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fn 'Gasamp Khrormtogr*ELpau (OW C h - b ~ p h ~  1. &grams for a hcmalew m h o  of n - m b  md hr 
Trudy VNIOHI, 1970, No.84, pp.175-179. darlvatI~ee d chobdamk eqmoed tn hhha(l r a d l a h  ol 

U. I .A .BeveI1aW, €4. I .  b r d u l h .  md T . llb. Sw-va, two types: proton md y mdhtfon. Tbm effects haw bean 
ndmkhWy4. 1 D U .  r(51. 804. amp- with the mrreapding changes in other liquid 

a u. 1.A.~avd1.lcfi .  ~ . ~ . ~ u l h a ,  V.G.lWwva, and crystals. 
T.M.SovlLropr, N e t t U y a ,  1964. L(9). 417. 

: w 18. N.O.Fusuie, L . V . l l y ~ . o o ,  .ndA.Pu.Azim-Zade, 
- " A W W t a l y a  ~ t k h e a k o g o  Xantralpa G r t w  1 EXPERIMENTAL 

ZhidLortd  r h n h c h -  Detekt-vn (Automath 
of tha h'dytlcal CmtM of O m s  and Liqulds by The sxperimenw substances were exposed t o  fontp*lg 
U h g  Deimora) , Izd.NIITBEhLM, W w ,  1981, radiations of two types: proton md y radlation. 
72 PP. Proton Frradi . th wae carried out in a synchrocpelotmn 

14. N.P.Parxane, L . V . I l y m v .  3 . M  .Pashaev, and (U-240) with an applied daw of 10" R em*, correapondlng 
A.Yu.Azh-Zade, USSR P.562771; ByuiI-Ixobr., to an abmrption of 14-15 Mrnd In substanc%s of the given 
1917(25). - - molecular walght. In m e  of the -pounds re atudied the 

dependence of the phase tra~itblrs  on the doaa of radhtbon 
AU-Unfon ~'hromat-~hy k a i - d  (far doaes of 5 = loL1,  1012, 5 * lbrl, lo", and 101' R cm+). 
Ibssarch and Devebpment 10th October 1984 T h  pmton energy w.8 70 MeV. The applkd dose of m a -  
Inatlkta, b s c o w  ticar m a  meeamd with a Furday cage. 

Irradiation with y quantn was carried out In a K-100 000 
apparatus ("Co), ushg varioua & w B  of y cadlation (2,  13, 
68 Mrad) to 8tudy the daee dependence of the phaw mml- 

Tnrulatmd fmm &m/ FM&&i Khrrnil, a, %34-1639 {1987) t h  tmpratures. 
Durlng the ircedlatbn the amplea were mntained h poly- 

U .D .C. 532.783;548- 14 ethylene capsules fn which the thkknesa of the LC layer wan 
not mope than 0.5 cm; the dsaign of the apparbtu msured 

Effect of h is ing Radiation On the unifom irrndlath of the entire LC volume. The mpbs 

Phase Diagrams of Liquid Crystals were heated by the irradiation, but t h e  tmperuum did 
rmt riae above 50 O C .  In other words, the irradiation WM 

i M.V.Kuri k, 0.D.lmwentovich. V.A.Linev, 
and S.ZShul'gn 

WI hwa mdied th & k t  of ionidng radiation (proton and y 
rmdirtiml on fhe phrrs dbpnms of varims liquid crystals, indudin# 
daiumtimof chdastaml. A f itt in rhe p h  mnsitim t emm-  
ture md a &mg. in the +on of axirtmcm of rtw n u 3 0 p h  haw 
h o b w d  Th in thm o h  d i m  of cholmwd 
dri~th.sr. which m o l n  the stroid &s, va much mom 
nrrksd thm tho -ding &an- in irrrdirtd liqui-l- 
Llm arbnmmm mth m a m i d  d e i  l ~ p h e n y l r .  rlkylony- 
bantok rclb. rte.). Partible rr#cfian*mr for the mft.ct of the 
mcllmlmr -re on tha propmk of the pham d m  of the 
i d h o d  ubmmr IN dia*ll%d. 

U q u i d - c r y s ~ e  (LC) der in t i vea  of chobstecol with a 
h.Ux atruchua form a c b a  of Ifquid cryatah (cholemtlrl~) 
*nleb h a m  fowd pmticd *ppllcationr nnd la of interest B 
audien of various biologid *sterna. In pmctica the most 
Important pmperty of cholsat~rlca b their abillty to vary 
tlm pitcb of the hlld struetur* under the influence of 
&ua extarnal apndaa: pmraum , tempsrature , impup 
itlor, d o .  l The ahangesr In pitch of the hem prcldu~s a 
chsnp in OD- af the cholssterie if the B n g g  reflection 
Uu in t h  vbibb mglon of t b  epectrum. I t  b mawnabIe 
to 4omms that Ehangeo In the pitch or the helix w U  be C B U W ~  

rl.o by vulouo tmm of h h h g  raahthn am a nrmlt of the 
h t h  of rrdbth-fnducad impurltiau In thm syetem. 
Th.u  Impuritha can m h f i t ,  or widen. w rrrrmw the tem- 
-.turn of .xI.imcm d ths ehdest&a mempham, 
m d  they enn infiw- t b  re- of meledhe m e  
tba. Indand. &ata of thb type ham been raporbd in 
drrlmtfre8 of a and in tbair mlutlomr . ' but the 
o b m - 8  W- omma to Y ' 

mried  out under mlId crystal conditims, alnce all the melt- 
ing p i n t s  are higher than 50 OC. 
Th% p h s a  transition temperatrrres were merrmrsd by poly- 

thermal polarhrth microscopy. using 4 modfid  "Pemval 
Interphacom microecope (Carl Zeiss , Jena. QDR) . Tempera- 
tures were mcaaured to w l t h  1 K . rmtea of change of tem- 
peraturn to within 1 K min-'. The wall  thickmag of the ceUa 
waa 30-50 urn, which eliminated the influence of surface 
affects on the phme tranaformatione. 

The m e a s u r d  phase transition tampemturns nm ahown .in 
Tahlea 1-5. B6caum of diiferencen h abmrption capsctty 
the doles edaorbed by particular sampka may Wer fmm 
those stated h the Tnbhr. but by not mom than 5%. The 
following symbolm are used h the Tabbs. For the pheaes. 
C i s  the solid pMm, S ia the ar-tic, Ch is  the chl&nteriC 
(indudkg t k  blue phases), N ia the namatic, and I L the 
isotmpic phase, For the aubstancse, 1 Is n-aroxyaniacrle, 
11 i s  chdmateryl chloride, III k cholesteryl dnnamate, IV IB 
cholesteryl n ~ o y l a x y b e n r w t e .  V ir cholestrtyl oleate. 
VI la choleateryl plargonate , VII Is pmpyloxyepanobiphenyl . 
and n-VIII k the series of n-alkyloxybanaok acids d general 
formula CnHZn +10C6H,COOH, 

ha Table 1 shown, for all typea of phase transition In rub- 
atances hrvlng the structural formula - 

the t r m s i t h  tempermturam af tm Irredhtad mmpha .re 
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5-15 K War than thass d th non-irradiated. In most -a 
the t e r a t u r e  range of the mempheea ( b t h  choie8teric 
and mectic) was altm nurmwud.  Bcp4ted wan-ta om 
I dven sample (1.e. annealhe of the srmpk) did not dter 
ths plum tranaith tampera-. 

i 
Tlbh 1. Phase i e t i t i o n  tempereturas ( t ,  *C) of a series of 
choh#teryl n-alkanoates before 8nd after (in brackete) pmtcm 
i r radhth with an abeorbed dose of 14.5 b a d .  
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rhcaer than the Inlthl molecub,  M d 111 r b w  
Icng (hybrid) rodr produced by m b h t b n .  T- 
calculamua shorr' thrt theoa mixed umlcturen do not dgnm 
cstltly affact the data of ordar d tha initial pbaw if tha cm- 
wntmtfca oi defect m k u l ~  is less than 101. 

Let us a h d a t e  th4 nrrmhrr d radatlon-hducsd Impurity 
mrleculea f w d  in tho LC by proton irradteth d t h  an 
applied dose of 10" R em*. W 4  mow that the dhdatlaa 
of organic molecule8 ?hhr fn lluW8 and otrueture to th LC 
moloculs. mqdrea mi e ~ e r g y  of -31 mv. ' A pmtm rith 
initial energy of 70 MeV loses -2 MeV for I range of 1 mm. 
Energy d c u l a t l o n s  show that under thmmcandtLonr -d r 10'' 
def%ct mleculee are formed in 1 em' of LC. amounting b 160 
of the total numwr of molecules In 1 ern'. In Wber wnrds. 
rot 4  OM of lo1+ B m* the propation d driset (impurity) 
m l ~ u l e s  L not more than 10%. Thin exphima the very &mall 
shift in the phaw trannitian temperat-8 for them ma& 
~ m c s u  (Tabla 2). 

Table 3. Phaw mdtlan tempmmtum ( t ,  OC) of some 
choleateml darlvrtivea not blonghag to the n - w t e  
aeries befom and after pmtnn irrndiath (absorbed dose 
14.5 Mrnd) . 

Table 2. Phame tranaithn temperatures I t ,  OC) of substances 
with non-rtemld mdeculea before and after (in bracket&) 
irradiation with pmtona (absorbed dose 14.5 Mrad). 'c-I, k-Ch, '5-C. 

HnW '-* 
Sub-- 

s- w n-I I-H I n-s S-C 

I - 116(11b) ' 132(13D) i31(1W 81(W ' - 
YII it(:+) 3 - - I t 0 7 1  S(S1)', - 

an11 - 121(1zo) 1 4 1  liT(l4S) IU(H4I - 
7-VIII sicwr im(iw) i u ( t u )  IU(IUI 
%vlll 101(991 los(lrn) tu(lrs) 
%YII ,  sr(Ol, IM(ilPI 11l(138) 3 

t[FVIU PI(a lt0(11?) ! W 1 1  M 195 111(1171 
rlnu rm irm(m1 iqi(131i . 19111911 I P ( ~ )  32 

TMB behnviour of the IrrrdLted n--tea of cholesterol 
ia not found la non-rtemld molecules. As Table 2 8hows. the 
phase trandth tempmtuma of theae substances warn very 
Uttle affected by the Imndhllon: not more than 1-2 K. The 
following explannth can bs auggaatad. 

The molcculee of nematic LC mub8t.nces (Table 2). unLLke 
thew of cholsatcrol &rlvativsa, hmva 8 non-steroid nuelaur 
md a rod-like mhape, exsmpWd by tho stmctut'a of the ( I )  
molecule 

Wn m y  a n r m  that the Final p d u c t  of the hmdiatlon of 
tbrm m k d e a .  after the hitU & d t h  8 t h ~ .  will 
bre ludm m p r o w  of defect mkmdea. still rpd-8h.p.d but 

Tabla 4. Dependence of the phaae transition temperatures 
( t ,  OC) of various Uquid-cryatrlline nubstances on the 
abmbed  dose of proton radiation (D, Mrad). 

A different situation arlr tr  for tha n - a m t e a  of +- 
tatoi. wh- molrculas hw a dgid, d b k - 8 h p d  st- 
nucleus. T M  mdeouie m 8 r r b h  r q u h n  an effmivdy 
4lan@tod, md-lib mhaps bacauw of the p r e m  QI two 
bng dkyl chdn.. How.Ver, irrrdirtbn w i t h  pvtW w af 
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* 

t h - p r o d t h l W - ~ ~ l b V h ~ r a - d 7  
U-Ih .bp. Tba proma al dl&-- m a  m y  ba 

rupopdbh far.Me l8rga cb.agu 0 t b  p m  dh- 
p.rm af the Ehdtrtrrpl n-tern. An fn- cmdm8- 
tb af this byptbub n u  o b M  by r -1 e r p m t .  
-g tb phUB m d h  mpsf*-~ h m-h* 
r t l d ~ t e r y l ~ t e ( P I ) ~ r h i n c t l o n d t b ~ a -  
mtba oi ad- lapurity (-). T h  cbd.daol 
1IDkub mvtnw moi (VI) innot havtngm -1 
e m .  Our u p r l m n t n  shbw tm hpralty e - t l m *  
al -S-101 am nmded to rut the phaw M m  tumpem- 
tmme b J +I0 K. TMm c m c l u t h  b conda-t dth axpaH- 
wntrl data on imadlat.d cbhmteryl n-rlkamatea. and dm 
d t h  tM A- dcul.tbn ot t b  emmmtratlon d mdiatlan- 
fnduesd imp-.. Par othar c h d s d r d  derfv8- (Tabla 
a) tbo shift In the phMe trandtlar~ t q r r t m  b dmflar to 
U ~hi I t  for tbc n-rlkmmatw, and It probably hna a 
&&. 

A8 UP. rtrwd a m .  we W etudhd th. &m dapandencs 
d thm p m  din- (Tabla 4). The pm.ence of a #rrrel.- 
tlm b.t*rm tha dow of pmtm r u t h  and the shlft the 
#um m d t h  mpemtlvea b cbu inw Table 4. Thir 
cbmvatbn al.o rn-n that the change h tha phuo truwl- 
b tamparaka b due to thm h m t h  of atable ndhtbn- 
induced Impudtbr whom mcentrntlon fncmmm38 with the 
&w of radhtbn and -ulta In an incmadng m N t t  of the 
@ a n  tmnsttion temperaturaa . 

Tabh 5, Depndence of the phase trmeltbn temparatuma 
( t ,  W) of uarbum liquid-crystallins subatmces on the 
wbaarbad d06e of y radhthn (D, Mnd). 

- 

Tabk S .born  t b  p h n ~  tr.naltIon tomparaturns for aub- 
-0 mbMet.4 to y Lrndlatlon. Cmprrlng thew bU 

dtb elme of Tlbkr 1-3 W r  thrt mqd doun of dffernnt 
t l p l a  of trdLth p d w  m m n  fa tho p b  d h - m  dli- 

tn kind- w d u  h m t u d . .  In othur uordr, the 
& d f t d . p r a b ~ o n l y o n t h . U r b u t . b o m t h . ~ d  

, - h - I - a e  7- --roq 
wg&. ~ h t r w m , a p h h d  utaIbiri. h rn 
h m w ,  tbs prhury pmcrrm durfng hwlhtLm L tb l-. 
tlm oftb.-s of tba mub-.' Th. mdn diidsrmea 
b t m e a  th. offsptm of pmfgCl &ad y a t h  b tb ionar- 
tlm of lmlc mglm4 b r a g  a- t  dirtrlbuthwh Iprm. 

Procau,bdugh#v~-mprrticlu~Qw~~mglml 
h tba hm of m, w b m u  th. 7 q m t r  prod- m 
rppmxbmtelp uaitorm iuthtb. ' During the ibmntlm of 
Impurity rn- tl# dmwF baie r e ~ m  mut play ma 
msjor rob. rtaes thb lotl-ndid1 * a d  In thsw m g h  *rs 

mst Uely  to tmke part i chemid -8. In a sub- 
cmtaining a unlfarb dbtributfon of Iontc dansfty recombha- 
tbn d the ion-radlda Is poenibla. Thh may explain the 
dffm-cc Ln chanet.r t n t w c s n  the chmw ln the ph.m di*- 
vwr of LC h d i a t e d  w i t h  equal down of pmbw and of 
y quanta. 
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