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YYTJIUBICTSD IIVIIBOK TIAKAJIIKCAPEHIB J10 PAAY AJNIPATUYHUX CITUPTIB

1. A. Koweuyn, 3. 1. Kazanyesa, T. B. Koznosa, B. 1. Kanvuenxo

Amnorauist. /[ana poOoTa pucBsIeHa JOCIIHKSHHIO aICOPOIIIMHUX BIACTHBOCTEH TUTIBOK TiaKautikc[4]
apeHiB, MOM(IKOBAHUX IO HUYKHBOMY Ta BEPXHBOMY BIHITIO MAKPOITHKITY, @ TAKOK 1O MICTKOBHX aroMax
CIPKH 1100 asTi(paTUIHUX CIHMPTIB. BOHM BUKOPHUCTOBYBAIMCS B SIKOCTI Uy TJIMBUX IMTOKPHUTTIB JUIS TA30BUX
CCHCOpIB Ha OCHOBI KBapIioBoro Mikpo Oanancy (KM). [TokazaHo, o MakCHMaJTbHY Yy TIIUBICTH BUSBUIIN
TUTIBKH TiakaslikcapeHiB 3 (ochopMiCTKUMH (YyHKITIOHATPHUMHU rpynaMu. KoHIeHTpalliiiHi 3a1eKHOCTI
MacHBY CEHCOPIB 13 BUIIIE3a3HAYCHUMH IUTIBKAMH KaJIIKCApEHIB IMOKa3aJy HEeMoraHy JiHIHHICTh 10110
psiy aniaTHYHUX CIUPTIB (B1 METAHOITY JI0 IIEHTAHOJY) Y BChOMY Jliaria30Hi KOHIIEHTpallii, 10 10Ci-
JokyBasvcs. [Toporu eTekTyBaHHs csaraiy 3Ha4eHb Hrbkae 10 ppm st ,,Baxkux’” crptiB Ta 20-30 ppm
JUISL L, JIETKUX . BUSIBIIEHO, 1110 BEIMYMHA BIATYKY Ha JIiHIHHI ,,BaXXKi~ cnupTH (OyTaHOM, IEHTaHoM) Oyna
OLIBLIOKO, HDK Ha 1X 130MEpH.

KirouoBi ciioBa: TiakamikcapeHH, XIMIYHHN CEHCOp, KBApIoBHiA Mikpobananc (KM), amidarnyani criupta

SENSITIVITY OF TIACALIXARENE FILMS TOWARDS SET OF THE ALIPHATIC
ALCOHOLS

I A. Koshets, Z. I. Kazantseva, T. V. Kozlova, V. I. Kalchenko

Abstract. The manuscript presented is dedicated to the investigation of adsorption features of tiaca-
lixarene films modified by lower and upper microcyclic rims as well as bridged sulfur atoms towards
aliphatic alcohols. They were used as sensitive coating for gas sensors based on quartz crystal microbal-
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ance (QCM). It was shown that tiacalixarene films with phosphorus containing functional groups pos-
sessed the best sensitivity amid all matter under study. Concentration dependencies of the sensors array
with calixarene films mentioned above represented good linearity towards set of aliphatic alcohols (from
methanol to pentanol) in the overall concentration range under study. Detection limits reached values as
lower as 10 ppm for “heavy” alcohols and 20-30 ppm for “light” one. It turned out the response magnitude
on linear “heavy” alcohols (butanol, pentanol) was higher than on their isomers.

Keywords: tiacalixarenes, chemosensor, quartz crystal microbalance (QCM), aliphatic alcohols

YYBCTBUTEJIBHOCTbD INIEHOK THAKAJIMKCAPEHOB K PALY
AIMPATHYECKUX CIIUPTOB

U. A. Kowey, 3. U. Kazanyesa, T. B. Kosnosa, B. . Kanvuenko

AnHotanus. J[anHas paboTa MOCBsIEHA UCCIEIOBAHUIO aICOPOIIMOHHBIX CBOWCTB TUIEHOK THA-
KaJuKc[4]apeHoB, MOIU(UIIMPOBAHHBIX 10 HIKHEMY M BEpXHEMY 0001y MaKpOLHMKIA, a TAKKE IO
MOCTOBBIX aromax cepsl, K anudaruueckuM crnupram. OHHM HCIIOJIB30BAINCH B KaU€CTBE YYBCTBU-
TEJBHBIX CIIOEB I Ta30BBIX CEHCOPOB Ha OCHOBE KBapiieBoro mukpobananca (KM). [Tokazano, uto
MaKCUMaJIbHYI0 YyBCTBUTEIBHOCTh BBISIBMIIM IJICHKH THAKaJIMKCapeHOB ¢ (ochopcoaeprammmu
(byHKUIMOHATBHBIMU IpynnamMu. KoHIeHTpalioHHbIE 3aBUCUMOCTH MaCcCHBa CEHCOPOB C BbIILIEYKa3aH-
HBIMH TUICHKaMU KaJIMKCAPEHOB IOKa3ali HEIJIOXYIO IMHEHHOCTh K psAAy anudaTudeckux CupToB (0T
METaHOJIa K IEHTAHOJTy) BO BCEM JMala30He UCCIEyEeMbIX KOHIIEHTpalui,. [loporu nerektupoBaHust
JlocTUraiyu 3HaueHui Hwke 10 ppm mid ,,rspkensix’” cnuptoB U 20-30 ppm a1 ,,Jierkux . BeIsBII€HO,
YTO BEJIWYMHA OTKJIMKA HA JIMHEHHBIE ,, TsKeble” cupThl (OyTaHoM, IeHTaHo ) Oblia OoJIblIe, YeM

Ha X U30MEPHI.

KiioueBble ci10Ba: THaKaIMKCAPEHBI, XUMHUYECKUI CEHCOP, KBaplieBbIi Mukpobananc (KM), anu-

barnyeckue CupThl

Beryn

OcTaHHIM YacoM Bce OinbIlia yBara MpHIis-
€THCSI CTBOPEHHIO €(DEeKTUBHUX, HAIIMHUX, MaJIO-
rabapUTHHUX Ta MBUIKOMIFOUNX ra30aHATI THIHIX
CHUCTEM, SIKI MOIJIH O 3aCTOCOBYBATHUCS JUISI KOHTP-
OJII0 HABKOJMIIHBOTO CEPEJOBHUINA, B XapyoBid
IIPOMUCIIOBOCTI, Mappymepii, MEAULMHI, TOLIO
[1,2]. B HUX BUKOPHCTOBYIOTHCS Pi3HI MPUHIIUITH
peecTpariii mapaMeTpiB, 10 0a3yOThCS Ha 3MiHI
MPOBIIHOCTI [3], ONTUYHUX XapaKTEPUCTHK [4-
6], wactotu (kBapioBuii Mikpobananc) [7,8], mo-
poroBoi Hampyru (Ta3oBi MOJBOBI TPAH3UCTOPH)
[9,10], Ta in. [IpoTte msns BCix iX 00OB’SI3KOBUM €
HasIBHICTh YYTJIMBOI MOBEpPXHi, HA AKil BigOyBa-
€THCS a7ICOPOIIisi MOJICKYJI ra3y, 110 aHATI3y€ThCA.
Bumorw, 1o BUCYBalOThCS 10 YYTJIMBHX IIApiB,
PI3HOIUIaHOBI: 3 OJHOTO OOKY BOHH MAalOTh 3a-
Oe3revyBaTy JOCTATHIO aMIUTITYy BIATYKY (BH-
COKa YyTJIMBICThH), 3 IPYTrOro — CEHCOPH MOBUHHI
IIBUJIKO BiJHOBJIIOBATHCH.

OpHuMHU 3 HaOLIBII NMPUBAOIUBUX CIIONYK 3
i€l Touku 30py € kanmikcapenu [11]. Ie mukmig-
Hi oJiromMepH, mo (GOpMyIOTh HOPOKHUHHU Pi3-
HOTO po3Mipy Ta (OpMH 1 MalOTh BJIACTUBICTH
3aXOIUTIOBAaTH B Il TOPOKHUHU 10HU METalliB Ta
OpraniuHi MOieKynu (“‘xa3siiH — ricTh” KOMILIEK-
coyTBOpeHHs ). Kpim Toro, BBEIEeHHS PI3HOMAHIT-
HuX nepudepiiHuX (QyHKLIIOHAIBHUX TPYyN IO
BEPXHbOMY Ta HIDKHBOMY KIJBIIO KaiKcapeHa
BIJIKpUBAE HIMPOKI MOXKIMBOCTI MO KEPYyBaHHIO
KOMITJIEKCOY TBOPIOIOYMMH BIIACTUBOCTSIMU KalliK-
CapeHiB, a OTKE 1 UyTIUBICTIO Ta CETICKTUBHICTIO
ceHcopiB. OCKIIbKH KaJiKCapeHH 31aTHi 0 YTBO-
PEHHS KOMIUJIEKCIB THUITy ‘Xa3siH-TICTh 3 MIXK-
MOJICKYJIIPHUMHU B3a€MOJISIMH PI3HOTO THITY 3a-
BISIKM MOJKJIMBOCTI IJIECTIPSIMOBAHOTO CHUHTE3Y
CTOJIYK 3 PI3HOMaHITHOIO MOJIEKYJISIPHOIO CTPYK-
TYPOIO, IIi CIIOJIyKH IUPOKO BUKOPHCTOBYIOTHCS
B SIKOCTI Yy TJIMBHX TUTIBOK CEHCOPIB JJIs Ta30BOTO
cepenosuma [12,13].
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Puc. 1 CTpykTypHi hopmMyiu COIYK, 110 BUKOPUCTOBYBAJTUCH B SIKOCTi YyTIMBUX mApiB. YnceabHi mo-
3Haukm (C666 - C676) Binnosinaots Hymepauii [OX.

B nawniit poOoTi HaBeeHO pe3ynbTaTh JA0CHi-
JOKEHb CIIPOMOYKHOCTI Cepii HOBHUX Kasikcape-
HIB 11eHTH(]IKYBaTH B MOBITP1 psia anipaTHuHUX
CIHPTIB, a caMe: METaHOJ, €TAHOJI, 130MPOIIAHO,
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OyTaHoI, 1300yTaHOJI, IEHTAHOI Ta 130aMiJIOBHI
cnupt. Crionyku cuHTe30BaHi B [HCTUTYTI opra-
HiyHoi Ximii HAH VYkpainu rpymoro mij kepiBHU-
urBom wi.-kop. HAHY B.1.Kanpuenxo.
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Excnepument

Yymauei wiapu ma memoou ix HaHeceHHA.

CTpykTypHi GOPMYIH CHOJIYK, 10 JOCTIIKY-
Bajmcs, npezacrasieHi Ha Puc. 1. Bouu Oynu
CHUHTE30BaH1 y BIAMOBITHOCTI JI0 IPOIEAYPH, IO
onucana B [14,15] [To3Hauku kamikcapeHiB yMOB-
Hi, M1J] TAKOIO HyMEpalli€o BOHU OyJIu OTpUMaHi
3 BUIIE3a3HAYECHOTO IHCTHUTYTY.

HaneceHHs 4yTnMBHX IIapiB Ha IOBEpPXHI
CEHCOpHHUX €JIEMEHTIB (KBapllOBUX pE30HATO-
piB) BigOyBajocs METOIOM HAaKallyBaHHS pO3-
YUHIB BIAMOBIIHUX KaJiKCapeHiB y XjopodopMi
(y cniBBinHomeHH! 1Mkr:10MiT) Ta mocmigyrounit
CyUIIl B IHEPTHOMY CepeloBHILI (ITapu aproHy)
JI0 IOBHOT'O BUIIAPOBYBaHHS PO3YMHHUKA.

Excnepumenmansna ycmanogka, Memoouxka
eumipie

3 CEHCOpHHX EJIEMEHTIB (KBapIOBHX PE30Ha-
TOpiB 3 6a30Bor0 yactoToro 10 Mru, AT-3pi3), mmo-
KPUTUX YYTIMBHMHU Iapamu, Oysio chopmMoBaHO
8-MU KaHaJIbHUN CeHCOpHUI MacuB. CeHCOpHUI
MacHB BMOHTOBAaHO B XEMOCEHCOPHY CHUCTEMY
tunmty EH Ha ocHOBI KBapIipoBoro MikpoOasaH-
cy [16], po3pobneny aBTropamu B IHCTUTYTI Ha-
MiBIIPOBIIHUKIB 1 JeTanbHO onucany B [17]. Bei
EKCIIEPIMEHTH TPOBOAMIIKCS 13 3aCTOCYBaHHSIM
JTAaHOI CUCTEMM IIPU HOpMajabHUX yMoBax (20°C,
760 mm pt. c1.). [lonepeanbo Bci cencopu Oynu
MPOTECTOBAaHI Ha OJIHO-KaHAJbHIA CEHCOPHIN
CUCTEMI, TMPHU3HAYECHIH U1 eKCIpec KOHTPOIIO
POOOTOCIPOMOKHOCTI KOKHOTO CEHCOpa Ta BH-
3HAYEHHS ,,6(DEKTHBHI TOBILIMHU YYTIUBUX IO-
KpUTTiB. ,,EdexTnBHa TOBImMHA” (TOOTO 3CYB
dbyHIaMEeHTaIbHOI YaCTOTH BHACTIAOK 1MMOOI-
mizamii gyTauBoro mapy) ckiama 45001500 I'o
JUI BCIX CEHCOPHHUX eJeMeHTIB. ToBIIMHA mapy
YYTJIMBOTO MOKPUTTSA Ta HOrO OJHOPIIHICT JI0-
JTATKOBO KOHTPOJIIOBAIIMCH METOJIOM EITIIICOMETPil
Ha KPEMHIEBHUX CYIyTHHKAX.

B sixocTi aHaMITIB BUKOPUCTOBYBAIUCS IMapu
aniaTHYHUX CIUPTIB rpafamii XiMIYHOT YHCTO-
TH ,,u.ja.a.” abo ,,x.4.”. HeoOxiaHa KOHIEHTpaLlis
aHaITIiB Oylla OTpUMaHa 3a JOMOMOTOI0 TeHepa-
topa razoBux cymimei (I'TC), crBopenoro B In-
CTUTYTI HaMiBIPOBIIHUKIB HA OCHOBI MPUHLUILY
nudys3iitaoi TpyOowu [18].

PesyabTaTn i 00roBopeHHs

TumnoBi 3a1€XHOCTI BIATYKiB CEHCOPHOTO Ma-
CHUBY Ha 1HXKEKIIiI0 B poO0oUy Kamepy MapiB aHa-
JITIB 3 BUCOKUMU (OM3bKUMU 710 HACUYEHUX )
KOHLIEHTpAL[ISIMH, @ CaMe €TaHOITy, OyTaHOIy Ta
1300yTaHoxy, npuBeeHi Ha Puc.2.
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Puc. 2. KineTnuHi 3a/1e5kHOCTI BiATyKiB C€HCOPHO-
ro MacHBY Ha iH)KeKLil0 BHCOKHX KOHLEHTpalii
eTaHoJLy (a), 0yranouy (0) Ta i300yTaHouy (B).
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AHaJi3 BIITYKiB CEHCOPIB 3 YYTIMBUMH I10-
KPUTTSMH PI3HUX KaJTiKCapeHiB YiTKO BKa3ye Ha
3aJICKHICTh aJICOPOIIIHOT 3[aTHOCTI CIIOIYK BiJl
ix ximMiuHO1 cTpyKTYypi. Buano, mo KA C670 ta
C671 npakTUYHO HE YYTJIMBI BITHOCHO CIHPTIB.
3ayBakMMO, 10 B IX CTPYKTYypi BiACYTHI (yHK-
[IOHAJIBHI TPYIMH, 3/1aTHI YTBOPIOBATH BOJHEBI
3B’s13kU. He3HnauHa 4yTIUBICTH 10 CIUPTIB Xa-
paktepHa st KA C666 ta C668 3 a30T MICTKH-
MU QYHKIIIOHATLHUMH T'pynamMu. ToOTo, 3 BOCh-
MU CEHCOPHHUX €JIEMEHTIB, pO3MIIIEHUX B Kame-
pl, HAMOLIBLI YYTAMBUMHU BUSBHINCH CEHCOPH 3
MOKPUTTAMU Kajikcapenamu C672, C673, C674.
B cTpykTypi mMX CHOJNYK Y BEpXHbOMY BiH-
1l npucyTHs nojsipHa rpyna O=P , sxa 3narHa
YTBOPIOBAaTH BOAHEBI 3B’SI3KM 31 cupTaMu. Sk
0a4nMO, KiHETHKa BIATYKY IIUX TPHOX CIOIYK
pizHa. HasiBHI 1Ba TUMM BIATYKIB: MOCTYIIOBE
3pOCTaHHs CUTHANY 3 BUXOJOM Ha MOJHYKY Ta
MBHUAKE (MIPAKTUYHO MHUTTEBE) 3POCTAHHS Bif-
YKy 3 MakCUMyMOM Ta MOCHIAYIOYUM CHaJoM
kpuBoi (cencop C672 Ha Bcix rpadikax ta C673
Ha Puc.2, 6). Taka moBeziHKa BiAT'YKiB CEHCOPIB
MOSICHIOETHCS (D13UKO-XIMIYHHMHU BIIACTHBOCTS-
MU YyTJIMBHUX HIAPiB Ta HEIIPOTOYHUM PEKUMOM
poboTu ceHcopHoi cuctemMu. ToOTO mmicis MHT-
TEBOT 1HXKEKIIIT aHaJiTy B poO0O4y KaMepy BOHaA
BiJICIKA€ThCs Bif arMocdepu i BCi amcopOriii-
HO-JECOPOIIHI TPOIECH WAYTh y 3aMKHEHO-
My 00’eMi. JloknamHo, 13 YUCEITbHUM MOJIEIIO-
BaHHSM Ha OCHOBI Teopii aacopOuii Jlenrmro-
pa, 0COOIMBOCTI KIHETHKU BIATYKIB ONMHCaHI B
[17,19]. B nawniii po60Ti MU OibIIE TPHIALTHIMO
yBary came aJIcoOIiHHUM BIIACTHBOCTSIM Y TJIH-
BUX IUTIBOK. Hali01b11i 32 aMIuIiTy 1010 BIATYKH
Ta MIBUAKA KIHETHKA 3 YITKO BHUPAKEHUM MakK-
cumymoM HasBHa y KA C672. Taka noBeninka,
HaIeBHO, TOSICHIOETHCSI HASIBHICTIO B CTPYKTYpI
C672 kpim rpyn O=P ¢parmenris (OELt),, sixi 3a-
0e3MeuyoTh JOJIaTKOBY B3a€EMOJIII0 3 BIATOBII-
HUMH TpyHnam CIHUPTiB, TOOTO 3a0e3nedyroTh
Oinpmry mopiBHSAHO 3 iHmMMU KA KoHIEHTpa-
10 TIEHTPIB aAcopOIIii, ajie 3 MEHIIOK €Hepri-
€10 3B’SI3KY.

Cepen ocoOmmBOCTEH BIATYKiB CEHCOPHOTO
MacHBy Ha ,JIeTKi”’ CIUPTH (METaHOJ, €TaHOJ)
CIiJI BiJ3HAYUTH BUCOKY YYTJIMBICTH CIIOJIYKU
C673 ta C674. [lounnarouu 3 1300poONaHOIy 3Ha-
YHO JJOMIHYIOTh HaJ IHIIMMU BIJITYKH CEHCOpa 3
Yy TJIMBOIO TUTIBKOIO C672.
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XapakTepucTUKU KIHETUKU BIATYKIB CEHCO-
piB Ha TOCHIIOBHY 1HXEKIIIO MapiB €TaHOIy Ta
MEHTAHOIY 3 PI3HOI0 KOHIIeHTpaiiew (puc. 3) €
XapaKTepHUMH [JIsI B3a€MOJIl 3 ,,JIETKUMH~ Ta
,»BAKKHUMU~ CIIUPTAMH.
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Puc. 3 KineTnuHi 3a;1e:KHOCTi BIATYKiB CEHCOPHOT0
MAaCHBY HA NOCJIIA0BHY iHXKEKIil0 , eTaHOay (a), Ta
neHraHoJy (0) B podouy kamepy. YuciaoBuMH 10-
3HAYKAMHM Ha rpagikax Nnoka3aHa KOHLEHTpauis

BiANOBiAHOIO aHAJITY B ppm.

Sk 6auMMo, NMpPU HEBHCOKUX KOHLIEHTPALIAX
OUTBII YYTJIMBI A0 ,JIETKUX CHHPTIB € CHOTYKH
C672, C673, C674, B TOI yac SIK IS ,,BaXKKUX’
nominye cronyka C672. Sk 1 npu BUCOKUX KOH-
neHrpanisx aiss C672  xapaktepHUM (IpUHAK-
MHI, 711 011611 BUCOKMX KOHIIEHTparliit — Big 100
ppm Ta BHUIIE) € MBUAKUHA PICT 3 MAKCUMyMOM
Ta MOAAIBIINM CIAJ0M CHTHAITY, TOOTO BigOyBa-
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€TBHCS IECOPOITis 3 TIEHTPIB 3 MEHIIIOK €HEPTI€I0
3B’SI3KY, MIPHU I[IbOMY 3aJIHMIIAIOTHCS OUIBII CTIHKI
KomIuiekcu. [loBHe BiIHOBIICHHSI BCIX CEHCOPIB
B11I0YBa€ThCs 3a KUIbKA XBWJIMH MPU KIMHATHIN
TEMIIEpPaTypl B PEKUMI OYUCTKH HEUTPaTbHUM
ra3oM-HOCIEM (CyXe YUCTe MOBITPS, a30T, TOLIO).
KA C676 moxxna kBanidikyBaTH 5K ,,[IOMipKOBa-
HO” YyTIMBUU. Y HUKHBOMY BiHIII HOTO CTPYKTY-
pu, sk 1 B cnionykax C672, C673, C674, mpucyTHs
rpyna P=0, ane BoHa o7iHa B MOJIEKYJIi, Ha BiJIMi-
ny Big C672, C673, C674, ne Takux rpyn Mo 4o-
TUpUA. MOXIIMBO caMe UM TOSICHIOETHCS MEHIIIA
azicopOItiiHa 3IaTHICTh MO0 CIUPTIB.
KoHueHTparliitHi 3a1€:KHOCTI OTPUMaHi JIst
KOHIICHTPAIiil TOYMHAIOYH BiJ] MEX1 Uy TIMBOCTI
JEMOHCTPYIOTh HEMOTaHy JiHINHICTD, K BUIHO
3 Puc. 4.

50
C674

45

<C673

40 -
c672

35
30 4 «

2] —

< _— ACB70

;

20

<
/ .- #C676
10 / #C668
o/v
— 'E_év/ cen
54 /; —®
!/

0

15 1

T T T T T T T
0 400 800 1200 1600 2000

KOHLIEHTpALS, ppm

(@)

70

C674
60

50 4

/4 cers
40 <

o /
C676
2 < .//A C670

-Af, Ty

T T T T T T
0 250 500 750 1000 1250 1500 1750

KOHUEHTpaLisi, ppm

(©)

40 4 c672
35 -
30

25 +

4/
20-: </ /.

-Af, Ty

—T - T - T T T T T 1T T T T T
0 250 500 750 1000 1250 1500 1750 2000

KOHLeHTpaUis, ppm

(B)
120 4 Cc672
100 4 «C673
80
El: 60 - B C674
R ®ce76
40 1
/. m C666
< / ce71
20 A e a—— —— 1m0
/=/ %*?.CGGS
gglg/éi
04
T T T T T T T T T T
0 200 400 600 800 1000
KOHLIeHTpaUis ppm
(r)
100
c672
80 -
«C673
60 -
= co74
S 40 c676

< $cor1
2C666
0 ———2ce70
20 + 4 /</l _— Ce68
ol L 2 /0
;é:il

T T T T T
0 200 400 600 800 1000

KOHLiEeHTpaLis, ppm

()
53



I. A. Komrenp, 3. I. Kazanuena, T. B. Ko3nosa, B. 1. Kanbuenko

160 - Cce72

140 4
120 «C673

100

-Af,My

80 C674

L]
o] / / core
c671
40 /4 . 2 4
p / )
> y—— 0
4:/‘ﬁ;é§/° 668
==
0 I“ T T T T
0 200 400 600 800
KOHLeHTpaLisi, ppm

20

(e)

120

C672
100

80
4C273

601 C674

® C676]

-Af, Ty

<

wvC671
/ C670
C666

40

« o
20 + « / J C668
~ n
4 ——
1 sﬂ‘é!/
0o{ E=
T T T T T T
0 200 400 600 800 1000

KOHLIEHTpaLjisi, ppm

(©)

Puc. 4. Konnenrpauiiiti 3ae;xHocTi BiimoBiqHmx

CeHCOpiB MacuBY 10 MeTaHoJay (a), etaHoxay (0),

iBonponanoay (B), Oyranoay (r), i3o0yranoay (1),
neHTaHoJy (e) Ta i30amisioBoro cnupry (€).

Monuikamiss  cTpykrypu  ochopuinbHuX
rpyn B C672 ta C673 cyTTeBO BIUIMHYJA Ha aj-
copOuiifHi BIacTUBOCTI. Buxoasuu 3 Mexi 4yT-
muBocTi (Tabn. 1), BOHM OZHAKOBO YYTJIMBI [0
CIIUPTIB, ajJe CIIOCTEPIraeThCsl 3HAYHO CUJIbHIIIA
KOHIEHTpalliiiHa 3anexHicth y C672, ocobmu-
BO JUIS ,,BAXKKUX  CHUPTIB. BuaHo, 1o ,,Baxki”
CIIUPTH MOXKYTh OyTH HAJIHHO ETEKTOBaHI IO-
YHHAIOYY 3 KOHIIEHTpaMiid, MeHmmx 10 ppm.
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Tabm. 1.

MinimMayibHi KOHUIeHTpaunii cnuptiB (y ppm),

10 PEECTPYITHCA CEHCOpPaMHU, NMOKPUTHUMH
BiANOBIIHMMH YYTJIMBUMH IIAPAMHU.

UYyrnusnii
P C666 | C668 | C670 | C671 | C672 | C673 | C674 | C676
Asnarnit
METaHOJT 150 400 200 400 30 20 40 500
eTaHol 80 100 80 100 25 30 25 80
i3ompornanon 600 600 400 500 70 80 150 300
Oyranon 100 200 250 100 <10 20 40 40
i300yTanon 200 200 250 60 10 25 50 70
MEHTAHOI 100 150 100 100 <10 <10 <10 10
i30aminoBuit
100 200 70 200 20 10 20 25
CITHPT

3 METOI0 Kpalloro CIpUuiHATTS 3arajabHOi Kap-
THUHU OO CEJIEKTUBHOCTI BIATYKH MAaCHUBY CCH-
copiB Ha 1000ppm BciX CHPTIB 3BEJICHI B TiCTO-
rpami Ha Puc. 5. Anainizytouu ricrorpamy, MoxHa
MOMITUTH, IO BIATYKH CEHCOpIB ( MpUHANMHI 3
mwiiBkamu KA C672-C676) mokasyroTh OLIbIi
3HAUEHHs Ha JIHIHHI ,,BaXKi~ CIUPTU HIK Ha iX
13omepu. Takuii came epekT crocTepiracThes 1
JUIS BIATYKiB Ha HacuueHi napu (Puc. 2 0, B).

160 4 | I ce66
I c668
[ ce70
I c671
[Jcer2
I c673
[1cer4
[ c676

140

120

100 +

80

-Af, Ty,

60

40 4

20

'\303Mm

on on on on o on
wevaw gran \30“9°“aH G \306\[‘3“ aevta™

aHanit

Puc. S. I'icrorpamu BiarykiB ceHcopiB MacuBy Ha
1000 ppm K0KHOTO CIIHPTY, L0 JOCTi/IZKYBaBCsl.

BpaxoBytouw, 1110 MoJIeKysIpHa Bara map Oyra-
HOJI-1300yTaHOJI, MEHTaHOJN- 130aMIJIOBUN CIIUPT
OJTHAKOBA, a TUCK HACHYCHMX TapiB VIS 130MepiB
HaBITh OUIBIINMN, € OYEBUIHUM, 10 aDIHHICTS JIi-
HIWHUX ,,BaXKUX "’ CIIUPTIB € OLIBIIO0 HIX 130Me-
piB. OgHUM 3 MOXIJIMBUX MOSICHEHB IIHOTO (hEHO-
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MEHy MoOXke OyTH BaH-J€p-BaaibCOBa B3aEMOIIS
MOPIBHSAHO JTOBTUX anihaTHUHUX (parMeHTiB Ji-
HIHHX ,,BAXKUX" CHHUPTIB 13 AIbKUTBHUMHU PaJIH-
KaJlaMH TiakalslikcapeHiB. EHeprisi 3B’s3Ky Takoi
B3a€MO/Iii TIOPIBHSHO 13 BOJAHEBHUM 3B’SI3KOM He-
BEJIMKA 1 JecopOiis BiAOyBaeTbCs TOCUTH JIETKO
Npu KIMHATHIA Temmepatypi.. Ile omocepemnko-
BaHO MIATBEPIKYETHCS CHIIBHUM CIIAaJ0M BIATY-
Ky TICIIi MAaKCUMyMY, OCOOJIMBO BHPa3HOTO ISt
C672 ta menmoro miporo s C673 (Puc.2 6).

BucHoBku

Otxe, Oymo TOKa3aHO, HIO MOXiTHI Tiaka-
nikc[4]apeHiB, MoAU(IKOBaHI MO HUKHbOMY
Ta BEPXHHOMY BIHI[IO MAaKpOLHUKIY, a TaKOX IO
MICTKOBHUX aTOMax CIpKH € TepCIEeKTUBHUMH Ma-
TepiajlaMH, sIKI MOXYTb OyTH 3aCTOCOBaH1 JUIs
CTBOPEHHSI BUCOKOUYTIMBHUX 1 CENEKTUBHUX IIO-
KPHUTTIB Ul Ta30BUX CEHCOpiB Ha ocHOBI KM.
KonnenTpariiiini 3ai1eXHOCTI MacHuBy CEHCOPIB
13 BUIIE3a3HAUEHUMU IUTIBKAMHU KalllKCapeHIB B
SKOCTI YyTJIIMBUX IIApiB MOKA3aJld HEMOTaHy Ji-
HIWHICTh TIOA0 psay aimiparuyHuX CrUpTiB (Bix
METaHONly JI0 TEeHTaHOJy) Yy BCbOMY Jliama3oHi
KOHIIEHTpAIIi, o nociimkysanucs. [Toporu ne-
TEKTYBaHHS Csraju 3HadeHb Hibk4ue 10 ppm miist
,»BaXKuX" cruptiB Ta 20-30 ppm 118 ,,JIerKux’.
Takox HEOOXiTHO BiA3HAYUTH OLTBITY BETHUUHY
BIITYKy Ha JHINHI ,,BaXKi® crupTH (OyTaHOI,
MEHTAHOM) HIX Ha X 130MepH.

IMonsika. L{s poGota Oyra BUKOHaHa B paMKax
[Tpoexty N 0113U002849 HAH VYkpainu.
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SENSITIVITY OF TIACALIXARENE FILMS TOWARDS SET OF THE ALIPHATIC
ALCOHOLS

L A. Koshets', Z. I. Kazantseva!, T. V. Kozlova'!, V. I. Kalchenko’

Unstitute of Semiconductor Physics, NAS of Ukraine,
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? Institute of Organic Chemistry, NAS of Ukraine,
5, Murmanska str., Kiyv-94, 02660, Ukraine

Summary

The manuscript presented is dedicated to the investigation of adsorption features of tiacalixarene
films modified by lower and upper microcyclic rims as well as bridged sulfur atoms towards aliphatic
alcohols. They were used as sensitive coating for gas sensors based on quartz crystal microbalance
(QCM).Experiments were carried out with 8-channel chemosensory system of “Electronic Nose” (EN)
type that had been developed and created in our Institute. Sensitive layers on the sensory elements
(QCM resonators) have been deposited by means of dropping technique (small amount of an appropri-
able calixarene dissolved in chloroform was dropped on the sensor surface) with the following drying
in the inert (argon vapor) media until total evaporation of solvent. Kinetics of sensor responses on high
concentration level (close to saturated vapor pressure) as well as on consequent injection of analytes in
the concentration range 10 — 1600 ppm have been obtained. It was shown that tiacalixarene films with
phosphorus containing functional groups possessed the best sensitivity amid all matter under study.
Concentration dependencies of the sensors array with calixarene films mentioned above represented
good linearity towards set of aliphatic alcohols (from methanol to pentanol) in the overall concentra-
tion range under study. Detection limits reached values as lower as 10 ppm for “heavy” alcohols and
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20-30 ppm for “light” one. It turned out the response magnitude on linear “heavy” alcohols (butanol,
pentanol) was higher than on their isomers.
Keywords: tiacalixarenes, chemosensor, quartz crystal microbalance (QCM), aliphatic alcohols

YK 621.315.592

YYTJIUBICTD IIJIIBOK TIAKAJIIKCAPEHIB 10 PAAY AJMIPATUYHUX CIIUPTIB
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Pedepar

Jana poOora mpHcBSYeHA TOCIHIPKEHHIO aJCOPOIIfHUX BIACTUBOCTEH TUTIBOK Tiakajikc[4]ape-
HiB, MOIU(]IKOBAaHUX IO HIDKHHOMY Ta BEPXHBOMY BIHITFO MaKpOITUKITY, a TAKOX IO MICTKOBHX aTo-
Max CIpKU LI00 adiaTUYHUX CIUPTIB. BOHM BUKOPUCTOBYBAIMCS B SKOCTI YYTIMBUX HMOKPHUTTIB
JUTS Ta30BUX CEHCOPIB Ha OCHOBI KBapuoBoro Mikpo Oamancy (KM). locmikeHHST TPOBOIMINCEH 13
3aCTOCYBaHHSM 8-MHM KaHAJIBHOI XeMOCEHCOPHOI cuctemMu Tuy ,,Enekrponnuit Hic” (EH), mo Oyna
po3po0iieHa Ta BUTOTOBJIEHA B HamoMy [HcTuTyTi. UyTiuBi 11apy Ha MOBEPXHI CEHCOPHUX €JIEMEHTIB
(KBapLIOBUX PE30HATOPIB) HAHOCHJIMCS METO/IOM HaKallyBaHHsS PO3YMHIB BIIMOBIAHUX KaJlKCapeHIB
y xa0podopMi Ta MOCTIAYIOUNN CYIIIlI B IHEPTHOMY CEPEIOBUII (ITapy aproHy) J0 MOBHOTO BHIIA-
pPOBYBaHHS pO3YMHHUKA. OTpuUMaHi KIHETHYHI 3aJI€KHOCTI BIIIYKIB MAacHUBY CEHCOpIB MO0 BHUCO-
KX (OMU3BKUX JI0 HACWMYEHUX TMapiB) KOHIEHTpAIlIK, a TAaKOXK Ha TMOCIIIOBHY THXKEKIIII0 aHATITIB B
nianaszoHi koHneHtpami 10 — 1600 ppm. [TokazaHo, 1110 MaKCUMaIbHY Yy TIMBICTh BUSBHIN TUTIBKH
TiakanikcapeHis 3 (ochopmicTkuMu QyHKITIOHATBHUME Tpynamu. KoHueHTpariifHi 3a1exHoCTi Ma-
CUBY CEHCOpIB 13 BUII€3a3HAYEHUMH IUTIBKAMHU KaJIKCapeHIB MOKA3aJId HEMOraHy JIHIHHICTh 110710
psaay amidaTMyHUX CIUPTIB (BiA METAHONY J0 NMEHTAHOIY) Y BChbOMY Jlianma3oHl KOHIEHTpAliid, 110
nociipkyBanucs. Iloporu neTekTyBaHHS csraiu 3HadeHb Hiwkde 10 ppm uist ,,BaXXKUX CHHUPTIB Ta
20-30 ppm s ,jierkux’. BusiBieHo, 1o BeIMYMHA BIATYKY Ha JIiHINHI ,,BaxKi”~ cnuptu (OyTaHod,
NeHTaHo) Oyna OUTBIIO0, HIXK Ha iX 130MepH.

KarouoBi cjioBa: TiakanikcapeHu, XiMIiYHUN ceHCop, KBapIoBuil Mikpobananc (KM), amidaruuni
CIUPTH
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