed by®¢Raf con ecul ar
el ectroni c st at teigd hyfrecarddng pryde) subgsitifed byidiogarbens; 5 reconbl nati on and 2t-bond
breaki ng or maki ng. 1512 1T B J Savd tlinthB) @blpEto PR dde Wi TRa@ bneGppadphateunadved &feqt searkdd

mol ecul ar syst emnl tEL 39 §s:sﬂ1r(g(8? Qiugtlglp gﬂ'e%f regnam!e @f(;etctg fa sten?\;ffeétsssaxld @upl'né §ou§{' ou g h

and can undergo a rea % presence of an a
electric f]r%l doeing ﬁﬁ?‘?lﬁ‘;‘?‘“ fhﬁéf&‘t',’lc?‘i‘@“@%t‘if&)'ty 8?&'{:18’) 'i‘if“taﬁ@s greed fropfe %‘B‘PlF“ﬁgatl on
via chem cal bosrdigefN.Chamgs F1@, Br eihge fupdienalizermd witl2D legseqoe of Faid hifttre atenpsi (chabl e

nedi um of C ai r@aﬁramﬁ,ggn&tegydq,cmj,seﬁydeﬁﬁbstﬁyeagﬁmmﬂpr i ses Case 10004619 30

J, Gon, + N -'Q- Gl is a%ﬁdgmg group to connect at least two conjugated rings to achieve a desired chromo-

phore, said bridging group selected from the group consisting of (a) hetero atoms selected from the

15 group consisting of N, O, S, and P, (b) functional groups with at least one of said hetero atoms, (c) satu-
rated or unsaturated hydrocarbons, and (d) substituted hydrocarbons; and

W is an electron-withdrawing group for tuning reactivity of the maleic anhydride group of said

molecular system, which enables said molecular system to undergo a smooth charge separation or re-

combination upon application of said electric field, said electron-withdrawing group selected from the

20 group consisting of (a) carboxylic acid and its derivatives, (b) nitro, (c) nitrile, (d) ketone, (e) aldehyde,

(f) sulfone, (g) sulfuric acid and its derivatives, (h) hetero atoms selected from the group consisting of

F, Cl, Br, N, O, and S, and (i) functional groups with at least one of said hetero atoms.

9. The switchable medium of Claim 6 wherein said molecular system comprises
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R J4 + Rt,..... O WJs RZJ4,.... Owhere: NN + GN, Cone; Cone 1 p
-f-Con,! 3 February 2006 Cis. Cone Qis a connecting unit between two
phenyl rings and is selected fromthe gro¥#p consisting of S, 5 0, NH, NR
hydrocarbon, or substituted hydrocarbon: Con, and Cone ar&®p?r¥hal
connecting units between one nol ecul e and anot her ol ecul r between a
nol ecul e and a selid substrates said connecting unflis | depe dgntl

sel ected fromthé group conskftlng of Q@) hydrog (utidizi 8n%ydrogen
bond), (b) multival ent ; 0004619 31 3
February 2006 gr%HR .nd P, (c) f whct i onal groups
containing said heter- unsaturated hydrocarbons,
and (e) substltuted hydrucarbons e spacing groups, usbd to

pack together while ﬁg
sai d spacing

+:

An external E-field is applied

/‘ o

E Cony ; O
R1|llln : J3
Rs Js W
(0]
where:

5 Q is a connecting unit between two phenyl rings and is selected from the group consisting of S,

0, NH, NR, hydrocarbon, or substituted hydrocarbon;

Con, and Con, are optional connecting units between one molecule and another molecule or
between a molecule and a solid substrate, said connecting units independently selected from the group
consisting of: (a) hydrogen (utilizing a hydrogen bond), (b) multivalent hetero atoms selected from the

10  group consisting of C, N, O, S, and P, (c) functional groups containing said hetero atoms, (d) saturated

or unsaturated hydrocarbons, and (e) substituted hydrocarbons;
Case 10004619



5 groups being independently selected fromthe group consisting of. (a)
hydr ogen, (b) saturated or unsatu- rated hydrocarbons, and (c) substituted
hydrocarbons; J,, J2, J3, and J4 are tuni3hg groups to provide at |east one
appropriate functional effect selected from the group cOASTEYPNg of

i nductive effects, REHARAACPacR] Fr@FS Ged taprolids tredpprepriad F-dedngonalsartfeldidguail-ng
groups . belng S6l 8668, Jaarmg%ﬁ?w}ag R0 3 8l e © o otk YT pacilD)

hetero atoms sefec roup con F,
a, Br and I, (&'é‘)“PSbefPﬁ:‘H"RﬁPf’é'I“y ﬁl‘ ﬁgmw %’PPPé‘t"S'ﬁ“%ge?i f“‘p@ﬁfége&#'i) §aé“’aéf§h’ “{‘%‘P o at ons,
(d) saturated r@¢d hydigearbans, atdex)isubsytdtemaocbbws and (e) substituted

hydr ocarb ons, G is 185, b.,l’ Iy dgih ﬂgre %Qéjgmﬁapto QQMQQEast@ﬁe ab@ébhilte fulonBl@cigrat ed

rings to achleveade5|re i n S ted from
the group consi'&tf g Bf g’("k&)““ﬁ%‘f‘%;’?(‘f’d‘%f"’cf Séas é s°"a °“ c?ga“d er e{‘%l‘“grgéﬁ\lmﬁ'%

consi sting of Nyoufd beifi sl fiom the lgfpupf agsisting Gﬁ‘a)l hyﬁ%@u@é"%"t%’m&fe@t@a@ﬂ ®ne of
said hetero at ?ﬂﬁp co(xsﬂs)mgsyakw 5,58, I At18 2, (Y MBAbLT BB ity (a0 o@pbEmER0and ( d)
ro

substituted hy [o ns. . A4t gmnpg group for tuning
reactivity of the ﬁéfi&%d %ﬁﬂ\éﬁ/\#&% Qé}%oﬁp%%egs td dhljm{c whi ch

I syste
enabl es saild ol eculCaf a§5¢§l“%¥f‘?“?é? Wﬁfé?‘éeé’)s‘ 3"°§??ﬁ‘8"feﬁ “‘&?hﬁra(é*‘ evesaede%i%‘; e g%”l or re-
conbi nati on upq:lhorapepd bricigitg goanp efectsizfiond tee| gegh gopsistinigjof{aheteroptoghs selected from the

el ectron-w t hdr EsistiQER, 05§ krﬁ@t(gqlmttro%&ubﬁvlth @le@tigde Gf@é’i&lleﬁfolaiﬁ@s, @f sat-a)

b [ i dit t tril d) ket
carbonyl 1o 21 dutL o IS Ak bkl 1 L1 (6 Ketone

hetero atons sel ect dis fmelseor-idhdyyieg group.forieiing fepcfiry effthe mpleic yhydriggeroungfsay’ ang s
and (i) funofi le;ulﬂﬁﬁkmsvhm dnbbleataidnRREar 98N 16 fnd@gi admbret darge sgtadtivs or 18. The

sw t chabl e medi um.o S ks Case
combmaIl(N up%n amlcatxon oﬁax&lgtr&%ﬂ saHlee%H vafafdra@x?é ﬁR.lg" &b PSR

10004619 32 Con I—l
group consisting of (a) carboxyhc acid and its denvatlves (b) mtro (c) mtrlle (d) ketone (e) dehyde,

(f) sulfone, (g) sulfuric acid and its derivatives, (h) hetero atoms selected from the group consisting of
F, Cl, Br, N, O, and S, and (i) functional groups with at least one of said hetero atoms.
20

10. The switchable medium of Claim 6 wherein said molecular system comprises
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Con, NJ~'" + Rr,..... VWA 10 Js - ' R2 J4 where: C0112 3 February 2006 Qis
a connecting unit between two phenyl rings and is selected fromthe group
consisting of S, 5 0, NH, NR hydrocarbdh, or substituted hydrocarbon;
Con, and Cone are optional connecting units between one rdFEEHP¥%and
another nolecule or between a nolecule and a solid subsy sai d
connecting units independentl|y selected fromthe é?"bup [ Con2' NG
J2 d-b Con-,!:: N Jg@ CS Cone NG .0 Case 1QQ0461 3 8'Pfr§uary 2006
consi sting of (&) hydr N g e Ny S \Jrrultivgal ent

" .

-+----------
o0
NegE
Cmm
n
o)
N
(@]

ﬂ After the E-field is removed
CHs
| —Conz
Q P N ~
G1 \ Y
2

C+ :
s J3
> :

0
: (|-7H3 /‘—Conz
: Q N ;
‘ SN .
; G N :
| o |
: J3 :
0 ;.

where:

Q is a connecting unit between two phenyl rings and is selected from the group consisting of S,

5 O, NH, NR, hydrocarbon, or substituted hydrocarbon;
Con, and Con, are optional connecting units between one molecule and another molecule or

between a molecule and a solid substrate, said connecting units independently selected from the group
consisting of: (a) hydrogen (utilizing a hydrogen bond), (b) multivalent hetero atoms selected from the
group consisting of C, N, O, S, and P, () functional groups containing said hetero atoms, (d) saturated

10 or unsaturated hydrocarbons, and (e) substituted hydrocarbons;
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group consisting of C N 0, S and P, (c) functional groups containing
said hetero atoms, (d) saturated or unsaturated hydrocarbons, and (e)
substituted hydrocarbons; R and R2 are spaci ng groups, used to provide an
appropriate 3-dinensional scaffolding to al- 5 | ow nol ecul es to pack
together while providing rotational space for a part of tﬁﬁ%WBﬂé@%le sai d
spaci ng groups being i ndependently sePected fromthe group consisting of.
(a) hydrogen, (b) saturated or unsatu- rated hydrocarbons, and (c)

substi tuted hygl‘ Qn%q{ 9en ac n‘g ’group12used‘]t§ 1proai@éjan‘]a6pr§;ﬁ'1§u, t%-'dﬂiexﬂgmeg kdtidkingt 16 alpvOVi de

at | east one appropri at fanct onal ef t | e
consi sti ngrotseulss frcRiet tpsFierathile prpvdding rastig L?ché (Zr]? fpa'?f’ 8 nd BT, 8e Sgld gpagr[éf#og

sai d t uni ngng indeppaentl Geldoed Migmsted eretreednsistiageft [§2:) hgﬁrqgepp (@Oslqtgria@{ N @nsﬁnrrattda)
hydr ogen, CI(/QQWP&%%W %g;{[@edgy@%@gﬁo@p fromthe group con sisting of N, 0, S,
ona u
Ty an m&l ét %ra%l uning %rouga{o p%wge ag %eﬁs\(modf’ Qppat;p Jt@fﬁr%:tlongl@%ecpielee%@l' d

hetero atom; fld)J2 urate ocar ons 3

subst i t ut gamhlechrop ambivingof ll&ucnr’eseffac“bfefoﬂﬁFerFéfe‘@sr %?ﬂ ﬁ‘erfccfffécéfnﬁélé'fmnétgr PE&EEE ¢ wo
conj ugat edcikkcagsm hOeraphineivtag & (4 egiroe@d bhhtero amms spirad Gom Hhagrduplgerisislys pfg% Gr oup
sel ect ﬁ)d f§’ 9@ P f&? ngngriec&lﬁ&&%ﬁazén&u%lﬂ tléa%"t)or)lerb?gaﬁrhg r@-glt@ﬁ@(dﬁs@&lﬁ@d &dnshirrén t he

15 group consr st functional groups with at | east
one of salbéidfPféltb‘é‘FG“déf)é‘f?ét“““(d&dr"%{‘foﬂs rated or unsaturated hydrocarbons, and
(d) substitut ed hydrdgoaphensonasid: 1§ caruzatbdiings to prhigyetaidertr el g orgo &y f or

\tAHnl Rg r egof;,gglaél g;(Mp gfectgdhﬁ,mrml gﬁ,h&coasﬂhagd)f lafiRte@raRuPscREtedImindhe grDp @odustiarof §y st em
Ich ena efsia?nlg (bn?unctlonal 60up5§.¥81 GMels or}éno.qu{lcg e §m0$c|51 sdnPAd AL uSeRAEAt | on

or re- conbi u on ap I on of sal ectric field, said
el ect r on- vhyﬂrbfdwbawamgdwt@tuwedwf@@t’@ﬂ afdr om t he 20 group consisting of (a)
carboxylic aci dvv angl dickiSon S@Rdrabaizi @S for (ing Meattiviey, of (1) makid mihydgde grolp Ketibne,

(e) al dehyd o?écular Séz sul fcgnglable%gs)cnd sr}rglefcﬁ'fe{r s?sté?rp Itod ulﬂlg‘go ' ts?nogtﬁrdhéfé’et Ee)!z@ﬁlon oh)

het ero at ons C rom roup cohsisting % Nie o9 and S,
and (i) f urmemp efﬁ%n up@w@ﬂﬁ@owfﬁﬂd ftcmr 8%{% fa‘dof‘r‘\eé“"e} & %Pgﬁ % Se‘e“" i 28 Th

swi t chabl ecomdigwnianfirbGYiiathi §id whderieiives, anigo. f?brll@@uﬁ)akFtO@yS)ta@W@dﬁﬁ&“f°§ﬁ‘e‘§) Case
100046%(9 %lfLRJI ;élxi]%d its derl\azve{,l (h; fetero atoms selected from the group consisting of F, ClI, Br, N, O, and S,

and (i) functional groups with at least one of said hetero ators.

11. The switchable medium of Claim 1 wherein said molecular system is bi-stable, which provides a

non-volatile component.

25
12. The switchable medium of Claim 1 wherein said molecular system has essentially an activation

barrier between different states that is sufficiently low to provide a fast, but volatile, switch.

13. The switchable medium of Claim 1 wherein said molecular system has more than two switchable
30 states, such that optical properties of said molecular system can be tuned by either continuously by application

of a decreasing or increasing electric field to form a volatile switch or the color is changed abruptly by the

application of voltage pulses to a switch with at least one activation barrier.

14. The switchable medium of Claim 1 wherein said molecular system changes between a transparent

35 state and a colored state.

15. The switchable medium of Claim 1 wherein said molecular system changes between one colored

state and another colored state.
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O -] ~ An external E-field is applied Con, Cone where: 5 Qis a connecting
unit between two phenyl rings and is selected fromthe group consisting of
S, 0, NH, NR hydrocarbon, or substituted hydrocarbon; Con, and Cone are
optional connecting units between one nol ecul e and anot her nol ecul e or
between a nol ecul e and a solid substrate, said connecti ng 3JRita 200

i ndependent |y selected fromthe group 3’8onsisting of. (a) hydrogen
(utilizing a hydr ogereldend)nk ifcldingn lelbdtriceield adtivted e leailaasyg s cogiduesd widlth f1r om t he
10 group gl@éﬁ%‘fﬁid'gghgratgg by Grpaifbe elBotrodds, s bidRular 6yGtem halis bl QIR fidl! iBUPA b&A@Bdpal Ni Ng

said hetero atons, (d) saturated or unsaturat dr ocar bon nd (e)
subst i t ut &§"4yHF ‘if&”éfrvb%aﬂ%v;ers‘gle Eéﬁ?vﬁrzsil%c%ﬁ ?eﬁﬁ'@ Of‘é%’negexmﬂl Coélug%ﬁn Tas 310%(5'%046 19
35 3 Fébr yarckemRa®endinRilangy tRrange e bandedp ridergp SLDES SEs dyretioropreaim deeughvt

appr opri atR m3reiaBEsh, addding St 0dn6lkdpGand Gheddin ih DMcdDItLC thk edjubadiopackangedget her
whi | e providing rotatiagnal s : - , said spacing
gr oups beireﬁlgtmlg%cfesf)cgﬁj %n(r%tg%’yw%%ﬁgag% %%EC% tr%%dro%% l%g%érrt%ﬂgldg%k%?s al?ng of (a)

hydr ogen, (b) saturated or unsatu- rated hydrocarbons, and (c) substituted
hydr ocar bons; 5. Jhe eldtRoniclitk, of Iajm aehedm said ehabad i ergjugpriauip sccqnplighedoyi chieeat

| east Qne aRRLP Wréc@n%tﬁnafldﬁa&gﬂqﬂméd by GkEBSRE or %&feaslin? abiedaf dicoknic Bite Qéa@idfbn.
consisting of inductive effects, resonance effects, and steric effects,
said tuning groups being selected fromthe group consisting of (a)
hydrogen, (b) h¥etThy decimising o5l Maertindid felsivat pidem @Pelsss consisting of N, 0, S,
P, B F, d, Br and I, (c) functional greups with at |east one of said

hetero Z\O
N No
s‘N\
Js N J
N @ 9 :
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atons, (d) saturated or unsaturated hydrocarbons, and (e) substituted

hydr ocarbons; 10 G is a bridging group to connect at |east two conjugated
rings to achieve a desired chrono- phore, said bridging group selected from
the group consisting of (a) hetero atons selected fromthe grou

consisting of N, 0, S, and P, (b) functional groups with atf" %one of
said hetero atons, (c) satu- rated or {hsat ur at ed hydr ocar bons, and (d)
substi t ut ederhydrocar bons; and Wis an el ectron-w thdrawi ng group for tuning

reactivity of t] hJe Jm?'4| aﬁ!i £ ar@ﬂxhl){ggrbugﬁto %@&éﬁt 10t oﬁﬁdpgoprlatgfu%ﬁblﬁCdﬂfE(ﬁifele&gtﬁ‘foﬁhm

whi ch enabl es said ul ar _system nm ation
or re- cort5isiouk (ioejsrtftntgﬁglﬁ u&tﬁ/ﬁf:ffeététreisogﬁnce %fecstsa?n stgr e%ttcé salg)#unm gg(ﬁlgsgo%mggfgagd

el ect r on- Viothid g@wi agisgnzolip hedteet theltteforas %e’ﬁ@ed fign gy grogsAEIFEErt Oof P( &)
car boxyl i G, @de arﬁrld(c tuBctilRl rMBt WMES leadt R)e oFishidl Bgterd ﬁ)msn[dt) gaturaged of disatk@¢done,

(e) al deh%?ﬁécgr&(f%él%diﬁsti_bC%ltu?e’d%l%lg)Célrbsolﬁlsl furic acid and i ts der| vat| ves, (h)

hetero at rom group consisting o ‘H’EI \ and S,
and (i) functi &niap bifeoupepid ©tedst ‘?aé&@tco%%éteddfngsé‘éi‘cﬂle‘ﬁétdﬁﬁﬁl CHP‘B ore, 55§ 1
The swi t chalp n@ RSB e lddad Gom @He @iotp cﬁnsmh@roeaarhe@a|admmle@@ldﬂoarthe$5psn @nsistevpi ses
Case 1 00 ! 6% nﬁmcmglrg@oupé w1lth at llastqapgf %e%‘rolaton% @sa%d@r hisatd@ated

uni

connectl n etween two rings and is selected fromthe group
consi st i ngw%‘rca@ns angl (¢) s“bf\'lH‘tedl‘\‘lF?mcﬂ?vfd?”B't?ar bon, or substituted hydrocarbon;
Con, and Cone af & wopicionaithdpomason fy g reactibiist felermisieanTidcgiti o5 Hif
anot her o} R Sy, RLWadRs aalmo&audr ayandausieakd d sl tchageesepasipnd or

connect | n upgllflrgagon uncgle B%lcaggnn(')[f lsa¥d ez 1«? élae feliegc wgdra%ngglgup RSt IS khd groﬁﬁc (a)
hydrogen (Eti1i°zin tival en Gflré) %\ (sel ected
fromtHhe consisting of (a) carboxyhc acid and 1ts derlvatlves (b) mtro (c) mtrlle (d) ketone, () aldehyde, (f) sulfone, (g)

sulfuric acid and its derivatives, (h) hetero atoms selected from the group consisting of F, Cl, Br, N, O, and S,

and (i) functional groups with at least one of said hetero atoms.

19. The electronic ink of Claim 17 wherein said molecular system comprises
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group consisting of C, N, O, S, and P, (c) functional groups containing
said hetero atons, (d) saturated 10 or unsaturated hydrocarbons, and (e)
substituted hydrocarbons; 3 February 2006 After the E.-field is renoved
Case 10004619 37 3 February 2006 R, and R2 are spacing gro%ps, used to
provi de an appropriate 3-di nensional scaffolding to allow?s5redites to
pack together while providing rotati ondf space for a part of the nolecul e,
sai d spacing groups 5 being independently selected fromthe group
consisting of: (a) hydrogen, (b) saturated or unsaturated hydrocarbons,
and (c) substituted hydrocarbons; JI, J2, J3, J4 and is are tuning groups
to provide at | east on prypr nctional effect selected fromthe
group consisf?qu?ﬁ“in cti,ve effdctsi—Jdresonance effects, and steric
effects, saig /tunin grouﬁgjbeinb \gﬁ]ﬁgted fromthe group consisting of
(a) hydrogen;® (b) jetero atons sel eCTEHSFFoOm t he group consisting of N, O,
10 S, P, B, F, d, Br and I, (c) functional groups with at | east one of
said hetero atonms, (d) saturated or unsaturated hydrocarbons, and (e)
substituted hydrocarbgns; G| i a bridging group to connect at |east two
conjugated rings to achi evesa desired chronophore, said bridging group
sel ected fromthe group consisting of (a) hetero atons selected fromthe
group consisting of N, 0, S P, (b) functional groups with at | east
one of said heterg,ato -8 d or unsaturated 15 hydrocarbons,
and (d) subsﬂﬁbgggaxgggﬁ%ﬁar n\;ﬂgEEEV%is an el ectron-w t hdrawi ng group
for tuning re Erﬁ%#% of t mal%i ¢ hydri de group of said nolecular
system whi chienabf®s said feol ecul ar systemto undergo a snooth charge
separation or reconbination upon application of said electric field, said
el ectron-w t hdraw ng groug s | ected fromthe group consisting of (a)
carboxylic acid and its" deriyafives, (b) nitro, (c) nitrile, (d) ketone,
(e) al dehyde, (f) sulfone, (0Q) 20 sul furic acid and its derivatives, (h)
hetero atons selected fromthe group consisting of F, C, Br, N, 0, and S,
and (i) functional groups east one of said hetero atons. 11. The
swi t chabl e ;%ﬁ1o ai wherei ns&i d nol ecul ar systemis bi-stable,
whi ch providfs a\_jnon-vol atjj | e compdhent .

¢ Optical State Ii

where:
J1, J2, J5, 14 and Js are tuning groups to provide at least one appropriate functional effect selected from
the group consisting of inductive effects, resonance effects, and steric effects, said tuning groups being selected
from the group consisting of (a) hydrogen, (b) hetero atoms selected from: the group consisting of N, 0, S, P, B,
10 F, CL, Br and I, (c) functional groups with at least one of said hetero atoms, (d) saturated or unsaturated
hydrocarbons, and (e) substituted hydrocarbons;
G, is a bridging group to connect at least two conjugated rings to achieve a desired chromophore, said
bridging group selected from the group consisting of (a)
hetero atoms selected from the group consisting of N, 0, S, and P, (b) functional groups with at least one of said
15 hetero atoms, (c) saturated or unsaturated hydrocarbons, and (d) substituted hydrocarbons; and
M’ is selected from the group consisting of transition metals, their halogen complexes, H’, and Lewis

acids.
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25 12. The swi tchable nmediumof Caim1l wherein said nolecular system has
essentially an activation barrier between different states that is
sufficiently lowto provide a fast, but volatile, switch. 13. The
swi t chabl e medi um of Claim | wherein said ol ecul ar system has nore than
two switchable 30 states, such that optical properties of F&¥va ¥ ecul ar
system can be tuned by either continuoUély by application of a decreasing
or increasing electric field to forma volatile switch or the color is

changed abr upt E(y ”[Qy svgltlelﬁble: ﬁ@&?&n& GathiAN 6 Mher® 'satlda&%gpbki &%ﬁga{idﬂ @-ac@d’x\ﬂphsﬁgh BM th at
| east one activation barrier wher ei n

sai d nDIeéﬁ?%ﬁf§V§E@H?6ﬂﬁﬁﬁ@%mﬁﬁ?ﬂggﬁ“g“??ﬁﬁ%ﬁ%?%ﬁage§§m§?%ré%gﬂ W"col or ed
st at e. 515 andhendaticdvabtk@zmedi um of Claim | wherein said nol ecul ar system
changes between one col ored state and anot her colored state. Case 10004619

3 Febr uar y 2009] S[ZG SWItlha%le med]um (_%%tl 19% &he!eﬂlksalh Q‘l%ﬂeéﬁg" g}gen@ﬂclgdeggtrd &)HJ !)f%l d

activated nol ecul ar ured an electric ener ated by
a pair of lastoescha ipépdils, e“%@l ?tﬂd FFBI“‘é’érﬁ‘r %f"“%‘if%‘{“égrﬁr H‘é‘ﬂ‘i‘gﬁb‘h&?{eséqc%%fta? Fpé?l‘eg e

i nduced baiad, ugapy indbigngectizabf teekioscovigtia viaeheaicgibbldpg drngk origvstis bl e
change,,of Sxtent of the electron conjugation in the nolecule 5 via
chenlcal bondlng change to change the band gap, wherein in a first state,
there is conjugation throughout the nolecular system resulting in a first
band gap, and Whdheiwichalre pedpmobFidmat wicein stidyeole W RCIHHSF s changed,
resulting in a second band gap, wherein said second band gap is |larger than
said first band gap. 17. The electronic ink of Caim 16 wherein said change
of conjugation is acconplished by charge 10 separation or reconbination
acconpani ed by increasing or decreasing nolecular electronic state

| ocalization. 18. The electronic ink of 17 wherein said nol ecular system
conprises O N Optical State | E-Field Direction E-Field Direction
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Optical State 11 Case 10004619 37b 3 February 2006 where: J1, Jzi J3, J4
and J5 are tuning groups to provide at |east one appropriate functional
effect selected from the group consisting of inductive effects, resonance
effects, and steric effects, said tuning groups being selected 5 fromthe
group consisting of (a) hydrogen, (b) hetero atons sel ect édefamhe group
consisting of N, 0, S, P, B, F, d, Br’’and I, (c) functional groups with at
| east one of said hetero atons, (d) saturated or unsaturated hydr ocar bons,
and (e) substituted hydrocarbons; |s a bridging group to connect at

| east two conJUQated rings to achlg desiired chronophore, said bridging
group selected from the grou consi fﬁig}oky(a) hetero atons selected from
t he group con3|§t| f h C (b) functional groups with at

| east one of sald ! 5 ,/c) saturatéd or unsaturated hydrocarbons,
and (d) substltutgd hygrgcar ? and Wis an el ectron-w thdraw ng group
for tuning reactiw Tyie OF -t € hlei c anhydrlde group of said nolecular
system which enables sai d ®Q ‘@ular system't o undergo a snooth charge
separation or reconbination upon application of said electric field, said
el ectron-w t hdrawi ng group selected fromthe group 15 consisting of (a)
carboxylic acid and its deriyvatives, i{b) nifro, (c) nitrile, (d) ketone,
(e) al dehyde, i¢f) sulfone, (g) sqﬁf C cad and its derivatives, (h)
hetero atons sel ected frew 530 ‘eonsisting of F, O, Br, N 0 and S,
and (i) functlm w oups w iﬁ | éast one; of said hetero atoms. 19. The
el ectronic ink,of Tan ¥ JMfiet€in said nolecul ar system conprises Case
10004619 37c 5 Nﬁ” F.ebr uar 2906 where: J,; J2, J3, J4 and J5 are tuning

groups to proV|de at 'l east gne appropriate ﬁunctional effect selected from
Wi .

3 +

where:
Q is a connecting unit between two phenyl rings and is selected from the consisting of S, O, NH, NR,
5 hydrocarbon, or substituted hydrocarbon;
Con,and Con, are optional connecting units between one molecule and another molecule or between a
molecule and a solid substrate, said connecting units independently selected from the group consisting of: (a)
hydrogen (utilizing a hydrogen bond), (b) multivalent hetero atoms selected from the group consisting of C, N,
0, S, and P, (c) functional groups containing said hetero atoms, (d) saturated or unsaturated hydrocarbons, and

10 (e) substituted hydrocarbons;
Case 10004619



the group consisting of inductive effects, resonance effects, and steric
effects, said tuning groups being selected fromthe group consisting of
(a) hydrogen, (b) hetero atons selected fromthe group consisting of N, O,
S, P, B 10 F, CL, Br and I, (c) functional groups with at | east one of
said hetero atoms, (d) saturated or unsaturated hydrocar BSAE Y (e)
substituted hydrocarbons; G is a bri dﬂfng group to connect at |east two
conj ugat ed ri nRsantl ®, ae Rpaeive graupel @i ne proxdderap Appdpoate 3-dimerisidnal ksafifodfiiyic ig allyroup

sel ected from. era&rt%gtﬂer%pesﬁrﬁdmggotant)na( Slee b&ta%ﬁxpofeeﬁ&ﬁ@ecﬁg|s§@§p&ﬁilgfgl‘00rm t he
group consisting o

ast one
of said DEhBfRFELY siREed TRy tléea¥ri’.ﬂpa‘§)%%t'n§r°q %’L daolg ébg E““at i ogralr1 S%uﬁast% and
(d) subst ifdutceebnhydoodrtibohydogrtdsM i s sel ect ed from t he group consi sting
of transition ﬂeﬂ; @3' ahd JJaQ@Jnfng Q&Jp@@@ﬂﬂw@e@ﬂlﬁkﬁ)ﬁ@@proﬂrﬁtﬁ fuadlichal «Bfedt Sleara fabs1.theCase

10004619 37d F Olil md%lctlve €9f6CtS resonance fgcw ; g@t@%l e?fecltregldqlmm I'Og %EIHQ S’L@Ctéaher el n

sai d chanéré’u"o‘f‘m'sm}ﬁ i she change of _ext ent
conj ugat i &A™ & gIlO'I*PéOIF?B‘I‘”éeUP)éBVd“@F'é@B ?eé?ma@méieﬁft@sﬂo%“ﬁ gE?FPa‘i‘)@Sé“%gé’f)%r a? i 01?( or
r econbi natri, an Br ndand) tubetib@anglodps @atkit Megst ofie ¢takd hagro Rdms, Tih ertusaid toc hrdiiraedmedi um

of d aj,m %gdr%gggngm (eﬁé’dbgnu%ﬁhﬁﬁ)%@ﬁs systemincludes a GO bond of a |actone
that is l'e_enough and can und %a o a bond break]

n
presence of anGa‘bf)Pridé‘Bg U8 Ly Pt AR g CoNYRRTISE | aCIcllluvgl ﬁemreqaﬁgnogﬂoéehsag of the
el ectron oodynggat sorrted ifram gh ewircalsisiyentiprigere htarn‘g@eqfeé ff@‘h&ﬁg’@ur’c wesistpgrd™- 10
gap. 22. -61% §|W l{ It)a‘mcﬁonﬂeg(édublsmw@lf at Qa@' oM 2flsaldhREke@1 AbomS akcdsatiBlee Gt biddturgadst em

conpri ses hydr ocarbons and%g su%sn:t%uze% hydrocarbons an % February 2006 Co

15 W is an electron-withdrawing group for tuning reactivity of the maleic anhydride group of said
molecular system, which enables said molecular system to undergo a smooth charge separation or
recombination upon application of said electric field, said electron-withdrawing group selected from the group
consisting of (a) carboxylic acid and its derivatives, (b) nitro, (c) nitrile, (d) ketone, (e) aldehyde, (f) sulfone, (g)
sulfuric acid and its derivatives, (h) hetero atoms selected from the group consisting of F, CL Br, N, O, and S,

20 and (i) functional groups with at least one of said hetero atoms.

23. The electronic ink of Claim 21 wherein said molecular system comprises
25

30

35
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Co where: Qis a connecting unit between two phenyl rings and is sel ected
fromthe consisting of S, 0, NH, NR, 5 hydrocarbon, or substituted

hydr ocar bon; Coni and Con, are optional connecting units between one

nol ecul e and anot her nol ecul e or between a nolecule and a solid substrate,
sai d connecting units independently selected fromthe grodpC8RsP%ting of .
(a) hydrogen (utilizing a hydrogen boY#), (b) nultival ent hetero atons
selected fromthe group consisting of C N, 0, S and P, (c) functional
groups containing said hetero atons, (d) saturated or unsaturated

hydr ocarbons, and 10 (e) substituted hydrocarbons; Case 10004619 3
February 2006 37f R, and R2 are spacing groups, :used to provide an

appropri ate 3-dj+ensional scaffolding to ow nol ecul es to pack t oget her
whi | e providingirotational space for a%far C&Qe nol ecul e, said spacing
groups being |hdepe Nt | y sel gct g ,N group consi sting of. (a)

hydrogen, (b) satuwg hydr ocar bons, and (c) substituted
hydrocarbons; Ji* J2 @3 nand”I4~are’ t uni ng groups to provi de at | east one
appropriate functronal eflf est-sdbkecied fromthe igroup consisting of

i nductive effects, Rfsomance ef and steric effects, said tuning
groups being selected fromthe g o,p consi sting of (a) hydrogen (b)
hetero atoms selected fromthe group consisting of N, 0, S, P, B F, d

Br and I, (c) functional groups|with at |east one of said hetero atons, (d)
saturated or unsaturated 10 hygrocarbonsﬁ,2 and (e) substituted
hydrocarbons; G, is a bridging group t Rect at | east two conj ugat ed
rings to achleve a desiy ed chrqgophorq‘ sh dorzi dgi ng group sel ected from
the group consiisti ng ¥ Tre ayons;y serected fromthe group consisting
of NN 0O, S andb“,? ). f uact ) groups with at | east one of said hetero
atonms, (c) saturated 6r ﬁns-“qg ed” hydrocarbong, and (d) substituted
hydrocarbons and i5)mgrd an elyctwon- mnthdramnng group for tuning
reactivity of the nal ei't anhydr[de group of said! nolecular system which
enabl es said nolecular systemw/o undergo a snooth charge separation or
recombi nati on upon application of said electric field, said
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consisting of (a) carboxylic acid and its derivatives, (b) nitro, (c)
nitrile, (d) ketone, (e) aldehyde, (f) sulfone, (g) sulfuric acid and its
derivatives, (h) hetero atons selected fromthe group consisting of F, O,
Br, N O, and S, 20 and (i) functional groups with at least one of said
hetero atons. 23. The electronic ink of Caim21 wherein sdrd"Ro&ul ar
system conpri ses 25 30 35 Case 10004619" 379 3 February 2006 Case 10004619
37h wher ewhde:February 2006 Q is a connecting unit between two phenyl rings

and is select eglsfafcm&l&%ngse@uaqt@@ﬁédysﬁdgmd BfcleSed fom titdroup MRistidtyodls, @cambon, or
substituted hydrocarbon Cone are optional connecting units

bet ween oRe- WEeRLT 8”&tﬁt&“t%fwcf?férlb "ol ecul e or between a nolecule and a
sol i d subst r at €, s@iCdn. e nriest jommyctinninitsbeiadeperriiaft dng angber arleeds of kBT t°he

group congjoftdidgd flotid (uas)trate bM&iEoﬁﬂamg (ki inhépznid@gy alehyidtongerrdap nd)isting 48) (a)

mul tival ent het er o at
and P, (c)Y¥URLEY GRS hy Pou )C{%T%tlwﬁlem Thads atc%]r %%ng@&itheé%%ﬂ%@in?é CD#J at gd (? r
]

unsat ur at &4Sydh: @“@&’P%‘O’ﬁ'sgm“asrfdma"(‘%g)sa‘%hﬁﬁé“t‘i‘%‘lﬁft(@datﬁﬁfﬁ’r%ﬁ‘ﬁ?"%‘ﬁié‘y FFER %nd R2
are spaci ng s@saupsydrddseds; t 0 provi de an appropri ate 3-di mensi onal

scaffol,ding togra re TR répRhte e @i i 2
Soate Jfor g oRfus LJdQ%’Va "594 ﬁ?‘élloﬁﬁ 5@ t%ﬁélﬂdetéa%ﬁ bRk Wi @oﬁm Quifeldifzgo kikat i onal

ecu spaci n
sel ected 6T Fﬂepa&?tﬁ%fﬁ’e WH%P@‘E“?‘W@I“@P“I ‘P ay ?nr 7 arg PtHeDm(( %05’ SQ?LJJ : r%egpo%&dent Y
unsat ur at exding hyicherdody hdesd fiamdhy eryups@bwuilgt oft é’d hwy%ﬁfbd@r PurEd o }‘?Satt‘f?ed J3,
and J4 areg &r&gyb(nlga,gir(gulmgmlhe@hmdamod@ at | east one appropriate functional

effect sel eCt e(]l ,rjg di id ds 2k a?e tunmfg é lg)_F %ég)m%&na? le% %\Qﬂ)pr%na!e [ﬁguﬁﬁa'l éfﬁctgélgc@(pﬁr&m the

resonance effects, sald tunin I ei n | ect ed
fromtHe gram E?“%%‘h%?fS'th%‘@e Biecty ﬁonﬁﬁed?f%‘éseﬁ‘ SR elRdy é"‘? t“’&‘@ogf%lps be'ﬁ%“ 8d from
t he group foan®igdtp d’c)gnstikfg oNa) HYdrodSy, (HPhetdB) atoms selected from the group consisting of N, O, S, P, B,

F, Cl, Br and 1, (c) functional groups with at least one of said hetero atoms, (d) saturated or unsaturated

hydrocarbons, and (e) substituted hydrocarbons;
G, is a bridging group to connect at least two conjugated rings to achieve a desired chromophore, said
20 bridging group selected from the group consisting of (a) hetero atoms selected from the group consisting of N,
0, S, and P, (b) functional groups with at least one of said hetero atoms, (c) saturated or unsaturated
hydrocarbons, and (d) substituted hydrocarbons; and
W is an electron-withdrawing group for tuning reactivity of the maleic anhydride group of said
molecular system, which enables said molecular system to undergo a smooth charge separation or
25 recombination upon application of said electric field, Said electron-withdrawing group selected from the group
consisting of (a) carboxylic acid and its derivatives, (b) nitro, (¢) nitrite, (d) ketone, (e) aldehyde, (f) sulfone, (g)
sulfuric acid and its derivatives, (h) hetero atoms selected from the group consisting of F, Cl, Br, N, O, and S,

and (i) functional groups with at least one of said hetero atoms.

30 24. The electronic ink of Claim 21 wherein said molecular system comprises

35
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F, d, Br and I, (c) functional groups with at |east one of said hetero
atons, (d) saturated or unsaturated hydrocarbons, and (e) substituted
hydrocarbons; G is a bridging group to connect at |east two conjugated
rings to achieve a desired chronophore, said 20 bridging group sel ected
fromthe group consisting of (a) hetero atons sel ected frohiPhe YPoup
consisting of N, 0, S, and P, (b) funétional groups with at |east one of
said hetero atonms, (c) saturated or unsaturated hydrocarbons, and (d)
substituted hydrocarbons; and Wis an el ectron-w thdrawasng group for tuning
reactivity ofsthe naleic anfeydri de group of sai doHawol
enabl es sai d nol eculiar systh1to unde% snoot I charig apar@kicon or 25

reconbi nati on:upon aipi.catTen o a0
el ectron-wi t hdraw nj p se

i c aci ¢°8hd i
car boxylic act d s Meriva

(e) al dehyde,+ (f) suPMishe, (g)
het ero at ons $e|ected fromthe group
and (i) functionalRgpeups withcac.|
The el ectroni ¢ i nkRof C&dim 21 wherg
Case 10004619:34i 3 February 2006 (p external E -field is applied CH3
G Case 10004619 34 where: 3 Februara2006-® is a connecting unit between
two phenyl rings and is selected fromthe group consisting of S, 0, NH,

NR, hydrocarbon, or substituted hydr rbon;

dr oup Consi pg of i(a)
, (c) nitrite, (d) :ketone,

sy and its derivatives, (h)
donsisting of F, d, Br, N, :0, and S,
gt._onelzof said hetero atons.. 30 24.
ai d nol ecul ar system conpri ses 35

l
T‘“’CO?‘!Q o

R 1|limu
Ry Ja
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5 Con, and Cone are optional connecting units between one nol ecul e and

anot her nol ecul e or between a nolecule and a solid substrate, said
connecting units independently selected fromthe group consisting of. (a)
hydrogen (utilizing a hydrogen bond), (b) nultivalent hetero atons sel ected
fromthe group consisting of C N, 0, S and P, (c) functifHa™ Youps
containing said hetero atons, (d) sat uf"‘at ed or unsaturated hydrocarbons,

and (e) swbstituted hydrocarbons 10 R and R2 are spacing groups, used to
provide an apppap corﬁgc%ng‘?hngbemms)wyl e Qbbb otnQhedholPodhsisiRE e 0] 108, t 0
pack toget her whi 1@ provi rotational space for a part of the nolecule,
sai d spam%hyd'i"ﬁ’t?ﬁ%Orsbléi“ﬁaj*iyﬁ%ﬁféfﬁ‘é‘ndent |y selected fromthe group consisting
of . (a)s hydr ogenw, anfi bin. sabmiviat eeheing windatvern atcewlecutnpot 0eker bUFSIe ordpIcl &)

substi t ut g, AYALOLB: LN Rate, slndwoml%tm Rits m&ébend@lﬂﬂse{l& :daof tHe YR @nsGiAUPS) t O

pr ovide at | east tll%i?lg 3 lﬁ/grp%? Eon@ é*r?ultlv%]gf& hegro aloms sefege% r}p%ﬁ!e?n%&pecgnsfstr anC §LI5 the

group consy¥tEHY ec resonance teric
effects, SabdndRifm frestigpelemyes conining saisieleie plaims: (df Fgticd ﬂénsgff‘%‘fﬂiw?faﬁﬁ??“é g of
(a) hydr 0Q&Rybstltlded hiedeebdds; at ons sel ected fromthe group consisting of N, O,

S, P, %’ F, alﬁrRzaanrdspe{cm (gﬁ)lpsftﬂ&lctg 'pQQ@J an! pﬂbﬂ?ﬁu Wdtnl@nsﬂ)hal ls@asdingonanef said
het ero at ons, ) turated o

subst i t ut SIRYR r“b??éﬁ TB%?H‘? whede pro"éy“ggsrgt}”ioﬂaz}spr?}% f&r %{t% tﬁe mgecu}b ect lga%a&?g) ast t
conj ugat edeing ngspertdentlactiécey droa tdesnompewnn#ﬂngonﬁ)mdw@ogels a{P)dsat“fz@d I9F Bref e gr oup
sel ected fifgm.ibhe ag{ gg@stg;@gasﬁy@&arg}gs of (a) hetero atons selected fromthe

group consi st {}e][z 63 &t %I?T%S afe(tUélSng § S togio(/ %)at leas O(f-:lft: f!l ?rr(}@late %8‘&%? Mtgcn:ct@r; fr(JrrpaSt and

one of said he uns rocar onsd,
(d) subst itherapicongitinect Bpdsos stecrietonpyer effegh al@ﬁ@wff&f R Hiae %prhlﬁ‘“é G £ or
tuni ng r eatshiteigkoyp @hsistitket ERly@bgen, & hydld dtale sgeedifpnothe ga@p chnsistind dOUD.&rP. 8y st em

whi ch enaqzl %f) B??nlld.dl E‘E?Ifugﬁl&aﬂgrotﬁyahﬁgplgag olrlpgkesl:alg(ﬂeté'o m@‘ﬁb SRALIOR uSBRatAat i on

or 25 reconBinati bn upon Ication of said electric field, said
el ectron- vﬁyfrPfﬁrtb%iWaFf’de)gj?béttﬁ‘ﬁed§éq“€?f’F°é%I fromthe group consisting of (a)
carboxylic aci @ aadridging grol@rid sarteitwidest tfdrpnjyeated ings 1 edpieyri atdesirpdeshropppporg gtione,

(e) al gﬁhytﬁjiggmg(gto)lp §:lé!ttidq{6§1 the(gg)).lp coﬁéxjshrfgu)'f lafheRfo! a@m@-ﬁdctbdtfﬁ)md&rgkddﬂﬁdls\{sﬁﬁg, of Wh)
hetero atoms_ s consi st Platurddls or anatg%g@nd S,

ro
and (i) fuhcti Jn bef r“?ft'onal %\no‘ipﬁwglf atlthgaés o Snéaldo éoaiIto h(ef:l ero atons
10004619 341&002@0“5'Fhﬁb(d)éllfé‘(*fﬂt?ddlmf@afi’?*?k agf Clai m21 wherein said nol ecul ar
system conpri ses isCanslectron-withdrawing group for tuning reactivity of the maleic anhydride group of said

molecular system, which enables said molecular system to undergo a smooth charge separation or
25 recombination upon application of said electric field, said electron-withdrawing group selected from the group
consisting of (a) carboxylic acid and its derivatives, (b) nitro, (c) nitrile, (d) ketone, (e) aldehyde, (f) sulfone, (g)
sulfuric acid and its derivatives, (h) hetero atoms selected from the group consisting of F, Cl, Br, N, O, and S,

and (i) functional groups with at least one of said hetero atoms.
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N ICH3 N~ 3 February 2006 he E-field is removed C H3 CH3 1" 11 where 5 Q
is a connecting unit between two phenyl rings and is selected fromthe
group consisting of S, 0, NH, NR hydrocarbon, or substituted hydrocarbon;
Case 10004619 3 February 2006 341 Con, and Cone are optional connecting
units between one nol ecul e and anot her ol ecul e or bet weer® ZHHI €Ul e and a
solid substrate, said connecting units”fndependently sel ected fromthe
group consi sti ngy Té clecan)c inkhydrimgenhefcintspid mgiécpler sestemyetrrggen bond), (b)

mul tival ent hetero atonms sel ected fromthe group consisthng of C, N, 5 0O,
S, and P, (c)«functional grdups containing sai d b (d)” saturated
or unsaturated hydrdcarbonsl and (e)
are spaci ng groups,

scaffolding to 0Inlo noli ecul nidinq rotational
space for a part of Ut he gol ec P g bei ng i ndependent |y
sel ected fromithe gro consi st MAQ : (b) saturatied or

unsaturated 10 hydrogarbons, and--(-¢)-{substiituted hydrocarbons; J,, J2, J3,
J4, and J5 are turldyy yiste _at Jeeast one appropriate functiona
ef fect selected frBm thé4group co g of inductive effects,:-resonance
effects, and steric effects, said t gr oups being selected fromthe
group consisting of (a) hydrogen, (b eteM atons selected fromthe group
consisting of N, O, S, P, B, F, d, and 1, (c) functional groups with
at | east one of said hetero atons, (d) |ssteuthaBdeiddrernovedt urated 15

hydr ocar bons, and (e) substituted hy car bons; Z i dging group to
connect at |east two conjuggted rings™Mo achiev Mggronpphore,

sai d * onz

' R.‘il}!un
: R

where oy
5 Q is a connecting unit between two phenyl rings and is selected from the group consisting of S, O, NH,

NR, hydrocarbon, or substituted hydrocarbon;
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bridgi ng group selected fromthe group consisting of (a) hetero atons

sel ected fromthe group consisting of N 0, S and P, (b) functional
groups with at |east one of said hetero atons, (c) saturated or unsaturated
hydrocarbons, and (d) substituted hydrocarbons; and 20 Wis an

el ectron-withdrawi ng group for tuning reactivity of the mel 'E Ry dri de
group of said nolecular system whi ch**®nabl es sai d nol ecul ar systemto
under go a SOt eld@ngere sepat @brieging its bewewondnairatls e moEsIOr BEEGn of

Z?ijgpﬁ gg&]rg)!egltlerahgli %]’clid %gétrge,%&@gotn{elgﬂg Wik !ﬁggpal\dégﬂgse@<ft@lﬂbm3&| oBp edsidingdn (Hhe

- G . car po c.acld a it ri i - i

(c) nitri Ihé(f,rogfrb()"g‘li‘é% %}Hé%’ge? E%“Ba@yd‘a*ﬁ%eé“ hef"fo)at%rélme'f%ﬁgt%m(t\g{%&ggﬁ%lﬁl&@é%ﬁg Izlozand

i ts dersi vat Bwesh, ( hjctivet @uos @trwe: ssiéhes dahsf(Doptier HRFEURCICBEETEYTAY of F,

Sai dBLét s’r(%gugit@%ghy%ﬁoéaﬂ%‘?}ﬁandl (i) functi oEaI groups with at |east one of
: : e electronic ink o

mol ecul ar syst 8nfidde Bfe-sgat‘”z%fgré’?ps’yﬂ%‘ic&gﬁprﬁ%ev%n E%%Qﬁg)ﬁ&gﬁ}gflﬁgﬁfgdl%gb QI(l)OrYent

27. The elnmistuleotri recki tietherwidly prPYHitEGOtHiEA 8P5T ' R Ao eBUFUP 4§ SR ERE

essenti al loyin@mdgeddindatsél@Rd @i the groupb@hsiveenofd i frgdresat. (B Aesd ton gpsatpraed

ol et 18t ¢ PSR R ol Scul o SVs o han e

. erein sai. ecul ar s )

swi t chabl e st &t®d» sttt *EHAPe GPF t((f8‘1‘”1gpjﬁara({)rl%“eﬁrOf1 i aé)gm%?%iug?@ atr}i%écetg%% tgdrﬁoglars]t tevrr\gO

can be t uniedrdoycoesistinerl indwrie iefrgousingnchgiieep pidiseraeflest 9 ngine %tmta%le?i“ééféef‘?% or

i ncr easi NG fluR Gl Gndstif o8laf 19drb R, 118) Beter@drarts kdireSidnt thdpradp condtBinga®NOP, Si 5Bchanged

abruptly e ppli.cation of volt - 1 i

one ot | valt Chi Bt F A tblel o §h O BUGP ST S aBn Rl o Sl pas!

el ect r oni dwirprkrbesd: ad (RisypstrBedfErEPN sai d nol ecul ar syst em changes between a

\t/\/L ansparent st at 8 aanding zo0l@roedostiattero Gn@ed e edhirstadeiPcohoRRPST: %Y ai m 16
erein saj.g.: : i

uherel o S?Jgggé@%ggéééleé}%i Of%%gﬁfg%&&%g@%f REtWRaRMOREcEtotItRtra) abdtiagndNanot her

S, and P, (b) functional groups with at least one of said hetero atoms, (c) saturated or unsaturated

H] E]

hydrocarbons, and (d) substituted hydrocarbons; and

30

20 W is an electron-withdrawing group for tuning reactivity of the maleic anhydride group of said
molecular system, which enables said molecular system to undergo a smooth charge separation or
recombination upon application of said electric field, said electron-withdrawing group selected from the group
consisting of (a) carboxylic acid and its derivatives, (b) nitro, (c) nitrile, (d) ketone, (¢) aldehyde, (f) sulfone, (g)
sulfuric acid and its derivatives, (h) hetero atoms selected from the group consisting of F, Cl, Br, N, O, and S,

25 and (i) functional groups with at least one of said hetero atoms.

26. The electronic ink of Claim 16 wherein said molecular system is bi-stable, which provides a non-

volatile component.

30 27. The electronic ink of Claim 16 wherein said molecular system has essentially an activation barrier

between different states that is sufficiently low to provide a fast, but volatile, switch.

28, The electronic ink of Claim 16 wherein said molecular system has more than two switchable
states, such that optical properties of said molecular system can be tuned by either continuously by application
35 of a decreasing or increasing electric field to form a volatile switch or the color is changed abruptly by the

application of voltage pulses to a switch with at least one activation barrier.
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37m

99 The electronic ink of Claim 16 wherein said molecular system changes between a transparent state

and a colored state.

30. The electronic ink of Claim 16 wherein said molecular system changes between one colored state

and another colored state.
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