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*1— T | 2090274 DI CHROI .C DYESTUFF This in

vention relates to '
dibhr0|c dyes and to guest-host conbinations thereof with nematic liquid . L4
crygtals. - The dichroic dyes are unsubstituted, 5- and/or 6-substituted .

benzot hi azyl pol yazo conpounds -5 havin
g absorption nmaxi ma
-greater than about 600 nanoneters (nm and‘%Tgnsn1tt|ng Ieggy?ﬁhﬁfgggths

percent of incident ¥Yight havi ng wavel engt hs between ab

| out 600 a

_Thks i nvention further relates to el ectro-qp "% vices enploylnﬁg7ggcﬂn1

| guest-host 10 conbi nations. Use of_££E§9£§h§¥§§ with additional

wel | - known dichroic dyes having absorption ‘naxi ma bet ween about 400 and 600
Bn3 in liquid crystal ‘devices provide displays which alternate generally '
et ween.a neut al- black and a clear state when an electric field . is_ 15.

present, of -absent, resmshlyﬁwndba wedatesditohddichr

various liquid crystal naterl g qﬂ d BEV Rahpgéggi;ZTizzzgglﬁa e
i ncor por at i ng SE%%SE1§?ﬁFe§° ﬁgF B Rnowa %e art..- These.dighroic
dye-liquid crysg saglgxxtWhesd&ahrbecuéﬂﬁsl#regwﬁﬂﬂhﬁiﬁ““§?$ Tquid

crystal miee ?ys e 80:98L168! bindGlth(3 4ddiddNads csmpoyeds | n
phase- change" P Fi 3 8r dlsp ays. d
host liquid s having absorptlon maxima at "’a"elengt < fréater Lﬁg}’ays the

about 600 nanometers (nm) and transmlttlng less than 50
'percent of 1nc1dent light having: wavelengths ‘between
about 600 and 700 nm. ‘This invention further relates to
electro-optlcal dev:ces employlng ‘'such guest-host _
10 comb1natlons. Use of the dichroic dyes with addltlonal
' well-known dichroic dyes hav1ng absorpt1on maxima
between about 400 and 600 nm, in liquid crystal devices
provide dlsplays wh1ch alternate generally between a
neutal black and a clear state when an electrlc field 1s-'
15 present. of absent, respectlvely. ' ’ '
' ~ The use of dichroic dyes in solution with
-varzous liquid crystal materials and llquld crystal
dlsplay devices 1ncorporat1ng such mixtures are: ‘well '
~known in the art. These dichr01c dye-lzquld crystal
20'm1xtures ‘may be used 1n'“guest—hcst" type llquld crystal
| displays or, when an optically active addltlve is
employed, in “phase-change“ type llqﬂld crystal
d1splays. In both types of displays the host liquid
_ crystal material has its orlentatlon controlled by the
_; : 25 appllcat1on of electric fields and in turn 1nteracts '
with the. guest dichroic dye to induce a cooperatxve
'conformlng allgnment. The d1chro1c dye manifests low or
high absorbance of. 1nc1dent llght dependlng upon its
molecular orientation w1th respect to the light wave
."30 vector. Thus, generally when an. electrlc field is
: appl1ed to the display, the area between the electrodes
_appears clear, i.e. all the ‘dyes exhiblt mlnlmum '
absorption, and in the absence of an electrlc field



L]

Qﬁystal naterlal has its orlentatlon controlled by the 25 application of .
- \Qlectrlc fields and in turn interacts with the guest dichroic dye to |nduc@
2/ cooperative confofming alignment=2=The di chroi ¢ dye manifests l.ow or high
absor bance of incident [ight depending upon its nolecular orientation with

- respect to the |ight wave 30 vector Thus, generally when an electric -
~fiel dthe dppPlay @@Bﬁ%¥ﬁﬁQﬁﬁﬁ%ﬁtﬁ¥$ﬁﬁ}@ﬂlgﬁtﬁHénCPH@GQan#(ﬁkm appears "+

clearghé. gyeglhréhgndgegl |§5§of5{h@ugta§§9rptlon and in the absence: o&w -
an electric field -2- the, displ ears,characteristical :
colored, i.e., £k 16yé§§%§§d|?PePFgﬁhg aBsbigrAg srys&al d %%aiﬁglred to ..
prOVlelelehl appedrer neudral &nla:ukvwmc{ahepabeéﬁcéeurrah RI1Rdedict he absence
_ gnielfét ﬁ glf|eld and .cl . - bl ack i-n ghe resgg&g?of an. :
ele t¥ie PRE ﬁﬁﬂnQQ)__ﬁ) dbns f REGEPACSHO Y54 di spl ays
a pl ufheldy ofndochew dodprowide sucyenéetrabsblhckt mppgariy oughout the
oy S RiBEIARE) o Bl d B IR0, B85l BRYCE toge B B 0L
- readi $yronghy throughont 4hel wrRginms. batweendsbout. 30M m@@m%d
B nm are.required. Sultable dichroic dyes Whlch have .
10 absorption maxima between about 400 and 600 nm are read1ly |
found in U.S. 4, 145, 114, U.S. 4, 128 497, U.S. 4,179,395 and
in Applicants* copend1ng U.S. Serial No. 70,421. However,
suztable dichroic dyes which absorb strongly between 600
 and 700 ‘nm are not so eas;ly obtalned._ While there are
15 available 1n the prlor art dichroic’ dyes wh1ch absorb llght
havxng wavelengths 1n excess of 600 nanometers, they are
‘deficient in one or more propertxes requlred for optlmalf
performance in a liquid crystal display, i.e., they have
inadequate Solubllltlés in llquld crystal'materlal, they '
20 are chemlcally, photochemlcally or electrochemlcally
unstable, €.ges. they are degraded by ultravzolet radiation,
they have relatlvely 1ow extlnct1on coefflclents, i.e., .
less than 2 x 104, or they have relatlvely low optlcal
order parameters, i.e., less than 0. 65. For example, U.s.
25 3,960,751; U.S. 4,154,746; and U.K. Patent Appllcatlon GB
2, Oll 940 A disclose a number of anthraqulnone type _
pleochrolc dyes which have absorption maxima very close to
._about 600 nanometers. However, anthraquznone type .dyes
'-have optical order parameters generally less than 0.65.
30 The optlcal order parameters are measures of the efficiency
. with wh;ch.the dlchrorc.dye is oriented by the liquid
crystal material and is directly related to the contrast
one ‘observes when viewing the device.. In general, dyes
having optlcal order parameters close to 1 are desired
35since they produce guest-host displays hav1ng high
contrast, i.e.'approx;mately 10 to. 1 and greater. .



|n Appllcants copendlng U S. Serlal ‘No.-70,421. However, suitable
di®hrofc dyes whi ch absorb strongly bet ween 600 and 700 nm are not so

geas{ |y obtained.* Wile there are 15 available in the prior art dichroic
dyes whi-ch absorb i ght haV|ng wavel engths in excess of 600 .nanoneters,
-they_are deficient in one or nore properties required for optinal
performance in a liquid crystal display, i=fa, they have inadequate
‘sotupi lities in liquid crystal material, they.20 are.chemnically,
.ﬁphotochen1cally or -.electrochemcally unstable e.g.,. they are degraded by
ultraviol et radiation, they have relatively low extinction coefficients,
i.e., less than 2 x. 104, or they.have relatively | ow optical order
paraneters, i.e., less than 0.65. For exanple, U S. 25 3,960, 751; ‘U.S.
4,154, 746; and U. K PatUe.rs mp]ﬁa:.aangrarﬁ?)m@.llz} W5 AL Y4 sgdisekosenunber of:

anthraqU|none Ie r0| r ose
to about- 600 ngégﬁe? rs \/vee\%"ﬁ'l V’Q %ﬁ%ﬁ‘%ﬂ?ﬂ%@s%@%&ﬁ%@%g#c%
order paranet ewavgé.leelgsﬁl'l%/ iresthe eangk 65 Bom dteuopf?Cahanodeters to
paranmeters are, u Clqpﬁﬁ dye is -
oriented by thegF?EU? cryséﬁééggéﬁla ﬁygg}%%néiﬁ%gﬁ?%? ggngl,
contrast on& o@gée\regmﬂﬁ@mm exres\9ELd-54 nngeq@e:aldybsyr]&@phg

optical order pan®9RLRRS Gl (§e El'ﬁeyl SE deptdfdl P irerd Feyreroduce
‘guest-host di sp %3150, "%l gche%?rﬁarvaestsolubllf‘é’lésoxiém{f&é{léoctr%s%aa”d
greater. _ ’
' materials of less than 1% by weight. :
o 'Masanobu Wada and Tatsuo Ochida'in “GH#LCDS Make
10 Bright Colour Dlsplays Poss1ble,“ Japan Journal of
" Electronic Englneerlng, November 1979, disclose several
' substltuted.benzothlazyl polyazo dichroic dyes for use
in guest—host liquid crystal displays. These dyes have,
in general, lower optloal order parameters, i. e._less
15 than'O 65, 1ower absorption between 600 and 700 nm, i.e.
less than 0.3, and lower extinction coeff1c1ents, i.e.
less than 2 x 104 than the dyes of the present
' 1nventlon. _ _
: Accordlng to the present invention there is
20 provided a dichroic dyestuff having the general formula
| q-A-z _ _
in which: '
Ais a poly(arylazo) group in which the ring
structure of the aryl group comprises 6 to 10 ‘carbon
25 atoms and has 4,4'-azo linkages, _ ' |
_ - Qis an unsubstltuted, 5-substituted,
6—subst1tuted or a5, 6-d1-subst1tuted benzothlazyl
'group’ and - . . o . .
'Z is substituted naphthalene hav1ng an alkyl
30 substztuted amino in the 4-p031t1on, per1m1d1ne or
' Julolzdene groups._' _ . _ '
The dichroic dYes:of~the present invention-are
useful in_providiug black/clear liquid crystal ‘displays



|S. 4,128,497 and U.S. 4 145, 114 di scl ose polyazo type.,pl eochroi ¢’ dyes

g absorption maxi ma of wavelengths in the range of fron1aboﬂt 590 * (3
andneters to about 620 nanoneters. Wiile these dyes have optlcal 5 order
parameters in excess of 0.5, in genggal they lack stability, i.e . they are |

~~ degraded by ultraviolet radiation, and they have solubilities in liquid

crystal materials ef |ess than 1@6by melght Masanobu Wada and Tatsuo .-,
Cchida in "G+ LCDs Make 10 Bright Col our Displays Possible," Japan Journa@=§
of El ectronic Engineering, Novenber 1979, disclose several substituted
‘benzot hi.azyl polyazo dichroic dyes for use.in guest-host liquid crystal

di spl aysmcsheme m&a&orﬁtmﬂaﬁﬁmé o¥erwaPbheabtALIgr AR fim?tefs
| ower bsor tion between 60 00 nm i.e. less.

thgh 0 poﬁ@? OREEETS | st hess| tEanng§ Phan 2 x 104 t han
“the dyesnoﬁdehc ﬂﬂsh&ﬂhavnngna<uave!zngthr@ﬁtﬁrbﬁespoeagntolnn@ntlon there-

's 20 proNbiled ol Cali e ORI R ¥t G; Qo85L SEOLY @ QA2
present 1nventlon suffer from none of the deficiencies
5 referred to herelnabove in connection w1th the dlChIOlC
dyes of. the prior: art. The dyes of the present _
invention have opt1cal order parameters greater than :
about 0.72; they have extxnctlon coefficients greater
than about 5.5 x 104'_they_have_solub1l1t;es_1n_nemat1c
10 liquid crystal materials in excess of about 2 percent by
| weight:'and they have-good chemical photochemical_and
electrochemical stability. For example, theycare ]
‘resistant to.ultraviolet radiation,'they are re51stant
to degradation produced by electric currents; and they
15 are not degraded by liquid crystal materials. _
Preferred polyazo groups for 1nclus1on in the
'above formula are . of the formula.

: | (R)x R)x

in whlch m is 0 or an 1nteger of from 1l to 6,
each R 1ndependently represents an alkyl or
alkoxy group having from_l_to.B carbon atoms, and
25  each x independently represents 0, 2 or 4,
'_provided that when x is 2, the two R groups are not
substltuted on’ adjacent ring carbon atoms. '
Alternatlvely, when any x is 2, the two R groups are
combined in the_group CfCH—CHeCH- whlch.;s_substltuted
30_on'two adjacent ring carbon atoms, so that the aromatic
“ nucleus 1s a naphthalene group. It is preferred that_
'there be no more than m naphthalene groups in the
molecule.- S S T '



“in mhrch A is a poly(arylazo) group in which the rrng structure of the £53>
lryL group conprises 6 to 10 carbon 25 ato and has 4,4'-azo linkages,
.isian unsupstituted, 5- substituted, 6-substituted or a 5, 6-di- substituted
benzothlazyl group, and Zis substltuted naphthalene havi ng an al kyl '
substituted amino inth 0B, <P{LI | I

d;.@hrorc dyes of the rgpsregnftqpﬁt%/%ngfgngar @ug’sgf%uﬁq{ﬁéndjpt?%'{'/?gd?ﬁéggg @éﬂf
L{gui d cryst@t dreppdy§he Egeemyglace they have absor ption maxi ma at .

wavel engt hs greater than 600 nanoneters and transmit |ess than 50% of

i nci.dent |ight having a mavelengthEpf frony600 up to 700 nanoneters.
Additionally, the dichroic dyes of th t inventioon suffer from none
of the deficiencies 5. referred to h ve in connection with the
~dichroic dyes of the prior art. T dyes & the present i nvention have
optical order paraneters greater than about 0. 72 t hey have extinction
coefficients greater . _ :

© in whlch B and B' : 1ndependent1v
5 represent H, CnH2n+1r OCnHZn+1' ohenyl or Dhenoxv,_
wherein n is an integer from -1 to 8. Alternatlvely,

B and B' ‘together represent the group -CHZ-qu-Chz- to
_form a fused cycloallphatlc five membered ring.
Preferred substituted naphthalene Z groups
10 include-

in which Rl is H or Cn52n+l' and- R2 is CpHons+le whereln n is
~an integer from 1-6. _ : - '
, Preferred perimidene-z groups include
- o
| N Rs
15 é
H 4

in which'R3 and_R_4 . independently

represent alkyl groups having 1-6 carbon

atoms. _ . :

Alternatively, R3 and R4 are combined in a

20 cyclopentyl or.cydlohe2YI-group to previde a perimidene'z

group having. the formula:-
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an about 5.5 x 10[err]; they have solubilities in. nematie 10 |liquid , :
taI material s i n excess of  about _%_pe_r-cen_t by weight; and they have ¥
gQod cheni cal photochenical and el ectrochemi cal stability. For exanple, '
they are resistant to ultraviolet radiation, they are resistant to - -

" the abcaibahlika pesd ofonheby olauky: aflémlls ihewingh 8 isafibon an integer %

m napht hal ene groups i-n the nol ec

of -fromd,te.6, each R independently represents an al kyl or al koxy group

having from1l te 8 carbon atons, and 25 - each x independently

réepresents 0, 2 oPr@ferwrdddulehidenged wdoums iheluds R groups are not
substituted on adjacent ring carbon gf,ons. Alternatively, when any x is 2,
the two R groups are conbined in they POt - C=CH CH=CH which is o
substituted 30 on two adjacent rifg_carbdbkiatons, so that the aromatic .
nucl®us is-a napht hal ene group.. @.) ﬁf@,fer-red that there be no nore than -

CH:

ra

H CH1CH:

_ _ Exemplary .,of " the preferred dichroic _dy.es': are the
following: | o | |

Dye No. Dye'Structuré_ S ' |
. . . - /;-
10 1 _ @i\ N=N—N= @ 7 :
: : ' H3 o . \ 8-
- - CHs '- CHaCR:
2
3
4
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Preferfed 5, 6-di -substituted benzothiazyl groups, Q are of the formla
_ [Grr,-]\ in which B and B ' i ndependent|y 5_represernt ~[err] wherein n
- tsan integér froom 1to 8. 'AIternaT7Ver, B and .B' together
represent the group - CH2- CH2 CH2-, . to forma .fused cycloaliphatic five _
nmenbesed ring. Pref erred su tltuted ht hal ene_Z groups, 10 include- in-
~whikeh Rlis Hor [err]’ §r~ qﬁﬁﬁ?i%F}VlEr%ﬁeFﬁﬁégéﬂqﬁﬁﬁﬁq dyes,
Preferred permnldﬂne-ﬁhqnfmmmulaclude 5 '
[err] inwhich [err] .and [erri]. |ndepende hhy represeng ?Ikyl groups haV|ng :

.1-6 -carbon atons. Alternatlvely, lh a 20 .cycl opentyl
-or ‘cycl ohexyl group to provi dea . the formula: H
H . The.cyqlopentyl and cyclohexyl ps nay b bstltuted in

.in which R 1s as defined above X 1s 2 or 4, ancé
5 m is at least 1, such that there are at least three —N=N-
| grouns and at least two substltuted aromatlc rlncs lylng in
the plane of the molecule. Exemnlary of the carticularly
preferred dichroic dyes are the follow1ng.
Dye No. Dye Structure '

10

15 11




ilable. positions by | ower .al kyl s having 1- 8 carbon . - ~

.. Preferred julolidene Z groupsginclude [err] Exenplary of the . Q
erred dichroic dyes are the folTowing: Dye No: Dye Structure H3C 10
[err] - -7- In the particularly preferred dichroic ‘dyes, A has the

fornmula [err] 'nTHE(dléﬁdﬁca&¥Q€beeﬂh QO&ﬁY§§€i&ﬁc" 4, and 5 mis at

| east 1, such.that-there are east t ree %ﬁd at least tw ,
subst i PEREResLgRE: Using Rethody of @hézphaﬁetebntm@nmdkmwle Exenplary

of theemplbiyedl a;rd wyitHe 126 SHLPALLCAPEsS 2mhel NG dild QLY Dye No
Dye StrBSEHéS w1th methods of d1azotlzatlon and speclflc organic
5 synthetic procedures relatlng to diazotlzatlon and coupllng
reaction schemes. A preferred synthetlc scheme is direct
dlazotlzatlon of the approprlate substituted _ '
.2-am1no-benzoth1azole 1n strong mineral acid, followed by
ébupllng the resultant diazo compound to the approprlate
| 10 substituted aniline. Dlazotlzatlon ‘and coupllng are
~ repeated as de51red and the lntermedlate product 1s _
‘recovered from a buffered aqueous solutlon as the free
base. The free base is- subsequently dlazotlzed .and coupled
with the desired 3Z. group in acid. The resultant dichroic
15 dye is recovered from the neutralized solution by
filtration and is purlfled by column chromatography. An
- example of this method is illustrated below:



- -8-, The dichoi.c dyes of this invention may be synthesized using nethods of
d|§20%4zat|on normal |y , enployed to syrfhesize polyazo dyes. The
literature abounds with nethods of diazotiZz&rion and specific organic 5
synt heti-c procedures. relating to diazotization and coupling reaction
schenmes. A preferred synthetlc scheme is direct diazotization of the .
appropri ate substituted .2-am no-benzothiazole in strong mneral acid,

f oN.owed by coupllng the resul tant. ‘diazo conpound to the appropriate 10
substituted aniBins r¥zoti zation and coupling. are ‘repeat-ed as desired
“and the internedi § DI O s recqvered froma buffered.aqu sol uti on
as the free base; e 1 ﬁﬁgse |§ ?%/%ﬁ%ﬁ %%%@ ﬁﬂﬂ§6upled
with the desired z- group®in agid. The resultapt chroic 15 dye is
recovered fromthe neutralizefd solution by fil on and is purified by

col um chronatography An exafipl € of this neth S |Ilustrated bel ow.
-9 _ . Couple to NH2

_ Diazotizétign’wigh H SO and NaNO,

5 '--'_'_ cOuple to ’{t:ﬁ*NHz
’ ) : l . [

"D

D:l.azot:i.zat:l.on w:.th H SO  and NaNO, .=

Couple to- @ N
_ \
O

Ry

/

eo-g-E-gl

10 D, E, D', and'E'-;eprgsent'substituents'independently
selected from the group consisting of H, Cp2,4) and
OCnHan+l, wherein n is an integer from about 1 to 8. B,
B*', Ry and R2 are defined hereinabove. |



D, E,, D, and E represent substrtuents |ndependently sel ected frogthe
. tgtaup consrstrng of [err] and [err] ,wherein n is an integer fron1about 1tk

R ) [err] and [err] are defined ~#8rei nabove. . -10- The .

: 7 6-di - substrtuted benzot hi azyl pol yazo dichroic dyes,: of.the. present

i nvention are bl i aye., a rption veIengths greater
t han about 600 ré;é}é %ﬂg ¥ EHgﬁgt%F qﬁiéégixﬁﬁ ¥¥%Fof 5 incident, :
-I|ghtdh&hmnchdyésﬂqﬁrthérpmeﬁéﬁtnunvpntaomb@um'hIhem&nwmbbos, The "439

oref epicd Unales Ay SapaNe 8DS0LOLRSIRY B dy PVl EIOLYS,gT cater than.

about sorptron maxima fof “seve prefTerred dyes (Dye
Nmnbe5901nepqme;eranmandrﬂn@mamit heserMbGMOwboummﬁﬂi)qﬁrtrcularly '

refe qgﬁp t t eate n about 620 -
' ﬁn%ané transnrtqless a%ﬂ bg @60 gr%%?ﬁgéﬂﬂPtnﬁfﬂ%agéné éggelengths- 3
fronriB@uFaQMWQﬁﬁﬁﬁrtcﬁ%&dﬁ?eerrﬁﬁrdlﬂbﬁ&ﬁﬁr SeB@¥® and percent-
transab%alz?h@‘n Immméraatnaaaemeugtaeguﬁeeft&%m lafbé@t éfaeﬁﬁl of .the
parti cul ar preferred étge Nunber s % 11) arezﬁﬁgwm in Tab e |l
hererWB@I&RS°HR$H9ﬂIWﬁ§¥EF QF aRBVEERYa D &%&sPrq :

~ {Dye Numbers 1-6) are shown in Table I, herelnbelow._ The :

10 particularly preferred dyes have_absorptlon maxima at

‘wavelengths greater than about 620 nm and transmit less
Ithan'about“40% of incident 1ight having'wavelehgths from
about 600 nm up to about 700 nm. Absofption maxima and
. percent transmission of“light having a wavelength of 700 nm
15 for several of the particularly preferred dyes (Dye Numbers
6-11) are shown in Table 1II, herelnbelow.
The following azo and polyazo dyes,’ lncludlng
: several benzothiazyl azo and polyazo dyes are known 1n the
art,



sever al benzoihiaZyI azo and polyazo dyes are known in the art.

Dife Structure

Prior Art Disclosing Dye 13 -

U S. 2,149,051 ferr] [err] =12= Absdipti on naxi na and per cent

transm ssion qf. 7 nm
in.Table I11 gﬁérgg%b gaﬁg-fﬁg%rﬁéiu

dyes are Iess t han about 600 nm-

of*#00 nm wavel en
acconpanyi ng dr aw

 Dye No.

ght for - these prior art dyepride ghamn
n maxi ma for these cl ogpigcIlesthgiDye

Ndi tionally the 5 percent fransnlsS|on :

th light i t-han t'ﬂﬁ& $|gure 1 of _th
gs is a gr c presy dbnpar i ng aH§0$ba%c385 151
characteristics of a dichroi.c ¥e df“the presedt Nowgry ion with a closely
rel ated 10 dichroic-dye of the prlor art. In particular, Figure 1 conpares
U - S .

t he absor bance characterlst|c 9 e No. 2,
o - 13 N—N

-1

10

- 15

20

1

1

()}

1

oo

19

wn

~

NHz

H5C2 CH, CH;
N-N;<::>>N-N ﬁ

CHzCHg

CHzCHg
-N 'N

CHzChg

2,785,154

2,145,051

4,145,114 -«

. 2,785,237

Japan'

.Journal of

Electronic
Engineering
Nov. 1979,
p. 26

Japan

Electronic
Engineering
Nov. 1979,
p. 26

>

2,149,051

‘Journal of - -



- Bis the spectra of Dye Nunber 15, at a concentration

‘ﬂg r] with a closely rel ated dye, Dye Number 15, 20 -
- Npf2- Curve Ais the spectra of Dye Nunmber 2, at a concentratlon 25  of 0 4
ercent by weight i-n an eutectic mi%i8Fe. of bi phenyl pyrinidine |iquid

cryst %&Wxﬁ'n@iiiﬁ@vﬁié @éfcéﬁt" BTN #94s 1 ShOBEH90 y“i.gt. gaggfggm bo;”ve

. wei ghWavelenghl doight ﬁ?ﬁl%ﬁfﬁ% REHGEr 215 d¥esaprgbshaown dm Meblaim 30 .-

cl ose1tq,6R@rintd1owWE’ EbEotpeIEH isk Ofa Ak ob2BhBEL! RG/0a2 3‘%?? to nore thams .
about 5 @6 a perce t transm ssion g& 700 nn1og ahout %o Dichroic
yes RRAEHFh i e 1995 HP0 S BASE CFORCRE - | nAAGABIGRa Liancme
wav gl pegbbntbmntnﬁ&mn af T me&aWei@ﬂigﬁholhdhlﬁg i%b r@ait“e‘i” cl ear
I|qU|ngry @ (Mfgyays ‘The dyes of the present . |nvent|on have, in

gener tlvely hi gh val ues of the optical order paraneter S. Th|s
parameter is Fimpawurk of the asté¢ompampingi dbawbhgb GBe aCoiRemit is

ori eng?QSQXt'aQGingiﬂn%B X,%agb 48“’%&%}%’{%&985%5%' rectl related to thel

contrast one When VI ew ng SEneraI dyes
havi ngichroic dye of the present invention with a closely related '

10 dichroic dye of ‘the prior art. In particular, Figure 1
compares the absorbance character15t1cs of Dye No. 2,

15

- with a closely related dye}lDye Nuhoer 15,
R ooy
- _ - HO-

Curve A is the spectra of Dye Number'z, at a concentration
25 of 0.4 percent by weight 1n an eutectlc mixture of blphenyl
pyrlmldlne liquid crystals commerc1ally available as "ROTN
404" from Hoffman LaRoche. Curve B lS the spectra of Dye
_Number lS,_at a concentratlon of 0.7 percent by weight in
‘"ROTN 404", ‘While Dye Number 15 has an absorptlon maximum
30 close to 600 nm, its percent transm1351on at 625 nm
increaees to more than about 50%,_w1th a percent
] transmission at 700 nm of about 80%. chhr01c dyes which
:havelpercent transmissions of more than about 50% at
. wavelengths beyond 625 nm are not useful for providing
35 black/clear 11qu1d crystal d1splays.. _
| ' ‘The dyes of the Present lnventlon have;, in
general, relatlvely hlgh values of the optlcal order
 parameter S._ This parameter is a measure of the efficiency
+  with which the compound is oriented by the 1lcu1d crystal
40 material and is dlrectly related to the contrast one '



hrgh‘bptrcal order par anet ers produce di spl ays havi ng hi gh opti cal : 5}6
cgntrasts. The deternmination of the optical order paraneter, S is . T
di scussed i n Journal of Applred Physi-cs «~13= Vol. 45, No. 11, 4718-23
(1974).. . [err] wherein-Ao is the absorbance in the:absence of an electric
field: and Al. is the -absorbance in the presence of an electric field. Sis
a val ue sorreplbr&@g-'\ﬂ%@hmrvtemmg 1therdevigely iIn generalosayes lhavi/fagu]es
of S greater higan op d r e 0 0

O e 2t o H ﬁ%he“‘*y’%f Sptindtess prblaled ot aptany Dol Figng

gr eat er thanqg&ﬁﬁ? CRP tR3ts + ngThpt debernipation ﬂﬁwﬁhﬁrﬂ?ﬁ#ﬂ?kw@kdebf

“at | east abo taraa:el-.er,T :28 1{@@@&&@5&&%& baueng1Valeuappilian Shjdads about
0.75 and the rti |y ef 5 d s_have S val ues greater than about
0.78. The Svg 3%3 éﬁ%r f %&'%%e g?@ﬁérred dyes (Dye Nunbers 1-6) are
shown in Table | and the S val ues for several of the particularly -~ -
preferred dyes (Dye Nunbers 207-11) arg shodo knajable I1. Closely related -
azo and polyazo dyes (Dye Nunbers 12 ) haRe+ZAyal ues no greater than

about 0.72. S values for several of the closely rel ated dyes are shown in
~Tabl e 111 .hereinbel ow. The dyes'of the present invention have relatively

25hi gh. extinction coefficients, when conpar ed with simlar azo and pol yazo
dyes of the yheyeiarﬁo 1ﬁeqhg;§bsorbance in the absence of an electric .

field and Aj is the absorbance in the presence of an
electrlc field. S is a value ‘'something less than 1 and
10 preferably is very close to l. ‘Values of S greater than
0.5 and preferably greater than 0.65 insure contrasts of
between 5:1 and 10:1. ‘The dyes of the present 1nvent1on
have values of S greater than about 0.72, 1nsur1ng optlcal
contrast ratlos on the order of at least about 10: 1. The
15 preferred dyes have S values greater than about 0.75 and |
the particularly preferred dyes have S values greater than

about 0.78.  The S;values for several of the preferred dyes-' .

(Dye Numbers l1-6) are shown in Table I and the S values for
several of the particularly preferred dyes (Dye Numbers
207-ll)gare shown in Table II. Closely related azo and |
polyazo dyes (Dye Numbers 12-19) have S values no greater
‘than about 0.72. S values for several of the closely
related dyes are shown in Table III hereinbelow.
'The dyes of the present invention have relatlvely
25hlgh extlnctlon coefflcients, when compared w1th 51m11ar
azo and polyazo dyes of the prior art. The molar
_extlnctlon coefficient is a measurement of the extent to
which the dye absorbs light at any particular molar
'concentratioh. Therefore, the dyes of the-present_
30nvention, with higher molar eXtinction coefficients
provide'displays with better brightness characteristics, at
any particular'molar codcentratioh of dichroic dye, than do
the dyes. of the prior art whlch have ‘relatively lower molar
'extlnctlon coefflclents. Add1t1onally, the dyes of the -



-3 tinction coefficient is a- neasurenent of the extent to which the dyg
& bsorbs light at any particular nolar concentration. Therefore the dyes *
of/ -t he present 30 .i nvention, \Mtrr*ﬁ@her nol ar extinction coeffigients:

rovi de :di i.th bejter hi ness r [ 2N artlcular
nol aPTESART pﬂﬁéﬁ Bt HE S {ﬁh&55§ go §%§£ §%§§§Ft?%b p?lgr art '
mhrchob&@idﬂduﬁelﬂnayIhnwutx&ﬁzadean|lmwe0nmobe£fconsmn&rabmnna|onalIy«- :
the d chro:l. 4‘dﬂsesc?f]ttﬁé'v 6Pnar£m€owgrbaﬁbr hijghara ol ar el

exti nc I on coe I Clen be ut Ized I n | ar concentrations .
t hancriystadi @ﬂsplcayaj;rea.;vmg mvempl:%ralawr%nsﬁéducé’orrr densFanrSt al

dﬁspltﬁ)és dﬁ%ﬂf&é'dyésaroﬁbé%baﬁf@ﬁ ar€OiréNShageferal agudixdd oi c dyes of
rior art are 1I'n general required to_be present .in concentratlons of .

fr omté’p&eoﬂrr?eﬁﬁﬁ/ in (ernpsnirakiont of Fﬁ‘é‘“gﬁ@?\?"ﬁ&ﬁat@dﬁ%c}sﬁ? on. In
cont Es%stby uéqgir@ruﬂlfgzéiy@se@i-ﬁéa pdi@ﬁﬁ@&ltﬂﬂﬁnt i ap ReStdastpresent in |

concentr | nl provrd sufficient
absotpe %fe%/rﬁgoﬁ?%n?’éﬁsﬁét ?e’ég?‘\é\gaggpf’gfd ?’ $ S rfeterl stic L

- col ogh a:bhrasasg&ratﬁmwmqf bmneyrpam\eﬂ 005 htgh2® byowetightetg in the range
%05 %&d@ggg,gm¥éac1ent absorption in one of the oriented states

to display its characteristic colour although they may be
employed in hlgher amounts, e.g. 1n the range 0. 5 to 5% by
weight. . ) ’
The extlnctlon coeff1c1ents of the dyes of the
15 present invention are generally greater than about 5.5 x |
104 The partlcularly preferred dyes have extlnctlon'
coeff1c1ents generally greater than about 1 x los The
extinction’ coeff1c1ents for several of the particularly
preferred dyes (Dye 1} Vumners 7-11) are’ shown in Table II,
20 hereinbelow. Closely related azo_and-polyazo dves (Dye
- Numbers 12-19) have extinction coefficients no.greater than
5. 5'xh'104 The extlnctlon coefr1c1ents for several of the
closely related dyes are shown in Table III, ‘hereinbelow.
The dyes of the present invention have been found
25'_to_sh6w improved stability, both chemical and chotochemical
"~ stability, compared with known dichroic dyes centaiﬁing
chains of azo-linked phenyl rings. For example, when -
several of the particularly preferred dyes'of the present -
- invention (Dye Numbers 6-11) were preSent in a 20 m thick
30 liquid crystal display test cell}fatfa concentration of 1%
| by weight in the liquid crystal material;'"ROTN 404", and -
exposed to ultraviolet radiation eupplied.py,a Type 509/10,
500 watt ultraviolet lamp, available from Hanoyia} at 21e°c,
‘the time requiréd for the dyes to lose S0% of the value of |
35 .their optical order parameters, S, was greater_than_SOO'
‘hours. When closely related azo'and polyazo dichroic dyes -
(Dye Numbers 12<19) were tested 1n the identical manner the
time required for their S values ‘to be reduced one—half was



The extinction coefficients of the dyes of the 15 present invention are/ .
génerally greater than about 5.5 x 4 10 ghe particularly preferred dygs <~
"have extincétion coefficients generally gré Ter than about 1 x -10[err]. :
The extinction coefficients for several of the particularly preferred dyes

' Numb bel c | | ated -

(Dre Numbor s afikls Y Vith Lisd Bhiat) " 483, 107 SEHAMI Yaned FiAVIEH2 0

great er thantbam ﬂqnnhguqs (see Bableclidn. coeff|CJents for several of the

| | | ated d Squgk e

, (|c:)r gggn%/ rﬁvgntel onyﬁzvgrﬁple ound Ezra&)iﬁ;){-é% Eglr %ge asb%#jy%bg{‘#rg

‘cheni cal ~ and “FH&3dh&hRAa% darices, Ebﬁp@?@dmgﬁﬁﬁullﬁovwindladdkﬁmmm o

cont ai ni ng Chaiviihgofa aAYH d(}k@rb@beaﬁféef' paeamekdl %%”Qt‘(’ab %
§§§a ers

"t he partlculgrlg pr ferred of . the, present inventiaqn 11);
wer e present 1ityin Eheshaptqildgudd ﬁ&ﬁﬁ?ﬁil at a_

concentratlomaabrﬂ&mA/\ﬂbkﬁhxliti@s 6qurdaeérstﬁhmﬂ@baUﬁﬂ _
o oot PaEEhY, Dl Aok RAd har R £ aarérﬁpf%ie%%@n%ﬁ’é’ﬂw“ﬂ?
the dyes to hnsen&O%ﬁﬁthﬂanmenmedﬁsﬂ&teshearbepuse&hloﬁﬁeﬂﬂsp lpiegs, S
yes ( byelthubbdr s alidea el P LAt Gy YRg! A8e BEC AU LR O Ol €
: _ invention have solub111t1es in nematic liquid crystals of
'greater than about 2 percent by weight. The particularly
- preferred dyes have solubilities in "ROTN 404" nematic
liquid-crystal material of greater than about 3 percent by
15 weight. The solubilities in "ROTN 404" for several of the
partlcularly preferred d1chroxc dyes of. the present
inventlon (Dye Numbers 6=11) are shown in Table II,
-herelnbelow.

TABLE I - Properties of Preferred Dyes

.

20 I ~ Amax in S in

Dye No. g7l - _E71

1 625 + Snm 0.72

2 630 + 5 nm 0.76

o 3 620 # 5nm 0.78
25 4 60 +£5nmm | 0.75

" 5 615 + 5 nm - 0.72

1 "E?" is a eutectlc mixture of lower alkyl and
alkoxy cyanoblphenyls and terphenyl liquid crystals
_commerczally ava;lable from E. Merck Co.
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@Mpounds which are per se known in the art. - The nematic lLiquid crystals
can/ have either a p05|t|ve or negange di el ectric anisotropy. As used
.. hérein the term "positive" or "negative™ refers to the net dielectric 10

- ani'sotropy where mixtures are used. Generally. liquid crystal s having higher

abSOL ute val utes e ;ii:ﬁitﬁfdi% Cages Sbﬂnthér QrEB?fnﬁtr rﬁﬂrer%ﬂ?ri hasetime the -
positive matic materials ha ectric cons S are nore .
r eadi F?PQEEFI Q| being fag‘r %'tﬁfiet?ﬁg 'gaﬁf" héﬁé‘r"f"ed’rty§ 15 pur poses of ~ -_
: |||;Jsi1&&étﬂal|$eraﬂd} thdsf uies snﬁi'paﬁn.tal feraudeneigﬁtel\eﬁctm%-eas%:aie are also -
- usefu | rly aving. a net positive dielectric
aniso#?ggs. ﬁ%ﬁ&%l- 5@%&ﬁ%ﬂf&§%§£$$|0e nematic liquid crystal naterials
whi ch. have beenTm@umwsnulanzdaceyseal material may be any
S e e hexa

L aheljatBcinetal ooy g%?*g B ilautd crystal

p- n- heﬂypbunéﬂlﬂhﬂﬂﬁrﬁrQu§¢m sen oqwnrnnethp-msﬂhoxﬂme nematlc

- benzyjigdgng- Ery%'i‘a’l%’ Q%ﬁ%&éléfth&eahe&h%&w Idieriﬂ.r ative -
p' -am.no-benzanitri) @;ano benzyl i dene- gﬁo-n- but oxy- 25 aniline,

cyaﬁéBéﬁEﬁFNﬁaﬂ?ﬁﬁqQﬁﬂ 0xyaﬁ$IPﬁ€d hexe t?e4£qaﬂ(or alkoxy)blpheny
4 cyampgseryiked’ nralwkwg(ﬂzxﬂék%wﬁszeat €hed neltk \dilele kDX Y) phenyl

O RS AP S b, AR LT o e
crystals hav;ng hlgher absolute values of dielectric
constant are preferred. At this time the poszt;ve_neﬁatic
materials haﬁing'high\dielectric constants are more .
readily available and for convenience are referred to for

' 15 purposes of illustration herein. Mixtures of positive and
negative ﬁaterials are alSO'useful,‘patticularly those
mixtures having'a net positive dielectric anisotropy.

. Readily available pbsitive,nematic.liquid:
crystal materials which have been found suitable are
20 trans-4-n-pentyl-(4'-cyano-phenyl)-cyclohexane,
trans-4-n-pentyl-(4'-cyano-blpheny1—4)-cyclohexane,
p-n-hexylbenzylldene-p'-amlno-benzonltrile, p—methoxy-
benzylzdene-p'—amlno-benzon;trlle, p~ethoxybenzylidene-
p'eaminoébenZQnitrile, p-cyaﬁo-benz?lidene-p?-nébutyoxy-
25 aniline, pécyanobenzylidene-p -octyloxyaniline, _
- 4=-cyano-4'-alkyl (or alkoxy)bzphenyl, 4-cyanophenyl-4'
'alkyl(or alkoxy)benzoate, 4~alkyl(or alkoxy)phenyl-4'
cyanobenzoate and including the famlly of alkyl phenyl
pyrimidines. _ :
30 . Eutectic mlxtures and comblnatlons of all the
' above are ‘also useful. Illustratlve are eutectlc mixtures
of 4'-subst1tuted-4-cyanoblphenyl wherein the 4
substituents are alkyl or alkoxy of 3 to 8 carbon atoms,_
and terphenyl llquld crystals. Representatlve is the
35 commerclally available "E7" mixture from B. D.H. Ltd. .
Another useful mixture. is commerclally.avallable Lrom



-Sybsti t ut ed- 4- cyanobi phenyl wherein the 4' substituents are al kyl
aIMoxy of 3.,to 8 carbon atons, and terphéﬁ&?‘lqu|d crystals.
Representatlve i's the 35 connerC|aIIy avai l able "E7" m xture from B. D. H

'”Ltd Anot her ful mxtu S co rC|aII avail a --19- befnaﬁ S
LaRoche undé$°€ﬁ aﬁr&ﬁgoﬁgﬁe“ «tra ?Kﬂ?@ﬂOQRg?g goéu?ectﬁ@ﬂ%:xture~

ok Di phgnyl Wu nidlaeehrqun:dcfcm%iﬁ:taire oﬂﬁlmmrpweﬁﬂazﬁeéu?qag@fb E
conpounds co es e c xapes re o 5 above
sugﬁ as n1xt% Eggﬁprlgg ap%ghg aﬂﬁVﬁﬂ¥g-ﬁé§§$§ eﬁ???g E&hexanes -

m Xt ures: (Knmmps1sgs4miktyres4of @hauquﬂxﬁgyoIghém@eeaneefefrédmbdL”es
conprisin 0 % is a
Four - compancheovexBieh as HIRSHICE cotlly {EMIY Ph8 IR TG DRI T, g
as Nematic Rkenylleyclnitexahesi,smdxtures RONOMBIING Fhaikyilxtdre .
conpri ses byg g‘?ﬁsgiPﬁggg%b%ﬁ@m&xéﬁéj 149 1t feepk Vbohbrising both

%Pove,are al so useful. [Illustrative are eutectic m xtures of (Eg;y
: : : . or /-

- cyanobi phen cycl o rans n- pr opy _
- cyanopheny| §¥9e$ o€ x §RRPOUGAS60, %mﬂulpmmemla&yamssﬁaﬁyus a
) cycl ohexanego@pdcomponent mixture available from EM Laboratories,

10 Inc.,: 1dent1f1ed as Nematic Phase 1132 TNC “Llcrlstal“ or
"pCH 1132' This. mlxture comprlses by weight
approxlmately. ' ; '
14s trans-4-n—pentyl—(4'-cyanoblphenyl)cyclohexane,

- 26% trans—4-n—propyl—(4f—cyanophenyl)cyclohexane,

- 15 36% trans-4-n-pentyl-(4'-cyanophenyl)cyclohexane, and
) 24% trans-4-n-heptyl-(4'-cyanophenyl)cyclohexane. '
Other positiVe_nematic materials and composi-

tions useful in-the practice of the present invention are

- phenylbenzoate esters, available under the trade ﬂame_'

20 "ER-11650" from Eastman Organic Chemicals, Eastman
Tennessee, and "ZLI" from E. Merck, Darmstadt, Germany;

" and compositions including these compounds in dominating =
amounts such that the compositions are prov1ded w1th a net
d1e1ectr1cally positive anisotropy. '

25 Representative of nematic liquid crystals having
rnegative d1electr1c anisotropy which would be . useful in.
the present invention is. the liquid crystal "EN-lS"
avallable from Chisso Corporatlon.

quuld crystal dlsplay devices of the present
30_.ihvention are similar to liquid crystal display devices of
the prior art in that they comprise two plates of glass of
nominal thickness spaced from a few microns to a few
tens of microns apart in a parallel conflguration. A"

- spacer or confinlng gasket material is placed between the

35 two glass plates around the periphery in order to form an
airtight, substantially water impermeable bond with the
'glass surfaces. The inner surfaces of each glass plate



‘ nég trans-4-n-heptyl - (4' - cyanophenyl ) cycl ohexane. Qther positive, nemat i~
- rials and conposi- tions. useful hg the practice of the present
e v

ntion are phenyl benzoate esters, ai | abl e under the trade name 20

"EK-11650" from Eastman Organi c Chen1ca|s ‘East nan Tennessee and VAR

from 4 hese -
_ corrpouﬁﬁgecﬁgg'g%d}ﬁ n;g atr%‘oc%;]?g{'is/mﬁc fhagg:p% Eﬂ?q' dsﬁt 1 ONS )z}Fg]é provided ~.
with aonededmelé@mm‘emqqpqnnﬁwieebecsuodepyuriace-- The Represent at i v -
of MeMBLEELELAY bal t%%g'w%f@('i‘g aeaﬁkéaemgy%ectg a7 Oy OPY i Ch |

mould e use resent inventionis uid crystial "EN 18"
avalIa%%bkfﬁﬁﬁﬁenl§§39§9§Rﬁ¥ﬁhQﬁFaEPhﬁlHeéhyéﬂ&ﬁsdﬁﬂﬂQQ/%ﬁﬁwces of the

pre%@“%eﬁ@-kﬁﬂ%ﬁ'ﬁﬂ15Héféiiﬂ|aThéOshtﬁabéscb&shacﬂﬂﬁﬁﬂéﬁaﬁFVlCeS of the .
prior art in that the rise two Elates of Ias of non1na| t hi ckness

spacedEarcdngacter rﬂ? R ra%e EReaged nPé 19%#% paralle
confi guhpawhOAn AhePar®d 5 Dudrei anagaehet flmuelmmdtuﬁe plsiced between the

 Sobst hPnaRRpReRElY M Al RSB HRL e rEBRBRIR LT T e e
surfacEgueBtemdsnjaﬂmsgi&ys using host positive nematlc 11qu1d
lo_crystal material homogeneous orientation is used. For
"phase-change" displays'either"hoﬁeogeneous or homeotropic
alignment are useful. - However, homeotroplc allgnment is
_preferred, 1.e., that the molecules are ‘aligned perpendi-
cular to the electrode surfaces._ Generally, methods of
15 homeotropic orlentatlon comprlse coatlng of the. cell inner
walls with an agent such as an organosilane coupling
agent, a polymer surfactant, or metal oxides, such as
silicoh monoxide,'at angles of about 20° to 90° to the
surface. S _ : '_ o
20 The diohroic-dyes'of_theepresent invention may
be utilized in both "guest-host" and "phase-change“ type
liquid crystal displays. The. construction of "quest-host”
llquld crystal dlsplays is descrlbed in Applied Physics
Letters, Vol. 13, pages. 91-92 (1968) . ”Phase-change” type
25_dlsplays are descrlbed 1n D. L. White and G. N. Taylor,
 "New Absorptlve Mode Reflectlve Liquid Crystal Display
Dev1ce," Journal- of Applled Physlcs. Vol. 45, pp.
| 4718-4723, (1974). Brlefly both types of devices comprlse

_ a typical transmissive or reflectlve liquid crystal

30 display cell having appropriate front_and_back.eleotrode
patterns and-feaﬁuring a homogeneously or homeotropically
oriented liquid crystal layer comprising host positive
nematic liquid crystal,'and a guest dichroic dye. In :

phase-change" type dlsplays an optically active additive

35 is present in amounts sufficient to provide a ‘cholesteric
or helically ordered liquid crystal phase. .The. "host™..
llquld crystal material has its orientation controlled by



'-20 “are coated. wnth athin filmof, for exanple, indiumtin oxide to f _
® conductive el e€trode surface. The a(ani de pattern which is deS|redg§%§i)
be~produced, by sil k-screen or photollthogrgghlc -techni.ques. - which are :
wel | -known in the art. The surfaces of each inwardly facing el ectrode

pattern are éﬂ@%&'&é%oh%?”hﬁ%&é&%‘@ fx’%]}&e %Eé % {:Hégr ntlEhcklde

fikl mxture 1S homeotr opi cal Ty ori

"guest - host 'was#rsp'reb}esggu @gchaeﬂ-Cpéyet msaeleq@eﬁ i |mﬁnee 13 ePoBenR-

materi al horpgeoeodseQEheAh ki $gninensed. .  For ¥ phase- change” displays
ei ther honeogeneous or honeiaro pi.c alignfrent are useful, However

homeot ropi ¢ al i gnnent  NQrp# ¥rre§“QSQ?h°§q1tt¥?ﬁa4&#%&%¥%slﬁr§hﬁllgned'
Pombot  oF ?E”*o‘?‘f%"n%iﬂ%%eﬁ%@“??fe°ﬁ‘§rW*ﬂzﬁ“ﬁ‘ciﬁwfﬁi‘?“ds S ithan
omne soen AL LAk A0a R e asE g ket E € H e Ve BuERRPLED,
met al oxi dematsechahsini theodisplayi dbsorbsangieotiienbpolaZfatdofdQl to
e Sur e 1 Othe ran: gL PBr R dha el A LERRS, LBYBBMACT ™ O
~di spl ays. Theetewial j uahdokhos tgeesudstﬁdye|mpﬂebulesiaard|ephehteds '
desct i bedo! hPphuce) EBLRHES BIbesd ot dib BFPL BFe(A8RRbuLen

. ' assume their esséntially nonabsorblng state.

- In "phase-change“ type dlsplays.the_helical
ordering of the_host liguid crystal material-is_super—
imposed upon the dichroic dye. The helically ordered

.15 dichroic dye is'thus.able to absorb both polarizations of
incident light thereby producing_a brighter display since
no auxiliary polarizers are requiredf'as they are.in the
‘traditional "twist;nematic“ or;“guestehost“ type displays.

" In the absence of an electric field across the displayl |

20 electrodes, the dichroic dye is oriented to absorb a
substantial amount e.g. 95%, of the unpolarized incident
light and the display area exhibits a color characterlstlc
of the dlchrolc dye. When an electrlc field is applied to

. the desired electrode, the liquid crystal layer in
_25'reglster with the electrode is caused to change from a
g cholesterlc phase to a nematlc phase in homeotroplc
alignment due to the pos1t1ve dielectric’ anlsotropy of the
llquld crystal host material. In this state, the dichroic
dye in the 11qu1d crystal layer is oriented to absorb
30'relat1vely little incldent ‘light and a "clear" area,

o _correspond1ng to the electrode area on a colored |
background, is observed. By selective activation of the
electrodes, information can be readily dlsplayed.

The concentration of dichroic dye which is

- 35 hseful in guest-host“-and "phase-change" type llquid
crystal dzsplays is between about 0.5 and 5 percent by
welght of the liquid crystal material. —A preferred



oy spl ays are described.in D. L. Wiite-and G N. Taylor, "New Absorptihve

Refl ective Liquid Crystal Display Device," Journal of Applied Physics,.’

15, pp. 4718-4723, (1974). Bri 3r bot h types of devices ‘conpfise a

al transm ssive or reflective liquid crystal 30 display cell having.

appropriate front_and_ back el ectrode. patterns and featuring_a honogeneously

- or “hom&KnesR eER £308r LenbPegveriuild aé'ﬁ‘i/)% Reyqsnt- ynpeightginost positive - .

-gewafl@ﬂdéauﬁﬁﬁaaﬁ%é$e ?géiﬁagge?ha$§§?;aﬂafh%&g?t@eéghasofchangf?'typf-aat
isplays an optjcally active additiv i s present ip amounts sufficien :

Lo profQHFSE chihesharipum, Angint: A8 (dishrate JYe¥hick, 6R8 Benase.  The

“host " pridg@nittl iy ydépéndahtrupbnhthe sdlubidnity ioh chat dgél ¢d khe  -21- -

t he applsication. o ectrical ,fiel'ds and in turn interacts with "guest”

_dicﬁgoﬂfiﬁkérﬁﬁ%%ﬁ?%sm%éeggaﬁéé;a coopera- -tive conformng alignnent... -

Normal |y, "guest-Thetdichpoidi dyesyofi thehepresdnt f inventéoneghene one

‘pol ari z; 0 Lari " fed il dent, L whi 3 guest

i chr o S L e PReeghE pishrBd o avdiy S TAne ' BElok BEE, BT [T

"on" ormbe rseht to spreparpemagduresywhd aly yaheerb throughout the -

visible spectrum between about 400 nm and 700 nm, |

10 resulting in neutral, biack-appearing mixtures;_ When -

these mixtures are used in "guest-host"™ type or "phase-
chénge“'type'liquid crystal devices a display which
alternates'betweeniblack'(VéO) and clear (V>0) can be
provided. It ié.preferred.tc se;ectfthé'Various dichroic . -

15 dyes so that when combined they.absorb light unifornmly
throughout the regibn'be:ween'400_and-700'nm, It is also
preferred that all of the dyes héve.opﬁimal order
parameters (S) of about 0.7 orzhighér_ih o:def to'insuré -

. displays.having high contrasts andlbrighﬁhess, T

20 Suitable dichroic dyes of the prior art which
have'absorption_maxima'betweenfabout 400:and 600 nm are of
the well;known aZOffaZOméthine,-anfh:éQuindﬁe_and polyazo
type. Exemplary dyes. are disclosed in U.S. 4,145,114;

- U.S. 4,128,497; U.S. 4,179,395; and in Applicants’

25 copending U.S. Serial No. 70,421 filed August 28, 1979.

o It is preferred to have these known dyes present in
concentrations which will cause absorption of light in the
region between 400 and 600 nm at least equivalent to the
absorption of light in the region between 600 and 700 nm

30 caused by the dyes of the present invention. This is
accomplished by adjusting the concentration of each -
individual dye so that the.abso;bancé:aﬁ the.waveléngth of
maximum absorption (Apay) for each dye is appfoximatély
equal. | _ o - . L

335 '~ Exemplary well-known dichroic dyes which are
useful whenfcombinédfin'the;proper ratio with the dyes of
the present iavention are: A |



-naterlal and thus t he guest dye mol ecul es, are oriented 10 by the el ectrj (g
_field\so that' t he dlchr0|c dye nol ecul eg,assure their essentlally -
nonabsorbi ng state. " phase- change : gae di'spl ays the helical_orderi g of
the host Imw%rystal material is super- i rposed’ upgn tt?em &IPFF icd
- The.helically ered 15 dichroic dye is thus able to absorD Doth
. polarizations of incident’ Ilght thereby prodUC|ng a brighter dlsplay si nce’
nQ&QUX|I|ary polarlze are req ed, as t ware i-n the traditional :
‘tw st-nematic’ gr ' waﬁné@ dclhe absence ofggan 0. 78
'0 el ect , the dichroic dye is -
'-unt, e.g. 95% of ‘the unpolarized
exhibits a col or characterlstlc of the
Hed el ectr ode,

i nci'den.t Ilght and the di spl Ei;
-di chroi c dye. Wen an elect
the Iiquid crystal-. in 25 ¢ caused to
"change from a gl- - tromiﬂiﬂlﬁnﬁént
due to the p05|t|ve w- ectrlc SO 2 ‘host
material. - In this state, .the-di chgwic dye |nCHbe I|qU|d crystal | ayer is
oriented to-absorb 30 relatively little incident light and.a "clear" area,
correspondi.ng to the electrode area onCHs col or ed backgrounqi IS observed
By .sel ective acti

di spl-ayed." -78

0.73

0.65



he concentration of dichroic dye which is 35 useful in "guest-host" apd _
A33phase-change” type liquid crystal displays is between about 0.5 and 5 - &
ercent by wei ght of the liquid_crﬁﬁkﬁﬁ material. --A preferred =~ .-22-
concentration i gigareeen ih 193¢ ra ted i dNsositén order to, achieve
opti mal contrast- and brightness. , Qf coyrse, the naxi pum anount of
di chr oi ERAYBCKHRTIRTEST °F ﬁré’g@‘r'?‘/_icgl%pe _ e-'d%b?‘f‘?j_ﬁe E¥PEbi ity of the,.
-dye in 1bqubdl cayistadr itspl aynBeviides utillliezitiq orme coflyeReof the present wgp
i nventi gn en c i_ne Lt h_various .dichraic dy of _the Lor-art nmay be ~
Loea t oS e RRERs" AVl B e A ¥ast, iRl Sl don it et PErBlaft act rom
bet SeenFagone 208howsartie’ @Framsmibs ions Wpdatyrad roheaitral , bl ack-appearing
m xturg h £ Xl uke ised. i, "guestshost" type or "phase-
'change"ﬁ{‘ﬁs\eéyiﬁhcﬁjﬁ cr%éé#ad%ﬁr{?&s‘?&a%&%p %‘y gﬂ%&ﬁyélntger%‘%f‘és bet ween - '
bl ack @dVvebyodmd dyesr oveOpfcahileh prowd dive oft the prefsanted to select the

Vhr ougLBUEREASI it VRETRRA0EE AN SRR Sk | R PRbelie bl
al'l of miktudpesfdvipheryapyosidddine liquid crystals commercially. :
10 'available from Hoffman LaRoche, and 4% by weight '
' ;holestetic additive +4+2methy15htyl)-4'-cyanO'biphenyl
commercially available as "CB-15" from B. D. H. Ltd. “The
four dyes are: - | | '

15 Dye | : o '  Pnmax

-Hscm "

'446 nm
20 _ . o :
_ | | o~ B | |
HqCy N=N @ N=N 'N=N —@—N_\ . 505 nm
| | " CH, CHj; (CH: | |
25 - - . o |
585 nm
30
\>-N=N N 610 nm
P _ .
CH; S CH,CHj
35 _ | - '

Curve C is the speétré_for the device when én RMS voltage
of 15 volts, 1kHz, is ihpresséd a¢réss the electrode
surfaces of the cell.' The area between the .electrodes

40



paraneters (S) of about Q0.7 or higher in order to insure displays having éé%a
hﬂgh-contrasts and brightness. .20 _ Sui tabl € dichroic dyes of.th
prior art which kave absorption maxi na betdfeen about 400 and 600 nm are of

t he wel I.- known azo, azonet hine, anthraqU|none and polyazo type. Exenplary . -

dyes are disclosed in U S - 4, 145 114;: U. S. 4,128.497. U S 4,179, 395; and
|0 Appl i cant APBRRESEHERRARASETBBEMAtSNRbORE 708 [9F ehlmguéevzsg Y876

It ALs preferrﬁhd&aéﬂay@tw@ﬁeaisaamwmeanar gV tnmt N cnumtnaisoenewhl ch
wi |l  cause absor tion_of égh n the.region,between 400 ang ﬁg

| east eqU|vm§§ﬁ teR ¢ fRrab é?vbﬁeOPW QQ§%qﬁFr?£uiﬁ Pet EHCGOO _
and. 700 nn - ¥ieahdisedTiy déezdeeappéatbebﬂra@erﬂnd rurerﬂonmly dbsorbs S
acconpli sh dj ust _ t hat -

t he absorbgpéﬂxﬁﬁttﬁi %ggg%ggggﬁ gﬁ@& (ﬂ%6455§\ §£?0¥83§83 dye-
i's approxi mathstwesnaabod® 400 and 70Byamplary mell-knomn di chroi c' dyes -

whi ch are useful when cagbi pediihle eRaed A1 fudtided hso,qg@éle&ohee

present |nvent|on ar e:
- - and dev1ces in accordance. w1th the lnventlon.

"Example 1

10 --The dye

was prepared by the-follow1ng p:ocedure. Sodium nltrlte
- (l.5°'g) was added portionwise to 10 ml of concentrated
 sulfuric acid. The resulting solution was cooled to
15 0-5°C and 20 ml of 6:1 acetic acid/propionic acid was
added dropwise keeping the temperature at less than 15°C.
_One half of this mixture was slowly added to
0.01 mole 5, G-dlmethyl-2-am1nobenzoth1azole which was
prev1ously dzssolved in 50 ml of a solution of 50% cold
20 sulfurlc acid in water, and kept at 0°C. When diazotiza-
tion was complete, a coupling solution was added and the
solution was”stirred_for'is min. 'The'coupling solution
was prepared by dissolving 1)21'grems'2,5-dimethylaniline
in 50lml'glacial acetic acid,:and'coolihg this solution te
25 0°cC. e T . .
.~ After coupling had occurred the mixture was
buffered with the addltlon of saturated sodium acetate
solution and stlrred for two hours. Adjusting the pH to
neutral w1th sodlum hydroxlde. recovery by wvacuum
30 filtration, and purlflcatlon from the reaction components
. afforded the dye intermediate. Ver1ficatlon by time of |



"Figure 2 illustrates the absorbance characteristics of a black/clear
" phase-change” type |iquid crystal_g splay device utilizing one of the

hroi ¢ dyes of the present- |nvent|on " In particular, 5 Fi gure 2 shows
t he transm ssion spectra of a "phase-change" liquid crystal- display
“enpl ogiﬂghiomasgl om@é)mssewéa hdke the - RIAHRA
i nventlo

4" |d crystal material a eutectic m xture of ,-
bi phe® Itb?rFﬁFGFNQQHﬁﬁﬁ(Yé%ystals comerci-ally 10 avail abl e fron1Hbffmgh
LaRoche, and 4% by wei ght chol esteric additive +4+2nethy|buty|) 4' -cyano
bi phenyl conmerci al |- y avai I abI e asg '«CB- 15" from B ~D."H Ltd. The four

dyes are:: 15 - Dye Ha max
20 of 15 volts, |s\ _ﬁi s . the electrode surfaces of
the, cell. The area b u"‘ C ' T

CHa

3.1 G of the intermediate was dissolved in 25 ml
§ sulfuric acid and diluted_with 50 ml water. After cooling.
- to O-S’C.'O 7 grams of‘sodium'nitrite, as nitrbéYl—
‘sulfuric acid, was slowly added to form the clear ,
diazonium solution. After one hour the diazonium solutlon
- was stirred into 1.71 grams of N-ethyl-l-naphthylamlne in
10 50 ml of glacial acetic acid at 0°C. -Addition'of sodium
" acetate afforded the dichroic dye as_gréen irridescent
érystals, Filtration, column chromatographyaand'recovery
ffqm heptané; Yieldéd the subject dichroic dye:

15" _ The.sﬁrﬁcture-of this d&e-was_cbnfirmed'by
Nucleaﬁ Magnetic_Resonanée Spectroscopy (NMR).

_ Example 2




- 25- appears clear, and transnits about 70% of |ight having wave | engt hs Q;?
bGtmeQn about 430 and 700 nm Curve D is 43dm-spectra for the device in th
absence of an electric field. 'The device appears black and uniforny _
absorbs. 5 about 85 percent of incident light throughout the region between
about 400 andw@90pnepa¥fed fackoamdimg d:oarqﬂeasfollmim@tprooeduset.l ons and

I SRS O S 1k I

[ exy] was prepar OwW-ng proce dir e,
added porti om}useolmedmm 200 mdncdhta aadhtsion wf cs%uaulfurhc Beddl tiimg

sol uti on was ¢pEbRdahe #ReOm2ktand HRsTcddldd LimCal | £c@ChatR' @Bl @Ricc acid

was added dropw se keeping the tenperature at Iess than 15[err]. One half
of this mi%t Wktha§tirshng.addedivg aicriks (6.9 g, 0.1 mole) was

5, 6-di net hyl gl@ﬂ%%OQedéetEbaéobﬁﬁM@dﬂmﬁiﬁhllﬁﬂﬁdh@eﬂtﬁa§§e|!ﬁdfu%l@o m
of a solution of Wbcold&s ur|c acid in

t
‘When di azot i 2€14¢ onWHER é' IO 3R | Wéﬂﬁ?'ﬂ?l Bhemﬁg‘igdé’r@g“&&r&mt he
"sol ution was wdsraktoved &5 ﬁbl&m thee di@gdr ingn seabdbhONEM@Shpuegar.ed by

LN pg,ggbf,u{:ﬁ%ﬁtggiaa' TEHY%.)1 T, 0. Pudle ' 985218881 b ear g and

10 100 ml glacxal acetic- ac1d and cooled in an ice bath.
'When dlazotlzatzon was complete, 200 g crushed ice was
added to the acetic acid solution and the diazotized
benzothlazole compound was stirred in, keeping the mass
cold. Coupling occurred and anhydrous sodlum acetate was

15 stirred in to adjust the solution to a pH of about 5. .
After an hour the dyestuff product was collected by vacuum
flltratzon, washed and dlspersed in 500 ml water. The
dyestuff dlsper51on was.then_treated with_sod1um carbonate

to render the_free-base'oﬁ the intermediate:

1 4

20 I - Mw 310

_'31 G (0.1 mole) of the above compound, I, was
dissolved in a mlnlmum quantlty of 50 ml glaclal
acetlc/proplonlc aczd (8 2) and poured into a warmed

'(40°C) solutlon of 50% sulfuric ac1d in water (lSOml) and
25 cooled to 0°C in an ice bath. NaNO; (6.9 g, 0.1 mole) as .
a 20% solution in concentrated sulfuric acid was slowly
;added and the dlazonlum was formed after two hours at 0°C,

2, S-Dlmethylanlllne (12.1 g, 0.1 mole) dlssolved in 100 ml
glacial acetlc acid was cooled, 200 g ice was added and



25\0C. After coupling had occurred the mxture was buffered. with the .

. ﬂdoltlon of saturated sodi um acet at e olution and stirred for two hours.

\Adjusting the pHto. neutral with s H? 'm hydr oxi de, recovery by -vacuum 30
Mltration , and purlflcatlon fron1the reacti on conponents ‘afforded the dye

i nter a X ts oscopy

_ (TFI\/IS;YEHéhé\?\/gé"%{(?‘thk“T tﬁ%g' ructvﬁéréen%'ff%ﬁed 1 ermehhgl1 n{%%ﬁ:{t&? é3 1 Gof.,:.
t he i-nded ntheaméxmwed%lmtﬁfeﬂﬁ@fﬁlm GOBEIPf-'GﬁﬂC tocitdearfire® uted with. Sﬁr-
M watghige ggtgboggohyykﬂél 5C, 0.7 granms of 'sodiumnitrite, as nltrosyl
sul fur1tc acid, was slomdy added to formthe clear di azonium sol uti on.

~After one hour the dlazonlun1solut|€ was stlﬁrgd into 1.71 granms of
N—ethyl-l-naphthylﬁqﬁhe 50 m DK l-aci al "qcetic acid at O[err].

Addi ti on of sodi um acet ot e.as green jrr scent
Nret M

crystal 8T Filtratio ) y fro ane, .
chroi c™ye: [err ' '

&

yi el ded the subJ ectH,(ﬁ

44 G (0.1 mole) of the compound immediately
above, 11, was dissolved in sulfuric acid soluticn and
diazotized in the conventlonal manner.. 17 G (0 M)
N—ethyl-l-naphthylamlne dissolved in glac1a1 acetzc ac1d
was coupled to the diazonium. The dyestuff was

10 neutralized with sodium hydroxlde solutlon, collected on-a
filter, washed and recrystallized from pyrldlne/petroleum

' ether. Column chromatography of the dyestuff resulted in
the dichroic dye III in 60% yleld |

' CH CHj; C |
HsC . ) 3 : B
Boe I e {Q) ()
S ' _ : . ' ' CH2CH3
3C .. CHj CH;, 2

15 The structure of the dye was conflrmed by Time of Fllght

Mass Spectroscopy._

_ Examples 3-8
The followzng dichroic dyes were prepared
accordlng to the procedure descrlbed herelnbelow-




Resohance SpectrOscopy (NVR). Exanple- he dye H Clerr] *

-27- was prepared*according to the folra ng procedure.

5, 6- Di met hyl - 2Exvi o benDydni zohetetE. 8 g, 0.1 nole) was di ssol ved in 200

m of a solution of 50%sulfuric acid in water and the m xture was cooled
in‘an-ice bath to O[érr] /é wbh. stirring. Hsum ni'tridis (6.9 g,- 0.1 nole)

15,, " The structure of this dye was confirmed by Nucl ear Magnetic O

was ~¥l owl y added as a 209 oncent et/d sul-fu aci d.” \Wen tHe
addi-ti on was conpldete the .coI d % , RO di |an
(about two hours). 2,5-Dinethyl as /(12'1 Z. 1 nol I'S gd N

10 100 m gl acial acetic acid and. cool'ed in an i ggpath. W i az at i &mHos
was conplete, 200 g crushed ice was added to the acetic acid solu and

the diazotized benzot hi azol e corrpound was stirred in, kegping the v

col d. Coupling occurred af# -o 5\SOdI um g tate 15 stirred in t%H
dj t th I ut t H f t :
adj us e solutian oapHO $>'N-N b{
-\Czﬂs
5 { W\ - . S
. <M»N=N (C2Hs) 2 -

. N('Csz) 2

CH;



.
~

@gg ed and dispersed in 500 nl wate

an hour the dyestuff product was collected by vacuun1flltrat|
The. dyest uf f di sper si on™as

on,

then_

reated with sodi um carbonate to re%@er the free base of the internediate:

[err]

31 G(0.212 nole) of the above conpound, IL ‘was dlssolved in a

m ni num

dr nedl 1400) ool 0P SRR, R0 L 20 G Reablndasiilh PCLiAed " 0ol eu

to Of ein] the tabileehkxelinbadau was. Qirﬁsﬂlitedoh.a) 199 al2@MBrecdnsi on in b "

or ned

[ 3

n en d 5 f i
CrorTHEted suhBiRs A 1) alokldepederlaARd s, URRDURNER, (OIS
| n 10031h1 roPmctamparatireaci Fhis %Q)bu'euon Zﬁesgcpoéedaszcaddélfearm
thesdi #g0pkEMsEkUba®h. vmostgxﬁ rf&e/mo &Quehieg LOcqy Tepd Andhdfigg m xture

‘was buffered and converted to f'ree base_as above, vyi el ding: er

-28-.

r}- 44 G

(0. 1rﬁﬁ%ﬁtb?ntﬁéscéﬁﬂﬁﬂn§LQHﬁ&h§ﬂ¥9395b6v6r°PP1nﬁa§@&ﬂ§%ﬂ®ed in sulfuric
acid sebLhtoonase. 4i.27gu ZE ditddéy Lonyearienakbidmaiesolved Gd Q0M.

. gm concentrated sulfurlc ac1d and 10 g of a 7:3 by volume

10

15

acetic acld/proplonlc acld solutlon._ The temperature of

. the mixture was maintained at about 0°C throughout ‘the

addition. The diazotization reaction was allowed to
proceed for about 4 hours at about 0-10°C. The diazotiza-

 tion product was then slowly poured into'a:solution of an

approprlate amount of a first aniline (lmsted in the table
hereinbelow) in 100 ml glacial acetlc acld. Coupling was
allowed to proceed for 30 minutes at a temperature less

~ than 5°C. -After coupling about 50 g of anhydrous sodium

- 20

25

acetate was stirred into the solutlon. followed by the
addition of 100 gm of ice. “The mixture is ‘allowed to warm

.to room temperature overnlght (about 18 hours). The

precipitated sulfate salt of the flrst dye intermediate was

'recovered by vacuum filtration and thoroughly washed with
~water and oven dried.

(0.01M) of the first intermediate sulfate salt .
was dissolved in 50 ml concentrated sulfurlc acid and this
solution was cooled to -10°C using an ice-salt bath.

- Diazotization of this dye intermediate was accompllshed

30

35

using 1.20 g nltrosylsulfurlc ‘acid in 20 mls of sulfuric
acid and 20 mls of a 8: 2 by volume solution of acetic

acid/propionic acld.'_The diazotization reactlon was

allowed to proceed for four hours at about 0-10°C. The
diaiotized amine was then slowly poured into a solution of
an appropriate amount of a second aniline (listed in the
table hereinbelow) in 50 ml glacial”acetic'acid containing-
100 g of ice. While the mlxture was kept cold and stirred
it is brought to PH 5 with anhydrous sodium acetate and
allowed to couple overnlght at room temperature (18-~ 20°C).



™S
P+#thyh-|-naphthylanine di ssolved in glacial acetic acid was coupled to g&;&
di-azoni-um  The dyestuff was 10 neutralized with sodi um hydroxi de sol uti

"col "ected on.a fi*lter, washed and.recrystatidzed from pyridi ne/ petrol eum

et her. “Col urm chronatOgraphy of the dyestuff resulted in the dichroic dye

11 60% dferr The structure of the dye was confirned by Tinme of
Fl i glhtn Nasosyﬁe%#%%é%ﬁyﬂe}éﬁﬁ dhes sy W%MM nsalk cafotbedgesond e

B Pl ed accaitéNeoio abe Rnssedanatenc | bed herel ”beL‘)EVenzoth.zizoFé o
?y?s?;&ufau{ﬁe[fgg}e heFﬂlﬁBEISﬁ%%wﬁ?Fd} thﬁF 9 the feceBdcéve dnters
~sul furic aC|dmb@xqtetwaamageladduazomnmdd1&§IabovE)u51ng nltrosyl- B
| 5 sulfuric acid, and coupled agaln to the second aniline to
yield the sulfuric acid salt of the third dichroic dye
zntermedlate, having three dimethyl phenylazo linkages.
_ 0.01 moles- of the sulfuric acid salt of the:
second dlchr01c dye intermediate, for Examples 3-7, and
10 the third dichroic dye- Lntermedlate, for Example 8, was
dissolved in 100 ml of concentrated sulfuric acid by
making a paste of the'intermediate in water (5-10 ml) and
:crushing any lumps. This thick paste was stirred portion=-
wise into the su¥furic acid, allowing each quantity, i.e.,
15 1.0 g to go into solution prior to the addition of the
’ next portion. When all the dye intermediate had been
added, the stirring solution was cooled to -10°C in an ice
~bath. 0.0l moles of nitrosylsulfuric acid was added and
‘the mixture was stirred for 6 hours at -10°C. The
20 diazotizetion-product was coupled with an appropriate
amount of a coupler (listed in the table hereinbelow)
dissolved in 100 ml glacial acetic acid. The cold
diazonium was'slowly added to fhe coupler solution with
stirring and Ehe'resultant mixture was kept cold.

25 Coupling was allowed to proceed overnight (at room
u'temperature). The mlxture was then brought to a pH of 5
using anhydrous sodium acetate and the crude dye was

filtered. The crude dye was dispersed in a rapidly
stirring solution of 50 gm sodium carbonate in 11 of
30 water. The neutralized dye precipitated and was recovered
by wvacuum filtration. The solid materlal -was washed with
- water until the wash was colorless. The crude dye was
dissolved in toluene (50 ml) and chromatographed on a
silica’ column using toluene follewed by a 9:1 by volume =
35 solutlon of toluene/methanol, as elutants. The eluted dye
' was concentrated to half volume on a rotary evaporator and
reorystallized by using a'large'volume”(zo:l) of



roomtenperature. This solution was cooled to -10[err] in 5 an ice galt
t\h (500 gmice/100 gmsalt). To this cool ed solution was added slowy .
t'hrjough a ‘dropping funnel a sol uti ormdd=1.2 gm of nitrosylsul furic-acid- S
“Ssol ved in 20 gm concentrated sul furic acid and 10 g of -a 7:3 by vol une

acetic: aC| d/ ropi.onjc -acid solution. The te ture of ;10 the m xture was

mai nt aitekeRE2BBout THEAYE PFP&E\’&’FO[)‘P% e ’F? nas ¥ BLGER7oti zati on. e

react i %y@@aﬁiiﬁé\eﬂoweer BoeEd 1feeia wilkiiitarl heagsult dapeny .0- 10[err] Th@wT N

diazotiza- t d then sl ow t al
apor opt  at ¢ amounEas; SkTREESEe A SAEY Y e CORELFARRC Y5 TR nbel ow

in $00 of Bliaghiél Masst Speetrdsco@gurdnmgim all omwed to proceed for 30
m-nutes at a te f han tg nd 50 g of
.anhyér ous sodi u%@%&apﬁl\b\'géigt p‘?’r ee}[ J{éi?rhégi o) u%lgg%kbggl I g&g’ by t he
addi ti diiqiid ogrystal déisplaYheedils trte idyes | pyeparedwbymExampd.esoom
- tenmperajy RN es PLed! 468821hntasWHiEh - AThe p{ﬁctﬂétﬁ%gﬂoﬁu'ai:@:%% sal t. -of

the first dye Int erne Iate_was recovered AX vacuum f ration and

't hor oudl§ NasHelthi thewdpdtaged ofifon it addivien\fhef dyes hiadst
inter g%dis@i@aﬁ%éaéé §al:hm&$.e\ﬁ%s iH se@l#e,d *ﬁb”éﬁ Ab4eopaentipRiged sul furic

acid this solution was_cooled to - q/é‘err usm an ice-salt bath.
Di addt i¥ei%'o rﬂ-%ﬁ“%ﬂ@q}?éaﬂnf“&tﬁ@d@é@e sS’a%%B?r’E)I ﬁBdougl?ng 1.20 g

nitrosylsulfuric acid in 20 ms of sulfuric



aci d a,nd 20 m's of a 8:2 by volunme solution of acetic 30 acid/ propionic @ :

a%id:. The diazotization react.ion was allowed to proceed for four hours &

about ~0- 10[err].. The di azotized amine #@3=then slowy poured into a

~sol utian of ‘an appropriate amount of a second aniline (listed in the table ._

heréinbelow) in 50 m glacial acetic acid containing '35 100 g of ice.

- Wiile the mxture was kept.cold and stirred it is- ‘brought to pH 5wth

~ ardqydrous sddium agetate anddal | owed to coupl e -overni ght .at room -
tenperature (18 20 err]) |Itrat|on yielded the sulfuric acid salt of

t he second (i chﬁ?al ' e diatem In “the case of dye nunber 8 the

.second dye iln i a m/a agai n i azoti zed as above usi ng nitrosyl- 5
'sulfurlc“am aldzco p _;a ai he second aniline to yield the -
sul furicea S t pof—t e +hry dye i ntermedi ate, having three
di met hyln-p nyl azosl iglk ageg: °b fg the sulfuric acid salt of the
second c o'_i,c'gpyg1 i'gp_t r]g_-\,dléat ow am:;l es 3-7, and 10 the-third
dichroic dyg pni®rfe '.a’ge, f& e,g, s dissolved in 100 m of
concentr at ecoéuggﬁi' a?’ by kl Paste of the internediate in water
.(5-10 M) an :C-@ﬂl zi- zn i [cﬁj’rp Eis:t ck paste was stirred portlon-
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' .e i'nto the sulfuric aéde.aIIomjng each quantity, i.e., 15 1, 0 gto go
solution prior to the addition of the next portion. Waen al l” the dye
rmedi ate had been added, the stT34Tng solution was cooled.to -100C in

. was stirred for-6 hours at -10[er§4 fhe 20 di azoti zati on product was
coupl ed with an appropriate anou e

upler (listed in the table o

P

ce bath. 0.01 noles of nltrosylsulfurlc acid was added and tHe m xture

her ei nbel ow) di ssal vgﬂalste-h@ﬁnde'glmal1bqeiaCcaysda1Thaspﬂay diazoni um i

i or RLERIS ol Be o U et 08, B BB ER e 2 A R B (T
roon1teubeaatune;heTpeaaeungwaﬁmanté&nntmnogﬁteid,awpﬂ of . 5 using
anhydy ogdnggghg%ac %atf%lqry;lg he crude dye was filtered. -The crude dye was"

di spersed. in ara y stirri sol ution of 50 gnlsodlunlcarbonate inl1
of 30 water. The AeddsPlayes a2 cagsenbliedacomprd siagoviied by vacuum

filt ratéﬁﬁoszﬁg g Laabdgﬁt d a:!oé”@éd Vs herle 1t 'ﬂn‘é’é‘i:@.br“'&td)ﬂféé'@s wash was

col orl ess was di ssolved .in taql uene (5Q

- chr onat'6yFRpkéa/ éﬁd&uﬁ Iqw%l%nf%?n@ eendeREive edRsFaaden 9: 1 by

vol une pateersli ooverlaginy ahetdbdwtrodé phttashs. alhomidtspiye was
conﬁggtrated to,half volune on a rot eva orator %nd recrystajélzed by

usi ao;;igggayapgnga 26.' ﬂa%fcreatec‘? gy vapor epos:l.tlon o)

dielectric silicone monoxide layer about 100 A thlck, at an
- angle of less than 30°. The cell was prov1ded with a
reflectorized backlng,'and had a 18 m cell spacing.
A mixture -of the following four dyes was
' 15 prepared, in the concentrations indicated.



-32- n- beptane The dye product was recovered as a m.cro- crystalline-
poWber by filtration and vacuum dryi ng. d§€e structure of each dye was
confirmed by Ti ne-of Fllght Mass Spectr opy and NMR 5. - - \Wen
utilized in traditional- "guest-host" type liquid crystal display cells the
.dyes prepared nggxanples 3-8 exhi bited absorbances with [ern] in théy

region above nax 600-nm mnth the voltagé-off. In addition the _thags meight
opt kcal order paraneters in "E-7", "ROTN 404" and "PCH 10 1132% )QUId
crystal materials.of greater than 0.7. -33- [err] [err] - Exanpl e
9 _ > _ o ) e

- 0.93

0.60

1.10




phase--change" type liquid crystal dlsplay mhlch Is black in the absence
an el ectric field and is clear in the presence of an electric fleld wad
onstructed as fol lows. A displagbcell was assenbl ed conprising two
~opposing gl ass plates coated on their |nter|or surfaces with tin/indi um
oxides to forma conductjve electr

Overlayjng the el ectrode.

de tern.
pattern, a homeot rBFceRb BY| ¥R Spg f?fl axﬂ%"%r% SEBLUFReVREpor
depOSaﬁs&ohﬁe&axheﬂnmmm+cosrllﬁquﬁdnaaymuiiImaﬁﬂriﬁmnandOQ Pethi ck, atf

angl e of han 30 ) deq, g reflectorized i'
back|ﬁ§ a%yﬂﬁﬁfébﬁfégn#%%lFh§;5§%ﬁ§lc a%TibfblV wF g four dyes

- was lispeepd-d@-nethntbuont padf acivane bmwhanyijcommefﬁhahhy melght (nlﬁ
[erﬁ]avaif§%1e from Hoffman LaRoche._ This- mlxture was used to

- 10

15

20

£il1ll the dzsplay cell.

. Figure 2 Lllustrates the transmlsSLon spectra for
the above phase-change" devxce uszng a Beckman ‘Model 5230
ultraviolet-visible spectrometer with a tungsten source.
Curve C is the spectra for the device when an RMS voltage
of 15 volts, 1lkHz, was impressed aoross the electrode’
surfaces of the cell. The cell transmitted more than about
70 percent of the incident light between about 430 and 700
nm, in the area between the eiectrodes, when in the "on"
state. Curve D is the spectra for the device when the
voltage is reduced to zefo. Very little light is absorbed

‘between about 400 and 650 nm when the cell is in the "“off"“

state. - o
) The contrast ratio of the cell in the'"on" end
"off" state was determined by the following method. The

- filled cell was mounted on an optical bench and a

- 25

30

35

collimated tungsten light source located at an angle of 45°

with respect to the cell surface, was focused on the
display. An intermittent RMS voltage of 5 volts at 1 kHz
was impressed across the electrode surfaces of the cell.
The_eleofro—optic modulation of the cell was observed via
light reflected from the cell to a photometer, available
from Spectra Physics Co., Princeton, N.J., fitted with a

'photopic filter and connected to a time base oscilloscope.

The contrast ratio was determlned by measurlng the

‘reflectance (or "Brlghtness") in foot lamberts in the

"yoltage on" and "voltage off" states, and usxng the
following equatlon.

Contrast Ratio = Br?ghtness'céll on (v>0) ;l:=_Transm?55?°nfCéll on__
| Brightness cell off (v=0) = Transmission cell off




2.Percent by weight of the above dye mixture was di.ssolved in "ROTN- 404" (EEEB/
'I|QU|U crystal material and 4 per- cent by weight of the cholesteric -
addi‘tive "CB-15",. which i's a +4- (2- met hyl be3y=) - 4' - cyano bi phenyl
comrercially 5 avallable fron1kbffnan LaRoche. This mixture was used to

~fill the display cell. ure-2 illustrates the transn155|on %Eectra for
t he. above "phdEe SRM eV?EPuQVﬁE shgesangs Rfddave e S between.
ul tegvi ol et - Vigidi € $PSCif@Neder ni whAsaabongs gyt 1sour ce. 10 Curve. Cis the. -
spectra for the.device when an RMS voltage of 15 volts, 1kHz, was inpressed
across-'the electrode surfaces of -the cell. The cell transmtted nore than -
about 70 percent of the incident l'i-ght betmeen about 430 and 700 nm in the
area between the el ectrodes, when in the "on" 15 state.. Curve Dis the
spectra for the. device when the voltage is reduced to zero Very little
I'i ght is absorbed between about 400 and 650 nm when the cell is in the
"off" state. The contrast ratio of the cell-in the "on" and 20 "of f" state
was determ ned by the following nethod. The filled cell was mounted on an
optical bench and a collimated tungsten . light source | ocated at -an angle of -
45 with respect to.the cell surface, was focused on the display. An o
intermittent RVB voltage of 5 volts at 1 kk& 25 was’ |npressed across, the
el ectrode surfaces of the cel



The el ectro-optic nodul ati on of the cel

fromthe cell to a photoneter, available from Spectra Physics
Princeton, N.J., fitted with .a photopic filter and connected. t
osci | | oscope. 30 The contrast ratio was deternined by neasuring the

reflectance (or "Brightness") in fogé |l amberts in the "voltage on" and

ol tage of f" states, and using theé

was observed via-light reflected

Co.
o) a ti me base

ollomﬁng equation: 35 Contrast Fath,\

ghthess cell on (v>0) 1 Transmssion cell on: 1 Brightness cell "off «gé
#$§5n133|0n cell off -37- The contrast ratio over the range of
e Ie%J} S between. about 400 and 700 nm was about 10: 1.

1.

A di chroi c dyestuff ‘having the general formula QA-Z i

=38= CLAI M5:
n which: Ais

a p0|yﬁ9ry|aZO)Agﬁf%ﬁEofcm@&ggtEPQ hb¥9ng the general formula

10

Q-A—Z'

in which:'

‘A is a poly(arylazo) group in which the ring
structure of the'aryl'group comprises 6 to 10 carbon
atoms and has 4,4'-azo linkages,

Q is an unsubstituted“ 5-substituted,
6-substituted or a 5, G-dl-substltuted benzothlazyl

‘group, and

Z is substituted naphthalene having an alkyl

- substituted amino in the 4-pos1tlon, perlmldlne or

= julolldene groups.

15

20

2. " A dichroic dyestuff as clalmed in Claim'l;'in
whlch the polyazo group A has the general formula:.
(R)x (R)g
£N=N Fq—N=N N=N-

in whlch mis 0, or an 1nteger from 1 to 6..
each R 1ndependently represents an alkyl or

_ alkoxy group hav1ng from 1 to 8 carbon atoms, and

25

each x independently represents 0 2 or 4,
provided that when x is 2, the two R groups are not
substituted on adjacent ring carbon atoms.

3. A dichroic dyestuff as claimed in Claim 1, -.in

.. which the polyazo group A has the general formula:

30

(Rlx  (R)y

AR R |




‘5 structure of the aryl group conprises 6 to 10 carbon atons and has
4,8 =azo | irnkages, Qis an unsubstituted, 5-substituted, 6-substituted or

5, 6-di- substi t ut ed benzot hi azyl group, and 10 Z is substituted
napht hal ene having an al kyl substituted amno in the 4- position, perim
or jukolidene groups. 2. A dichroic dyestuff as claimed in Caim1l, in

_15 Wwhi ch the polyazo group A has.the generas9fornula; [err] 20 in which m
Q; or. an-integer from1 to 6, -each R independently represents an al kyl
 or al koxy group having from1 to 8 carbon atoms, and each x independently
represents 0, 2 or 4, prOV|ded ‘that when x-is 2., the two R'groups are not
25 substituted on adjacent ring carbon atons. 3. .. A dichroic dyestuff
as claimed in daim1, in which the polyazo group A A has the general .
formula: [err] in wigbehim ii@hom am nteger f£reBgdr tor §m ando Whergip

~Wwherein in from 0 to m aromatic rings, x is 2 and the two R

| groups are combined in the group -C=CH-CH=CH- are
substituted on two adjacent ring carbon atoms, such that

5 the aromatic nucleus ie'a naphthalene group.

4. A dichroic dyestﬁff as claimed in any preceding
claim, in which the group Q has tlie general formula:

- | . B N
10 - o
| - g
in which B.and B' independently represent H, CnHon+l:

OCpHon+1. Phenyl or phenoxy, in which n is an integer
15 from 1 to 8. : .

5. A dichroic dyestuff as claimed in any one of
. Claims 1 to 3, in which Q has the general formula:
| o Y :
20 : CH, <:> _ §>-_
. ) \, g
' X . ' CH» '
6. . A dichroic dyestuff as claimed in any preceding
claim, in which 2 has the formula:
25 o s R
. \
in which kl represents H or CphHyn4+), and

30 Ry represents anZn+1' in whlch n is an integer
from 1 to 6. R '

—

LTS



"infromoO to maromatic rings, x is2 and the two R groups are conblned in.

_the group -C=CH CH=CH are substituted on two adjacent ring carbBon at ons, »

such that 5 the aromatic nucleus is a naphthal ene group. 4. A

~dighroic dyestuff as claimed in any . preceding claim in mhlch t he group Q
the general fornula: [err] 10 i'n which.B and B. i ndependently represent

§ﬁ5 [err], phenyl or phenoxy,. i ﬂﬁ%ﬂﬂ1rlis an integer 15 from1l to 8. 5.
chroic dyestuff as clai ned |n any one of Clainms 1 to 3, in which [ertl,

has the.general formula: 20 [err] 6. A-dichroic dyestuff as clainmed ifh
any preceding claim in which Z has the-fornula: 25 in which Rlerr] :
represents-H or [err] and 30 - R2 represents [err] in which nis an

‘integer,from1l Aod§chr01c gyestuff as claimed in any one of

Cla1ms l to 5, in wh1ch z has the general formula:

5 | /—<—
' Y/ 'Px.,.

\__/P

in whlch R3 and R4 1ndependently represent an alkyl
group having 1 to 6 carbon atoms.

10 ' _ |
8. A dichroie_dyestﬁff_as claimed in any-one of
Claims 1 to 5, in which 2 has the general fdrmuias'_

-

15 ' . | : .

in which the cyclopentyl group is substltuted in

available pos1t10ns by H or alkyl groups hav1ng 1 to 8
20 carbon atoms. ‘

25

30

I



7 A di chroi c dyestuff as clalned in any one of Clainms 1 to 5, in
W ch 7 has the general fornul'a: 5 in which R3 and R4 i ndependent|y
represent an al kyl group having 1 to 6 carbon atoms. 10 8. A di chroi
dyestuff as claimed in.any one of Clains 1 to 5, 'in which Z has the gener
formyla:. 15 .H in which the cyclopentyl group is substituted in avail able

posi-tions by H or alkyl groups having 1 to=8120 carbon atons. 25 30 =41=
9. uLﬁ" A di chroi c-dyestuff as clainmed in any one of Clalns 1to5, in
whi ¢h Z has the general fornula: 5 : [err]

in whi ch the cycl ohexyl group is substituted in 10 avallable p05|t|ons by H.
-~ or alkyl groups having 1 to 8 carbon atons.

9. A d;ghro;c dyestuff as claimed in any one of
" Claims 1 to 5, in which Z has the general formula:

_ in which the cyclohexyl gfoup is substituted in
10 available positions by H or alkyl groups having 1 to 8
' carbon atoms.

10. - A dichroic_dyestuff'as claimed in any one of
 Claims L to 5, in which Z has the formula:
15 o |

'-CH?'-_CEZ
20
.ll. A dlchr01c dyestuff as claimed in Cla1m having

25 one of the follow1ng formulae-

30

I



: 0. A dichroic .dyestuff as clainmed in any one of laims 1 to'5, in.

{wBhch Z has the fornula: 15 [err] 20 11.> A‘dichroic dyestuff ‘as claﬁredn

~\in almhaV| ng 25 one of the felpewi ng fornulae: 30 - -42- [err] [err]
~[err] S [err] S t '

-
—

=38

' . CH, .
soeTRoN
) - S —{
' . _ - Hj
I@(&m @-m '
Hsc s - -
. CH;
' _HsCzO :
- > G o
CHjy' @ IN'IXCHzCHa

.



: C}B {err] =45= 12. . A dyestuff as claimed in Aaiml. substantially a<:§§)
hesein’ descrlbed with reference to any one.of the Exanples 5 13. A "

composition conprising a nematic |iquid €433tal material in adn1xture W th
a dichroic dyestuff as.claimed in any preceding claim 14. A -
conposifion as clained in Claim13 which 10 additionally conprises at Ieast
one .di chroi ¢ dye hav4ng HHX|numgebsorptloaHat wavel engt hs between 400 and

GOQ\DWI 15. -H3CA C iNion as: i med i nNyGkai m 13 C ai,f14, in which
t he "dichroi c dyest |s ¥ ﬁ ; N2 é percent by

- wei-ght. 16.° A igd on n§a one ANy M3yt 0 15,
whi ch additionally conprisSes an optleﬁlly acti 4CO i n"ah aﬁnunt'

sufficient. to provide a 20 cholesterlcaphase onposi tion as

claimed in Caiml substantlally as hereln descrlbed reference to ahy
one of the Exanples . CH, S

B,C N__N ..cnaN N \CHzCHzCHa '-

H3C

‘HsC

H,C A S S |
BC | - - S

CHs  CHy CHj - CHZCHg

® c L M S *



A "guest-host" type liquid crystal display device which.is
ve to the absence or -presence of an electric field, said,” devi c& o
' compr'sing a | ayer of a nematigd-l i quid crystal conposition in admixture
~ with a 30 dichroic dgHstuff, and two conductive ehectrodes positioned,

~r eggERCt gl yNadj acenp—e aces o N dA ayer, in which the
“dichro eSO frdys @ SEY N imed in any orre of dains
“1to 1l =46= 19. A typ qui @Her yst al .di spl ay devi c€»

whi ch is reponsive to the&mbsen presef an electric field, and
whi ch appears neutral ‘black int said etectric field and cl ear
in the 5 presence of said electric field, said device conprising: a) a
"guest-host". | ayer rising @ggpematic liquid crystal material and a
. plur al-é)ty of c(a{gj)es whi ch\t oget her _s'trong'l),H absorb t hroughout the

re B n .

i chroi
r ege BaQy 2 %400 a nm_a 0 two conductive el ectrodes
posi ti o respredt= 3 '
S : _
CHs - .

sur f aces. sai d
N 8558, 8, 52

\ -

A g .



layer ;i n which said "guest-host”. type |ayer additionally conprises a

-~ di hr0|c dyestuff as clainmed in any one of 15 Clains 1 to.12 in adm xture
w th said "guest-host", liquid crystal-dichroic dye m xture. 20. A
"phase- change type quuid crystal display device which is responsive to the
absenee or presence of 20 an electric field, said device conprising a |ayer .
of mematic liquid ciystal material in admax4gke with an optically active
‘compound and a dichroic dyestuff as claimed in any one of Clains 1 to 12,
and two conductive el ectrodes positioned, respectively, adjacent opposing
25 surfaces of said layer. 21. - = A "phase change" type liquid crystal

di spl ay devi ce which is reponsive to the absence or presence of an electric
fiel d, and which appears neutral black in 30 the absence of said electric
field and cl eal2.n theApﬁaaatniﬁﬂasunkhrﬂemtrmcclaehdl sabatdatuaely

conpri sing:  a) 2l Hediin ‘Hesftrg.yes vﬁ. m% éa{otngﬁgbﬁg b2 du xture

wth a pIurallt of dichroic toge rongly absorb
t hroughout the Set ween ]
5 13. A composition COmptising a nematic liguid

crystal material in admixture with a. dichroic ayestuff
as claimed in any precedlng claim.

14. '~ A composition as claimed in Claim 13 which
10 additionally comprlses at least one dichroic dye having
max1mum absorption at wavelengths between 400 and 600 nm.

15. A composition as claimed in Claim 13 or Claim
14, in which the dichroic dyestuff is present in an _
15 amount of 0.5 to 5 percent by weight.

16. A comp051tlon as claimed in any one of Clalms 13
" to 15, which add1t1onally comprlses an optzcally active
compound in an amount suff1c1ent to provide a

20 cholesteric phase. =

17. - A composition as claimed in Claim 1
substantlally as hereln descrlbed w1th reference to any
one of the Examples.
25 : _ _
18. ' guest-host“ type llquld crystal dlsplay
'dev1ce which is repon51ve to the absence or presence of
an electric field, said device comprlslng a layer of a
nematic liquid crystal composition in admixture with a
30 dlchrozc dyestuff, and two conductlve electrodes
p051tloned, respectlvely, adjacent opposing surfaces of
said layer, in which the dichroic dyestuff is the
dichroic'dyestuff as claimed in any ome of Claims 1 to

L



~400 and 600 nm and an optically active conpound, and b) two conductive,_
el ecty odes positioned, respectively, adjacent opposi ng surfaces of sald o ]
:\S in which said layer additionally conprises:a dichroi.c dyestuff as
in any one of laims 1 to 12 in admixture with said |iqui‘d crystal

Al . 22. A liquid crystal display as clained in any one 10 of.
SClaims 18 to 21 substantlally as. heeqa&.descrlbed Mﬁth reference to any one,
“of the Exanples 15 _ . _ -t

19. A "“guest-host" type liquid crystal display

device which is reponsive'to the absence or presence of -
an electrlc field, and whlch appears neutral black in.
the- absence of said electric field and clear in the
5 presence of said electric field, said device compr151ng.
| a) a "guest-host" layer comprising a nematic
llquld crystal material: and a pluralzty of d1chr01c dyes
which together strongly absorb throughout the reglon
: between 400 and 600 nm;. and - .
10 b) two conductlve electrodes pos1tloned.
| _respectlvely. adjacent said oppos1ng surfaces of sa1d
~layer:; ' g .
in which said “guest—host" type layer'additionally
comprises a dichroic dyestuff as cla1med in any one of
15 Claims 1 to 12 in admixture with said- guest-host“
' liquid crystal-dichroic dye mikﬁure,

20. - A "phase-change type'liquid crystal display
: dev1ce which is responsive to the absence or presence of
'~ 20 an electric field, said device comprlslng a layer of
nematic liquid crystal material in admixture with an
optically active compound and a dichroic dyestuff as '
‘claimed in any one of Claims 1 to 12, and two conductive
~ electrodes pos1tloned, respectlvely, adjacent opp051ng
25 surfaces of said layer. '

21.. A "phase-change" type liquid crystal display .
device which is_reponSive'fo the absence or presence of
an electric field, and which appears neutral black in
30 the-absence_ofcsaid electric field and.clearain the
. preSence of said elecfric‘field; said device comprising:
a) a layer of ainematic liquid crystal material
in admixture with a plurality of'dichroic dyes;which-
T
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together strongly absorb'throughout the region between
400 and 600 nm, and an optically active compound; and
b) two conducti?e éléctrddeS-poSitioned,
respectlvely. adjacent opposzna surfaces of sald layer:
in which said layer addltlonally compr1ses a dlchr01c
dyestuff as claimed in any one of C1a1ms 1l to 12 in

“admixture with said liquid crystal material.

22. A liquid crystal display as claimed in any one
of Claims 18 to 21 substantially as herein described

. with reference to any one of the Examples.

15
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