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i nprovenent over the foregoing applica- tions in that it RIg100138tkked to

cl asses of nolecules that provide switching fromone state to a different
state, characterized by a change in the optical properties, including
color, of 20 the nolecules. In the case of color switching, the present
invention turns ink or dye or pignent nolecules into active

opt o- el ecroni ¢ devi MOLEGULARMECHWNIEhED D VEGESXWVENH Aal el ectric
field. TECHNI CAL FI ELD 25 [0003] The present invention r Iﬁ[ s generally to
optical devices WhBaNDPUBAP CHANGE AGdIMASIFAPEY AN Ele%éﬂf & in
nanoneters, and, nore particularly, t of t hat provide
optical switching. Eiﬁ'Eﬁoﬂ@PE@AbofW%Jg&iﬁm&%fﬁéﬁﬂbﬁﬁanomt er scale
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10 CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present application is a continuation-in-part application of Serial
No. ___, filed March 29, 2001 [PD-10010538-1], which in turn is a continuation-
in-part application of Serial No. _____, filed January 12, 2001 [PD-10003866-1],
15  which in turn is a continuation-in-part application of Serial No. ____, filed Decem-
ber 14, 2000 [PD-10004762-1].
[0002] The present application is an improvement over the foregoing applica-

tions in that it is directed to classes of molecules that provide switching from one state to
a different state, characterized by a change in the optical properties, including color, of
20  the molecules. In the case of color switching, the present invention turns ink or dye or

pigment molecules into active opto-electronic devices that can be switched by an exter-

nal electric field.

TECHNICAL FIELD
25
[0003] The present invention relates generally to optical devices whose func-
tional length scales are measured in nanometers, and, more particularly, to classes of
molecules that provide optical switching. Optical devices both of micrometer and
nanometer scale may be constructed in accordance with the teachings herein.
30
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[ 0004] The area of nolecular electronics is inits infancy. To date, there
have been two convincing denonstrations of nol ecules as el ectronic
switches published in 5 the technical literature; see, C.P. Collier et al.,
Sci ence, Vol. 285, pp. 391-394 (16 July 1999) and C. P | i t al.,

Sci ence, Vol . 289, pp. 1172-1175 (18 August 2000), butI4$‘$f81?eé%%4ea gr eat
deal of speculation and interest within“the scientific community sur-
rounding this topic. In the publ iwl ecul e called a rotaxane or
a catenane was trapped between t rodes and caused to switch
froman ON state to 10 an OFF state by the application of a positive bias
across the nolecule. The ON and OFF states differed in resistivity by
about a fact doo# 100 ZhelaBa of meleeddrielesirgnicstisin thiafaneystToxdatte therdharat enane.
[ 0005] The pr.i mar roblemw th the rotaxane R i nreversible
switch. It cah‘?eer(%'/%/P%l“f‘BégF’%“SHﬁt&Oél.s ° Wﬁ%fﬂf’st%%%&g@& a‘&éltécélk?s%&gs%?égr amabl e

read- onl y 5 15n0Remiidal iRREV: sed) @tP. motlict & ah, RoAdvict,iViod 286, appd d91-340@6 Sulyrenor y)
device nor in a re confi gfurabl e system such as_a t-tol

t
communi cat i on§9%rrad| Gl €olkirseidn Roiends: Valddit il’Bnl,lnﬂgg@g%%%@lﬁ“F es an
oxi dat 1 on_andf gt if LOHG! 4 of SRANAIQR ah@ iRGEN Fwilhe] ML ciediliR oMy Gar) be
toggl ed. Thi s requifes the e penélture of a significant anmount of en- ergy
to toggl e thaoswlingthis tbpic.dul tetpublished Werkl amyteculn dalted @gP@Xans &F @ cycRFNC
rotaxanes and 20 related c ounds, pot ent i t i ' times of
t he nol ecul eswa§ltWPed%$§‘"eeﬁgme§aqSlregtﬁchsrréme\néath%;ed?ﬁg‘% ﬁcaht ﬂgﬁg%}g? I\g%ﬂagcﬁml I
ON- t 0- OFF or atdnoBmneta@ B! thdaspiicAtioniofig potitin@biaf BG6S]thCmpleeult.| The @Mend are a

wi de variety of known chronobgenic materials that c rovi.d tical

swi t chi ng i n QF sfates fidierced iayesithEtebybort 3 %thr 3‘2@3%%3& R"é‘fﬁ?h e?y’ggr tb%.ti ons
have been revji y by CB. Geenberg, Thin Solid Films, Vol. 251,
pp. 81-93 (15@% gr?gg%ﬁéﬁahl\'/brti mer, Chem cal Society Reviews, Vol. 26, pp.

147- 156 ( 1998)05) These Thapsmaml moldere vathr the mothyenb evan dhas iudisedrevsrsitever al
of i mdove. T 6PTERIBFF L PR TR POt IEFRET ST ERERT B B Ao, and
vari ous typesn&hor9PPROBY, vl s&tliRY RANMULS (rafioslicbademuy) deve my & ore- t he
i nside of wi ndshields of autonopbiles or air pl anes and edyl%-ic%let%v%r % spl ays.
Case 1001397 onfigurable system, such as a defect-tolerant communications and’ 10g

addition, the rotaxane requires an oxidation and/or reduction reaction to occur before

the switch can be toggled. This requires the expenditure of a significant amount of en-

ergy to toggle the switch. In addition, the large and complex nature of rotaxanes and

20 related compounds potentially makes the switching times of the molecules slow. The

primary problems with the catenanes are small ON-to-OFF ratio and a slow switching

time.

[0006] Currently, there are a wide variety of known chromogenic materials

that can provide optical switching in thin film form. These materials and their appli-

25 cations have been reviewed recently by C.B. Greenberg, Thin Solid Films, Vol. 251,
pp. 81-93 (1994) and R.J. Mortimer, Chemical Society Reviews, Vol. 26, pp. 147-156

(1997). These materials are currently being studied for several applications, including
active darkening of sunglasses, active darkening of windows for intelligent light and
thermal management of buildings, and various types of optical displays, such as
30  heads-up displays on the inside of windshields of automobiles or airplanes and eye-

glass displays.
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3 14 COctober 2004 [0007] Despite their long history of great prom se, there
are very few photon gating devices nmade fromthe existing classes of

el ectrochromic materials. This is be- cause nost of them requi re an

oxi dation-reduction reaction that |nvoI ves the transpor% % 5@48 such as
Ht, Li+, or Na' through sonme type of liquid or solid el LREPRITY Find 5
ing the appropriate electrolyte is a maj or problem as is the slow speed of

any device that requires.transpor i ns. Furthernore, s tions
are extremel J0®hsi ti v@eipb‘e tlﬂfércl%%é‘ﬁ o%]i‘faémoﬁgfe’ e aéfﬁgﬁry%&) B@é‘%n or

ot her speci esgatxﬁé‘&’evﬁé@k‘ﬁm@@ﬂliﬂdﬁet éx@s’ﬂn@ﬁlass&@@f &é&fr@ﬂ@&ﬂlﬁ'nﬁat@iaﬁﬂ"h@ﬁbﬁ& is a
major limtation: [0008] In fact, for photonic swtching aptBI i cations such
as a crossbarcammmqshof m@nrr@gmrean ﬁ’@ﬂat@nfrﬁdyéﬁorbqﬁ@qt@né@mw%vésa £ GARPAEL wor K,
the | ack of a swtabl to use
very differ encif éﬁpsru(?)l&%%eg Ca?ﬁ?lrtgrr%l %O?nﬁétﬁé %Eu{dﬁgg@ s‘?gﬁ}aa |'(r??_lg an
el ectroni ¢ siignele, appepxﬁm anectthneﬁswdmh]bngrompmratmm sltambet:cheﬁariyrcame form
]E)?ck to an opt%altt(;al o naSI be 1%£e unc |ng“ébn§ (gwga bexrér rg{élh Eneh Salsv (pe nost
equent  sol ’t"ﬂ’fﬁ% spgHal/iong, GRrRqrmpte, HCh feartions A XURICY SESHNE Y cul t for
Eg)e el ectr On'@&ﬁ&nh%%ﬂtaﬁlﬂlaﬁ& %&ém%shdi?géﬂ&ir%ﬂfeﬁhliﬁ&effanﬂ ﬂﬁlﬁ@lﬁ@l’a@efmlor(x f)/ﬁé i/; en;
use a nmoving-mrror array made by nmi- cro-el ectromechani ca
processi ng tdh%wr@m*bgeomeie@tip ed itaempercikeitationt hi s has the di sadvantage that
extrenely hi | erance i &(ﬁ, vgrugstgb,gesmgh it very
expensive); gﬁd&s?c) u5|ﬁln§d°t?ﬁf<f prhgngtcesgﬁﬁ%F% ga&%y's as res into a chanber
to creati®@ a router for atfdnedeﬁticamhnmmlcamnnsmaﬂwotiealm !(athD%a apq@blgacbmmgmm
requires precisio nuf act ur and..the sw tchin
[0009] Thus, %%Hallhgs écgaéﬁmi’@‘eét?ﬂﬁ%e"gﬂ'l &%@)s@%@?@ﬁs ga)avm ds (t:hnegn cal

oxida- tion apgy Dénal R &t ¢80 ronR &ighhll E erfoRRIRNStcYing dpératictdCthem garfsy om a
first state to a Second, is reversible to permt real-tine or  video rate

di spl ay appl ifom b@ksio aanmx@hﬁgmﬂéb@fg@dmﬁhlﬁg H\P%IP ifigery(thy is gy pes freguspf ces. 25
DI SCLOSURE OF iélml gses %3}% le Je@ 1%&? 9 Crgfagg 81f1§\4u§#fortt9? th%ﬁﬁ?to lle@;yﬁf't ion, a

nmol ecul ar sysf’ ing ecular system
has an eh@ect rdith the ghtd raté’ﬁiif&ﬁdjoﬂmﬂﬂdygaﬂ) (b) use a moving-mirror array made by mi-

cro-electromechanical (MEM) processing to switch optical data packets (this has the

disadvantage that extremely high tolerances are required for the device, which makes
it very expensive); and (c) using ink jet technology to push bubbles into a chamber to
create a mirror to deflect an optical beam (this approach again requires precision
20  manufacturing and the switching time is slow).
[0009] Thus, what is needed is a molecular system that avoids chemical oxida-
tion and/or reduction, permits reasonably rapid switching from a first state to a second,
is reversible to permit real-time or video rate display applications, and can be used in a
variety of optical devices.
25
DISCLOSURE OF INVENTION

[0010] In accordance with the present invention, a molecular system is provided
for optical switching. The molecular system has an electric field induced band gap
30 change that occurs via one of the following mechanisms:

[0011] (1) molecular conformation change or an isomerization;
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30 change that occurs via one of the follow ng nmechanisns: [0011] (1)

nol ecul ar conformation change or an isonerization; Case 10013977 4 14

Oct ober 2004 [0012] (2) change of extended conjugation via chem cal bondi ng
change to change the band gap; or [0013] (3) nolecul ar folding. or
stretching. [0014] Changi ng of extended ,conjugation vi549ﬁ8W?3§M‘bonding
change to 5 change the band gap may be acconplished in one of the

by i noreas. 1My decr easi (o BaR D FReis salvedlod BF CRRKAEHARe ERRTE" P

ext ended conjtblgm{g@ﬂneymg@ﬂ[ﬂaﬁge separation or re- conbination and n-bond
breaki ng or formation. 10 [0017] The present invention provides, e.g.,
optical switdM8lthat can b@) meleculadgifiagoreisichipet o make di spl ays,

electronic b rew j.tt I%Igetng&' oni 1S€ Sonding ch "

el ectricall yﬁ@@ roll egh%ngln i?\g éonr%e%\n%lr)\'g& a{l&gr\{% %{eﬁ]or s,onc%% icca © c? ossbar
swi t ches fsor chadgerthedphd gapayTid aécoaiplistadin oaa df thofollowiBgehysappl i cati ons are
di scussed el sewhere, and are not germane to the .Bresent i.nvention, except

h :
to the extent0Rht the 15 dfk FiREEe SERAFAIER ObCqmRInGlpR SeeRmPRYRAERY PEREST s

enpl oyed in tifieoCRAedsndChhdBcdizatRRARr at us of  such applications. [0018] The
present invention introduces several new types of switching nechanism (1)

an electric (18016fi el d i ndudblchangeaefi eatendsd conjupatian tviagTharee SEPRT2HPN 8T Kect i on

(rotor) of a rmbecule 0.ch .t he .band gap of the nolecule; (2) E-field

i nduced 20 clfgP @atéoélp?&&ﬁfqogci&'gg“?geqré%%ﬂ?oﬁlati on of the nolecul e via chenical
bondi ng ghanggott7p chamgeplebar bavsticaansovides) e.k; bptehdsiintdeced: bartt gap change
via nol ecul e folding or stretching. These devices are genericall

consi dered t GemBbled|cagby fo make | PPy destroniarpoks reWHBAYR Al i© Qiﬁ?‘é‘hed from
earlier enboqéﬂg%?téec(&‘a?f—%mﬂed RinkiRE 180 QN R1oWR NAddORRErs, BptRaP Erddstae Nt

applications and patent)  that are directed to el ectrochem cal devices. 25

[0019] The prseseles fomfienopon cahpunitationn dut awre: Bectcenpipitions greshiscusehg

mol ecul es elsewhere, and are not germane to the present invention, except to the extent that the

15  optical switch of the present invention is employed in the construction of apparatus of
such applications.

[0018] The present invention introduces several new types of switching
mechanism: (1) an electric (E) field induced rotation of at least one rotatable section
(rotor) of a molecule to change the band gap of the molecule; (2) E-field induced

20  charge separation or re-combination of the molecule via chemical bonding change to
change the band gap; (3) E-field induced band gap change via molecule folding or
stretching. These devices are generically considered to be electric field devices, and
are to be distinguished from earlier embodiments (described in the above-mentioned
related patent applications and patent) that are directed to electrochemical devices.

25 [0019] The present invention also introduces the capability of using molecules
for optical switches, in which the molecules change color when changing state. This
property can be used for a wide variety of display devices or any other application en-
abled by a material that can change color or transform from transparent to colored.

[0020] Thus, the molecule is not oxidized nor reduced in the toggling of the

30  switch. Also, the part of the molecule that moves is quite small, so the switching time
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for optical switches, in which the nol ecul es change col or when changi ng
state. This property can be used for a wide variety of display devices or
any other application en- abled by a material that can change col or or
transformfromtransparent to colored. [0020] Thus, the ?ﬁ@F i S not
oxi di zed nor reduced in the toggling of .the 30 switch. AP@B part of
the nolecule that noves is quite small, "so the switching tine Case 10013977

5 14 Cctober -sﬁgagﬁgggrﬁlfgst %s %{eymgl fes af%l rﬁl?qu% strﬁﬁe%h%gleﬁer%@cw si mpl er

and thus easi edaper  'to make than e rotaxanes, catenanes, and
rel at ed corrpaunfi&ettBRItIEEo@Eﬁ@RIcHIﬂaﬁm,EﬁerEdDRAWtN% 5 [0021] FIG 1is a
schematic representation (perspective, transparent view of a two color
(e.g., black and white) display screen construction for use in accordance

W th the present 'nventl%EﬁB@@éhpﬁt@qdpmmmml for a col orant
| ayer el enment of the displray screen de- 10 prcted FIG 1; [0023] FIG 2

is a scheratic representation (perspectlve transparent Vi evv) of a

full -col truct .
present i nverlDieh [ obgay! et e huRBe i BRERRER O B0 o

addr essi ng er’ftt:@@blé?(ttg Wlack and Waitd) @lsplay dir&nloaysnﬁaroae“dsr e isdceerddricomithor  use
in accordance with the present invention; 15 [0025] FIG 4 is a schematic
nodel depi ctrth@prarrnenrqnéwa i nduced band gap change via nol ecul ar

conformation 1 the (r Pf(?rlla% A8&41 fo¥ R8olBfant TR blemerdt P 2R didpldpscleén @epi cts a

nmol ecul e conprising a mddle rotor portion with a dipole and two end
stator pdti giged 0027, FIG 5b is a schenatl C represent ati on (perspective)
stra the

of the nol ecyl e- 20 _picted iin FLG b5a tate,
with the rot ﬁp‘?%"gd stafBe i p schepaty %?Hrﬁtema ‘?‘b E’ﬁﬁmﬁ ansparer) gﬁgﬁ 5fa
schemati c rep{gssipt ﬁEﬁl%@c&&?@oﬁﬁﬁﬁﬁéd’@) use id dcosrHAndt Wil the Present Givarties, St ate,
with the rotor rotated with respect to the stators; [0029] FIG 6a is a

schemati ¢ nod8024diepi ct FKEJ 3dha hematicdenrerguiatad g5 asepngdyessing embodiment of

a two-color display screen construction for use in accordance with the present invention;
15  [0025] FIG. 4 is a schematic model depicting an E-field-induced band gap

change via molecular conformation change (rotor/stator type of model);

[0026] FIG. 5a depicts a molecule comprising a middle rotor portion with a

dipole and two end stator porticns;

[0027] FIG. 5b is a schematic representation (perspective) of the molecule de-
20  picted in FIG. Sa, illustrating the planar state, with the rotor and stators all co-planar;

[0028] FIG. 5¢ is also a schematic representation (perspective), illustrating the

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

[0029] FIG. 6a is a schematic model depicting an E-field-induced band gap

change caused by the change of extended conjugation via charge separation or recombi-
25  nation accompanied by increasing or decreasing band localization;

[0030] FIG. 6b is a schematic model depicting an E-field-induced band gap

change caused by change of extended conjugation via charge separation or recombina-

tion and n-bond breaking or formation; and

[0031] FIG. 7 is a schematic model depicting an E-field-induced band gap

30  change via molecular folding or stretching.
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change caused by the change of extended conjugation via charge separation
or reconbi- 25 nation acconpani ed by increasing or decreasing band

| ocalization; [0030] FIG 6b is a schematic nodel depicting an
E-field-induced band gap change caused by change of eﬁfgﬁgﬁgzggpjugation
via charge separation or reconbina- tiog and 7T-bond breakPy formation
and [0031] FIG 7 is a schematic nodel depicting an E-field-induced band
gap 30 change via nolecular folding or stretching. Case 10013977 6 14

Cct ober 2004 BEST MODES FOR CARRYI NG QUT THE | NVENTION A. Definitions 5
[0032] The term "sel f pgssanbbes FORTARUNTEOUTTHREINGENTIONa syst em t hat
natu- rally adopts sone geonetric pattern because of the identity of the
conponents of the system the system achieves at least a local mnimumin
its energy by ing this configuration. [0033] The term"singly
configurable‘'%!:%%10 at a switch can change its state 10 only once via an
i rreversi bl e [poxagess sTbdteas “seif-asentddd” @m used heriturstarote a wyalemi that;neBiuch a

switch can be the basis of a programmbl e ads o r for
exanpl e. [ 008k adpRs spRF ﬂFOf?f‘é‘g%H%e kr’eﬁ?)‘fs%'&ﬁ?@é%es“ﬂﬁoafgﬁ egP osn¥ OEI gE catRechange
its state mubiip! @e @S attidved af RELRIbAI Milmeseiassuelgy g adoptingitidat i on or
reduction; in other words, the switch can be opened and cl osed nultiple
times, such q@nﬁméﬁﬁﬁnnry bits 15 in a random access nenmory (RAM or a
col or pixel i JoB) di spl ete{:{)%@y JREhEHIE mBins fafk b @iichatn aipké ROstde a

nmol ecul e neaAs a' nol ecul'e having two relatively Iow energy states (Il ocal
ni ni ma) Separaatyeshcbyiaan iresversipje frovesaech ssan axidationenTequstion FEARIORRIUER Y| e nay

be either irreversihly switched fromone sta gl y

confi gur abl e)SW¥eh Faé\t}@rt g Pty °£W&°§]ﬁ8}5“3 e&?ﬁdooﬁltg?@%lg?r&Qﬁ({)em’gf&()?@rﬂ( reconfigu
20 rable). Thgodsgr m " mphd termt @boRligirRIET Bedn® that MDEIRHI can Whirtgeritr @ate han t wo
such low en- ‘ergy states, or local mnima. [0036] M cron-scal e dinensions

refers to di mewgplerisneshag arrgwgsgalef PEPGESs sieh as an oxidation or reduction; in other

words, the switch can be opened and closed multiple times, such as the memory bits

15 inarandom access memory (RAM) or a color pixel in a display.
[0035] The term “bi-stable” as applied to a molecule means a molecule having
two relatively low energy states (local minima) 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 (reconfigu-
20  rable). The term "multi-stable" refers to a molecule with more than two such low en-
ergy states, or local minima.
[0036] Micron-scale dimensions refers to dimensions that range from 1 mi-
crometer to a few micrometers in size.
[0037] Sub-micron scale dimensions refers to dimensions that range from 1
25  micrometer down to 0.05 micrometers.
[0038] Nanometer scale dimensions refers to dimensions that range from 0.1
nanometers to 50 nanometers (.05 micrometers).
[0039] Micron-scale and submicron-scale wires refers to rod or ribbon-shaped
conductors or semiconductors with widths or diameters having the dimensions of 0.05
30  to 10 micrometers, heights that can range from a few tens of nanometers to a mi-

crometer, and lengths of several micrometers and longer.
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croneter to a few mcroneters in size. [0037] Sub-m cron scal e di nensions
refers to dinensions that range from21 25 mcroneter down to 0.05

m cronmeters. [0038] Nanoneter scale dinmensions refers to di nensions that
range from0.1 nanoneters to 50 nanoneters (0.05 m'crorr(st ersk 0039]

M cron-scal e and submicron-scale wires refers to rod ot P78 9% aped
conductors or senmiconductors with widthd or dianeters havi ng the di nensions
of 0.05 30 to 10 microneters, heights that.can range froma fewtens of
nanonet ers t d0040ki - cr dABMEY, 1o Cg”e"‘ﬁhfff‘h@elafca é‘if%rr‘y&? ?‘?ﬁ cl?lg]f?gtt 8?°§p18§d

| onger . Case JROIAY brbjdi- L AnfPaRR0" F0Ré cdiigheiitMidroyi fieloneaman |
chem cal acronymior I ghest occupied nolecular orbital", while "LUMD" is
t he common cheeipisl melequtan prhitalyr HOMOwesitd LiMOs are ugspesihio fos elgramioeosr t al .

HOVDs and LUMDs. ar, i ble for electronic con- ductioni |
and ¢ he. ener G MO BET WEahoEh & RS A EUND L0 ST L Bkt o2

ener geti cal | yreandyetioR|yataibamdddiiat 8ibRalk $ egBpabsife the Ealor éfhke moleor of the
nol e- cule. [0041] An optical switch, in the context of the present

i nvention, i®¥¥§lves changes in the el ectro-nagnetic properties of the

mol ecul es, baghyyi thi nyand ontside inthat, Ast eetiabhRsdly iRgidumRRIeye. €. 9.,
rangi ng fromcw@éyv:‘ ar iﬁ?&gpgﬂe&a}%tﬁﬁ)mttg@d%ep u? 10bt?avilol et1 (l.lJ\/) Opt i cal
swi t chi ng i nechagesincthasgetso-nagrerio paptitiesofstie motesulad Sothpwitlin and pwhitlect i on,

refraction, diffraction, and diffuse scatterin f .electrao-nmagnheti.c
radiation. [lrodotpctatie by reumap §¥s 8- &HsiPe f{"én &g%ﬁf@% ’\r/ﬁdt(ﬁ‘?‘)ntoglﬁ%n Yisible
spect rum o BAlet (D). GRickiCHilcMing lindBlies PR@SdsNg prdPefidgBudhhng abdrpdc@nt i s not

i npeded or altered except in the regj on in which the col or.anéli ngf(:t rally
absor bs. For reflestign. esfraption; Hisfrapsipe @nd diffussoicatiasing phelectigya’gnadt A48y b in t he
visi bl e spect t hen Ao} i Lo BRPSARintRe NSUER spUlhfto Gledr
transparency.léqﬂg})43] Tﬁéggﬁ%ﬁgml -C}\z/:r%%nh%nt il Illﬂln‘i nat i or?pvi ewabi lity" is
defined her eitiut agticallpclight ewaing |throyghuthel eolomnyisanobingretled b alteradagxiceph icondi t i on
to which the tﬁeyr%gilog in which the colorant spectrally absorbs. For example, if the molecular col-

15  orant does not absorb in the visible spectrum, then the colorant will appear to have

water clear transparency.

[0043] The term “omni-ambient illumination viewability” is defined herein as
the viewability under any ambient illumination condition to which the eye is respon-

sive.

20
B. Optical Switches
[0044] Optical switches are described in greater detail in co-pending U.S. ap-
plication Serial No. ,filedon __ [PD-10005747-1]. A generic example

taken from that application is depicted herein in FIG. 1, wherein a display screen 100
25 is shown that incorporates at least one colorant layer 101. The colorant layer 101
comprises a pixel array using electrical field switchable, reconfigurable, dye or pig-
ment molecules of the present invention, described in greater detail below and generi-
cally referred to as a “molecular colorant”. Each dye or pigment molecule is field
switchable either between an image color (e.g., black) and transparent or between two

30 different colors (e.g., red and green).
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sive. 20 B. Optical Switches [0044] Optical switches are described in
greater detail in co-pending U S. ap- plication Serial No. , filed on

[ PD- 10005747-1]. A generic exanple taken fromthat application is depicted
herein in FIG 1, wherein a display screen 100 25 is shown th é

i ncorporates at |east one colorant |ayer 101. The col olr“a(ﬁ‘ftol'l"?ﬁ?l ¥ 101
conprises a pixel array using electri caP field switchabl e, reconfigurable,

dye or pig- nent nol ecul es. of the nt i nventjon ScCri i reater
detail bel ow[¥8] gener Rﬁfeﬁ'&lglwleﬁkf‘g[:ﬁaat@eégloffml‘ %ﬁ?relg) Ilirantégﬁgérsgbr% ". Each
dye or pignment i 67 bf-kigh1d moRhIESHRRL L5 1Rk ALK sdricderbfatvlécirge col or
(e.g., black ngg%r%ﬁgﬁgegaor?entt ormget ween vvos 30 different colors ée. g.,

red and gr eenrprrelfias® dRGLEA TheobhnOayobldl i200un Japasiteder e baskgepupdi ef Iy to

FIG la, the colorant |layer 101 is an addressabl.e . pixel a med of

bi - st abl e nolSEesRES! U4y %tﬂhes‘ﬁﬁpﬁayt%lﬁfengedg%alcg%?‘éng CSO«LJOF (%g" Vryg[tée)bﬁ{léegfb

correl ates t Q@R 0Bintd! conlgiBe, GO} Batiple, laaigh dikRétric pigindnhi(hig| dipeiz) @oat ed on a
background substrate 103 having the di SE| ay' s Lntenﬁedl)%back roun ecol or
(e.g., white)polymssbider thatgyevades BQer3WRER O %r’%? PRAGILY pYaFe BlsQ FyanZIng e o

diel ectric pig tdr()%? abhoss thk 1A84. Bhe isRatficdROMBIRA oD bNERsratthiager 10O\ehdes good
white col or and ©Opacity while also m nim zi ng the voltage drop. across the

| ayer. The stsnbtiafei € thonisifeilyt dnelogeis te ollaeant ink perperon & B9fstFate 103
thus is fully anal ogous to a.layer of .ink_on : L e, or
erased st at e, TR aé%wpgcqlglssswtflgﬂé%%%aquJggrﬁgé%nst%%p Zt;\ltp %%gmqﬂalti on; the

"layer ofyoi nks ink@itie THRWaskdb@d (F8e Whane piieR) stbwseh@ugh ishihbe gikeleks) shows
through in those pixel areas where the colorant |layer 101 nol ecul es are
swit ched to twhere thanelprnelayerdfi emlesplicpre switched 4p dsdfaprnarept e aliPBUYh | ayer

105, such as t%s&%reg\t Gigly-ihio fagerCibS,%!ll & ofla1dAf PHded ghis, iPgbliaéeRt to the
un w ch t

col or ant - backgr san provide appropriate protection. The
vi ew t hr ough fegjgeent hAEe ¢vderamt-tackenspd senwidl te pravist¢appioprasie POTECH THF xel

col um or row, 15 act Lyatl o5 ARUNY 28 LNELEL R8P ARAL.HASKRGPENt 1Y to

15  activation mounted thereto and positioned superjacently to the colorant layer 101. The
background substrate 103 has a complementary electrode array 109 for pixel row or
column activation mounted thereto (it will be recognized by those skilled in the art
that a specific implementation of the stratification of the electrode arrays 107, 109 for
matrix addressing and field writing of the individual pixels may vary in accordance

20  with conventional electrical engineering practices). Optionally, the pixels are sand-
wiched by employing thin film transistor (TFT) driver technology as would be known
in the art.

[0046] The present display 100 is capable of the same contrast and color as
hard copy print. A molecular colorant is ideal because its size and mass are infinitesi-

25  mally small, allowing resolution and colorant switching times that are limited only by
the field writing electrodes and circuitry. Like ink, the colorant layer 101 may develop
adequate density in a sub-micron to micron thin layer, potentially lowering the field
voltage required to switch the colorant between logic states and thus allowing the use
of inexpensive drive circuitry.

30  [0047] Suitable reconfigurable bi-stable molecules for use in such displays are

disclosed below and claimed herein. In the main, these molecules have optical prop-
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background substrate 103 has a conplenentary el ectrode array 109 for pi xel
row or column activation nounted thereto (it will be recogni zed by those
skilled in the art that a specific inplenentation of the stratification of
the el ectrode arrays 107, 109 for nmatrix addressing and fielg@‘/{iti ng of
the individual pixels may vary in accordance 20 with cohenbs s

el ectrical engineering practices). Optionally, the pixels are sand- w ched

by enmploying thin fil ransi stor .(TET),. driver.techngl. _be known
inthe art. [WﬁgT‘g'Tﬁ‘géréF}@é%rﬁgetméﬁda ﬂi%ﬁ“?ngOfc&dﬁlgg{aggltggéﬁf%%nsarwé cont r ast
and col or as ;Jafge 6RRYI ;B?B}i)d?tties,z igxcl@}nggwbﬁbr galspdraty, dfahé dRkulbebagse its

size and nass are infinitesi- smal |, allow ng resol ution and
col orant swi twithi figd polamty appized aenoes the moteedle ard spmpips ehremptically sigple in the

el ectrodes and circuitry. Like.| he | : r | op
adequat e densai%fegyc??l k- élquﬁl%fr Cnf?eif%B#i csrn? (r?]mg E\}?e%%fl%@g of pog eé%? |na%%sgl ower i ng
the fiel ds val hageails, egpinslechld map vt timhgddhfeont ohoomics] sttt wemnthen gigs cel- at es and
thus allowi ng the use of |nexpensive drive circuifr 3 047], Suitable
reconf i gur abl Eehio-EpgaTat i cglﬁﬂe‘%ozesf%"rydtﬁsdgmlg’hedéﬁtc‘f Hﬁed%éoﬁ?rgy}lgaqﬁ?ne;hyal i scl osed
bel ow and cl gl eaRe e &lsmbﬁbntlﬁlﬁofmhg\or sthasase et estaihaségmenps oht prop-
Case 10013977 9 14 Cctober 2004 erties (e.g., color) that are determ ned by

the extent ofdyeleepiement melpsuierelade ot qtoas Seemnisg when gggyterngh glege ik 1s
properties, |i Bﬁéﬂd{irgga %QA or or transparency, of the nolecule change wth
field polarity appli edcacross the nol ecul e and remains chromati cal | y stable
in the albserjoe48)f an Apptdl@antadyeciliis afibmbgene®@s lajies oilpeleeniestwiackcasat i nui ty
of conjugation ac t he nol ec from one

opt i ol ot at PTHEBRGRINGA o8- Gk o MBFEE PLAIP A SpAP S COREER P1 di pol es
g!ay be desi gngghni 43l Arah{PRreBOIN0S ﬁgs_tcohﬁgate&aﬁhnmysﬁj By Galtihy treabeing Bick-
isruption by rotating or otherwi se distorting certain segnents of the dye
or pi gment ndreund|sabstreted0p white.choetierantdaigniht may therepy Bradesgthighrontrast ectri ¢
o PP AR5l 0R e I3 kB e |
cyan, magent dieldEwiyshbbloWye bh pigmeny & - apn¢angrised mixiuvenef different switchable ,
dyes or pigments that collectively produce a composite color (e.g., black). By using a
molecular colorant, the resolution of the produced image is limited only by the electric
field resolution produced by the electrode array 107, 109. The molecular colorant ad-
ditionally has virtually instantaneous switching speed, beneficial to the needs of fast
20  scanning (as described with respect to FIG. 3 hereinafter). In certain cases, the mo-
lecular colorant may be contained in a polymeric layer. Polymers for producing such
coatings are well-known, and include, for example, acrylates, urethanes, and the like.
Alternatively, the colorant layer 101 may be self-assembled.
[0049] In one embodiment, the colorant layer 101 is offered as a substitute for
25 matrix-addressed liquid crystal flat panel displays. As is well-known for such dis-
plays, each pixel is addressed through rows and columns of fixed-position electrode
arrays, e.g., 107, 109. The fixec-position electrode arrays 107, 109 consist of conven-
tional crossbar electrodes 111, 113 that sandwich the colorant layer 101 to form an
overlapping grid (matrix) of pixels, each pixel being addressed at the point of elec-
30 trode overlap. The crossbar electrodes 111, 113 comprise parallel, spaced electrode

lines arranged in electrode rows and columns, where the row and column electrodes
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tation and transparent in a | ess-conjugated orientation. By naking the
abutting back- ground substrate 103 white, the colorant |ayer 101 may

t her eby produce high contrast black and white, and col ored i nages. The
colorant layer 101 may conprise a single 15 field switchabl e or pignment
or may conprise a mxture of different i t chabl e dye§4§?°$?g%§hts t hat
coll ectively produce a conposite color (e.g., black). By using a nolecular

colorant, the_resol utiaon . i i 1! prcd-ady. onfit By of he
electric fidfa Paestd %’%E%éggﬁgiﬂg%gﬁ}eagg%%rt rode ar?g}g/ 107. 109. The

mol ecul ar coli@ngatenfictosstlirteleonades YOh@§ 1 \A08 i BIQ. @ desesibechinadetad sregaftere hi ng

speed, beneficial to the_needs .of fast. 20. scanni as,_descr | ith
respect to Fligormedpy Bimin gerP))?m‘PIhoﬁﬁ 1Pt Oé‘édggy,&tqr(ﬁ'ea tﬁaﬁl-Spalrééll(t:u gtrr%%ol or ant
may be cont a'(g.g.g laEs).aTMé YO bl dress ANE pixeIRQb KPR lefectredes HUD drecioRgeds ncthe
coatings are ”g_ nown, and include, for exanple, acrylates, urethanes,
and t he | iSke.ITOAkyeeusing corokstionglibinddmaragipming apeé etching t??é-?‘%@ £bs slofssenbl ed.
[ 0049] In one_enbodien t t Ll bstitute
For 25 mat i Auay oLaarpiafng Ao e Statithuy SR REPE: Ainitay

wel | - known f ane gtisbarehtselecbdy myereagiy pinvedtiond thuidfiles telthiques deigh vérenhs and

colums of fixed-positio | ectr.ode , arr.ays, e.q. 07 09,

fi xed- positi clPesitiogy Protaé?péfrflé‘ifgmﬂ'ﬁﬁ ,(e‘i'oﬁﬁ%%ﬁeéli’ %Hgn %afs%gﬁfrllj\?i%%' f\;dr%iﬁgfal crossbar
el ectrodes L ebaricklidc hats SRRV eRbiheBeakar @pbsiticyaid stlkstembledrmomn
overlapping grid (matrix) of pixels, each pixel bei n@eaddres? d.at the

poi nt of 16 eday8s. Cobumn addegshabiy. Pixplecressbrs sipgirodes 0P (d%e <04 11 1413 ¥dnpri se

paral | el , spac | ect ! r [ 1 hPAGe ONn&Gke§:0! UMS,
where t he roﬁreg%aﬁgg%s&}ngggﬁl lemclpgrgo?iesgr tga%ggfgvlvé%fgggg 16 14 October 2004 are

separ at ed on abRpgsdl ngpsshad electoddes @9 moy opamally by eonstracted @ afsenagddl ub-a fir st
set of transparent.crossbhar, el ectrodes.107 (.201.. 203 i . scri bed
in detail herSPEHY Ersfgseﬂ%enf%? ffdﬁ?t‘;‘? H‘fhglte f?#“ﬁ% g CO%Vén%ﬁl& i n%‘%

SItion O fumtin

oxi de (I TO qﬂosﬁ)I]t I ans PR efidplayU ped, rmbepro(ifesd print@ngmipir-likEhemeastovlor,
addr essabl e pi xel crossbar el ectrodes 107 are forned in.the 5.1TO | ayer
usi ng corentvioviag angl¢, rand jomm-pabicelr Himpageidvievariz gy chmitigu et the e col or -

?‘nr;Ln![ g‘ée{ 010,31 2‘2%%)% ‘I’f}a kg rrgr%d.[}gd SfHPEﬁJv‘g'At ﬁi]l;ig) 3rREE cHEAHRNLRE e a8RERA- over or
pare el'ectrode Fayer, using conventional thin film

t echni ques ( aliglay alepblows a significant reduction in power drain. Whereas liquid crystals re-

quire a holding field even for a static image, the present molecules of the colorant

layer 101 can be modal in the absence of a field when bi-stable molecules are used.

20  Thus, the present bi-stable colorant layer 101 only requires a field when a pixel is

changed and only for that pixel. The power and image quality improvements will pro-

vide significant benefit in battery life and display readability, under a wider range of

viewing and illumination conditions for appliances (e.g., wristwatches, calculators,

cell phones, or other mobile electronic applications) television monitors and computer

25  displays. Furthermore, the colorant layer may comprise a mosaic of colored pixels

using an array of bi-stable color molecules of various colors for lower resolution color

displays.

[0051] Since each colorant molecule in colorant layer 101 is transparent out-

side of the colorant absorption band, then multiple colorant layers may be superim-

30 posed and separately addressed to produce higher resolution color displays than cur-

rently available. FIG. 2 is a schematic illustration of this second embodiment. A high
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deposition) or thick filmtechniques (e.g., silkscreen, spin cast, or the
like). Additional coating techniques include Langmuir-Bl odgett deposition
and sel f-assenbl ed nono 10 | ayers. Columm addressabl e pi xel crossbar

el ectrodes 109 (202, 204 in FIG 2) are preferably cogﬁbggfggglin i ke
manner to the row el ectrodes 107. The cql unm address- % ? crossbar
el ectrodes 109 may optionally be constructed on a separate sub- strate that

is subsequently adhered to the ite u3|n 0 (o) h
[0050] Thi <. aiseiiiss BGol30B R GOPREbiey T o et R s aliBE N O

15 view ng any aJeres of Afkp el@c’ﬁjaﬂc%ntroﬁf'ele'éﬁbd@@%PrB()?laﬁ&Vad]uﬂrmfeLecﬂmdeeDMn nation
of the po- |4 zatlon ayers required for known |liquid crystal_ colorants.

Usi ng the dessd abedandilathralytyajf solomint byers 208 YHi f’-@%&ﬁ‘th hasingct folrenh power

drain. Wereas liq ire a I i a static

i mage, the pF%@éWPgﬁgF gglcﬁfacgr?ggggll eg?léccif&aﬂ l{l}g Infgkg(c:cg%% of an(ial in the
gbs e?cgl of a lpﬁu'eﬁtl fheVé’@I%B Obi %ﬁ’%l@-pllxel B RCHARSrd enyusechr ammﬁma'sqn ofttke pr ﬁsent .

i -stable colorant |ayer on uires en. a change
and only for celRatayps x&e- Cyﬂ‘i‘emﬁgﬁﬂé“r yelog ﬂﬁﬁ@ atd%“a*“ﬂt rre(s)(\g‘ét)r(@n #Stﬁ?l\ll Il pro-
vide signifig ?s'afagb@ﬂ@rf bt cdl&aﬁafﬁ}leﬁ‘s@%' 1d7e2@N@r 6lipHel aaynfa&adahpzirerttyﬂlemnder a
w der range o I em ng ['um nation conditions for F b?{g ﬁ%(e g.

wr i st wat ches thecgike uhawmhs backtg@luhd Q\H@?ﬁés 103 fe- gt Wite)-npsh Péhsé
appl i cati ons i si on nonj.tors c nor e,
t he col orant )bF‘ée?’éP}[%‘i? CIHPY }“?85 rﬁsomlon O%Epo# LEh %%2% IL§:lblxd(:c)@es Eﬁ&r%gﬁgn array

of bi-stabl e ea ﬁl&elrﬂéhﬁﬁflﬂueﬁlaﬂfaly\bﬂl’sln@hﬂay@ﬂh@ﬁzﬁc dodorr. Damofmsfabmnamn col or
di spl ays. [0051] Since each colorant nolecule in colorant. |ayer 101 is
transparent ofithe disple atsfset foeth inhe pbee-meBECH CP-BININEAPICHEN nul ti pl e

col orant | ay y b u S8 Ya 265 68idgd O
produce hi ghzé(fszgaol uﬁ%en&g%r tgtbegl sp gé;:g Ftﬁ)’w}airl1s'scur S%Qeig{yl ﬁg\%l | able. FIG 2
i s a schenat iacrosd thSﬂﬁdt&bdGSI’dlmﬁlyt dd]a;ergegohﬂjseéwtﬁdcﬁoiﬁéd%yer A oniegplese

10013977 11 14 Cctoper . 2004 resolu | t bl e,
di spl ay scredH™P@§a*© %‘?ﬁf’r %}é%peg’il?séf rha #65 m%égmqf lstrtr}?e ar%gga(?%%étqéﬁgct r odes

- row el et r 0de@SandQlan 208 ad c@%mhmhy@ B! fh@ﬁl@S{eBQR theaya:ﬂo@(lﬂyer amrud- a

plurality of colorant layers 205, 207, 209, each havi ng lhIf erer]t
dressed through row electrodes 201 and column electrodes 202, magenta through

umn electrodes 202 and row electrodes 203, and cyan through row electrodes 203 and
column electrodes 204. This simple common electrode addressing scheme is made
possible because each colorant molecule is color stable in the absence of an applied
20  electric field.
[0053] FIG. 3 depicts a third embodiment, which employs scan-addressing
rather than matrix-addressing. Matrix address displays are presently limited in resolu-
tion by the number of address lines and spaces that may be patterned over the rela-
tively large two-dimensional surface of a display, each line connecting pixel row or
25  column to the outer edge of the display area. In this third embodiment, the bi-stable
molecular colorant layer 101 and background substrate 103 layer construction is com-
bined with a scanning electrode array printhead to provide a scanning electrode dis-
play apparatus 300 having the same readability benefits as the first two embodiments
described above, with the addition of commercial publishing resolution. Scanning
30 electrode arrays and drive electronics are common to electrostatic printers and their

constructions and interfaces are well-known. Basically, remembering that the bi-stable
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col or nol ecul e array. Since each pixel in each colorant |ayer may be
colored or trans 5 parent, the color of a given pixel may be nmade from any
one or a combination of the color layers (e.g., cyan, magenta, yell ow,

bl ack) at the full address resolution of the display. Wien all col orant

| ayers 205, 207, 209 for a pixel are made transparent, 't HERPTZAY pi xel
shows the background substrate 103 (e.g.5 white). Such a display offers the

benefit of three or nmpre tinmes resolutio r presen ri evi ces

havi ng the 10PYSFRATSYHER dogs AL rfvlrﬁﬁthotdﬂf&rhe?ae/ﬁ? Sg%nnér}gnegﬁc{e}g%eaye?' Idgr%@s? gi c

color. Detailg,afutBE faREds @atispRifed Pagt Bﬁgﬂﬁtﬁ@aqyxalfw sed tifherThe scan-t he

above- nenti oned co-pendi ng application. [h 052] The color to be set for each
t

pi xel is addresseectivyle amay disphay appwratus AQkthunprovides eharedpagtdlgwadYdir ect | y

adj acent to the | ect.ed, col or |ayer. . For | . ! low is the
upper nost colBf ﬁﬁglel 32’9@?{ t‘ﬁﬁll'gfmarii%ﬁén i Fvsenteli%g‘g%x%dd(r:%?%? gsun%fbllqggl%ﬁr% ISI1 207,
and cyan iss tdiesbhitedrep!toiRNide haeile 2%ess tdyen withxmbsthiqugh heayeinhew | ayer
are ad- dressed through row el ectrodes 201 and col um el ec&r.odes 202,

magent a t hr ouifis @ad 1o fipgecemBliplEys SBLPIRRYIPRG L FECTPBAE"5H8 2 5/ cyan

through row ehReh[RaR y&0d 134 aghidlbd FR@hRGiEOLl @S or2Bésaic kB ipfodatagl &-common
el ectrode addressing schene is nade ossi bl e because each col orant

mol ecul e is cwspénnably bigh esplutiomisanipRes? d@f’laé_n applied 20 electric field.
[0053] B G Jopehi cf S fidlideAreiROMk: MR omithinklh 2RO : BIEGAD BAHRSSI NG

rat her than x- addressi‘ng. trix address displays are presently
linmted i1 resdibplay dckeen 303, af oennad eleerodefarrayddlide sl drrayemnslatibnspecbayshat  may

be patterned over the rela- tivel arge two-di mensi opal surface of a
di spl ay, each?0l|tp ﬁ@“&%ﬂhé@f’?ﬂﬁ%°§%$e 0SSy eé‘ﬂ?atﬁﬁﬁ?ﬁ’(fi Sf’?‘?%n‘glglteedr]‘s'edge of
the displ ay Zrns‘fi‘acrée% 31 Soalnhi dnthr 880D $hdlBRfund st - 198 ARl tRnspaBine olehar

r

col orant |ay 1 and background substrate 103 | ayer construction is com
bi ned with a theagniane 186.cot soldest ang biyptableimnleralecrotosns faye [¥a- Bresolifitng

el ectrode dis-_pl appar.at u i i | its as
the first tmzla%eﬁi}%imn%n@ %la&edésllgl?l?%%gydégg%&g?ﬁ\?m&t@ ﬁ@ltohag@g%% %Piagbnj (g?da %fcr)mrer ci al
publ i shi ng r esedaltt isdescrbedhereingbB3e. Eleacimedidearodaysayzitd campusss elliaea r oni cs
are common to electrostatic printers a?d thei.r constructi ons apg

fefeg VULEFe  case

i nterfaces ardtayoF CQRKUGH Stagerssdaray\o &} PR RLPer (5antas
10013977 12 background substrate 103. A staggered array of electrodes may be used, for example,

to minimize field crosstalk between otherwise adjacent electrodes and to increase dis-
play resolution.

20  [0055] In operation, each electrode is sized, positioned, and electrically ad-
dressed to provide an appropriate electric field, represented by the arrow labeled “E”,
across the colorant layer 101 at a given pixel location along a pixel column. The field
E may be oriented perpendicular to the plane of the colorant layer 101 or parallel to it,
depending on the color switching axis of the colorant molecules. A perpendicular field

25  may be produced by placing a common electrode (e.g., an ITO layer) on the opposing
coating side to the electrode array. The electrode array may also be constructed to emit
fringe fields; a parallel fringe field may be produced by placing a common electrode
adjacent and parallel to the array. A perpendicular fringe field may be produced by
placing symmetrically spaced parallel common electrodes about the electrode array(s).

30  The voltage is adjusted so that the dominant field line formed directly beneath the ar-

ray 304 is sufficiently strong to switch the addressed colorant molecule(s) and divided
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14 Oct ober 2004 nol ecul ar swtch does not require a holding field, the
scanni ng el ectrode array display apparatus 300 changes a di spl ayed i mage
by printing a pixel rowat a tine. The scan- ning el ectrode array displ ay
apparatus 300 thus provides far greater resolution by A 200f t he
ability to alternate odd and even el ectyj;ode address i) C%\l?B % opposing 5
sides of the array, to include nultiple address |ayers vmth pass-t hrough
array connecs . i,ons. apd ;Lo && gagr m'f@il}n'éﬁcm feg %n?Ya?teHa@t eRbSRQESd emat el y
superi npose dur’ ng a scan. e colorant |ayer 101 nmay again_be patterned
with a col or smsmgmet:hanpsmc&mc@scasse@mth@ww owatidngd pg- Q‘Fﬂdrf@saépléﬁatl% scanni ng
color display. [0054] More specifically, the third enbodi nent as shown in
FIG 3 conprises 10 a display screen 302, a scanned el ectrode array 304,
and array tranglatdtdvensmhani sm 301 to accurately nove the el ectrode array
across the surface of the screen. The dis- play screen 302 again Prrpri ses
a backgr oénd [Wlﬁlst r at elnpo®rdagce with et WYeéWm FW#EGH]@ﬁeY‘é%F‘ngSO and at

| east one bi-stable mjles?gfdswncﬁ%h%e V1!1 yf‘canrthg'g oraﬁhﬁ‘y g(?bpr"l%@flsté gyer 101
may i ncl ude &“WEHBGEREGUS™ Tonoc ora or color 15
nosai ¢, as deggiresdnieatic 1ﬁtr¢ﬁtlmoasaeve'1|'dhﬁe\8 Q@eerm“dwet}eng mcnihemans thyt d3Qut-
conprises a linear. array or equivalent staggered array of electrodes in
contact or n&diEh EERIHEEPYATER t he background substrate 103. A staggered

array of el eﬁédse}des may be ysgleledi®y QX @A) ihducdd Mtafibz of bi Rhstl one 0SSt al k
bet ween ot herw se adj acent eI ectrodes and to_increase dis- EI ay resolution.

20 [ 0055101 n r@ptelplaﬁqcmp (reder br analegularg ehange e bad zapplths mekeds and
electrically dressed t Qi 4d bifatfoh &fdn

repr esent ed t@%@ne arrow | 3@2?%1(1"@%% gfgir?%és)ggp%ﬁ{é&cgﬂ gerggr?ltl EIltacl)yer 1e01 at a
gi ven pixel Ingtauieain chbiiegl bendingehangead clrange thdveanfiiggl;dnd E may be oriented

per pendi cul ar_tao the pl ane the c Iay 101 or ra to it,
dependi ng on (84381 col or swi t(ghﬁrf’gldd%?% %‘F“@Fa‘ﬂ? n}?fﬁog Folc?ng A
per pendi cul argdikighd T8, 'ﬂﬁ}éoh)@sﬂft&ﬁhgquxebysumoﬁﬁﬁ BJic] @000 Mntehebiculade (e. g.,

an | TO | ayer) on the opposi nﬁg coatin ag side to the el ectrode array. The
el ect r odd Sar chgneauather|teas & fasions i QridaBien/feguedion Feaction, iy ePnirast te Priors g;'par al | el

fringe field BBYadigs %é&dtﬁ%gqntayg@'r@ﬁ%cng it GRATEDE gBheGHAIO P e adiianant and
parallel to £ rpendi ar fringe e produced by

pl aci ng synmeinie 1§a>tﬂeyte<$mabeepht¢)&astamsel theanﬂememcbdmsleamﬁbuime%I ectrode
array(s).

and cheaper to make than the rotaxanes, catenanes, and related compounds.
[0060] The following are examples of model molecules with a brief description

20  of their function:

[0061] (1) E-field induced band gap change via molecular conformation

change (rotor/stator type of model) - FIGS. 4 and Sa-5¢;

[0062] (2a) E-field-induced band gap change caused by the change of

extended conjugation via charge separation or recombination accompanied by increasing
25  ordecreasing band localization - FIG. 6a;

[0063] (2b) E-field-induced band gap change caused by change of

extended conjugation via charge separation or recombination and n-bond breaking or

formation - FIG. 6b; and

[0064] (3) E-field-induced band gap change via molecule folding or
30  stretching - FIG. 7.
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30 The voltage is adjusted so that the domnant field |ine formed directly
beneath the ar- ray 304 is sufficiently strong to switch the addressed

col orant nol ecul e(s) and divided Case 10013977 13 14 Cctober 2004 return
lines are not. Additional information regarding alternaieOasbadioognts and
scanni ng mechani sms are di scussed in thg above-nentioned co-pending
application. C Present Invention 5 [0056] In accordance with the present
invention, nolecules evidencing one of several new types of switching are
provi ded for LJ&% ol or Elnllo%Xlegﬂtl]rQJp oﬁiggtexdnﬁ)léspis%"f’s\fmssecflﬁ:@ov@.rﬁ§\_@@vrer,| nvention
i ntroduces several new'types of swtchiAg nmechani sns that distin- guish it
fromthe p][i othe axemplpO@IS are Ipt enbebasidered lifriitatedthe iFeption g the sRegilE ed
rotatjion of at |east_ one . ' le to
changge t he bahnaieﬁlg%r T % te?‘ﬁélmmtf{tg% %pgpahﬁbg@ge]w ?%)nﬁ)lif?}]% iggllhgoc{ibggeuiaquﬁgﬁar ge
separ ati on or meéeonts.nati on of the nolecule via chem cal bonding change to
change the band gap; and [0059] (3) E-field induced band gap change via

nol ecul ar folding or stretching. Thus, the color switching is the result
of an E-fi el dModelute d-FieltidadwotdRandaiap Changehia ddolecatah Eenforpation CHAFEE usi on or

oxi dati on/ redﬁéotti &]t trrﬁctei ﬂg{ deiljn contrast to prior art approaches. Al so,
the part of t : oves is quite small, so the switching tine
is expect eg tg)obeﬁ]qu![tﬁlﬁ.iésts.ahédhsmﬁtid tiepiatioh of whe smbpdimanictf Bisppedst, and t hus
easi er and cheaper to nake.than I n . , d.sehat ed

gtﬁF LFH%IV?SO |a1|1eE.tﬁe1% mcgucgd bgﬁc?‘?agsc%g?gc%‘%gﬁgﬁﬁlg?recoﬁfb £t§>_

conmpounds. _[OEY oW ng are exanp cules with a
brief descri pthanpe (r&0r/oftort thyed of nfodeldt Apshowh QOBIG, 4(thy mplepylef ) qonwiessd band

gap change vi a_nol ecul aj,~conf.o t a : t qf nodel)
T G4 and PE R Do R oty G e L Rlerel 2 Bl K08 < ised by
t he change of appisi eleegd ficdnnugatiaendepictedon dlregeft sidpefithe drawingsthere ss@bi nat i on

acconpani ed by in i 5 i band .l | i i - .
10068 (2b) EbrruRn A en Bk GE SRR TG RtaRER 4 R0 galit S O

band gap and thereby longer wavelength (red-shifted) photo-absorption. In the other

state, following rotation of the rotor, depicted on the right side of the drawing, the
extended conjugation is changed, resulting in a relatively larger band gap and thereby
shorter wavelength (blue-shifted) photo-absorption. FIGS. 5a-5¢ depict an alternate,

20 and preferred, embodiment of this Model 1; these latter Figures are discussed in
connection with Examples 1 and 2 of this Model 1 below.

[00067] The following requirements must be met in this model:
100068] (a) The molecule must have at least one rotor segment and at least one
stator segment;

25 [00069] (b) In one state of the molecule, there should be delocalized HOMOs
and/or LUMOs (nt-states and/or non-binding orbitals) that extend over a large portion
of the molecule (rotor(s) and stator(s)), whereas in the other state, the orbitals are
localized on the rotor(s) and stator(s), and other segments;

[00070] (c) The connecting unit between rotor and stator can be a single ©-

30 bond or at least one atom with (1) non-bonding electrons (p or other electrons), or (2)

n-electrons, or (3) m-electrons and non-bonding electron(s);
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ext ended conjugation via charge separation or reconbination and n-bond
breaking or formation - FIG 6b; and [0064] (3) E-field-induced band gap
change via nolecule folding or 30 stretching - FIG 7. Case 10013977 14
Oct ober 2004 14 [00065] Each nodel, with supporting exa , s discussed
bel ow. However, the exanples given are,not to be const ‘gg %’rlzpﬁﬁti ng the
invention to the specific 5 nol ecul ar systems illustrated, but rather

nmerely exenpl of th 0 Wi . NP )

£ Fi el d-hi ducddd Band ngaal%ﬁé%i ‘%‘; 99%@0‘%@%““‘?9%4% &%L“d e

(Rot or/ St at orpohyifpe eRltrdfged)the ﬂd@or[s@@&ﬁﬁhoﬁt)@am%e I]@caﬁzeﬂ&h&i&fﬂbdahzaﬂledm- Ct i On of

one enbodi nent of 'this nodel, which involves an E-field-induced b@ ap
el )

change vi a rmpeeémgarl ﬂwwﬁmat@qnmf themglseide. (Holechy tesrreiries pen BYIVAS As
shown in FI G fpgi nol ecul e 430 conprises a rotor portion 432 and a

st at or portlorff"dﬁl 4 e rotor portion 432 rotates with an applied electric
field. |Insongos1ate, dépiTitednonndtion(s) ef the sicdesulsfcan the Fifieldidapendeiore is an
15 ext ended rﬁg@ia@&atl on through the entire nolecule, resulting in a
relatively snal band gap and t hereby | onger wavel ength (red-shifted)
phot o- absor pt{ogys] | N t [ TAE BEktabls b@le@) carObd aiMiaved bpﬁmﬁai onimdr-mdieculaot or

depicted on the right side of the drawi n the exte d _conj tionis
changed, r esufordengudhnasahydeqsgn ibording, IQ&’PS’E&’ f?&ﬁdvﬁ’aijﬁr \Q{aﬁi Iﬁ@?eetﬂlg Afbrter

wavel engt h (bg0 mrfdgp fpmtgm@{,ﬁﬁ&pram' on. FIGS. 5a-5c depict an

alternate, 20 a erre fent of this Mbdel 1; these latter
Fi gures arce d[melzqssed (8) The bamiegzpiof thewndlérulreitghage depgnding opthetdsgrge Model 1

bel ow. [00067]. The f IIo ui renment s t be. met.in.thi

[00068] (a) THeMoBLAE &' Fﬁﬁfg‘c Q\Féecsi’“ BEEe C(SSYHB apid mgp-benciag, %l Ct%cfgat | east
one stator Sgeieition of thelMIQOR ThiBwill Bor@BEhE batical Rbpdrtis (ét@L estod and/ot her e
shoul d be del ocalized HOM>s and/or LUM3s (n-states and/ or non-bi ndi ng

orbitals) thandexifecfthctonsetca of the gwlesvlet i on
[0075] Following are two examples of this model (Examples 1 and 2):

15  [0076] The novel bi-modal molecules of the present invention are active opti-
cal devices that can be switched with an external electric field. Preferably, the colorant
molecules are bi-stable. The general idea is to design into the molecules a rotatable
middle segment (rotor) 432 that has a large dipole moment (see Examples 1 and 2)
and that links two other portions of the molecule 430 that are immobilized (stators)

20  434. Under the influence of an applied electric field, the vector dipole moment of the
rotor 432 will attempt to align parallel to the direction of the external field. However,
the molecule 430 is designed such that there are inter- and/or intra-molecular forces,
such as hydrogen bonding or dipole-dipole interactions as well as steric repulsions,
that stabilize the rotor 432 in particular orientations with respect to the stators 434.

25  Thus, a large electric field is required to cause the rotor 432 to unlatch from its initial
orientation and rotate with respect to the stators 434.

[0077] Once switched into a particular orientation, the molecule 430 will re-
main in that orientation until it is switched to a different orientation, or reconfigured.
However, a key component of the molecule design is that there is a steric repulsion or

30  hindrance that will prevent the rotor 432 from rotating through a complete 180 degree
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of the nolecule (rotor(s) and stator(s)), whereas in the other state, the
orbitals are localized on the rotor(s) and stator(s), and other segnents;
[ 00070] (c) The connecting unit between rotor and stator can be a single 6-
30 bond or at |east one atomw th (1) non-bonding el ec ns ot her
electrons), or (2) ic-electrons, or (3),tc-electrons ]Ea‘hﬁc %‘%BB@{‘IdI ng

el ectron(s); Case 10013977 15 14 Cctober 2004 [0071] (d) The non-bondi ng

| ect t f
?hgcr (r);)g?( s) }gktld:yg an(s)tre%dﬂ'%e Rlati r?xserlaﬁ B}Q{ﬁg 2Rd; %ctlok:l%q)'uﬂ(gc?? Bebhon(s) o

§) can |'ocal 'ze | ocal i zed pendi ng on

t he conf or matihopt@f43bhad prlbacskas arw;pnlcalytmlﬁoemcmngne@f stoesliybeweactOr vat ed
by an E-field; 5 [0072] (e) The conformation(s) of_the Ie@ul e can be
E-field deperﬁ@érﬂﬂ difrorrpthe gRigp) @1'3“[399"7:?]“ (o) PurppsepL dhugftign E) Scan be

hi db Ly a- I ,
Goul on 1 of oo iy HBEPETPL AR Alon, LRHERR.S ) SPRORY SRR AT N0

i nter-staly | igatdbaized and dlﬂ':lercﬁrﬁ@&éb]f irftey) andier iarciolgaardfydtdgen htmde@mile wil |
change dependi ng on the degr

e on bond ectro | egtron, or
it-el ectron di9¥ lﬁ@FﬁCB%‘ﬁd%S “é&f’t“ihS aceleéﬁg’aﬁ% 7 gfﬂeﬁf %eogﬁl e. This

wi Il control ghag; QR gal sta‘%‘[é)&%rﬁdt%le(cﬁleg -this @BilifTto &’eﬂd{ 16 rotbndixbeofeen
refraction, etc.) of the nolecule. [0075] Fol|ow ng are two ex%gpl es of

this nodel (Bwansitesserpraschyzn opticilly sigrifFant Friation Jiom ¢ SABEAF CHEPecul es of
the present [ﬁg tion ?’Be faecgto;ln\é/gtr%g%f ryc%gyge%kg@@ #eggﬁ 588018\l ched

with an exter el ect e co nol ecul es are
bi - st abl .0 The pgeiRrsaferdl 6@aching steps stesitg allawoltipl states (reare m@s teortoprk abl e

m ddl e segnment (rotor) 432 that has a | arge, di pol.e no & Exanples 1
and 2) and t9se 2 MUk EatE (pe: OWHIQTCO%&S@’?%SSQ’B]F “’PP? ulﬁsoﬂ’eé‘%% &’%ﬁa PR are
| mobi i zed (g4 3k {fﬁg%&oﬁﬂt B 410 Bmﬁéd doRBnioBLy Wﬁﬂﬁ%e&@asﬁ@ oRRileh itk @bect ric
field, the vector dipole of the rotor 432 w atte%to align

paral l el to ttHefieidyechinged abi‘untlhé'(w)otlestatako dnp@blcby an‘\W@QéPUlSCdt nol ecul e 430
I's designed S[H&‘g]t hat H}Eher, er golérgrgterrrlolecu 9 4n(e)1}r/ bt rlémg%erm)o ﬁglﬂhéa{he e GFS:

15 no, or low, activation barrier for fast but volatile switching. In this latter situation, bi-
stability is not required, and the molecule is switched into one state by the electric field
and relaxes back into its original state upon removal of the field (“bi-modal”). In effect,
these forms of the bi-modal colorant molecules are “self-erasing”. In contrast, with bi-
stable colorant molecules, the colorant molecule remains latched in its state upon re-

20 moval of the field (non-volatile switch), and the presence of the activation barrier in that
case requires application of an opposite field to switch the molecule back to its previous
state.

[0080] When the rotor 432 and stators 434 are all co-planar, the molecule is
referred to as “more-conjugated”. Thus, the non-bonding electrons, or n-electrons, or

25  m-electrons and non-bonding electrons of the colorant molecule, through its highest
occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital
(LUMO), are delocalized over a large portion of the molecule 430. This is referred to
as a “a red-shifted state” for the molecule, or “optical state I”. In the case where the
rotor 432 is rotated out of conjugation by approximately 90° with respect to the stators

30 434, the conjugation of the molecule 430 is broken and the HOMO and LUMO are lo-
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such as hydrogen bondi ng or dipol e-dipole interactions as well as steric
repul sions, that stabilize the rotor 432 in particular orientations with
respect to the stators 434. 25 Thus, a large electric field is required to

cause the rotor 432 to unlatch fromits initial orien |on Qéj rotate
with respect to the stators 434. [0077] Once svmtched %}O‘%ng Yicul ar
orientation, the nolecule 430 will re- nmain in that orientation unt|I it is

switched to a different orientat ur.e b,

conponent of ctaﬁeedrﬁYFre%‘EﬂuSr e@?"jr‘?%ﬁ’f’?ﬁ CPfe gegéeh?osgsa%s??eaﬁ‘\ﬁyeepu S| on or 30
hi ndrance t hat «ppid-dhiflddeyRet of e makdle 432 of F‘Qjﬂcﬁlosttzaé Mg Thist ciegvl@arsonpl et e
180 degree Case 10013977 16 14 Cctober 2004 half cycle. |Instead, the
rotation is ha¢1§@ﬁe4)§01§fﬁéer§kbé’r%tch9fﬂeeh€§ﬁepb‘ﬁo @)‘ff“ﬁﬁg YpsBlEds on the rotor
432 and st at 34 at it tuPideal dave, bet ween
10 and 170 ?[p?)grﬁt he |¥1t|%tulna ggléé%l%%.t% %,%'Sé glgl?éatmg}i%%fg%{sle}smof illustration,
this angl & i svheahimwotag3Dend stators d34pare sempleglyprioplenari en thFH}Oﬂ%ékﬁi)ﬁlél}’ this

t chi t at l by a diff
andlor 1t auRORBUEE ard AP dBaR hans Bt “patal pERET T Fond BT L i

l'at ched in pl@ges qyennaf Hl%rm(tlgtﬁlleaﬁﬁkh%@njﬁga@éddHoﬁzefrdﬂrmctoaﬁefrmal Eﬁntuabl - or
multi- stable colorant nol ecul es, this ability to latch the rotor 432

between two timsttbese sdmphstaterate iyt fufly sqalivedapnd the implecaieda s referzadi 1815 r om t he
stators i s cruci al The [ i LRl » ed to
desi gn col or atﬁfngnﬁfoe%g‘?rg‘ég %6 thﬁ?or\%%ge%gg@&er a% Cg}{ ug%% g tgete‘eagésraés?%gas to

al | ow nulitgi pl RurtaER R Sef¥DT&l-shifd” tdbliesshipffed” attuoe rr&arm]d) tconvsy anserefee. g.

multi-color) system_ Such nolecules permt the opti.cal proper- s of the
col orant | ayeionship grehuey e datheyiibs dirstidn ‘9%\‘)’1 ?WF“Q“‘&E‘FP&Q%‘?% pg?tr%fit Z‘gsi ng

elec- tric fi eto another by appl yi ng
a pul sed fiel gk&rétg?@%nﬁ%ggﬁet@p&q %H?g/lfc?)%?n]i%q%)l%g&e%l es may be designed to

i ncl ude the qa&s;z] of 1Exmples)t ahd®, shawttive atiffarent baientadensfor swisehingbilie

volatile switc I situa N

required, andn‘{] istn é%‘HPé ]la ge@% {EREY 3 ﬁfsg gSIheel“sTglf xﬁ%xgie C%ul’l c field
and rel axes hgskeiiinto its original state upon renoval of the field
("bi-nodal"). In effect, these fornms of the bi-nodal col orant nol ecul es
are "self-erasing". In contrast, Gmnqn bCenrsctiby &rawd or ant nol ecul es, the

col orant nol eo@xbre—+s,¢(a| ns | at cheq;dnn Lt BoRtéifg ¢Reip I €

A SB ---- Stator B

SA ---- Stator A

+ = .
D A ---- Acceptor (Electron withdrawing group)
SB—Con, D*---- Donor (Electron donating group)
Example 1a
20  [0083] where:
[0084] The letter A represents an Acceptor group; it is an electron-

withdrawing group. It may be one of the following: hydrogen, carboxylic acid or its
derivatives, sulfuric acid or its derivatives, phosphoric acid or its derivatives, nitro,
nitrile, hetero atoms (e.g., N, O, S, P, F, Cl, Br), or functional groups with at least one
25  of above-mentioned hetero atoms (e.g., OH, SH, NH, etc.), hydrocarbons (either satu-

rated or unsaturated) or substituted hydrocarbons.
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20 noval of the field (non-volatile switch), and the presence of the
activation barrier in that case requires application of an opposite field
to switch the nol ecule back to its previous state. [0080] Wen the rotor
432 and stators 434 are all co-planar, the nol ecule is1 (Setf errﬁ&to as
"nor e-conj ugated”. Thus, the non-bondi ngz% el ectrons, or 4 Octghere

0

ons, or 25
1t -el ectrons and non-bondi ng el ectrons the col orant nol ecul e, through

its highest o i ed ecyl ar,orbita o t ol TaTPE =Y
nol ecul ar or b[ﬁ& (LE@B} ?C%F L GISPrSSceg*Si é;ﬂg}@\/é&ng’ ltg\‘r’Mga"é %%H}?iﬁggg%f gt he
mol ecul e 430-gr3-1m. % thay Beednlof effloteng: Bfdrégen faniigel-GHhi SH, ethes thadretarbar (et-he

nol ecul e, or ™optical state I". In the case_ where tf}&?,ro or 432 i§ rot at ed
out of conj ughtrisahirdted erppsasERiea) eF SHboEuRA prdrpeashoagr instippal BB VA 30 434,

t he conj ugati,on. of e - lisnbphoke iR eaided D are I o
Case 1001397#?78ﬂe4éé&%egﬁgt§&%%4%2§f’iI’zgélbb\gl’e@' gﬂrrgfl%%?lporti,pns of the

nol ecul e, 5r efthe aceeptbibyatbat Thog st it Grifss gletteaticgativi o mjoge electroppsitiesthpn thed st at e
of the nolecule 430, or "o tilcéal1e state I1". Thus, the colorant nolecule
430 is rever SCHRP ETPORAN BOENeen two different optical states. [0081]
It will be appogsi at edThy 1éteaseoskindl €6h,impreteat aorinettingt wiits teveceh dmel case,
5 when the rotor 432 and stators 434 are conpl et el t hen t he

| . ,
nol ecul e is frodlegule swshinegisr axplecals dr RpYseR hé“qlwltﬁranﬁél%ogoéﬁgg@%ﬁa‘; ®& an
angl e of 90 w ctzt [ &3R8 tndk Oa(gﬁc{%% o{%hi%ts%g%]@fé?’é’m)‘t'[h'ﬁ@ﬁmta?Se 55@] G W ehel f51-

non- conj ugat g wever, erma uctua- tions, these ideal states
are not fiugl | yiowiat hydeshen anilizinge hyslogeruboad), snuftivaleny leteze pienrs (iee--ds N &i ng

"nmore-conjugated” in the former case. and, "l ess-conj ugat edy ¢ _atter
case. 10 Furthdr Ftct)r?é%"tné??f?[ FPERT-ORTHY hes&ﬁﬁembal%d}les-@%i’ écgmggrcg’eh ot neant
to convey anyyb&kiims (diaShiupatddor Rbi@rurited) of aibttitet hedrdéart@at.i on in the

el ectromagneti c energy spectrum of the energy shift of the bei ween the
HOMO and LUMI088At es. [TooBtprs %aa@élsgsarelu%%e@/%%‘ﬁmtﬁgta f %ﬁ@?ﬁmreﬁ-

VD and s. [ ‘, rrgfeli
Firet gener s ol ey bk (FRHAiE Geg of PO IR RaRIGE S 2

15  bon. Typically, these hydrocarbon units contain conjugated rings that contribute to the

24

extended conjugation of the molecule when it is in a planar state (red shifted state). In
those stator units, they may contain the bridging group G, and/or the spacing group
R,. The bridging group (e.g., acetylene, ethylene, amide, imide, imine, azo, etc.) is
typically used to connect the stator to the rotor or to connect two or more conjugated
20  rings to achieve a desired chromophore. The connector may alternately comprise a
single atom bridge, such as an ether bridge with an oxygen atom, or a direct sigma
bond between the rotor and stator. The spacing groups (e.g., phenyl, isopropyl or tert-
butyl, etc.) are used to provide an appropriate 3-dimensional scaffolding to allow the
molecules to pack together while providing space for each rotor to rotate over the de-
25  sired range of motion.
[0088] Example 1b below is a real molecular example of Model 1. In Example
1b, the rotation axis of the rotor is designed to be nearly perpendicular to the net cur-
rent-carrying axis of the molecules, whereas in Example 2, the rotation axis is parallel
to the orientation axis of the molecule. These designs allow different geometries of

30  molecular films and electrodes to be used, depending on the desired results.
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Exanple 1 a Conl ---- Connecting Goup Con2 ---- Connecting Goup SB ----
Stator B SA ---- Stator A A ---- Acceptor (Electron w thdraw ng group)
D+--- Donor (Electron donating group) 20 [0083] where: [0084] The letter A-
represents an Acceptor group; it is an electron- mﬁthdpfén @g%@@ﬁ It may
be one of the follow ng: hydrogen, carbﬁ¥ylic acid or cto tive
sulfuric acid or its derivatives, phosp oric: acid or its derlvatlves,
nitro, nitrile, hetero atonms ( , N O S P, F d, Br) or functiona
groups with at |east oneRRZ"of ove ment i oned het erQ Rat ons*(e.g., OH, SH,
NH, etc.), hydrocarbons : &aiu- rated or unsat ot substltuted
hydr ocar bons. Case 1800 14 Cct ober: 2004 [ 00 1étter D+

represents a Donor groups—it S an el ect ron- donat" group. It may be one
of follow ng: hydrogen, am ne, - SH, ether, Hydrocarbone{ei- ther
saturated or unsaturated), or stltutedé£=§charbon or -n&tlonal gr oup
with at |east one of heterg m(e.g , .+ P). The donor

is differentiated from5 the aeceptor by tgﬂgogact thaf iy
el ectronegative, or inore electropos \ve i than the acceptd* g
mol ecul e. [0086] The Ietter§ ool Cone represent conn

p oh t he
nfes

bet ween one ol ecul e and and pl ecul ‘e or between &* e and: t he
solid substrate (e.g., netaIReIeﬁtﬁbde i norgani c or organi g/ Substrate
etc.). They may be any one of ‘the fol 10 | owi ng: hydrogert (utilizing a

hydrogen bond), nultival entonfetedgricaigtanits (i.e., C, N, Gfans""!ﬂs‘ala etc.) or

functional groups containing these hetero atons g PH, etc.), hy-
drocarbons (either saturated or unsaturateﬁymﬁﬂzsdﬂ‘PPﬁuted hydr ocar bons.
[0087] The letters SA and SB are used Qere hp deS|gnate Stator A and Stator
B.

Off State (Optical State II)

5 Example 1b

[0089] where:
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They may be a hydrocarbon (either unsaturated or saturated) or substituted
hydr ocar- 15 bon. Typically, these hydrocarbon units contain conjugated
rings that contribute to the extended conjugation of the m)l ecul e when it
is in a planar state (red shifted state). In those stator I&E t hey may
contain the bridging group G' and/or thg,spacing group Ben GG i dgi ng
group (e.g., acetylene, ethylene, am de, imde, imne, azo etc.) is

typically us3904ﬂggconn%ﬁé ofebieast at Eceétgr érbﬁ"p rltqg% el@¢trdhQyvidARRAEL b Or nore

conj ugated 2 s to |eve a desited chronophore. The connect or nmay
alternately dompy bs enaof folloging: ltlovgeth cartbgeylic spidher ats denivadyeve pulfyrip éﬁjé with an

t t th Th
phci ng. o oupt ' BegvaEn ahy PR Bl B g iy At WM, (05 |

provide an approp, ipat eCI3BA| srEGsdtonalgrong afithek taadné of @b{/@m{eﬁthﬂed ]'md:recul es to
pack together ‘while provi space for each rotor to rotate er the de-
25 sired Bangeorns (ermt(PIdnSH [1’83788%1) ixdrapAreon; (eishep s3tugter an%aéléﬁftedﬁ&r &l ar
exanpl e of Nbg?utedlh My =] nple 1 b, the rotation axis of the rotor is
designed to be nearyld per pendl cular to the net cur- rent-carrying axis of

t he nol ecul eqﬂOMereasT}m 1&eamy] ep2sentsha Dornbagro@p, #xis sanj glegirpnaionaing t o t he

orientation axis e nol The e desi. | f metries
of 30 nol ec i tl”f“ﬁ‘s ad © gﬁg‘g;@ﬁ”&lg ?%nbaemlu%’e é(ﬁé teh(r%%j h&%roga{r%{)% epde5| red
resul ts. CasepdQ@thdRdd/orhfhsstniedDor Stbstitated Wdrbwﬂaonﬁra‘m&:tlbr)al@mms v@tmgt Swi t ch
Of Switch O Transition State SvmtchOnSvmt O f

(Opti cal 1St atleast pye of }g@@rpqogl ®g B, Si,LN,O P) The donor 1s élfferentlatedt ta om
the acceptor by that fact that it is less electronegative, or more electropositive, than the

acceptor group on the molecule.
[0092] The letters Con, and Con, represent connecting units between one
molecule and another molecule or between a molecule and the solid substrate (e.g.
15  metal electrode, inorganic or organic substrate, etc.). They may be any one of the fol-
lowing: hydrogen (utilizing a hydrogen bond), multivalent hetero atoms (i.e., C,N, O,
S, P, etc.) or functional groups containing these hetero atoms (e.g., NH, PH, etc.), hy-
drocarbons (either saturated or unsaturated) or substituted hydrocarbons.
[0093] Letters Ry, Ra, R; represent spacing groups built into the molecule. The
20  function of these spacer units is to provide an appropriate 3-dimensional scaffolding
to allow the molecules to pack together while providing rotational space for each ro-
tor. They may be any one of the following: hydrogen, hydrocarbon (either saturated or
unsaturated) or substituted hydrocarbon.
[0094] Letters G|, G2, Gs, and Gy are bridging groups. The function of these
25  bridging groups is to connect the stator and rotor or to connect two or more conju-
gated rings to achieve a desired chromophore. They may be any one of the following:
hetero atoms (e.g., N, O, S, P, etc.) or functional groups with at least one of above-
mentioned hetero atoms (e.g., NH or NHNH, etc.), hydrocarbons (either saturated or
unsaturated) or substituted hydrocarbons. The connector may alternately comprise a
30 single atom bridge such as an ether bridge with an oxygen atom, or a direct sigma

bond between the rotor and stator.
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[ 0089] where: 14 QOctober 2004 Cons Case 10013977 20 14 Cctober 2004 [ 0090]
The letter A- is an Acceptor group; it is an el ectron-w thdraw ng group.
It may be one of follow ng: hydrogen, carboxylic acid or its derivatives,
sulfuric acid or its derivatives, phosphori c acid or izf(%t ri g@%l ves,
nitro, nitrile, hetero atons (e.g., g s, P, F, a 4% !% uncti onal
group with at |east one of above mentlor% d hetero 5 atons (e. g OH, SH,

s ou S bon RBBBE] 2ot EibEr BSLEEC et R Sl ARty o

el ect ron- donagilédor s9li@wibstrates. MRY diectioRf te Swchiawifial: is hyshend@iar taitiene, CH,
SH, ether, hydrocarbon (ei- ther saturated or unsaturated), or substituted

hydr ocar bon overtieph dottashlies gbushp wnfigurgtiom § qmpeyed doreclentrigse switehing don (e. g.
B Si, I, <?pt1c§ sWi ?cfun-érhtﬁe %Hﬁ nlofetf@l Hagrbg iR, &er{docﬂé nlolfRuRGREMOr Dy

that fact tha s el ec onegat| ve, or nore electropositive, than
the accepk orsimplyupaced bttweemthk ¢aal blectr({deﬂg’lﬁ]sy e alse be eimplyOmed tahek @sne

| e. and I
between a ol BRGHUE Ao kEmaBr RO RREr AT B e yic iRl Bl MRy °

i norgani c or @og@Ni C SWREimt & FEJ. Ga) the l6cul@¥hdvn &hdye ¢BLangifle 1 bEhdsol

| ow ng hydrogen (utilizi Ig a hydrogen bond), multival ent hetero atons
(i.e., pen desiged vatht! 91@%@%@{ wn@ﬂrpe@@@uﬂprstOdb%@%ﬁnﬁﬁﬂﬁg aKg@§&enet er o
at ons (e g : H th t

unsat ur at ed) éc})llrd resu 1sﬁtC ‘l’ed% g? ?edl nﬁxﬁrcg%:ear ons aﬂ(%giS'] %Eglfet% e#i&@g mauon

r epr esentl0s pagdisef thy molpsuld4dd ds pldmtred { the eletttdlesifvertical hiette@lmefs).mebme:mtedof t hese

spacer units is t I‘OVI e an riate 3-dj nsi nal. caffol di

al | ow t he nol REERANE ‘labtoﬁg o‘géf er\/ﬂ’i‘fllpérpfﬁdb‘g’? ith eIQB? o541 gﬂ%ce f or
each ro- tor.mdReNe 450, Aplicdtdon Vren QfectriaeridPbili@vddBom efdio ,m edsriecar bon
(either saturated or unsaturated) or substituted hydrocar [ 0094]

Letters Gl, Gramgyill gavge e retoed By dsdustmgd i @eptﬁpeww@rarmwma&mmdhe Pdikse

tion shown on the lower right diagram, and vice versa. In this case, the rotor 432 as

15  pictured in the lower right diagram is not coplanar with the rest of the molecule, so
this is the blue-shifted optical state of the molecule, whereas the rotor is coplanar with
the rest of the molecule on the upper diagram, so this is the red-shifted optical state of
the molecule. The structure shown in the lower left diagram depicts the transition state
of rotation between the upper diagram (co-planar, conjugated) and the lower right dia-

20  gram (central portion rotated, non-conjugated).
[0097] The molecule depicted in Example 1b is chromatically transparent or
blue-shifted. In the conjugated state, the molecule is colored or is red-shifted.
[0098] For the molecules in Example 1b, a single monolayer molecular film is
grown, for example using Langmuir-Blodgett techniques or self-assembled monolay-

25  ers, such that the orientation axis of the molecules is perpendicular to the plane of the
electrodes used to switch the molecules. Electrodes may be deposited in the manner
described by Collier et al, supra, or methods described in the above-referenced patent
applications and issued patent. Alternate thicker film deposition techniques include
vapor phase deposition, contact or ink-jet printing, or silk screening.

30 [0099] Example 2a below depicts a second generic molecular example for this

Model 1.
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25 bridging groups is to connect the stator and rotor or to connect two or
nore conju- gated rings to achieve a desired chronophore. They nmay be any
one of the following: hetero atons (e.g., N, 0, S, P, etc.) or functional
groups with at | east one of above- nentioned hetero atoqﬁ ée.g 0 NH or

NHNH, etc.), hydrocarbons (either saturated or unsat ul g:§“'9‘%ubstituted
hydr ocar bons. The connector may alternafely conprise a 30 single atom

bri dge such as an ether bridge with an o en atom or _a direct sigma bond
between the rotor and stator. Case 100133%%121‘%@”%%?%@6Wp2004 [0095] In
Exanple | b above, the vertical dotted | iGuves-+-dpnesding Goauper nol e- cul es or

solid substrates. The ti on of the swdching fdeld is perpendicular to
/

the wvertical b6 N configuration is enployed for electrica
swi t chi ng; for&gg[;?igca s¥i t chi ng,%t he | ivkin§tafifeti es may be el i mi nat ed,
and the nolecule may bg 5 sinply placed h&§tweerefthqEMRoralitdtawidesouplhey
may al so be sinply used to link one mol ecul e to o¥her |l ecul e or a

mol ecul e to an organic or inorganic solidsu qnpg&@ecr%ﬁg@?gﬁgw”i ng to
FIG 5a, the nolecule shown above (Exanple |Ib) has been designed with the
internal rotor 432 pq&gg@@k&ular to the orientation axis of the entire

nol ecul e 430. In this case, the external field is applied along the
orientation 10 axis of the nolecule 430 as pictured - the el ectrodes
(vertical dot ﬁ% lines) are oriented perpendicular to the plane of the
paper and5peﬂb Mi5f%ar to the orientation axis of the molecule 430.
Application qpi@} €l ecthd Eﬁ@ﬂf?'igaxﬂ‘&!;&?tb?ﬁoﬁﬁ;@mEu@él&ctioﬁ-\ﬁit}_@kﬂwinglglbhe di a-
grans Wi |l cause'the rotor 432 as pictured in the upper diagramto rotate
to the posi- It neybshumef foHowing: hydvasen, cagpxyligiagigroaits deninpiivese BUBFSEd | n this
case, the rotor,. 432 as 1 I r in t Ikl e ' ot
copl anar wt hortltﬁél% TEs Ves’d?) hﬁgg&#tﬁecgdcﬁlﬁg, £§8£t t inét;(%’ gﬁ}%ﬂﬁéh %Z&H sn%sis(fe{ééd
optical stateNad, S, PeF,dil Boubrefuncribesl geosp twhih at agoné of abopd-mertioned héierot he r est

of the nolecule on the u r. . diagram so this is the red-shiffed tica
state of 10t heefy Ecul @ g‘lgt ert%g thﬁ?lr8°a§‘ﬂ’é\l\§glﬂ?eﬁ S*L“H’é‘te?(? Saﬁ'é?tffb & 5‘80?am
depicts the g5§a§hhhggm§5@te of rotation between the upper diagram

(co- pl anar, conjugated) and the | ower right dia- 20 gram (central portion
rotated, non-[0tJugat edhe letter D" represents a Donor group; 1t 1s an electron-donating

group. It may be one of following: hydrogen, amine, OH, SH, ether, hydrocarbon (ei-
ther saturated or unsaturated), or substituted hydrocarbon or functional group with at
15  least one of hetero atom (e.g., B, Si, I, N, O, S, P). The donor is differentiated from
the acceptor by that fact that it is less electronegative, or more electropositive, than the
acceptor group on the molecule.
[0103] The letters Con; and Con; represent connecting units between one
molecule and another molecule or between a molecule and the solid substrate (e.g.,
20  metal electrode, inorganic or organic substrate, etc.). They may be any one of the fol-
lowing: hydrogen (utilizing a hydrogen bond), multivalent hetero atoms (i.e., C, N, O,
S, P, etc.) or functional groups containing these hetero atoms (e.g., NH, PH, etc.), hy-
drocarbons (either saturated or unsaturated) or substituted hydrocarbons.
[0104] The letters SA and SB are used here to designate Stator A and Stator B.
25  They can be a hydrocarbon (either unsaturated or saturated) or substituted hydrocar-

bon. Typically, these hydrocarbon units contain conjugated rings that contribute to the
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[ 0097] The nol ecul e depicted in Exanple I b is chromatically transparent or
bl ue-shifted. In the conjugated state, the nolecule is colored or is
red-shifted. [0098] For the nolecules in Exanple | b, a single nonol ayer

nol ecular filmis grown, for exanple using Langnuir-B| odgett hni ques or
sel f-assenbl ed nonol ay- 25 ers, such thgf the orient ati‘bﬁgﬁ?ﬁr%b@f t he

nol ecul es i s perpendicular to the plane™of the el ectrodes used to switch

t he nol ecul es. El ectrodes b 05} S, LRe NBRANGLY shiteaGhidyad by

Col lier et al*<<@tf %’Pjug?tloﬁlen(?%}g A ggllsil na% earabgg\)g-rsef er encézd pat ent
appl i cati ons tas@ stassuamils, pldyenty. coAtairebrivging grbvins Keranflior apagig csoups Bn A

techni ques inc)Jude vapor phase depositio cont Mo DKo 8Lt @i det i ng, or
si | k screeni §desg g[r@@gg]typ%@ﬁwpeg tgefo'f)r}aeftot\rl}vé 8‘3%% iyoetl&soerctgr%l%ﬁngetntero ic

mol ecul ar  exafpk @ohidbatsdtifes NoRBkvdla dGase chRRHOBAGE T2 chdndCt oigral2004 Conl
---- Connecting G oup Con2 ---- Connecting Group SB ---- Stator B SA ----
Stator A A - -natelyeromgisen singleatont bridegi SuplhiascaRi sHyr g?‘éﬁ?ﬁ’ylth FOFEAA P ect r on

donati ng group). anple 2 0 : 3d: 4 agpfo-an
Acceptor gr o&p%‘rellé{&‘%a E?Pdgieg%‘{eg(%}%-rb\}o}ﬂ%g{r%%o%% }%r&%ﬁ't%m% ?Hrgss be pgﬁ)e of

fol | owi ng:  hysReuelimdsoRmsyiffotdiag todallow tht snadkenley & packsogather While eraaci d - or
its derivatives, phosphoric acidhor its derivatives, nitro, nitrile, hetero
atons (e.g., vidingpptatgnalspage forgach gl o fynctional group with at |east one
of ~above- msnt[bmsgd het ekandi0 28b6% i Rodher refithol&diar Mdmpsd 6f Nodehy.dr ocar bon
(either saturated or unsaturated) or sub- stituted hydrocarbon. [0102] The
| etter D+ represents a Donor group; it is an electron-donating group. It
may be one of follow ng: hydrogen, amne, OH, SH, ether, hydrocarbon (ei-
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ther saturated or unsaturated), or substituted hydrocarbon or functional
group with at 15 | east one of hetero atom(e.g., B, Si, I, N, 0, S P). The
donor is differentiated from the acceptor by that fact that it is less

el ectronegative, or nore electropositive, than the %ﬁﬁﬂp% % &ﬂp on the
nol ecul e. [0103] The letters Con, and Cgp2 represent cohnetry 8 nits

bet ween one nol ecul e and anot her nol ecul e or between a nol ecul e and the
solid substrate (e.g., 20 netal electrode, |nor anic or organic substrate,
etc.). They nmay be any one of the fol Iomﬁn éﬁogen (utilizing a

hydr ogen bond), mnultival ent hetero atons (| N, O, S, P, etc.) or
functional groups containing these hetero atons ., NH, PH, etc.), hy-
drocarbons (either Featurated or unsatur at ed) or< titutedRiydrocarbons.

[0104] The lettRs and SB are used her rgnate Statop /sand Stat or
B. 25 They can be ydrocarQQn (eith B sa ted) or
substituted hgohs B1 alﬁ r bo@str g¥rai n

conjugated rings t (of0] ¢}
ext ended conj uggton of the
shifted state). IngRihose st

units, they may contain br|MQ|ng groups &
and/ or spaci ng groups R A ging group is typically used to connect the
stator and rotor or to connect h\ao2or nore conjugated rings to achieve a
desired chronophore The connegiOrgmay alter 5 nately conprise a single atom
bridge, such as an ether bridge with an oxygen atom or a direct sigm
bond between the rotor and stator. A spacin roup provi des an appr o-

priate 3-di mensional scaffolding PﬁS§PH8WWﬂ%E”HbIecuIeS to pack together
while pro- viding rotational space for each rotor. [0105] Exanple 2b bel ow
is another real nolecular exanple of Mddel 1. Case 10013977 24 On State
(Optical State I) Switch On Switch Of

Switch On Switch Off
R2
R3— R
Rz R1R2
Rs Ry R3
Gg— Gy
J1 i N
Conq C\%1 554——"9@5 Gg Con;

Gy G; J2

Rs3

Off State (Optical State II)

Example 2b

5 [0106] where:
[0107] The letter A™ is an Acceptor group; it is an electron-withdrawing group.
It may be one of following: hydrogen, carboxylic acid or its derivatives, sulfuric acid
or its derivatives, phosphoric acid or its derivatives, nitro, nitrile, hetero atoms (e.g.,

N, O, S, P, F, Cl, Br), or functional group with at least one of above-mentioned hetero
Case 10013977



R3 RL Of State (Optical State I1) Exanple 2b 14 October 2004 G/ (8 5
[0106] where: [0107] The letter A- is an Acceptor group; it is an

el ectron-wi thdrawi ng group. It nay be one of follow ng: hydrogen,
carboxylic acid or its derivatives, sulfuric acid or i deri i ves,
phosphoric acid or its derivatives, nityp, nitrile, he{‘LﬁigtOB&f&ﬁ@ (e.g., N,
0O, S P, F, d, Br), or functional group with at |east one of

above- nment i opgghshebeion, G H, Qeh3 Bydfocdfrod feiffet Glnatited O0dnsatueis) besup-, OH,
SH, NH, etc.), hydrocarbon (either saturated or unsaturated) or sub-
stituted hydsboEdbodrocrlorng] The letter D+ represents a Donor group; it is

an el ectron- i ng 0 b oS bRl P B8 eldtwEh-a&@iing aMm ne,
OH, SH, et heﬁlmﬁi/dr oca?lgeoir%& relb- rgﬂ%(sﬁ@rg asat ﬁr a%regé’olr unsaet urat ed), n.%r
substituted Rytbok arapoa oae of iatickingniaidrogem wmind, O, SH, pthers hydserarton (fet er o

atom(e.qg., B, Si, I, N 0, S P). The donor is differenti . th
acceptor By fh’r’éﬁatf‘réi?fi OFHH%atWthe‘psgrl Sélgﬁg'&?‘gg’fdé%?ﬁ@ﬁ%tof vffué1 ; c())nra1 %rﬁ’g o the
el ect roposi t g, orde hAMelRLatoMGEEHBOBI, 4NOUD, SIP)! Nk dodbe buliffereftdidIforThe

| etters Con, and Cone represent connecting units between one 0 tgé)l ecul e

and anot her sl aseqptas b itha fachibetit is lavbeletipnesati Of METCSHCIaPSHNS P4 8% (e. g. |

nmetal electrqde. . he YieQlcgani c substrate, etc.). They may be any one
of the fol- | O\Anpr?g.grglgllgg?ogen %cutei l'i zi ng a hydrogen bond), nultival ent

het ero at ons [§109k., C, Th¥, lefters @ Rpd dfam: Fepoesehtuepan¢cHng |ungs &Gﬁ@e%@ﬁ? ai ni ng
or - unsat Pat SO SEIRTELTRET f brubon i e R BRI SUTRE B8 T D
and R3 repr e efP@6deNfoHafiv s oRuiit tubstite, etd)e Theyl way be any one of the fol-

lowing: hydrogen (utilizing a hydrogen bond), multivalent hetero atoms (ie.,C,N, O,

S, P, etc.) or functional groups containing these hetero atoms (e.g., NH, PH, etc.), hy-

drocarbons (either saturated or unsaturated) or substituted hydrocarbons.

15  [0110] The letters Ry, R, and R; represent spacing groups built into the mole-
cule. The function of these spacer units is to provide an appropriate 3-dimensional
scaffolding to allow the molecules to pack together while providing rotational space
for each rotor. They may be any one of the following: hydrogen, hydrocarbon (either
saturated or unsaturated) or substituted hydrocarbon.

20  [0111] The letters G, G2, G3, Gs, Gs, Gg, G, and Gg are bridging groups. The
function of these bridging groups is to connect the stator and rotor or to connect two
or more conjugated rings to achieve a desired chromophore. They may be any one of
the following: hetero atoms (e.g., C, N, O, S, P, etc.) or functional group with at least
one of above-mentioned hetero atoms (e.g., NH or NHNH, etc.), hydrocarbons (either

25  saturated or unsaturated) or substituted hydrocarbons. The connector may alternately
comprise a single atom bridge such as an ether bridge with an oxygen atom, or a direct
sigma bond between the rotor and stator.

[0112] The letters 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
30 provide an appropriate functional effect (e.g. both inductive effect and resonance ef-

fects) and/or steric effects. The functional effect is to tune the band gap (AExomo
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cule. The function of these spacer units is to provide an appropriate
3-di nensional scaffolding to allow the nol ecules to pack together while
provi ding rotational space for each rotor. They nay be any one of the
foll owi ng: hydrogen, hydrocarbon (either saturated or, S%E&gd) or
substituted hydrocarbon. 20 [0111] The jetters Gl, @, CloR¥A ; , &6, G,
and (&8 are bridging groups. The function of these bridging groups is to

connect the stator..and roto : , : Qgatederings to
achi eve a dediMePf erlg?r%‘b‘f%%goeg%*%%?&%geﬁg%m%{l\% V(‘)én?reaso E@atlﬁgﬁkol Iﬁ())vm ng:

het ero at onms pf@eclile. The stitic EffecSis 1B wretthe Jnolrulinwvofdroatidn yrovel sifie hinat | east
one of above-nmentioned hetero atons (e.qg., NH or . NHNH, .etG.), car bons
(ei ther 25 s&rasEativg-oF 1@}W§a?lﬁ‘%@@[‘é6‘?r(d8ti°%sf8%§i f%%t%‘?"ﬁ%?%‘gg ’b%‘t’r}}é{%f%he
connector ey, @l LeinNdfdef W%%fc%?%r@o Sionidlk ®i-ak eltplé-stgiliyudmasukn et her
bridge with an oxygen atom or a direct sigma bond between the rqQtor and
stator. [©112teftheonseThegmaybe aananegf thefllowangt hydipgeRo o apesstdr{into t he
nol ecul e. The fungtio ' ne SHiboNHRentéael, CN,
nitro, etc.)Qf%s’?oﬁ’ g’o&pr%g’va}lgg)s’zlﬁ&cg%%?g%rgfsg?gl%faﬁ%ﬁioonal effect (e.g. both
i nductive ef hegto abds,EaR0abES (eithet eartrajed andhsaturaed) ror substifuiast kydrosre
functional effect is to tune the band gap (DEHOMO Case 10013977 26 14

Cct ober 2004 bpaMO) of the nolecule to get the desired el ectronic as well
as opti cal prQﬂ%L;' es ?1{1 IbRcuUSntbeve HIEmPleelt) Gashdes @esippedivitt thae t he
nol ecul ar cor{ of frat i on ehrouglh steric hin- drance, inter- or,

i nt r a- Mol ec uligemalntoer petallrto fioy cesmtation gxis lof dhectptire HoleHlhdn Uy Gis6nibe
interaction, van r,,\Waal s. for i o bph@-cgtabi lity
of ol ecul ar eétegfafﬁﬁlfldf Pehied per‘ﬁgrf/d)lcr?g{f t%gwgﬁ@g%lﬁ% ag%‘s ttﬁéed]l‘ggﬁdgfvi ng:

hydrogen, hetegted pataiembto(tBe (hng aNs of Ghe BpleByle Bad Fan @ githBr poramallly perpenanct i onal

groups with at | east one of above- tione het er o.at ons. . hydr.ocar bons

(ei t her saturdéﬁué?éobparﬂff?éﬁ’ttb‘?élﬁ%ﬁﬁg"?a ﬁ%@f’?erlﬁtl“écﬁf‘rf:ﬁ‘/g?roeégrrn Pleb%ﬂg?a%%lm] The
mol ecul e shoyg aﬁ*%%ﬁic(t’é&%%@ugﬁe) i3RSuID SRSl e Maskewhd fielt Higes &8 pemt er nal
rotor parallel to the orientation axis of the entire erT{?llﬁecul e. .ln ?hls

case, thas exkeedimdr tbited moleenlarssisiaad ppistpgwRITEd WAt c3use thA SORDHISSIUIS

the electr Odelrsl (At giagrrauin_to rotate to approximately 90 degrees and appear edge on, as shown in

axis -

the lower molecular diagram above, and vice versa. In this case, the rotor as pictured
in the lower diagram is not coplanar with the rest of the molecule, so this is the blue-
shifted optical state of the molecule, or optical state II, whereas the rotor is coplanar
20  with the rest of the molecule on the upper diagram, so this is the red-shifted optical
state of the molecule, or optical state I. The letters N, H, and O retain their usual
meaning.).
[0114] FIG. 5a depicts molecules similar to those of Examples 1b and 2b, but
simpler, comprising a middle rotor portion 432 and two end stator portions 434. As in
25  Examples 1b and 2b, the rotor portion 432 comprises a benzene ring that is provided
with substituents that render the rotor with a dipole. The two stator portions 434 are
each covalently bonded to the benzene ring through an azo linkage, and both portions
comprise an aromatic ring.
[0115] FIG. 5b is a schematic representation (perspective), illustrating the pla-
30  nar state, with the rotor 432 and stators 434 all co-planar. In the planar state, the mole-

cule 430 is fully conjugated, evidences color (first spectral or optical state), and is
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ented parallel to the long axis of the nolecule and can be either nomnally
perpen- dicular or parallel to the plane of the above nodel structures. For
exanple, application of an electric field to the upper nolecul e shown
above where the field lines are per 15 pendicular to tEF qpée ﬁ&@r axi s and
pointing upward will cause the rotor as)pictured int LY 4GP A to rotate
to approximately 90 degrees and appear edge on, as shown in the | ower

nol ecul ar di agram above, a Vi : | Saps he ki QN @RFraeS

i ctured | n ORERPOVD mare 2y uie BEecf Bl TR chilubAs e A, hahptmes

mol ecul e, S0 W hié niotbitaBlohlis1800as Midht dvomid badw seateetively, theeplanst efctié e, or
optical state’ll, whereas the rotor is coplanar 20 wth the rest of the

mol ecul e on tnideaufsgBP. di agram so this is the red-shifted optical state of

the nol ecul e opti Cals. Bola scHdAGtik ?ép}é%léxﬁatmln (bbrsl_%@@\l’eg iNedaiing thei r

ol t
usual neani r{% ] [0114 é%% 5a depicts nolecules simlar to those of
Exanpl es Eb aowtestatehuith tisd nop 632 ratayedo?Q°svithgrespent te direestaters d4pWiieh Bn 432 and
two end stator .portjons.434. i ¢l 430 b §or
portion 432 WF?‘gggarahbéﬁzr%té%d P{aﬁga}%h@ﬁ gls}logfo(g\}?edglggﬁat? ﬁ%gﬁg{o?t uent s
that render tdwsdqab@ly, Wetrolecutt 489l ie traldperente®ndspactrgorrtdptieel st aade  each
coval ently bonded to the benzene ri ng t hrough an azo |inkage, and both
portions corepmparetivaly lgpscatasirically songuctive115] FIG 5b is a schematic

representati gﬁlslﬁer speg(%l t}{g ole'éu%)l%%ft‘ ﬁ)gaqﬂp%?zng’ [ﬂﬁeeﬂllml%'aré’@odﬂﬁﬁct&f alcB.than t h t he

rotor 432 an tors 434 anar . pl anar state, the nole-
cul e 4301i0s fikd hylecwlnj axgaisqaralleiviodbnplese clothoeletades tThivmeay iPlv§HlBHt i cal
state), and is Case 10013977 14 Octgber .2004 .27 r at. v.al r:

el ectrical |y RBAGREIRE WO?ﬂ‘éyeé%’ﬁ]ngg STBACSes e SPﬁ%‘g@%i °2§‘W‘?S§t5{rz§t’§d by
the rt-orbit g}yl Metege2pls r&%@&re&&%’cﬁin&ﬂ;ﬁbsﬁi@htbyvintdfrﬁlst&emmi ietagtionsive pl ane
of the nolecule 430. [011681 |G 5c is also.a schematic repre eni%ati on
(per spect i ve)diregtionding 4 sugperhructrg, butdherptarinsreall spopeh tomRe Fd”f‘@‘f”t 32

rotated 90 w,th respect : ' 5 % bitR fh EGicl a&par . In
the rotated st feec,’ts?'ﬁénoééc?ﬁ}e%'ggﬁsgﬁé §¥ §ttr %gtﬁerrg ecetcjhsg 430 i s br oken.
Consequents| y,trdiibé displheeriised A3 6thersappliatisans erntigred eaher bepast ral or opti cal
state) and

Model (2a): E-Field Induced Band Gap Change Caused by the Change of Extended

Conjugation via Charge Separation or Recombination Accompanied by Increasing or

Decreasing Band Localization:
20  [0118] FIG. 6a is a schematic depiction of this model, which involves an E-

field-induced band gap change caused by the change of extended conjugation via
charge separation or recombination accompanied by increasing or decreasing band lo-
calization. As shown in FIG. 6a, the molecule 630 comprises two portions 632 and
634. The molecule 630 evidences a larger band gap state, with less n-delocalization.

25  Application of an electric field causes charge separation in the molecule 630, resulting
in a smaller band gap state, with better n-delocalization. Recombination of the charges
returns the molecule 630 to its original state.

[0119] The following requirements must be met in this model:
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conparatively less electrically conductive. [0117] For the nol ecul es of
Exanpl e 2b, the filnms are constructed such that 10 the nolecular axis is
parallel to the plane of the electrodes. This may involve filnms that are
mul ti pl e nonol ayers thick. The nol ecul es form solid- st

crystals in which the large stator groypps are | ocked ﬁHSﬁoﬁﬁgb@fon by
internol ecular interactions or direct bonding to a support structure, but
the rotor is {%h] enogy 2'%& BrolERVIE st 1Rive atn’maest lagll detrceofétarit Readidag &kl €es.
This type of s cture can be used to build an E-field con- 15 trolled

di spl ay or usadlyfpetariathier arappiria &t fiakd svithe:. methe fangreef Zarliliasd pplgrizatian Model
(2a): E-Field |Induced Bang Gap q2 nge Caused by the Change of Extended
Cbnjugatlon\ﬁﬁﬂﬂﬂﬂﬂ%&ﬁ@% GWIBY Reconbi nat i on Acconpani ed by

I ncreasing or Olﬁﬁfcr eas{bﬁ'g\.t Eé%&%n'e@@@hén?@ftﬂl@ﬂmleaﬁle Qi {Bve hbksborfking deca
ct

schemati c depi on of this nodel, which involves an E- field- mduged band
gap change cmecbrmyeld:duens; hang@cmfbnsemd enetbendingrylerans At qande reoby

separation or ombi nat acco ncreasi ng or decrea3|ng band

| o- calizati d’ﬁ’ H’BH lec‘ﬂeﬁliad’a Merﬁ%lgér{r% ecul e 630 conprises two

portions 632[ann] 634. @Jmaeﬂbk&ﬂabaﬂﬁS@mewkﬂdmmesmamﬁmm@er band gap state,
with | ess n-del ocalizatjaon p tiqn of an . electric se
charge separdP1%3h in tfrf’é%llféj(‘,‘&llAg %@ge?s)rcgglaﬁ P @ule F %nen{efi%qbagsg gap
state, with Q>Fhﬂéth5 del ocal i zati on.. Reconbi nati on of the charges
returns the e 630 to its orlglnal state. [0119] The foll ow ng
requiremamt s [ be neh The chdnges wit delsepatiadesitherppgiily o1 gompleefurngos 28
[0120] (a) ngre rqﬁl ecu nust.. have a nodest dielectric constant s, and can
be easily pdtif Té%%ﬁ?Z@%Fbrnal E-field, with Sr in the range of 2 to

10 and pol aripgisjon f fpirEsstatanel dhgrgk Be:pmaﬁolﬂar ecordlfination wan [DQ)EZ'@]d er) At
| east one segnent of the nolecul e nust. have .non-b

re-el ectrons, Pel‘)‘ilenhm‘e‘l’le%@tbf'e@ﬁ‘éb%{?ﬁil tH’Eﬁ’Hgle‘FFH‘ At @8@?‘3%‘9’{%%9‘10&1% Cgva ’
mobi | ized ovgr l;ogg fgﬂﬁdtloﬁ Hﬁrfg‘éHll‘}%n&lﬁg &chagkta utléﬂ]%dﬂl’d@lﬁ%@%, R122] (c)

The nol ecul e ¢an be symmetrical or asymmetrical;
15 complex, or Lewis acid (base) complex, etc.;

or

[0126] (g) The process of charge separation or recombination of the molecule

can involve or not involve o- and n-bond breakage or formation; and

[0127] (h) During the charge separation or re-combination process activated

by an E-field, the band gap of the molecule will change depending on the degree of
20  the non-bonding electron, or n-electron, or n-electron and non-bonding electron de-

localization in the molecule. Both optical and electrical properties of the molecules

will be changed accordingly.

[0128] One example of an E-field induced band gap change (color change) via

charge separation or recombination involving bond breaking or bond formation is

25  shown below (Example 3):
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[0123] (d) The inducible dipole(s) of the nolecule can be oriented in at

| east one direction; 10 [0124] (e) The charges will be separated either
partially or conpletely during E-field induced polarization [0125] (f)
The states of charge separation or reconbination can qQ el de- pendent
or bi-stable, stabilized through inter-—gor intra- nDIecuIarlForces such as
cova- lent bond formation, hydrogen bonding, charge attraction, Coul onb
forces, netal 15 conplex, or Lewis acid (bage) conplex, etc.; [0126] (9Q)
The process of charge separation or reconbidi\ion of the nolecule can

i nvol ve or not involve r- and n-bond breakage;oerOf ormation; and [0127] (h)
During the charge separation or re-conbinatign process activated by an
E-field, the band gap of the nolecule will chaggé>ggpendi ng on the degree
of 20 the non-bonding electron, or ||-electro or n-electron and

non- bondi ng el ectron de | ocal i zat Bot h optical and

el ectrical prop rtles € nged accordingly. [0128]
One exanpl e of ?%olor change) via

char ge separatl J
formation is shomn '-IOM/(Exaone 3): cang10013977 J5\ N J/ /

E-Field D rectlon | - J1 E-Field Direction Ji
Optlc.al State |

E-Field Direction l ] E-Field Direction

+ < -
- —_— -+

)co

- —————— e + - —_— -

E-Field Direction l I E-Field Direction

O
/ T N N
N Gy -

w

Optical State Il

Example 3

5 [0129] where:
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14 Cctober 2004 Optical State Il Exanple 3 5 [0129] where: 29 Optical State
| E-Field Direction 0 +. E-Field Direction Case 10013977 30 14 Cctober
2004 [0130] The letters J1, J2, J3, J4 and J5 represent tuning groups built
into the nolecule. The function of these tuning grou 0. ,  NHR,
COOH, CN, nitro, etc.) is to provide ap appropriate %réﬁ?‘%%% 0g(:ffect
(e.g., both inductive effect and resonance effects) and/or steric effects.

The functi onglhtﬁifect 1R ltegerg P’{,‘@ ther, Band; epresént (MBOMOupd biND)intofthd he
mol ecul e to get' the desired e EC%I‘OI’I_IC as well as o t'(fgaé rgﬁer: ties of
t he nol ecul e molhelesThe fimctdrf efcthesestuning Graves (k- AB) E@Bﬁ’ f 5P n&t°on
through steric hindrance, inter-. of | as U Bdih I BRRCEIFQD ahdr Ces
(e.g., hydro§&n BIATFREC AR FHE™ %P&edr%%lt ?%gral{, %/’%l’n d.erl Waal s forces) to
provide bi- Qssofaikcd ki) sh@bi diricyetttts. Tiel faceroaal affeptantatunethe brR& B Ry be
any one of the follow ng: hydrogen, hetero atom 10 (e. q. : P, B, F,
d, Br and IXAEﬁmmmMMIthfgﬁ@i%l?%otgﬁt ?gTSérS fleﬁf?élcé’% 3 3\3/8%%8%0 oned
hetero atons, hydno | Lhe! at W Rtesk M muMleWoafoad)tionr thaudist i t ut ed
hydr ocar bon. t’fﬁ%@%%&ﬂg&%g@%% Glei S a bridging group. Tge fugct .Lon of the

bridgi ng gr ogprit hindtmce dneae ot im@¢cu&mﬁ1§erg@mnjgr§§%@.gr,ih¥ ogen banding., o 4
671 o i hev e PO R YOS PTGl
at | east one QfleARP¥HeAR DR Undietceing oat ofrthe falloging: hy4irogang hgtero atom
10 (eg,N,0,S,P,B,F, Cl, Br and I), functional group with at least one of above-
mentioned hetero atoms, hydrocarbon (either saturated or unsaturated) or substituted
hydrocarbon.
[0131] The letter G is a bridging group. The function of the bridging group is
to connect two or more conjugated rings to achieve a desired chromophore. The
15  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, etc.),
hydrocarbon or substituted hydrocarbon.
[0132] The letter W is an electron-withdrawing group. The function of this
group is to tune the reactivity of the maleic anhydride group of this molecule, which
50  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, Cl, etc.) or functional group with at least
25  one of the hetero atoms (e.g., F, Cl, Br, N, O, §, etc.).
[0133] An example of an E-field induced band gap change involving the for-

mation of a molecule-metal complex or a molecule-Lewis acid complex 1s shown be-

low (Example 4):
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hydr ocar bon or substituted hydrocarbon. [0132] The letter Wis an

el ectron-wi t hdrawi ng group. The function of this group is to tune the
reactivity of the mal eic anhydride group of this nolecule, which 20
enabl es the nol ecule to undergo a snooth charge separ tk?qlprz&ﬁconblnatlon
(bond breaking or formation, etc.) undeg; the influenc AN “appl i ed
external E-field. The electron-mﬁthdramﬁng group may be any one of the
foll owi ng: carboxylic acid or its derivatives (e.g., ester or amde etc.),
nitro, nitrile, ketone, aldehyd afNfuric acid or its

derivatives, hegero// OfE (eNg- {et g _EJunctionaI group with at

| east 25 one of '\t heé er 0/at o .9 Gy P, N, 0, S, etc.). [0133]
An exanpl e of arny E- ¢ i nduced 9nd gap hihge |nvoIV|ng the for- mation
of a nol ecul e- dét al crrpl ex or a nol ecul e- LeAlical®@teclonpl ex is shown be-

| ow (Exanpl e 4): CaseJ10013977 31 J5\ o4 _ ober 2004
Optical State | Eg (HOMO /LUMD) = 3.4@%}2&@%&’@&%&@5@#—, FREEH) R3= CH3) M+
M- ( M= H Lewis Acid) CND /\\ J3 Ji '

M+ ( M= H, Lewis Acid)

Cne

p—
Y .
J5\"\‘ /N‘_{ ’L—Jg
N G1 F
J4/ J2
Jq
-— M+ M+
M
o N “
PR atat G
N Gy =
J4/ J2
Jq Optical State li
Eg ( HOMO /LUMO ) = 2.04eV
(When R1=R2=R4=R5=H; R3= CH3)
Example 4
[0134] where:
5 [0135] The letters J;, J5, 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 effect (e.g. both inductive and resonance
effects) and/or steric effects. The functional effect is to tune the band gap (AEnomo
umo) of the molecule to get the desired electronic as well as optical properties of the

10  molecule. The steric effect is to tune the molecular conformation through steric hin-
Case 10013977



J2 MJ5\+ N J4 Ji N=< J2 Optical State Il Eg (HOMO /LUMD = 2.04eV (Wen
R1=R2=R. 4=R5=H; R3= CH3) Exanple 4 [0134] where: 5 [0135] The letter
J2, J3, J4 and J5 represent tuning groups built into the nolecule.

function of these tuning groups (e.g., OH NHR COCH, it et
to provide an appropriate functional effect (e.g. bot H%é]’cef%@jé‘

and

resonance effects) and/or steric effects. The functional effect is

t he band gap

as well as opcgrl cal properties o

DR, éﬁ%o&t?ﬁhﬁgﬁ%ﬂé&ﬁfé%fes Eef?ge.,g%_ﬂi_rc;ga?bﬁﬂlﬁig[ edulenBC

t nol ecul’e. 'The steric effect

s Jl,
The
c.) is

to tune
tronic
isto

tune the nol enteration oaf deri¥edloferdehrto prgvidsthérar aniime-stekiby of drpmalocnlazy 14

Cct ober 2004

dr ance nt er -

' or intra- ' r i r e
hydr ogen bonu‘?q?ﬁt,atl%t}ih&?ﬂlay PRERUE to?%n%&l@oﬁﬁ% %yar\géeglf E&%rg?{g)gis?gtcg@go
bi - or multips e H, #iCHiBry aef 1) fasctivhilggetiparith arleanomt ¢fohe atfiveynentignee any

9.,
vi de

one of the follow ng: hydrogen, hetero atom(e.qg., .N_ O, . B, F, C,
Br, and 1)5 fhetree iaioms high o0 (ifher saryraid or B%Sét‘g?te‘{)r?é Sa‘%@i“:dn@rﬁif?"%fﬁe

d>5

het er o atom;,borgydrocar bon (either saturated or unsaturated) or substituted
hydrocar- bon."[0136] The letter Gl is a bridging grourg.bThe functjo
&

t he bridging

[136)p i s Tholeten@eist briiging gronpridic denstion af tae| bdAREETPWP

desired chronpphore,

10

15

20

25

30

to’ connect t\-NI_Q %r 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, etc.)

or substituted hydrocarbon.
[0137] M" represents metals, including transition metals, or their halogen

complexes or H' or other type of Lewis acid(s).

Model (2b): E-Field Induced Band Gap Change Caused by the Change of Extended

Conjugation via Charge Separation or Recombination and n-Bond Breaking or For-

mation:

[0138] FIG. 6b is a schematic depiction of this model, which involves an E-
field-induced band gap change caused by the change of extended conjugation via
charge separation or recombination and n-bond breaking or formation. As shown in
FIG. 6b, the molecule 630’ comprises two portions 632 and 634°. The molecule 630
evidences a smaller band gap state. Application of an electric field causes breaking of
the n-bond in the molecule 630°, resulting in a larger band gap state. Reversal of the
E-field re-connects the n-bond between the two portions 632’ and 634’ and returns the

molecule 630’ to its original state.

[0139] The requirements that must be met in this model are the same as listed
for Model 2(a).
[0140] One example of an E-field induced band gap change cause by extended

conjugation via charge separation (c-bond breaking and n-bond formation) is shown

below (Example 5):

Case 10013977
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bridgi ng group may be any one of the follow ng: hetero atons (e.g., N, O,
S, P, etc.) 10 or functional group with at | east one of above-nentioned
hetero atons (e.g., NH, etc.) or substituted hydrocarbon. [0137] M+
represents nmetals, including transition netals, or their | 0 conpl exes
or H+ or other type of Lewis acid(s). 15 Mdel (2b): é4ﬁW@ﬁ§ %ﬁ%uced Band
Gap Change Caused by the Change of Ext ended Conj ugation via Charge
Separation or Reconbination and 7c-Bond Breaking or For- mation: [0138]
FIG 6b is a schematic depiction of thislznpdel ,~iwhich involves an E-
field-induced:band gap change caused %W 1ge of extended conjugation
via 20 charge separ X i on_2and It -bond br eaki ng or
formation. As:shp FI Hb écul e 630" conprises two portions
632" and 634’ . +The ” 630 evi dences a smal |l er band gap state.
Application of angel Ctpﬂéb'fle d auses breaklng of the 7t-bond in the
nmol ecul e 630" |} regutt 71 band gap state. Reversal of the
E-field re-connects the it-bagd hetween the two'portions 632' and 634' and
returns the 25 molecule 630" to f's original state. [0139] The

requi renents that nust be net%in this nodel are the sane as listed for

Model 2(a). [0140] One exanpl g of an E-field induced band gap change cause
by extended conjugation vi a charge sepa i on (a-bond breaki ng and n-bond
formation) isishown §0 bel ow ( Exanpf& s 10013977 14 Oct ober 2004

CH3 N. G Cone! i Chi a )@/i:j@uﬂm -
E Cony E
: 3 -
£ AN |

—Z

"""" H \Js
R2 Ja
W

1 -

Example 5
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NNGL/ Con, J, J2 CHB3I| ~n -G Con, -H./ 1 W4---1 -"~10-, R. . [
O Exanpl e 5 Cone Con-,! Case 10013977 34 14 Cctober 2004 [0141] mhere;.
[0142] The letter Qis used here to designate a connecting unit between two

phenyl rings. It can be any one of following: S, 0, N4, NR. h
substi- tuted hydrocarbon. 5 [0143] They,letters Con, g%éﬁégﬁé%gkgcarbon, or

connecting groups between one nolecule and another nolecule or between a
nol ecul e andﬂﬁéiﬁ& d §ubstrate (e.g., netal elec- trode, inorganic or
or gani ¢ subs Widtc.). They may be any one of the followi ng: hy- drogen

#LEL?F%EJ‘ hygfgen bongd)lend &) & @eahasso (tsigate aNonflectigy umt between) ey
phenyl rings. It can be any one of following: S, O, NH, NR, hydrocarbon, or substi-

tuted hydrocarbon.

5  [0143] The letters Con; and Con; are connecting groups between one molecule
and another molecule or between a molecule and a solid substrate (e.g., metal elec-
trode, inorganic or organic substrate, etc.). They may be any one of the following: hy-
drogen (through a hydrogen bond), hetero atoms (ie, N, O, S, P, etc.) or functional
groups with at least one of above-mentioned hetero atoms (e.g., NH, etc.), hydrocar-

10  bons (either saturated or unsaturated) or substituted hydrocarbons.
[0144] The letters R, and Ry represent spacing groups built into the molecule.
The function of these spacer units is to provide an appropriate 3-dimensional scaf-
folding to allow the molecules to pack together while providing rotational space for
each rotor. They may be any one of the following: hydrogen, hydrocarbons (either
15  saturated or unsaturated) or substituted hydrocarbons.
[0145] The letters Jq, J3, J3 and J4 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 effect (e.g. both inductive and resonance
effects) and/or steric effects. The functional effect is to tune the band gap (AEnomo
20 numo) 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 hin-
drance, inter- or intra-molecular interaction forces (e.g., hydrogen bonding, Coulomb
interaction, van der Waals forces) to provide bi- or multiple-stability of molecular ori-
entation. They may also be used as spacing group fo provide an appropriate 3-
25  dimensional scaffolding to allow the molecules to pack together while providing rota-
tional space for each rotor. 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 above-
mentioned hetero atom, hydrocarbon (either saturated or unsaturated) or substituted

hydrocarbon.
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groups with at | east one of above-nentioned hetero atons (e.g., NH, etc.),
hydr ocar- 10 bons (either saturated or unsaturated) or substituted

hydr ocarbons. [0144] The letters RL and R2 represent spacing groups built
into the nolecule. The function of these spacer units i@ to 25@vi de an
appropriate 3-di nensional scaf- foldingi;4do allowthe b @HeheE 0 pack
together while providing rotational space for each rotor. They may be any
one of the f i ng: g 1005 Thé BinchEH of tbbridingr sor
unsat ur at ed) O[gir&inubsti ?ﬁ?gg&fﬁd? (b)ggé%g%é%m&] The | et t,lg;%sdg\]gfig@?& J3 and
J4 represent tbuoineg the siatpsanidudtot oritn EQINEEEWO ADINRIE PR UL INES FASHE Bf t hese

tuni ng groups, (e.g9,, OH N G Ll e, 4 ] i gle an
appropriate f%%ﬁf@i%??ﬂ"%?‘fﬁgﬁle t(rgglélg gf)%\ltl)lp k?&&r?a(l%nc}f fr\?;e&é%ledf 0?%\2@ 'Q{negegé gef fects)
and/ or steri guafkects.o, Bhe, &unet fuanidhalefdups withat teast ounef dtoee-beniibngdp

( AEHOMO 20 /LUI\/é) of the nolecule to %ﬁt the desired el ectroni c as,well as
optical pPopeetereaons (¢&eNHs NIRLeetc I udragaghondciter datyraied of Brspiiie ! he

nol ecul ar conf Qi ylifdeabgh steric hin- drance, inter- or
intra-nol ecular interaction forces (e.g., hydrogen bondi nfg, Coul .onb
t

interaction, [0M7]der \h¢ detttoMeEsyn ¢lertiopuiihgE@wiiEg. Srgyp. ! ’Eﬂ“@pgélﬂfl ity of
an appr opr | at@o 58 tihine PGP oy R AT pORA, M GlBed e B ack

an appropri at®o% scaf ow t fie nol ecul es to pack
t oget her whi | 8186y iodinaergb Qtsaroothi chixgt seppaden borecestsintion(lomd bidakipgvay be any

one of the follow ng: hydrogen, hetero, ato e.dg. P, _F, d,
Br, and 10, ffomeatioansic.) gigerpths infireste P%é%tap}g]ﬁ:g %‘?e%%ggd'ng% Fléﬁtg’&‘ hetero

at om hydr ocaghem,igh LRGE red bRt & 0Ofhe YolTANiL: 34rB6RY1i0bci8 UbRE ddrivhtbas
hydr ocar bon.q@glga 110%%39%7 ?4 %c%{ober 2004 35 [0146] The_letter Gl is a

bri dgi ng gr oup.g. Ehter nemaité etn.).ofitre, métrilss kelgfien aldghvgapuitene. sERUEEAREA ' he

stator and rotar or to connect t r ' ith bingst bk AGRL eve a
desired chrorfSPREPES: M q?rfl%j eigﬁ\g?gggbcg%%%}ﬁg@ag%ﬁ}gﬁg St The fol T ow ng:

hetero at- Ongo a@n@-(e.g\F, 01, BS, NRO agd 6, gtc.phydocabinamislier gatoraisd onimsatuat | east

*

one of above-nentioned 5 hetero atoms (e.g., NH or NHNH, etc.), hydrocarbon
(either 9g&t urrateddorgrbstifiied Rydecwd™ or substit uted hydrocar bon.

[0148] The uppermost molecular structure has a smaller band gap state than

the lowermost molecular structure.

[0149] Another example of an E-field induced band gap change caused by
breakage of extended n-bond conjugation via charge recombination and o-bond for-

20  mation is shown below (Example 6):
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[0147] The letter Wis an el ectron-wi thdrawi ng group. The function of this
group is to tune the reactivity of the lactone group of this nolecule,

whi ch enables the nolecule to undergo a smooth charge separation or

reconbi nation (bond breaking or 10 formation, etc.) und ¢ the &gluence of
an applied external E-field. The electrgp- w thdraw ng Yy be any one
of the follow ng: carboxylic acid or its derivatives (e g., ester or amde
etc.), nitro, nitrile, ketone, al dehyde, sulfoneh sulfuric acid or its
derivatives, hetero atons (e.g., F, O, ebc\l or-;functional group with at

| east one of het- ero atons (e.g., F, @&, %g 0 and S, etc.),

hydr ocar bon (either tur at ed NS anl- eﬁ) or substituted

hydr ocar bon. [O%g ' “echl ar structure has a smaller band
gap state than:.,t [ FQ ecid ar structure. [0149] Anot her exanple
of an E-field jnd bahd gap pha ge caused by :breakage of extended

t - bond conjugatlong ,Ch&PgeFEcortbi nati on and r-bond for- 20 mation is
shown beIOM/(EXaane 6): Case 13977 36 Cl -3 ~Conz! N.GL / Con, J1 CH3
NJ~~"~ Y n~ RI'*H U$,/ \J3 \ R2 CH3 J2 Conz

Example 6

Case 10013977



N GCn, +Rr,,,... OJ3 Rz J4CH3 Jz Conz N G Exanple 6 14 Cctober
2004 Case 10013977 37 14 Cctober 2004 [0150] where: [0151] The letter Qis
used here to designate a connecting unit between two phenyl rings. It can
be any one of following: S, 0, NH, NR, hydrocarbon, bst| ut ed
hydrocarbon. 5 [0152] The letters Con, d Cone are coln “ct?l?eﬁaoégroups
befmgen gne nol ecul e and anot her nDIecu e or between a nol ecule and a
solid substr e..q., nmetal elec- trode, inorganic or organic substrate,
e_tc.). They ﬂ@gﬂﬁ Wk%ﬁey one of the follow ng: hy- drogen, ﬁet ero atons
(i.e., N 0, 15, et CThe Dittef Qnisubadiniake grdzsipnant & lhomiectingagtit pteeepftwo

Caturat ed or HRoYTiest cocegay <Bf oL e TELS ) NN Be SRR PP DY i

letters R an teﬁ%% dShhseent spacing ,groups built into the nolecule. The
function of t ese spacer units is to provide an appropriate 3-di nensi onal
scaf - fol di ngot&]al | owThéisttens [Conand £onprp ernkeqtiag ETINRT DSRNFINEIH MNACHF ng

rotational spage f ol € n
hydr ogen, hycﬁno %(e)rnm%%‘lgp%g?géggfeu-pﬁlera te ag&ﬁdngg? a&%gete%ﬁmgtrgﬂ %slét}%nst?t ut ed

hydr ocar bon. trode, inorganic or organic substrate, etc.). They may be any one of the following: hy-
drogen, hetero atoms (i.e., N, O, S, P, etc.) or functional group with at least one of
above-mentioned hetero atoms (e.g., NH, etc.), hydrocarbon (either saturated or un-
10  saturated) or substituted hydrocarbon.
[0153] The letters R, and R; represent spacing groups built into the molecule.
The function of these spacer units is to provide an appropriate 3-dimensional scaf-
folding to allow the molecules to pack together while providing rotational space for
each rotor. They may be any one of the following: hydrogen, hydrocarbon (either satu-
15 rated or unsaturated) or substituted hydrocarbon.
[0154] The letters J;, J», J3 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 effect (e.g., both inductive and resonance
effects) and/or steric effects. The functional effect is to tune the band gap (AEnomo
20 sumo) 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 hin-
drance, inter- or intra-molecular interaction forces (e.g. hydrogen bending, Coulomb
interaction, van der Waals forces) to provide bi- or multiple-stability of molecular ori-
entation. They may also be used as spacing groups to provide an appropriate 3-
25  dimensional scaffolding to allow the molecules to pack together while providing rota-
tional space for each rotor. They may be any one of the following: hydrogen, 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 sub-

stituted hydrocarbon.
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[0154] The letters J1, J2, J3 and J4 represent tuning groups built into the
nol ecul e. The function of these tuning groups (e.g., OH NHR, COOCH, CN,
nitro, etc.) is to provide an appropriate functional effect (e.g., both

i nductive and resonance effects) and/or steric effects, qu f&gftiona
effect is to tune the band gap (AEHOMO 3Q /LUMO) of t hi AEPREAVE ¢ o get the
desired electronic as well as optical properties of the nolecule. The

steric effect [0i1§5]t 0t u%etlr%?l%r @Dis%%ﬁhgnggﬁnﬁ.rmtfﬁﬂﬂoﬂ b @ Bhdsih@Edlotp Ri N-
drance, inter* or intra-nolecular Tnterdction forces (e.g. hydrogen
bondi ng, Coul wrbnnechitatoraridirans ontanordiest taat mofesrujegdted ringp toachigae bie- or

mul tiple-stability of | ecul.ar, .ori- entation. Th S d as
spaci ng group%refi(ﬁg‘ﬁfnﬁpg?‘}%e@ﬁ bHASIPS FPPRFEY 5 I off ﬁﬁ%g.@ég@ gsgg,j{?r? S‘P’ I'ng to

al  ow the nol @GUINeD, 190 PPAE Kot RBGTAAaroMpivith 4 l€avti dilk Bjabové-mentiord btewpace for
each rotor. They may be any one of the foll ow ng: hydrogen, hetero atom
(e.g., N, 0, ®mp(e.® NEor §HNHetc.)ahysirqcprbop (giey GREACLRT IR AL east
one of above: i tero atom hydrocarbon (either saturated or
unsat ur at ed) %{t@%‘%ﬂ&%@ﬁaﬁt ed hydrocarbon. Case 10013977 38 14 October 2004
[0155] The | eloi#6] Gl i STha litter Fgiingn gleciqu-withdeawing graupnTlest funpian ofr thiggi ng
group is to connect stator and rQior or to c : capl ugated
rings to achi %r%pﬁtﬁéu-nezl?errg %3'?9? %fqn%% P gr%#egﬁglﬁ%ﬁléﬁéﬂg‘?%ﬁg%ﬁgif g{ey any one
of the foll ownpRculb@ eidergadta oot ehafpe sepdration oBrecbinbiattion)(band Preakitg @nal

group with at | east one of above-nentigned hetero 5 . NH or
NHNH, et cl9, fepaptinsacton nde f}ﬁehnflg%ﬁ Pgtaéoapalr‘eduF?ggPﬂfg'?‘g@) (TE‘F g%ﬁ{ﬁggn'st ituted
hydrocar bon. ﬁ%mmg%ﬁ)u#: %a?%re afy bt ARheSbBGHhS ok 128 o Gs GérdkRves The

IS grodp is

function of t o tune the reactiVvi ;d\;eof the | actone group of
thi s nol ecul e(e.gntestehoremmsidt,esc.), hizro, nitfledgtose, tabdehydtesubione sslfwin asidcdraBge

separation or reconbination on eaking or. 10 for i inder the
i nfluence of FAVARLYSSi @Hzr%ﬁt%lg E%%"d%%iegbd’.r gufﬁgor@?%rgw gvﬁf] a&g%%géé;%)hﬁg group
may be any ongo@fontshie.gf, ¥l COWNY:0,EReRY DIz ard6M (bithér shfumatederrivvatirastedy (e. g.,

ester or amde, etc.), nitro, nitrile, ketone, aldehyde, sulfone, sulfuric
acid or its oepbspguted/ eslrocaderro atonms (e.g., F, d etc.) or functional

group with at [Ollg\‘ﬁSt On%\g%fn, Hx%tu_ppermost molecular structure has a smaller band gap state

than the lowermost molecular structure.
[0158] The present invention turns ink or dye molecules into active devices
that can be switched with an external electric field by a mechanism completely differ-
20 ent from any previously described electro-chromic or chromogenic material. The gen-
eral 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.
[0159] A positive and a negative charge are generated during the C-O bond
25  breaking process. The resulting charges will be separated and move in opposite direc-
tions parallel to the applied external field (upper part of the molecule), or bond rota-
tion (lower part of the molecule. The two aromatic rings with an extended dipole (up-
per part and lower part) of the molecule is completely conjugated, and a color (red-
shift) results (see Example 5). However, the molecule is designed to have inter- and/or
30  intra-molecular forces, such as hydrogen bonding, Coulomb, or dipole-dipole interac-

tions as well as steric repulsions, or by a permanent external E-field to stabilize both
Case 10013977



ero atons (e.g., F, d, Br, N O, S, etc.), hydrocarbon (either saturated
or unsaturated) 15 or substituted hydrocarbon. [0157] Again, the uppernost
nol ecul ar structure has a smaller band gap state than the |owernost

nol ecul ar structure. [0158] The present invention turns kb ;(g

mol ecul es into active devices that canspe switched WI]t4h spbes 2P EF nal
electric field by a mechani smconpletely differ- 20 ent fromany previously

descri bed el e%&g{g& ?{“E%%g QliarCeHRERGE Mias @Ia?ée' Bdid isTRuBeNtoehidicl #ga 1s to

use nodified actone type of | ecules in which the GO
bond of the |mckaiefiom 1mhﬁ1abommdtlynl(amelselltelwdugﬂq aapraticuian Otiﬁ’detrctj\oﬂ‘ﬁ bond

br eaki d _f der the infl f
aLGSpLF?eS”e|@eI‘§r e R i LB SO BT 41 & S Shegat i ve char ge are

generated durfp Jt he Cy@changdva BiRRKisn@plidoErasple Bhebotieshirgds nendctoar ges
wll be separate and nove in opposite direc- tions parallel to the applied

external f3 el Idal(gllpkmnsebaa: to the dltdqeonﬁflthﬁﬁm@;e extsrnabeld: Thetpasitive eJree%8wer par t
f th | Th t -
b and | ove ﬁ&?ﬁ{ ?’%V\P@%rg%ﬂ?crlfe w1}’l mi te\% ttln: c%[}tefé&F&QEQm@k Eﬁg( per

part and | owe ecu s conp conj ugat e nd a col or
(red- shift) meBatletpdsiioepirénalgdide d)he rhbi\wm\vceu}mut,lnelennh{bonm@ ¢lectipasirgned t o

have inter- and/or 30 intra-nol ecular forces ﬁ g Zﬁ/? bondi ng,

Coul onb, or dFplsFtENgPITBFlECtioRtaad aen-bendigeciestron delpcalizatiop, %ngeglﬂ’f?%ns

by a per manent&ve%&r%&p]% sart ek rﬁ&ecﬁﬁ@\bﬂlltér%ﬁoMJQCIO%Whé@QcQA%Ql?}?ﬁM Cct Ober
[

2004 39 charges articular orientation. Thus, a large field is
requi red 0o uhteatitB-¢ hend rottien A keyf qoorpondans of th mokiculsdesign istthad fheradn de

swi tched into_a. particul ar orletat I | n t hat
orientation Ut anflts{a?% repRistOR e st he%%l%@]th%eaﬁgg ‘\i{/ﬂesrdslaet @?I flg

gppl ied ( Ex?nml;] €ovik pad Of HleCrhcﬂécgﬁ(tI]tc\eemilggﬁ\& cﬁﬁrgéewctoghfrd)m eoslg/bough ﬁt he
irection of the reverse ext i e The. posi o eupper
part of the riomPs &8 Q/ﬁlqgreery%?@% % listeayfhe ff’éaﬁ‘to rs Iﬁ’iff%{g‘éﬁ‘ ts{?g Hg?%

(tri-aryl  meshang pass bh@@lo&ép;sﬂntéﬁ@ 115 ReOfart 41 @n BRI 6LARrdxithAELY I90t he

non- bondi ng el ectron, "‘or n-electron, or ic-electron and non- bondlng
el ect ron el odsgteey &pingthe inifisl eviestation: Furtheamere, this\29 dasree GEENPEAREE SBAFt of t he

mol ecul e wi | hzeg rgy atCoOrﬂg o%a%lso%ran& Qha{[ré]e re&?ﬁ%b%aﬁ%. Ifur{ngﬂlgprocess, a tetra-

hedral carbon (an isolator) is formed at the tri-aryl methane position. The conjugation

of the molecule is broken and the HOMO and LUMO are no longer delocalized over

the entire upper part of the molecule. This has the effect of shrinking the size of the

20  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.

[0161] 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. An-

other important factor is the ability to switch the rotor (lower part of molecule) be-

25  tween two states separated by an optically significant angle (nominally 10 to 170 de-

grees) from the stators (the upper part of the molecule). When the intra-molecular

charge separation reaches a maximum distance, then the upper most part of the mole-

cule becomes completely conjugated. Thus, the 7-electrons or n-electrons and non-

bonding electrons of the molecule, through its highest occupied molecular orbital

30 (HOMO) and lowest unoccupied molecular orbital (LUMO), are delocalized over the
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10 through C-C bond rotation. A key conponent of the nolecule design is
that there is a steric and static repul sion between the C2 and the J3 and
J4 groups that will prevent the lower part of the nolecule (the negative
charged sector) fromrotating through a conplete 180 degree 51 f cycle.
Instead, the rotation is halted by the eric int eract]i4o(ﬁ0t°et1§f | Ky groups
on the ower part and the upper part at an angle of approximtely 90 15

degrees fromthe i n} tial .@ri egt;é&gg @_Q%icggﬁgﬁ%g%rrtp{ugmuﬁhh&h&gcﬂ@miele in

ori entation MEPS{HBCEf; ormation and charge
r econbi nat i 0R.boRUkidAGhd bixSis et s theantietmaeculve tr- avhanghberkitgaacidglor at or) i s

formed at the tri-aryl nethane posjition. T 1 i | ecul e
i s broken andaizsé thesvEr SARIPTRB tg‘? lélbhjg@ F%dnggl?/ﬁgglr%{gg\lte?}g%nda ll?)s/nettrhnec?éhgg entire

upper part ofy,d heMRLesub @ap shihe niAgulete dedigned to yitldshe deskiedgolohef B¢ ze of
the 20 vol unme occupi ed by the el ectrons, whi C[l causes th Ll{1 O gap to
i ncrease. 5 Aif QredysthfetlééN&UéMQ)gaPtfP‘aﬁé gamantlelsrasire, gat Ee F‘é‘%%h SQur i ng
this prOCGSS-Sgﬁ,gf%g%l.ﬁ&%rch&gic%§‘eru 'Sstrk‘f,g,%,@y,eanfrni\/}%_%kb%e diffegent afditadit i on of

t he positive e mgration ween one side of a nolecule and the
center positifgs bSthemudécale. Inthe caxeveerd thp ootora(iwer pert of thegneleIAB 17ty to

switch the rotor. (|l ower part of. nol ecul epar at ed
by an opti cal#tgd &Y Khiori7Qdrgressnifure 3?8'[#?%% ﬁ?aior%&tﬁ? %ﬂl%gga%éﬂhgﬁgteeg‘?e)?r om t he

stators (the JdpRAIngRAthe Biturlke e tfEdhemickiequbstitkeats (Ti0&, Tnfa andB)doudedrio char ge

separation reaches a maxi num di st ance, th8n 8 uEpe‘r1 rmst%rf)drqrt c((gforthe

nol e- cull@ bebomts apdatplopttanythe Bisfeawd M 'I{th, FAR&Y COETSBY Y B s or

n-el ectrons U8, Lol W5 S LA Srudulre.owgh suffis hi ghest
occupi ed nol 3@%Ilsagﬂ%rsgl?t?gwgdgg(p%%acﬁgirIoghmlgsélp%noccupi ed nol ecul ar

orbital (LUMJent shifirgeteaadleaddbaumes trasplaseil 160189 HOMQ-18YIEheap 19004 40

upper nost region. The effect s identi to that for chani cal
particle in lagpesoushnbmsithemglssule & St“ﬂ‘éﬁ%:lezléet%‘?enttwg C%ﬁfsforr g}é%%%;@gﬁg, i.e.,
when the orbifals,anndel0- calized, then the gap between the HOMO and LUMO
is relatively small'. In this case, the HOVD_LUNDOs?a of the nol Q/ule i's
desi gned 150 P2l t he Beamplesd Scatdop oW e sliffesgnt at%’y& ATHE" Eumvo gap

cher oa "o oopLCp nILEHSLAS SR B el o
ticular type of molecule, a sufficiently thick molecular film is grown, for example us-
ing Langmuir-Blodgett techniques, vapor phase deposition, or electrochemical depo-
sition, such that the orientation axis of the molecules is perpendicular to the plane of

20  the electrodes used to switch the molecules. Another deposition technique is to sus-
pend 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 polymer-
ized (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 in-

25 dium-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 the
large stator groups are locked into position by intermolecular interactions or direct
bonding to a support structure, but the rotor is small enough to move within the lattice

of the molecules.

30
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rings of the nolecule. In the case where the rotor (lower part of the

nol ecule) is ro- tated by 10 to 170 degrees with respect to the stators
(the upper part of the nolecule), depending on the nature of the chem cal
substituents (J1, J2, J3, J4, and W bonded to 10 the uoé(grbe??ﬁmstat or,
then the increased HOMO LUMO gap wil | cHrrespond to a corge at is

bl ue-shifted with respect to the color of the all parallel structure. Wth
suffi- cient shjfLi . the nmolecu 1 j Jnew

SOVD LUND gadistel 0)dPpict dRalE BEt G HERIP MARSRPE GBbe of b TS, een
two col ors orgfgapm onereRl70k a schentaticrdapispar efthisshaede. whigh {19052 aiEkanpl es 5
and 6 show two different states of a re enta#%xgﬁ%gedsvmtch | 8. iRl ecul e

re
under the i nifieldeindeced banghgap ehaes saussd %‘E‘FF 8E? PO s par- ticul ar

type of ol eqplg, fuy B Lifd@itd. Wstshbwk idTPIe g3 mdiédule 138 @mpvises thioe  exanpl e
us- ing Langmnui r-g 0 gett t echni ques, vapor phase de;fosi ti.on, or d

el ect rocheni gattiodefiR, 784.tand36. She moterule 78 avidencesa spalighbagdieap §piehg

nol ecul es i s perpendj cul ar t. I : themsl ggg.r%gs tiog@fdah 0 switch
the nol ecul edd ¥ ’8?‘?1‘%& “Yep a@?{l?}gﬁlgpé?%%g{%é&?osfdt;%msﬁs- pend The mol ecul e as
a rmononer / ol igeHR el caasds besakinp abthd canjigatiorom thduavlede 739, dve oimalculdbat ed
(e.g., reverse roll) or spin-coated onto .the substrat ntly

pol yner - i zedoldmggboutifle exptrahparien 23n4) reSpltgg g &J%elr Ib%nf%agnsg%gp ?erslg)qt?lg

subj ected to ap .el.eelirdgiubitehdn tHe@be RiloRN Shet Misledill. Reudreal ofitht pfidd ect r ode
may be a transparent conjduct or, such as in 25 diumtin OXisOtI%f and ﬁEhe filmns

)

are gr own 0suainfdidsathe tolecwlo|73¢ endaetumsitke malegily 91 1iserigingl 1#e SUSIRHS B¢t he

el ectrodes. The .nol ecul es form sgli r73h hUhdsaaleledfe@l s i n which the
| arge stator f@%‘ﬂ%gﬁgF 8eq%r8fcrf<°ertcli°nlsﬁt4(§)gg%gl?0?€%8% l%y aternol ecul ar interactions
or direct bqoﬂjﬂpg t 0 FhSWAPNINE r&futretadn @ust beimet inehis dodel: i s smal | enough to
move within the lattice of the nolecules. 30 Case 10013977 41 14 Cctober
2004 Model (J9165E- Fi el th) Theioelsenlgryet hayvsnt dsasiiye SSEF Wbl ecul ar Fol di ng or

Stretching LBA0S1 I Gy Ll SadcAENETRb! fnd SRAS hRR foh-bbhiisy aBdhs, othi ch
i nvol ves an E- el d-i hduced band gap change caused by the change_ of
ext ended 160N;j1gadtioAs ofinfelédrons and non-bonding electrons involved in the HOMOs, LU-

MOs, and nearby orbitals;

[0167] (c) The molecule may be either symmetrical or asymmetrical with a

donor group on one side and an acceptor group on another side;

[0168] (d) At least two segments of the molecule have some functional groups

20  that will help to stabilize both states of folding and stretching through intra- or inter-

molecular forces such as hydrogen bonding, van der Waals forces, Coulomb attraction

or metal complex formation;

[0169] (e) The folding or stretching states of the molecule must be E-field ad-
dressable;
25 [0170] (f) In at least one state (presumably in a fully stretched state), the non-

bonding electrons, or m-electrons, or n-electrons and non-bonding electrons of the
molecule will be well-delocalized, and the n- and p-electrons electrons of the mole-
cule will be localized or only partially delocalized in other state(s);

[0171] (g) The band gap of the molecules will change depending on the degree

30  of non-bonding electron, or m-electron, or n-electron and non-bonding electron delo-
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| ecul ar folding or stretching. As shown in FIG 7, the nolecule 730
conprises three 5 portions 732, 734, and 736. The nol ecul e 730 evi dences a
smal |l er band gap state due to an extended conjugation through a | arge
region of the nolecule. Application of an electric fH%Hﬂx %ug&ﬁ br eaki ng
of the conjugation in the nolecule 730, 4glue to nol ecular #5f di'ng about the
central portion 734, resulting in a larger band gap state due to the

non- ext ended I O el i i1 Rd 8f at hilisdbaeubiE-fildgvadsal  of
the E-field f%H%%#gﬁ%gQ?ﬁéﬂﬁ%ﬁggﬂﬁgﬂggé9%%39re%qr%? the nmolecule to its

ori gi nal st attais tigteraftchdnignayithaldo affest sheictagtrishl arivptiead prapattiepel e swlerale of t he
mol ecul e 730 has the sanme effect. [0164] The follow ng requirenments nust be
met in this Nﬁd@*%amﬁ0165] (a) The nol ecul e must have at |east two
segnents; [019¢12(b) Sewemnd cimegrEiccat berdpblivdsy thdsouyes bfwelaals bondi ng

el ectrons, or .lg n- el ectrons, or n-electrgn and.n9n-bonding el ectrons

i nvol ved i5n tapdcalonelscirigaliswitghss, 2alsy SIOEASF BY ‘5@@1 PRIIRY167] (c) The

ol ecul e MY ey i { N ASVIARI §fakn GLAGE B b4l gdfl dtange vidanaleeigoup on
one side and anh acceptor group on another side; [0168] (d) At |east two
segnents of tfoRlingdreceitienhiavkovaobeoy (Bxemplsal groups 20 that will help to
stabilize both states of folding and stretching through intra- or inter-

nol ecul ar forces such as hydrogen bondi ng, van der Waals forces, Coul onb
attraction or netal conplex formation; [0169] (e) The folding or
stretching states of the nol ecul e nust E-field ad- dressable; 25 [0170]
(f) I'n at | east one state (presuﬁh‘L inNa fully stretched state), the non-
bondi ng el ectrons, or 7t-electrong, ofit-@l ectrons and non-bondi ng

el ectrons of the noleculd wil)¥ bg well -delocalized, and the 1t- and

p-el ectrons electrqns of t phe- ™ e wll be localized or only partially
del ocal i zed i n ot her e(s); g) The band gap of the nol ecul es
wi | I change dependi | t he demy \302 of non-bonding el ectron, or

n-el ectron, oryit-e qn aRd no -boﬁding el ectron del o Case 10013977 42
14 Cctober 2004 N Y H/Z

Jo n=0to 10
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calization while the nolecule is folded or stretched by an applied external

E-field, and this type of change will also affect the electrical or
optical properties of the nolecule as well; and [0172] (h) This
characteristic can be applied to these types of nolec for A optical or

electrical switches, gates, storage or gdisplay appli ca4" ns 6%173] An
exanpl e of an E-field induced band gap change via nolecular folding or
stretchl ng i s shown below (Exanple 7): 0 J4 J2 Ml ecule Folding 12 H Z-H n
= 0to 10 10 H,, Z Exanple 7 n=0to 10 Stretching Qut Case 10013977 43 14
Oct ober 2004 Q03 dhevhere: [0175] The letters R and R2 represent spacing

groups built t he |.ecul The f
hydr ogen, (W]t%gr bon f'gi e ﬁ‘sﬁdt}ga%%r tg%elggéo ggenuu?lg%rggﬁle nqdléscg}tl)gs? ?t ut ed
hydr ocar bon "ﬂh@}ll%ﬁi bd 8 dneoF &k Foliblving] Bydrdgn, yéraadiod (eltll‘la’pﬂam ortuini ng

groups built into the nolecule. The function of these tuning groups (e.
OH, NHR, ©0Osatueid) o pgitutedhydrocatben.ysed t o provi de an appropri at ep (e-9-.

functional efi§egl (€. Orne RRLY 1] NAUGE J, \ed FNepfea AN gupd beitisp tad/ or
steric effect“g }rhe funcet%eonra : ?ngcf S ?o ptune ltlhggq%agg =
molecule. The function of these tuning groups (e.g., OH, NHR, C Og BN nitro,

etc.) is used to provide an appropriate functional effect (e.g., both inductive and reso-
nance effects) and/or steric effects. The functional effect is to tune the band gap

10 (AEnomo rumo) of the molecule to get the desired electronic as well as optical proper-
ties of the molecule. The steric effect is to tune the molecular 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 group They may be any one

15  of the following: hydrogen, hetero atom (e.g., N, O, S, P, B, F, Cl, Br and I), func-
tional group with at least one of above-mentioned hetero atom, hydrocarbon (either
saturated or unsaturated) or substituted hydrocarbon.

[0177] Letters ¥ and Z are functional groups that will form inter- or intra-
molecular hydrogen bonding. They may be any one of following: SH, OH, amine, hy-

20  drocarbon, or substituted hydrocarbon.

[0178] The molecule on the top of the graphic has a larger band gap due to the
localized conjugation various parts of the molecule, while the molecule on the bottom
has a smaller band gap due to an extended conjugation through a large region of the
molecule.

25  [0179] The technology disclosed and claimed herein for forming optical
switches (micro-meter or nanometer) may be used to assemble displays, electronic
books, rewrittable media, electrically tunable optical lenses, electrically controlled
tinting for windows and mirrors, optical crossbar switches for routing signals from
one of many incoming channels to one of many outgoing channels, and more.

30
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10 (LEHOMO | LuMb) of the nolecule to get the desired electronic as well as
optical proper- ties of the nolecule. The steric effect is to tune the

nol ecul ar conformation through steric hindrance, inter- or intra-nolecular
interaction forces (e.g. hydrogen bondi ng, Coul onb |nt§é %§ %@% van der
Waals forces) to provide bi- or nultiplg-stability of TR

orientation. They may al so be used as spacing group They may be any one 15

of the follow ng: hydrogen, U?TﬁﬁﬁﬂAﬂﬁJQABHﬁkYo S P, B F, d, Br and
), func- tional group with a one of above-nentioned hetero atom

hydr ocar bon (either saturated or unsaturated) or substituted hydrocarbon.

[0177] Letters Y and ar nal ., gr I'ice OF
intra- nol ecdwﬂ hydr 0—51%91&6‘{) C&t@b? 8183‘1 o oééa?ﬁremoér{ée%&h?%f%ﬁ ur?% SH,
CH, ami ne, e&QatddeOiE@sféaﬁéﬁuc@a fr§1H%&rblsbﬂlee&dféydfrﬂﬁ@elsdatmomﬁ)mcﬂﬂ]as Thi

nol ecul e on t% top of the graphic has a | arger band gap due to the

| ocal i zed 5conp agaidtoof Weselidspyparts of the nol ecul e, while the nolecul e on
the bottom has a snaller band gap due to an extended conjugation through a
| arge region of the nolecule. 25 [0179] The technol ogy discl osed and
clainmed herein for formng optical swtches (mcro-neter or nanoneter) may
be used to assenbl e displays, electronic books, rewittable nedia,
electrically tunable optical |enses, electrically controlled tinting for

wi ndows and mirrors, optical crossbar switches for routing signals from
one of many incom ng channels to one of many outgoing channels, and nore.
30 Case 10013977 44 | NDUSTRI AL APPLI CABI LI TY 14 Cctober 2004 [0180] The
field-sw tchable nol ecul es disclosed herein are expected to find use in
optical devices constructed from m cro-scale and even nano-scal e conponents
as well 5 as a variety of visual displays. Case 10013977 45
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CLAIM5S What |Is Clainmed Is: 14 Cctober 2004 5 1. An electric field activated
optical switch conprising a nolecular system configured within an electric
field generated by a pair of electrodes, said nolecular system having an
electric field induced band gap change that occurs via one of e

foll owi ng nechani sns: (1) nol ecul ar confornation chandé(g?dﬁﬁZ&ﬂ

i sonmerization; 10 (2) change of extended conjugation via. chem cal bonding
change to change the band gap; or (3)@jecular folding or stretching. 2
The optical switch of aiml wherein said electric field induced band gap
15 change occurs via nol ecul ar conformation change or an isonerization. 3.

The optical sw tch_of aim 2 wherein said nolecular system conprises at
| east one st I €6+ and at | east one rotor portion, wherein said rotor
rotates froma first state to a second state with an applied electric

field, wherein in said first state, there 20 is extended ﬁoqﬁuggtion

t hr oughouts sai d mdl éoutlentrics figkd eagiivatedsentical nfitch cAMPETIRE A VBISCUAE i1 band
gap, and wherein in sai. e i : | Yglatrh®étulas

dest r oyed, ré@ﬂ@??%bwﬁ%ggﬁf%%ggﬁg%fggfgggégyﬁgéﬁggggégﬁgiThe optical switch
of O ai m 3 whgstehhasiag dn rtzceic flekt indyet dand eampetiangsthR00GRs Cim onCals®e 10013977
46 14 Cct ober &004 where: A" is an Acceptor group conprising an

el ectron-wit H8 ﬁﬁfﬁﬁmépﬁﬁ553elected 5 fromthe group consisting of. (a)
hydrogen, (b) carboxyl {1g nR&kaasgfoirhaiod eidnyadriauésmefizafion;sul furic aci d and
its derivatives, (d) phosghoric acid and its derivat.iﬁ,\ée@)in %e) nitng, (1)
nitrile, 10g) hetero at Ghehange e textendsdoranivgariop, i Sheraird Ropding <B#ieR ©o, s, P,

F. d, and change the band gap; or
(3) molecular folding or stretching.

2. The optical switch of Claim 1 wherein said electric field induced band gap

15  change occurs via molecular conformation change or an isomerization.

3. The optical switch of Claim 2 wherein said molecular system comprises at

least one stator portion and at least one rotor portion, wherein said rotor rotates from a

first state to a second state with an applied electric field, wherein in said first state, there

20 is extended conjugation throughout said molecular system, resulting in a relatively

smaller band gap, and wherein in said second state, said extended conjugation is

destroyed, resulting in a relatively larger band gap.

4. The optical switch of Claim 3 wherein said molecular system comprises

ConTSA

SB—‘COHZ
25
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Br, (h) functional groups with at |east one of said hetero atons, (i)
saturated or unsatu- rated hydrocarbons, and (j) substituted hydrocarbons;
10 D+ is a Donor group conprising an el ectron-donati ng group sel ected from

the group consisting of: (a) hydrogen, (b) am nes, H (e)
ethers, (f) saturated or unsaturated hygrocarbon, (g) ‘é@ﬁg‘qu%?‘?'

hydr ocar bons, and (h) functional groups wth at |east one hetero atom
selected fromthe group consisting of B, Si, I, N 0, S, and P, wherein
said Donor group is nore electropositive than said Acceptor group; 15 Con,
and Cone are ,gopnecting units between one nol ecul e and another nole- cule
or between a nolecule and a solid substrate selected fromthe

consisting of a detakn dceptor gHalp RAPFiFiBE gRslceranpihdiayiag gé‘ﬁ’d?sg ?ganl c

substrate, s onnectin e e(cgrou
consi sting off! “(&55 gﬁwrc(g&sgﬁm % @ HQ’?%EQH "(‘gecgfc?o}c()}gﬁ%,g g%fd%rgml?r%}f g ?val gnt
hetero at ons s§EhRCARIadd @dditeigs, qupptoeptdis beidgnodits @eriva0vay, (P nit®, (fand P,
c) functional oups containing said hetero atons, S a un-
ga%ur at ed hydlifﬁgﬁa(g)gﬁ?m aipas pelse %@ufb@tlﬂ%ww W&lﬁt&@aqfﬁ\g) s ?f 3 Ef\aa d SB
desi gnate St 33t “5;}]1 ﬁ}‘]‘ &a?‘ér@&oﬁér elﬁl tie@ft%ﬁgq MRS Rbterdrbial (ﬁ@é’tuﬁ?edtopﬁnsaﬁla”e or

different an are ently selected fromthe group consisting of
(a) unsaturatraddhydr&athmnahedjohyﬂstumadb}dma@nnb (b) substituted hydrocarbons,

wherein 25 said hydrocarbon units contai on ' c Lc@ptribute
to an ext€nded coé 02 @ g ABOTRES D e Qle%mnl i n%%rédgnsgﬁa tte@%ltoa?\tg? state

(red shifted géupt@hsistMaesr: E(hﬁh}sl&igdn S{‘b)aamxhesr &) OpL, (d)rSEH Ke) ethach, (iépmtrateél y
contain at | east one bridg group Gn | east one B.am ng %roug

bot h, wher ei rPr3asajurated Ihé‘ﬁg?aﬂ?ﬂ‘i'e(&irs%?@?“ﬁ@ '@’rdl'ﬂﬁ?)r pas, and ﬂ’i u‘(cél)) 2 Broypy . ¢ ed
fromthe gr O%thcﬁgéa{f&ﬂer}gte?g at@fﬁestebétt@&‘ﬁ'omethpyoﬁﬂ@onsﬁﬁﬁ §6B) ¢ &y, 0,18 ne, and

azo 30 and is used to connect said stators sai d or or to connect at
| east two corqndu@atvbdemrsmd@n@mgramhs mor edectiemisitiod thah sdrHOERPIAE SEUP{ b)

sel ected 1f romt hgg% &onsi st | negtl%%ogats%e 1001397 71éLndtéoel AR 2004

single at'om brid O&FF‘T&:CPH% tWween said rotor and said

stators and cmefr@btmesxaa ghoRebulk edbi somﬂeul&ﬂatelsag:tgrmmegrwloenstlsmhngfom t he
group consisting of phenyl, |soprop%/ qd tert-bu and. dto
provi de an arppqngtp} ¢lagtrode,- 4y | W@qggqug)ﬁ strate, and an organic su trate sald connec ng

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,

20 N, O, S, and P, (c) functional groups containing said hetero atoms, (d) saturated or un-
saturated hydrocarbons, and (e) substituted hydrocarbons; and

SA and SB designate Stator A and Stator B, respectively, which may be the

same or different and which are independently selected from the group consisting of

(2) unsaturated or saturated hydrocarbons and (b) substituted hydrocarbons, wherein

25  said hydrocarbon units contain conjugated rings that contribute to an extended conju-

gation of the molecule when it is in a planar state (red shifted state), wherein said sta-

tors optionally and separately contain at least one bridging group Gy, at least one

spacing group R,, or both, wherein said at least one bridging group is either (a) se-

lected from the group consisting of acetylene, ethylene, amide, imide, imine, and azo

30 and is used to connect said stators to said rotor or to connect at least two conjugated

rings to achieve a desired chromophore or (b) selected from the group consisting of a
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scaffolding to allow nol ecul es to pack together while providing rotational
space for 5 each rotor to rotate over a desired range of notion. 5. The
optical switch of Claim4 wherein said nolecular system conprises Con, On
State (Optical State I) Con, Cone Con, Switch Of vait%p esrﬁfbéfh On
Transition State Switch O f Cone 10 V\,he% . A is said AcQ 8‘?5 group; Of
State (Optical State Il) Cone Case 10013977 48 14 Cctober 2004 D+ is said
Donor group; i ' e said
spaci ng. or oupTER B Ee ifa S s SRR g0 o B sl A0 e g
of . (a) hydr ogesein (shd @elbast ahedpaarnngmn isr #leettd Hyn deca gloop sonsgiiag () 5
substituted hydrocarbon are s 19roups,

whi ch are i ndSBAdSPRIPRY s"’é‘ﬁé@’f B‘ﬁ’lal%ésrﬁlsteﬂéo B)r%\?élana a‘fle Blrg&gl?a het er o

atoms sel ect es@afff& HF%‘@II(Q’U RloRcEleNB itk Rge@br while ﬁovﬁmgaﬁldncmal ¢aye faunct i onal
groups with at |east one of said hetero atons, (c) satu-
5  each rotor to rotate over a desired range of motion.

5. The optical switch of Claim 4 wherein said molecular system comprises

R
R2 R‘ 3 " Re Ri R;
n2 - R
ECom @ ' Comy O
i GLG . ' G.l
: 2 : : "G
; A : : ot :
: : . ; g :
O : Switch Off: :
Ga, ! Switch On :
Gy : Wi . G:!..G‘ ;
Conzg : @ Conz;
R?i,/@> : R+, §
Rs RE R Z\AS Rz/ R4
On State (Optical State |) Transition State
Switch 0'/(Switch Off
7

R3

R R
- —~R2
e O ®
;COm

Off State (Optical State I}

10

where:

A’ is said Acceptor group;
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rated or unsaturated hydrocarbons, and (d) substituted hydrocarbons. 10 6.
The optical switch of Caim3 wherein said nolecular system conpri ses:
where: 15 A" is an Acceptor group conprising an el ectron-w thdraw ng group
selected fromthe group consisting of: (a) hydrogen, ( carb ic acid
and its derivatives, (c) sulfuric acidgnd its deri vaf‘?g‘étgl?er%% phosphoric
acid and its derivatives, (e) nitro, (f) nitrile, (g) hetero atons

sel ected fromthe gyoupicoRRtsibpd of N 0, S, P F, 4, and Br, (h)
functional groups with at | east one of said hetero atons, (i) saturated or
unsat u- 20 rated hGomeodfbeas, sagrdnggclingutisy i t ut ed hydrocarbons; D+ is a

Donor group conpri gi n_el ectran-donati ) group
consisting of. (a) ﬁhg%’r obaerﬁ,s al%%gacgﬁigﬁoeug,s’ Y@S%Hﬂfﬁh%ﬁviggtgde)%%?% (f)
saturated or gtap abnsisaihg df: iy diydrged b)), safuigtedsorhskattnated dytpdarbeoay dns) and
(h) functional groups ,with at | east one hetero atom selected fromthe

gr oup consf’stF‘f?@t‘t&?ed%?’drgﬁrbqnﬁ 3d 0, S, 25 and P, wherein said Donor group
i's nore el ectroposgt icyect, aad Gs aleGalOR@BInE oraup hich &OMdefndentd Releddd
connecting units between one nol ecul e and another nole- cule or between a
mol ecul e and &omdh¢ groypsensisting of dp)ehefesel atoms weledied Gemabe SOHR PUSISHRE 8F Case
10013977 49 1 oher - mat t @ 0 LE i u ite, and
an organic su@éﬁ‘:gt%,% Psiifi?) c%ﬁ@ﬁuﬁgwﬁrﬁ %gﬁioﬁgggéea%téﬁgpf&ggf @2%@3 from

t he group consitsitdrmugsaofrated by)drdvydiong eml (dusubktitated ydaocatbpds.ogen bond), (b)

mul tival ent hetero atons selected fromthe group consisting of C, N, 0, S
and P, (caofuncti onal groups containing said hetero atons, (d) saturated or
un- 5 saturated hygr : . [ c;;lcpf;}g .and SA and
SB desi gnate Stat o‘? nggﬁgg@f%?ﬁ%%ﬁpﬁe?%%ﬁ Hllg glg C%?%%y beest' he sane or
different and which are independently selected fromthe group consisting of
(a) unsaturated or saturated hydrocarbons and (b) substituted hydrocarbons,

wherein said hydrocar b its contain conjugated rings that contribute to
‘lﬂ)

an extended c@ygns—1SA¢g of-SBReComl ecul e when it is in a planar state
(red shifted state), said sta-

+

where:

15 A’ is an Acceptor group comprising an electron-withdrawing group selected
from the group consisting of: (a) hydrogen, (b) carboxylic acid and its derivatives, (c)
sulfuric acid and its derivatives, (d) phosphoric acid and its derivatives, (e) nitro, (f)
nitrile, (g) hetero atoms selected from the group consisting of N, O, S, P, F, CI, and
Br, (h) functional groups with at least one of said hetero atoms, (i) saturated or unsatu-

20  rated hydrocarbons, and (j) substituted hydrocarbons;

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

25  and P, wherein said Donor group is more electropositive than said Acceptor group;

Con; and Con; are connecting units between one molecule and another mole-

cule or between a molecule and a solid substrate selected from the group consisting of
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tors optionally and separately contain at |east one bridging group Gn, at

| east one spacing group Rn, or both, wherein said at | east one bridgi ng
group is either (a) se- lected fromthe group consisting of acetyl ene,

et hyl ene, amide, imde, imne, and azo and is used to, £gnn Ctzo&z?i d stators
to said rotor or to connect at |east twggconjugated 15 {ﬁﬁtﬁgerto achi eve a
desired chronophore or (b) selected fromthe group consisting of a single

atom bridge ap %el?al UL £Gde, §h %@gaﬁ&%b@ﬁ&e\"ﬁﬁp ar l@.fgqniE gﬁ&"ira@,n 6hi® Abithe&trat or s and

wherein said at least one spacing group is selected fromthe group

consi sting of unipHadependento priespeyl fronaths grevnt cdpsising efnde)iydiggen (Wibzipg dvi de an
appropriate 3-di nensi o scaffalding.to allow.npl . oget her
whil e providi W?r?%@?’?@%? g plé{%lgﬁfhgrg ' s'es@fi:eﬁ%}r@’g{gglrtggggorgéf %@gﬂ@%éﬁ}é,a

de|SI r eld rangeNod, $mahd ec) finctidhal @aips cadtaiting ka8 hetbroGoms(d) satnatedionwsai d

nol ecul ar system conprises: Case 10013977 50 State (Optical State 1) 14
Oct ober 2004 Siratehbydsocaions Andse} suRgtWrd hydroceryong@ld o (ptical State 11) A

L ot neent o WU PO Re s RYLO B o, A o s 5a
i ndependent | ysagel e cliffaterft modrwhich eregindependsotis sedtctanlgfrasn theagroupyemoigiéng, of( b)
o e T ESHERES MUSLEERIRGRR G R (o) ShosiRa bbb &Solly HhGERT PONS:
said hydrocarbon units contain conjugated rings that contribute to an extended conju-
10  gation of the molecule when it is in a planar state (red shifted state), wherein said sta-
tors optionally and separately contain at least one bridging group Gy, at least one
spacing group R, or both, wherein said at least one bridging group is either (a) se-
lected from the group consisting of acetylene, ethylene, amide, imide, imine, and azo
and is used to connect said stators to said rotor or to connect at least two conjugated
15  rings to achieve a desired chromophore or (b) selected from the group consisting of a
single atom bridge and a direct sigma bond between said rotor and said stators and
wherein said at least one spacing group is selected from the group consisting of
phenyl, isopropyl, and tert-butyl and is used to provide an appropriate 3-dimensional

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

20  each rotor to rotate over a desired range of motion.

7. The optical switch of Claim 6 wherein said molecular system comprises:
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14 Cctober 2004 51 G, &, &B, A, &HB, &, G/, and G are said bridging
groups, which are independently selected fromthe group consisting of. (a)
hetero atons selected. fromthe group consisting of 5 N, 0, S, and P, (b)
functional groups with at | east one of said hetero atogpomgﬁ%zgéiurated or
unsat urated hydrocarbons, and (d) substisjuted hydrocarbons; and J, and J2
are tuning groups to provide at |east one appropriate functional effect
selected fromthe group consisting of inductive gffects, resonance effects,
and steric effects, said tuning groups beizg sq/ﬁpted fromthe group
consisting of. (a) hydrogen, (b) hetero atont®10 sel ected fromthe group
consisting of N, 0, S, P, B, F, d, Br and I, ( nctionaIF%roups wth

at |east one of saifBizhetero atons, unsat ur gt &d

hydr ocar bons, aRe—(&) substituted hydroca The opticat—8witch of
Claim1l wherein sai | ectric §jield ingdo : Ay CQS C ge occurs via
a change of extoe Q4 TN Vica HF ng chan -€Edrange the
band gap. 9. The op of GOl apm-8“wher ei I? sai d el ee¥€ic field

i nduced band gap;—€¢hange occ ia @change of extended cogj.ugaki on via

The optical swtch of Caim9 wherein
sai d nol ecul ar system conprises \M® portions, wherein a change froma
first state to a second state duas with an applied electric field, said
change invol ving charge separation in changing fromsaid first state to
said second 25 state, thereby resulting in a relatively |larger band gap
state, with less it-del ocalizati of" $HOrPiELEHBI nati on of charge in
changing fromsaid second state to said first state, thereby resulting in
a relatively smaller band gap state, with greater 7t-delocalization. 11.
The optical switch of Caim10 wherein sgid nol ecular system conpri ses:

Case 10013977 52 J5\ N J4 Switch On Switch Off
Rz
Ry-— R
Rz R1R2
Rs3 R Ra
J1 96— GZ\
Cony Gy Ga Gs Gs Cony
G; ) )—Gs J2
R3 ‘ R2 R3
RR2 ) Ri
Ra
R3 R4

Off State (Optical State )
where:

A’ is said Acceptor group;
D" is said Donor group;
5 Con; and Con; are said connecting units;
Ry, R; and R; are said spacing groups, which are independently selected from
the group consisting of: (a) hydrogen, (b) saturated or unsaturated hydrocarbons, and

(c) substituted hydrocarbons;
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E-Field Direction - + Ji E-Field Direction E-Field Direction 0 + J2
E-Field Direction 0J2 00 ji W Optical State Il 14 Cctober 2004 where :
Ji, J2, J3, J4 and J5 are tuning groups to provide at | east one appropriate
func- 5 tional effect selected fromthe group consisting Oftob&tdwoni ve
effects, resonance effects, Case 10033977 53 14 Cctober 2004 and steric
effects, said tuning groups being selected fromthe group consisting of.

(a) hydrogen (b) hetero atoms sel ected fromthe group consisting of N O,

S P B F OGJ( (S %PdG (@7) ald@ckd Qaﬂ@t)n% M&ﬂé" Whcidre! 1&1@§éndé?i)'t‘l9 of said

hetero atons Hrar el of URLaT ur at dr ocar bons, and
substit ut@@btddfchnomargbmpspnsﬁtlﬁgof &) detoroi aﬂrgnmlegtpdaﬁpmttbe @@W]@@ﬁlsmg ¢feast two

conj ugat ﬁ?po h,.n%ﬁeft gb) hcltl(e)r\lla groupg witht | ﬁl%g 8%[ ﬁ@IBmg{C?U at§1§§ qc)tg;l{uglgédr}g group

sel ec roup con
unsaturated hydrocarbons, and (d) substltuted hydrocarbons and

J, 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

10 selected from the group consisting of N, O, S, P, B, F, C1, Br and I, (c) functional groups with
at least one of said hetero atoms, (d) saturated or unsaturated hydrocarbons, and (e)

substituted hydrocarbons.

8. The optical switch of Claim 1 wherein said electric field induced band gap
15  change occurs via a change of extended conjugation via chemical bonding change to change

the band gap.

9. The optical switch of Claim 8 wherein said electric field induced band gap
change occurs via a change of extended conjugation via charge separation or recombination

20  accompanied by increasing or decreasing band localization.

10. The optical switch of Claim 9 wherein said molecular system comprises two
portions, wherein a change from a first state to a second state occurs with an applied electric
field, said change involving charge separation in changing from said first state to said second

25  state, thereby resulting in a relatively larger band gap state, with less n-delocalization, and
recombination of charge in changing from said second state to said first state, thereby

resulting in a relatively smaller band gap state, with greater nt-delocalization.

11. The optical switch of Claim 10 wherein said molecular system comprises:
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ero atons selected fromthe group consisting of N, 0, S, and P, (b)
functional groups wth at |east one of said hetero atons, (c) saturated or
unsat urated hydrocarbons, and (d) substituted hydrocarbons; and 10 Wis an
el ectron-wi thdrawi ng group for tuning reactivity of th | ei hy- dri de
group of said nolecular system which egables said nn|§E§%8Vﬂ§9@Fen1to
undergo a snooth charge separation or reconbination upon application of
said electric field, said electron-withdrawi ng group selected fromthe
group consisting of: (a) carboxylic acid a its derivatives, (b) nitro,
(c) nitrile, (d) ketone, (e) aldehyde, (f) sukfgne, (g) 15 sulfuric acid
and its derivatives, (h) hetero atons sel ectgd firomthe group consisting of
F, d, Br, NN 0 and S, and (i) functional gr ith at | east one of said
hetero atons. 12. The optical switch of C aim|l0 erein said nol ecul ar
system conpri ses: Case 10013977/‘ <@\ NNJ4 M+ J1 J5\+ N J4 J1 J2

M- (M= H, LevviﬁsAcid) Mt N 2 tael_?__l\-ijg(HO\/D/LUl\/D) = 2.04eV
AN
N / G1 '
ird J2
J1

Optical State |

E-Field Direction ' T E-Field Direction

- - + toe— - 0
L\ I
O
N >:
7 NS
Js. (- (N— }J:;
/;\l\ \ / Gy z
J4 JZ
J1 w
E-Field Direction E-Field Direction
- —— + < -
0
o -
KO
— N
Js + — N=<;>=< —J3
O
J
Ja 2
J1 w
Optical State Il
where:

Ji, Jo, J3, Js and J5 are tuning groups to provide at least one appropriate func-

5 tional effect selected from the group consisting of inductive effects, resonance effects,
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(When R1=R2=R4=R5=H; R3= CH3) where: J1, J2, J3, J4 and J5 are tuning
groups to provide at |east one appropriate func- 5 tional effect selected
fromthe group consisting of inductive effects, resonance effects, and
steric effects, said tuning groups being selected fro (3 QH(P consi sting
of: (a) hydrogen, (b) hetero atons sel ggted fromthen]g4r f}ﬁ onsi sting of
N, O, S, P, BB F, d, Br and I, (c) functional groups with at |east one of

said hetero a r hyé EReR ARG 80 da)( €)
substituted h%/ngrggeég%g%ﬁgas%figﬁolcg%%g}?s 200’4 %gtl?? ?gfn St gt ef§1 rIilgOVD‘da/l)L uMo) =

3. 46§v ( Whe nhyRiogeRI bRAetdR6 atdms ReectHBym Ji gwupmnwt@g@é%oléo FF7Cha
Cc 2004 d
L oe o von Bonth b SRR R R o8 el dhss ol bugeniuger

rings to achi ore sai group selected from
the group congisgdhiand t@ﬁrocz{r@dns%ﬂ%é)@uﬁdﬁﬂﬂ@i H_ydﬁ)ehrbmised from t he group
consisting of N, 0, S, and P, b? functi naI rou %\{l g}n &leastdone of
sai d heterd atons,Oiis} bEagIng EORR) OCPPm&Ft‘i%%{t aorﬂg%ﬁf CHEB B AN " d)

substi tut ed {l%ﬁ c%ﬂ{]gﬂ&g saﬁ%d&&'ﬁ bdup @él@&éd%nfx fh@@r&dﬂ%o@i@iﬂ@ o€qfest i ng of

transition ne ‘hal ogen ~Conpl exes, H+, Lewi s acids. 10 13.
The opti cal sewptatzahnscsfelecﬂeélfrnmSh@/\Ens)laﬁeFQ1151§T31¢810f«511J e,%tsrla@d?a @) fnptpsab®aMsand gap

change occurs vféﬁtdla?s? han dsabrhe? gtoﬁ!l?d(cf%ﬁlrrréa{?(?%ﬂn&ﬁatwaﬁdq’x%’rro%boﬁﬁpﬁl'aat Lon or

reconbi nat i on eakl ng or
(d) substituted hydrocarbons and

10 W is an electron-withdrawing group for tuning reactivity of the maleic anhy-
dride 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)
15 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.

12. The optical switch of Claim 10 wherein said molecular system comprises:
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15 14. The optical swtch of Caim 13 wherein said nolecular system
conprises two portions, wherein a change froma first state to a second
state occurs with an applied electric field, said change involving charge
separation in changing fromsaid first state to said s]gc %dwago'}t e, wherein
in said first state, there is extended gpnjugation thr ‘h(g 8 I d

nol ecul ar system resulting in a relatively |arger band gap state, and
wherein in said second state, said 20 extended conjugation is changed and

separated positive and negative ges Adre crgated w thin said nol ecul ar
system resultijpg in el at}w@l—‘g -; pap state. 15. The opti cal

switch of CaimV4 v \n gaid cul < S nprises: Case 10013977
56 +J, Con, + /N \+ RK..... WH'~. . 0°J3 ™ J4 O+ J, Con, + RT.....

VWH O J3 R2 J4 where: = 13Con2; & J2 - { - Optinal State/|

E (HOMO /LUMOQ ) = 3.46eV
(When R1=R2=R4=R5=H; R3= CH3)

M+

M+ ( M= H., Lewis Acid)

(N N

oy [ N—{ Dh
N / ‘ Gy P
J4/ J2

Jq

M
___ N “
N j@ )
N G1 /
J4/ J2
Jq

Optical State il

Eg ( HOMO /LUMO ) = 2.04eV
(When R1=R2=R4=R5=H; R3= CH3)

where:
J1, Jo, J3, Js and Js are tuning groups to provide at least one appropriate func-
5  tional 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, 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;
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G CH3 CH3 i Il -i-Con2 NGCH3 1J2 N, G Cone 14 Cctober 2004 Qis a
connecting unit between two phenyl rings and is selected fromthe group
consisting of: S, 0, NH, NR, hydrocarbon, or substituted hydrocarbon; Case
10013977 57 14 Cctober 2004 Con, and Cone are connecti ng ofbbs 2064 ween one
nmol ecul e and another nole- cule or between a nolecule and a solid substrate
sel ected fromthe group consisting o a netal electrode, an inorganic
substrate, and an organi c substrate, said connecting wunits independently

sel ected from.the grpu Si Skl fio e - : bdhicdt BQedre® hydr ogen
bond), (b) nu t i\ é%f&t%é)@rljgscg%ﬂc%%saqé%ﬁe%%ecg%?érag%ert?hﬁg% lr‘doup consi sting of
C, N, OchrGnophoct, Byid ballgifigigoup oredtedyfron ke growr sonsisheg gfgi(@ heErer9™at ons, (d)
saturated,o n- saturat ed hydr, r ik dadhyirggcar bons;
R R B e bt

scaf - f obaid Nigtdr® @bhoW(ODbawukésort onparked dydtdeabonshidnd b ovityhitigd

rot ati onal sngﬁe.fo({ each 10 rotor, said spacing groups selected fromthe
group cofSTSeiH8™8%¢ (a) hydrogen, (b) saturated or unsaturated

hydr ocar bon, andis( sdlecsdb&bmt tik egotyy douoising ouf’; trdbitiog 2metdls, theirdhaldgear e t uni ng

groups to provi at, .| east..one appropriate functional effect selected from
t he grouf)ong%‘ﬂ??’ i 09 VS ¥ict i ve effects, resonance effects, and steric
effect s, said tuning groups being selected fromthe group consisting of (a)

hy 13. The optical switch of Claim 8 wherein said electric field induced band gap

change occurs via a change of extended conjugation via charge separation or recombination

and nt-bond breaking or formation.

15 14, The optical switch of Claim 13 wherein said molecular system comprises two
portions, wherein a change from a first state to a second state occurs with an applied electric
field, said change involving charge separation in changing from said first state to said second
state, wherein in said first state, there is extended conjugation throughout said molecular
system, resulting in a relatively larger band gap state, and wherein in said second state, said

20  extended conjugation is changed and separated positive and negative charges are created

within said molecular system, resulting in a relatively smaller band gap state.

15. The optical switch of C'laim 14 wherein said molecular system comprises:
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15 drogen, (b) hetero atons selected fromthe group consisting of N, O, S,
P, BB F, d, Br and I, (c) functional groups with at | east one of said
hetero atons, (d) saturated or un- saturated hydrocarbons, and (e)
substituted hydrocarbons; G is a bridging group to conn ct e er (a) a
stator portion and a rotor portion of s id nol ecul ar %¢§ (b) at
| east two conjugated rings to achieve a desired 20 chronnphore sai d
bridgi ng group selected fromthe group consisting of: (a) hetero at ons
sel ected from:the group consisting of N0, S, and P, (b) functional groups
with at |east: one of said hetero atophs, §§¢urated or unsaturated
hydr ocar bons, iand (d),’" sub J tat ed\ hy MJO ns;: and Wis an
el ectron- mnthdng rou g Péact|V|ty of the mal eic anhy- 25

p st gm which enables sai d nol ecul ar system

A-wi t hdrawi ng igroup sel ected fromthe
group conS|st|ng of . (a) carh ic acid and it's derivatives, (b) nitro,
(c) nitrile, (d) ketone, (e) ardeMyde, (f) sul fone, (g) sul furic acid and
its derivatives, (h) hetero atjons selected fromthe group consisting of 30
F, d, Br, NN O and S, and (i)| functional groups with at | east one of said
hetero atoms.  Case 10013977 58 14 COct obék 2004 A16. The optlcal switch of

d aim 14 wherétn sai d,mol ecul ar syst &fh @ se6: Conl t1, H C02

NM; CH3

where:

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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al('"~-NG/ +NO- 1/ RL...... H\\J3 R2 J4 Cone J2 CH3 Co 1\ NGJ2
CH3 \ G1 Cork , Case 10013977 59 14 Cctober 2004 where: 5 10 15 20 25 Qs
a connecting unit between two phenyl rings and is selected fromthe group
consisting of. S, 0, NH NR hydrocarbon, or substitut '} dr%&r bon Con,
and Cone are connecting units between o nol oecul e an]cefld%%§lf A&r- nol e- cul e
or between a nolecule and a solid subst?gte sel ected fromthe group

consisting of Con, and Con; are connecting units between one molecule and another mole-
cule or between a molecule and a solid substrate selected from the group consisting of
a metal electrode, an inorganic substrate, and an organic substrate, said connecting
units independently selected from the group consisting of: (a) hydrogen (utilizing a
5  hydrogen bond), (b) multivalent hetero atoms selected from the group consisting of C,
N, O, S, and P, (c) functional groups containing said hetero atoms, (d) saturated or un-
saturated hydrocarbons, and (e) substituted hydrocarbons;

R; and R, are spacing groups for providing an appropriate 3-dimensional scaf-
folding to allow molecules to pack together while providing rotational space for each

10  rotor, said spacing groups selected from the group consisting of: (a) hydrogen, (b)
saturated or unsaturated hydrocarbon, and (c) substituted hydrocarbon;

11, J2, J3, and J4 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) hy-

15  drogen, (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 un-
saturated hydrocarbons, and (e) substituted hydrocarbons;

G, is a bridging group to connect either (a) a stator portion and a rotor portion
of said molecular system or (b) at least two conjugated rings to achieve a desired

20  chromophore, said bridging group selected from the group consisting of: (a) hetero at-
oms selected from the group consisting of N, O, 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 anhy-

25  dride 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

30 F,CLBr,N,OandS, and (i) functional groups with at least one of said hetero atoms.
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a netal electrode, an inorganic substrate, and an organi c substrate, said
connecting units independently selected fromthe¢ group consisting of C
hydrogen bond), (b) nultivalent hetero atons selected fronrthe group
consisting of C, N, 0, S, and P, (c) functional groups, 4 qtarzb g said
hereto atoms, (d) saturated or un- satugated hyurocarbo ?%
substituted hydrocarbons; R and R2 are spaci ng|groups for provrdrng
anppropri ate 3-di rygr e%gaéar 56t or ElA1 20nd O 3hib P EBbg R SorhhiaCk
together while providing rotational space tor each rotor, said spacing
groups selected fromthe group consisting of (@) hydrogen (b) saturated
or unsat ur at ed: hydr ocar bon, and (c) supst¥? yt ed [hydrocarbon; J,, J2, J3,
and J4 are tuning grou : o, appropri ate functional
effect selected fropry AT & i nductive effects, resonance
efforts, and st eerig hing groupsibeing selected fromthe
group consrstrng of X (b) hetero atons selected fromthe
group consi sting oxi-. Q cS; =B.,,F, C. Br and:l, (c) functional groups
with at | east one R sard her atons, (d) satyrated or un- saturated
hydrocarbons, and (e) substitufee ydrocarbons G is a bridging group to
connect either (a) a stator portion and a rotor |portion of said nolecul ar
systemor (b) at least two conjugated rings to achieve a desired
chronophore, said bridging gro%p selectad fromfhe group consisting of :
(a) hereto at- OB selected frbmthe 04 onsiisting of N, 0, S, and p,

(b) functional: grouszmnth at Ieast oneé tdd,het ero atoms, (c) saturated
or unsaturated hydposar bop d %g ut ed hydrocarbons and Wis an
el ctron- mnthdramm oup i reactivity[of the maleis anhy- dride
group of said:nolec fa'N' g oWk ch enabl es sard nol ecul ar systemto
undergo a snooth Rl gely sepa N4, of reconbi natii on upon application of

sai d electrrc.freRJ, daid el ec ron-mﬁthdrawﬁng group selected fromthe
group consistiing of : (a) carhpxylic acid and it derivatives, (b) nitro,
(c) nitrile, (d) ketone, (e) 'al dehyde, (f) sulf@ne, (g)
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Case 10013977 14 Cct ober
hetero atons sel ected fromthe group consisting
and (i) functional groups with at
optical switch of Claim1 wherein said electric
change occurs via nol ecular fol ding or %{

of Claim17 wherein said nol ecul ar syst conpri
first portion ﬁnd a third portion, each bonded t
portion, wher&W“a change froma first state to

about or
state, there ?@Slétkftgeﬁd%

resulting in al ?cﬁﬁ LyEEYn %F@éénﬁéctlpguﬁts%ave%h%

second state, extende

of said secondd§ort|on

nol ecul ar system co
Y33 ekt e{ggtrod%, an inorganic substrate, and an org

etchin

15 conj ugation Is changed,
rel ativel s | amgl;ecvr Hetwegn garpplecmE and h gololubgrate sslgf ¢ Frowfthagrapmeonsistitetie n sai d

2004 60 sulfuric acid and its derivatives,

of F, d, Br,

e optrcal

(h)

ses 10 three portions,

o a second, central

; a second state occurs with
an applied el ect ri@isfd ®hskctis@intlt bebhnageo piergll ritigh gndais bedéakidnfgono thegtaupt chi ng

in said first

respective]y, wherein
Bh J%é‘b’ﬁerﬁiﬂ?Oﬁ‘r Lot} @HFHDCWBP%CUI ar system

€ moltle WhE b theriniblsai d

nic substrate, said connecting

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

hydrogen bond), (b) multivalent hetero atoms selected 1

rom the group consisting of C,

N, O, S, and P, (c) functional groups containing said hetero atoms, (d) saturated or un-

10
R; and R; are spacing groups for providing an g

folding to allow molecules to pack together while proy

saturated hydrocarbons, and () substituted hydrocarbons;

ppropriate 3-dimensional scaf-

iding rotational space for each

rotor, said spacing groups selected from the group consisting of: (a) hydrogen, (b)

saturated or unsaturated hydrocarbon, and (c) substitutel hydrocarbon;

15

effect selected from the group consisting of inductive

J1, J», J3, and J4 are tuning groups to provide at least one appropriate functional

effects, resonance effects, and

steric effects, said tuning groups being selected from the group consisting of: (a) hy-

drogen, (b) hetero atoms selected from the group consis
and I, (¢) functional groups with at least one of said hef
20

G, is a bridging group to connect either (a) a st

of said molecular system or (b) at least two conjugat

chromophore, said bridging group selected from the grq

oms selected from the group consisting of N, O, S, ang

25  at least one of said hetero atoms, (c¢) saturated or unsj
substituted hydrocarbons; and

W is an electron-withdrawing group for tuning

dride group of said molecular system, which enables sai

a smooth charge separation or recombination upon ap

30  said electron-withdrawing group selected from the grou

acid and its derivatives, (b) nitro, (c) nitrile, (d) ketong,

saturated hydrocarbons, and (e) substituted hydrocarbons;

ting of N, O, S, P, B, F, Cl, Br

ero atoms, (d) saturated or un-

w
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tor portion and a rotor portion
ed rings to achieve a desired
up consisting of: (a) hetero at-
| P, (b) functional groups with
iturated hydrocarbons, and (d)

reactivity of the maleic anhy-
d molecular system to undergo
plication of said electric field,
p consisting of: (a) carboxylic
(e) aldehyde, (f) sulfone, (g)
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Case 10013977 61 0 11 NO J2 n =0 to 10 Ml eq
Jl_~1 J2Y | HZH14 Cctober 2004 n =0 to
spaci ng groups selected fromthe group consistiH
saturated or unsaturated hydrocarbons, and (c) {
J1, J2, J3, J4 and J5 are tuning groyps to provi
func- tional effect selected fromthe group cong
effects, resonance effects, and steric effects,
I

sel ect ed, f0m. L, BEOUR£RBS AR 8 B £k sl

S
electedl¥r0n1 group consi

ul e Fol ding Stretching Qut
10 where: R and R2 are

g of: (a) hydro- gen, (b)
ubst i t ut4edctbyéer2m04r bons; 5
de at | east one appropriate
i sting of inductive

said tuning groups being

K@%@up Jomlstﬁ'@to?F acgt ons
Br and |, (c)

f unct i onat, mmp§ wdt(ﬁ fmctlbr@égpumn’eth@ft 169%9@6 ﬁéﬁlélrhéte@tw (d) saturated or

10 UQ§aturated hydr ocarbons, and (e) substit uted
are functional groups that forminter- |ecular ¢
drogen bondi ng7.andThe eptsel edtchef Claom 1t Weergin s el

OH, d). h
100 1?3;)7 v cl%mgen()eccur VPa m&f&hﬂ? ﬁ)ﬁcﬁr?@&str&&gné e) substi

18. The optical switch of Claim 17 wherein said

10  three portions, a first portion and a third portion, each bonded
wherein a change from a first state to a second state occurs with
change involving a folding or stretching about or of said second
in said first state, there is extended conjugation throughout said
a relatively smaller band gap state, and wherein in said
15  conjugation is changed, resulting in a relatively larger band gap.

19. The optical switch of Claim 18 wherein said md

| hydrocarbons; and Y and Z
pr i ntra-nol ecul ar hy-

eefric dicldygdused band)gagH  (b)
tut ed hydrocarbons. Case

molecular system comprises
to a second, central portion,
an applied electric field, said
portion, respectively, wherein
molecular system, resulting in

second state, said extended

lecular system comprises:
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62 14 Cctober 2004 20. The optical switch of O 4
systemis bi-stable, which provides a non-vol at
optical switch of Claim1 wherein said nol ecul arn
| ow activation barrier between different states
vol atile, switch. 22. The opti cal smﬁtcg of C ailm
system has nore than two sw tchable sta{ es, sug
of said rr, olecular systemcan be tuned 10 by ¢

application of a decreasing or i n reasi el ectn
vol atile switch or the color is Q ed | bruptly
vol tage pulses to a switch with agl ope act]i
optical switch of Claim1l er} pi-njsai d ol ecul af
a transparent state and a \go 41 gd stafe. 24. Thq
wherei n said nol ecul’y em changes between (

anot her col ored st at ) ‘iBal switch
mol ecul ar syst m ch be- yt'weeh onB1i ndex of
i ndex of refract> 30y Case 19013977

n=0to 10

Molecule Folding

Stretching Out

Js

J1\ +

J2

n=0to 10
where:

R; and R; are spacing groups selected from the

gen, (b) saturated or unsaturated hydrocarbons, and (c) §

tional effect selected from the group consisting of indug
and steric effects, said tuning groups being selected fiq
hydrogen, (b) hetero atoms selected from the group con

Br and I, (¢) functional groups with at least one of said

10

Y and Z are functional groups that form inter-m|
drogen bonding and are selected from the group cons

amine, (d) hydrocarbons, and (e) substituted hydrocarbd

J1, J2, J3, Js and J5 are tuning groups to provide

unsaturated hydrocarbons, and (e) substituted hydrocarb

i m 1 wherein said nol ecul ar
ile conmponent. 5 21. The
system has essentially
to pro f but

1 mh%%§§0ég§?%$nnlecular
h that optical properties
2i t her continuously by
ic field to form a
by the application of
vation barrier. 23. The
system changes 15 between
optical switch of Claiml
ne col ored state and
1 of Claiml wherein said
refraction and anot her

a

h

group consisting of: (a) hydro-
ubstituted hydrocarbons;

at least one appropriate func-
tive effects, resonance effects,
m the group consisting of: (a)
sisting of N, O, S, P, B, F, Cl,
hetero atoms, (d) saturated or
ons; and

pblecular or intra-molecular hy-
isting of: (a) SH, (b) OH, (¢)

1S.
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20. The optical switch of Claim 1 wherein said molecular system is bi-stable,

which provides a non-volatile component.

21. The optical switch of Claim 1 wherein said mo

ecular system has essentially

a low activation barrier between different states to provide 3 fast, but volatile, switch.

22. The optical switch of Claim 1 wherein said mo

ecular system has more than

two switchable states, such that optical properties of said mjolecular system can be tuned

by either continuously by application of a decreasing or indreasing 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.

23. The optical switch of Claim 1 wherein said

between a transparent state and a colored state.

24. The optical switch of Claim 1 wherein said

between one colored state and another colored state.

25. The optical switch of Claim 1 wherein said

tween one index of refraction and another index of refract

molecular system changes

molecular system changes

olecular system changes be-

on.
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