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Co3paHne opraHMYyeckux LLeo/ITOB SIBSIETCS OAHUM M3 NepCreKTUBHbIX HanpaB/iieHUA COBPEMEHHOM
Xummuyeckon ¢pusmkn. Takme matepuasnbl 061a4aK0T YHUKA/IbHbIMA CBOMCTBAaMU U NMPUMEHUMBI AJiS
LUIMPOKOIO CNeKTpa NpUIoXKeHWA. HacToswwas ctaTbsl NOCBSLWEHA cnocoby popMMpoBaHUS TePMUYECKN
CTabunbHOM Kybuyeckor rupougHom ¢asbl, SBASAIOWENCS OPraHMYeckUM LeosIMTO-NOA06HbIM
MaTtepuasioM. [laHHas CTpyKTypa MOXEeT 6biTb MCMOJIb30BaHa MAJ1S CO3[aHUS MOH-TIPOBOASILLUX
Mem6paH, cucTeM pasfesfieHus, a Takxke B KaTasnmse. OCHOBOW paccMaTpuBaeMoro crnoco6a siBnsercs
camoopraHusaums ameuubHbIX COeAUHEHUM.

Creation of organic zeolites is one of the promising areas of modern chemical physics. Such
materials have unique properties and are applicable for a wide range of applications. This
paper deals with the method of forming thermally stable cubic gyroid phase, which is organic
zeolite-like material. This structure can be used to create ion-conducting membranes,
separation systems and in catalysis. The base for proposed method is the self-organization of

amphiphilic compounds.

€O0JINTBI, KaK KJIACC MUKPOIIOPUCTBIX MAaTEPHUAJIOB,
IIHPOKO KCIIONB3YIOTCS AJISl KaTalu3a, afcop6-
LIMOHHOI'O pa3fe/eHUs U HOHHOro obmeHa [1].
KpoMe Toro, 11e0/IHUTHI YCIIEIIHO TP MEeHSIIOTCSI B MUKPO-
37IeKTPOHHKe, MeJUIIHHe, OUUCTKe HeQTH U B Hedrera-
30XMMMYECKOM ITPOMBIIIIEHHOCTH [2]. BEICOKWE HHTe-
Pec K TAaKOro Pofia MaTepHaIaM BbI3BaH 0COOEHHOCTSIMU
KX COCTaBa ¥ YHUKAJIBHOM PeTyIsIPHOM IIOPUCTOMH CTPYK-
TypoH ¢ pasMepamu mop ot 0,3 10 2,0 HM. OCHOBHBIe
CBOKCTBA LIEOJIUTOB, 00YCIOBIEHHBIE UX TOIIOJIOTHek,
Mopdosiorueil 1 XMMHUYeCKHUM COCTABOM: OIPOMHAas
crenyrYecKas IIOBEPXHOCTh, BO3MOKHOCTD pasfe-
JIeHHUs peareHTa U IIPOAYKTA, BBICOKAS aACOPOLIHOH-
Hasl eMKOCTb, BO3MOKHOCTb M3MeHeHU I 3TIeKTPOHHBIX
CBOMCTB aKTHBHBIX LIeHTPOB B IPUCYTCTBUH CUJIBHOTO
37IeKTPHUYEeCKOro 1107151, 3P HeKThI TOKITU3ALHH B IIpejie-
JIaX I10P, BBI3BIBAIOI K ITPeaKTHBAIHIO MOIEKYI.
CTpPyKTypsl, 06pa3oBaHHBIE OPraHUYECKHUMH MoOJIe-
KyJlaMHU, SBASIOTCS HaMMeHee HM3y4YeHHBIM BUIOM
ITOPHCTBIX CUCTEM, HECMOTPSI Ha OIPOMHBIH IIOTeHIIH AT

HX MCIIOJIb30BAHMS B PA3/IMUHBIX IIPUIOKEHHU X [3-5].
KoHLlenius "OpraHUYeCcKUX LIe0JIUTOB" BIIepBbIe I10SI-
BHJIACh B CBSI3U C U3y4deHHeM 0cObeHHOCTeNr PpU3UKO-
XMMHYECKOro [OBe/IeHH ST HeKOTOPBIX KOOPAMHALIOH-
HBIX KOMIIJIEKCOB [6, 7]. OMHAKO MOJIEKY/Ibl IIE€PBBIX
"OpraHMYeCcKHX LIEOJTUTOB" 110 CBOEMY COCTaBY He ObUIH
[I0-HACTOSIII[EMY OPTaHUYeCKUMH U I1e0TUTHBIMHU.
TepMUH "OpraHUYecKHe [eoIUThl OblI BBeZIeH B [7] s
omnpeziesieHH st 1F060ro TBEPAOro BellecTBA OpraHUye-
CKOM ITPUPOABI, criIocobHoro o6paTrmo afncopbrpoBaTh
6obII0e KOIUYeCTBO THAPOGOOHBIX CoeqUHEHUT [8].
JIpyTUMU CJI0OBAaMH, 3TOT TeEPMHUH OB HCII0NBb30BAH
B Y3KOM CMBICJIe /1711 0603HAaUeHHsI ITIOPHUCTOTO Xapak-
Tepa HOBOI'O MaTepHaJia (XapaKTepPUCTUKH, IIPUCYIIeH
HMCTHUHHBIM 1I€0JIUTaM), B TO BpeMs KaK OIlpejie/leHHe
"opraHuYecKUN" IIPUMEHSJIOCH IJIs [I0AYepKHUBAHM S
TUAPOPOOHON IIPUPOJEl BHYTPEeHHEH ITOBEPXHOCTH
1op. TepMHUH IIOIIAJI B IUTEPATYPy TOIBKO B 1980-90-x
rogax (9, 10], a mepBbIft 0630p mosiBHIICS B 1996 romy [11].
LleonMTHOe IIOBefIeHHe KOOPAHMHALIIOHHBIX KOMILIEKCOB
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6bL/10 paccMOTpeHoO B [12]. B manbHetineM 6p11u omy6iu-
KOBaHBI 0630ps! [13-15], CBSI3aHHBIE C IPUMEHEeHHEM
KOOPAMHAIIMOHHBIX II0JIMMEPOB JJ151 CO3/IaHH I OpTaHU-
YeCKHX LIe0/TUTOB.

O6pI1uHO mpobseMa HCIIONb30BAHUS OpPTaHUYe-
CKHUX L[€OJIUTOB COCTOMUT B TOM, UTO HUX CTPYKTypa
paspylIaeTcs IIpU yIaAeHHUH PAaCTBOPUTEISI UJIU H3Me-
HeHMU BHEIIHUX YCJIOBHH, HO Cpeld HUX eCTh UHTe-
pecHble UCK/IIoUeHHUs (16, 17]. OpraHuyecKye CUCTeMBbI
TI03BOJISIIOT OCYILECTB/ISTH OTHOCHTE/IBHO JIETKYH0 MOJIH-
bHUKaLMI0 MOJIEeKY/ISPHOM MaTpPHLIbl/ KapKaca IIyTeM
GYyHKLIMOHANIN3ALUUHY /15 IIONy4YeHUsl CTPYKTYPHOTO
pa3Hoo6pasus c OMHOMEPHBIMH, IByMEPHBIMU U TPeX-
MepHBIMHU CyHNpaMOJIeKyAsIPHBIMU CTPYKTypaMHU
(puc.1c) [18]. Pa3paboTKa OpraHHMYECKHX LIeOTUTOB Tpe-
byeT pemreHHs IBYX IpobeM. IlepBasi COCTOUT B dpop-
MHUPOBAaHUH >Ke/laeMBbIX [JIsI KOHKPeTHBIX IIpHJIOKe-
HUI 06beMa U reOMeTPHU II0p. Bropasi - B TOM, 4TO6bI
cHenaTh IIOPHUCTBIM MaTepUal JOCTATOYHO CTAOIBHBIM
B YCJIOBUSIX SKCILTyaTallU K.

B 1abopaTopuu MH>KeHEePHOr0 MaTepHaloBeeHHU s
Ha pakynbpreTe QyHIAMeHTAIbHON QU3MKO-XHMH-
YeCKOU UHXeHepuHu MI'Y BefyTca CHCTeMaTH4ecKHe
HCC/IeJOBAaHU S MPOLIECCOB CAMOOPraHM3al My aM®u-
GUIBHBIX KIMHOIIOLOOHBIX COeIUHEHUH, B YaCTHOCTH
M3y4aloTcsl 0cO6eHHOCTH BIAMSHUS Ha CBOMCTBA HX
XHUMHYECKOIo CTpoeHHU s (HallpUMep, AJIHHBI aJIKH/Ib-
HOT'O XBOCTa, KOJIMYeCTBA a/IKU/IbHBIX XBOCTOB U IIPHU-
poABl MPOTHUBOMOHA). YCTaHOBJIEHO, YTO Haubonee
3ddeKTHBHOE BO3/IeHCTBHE Ha CTPYKTYPy obpaslia oKa-
3bIBAIOT BJIA’KHOCTDb U TeMIlepaTypa. [Ipy MOBBIIIEHUH
BJIa’KHOCTH Habmromaercss opmUpoBaHUe B 0bpaslie
BHYTPeHHHUX HaHOpPa3MepHBIX KaHaJIOB. F3MeHeHHe

a) H,C=CHCOO(CH,),,0

H,C=CHCOO(CH,),,0

H,C=CHCOO(CH,),,0  SO;Na
b)
CmHZrTH-lO
2
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CHymiO

Mwuuennbl KonoHyaTble

Kybuueckne
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JNlamennapHbole
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Puc.1. Xumuyeckoe cmpoeHue A-Na (a) u C8-Pyr (b).
Camoopzanu3sauus ameudubHbix coeduHeHuli (c)

Fig.1. Chemical structure of A-Na (a) and C8-Pyr (b). Self-
organization of amphiphilic compounds (c)

TeMIIepaTyphl OKa3blBaeT BIMSHUe Ha JHAMeTP 3THUX
KaHaJIoB (IIpH IOBbIIIEHHUH TeMIIePaTyPbl ITPOUCXOIUT
yMeHblIIeHHe JHaMeTpa).

eolites as a class of micropo-

rous materials, are widely

used for catalysis, adsorption
separation and ion exchange [1]. In
addition, zeolites are successfully
applied in microelectronics, med-
icine, petroleum refineries and
in the petrochemical industry [2].
High interest in such materials
is caused by peculiarities of their
composition and unique regular
porous structure with pore sizes of
0.3 to 2.0 nm. The main properties
of zeolites, due to their topology,
morphology and chemical compo-
sition are: the huge specific sur-
face; the possibility of separating

the reactant and product; high
adsorptive capacity; the possi-
bility of changing the electronic
properties of active centers in the
presence of a strong electric field;
the localization effects within the
pores that causes preactivation of
molecules.

Structures formed by organic
molecules are the least studied
porous systems, despite the huge
potential for their use in various
applications [3-5]. The concept of
"organic zeolites" first appeared
in connection with the study of
the peculiarities of the physico-
chemical behaviour of some

coordination complexes [6, 7].
However, the composition of mol-
ecules of the first "organic zeo-
lites" was not really organic and
zeolite. The term organic zeolites
was introduced in [7] for the def-
inition of any solid substances
of organic nature that is able to
reversibly adsorb a large number
of hydrophobic compounds [8]. In
other words, this term was used
in a narrow sense to refer to the
porous nature of the new mate-
rial (characteristic inherent to
the true zeolites), while the def-
inition of "organic" was used
to emphasize the hydrophobic
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d) YBennyeHue BNaxHoCTH | Increase humidity
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KonoH4atble dasbl Kybuyeckue pasbl
Columnar phases Cubic phases

Puc.2. Auppakmozpammbl A-Na npu RH = 33% (a), RH = 50% b),
RH =100% (c). ®a3osoe nosedeHue naeHKU npu HabyxaHuu (d)
Fig.2. Diffraction patterns of A-Na at RH = 33% (a),
RH = 50% (b) RH = 100% (c). Phase behavior of film during the
swelling (d)

OpHUM K3 Hauboee MHTepPeCHBIX aMOUUIIB-
HBIX COeIUHEHUN, M3ydaeMBIX B n1abopaTopuu,
SIBJISIETCSI CEKTOPOOOPa3HBIN Me3oreH 2,3, 4-Tpuc(ll-
AaKPHUIOUNYHAeIUI-10-0KcH)6eH30ICyN1bOHAT
HaTpusi, A-Na (puc.l1a). [JaHHOe coeJMHeHHe COflep-
SKHUT TPU aJIKMJIPHBIX XBOCTA, a B KauyeCTBe IIPOTHUBO-
HOHa -~ HaTpUH. MeTomamu 60/IbIIeyT/I0BOk PeHTTeHOB-
CKOM JU(PAKIUH B TeOMETPHH CO CKOJIB3SIIUM IIYYKOM
OBL/I0 HCC/IeIoBAHO $a30Boe II0BefIeH e TOHKUX IIJIEHOK
A-Na B 3aBUCHMOCTH OT OTHOCHUTE/IBHOM BIa’KHOCTH
aTmocdeps! (puc.2) [19, 20]. B HOpMa/IbHBIX YCIOBUSIX

nature of the inner surface of the

CTabU/IBHOM $a30i 11 JAHHOTO COeUHEHU S SIBIISIeTCS
KOJIOHYATasi reKcaroHaibHast Gasa. Ho B yCIIOBHSIX BBICO-
KOH BJI&KHOCTH A-Na criocobeH IIOIJIomaTh BOAy, IIPH
5TOM ITPOUCXOSUT POPMHUPOBAHHE KybruecKuX OHMKOH-
THHYaJIbHBIX (a3, THPOMAHOM U aJIMA3HOHU. ITH da3kl
IIpeACTaBISAIOT CO60M OpraHHYecKHe LeoTUTHl. KX
IJIaBHOE IIPeHMYILECTBO 3aK/II04AeTCSI B HAIMYUHY CeTH
HeITpepBIBHBIX KaHAJIOB, KOTOPbIE MOTYT OBITh HCIIONb-
30BaHBI /151 Pa3/IMYHBIX IPAKTUYECKUX TPUMEeHEeHUH
(MoH-06MeHHBIX MeMOpaH, CHCTeM pa3fie/leHHs, KaTa-
nu3a) [21]. CTOMT MOgYepKHYTh, YTO B 06pasiie cocyie-
CTBYIOT ABe Kybrdeckue ¢pasbl, YTO IIpeAIoaraeT ux
MeTacTabU/IbHBIN XapaKkTep. [Ipy MOHUKEHUH BIaXK-
HOCTH WJIM IOBBINIEHHUH TeMIIepPaTypsl (BBICBIXaHUH
obpasiia) CTPyKTypa BO3BpaIlaeTCsi K KOMOHYATOH dase,
a Kybuueckue dassl paspymaroTcs. OgHaKo, Kybuue-
CKue pasbl JAHHOIO COeSUHEeHUS MOTYT OBITH XUMUYe-
CKH CTaOMTHM3HPOBAHBI C [IOMOIIBIO GOTOIIOIM MepH3a-
ouu [22].

JIpyr1M IpHMepoM CHCTeMBbI, GOPMHU PYIOILe OHKOH-
THUHYaJbHbIe KybHuueckye $assl, SIBISETCS NHPUAH-
HoBasi conb 4-[3”,4”, 5”-Tpuc(OKTHIOKCH)DeH3UTOKCH]
a3zobeH301-4-cy1pPpoHOBOM KUCIOTHI (C8-Pyr), comepska-
Iast a30-TPYIIy B TUAPOGHIPHOMN YacTH U OpraHHYe-
CKHH IIPOTHUBOMOH NUpUAMH (puc.1b). Cyxas mieHka
IOAHHOTO COeMHEHM S COIEP>KUT MOHOK/IMHHYO0 KOJIOH-
4aTyio $a3y C OMHOMEepPHBIMU KaHaJIAMH, OPUEHTH-
POBaHHBIMU IIapaJlJIe/IbHO IOAJIOKKe. [Ipu Harpese
10 100°C HabmonaeTcst Ga30BBIH I1epexojl MOHOKIHH-
HOM (a3bl B TeKCaTOHAJIBHYIO0, KOTOPBIH CBSI3aH C pasy-
IOpsIIOYeHHeM JIMHEHHbIX aJIKHJIBHBIX Liellel U dpop-
MHpOBaHHEM KOJIOHH KPYroBOro cedeHHUs [23]. IToT

pores. The term began to be used
in the 1980s and 1990s [9, 10],
and the first review appeared
in 1996 [11]. Zeolite behavior
of the coordination complexes
was considered in [12]. Later the
reviews [13-15] were published,
which related to the application
of coordination polymers for the
creation of organic zeolites.
Usual problem of the use of
organic zeolites is that their
structure is destroyed after the
removal of solvent or change in
external conditions, but there are
interesting exceptions [16, 17].
Organic systems allow relatively

HAHO MHOVCTPHA #s8/70/ 2016

easy modification of the molecu-
lar matrix by functionalization
to obtain structural diversity
with the one-dimensional, two-
dimensional and three-dimen-
sional supramolecular struc-
tures (Fig.1c) [18]. Development of
organic zeolites requires solving
two problems. The first one is the
formation of the desired applica-
tion-specific volume and geom-
etry of pores. The second prob-
lem is to make a porous mate-
rial quite stable under operating
conditions.

The Laboratory of Material
Science Engineering at the
Faculty of fundamental physical

and chemical engineering of MSU
conducts a systematic study of the
processes of self-organization of
amphiphilic V-like compounds. In
particular, the influence on the
properties of their chemical struc-
ture (e.g. of length of the alkyl
tail, the number of alkyl tails and
nature of counter-ion) are stud-
ied. It is found that the humid-
ity and temperature have most
effective impact on the structure
of the sample. When humidity
increases, the formation in the
sample of nanosized inner chan-
nels is observed. Temperature
change influences the diameter
of these channels (at temperature
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Puc.3. Audpakmozpammbl naeHku C8-Pyr 8 napax MemaHoAad: ucxodHas naeHka npu 25°C (a), npu 100°C (b), nocae oxaaxkdeHus
90 25°C (c), nocne ydaneHus memaHoaa (d), nocae HabyxaHus e 8ode npu 25°C (g) u npu 15°C (f)

Fig.3. Diffraction patterns of C8-Pyr film in methanol vapor: source film at 25°C (a), at 100°C (b), after cooling to 25°C (c), after
removal of methanol (d), after swelling in water at 25°C (e) and at 15°C (f)

nepexof 06paTHUM, U B 06BIYHOM aTMOChepe IIPH OXJIasK-
JeHUH IPOUCXOJHUT BOCCTAHOBJIEHHE MOHOKJIMHHOM
da3e1. MHOe noBesieHHe Hab/M0aeTCsl IPH IIOMeIlleHUH
rieHKY C8-Pyr B mmaphl OpraHUYeCKOro pacTBOPUTELS,
B YaCTHOCTH METaHOJ/Ia.

1 u3y4eHHs B peaibHOM BpeMeHH I1PoLieccoB Gop-
MHPOBaHHS CTPYKTYPHI B yCJIOBUAX HU3MEHEHH I BHEIII-

Hell cpesibl 6blyIa CKOHCTPYHPOBAHA CIIe[HaIbHAS H3Me-
pHTeNbHAS STUerKa, [I03BOJISIIONIAs] IPOBOAUTE peHTre-
HOCTPYKTYPHBIe HCC/IeIOBAHMS IIJIEHOK ITPU Pa3IHUHbBIX
TeMIIepaTypax B IIapax pacTBopuTenei. Ha audpaxTo-
rpaMMe IIJIeHKH, HaXOASIIEeNcs B [Iapax MeTaHosa [IPU
KOMHATHOH TeMIlepaType, He HabIogaeTcst 3aMeTHBIX
HM3MeHeHHH I10 CPaBHEHUIO C UCXOHOM CYXOH IIJIeHKON

increase there is a reduction of
diameter).

One of the most interesting
amphiphilic compounds stud-
ied in the laboratory is a sector-
shaped mesogen 2, 3, 4-tris(11’-
acryloylundecyl-10-hydroxy)ben-
zenesulfonate of sodium, A-Na
(Fig.1a). This compound has three
alkyl tails and sodium as a coun-
ter-ion. Using methods of high-
angle x-ray diffraction with a
moving beam the phase behavior
of thin films of A-Na was inves-
tigated depending on the rela-
tive humidity of the atmosphere
(Fig.2) [19, 20]. Under normal con-
ditions the hexagonal columnar

phase is a stable phase for this
compound. But in conditions of
high humidity, A-Na is able to
absorb water with the formation
of cubic bicontinuous phases,
gyroid and diamond. These phases
are an organic zeolites. Their
main advantage is the occurrence
of a network of continuous chan-
nels that can be used for vari-
ous practical applications (ion-
exchange membranes, separation
systems, catalysis) [21]. It should
be emphasized that two cubic
phases coexist in the sample,
which suggests their metastable
nature. With decreasing humid-
ity or increasing temperature

(drying of the sample), the struc-
ture reverts to a columnar phase
and a cubic phases are destroyed.
However, the cubic phases of this
compound can be chemically sta-
bilized using photo-polymeriza-
tion [22].

Another example of a sys-
tem that forms bicontinu-
ous cubic phases, is the pyri-
dine salt 4’-[3”, 47, 5”-tris(octy
loxy), benzyloxylazobenzene-
4-sulfonic acid (C8-Pyr) con-
taining azo group in the hydro-
philic part and an organic coun-
ter-ion of pyridine (Fig.1b). The
dry film of this compound con-
tains monoclinic columnar phase

#8/70/2016 NANO INDUSTRY
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Puc.4. Cxema ¢pazosozo nosedeHus o6pasua C8-Pyr
Fig.4. Scheme of phase behavior of C8-Pyr sample

(puc.3a). Harpes g0 100°C npuBoguT K $pa3oBoMy Iepe-
X0y B FeKCaroHaJIbHYIO pa3y (puc.3b). OmHaKko npu
OXJIaKIeHU U IUIEHKU B ITPUCYTCTBUH METAHO/A Ha Aud-
paKkTorpamMMax Habmronarorcs pedieKchl, XapaKTepHbIe
IJ1s1 THPOUIHOM Kybudeckon dassl (puc.3c, 4). BaxkHO
OTMEeTHTbh, YTO HAaTpPeB U OX/JIaK[eHHe CyXHUX IJIeHOK
B I1apax BOJbI He IIPUBOSUT K 06pa30BaHUIO KyOHUeCKOk
dasml.

[TonydyeHHas IIpU OXJIAXKAEHUU Kybudeckas dpasa
JeMOHCTPUPYeT BBICOKYIO CTabK/IBHOCTB. [Tociie yaae-
HMUS [1apOB MeTaHOo/Ia TUPOMAHAs da3a CoxpaHseTcs,

with one-dimensional chan-

XOTS IIapaMeTp SUeHKU YMeHbIIaeTcst Ha 5% (puc.4).
B cyXxOM COCTOSSHUM ILJIeHKa MOKeT XPaHHUThCS B Tede-
HHe HeCKOIbKHX MecsleB 6e3 3aMeTHOro H3MeHe-
HHS CTPYKTYpPBI, HaIrpeB Tak’Ke He OKa3blBaeT Ha Hee
CyIeCTBEHHOIO BIUSHHUS. IHTepeCHO OTMETUTD, YTO
B Kybuueckoil ¢ase mieHKa C8-Pyr meMOHCTpPHUpYeT
CI10co6HOCTH 3P eKTHUBHO IOIIomaTh BoAy. Tak, obpa-
3ell, IIOMEIIeHHBIN B HACBIIEHHYIO BIasKHYIO aTMOC-
depy B TeueHHe HeOOIBIIOr0 BpeMeHH, e MOHCTPHPYeT
CHJIbHOe yBeJTH4YeHHe [lapaMeTpa pellleTKH, COOTBeTCT-
ByIOIIlee COZIeP>KaHHIO BOABI B KyOHUeCKoH pase B KOJIU-
yecTBe He MeHee 17% 110 06beMy (puc.3e). ConepskaHue
BOZBI B 0Opaslie ellle 6o/bllle yBeTMUHBAETCS B CIydae
MIOHMW KeHU S TeMIIepaTyphbl HHKe KOMHATHOM (pHcC.4).
[Ipu TeMmepatype 15°C HabmomaeTcs: pa3oBhIH I1epe-
X071 13 Kybrdeckoi B 1amMesuIIpHYyo a3y (puc.3f). Ota
dasa, BeposATHO, SIB/ISETCS TePMOJUHAMHUYECKH CTa-
6rpHOM IIpU 100%-HOM BIQSKHOCTH, U IIePeXO0], CBSI3aH
C KOH/IeHCaIlKel [1apOB BOABI HA [I0BEPXHOCTH IVIEHKHU
HM>Ke TOYKH Pochl. [lepexon rHpoHAHOM $a3bl B IaMel-
NSIpHYIO Habmiomancs HaMHU paHee IIPH AJIHTeTbHOM
BBIZIEpKKe 06pasiia B aTMocpepe HaCHIIIEHHBIX IIapPOB
MeTaHona [24]. TakuM 06pa3om, TPy KOMHATHOH TeM-
nepaType Kybuueckas ¢asa mJisi ZAHHOTO COeMHEeHUS
SIBJISIeTCSI HepaBHOBECHBIM COCTOSIHHEM. BaskHO oTMe-
THTb, YTO IIPU MOC/IeyIolleM HarpeBe IJIEHKH 0 KOM-
HaTHOM TeMIlepaTyphl Hab/l0IaeTCsl BOCCTAHOB/IEHHE
MOHOKJIMHHOH KOJIOHYaTOH $a3kl, XapaKTepHOM IJIs
cyxoro obpasua.

TakuM 06pa3om, co3JaHHe OpfaHUYECKUX LIeOTH-
TOB MOYKeT OBITh PeaIl30BaHO, UCIIOIb3YsI MOJIEKYIISIP-
HYI0 CaM0oCO0pKy aMOHUIBHBIX Me30TreHOB, UMelo-

nels oriented parallel to the sub-
strate. Phase transition of mono-
clinic phase to hexagonal one is
observed during heating up to
100°C, which is associated with
the disordering of the linear alkyl
chains and formation of columns
with circular cross section [23].
This transition is reversible, and
in a normal atmosphere during
cooling the monoclinic phase is
recovered. A different behavior is
observed if to place C8-Pyr film
into vapor of organic solvent, in
particular of methanol.

To study in real time of the
structure formation processes

HAHO MHOVCTPHA #s8/70/ 2016

in a changing external environ-
ment a special measuring cell was
designed that allows to conduct
x-ray diffraction analysis of the
films at different temperatures in
solvents vapors. On the diffrac-
tion pattern of the film, which is
investigated in the vapor of meth-
anol at room temperature, there is
no noticeable changes compared
to the initial dry film (Fig.3a).
Heating to 100 °C leads to transfor-
mation into the hexagonal phase
(Fig.3b). However, when the film is
cooled in the presence of methanol,
the diffraction patterns contain
reflections that are characteristic
of gyroid cubic phase (Fig.3c, 4). It

is important to note that the heat-
ing and cooling of the dry films in
water vapor doesn’t lead to the for-
mation of cubic phase.

The cubic phase obtained during
cooling shows a high stability. The
gyroid phase persists after removal
of methanol vapor, although the
parameter of the cell is reduced
by 5% (Fig.4). Dry film can be stored
for several months without notice-
able changes in the structure, the
heating has also no significant
effect on her. It is interesting to
note that in the cubic phase the
C8-Pyr film demonstrates the abil-
ity to effectively absorb water. For
example, after a placement for a
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short time in a saturated moist
atmosphere, the sample shows
a strong increase of the lattice
parameter corresponding to water
content in the cubic phase in an
amount of not less than 17% by vol-
ume (Fig.3e). The water content in
the sample increases even more
in the case of lowering the tem-
perature below ambient (Fig.4).
At 15°C, there is a phase transi-
tion from the cubic to the lamellar
phase (Fig.3f). This phase is prob-
ably thermodynamically stable
in 100% humidity, and the tran-
sition is associated with conden-
sation of water vapor on the film
surface below the dew point. The

transition of gyroid phase to the
lamellar one was observed by us
previously at prolonged storage
of the sample in the atmosphere
of saturated methanol vapor
[24]. Thus, at room temperature
the cubic phase is a non-equilib-
rium state of this compound. It is
important to note that the recov-
ering of monoclinic columnar
phase that is characteristic of the
dry sample is observed at subse-
quent heating of the film to room
temperature.

Thus, the creation of organic
zeolites can be realized using
molecular self-assembly of amphi-
philic mesogens having polar

groups that form an ion channel
and alkyl groups of different struc-
ture. The possibility of obtaining
polymeric materials with ther-
mally stable cubic gyroid phase,
which is organic zeolite-like mate-
rial, is of particular interest. The
structure can be stabilized using
chemical photopolymerization of
alkyl groups or by physical local
ordering. This structure can be
used to create ion-conducting
membranes, separation systems
and in catalysis. [ ]

The project is executed at financial

support of Russian Science Foundation
(contract No. 16-13-10369).

#8/70/2016 NANO INDUSTRY



