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SYNTHESIS AND OPTICAL PROPERTIES OF NEW SYMMETRIC PYRAZOL-CONTAINED HETEROCYCLES
AND THE PERSPECTIVE OF DEVELOPMENT OF HOLOGRAPHIC MEDIUM BASED ON IT

By the interaction of a symmetric bis-aldehyde with 1-phenyl-3-methylpyrazolone-5, a new symmetrical dye capable of photoinduced
isomerization was obtained. Recording media (RM) based on synthesized dye and soft polymer matrix were prepared. Intensity of absorption of RM
rises with increasing of dye percentage in polymer matrix. But, Beer-Lambert law is not fulfilled. Therefore, the partial aggregation of dye molecules
is present. As in the case of azo-compounds, information recording proceeds, probably, through spatial changes caused by the photoinduced E,Z
double bond isomerization. Recorded holograms have the polarization nature - it was proved by the quenching of diffraction orders during changing
the polarization of reference beam from e1le: to e1|| ez2. It was shown that compounds containing the —-HC=C< bond, where =C< is the part of
heterocyclic moiety are able to the isomerization. The diffraction efficiency is expected to be higher due to presence of two photoactive groups in
symmetric molecule, comparing with molecules with one photoactive group. Light absorption with A=532 nm by the dye molecules is proved to be
sufficient for holograms recording and relaxation despite the low adsorption intensity at such wavelength. The recording and relaxation speed are
high. Fast increasing of n in the beginning of hologram exposition and, after turning off the illumination beam, fast decay, according to the n)|(t) and
1L(t) curves. Hence, this polymer composite is capable for further applications in dynamic holography. It was shown that increasing of dye amount
in polymer matrix leads to growth of diffraction efficiency. It has been established that data recording media is characterized by higher values of
diffraction efficiency with parallel polarization compared to perpendicular.

Keywords: pyrazolone, isomerization, polarization holography, recording media.
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AOCOPBLIINHO-HANIBNPOBIAHUKOBUU CEHCOP MOHOOKCUAY BYINELIO,
CTBOPEHUMX HA OCHOBI HAHOPO3MIPHOIO MATEPIANY Pt/SnO;

I3 3acmocyeaHHsIM 30J1b-2e/lb meXHOJI02il ompumMaHo HarienpoeiGHUKoei HaHOPO3MipHi Mamepianu Ha ocHoei SnO, ma Pt/SnO,.
BueuyeHo Mopgbonozito, hazosuli ckriad ma kamanimuy4Hy akmueHicmb y peakyii okucHeHHs1 CO odepxaHux HaHoMamepiasie. BcmaHo-
as1eHo, wjo dornyeaHHs1 diokcudy osioea My1amuHo npueodums A0 3Ha4YHO20 Nid8UWEeHHSI Kamanimu4Hoi aKmueHocmi Mamepiasie y
peakuii okucHeHHs1 CO. BcmaHoerneHo, wjo ceHcopu, cmeopeHi Ha 0cHoei HaHoMmamepianie Pt/SnO,, susiensiromb A0CMamHbLO 8UCOKY
qymuuegicmb do 1000 ppm CO ma maromb xopouwly weudkodito.

Kmroyoei crioea: HaHomamepianu Pt/SnO,, adcop6buyiliHo-HarnienpoegioHUKoei ceHcopu, MOHOOKCUO 8yarieyto, Yyymiiueicmsb, WeuodKoOisi.

BcTyn. Ha cborogHi y 38'3Ky 3 iIHTEHCUBHMUM PO3BUTKOM
NPOMUCIIOBOCTI | NOB'A3aHMM 3 HAM 3a06pyAHEHHSM OTOYYHO-
YOro MoBITPS iCHYe HaranbHa HeOOXigHICTb PO3pPObKK 3pyu-
HAX Ta LWBMOKAX METOAIB BU3HAYEHHSI KOHLEHTpaLin
TOKCUYHMX rasiB y NoBiTPi, 30KpemMa, BMIiCTY MOHOOKCUAY BY-
rneuto. OcHoBHUMY mxepenammn CO € BUXIONHI ra3u ABury-
HIiB BHYTPILWHLOIO 3ropaHHsi Cy4acHOro aBTOMOGINbHOro
TpaHCcnopTy, HapToBa Ta XiMiYHa MPOMUCIIOBICTb. AKTyarlb-
HICTb CTBOPEHHS YyTnuBmMxX ceHcopiB Ha CO nonsrae y Haa-
3BMYaNHIN TOKCUYHOCTI ULbOrO rasy Ta HEeMOXIUBOCTI
NOMITUTK NOro BUTOKM Be3 HaneXXHUX Npunaais, OCKiNbKK BiH
He Mae Komnbopy Ta 3anaxy.

Ha paHuii MOMeHT icHye BaraTo ceHcopiB, 34aTHUX BU-
MiproBaTV HasBHICTb MOHOOKCMAY Byrnewto y nositpi [1]. Oa-
HUMKU 3 HaWNEepPCNEKTUBHILLMX BBaXalTbCA ancopbuiiHo-
HaniBNPOBIOHNKOBI CEHCOPU, MPUYUHOK YOTO € MPUNHATHE
NnoeaHaHHS X YyTNIMBOCTI, CTabiNbHOCTI Ta WBMAKOAIT 3 Ma-
numu rabapvtamy Ta iX HU3bKMM €HEProCnoXmMBaHHAM, L0
OyXKe BaXnvBO Npu NpakTU4YHOMY BMKOPUCTaHHI razoaHani-
TUYHUX NpUnagiB Ha iXHi OCHOBI. 3HaYHOIO NepeBaroto aa-
CopOUiNHO-HaNiBNPOBIAHMKOBMX CEHCOPIB € | HeBUcoKa
BapTiCTb, WO BUTQHO BMPI3HSE iX 3-MOMiX aHanoris [2].

Hanbinblw nowmpeHum maTtepianomMm Ansi BArOTOBIEHHS
HaniBMpoBigHNKOBOrO ra3ovyTNMBOrO LIapy CEHCopa € AioK-
cua oroBa, BHACMIAOK MOro XiMivyHOT iHEPTHOCTI Ta BMCOKOI
TepMmivHoi cTtabinbHocTi [3-5]. BukopuctanHa SnOz2 y HaHo-
pO3MipHOMY CTaHi CyTTEBO BNMBAE HAa YyTNMBICTb CEHCOPA,
afxe 3MeHLUeHHs po3Mipy MOro KpucTaniTis NnpuBoauTb A0
3HaYHOro 306inblUEHHs BNAMBY Ha BracTMBOCTI MaTepiany
came MOBEPXHEBUX ABULL, TaKNX K XeMOCOpPOLIs KMCHIO Ha

noBepxHi, fKa Bigirpae BU3Ha4anbHy posfb Y MOPMyBaHHiI
YyTNMBOCTI  afcopbLUiiHO-HaniBNPOBIAHMKOBOrO CeHcopa
[6]. e opHielo MOXNUBICTIO BMAMBaTN Ha XapaKTePUCTUKN
aacopbuiiHO-HaniBNPOBIAHNKOBUX CEHCOPIB € [OMyBaHHS
rasouvyTnNMBOro Lapy pisHMMKM MeTanamu-katanisatopamu
OKMCHEHHS rasy, L0 aHanisyeTbes, y AaHomy Bunagky — CO.
Bigomo, WO HarakTUBHILLMMW MeTaniYHUMK KaTanisaTo-
pamu B peakLii okmcHeHHs CO € meTanu NnaTMHOBOI rpymnu,
AKi MOXYTb (DYHKLIOHYBaT! B LUMPOKOMY iHTEpBani ix Tem-
nepatyp [7-9].

MeToro po6GOTH € CTBOPEHHS Ha OCHOBI HAHOPO3Mip-
HOro Aliokcuay onosa A0MNOBaHOro NAaTUHOK YyTIIMBOrO aa-
copbLUiiHO-HaNIBNPOBIAHUKOBOIO CEHcopa, NpPU3HAYeHoro
ansi Bu3HaveHHs CO.

Metoau Ta 06'ekTU AocnigxeHHs. HaHopo3amipHMi
Jiokcma, onosa OTpUMyBanu 3 BUKOPWUCTaHHAM 30Jb-Teflb
TexHororii: 1,5 r neHTarigpaty onosa (IV) SnCls-5H20 pos-
YUHANKW B 15 MN eTUNEHTNIKOMO NPW HarpiBaHHi 4O NOBHOIO
po34MHEeHHs1. OTpPMMaHWIA PO3YMH NEPEHOCUNN B KEPAMIYHY
Yyally Ta BUNapoByBanu Ha niwaxin 6ani npu 125 °C npots-
rom 1,5roq OO YTBOpPEHHSI TEMHO-OYporo B'SI3KOro rerto,
AKWMIM NOTIM cywmnnu Bnpodosx 24 rog npu 150 °C. YTBOpe-
HWI Kceporernb nogpibHIoBanNu Ta HAHOCUNK Ha cnevljiansHy
KepaMiyHy nracTuHy Anst TepmiyHoi obpobkn go 600 °C.
OTprMaHnii MOpPOLLIOK HaHOKpUcTaniyHoro SnO2 BUKOPUCTO-
ByBanu Ang BUrotoBneHHs ceHcopa [10]. Wnsaxom 3mily-
BaHHSA HaHOpPo3MipHoro SnOz2 3 po34yMHOM KapbokcumeTun-
uentonosu (KML) y cniBBigHoLeHHi 2:1 roTyBanu nacty, aKy
HaHOCMMU MK BUMIpIOBaNbHUMW €neKkTpoaamMun KepamivyHoi
nnaTn ceHcopa, KOHCTPYKLIS Skoi HaBegeHa y pobori [11] Ta
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BUCYLIYBanu y cywmnbHin wadi npyn 90 °C npotarom 1 ro-
OVHU Npu 06MexeHoMy AoCTyni NoBiTps. [N BUroTOBIEHHS
CeHcopa BUKOPUCTOBYBAnu NnaTty Ha OCHOBI BakyyMLLiNbHOI
kepamikm BK94 (BmicT Al203 = 99,9999 %) 3 HaHeceHnmu Ha
Hel NNaTMHOBMMW BUMIpIOBaNbHUMU eNeKTpoaamMu Ta Harpi-
Bayem. BBegeHHs nnaTvHM NpOBOAMIIM METOLOM MPOCOYY-
BaHHS KepaMiyHOi nnatM ceHcopa 3 HaHeCeHUM
rasovyTnueum wapom posdmHoMm HzPtCls 3 KOHUEHTpauieto
5,3-10"2 MOMb/N Ta NOAAnbLLOK Oro TePMiYHOK 06POBKOD
0o 620 °C. OgepxaHHS kaTanisaTopiB NpoBoAWM 3a aHa-
TOriYHOI METOAMKOLO.

JocnigkeHHss oTpumaHoro HaHomarepiany MeToaoM
TEM nposogunun Ha enekTpoHHoMy mikpockoni Selmi NMEM
— 125 K 3 npuckoptotoyoto Hanpyroto 100 kB. Metogom POA
CEHCOpHi MaTepianu BuB4anu Ha gudpakromeTpi Bruker D8
Advance 3 BunpomiHioBaHHAM CuKa.

JocnigXeHHs CeHCOpHWX BMacTUBOCTEN OTPUMAHOTO
mMaTtepiany MNpoBOAWMM Ha creuianbHOMY eneKkTPUYHOMY
CTeHJi, KOHCTPYKLUis sikoro HaBegeHa B poborTi [12]. Temne-
paTypy rasouvyTnuvBOro LUapy perynioBanu LMssXoM 3MiHU
NOTY>XHOCTi Harpieaya nnatun ceHcopa. YytnusicTb ceHcopa
(Y) pospaxoByBanu sik BifHOLLEHHSI BEMMYMHW MOr0 enekT-
pWYYHOro onopy y yncrtomy nositpi (Ro) A0 BENUYMHK 1MOrO
€IeKTPUYHOro ONopy y CepefoBuLLI CyMilli 4OCHiAXYBaHOrO
rasy (1000 ppm CO ) ta noBiTps — Rco:

Y = Ro/Rco.

[unHamiyHi BRacTMBOCTI OTPUMaHOro ceHcopa OLiHIoBanm 3a
YacoM Moro  BiAryKy (Tog) Ta penakcauii (Trelax). Yac Biaryky — ue
yac, sikuiA NoTpiGHMIR, abu gocartn 90 % 3Ha4YeHHsI NOCTINHOrO
CurHamy ceHcopa npu rnogadi Ha HbOro rasy, sikuii aHanisy-
€TbCs. Yac penakcadii — Le Yac, 3a SKvIin curHan ceHcopa no-
BepTaetbcad A0 10 % Big CBOro CTauiOHapHOrO 3HAYEHHSA y
YMCTOMY MOBITPI. XapakTep 3MiHW CuUrHany ceHcopa npu 3MiHi
Oro ra3oBoro OTOYEHHS! 3anMcyBann Ha KOMM'IOTEpI 3 BUKOPW-
cTaHHaM mynbTumeTpa UT 61 E.

KaTaniTnyHi BNacTMBOCTi CUMHTE30BaHUX HaHomarepia-
niB B peakuii okncHeHHs CO pocnigxyBanu B yCTaHOBL
NPOTOYHOrO TUMY 3 XpoMaTorpadiyHUM aHaniaom cknagy ra-
30BOI cymiwi (xpomartorpacd Shimadzu GC 14, Japan). Mi-
polo KaTaniTM4YHOI akTUBHOCTI Byna TemnepaTtypa NOBHOro
nepeteopeHHsi CO.

Pe3ynbTati Ta ix 06roBopeHHs.

Metogom TEM BcTaHOBREHO, WO cepeaHin poamip
YaCTUHOK CMHTE30BaHOrO HAaHOPO3MIPHOrO JioKcMay onoBa
ctaHoBuTb 10-11 HM. CeHcopHi HaHoMaTepianwu, ski ogep-
XyBanu Ha ocHoBi SnO2 Ta Pt/SnO2 npu foaaBaHHi kapOok-
cumMeTunuentono3n Ta cnikaHHi go 620 °C, cknapalTbes
nepeBaxHO 3i CHEepPUYHNX YaCTUHOK i3 cepedHiM po3Mipom
6nmsbko 20 Ta 14-15 Hm, BignosigHo (puc. 1).

MeTtogom POA aonsa HaHoMaTepianie sik 3 NnaTMHO, Tak
i 6e3 Hel, byna BusBneHa nuile gasa kacuteputy. BigcyT-
HicTb Byab-sKMX pednekciB NnaTMHOBMICHUX da3 B audpa-
KTorpami  HaHomartepiany  Pt/SnO2,  HamimoBipHiLue,
06yMOBEeHa HN3bKUM BMICTOM MNaTWHN B HbOMY. BcTaHoB-
NEHO, WO BBEAEHHS NNaTtMHU OO HAHOPO3MIPHOro Aiokcuay
0noBa NpMBOAUTb 4O 3HAYHOTO MiABULLEHHS MO0 aKTUBHO-
CTi B KaTaniTuyHin peakuii okmcHeHHs CO. CeHCOopHUiA Ha-
HomaTepian Pt/SnO2 BuABNAEe BUCOKY akTUBHICTb B
AianasoHri Temnepatyp 37—-110°C. TemnepaTypa npakTU4HO
noBHoro nepeteopeHHss CO Ha Pt/SnO2 ctaHoButb 110 °C.

OocnipxeHHs yytnmeocTi o 1000 ppm CO ceHcopiB,
CTBOpPEHMX Ha OCHOBI HaHOMaTepianie SnO2Ta P/SnO2 npu
Pi3HMX TMOTYXXHOCTSIX HarpiBada CeHCopiB, Mokasano
(Tabn. 1), Wo BBEAEHHA NNATUHM 3HAYHO 36inbLUyE iX YyT-
NMBICTb, BipOrigHO, BHACNIAOK 30iMNbLUEHHS LUBUOKOCTI peak-
Lii okncHeHHs CO Ha NnaTUHOBMICHMX HAHOMaTepianax.

Mpy UbOMY 3anexHiCTb YYTNAMBOCTI BiO MNOTY>XHOCTI
HarpiBa4a ceHcopa Mae eKCTpeMarnbHUi Xxapaktep, Lo no-
B'I3aHO i3 3MIHOK KifbKOCTIi XeMocop6OBaHOrO KUCHHO
npy nNiaBULLIEHHI TemnepaTypu. BenuuvHa makcumanbHOl

yyTnmBocTi ceHcopa o CO craHoBuTb Y= 10 npu onTuma-
NbHI NOTY>XHOCTI HarpiBaya 0,3 BT. [lnHamiyHi xapaktepuc-
TWKM CEHCOpa BMBYanu B oNTUManbHOMY pexumi ix poboTu.
AK BMOHO 3 puC. 2, CTBOPEHI Ha OCHOBI HaHoMartepianis
Pt/SnO2 ceHcopu MatoTb OCUTL XOPOLLY LUBUAKOAIK Ta pe-
nakcakuio — BenunyuHa To,9 CTaHoBUTHL 4,5 ¢, Yac penakcadii
Trelax = 9,8 C.

Puc. 1. TEM-306paxeHHs ceHcoporo HaomaTepiany Pt/SnO,

Ta6bnuys 1
Yytnusictb Ao 1000 ppm CO ceHcopiB
Ha ocHOBi HaHoMaTepianiB Sn0, Ta Pt/Sn0O,
NPy Pi3HMX MOTY)XHOCTAX HarpiBaya ceHcopiB

YyTnusicTb ceHcopiB go CO
P, BT CeHcopM Ha OCHOBI CeHcopM Ha OCHOBI
SnO, Pt/SnO,
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Puc. 2. 3miHa BeNnM4YuHU curHany ceHcopa,
CTBOpPEHOro Ha OCHOBi HaHOMaTepiany Pt/SnO,
npu 3MiHi OTOYYHO4YOro cepeaoBuLLA

BucHoBku. OTpumaHi 30nb-reflb METOLOM HaniBnpoBia-
HMKOBI MaTepiann Ha OCHOBI HaHOPO3MmipHoro SnO2 3 fgoaa-
BaHHAM MNMaTUHU OO3BONUMM CTBOPUTU BUCOKOYYTNMBI [0
CO apacopbuinHo-HaniBNpoBIiAHMKOBI ceHcopu. BcTaHoB-
NeHo, Lo OAepXaHi CEHCOPHiI MaTtepiany MaloTb BUCOKY Ka-
TaniTM4Hy akTMBHICTb B peakuii okmcHeHHs CO, wo
0BGYMOBIIOE | BUCOKY YYTNMBICTb CEHCOPIB, CTBOPEHMNX Ha iX
ocHoBi. NMoka3aHo, Wo ceHcop Ha ocHoBi Pt/SnO2 mae xo-
poLUi AMHaMIiYHi BNacTUBOCTI, WO pobUTb KOro NnepcrneKkTmB-
HUM A9 BUMIpOBaHHA MikpokoHLUeHTpadin CO y nosiTpi.
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AHCOPELII/IOHHO-!'IOHYFIPOBOD,HI/IKOBbIVI CEHCOP MOHOOKCHOA YIMEPO[A,
CO30AHHbIN HA OCHOBE HAHOPA3MEPHOI'O MATEPUAIJIA Pt/SnO:

C ucnonb308aHUEM 30J1b-2€J/1b MEeXHOJI02UU MOJ1yYeHbl Mos1ynpo8odHUKO8bIe HAHOPa3MepPHbIe Mamepuasbi Ha ocHoee SnO u Pt/SnO.. U3yyeHo
mopebosiozuro, hazoesili cocmae U Kamasumu4ecKyo akmugHoCcmb 8 peakyuu okucsieHusi CO nonyy4yeHHbIX HAaHOMamepuasos. YcmaHoeJIeHo, Ymo
donupoeaHue duokcuda osoea nnamuHol NpPueodouUm K 3Ha4umesibHOMY MO8bIWEHUI0 Kamanumuyeckol akmueHocmu mMamepuasnos e peakyuu
okucneHusi CO. [lokazaHO, YmO CeHCOpbI, U320MO8JIeHHbIE Ha OCHO8e HaHOMamepuasnos Pt/SnO;, nposiensstom docmamo4HO 8bICOKYH Yyecmeu-
menbHocmsb k 1000 ppm CO u umetom xopouwee 6bicmpodelicmeaue.

Kntoyeenie cnoea: HaHomamepuanbi Pt/SnO; adcop6yuoHHO-M01ynpo8odHUKO8bIE CEHCOPbl, MOHOOKCUO yaiepoda, 4yecmeumeslbHOCMb,
6bicmpodelicmeue.
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CARBON MONOXIDE ADSORPTION SEMICONDUCTOR SENSOR
CREATED ON THE BASE OF THE NANOSIZED MATERIAL Pt/SnO2

Nanosized material SnO: was obtained by a sol-gel technique to create a sensor purposed for determination of carbon monoxide concentration
in air. Platinum was added to the nanosized tin dioxide by a wet impregnation method using Hz2PtCls solution. According to TEM data the average size
of the SnO; particles in the obtained nanosized tin dioxide was equal to 10-11 nm. Sensor nanomaterials based on SnO: and Pt/SnO2 powders which
were sintered at 620°C in air consisted of spheric particles with average sizes 20 and 14-15 nm, correspondingly. Phase compositions of the obtained
nanomaterials were studied by the XRD method. Only a phase of cassiterite was detected for the nanomaterials with and without platinum. The
absence of any reflexes of platinum-containing phases in the diffraction pattern of Pt/SnO: is most likely due to the low content of platinum in the
material. It was shown that dopping the nanosized SnO: materials by platinum lead to increase their catalytic activities in the reaction of CO oxidation:
the temperature of practically complete conversion of CO at Pt/SnO: catalyst was equal to 110 °C.

The sensor created on the base of Pt/SnO: nanomaterial was found to be more sensitive to CO than the one created without platinum in the range
of its heater power consumption 0.25-0.45 W. High catalytic activity of the Pt/SnO; nanomaterial in the reaction of CO oxidation is a reason of such
sensor sensitivity increase. The dependence of the sensitivity of the sensor on the heater power consumption has a maximum that can be explained
by the change of the amount of oxygen chemisorbed on the sensor gas sensitive layer when the sensor temperature is increased. The maximal sensor
sensitivity to CO is y= 10 at the optimal heater power consumption of the sensor (0.3 W). The created sensor to CO based on the nanomaterial Pt/SnO:
was found to be very fast. The response time of the sensor (10,9) was equal to 4,5 s and the relax time (Treiax) was equal to 9.8 s.

It was shown that the created sensor based on nanomaterial Pt/SnO: has high sensitivity to carbon monoxide and possess good dynamic
properties, which makes the sensor to be promising for usage it in gas analytical devices purposed for determination of CO in air.

Keywords: nanomaterials Pt/SnO;, adsorption semiconductor sensors, carbon monoxide, sensitivity, response and relax time.
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BMJIMB MAKPOLIMKIMIYHUX KOOPOAUHALLIMHUX CMONYK MiAal (111)
HA NMPOAYKTUBHICTb BIPYCIH®IKOBAHUX POCJIVH NWIEHULI APOI

HocnidxeHo ennue 0eox MakpouukniYyHUx koopouHauyitinux criosyk midi (lll) Ha picm i po3eumok pocnuH NuieHuUyi sIPol, ypaxxeHux
eipycom cmyzacmoi Mo3aiku nweHuuyi. BcmaHoeneHo, wjo crosyku 36inbwyroms Macy POCJIUH i eMicm cyxoi pedoeuHU 3al/leXXHo eid
crnocoby o6po6ku. Criosyka 3 npomukamioHamu f1imito i kanito nideuujyeana macy Ha3eMHOI YacmMuHU ma KOpeHee8oi cucmemu, criosiyka
3 npomukamioHOM Hampito — Micm cyxoi pe4yo8UHU 8 KOPEHSIX sk 300po8UX, MakK i 8ipyciHghikosaHux pociiuH, wo ceid4ums fMpPo cmu-
mynsayiro npoyecie cmitikocmi pocnuH nuweHuyi 0o BCMI-iHgbekuii.

Knro4yoei cnoea: koopAuHauitiHi crionyku Midi, eipycu pociuH, gipyc cMyz2acmoi Mo3aiku nweHuyi, npodyKkmumeHicmab.

BcTyn. BipycHi XBOpoGu poOCnuH CNpUYMHIOTL BTPATU
BpOXalo Ta MOripLUeHHs siKocTi npoaykuii. OgHuMm i3 Han-
Ginbll po3noBClOMKEHUX B YKpPaiHi Ha NWeEHWLi 03nMin Ta

LLIKOOOYMHHUM € BipyC cMmyracToi Mo3aikv nweHuui, BCMI1
(Wheat streak mosaic virus, WSMV) [1, 2]. MNutaHHO
3axXuUCTy POCMWH BiA ITOBIPYCIB NPUAINSETLCSA 3Ha4YHa
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