where A,,, = 0.291 for BPII and A;,, = 0.175 for
BPI, while ¢ is the scalar order parameter charac-
terizing the local orientation ordering of the mole=
cules in the cuble structures of BP. The theory
predicts a universal temperature dependence of
¢ for LC phases: °®
388y +[p*By'+961Tya, (T.4—T) 1"
&= y
164Ty _
where BO! = 1.031, 10 % = 1.184, BO* = 1.017,
rtQ' = 1.132, Tg 4 is the temperature of the phase
transition from the isotropic Hquid to the BP, and
@,, B, vy are the coefficients in the expansion of
the free energy in powers of the order parameter. *
Figure 4b shows the temperature dependence of
the gcalar order parameter, determined by expres-
sion (4) from the experimental values of e(r, 2).
The continucus curve is the theoretical depend-
ence of the scalar order parameter obtained from
(5} by selection of the parameters #/y and a,/v.
For the curve shown in Fig. 4b, g/v = 0.34,
aly = 0.012 K~ 1. We see that the value of the
local orientational order remains practically un-
changed in the phase transition BPI-BPIL.

The narrow diffraction peak in thick specimens
in the region of the maximum of the main reflection
(Fig. le), not previously observed in a BP of a
LC may be due to diffraction with Fourier harmonic
e(t, =2) (not natural)., The narrow half-width
of the mdditional peak is evidence of the good quality
of the crystal. An estimate of the region of co-
herent scattering:®® from the width of the addi-
tional peak reveals that it is about 102 um, i.e.,
it corresponds to the thickness of the single
crystal. From the intensity of the narrow-band
pesk we can estimate the value of the modulus of
the Fourler harmonic e(t, -2) = 4-107%. We must
emphasize that this is the upper limit of the esti-

(%)

mate (1, -2), since the narrow-bend peak may -
arise with negligible violations of the ideality of
the transiational order in BP (e.g., with bendm‘-_
of the planes of the cubic lattice through an angly
of about 19). We can assert that e(v, -2} eon- ‘5%
stitutes not more than 1/50 of the Fourier harmong
e(t, 2). The small value of e(r, —2) indicates
the corrvectness of the application of the two-bemg - %
approximation in the dynemic theory of diffraction;: :
and of allowing for Fourier harmonics of only one "~
type c(t, 2) in Landau's theory of phase transi- -
tons. :
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Dechiralization of cholesteric liquid crystals due to the action of

ionizing radiation
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The authors have studied the influence of ionizing radiation on the spectra of selective reflection of light by
cholesteric liquid crystals {CLC}—derivatives of cholesterol. They show that, under the influence of ¥-(**Co)
and proton {E, = 70 MeV) irradiation with doses of up to 200 kGr, in the derivatives of cholesterol there is a
marked change in the specira of selective reflection of light, which is due to the formation of radiation-
induced impurities. The presence of these impurities, in the first place, reduces the temperature range of
existence of the CLC, and, in the second place, alters the effective twisting capacity of the molecules, leading

to dechiralization of the system as a whole.

INTRODUCTION

Chiral structures are traditional and very
interesting objects of investigation in optics. The
simpies examples of such structures are cholesteric
liquid crystals (CLC) for which the spiral twisting
of the gsupermolecular structure causes selective
transmission and reflection of light, and aiso gigantic
optical activity. As established on the basis of
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copious experimental material, the pitch of the
spiral of the CLC is very sensitive to various exter-
nal actions - electromagnetic field, temperature,
pressure, ete. ! However, there have been prac-
tically no investigations of the changes of the opti-
cal propertiee of CLC under the influence of such
an important factor as ionizing radiation (IR). The
importance of such investigations iz due not only

to possible practical appliadons but also to the
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FIG. 1. Temparaturs dependences of wavelength XA of selective

reflection in mixtures of P + CC (a4, b) and CF + CP (e, d).
a, ¢} mixtures of nonirradiated ceaponents; b) CF irradiated
with protons to a dose of 145 kGr; d) CF irradiated with ¥ -
quanta to a dese of 100 kGr.

general problem of elucidating the influence of IR
on chiral structures both at the macrestrnectural
and at the molecular level.

The aim of our work was to fill this gap. We
studied the temperature dependences of the wave-
lengths of selective reflection of CLC and their
alterations under the influence of IR. For the
initial and irradiated substances, and also for radi-
ation-induced impurities, we determined the so-called
molacular twisting forces, which are a quantitative
measure .of the chirality of the CLC. We measured
how the degree of dechiralization of the CLC depends
on the dose of IR.

EXPERIMENTAL METHOD

We studied two-component mixtures of three
derivatives of cholesterol: cholesteryl formate (CF),
cholesteryl pelargonate (CP), and chelesteryl chloride
{CC). The choice of mixtures as objects of in-
vestigation was prompted, in the first place, by
their wide practical applications, and, in the second
Plece, by the necessity of determination of the
molecular forces of twisting, the concept of which
is based on the laws of change of the wavelength
of selective reflection with concentration.? In this
article we give data for two mixtures: CP + CC
and CF + CP. As the irradiated component in the
CP + CC mixture we used CP (the CC was not
irradiated), and in the CF + CP mixture we first
irrediated the CF. Ieradiation of only one com-
Ponent pursued the aim of a more reliable estima-
tion of the changes in CLC due to IR.

The substances were irradiated with 70 MeV
Protone in a V-240 isochronous cyclotron to a dose
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of 145 kGr and with y-quanta in a 100,000 { **Co)
apparatus to a dose of 100 kGr (Grey(Gr) = I/kg).

Measurements of the selective reflection spec~
tra vs the temperature and dose of radiation were
made in an SF-16 spectrophotometer in the wave-
length renge 200-1200 nm. For the planar-orien-
tated specimens the thickness of the CLC layer
was 15 wm. Thermostabiiization (te within 0.1°C)
was effected by a special unit which could also
vary the temperature at 0.5-5° C/min.

Before preseuting the experimental results
it scems pertinent to make one remark. In the
region of selective reflection of light in the trans-
mission spectrum of a planer layer of CLC we ob-
serve a minimum which coincides in wavelength
with the maximum of the selective reflection.2
‘Lherefore to simplify with the maximum of the
selective transmission minimum, but in describing
and discussing the resulte we use the term "selec-
tive reflection.”

EXPERIMENTAL RESULTS

The family of temperature dependences of the
wavelength A\ of the maximum of selective reflec-
tion over & wide range of concentrations is shown
in Fig. 1 (mixtures CP+ CCand CF + CP). As
it follows from Fig. 1, the overall course of the
A(T) dependences in systems with an irradiated
component is analogous to the case of an unirradi-
ated mixture. In particular, for CP-CC mixtures
with rise of the concentration C of CC the inclina-
tion of the dependence A(T) changes twice: when
0 < C < 0.20(T) it monotonically decreases, when
0.2 £ C < 0.6 it monotonically increases, and
finally, when 0.6 < C < 1M(T) it agunin decreases.

Moreover, as seen from a more detailed com-
parison, the behavior of A{T) in the two types
of mixture manifests quantitative differences: On
irradiation, the A(T) curves shift to lower tempera-
tures, owing to the fall in the phase transmission
temperatures as a resuit of formation of radiation-
induced impurities in the system.®»* However, it
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F1G. 2. Dependences of values of effective twisting forces on
parsmeter T {T = 0.22 T/Tyn (T/T,) {Ref. 11}), where T; is
the tesperaturs of the phase transition of cholestercl to.an
isetropic liquid, N (I/T;) is the order parameter. *? &)
Manirradisted CP (1), irradiated with protont to & dose of l&3
kGr (2), radiation-induced lopurities (1); b} nonircvadiated CF
(1), ircadiated with gamaa quanta to a dose of 100 kGr {2),
radiation-induced lepurities (3).
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seems impossible to explain the change in the course
of the AM(T) dependences in the irradiated mixtures
purely on account of the change in the phase
trensition temperatures.® This is easy to verify
{f we reckon that the curves of X(T) in Fig. 1
cannot be compared with one another by a simple
transfer along the temperature axis, because as

a result of irradiation there is a change in the
slope of the X(T) curve. In fact, this means that
as 8 result of frradistion therehaz been a change
in the actual twisting capacity of the irradiated
component; a quantitative measure of this is the
molecular force of twisting ¢.

The molecular forces of twisting are deter-
mined from the shape of the curve of the reciprocal
of the wavelength of selective reflection of the
mixture ve the concentration of the components?:

A =Cpt (1-CYptC (1—C)gu.

where ¢, and ¢, are, respectively, the molecular
forces of twisting of the first and second compo-
nents, respectively, ¢;; i8 a parameter representing
the mutual influence of the components of the mixture,
and C is the concentration of the first (irradiated)
component, usually expressed in units by weight
{as shown in Ref. B8, the law A~!(C) is better
gatisfied with a set of weight concentrations). As
it follows from the expression, the effective malecu-
lar twisting forces are determined by extrapolation
of the dependence A"'(C) to the valnes C = 0 and
c=1.

The quantities 4,, ¢, ¢;, were determined
by approximetion of dependence (1) by the method
of least squares. The temperature dependences
¢,, ., are given in Fig. 2 for CP and CF, respec-
tively. As seen from Fig. 2, in CP and CF under
the influence of IR there is a reduction of the ef-
fective molecular twisting forces. It is logical to
treat this as the result of formation of radiation-
induced imurities in the system, with values ¢ip
lower than in the initial molecules. The values of
P for the impurities can also be estimated if
we ude the above method for the same irradiated
component and consider it as a mixture of mole-
celes of the initial substance with known ¢ and
"defective” molecules characterized by some inte-
gral parameter 4lmp,

The correctness of this approach is confirmed,
firstly, by the resuits in Refs. 3 and 4, which
indicate the stability of the radiation-induced im-
purities. Secondly, the introduction of the concept
¢/MP is also based on the circumstance that the
value of ¢!MP iz practically independent of the
impurity concentration (dose of radiation) *: For
example, when the dose is changed from 110 to
130 kGr, ¢lMP for CP deviates from the values
in Fig. 2 (dose 145 kGr) by less than 10%.

To determine ¢P we used a linear variant
of approximation (1), in which we put ¢, = 0,
and determined the concentration of radiatfon-induced
impurities by the method in Ref. 3. In particular,
for CP with a dose of 145 kGr the impurity con-
centration iz approximately 15%. The obtained tem-
perature dependences /0P are also shown in Fig.
2. From Fig. 2 we see that the value of ¢i™P in
CP irradiated with a dose of 145 kGr is about half
as great as ¢ for the initinl CP, and in CF $iMP
changes sign at a radiation dose of 100 kGr.
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DISCUSSION OF RESULTS

Thus, as a result of the action of IR in de-
rivatives of-cholesterol, the magnitudes of the of-f
fective molecuiar twisting forces decrease. Lat -4
us consider the possible causes of this effeet,

As shown in Ref. 3, lrradiation leade to bhpg
down of the CLC molecules, resulting in the formg.
tion of radiation-induced impurities in the system,
A change in the chemical structure of the moleculey
of cholesterol derivatives under the influence of
IR can occur either in the stervid nucleus or in
the alkyl and isepropyl chains. Leder "“* studied °
the influence of the chemical structure of moleculeg -
of cholesterics on the magnitude of the twisting 3
force. In these articles it was shown that the E
effective twisting force increases 7 with increasin
length of the alkyl chain of the compounds of the
homologous series of allphatic esters of cholesterol,

In Ref. 8 Leder obtained interesting results of

an investigation of the reciprocal effective wave-
lengths in relation to the length d of the radical

R (Fig. 1). It was shown that the reciprocal ef-
fective wavelengths in velation to d lie on a straight
line both for right-handed and for left-handed
cholesterics. This straight line can be analytically
expressed by the equation A~! = 7.5d + 15.8.
Cholesterics in which d is less than 2.08 A are
right-handed, while cholesterics with d greater
than 2.08 A are left-handed. In other words, with
variation of d both the absolute values and the
signs of the effective twisting forces may alter.

A second important factor determining the
spiral twisting is the structure of the stercidal
skeletons of the molecules of cholesterol derivatives,
in particular, the position of the double hond C=C
(Fig. 1). For example, in Ref. 9 it was shown
that there i3 & marked tendency toward increase
in the "rightness" of cholesterics when the double
bonds in positions 7-8 and 5-6 disappear or this
bond is displaced to position 8-14. Now let us
consider what types of structural changes in the
molecules can bear responsibility for a change in
the spiral twist under irradiation.

Cholesteryl pelargonate. As follows from the
resulte obtained by us previously by ESR and IR

spectrogcopy, under the influence of IR, in CP
there is a change in the gecmetry of the steriod
nucleus of the molecule, due to changes in its
chemical structure; but there are little or no
changss in the structure of thealkyl chain.
Analysis of the structure of the steroid nucleus

of the molecules of the cholesterol series suggests
that the weakest link with respect to irradiation

is the double bond in position 5-6 (Fig. 1), joining
quadruple and triple carbon atoms; according to
many date (see, e.g., Ref. 10), in irradiation of
hydrocarbon compounds, dissociation of C—C bonds
near quadruple and triple carbon atoms preponderate.
The probability of dissociation of these bonds is
9-10 times greater than the probability of dis-
sociation of other types of C—C bonds. As shown
by Leder,? change in the structure of the steroid
nucleus near bond 5-6 reduces the twisting capacity
of CF. For example, if the carbon atoms in posi-
tions 5-6 are joined, not by a double bond, as

in cholesterol derivatives, but by a single bond,
as in the cholestanol series, then the value of ¢
decreases by a factor of §5-10. Consequently, the
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ction in ¢ for CP, experimentally obaerved by

is evidently due to radiation-induced changes
the region of the bond 5-8 of the stercid nucleus
the molecule.

Cholesteryl formate. In contrast with CP,

1he principal consequence of radiolysia of CF, as
. foilows from ESR data and IR spectroscopy, is a

in the formy! termination with formation
of CODH groups, with the reanlt that the molecules
gre joined info dimers by hydrogen bonds. * The
d,chjra.limtion of CF ig evidently due to this circum-
glance, gince the dimers formed may poesess a
pwisting force of opposite sign.

From the above it follows that under the in-
fluence of IR there is a marked change in the spectra
of selective reflection of CLC, which is due to for-
mation of radiation-induced impurities. These im-
purities play a double role: In the first place
they alter the temperature range of existence of
the CLC; and in the second place, they alter the
effective twisting capacities of the molecules.
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The authors have constructed a mathematical model of the processes of heat and mass transfer in the melt
during growth of single crystals by Czochralski’s method in 2 magnetic field with sirmultencous passage of an
electric current through the melt. They compare the results of numerical and natural experiments. By the
method of numerical experiment they determine the optimal technological parameters of the process for
which one achieves the smallest scatter of the impurity concentration along the radius of the crystal.

1. INTRODUCTION

In order to analyze the processes of heat and
mass transfer in melts, recently increasging use
has been made of methods of numerical experiment
(NE)-modeling technological processes on a com-
puter. Numerical experiments enable us to obtain
fairly accurate estimates of the influence of any
particular technological parameter on the source
of the process. This type of estimate is very impor-
tant, because It often enables us to reduce the
number of costly natural experiments.

A number of articles have recently been pub-
lished with descriptions of & mathematical model
of Czochralski growth of single crystals under mag-
netochydrodynamic (MHD) actions.!™! An obvwious
consequence of MHD action is reduction of such
undesirable phenomena as temperature fluctuationa,
thermal asymmetry, vibration of the melt, ete.3

An interesting principle, in our view, of ac-
tion on the melt is described in Ref. 4. Simul-
taneous transmission of an electric current through
the melt and action of a constant magnetic fletd
generates in the melt easily controlled magneto-
electric convection,

. The aim of our present work was to investi-
gate the features of a mathematical model of the
processes of heat and maas transfer in the melt
during growth of single crystals of elementsl zemi-
conductors by the Czochraiski method in a mag-
netic field with simultaneous transmission of an
electric current through the melt, performance
of numerical experiments on the model, comparison
of the results of the natural experiment with those
of calculation based on various physical parameters,
and determination of the paths of minimization of
the nonuniformity of the distribution of the impurity
along the radius of the single crystal.

2. FEA_TURBS OF MATHEMATICAL MODEL

It is known * that the flow of melt in a cruc-
ible during growth of single crystals by the
Czochralski method satisfies the Navier—Stokes
equation,

av
T H(V9) V=Re'AV-Vp+L,

a8
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