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Effect of Ionis'ing Radiation on the
Phase Diagrams of Liquid Crystals

M.V.Kurik, O.D,Lavrantovich, V.A.Linev,
and $.2.5hui’ga

Wa have studied the sffect of ionising radiation (proton and
radiation) on the phate disgrams of various liquid crystls, including
derivatives of cholesternl, A shift in the phase transition tempera-
ture and 3 change in the ragion of axistence of the masoghase have
been observed. Tha changes in the phase diagram of cholesterol
derivatives, which contain the staroid nucleus, are much more
merkad than the corresponding changes in irrsdiaved liquid-crystal-
Hine substances with non-staraid nuclet {cysnobiphenyls, alkyloxy-
benzoic acida, ste.}). Possible mechanisms for the effect of the
maleculer structure on the properties of the phase disgram of the
iradiated substances yre discussed,

Liquid—crystalline (LC) derivatives of cholesterol with a
helix structure form 4 class of liquid crystals (choleateric)
which has found practical applications and is of interest in
astudies of various biological systems. In practice the most
importent property of cholesterics is their abllity to vary
the pitch of the helical structure under the influance of
various external agenciea: presaurs, temperature, impur-
jtles, ote.’ The changes in pitch of the helix produce a
changs in colour of the cholesteric if the Bragy reflection
Uas in the visible region of the apectrum. It is reasonable
to assume that changes in the pitch of the helix wiil be caused
also by varfoua typews of lonising radiation as e result of the
formation of radiation-tnducad impurities in tha system.
Thase jmpurities can shift, o widen, or narrow the tem-
perature reglon of sxistence of the cholestaric mesophase,
and hence they can influence the region of selective reflec-
ton. Indeed, effects of this type have besn reporied in
derivatives of cholesterol? and in their solutions, ! but the
obeervatims were confined to v radiation,
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The aim of this work was to study the changes in the phane
dagrams for a homologous series of n-alkanostes and other
derivatives of choleateroi exposed to {onising radiations of
two types: proton and y radiation. The effects have been
compared with the correspanding changes in other liquid
crystals.

EXPERIMENT AL

The experimental substances were exposed to fonising
radiationa of twg types: proton and y radiation.

Proton irradiation was earried out in a synchrocyelotron
(U-240) with an applied dose of 10'" R em™, corresponding
to an absorption of 14-15 Mrad in subsetances of the given
molecular weight. In some of the compounds we studied the
dependence of the phase transitions on the dese of radiation
{for doses of § x 10*!, 103, 5 x 10%%, 107?, and 10™ R em™?).
The proton energy was 70 MaV. The applied dose of radis-
tion was messured with a Fareday cage.

Irradiation with ¥ quants was carried out in a K-100 060
apparatus (*°Co), using various doses of vy radlation (2, 13,
44 Mrad) to study the dose dependence of the phase transi-
tion temperatures.

During the irradlation the samples were cantained in poly-
ethylene capsules In which the thickness of the LC layer was
not more than 0.9 cm; the deaign of the apparstus ensured
uniform irradiation of the entire LC wolume. The samples
were heated by the irrvadiation, but thelr temperature did
not rise above 50 °C, In other worde, the irradiation was
carried put under solld crystal eonditions, sitce all the melt-
ing points are higher than 50 °C.

The phase transition temperatures were measursl by poly-
thermal polarisation microscopy. using a modified "Peravai
{nterphaco™ mjcroscope (Carl Zelss, Jena, GDR). Tempera-
tures were measured to within 1 K, ratea of change of tem-
persture to within 1 K min~. The wall thickness of the cella
was 30—50 um, which eliminated the influence of surface
effects on the phase tranaformations.

DISCUSSION

The measured phase transition temperatures are shown.in
Tables 1-~5. Because of differences in absorption capacity
the doses adsorbed by particular samples mey differ from
thoge stated in the Tablas, but by not more than 5%, The
following symbole ere used in the Tables. For the phases,

C {s the solid phase, 5 ia the smectic, Ch is the cholestaric
(including the blue phases), N is the nematic, and I {a the
isotropic phase, For the substances, I s n-azoxyanisole,

II is choleateryl chloride, [1I is cholesteryl cilnnamate, IV is
cholesteryl nonanoyloxybenzoate, V is cholesteryl oleste,

¥I is cholesataryl pelargonate, Vil la propyloxycyancbiphenyl,
and n-VIII iz the series of n-alkyloxybenzoie ecids of general
formila CnHmﬂOC‘H.COOH. )

As Table 1 shows, for all types of phase transition in sub-
stances having the structural formula

CH, CH, CH,y CH,
CHy \CH. / \Cll /

0 cH, : (!-ﬂa

ll-c_llml, =011 ..

. the transition temperstures of the irradiated asmples are
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5-15 K lowar than thosa of the non-irrediated. In mosat cases
the temperature range of ths mesophases (both cholesteric
and smectic} was also narrowsd, Repeated measurementis an
1 glven sample (i.a. annealing of the sample) did not alter
the phase transition temperatures,

Table 1. Phasge transition temperatures (t, °C) of a serles of
cholesteryl n-alkanoates before and after (in brackets) praotan
irradiation with an absorbed dose of 14.5 Mrad.

[}
Chalostoryl Houging Couling

e c- - Cn-t 1Ch cn-5 §-C
Formate [ - - &0 5517
Acetare m{?&) - - 103 07 (38} * “h
Traplonate - k(. 108100} | 108(S8) n ' -
Dutyrate - wrig 11038} 107 (95} mga 2
Yalerate - SO(AN N{ET} WE2) | HEHT
Caproats - (% ) 12 N: *
Denapthato 110{5080) e - = 1O3{8T)
Pelargonate - 90({78) ] TS 40
Undecytete B9(B6) - - 8 1E n;.l} &0
Laurate 91{88) - - § TIIH) 42(38)
Myrirtatw F¢{68) 1 s RO ™| e 51(5%
Pentadacylate Si(s1) ¢ | MY TR TS(N8Y | TL(BA} a1t )]
Palmutats - 74(88 78(70) 750 | 72(84) 47(38)
Frournor 80(78) - - {84) 80(£3)

‘c-s8, *s-ch, ‘ch-C, “I-C.

Table 2. Phase transition temperstures {t, °C) of substances
with non-aterold molecules hefore and after {in brackets)
irradiation with protons (absorbed dose 14.5 Mrad).

Haating Cooling
c-5 5-N N-1 =N N-3 5.C

1 - tsay s | 132030) | 33141300 | By(a3 -

VH Ti{7} 1 - - 63(47) 353 ? -

SV - 121120 3 147 {145) 14T {145} 115(114) ¥ -
7-VHI 9794 105 (103) 14d{142) 164 0142) 13120 3(91)
g-vilt 1909 108(107} 1466 (145) usug; 107 (105) 100499)
9-¥IIl i 118(112) 142(139) 142(1 Ha{110 13(M}
10-vil il 120(117) 138{135 135135 11N ﬁml
- L 1r ] 126 (125} 1Han . 13504 125{ 125} MMM}

This behaviour of the irradiated n-alkanoates of cholesteraol
is not found in non-stercid moleculea. As Table 2 shows, the
phase transition temperatures of these substances were very
little affected by the irradlation: not more than 1-2 K. The
following explanation can be suggested.

The molecules of nematic LC substances {Table 2), unlike
those of cholesterol derivatives, have a non-stercid nucleus
and a rod-like shape, sxemplified by the structure of the (I)
molecule )

We may asgume that the final product of the irradiation of
these molecules, after the initial dissociation stage, will
Includa & proportion of defect molecules, still red-shaped but
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shorter than the Initlal molecules, az well as some abnormally
g (hybrid) rods produced by recombination. Theoretical
calculations show" that these mixed structures do not signift-
cantly affact the state of ardar of the initial phase if the can-
centration of defect molecules is less than 10%.

Lat ua caloulate the numher of radiation-induced impurity
molecules formed In the LC by proton irradiation with an
applied doss of 10** Riem™. We Xknow that the diesociation
of organic molecules similar in mass and structure to the LC
molecules requires an energy of ~34 V. A proton with an
initial energy of T0 MeV loses ~2 MeV for » range of 1 mm,*
Energy calculations ahow that under these conditions -8 x 104!
defect malecules are formed in 1 cm? of LC, amounting ta ~6%
of the total number of molecules in 1 cm?. In other words,
for a doee of 10 R ¢m™ the proportion of defect (impurity)
molecules is not more than 10%. This explaing the very small
ghift in the phase tranaition temperstures for these sub-
stances {Table 2).

Table 3. Phass transition temperature (t, °C) of some
choleaterol derivativea not belonging to the n-alkancate
series before and after proton irradiation (absorbed dose
14.5 Mrad).

Heating Coaling

c-3 $-Ch Ch-1 1-Ch Ch-3 -

It F5() ¢ - - 85(50} - 8
e | teo(isa e - 208(190) ms{wn - 7 (11€)
r‘irr i | 171 2123(3) | 2tise | mzos ;!

ic-1, *¢-Ch, 's-C.

Table 4. Dependence of the phase transition temperatures
(t, °C) of various liquid-crystelline substances on the
absorbed dose of proton radiation (D, Mrad).

Husting Cooling
D
c-l [c.a.]-a...ll c-Nl N-I |-u|ca-s|ch-c[s-c | I-Nl R-C
. Cholesteryl palsgorate
- - v 0 - - .~} ki - W - -
0.7 - kL] ] - - 85 T4 - » - -
15 - bei ] - - ] n - T - -
53 - n j -3 - - 8 48 - - -
HY - nalaj- - | M| - - -
. Chalesteryl chinelde
- W - -] =] =] 8] = -1 - -
oy Ml -] - - - o | - E - - -
15 o) - - - - [ - 8 - - -
58 o] - - - - 51 - | - - -
145 | - - - 50 - wl| - - -
; " mAzoxyaaisoh
- | - t - - 8| 122 - | - - | - | 13t i
-t=j-tml@| -] -]-]-]m 83
L %] - - - 16 | 0 - - - - 129 &

A different situation exists for the n-alkencates of chaoles-
terol, whoee molecules have a rigid, diak-shaped steroid
nucleus. The molecuie as & whole acquirea an effactively
dlengated, rod-like shape because of the presence of two
ong alkyl chaine. Howsver, irradisation with partial loss of
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the chains produces defect molecules having sn effectively:. .
disk-liks ahapa.  The presmnce of disk-like moleculss may be .

directly responsaible for.the large changes in the phase dia-

grams of ths cholastaryl n-alkanoates. Anhdtrectemﬂm-'

tkm of this hypothaais was obtained by & madel sxperiment,
measuring the phase transition temperatures in non-irradi-
ated chelasteryl pelargonate (VI) as & functon of the concen—
tration of added lmpurity {chosteroi). The cholasterol
aclecules differ from those of (V1) in not having an aiky!
chain. Our experiments ghow that impurity concentrations
of ~5—10% are needed to shift the phage transition tempers-
tures by 5-10 K. This conclusion is consdatent with experi-
mental date on irradiated cholesteryl n-alkanoates, and also
with tha above calculation of the concentration of radistion-
fnduced impuritiss. For other cholestercl derivatives (Table
3) the shift in the phase transition temperstures is similar to
the shift for the n-alkancates, and it probably has a similar
origin,

As was giated above, we also atudied the dose dependence
‘of the phasa diagramg (Tahle 4). The presence of & correla-
tion betwsen the dose of proton radiation and the shift in the
phage transition temperatures is clear from Table 4. This

cbaervation alsc confirma that the change in the phase transi- '

tdon temperatures ia due to the formation of stuble radiation-
frduced impuritiss whose concentration increases with the
dose of radiation And resuits in an increasing shift of the
phass trungition temparatures.

Table 5. Dspendence of the phase transition temperatures
(¢, °C) of various Uquid-crystailine subatances on the
absorbed dose of v radiation (D, Mrad).

| Heating | Cosling

Ic-llc—u c~n|cu-ﬂ M- Ir-cnlu-sls-cl [-N lmch:..c
Chalertaryl chiorkds

HHHBBHHEEEHE

2 | & |- |- - - 6 | - | - - -l a

g ) x| -]- - - |- - - - | =

e || -1]- - - s | - | = - - | =
Cholestary] poisz prasts

sl IRV IR - IRt&I& -0z ]z
Irmxr-nll

PR R I I 0 = [l I - -

Table 5 showa the phase trangition temperatures for sub-
stances subjected to y Irradiaticn, Compering these data
with those of Tables 1-3 shows that equal doses of different
typas of radistion produce. shifts in the phase diagrama dif-
fering in kind aa well ss in magnitude. In other words, the
shift depanda Dot only on the dose but also on the type of
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ionising radiation.’ ‘This can be: -axplained as falh'. Az we
knaw, the primary process during frradiation is the foniss-
tion of the moleculas of the substance.’ The main difference
betwaen the sffects of proton snd y radistion is the forma-
tion of lonic regions baving different distributions- In space.
Protats, being heavy charged particles, create icnhised regions
in the form of iracks, whersas the y quanta produce an
approximately uniforin lonisstion.’ During the formation of
impurity molecuies the denser ionic regions must play the
mejor role, since thé jon-redicals formed in these reglons are
most likely to take part in chemlcal resctions. In a subwtance
containing a uniforw distribution of jonlc density recomblna-
tion of the ion-radicals is possible. Thiz may explain the
difference in charectar batween the changes in the phase dis-
grams of LC irradiated with equal doses of protons and of
¥ quanta.
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