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LIQUID CRYSTALS 

"Nauka" Publishing House 
Moscow, 1966, pages 5-12? I. G, Chistyakov 

Introduction 

.+ + i0 crystal (or mesomorphic) state of a substance is such a 
hrZ« the subf^ance Possesses structural properties intermediate 
between the properties of a solid crystal and of a liquid. 

d"SC0^eries have an interesting fate, and without a 
precedent is the existence of a substance in the form of liquid crystals 

‘ -erW+h * SUb<ject of douot in the course of approximately twenty years * 
a tor the discovery of mesomorphism. However, this is not surprising- t'-o 
tena itself liquid crystals" sounds highly extraordinary. I?the minds of 
many physicists and chemists at the beginning of the century such a combi! 
nation of words appeared close to absurd. 

In the development of science of liquid crystals great contribution 

C-ateliún °^stillo^“Phws Grandj.an, Kauguin, Friadel and 
Jrledal L1J for oxanplo, proposed a new classification for the 

otate of matter on the basis of structural differences. 

in reality, while according to the laws of thermodynamics three 

^:^ 0^^+ SOlid* liqUid *** eas) such a ^vision does not 
a^alect to any extent the internal structure of the substance or the 
degree of ordering of its particles. Certain substances (resins, glasses) 
possess properties which are characteristic of both the solids and^f the 
- •l-L^500^3’ SU?6rcooled ^^ds- Liquid crystals possess properties of 
^q^ids and the properties of solid crystalline bodies. On the other 

l6t US Say that c®rtain substances which 
upo., cooling do not undergo transition into the solid crystalline fom 
but vitrify, preserve the liquid-crystal structure. 
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,. ,, ^ Austrian botanist Reinitzer [2] was the first who ran across the 
quid-crystal state substance. He discovered peculiar properties in 

he Th« cry.Ul/ofthis Lbrt«» 

179» C want Lough t0 

at 179 C it acquired bluish coloration which rapidly disaoneared and thl 
liquid mass became turbid. When 145° C was approached the coloration a?ain 
appeared and immediately the substance solidified Bein* MírMv -i + < ^ j 

eiíuL^Lr' ?hich i1icft8d EMd Reinitzer asked a German physicist Lehmann to study his prenarations^ 

tlon was a combination of a largo nmbÔr oTdlaoîSwÂ^J 

thíbomd1^ fpontin»»us »Ptloal ^isotropy. Tho scattering of Ught along * 
pip«“ °f th"* ”ei0n5 r8^t0d ln »P«9». appowuïca of th.E 

ea .. Subsequently Lehmann discovered that other substances display 
similar properties, for example p-azoxyanisole, p-azoxyphenatole ethvl 
p-azoxybenzoate, ammonium oleate, etc. A characteristic property of all 
these substances is that in a definite temperature intervS they possS 
abilitvSSee^H ? the properties of a liquid (high fluidity! the 

properties ^ 

n1l-|f° b°h‘!i0r ^»«ted that th. abouo substLos 

He thought that liquid crystals, just as ordinary crystals haveTM^w 
mobile three dimensional space lattice. Some scientists attemete/tí?^ 

dîslrsîl ÄryStalS nobhi"e »1« but an .LslI Shllgh 

dLiotro? ifin% Llsr^^ro^iÄirstSLr^ 

•vi»"“™" Ä5SSÄ ÏÂSgâte Su 
1rí''0.thôrcod'ynanii? state of matter and liquid crystals differ from 

adii.^r/ liâmes not only in their optical properties but ulcsn * * 

crystalware pr°pe^ies- Lehmaw has established tnat liquid 
f ? 1 ? f0rmS* The crystal-s of the first type, the viscosity 

crvSWWÍS Hl0SÔ í°Tthe^SC0SÍty 0f water* he callôd "true liquid 7 crystals and crystals of the second tvpe .. "Hold crystals " Th« 
viscosity of th. latter is approxim ,t ' - --¾., «« 
visccsity of th. former type. - of two higher than the 



are i?l U<'Uld ^tala 
elongated rid.uS1h»« ^1^ ^^°63^08.8 "O1*«!« have 
approximately 2}0 such^ompornde^At present^he'Sí’ f"1!;®“1*80 
«hich fom liquid crysUla hae lncr«.Sd“oooo! substmcee 

New temê“.« IrtroSc^Âswêtt«.^ tâtes, 
states. Both states are combined^ th^eeíe^?!* IIsmectio,, *** "nematic" 
The word "smectic" was derived r-rnrJa r gi nera^ ^erm m0somorphic" state, 
since this sUteiachar!^ JiTr* G”ek •,*ctos" "■•tng scan, 
the first time in scaWo^w Î nany and was discovered for 
molecules of substance form 1 aversSwhichthe smectic ctate elongated 
term nematic was derived LrSr^ifh slip easily over each other. The 

Under the microscope prepar^ionJ or^Ittc^lh^rn^he'ne^f9' 

intermediate) indicate that botht J%eSOn°rphic í ra0SOS" - 
by the molecular ordering which is internf1®^0 states are characterized 
in crystals and amorpSÏ sSstancL te,bíWeen °rdered ^^cules 
stats of tbo substanr 

and ran^SSSrfr^ ?“ f3®^ arrangement 
around any molecular axis RotaUcn of molecules la poaaible 

oicngatfrafsfria £cítiTl0dLtateThth6 °Tr ?Br3ïtty of 
are oriented along a definite direction * Ro+ft?1*01?”260 ^63 °f Inolecul0s 
longitudinal molecular axis. * Rotation is possible about the 

elongatcH^moïecuîes7*equldistant0from HT í"3 C6nt3r3 °f erayity °f 

ÄÄt-sHÄ»""“-“ 

s' -.tea (according to FŒ0"íeOah"™8ïn"1ngS.SÍSt“’C‘• ^ 

Friedol^classeo^asea T 
However, the x.ra,y structural^al^sis data sh^Tfal St ““S'10“3 3t*t®)- 
in general in amorphous bodies, the decree of «L*-fr liquids, and 
molecules may be different th^ in g«ea ?L vf^ ^38 0rder) of 
chain molecules in polymer subst^iTala^S 
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extremely interesting state of substance which a t r, J r -, 
named "gas-crystalline'« should be mentionod L h ^gorodakly [lo] 
molecules in this state fora a crystal laUiee b»r rS+i?VraVity öf 
of these molecules is random. ^ lattice, but uximuthal orientation 

of the molecules^are Sso^ossible781?^^^!^?1^^6'11 degrees'of ordering 
of this question is based on th« Ta°St-direct a?Proach to the study 
into account different tvnes of .P1*-00'";}65 of study of symmetry taking 
liquid cr^tal íggregatef SovietSîOC íw WhÍCh aro found l»™* 
Vaynshteyn are primarily ^sponsibir^ta^e^fÄ BVKv' 

»orphl/rt^^.ewÆ^ffi CVSUI,,» %l>,0. 
literature: "aniaotropie liquidV' ^aracZstZZZ ~nd5 oth"r teras 1» 
terms, however, are "smectic liouid + 1^11 most widely used 
Ihia terminology ahOl Z uÂourZooí 11,,Uid 

called ^ZotrZilnqSd^as^IZMZTZ \°Ud SUbSt““* *« 
crystals is not the only possiblfm^hlf u ^ cf obtaini«S liquid 
also by dissolving solid crystals of eonta^^0*01'75^8 nay be fornio<i 
Such liquid crystals are called lyotropic. SU S ^°65 in various solvents. 

Soviet (Íu.^Ülí*1! °B ^JUbStanf0 haS been i^^tigated by many 
B. K. Vaynshteyn, V.'n. !*/* Predariks* 
Kapustin, N. M. Melankholin and othorsi V/rA' Marinin» A. P. 
Friedol, Mauguin, Grar.dje.in, Robinson Lweíco61?" (Lûn^ann* Vorländer, 
Weyngand, Zocher, Qscon Faiar Kas° í ’ r Bepnai> 
scientists. The results of lain’ Gray cthers) 
in Germany (1931), in England (1933 and^QSsT0 ^ifcu^0d at conferences 
Approximately one thousand scÄ^anS lSe * 
of liquid crystals. Nonetheless their"n-ture »In ^ Llls;‘ed on suo.ject 
being completel;/ known. > i<; i ™ nature and properties are far from 

ture one frequently finds ccntradic^ry d^nitSn" J/íf thf in litera- 
licuid crystal eL.U itso^f ci the nature of the 

-- ,.i:/ L,/ - r ^ agency of the investigation 
j -, d ' -- /• /' ■ n acquire an ever 

. -.--..u.; C. J^w technology, industry. 

liquid crystal sL.t 
‘ ^ -41 . 1 J.U O.S Oi 

»o."'¡..•akjZ r * ¡L¡n] , - 
■0?r.--v' v. r' 

\,V. ,, :-, iM"" IIMMmiimmimmmi! 

I,» 1,¾¾ i ..... - 

‘ ‘ --Ü1J ÜÜÍMiilllÜliJtlÜ 

.gur» j.. uriantítlon of mol.oul.a according to Friad.l 



Chapter 1 

TEXTURE AND OPTICAL PROPERTIES OF LIQUID CRYSTALS 

1* Smectic Liquid Crystals 

A classical example of a substance vhich forms smectic liquid 
crystals is ethyl p-azoxy benzoate 

CjHjOOC-^)- N=N— 

l 
The solid crystals of this ester melt at 114° C and undergo transi, 

tion to smectic type liquid crystals, the particles of vhich are arranged 
in layers. At 120° C the liquid crystals are converted into ordinary 
isotropic liquids. 

falls 

If tha molten preparation is placed under a microscope the follovine 
~ ï o/'Q8 cL-ierved. As soon as the temperature of the preparation 
^ 122\ C liquid costal nuclei begin to precipitate in the form of 

-• as i,yig. <.). Such a state of nuclei is explained by the fact that the 
rae oi their growth in the axial direction is approximately a factor of 
fiva greater than in the radial direction. 

When a ¿mectic liquid crystal is viewed in crossed polaroids 
nr_rrhtly shining rods on a dark background are clearly visible. This indi¬ 
cates that the crystals are optically anisotropic. Liquid crystals have 
o/uy ono axis. By rotating the microscope stage one can note that light 
.ire.j all rods disappears and reappears again simultaneously as though they 
Viere one singlo unit. When a quartz compensator is introduced they acquire 
a yellow coloration (lowering of the coloring), if the longitudinal axis 
fC f coincides with the !L axis of the compensator. This indicates 
uhaL the sign of the elongatibn of the rods is positive. Liquid crystals 
have one optical axis, consequently the optical sign of the rods is also 
positive. Since smectic liquid crystals have layered structure (longi¬ 
tudinal axes of molecules are perpendicular to the layers), it appears 
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™\layers Are P«rP®«dicu:L«* to the longitudinal axis of the rods. 
Here we have an example of how optical investigations enable us to detenaine 

¿Illicit "0” COmPl“ ln,,3tiR*tl0"S 

Upon contact rods merge together. In the state where small rods 

er °neS thickeninß appows. This indicates that smectic 
liquid crystals possess anisotropic fluidity. The propagation of such a 

*tance along the longitudinal axis of the rod is more difficult. It is 

th«h«°hSfer t0 layerS in radial Erection. Therefore. 

rod sä rfth5irinïs::ainl3r in this T,ry « - 

Focal-Conic Texture 

fo™i„,,DíT furth^ f °f the 11<!uld «yrt.1 ¿1 rod. fUM together 
forming the so-called focal-conic texture which consists of individual 
sections -- focal-conic domains (Fig. 3). The geometry of each domain is 

rthe0<5T?rfPlOXH Jndlvidual molecules of liquid crystal interact with glass 
T0 th5 C?yer |lass) as a result of ^ich the smectic layers 

twist, foming a family of surfaces, or the so-called Dupin cyclides [l, 

In , !r t0 d,et!rminô the arrangement of layers of substance in 
the focal-conic domain let us first consider a family of Dupin cyclides 
The oasis for the formation of such cyclides is focal-conic pair — an 
?T~'P~0 -L and a hyperbola COD (Fig. 4). These curves possess the follow- 
-V prcpert_.es: the geometric locus of the vertices of the cones of 
revolution, the side surfaces of which lie along the ellipse AB. is a 
hyperbola COD. On the contrary, the ellipse AB is a geometric locus of 

♦i! ! venS °" °0n!s °f solution, which pass with their surface along 
Thfl f?D;utha iaiter Passes through the focus 0 of the ellipse^. 
The planes of the hyperbola and of the ellipse are mutually perpendicular. 
It. oUff.aces Pôrpendicular to all straight lines which pass through the 
hyperbola and ellipse are constructed, these surfaces will be Dupin 
cyclides. On our diagram such straight lines are AC, AK, BK and BC and the 
cross sections of cyclides are circles whose centers are at points A and B 

i1'0 deai^f ™»hers 1-16. They separate this space into * 
partiel to each other layers of equal thickness. 

As the numerical order increases the central opening of cyclides 
decreases. In eyelid number 10 the opening completely disappears. Both 
sides of its surface have only pits remaining. The bottom of the pit ccn- 
vorges to point 0 In subsequent cyclides the pits are smoothed more and 
* " -id the cyciide number 16 already has no pit at all. The bottom of 

W V C ^ D in ÄT® a Significant distance from each 
u.hcr. Or the contrary as the number decreases the cross section of 
cyclides decreases and the opening increases. For cydide number 8. for 
w.. .pie, who corsa section is reduced to a point. Subsequent cyclides 
b-.jme incomplete (Fig. 5b). Such a family of surfaces is characteristic 
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for the confocal smectic texture. The domains, shown in Figure 3, are 
formed by smectic layers which acquire the shape of Dupin oydidea. If 
straight lines are drawn through all points of hyperbola CD (see Fig. 4) 
and ellipse, then a conical space is obtained, bounded by two cones of 
revolution (Fig. 6). This is in fact the geometric representation of the 
structure of confocal domains. At any place in it the direction of long 
molecular axes coincides with the direction of the straight line drawn 
through three points» the center of a given molecule in the layer, the 
point on the ellipse and the point on the hyperbola. Such a line may be 
BC or KC. The direction of the straight lines indicates the arrangement of 
optical axes in oonfooal domains. 

Figure 2, Smectic nuclei of ethyl p-azoxybenzoate in the form of 
elongated rods float in the isotropic melt; larger rods 
have more complex form (300 x). 

The structure of confocal domains determines the optical picture 
which is observed under the microscope (soe Fig. 3). The disruption in the 
optical continuity of the substance occurs along the ellipse and the 
hyperbola, therefore, they are very well observed in the natural light. In 
the case when confocal domain is located in the layer of substance the* 
fact that the molecules which are on the ends of the hyperbola are attached 
to the cover glass and the slide means we can clearly see ellipses. When 
the domain lies on its "side” one can easily distinguish hyperbolae. The 
molecular orientation near the ellipses and hyperbolas changes rapidly, 
i.o ; disinclination occur which are analogous to dislocations in crystals. 

The ellipses of certain domains may bo incomplete. In this case we 
3>. U have not two, but four cones of revolution (Fig. 7), which determine 
the domain. Two of the cones are based on the ellipse (their vertices C and 
D lio at the ends of the hyperbolae) and two on the hyperbola (vertices A 
avd B lie on the ends of the broken ellipse). 

- 7 - 



Figure 3. Confocal smectic texture of ethyl p-azoxybenzoate (crossed 
nicol prisms, 300 x). 

Ordinary crystals may occlude droplets of solvent. Upon heating 
such droplets dissolve the crystal from the inside and upon cooling the 
dissolved substance is again crystallized out. The droplet etches out 
inside the crystal an area exactly repeating the shape of the crystal. It 
is called "negative crystal." Somevhat similar phenomenon takes place in 
the caso of smectic liquid crystals. Upon slow heating of the preparation 
it. is possible to see that bubbles of isotropic melt, formed in confocal 
domains they have elongated shape and appear as "negative" smectic rods. 
Bubbles occur on the hyperbola. The position of the bubbles is more 
stable when their longitudinal axes are directed toward the C3D side. The 
o¿oble which develops on the convex side of the hyoerbola soon after moves 
in order to occupy a more stable position. The bubbles of isotropic melt 
have tails, along which still finer bubbles are located. One may 
frequently observe how small bubbles slip along the hyperbola to the point 
0 and there they merge into much larger bubbles. 

Near the convex surface of the liquid crystal between domains and 
..he surface a vacant space is left, which is filled by smaller confocal 
domains. Free space is in turn left in the neighborhood of these, where 

on smaller demains are formed, etc. VJhen one observes the convex surface 
fron tue top one can clearly see a hyperbola which conveys to the texture 
its design. 

- 8 - 



Figure 4. A family of Dupin cyclides in two projections. COD and A3 
are hyperbola and ellipse respectively which form a confocal 
pair. The same numbers designate cross sections which refer 
to the same cyclides. 



a 

Figuro 5. The structure of «- layer bounded by Dupin cyclides 
a. 8th and 9th 
b. 4th and 5th 

e 

J> 
Figure 6. Schematic representation of the structure of eonfocal domain. 

Smectic layers form a series of Dupin cyclides. The longi¬ 
tudinal axes of the molecules are perpendicular to the surfaces 
of layers and parallel to the straight lines which pass through 
tho hyperbola and the ellipse. In one of the layers the 
position of molecules is indicated. 
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Figure 7. 

\ D 
\ 

Confocal domain with incomplete ellipse. 

Polygonal Texture 

Smectic liquid crystals frequently form the so-called polygonal 

texture (Fig. 8). This texture is very easily formed when the slide and 

the cover glass are treated with hydrofluoric acid. It is also recommended 

to add a small amount of rosin to the preparation. In this case the 

viscosity of the medium and its thermal properties become most favorable 

for the occurrence of the polygonal texture. Upon cooling at the moment 

oi occurrence of smectic phase the preparation should be moved by pressing 

the cover glass with a wooden stick. On the other hand, in isolated 

sections of the preparation polygonal texture is formed even without these 
additional measures. 

The development of such structure results from binding of the 

smectic layers in different domains. Each layer belongs at the same time 

to various domains, and passes from one domain into another (Fig. 9). As 

a result of such an arrangement the smectic substance between the cover 

glass and the slide is separated into pyramidal and tetrahedral blocks 
(Fig. 10). Each pyramidal block contains several confocal domains. Each 

ellipse of the domain has a hyperbola lying in the vertical plane. All 

hyperbolas meet at the lower surface at point 0, which is the projection 

oj. the intersection of main axes of the ellipses onto the lower surface. 

In tetrahedral blocks smectic layers bind domains into different types of 
pyramids. 

In the smectic liquid crystal the ordinary light is split into 

two beams — ordinary and extraordinary. The oscillations of the intensity 

vector E of the extraordinary beam lies in the plane of the beam itself 

and the optical axis of the substance, coincident with the direction of 
che longitudinal axis of the molecule. The direction of the ootical axis 
of the confocal domains varies from point to point duo to twisting of the 

- 11 - 



1 
di » 

«*•. .! V-,í ¿ r 

; . 

•«í , 

f 
u- 

> *Cr 

%■< 

,,r»t\ j ...% 

f \T v'/ t. . it • v> 
Ft * -, * V <» 

,,v \-v■■ 
.1 • ,*# . L 

\ \* 4 

: .;■( içà - , é. f 

¿ ■ <*« ■ k- •fr»’1“-«-; 

/ 

t. 
-> V 

VUV-; ' 
^ Vn. 

> 
r 

**» ^ A. A- 

/ \ » 

, /* ' 

Jl 

4^ ' ■ 1 

í ' 

l.‘, i ’^S 

% 
. VAi .• s 

Ät^utlXTÄTiftu^ÄT410" 

¿7 --'O' 

9- ifc^o^rsrô^:«^ô?r 
surfaces which bound the donatasi OA.'oB. oU'^d^B^re 
hyperbolas of different domains. and 0 B» are 

ää X rays ^«ud 
-•one, obtained In thin n^or tóU o^co ‘».no. 
.'.t.Vo. The direction of their vihmtinv, • ^ ordinary nondeflected 
-is. Part of the ravs in wîJh ” Î* P^^cular to the optical 

vlbuatlon of the intensity vector^f SfelecÍrtr-Uld'11^'^0"'/1' 

"'3 VlbraU0n in tt8 comprises 90»tuid ä ."tS”^« 

- 12 - 



explains the occurrence oí the dark branches in each of the ellipses 
(PiK- lla>- If o«« observes •; e lower surface of the preparation (Pie 11M 
having only one polariser on. tu y the extraordinaiy beams will be defiected 
as usual and the iiwe of the lowe. -urface will produce the ordinary ravs 
but the dark branches in the ellipse.- „ill be rotated through aÇO^Ïnele * 
and will coincide with the direction o vibrations in the polariser 

Figure 10. Schematic diagram of blocks in a polygonal text'-e. y.:e figure 
shovís confocal domains of one of the pyramids. iABCD and •- 

are pyramids, ABO^N and CIX^N are tetrahov-a. 

Figure 11. A schematic represor l. tion of sections in a p *; -gonal texture. 

a. upper surface (A3CD — base o. he pyramid, A-A direct . of the vibra¬ 
tion in the analyzer; b. lower si ; ace directly under the . CD section 
(P-P direction of vibration in th p olariser). Part of t » ellipses are 
apparent which are adjacent to p;. .ds, the bases of whicHie on the 
lower surface of the preparation. 
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Suriace Texture of Smectic Drops 

In preparations fonaed without a cover glass smectic drops have a 
dar* axial cross when placed on the slice and when the nicol prisms are 
crossed (Fig 12). When the quartz plate KR-1 is introduced between the 
crossed nicol prisms of the microscope the interference coloration of 
crystals becomes the same as for the spherocrystals with positive sign of 
elongation [13J. In the case of crossed nicol prisms the large and Sain 
arop is not visible at all. This indicates that the smectic layers are 
parallel to Jie glass, and that the optical axis is perpendicular to the 
sur ace of the preparation. In small drops, having a convex surface, the 
layers are somewhat curved, so that molecules perpendicular to the surface 

hSi7ftn+SiqU?ntly ^ 0ptî'Pal 0x18 of the layers), are at some angle to the 
horizontal plane. Thus, the preparation, is transparent and onlygin those 
places where the direction of the optical axes coincides with the direction 
f tne oscillation of light in the analyzer and polarizer quenching takes 

place. This explains the occurrence of the dark cross. On the surface of 

C°"°PS a t6XtUre is frequently formed which masks the 
dark axial cross. If the preparation is slowly cooled by means of an air 
stream, such texture will not occur even on-the surface of large drops 
Figure 13 shows the occurrence of somewhat smaller droplets which have’ 
not merged in the isotropic melt of a large drop of smectic substance. The 
droplets which float in the isotropic melt do not have the dark cross In 
the presence of the quartz plate KR-1 their interference coloration ’ 

°r d®fr®ases Spending in what quadrant of the isotropic drop the 

ÜP?n rapid coolin6’ such homogenious smec¬ 
tic drops smectic rods also occur in the isotropic melt as well as the 

th* (Fie‘ 1U)- Up0n COnt*Ct of * '«ith . smectic 

It is interesting to note that rods may also occur inside of the 
large homogenious drop, if its surface is cooled and vibrated by means of 
an air jet. However, one can hardly assume that here transformation of a 
section of a homogenious drop into a smectic rod takes place. ApparenUy. 
the homogenious liquid-cïyste! layer in this case exists only on the surfice 
of the drop. The inner layers, however, consist of isotropic melt in 
hxen rods are nucleated. When the cooling ceases the rod decreases in f ^dually disappears, or is immediately converted into a surface 
.exture. Generally, during such a rearrangement several domains of surface 

r.0? ^T0 fomed’ the number of which depends on the size of the rod 
.1.5 snows the manner in which the rearrangement of several rods into 

sinuaco texture takes place. The observation of the domains of surface 
texoure in the polarized light showed that they have contrafocal structures. 

a group of such domains, if they do not occupy the whole surface of 
,,,,:¾ ff1 m?vo al°ng Íhe surface of the drop. As the temperature is 
u.wocsed the viscosity of the smectic substance increases and the motion 

‘ I raSl'n* ^ ba moved by a strong air jet. In this case 

(ns Ï6) . ^ a “ tha of 

the 
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Figure 12. îî P-MKayboniMt. th. dark axial croa, la 
naakad hy tha donalna of surfaca taxturT(2(»x): 

Figure 13. hOT02«nioua amectic drops at 
(300 x). r the edge of a large drop 



Figure 14. 

Figure 15. 
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Figure 16. Traces left by domains which were moved on the surface of 
a supercôoled smeotie drop (crossed nicol prisms; 450 x). 
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Figure 17. 
Symétrie figurée formed by domaine of eurface texture 
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drops «Sh* ZfSTS.0b‘^ïï Sir'n P»“1««»» « th. 
textura sre spontsneSîr' arrLef ot ^ 
resembles the Symmetrie erreng^nts^TflMtffi..^!; .17 "hlch hiehly 

Multistep Drop]*t* 

shsp., St« äs*: urtiÄvr*1'*^ h‘” 'ph,ric*1 
example freshly cleaved along the cwLî pÏÏL^Î"1 ^ f?°0th SurfaoÄ (fa 
characteristic multistep drops are formed (FiT iS 
drops is a result of multilayer smectic limHH*«18 + ocöww*ence of such 
each step is equal to a multiple of th« th? crys^,a^s* The thickness of 
layers (equal t\ the lêÂ^mS.*^ 
generally not smooth, but they contain v«w f^« ;E , Í ach 8teP «*® 
mechanical vibration of the surface of th^ Íne C0n^0CA^ domains. During 
slippage of individlTlXS:: .ISS0” Z ** 
is apparent also «hen the drop U nStSS rf* "?Uon ot 
«hen solid crysta. are möted ^süStlfdSpf^e^^* ^ 

due to the SssaMSof^úrttSsShÍoSrMMmSítL”*“««*’ ,ppll'*nUy> 
thus separating one step from the other. aoouniulatad <» the surfaces, 

Figure 18. 
Multistep drops of the smecUo phase on a olean mica surface. 

\ 
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O'1"*“1 1» * »finit. 
koww», only In th. nu^kmt cl^nit^Ä.S*i*' ^8 5*Ppim5’ 
Pnrtod of th. orysUl UtticTma th^.l^rí??’ ip "?8t8 *>*1“«" th. 
liquid orr.taT: a. dííu^.n.^^ "íirT of ^8 “«t1» 
mately equal to one of the 1.++^ «eön ®ectio l«y«8 must be approxi- 
of th. solid orySîIl “P0“*» »* th. ol.sv^ 
molting of «thyl p.sio>yclnn«S. slon» possibl« during th. 
a talcum crystal (pig 19) rn av. ¢010) plan, of th. olMTag. of 
roctwignltt «nd thw fl« llJ« ?“*' * mKtí<¡ »«It ar. 
between th«. e.Ztto” ^008 
crystallographlo diMoUonrand oouÔaliîîï “■•alvay* paraUel to 
(100) direction of tUouTflj? ^°81 8X18 ^ ^ ,tr*“ i» paraUri to 

r 

Figure 19. 
UqSÂTïs5 ?or^iC!; ^8 str«m of . «.otic iiquia crystal is formed during melting of solid crvstrf«, 
ciystal"*803Qrclnnamate «t th. ol.av^e pi«, of th^Sí^i 

Smeotic Single Crystal« 

betweenLtorsîSîSwd0the8SwîrglMsS,tteÎÎieaSbôf*thÂ bô f0""8d optical axis has constant Inx? ?f these sections the 
the preparation must be cooled slowly Stroducin ‘th1” 0rd!r.to obtain this 
edge. Under those conditions owtf seed fron the 
ing. When the preparation is then + ffng^e crystals will be grow« 
crystals seoUms ^ foS« tÍÍ^hâ^ ““îî10 “Ut* H^d 
Of crystal sections. Each of these larri Trt^ ^“etly «“»bles the shape 
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picture will correspond to the interference figure of 4 monoaxial crystal 
plate. All of the known liquid crystals of smectic type are monoaxial 
and have positive double refraction. 

Since the homogenious smectic liquid crystal consists of elongated 
moleciûes oriented in one direction, one should expect that rays, the 
vibration vector E of which coincides with the length of the molecules, 
will be absorbed stronger than the rays the oscillations of which are 
normal to the lengths of the molecule?. It is quite natural that the 
absorption will depend on the direction of the propagation of rays in the 
specimen. Thus, during the investigation of a homogenious smectic liquid 
crystal of ethyl p-azoxybenzoate in polarized light (with one polarizer) 
one can easily detect pleochroism. During rotation the preparation changes 
its coloration from dark yellow to white (dichroism). In disoriented S 
specimens (confocal texture) and without rotation one may note that 
differently oriented sections of the preparation are colored differently 
Pleochroism was also established for other smectic liquid crystals. 

The presently known smectic liquid crystals are incapable of rotating 
the polarization plane of light. Thus, to summarize, one may say that in 
optical respects they possess all the properties of monoaxial crystals. 
According to Shubnikov [14], homogeniously oriented smectic ciystal or one 
singio crystal domain can be assigned an assymetry symbol (m.o*:m) of the 
indicatrix family for monoaxial crystals. This is a limiting symmetry 
group, having one infinite axis, designated by the symbol(*, one transverse 
axis, a center of symmetry and an infinite set of longitudinal symmetry 
planes m and second order axes. ^ ^ 

i. ^ Lôt in conclusion the optical investigations of smectic 
liquid crystals give us, as a rule, only qualitative information 

fï0m coinPlexlty of obtaining uniformly oriented 
smectic media, the necessity of rigorous temperature control and finally 
mobility of the medium. This also explains the almost total absence of 
the theory of physical phenomena, observed in smectic liquid crystals It 
is quite clear that success in this direction, and, finally, the practical 

S°e0Lp"t^,Uid 0iyStalS C“ b# ‘0hiOVSd on^ * ««■ Of qÄ? 

2, Nematic Licuid Crystals 

lat us recall that molecules in the nematic liquid crystal are 

f,sinel! ^finite direction. According to Friede! [l] two 
different variations of the nematic crystal# exists nematic proper and 
cholesteric. The second variation differs from the former in that the 
structure of crystals of the cholesteric type is spiral. They shall be 
considered in a separate paragraph. At this time let us consider nematic 
liquid crystals proper. 

Liquid crystals of nematic type are formed by such compounds as 
p-azoxyanisóle ^ 
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CH.-O-Q-N^N-Q-O-CH, 

1!) 

of a loi* 

«hlch ar. mobile and very weU virtbU in n^S ûlht ?^ 

fÄ-ÄÄ js - - 
»äää 2: äÄ“" ^ - 
dark spot. .. nuclei. When tS preparation is rtwed “ 
current off one may not, two types of nuoUit iS JS r 

that^ar^brancho^emanate^from Sê êSS^ThSfêêê'thor* "V^* 

ÄrSsSÄÄiS * 

SêoÆïïê/srsês pS^rsVe^êfSrt £;s^r°? 
thsirsrot.Uon is in the Opposite dSêoSoSêoSêê ÄÄ.Ä 

ä5“ 

tribution about these nuclei are show Mole°íLar dis- 
are determined through the theorv of ni „c-m < P* Those configurations 
developed by OseS SlSêdSêSk Htf SCUy ? nm‘Uc lll!uid «yatds. 
n and I which Sêê êSetê^ Sît SvÍ íS.S? tT™ S parflIaetora ' 

»^nêoiWfÂf:^) Sê émisai 

tte fact that in thi proê.êêT^of “ÂSSêS^sî^7 

siêrSbêiêêtSêSssêiVê/Â^í0“of dus? 
shall become inhomogenious.^SS SntbSiu^ i.0^8*'*15 in 0118 p1“* 
crossed niool prism!, onêSay sêê êêS ÄSSls^SnSS” ‘““’T 

ssrÆtÂêê^sêarurnuïi“ snr 

Â*êê Äpää ""æâ s- 
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Figure 20. 

Figure 21. 

I 
i 

Droplets of a nematic liquid crystal of p-azoxyanisóle. The 
solid crystals are growing in the lower left corner (nicd 
prisms are crossed; 120 x; 

Dark threads are noted in the liquid crystal phase of 
p-azoxyanisóle (natural light; 80 x). 
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Figure 22. 

Figure 23. 
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Dark branches emanating from the nuclei are the places where 

(ÎSn^naü°nS aPPear At SUrfaca of the preparation 

Hm*t;*y*f t‘'f 

Hm*y> 9‘*$f H~*I* ¡ 0-*tf, 

Orientation of longitudinal molecular axes near nuclei* 
n and C are parameter of the equation which describes the 
molecular ordering of liquid crystals. 
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th« 'Z*. SÃS Í" of 
«surface disindinations«¿bse^Tw S S1" ^ contrast to 
The disirelinations of the secondty^aro Sthe^d^k or 
depending on the orientation of disinclS!«oí. or,lifht ^68 
disinclinations are shown in Fiaure^ tÎÎ *?*“ ^0°1 Prisnso Such 
nematic preparation is set to exH«*n<lk ^10 ^fonnly oriented section of ^ ¿¿* 
glass). suriaces of the specimen which are adjacent to the 

] 

^ Ä“ ss-srÄ.^““—of 

Nematic Single Ovst.al « 

tion of oriented, singlefcrystalTtyoe nematA^Í mri achi1eve the forma, 
tudinally oriented layer S^uSid^rvâSlf? ^î1? ^-22^ l»el- 
slido and the cover rfaL are r^hJ ^ 1f 0bt*iMd “ »e 
in one definite direction. The cover yiï-t ?i0°i of .I’*per or cloth 
the direction of rubbinr would coineidf f_i .p]'aeod °n the slide so that 
placed on the edge oflh.“ «r SS Ä f * “'“o 
melting of crystals isotropic melt is’drawn between1^!™11?'1 durinf.th* 

^d ä C? 8ih‘.M“ ^0. 
crystal platelets, cut ¿alld tc’th^pti^ LS* Properties of mono«! 
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thoroughly washed in acids and dried if a thîmôatf * ï?St b6 
sequence is recommended for glasés first i£ Í* T?5 f°P-owing washing 
water followed by a nitric acid wish sulfuric acid and distilled 
which are melted between the washed elass^Sü WaSï*, The estais 
layers. The optical proowties of thÜÍ / «ingle-crystal nematic 
of the platelets of a monoaxial crystal to 1116 ProPerties 
axis. ^ crystal, cut perpendicular to the optical 

Figure 25 showfhofÍ^nudinSy”^ ^ïîlfo^fefr*0^*’1^0* 
p-azoxyanisóle layers are growing. 7 orient«d layers of 

The ^ iS Cl0Se t0 «tlnotl«,. 
ilying arrows and are ewSSnS "s fôïw T '"»W »PPear as 
the path of the crystalutää« ?ronf 0bSt*0l<, W«1« 1» 
glass — Immediately two volume disinciTn.« * p t^e1®3 or «ratches on the 
nuclei occur on th.'upper^^“"^ “nts^ 
is not elongated, makine it aonoar ac u I* dlslncHnations 
second disinclinationcontinuefto movf aïfn in °ne Place* The 
front of the growing crystal Tn a^°?g the crystallization 
surface disincliSïfon if ” doing+f° At leaves behind it a track - 
extinction, surface disinclinationfon*th«”1’ placed in a Position close to 
the specimen are clearly apparent in the fft!2P6£ ??d.th® lower surfaces of 
The occurrence of "arrowheads'* in th««*« a * °* ^7111^ arr°ws (Fig. 25a) 

that the orystallisa^LaU^pS’tr?1^ places vihere arrowheads occur we observe thA-i* «, * -scaped. In the 
angle witii respect to the line of vision Tf ^afes» located at an 
tion is not vertical, then the surface M1?° ï?ving v°lume disinclina- 
the lower surfaces are located not diree+lvnC^ÍnatÍ°nS °n the uPPer ^ 
tracks, left by the volume disinelina+'i k °ne 0pPosite the other and the 
acopo stage is^oUtld « « ^ 
transparent «d th. ^ows appear d«-k on to. 

period 0? So;0rlth0ê™cleiPmó^iw/HSi'10lln‘ltÍOn sxi3ts fon a short 
disappear. The surface disinollnations^^wiDod'*^*"'* Up0n eontact they 
Orion tod singlo-orystal nematic layer is obtained In^oÔort SUît|00rr,Ctl!r tions surface disinclined nr,* «“tainea. in nonoriented prepara- 
tions. do not SsapS„? n5' ^ t»“» of volume dlsiniltoü 

disinoli^sf1 toe^rom'eSeriL'J5,0 ^^tly of vol»,. 
section of the liquid crystal adjoins the^lwsf^®3 fs)™ V"ShfL*? 

on the glass or foreip, p jíiS« Lto U d‘f««t. 
regardless of whether^, pítp^ion il 
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Figure 25. Growth of longitudinal (a) and normal (b) oriented nematic 
layers (120 x). 
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Pieur. 26. Ih, occurrence cf surface disinclinations in the place «here 
ÍSÂ-Sh,P,d "y*1*111“««' ^»nt of the UqSid crystal adjoins the cover glass. wo«**. 

disinciin^r;"^ Ä^ci s: 

Ä “*"• ^ BUltlpl* “1U»* *"d orystalllaation 

ÍSA« ^«no^aliy oriented nematic layer develops somewhat differently 
( ee Fig. 25 b). Its skewed crystallisation front is well visible due to 
perpendicular orientation of molecules to the surface ündir cro^eï 
prisms the normally oriented layer of liquid c^t^'is^“ ^°1 

If the temperature of the preparation is close to tVw* +•*«*»«<+4-. 
point of crystals into isotropic liquid, in the dark field^of îîsioÎ 0? the 
mi£»s3,T *** 0Ï>Î^,• ^Sht blinking points. These Ir. 
microscopic l^rers of the oriented layer uhlch due to thermal SuotSatlons 
n^ri^ the dlrootion of their optical aids and become visible for a certain 

K Ärfif.).0“*1“1 °f SUCh thf„rp^Ä- 

by the «c’u^^f^Sc^ÄXIIhÄi^ÄtiÄ- 
In the case of slow growth of the crystJ in Ct o^.^îtâîîJü» 

o^taSauSffr^'toa^»!“'*00^’ ^°11 B,rg* ^ ^ «necming crystainzation front (Fig. 2?). Each drop contains volume disinclinations, 
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and if the latter is perpendicular to the surface of the glass, then the 
drop has axial cross when the nicol prisms are crossed. The occurrence of 
çherica! nuclei frequently occurs in the same place in the preparation 
When the preparation made with a cover glass, i.e., when due to the large 
temperature gradient turbulent motion of the substance takes place, one 
may observe how liquid crystal nuclei having reached a certain size tear 
away from the place of their occurrence and are carried by the stream of 
the substance into the liquid crystal mass. In the place of the previously 
thaPfafft^tha+Cs"ÔU+ a ?6W ?na iS ff>med* In such a Manner one makes plain the fact that isotropic phase nuclei inside the liquid phase crystals 

PX“*S ^ pr*par*tion "P“ 

.1«.. »olMules of nmaUo Uquld orystol .re greítly tóherent te the 
Si! i If,/°r üie cover glass is moved, the boundaries of indi. 

singJe costal sections of the preparation double. This indicates 
that the molecules of the upper layers are adherent to the cover glass* and 
the molecules of the lower layers are adherent to the slide. Such 
Pect^nniÔ!f0+vim0leCUleS+îid in Preserving the shape of individual 
uectxons of the preparation when it is transformed into other phases The 
i«1?*?116? “7 aí0rir‘E to walls Preserve their orientation and 
in turn have an orienting effect on the bulk molecules. When the crystal 
is transformed into isotropic liquid, and then cooled again into th^ 
nematic state, the shape of the liquid crystal section is almost unchanged 
The same occurs during the melting of solid crystals. The orientatio^or 
individua! liquid crystal sections of the preparation is analogous to the 
orientation of polycrystalline grains. 

Figure 27. Droplets of nematic phase near the crystallization front 
of liquid crystals. Isotropic liquid is at the top of the 
figure and the liquid crystal, oriented and extinguished 
under crossed nicol prisms is at the bottom (80 x). 
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The foreign particles which accidentally are introduced into the 
nematic preparation, participate in Brownian motion- without the disruption 
of the optical picture. The molecules of liquid crystal can also be trans¬ 
ported from one section of the preparation into another, acquiring the 
orientation of the latter. This indicates that the position of both 
molecules is determined by the orientation of molecules which are adhering 
to the glass, and that in the inner regions of the liquid crystal there 
exists a high fluidity. 

The nematic liquid crystals do not possess optical activity. How¬ 
ever, the rotation of the polarization plane of the transmitted light may 
be produced by artificial rotation of the cover glass. The screwed 
deformation of substance which occurs upon such rotation indicates strong 
bonding of the crystal molecules to glass. The "twisted" substance becomes 
optically active. The angle of rotation of the polarization plane is the 
same for any wavelength and it is equal to (up to 90°) the angle of rota¬ 
tion of the glass. When the twist angle exceeds 90° the sign of rotation 
changes erratically. For example, rotation of the cover glass clockwise 
through an angle of 100° corresponds to the rotation through an angle of 
10° countorclockvd.se (through an angle of 80° clockwise from the initial 
position). 

This phenomenon is observed in convergent light. The oriented 
sections of the nematic preparations produce an excellent conoscopic 
figure which does not differ at all from the picture obtained from the 
ordinary monoaxial crystals. Upon induced vibràtions the conoscopic figure 
vibrates resembling the surface of jelly. In observing the twisting effect 
of substance a ring made from a cork is placed upon the objective the face 
of which is glued to the cover glass. By raising and lowering tubus of the 
microscope one can slightly change the thickness of the liquid crystal 
layer. Upon rotation of the microscope stage the liquid crystal is 
twisted and the conoscopic figure rotates in the same direction. As soon 
as the angle of turn exceeds 90° the conoscopic figure is rotated sharply 
into a symmetrical position. 

The nematic crystals are easily oriented along the cleavage planes 
of different crystals. The distribution of individual sections of the 
preparation follows a strict order (Fig. 28). 

The investigation of liquid crystals in convergent light showed 
that they are monoaxial and have positive optical signs. Consequently, 
the optical symmetry of nematic crystals (single crystal domains) belong 
to the same symmetry class m* oo :m, as the symmetry of smectic crystals. 

Double Refraction of Nematic Mesophase 

The magnitude of double refraction of liquid crystals is generally 
very great. Thus, for example, for p-azoxyphenetole the difference in the 
indices of refraction of the ordinary and extraordinary rays An« (nd-n0)« 
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*0.37. Let us remember that for such strong double refracting ordinary 
crystals as calcita and sodium nitrate, An is equal to O.l? and 0,25 
respectively. The magnitude of double refraction of liquid crystals changes 
vdth temperature. For the determination of the indices of refraction of 
liquid crystals the prism method can be used. The homogenious liquid 
specimen is prepared between two previously ground glasses, arranged at 
soma angle to each other, so that each crystal would have the shape of three 
face prisms. By moans of a goniometer measurements of the incident angle 
and the angle of refraction of ordinary and extraordinary rays which leave 
a liquid crystal prisms it is possible to determine the index of refraction 
with accuracy to the third significant figure. Figure 29 shows refraction 
curves for p-azoxyanisole [18, 23j. It is apparent from the figure that 
with increase of temperature the index of refraction of extraordinary rays 
decreases, while for the ordinary rays it increases so that the magnitude 
of double refraction An lowers and at the transition temperature of the 
liquid crystal into isotropic liquid (135° C) it becomes equal to zero. 

Dichroism 

:îany liquid crystals display a strong dichroism, i.e., they absorb 
rays differently which propagate in different directions, .and the vector E 
of which oscillates in different planes. In viewing disoriented rrepara- 
tions of p-azoxyanisole on the microscope (one polarizer with analyzer 
turned off), one can easily convince oneself that differently oriented 
sections of the preparation (optical axes of which coincide with the 
direction of the oscillations in the polarizer and are perpendicular to 
those directions) are colored differently ranging from dark yellow to white. 
When the microscope stage is rotate through an angle of 90° the coloration * 
of each section changes to the opposite coloration. The dichroism 
phenomenon of liquid crystals, as shall be shown later, is used in tech¬ 
nology for the production of polaroids. 

Light Scattering in Nematic Mesophase 

The fact that nematic liquid crystals scatter light (become cloudy) 
is extremely important, not only in the nonoriented form but also in the 
form of single crystal films [20J. The intensity of light scattering 
decreases with increase of the angle <p between the incident and the 
scattered rays. It was established that vector E of scattered light 
oscillates primarily in the direction, perpendicular to the direction of 
osciUations of the incident light (Hp). Thus, for example, if Jon are 

íic*\lie in the scattering plane YZ, and J6D are oscillations 
which lie in the plane XZ, then for « 90 the depolarization coefficient 
IS 

K =* J /J 
op' ep 8 
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pendanco ^"Srîndîx^f^îfrâcti^on3!^ lnto account the de- 
infomation for *rod™a ^bl. v 
Presumably the »ecumulatlOT S etterlientS îîf^îfî? °f liquid 
refinement and development of tSs theo^f- d ^ ^32 •nabl* farther 

Figure 28. Orientation of nematic chase of « 

th. freahly oI«vM pl^. of r«n¿í°(^““lt0lUidln* 

Figure 29. 
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Spectral investigations of liquid crystals also offer promise Let 
us note that the visible and the ultraviolet spectra of liquid crystal 
phaso differ slighUy from the spectra of the isotropic phase of The given 
substance. A much more sipificant difference is found for the Raman 
and nï\h W. Here the spectrum of the solid substance 
Ibtení "*“atic Phase «s 124? cm-1 line. This line is totally 

r , 8p0ctr¡f °f isotropic melt of p-azoxyanisole. This means 
? S* n6matic P^se is more similar to the solid 

crystal phase than to the isotropic phase. 

,. , jExtremely interesting work has been carried out recently on infVA>.«d 
dichroism of p-azosyanisole by Maier and Englert [25, 26]. They investi 
gated piene polarized light, the oscillation of which in one case coincided 
S thehîattiïClP^ ^68 °f «olecules and in another case was perpendicular 
to the latter. It was found that the obtained data can be used for the 
valuation of th. d.er.. of orienUtlon of mol.oul., “ Z£l.. 

3. Cholesteric Liquid Cryst^T s 

forra(ui «y**1*. « the nmo iuçU.s, ar. 
formed by th. derivatives (esters) of sholesterol t3iol.steryl dmamat. 

HjC 

HjC 
CH, 

CeHj-C-O- (X) 
/ 

CH, 

—CH—CH,—CH,—CH,—CH 
\ 

CH, 

0 

example of such a compound is amyl-p.(4_cyanobenzylideneamino)-ciráam^te 

NC—{ 
-CH=N-/^\_cH=CH-COlCiH„, 

which forms a cholesteric phase at 95-105° C. 

torture15^8 ^lln! Kf iSOtI?plC "6lt <*°l«t«rio crystals form confooel 
i T?‘ Subsequently one may conclude that they are also 
smectic* ÍLrílr“r(th*\*UOh ^ C^stals «» bfoSLS L smectic. This, however, is not so. First of all we know of no substance 
^dCnJ¡°Hd k” the aPPr°Priate temperature interval; form both cholesterii 
+fl„atic pífs°s* At 8ama time many substances are known which at a 
temperature which exceeds the corresponding interval, are in the cholester 
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S-S»‘»’ÄS “S ¡ÄWÄÄV 

sS ÄTJ “• 
in cholesteric structura The uAoe^f ^-011 positioning of the molecules 
layered structu^T h£!' xS if ÎÎ. Î.ÎÏ “P^*1 P8*2« ^terained its 
«h.™ 4 „d r^. 080r?^t*‘- 
th. OZ direction in .ccor<uic. with "* 'plr*1,d *"* 
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Fienr. 30. ^«^ur. of the chol.eteryl cinnmet. (cro.,tó 

ie equal to the iiolecauJ Xengtt'doJfÖi)^^?^*? °í i^*!^•^, of >,htch 
thickness of th. layer, i. “te. orto of SoM* 
explanation for the formation of confoeal Consequently, a possible 
is shown on the diagram in the Fleura w» domina in the cholesteric phase 

molecules which detienes îhe Ä^cSieÄ^* °f 
only along the cones AC, BC and BD. In contrast to «nao+^î*”0? iS 8hoWn 
aoleculee h„. are arrayed ln ^ 
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¿ät ÄftÄrÄ-.r“““1- destroyed and planar texture is produced which 1« 4n fa»f i , 

fi;s!4FÆ^s?£S 

^ Tt ihTcÄ r” 

EiEâÆ “P Ä?r^L 
Felina«» +k< *u^‘ ^ •,*. Tliese ^«bons later may become very thin 

âI-âSSâ äätw 

=iSn TJ"' tha ?«'* 
niçois it appears colored. »hLe“ e ‘oUrÄ«‘not ch«« f r?f ^0SSad 

ïfoÂtuir ÄsrcT;iS/“di“Ä 
be measured if one places the cholesteric^ubst^6 p°'*'frizatiorl Plane may 
and a convex lens. The Índex S í°tK8en t pU±n sl*ss 

r^le^nVSi’opÄÄ? S: S!8 
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a 
Figure 32. Confocal demains of cholesteric liquid crystals. 

a. representation of structure (s — thickness of the layer 
or the pitch of the spiral; b. schematic representation of 
the molecular distribution in the plane raonocrystalline layer. 

.. Usin? a ^ dijphrapi (Fig. 34) [2?] and white light a photograph 
of the spectrum of amyl-p-(4-cyanobenzylideneamino)-cinnamate an extremely 
interesting appearance. Figure 35 shows a graph of the specific rotation 
of the polarization plane which corresponds to this photograph. We can see 
that an anomaly exists for the dispersatory rotation in the visible region 
of the spectrum. The specific rotation of the polarization plane is 
extremely high and reaches 3200 degrees/mm. For certain substances 
roUtion may exceed this value reaching 60000-70000 degrees/mm. This may 
be one of the most phenomenal properties of liquid crystals. After all 
the specific rotation of the polarization plane of rodinary organic liquids 
hardly over exceeds 300 degrees/mm. The same may be said about the 
ordinary crystals. 

f _ SucJ strong optical activity cannot be explained by the ordinary 
rotating ability of molecules. It apparently results from spiraling of 
the structure of cholesteric liquid crystals, i.e., regular "rotation" of 
molecules during their mutual packing. The theoretical optical model of 

/ t2,e’*fnabling exPlanati°n of its optical properties, 
in the first approximation appears as follows. Let us imagine that the 
plane cholesteric texture consists of doubly refracting platelets with 
ndicos of refraction n© and n0. The platelets are placed upon each other 

in such a manner that their central line describes the spiral with pitch p. 
In this case [28j, according to the electromagnetic theory of light, the 
magnitude of the optical activity of cholesteric liquid crystals is 

a = --4,5 • 104 • na JL 
X» 
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Figure 33. 

n 
V 
% 

õ 

Transition of the cholesteric confocal texture into danar 
texture. 

a. layering of structure with the formation of ribbons 
(crossed niçois, 100 x) 

b. thin cylindrical tubes on a background of uniformly oriented 
cholesteric layer (120 x). 
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Here A is the optical activity in the direction parallel to the axes of 
+tkUCïUî!’ n is doubl® refraction of the unwound medium and 

p is the pitch of the screw, equal to 2s (see Fie. 32) This eauatto* 

£29^30] reSUlts Which in g00d with the experimental data 

j™* the electromagnetic theory it follows further that there exists 
a definite wavelength îL, at which cholesteric substance selectively and 
intensely reflects circularly polarized light. ^ 

X°= Pn’ ^61,0 n = (--'"í-)- average index of refraction. The refraction 
is great in the region from 

(l - f ) to *. (i +!•), lrt,ore a =, (ÜÎ^ÜL) - is th. rel.tivo doubl. 

Boyond this region the refraction greatly increases. In 
actuality the sign of rotation of cholesteric liquid crystals changes with 

tionSof°thflh0 “gth’ 1° tbe overa11 curve for the specific rota¬ 
tion of the polarization plane acquires the form shown in Figure 36. The 

deneîdsgon iST?0t Sam0 f0r ^^nt substances and it 
copends on temperature [25J. It can exist not only in the visible but also 
in the infrared or in the ultraviolet region of the spectruT In ¡ naíroÍ 
spectral band (for cholesteryl propionate, for example AX «0.02u) 
in the neighborhood of X the light which passes through the plane ¿hofesteric 
texture is strongly reflected (scattered), and the wavelengthof this band 
pends not only on the substance and temperature, but also on the angle 

between the scattered beams and the incident beams. As its angle ideases 
the wavelength of the scattered light decreases. Therefore, in white 

u ? al>p“œt ^ pl*n =¿0l«wíc 
the ^facc is^oWvS^: deP°"d3 ® the »gl. ,t which 

*S VSry interestinS to note the changes of coloration when one 
observes at a constant angle but varies the temperature of the preparation 
Upon cooling in air the temperature gradient is formed. As a result of 

the ad™. nÆ r °f ? pr0paration one may se® isotropic melts, along 
ihe edges of the coyer glass - solid crystals which begin to groi. and 
between these two phases — cholesteric liquid crystals. If the confocal 
texture is converted into the plane texture (for this it is sufficient to 
prees egaiuet the ever glee, with « .tick), one mayobsc^elenl^y t0 
formed structure glowing with all the colors of the spectrum. In the heated 
P \T ha™ blue-violet coloration, in the cooler^iaces adjac^î 
to the solid phase - red, fixed solid phase - red color. J 

A definite relationship exists between the structure of molecules 

Si rotatî°î of tho polarization plane. We know that each 
lesteric liquid crystal depending on the wavelength of the light rotates 

the polarization plane to the right or to the left. If the expound co»Ísts 
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of molecules with the right structure and if the wavelength of the 
incident light is less than the wavelength of light which is scattered with 
maximum intensity« then the polarization plane is rotated to the right. 
However, when the wavelength of the incident line is gradually increased 
then upon the passage of the beam through the maximum scattering the 
rotation becomes less. For levorotatory substances an inverse relationship 
holds. There is another very interesting fact. The light, scattered by 
the plane cholesteric structure, is circularly polarized (to the right or 
to the left) upon illumination of the preparation with light, polarized in 
such a manner, the following effect is observed. If the dextrorotatory 
liquid crystal is illuminated with light, circularly polarized to the right, 
the light would be scattered without the change of sign. This contradicts 
the normal effect, which occurs upon illumination of nonliquid crystal 
bodies with polarized light. The circular polarized light to the left 
passes through the specimen of the dextrorotatory crystals without the 
change of sign and without any significant scattering. In other words, 
dextrorotatory choleosterio bodies scatter the right circular components 
of the incident beam and passes the levorotatory component. 

i . 
öbemp bPlnp 

—j 

Figure 3^. Spectrum of amyl-p-(çyanobenzyladineamino)-cinnamate. The 
pairs of symmetrical lines correspond to the even rotation 
of the same sign. The spectrum of helium is shown below 
for comparison. 

Important information about the nature of choleosterio liquid 
crystals was obtained upon the study of mixtures of substances [31-33]. 
For example, in a mixture consisting of 2.4 parts of amyl-p-(4.cyanobenzy. 
lideneamino)-cinnamate by weight (dextrorotatory liquid crystal) and 2.7 
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parts by weight of cholesterylbensoate (levorotatory crystal) it is aither 
levorotatory °r (Jextrorotatory amending on temperature; When a definite 
temperature tç is approached the optical activity decreases. At the^oint 
tQ it is equal to zero, optical activity becomes positive, and the mixture 
acquires all characteristics of the nematic liquid crystal. This witnesses 
to the fact that eholeosteric liquid crystals are in actuality a variation 
of nematic liquid crystals with spiral structure. variation 

The paradoxical properties are displayed by a mixture of amyl-p- 
(^-cyanobenzylidenaminoj-cinnaraate with nematic liquid crystal isoamyl.p- 
(4-cyanobenzylideneamino)-cinnamate (which does not rotate the polSiza! 
tion plane) When the concentration of the former, optically active 
component, is increased the optical activity of the raixturedecreases 

obsei,ved for other mixtures of substances, for example,' 
StZ0Xyanisole fnd cholesteric eholesteryl acetate. The optical 
activity increases as the amount of disymmetrical molecules of cholestervl 
acetate decreases and the amount of symmetrical molecules of p-azoxyLiisole 
increases. What does this all indicate? This first of all indicates 

0ffîha rlariZati0n plane hy cholesteric liquid 
ftÎT+hî18 ? pe?ds °2 8tructure of the aggregate of molecules and not 
on the molecular structure itself. This is very convincingly supported 
by the fact that nematic liquid crystals can be easily converted into 

- 40 - 

f 



cholesteric crystals by the introduction of a small amount of optically 
active component into it. which in itself does not form liquid crystals 

0fnSUCí/ nixture may be p-asoxyanisole with a small amount of 
llv? i LiqÜd ^Xats. which precipitate from the isotropic 
melt, have layered structure (Fig. 3?). and individual sections of the^ 

ÍaI! structure (Fig. 38). The latter is apparently 
the result of the spiraling of the structure of the substance. 

Figure 37. Liquid crystal spherulite of a mixture of 
with rosin (crossed niçois, 120 x). 

p-azoxy anisóle 

1 crystals just as nematic liquid crystals 
* r n * rfACa0f S°Hd Crystal* ln ^ casa the former 

t ! spiraled nematic crystals) have lower symmetry of optical 
properties in comparison with smectic and nematic uncoiled llcuid 

oÄioÄ? 8yrtry gr0Up coincidôs with the symmetry of rotation of the polarization plane and is subordinate to the group 7 

^ lyotropic Liquid Crystals 

Many colloidal systems produce formations which are similar to 
nematic, cholesteric or smectic liquid crystals. Such systems a-e called 
lyotropic liquid crystals, and they include for example many aquiovsly^te 
of soap, tobacco r.osaic virus, and certain polypeptides. lyotropic 7 
crystals are foried in the process of dissolution of solid crystal!ine 
substances [35]. As the amount of solvent increases the sysïï at/^t 
becomes smectic, then nematic and finallj^ isotropic liquid system. ' let us 
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Figure 38. Periodic texture of a mixture of p-azoxyanisóle with rosin. 
a. at the edge of the preparation, 
b. in the center of the preparation (crossed niçois, 75 x). 



Figure 39. 
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Periodic texture (a) and liquid crystal spherulite (b) of 
poly-y-benzyl-L-glutamate (photograph of Robinson) [29]. 
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note that many substances form liquid crystals of + 

SS“A“~- *“ a SL„ 
of lyot^p“u“S Srî.ÂV8f 
solutions of potassium^oleate Le Î6 Wat®**-«lcohol 
soap.» if a drop of such a solution^! ^ ^16 nane potassium 
cover glass the/afïer sIvLL ^ ÎÂ1 alido ^ a 
smectic lyotropic liquid crystals befri« tn 5 °f ^?e cover glass 
center of the preparaSonT?eSLe i^fLmS^i^I* ^ a0Ser to ^o 
similar to spherocrystals (Rig 4ob) it s c * +^6 'dilch are 
in pairs from two points. locLdmL 11 "oticoabl. that domains begin 

My. “ift at » aignificant distance fí« eacf ot^r'' Wh»*ÍÍ"“ pilnt, 
such a domain is not impaired by the neifrhhr».-! .^611 ^16 grovrth of 
shape of the body of revolution^Fig. ^^h^^ domains it acquires the 
increase it comes in contact with thé glass its smaríf18!0”8 °f ^16 doraain 
to the axes of the domain, begin to cull into^LsT^idî^®1,8’ P«rPendicular 
result a more complex structure is form«H /um c^c^des' ^d as a 
described texture are not stable* in fhf Tha domains of the 
of the solvent they begin to stratify (Fig 
xormed which frequentlv consist nt* « «u *S' ** first ribbons are 
alightly moving l^thits^S * 
ribbons: smectic layers will arrant +. fnifve ^16 disappearance of the 
the separation will darken betweeíTthe 0^886^15^01^1 t0 ßlass md 
scope. In such a manner a single crvstal i B P1*^8®8 the micro- 
crystal is formed. g crystal layei* of lyotropic smectic liquid 

water-alcoho^medium^Lor^xample^i^chlorof not only in 8 
rapidly swollen, forms liquid^ysiaSine S^Pota88im oleate is 
from the principal mass and flow to the to?h S!liteS, tear away 
formed liquid crystal and isotr^ a ^a ÍW0 ph«»= - 
oleate is dissolved better, isotrooic nh««.« L + I * In ^1608 Potassium 
than in the case ef chlorcfom Hew S“? “f4'!»»-»r. ef the cl.ate 
at the top and the liquid crystalline chase »e™?10 4511111 phase nenains 
case ef crossed niçois one My“^fSI ÎHfîi 9t bott“"- I» «>o 
epherulites in the mylene solution. Somltimffll^r ? Xí?aid cryst*l 
preparation one may observe an intenaa L freshly formed 
stance: dust particles, inside the «mhüÍXiM î’Urtu^ent aotion of the sub¬ 
circle up and down. The surfaced Se ^te* f1,6 rapicily rotating in the 
motionless, just as the spherulite cross^ <:rUJite ^ ^18 Case remains 
inside the sphorulite indicates the UC+ Ä “^Hty of substance 
spherulite. ^Aftor »"íí“9 °f 11,9 of 
in sis., merge with each other, fuming a typilaî ^IlúfSl“ ^9159 
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Figure 40. 
th?SL*fAîyîîr°PiC crystals of potassium oleate near 
the edges of the cover glass (a) and in the center (b) 
(crossed niçois, 288 x). ' ' 



Figuro 41. A singla domain of tho lyotropic liquid crystal textura, 
of ® b°dy of revolution (natural light) 

1880 x). 

Figure 42. A fragment of the domain texture, in contact with glass. 
The lower part of the domain has the shape of a body of 
revolution (crossed niçois, 300 x). 
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Figur© 43. Stratification of the smectic texture of potassium oleate 
(80 x). 

The aqueous solutions of thyazine dyes in particular neomethylone 
blue also produce lyotropic crystals [3?]. In the case of high concentra, 
tion of solvent on the slide (without the cover glass) they appear in the 
form of anisotropic droplets, floating in the isotropic solution. Upon 
contact droplets merge and can form a solid (or lattice) film, which dis¬ 
plays fibrous extinction. Sometimes quite large uniform sections of the 
film appear all at once. In the case of crossed niçois it is apparent how 
individual sections of the film suddenly darken or become lighter. This 
occurs due to the sudden change in the orientation of molecules in a given 
section which results from the flow of the film. The properties of such 
lyotropic liquid crystals are analogous to the properties of the ordinary 
nematic phase. Upon gradual drying of the preparation the nematic phase, 
apparently is transformed into smectic phase, which is acccmpanied by the 
appearance of a new fibrous texture. 

Even with little experience in work with the microscope one can 
still observe the changes which occur in lyotropic liquid crystals. 
Moreso, they are always handy. They are ordinary inks, which are unsaturated 
solutions of dye, from which upon evaporation of water liquid crystals 
precipitate. 

The solvent .. smectic liquid crystal system frequently gives rise 
to a characteristic texture in the so-called myelin (Fig. 44). The 
occurrence of these forms is best observed in the choiesterin-glycarine 
system. Upon heating to a definite temperature tq Cholesterin combines 
with glycerine and produces smectic type liquid crystals. Upon further 
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heating to temperature tz liquid crystale are melted, dissociated into 
initial components — Cholesterin and glycerine. This phenomenon, dis¬ 
covered by Mlodseyevskiy [39j, is called dissociation of liquid crystals, 
since the latter are stable only in a definite temperature interval 
*2 " such crystals are heated between the slide and the cover 
glass smeetic phase absorbs the excess glycerine and the growth of myelinic 
fora increases. Here glycerine plays the role of solvent for liquid 
crystals, and therefore the texture in the form of myelinic fora is 
classified as liquid crystalline formation of lyotropic character. In the 
process of the growth of the myelinic forms they move interweaving with each 
other similar to a dump of snakes. Under the crossed nicol prisms the 
center of myelinic tubes always appears extinct, while the edges display 
strong double refraction. The sign of the elongation of tubes is positive. 
Myelinic tubes 0.01 - 0.02 mm in diameter have bright interfering coloration. 

,/ 

Figure 44. Myelinic forms of the texture of cholesterin-glycerine systems 
(crossed niçois, 600 x). 

ro i 1Ly°troPic liquid crystals may be formed in three component systems 
L39-44J. It is known that certain organic substances, insoluble in water, 
become soluble in soap-water solutions (solubilisation). Such three com¬ 
ponent systems, soap-water-insoluble in water substance in a definite 
region of the phase diagram exist in liquid crystalline state. Thus, for 
example, cholesterin having a melting point of 148.50 c exists at room 
temperature in a stable liquid crystalline state in soap-water solution at 
1 mole cholesterin per 1 mole of soap concentration. In the course of 
dissolution of solid substance liquid crystalline spherulites are formed 
as well as myelinic forms. The scheme for the structure of myelinic foras 
for this case was proposed by Lawrence [4l] and is shown in Figure 45. 
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Figure 45. 
MÍSiC^esh°íl7elinif îUba8' formed durt»g solubilizatio« 
Myelinic shells consist of two cylinders, formed by the 

thî «S®8 °f SOap; Insida is th* substance, dissSved in the soap-water solution. in 
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Chapter 2 

STRUCTURE OP UQUID CRYSTALS 

Structure of Molecules Which Fora Liquid Crystal« 

Over 3000 organic compounds are known which are capable of existing 
in liquid crystal state. The work of Vorländer f?], Wey*and f45 i Grav S 
L ?] and others have shown that liquid crystals are formed principally 

SaïeSt8!h!^P0UÎÎa n0l6CUia! of hav® elongated lath shape or 
mÎÎ!1 t*?h P pr*S6nce of bMftch nolocules with side chains greatly 
hinders the occurrence of liquid crystals. 6 ^ 

Many substances which produce liquid crystals are found amone the 
aromatic compounds. It is noted that the majority of them íüve^L 
substituted benzene rings. If the substituent is in the ortho oMLn the 
meta position, the compounds become incapable of forming liquid crystals 
An example of a liquid crystal with one benzene ring may be^ranslp- 
metoxycinnamic acid. w«ns-p- 

CH,0-£^—CH=CH-CO,H 

The tendency to the formation of liquid crystals increases with the 
increase of the number of interconnected benzene rings. The grouping of 

a chain ^ i“port*nt role in connecting benzene rings into 

-O 

thfl opystAi sbate is ®08t frequently found in compounds with 
the following X-groups of atoms 
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-CH=N- —CH*—CH,- —CH—CH— 
! —C=C— —N=N— —C—NH— 

, , ... .. 

NH—CH*— —CH=N—N =CH— 

y m t^Líúr^ipãr8“'11’'8 ^ *",ot °f 014 ^ 

. v-o-x-o-'- 
A list of such end groups is given below. 

CH<ai‘>7 - X. alkyl 
(CHa),CH(CH,),- alkyl 
CH»(CH,)n 0 — alkoxy 

Cl, Br, J — halogens 

There also exist liquid-crystal compounds containing naphthalene 
rings. One must remember, however, the tendency to formation of liquid 
crystals in these compounds in lesser than in the compounds with benzene 
rings. An important group of substances is formed by compounds which con- 
tain cyciopentancnperhydrophenanthren group and a long side chain 

esters)* Liquid crystals are much less frequently found among 
Ü16 aliphatic compounds. This is apparently explained by the relative 
notability of the long aliphatic chains: during the transition from the 

solid crystal state into liquid crystal state it is difficult for these 
molecules to preserve their linear form. Nonetheless the study of this 

(soaps! poSe«)? ^ ^ ^ h*Ve great Practical importan« 

, , , We have presented the most widely known information regarding the 
not^thflt °f ÏÎl6CuleS forra ^q^d crystals. In conclusion let us 
note that on the average for every 200 newly synthesized organic compounds 
one such substance is found which forms liquid crystals. P 

divarsifiL8^^*1 f0mula! °f liquid crystal substances may be most diversified. This is apparent from the Table 1 given here. It was 
borrowed by us from the work of Gray [4?]. 
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. . k’ VCAB|S i 
' 'ï:£]- 

— ■" >4,’' ,' 
Confound ^ m&sr 

liqdd Structural Formula 

6-®ethwcy-2-n*pthoic add Nematic 

«4XT“ 
i’rans-p-methoxycinnamic ^ 

add 
TES— 

same CH,0—CH«CH—CQ,H 
p-n-propoxyDenzoic add • • 

Uh-O-Çy-COttí 
p-n-hexyibanzoio add • » 

GiUia-^^-GGiK 
‘♦t4#' DonzyXidânâinino) 

diphenyl » » 

» 

Q-ch-n-.Q-Q- 

-N_CH-0 
4-p-methoxybenzylideniaino- 

diphenyl 
» t 

0~0_N=CH_ o~ 
*—OCH* 

p-azoxyanisóle » > 
CH,0~\Z/“N “ n-\^)-och> 

0 
*f-1110 tn 03cy «ni tro«p«. 

terphenyl » » 
ch*°-<OCK>no' 

2-p-methoxybonzyliden- 
eaminophenonthrene 

> • 
CH|0—^ 'y—CH=N— 

-Sò 
2,7-di-Cbenzylidene- 

amino)fluorene; 
» » CH, 

o^-d-b- 
-N=CH-<^) 
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Table 1 (continued) 

Compound 
Type of 
liquid 
crystal 

Structural Formula ;< i 
' i • ' 

2.5-di-(p-ethoxybenzyli- 
dene )cy dopent an one 

-US'S'-. .,. -- 
ethyl-p-azoxyCinnamate '«'/ 1 

ethyl-p-azoxybenzoate 

amyl-p-(4-cyanoben zyli- 
deneamino)cinnamate 

cholosteryl acetate 

4,4*-dimethozystilbene 

Nematic 

Smectic" 

Choles-, 
i teric 

The 

potassium oleate 

ammonium oleate 

nona-2,4-dienoic acid 

CHjCOO 

Nematic 

CaHjO—^ y—CH=1 ^JrsCH— 

CjHjOjC—CH=CH—N=N- 

-. 0 
-^>-CH=CHCOAHi 

The ; 
same * KD- 

0 
—COjCjH» 

nc-0-ch=n-0-ch= 
—CHCOjC*Hi^ ^ 

same C?* CH* CH» 
/ 

C!,*I/^J/N¡-CH-(CH»)3-CH^ 

CH, 

ch30-Q-ch=ch-O- 
—OCHj 

Smectic 
CH,(CH,)ÆH=CH(CH,)7C02K 

The same 

'Nematic 

CH, (CHjJtCH =CH(CH,)ÆO,N H, 

CH, (CHi),CH=CH—CH=CHCO,H 

undeca-2,4-dienoic acid The same CH, (CH,)jCH=CH—CH=CHCO,H 



2. Symmetry of Liquid Cx^stal« 

^ u,,The general Principles of symmetry of liquid crystals have been 
established by academician Shubnikov [48j. For the description of smectic 
liquid crystals spacial semicontinuum symmetry of the first kind is 
applicable. The concept of semicontinuum is introduced for the description 
of objects which have periodic structure not along three diroctions, as in 
ordinary crystals, but in two directions or in one direction. The semi- 
continuum of the first kind has layered structure, determined by one 
parallol transition at the end along the C axis and infinitesimally «man 
shifts along all perpendicular directions to the C axis along the layer A 
Un the plane of the paper). The symbol for such sumwetry is C:A. 

For the nematic liquid crystals spacial spacial semieontinuum 
symmetry of the second kind is proposed, formed by the infinitely small 
shifts along C and finite shifts along the perpendicular direction B. The 
symbol for symmetry is C':B (C> is the axis of infinitesimally small shift 
and B is the symbol of symmetry for the lattice arrangement). 

Recently it became clear that the symmetry of real liquid crystals 
may be described through the use of the statistical idea and introducing the 
element of statistics into the symmetry operation. In particular, symmetry 
was considered for the aggregates of chain molecules by B. A. Vaynshteyn 

It is known, that molecular order, analogous to liquid crystal 
°fdaf ,is observed in many high molecular compounds (for example in lyotropic 
liquids polypeptides and virus crystals). The molecules of plastic or 
liquid crystals are not truely chain molecules, but they are significantly 
elongated. This enabled us to expand systematization which referred to 
chain molecules. 

In the theory of symmetry of chain molecules and their aggregates, 
developed by Shubnikov, it is significant that in contrast to the earlier 
theories, it considers the symmetry of individual molecules and investi¬ 
gates the relationship between their structure and the symmetry of the 
aggregates which are formed by them. On tha basis of this theory, using 
the well known values of covalent and intermolecular radii, it is possible 
to construct molecular models (Fig. 46), where their structure is represented 
as some geometrical body of a definite shape. H 

A muJtJtude of investigations has shown that substances which form 
liquid crystals are constructed, as a rule, from sharply anisometric 
molecules with very low symmetry. The general characteristics for nematic 
and smectic liquid crystals are that their molecules are located parallel 
to each other. This produces more dense packing of moxecules than in the 
case of chaotic orientation. This very geometric factor presupposes that 
for liquid crystals a certain minimum energy of packing is characteristic, 
intermediate between the values of energy of true crystals and the true 
liquid« 



Figure 46. Shapes of liquid crystal molecules. 

b* a-benza20'(anis°le- ^»-naphthalanine) : 
c. ethyl p-azoxybenzoate; 2-n,n,-nonoxybenzaltoluidine: 
d. cholesteryl benzoate. 

^, , considering the theory regarding the disruption of symmetry 

Sofa ÄÄS“* ^ "-1 «UtTuS1 
Let us consider the principal ideas of this theory. 

+ , crystal 6X88 long molecules are generally parallel 
to each other, the positioning of molecules is periodic and ¿loÎTthS„ 
axes as well as in two other directions. In the case of such three 
dimensional periodic scheme of molecular packing the following disruptions 
may occur: a) the sphere of molecules in the directic i ofth! vif!?!!:? , 
ax.3 in tho position; b) roUuSn ^ ^ ^ 
c) disruption of tbo two dimensional periodicity in the nroieetion -, 
the principal «es ("disruption of laïtioe»)?1 VtíÜÂfordíi^tion. 
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are generally associated with each other, but in order to have the possi¬ 
bility of investigating the effect of disruption on the diffraction of 
x-rays, they can be more easily viewed as separate entities, and then one 
could take into account the existing interrelationship. Let us consider 
the effect of individual forms of dislocation on the nature of aggregation 
of molecules. 

Shear. Let us mentally place all of the molecules of the given 
aggregate on one axes Z without displacement in the direction parallel to 
the position of molecules. If the structure were that of an ideal three 
dimensional crystal all of the molecules would coincide precisely. The 
point, taken in molecules at the beginning of coordinates, (for example 
the center of gravity of the molecule) would fall in this case in the 
manner shown in the graph in Figure ^7a. However, if there are shifts in 
the aggregates, the shear of function 7- (z) describing the statistical 
distribution of molecules would have another form (Fig. 47b). In the case 
of completely random and equally probable shears the magnitude of the shear 
function would become constant and the graph will be linear (Fig. 47c). 
Such distribution may be characterized by the operation of infinitesimally 
small transport Z'oo» 

Figure 47. Shear function T(*) in the case of different arrangement 
of molecules. 

Rotation. Rotation is statistical scattering of the molecular 
orientations about seme equilibrium position (Fig. 48a). It may be 
characterized by the function f(tK). which defines the probability of 
finding a molecule at some angle 'F (Fig. 48b), The circular cross section 
of molecules favors the angular scattering of molecules being transformed 
into a complete spectrum of all possible orientations. In this case it 
is possible to speak of »'rotation" of molecules. The function f(^) becomes 
constant (Fig. 48c). The term " ■otation" should be thought of as statisti¬ 
cal, i.e., that all molecules are oriented differently. However, cases 
are known when thermal oscillations of molecules about the principal axes 
are so great that one may speak of real rotation. 

Lattice defect. The projection of molecular axes on some plane 
forms a lattice, which is characterized by translations a and b. Depending 
on the magnitude of translation and the angle between them the lattice may 
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be classified into five different types: square, hexagonal, thoabic, 
rectangular and oblique parallelogram, lhe occurrence of different types 
of lattices is determined primarily by the shape of molecular cross ‘ 
sections. During packing in the general case sixfold coordination is 
maintained (each molecule is surrounded by six neighbors). If the molecules 
have a cross section which is close to circular the mosr symmetrical 
hexagonal lattice is produced. 

Figure 48. Rotation function, a. molecular rotation; b. function f(VO* 
o. f (<j> )*const. • 

The lattice defects are determined by the fact that in each unit 
cell there are translation parameters a and b. Such a system, however, 
can remain static on the average. For all crystals lattice defects of the 
second type are characteristic (Fig. 49a) when a and b determine the 
probaole position for only the neighboring molecules with respect to each 
other. This close order in the arrangement of molecules may be characterized 
by the distribution function of the second kind w(xy). The following 
approach is taken in construction of this function. The position of the 
conter of gravity of molecules, surrounding some one molecule, then the 
second, then the third, etc. is plotted around the origin of the coordinate 
while maintaining the orientation of translations a and b. This in essence 
constitutes the superposition of the molecular distribution schemes, shown 
in Figure 49a, with stepwise shift of the center of each molecule to the 
origin of the coordinates. As a result the distribution function w(xy) 
is determined for the neighbors in the given molecular aggregate (Fig. 49b) 
This function clearly expresses the distribution of the nearest molecules, 
i.e., the closest order is determined, which depends on the minimum dis¬ 
tance in the aggregate beyond which the molecules cannot approach each 
other. However, there can also be no large vacancies between them. It is 
clear that in the case of such an arrangement the distance to the second 
noarost neighbor varies within broad limits, since deviations in transla¬ 
tions a and b are accumulated not only from the given molecule to the first 
neighbor, but also from it to the second neighbor. The further is the 
neighbor the more "smeared" is the distribution function. At some distance 
away it becomes constant. The probability of finding molecules becomes 
the same everywhere. It is possible to say, that translations a and b 



* 

become gradually degenerate into continuous shifts and fib The 

oÂfÆTtati0nk0f th,,di,trlb#tlon »W for on. diSiti« rf 
“fl11? p“*ks b,°““ i,8s ‘Od loss pronounced u th. dlstmc. 

/.,. In thô liquid crystals in plane XY molecules possess close orri** 
(it is assumed that longitudinal axes of molecules of the domain are 
perpendicular to the plane XY and are directed alonr the ZTriïî ™ i 

tM0 di"»"»fonal distribution ^tion w(^)°" 
or the function x(r), which gives the probability of the oceurr«n™ Jr' 
noriodie hht ^sJanca bfttweftn molecular axes). The function w(r) is 
periodic, but it has attenuating maxima (Just as function w(x)) ^ If the 
ross section of the molecule varies greatly alone its length +h«« +k 

static periodicity, described by the function w(ï) bec^^ïbÎ 
In this case the neutral distribution of molecular'axes mav be^dM«m.ihl4 

by the cylindrically symnetrical function Z(r) in the case of ^ 
the probable distance betvoon molecular axes ’in the caae of J*11* r 15 
of the function Z(r) th. cyUndricaTÏÏs^iti» ^cüm ÔÍ mlSl«' 
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Figure 49. 
0 X 

Lattice defects of the second kind. 
a. defect scheme; 
b. distribution function; 
c. a plot of the distribution function. 
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V/e have said previously that all of the above considered lattice 
defects are mutually related. Thus, if we have shears, this will invariably 
produce defects (due to nonuniform molecular cross section). The presence 
of rotation also always leads to lattice defects, which may be accompanied 
by the increase of the statistical symmetry of the lattice to hexagonal: 
w(xy) _> w(H), where H is hexagonal order. The mutual effect of shears and 
rotations produce the same result: the tendency appears for the formation 
of hexagonal close order. 

Applying these functions to the liquid crystal aggregate one may 
assign to the smectic liquid crystals symmetry C^U) w(xy), where ^(a) is 
the shear function, w(xy) is the distribution funcUon and“ C is the period 
of the layer as a whole. From the x-ray data it is clear that it is 
possible to have smectic liquid crystals of the CrUMH) type, where H 
designates hexagonal ordering of molecules in the layer. Investigation of 
structure by moans of x-ray diffraction enables us to write general 
symmetry formulas for liquid crystals in greater detail and to write them 
in a more resolved form. Thus, for example, smectic liquid crystals of 
cerebron, cholesteryl caprinate, p,p-nonoxybonzaltoluidine have lamellar 
structure with antiparallel packing of molecules in the layers. Their 
symbol of symmetry CrUMxy): 2 also include statistical axes of the 
second order, which assign antiparallel characteristic of molecules in the 
layer and lying in the planes of the layers. 

The nematic liquid crystals have T x(xy) or Tfew(H) type symmetry. 
As it was earlier noted they are optically inactive, but if the layers of 
substance are subjected to spiralling, then the liquid crystal becomes 
optically active, which results from the congruent spiralling of the 
molecular aggregate. This case should be referred to the T'oow(xy) or 
O'Oo w(H), where o'*» designates the screw axes and the corresponding continu¬ 
ous screw type of translation. Apparently this type of symmetry also 
includes cholesteric liquid crystals. 

Thus, we can see that for a higher degree of ordering of the molecules 
in a liquid crystal a more detailed description is required than in the 
case of ordinary liquids. In order to characterize close order in the 
liquid one radial function is used for the distribution of atoms w(r) (or 
for the averaged form the function 4rr2j0(r), which determines the number 
of molecules in the spherical layer with radius from r to r+dr). 

3. X-ray Structural Analysis of Liquid Crystals 

The first attempts to investigate liquid crystals by means of x-ray 
structural analysis were made immediately after the discovery of the 
diffraction phenomenon of x-rays [49-51J. However, originally it was not 
possible to uncover the difference between the diffraction of liquid and 
of ordinary liquids. Both of them produce instead of the sharp narrow 
rings, characteristic of powder diffraction patterns, broad diffused rings. 
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Later on it was still found that the maxima of rings from liquid crystal 
substances are somewhat shifted with respect to the maxima of its isotropic 
mr :Jh\Sh,f2nt,S3 the int®nsity of Peaks are also different. The 
significant difference between the x-rày diffraction patterns of liquid 
crystals and of ordinary liquids was discovered during the study of 
bíath!rÍÜ^0f Vif by th® taxturôd specimens [52, 53], which were obtained 
by the action of the magnetic or the electric fields. The diffused rings 
for such specimens of liquid crystals dissociate into half moons, which 
indicate the orientation of the crystal in the external field. The x-rav 

diffuMd°íi^fnaiy liqUidS in the electric field Preserve the shape of 

In the low frequency alternating electric fields, parallel to the 
beam of x-rays the diffused ring of liquid crystal p-azoxyanisóle dissociates 
into two half moons, whore the axis of the half moon figure is directed 
along the field, which indicates that the molecules are oriented parallel 
to the field. When the frequency is increased to 300,000 Hg the half moon 
figure is replaced by diffused rings. With further increase of the 
frequency of the field the half moon figure again reappears but its axes are 
located now perpendicular to the original direction. Kast [54 I who 
observed this phenomenon explained it on the basis of the existence of dis¬ 
persion of friction. The period of oscillations of the field becomes 
smaller than the relaxation time, and molecules (or their clusters) do not 
have the time to align themselves along the field. 

As the x-ray analysis methods were improved new details of the 
«írSÍr! C2fÜals WOre discov«rad. Thus, Falgueirettes [55J 
established that the diffraction pattern of the oriented specimen of 
p-azoxyanisóle has the shape of two equatorial diffused arcs and three 
í^niS+f/eak!¡; ”erid^4arcs; Assuming that the distribution of molecules 

fn !ir r<\tati0? about °Ptical Falgueirettes associated the 
anges of the intensity along the principal maximum (equatorial arcs) with 

the variation of the number of molecules, which the angle (X with respect 

bv him bfth* w P0í\ÍtÍ0? PrinciPal equatorial maximum was explained 
by him by the intermolecular interference, and the position of the three 
weaker meridial maxima he calculated on the basis of the assumption that 
they are associated with intramolecular interference. 

Recently Vaynshteyn and the author [56-59J showed that the structure 
+Í may bo detennined by th® Fourier method, i.e. by finding 
the distribution function which characterizes the structure of liquid 2 
crystals directly from x-ray diffraction patterns. H 

Let us consider the following example. The crystalline 
0(-benzeneazo-(anlsole-CC1-naphtylamine) or BAN 

CiHtNsssN—/ S—N=CHC»H«0CH| 
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cSstiíS ÍTiS1,0 at ift0 C- U>,<,n cooline nauUo Uqttld crystals are obtained in the form oí resin which at n t 

dim,”r fil? tub* í“*11 «'iota«. O.’OOX ^ 

“u -- 

„.to, 10 “btain ortonted crystals BIS molt was poured into cold 

rlZí * “ rÆÂ* Tfin^f81 "8ln- 
In the course of drauing oriented'temtu^ ^s SbSw<"' 

Se'cvlirri1^88 !°qUir0d Predeminently the erientaUm Son^^S ras*Íf 
the cylindrical rod. The specimens were olaced in th« natte 

ïhT^eMK^“ flat P1“« w„ pUo*dnbS 

ouâÆ ^.A^ÄdiÄ^ rär 
risible. Study of tho intonsity of x-ray scattering hv +Kä 
pov:ders end vitrified liquid crystal BAH*showed thít th.^hape^of'ilt^itv 

h“^sp^ ; ?u not8- ä ä?7 
end merged toge^r^X a dSÄ“ !8C”'S ^ «* 

a ourve^Äa 
carbon atoms and only 3 atoms of nltm»«« «n^ i * ^ raaLecui® contains 24 

tXlTuXXlsTV •^^•“/»»^«^uîtldT“ 

only carbon atoms and in orSer to'fiS ttl ^ial ^strtluUon^^etlon 
may use spherical Fourier's integral. distribution function one 

„ ni «i a 
Ajir'-p (r) = 4nr2po + ~ j s*/ (s) ds 

0 

Here 4^r2p(r) is the radial distribution which determina« th. 
thT^t^ ?t0+S Ín ?ô sphepical lay*r thickness dr at a distance r from 
the initial^atoms, Pq is the average atomic density of substance or* th*. ^ 
number of adorns per cubic angstrom. i(s) is th* fnrir»+-<A« .^.4 

Tnûél^Z. 
ihe normalized and smoothed out curves of th* i wt•».*■*+« /»•** .. , 

x-rays by an unoriented specimen are shorin ?igSe £ ?li Litt * 
broiccn line represents the atomic scattering factor f2 Th. ^ 
this intensity curve by means of Fourier's integral enlhlTh°+h°f 
Of rediel atomic diojbution funÄ’ÄjMÄ 
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th. frequently found Interet Sn“, 
those places where the number of atoms is iniJÎL °n the curve are 
radial distribution curve leads on* +« J® «»«l1». The study of the 
(atoms) are periodically distributed in th«COnwSÍOn ®cattering centers 
remember that\the obîaSed raSïï «ubstance. One must, however. 

S- 
^Intreaoleouler" ?r «Int^oXecu!«... ^Ä^Ätof“^ 

Figure 50. 
Placement of specimen, oriented along the urincinal «-h- 7 

Broken Uno, Indioate th. oriiouy bean of i 
their diffraotion been,. ,°"e °f 
equatorial Of ^ in th. neridia OzSS in 
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Figure 52. Intensity curves (left) and the corresponding distribution 
functions (right). 



i» bah ioiÄSi z'Ziï* z*1™* 
it was established that many distanra«Pj.>.* & distribution curve 

ï? rSSTFéF“ Ä* ^“C" - ÄÄSon 

». of llq"ld 
patterns of the oriented specimens In *mÏ n °? x“r» diffraction 
distribution alón? theooñatnnñr;^1^? “so (FiK- 52c) intensity 
the so-oalled oyîi„2ioÂLîL«™P5 írph ThUs mt t0 eonstíuot 
on the base plai^f sp«^ “ “ar0^^ 
specimen), by calculating it by meais of Fouricr-Ss.fi^2 

max * 
2nrZ (r) «* 2nrZ0 + 4nV $ ¡ (R)Jt(2nrR) MR 

D_ 2sin0»K?ldV,,. 0 
^ jt » Jo(2nrR) — zero order Bessel function 

^«ÂTÂusÆc^rs? xrrof *tas-ippi^ c: s: 
SLÄs^ti: 

s £«: EfÄ-SÄ » 

this case from the Fourier-Bessal int«cry»fli . n. ,, _ 'Fig. 52E/. In 
is constructed for the proioctions of 4. mol ^ndrlcal distribution function 
The peaks of tho funoU», (Sg 52?) “M °? tt* >M? Pi»*- 
in the specimen. It cm be «fi thlí ^ int«“»leculgr distances 
molecular ^stances found on the S^os^f mX Hth inter- 
6.?X). The area undertte peak! iXa!« Î?! represmtations O.S; }, «d 

matoly 6. ^ ^ ' bounding“ e^tw! U 
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_ studying the distribution of the intensities along the 
meridian of the photograph (Pig. 52G), one may construct linear distribu- 

“* ““ t*ItU^e• USing f0r “• 

“mai 

Pâ (r) “ Poa + Jj- i(s) cos srds 

dïsti^sti0n iS Sh0Wn in FiEUr° 52H* The peaks indicate intramolecular 

• Caparison of the distribution curves enables us to construct the 
P ° abl;h-d«l f°r ^10 structure of the liquid crystal of BAÍI specimen 

(Fig. 53). The symmetry symbol for such structure will be* 'Tkowfxv) 
which corresponds to the theoretical data presented earlier. A number of 

tyqthisCmethodS °f nematiC’ cholesteric and smectic type were investigated 

The x-ray photographing of substances, which cannot be obtained in 
í0Uld ï® conducted in a special high temperature 

chamber. One o. the designs of such a chamber is shown in Figure 54 The 
housing of the camera 1 is covered inside with a double layer of thermal 
insulation (texolite-asbestos). The removable cover 2 has two openings 
for the mercury thermoregulator 7 and the control thennometer (not shown). 
nnnnt’rf pass®s t^ou^ the collimator 6, falls on the specimen, 
mounted in a special holder 3. The inner part of the holder is made from 
brass, and the outside part from bakelite. It may be rotated along with 
the specimen through an angle of 30° with respect to the vertical plane. 

oar^of theCh0lrf«S ^ h®ating f 1116 ^60^0^. located in the lower 
ellLnt hold®r» and ^en the whole chamber is thermostated the heating 

A i A M!rCUry th0rmoregulator 7 is connected to the electro! 
. agnetic relay. The temperature is regulated (with accuracy to + 0 2° C) 

thermocouple. In addition a control ’ 
r u'1 c calibrations is available. The phase transitions 

of crystals are observed through a mica window 8, which serves for the 
measurement of the diffracted rays. The thickness of the investigated 

susoended V nn- ^0 Preparation the substance is 
suspenaed in a circular loop of platinum wire. The diameter of the loop is 
uo mm. “ 

, ,ThG *-ray diffraction patterns of cholesteric and smectic specimens 
are interpreted in the same manner as the x-ray patterns of nematic crystals 

e us only note that the x-ray diffraction patterns of smectic specimens 
at low angles always contain d reflection, for which the interplSar 
distance calculated from the Bregg-Wolf equation 2 d sin #= n/t is 
approximately equal to the molecular length. This is the proof of the 
existence of crysta! layers in the smectic crystal, formed by the molecules, 

of the ÍÍtUdlnal 3X68 °f appro3dmat0ly Perpendicular to the plane 
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For tight packing of the molecules in smectic layers the most 
convenient is antiparallel distribution of molecules. This means that the 
symmetry symbol of smectic specimens may be written as C^(z)w(3ty):2. Lot 
us remember that here C is the period of the layer as a whole, equal for 
example in p-p’nonoxybenzaltoluidine to 25.2£; 'r(z) — shear function; 
w(xy) — distribution function, and 2 are the statistical axes of the 
second order, lying in the plane of the layer and describing the “inter- 
parallel •' packing of molecules [58]. 

A number of lyotropic liquid crystals have been investigated by 
means of the x-ray analysis method, primarily the crystals of different 
soaps. The typical phase diagram for soap-water is shown in Figure 55. 
The area included between ^ and To corresponds to the lyotropic liquid 
crystals. Luzzati and coworkers ¡_60j established that phase A is formed 
as smectic double layer, formed by the soap molecules. On the surface of 
the layers the polar ends of the molecules appear, and “liquid" hydrocarbon 
chains are directed inward. As the concentration of the soap increases 
the thickness of the soap layers increases and the layers of water between 
them become thinner and thinner. The phase is formed in the shape of long 
cylinders, ordered hexagonally. The diameter of the cylinders is inde¬ 
pendent of the concentration within the bounds of the region B at constant 
temperatures. In addition to these two phases, in the region C of the 
phase diagram throe intermediate phases were discovered: complex hexagonal, 
deformed phase B (with orthorhombic lattice) and cubic lattice (isotropic), 
in which the hydrocarbon chains are ordered into spheres, separated by 
water. In face the phase B and two intermediate phases are the new 
structural types of liquid crystals. 

The lyotropic liquid crystals of the tobacco mosaic virus were also 
investigated ¡_6lJ. Their x-ray patterns have four sharp equatorial reflec¬ 
tions, which enables us to speak of the distribution of particles in the 
form of a two dimensional hexagonal lattice (Fig. 56). The cholesteric 
lyotropic liquid crystals of certain polypeptides (for example, poly-"/*- 
bonzyl-L-glutamate) have a structure analogous to that shown in Figure 56, 
but spiraled in addition to that along the Z axis [30]. 

In conclusion of this section one must note that x-ray diffraction 
study of liquid crystals, especially specimens subjected to the action of 
electric or magnetic fields is at present the most promising method for 
further investigation of the structure and the nature of substances in the 
liquid crystal state. 

- 66 - 



Figure 53. 

Figure 54. 
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4. 

in Son.A^rrtte Ä E*°î f thoM «JUi». 
«f th. thwri.3 is iT^^Âtr.'ÎS: îf/î ‘«h, 
tha types of liquid crystals or incQi^ refers to only one of 
of the liquid crystal state laoiHntr^+v» Sum9 lnc^‘v^^ua^ o^aracteristies 

srsss* "" rs. 
xu X, ^ present there are two principal directiom ■<« a t 
the theory of the liquid crystal stateP thÏTi -.1 ^ devoloPinent o{ 
^ th. theory of eUstie^ orúoSd ~ ^.^^»-«tstisti«! theory 
theories in genera toms“ 9 wystas. Let us consider these 

U,uld SjsSfwL^S ty LmUl thûrs?ÏÏÎT>tatlSU0al th~ly of 
was the assumption about the tarîing monent of this theory 
liquid crystal Se\ff^^tt \ 

dipole molecules in this case will be of the foliSd^ m¡gíit¡!d£^8 ^ 

^ “ "sT 

where P is the electrical polarization vector. 

The existence of the internal . 
the cause of spontaneous orientation of mol i161?’ ÍS* accordinß to .Born, 
Applying th. levs ¿ MtSTsiSi^e. 11<,uid "y»1*1- 
following relationship statistics enables the derivation of th. 

= / MTM 
topN 

where p is the dipole moment of molecules Mi* - i t 
substance, P is the density N i ÍS vhe m°lecular weight of the 
(at the loop) of the transition of th« if° s num or* ^ 1® the temperature 
Tho use of this formula^for the ,Uld CrysU1 lnto i=»tropic liquid, 
units. »«„.r/S^SnSt^ÄÄ^Ä ^ ^ ^ 
monent of p-azoxyanisóle is one and a half Sí!! ,,th “ol««“!«' dipole 
on the basis of theoretical ÜLSÍüonf ^!! 
results which are in satisfactory agreemmtwith Ü! doos not etT* 
Moreso, such liquid crystal 00 - the experimental data. 
do not have permanent dipole moments For such^uhist m°^ec^es of 
altogether inapplicable. F°r such Stances the theory is 

- 69 - 

•k 



Not very long ago Maier and Saupe [63-65] again made attempts to 
construct the molecular-statistical theory of nematic liquid crystals. In 
contrast to the previous theory the cause for the nematic ordering of 
particles is the presance of intermolecular dispersion forces. The energy 
of interaction of molecules in the liquid crystal phase, according to this 
theory is expressed by 

isto*#), 

where Q is the angle between the longitudinal axes the optical axis of the 
domain, A is constant, V is the molecular volume, S is the degree of ordering 
of molecules in the liquid crystal. It follows from this theory that the 
relationship 

J7 
hkV3 ' 

S’ 

is independent of temperature. Here is the deformation constant of the 
liquid crystal. The values of k^, calculated theoretically and found 
experimentally for p-azoxyanisole give quite satisfactory agreement. Let 
us note, that certain principal formulae of this theory were found emperically 
by the Tsvetkov [66] method long before the rigorous development of the 
theory. It appears that this theory is in agreement with the experiment. 
It should be noted that for verification of the universality of this theory 
experiments must be conducted with a larger number of substances than have 
been done thus far. Let us also note that it only refers to the nematic 
liquid crystals. 

The theory takes into account the fact that the liquid crystal con¬ 
sists of clusters. From thic standpoint, proposed bu Bose [67] and developed 
by Ornstein [68-70] and other scientists, nematic liquid crystals in a large 
volume (several cubic millimeters) consist of multiple molecular groups — 
clusters. In each cluster the molecules are oriented in a definite 
diroction. Tho clusters themselves are distributed randomly, as a result 
of which tho liquid crystal in a largo volume appears cloudy. The clusters 
possess double refraction, and are dielectrically and diomagnetically aniso¬ 
tropic. Each cluster contains 10^ - 10® molecules. The thermal motion is 
manifested in that the clusters experience vibrations and are destroyed, but 
in accordance with the principal properties of the nematic state they are 
immediately roformod, acquiring new orientation. Lot us note that the cluster 
concept is not equivalent to the domain. The uniformly oriented single 
crystal layers of nematic liquid crystals may be viewed as an individual 
large domain. When the optical axes of such a domain are perpendicular to 
the glass, it always appears extinct between crossed niçois of the polar¬ 
izing microscope. However, in a dark field twinkling light points appear. 
According to the theory these points are clusters the optical axes of 
which for an instant deviate as a result of thermal motion from the 
direction of the optical axis of the whole domain and becomes visible 
between crossed niçois. 
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crystal a^in ve^fiod> «tudying the behavior of liquid 
to thf id! "d conParing the theoretical conclusions 
to the experimental data 47 the interaction of the magnetic field for 
example, on the liquid c.-ystal it is possible to determine the magnitude 
of thjs magnetic moment of the liquid crystal particle. It was found to 
be 10* times larger than it would be expected on the basis o? tíTw! 
action of the field with a single mol^le; ^ tho basis of1hia fíS 

SsMrr*BoBmt °f »p-äs: 
M vH* (Xi — Xa) sin 9 cos ç, 

whore v is the volume of the nartiel« 1 4.u 
and tha auscaptibllity in t'.a diâoti^aîÏÏl.l2^ na^õn 
opUcü «as respecUvriy. H - nHnaS/ftS i„SaU?lS % îh°. 
angle between the direction of the magnetic field and the opUcal axis. 

tho «TnrÄ by 
interaction of the container walls in which s + .j ., renting 
th. pair of the» forcT^y °f 

D = A 
dx* 

ratts^iL^ro^ri«.^nrtr.rv5iaiflTi£r 

A ^ vH2 (Xi —X*) sin 9 cos q> 

This equation was derived on the assumption that the 
possess diamagnetic anisotropy « »v. Hctr«««» . , v 
Tsvetkov, experimental verification of the correctness of*this eouati 
still not proof of the existence of molecular clusters in is 
First of eil. „ot on. of th. «cp^tÄÄ" ^TofT“'- 
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*Wi ^’’♦If* ' *! 
ir;* 

:$^f.-:.::^k , 'V • V 
/>.4^ ifi'1*. ■■' ■ { . ' ,spf\ ... . _ .- ■. ‘i. 

volume V, secondly this equation Witten without v, will not lose its 
Validity and will refer only to the equilibrium unit of volume of the 

? substance. 

■ i’:'\ * 
In any case, as was convincingly noted Tsvetkov [71], the theory of 

clusters requires further development. In particular one can hardly say 
that clusters possess the same independence and rigidity as ascribed to 
them by the theory and undoubtedly the liquid crystal medium is more con¬ 
tinuous than the cluster theory proposals. This certainly does not mean 
that the theory is absolutely incorrect. In any case it explains satis- 
factorily a number of characteristics which appear in liquid crystals: the 
scattering of light, the rotation of liquid crystals in a rotating magnetic 
field, etc. One may always say that th- theory becomes less convincing 
when one views tho liquid crystal not in a large volume, but in thin 
specimens, included between solid surfaces. Here the explanation of the 
properties of liquid crystals, apparently, may be made only on the basis of 
the theory of elasticity. 

In contrast to the cluster theory, Xochor [72-74J proposed that the 
direction of the orientation of molecules of liquid crystals varies con¬ 
tinuously from point to point and near disinclinations (threads) sharp 
changos of this orientation take place. Let us note that the equations for 
the effect of diamagnetic field on liquid crystals have in this case 
exactly tho same form as in the theory of clusters, only the physical 
interpretation of coefficients is different. 

Oseen Lié], taking into account the potential energy of two inter¬ 
acting molecules, constructed a theory developed and augmented recently by 
Frank LIS]. According to this theory the molecules may be oriented along 
the directions of different curvatures. The curvature may occur also in 
the case when the effect of the magnetic field, orienting the molecules 
parallel to the glass, does not correspond to the orienting effect of the 
container walls, which attempt to orient molecules perpendicular to the 
walls. If L is a unit vector, determined in the direction of molecular 
orientation (Fig. 57). then the curvature of the liquid crystal specimen 
may be characterized by six components. 

st 

dL. 

dz 
; b% 

Jthi 
dy \ ¿1 

; «i 

dL,, 

dx ■; ' 

àLx . 
dx ' 

dy 

Components b-^ and b2 characterize the longitudinal curvature; S]_ and 83 — 
transverse curvatures; t^ and t2 — torsion (Fig. 58). The free energy 
density of the liquid crystal specimen in this case may be witten as 

- 72 - 



2 *U (». + S, - s,)> + 4 *.1 «! + + 

+T *»« (¾++i. («, _ 5,) +/t j _ 
— i^M + ku) (slS, + titt) 

So -~T~> ^0 = -A. 
*11 ktt 

llrrllTí^ S'ÄÄ* £trtl0n »“h 
the freo energy is minimua: * ^ ^ 0480 of ^10°110 liquid crysteli 

¿vx¿ = er(Iv)¿ = o 

deformation moduli oj^torsioTko^and co™parison the 
principally characterise !ScSc Ä^01 ^ k33' 

Figure 57. Vector components of the molecular orientation t < 
of different defomations. oriontaUon L in the case 
a. transverse bending deformation 
b. torsion 

.. »olid oylindT, b. liquid crysUl, ÄJUdispUcmmt. 
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For nematic liquid crystals 8o=tç=k12=0, and only four moduli kv,, 

feie Ï24 r/r0a Mr0; If Wd fonns planar texture^ 
crystals11111 eqUal *er0, In CÄ8® of cholesteric liquid 

^2=^0, ¿¡,=^0 and f — <0 = -:- =^0 

«dSts Sl.ï*,!*? °f íf1,®1“1’»' »i spoeirams only th. torsion 
Pit 1ft 4 tttt 2 X 23'„ ^ pitoh of «t»11’»' i» «qual to 1 /to* kl r 0 and k^ a kl/k]j ? 0, then uniform transverse flexure 

ïf i" a t^re; dimensional space region. In practice this space 
(see Pig? 33)?be exi8tonc® of texture in the form of cylindrical tubL 

The theory explains also the occurrence of disinclinations in the 
nematic specimens. The molecular configureation near the disinclination is 
calculated for the case k^k^ and k1?«0. If vector L is oarallal to th« 

rautioithm“ mma ls ât ^ in “““X1« of thS noamt of ^ 

rf-o» d2<X) 
0, dx* ^ dy> 

where $ is the azimuth of the vector L in the plane, 

disinclinations"10” °f ^^011 ^68868 

(D 1 
ntl) + <D0; tg>|> 

Xl 
X\ 

vrtiere n » 1, 2, 3... (see Fig. 23). 

diffôrântUt^««eftrîfidfïed thf°F ®nconPassos the characteristics of 
typ }iquid crystal8- 11 is significant that it contains 

rmation coefficients, which may be measured experimentally Ex-tT»«m«itr 
raportsot work in this, diroction was carrioi 
and Zolina l23, 75-77j. They established that the measurement of the 

^ «Ldef0rrU0n ¥ b0 r8alizod by ^ i“ JSílTof LX. notic field on the specimen. In the case of liquid crystals tt 

ef tiHiridtsSiddbSraatb°n ““V o^"1110“'^ from the deformauti ,. ,* solid body. For example, if a magnetic field is armH«d 
the layer of liquid crystals parallel to the plass (initially iLitudin.l 

ff“1?1 ^ the glass, bÍí;«âur^^Ü 
magnetic field), then it will rotate raoleoules in the plane of the 
preparation. This is opposed by the forces of the elasticity of the 
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liquid crystals, the surface of which is '»mounted»' on the glass. Deforma¬ 
tion takes place, analogous to the torsion of a solid cylinder mounted at 
its base. Here there is a difference, since in the solid cylinder each 
élément experiences in addition to the pure rotation gradual shift th« 
magnitude of which for different elements of the s^e^r p^iSîar 
to the axis to the cylinder is different and it changes froi/wo at the 
axis to a maximum at the periphery. In the liquid crystal only rotation 
takes place, and the gradual shift does not exist (Fig. 58b). Analogous to 
this in longitudinal and transverse flexures in the liquid crystal cracking 

P+îCe4nd the °cnprossion of lay®rs does not Se place, as g it does during the flexure of solid specimens« 

Figure 59. The values of moduli of deformation for p-azoxyanisole 
1. deformation of longitudinal flexure k-^ 
2. deformation due to transverse flexure , 
3. torsional deformation k^ ^ 

dfita on the measurements of deformation moduli by means of the 
interaction of the magnetic field [8, 78]] are given in Figure 59 It is 

Swiff, rf1 kll- k33 ™ 

c^stfTo POln °f ^ tr“5iU0n °f 

of let uf,note the theory of clusters and the theory 
of elasticity a re apparently not contradictory. The theory of clusters ^ 
is in approximate agreement with the statistical-mechanics hypothesis the 

of Elasticity? °f ^ b* glTOa ^ twm* Ä Sfrf 
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Chapter 3 

CERTAIN PROPERTIES OF LIQUID CRYSTALS 

Thermodynamic Proper^«« 

us now consider the thermal properties of * i 
us remember, the substance may exist in estais. Let 
within definite temperature SnSieet^ ^ 
is called the region of the cxistone« temPQrature interval 

stances this rogion nay U ,Se bro!d fe^“5' ,Fw 30"6 3ub- 
the liquid crystal region lies within the 12l’?Ato P-propyl-p-atoxycinnenate 
stances are known for which the reo>io« of .C ran5®* Other sub- 
crystal does not exceed several degrees Per Hi“!! 

aminobenzeno-p-hydrexybensoate it is eqial to b“llÜ’P* 

veni en tly^onducted 13 — 

invesUgated substan«! ^ other^ v»ss«l «ith the 
material (aluminum oxide) In th*»"" f?*"0 a con^ainer reference 
do not take place in the investigated Ü^enCe ®ubstance phase transformations 
indications record the he“ The pyrameter 

temperature-time coordinates, and also a díffiü fí1? í®d substance «d the 
shows the temperature difference betwean d^fer®ntial heating curve, which 
substance. It is clear that in th« ^ reference 0110 the investigated 
reactions in the inveSipaíed soíiman ^0^^^0™10 0r ^othemic 
maximum or a minimum, indicating the arfît differential curve will have a 
example let us citribe i ^ence of such processes. As an 

différentiel hesting^uríÜ SSlSflS5^'“0^"1“10 (Fie’ 60)- Th» 
transition temperature of thelsolid envaífT pôaJf• corresponding to the 

liquid crystals to ïsotrlpio llqild g »“c,10 ifZt “d o 
correspond to the maximum the««! effects of thl ? 5, ! f U9 W 0 
addition poorly pronounced ,mdoth.,»ic effect wi^^r^“3^ In 
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apparent, which probably results from the thermal decomposition of the 
substance or due to pretransitional thermal effects. The phase transitions 
may be recorded by the measurement of the transparency of the specimen [83J. 
This method also records the changes in the texture of the investigated 
substance (enlargement of domains, rearrangement of the confocal texture to 
a single crystal layer, etc,). Thermal analysis and investigations of the 
transparency in combination with polarizing microscope analysis enable us 
to interpret completely the nature of transitions in the specimen upon 
changes in temperature. 

The transition of liquid crystals to isotropic liquid, just as the 
transition of a solid crystal to a liquid crystal is accompanied by latent 
heat of transition [84-86]. For example, for p-azoxyanisole the specific 
heat of fusion of solid crystals to a nematic liquid crystal is equal to 
28.2 cal/g, and the specific heat of fusion of the nematic liquid crystal 
to isotropic liquid is 0.69 kal/g. It is apparent that the latter quantity 
is quite small. One must note that different investigators find somewhat 
different values for the heat of transition to isotropic liquid. This, is 
apparently associated with errors in the measurement of such a small thennal 
effect. Let us also note that such measurements are very scarce (measure¬ 
ments were made for 2-3 substances). Broader, more precise measurements of 
the heat of transition of liquid crystal substances could give valuable 
information regarding the nature of phase transformations of substances 
of this class. There is even less information in literature on the changes 
of the specific volume of liquid crystals during changes of temperature 
[&?]. This relationship has been most accurately investigated for p-azojty- 
anisole. It was established that the specific volume during the liquid 
crystal-isotropic liquid transition changes discontinuously. Thus, during 
this transition we deal with phase transitions of the first kind, i.e. 
the transition is accompanied by the absorption of latent heat and changes 
of the specific volume. In order to verify the general applicability of 
this proposal a large number of experimental data is needed. 

Figure 60. Thermal analysis of p-azoxyanisole. 

It was noted before that liquid crystals are characterized by close 
order in the distribution of the centers of gravity of molecules and the 
parallel arrangement of their longitudinal axes. The transition of solids 
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I0 oryaUis corresponds to liquidation of the long range order in the 
distribution of the centers of gravity of the molecules yot they preserve 
the long range order in the distribution of the centers of gravity of mole¬ 
cules, and they preserve long range order in their orientation. The 
transition of liquid crystals to isotropic liquid is accompanied by the 
liquidation of the long range order also by the liquidation of the long 
range order in the orientation of molecules. The latter transition is 
called by Frankel »orientational melting" [88]. According to Frankel»s 
theory near the transition point of one stage into another the formation of 
nuclei of the new phase occurs prior to the time when the transition point 
is reached, in the old phase local and temporary fluctuations of the curve 
which are caUed heterophases. Tsvetkov [66] expanded the theory of the 
hetorophase fluctuations for the transitions of the liquid crystal- 
isotropic liquid type. According to his opinion in the isotropic phase 
near the transition point formation of liquid crystal nuclei takes place 
(clusters). This fact is supported by the anomalous changes in a number of 
physical properties (double refraction in a stream, the velocity and 
absorption of ultrasound, etc.) near the transition point of the isotropic 
liquid to a liquid crystal. For example, the magnitude of double refraction 
in a stream of isotropic liquid p-azoxyanisole begins to increase several 
degrees prior to this temperature (134° C) [89]. 

Whan wo speak of phase transformations of substances for these 
liquid crystals we must note that not all liquid crystals are stable in a 
definite temperature region. If they occur both during heating and cooling 
of Jie substance than the liquid crystal phase is called enantiotropic. 
The scheme for phase transformations in this case may be written as: > 

SCt; LC tpl. 

Hero SC designates solid crystalline phase, LC — the liquid crystal phase 
and IL — the isotropic liquid phase. An example of such substances may be 
p-azoxyanisole, p-azoxyphenetol, anisaldazine, ethyl-p.azoxybenzoate and 
many others. 

^. u enantiotropic substances there are also such substances 
which form liquid crystals only upon supercooling. In this case the liquid 
crystal phase is called monotropic with respect to the solid state. A 
scheme for the phase transformation may be written as follows 

SC IL 

Cholesteryl acetate is one such substance. Its solid crystals melt directly 
to isotropic liquid at 114° C. If the isotropic melt is cooled very slowly 
then liquid crystals may not occur at all, but solid crystals will begin to’ 
grow immediately. Upon rapid cooling ~90° C the preparation is transformed 

- 78 - 



1 

into the liquid crystal phase. At 114° C liquid crystals aeain ban« +« 
melt to isotropic liquid. Let us note that the soîïd SysUlÎhïvf ^ 
solid crystal modifications — stable and unstable. The latter is formad 

transí orre??-^ at room temperature it is very slowly 
fd mhe course of days or «ven months) to a stable solid 

ÎS ÍÔLPo?Se\ The S0lid cry8tal modification grows orSarily in 
beautiful°intflrfA°CryStalf’ ^ have extremely bright beautiful interference coloration in polarized light. 6 

Th„c „C°rtain ^stances possess different liquid crystalline phases 
Thus, PiP*—nonoxybenzaltoluidine in a 70 7^o n y,a„*nv. * _* 
crvstql«î /.rd sV» +u« oo o¿0 « , c region forms smectic liquid 

k ‘ï 73:76 C ”gion 14 tams liquid crystals S. 
schsmo for phase transfomations for sud. substances »4 b. Sim û, 

Nyl!Iífaü“^dWhStSS.,ia5ign,t05 ra0Ctt0 U<J“id «0 

- - =?■ 

exist'dow. ^t^thTSr^s^bÄS^^; ^ 
scheme of phase transfomaUons for such substances may b. ¿rittm a“ 

SC -> CLC2± il 

SLC 

crystal^ILrUmÄ^^irdaif ^ 11<!Uid 

transformations, ^ “"aí" ^ 

»edifications of liquid crystal. Increase rtth SSS^thf^S“* 
o^amxc variables (pressure, concentration) and may be thus indeSnÎïriy 

2* Magnetic Properties 

spocific^diamagnetic^peraoability^^a^functim^of temperatureeforS°n^B^ 
p-azoxyanisole is shown in Figure 61. For the liouid <*w«+ i 
(as for m nematic liquid crystals) diama^So^.^SS 
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positivo. This moans that tho specific diamagnetic poraoability of n^atic 
singlo crystals, measured in the direction of the optical axis, is alvays 
smaller than tho poraoability in the direction perpendicular to the axis 
The diamagnetic anisotropy results primarily fron the presence of benzene 
rings in tho molecule and is proportional to their number. 

Figure 61. Specific diamagnetic permeability of p-azoxyanisóle as a 
function of temperature. 

diamagnetic permeability in the direction of longitudinal 
molecular axes; in the direction perpendicular to the 
longitudinal axes. 

In a sufficiently strong magnetic field the longitudinal molecular 
axes of nematic liquid crystals are oriented parallel to the lines of force, 
and the preparation is thus monocrystalline. The orienting effect of the ’ 
fieid on the layers of substance, adjacent to the walls of the container, 
are opposed by the cohesion forces of molecules in these layers with the 
walls. For p-azoxyanisole, for example, the thickness of layers, these 
molecules do not arrange themselves parallel to the field (when the overall 
thickness of the preparation layer is up to 2 mm), comprises: . for the 
1260 gauss field — 0.01 mm and for tho 10,000 gauss field — 0.002 mm. 

Smectic liquid crystals due to high viscosity are oriented by the 
magnetic field up to 30,000 gauss. However, it is possible to orient 
smectic crystals by cooling the isotropic melt in a magnetic field. The 
optical axes of the liquid single crystal are directed parallel to the 
field, i.e. just as in the case of nematic substance. When the field is 
turned off the orientation of the preparation is preserved which does 
not take place in namatic preparations. 

If the nematic liquid crystals are placed between the slide and a 
watchglass, then for each value of the magnetic field intensity H there 
exists a certain limiting layer thickness Zk [?8, 92]. Up to this thickness 
the optical axes maintain their initial direction (due to the effect of 
tho glass). A relationship exists between H and Z.: ZJi=K, where K is a 
constant. It should be noted, that the limiting thickness of the layer Zu 
is independent of the types of glasses and whether they are or are not K 
coated with a thin layer of metal. 



When the magnetic field is turned on perpendicular to the plane 
glasses, between which the liquid crystal is placed, an increase of the 
temperature of the liquid crystal is observed. Thus, in the case of p- 
azoxyanisóle the temperature of the specimen increases Io C when the field 
intensity is increased by 2300 gauss. The study of this thermomagnetio 
effect as a function of the magnetic field intensity H and temperature may 
produce interesting information regarding the spontaneous orientation and 
the orientation of liquid crystals by the magnetic fields. 

An extremely interesting phenomenon was discovered by Tsvetkov [9]. 
When the liquid crystal specimen was placed into a rotating magnetic field: 
the liquid crystal matter begins to rotate in the direction of the rotation 
of the field. Tsvetkov explained the presence of the rotating moment, 
affecting the liquid crystal particles, by the phase shift between the 
field intensity vector and the magnetization vector of the substance. The 
principal equation for the motion of liquid crystal particles (clusters) 
in this case is written as 

6ßTi-gL»-L//>Axsin2a. 

where (p is the angle between the magnetic, axis of the cluster and the axis 
of the immobile system of coordinates, ¢( is the angle between the field 
intensity vector and the magnetization, A* is the diamagnetic anisotropy 
of the cluster, B is the coefficient which is a function of the shape of 
the cluster and *7£ is the viscosity coefficient. 

From this equation it follows that the stationary state of the 
system is possible only when 0.^/4. In this case all particles are 
uniformly rotated with angular velocity <0. When H and <*) are increased 
the phase shifts become equal to ^/4, and the substance begins to move 
turbulently as a result of the disruption of equilibrium between the 
rotating moment and the frictional moment. An analogous phenomenon was 
discovered in a rotating electric field. 

The determination of the moment in a rotating magnetic field enabled 
determination of the magnitude of diamagentic anisotropy of liquid crystals. 

3. Electrical Properties 

The dielectric anisotropy of substance, capable of existing in the 
liquid crystal state may be both positive and negative [94-100j. This 
depends on the magnitude and the direction of the dipole moment of the 
molecules. It is apparent from Figure 62 that the magnitude of dielectric 
anisotropy of p-azoxyanisole decreases with increase of the temperature of 
the nematic phase, which is associated in turn with decrease of the degree 
of ordering of the molecules. 
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Figure 62. Dielectric permeability of p-azoxyanisole as a function of 
temperature. 
611 coincides with the direction of longitudinal molecular 
axes, £^is perpendicular to the optical axes. 

Many contradictory viewpoints exist in regard to the orientation of 
liquid crystals in the electric field. Some scientists came to the con» 
elusion that liquid crystals possessing symmetrical molecules and negative 
electrical anisotropy, are oriented with the optical axes in the direction 
perpendicular to the field. On the other hand the substances with assymetri- 
cal molecules possess positive electrical anisotropy and arrange themselves 
with the optical axes parallel to the field t_94, 95]. However, the study 
of the changes of dielectric constants of p-azoxyanisole and p-azoxyphenatol 
(substances with negative electrical anisotropy) in an electric field show 
that when the field is turned on perpendicular to the capacitor plate, in 
which the substance is placed the 'capacity and consequently the dielectric 
constant decreases This means that the optical axes of molecules 
are arranged parallel to the field. Analogous conclusions were made in the 
experiments with simultaneous interaction of the electric and the magnetic 
field on liquid crystals. 

The indicated contradiction is explained by the fact that the 
electric field, while orienting liquid crystal molecules, produces at the 
como time a flow of liquid crystal substance. Tsvetkov L?l] along with his 
students established that liquid crystal substances, the molecular dipole 
moment of which forms a large angle & with the optical molecular axis, 
possess negativo electrical anisotropy and their optical axes are oriented 
perpendicular to the field. The molecules with small angle (K are oriented 
in the direction of the field. Table 2 shows the data of Tsvetkov. 

During the study of the texture which occurred under the influence 
of the electric field the liquid crystal is placed on a cover glass. Foil 
electrodes are attached to' the glass, to which a current power supply is 
connected. In the case of small field intensity the vortex motion in the 
layers of substance, adjacent to the electrodes, is observed. With increase 
of the field intensity the motion is propagated throughout the whole 
specimen. Then, in the field of vision one may see many parallel threads, 
extending from one electrode to the other. When the field is removed the 
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threads disappear. For the investigation of texture in the field, 
perpendicular to the layer of substance, the preparation is placed between 
the glass peices, coated with transparent current conducting layers of 
tin oxide. 

In a constant and an alternating field domain texture is formed in 
the liquid crystal preparation. The long and narrow domains are arranged 
parallel to each other [102J. The domains occur 2 msec after the applica¬ 
tion of the field and disappear 20 msec after the field is turned off. 
The width of the domains increases with the increase of the thickness of 
the specimens. Thus, when the thickness of the specimen is 50/t the width 
of each domain is equal to ~20yu, and when the thickness is 150yu it 
increases to 90-100^*. In the neighboring domains the vectors of molecular 
orientation have the opposite direction. Since the liquid crystal possesses 
anisotropy of the index of refraction, the domain structure is visible in 
natural light due to different molecular orientation inside the domains 
and at their boundaries. 

The liquid crystals possess anisotropy of the electrical con¬ 
ductivity. When a magnetic field is applied in the direction parallel to 
the electric field, through the liquid-crystal p-azoxyanisole, its conductiv¬ 
ity incroasos. This means that the substance possesses anisotropy of the 
electrical conductivity, and its value is maximum around the longitudinal 
axis of the molecule. In the case of 50 Hz alternating current the appli¬ 
cation of the magnetic field (1000 gauss) perpendicular to the canacitor 
plates, to which the electric field is applied the field of 50 v/cm causes 
the increase of the conductivity by 15$ after 30 sec following the applica¬ 
tion of the field. The same magnetic field, but with the electric field 
intensity of 100 v/cm, increases the conductivity by only 10$, but after 
only 4 sec. Consequently, in the case of strong current the increase of 
conductivity, and consequently molecular orientation is lesser than in the 
case of woak current. This is explained by the fact that in the case of 
strong current large flows of substance take place in the liquid crystal, 
which doorient the particles. The mutual attraction forces between 
particles are thus decreased which leads to a more rapid but less complete 
orientation of molecules than in the case of weak current. It should be 
noted here that study of the liquid crystal state in the electric and in 
the magnetic fields is extremely promising with respect to the use of the 
crystals in electric and magneto-optical devices. 

\ 
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Table 2 

Substance (».-"„Mo25 
Dipole 
Moment, 

A4 •ID*-0 
A. 

Optical axis cri^nta-j 
tion of the liquid ; 

crystal 

p-azoxyanisóle 180 2.48 57°30l Perpendicular to the 
field 

p-azoxyphenatol 200 2.55 58°20» the same 

anisaldazine 200 ! 1.84 62°45« it h 

p-acetoxybenzaldazine 230 i 2.3 1 60°45» h it 

ethyl-p-azoxybenzoate 240 ! 3.11 j 56°30> h h 

anisal-p-aminobenzene 250 j 2.58 ! 32025' ;Parallel to the field 

dibonzalbenzidine 280 1.4 
J_ 

0° jthe same 

4. The Effects of Ultrasound 

The behavior of liquid crystals in ultrasonic fields had been 
studied by a number of scientists [103-105]. The simultaneous action of 
ultrasound and electric field on liquid crystal specimens has also been 
investigated. 

The ultrasonic irradiation (f-1.8 MHz) changes significantly the 
texture of the nematic liquid crystal. The nematic threads are put into 
motion. Some of them hook to each other, vhile others are broken thus 
producing a very characteristic texture. In a thin layer of liquid crystal 
of p-azoxyphenotol during the interaction of high intensity of ultrasound 
the cellular texture is produced. The layer is separated into colls, where 
the substance is immobile. The motion of the substance takes place along 
tho edges of the colls. The motion is in the clockwise and the counter- 
clockwiso direction. It is interesting to note that such textura is 
observed only for p-azoxyphonetol: p-azoxyanisóle and also smectic liquid 
crystals of othyl-p-azoxybenzoato and othyl-p-azoxycinnamate do not produce 
cellular texture. An important practical conclusion of these investigations 
is that by changing tho intensity of ultrasound it is possible to obtain 
thin layers of liquid crystals of different transparency. VJhen simultane¬ 
ously the ultrasonic and the electric fields are applied to a p-azoxy- 
phenetol specimen along with a set cellular texture and vortex motion 
of the substance along the cell walls the occurrence of sections with 
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threads is observed. With increase of the electric field intensity 
vortices appear, but the parallel arrangement of threads is disrupted by 
the action of the ultrasound. p y 

Interesting data were obtained on the rate and the degree of 
absorption of ultrasound by liquid crystals [103-106]. It was established 
that these quantities vary anomalously at the point of conversion of iso¬ 
tropic liquid to liquid crystal. Such a change of the rate and the 
intensity of ultrasound in p-azoxyanisole becomes noticeable 2-3° prior to 
the transition point (135° C). This phenomenon may be explained by the 
occurrence of heterophase fluctuations near the point of transformation. 
Analogous behavior of the absorption and the speed of ultrasound was 
observed in cholesteric liquid crystals of cholesteryl benzoate (Fig 63) 

nep/cra 

Figure 63. The velocity of ultrasound (1) and the coefficient of 
absorption of ultrasound (2) in cholesteryl benzoate near the 
transition point of liquid crystals to isotropic liquid. 

5. Viscosity and Surface Tension 

^ The viscosity of liquid crystals may be measured by the capillary 
method or by the measurement of damping of a disk suspended on an elastic 
thread and submerged into the liquid crystal. Let us note, that in the 
former case it is necessary to take into account the possibility of the 
decomposition of various liquid crystals at elevated temperature. For 
example, during heating of purified p-azoxyanisole in a liquid crystal mass 
the prssence oi dark particles is frequently observed, which interfere 
Sd\™ °í îq < erystils ilong the capillaxy. In the Ubellode and 
Zud t./pe viscosimeter, improved by Mikhaylov and Tsvetkov, a trap is 
present for catching foreign particles. In such a viscometer their effect 
on the rate of flow of substance from the capillary is excluded. 

Figure 64 shows the relative viscosity of p-axozyanisole as a 
function of tomporotur. |107j. It is spparont fro. th. gr.ph that thw. 
is linear dependence of viscosity on temperature both in isotropic liquid 
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and in the liquid-crystal phases. At the point of transition of the iso¬ 
tropic crystal into liquid crystals (135° C) the viscosity undergoes dis¬ 
continuity |_108-110J. An analogous discontinuity in the viscosity is 
observed during transition in the liquid-crystal phases. Thus, ethyl-p- 
(4-inethoxybenzylidenediamino)-cinnaraate has three liavdd crystal phases 
(Fig. 65): one nematic and two smectic modifications (one of the latter is 
monotropic). The viscosity changes discontinuously during transitions 
from one liquid-crystalline phase into another. The scheme for phase trans. 
itions of this substance may be written as follows 

IL £ 
139° C 118° C 

NLC Ç. 

108° C 

SLC-1 

TC 
\ 91° C 

SLC-2 

Mikhaylov, Tsvetkov Ll0?-110] and other authors measured the vis¬ 
cosity of liquid crystals in a magnetic and electric field. It was found 
that upon application of a magnetic field in a direction perpendicular to 
the capillary, in which the nematic crystal flows (p-azoxyanisole), the 
rate of flow decreases. When the field is applied in the longitudinal 
direction of the capillary the time of flow decreases. This indicates ' 
that there exists a viscosity anisotropy of liquid cxystals, namely the 
viscosity coefficient is smaller in the direction of longitudinal molecular 
axes. The viscosity anisotropy may only be determined during slow flow 
of the liquid crystals. In the contrary case the orienting effect of the 
magnetic field is not apparent since the orientation of liquid crystals in 
the stream predominates. 

The effect of the electric field on liquid crystals, flowing through 
a capillary, does not show anisotropy in the viscosity due to the occurrence 
of vortex motion of the liquid crystal substance between the electrode. 
The viscosity anisotropy, measured in a magnetic is quite significant fill] 
Thus, for p-azoxyanisole at 122° C the following viscosity coefficients 
were found: 

^1 “ °»02^t the molecules were parallel to the flow of liquid crystals in 
the capillary; 

>l2 = 0.092, the molecules were parallel to the velocity gradient of the 
flow; 

^3 3 the molecules were perpendicular to the velocity vector and to 
the gradient vector of flow. 
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1 

Figure 65. Relative viscosity of ethyl-p-(4-methoxybenzylidenediaalne)- 
cinnanate as a function of temperature( 

1. smectic phase (monotropie; 
2. second stable smectic phase; 
3. nematic phase; 
4. isotropie melt. 

.. The study of the viscosity anisotropy of smectic and cholesteric 
liquid crystals is difficult bocuase these mesophases can be oriented only 
with great difficulty by the external interactions. The viscosity aniso- 
tropy can be determined only from qualitative observations, by studying the 
effects of the disruption of confocal texture during the reorientation in 
the homogemous liquid crystal layer. In the case of lyotropic liquid 
crystals of potassium oleate, for example, from confocal domains it 
appears as though a series of layers were originating from confocal domains 
(see Fig. 43), corresponding to Dupin cyclide surfaces. Smectic layers 
have a great freedom of motion when they are slipping over each other, 
reconstructed from confocal texture into a single crystal layer The 
rearrangement of molecules in the direction perpendicular to the layers is 
difficult, consequently the viscosity in this direction is greater than in 
the direction parallel to the layers. 
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On the basis of all said thus far it is dear that investi«•#> 

Sîîî »? L. 
"«Ä“Ä2 

Naggiar [U2j suspended a thin film of liquid crystal o-azoxvani *«1 ! ’ 
opening of the supporting plate. The surface of the film was bent by thT 
tSI of Sr- By mr? he vas able to mJsure t;e cuîîL 
ture of the upper and of the lower surface of the film and its thieWm«!« 
Th. surf.« tension coefficient Has found from the^elstionship1 

(it 
th»rwi “d ,2 the radil of = ¡futuro in the center of tho upoor and 
“f.1™" surfaces respectively, J> is the density of the liquid 'crystal 
th» Jí? *eeeî!rati0" »f ««vity and do is the thickness of the mf at 
ithe t1«1 “af found 11141 o" fhcrease of temperature from 116 to 134° 
ii«a5rS«V^o « ïWc U^d) ^14 ^444 tension Scr«sef linearly from 39.5 to 37.4 dynes/cm, according to the equation: 

O' « 52.1 - 0.110 t (dynes ), 

One might say without a doubt that further investigations of +h* 
surface tension of liquid crystals of different îypës Si £êïd vîlucbl. 
data from tho practical standpoint regarding the surface acSye properties 

CITJ;Ua‘\ 11,15 15 fir5t of H applicable to Uouid cSSSs 
ÒrgSiSS " P r0l‘ in ^ bi0l0el041 P'»«45«4 »Î UviS 
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Chapter 4 

THE USE OF LIQUID CRYSTALS 

1. Technical Usea of Liquid Crystals 

Many substances in the liquid crystal state possess valuable 
electrical and optical properties. It is very significant that these 
properties change sharply as a function of temperature, wavelength, under 
the influence of external fields, etc. It is doubtless that many of the 
properties of liquid crystals have practical interest and some of them are 
already in use. Let us cite a number of examples. 

The nematic lyotropic crystals are used in the production of light 
polarizers. If such a dichroic crystal is placed between two clear pieces 
of glass, previously rubbed in one direction, then one obtains a single 
crystal nematic film. The solvent evaporates with time and between the two 
pieces a thin film of oriented dichroic molecules is obtained, i.e. a 
light-polarizing material. 

Cholesteric crystals found a very interesting application. Using 
these crystals a converter was constructed for transforming an infrared 
image into a visible image. This converter is successfully used for the 
visual detection of a gas-laser beam at 3.3 wavelength [113], The principal 
element of this device is a film of cholesteric liquid crystals placed on 
a thin glass membrane. The membrane absorbs infrared radiation of the 
laser and transmits the heat to the liquid crystal layer. The color of the 
liquid crystal film (in the reflected light) depends on the temperature, 
therefore during illumination of the shell with white light a visible 
image of the infrared radiation is obtained. Let us remember that for 
transformation of the infrared radiation into visible ordinary converters 
are used which incorporate photoolectronic emissions or phosphorescing 
substances with extremely complex and extensive electronic circuitry. The 
simplicity of the above described device and its low cost make liquid 
crystal converters incomparably more economical than the complex apparatus 
previously used. 
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Th« color of cholesteric liquid crystals depends on temperature and 
it may be used for temperature measuranunt [114], From a mixture of 
cholesteric substances one can produce temperature indicators from -20 to 
+250 C interval. The indicator is a thin flexible film of liquid crystal 
enclosed between two polymeric films. Such a substance may be applied to 
the circuit of a part for recording the temperature gradients in different 
directions. This method may be used for detection of structural defects 
in opaque objects: due to nonuniform thermal conductivity defects cause 
different color effects in the liquid crystal films. 

Cholesteric liquid crystals (or thoir mixtures) aro extremely 
sensitive to the presence of vapors of different chemicals. The presence 
of an extremely small quantity of vapor may change the structure of liquid 
crystals and consequently affect its optical properties by changing its 
color. By means of a liquid crystal it is possible to establish the 
presence of vapor in the air when its concentration is only a few sorts per 
million. This method is of extreme practical value [114J. 

Liquid crystals are used in scientific investigations. Thus, 
during the investigation of nuclear magnetic resonance preliminary crrperi- 
ments have shown [115-124] that nematic liquid crystals can be successfully 
used as solvents during the investigation of high resolution NMR spectra. 
In this case the NMR spectra yield more complete information regardin'’1 the 
structure of dissolved molecules than spectra obtained by other methods. 

The new explanation of the detoigent action on soiled surfaces, 
found by means of liquid crystals, is also of great interest. It appears 
that an important here is played by the swelling process of the foreign 
matter in the soap-water system, which was established by Lawrence [43], 
The basic change of the concept regarding the action of soap enables us*to 
introduce changes into the technology of production and the use of cleansing 
agents. 

An important direction in the practical uso of liquid crystals is 
their usa in the supercooled state. Two methods are available for the 
vitrefication of liquid crystals: 1) synthesis of substances which possess 
at the same time both the ability to form liquid crystals and the ability 
of yitrefying; 2) addition to the liquid crystal substance of special 
additives which fix the mesomorphic state and prevent the transition to the 
solid-crystal state. At present there are some substances known which 
can bo vitrofied upon cooling. They include Ot-bonzeneazo-(anisal- f/1- 
naphthylamine). However, thus far the drawback of such substances is that 
with time (although it may bo very long) they still crystallize. In 
addition, this process is accoleratcd with the increase of temperature to 
40-50° C, which is very inconvénient from the practical standpoint. We 
know of cuaole substances also (for example cerebron), which oreserve 
their vitrafied liquid-crystal state at 100° C, and higher for*an 
indefinitely long period of time. These, however, have rather weak mechani¬ 
cal properties. 
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It should ba noted that not any less Important than the production 
of vitrefied crystals is the development of methods for their use. The 
mobility of the structure, and its rapid changes under the use of external 
fields is one of the most valuable properties of liquid crystals. However, 
the majority of substances which produce liquid crystals can exist in the 
liquid crystal state only at very high temperatures: of the order of 80° C 
and higher. This means that the devices where liquid crystals may be used 
there must be thermostated. Even now, however, substances are known which 
exist in the liquid crystal state at relatively low temperatures. For 
example, mona-2.4_dionoic acid exists in the form of nematic liquid crystals 
at 23-49 C. Let us also keep in mind the lyotropic liquid crystals, the 
crystallization point of which is even lower. 

The region of the existence of the liquid crystal may be signifi¬ 
cantly expanded by means of isomorphic impurities. Unfortunately, the work 
in this area has thus far been conducted vary sluggishly, although the 
purpose and the ways of carrying out the work are quite apparent.’ 

The most promising material with respect to the practical utilization 
is single-crystalline mesomorphic substance. Here the situation is much 
better than with the use of supercooled crystals. The main problem is 
reduced to the orientation of the specimen by means of external interaction: 
electric or magnetic fields, solid surfaces, stretching (orientation with 
subsequent vitrefication of specimens). 

2. Medical and Biological Uses of Liquid Crystals 

Many substances of biological origin may have liquid-crystal structure. 
For example, myosin is a protein which enters tho composition of the con¬ 
tractile substance in the muscle tissues (myofibrils). It forms lyotropic 
liquid crystals. Collagen, contained in the supporting tissue (bones, 
tendons) and in the brain, is close in its structure to nematic liquid 
crystals. The lyotropic liquid crystals, obtained from desoxyribonucleic 
acid, display the primary role in transmitting the inheritance information, 
and many polypeptides (for example poly-r-benzyl-L-glutamate) and enzymes 
(trypsin). Numerous lipoids are capable of forming liquid crystals. For 
example, a mixture of kerasin and lecithin with insignificant wetting forms 
lyotropic smectic liquid crystals. 

Cholesterol and particularly its esters present a great interest. 
They are frequently found in the organism in the liquid-crystal state, 
particularly in the form of liquid-crystal spherulites. This spherulite 
may be large (1.1 - 1.3 mm in diameter) or small (1-2ju in diameter). The 
fine liquid-crystal spherulites are found particularly frequently in the 
blood after the intake of food containing fats. 
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Liquid crystals of sstors play an axtramaly important rolo in tha 
aotabolisa of liring organins, in particular, in the organisa of nan. Tha 
concantration of liquid crystals in tha organisa incraaaaa rapidly in tha 
casa of cartain pathoganie procassas. Tha daposition of liquid crystals 
in tha tissuas of an organisa dastroys apithalial calls, causing tha growth 
of calls of ssssnchysic origin and tha occurrsnca of granulosutous tumors. 
Such a reaction is datarsinad not by tha chaadoal natura of tha cholesterol 
ecspound (these ccnpounds are not toxic), but by tha fact that they exist 
in tha liquid-crystal state, which in turn has a destructive affect on 
living calls. 

According to tha opinion of a Soviet pathologist S. S. Khalatov 
[125J, tha principal causa of tha occurrence of liquid crystal deposits of 
cholesteryl asters in tha organisa is diathesis — tha specific constitu¬ 
tional predisposition of tha organisa to tha fomation of liquid crystals 
which circulate in tha blood. Diathesis is sost pronounced in 30-50 year 
old people. The inoreases amount of cholesterol and its compounds is 
observed during injuries of tha brain (tha most labile cholesterol storage, 
during insufficient excretion of cholesterol by tha intestines and in tha 
case of cartain other illnesses. When tha excessive concentration of 
cholesterol empounds (hypercholesterinamia) is combined with the constitu¬ 
tional predisposition of the organism to the Cholesterin illness the 
cholesterin compounds circulate in the blood in the liquid crystal state. 
When liquid crystals penetrate the mesenchymic cells they irritate them 
and the cells begin to accelerate their reproduction. This leads to 
anisotropic adiposis of the organ (xanthomatosis). The following ailments 
belong to the xanthomatosis class (according to Khalatov)} skin xanthomas, 
xanthomatosis of the aorta and arteries, anisotropic adiposis of the spleen 
and Kupffer cells of the liver, and cloudiness of the cornea with "age." 

Thus far we have spoken only of the dark side in the behavior of 
liquid crystals in the organism, but it appears this is only one side of 
the problem. Many structural formations of completely healthy cells and 
even organs are in the form of liquid crystals. It should be noted that 
the brain is essentially a complex liquid-crystal system. The duramater in 
the brain consists primarily of oerebrosides, phosphatides and glycerides 
in a lyotropic liquid crystal state. In the white substance of the brain 
and in the nervous system tracts liquid crystals play the role of dielectrics. 
They form myelinic membranes around the nerve fibers (neurons) and this 
membrane (one of the most ordered biological structures) possesses all 
those properties which are typical for smectic liquid crystals. The 
myelinic membrane is anisotropic and it is very well visible in polarised 
light with crossed niçois (Fig. 66). 

It was possible to see the alternating smectic layers of the 
myelinic membrane of the nerve by means of electron microscopy (Fig. 67). 
They consist of the protein and lipoid molecules. 
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The analyses in polarised light show that paraffin chains of 
lipoid molecules are oriented radially and the longitudinal axes of protein 
molecules are tangentially located with respect to the fiber axis. Ihe 
average is in the identicity period (the distance between two centers of 
neighboring layers) on the electron micrograph is equal to 120?, and that 
obtained by means of x-ray structural analysis is l?0j (for the nerves of 
amphibia) and 180-185A (for the nerves of mammals). The noncoincidence 
of their values of the identicity period results from the fact that it 
changes somewhat in the course of the preparation of the nerve specimen for 
electron microscopy. 

Many structural elements of cytoplasm have similar structure to 
smectic crystals. For example, organellas of the cell which exist in the 
inner element of the rod in the retina have a structure similar to smectic 
crystals. Their structure is formed by the submicroscopic platelets stacked 
in a ''pile.'1 The analyses in polarized light show that the outer members 
of these rods consist of the transverse protein layers alternating with 
layers of longitudinally oriented lipoid molecules. 

The smooth and the transversostriated muscle fibers also have 
liquid crystal structure, as a result of which they can stretch and con¬ 
tract without destruction. 

Frcm the standpoint of liquid crystal structure interesting objects 
are spennatozoa consisting of elongated heads and a lower appendage -1 the 
tail. The head of the spermatozoa displays strong double refractioi. (0.05), 
which is almost a factor of 5 greater than it is for quartz (0.009). The 
optical sign is negative which indicates the similarity with cholesteric 
mesophaso. Their optical axes coincide with the longitudinal direction of 
the head. The tail displays weak double refraction, and its optical sign 
is positive. The liquid crystal sperraatozoids (if it is possible to say) 
are very stable. It is easier to destroy them than to convert them to the 
crystalline state. 

The abundance and the important role of liquid crystals in living 
tissues is not surprising. The principal activity of living tissue is 
¡.csaoolism, i.e. continual absorption and excretion of substances from 
tho surrounding medium. Liquid crystals are ideal formations for such an 
-euivity: they arc absorption active, they can dissolve many substances 
even of different molecular structure (in contrast to crystals which 
dissolve only isomorphic substances, without changing at the same time its 
liquid crystal form. The structural complexity of liquid crystals along 
id. tho easy replacement of molecules m them creates a necessary con¬ 
dition for the rapid and easy exchange of molecules and for the retention 
of molecules in the lattice. The correctly arranged elements of liquid 
crystals produco an excellent medium for the action of intracellular 
cav-axysts, especially complex, for example catalysts of growth and rerr:- 
Quction. Due to ^heir excellent dielectric properties paraerw. ^ 
invaluable in coil membranes during the formation J intrac:- ...j 



liquid cry«t>ls aun- anil md th«n^.f« .¡fü?*í *pProPri*t* conditions tho 
liquid-oryctal f ?>• lo” 01 ‘«l- 
oountor»ot\ho nsch«io»l «jtirtS isiport,mt »i»co they 
end follow«] by rellxttlon* C,Us “»'«>P«icd by tho controotion 

processes? ^‘'’’nc^^stoth^.^úbiíi^rth"1 S' ^,01°81041 

crystal fiber f MenSonep"^?^^ ^ P«ibiUty. ih, Uouid 
for th* fomation of the supportinÆbe^ ?r,ength* vhich is necessary 
these properties that liquiTcristfls oos^^^m ^ nacessary to add to all 
mesophase to all intracrjstalliíe SõceSses af °f 
processes instantaneously. All this evnlj.-íñe Í ™esoP^a3a reacts to these 
in the most importât mm^al^wt,5 ^ 

found liVeÄÄS ^Äs^r 0rySU1 i* also 
the structure of chlorSufts SÍ ?! i, A$ ex“Ple lt!i “= point tuu 
the photosynthesis reaction, the chlormlast^ofth? a!!s0<:iatcd 
platelet structure similar to f tho COrn ««sophyll have 
chloroplasts contain sharply outlined -5^+^ Cr^tals: In addition to this 
Platelets are packed more d^nseS ííl S0”3,(faCOs)- In thcso faces 
structure with the identic!t£ peíiod^f th^o^7 tn^s.^§ducins a striated 
is vei7 Ciclar to the sÂTÂc^ï 

crysUlfiTÎXV^ÂVSjblLÂ^ 00 StUdy °f 
viruses of tobacco mosaic, cucuSbo^viruMsTüfi “A3 A0”1 
and others, possessing elongated form foyw, i +d p°tato viruses X and Y 
dilute aqueous scluti!n? tt!ss7 r!?1;,liquld I» 
discovsred. At hisher co!ccnt!?H „ "ï double «fracUon is 
formed which precipitate to the bottLAAA113“1! fcctoids are 
mass. “e bottom 1,1 l*'® foi» of a liquid-crystal 

crystal state is tffectivono^ónlvuith StUdy or ^10 liPuid 
liquid crystals in t.chn!lo!y ^doSíedíw! V US8ful of 
in penetrating the secrets of'bio?!!?!?!*17 0636 investleatlons wUl aid 
of the behavior of thH^c Ä P”C8SSeS “d 0,8 '’'"«‘«•iaUca 

\ 
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Figure 66. The sciatic nerve of a frog in polarized light. Many 
interwoven nerve fibers are visible which display double 
refraction. 
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Figure 6?. Electron micrograph of a transverse cut of the myelinic nerve 
membrane (850,000 x). 
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ämthesia of Certain Liquid Crystal Product Substance 

g-Azoxyanisole (Bogoslovskiv»s meih^ 

JSr hun5'0d ^ °f 99-100^ methanol are placed into a round bottom 
reí1« c1ondenser gradually with external water 

cooling 500 g of finely cut metalic sodium is added to it When the 
potions of sodium addod (ir. ordor to aocrt«“, ^ fomtóo^õf 

ttus^ÄiS0 îr^aÂ^L0 ä0- ae 

1 5 G;. The produced brown solution is ooured into 100 ml of wate» 
lemon yellow crystalline product is precipitated out whiS shoSd ^ 
in a Buchner funnel with 300 ml of cold water and dried at 60-¾° Í CV 
melting point of the product is II6.5 and 133° c (in thi « ' ■ "" ‘*‘6 

oure°substatÍ° ^ ^ ^™ed). In oidor to obS^c^0- -1 ^ 
pure substance the produce is recrystallized from benzene. ' 

p-Axozyphenetol (Bogoslavskiv1s method) 

flask a^6^^ í?Íríy ^ 0f 96'" 0than01 ?iacôd int0 a two necked flask and then 10 g of finely cut metallic sodium are added in small 
formation of sodium methylate 10 g of 4-nitronhenetol 

are added to the hard solution. The nitrophenetol must be groSd Sto a 
p wder. It is rapidly dissolved upon mixing. Follcvanp this 5 ? 0^ 
hydrazine hydrate are added rapidly to the solution with frecuent -hakinc 
and the mixture is heated on a steam bath. This produces boiling of theS 

s ^sSuii 
and *driod. Th« Ä'mÄ 
tion from benzene the melting points aro elevated to 
respectively (nemaUc Uquid crystal phase). 7 

Anisaldazina 

, , g, anisic aldehyde are dissolved in dilute ethanol and ? » 
ox hydrazine hydrochloride are added to it. The mixture is heat pH t,6 
steem bath. Seen thereafter anisaldasine 

prSucteis°fiÍter¡d COrapl^f of reaction (20-30 minutes) the 
^roauct is filtered and recrystallized from benzene. The purified 
dazme is in the nematic liquid crystal state at 179-183° c. 
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Ghdesteryl acetate 

flae¡Xr J z of cholesteryl are mixed with 7.5 E of acetic anhydride in a 
flask with a reflux condenser. The mixture is heated on a sand bath Tha 
mixture must boil for 2 hours after which it must be cooled. The crystalline 
choiestery! acetate is precipitated out. Its melting point is U4?c 
For better purification of the product it can be recrystallized from* 

Cholesteryl cinnamata 

5 g of cholesteryl and 10 g of cinnamic acid (cinnamic acid is taken 

» Äh-S “ 0!!en on™ sand ät c^r 
20°-. S', 1716 mlxture is held at this temperature for 4-* 

compleSy ?oîîoiit îhSrit br0Wn reacti<>n mass crystallizes completely Following this it must be ground to a powder and boiled in 

«st be renflé“i“;3"1» fid «d then filtered. The boilir.s 
must be repeated 2-3 times. The product is recrystallized from a larra 
volume of alcohol-ether mixture. At 156-197° c nheiee+awiri «• ^ ■' j. ¡ 
in the liquid crystal state. cholesteryl cinnamate œdst. '. 

Cholesteryl caprinate 

5 g oí cholesteryl and 10 g caproic acid (the acid is added 'n 

baS" l?0oVlr7oÍ °PQn heat°d °- the oil or onlhe Ld 
^ I-ua C f j 4-5 hours- 1110 ^^ture is cooled and the solid reaction 
mixturáis t0 P°Wdcr* To free the excess acid the .nxturo is boiled in alcohol and after cooling it is filtered th* 
and filtration must be repeated 2-3 times. Upon heatin^to 82.50 C 1? 
cholesteryl caprinate produces cholesteric liquid crystals which at 90 6° C 
r.oxt to form isotropic liquid. Upon cooling to 90.6oc cholesteric lícuíà 
crystals reappear again and they exist down to 78° C. Following this the 
preparation foms ionotropic smectic phase «hich exists dowTto 53® c. It 
o.as temperature the substance crystallizes. 

gthyl p-azoxybenzoate (Xsicr and Dalem method^ 

l?g of p-azoxybonzoic acid are mixed with an acueous solnt-irm a-p 
sodium hydroxide (5 e of NaOH). A dilute nitric “id’soîuÙon ïs ïïded 
unoil neutrality is attained. To this solution an aqueous solution '' 

r niora'¿° 13 ßraduany added (25 g of ASN03). The mixture is toiled 
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ó" »It 1= filtered 

»ith ether. Ih. yidd 0f tólw aüt^e^ g £ ^ U^i"1 “? f'"’ 
silver seit e mixture of ethvl \ß9 ™ this light sensitive 

boiled for 1 houTr.lt^ÄnS rSlT^d^ “1“ 13 
mass is cooled and filtered It is w»n f« er* ^a^ction 
benzene and to dry it. The’final nroHnït1 üîSh ^16 PrQeiPitato with hot 
in the 113.5 - 120.5° C tenperaSr^e^ smectic liquid crystals 

^Benzeneazo-Çanisal- ^ » -^aphthal^j nr- ^ 

iv-i frutea T'TX ôr 

-■¡C. 

1½ of dïeeoLL*eSîÂ?«W J _ 
is obtained by neens of en. of e.nS¿Lly das*lr^ í“T'"hl: 

end neshei tóth . l^Luty^X^t^^-i ^ 

mÎL/ Æ rd maSS is ree,T®tallized from a s" " 
filtered and dried. The crystals are placed into 
methane! and 13.7 g of anisic aldehyde are added to 

sol»H °n a/îr bath* 20-30 ninut0s later crystal 
R ^ ?e ^i'»*8 b8comes thick. Tue product -,1 

TT---.™ 
the subetwe. produces nonotropie nenstie 

ore 

~ur.;c of .-.: 

.1 mixture 
■ it ,c i'rt 
'-ar.... b-'f < — ,r,^*î - - S-J. 

Lyotropic potassium oleata iinnH r.^.3ls 

These crystals are obtained unon evaporation n- t -v , u , 
tien of potassium oleato which is soîri oA ^i0cr-alcohol solu- 
soap.« The medical P^ssium 
(smectic type,'. Potassium ole^te^v ^Sts.^ crystal state 
iflodzeyevskiy)' 10 J of oleic ¿cid ** B* 

ÄefuÄMisr^0 Ti^v ^-tiasif^: 
potassium oleate is formed aboyo ttaVjfr ?-'oci?itate of 
from the tsat tube by ¿¡ioSZ. “ is 

¿¿nuid crystals from the cholestorol T^-i-rv^ 
(.■ilodzeyevskiy method) 

V,,.. By beating a mixture cf cholesterol ^tn el-cc- - - tncA + . 

Zh^Z: may t'/peiiquid " 

oou.^i..d Which have very beautiful''interference SlSation! 
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