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Designing a Black Mixture by Dichroic Dyes for 
Liquid Crystal Devices 

BORIS UMANSKII, ELENA PRUDNIKOVA and SOFIA TORGOVA 

SSC RF “NIOPIK” (Organic Intermediates & Dyes Institute), B .  Sadovaya 114, 
Moscow 103787, Russia 

A method for choosing dichroic dyes either with positive or with negative dichroism was 
established, for obtaining efficient black mixtures, suitable for being dissolved in liquid crys- 
tals. The absorption spectra of many dyes have been checked: the peak maxima were spread 
in all the visible range of the light. The criteria for building up efficient black mixtures cover- 
ing all visible range were found. Such criteria mainly concern dyes choice and dyes relative 
concentration. Extinction, dichroism and saturation solubility were measured for all mixtures 
in different liquid crystal matrices. The results appear to be very promising for application to 
liquid crystal devices. 

Keywords: dichroic dyes; black mixtures 

INTRODUCITON 

Tbe pet-host effect is  tbe voltage-induced cheogc of tbe ebsorptioo of di- 
chroic d p ~  (pest), solved in the liquid c r y d  matrix (bod). Ati a rule, the 

d i c h i c  dye molecules have elongated fonn with cylindrical symmetty. ‘Ibe 
tnuleition momeats of dyes bave lheir greater compomnt either perallel to the 

long molecular axis (positive dicbroism) or to the sbort molecular axis (nega- 

tive dichroiem). Positive dichroic dyes ( or Ldyes) absorb !be linearly polar- 
ized li& which electric field B is parallel to avetpgt long molecular exis of 

tbe d p ,  whsreae ne&w dichroic dyes (or T-dyes) absorb the Sgbt, which E 
is perpendicular to the averege loog molecular Byis. Usually h s e  dye8 have B 

narrow absorption Bpectnnn, the maximum absorption wavelength hereafter 

[ 25371127 
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28/[2538] BORIS UMANSKII et a1 

defmed aa A,,,- ?be colour of the cell is besically due to the light which was 

not absorb by the dye. 

The efficiency of dichroic dye in a given LC malrix is detennined by 

size of aa abeorptioa A at L, width of the Obaorption band md order pa- 

rameter defmed w S = (AI - AL)/(&I + &). Here Au and A i  are the polarized 

absorbmces parallel and perpendicular to the nematic director at A- Ibe 

dichroic ratio R = An/h also used to cherscteriza the dichroimi of the dye. 

?be first pat-hod effect dieplay w a ~  built up by Heilmeier and co- 

wo&ers, who used host malrix consisting of a n d c  liquid crystal having 

positive dielectric ani~otropy with unidirectional planer o r i d o n  aud incor- 

porated the guest dye moleculesR3’. Such a display requires one polarizer to 

ma& an acceptable conbatst of the optical trrowni~~ion between off- and on- 

etetes. An considerable improvement of the guest-host effect &om the point of 

view of lbe optical colmast was found by White and TayloP]. ?his improve- 

meat is baeed on tbe field-induced reorientation of the dicbroic dye molecules, 

solved in the nematic mab-ix with a chid  dopant. The reonedon takes place 

during the &leateric-nemstic phase tramsition. Such a dieplgr does wt require 

polarizem, but must be operate at higher voltage. ?he contract of White and 

Taylor display cno in principle be lsrger &an in Heilmeier gu?at-hoet displays 
withow polarizers. Moreover, the very interesting fact is that there is a very 

low t q d a r  dependence of the conbaet of such dieplays. 

The LC display techology bawd on dm guest-host effsct has not yet 

found broad application, became of a lot of drawbacks: for instance the hi@ 

control voltage, the gently sloping depeodence of the conhaet VB. voltage giving 

low multiplexing abilily. and eventually a contraet not so hi& Nevertheless, 

such lype of LC displays has good perspectives for the applicatiw dm to the 

intriosic ahventages, as compared with twiated nematic displgrs; apmely, the 

absence of polmizen, the wide viewing and the capability of obtaining colored 
imegee. 
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DESIGNING BLACK MIXTURES [2539]/29 

FutbenmKe, it is poaeible to increme tbe efficiency of the infonn&iorr 

mapping by means of guest-host effect, extending the wo- spectnvn of the 

dichroic dyes, by composing a black m h r t  of dyes having the absorption 

peak covering almost the whole vieible specbum of the I&& Thus certainly it 

is necessmy to renounce to colored images, an in this case the switched on- aad 

off- states will be black-and-white. 

f i e  design of a black mixture requires the solution of mimy problem: 

a) To get a rmmber of dyes hi& mot& to overlap, covering the lagest possi- 

ble interval of the visible opechum of the li& 

b) To reach a high diclroirrm for dl dyes to be included in the black mixture. 

All the dyes mud be characterized by hi& order parameter S or coalrast ratio 

I\; 
c) To get dyes with the broad absorption bands; 

d) To CPke into account the limited solubility of any c&e in my LC matrix at 

low tenpereture; 

e) To control the d influence of dlffsrent dyee inchded in the some mix- 

b e ,  to depresa their solubility; 

r) To get a dc ien t ly  hi& absorbance of the dyes for certain concentration 
eod certain thickness of the Lc layer, the dye with lower epecific absorbme 

&odd have hi& sshPation riolubility; 
g) To determine with hi& accuracy absorbences of all dyes included in the 

black mixture. 

EXPERIMENT 

With the aim of composing black mixtures we used IS I m p  number of dichroic 

mthquiione and am dyes with positive and negative dictroism, developed in 

SSC RF ‘WOPIK” md already covered by PI&&J. 
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30/[25401 BORIS UMANSKII e t a / .  

Die polarized absorption epecbp of the guest-ht mixtures in the vui- 

ble spectral region wen obtained by wing a Specord M40 (Carl Zeiee h a )  

double bemu specbophdometer equipped with o e d  polmime. 

The unidirectional planar oriedation of tbe guest-host mixture w88 

acbieved by tredment of the @ME PUrfpEes of tbe cells with polyvkyl alcohol 

and by rubbing, 'Ihie procedure usually provide a good plsaa orientation in a 
thin layer: in our caw it was controlled &tuwgb ttre txoeeed polerizenr. In all 
experimente, UIO light propa@iOa WBB perpendiculsr to ths wpfices of the 

celle. Tbe thickness of"e&ich" cells were 20 pm 

?he abeorphon spectra of Lhe dyes dimotved m the liquid crystal mab-ix 

were recorded for lwo O r i ~ o a s ,  that ie, with tbe eagr axis of the liquid 

cryetal sell d the @ee of 0' sad 90' with respect to the polaizatim plsae of 

the light bra 'Ilnre the abbsorbeace AII sod AL M fUnction of wavele~~& were 

obtained 

RESULTS AND DISCUSSION 

'Ibe main poiot to be cake0 into account fw desijping a bleok mixture me : 

i. the choice of suitable LC matrix, according to the poasible various applica- 

tiow, ii. The choice a sufficient nunber of dichroic dyee charachizsd by con- 

vmieot properties, as lieted above. For htmce, if the black mixlure ia 
prepared fw oubide application, the LC mahix must have a la)@ meeomorphic 

rmgc md d l  viecoeity at low envirommd temperehre: thue, we have to 

choose diclroic dyes hnving mou& eolubility in euch a host. 
b ow experimeo$ we used PB LC mix Merck mixhres MLC-6281 

and ZLI-1840 md NIOPIK mixtrPee ZhKM-807 and ZhKM-3141. Tbe main 

purpose wan the buildtq up of a blsck mixlure with positive dichoim for 
wide teqmxhm rpplicatioa suitable fbr MLC-6281, and a bladr mixture with 
n&ve dicbroim suitsble for 2bKh4-807. The later is a mixhre of cymobi- 

phenyls It ww eelected due to the reaeon that dyes with negabve dicbFoism 
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DESIGNING BLACK MIXTURES 

-0.37iZLI-1840) ' 
2 KD-36 512 -0.34(=-807) 

-0.34(ZLI- 1840) 

-0.37(ZLI-1840) 
3 KD-261 536 -0.38(ZhKM-807) 

' 4  KD-312 618 -0.34(ZhKM-807) 

[2541]/31 

exhibit msxinnm solubilily md msXimum coobpet ratio wbm dissolved in such 

a mixture. 

For the &temti&oo of the leerllog perweters it is necelrsmy to obtain 
the polariziog &sorption spectra of the dichroic dyes to be chosen in the pre- 

fixed u3 mdrices in identical coaditiona at tbe same coaceah.atioa. 'Ihe dyes 

produced by MOPM were wed for conpo~isg black mixbre~ with positive 
dichirrm and wilb ne&n diclm-oh The order of m@huje of the leading 

papme(era for 8 typicd dyes are reported TSb.1. Tbs polSrizhg epedra of 
some of these dyes we Shown on Fig 1. and Fig2. 

TABLE I Properties of dicboic dyes 

KLZZM i 466 i -0.381zhKM-807) 

/ I  1 KD-318 1 ri 1 -0.31(zhKM-807) 
7 KD-378 -0.36(ZhKM-807) 
8 KD-4 0.7(zhKM-807) 

I I 1 0,7i(m-i&toj 
9 IKD-8 I 387 10,77(zhKM-807) 

I 1 I0,79(ZLI-1840) 
10 I KD-9 I 450 I0.77(zhKM-807\ 

I 1 0;7%zLI-1840) ' 
11 I Fa-10 1 630 I 0,76(zhKM-807) 
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321 [2M2 1 BORIS UMANSKII et al. 

1.8 2l 

a,  mn 
360 410 460 510 560 610 660 710 

FIGURE 1 The absorbance spectra ofdichroic dyes nth 
positive dichroilm 

0,25 

0,2 KD -407 

a ,  

-- 

0 0,15 -*  

4 O g l  -- KO-266 
c 

0.05 - 

0 
400 450 500 550 600 650 700 750 

FIGURE 2 The absorbance spectra of dichroic dyes wilh 
negative dichrokm 
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DESIGNING BLACK MIXTURES [2543]/33 

nK limitiog solubility of dyeR in the U= matrix at low temperature was 

determined specfroecopically comparing the absorbencies of the dye eolulion 

in LC at room and at low tewerahrres. 

After detemination the limiting solubility of dyes at various tempera- 

hses in the prefixed LC mahix, the absorbmce WBB meamred, tb widthe of the 

absorption apectra & identical conceohBtion WM detected and the composition 

of apossible black mixhrre was calculated, according to the principle of addi- 
tivity. "be final abucture of the b i d  mixture WM reached experimentally, by 

w n y h  the dyes concentrations according to their solubilities wd their ab- 
sorbaoce at Lhe presence of other dyes. 

'\ 2hK.M-3141 
Z h K M - 8 0 7  f 0.3 

4DD 450 ODD 30D 3DD 05D 700a' 

FIGURE 3 The absorbance spectra of black dichror dyes 
wLh postive drhmum n the dtfferent tC matncer 

'Ib absorption spectnnn of the black mixture with positive dicbroism 
prepared for the u3 matrix MLC-6281 i s  shown on Fig3. As indicated there 

this mixture absorbs practically in the whole visible epectnrm, m e  of the 

absorption being sufiiciedy flat The absorption spectra of some black mix- 
hire in ZhKM-807 and in 2bKM-1341 also are &own on Fig3. As indicated in 
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34/[2544] BORIS UMANSKII ef a[.  

the figue, the ab#orptioa apectnnn in ZhKM-807 considerably d i f f i  %om the 
spech-m in MLC-6281, wd the Bpectnnn m ZhKM-1342 is similar to the 

specbun in MLC-6281, but the aolubilily ie about tbree t h e  less, which doepl 

not exceed 1% in 2hKM-3141. 'zhe difkence between the absorption spec- 

hrrn of the black rn-. in 2hKM-807 d tbe one in MLC-6281 s i t  due to 

the difference of tbe absorption specba of the indviclusl dyes in these mahices 
(Fig4). In ban, it is comiqg %om the difkence in the molecular abuchse of tbe 

LC conponeo$ which define b e e  mdricm, and ale0 fom b e  diffsreace of the 
intermolecular iatetection ~mop8 the LC &ces and the dichroic dyes. 

I 

FIGURE 4 The rbrorbance l p e c t n  ofthc dichroic dyer with 
por&ve dichroimn mMLC-6281 and ZhJLM-807 

In a similar way the black mixture with negative dichroim for ZhKM- 
807 was obtained Its spsctnrm is shown on Pig5 Aa indicated the black mix- 
ture with negative dicbroism is considerably worth with reepect to the black 

mixture with positive dichroiem, namely, it has a narrower absoqhon nqe, 
sieniftcmtly leee abeohmce sod dichroic ratio. It is due to a number of ma- 

SOM. The nmower absorption band is due to the composition of lhis black 
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DESIGNING BLACK MIXTURES 

0,4 

[2545]/35 

a, m 
400 4 S O  SO0 S S O  600 6SO 700 

FIGURE 5 The absorbance spectra ofthe black mkturc with 
negative dicbohm 

mixhn, which coosiste miy ofedbnquinolre dyes O ~ T - Q ~  141. ?he popition 

of the dmnpt~oa bad of these dyes om be Varied only by clumgiq vwious 
mhtit&m. 'Ihe small dichroism is detamined by the nshn of the dyes with 

ns@ive dichroism, which codrad ratio bdween the on and &etats w i W  
polmizera in ideal cosb dose not exceed 2. l l w r e k o  ths applidon of di- 
c h i c  dyes with positive dichroism sllows us to obtain I@er ope- per- 
ftummcee of =-&her, with respect to tbe csee WbLO dyes with ne@ive 

dicboism s e  used "& in 801118 cam, when a positive display mode[-'1 is 
required i.e. witb black d s  on li&f ba&gd)  dichroic dyes with 

m v s  dicboiem find tbei applicdon too. 

CONCLUSION 

In thie peper the principler of deaigping b l d c  mixhree with positive pod new 
tivs dichroism fw liquid cryetala me enfablkhed It irr h w n  that to obtain high 

eiEctive black mixtures, it ie neceeaey to combbe a d c i e d t y  l q e  ounber 
of indivibsl dichroic dyes, well soluble in tbe prefked LC matrix. It is char- 
oeterized by hi# rbgorbmce pad by d c i d y  large sbeorplion spectra, cov- 
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36/[2546] BORIS UMANSKII et al. 

Sring am a whale dl the visible r q e .  It ie ahown, that for vsrious LC matrice8 

h e  optimum conpoeitiorm of black mixtm be differwL 'pwo black mixtwea, 

om with ponitive didroimn, Suitddc for Mu=-6281 md tfie dher with nega- 

tive dichiem. mitable for --807 were built up. 
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