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Tonyuenvl u ucciedo8arvl HCUOKOKPUCIALIUYE CKUe KoMnozumbl (KK-komnozumsl) na ocnose 4-yuano-4-
oxmunokcuougenuna (§OCB) u bopo cunoxkcarnosuix (bC) eenetl, nonyueHnwvix 6 pe3yibmame NOIUKOHOEHCAYUU
ROAUOUMEMUWICUTIOKCAHA C KOHYe8bIMU 2UopokcunbHomu epynnamu (IIIMC) ¢ 60opHoti kucio moti npu KOMHAMHOU
memnepamype. Kunemuxa oopazosanus bC-2ens uccned08ana memooom pomayuo HHoU UCKosumempuu. Basxkocmeo
cucmemvwt npu nepexode us IJJMC ¢ bC-eenb napacmaem 8 meuenue 24 uacos no S-00pasHomy 3aKoHy, yeIuiusasichb
om~ 300000 550000 mlla-c. Ilpu pacmsaeusaruu nonyuenuviti JKK-xomnozum éedem cedsi n0O0OHO nOAUMEPHOU
nienxe. [locne cHsmus HeuiHe20 HaNPSHCEHUS KOMRO3UM NAACTMUYHO D elaKcupy em, KaK 6 3Kas ACUOKOCHb .
Memodom onmuueckoll NOAIPUZAYUOHHOU MUKPOCKONUL HOKA3AHO, YMO HEOPUEHMUPOBAHHBLE KOMNO3UMNbL HA O CHOBE
IJIMC u 65C-eena 6 JKK-¢haze umerom muxpocmpykmypy muna «weenyap ckoeo cvipa» — muxkpokaniu 8§ OCB,
oucnepeuposanmvie 6 cuiokcane. Ipgexm svimseusanus K K-gazvl 6 6ude mukponumei nabarooaemcs npu
00HoocHoM pacmsicenuu komnoumos KK — b C-zenv. Oxnasicoenue opueHmupogantbix KOMIRO3UMO 8 HUJICE
memnepamypel niasienus KK npueooum x kpucmanriuzayuu KK-¢pazvl eHympu muxpoyuiunopos u x
00.1208peMeHHOMY (PUKCUPOBAHUIO 1 OTIYUEHHBIX MUKPOCHPYKIYP.

Knioueevie cnosa: sicuoxue kpucmannvl, 4-yuano-4-oxkmunoxcuoughenun (8§OCB), bopocunoxcanosgvie e,
AHCUOKOKPUCMATTUYECKUE KOMNOZUNNBL.
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Liquid crystalline composites (LC composites) based on 4-cyano-4-octyloxydiphenyl (80CB) and
borosiloxane (BS) gels were studied. The gels were prepared at room temperature by polycondensation of
polydimethylsiloxane with terminal hydroxyl groups (PDMS) and boric acid. The kinetics of the formation of BS -
gel was studied by the rotational viscometry method. The viscosity of the system during the transition fromPDM S
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to BS-gel increases within 24 hours according to the S-shaped law, increasing from~ 3000 to 550,000 mPa-s.
When stretched, the resulting LC composite behaves like a polymer film. Afterremoval of external stress, the
composite relaxes plasticaly, like a viscous liquid. As it was shown by polarization optical microscopy, the non—
oriented composites based on PDMS and BS-gel in the LC phase have the“Swiss cheese ” type microstructure
consisting of 80OCB microdroplets dispersed in siloxane. The stretching effect of the LC phase in the form of
microfilaments is observed under uniaxial tension of the LC — BS-gel composites. Cooling of oriented composites
below the melting temperature of the liquid crystal leads to crystallization of the liquid crystal phase inside
microcylinders and to a long-term fixation of the obtained microstructures.

Key words: liquid crystals, 4-cyano-4-octyloxydiphenyl (80CB), borosiloxane gels, liquid crystalline

composites.
BBegenue
Hemartnueckue xugkue kpuctamwisl (JKK)
HAaXOAsIT IIMPOKOE TPUMEHEHHWE B IJIEKTPOHHBIX

YCTpOHCTBAX, Il HEOOXOAMMO YIPAaBJIEHHUE ONTHYEC-
KUMU CBOMCTBaMHU TOJA BO3AEHCTBHEM TPUIOKECHHS
NOJeN pa3MuyHOM TPUPOABI C HU3KUM  DHEpro-
norpednernvemM [1-5]. Brwicokas mnomemxaOCTh KK
00yCIJIOBJIEHa TE€M, YTO OHU 00JIAIAI0T TEKYyYECTHIO
HE BBICOKOW BSA3KOCTBIO, YTO, B TOM YHCIE,
00ycnaBiIuMBaeT HMX CIOCOOHOCTH NPHHUMATh (OpMY
cocyna, B KOTOPBIN OHM TIoMeteHbl. Takum o0paszom,
s ucrionb3oanwst KK B ycrpolicTBax HE0OX0IUMO
3aKIIOYUTh KX B  HEKOTOpbIE OrpaHUYMBAIOLIME
dopMbI, HanmpuMmep, B IUIOCKHE KAIULIPBI MEKTY
TBEpABIMH YIPYTUMH TOIJOKKaMH, kKak B JKK-
JIMCTUIESIX WIM B MHUKPOKAIUTH, KaK B CMapT-CTEeKJIax Ha
6aze PDLC (KK gucnieprupoBaHHbIE B MOIMMEPE OT
aHrn. polymer dispersed liquid crystals) uT. 1. [6].
Bue orpammmBatonux mioBepxHocTert KK
TEKYT T0J, BO3AEHUCTBUEM CHIbI TSKECTH, UTO J€jaeT
HEBO3MOXKHBIM TPHMEHEHHE WX B HEOTPaHHYECHHOM
COCTOSHUM B OOJNBIIMHCTBE ycTpoicTB. IlprmoBepx-
HOCTHBIE 3(PdekThI [7—11], MOJ00HO MEKTPHICCKIM U
MAarHUTHBIM ~ [OJIIM,  OKa3blBAIOT  paJMKaJIbHOE
Bo3nelicTeue Ha cBoiictBa KK, 4rto mmpoko
UCTIONIB3YETCSl B ONTHYECKUX YCTPOWCTBAX, HAIIpHUMeEpP
B TBUCT-SUEHKaX, Al TpHIaHusI TpeOyeMol OpHeH-
tarpm Monekynam JKK [12]. Oka3biBaeT BimsHUE Ha
cpoiicta KK W KpuBM3Ha  OrpaHMYMBAIOIIEH
noBepxHocTH [13]. YmpaBmnsist GopMoii, ee KpUBH3HOM
W TIPUINIOBEPXHOCTHBIMU 3(PEKTaMHU, MOXKHO JJOCTHIb
TpebyembIx xapakrepuctrk KK B ycTporicTBe. Takum
o0pa3oM, BaxkHOW 3a7adeldl B KOHCTPYMPOBaHHH
HOBBIX YCTpoMcTB siBisieTcsi npunanre KK nHeobxo-
JMIAMOW I WCTIONb30BaHud (DopMBI. B mpenbrmyrmx
paborax [14, 15] ObII TmpeACTaBICH CIOCOO
npuAaHus pa3amaHelX MHKpocTpykTyp JKK-1282 B
oopocwiokcane (BC). braromaps  yHMKaIbHBIM

HEHBIOTOHOBCKUM cBoiicTBaM BC — ympyrocts mpu
NPWIOKCHA  MEXaHMYECKOr0  HampsDKeHHS |
TEKy4eCTh NpU OTCYTCTBHH HATPY3KH — YIAJOCh
MuKpocTpykTypupoBaTh KK B OOpOCHIOK-CaHOBBIX
MaTpHIiaxX ¢ TOIy4eHHEeM MUKpPOGOpM pa3indHON
reoMeTprH (MUKpOKareb, MAKPO-IIHHAPOB U T. 11.).

[enpto maHHOW pabOTHI SIBJISIETCS WCCIEI0Ba-
st JKK-KOMIIO3UTOB Ha OCHOBE CTCIMalibHO chop-
MUPOBAaHHBIX OopocwiokcaHoBbiX reneit (BC-reneii),
OJTHOOCHO BBITSTHYTBIX C WCTIOJBb30BAHHEM OPUI'HHAIIh-
HOM METOMMKH, OCHOBaHHOH Ha 3dekTe 00pa3oBanHus
PIJICEBCKUX MOCTOB JKHIKOCTH.

JKcne puMeHT

BC-renp cuHTE3MpOBAIM MEXaHUYECKHM Tiepe-
MEIIMBAHHEM B CTEKISIHHOM CTaKaHe TMOJHIUM eTHI-
CWIOKCaHa C KOHIEBBIMHU THIPOKCWIBHBIMU TPYIIIAMH
(ITAMC), mapkun CKTH A (monexynsphast Mmacca ~
20 000 r/momnb) ¢ W3MeEJbYCHHONW OOPHOW KHCIIOTOM
(BK), mapku XY, B3sT0l B KOommdectse 4,75 mac. %.

[Ipouecc nomyuennst bC-rens oxapakrepr3oBaH
C TIOMOLIPIO POTALMOHHOW BHUCKO3UMETPHM HA BHCKO-
smmetpe Viscotester E («Thermo scientific», I'epma-
HUs1) NpU KOMHATHOW Temnepatype. s storo cpasy
nocnie nepemerBanust [1/IMC ¢ BK B obpaszen B xu-
MHYECKOM CTaKaHe TOMeEUIAJd IIMHMHAEIb POTAIMOH-
HOTO BHCKO3UMETpPa M M3MEPSUIM BSI3KOCTh B 3aBHUCH-
MOCTH OT BpeMeHHu. [lo mMepe yBennueHus] BA3KOCTH
MPOM3BOWTN 3aMeHy mmmHiaeneid ot L2 mo L4, uro
MO3BOJIWIO TPOM3BOJUTH M3MEPEHUS B JMANa3oHe OT
1,5-10° mo 6-10° mITa-c.

BBenenne KHUIKOKPUCTAIUIMHECKOTO 4-IMaHoO-
4-oxrmwnokcunupenma (80CB) B BC-rens ocymecTs-
JSUIM TlyTEeM MEXaHMIECKOro TMepeMelIMBaHusI Py
komHaTHOM Temneparype. JKK sBogwm B BC B cocTo-
sTHAM Me30(¢a3bl B KOHIEHTpaImu 5 Mac. %. M3 nomy-
yeHHblx JKK-koMmnosuroB QopmupoBamu o0pasimbl B
BUJIE TUICHOK.
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Pe3ynbTarhl U X 00cyxIeHNE

Crnenyer ormerurb, yTo BC 00bI9HO MomydaroT
HarpeBaHUeM TMOJMOPraHOCWIOKCAHOB C  KHUCIIOPOJ-
HBIMU COeJUHCHMAMU Oopa, Takmmu kak BK, Oypa
u 1p. [16], B To Bpems kak bC-rean MoxHO moiy-
yuTh pu KoMHaTHOW Temnepatype w3 [1IMC u BK.

A)
10°F
Buixod na nnamo 24 waca

Touxa nepezuba 6 vacos

103 ! 1
10’ 10 ] 10°
t, min

B nanHoii paboTe Ucronb30BaH MOMHINM ETHICIIOKCAH
C KOHIIEBBIMU TMIIPOKCWIbHBIMU T'PYIIIAMH, MPEICTAB-
JSTFOIIMA COOOM BSI3KYIO TIPO3PAYHYIO KHUIKOCTh U MEJ-
KOJIUCTIEpPCHAsT  TIOPOIIKOOOpa3Hasi OopHasi KHCJIOTa
(puc. 1, 6). Yepes cyTKu rociie CMEIICHHS TaHHBIX CO-
eIMHCHUI BS3KOCTh CMECH BO3pacTasia Ha HECKOJIBKO
nopsiikoB oT ~ 3000 g0 550000 mIIa-c.

Puc. 1: a — Kunetuka nomydenust bBC-ress: 3aBucuMocTh Bsi3koctd cMecH [IJIMC ¢ 60pHOM KHCIOTOH OT BpeMEHH,

MIPOILEIIETO C MOMEHTA CMEIICHUs! KOMIIOHEHTOB, 6 — Cxema cBs3bIBaHUS MoJekyl1 [IIMC 6opHOM KUCIOTOMH ¢
o0Opa3oBaHHEM BOJIOPOHBIX CBA3CH

Fig. 1: a— The kinetics of the borosiloxane gel formation: the dependence of the viscosity of the mixture
of PDMS with boric acid on the elapsed time since the components were mixed,
b — Scheme ofthe hydrogen bond formation at binding PDMS molecules with boric acid

IIpennonaraercs, 4TO TaKOE BO3PACTAHUE BA3-
KOCTU OOYCJIOBJIEHO NPOTEKaHHEM OOpaTHMOM peak-
1Y TIOJIMKOHACHCAIMU C (OPMUPOBAHMEM BOAOPOA-
HbIX CBsI3€d MEXIy TI'MIPOKCWIbHBIMU TIpyHIaMU
I[NAMC u BK (puc. 1). Takum o6pa3zom, BBeaeHue bK
B [IIMC mnpunaer cucteme BBIPAXKCHHBIE BSI3KO-
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Puc. 2. Kpussle HarpeBaHus (a) v oxX1axaeHus (0) 4-nmuano-4-okmmnokcnand eHma
u cucteMbl 4-naHo-4-oktuwnokcuaudenumn — bC-renn

Fig. 2. Heating (a) and cooling (b) curves of the liquid crystalline 4-cyano-4-octyloxydiphenyl (80CB)
and the 8SOCB — BS system
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HaGmomaeTcss HEKOTOpoe  HE3HAYHTEIHHOE
yIMpeHue u cMmenieHre mika roiaBnenns KK B mart-
pHIIAX, YTO, MO-BUIUMOMY, CBSI3aHO C HAXOXKICHUEM
KK B orpaHrmdeHHBIX 00BEeMax MHKpoKaresb. MHre-
pecHoii ocodenrocThio 8OLB siBisieTcst cmocoOHOCTH
HAXOJMTHCS TPH KOMHATHOM TEMIIepaType B KPUCTAJI-
mmaeckoM coctossann win B XKK-dase, B 3aBucumocTn
OT MPEBICTOPUH TEPMOOOPAOOTKH 00pasIa.

MexaHuueckoe

nepemewmsanme | N ©
8 OEB P O
C

BC'zeﬂb an Tﬁnwunmﬁ > BOHC 0

o

o

QOOO%’»

OpHoocHoe
0 pacTaxeHue

HPWMeP‘HU ~20 pa3 e e e Tmummauvn < 55 °C

C ucnonp3oBanreM d(exra 00pazoBaHus PIJIEEB-
CKUX MOCTOB JKHIKOCTH, OIMMCAHHOTO B MPEIbITYIIHX
paborax [ 14, 15], pazpaboran noaxox k nomyuerro KK-
KOMTIO3UTOB Ha OcHOBe bC-resist myTeM 0THOOCHOT O BBI-
TATMBaHWs NoTy4eHHbIX JKK-koMmo3uToB npu Temmepa-
Typax Bbile Temreparypsl wiasnenus JKK ¢ mocre 1y ro-
MMM PE3KUM OXJIXKICHHEM KOMIIO3UTA 10 TEMIIepaTypbl
HIDKe Temneparypsl kpuctamnpamm SOLb (puc. 3).

OxnaxpoeHue
HIbKe

—

Puc. 3. Cxema nonyuenus )KK-koMmo3uToB

Fig. 3. The preparation scheme of LC-composites

[Ipu onHOOCHOM pacTskeHUH noidydeHHble bC-
resb 1 JKK-KOMTIO3UTHI Ha €r0 OCHOBE BEAYT ceOsl mo-
OO0HO TIONMMEpHOH TwieHKe. [lociie CHATHS BHEIIHETO
PACTSTHBAIOMIETO HAMPSKECHUS KOMIIO3UT TPOSIBISIET
CBOWMCTBa TEKYy4YECTH, XapaKTEpHbIE JJIS1 BSI3KHX K-
kocTeil. [lokazaHo, 4TO BBITSKKA KOMIIO3UTOB BBIIIIE
temnepatypsl wiaBnenus KK, xkak u B mpenpinymien

pabore [14], MpUBOAWT K TMONYYEHUO MUKPOLITHH-
JIPUIECKUX CTPYKTYpP, KOTOPbIE TIOCTETICHHO IPOOSTCS
Ha Karuiu.

OxKIcHE OpYeHTHPOBAHHBIX KOMTIOBHTOB HIDKS
TEMIEPATYpbl IVIABICHAT IPUBOIMI K KPUCTAUIBALKM
KK BHYTpM MUKpOIMIHIPOB UM K  JIOTOBPEMEHHOMY
(MIKCHPOBAHIO TIONYHIEHHBIX MUKPOCTPYKTYp (prc. 4, a).

o c

Puc. 4. Muxpodotorpadun J)KK-koMIo3uTta B CKpeIIEeHHBIX OJIPU3aTOpax:
a — opueHTHpoBaHHEIH JKK-KOMIIO3UT B «3aKaJeHHOM» COCTOSHHHU C KpaTHOCThIO yBemrdeHus 100,
0 — opueHTHpOBaHHEIH JKK-KOMITO3UT B «3aKaJeHHOM» COCTOSIHUH C KPaTHOCTBIO yBenmdueHus 40,
¢ — XK-kommo3ut u3 puc. 4, 6 mocie miaenenus KK, Crpenkamu mokazaHa oCh OpUSHTAIHH

Fig. 4. Microphotographs ofthe LC-composite in crossed polarizers:
a — oriented LC-composite in a «hardened» state, magnification x100,

b — oriented LCD composite in a «hardened» state, magnification x40, ¢ —

the LC-composite shown in Fig. 4, b

after melting ofthe LC. The arrows indicate the orientation axis
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[Tpn mocnemyromeM HAarpeBaHWM KOMIIO3UTOB
BhIIIIe TeMrepatypsl mwiasierus 80OLb mummmpuae-
CKHE CTPYKTYpPBI M3 OPUCHTHPOBAHHBIX KPHCTAJLIUTOB
3aKOHOMEPHO pa3pylialoTcs, Apo0sch HA MUKPOKATUIA
(puc. 4, 6, c). Takum 00pa3oM, ¢ yIETOM MepeUUCICH-
HbIX BbILIE YHMKalbHbIX cBoWcTB bC-rens u 8OLb
yaanoch cHavyana copreHTupoBaTh KK B MaTpmmax, a
3aTeM 3a(UKCHUPOBATH OPUECHTHUPOBAHHOE COCTOSHHE
npu nomoum kpuctammiamy JKK. Janueiii a¢ddexrt
SBJISIETCSI OPUT'MHAJILHBIM U HE HaOII0faeTcs B cllyyae
opuenraipm KK B I[IJIMC. Caenyetr oTMETUTH, 4TO
npolecc ApoOJIeHHS HAa MUKPOKAIUIM ILHUTMHIPHUYE-
CKUX CTPYKTYp NpOTE€KAaeT B TEUEHHE IOCTATOYHO
JUTMTEJIEHOTO BPEMEHH, TIOATOMY OXJIQXKICHUEM HIDKE
TEMIIepaTypsl IUIABJICHUS B TOT WM MHOH MOMEHT
MOXXHO JOOWTBHCS (PUKCHPOBAaHMS pPa3NIUIHbIX (hopm
KK-da3bl (BepeTeHO, JMH3a, OBaJbHAS KAl  T.J.),
PAcCIONOKEHHBIX BOJb OCH BBITSDKKU. Pasmepsl mo-
Jy4YaIOIIMXC MUKPOCTPYKTYP MOTYT BapbHpOBAThHCS
OT JONeil 10 JeCATKOB MHKPOH U MOTYT DPEryiIHpo-
BaThCS IMyTeM TOAOOpa YCJIOBUH BBITSKKHA KOMTIO3H-
ToB. [IpennonaraeTcs, 4TO JaHHBIN CTIOCOO OpUEHTa-
i KK B kpuctamummaeckoil gase ¢ nomoubio guwia-
TAHTHOM CWIOKCAHOBOM >KUIKOCTH MOXKET OBITh MC-
MONIb30BAaH JUISL TIPWIAaHUs TpeOyeMbIX MHUKpodopm
KK. 3adukcupoBath gaHHBIE MUKPOGOPMBI BO3M OXK-
HO C TIOMOUIBIO TPEXMEPHOW CIIMBKH CHIOKCAHOBOM
MaTpHIBI TyTeM JOTOJHUTEIBHOTO BBEICHUS TpPEX-
MEPHBIX CIIMBAIONIMX are¢HTOB, NMOMOOHBIX TEM, KOTO-
pble HCTOJIB3YIOTCS B CIIMKOHOBBIX T€PMETHKAX WIN
e TyTeM CIIMBAHHS PaJUAILMOHHBIM U JIPYTHMHU Me-
TOIAMH.

BruiBoaBI

B pabore nomy4yeHs! HOBblE KOMIIO3UTHI Ha OC-
HoBe bC-reneit u xxunkoro kpuctaimia 8OCB. Meto-
namu JICK u I[TOM nokasano, yto KK cymecTByer B
KOMIIO3UTaX B BHIE OT/AENHHOH (pa3bl U TeMIepaTypsl
U Xapakrep (a3oBBIX NEPEXOJ0B HE3HAUHUTEIHHO OT-
maarotcs ot JXKK B cBobonHOM cocTosiamn. [IpoBese-
HO MUKpPOCTpYKTypupoBanue JKK-KOMMOHEHTOB 1O
OpUTMHAIILHONH METOJIMKE C MCTIONb30BaHueM d¢dekra
00pa30BaHMsI PANEEBCKUX MOCTOB KHIKOCTH HPHU OJI-
HOOCHOM BBITSTMBAHUM KOMIIO3MIIMOHHOTO MaTepHa-
Ja. MeTonoM ONTHYECKON MOJSIPU3ALMOHHON MHKPO-
ckormn ooHapyxeH 3hdext BoiTsruBanus KK-dazbr B
BUJIE MUKpOHUTEH Tpu pacTsokeHnn JKK-KoMMo3uToB.
[TokazaHo, YTO B 3aBUCUMOCTH OT TEMIEPaTYpPHBIX
PEKMMOB OPUEHTHPOBAHUA U TepMO(pHKCAIN KOMIIO-
3UTOB MOTYT OBITh TONY4YECHBI PA3JIMIHBIE MUKPO-

ctpykrypbl XKK-¢ha3er B BC-maTpuiax ¢ pazmepamu or
Jo1ed 10 JEeCATKOB MUKPOH. Pe3yibTaThl JaHHOrO
UCCJIEJOBaHUs MOTYT HAalTH NPUMEHCHUE IPU pa3pa-
00TKe HOBBIX MUKpOYCTpoicTB Ha ocHoBe KK ¢ dop-
MupoBaHueM MUKpPooObekToB KK pasnmmanoil reo-
MeTpuH (Kamelb, JWH3, WIMHAPOB | Ap.) W UX Jajb-
HeHmM  (DPHKCHPOBAaHMEM IyT€M TPEXMEPHOTO CIIH-
BaHMS OOPOCIIOKCAHOBOW MAaTpHIBl XUMHYECKUM,
paJVaIlMOHHBIM WM JIPYTUMH METOJAMH.

Paboma ewinonnena npu nooodepocke PDODU,
epaumor  Ne  19-07-01005 A, 19-57-04002 Ben_mon_a,
18-57-05002 Apm_a u epamma Ilpesudenma Poccutickoi
Deoepayuu MK-3767.2019.9.
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