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LINPKOHIKO TA TA®HIH
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Y pobori gocmimpkeHo peakuii 0OMiHy ZeKaHOATHUX JIiraHAiB y Au(mekaHoaTo)dTrano-
IiaHiHaTax UpPKOHiIo Ta radHio Ha 3aMileHi OeH30JHI Ta MHAMOBY KICIOTY. MeTonom
[IMP nifTBepkeHo 6yZOBY OTpMMaHMX KOMIUIEKCIB, @ TAKOXK BCTAHOBJICHO IXHIO peak-
LilHy 3[aTHICTD y peakuiax i3 aubeHsoinmeraHoM. [locmimkeHo BB gu(apuiarto)- i gu-
(MHAMOIIaTo) MiraHpiB Ha eJIEKTPOHHI CIIEKTPY MOITIMHAHHSA OTPUMAHUX CIIONYK Y Pi3HMX
po3unHHMKax. [TokasaHO BIUIVB MOJIAPHOCTI PO3YMHHUKIB Ha IIOIIMHAHHA B OIVDKHBOMY

IY-piamasoHi.

KniouoBi cmoBa: dranonianinm, nupkoHii, radHiil, cMHTe3, apuIaTHI JiraHAM, IyHA-

MOI/TaTHi AiraHgn.

BCTYII. ®TranouiaHiHOBI KOMIIJIEKCH Me-
TaJIiB, 30KpeMa IVPKOHiI0 Ta radHiio, 3HaX0-
IATb 3aCTOCYBaHHA AK €IeKTpOoXpoMHi [1] Ta
dboTonuHamivyHi Marepianu [2], antngibpumo-
reHHi areHTn [3], karanisaropu [4] Tomo. [l
3MiHU IXHiX (Pi3MYHNX Ta XiMIYHVX B/IACTUBOC-
TeVl 3a3BMYall BBOAATH PI3HOMaHITHI 3aMiCHMI-
K1 Ha nepudepil MaKpOIVIK/ITIYHOTO JIiraHfYy.
Icnye pgBa migxomu 7o LbOrO METOAY — IIep-
IV IPYHTYEThCA Ha 6ararocTailfHOMy CHH-
Te31 IPeKypPCOpiB — 3aMillleHNX O-JVHITPUIIB,
a gpyrmit — Ha Ge3nocepeHbOMY 3aMilljeHHi
TPyl y BXe cOpMOBaHOMY MaKpOLUKIi [5].
O6upBa 1i MeTomM MAlOTh IIEBHi IepeBarw,
aze i BeNMKY KilbKicTb HepomikiB. OCHOBHi
3 HUX — Ile 6araTocTafiifHiCTb CMHTe3Y, i AK
pe3y/nbTaT — HU3bKi BUXOJM Y BUIIAJIKY Ofiep-

YKaHHS IIPEKYPCOPiB; a CTOCOBHO Mopudikariil
cOpMOBAaHOTO MaKpOLUKIY — BY3bKe KOJIO
cyOCTpaTiB, NPUJAATHUX [O BUKOPMCTAHHA.
Takox crif BpaxoByBary, 1o OibLIICTD Ta-
KMX peaKlliil IpU3BOANUTD JIO CIIOIYK HECTeXio-
MeTPUYHOTO CKIany [5].

IIpore icHye iHIINII ITEPCIIEKTUBHMUI MiXi]
[0 CUHTE3y ¢dranoniaHiHOBUX CHCTEM, MO3-
OaBIeHMX LuX HepormikiB. e peakuii 3a yyac-
TIO KOOPAVHALIITHO HEHACUYEHOI'O LIEHTPaJlb-
HOTO aTOMa MeTaly MaKpouukiny [6, 7]. ®ra-
JIOIIiaHiHOBI KOMIUIEKCH IIVIPKOHIIO Ta raHiio
3aBJAKN CBOIM BMCOKMM KOOPAVHALIIHUM
YJC/IaM 3aTHI IPUENHYBATH 10 LIEHTPaJIbHO-
ro aTOMa MeTanay MaKpOLMKIIy IIMPOKE KOJIO
niraupis [8-12]. Ile Mo>xyTh O6yTH mipoxarexi-
HII, 6eTa-aMKeTOHNU Ta Ketoedipu, KapOOHOBI
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KVICIOTH TOLIO. 30e6i/IbIIOro 1ji KOMIUIEKCU €
crabimpanmu. [Ipore y Bumanky 6ickap6okcu-
JTaTHUX KOMIUIEKCIB LMPKOHiI0 Ta radHiio
0y/10 BCTaHOBJIEHO, 11]0 NIO3AIIOMIVMHHI aJIKiN-
KapOOKCW/IaTH JIiraHAM JIeTKO OOMIiHIOIOTBHCA
Ha OeTa-UKapOOHIIM 3 YTBOPEHHAM BifIO-
BigHyx moximamx [13]. ¥V wiit po6oti moci-
JKEeHO B3aeMOJIi0 iv(iekaHoaTo)praoniaHi-
HiB IIVIPKOHII0 Ta radHilo i3 3aMilieHnMu 6eH-
30JIHMMM Ta MMHAMOBOIO KIcjIoTaMu. Bigomo,
1[0 BOHU € Oi/IbIII CMIBHVMMIU, HDXK ajidarnyni

NTSNRon O%T /
N—I\l/I—N ~ CoH,oCOOH NS
AT e T T

PcM(CoH 1oCO0),

KUCJIOTY, TOMY MYCUTb BifOyBaTuCs peaxiis
06MiHy KapOOKCHTaTHUX JIiTaHAIB, AKY Ipefc-
TaBJIEHO Ha puc.l.

Meroto 3a3HaueHOI po60THU OyI0 BCTAaHOB-
JIEHHSI MO>K/IMBOCTI JIiraHIHOT'O 06MiHy o(me-
KaHOaTO)QTanoLiaHiHATIB VPKOHiI0 i radHir0
i3 3amileHuMM OEH3O0MHUMI Ta I[MHAMOBOIO
KMCTIOTaMM, NOCTI[KEHHA CIIEKTPa/JIbHUX Xa-
PaKTEPUCTUK y PI3HOMAHITHUX PO3YMHHMKAX
Ta IXHDBOI B3aEMOJII 3 JOEH30I/IMETAHOM.

LI)R;=Et-,R,=H
L2)R; = t-Bu-, R, = H
L3) R, =i-PrO-, R, =H
L4)R, = CgH,30-, R, = H
L5)R; =R, =McO-

L6)

Puc. 1. Cxema cuHTesy nu(nexanoaro)dranoliaHiHaTiB IMpKoHilo i ragHio ta gu(apunaro) (L1-L5)
i pu(nuHamoinaro)dranonianinaTis ypKoHio Ta radHio (L6)

Fig. 1. Scheme of synthesis of di(decanoato)phthalocyaninates of zirconium and hafnium and di-(ar-
ylato) (L1-L5) and di-(cinamoylato)phthalocyaninates of zirconium and hafnium (L6).

EKCIIEPMIMEHT I OBI'OBOPEHHA PE-
3YJIbTATIB. Y po60Ti BUKOPUCTAHO peareH-
T Mapky «4JJA», pO3UMHHUKM OYMIIEHO 3a
CTaHJAPTHUMM METOJIAMIL.

[IMP-cnektpu 3amucysamu B CDCI, Ha
AMP-cnextpomertpi Varian i3 TakTOBOI 4ac-

78

TOTOI 1 npoToHiB 400 MIT. Ak BHyTpim-
Hill CTaHJapT BUKOPUCTOBYBA/IN TETPAMETIUII-
cwnan (TMC). EnextponHi cnexkTpu mnormm-
HaHHS PEECTpPyBalM Ha CIEeKTPOodOTOMeTpi
Shimadzu UV-3600 y xBaprioBumx KioBeTax
10x10 MM y 6eH3071i, XIOPUCTOMY METW/IEH],
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nuMeTradOopMaMifi, alleTOHITPWIL i MeTaHO-
m. Bci 3HATI cnekTpu 6yn1o HOpMasi3oBaHO,
IUIsL TOro mo6 ix Mo)KHa Oyn0o IMOpiBHIOBaA-
TN 0Oe3NocepenHbO, HE3aJIeXXHO Bij meTasnei
excrepyMeHTy. 1 npboro 6pany Haitbinblre
3HaueHHs normyHaHHA (Q-cMmyra) Ta gimnmm
IOI/IMHAHHA B-cMyTu Ha e umcro.
Cunme3 8UXIOHUX KOMNIIEKCI6
JurigpoxcodTanoniaHiHaTy LMUPKOHIIO Ta
radHito ofiep)KaHo 3rifHO [14].
Ju(dexanoamo)pmanouianinamu  yupko-
Hito ma eagniro. Jlo 10 MMonb aurigpoxcodra-
JoliaHiHaTIB IUpPKOHi0 Ta radHio (6.5 rp Ta
7.4 Tp BignoBigHO) y 80 MJI KCMJIONY IOBAIOTD
1o 22 MMOJb JieKaHoaTHOI Kucinotu (4.13 rp).
Cymim KUITSITATHh TPOTATOM 3 TOAMH, MOTIM
¢binpTpytoTh raps4oro. PibTpaT OXONMOIKYIOTh
1o -15 C, BininbTpoBYIOTH OCaf, 10 yTBOPB-
cs. [TpommBatoTs Ha QinbTpi TpU pasu mo 30 M
130IIPOIIAHOY, IIOTIM 2 pasy 110 25 MJI TeKCaHy.
Cymrarp npotsrom 6 rogux 3a 100 °C.
PcZr(C,H ,COO0),. [ln(nexanoaro)dranoi-
aninar uupkoniro. C_H, N, O, Zr. Buxing 7.23 1
(76,4%). 'H AMP (400 MIu, CDCI,) & 9.20
(c, 8H), 8.02 (¢, 8H), 1.19 (1, ] = 6.8, 6.8, 6.8,
6.4, 6.4 I1, 4H), 1.07 (gt, ] = 13.8, 7.0, 7.0 Iy,
4H), 0.97 (o1, ] = 14.7, 6.9, 6.9 11, 4H), 0.80 (1,
10H), 0.51 (1, ] =7.5,7.5,7.5,7.5 Iy, 4H), 0.42
(t,J=7.5,7.51Iu,4H), 0.20 (1, ] = 7.8, 7.8, 7.6,
7.6 I11,4H), 0.00 (11, = 7.6, 7.6, 7.4, 7.4 I1, 4H).
PcHf(C,H,,COO),. [Tu(nexanoaro)drasno-
uianinat raguiro. C_H_HIN.O,. Buxig 8.53 r
(82.5%). 'H AMP (400 MIu, CDCL,) & 9.27
(M, 8H), 8.03 (mm, J = 5.8, 2.9 I'm, 8H), 1.12 (1,
] = 6.6, 6.6, 6.5, 6.5 IT1, 4H), 1.02 (px, ] = 9.3,
6.7, 6.7, 6.6 Iy, 4H), 0.92 (zT, ] = 15.0, 6.9, 6.9
I, 4H), 0.75 (M, 10H), 0.48 (11, ] = 7.5, 7.5, 7.4,
7.4, 4H), 0.40 (1,] = 7.6, 7.6 I3, 4H), 0.18 (11,
J=75,7.5,7.4,7.41Iu,4H), 0.00 (11, = 7.5, 7.5,
7.3,7.3 I, 4H).

https://ucj.org.ua

Cunmes ou(apunamo)- i ou(yunamoinamo)
pmanoyianinamie YUPKOHito ma eapHin

Hu(4-emunbenzoamo)pmanoyianinamu
yupxouito ma eagniro. Jlo 0.1 Mmmonb gu(nexa-
HoaTo)dTanouiaHiHATIB UPKOHiI0 Ta radHiio
(951 103 mr BignosigHo) gopawTh 0.22 MMOJIb
(33 mr) 4-eTnn6EH30IIHOI KUC/IOTU B 3 MJI V-
MeTmndopmaminy. Peakuiitny cyminn Harpisa-
10Tbh 32 110 °C ynpogosx 3 ropus. I[loTiM oxo-
nomKywTh fo 50 °C Ta JofamTh 3 M MeTa-
HOJIY, HaTPiBaIOTh IO KUIIIHHA i JO#a0Th 1 M1
Boau. Peak1iiliHy cyMmi oXomomxKyroTs i ¢inb-
TpytoTh. Ocafi TpMUi NPOMUBAIOTh METAHOIOM
110 5 MJI i CyHIaTh ynpogosx 6 rogus 3a 100 °C.

PcZr(L1),. u(4-eTun6ensoaro)dranoria-
ninat uypkoniro. C, H, N O, Zr. Buxin 74.2 mr
(82.3%). '"H AMP (400 MI1, CDCL,) § 9.41 (m,
8H), 8.27 (M, 8H), 6.68 (M, 8H), 2.34 (M, 4H),
0.93 (m, 6H).

PcHf(L1),. Hu(4-etunbensoaro)dranori-
aninar raguiro. C_ H, HIN,O,. Buxin 80.5 mr
(81.4%). '"H AAMP (400 MIu, CDCL,) 6 9.51 (c,
8H), 8.22 (¢, 8H), 6.63 (M, 8H), 2.32 (M, 4H),
0.91 (m, 6H).

3arajipbHa MeTOZMKa CUMHTe3y Au(apuiaTo)
Ta gu(1yHaMoinaTo)dranoliaHiHaTiB IVPKO-
Hifo Ta radHiro.

Mo 0.1 mmonb au(nekanoaro)dranoliaHina-
TiB LUpKOHito Ta radHio (95 i 103 Mr Bigmosifa-
HO) mopaTh 0.22 MMOJIb BiJIIOBiZHOI KICIOTH
B 1 M1 Kcwony. PeakiiiiHy cyMiln KM ATATh 3a
120 °C ynpoposx 3 roguH. Ilo 3akiH4eHHIo pe-
aKIil peakiiiHy CyMilll 0XOMOKYIOTh 1o 80 °C
Ta JOfal0Th 3 M i3onponanony. Ocaf, 10 BU-
BinMBcs, QUIBTPYIOTh Ta TpU4Yi IPOMMBAIOTH
Ha ¢inpTpi i3ompomanonom mo 5 M i cynraTsb
ynpoposx 6 rogyH 3a 100 °C.

PcZr(L2),. In(4-TpeT-6yTHaaTo6eH30aTo)-
¢ranonianinar nupkonio. C_H _N O Zr. Bu-

5477427 '8 T 4

xif 80.0 mr (83.5%). 'H AMP (400 MI1, CDCI,)
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89.50 (m, 8H), 8.18 (v, 8H), 6.80 (1, ] = 8.3 Iy,
4H), 6.67 (m, ] = 8.2 It1, 4H), 0.99 (¢, 18H).

PcHf(L2),. Tu(4-Tper-6yTnmaTo6eHsoaro)
dranonianinar radpuir. C, H HIN.O,. Buxin
94.6 mr (90.5%). 'H SIMP (400 MIu, CDCL,)
89.62 (m, 8H), 7.99 (v, 8H), 6.83 (1, ] = 8.3 Iy,
4H), 6.92 (m, ] = 8.2 It1, 4H), 0.91 (¢, 18H).

PcZr(L3),. [u(4-isonponokcubensoaro)dra-
nonianinar uupkowiro. C_ H, N.O 6Zr. Buxing
88.3 mr (91.8%). 'H SIMP (400 MTIu, CDCL)
§9.41 (m, 8H), 8.11 (m, 8H), 6.64 (1, ] = 8.6 I,
4H), 6.21 (m, ] = 8.6 [y, 4H), 4.23 (1, J = 12.1,
6.1 Ti, 2H), 1.08 (1, ] = 6.1 Iy, 12H).

PcHf(L3),. [In(4-isonpomnokcn6ensoaro)-
¢ranonianinar raduiro. C_ H, HIN,O . Buxig
82.3 mr (78.4%). 'H SIMP (400 MTu, CDCL)
§9.48 (v, 8H), 8.23 (v, 8H), 6.59 (1, J = 8.6 I,
4H), 6.01 (1, J = 8.6 Ty, 4H), 4.17 (mn, J = 12.1,
6.1 Ig, 2H), 1.03 (m, ] = 6.1 Iy, 12H).

PcZr(L4),. In(4-0kco-H-TeKcaHOaTO6EH30-
aro)dranonianinar uupkownir. C, . H, N,O Zr.
Buxig 98.7 mr (94.4%). 'H AMP (400 MIu,
CDClL)) § 9.37 (m, 8H), 8.09 (m, 8H), 6.65 (1,
J=8.71Tu,4H), 6.24 (m, ] = 18.5 Iy, 4H), 3.59 (M,
4H), 1.55 (M, 6H), 1.22 (m, 8H), 0.75 (M, 8H).

PcHf(L4),. [1u(4-0Kkco-H-rekcaHOaTO6€H30-
ato)dranonianinar raduirn. C H HINO,.
Buxig 90.0 mr (79.4%). 'H AMP (400 MIt,
CDCL,) 8 9.45 (w, 8H), 8.09 (1, ] = 91.5 Iy, 8H),
6.65 (1, J = 7.5 Iy, 4H), 6.24 (1, ] = 17.7 T, 4H),
3.59 (m, 4H), 1.55 (m, 4H), 1.21 (m, 8H), 0.84
(M, 6H), 0.57 (M, 4H).

PcZr(L5),. Tn(3,4,5-TpuMeTOKCMOEH30aTO)-
¢ranonianinar umpkonio. C, H, NO Zr.
Buxig 99.3 mr (96.7%). 'H AMP (400 MIt,
CDC13) 0 9.39 (M, 8H), 8.12 (M, 8H), 5.89 (c,
4H), 3.53 (c, 6H), 3.43 (c, 12H).

PcHA(L5),. Tn(3,4,5-TpumeToKCcn6EeH30aTO)-
¢ranonianinar radpuiro. C_ H, HfN,O, . Buxin

527738

103.8 mr (93.2%). 'H AMP (400 MItu, CDCL,)
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8 9.44 (m, 8H), 8.03 (m, 8H), 5.77 (c, 4H), 3.48
(¢, 6H), 3.13 (¢, 12H).

PcZr(L6),. [u(umuamoinaro)dranoniani-
Hat nupkowito. C, H, N O, Zr. Buxig 78.2 mr
(87.0%). 'H AMP (400 MIu, CDCI,) & 9.44
(M, 8H), 8.14 (M, 8H), 7.09 (1, ] = 7.2, 7.2 T,
2H),7.02 (1, ] =7.6,7.6 I, 4H), 6.84 (m, ] = 7.7
T, 4H), 6.35 (1, J = 15.9 Tu, 2H), 4.78 (1, ] =
15.9 Iy, 2H).

PcHf(L6),. [In(umunamoinaro)dranoria-
Hinat raduiro. C, H, HIN.O,. Buxig 91.3 mr
(92.7%). '"H AMP (400 MI1, CDCL) § 9.11 (m,
8H), 8.20 (v, 8H), 7.13 (1, ] = 7.2, 7.2 Tu, 2H),
7.07 (1,] = 7.6, 7.6 I'i, 4H), 6.76 (m, ] = 7.7 I,
4H), 6.42 (m, ] = 15.9 Ty, 2H), 4.88 (1, ] = 15.9
Tir, 2H).

Cunmes 6ic(0ubensoinmemarnamo)pmarno-
yianinamis YUPKOHilo ma eagHiio

3aranmpHa ~ MeTtomguKa. o HaBaXKKu
0.05 mmonb u(apuaarto)ranoniaHiHaTiB IUp-
KOHilo (radHiio) B 1 M1 KCMIIONTY IOBAIOTD 25 MT
nubensoinMetany (10% Hagmuok). Peaxuiit-
HY CyMIlll KUIT ATATH IPOTATOM 2 TOIVH, 0XO-
NOMmKYIOTH 0 70° C Ta JOFAIOTH 5 MJI TEKCaHY.
Po3yuH BUTPUMYIOTH NPOTATOM 5 TOAMH 3a
4 °C ta ¢inprpyrors. [IpoMnBaoTs Ha inbTpi
3 pasu 1o 5 MJI TeKCaHy Ta CyLIaTh IPOTATOM
6 roguH 3a 100 °C. 3aje)XHO BijJ BUXITHUX
KOMIUIEKCIB  Buxin mu(meOeH30iIMeTaHATO)
¢ranoniaHiHaTiB 1UpKoHio0 Ta radHi ckIa-
nae O6nM3bKo 85-95%.

PcZr(Dbm),. Mu(xu6ensoinmeranaro)dra-
nonianinar uupkoniro. C_H, N.O, Zr. '"H AMP
(400 MIt, CDCL,) 6 9.36 (am, ] = 5.5, 3.0 I,
4H), 9.11 (mm, J = 5.5, 3.0 I'u, 4H), 8.29 (mm, ] =
5.8, 2.9 It1, 4H), 8.03 (mm, J = 5.8, 2.8 Iy, 4H),
7.46 (1, ] = 7.2 Tu, 4H), 7.22 (1, ] = 7.5 Tir, 8H),
7.02 (m, ] = 4.0 Iy, 8H), 5.71 (¢, 2H).

PcHf(Dbm),. Mu(nu6ensoinmeranaro)dra-
nonianinar raduio. C_H HINO,. 'H AMP

627 738
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(400 MIu, CDCL,) 6 9.37 (nm, ] = 5.6, 2.9 Iy,
4H), 9.13 (mg, ] = 5.6, 3.0 I1, 4H), 8.30 (nz, ] =
5.7, 2.8 It, 4H), 8.05 (mxm, ] = 5.8, 2.8 Iy, 4H),
7.47 (1T, ] = 7.3, 1.2 T, 4H), 7.22 (mg, ] = 8.2,
7.3 Iy, 8H), 7.07 - 6.91 (m, 8H), 5.67 (c, 2H).
Bcranosneno, mo B pesynbTari B3a€EMOJIl
nu(mexaHoaTo)pTanoliaHiHATIB UPKOHIIO Ta
radHito i3 3amiljeHMy OEH30VHUMU Ta IIU-
HAMOBOIO KICTOTaMu BifOyBaeTbcsa 06MiH
JleKaHOATHMX JIiraH/iB Ha apwroatHi (puc. 1).
Y IIMP-cneKkTpax BCiX OTpUMMaHUX y pe3yiib-
TaTi L€l peakijii KOMIUIEKCIB BifICyTHi cuUrHa-

7V IPOTOHIB BUXIJHUX IEKAHOATHUX JIITaH/IiB
B obmacrti 1.1-0 m.u. (puc. 2, A). Harowmictp y
CIIeKTpax NMPUCYTHI CUTHA/MN 3aMillleHNX OeH-
30aTHMX ab0 IVHaMaTHMX jiraHpis. Hampmu-
KJ/IaJ], y BUIIAJKy KOMIUIEKCIB i3 4-3aMillleHN-
My 6eHsoiHUMU Kucnotamy y IIMP-cnekt-
pax CIoCTepiraloTh CUIHaIM, XapaKTepHi [/
napa-3aMileHnx 6eH30/IbHIX fAflep I03aIIo-
I[MHHO KOOPAMHOBAaHUX JIiraHfiiB (zmBa myo-
NeTH), SAKi 3HAXORATHCA B OUIBLI CUIBHOMY
IO/l BiHOCHO BUXIJHUX O€H3O0MHUX KUCIOT
(puc. 2, b).

A

= S
4.24.24.010p4.04.04.14.0

f
Mo M [
- o o 0 "

8.0 8.0 40 41 2.0 12.1

Puc. 2. IIMP-criekTpu sy (nexanoaro)ranorianinaTy nupKoHio (A) ta a1(4-i30mponokcnbeH30aTo)-

¢ranonianinary nupkosimo (b)

Fig. 2. '"H NMR-spectra of zirconium di(decanoato)phthalocyaninate (A) and zirconium di-(4-iso-

propoxybenzoato)phthalocyaninate (B).
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Bci oTpumaHni KOMIUIEKCH SABIAIOTH COO0I0
KPUCTa/lTi4YHi pPEYOBMHU CUHBOTO KOJIbOPY,
pO3uMHHI y 6eH3071i, Kcvtoni Ta xmopodopmi
i MajIOpO3YMHHI y NOMAPHUX PO3YMHHMKAX.
EnexTpoHHi criekTpyu mnornmMHaHHA QTano-
L[iaHIHOBMX KOMIUIEKCIB XapaKTepU3yITbCA
cmyramu B- (Cope) B obmacti 333-340 HM,
Q - B obmacti 690 HM Ta 1i KONMMBAIBHUM CY-
Iy THUKOM B obmacTi 625 HM, IO € TUIOBUM
s dranouiaHiHartis. Bigomo, 1o Haibinbur
YYTIMBOK [0 CTPYKTYPHUX 3MiH MOJIEKY-
i (bTanouiaHiHy € HOBroxsmnaboBa Q-cMmyra
[14]. Byno pocmimkxeHo BImB au(apmiaTo)-
i pu(ummHaMoinaTo) JiraHAiB Ha CIEKTpPasb-
HY NOBEJ[iHKY OTPUMAaHMX CIIONYK y OeH30i,
XJIOPUCTOMY MeTWIeHi, AuMeTmndopMamisi,
alleTOHITpWIi i MeTaHO/M (PO3YNMHHNKY HaBe-

JIeHO B TIOPS/IKY 301/IbIIeHHS IXHBOI BITHOCHOI
nonspHocti [15]). BcranoBneno, mo 3amiHa
JIeKaHOATHMX JIraHZiB Ha apuiaato- abo Iu-
HaMOi/NaTHi y ¢TanoniaHiHaTax NVPKOHIIO Ta
rapHil0 iICTOTHO He BIUIMBA€E Ha IIOJIOXKEHHS
Q-cmyru B ECII. Ilpore HasBHi faHi B Tab-
UL CBif4aTh PO CONbBATOXPOMiSM OTpPMU-
MaHMX KOMIUIEKCiB. Makcumymn Q-cmyru B
PO3YMHHMKAX i3 HU3DKOK BiTHOCHOIO IIOJIAP-
HICTIO 3HAXOJATHCA B MeXax 687-689 uM, npn
ii 36i/bIIEHH] CIIOCTEpiraeEMoO TilCOXPOMHMUIA
3CyB MakcuMyMy npu6mmsHo Ha 10-12 HM.
[TonoxxeHHA MakcumMymy B-cMmyru mpaxTtuy-
HO He 3JIEKUTDH BiJj NPUPOANU PO3YMHHUKA,
IIPOTEe MOXKHA IMOMITUTY TeHAEHIII0 10 36i/b-
LIEHHA BiTHOCHOI IHTEHCUBHOCTI 1]i€l CMyTH B
Oi/BII MOISIPHNUX PO3YMHHIKAX.

Tabir.

Hani ECIIT (A__; HopMartisoBaHa iHTeHCUBHICTD) u(flekaHoaTo), Au(apuiaro) Ta au(ImHa-
Moinaro)¢ranoliaHiHaTiB UMPKOHi0 Ta radHii0 y pisHUX PO3YMHHUKAX

Table.

Spectraldata (A__; normalized intensity) of zirconium and hafnium di(decanoato), di(arylato)
and di(cinnamoylato)phthalocyaninates in different solvents.

Cnonyxa CH, CH,CL, DMF AN MeOH
B- |Q [B- |Q |B |@ [B- | [B- |&
PCZr(C9H19C00)2 341; 682; 337; 682; 341; 679; 338; 677; 340; 677;
0.35 1.00 0.40 1.00 0.35 1.00 0.46 1.00 0.53 1.00
PCHf(C9H19C00)2 343; 680; 335; 687; 340; 680; 336; 679; 342; 676;
0.35 1.00 0.38 1.00 0.36 1.00 0.40 1.00 0.53 1.00
PCZr(Ll)2 345; 684; 336; 688; 341; 679; 338; 679; 343; 676;
0.30 1.00 0.37 1.00 0.37 1.00 0.48 1.00 0.33 1.00
PCHf(Ll)2 343; |686; [336; |688; [341; |680; |338; |679; |341; |677;
0.33 1.00 0.34 1.00 0.32 1.00 0.44 1.00 0.35 1.00
PCZI‘(LZ)2 346; 685; 336; 689; 342; 679; 338; 678; 343; 677;
0.31 1.00 0.38 1.00 0.36 1.00 0.47 1.00 0.34 1.00
P(:Hf(LZ)2 342; |686; [335; |688; [342; |680; |337; |679; |342; |676;
0.32 1.00 0.36 1.00 0.35 1.00 0.41 1.00 0.38 1.00
82 ISSN 2708-129X. VKp. XiM. XypH., 2023




H. M. depnocosa, B. 1. Yepniii YXX No12 / TOM 89

Cronyxa CH, CH,CI, DMF AN MeOH
B- Q- B- Q- B- Q- B- Q- B- Q-
PCZr(L?})2 344; |684; [336; |689; [342; |680; [338; |680; |[344; |677;

0.31 1.00 ]0.36 |1.00 |0.28 |[1.00 (042 |[1.00 |0.33 |1.00

PcHf(L3), 342; 1685 |336; |689; |340; |679; |338; |679; |342; |676;
034 |1.00 {038 |[1.00 [0.30 (1.00 (040 |(1.00 |0.37 |1.00

PcZr(L4), 346; |684; [333; |689; |342; |679; |338; |678; |338; |676;
0.29 |1.00 |0.41 |1.00 [035 |(1.00 (037 |[1.00 |0.44 |1.00

PcHf(L4), 341; |688; [334; |689; |342; |681; |338; |679; |343; |677;
032 (1.00 (037 |1.00 [0.34 |1.00 |0.41 1.00 [0.40 |[1.00

PcZr(L5), 341; |688; [334; |689; [342; |680; |[337; |677; |345; |677;
0.34 |1.00 |0.39 |[1.00 [0.38 |[1.00 |[0.50 |[1.00 |0.36 |1.00

PCHf(LS)2 342; |689; [335; |688; [340; |679; |[337; |678; |344; |676;
0.31 1.00 0.38 1.00 0.35 1.00 0.43 1.00 0.37 1.00

PcZr(L6), 345; |685; [334; |689; |342; |680; |338; |677; |343; |677;
0.33 |1.00 |0.38 |[1.00 |0.34 |(1.00 (047 |1.00 |0.36 |1.00

PcHf(L6), 342; |686; [334; |688; |340; |68 1;|336; |679; |342; |677;
034 |1.00 |0.37 |1.00 [035 |[1.00 (044 |1.00 |0.38 |1.00

o089

ON\ NO

O 2 NN
I ~ PhCOCH,COPh W\ ~
sV i N N—M=N
| -ArCOOH AN
\
N- N =N =
8 M = Zr, Hf

PcM(L), PcM(Dbm),

Puc. 3. Cxema peaxkuii au(apunaro)dranonianinaTis upKoHio i radHito 3 AubeHsoinmeTaHoM
Fig. 3. Scheme of the reaction of zirconium and hafnium di(arylato)phthalocyaninates with diben-
zoylmethane.
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byno pmocnimkeHo peakuiiHy 35aTHICTDH
BCiX OTPMMaHMX CIOAYK Ha MPUK/IaZi IXHbOI
B3aeMofii 3 aubeH3oiMeTaHoM (puc. 3).

Bcranosreno, 1o y nit peaxuii gu(apuna-
TO)TaNoNiaHiHaTK IMPKOHI0 i radHilo no-
BOJATDH cebe aHanoriuHO Av(ankaHoaTo)dTa-
ToLiaHiHATaM, 10 IPU3BOANUTD [0 YTBOPEHHS
paninre onucanux y [13] 6ic(zubensoinmera-
Hato)dTanoriaHiHaTiB MPKOHiI Ta radHiro.

BVCHOBKJ. Meronom IIMP-cnexrpo-
CKOIIii BCTAaHOBJIEHO, 110 B Pe3y/bTaTi B3ae-
Mopii mu(mexkaHoarto)dranoniaHiHaTIiB LUp-
KOHiI0 Ta radHio i3 3aminjeHnMu GeH30MHM-
MM Ta IMHAMOBOIO KIC/IOTAaMM BiZOyBaeTbCA
0OMiH [leKaHOATHUX JiraH/iB Ha apWIaTHi 3
Buxopamu 6mm3bko 80-95%. ECIT orpumanux
CIIONYK € OnmM3bKyMu 1o An(exaHoaro)dra-
NoLiaHiHATIB UpPKOHilo i radHilo Ta Xapakre-
PUSYIOTbCSI CMyraMM IIOIJIMHAHHSA B 00/1acTi
333, 625 ta 690 M. IlokasaHo, 1m0 mONAp-
HICTb PO3YMHHMKIB BIUIMBA€E Ha IOITIMHAHHA
B 6mokHbOMY [Y-pmiamasoni. Bapiamis samex-
HOTO BiJl PO3YMHHMKA NONOXeHHA Q-cMyrn €
BiHOCHO HeBenmmKow (~10 um). Ii KoMmIek-
CM BCTYHAIOTb y peakliii miranpHoro oominy 3
nbOeH30I/IMETAHOM i3 YTBOPEHHAM BiJIIOBiJ-
Hux nu(nnbensoinmeranaro)dranoliaHiHaTiB
IIVIPKOHiIo Ta radHiro 3 Buxogamu 85-95%.
E Po6oTy BUKOHaHO B MeXax Jep>K0ro-

= MTOKeTHOI TeMM «MoneKynapHuili au-
3aifH, CIPSIMOBAaHUI CMHTe3, Pi3uKo-,
6i0-, xiMiuHe MOCTII>KEHHS KOOPIU-
HallillHMX Ta CYNpaMOIEKyIAPHUX
cucteM OioreHHux, dapmaneBTny-
HO-BOK/IMBUX METAIB [/ METUITHU
i TexHikm», Iep>KaBHMII peecTpaiii-
Hui1 Homep: 0121U108899.
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EXCHANGE REACTIONS OF DECANOATE
LIGANDS OF ZIRCONIUM AND HAFNIUM

PHTHALOCYANINES.

N. Fedosova, V. Chernii*

V. L. Vernadskii Institute of General and Inor-
ganic Chemistry National Academy of Sciences
of Ukraine,

32/34 Palladin Ave, 03680 Kyiv, Ukraine
*e-mail: v.chernii@gmail.com

The reactions of exchange of decanoate li-
gands in di(decanoato)phthalocyaninates of
zirconium and hafnium with substituted ben-
zoic and cinnamic acids have been studied.
The structure of the obtained complexes was
confirmed by 'H NMR and their reactivity in
reactions with dibenzoylmethane was deter-
mined. In the '"H NMR spectra of all the ob-
tained complexes there are no proton signals of
the starting decanoate ligands in the region of
1.1-0 ppm. Instead, the spectra contain signals
of substituted benzoate or cinnamate ligands.
For example, in the case of complexes with
4-substituted benzoic acids, the 'H NMR spec-
tra show signals characteristic of para-substi-
tuted benzene nuclei of out-of-plane coordi-
nated ligands (two doublets), which are in a
stronger field relative to the original benzoic
acids. The influence of di(arylato) and di(cin-
namoylato) ligands on the UV-Vis spectra of
the obtained compounds in various solvents
has been studied. The effect of solvent polarity
on absorption in the near-IR range is shown.
The UV-Vis spectra of phthalocyanine com-
plexes are characterized by B- (Soret) band
in the region of 330-340 nm, Q-band in the
region of 690 nm and its vibrational satellite
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in the region of 625 nm, which is typical for
phthalocyaninates. The long-wave Q-band is
the most sensitive to structural changes of the
phthalocyanine molecule. It has been found
that the replacement of decanoate ligands with
arylate- or cinnamoylate ligands in zirconium
and hafnium phthalocyaninates does not sig-
nificantly affect the position of the Q-band in
the UV-Vis spectra. However, the maximum of
the Q-band depends on the relative polarity of
the solvents: with its increase, a hypsochromic
shift of the maximum is observed. The sol-
vent-dependent change of the Q-band position
is relatively small (~10 nm). The position of the
B-band maximum is practically independent
of the nature of the solvent, but in more polar
solvents there is a tendency to increase the re-
lative intensity of this band.

Keywords: phthalocyanines, zirconium,
hafnium, synthesis, arylate ligands, cinnamoy-
late ligands.
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THE INFLUENCE OF THE PHASE COMPOSITION OF MIXED-PHASE
MESOPOROUS Ti0, ON ITS PHOTOCATALYTIC ACTIVITY

IN THE REACTION OF HYDROGEN EVOLUTION FROM
AN AQUEOUS-ETHANOL MIXTURE.

N. I. Ermokhina’, V.V. Shvalagin ', G. V. Korzhak', V. N. Grebennikov'*, N. I. Romanovska’,
A. V. Shulzshenko', M. M. Shcherbatyuk?, D. O. Klymchuk? P. A. Manorik'

! Pisarzhevskii Institute of Physical Chemistry of the National Academy of Sciences of Ukraine,
31 Ave. Science, 03028 Kyiv, Ukraine

? Institute of Botany of the National Academy of Sciences of Ukraine,

2 Tereshchenkivska St., 01601 Kyiv, Ukraine

*e-mail: vng@ukr.net

Two- and three-phase compositions of mesoporous nanocrystalline TiO, (meso-nc-TiO,)
were obtained from sol-gel reaction mixtures (ZGRM) using dibenzo-18-crown-6 (DB18C6)
as a structure-directing agent and titanium tetrabutoxide (TBOT) as a source of titanium in
the presence of HCl with (or without) subsequent hydrothermal treatment (HTT) and calci-
nation at 500 °C.

It has been shown that the addition of a small amount of dodecyldimethylethylammonium
bromide (DDMEABr) and/or lanthanum salts in ZGRM, as well as HTT, has a significant
effect on the phase composition and texture of the samples. It was established that the use of
HTT before calcination of samples significantly increases their photocatalytic activity (PhA)
in the reaction of photocatalytic hydrogen release from an aqueous-ethanol mixture mainly
due to changes in their phase composition.

The hydrothermally treated sample of the anatase (85%)/rutile (4%)/brookite (11%) phase
composition shows the highest photocatalytic activity, which is 2.5 times higher than the
corresponding characteristic for the commercial Evonik P25 photocatalyst. It is shown that
the size of the specific surface area of the sample is not the dominant factor influencing the
photocatalytic activity of the obtained mixed-phase meso-nc-TiO, samples in the process of
hydrogen release from the aqueous-ethanol mixture.

Keywords: sol-gel synthesis, mesoporous TiO, anatase-rutile-brookite compositions,
H, release.
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INTRODUCTION. The need to ensure the
sustainable development of post-industrial so-
ciety, the rapid deepening of planetary energy
and environmental problems require obtain-
ing new materials for modern equipment and
technologies. In particular, such materials in-
clude electrode materials for solar cells, photo-
catalysts for cleaning the environment (water
and air) from various pollutants using sunlight
energy, etc. [1, 2]. Today, in the field of sem-
iconductor photocatalytic technology, mate-
rials based on TiO, occupy a leading position
both in terms of demand and research inten-
sity due to the unique properties of TiO, and,
above all, non-toxicity, chemical stability and
commercial availability [1-17].

One of the most advanced methods of ob-
taining TiO, and other mesoporous oxides
today remains the sol-gel method, which in-
volves the use of a template [10, 13, 14, 18].
Combining it with the widely used method of
solvo(hydro)thermal treatment of an interme-
diate product allows controlling the processes
of formation of unique TiO, materials with a
given phase composition, morphology and
texture at the nano-level [19, 20]. To achieve
the full catalytic potential of the obtained TiO,
materials, they usually require calcination at a
temperature of about 500 °C [21, 22].

The efficiency of the TiO, photocatalyst
depends on a number of factors, in particular
the degree of crystallinity and crystallite size,
phase composition, morphology of nanopar-
ticles, textural characteristics, etc. [1, 2, 6, 7].
The main ways to increase the efficiency of
TiO, photocatalysts are to expand their spec-
tral range of light absorption into the visible
region by doping with nonmetals, metals, sen-
sitization with dyes, obtaining nanocompos-
ites with nanoparticles, obtaining heterostruc-
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tures with other semiconductors, etc. [1, 2, 7].
At the same time, for example, in the case of
nanocomposites and heterostructures, an ad-
ditional increase in the PhA of TiO, photoca-
talysts is achieved due to the suppression of the
recombination of photogenerated charge car-
riers [1, 2, 7].

Among the three main crystalline forms
of TiO, (anatase, rutile, and brookite), ana-
tase usually has the highest photocatalytic
activity (PhA) [23]. However, a number of
experimental facts indicate that TiO, nano-
structures in which several TiO, crystalline
phases are combined [11, 12, 15, 24-28] show
a higher PhA than the corresponding sin-
gle-phase nanostructures. A classic example
of such mixed-phase structures is Degussa
P25 Evonik P25, which consists of anatase
(75%) and rutile (25%), and which is used as
a standard in studies of the photocatalytic ac-
tivity of materials [29]. The results obtained
in studies of two- and three-phase TiO, poly-
morphs sometimes lead to contradictory
conclusions when comparing the photocata-
lytic activity of compositions of TiO, phases
in various redox processes [2, 24-31]. At the
same time, taking into account the fact that
the preparation of heterostructures from se-
veral semiconductors, which differ in the band
gap, is one of the effective ways to increase the
PhA of photocatalysts [1, 2, 7], and that there
are no fundamental differences between such
heterostructures and mixed phases of TiO,,
which have different widths of the band gap,
the search for conditions for the synthesis of
such mixed-phase materials based on titani-
um dioxide, which can provide a controlled
variation of the phase composition of the ob-
tained materials, and, accordingly, their PhA,
seems very promising.
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Earlier [28] we proposed an approach to
obtaining mixed-phase TiO, nanostructures
(anatase/brookite) with increased PhA. How-
ever, due to the chemical features of the com-
ponents of the sol-gel reaction mixture, this
approach does not allow varying the phase
composition of the obtained material with-
in wide limits. It was also proposed to obtain
mesoporous nanocrystalline TiO, (meso-nc-
TiO,) with a pure anatase structure by combin-
ing sol-gel synthesis with HTT of an interme-
diate product [32-36]. TiO, samples calcined
at 500°C after HTT at 175°C had a significantly
more developed porous structure compared
to untreated hydrothermally treated samples.
It was shown that the introduction of small ad-
ditions of cationic surfactant (DDMEABr) and
(or) lanthanum salt into the reaction mixture
has a significant effect on the degree of crys-
tallization, morphology and texture of meso-
nc-TiO, (anatase) samples and their photo-
catalytic activity. Practically all the obtained
samples were highly efficient photocatalysts
for the processes of water reduction, gas-phase
oxidation of alcohol and benzene [34-38]. This
approach can be used to vary the phase com-
position of mixed-phase TiO, materials over a
wide range.

This paper considers the influence of vary-
ing the synthesis conditions of meso-nc-TiO,
samples on their phase composition, as well as
the influence of the phase composition of me-
so-nc-TiO, samples both in the form of pure
anatase and various mixed-phase composi-
tions (anatase-brookite-rutile), which consist
of two or three phases, on their photocataly-
tic properties in the reaction of the release of
molecular hydrogen from a aqueous-ethanol
mixture.
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EXPERIMENT AND RESULTS DISCUS-
SION. The work used titanium tetrabutoxide
(IV), dodecyldimethylethylammonium bro-
mide, dibenzo-18-crown-6 ("Fluka"), HCI,
n-butanol, LaCl3.7H,0, CuCl2, NaCl, ethanol
(96%), TiO, Evonik P25.

Samples of meso-nc-TiO, with different
contents of rutile anatase and brookite were
obtained using the modified sol-gel method
similarly [32, 33]. Hydrolysis of titanium
tetrabutoxide was carried out in butanol in the
presence of HCI using as a structure-directing
agent the complex of sodium with dibenzo-18-
crown-6 [Na(DB18C6)]Cl in the presence (or
without) of small additions of the surfactant
DDMEABr and a lanthanum salt. The calcu-
lated amounts of reagents were successively
dissolved in butanol. TBOT was added drop-
wise with vigorous stirring. The reaction mix-
ture was left under a glass cap in air at room
temperature (without stirring) until the forma-
tion of the gel stopped. The obtained product
was subjected to HTT at 175 °C for 24 hours
followed by annealing at 500 °C in air for
4 hours.

The meso-nc-TiO, samples obtained under
different conditions are denoted as Ti n and Ti
nH, where n is the sample number and H is the
hydrothermal treatment. The molar composi-
tion of the reaction mixture, which was used
for the synthesis of meso-nc-TiO, samples, is
given in Table 1.

The X-ray diffraction (XRD) patterns of
the samples was performed on a DRON-3M
(CuKa) diftfractometer. The average size of
TiO, crystallites was calculated from the width
of the diffraction peak of anatase (101) at
20 = 25.4° according to the well-known Scher-
rer formula.
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Table 1.
Synthesis conditions of meso-nc-TiO, sam-
ples ([TBOT]:[Na(DB18C6)]Cl = 1.0:0.02).

Additive
Sampler BuOH| H,O | HCI
Surfactant** | La’*
Til - - 78 3 0,4
TilH - - 78 3 0,4
Ti2 0,02 - 78 3 0,4
Ti2H 0,02 - 78 3 0,4
Ti3 0,01 78 3 0,4
Ti3 H 0,01 78 3 0,4
Ti4 0,02 0,01 | 117 3 0,4
Ti4dH 0,02 0,01 117 3 0,4
Ti5 0,02 0,01 78 3 0,4
Ti5H 0,02 0,01 78 3 0,4
Ti6 H 0,02 0,01 57 3 0,4
Ti7 H 0,02 0,01 26 7 0,7
Ti(MS1)" 780 | - -
Ti(MS1)H" - - 78,0 - -
Ti(MS2)" - - 78,0 | 3,0 -
Ti(MS2)H" - - 78,0 | 3,0 -

* meso-nc-TiO, samples (microspheres) [36];
** surfactant - DDMEABT.

The morphology of the samples was studied
by transmission (TEM) and scanning (SEM)
electron microscopy using JEM 1230 and JSM-
6060LA ("JEOL") microscopes, respectively.
In some cases, the samples were pretreated for
5 min using an ultrasonic disperser UZDN-A
(130 W).

N, adsorption/desorption isotherms were
recorded at -196 °C on a gas-adsorption ana-
lyzer Autosorb-6 (Quantachrome). Before ad-
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sorption, the sample was pumped at 200 °C for
20 hours. The specific surface area (S, ) and
the average pore diameter (Dp) were deter-
mined by the BET Ta BJH methods, respec-
tively. The pore size distribution was calculated
from the desorption branch of the isotherm
using the NLDFT method using a cylindrical
pore model. The total amount of N, adsorbed
at p/p0 = 0.997 was used to determine the total
pore volume (Vtot).

The photocatalytic activity of the obtained
meso-nc-TiO, samples was studied in a model
reaction of photocatalytic hydrogen evolution
from an aqueous-ethanol mixture. The reac-
tion conditions were similar to those described
in [39]. The TiO, samples were irradiated with
UV light (A = 310-390 nm) in a system con-
taining a aqueous-ethanol mixture (4 vol. %
H,0) and CuCl, (2-10* mol/l). Commercial
photocatalyst TiO, Evonik P25 was used as a
comparison sample.

Samples of meso-nc-TiO, with different
contents of anatase, rutile and brookite were
obtained by a simple modification of our pre-
viously proposed approach [32, 33] - changing
the conditions of TBOT hydrolysis, namely, by
switching from a neutral to an acidic medium,
using a well-known acid catalyst - hydrochlo-
ric acid [38, 39] (Table 1). The main concept
of such optimization of the former synthetic
approach is to combine the influence of fac-
tors: HT'T, small additives of surfactant and
(or) lanthanum salt, as well as the concentra-
tion of reagents in the reaction mixture in the
presence of HCl on the phase composition of
meso-nc-TiO, materials.

Previously [32-36] samples of thermally sta-
ble meso-nc-TiO, with a well-defined spheri-
cal morphology (microspheres of size from 0.6
to 3 um with a pure anatase structure) were
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obtained under conditions of neutral hydro- mesoaggregates 30-70 nm in size (secondary
lysis, characterized by different textures. Mi- particles), which form a mesopore system. Ta-
crospheres are formed by primary spherical ble 1 and 2 shows examples of synthesis condi-
particles (anatase crystallites about 10 nm in tions and textural characteristics of such TiO,
size), which are tightly packed into spherical microstructures.

Table 2.
Textural characteristics of meso-nc-TiO, samples, as well as their photocatalytic pro-
perties in the reaction of H, release from an aqueous-ethanol mixture.

: Hion
Sample SBZET) Vl;’ D, Cryssit;elhte Phase composition H2-107.,

m’/g cm’/g nm A, nm A R B mol/min
Til 39 0,14 14,5 9,8 29 39 32 2,5
TilH 61 0,29 18,9 10,4 34 14 52 3,0
Ti2 48 0,23 13,0 7,2 22 60 18 0,4
Ti2H 33 0,21 17,4 9,4 16 70 14 0,7
Ti3 83 0,21 9,4 7,1 55 21 24 1,8
Ti3H 64 0,30 17,3 8,2 43 28 29 2,9
Ti4 122 0,31 9,4 8,3 97 3 - 3,7
Ti4H 96 0,28 11,3 9,5 85 4 11 55
Ti5 98 0,18 7,0 7,4 88 - 12 2,0
Ti5H 132 0,46 13,9 7,0 100 - - 3,0
Ti6H 90 0,44 17,3 91 90 - 10 2,8
Ti7H 100 0,30 12,3 10,2 25 45 30 4,7
Ti(MS1)* 61 0,14 9,0 10,5 100 - - 3,8
Ti(IIiI{SI) 84 0,33 15,5 11,0 100 - - 6,6
Ti(MS2)* 97 0,30 12,3 8,7 100 - - 4,0
Ti(IIEI{SZ) 116 0,50 17,3 10,0 100 - - 5,0
P25 50 - - 25 70 30 - 2,2

*[36]; **A - anatase, R - rutile, B - brookite.
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In Fig. 1 presents the diffraction patterns
of meso-nc-TiO, (Til, TilH, and Ti4, Ti4H)
samples obtained in an acidic environment
in the presence of HC1. The phase content of
the compositions in the samples was deter-
mined by the main diffraction peaks of anatase
(JCPDS-PDE, No. 21-1272), rutile (JCPDS-
PDE No. 21-1276), and brookite (JCPDS-
PDE, No. 29-1360), marked respectively as
( 101), (110) and (121) reflexes using known

calculation methods. According to the XRD,
pattern of Ti4 sample contain low-intensity
narrow peaks at 32° and 45.5° (26), which can
be attributed to NaCl occluded in the synthe-
sis process [33]. The calculated average sizes of
anatase crystallites in the samples range from
7.0 to 10.4 nm (Table 2). The most important
samples are Til (9.8 nm) and TilH (10.4 nm),
obtained without additives of sulfactant or lan-
thanum salt.

Ti4 *

Intensity (a.u.)

Ti1 B

10 20 30

40 50 60

20, degree

Fig. 1 XRD patterns of meso-nc-TiO,: Til, TilH and Ti4, Ti4H samples, obtained in various synthetic

conditions; A — anatase, R — rutile, B — brookit.

In Fig. 2 presents N, adsorption/desorpti-
on isotherms and pore size distribution for
meso-nc-TiO, samples. All isotherms belong
to type IV (according to the IUPAC classifica-
tion) with H1 and H2 hysteresis loops locat-
ed at values of relative pressure p/p, above 0.6,
which indicates the formation of mesopores in
the obtained samples.

Textural characteristics and phase compo-
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sition of meso-nc-TiO, samples are shown in
Table 2. All of them contain anatase phase, the
proportion of which covers a wide range from
16 to 100%. At the same time, the content of
rutile ranges from 0 to 70%, and brookite from
0 to 52%. The average size of anatase crystal-
lites in the samples is about 10 nm. Most of the
meso-nc-TiO, samples are three-phase com-
positions. In samples that contain two TiO,
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phases (anatase with rutile or brookite), the
anatase phase predominates (88-97%) and one
sample contains only anatase.

As can be seen from Fig. 1 and Table 2,
the phase composition of the meso-nc-TiO,
samples is affected by both the presence of
DDMEABr surfactant additives, lanthanum
salt, and the concentration of reagents in the
reaction mixture during synthesis and the
mode of heat treatment (use or absence of
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HTT before calcination) of the samples. Thus,
the addition of DDMEABTr leads to a decrease
in the content of anatase and brookite and
an increase in the content of rutile (sample
Til), and the differences dramatically deepen
in the case of HTT of these samples (sample
TilH). It is the presence of the surfactant ad-
ditive that makes it possible to obtain a Ti2H
sample with the highest content of the rutile
phase - 70%.
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Fig. 2 N, adsorption/desorption isotherms and pore size distribution (obtained by the NLDFT me-
thod) of meso-nc-TiO, samples: Til and TilH (a, b), Ti4 and Ti4H (c, d).
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The addition of lanthanum salt contributes
to an increase in the content of anatase and a
decrease in the content of brookite regardless
of the use of HTT of the samples (samples Til,
TilH and Ti3, Ti3H), while without the use of
HTT the content of rutile decreases (samples
Til and Ti3), and when using HTT (samples
TilH and Ti3H) increases. In the case of the
samples obtained with the simultaneous pre-
sence of DDMEABr and lanthanum salts (Til,
TilH and Ti5, Ti5H, T6H) in the ZGRM, a
three-fold increase in the content of anatase
is observed against the background of a sharp
drop in the content of brookite and the com-
plete disappearance of the rutile phase. The
phase composition of the samples undergoes
especially profound changes when using HTT
(samples TilH and Ti5H), as a result of which
the three-phase composition is transformed
into a single-phase anatase (Fig. 1, Table 2).

Dilution of the original ZGRM in the pre-
sence of lanthanum salt additive (samples Ti3,
Ti3H and Ti4, Ti4H) causes a two-fold increase
in the amount of anatase with a simultaneous
decrease in the content of brookite and rutile
phases. So, for example, sample Ti3 consists of
anatase (55%), rutile (21%) and brookite (24%),
and the corresponding sample Ti4 consists of
anatase (97%) and rutile (3%). Increasing the
concentration of reagents in ZGRM contain-
ing DDMEABTr additives and lanthanum salts
(samples Ti5H, Ti6H, and Ti7H) makes it
possible to obtain one-, two-, and three-phase
compositions of TiO, (Fig. 1, Table 2). An in-
crease in the concentration of H20 and HC1
in the ZGRM in the case of sample Ti7H sig-
nificantly affects the phase composition of this
sample in comparison with samples Ti5H and
Ti6H. The mode of heat treatment obviously
in all cases significantly affects the phase com-
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position of meso-nc-TiO, (samples Til and
TilH, Ti2 and Ti2H, Ti3 and Ti3H, Ti4 and
Ti4H, Ti5 and Ti5H). So, for example, sample
Til, which was subjected only to calcination, is
a composition of anatase (29%), rutile (39%)
and brookite (32%), and sample TilH (which
was previously subjected to HTT before an-
nealing) contains anatase (34%), respectively ),
rutile (14%) and brookite (52%). It should be
noted that among all the meso-nc-TiO, sam-
ples, the TilH sample (obtained without addi-
tives) contains the largest amount of brookite.

The presence of a surfactant additive in
ZGRM (Table 2) leads to a slight increase in
the value of S, in the case of calcined sam-
ples Til (39 m*g) and Ti2 (48 m?/g). At the
same time, in the case of TilH (61 m?/g) and
Ti2H (33 m?/g) samples, which were previous-
ly subjected to HTT, on the contrary, there is
an almost two-fold decrease in the value of S
However, the surfactant practically does not
affect the size of the diameter of the specified
pores pairs of samples. The introduction of the
lanthanum salt additive in the ZGRM provides
a significant increase in S, . So, for example,
the value of S, for sample Ti3 (89 m*/g) in-
creases by 2 times compared to Til (39 m*/g),
which is probably due to an increase (doubled)
in the content of the anatase phase, the nano-
particles of which form mesopores.

When diluting ZGRM by ~1.5 times, the
specific surface area increases by the same
amount (samples Ti3, Ti3H and Ti4, Ti4H),
while the pore diameter decreases (samples
Ti3H and Ti4H), which may be associated with
the formation of these samples contain more
anatase with smaller crystallites. This assump-
tion is consistent with the results obtained for
the Ti5H sample (Table 2). This sample, which
contains the smallest crystallites among the
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studied samples and consists of 100% anatase,
has the highest value of S, (132 m*/g) and
volume Vi (0.46 cm’/g) (Table 2). It should be
noted that this sample, like Ti5H, was obtained
with the simultaneous introduction of sur-
factant additives and La’* ions into the ZGRM,
which leads to a drastic increase in S = of
meso-nc-TiO, samples compared to the sam-
ples obtained only in the presence of surfactant
additives (Ti2 and Ti2H samples) or La** ions
(Ti3 and Ti3H samples). The reason for this
may be the dominance of the anatase phase in
Ti5 and Ti5H, the crystallite sizes of which are
the smallest among the studied samples (Ta-
ble 2). This assumption is consistent with the
results of a comparison of the textural charac-
teristics of the Ti5H sample with the T6H sam-
ple, which was obtained using higher concen-
trations of reagents in ZGRM than for Ti5H
(Table 1, Table 2). Thus, an increase in the
concentration of initial reagents in the ZGRM
leads to a one-and-a-half-fold decrease in S,
a significant increase in Dp (~25%) with an
unchanged pore volume and a significant in-
crease in the average size of anatase crystallites
(from 7.0 to 9.1 nm).

A comparison of the textural characteristics
of samples Ti2 and Ti2H (obtained in the pre-
sence of a surfactant additive), Ti3 and Ti3H,
Ti4 and Ti4H (obtained in the presence of a
lanthanum salt additive) shows that the pre-
vious HTT calcination leads to a decrease in
Sypr (~20-30%) and a significant increase in
Dp (~20-80%). A significant change in the
pore volume (an increase of almost 1.5 times)
occurs only in the case of the Ti3H sample. In
the case of Ti5 and Ti5H samples (obtained
with the simultaneous presence of La** ions
and surfactant additives), on the contrary, the
Ti5H sample, which underwent hydrothermal
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treatment before calcination, compared to the
simply calcined Ti5 sample, shows an increase
in S, (~35%) with a simultaneous increase of
~ 2.5 times V_ and 2 times Dp, probably due
to an increase in the content of anatase and a
decrease in the size of crystallites.

In Fig. 3(b, d, e, h) shows examples of SEM
images of meso-nc-TiO, microphase samples,
which were obtained in the presence of HCI.
As can be seen, there are no microspheres in
samples Til and TilH, Ti2 and Ti2H obtained
with and without HTT. Obviously, hydro-
chloric acid prevents the formation of micro-
spheres. All meso-nc-TiO, samples obtained
in an acidic environment are amorphous ag-
gregates of various sizes from 100 to 500 nm.
During ultrasonic treatment of samples, these
aggregates disintegrate into uniform nanosized
secondary particles (40-100 nm) of spherical
or spheroidal shape.

According to the results of TEM data (Fig. 3
(a, ¢, d, g) and Fig. 4(a - g)), all samples of me-
so-nc-TiO,, with the exception of sample T7H
(Fig. 4g), have homogeneous, spherical forms
of primary particles (anatase phase). The sizes
of anatase crystallites in the samples slightly
exceed the corresponding values calculated ac-
cordingto Scherrer's formula (Table 2). Samples
Til, TilH (Fig. 3(a, ¢)) and samples Ti2, Ti2H,
Ti3, Ti3H (Fig. 4(a - d)), in which the percen-
tage content of rutile and brookite phases is
the highest, demonstrate the presence of crys-
tallites in the form of various according to the
size of plates having the shape of hexagons and
quadrilaterals. Samples Til and TilH contain
the largest number of such particles, and the
number of hexagons dominates (Fig. 3(a, c)).
For samples Til and TilH, the average sizes
of hexagons are 80x30 nm, 110x50 nm, and
85x35 nm, 110x40 nm, and the average sizes of
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quadrilaterals are 70x40 nm, 50x50 nm, and
80x60. In the Ti2 and Ti2H samples (Fig. 4(a,
b)), on the contrary, square-shaped particles
with an average size of 50x40 nm and 65x45 nm
dominate, and the average size of hexagons is
100x45 nm and 90x50 nm. Ti3 and Ti3H sam-
ples (Fig. 4(c, d)) are significantly inferior in
the number and size of hexagons (average size
75x30 nm and 80x25 nm), and tetragons (ave-
rage size 60x35 nm) are present in small quan-

tities only in the Ti3H sample. Samples Ti4 and
Ti4H (Fig. 3(d, g)) have the smallest hexagons
(50x20 nm and 65x30 nm). Samples Ti5, Ti5H,
and T6H, which do not contain the rutile phase
(Fig. 4(d - g)), consist only of spherical parti-
cles. The Ti7H sample (Fig. 4h) with a close
content of three phases (Table 2) differs from
other samples by the indistinct shapes of dis-
torted particles, both spherical and polygonal
in shape.

“38kU X309, 808 B.Srm 8745

Fig. 3 TEM and SEM images of me-
so-nc-TiO, samples: Til (a, b), TilH (c,
d - after ultrasonic treatment), Ti4 (e, ),
Ti4H (g, h - after ultrasonic treatment).

https://ucj.org.ua
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Fig. 4 TEM images of meso-nc-TiO,
samples: Ti2 (a), Ti2H (b), Ti3 (c), Ti3H
(d), Ti5 (e), Ti5H (f), Ti6H (g), Ti7H (h).

Thus, within the framework of one approach
to sol-gel synthesis, a number of meso-nc-TiO,
samples with different phase composition (ana-
tase - rutile - brookite) were obtained in the
presence of HCl in ZGRM. It is shown that
small additions of surfactant and (or) lantha-
num salts, HTT, as well as the concentration of
reagents in the ZGRM affect the phase compo-
sition and texture of meso-nc-TiO, materials.
This allows for a reliable comparative analysis of

98

the obtained data on the photocatalytic activity
of TiO, samples and to optimize the process of
forming new photocatalysts with high activity.

The photocatalytic activity of meso-nc-TiO,
samples of different phase composition (ana-
tase - rutile - brookite) was studied in the mod-
el reaction of photocatalytic release of H, from
an aqueous-ethanol mixture.

Earlier [42], we showed that samples of
mesoporous TiO, (anatase) modified with Ni,
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Ag, and Cu nanoparticles exhibit photocataly-
tic activity in the process of releasing H, from
aqueous-ethanol mixtures. In these systems,
photochemically deposited metal nanopar-
ticles are co-catalysts that accept photoge-
nerated electrons in the TiO, conduction zone
and accelerate their transfer to the H,O mole-
cule. It was established [42] that copper nano-
particles are the most active co-catalyst. At the
same time, the holes in the TiO, valence band
are filled with the help of electron transfer
from ethanol molecules. Under similar con-
ditions, upon irradiation of the obtained me-
so-nc-TiO, samples with different phase com-
position, a rapid photodeposition process of
copper nanoparticles occurs, which is visually
recorded as a change in the color of the TiO,
sample from white to dark brown. During the
entire measurement period, the rate of H, re-
lease remains unchanged.

In Fig. 5a, as an example, kinetic depen-
dences for samples TilH and Ti4H are given.
At the same time, the commercial photocata-
lyst Evonik P25 shows much lower photocata-
lytic activity. As can be seen from Table 2, the
rate of H, release in the presence of Evonik P25
is almost 1.5 and 2.5 times lower than the in-
dicators of the above samples, respectively. The
photocatalytic activity of Evonik P25, which
consists of a mixture of nanocrystalline phases
of anatase (~70%) and rutile (~30%) and has
S.pr = 50 m*/g and a particle size of 20-25 nm,
is associated [31] with the possibility of spatial
separation of photogenerated different charge
carriers between anatase and rutile nanocrys-
tals due to a small difference in the value of the
conduction band potential of these TiO, phases.

Histograms and kinetic dependences pre-
sented in Fig. 5(a, b) show that most of the
meso-nc-TiO, samples (Table 2) are signi-
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ficantly more active than Evonik P25 photo-
catalysts in the reaction of releasing H, from
a aqueous-ethanol mixture Til, Ti3 and Ti5
are close in activity to sample P25, and Ti2H
and Ti2 samples are significantly inferior by 3
and 5 times, respectively. The first two places
in terms of photocatalytic activity are occupied
by hydrothermally treated samples Ti4H and
Ti7H. The highest activity in the case of sam-
ples Ti4H (1st place) and Ti4 (3rd place) can
obviously be explained by the synergistic effect
of anatase and rutile phases [12, 15], which is
due to the combination of these phases in the
mixed-phase compositions of Ti4H samples
(anatase (85%) - rutile (4%) - brookite (11%))
and Ti4 (anatase (97%) - rutile (3%)). More-
over, even 2% of rutile in the composition of
anatase — rutile causes an increase in the pho-
tocatalytic activity of such a photocatalyst [44].
A significant increase in the photocatalytic
activity of anatase compositions with a small
amount of rutile can be associated, as in the
case of Evonik P25, with a different position
of energy levels in anatase and rutile [12, 15,
31], which leads to a spatial separation of pho-
togenerated charges between the components
of the composition and accordingly, a decrease
in electron-hole recombination. In the case of
sample T7H (2nd place), high activity may be
a consequence of the influence of the concen-
tration conditions of the reagents used in the
synthesis of this sample. The effect of HT'T on
increasing the photocatalytic activity of TilH-
Ti5H samples (compared to Til-Ti5) is possi-
bly a consequence of an increase in the size of
the pore diameter in the treated samples. All
samples, which are obtained in the presence
of La** ion additives, are ahead of sample P25
in terms of activity. The only exception is sam-
ple Til (close in activity to P25). This may be
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related to the large value of the diameter of the
pores of the sample Til (14.5 nm). It is inte-
resting to note the fact that the specific surface
area of the studied meso-nc-TiO, samples and
their phase composition are not key factors af-
fecting their photocatalytic activity. For exam-
ple, samples Ti4 and Ti5H have the maximum
content of the anatase phase (97% and 100%, re-
spectively) and the maximum value of S, (122
m?*/g and 132 m?*/g), and in the range of activity
they occupy only 3 and 5 places, respectively.
Mixed-phase Til and TilH samples con-

sisting of anatase, rutile, brookite (Table 2) are
significantly inferior in terms of activity ob-
tained earlier [38] to samples of microspheres
(anatase) Ti(MS1), Ti(MS2) and Ti(MSI1)H,
Ti(MS2)H, probably due to the fact that the
special morphology of the microspheres pro-
vides much more efficient absorption of light
quanta. The Ti(MS2)H sample outperforms
both the Ti5H sample consisting of 100% ana-
tase and all mixed-phase meso-nc-TiO, sam-
ples obtained in the presence of HCI in terms
of photocatalytic activity (Table 2).

Fig. 5 Kinetic dependencies of the
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The results of a comparison of histograms
for the processes of H, release from an aque-
ous-ethanol mixture (Fig. 5b) and gas-phase
oxidation of ethanol [43] (Fig. 5¢) in the pre-
sence of mixed-phase meso-nc-TiO, samples
are interesting. According to the histograms, in
the process of ethanol oxidation, the most ac-
tive samples Ti4, Ti4H, and Ti5H occupy 1, 2,
and 3 places, and in the series of activity for the
process of H, release, these samples occupy 3,
1, and 5 places, respectively. A similar picture
is observed when comparing the histograms of
these processes using meso-nc-TiO, (anatase)
samples with the morphology of microspheres
and nanopowders containing La** as photoca-
talysts [36-38].

According to the results shown in Table 2,
the PhA of all three-phase samples that under-
went preliminary HTT before calcination and
differ significantly both in terms of textural
characteristics and crystallite sizes is higher
than that of Evonik P25, with the exception of
the sample. Based on this, it can be assumed
that all three phases (anatase, brookite and
rutile) are responsible for the manifestation
of photocatalytic activity. This assumption is
especially clearly confirmed when comparing
Ti4H and Ti5 samples, which are characte-
rized by almost identical specific surface va-
lues (respectively 96 and 98 g/m?*) and have a
close phase composition A/R/B (respectively
85/4/11 and 88/- /12). Here, the PhA of the
Ti4H sample, which additionally contains 4%
brookite, is 2.5 times higher than the PhA of
the two-phase Ti5 sample, which does not con-
tain brookite. This is probably due to the sy-
nergistic effect of three TiO, phases, the energy
of the valence band and the conduction band
of which are different, which contributes to the
effective spatial separation of photogenerated

https://ucj.org.ua

charge carriers and, as a result, to the growth of
the photocatalytic activity of mixed-phase sam-
ples. However, as can be seen from the results
for Ti7H (Table 2), a significant increase in the
content of the rutile and brookite phases and a
decrease in the content of the anatase phase in
the three-phase sample in comparison with, for
example, the Ti4H sample leads to a decrease
in the rate from 5.5 to 4.7 H,-10” mol/min,
probably due to a decrease in the content of
the anatase phase, which is the main source of
photogenerated charge carriers. As can be seen
from the results shown in Table 2, the three-
phase samples are more eflicient photocata-
lysts than the two-phase samples.

CONCLUSIONS. It was established that the
variation of the synthesis conditions, namely
the introduction of a small amount of dode-
cyldimethylethylammonium bromide (DD-
MEABr) and/or lanthanum salt into ZGRM,
containing dibenzo-18-crown-6 (DB18C6) as
a structure-directing agent and titanium tetra-
butoxide (HT'T) as a source of titanium. De-
creasing or increasing the concentrations of the
main reagents in the ZGRM, using HT'T before
calcining the samples has a significant effect on
the phase composition and texture of the sam-
ples when standard heat treatment conditions
are used (HTT at 175°C for 24 hours and an-
nealing in air at 500 °C for 4 hours). This makes
it possible to vary within fairly wide limits both
the qualitative and quantitative composition of
mixed-phase samples, their textural characte-
ristics and photocatalytic activity.

It is shown that the use of HTT before calci-
nation of samples significantly increases their
photocatalytic activity in the reaction of pho-
tocatalytic release of hydrogen from an aque-
ous-ethanol mixture due to changes in their
phase composition. In general, the obtained
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three-phase meso-nc-TiO, samples are more
effective photocatalysts than the two-phase
samples. The PhA of all three-phase samples
that underwent preliminary HTT before cal-
cination and differ significantly both in terms
of textural characteristics and crystallite sizes
is higher than that of Evonik P25. Probably, all
three phases (anatase, brookite and rutile) are
responsible for the final value of photocatalytic
activity due to the manifestation of the syner-
gistic effect of three TiO, phases, the energy
of the valence band and conduction band of
which are different, which contributes to the
effective spatial separation of photogenerated
charge carriers and, as a result, the growth of
photocatalytic activity mixed-phase samples.
However, a significant increase in the content
of the rutile and brookite phases and, accord-
ingly, a decrease in the content of the anatase
phase in the three-phase sample leads to a de-
crease in PhA, probably due to a decrease in
the content of the anatase phase, which is the
main source of photogenerated charge carriers.

The three-phase anatase (85%) rutile (4%) -
brookite (11%) sample shows the highest pho-
tocatalytic activity among the studied samples,
the PhA of which in the reaction of photocata-
lytic release of hydrogen from a aqueous-etha-
nol mixture exceeds the activity of the Evonik
P25 sample by 2.5 times.

It was established that the use of HT'T before
calcination of the samples significantly increas-
es their photocatalytic activity in the reaction
of photocatalytic release of hydrogen from the
aqueous-ethanol mixture mainly due to chang-
es in their phase composition. At the same time,
it is shown that the size of the specific surface
of the sample is not the dominant factor affect-
ing the photocatalytic activity of the obtained
mixed-phase meso-nc-TiO, samples.
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npoxxkaproBa"HaAM 3a 500 °C. IlokasaHo, 1o
H06GaB/IAHHA HEBENMKOI KiJIbKOCTI [Omenmi-
numetmieTwIaMoHilo 6pominy (DDMEABTr)
ta/abo comi nmantany B 3IPC, a takox I'TO
CIIpaB/AIOTb iCTOTHWMIT BIUIMB Ha (asoBuit
CKJIaJi Ta TeKCTYPY 3pasKiB. BcraHoBseHO, 110
Bukopuctanua ['TO nepes KanbLHYBaHHAM
3paskiB CyTTeBO mifBuinye ixHio oTokaTa-
nitnyHy akTuBHICTD (PA) B peakuii ¢oroka-
TaJITUYHOTO BUJiJIEHHS BOJHIO 3 BOTHO-€Ta-
HOJIBHOI CyMillli TOJIOBHMM 4YMHOM 3aBJSKU
3MiHaM ixHbOTO (pasosoro cknany. Hai6inpury
(dboTOKATAIITNYHY aKTUBHICTb BUABJISE TiIpO-
TepMasbHO 00poOmeHnit 3pasok ¢asoBoro
ckmayy aHaras (85%)/pytun (4%)/ Opykirt
(11%), sixa y 2,5 pasy nepeBUINYE BiIIOBifHY
XapaKTepUCTUKY /A KOMepLiitHoro ¢poroka-
tamizaropa Evonik P25. TTokasaHo, 1o Benmu-
YJHA IMTOMOI IIOBEPXHi 3pa3Ka He € [JOMiHYIO-
yyM (aKTOPOM BIUIMBY Ha OTOKATATITUIHY
aKTUBHICTb OfiepXKaHNUX 3MilIaHo-(a3oBMUx
3paskiB meso-nc-TiO, B mponeci BUieHHS
BOJIHIO 3 BOJJHO-€TAaHO/IbHOI CyMillli.

Knro4oBi cnmoBa: 30/1b-Teib-CHHTE3, ME3O0-
nopuctuii TiO, aHaTas-pyTUWI-OpPyKiT-KOMIIO-
3uuil, Buminenss H.
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MOAUDIKALIA KAPTOMIAHOIO KPOXMAJTHO XJIOPAHTIAPU0M

BEH30MHOI KUCJOTH
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Kpoxmarnb — 1je mpupopHiit momiMep, sIKuii 3a paxyHoK Mopudikanii HabyBae HeOOXiTHNX
B/IaCTMBOCTEI JIsI HOTPeb XapyoBoi, HaKyBaIbHOI Ta iHIINMX ramyseit mpomucnoBocti. Husi
Bifomi Taki cocobu mopmdikarii: ¢isuyni, ximiuni Ta 6iomorivni. Kpoxmari, mopndiko-
BaHi X10puaHOI0, $ochaTHO0, CYIbPAaTHOIO KUCIOTAMMU, OLITOBUM AHTiPUOM, OLITOBOIO
Ta OYPLITMHOBOI KMC/IOTAaMy, TiIPOKCUIOM KaJlilo, epcynbpaToM aMOHilo, BUPOOIAIOTH
y IPOMUCIOBUX MaclITabax y 6ararbox KpaiHax CBiTy. 3HayHa Ki/IbKiCTb HayKOBUX Ipalib
CTOCYETbCS B3a€MOIii pi3HUX BUAIB KPOXMAJIIO 3 XJIOPAHTi[pyAaMy XUPHUX KUCIOT. Kpim
TOT0, KPOXMa/Ib HATMBHMII Ta MOAVQIKOBaHMII Hifjfal0ThCs 6iofecTPYKIil, 1110 ZO3BOJISIE BU-
KOPVICTOBYBATM iX /I BUTOTOBJIEHHS €KOJIOriyHMX MarepiamiB. [IpoBegeno mopudikariio
KapTOIUIAHOTO KPOXMAJII0 X/IOPAHTiIpU/IOM OeH30IIHOI KVUCIOTH, SIKy MiATBEPIKEHO erle-
MeHTHMM aHanizoM. B IY-crexTpax BifOynucs 3MiHM CMyT 4acTOTM KO/MMBaHb HaTUMBHOTO
KPOXMaJII0 B HeXapaKTepUCTUYHIN 06/1acTi: yacToTa KonmBaHb 1pu 981,81 cm™ 36inpummnacs
i B cnexTpi Mopu¢ikoBaHOTO KPOXMaIIO0 Ta MeXUTh mpy 1024,82 cm'. Cmyra 3 4acTOTOIO
KonmuBaHb 923,07 cM™! 3micTunacs no 866,66 cm, a cMyra 3 4acToTOI0 KomBaHb 609,79 cm!
3MicTmnacs go 672,22 cM™, 0 BKasye Ha 3MiHYy HeXapaKTepUCTUYHOI 00/1acTi CIEKTPy 3pas-
Ka HaTVBHOT'O KPOXMaJIIo Iic/IA auyryBaHHA. B crexTpi IMP mMopudikoBaHOTO KpoXMaiio
3’IBUBCS CUTHAI IpU 7,3 M.4., 110 € XapaKTepHUM /ISl 6€H301HOT 0 Kinb1d. [IpoTe BusHa4M-
TY CTYIIiHb aljM/TyBaHHA [JIIOKOIIIPAaHO3HMUX JIAHIIIOTiB KPOXMAJIIO Ta BUSHAYMTY ITOI0KEHHSA
3aMicHuMKa 3a criekTpoM SIMP BusiBuiocs HeMoxxuBuM. BinOynycs 3MiHM 30BHIIIHBOTO BU-
LAy KPOXMAJTIO, IO BCTAHOBJIEHO 3@ I0IIOMOTOI0 MiKPOCKOIIIOBaHHS: XapaKTepHa gopMa
3epeH KapTOIUIAHOTO KPOXMAa/I — BUJIOBXXEHI OBaJ/IbHI 3epHa — 3pyliHOBaHi. JloCmimKeHo
B/IaCTMBOCTI OTPMMAHOTO MOAV(IKOBAHOTO MPOAYKTY 3a HOIIOMOTOI0 TepPMOTpaBiMeTpuy-
HOTO aHaJli3y Ta BCTAHOBJICHO, 1110 Mopydikalia sMiHmIa Gpopmu 3B’13KiB BOIOTM 3 KPOXMa-
7IeM, 30BHILIHI BUIJIAL, 3€P€H, CTYIIIHb KPUCTAIIYHOCTI 3MeHImIacA 3 12 1o 5 %.

Knro4oBi cmoBa: kpoxmasp, HaTMBHUI, MoudikoBaHMil, 6eH30IHa KMCTIOTA, XIOPaHTi/-
puz.
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BCTYII. Kpoxmanb K IpUPOJHili osimep
IIMPOKO BUKOPVCTOBYIOTb Y Oaratbox ranmy-
35X IPOMUCIIOBOCTI. BiracTMBOCTI HaTMBHOTO
KPOXMAJII0 He 3aBXX/IM BifITIOBiJal0Th T€XHOJIO-
rivHMM moTpebaM mij 4ac BUPOOHMIITBA Xap-
YOBUX NPOAYKTIB 200 IaKyBaJIbHUX MaTepia-
miB. Mopudikariis KpoxMaao HaJa€ MOXIIN-
BOCTi 3MiHIOBaTK i3MKO-XiMi4Hi BIaCTUBOCTI
HaTMBHOTO KPOXMAajl Ta CTBOPIOBaTU HOBi
Matepianu i3 3afgaHMMM BracTMBOCTAMMU [1].
Huni Biomi Taki cnocobu mopudikamii: di-
314Hi, XiMiuHi Ta 6iostoriuHi. BuByeHHA Mexa-
Hi3My ximivHOI Mopmdikauii, 3MiH 6ygoBK Ta
BIACTUBOCTEN MOAU(IKOBAHOTO KPOXMAJIIO
IO3BOINTDH POSIIMPUTH XiMiI0 ITO/TiCaXapuiiB.
Kpoxmarni, mogudikoBani xmopugHoio, ¢oc-
¢daTHO0, CyIb(AaTHOIO KUCIOTaMM, OLITOBUM
aHTi[PUOM, OLITOBOIO Ta OYPIITIHOBOKO KVC-
JI0TaMy, TiIpPOKCUJIOM KaJlilo, epcynbdaToM
aMOHII0 B IPOMMCIIOBUX 06CsTaxX BUPOO/IAIOTH
y 6araTbox KpaiHax cBiTy [2].

3HavHa Ki/IbKiCTh HAyKOBMX Ipallb CTOCY-
€TbCA B3a€EMOfIl Pi3HUX BUJIB KPOXMAJIK0 3
XJIOpAHTiIpUAaMy >KUPHUX KUCIOT [3, 4].
Kpim TOro, kpoxmanap HaTMBHUI Ta MOAVQi-
KOBaHMII HifgfarThcs 6iomecTpykuii, 1m0 103-
BOJISI€ BUKOPUCTOBYBATH iX JI/IA BUTOTOBJIEH-
Hs eKolorivHux MatepianiB [5]. B acmekri
TEIEePilHbOI €KOJIOTIYHOI CUTYallil B CBITi €
aKTyaJIbHUM pO3LIVPEHHA aCOPTUMEHTY CU-
POBUHM [/ €KOJIOTiYHMX ITAKYBa/IbHMX MaTe-
piais.

binpuricTh 3apONOHOBAHMX CXeM MOAM-
dikanii momicaxapupis, sKi HaBeleHO B JTiTe-
paTypHUX JDKepenax, € OaraTocTafiltHMMIN,
CKJIQJHVIMM, TTOTPeOyI0Th BapTiCHMX Ta Bifi-
HOCHO TOKCUYHMX PEareHTiB, IO HEIpUIIyC-
TUMO IJIA Xap4OBOI IPOMMCIOBOCTI Ta IJIA
IpegMeTiB 1 MarepiajiB, NPU3HAYEHUX [I/IA
KOHTaKTy 3 Xap4yoBuMM Inpopykramu. Came

https://ucj.org.ua

TOMY HOCTIi/pKeHHsA TeMy Mopudikamii Kpo-
XMaJl0 € aKTya/JbHUM Ta >KUTTEBO HEOOXiH-
HuM. Ha nifcrasi nonepengHix gocmimxens [6]
MOYXHA CTBEPPKYBATH, 110 MOAVQiKais mpu-
POAHMX IOTIMEPIB MO3UTUBHO IIO3HAYAETHCSA
Ha BJIACTMBOCTAX MOMIMePY AK CUPOBUHU LA
6iomerpamabenbHuX MaTepiaiB.

Meroro Hamoi pobotn 6yn0 HmpoBefeHHS
Mopugikarlii HaTUBHOTO KapTOIUISTHOTO KPO-
XMaJTI0 XJIOPAHTigpuIoM OeH30/HOI KUCTOTH
Ta MOCTiKeHHs (i3nMKO-XiMiYHMX BIacTH-
BOCTeJT IPORYKTY Moauikariii.

EKCIHIEPMMEHT I OBI'OBOPEHHA PE-
3YJIPTATIB. 3anmpoIOHOBaHO 3PyYHUII Me-
Tof Moaudikanii KpOXMaI XTOPaHTigPULOM
0€H3011HOI KMCIIOTM 3 BMKOPMCTAaHHAM pPO3-
YyHHUKA guMeTwicynbdokcupy (IMCO),
AKNI € BOJOPO3UYMHHNM, IO I03BOJIA€ OBHi-
CTIO BUJA/IUTH JIOTO 3/IMIIKY IIC/IA PeaKil.

MonndikaTopoM KpOXMaIi0 3aIpOIOHO-
BaHO OEH30JHY KUCJIOTY, Ky BUKOPVUCTOBY-
IOTh Y Xap4OBiil IIPOMUCIOBOCTI K KOHCeEp-
BaHT [7].

ITiozomosxa kpoxmanto 00 peakyii ayumny-
BAHHS X/I0paH2iOpudom 6eH301iHOT KUcIomu.
Y xonby Ha 500 cm® momimanu 100 r kapTo-
IUITHOTO KPOXMaJIIo, il €eTHYBa/IN 4epes 3a-
no6ixHy ckIAHKY ([Ipekcend) mo BogocTpy-
MEHEBOI'0 HacocCa i HarpiBaaM Ha KUIUIAYIN
BOfIsiHIN 6aHi mpotsarom 9 roj. Buxim mpo-
nykTy: 88,1 T (BTpaTu 3a paXyHOK CYIIiHHA
11,9 %).

ITiozomoska JIMCO

300 cv® JMCO BuTpMMyBamm HpOTATOM
2 11i6 mpy nepiogMYHOMY NepeMilllyBaHHi HaJl
npoxapeHnM 3a temneparypu 400 °C CaO.
[Torim IMCO nepenocunu B kon6y Ha 500 cm?
i momaBanu 30 cM® cyxoro GeH3eHy. 3aIMLIKN
BOJM BiITaHA/IV 32 aTMOC(EPHOTO TUCKY Y BU-
i aseorpony 3 6eHseHoM i JMCO e pas
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IeperaHsAn y BaKyyMi BOJOCTPYMEHEBOTO
Hacoca.

Cunme3s xnopareiopudy 6eH301iHoI Kucnomu

Y peaktop Ha 100 cm’, obmagHaHUiT Mar-
HITHOIO MIIIAJIKOIO 3 MifirpiBOM, KpaIeabHO0
TiJIKOI0, TeEPMOMETPOM i 3BOPOTHMM XOJIO-
mybHUKOM moMictwu 12,2 v (0,1 M) 6en-
30/1HOI KMCTIOTH. 3a YMOBM IlepeMilllyBaHH:
yepes3 KpaleabHy JIiliKy HEBENUKUMU IOp-
nismn popasamm 23,8 T (0,2 M) xmopucToro
TioHimy. PeakniiiHa cymill mocrynoBo posi-
rpiBanacsa. Yepes 1 rop gomabBany Tpy Kpari
IM®A, Ttemneparypy HiATpMMyBaau Ha piB-
Hi 50-60 °C me Brnpoposx 5 rof. Hagmmmok
XJIOPUCTOTO TIOHI/LY BifraHA/IN Y BaKyyMi BO-
mocTpyMeHeBoro Hacoca. Orpumamm 12,3 r
(87,9 %) mponyKTy, AKMII BUKOPMCTOBYBA/IN
6e3 pomaTKoBOro oumileHHA. CxeMy OTpu-
MaHHs X/IOPaHTiApuAy OeH30JHOI KUCIOTU
HaBeJIeHo Ha puc. 1.

C,H.COOH+S0, = C,H.COCI+S02 +HCI

Puc. 1. Cxema cuHTe3y XIOpaHTiipuay 6eHsoii-
HOI KUCJIOTY
Fig. 1. Benzoic acid chloride synthesis scheme.

Ecmepudgixayis kpoxmanio XxnopaHeiopu-
0om 6eH301iHOT KUcnomu

Y Tpuropnmit peaktop Ha 500 cm’, obman-
HaHWJI Mar"HiTHOKI MIIIAJIKOX 3 MifirpiBom,
MiJKOI0, TePMOMETPOM i 3BOPOTHMM XOJIO-
avnbHMKOM, momimanm 18,0t (0,1 M) y pos-
PaxyHKY Ha III0KO3y) BUCYLIEHOTO KPOXMaJIio
i 350 cm® Bucymenoro [JMCO. Ilepemimysa-
M mpoTAroM 3 rof 3a Temneparypu 75°C mo
YTBOPEHHA NPO30pux Apariis. [Jani sHiManmu
Harpis i gomaBamu 0,5 r K,CO, (6mmusbko 2 %
Io Macu kpoxmaio). Ilig yac nepeminryBaH-
HA JOfJalM HeBeMMKMMM nopuiamm 21,1 r
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(0,15 M) xnopanrigpuny 6eH30/1HOI KUCTOTH.
Peakniiina Maca rycrimarna, yepes 1 roj peax-
1ilfiHa Maca fBJsIa o000 IyXe IyCTi gparmi
CBIiT/IO-XOBTOr0 Kombopy. CyMilll HarpiBanm
IIpy IepeMilllyBaHHi Lje IPOTATOM 2 Tof 3a
temrneparypu 55-60 °C. Peakuiiiny cymim
3a/MIIajY Ha HiY 3a KIMHATHOI TeMIlepary-
pu. Hani nogaBamm 150 cm® eTaHONy Ta iHTeH-
cuBHO nepemimysBamn 1 rox. Ocap, 10 BUIIAB,
BifdinbTpoBYBaNyM Ha BaKyyMi BOZOCTpyMe-
HEBOTO HAacoca, IPOMMBAIN OVUCTU/IbOBA-
Ho0 Bomow (2x30 cm?), eranonom (2x15 cm?).
OTpuMaHnii IpOAYKT CYHIVMIN HA TOBITPi 3a
KiMHATHOI TeMIlepaTypu.

Memoou docnioneHHs

IHdpauepBOHE ROCTIKEHHA NPOBOANIN
Ha nnpuiapi Nexus-475 ¢ipmu Nicolet, Tabner-
Ka 3 KBr.

PenTreno-¢asosuil aHamis MpoBOAWIN Ha
npunagi «JPOH-3M» y BunmpoMiHOBaHHI
CuKa 3 Ni dinsrpom; U=35 kV, [=20 mA;
KyT IepeMillleHHA miunapHuKa A20=0,04°%
9ac BiUIiKy iIHTEHCMBHOCTI 3 C.

TepMmorpaBiMeTpudHe HOCTIIPKEHHA IIPO-
Bopyn Ha npuafi Q-1500B.

AMP-cnextpu peectpyBanu Ha AMP-cnex-
tpomerpi MERCURY, ¢ipmu VARIAN,
400 M1y y posunui DMSO-d6.

IY-0ocnioncenns

3a pesynbraTamu aHajnisy IY-cnekrpis Ha-
TUBHOTO KapTOIUITHOTO KpoxMaso (puc. 2 a)
i MmopudikoBaHOrO XJIOpaHTiApULOM OEH30I1-
HOI KUCIOTU BUJHO, 10 B [Y-crekTpi Mmopu-
¢ixoBaHOrO Kpoxmaino (puc. 2 6) BigOymucs
sminn. Tax, B IY-crekTpi € mMakcumym npu
1710,82 cm'!, mo € xapaxkTepanMm gt C=0 y
CKJIaJli eCTepHOI Ipymn, siKa 3'sIBU/IACs B MOJIN-
¢dikoBaHOMY KpoXMasli B pe3y/lbTaTi peakuii
alIyBaHHA.
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Puc. 2. [Y-cniekTpu HAaTHBHOTO (a) Ta MOAM(iKOBAaHOTO (0) KAPTOTUISTHOTO KPOXMAITIO
Fig. 2. IR-spectra of native (a) and modified (b) potato starch.

https://ucj.org.ua 113




®I3UYHA XIMIS

MOAUGIKALIS KAPTONSHOIO KPOXMATHO XJIOPAHTIAPUA0OM BEH30/HOI KUCNOTH

Y crexTpi HaTMBHOTO Kpoxmanio (puc. la)
IPUCYTHA MOCTaTHBO IIMPOKA IHTEHCUBHA
CMyTa, fAKa 3HaxoguThca 1pu 3380,35 cm’', a
B CreKTpi MopudikoBaHoro 3paska (puc. 26)
CMYTa JISKUTD B 0071aCTi Oi/IbII CMITBHNX KON -
BaHb npu 3411,08 cm, w0 noB’s13aHo 3i CTy-
neHeM y4dacti OH-rpynu B yTBOpeHHi BofjHe-
BUX 3B A3KiB. [[]o Gifblie rifpOKCUIBHMX IPyTI
bepe y4acTb B YyTBOpPEHHI BOJJHEBUX 3B'A3KiB
(HaTMBHMIT KpoxMasb), TO 6Oinbpima 067acTh
iXHiX KOMMBaHb 3Mill[yeTbcs B crmabke Iofe
[8]. Kpim Toro, mpu nopisaaHHI [Y-criexTpis
HAaTMBHOTO Ta MOAMQIKOBAHOIO KpOXMasiB
(puc. 2 a, 6) BCTAHOB/IEHO, 1[0 CIIEKTPU Ma-
I0Th pi3HI KONMMBAHHA B HeXapaKTePUCTUYHIN
obmacti. B [Y-criexTpi HaTMBHOTO KpOXMAJIIO
(pmc. 2a) MiCTUTbCA HM3KA KOMMBAHDb y HeXa-
paKTepuUCTUYHI 067acTi, 30kpema 981,1 cm™,
923,07 cm’!, 609,79 cv''. Ilig yac mopiBHAHHA
VX JaHMX 3 AHAJIOTIYHMMU KOIVMBAaHHAMMU
MOM(}IiKOBAaHOTO KPOXMATI0 BMIHO, IO B
CIIeKTpi HATMBHOT'O KPOXMAJII0 4aCTOTa KOJIN-
BaHb npu 981,81 cm™ 36inpmmIacs i B cnek-
Tpi MOAM(}IKOBAHOIO KPOXMAIIO JISKUTH IIPU

S,

OH O—
OH

HO
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1024,82 cm!, cMmyra 3 4YacTOTOI KOJIVMBAHb
923,07 cm! 3amicTnacs o 866,66 cm’, a cmyra
3 YaCcTOTO KoMMBaHb 609,79 cMm™ 3MicTrmacs
1o 672,22 cM’', 1m0 BKa3ye Ha 3MiHy HeXapak-
TEPUCTIYHOI 00/IaCTi CIEKTPYy 3pasKa HaTUB-
HOT'O KPOXMaIio mic/ia anynyBanHA. OTxe, 3a
pesynbraTamu IY-aHanisy spasku HaTMBHOTO
Ta MOJM(iKOBAHOTO KPOXMaJIiB MaIOTh Pi3HUIA
XiMIYHMII CKIafl Y pe3y/nbTaTi XiMiYHOI MOJU-
dikaril KapTOIITHOTO KPOXMAJTI0 XJIOPaHTifI-
puoM OeH30IIHOI KMCTIOTH.

Enemenmmuii ananis

OTpumaHi pe3ynbTaTy €/1€MEHTHOTO aHa-
i3y, alMIbOBAHOTO AHTiAPMUAOM OeH30MHOI
KUCTOTH, Taki: 3HalileHo Kapbony 48,26%,
ligporeny - 5,71 %. C H, O, . PospaxoBano
Kap6ony 48,15 %, l'gporeny -5,62 %.

Hasepeni pesynbratu IY-cnexrtpis Ta pe-
3Yy/IbTAaTV €JIEMEHTHOTO aHaJli3y IIOKa3yIOTb,
110 alMIyBaHHA KPOXMAJII0 XJIOPaHTigpUIOM
OeH301HOI KMCIOTM Bifbynocsa 3a cHiBBif-
HOUIEHHAM OJHI€l MONIEKY/IN XJIOPaHTiipuLy
0eH301THOI KMC/IOTH i TPhOX 3a/IMIIKIB I/TIOKO-
nipaHO3HUX Kinenp (puc. 3).

0. .Cl
C

-n HCI

Puc. 3. CrpykrypHa ¢popmyna
npoaykry Mopudikanii kapro-
IJIAHOTO KPOXMAJII0 XJIOPaHTif-
puoM 6eH30THOI KUCTIOTH

Fig. 3. Structural formula of
the potato starch modification
product with benzoic acid chlo-
ride.

OH

OH O—
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ABtopu [9] cTBepmXKyOTh, 1[0 HAMOITBII
JIETKO alIMIIOETbCA MEPBMHHA CIOMPTOBA TPY-
na i rifpokcunbHa cnmproba rpymna mpu C2.
Inmi pocnigHuky (4] HagaoOTh mepeBary rif-
poxcwnbHiN rpyni npu C2.

Tepmozpasimempuute 00CiOHEeHHS

3a yMOBY 3MiHU KPUCTATIYHOI Ha aMOpHY
CTPYKTYPY MOXKHa OYiKyBaTy 3MiHYy B/IaCTH-
BOCTi peUOBMHU 3B’A3yBaTi Ta yTPUMYBATH
BOAY. 3a JOIIOMOTOK TEPMiYHOrO aHaji3y OT-
PVMAHOTO [iepUBaTOPaMI, aHa/Ii3 Pe3y/IbTaTiB

SKUX HaBeIeHo B Taor. 1.

Tabn. 1
30Hu TepMOTIi3y HATUBHOTO Ta MONM(iKOBAHOTO KPOXMaJIiB
Table 1.
The zones of native and modified starches thermolysis.
30HM TepMOIi3y
I II I v
Bupinenns Bupginenns Tepmonis rOpiHHA
o| azmcopboBaHoi | KpucTanisaniiiHoi 6e3BOIHIX O6Byr/IeHH IPOAYKTiB
cg BOJM BOJM IIPOAYKTiB 0OBYITICHHSA
= Temmepa- |A m ,|Temmepa- |Am, |Temmepa- |A m ,|Temmepa- |Am, |Temnepa- |Am,
S|rypamit | % TypHuit | % Typanit | % Typanit | % Typauit | %
g iHTepBarl, iHTepBarl, iHTepBal, IHTepBaI, IHTepBaI,
M |°C °C °C °C °C
S
=
E 65-100 3,9 | 100-140 | 3,8 | 300-380 | 7,5 | 380-500 | 5,0 | 500-600 | 7,5
<
m
=
S
=
3]
8
g 60-100 49 | 100-240 | 13,3 | 240-370 | 7,5 | 370-500 | 3,8 | 500-670 | 1,5
S
=
S
=

BipmoBinHO o pe3ynbratis Tab1. 1, Mopndi-
KOBaHMII KPOXMasIb MiCTUTD 6ijibliie aficopbo-
BaHOI Bou Ha 1,0 % 3a paxyHOK IpOBEJEHHSA
mMopmdikarii Yy BOJHOMY CepeJoBUIL i came 3a
PaxyHOK LbOTO Ki/IbKiCThb KpMCTa/lisaliiflHOl
BOAM B MopudikoBaHOMY Kpoxmaii Ha 9,5 %
€ 6inpmmoso. Ilix yac mposenennsa Mopydikariii
BifiOyBaeTbcsA KiIelicTepu3alis KpOXMasmo, a
ITiJ} 9ac JI0ro anyuayBaHHA YTPUMYETbCA i BOJa.

https://ucj.org.ua

CamMe 3a paXyHOK HaABHOCTI KpUCTa/li3alliiHOI
BOIM B MOAiM(biKOBaHOMY KPOXMaJli KilbKiCTb
0e3BOIHNUX MPOAYKTIB MEHIIA i, K HACTMOK,
y TpeTiit 30Hi TepMoi3y KibKicTb 6e3BOIHMX
npoAyKTiB Ha 10 % MeHIla, HDK I/14 HATUBHO-
ro Kkpoxmaso. Kpim toro, Tepmornis 6e3BogHmx
IIPOAYKTIB IIOYMHAETHCA 3a JEL0 HYDKYMX TEM-
neparyp — 240 °C npotu 300 °C 114 HAaTUBHOTO
kpoxmaso. Orxe, MombiKallis KapTOIJITHOTO
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KPOXMaJII0 XJIOPaHTiIpuIoM 6eH301THOI KIC/IO-
TV 3YMOBJIIO€ 3MiHY ()OpMM Ta Ki/TbKOCTi BOAM
KapTOIIAHOTO KPOXMAJIIO.

AMP-0ocnioncenHs

Y cnextpi IMP mopugikoBaHOro kpoxma-
JTI0 3’ IBUBCS CUTHAJI IIPK 7,3 M. 4., IIJO € XapaK-
TEPHUM JJ1s1 6E€H30THOTO Ki/IbIIs.

BusHaunTy CTYIiHDb alM/IyBaHHA IJIIOKOIIi-
PaHO3HMX JIAaHIIOTiB KPOXMAJIIO Ta BU3HAYUTH
IIOJIOKEHH: 3aMiCHMKA 3a crieKTpoM SAMP Bu-
ABUJIOCS] HEMOXK/IMBYIM.

Penmeeno-cmpyxmypHe 00cnioneHHs

3 MeTOoI0 3'ACYyBaHHA BIUIVBY IIPOLiECy eTe-
pudikanii xmopaHrifpugoM OGeH30MHOI Kuc-
JIOTY HAa KPUCTATIYHICTD CTPYKTYypM KapTo-

8000
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20, rpag.

IJIAHOTO KPOXMAJIl0 BUKOPUCTAHO PEHTIEHO-
cTpykTypHmit aHanis [10]. Orpumani gudpak-
TOIPpaMI HaBefIeHO Ha puc. 4.

PenTrenorpama HaTMBHOTO KPOXMaJIIO BKa-
3y€ Ha i10ro aMOp(HO-KPUCTAIIYHY CTPYKTY-
py 3i cTyneHeM KpucramidHocTi 12 %. Mopu-
¢dikoBaHMIT KpOXMaab Mae aMOPPHY CTPYK-
TYPY 31 CTyleHeM KpUCTamivyHOCTi e 5 %.
Kpim Toro, pyiiHyBaHHSA IIEPBMHHOL CTPYKTY-
P¥ 3epeH KPOXMAaJII0 TaKOX IiITBEPIPKEHO 3a
JOIIOMOTOK0  ONTUYHOIO MiKPOCKOITIIIOBaHHA.
OTxe, mpoBemeHHs XiMiuyHOI Mopmdikarii
XJIOpPaHTiApUIOM 6EeH30IIHOI KUCTOTYU CIpU-
YUHAE 3MEHIIEHHA KPUCTAIIYHOI CTPYKTYpH
BUIXiTHOTO KpPOXMaJIIO.
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Puc. 4. PeatrenorpamMu HaTUBHOTO kKpoxmaio (1) Ta MomudiKoBaHOTO XJIOPAHTIAPHIOM OCH30MHOT

kucnotu (2) (n=3, p<0,05)

Fig. 4. X-ray patterns of native starch (1) and benzoic acid modified with chloride anhydride (2) (n=3,

p<0.05).

Hocnioncenms nio mikpockonom

HatmBHMi1 KpoxXManb 3HaXOOUTHCA Y BHU-
IS/l 3€peH, sIKi MOYKHA MOOAYUTM Tif Mi-
KpOCKONOM. /1A KOXKHOTO BUJy 3a/IEXKHO Bif
IIOXOJPKEHH BiH Mae pisHy GopMy Ta po3Mip.
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Ockinpkn B mpoueci mposefeHol Mopmdika-
il Bin6ynoc,q alMTyBaHHA IJIIOKOIIIPAaHO3HMX
JIAaHIIIOTiB, TO MOXKHa Oy/I0 O4iKyBaTy i 3MiHy
¢dopmu 3epen. Pesynbraty mOCiKeHHA Ha-
BeJIEHO Ha puc. 5.

ISSN 2708-129X. YKp. xim. XypH., 2023
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0

Puc. 5. Burnsay 3epeH HaTMBHOTO (@) KapTOIUITHOTO KPOXMaIio Ta MOAM(IKOBAHOTO X/IOPaHTifipK-

nom 6ensoitaol kucinotu (6) (x400)

Fig. 5. The grains appearance of native (a) potato starch and benzoic acid modified with chloride

anhydride (b) (x400).

30BHIIIHI BUITIAJ KPOXMaliB IIOKAa3YeE, 1110
xiMiuHy MoaMdikamilo KapTOIUIAHOTO Kpo-
XMaJTio 3[iICHEeHO, OCKi/NbKM Biffoynocs pyii-
HyBaHHA Io4yaTkoBoi ¢opmm 3eper. Orxe,
3MiHa 30BHILIHBOI (HOPMU 3epeH KPOXMAJIIO
TaKOX IATBEpIKye XiMiuHy Mopmdikaiio
KapTOIUIAHOTO KPOXMAaJIo X/IOPAHTigpULOM
0€H30J1HOI KIMCIIOTIL.

BVICHOBOK. IlpoBegeno Mopudikariio
KapTOIUIAHOTO KPOXMaJ/l X/IOPaHTigpUIOM
6€eH30IIHOI KIUCIIOTH, AKY MiITBEPIYKEHO erle-
MeHTHUM aHanizoM. B IY-cnekrpax BigOymm-
CsA 3MiHM CMYT 9acTOTU KOJMBaHb HATMBHOTO
KPOXMajIl0 B HeXapaKTepUCTUYHilT 06sacTi:
qacTOTa KO/MMBaHb 1py 981,81 cM™! 36inbmma-
cs1i B ciekTpi MopiMiKOBaHOTO KPOXMAJIIO Jie-
KuUTb pu 1024,82 cM™!, cMyTa 3 4aCTOTOIO KO-

https://ucj.org.ua

anBaHb 923,07 cm! smicTunaca go 866,66 cMm™,
a CMyTa 3 YacTOTOI0 Ko/muBaHb 609,79 cM™ 3Mic-
Tinacsa 1o 672,22 cm’!, mo BKasye Ha 3MiHY
HeXapaKTepUCTUYHOI 06/acTi CIeKTpy 3pas-
Ka HaTMBHOTO KPOXMajlo0 IIC/IA alyulyBaH-
HA. JlOCHiPKEeHO BIACTUBOCTI OTPUMAHOTO
MoziM(piKOBAaHOTO NMPOAYKTY Ta BCTAHOBIICHO,
o Mopudikanisa sMinnta popmu 3B s13KiB BO-
JIOTU 3 KPOXMaJIeM, 30BHIIIHIN BUIJIAL 3€PEH,
CTYIIiHb KPUCTA/IIYHOCTI 3MeHIIMIacA 3 12
1o 5 %.

—>  [TOIAKA. Po60Ty BUKOHAHO B MeKaxX
E/' mepxOomKeTHol Temm: «XiMidHMI
[M3ajiH Ta BMBYEHHA BIACTHBOCTEN
CHONMYK TeTePOIUKIIYHOI OymoBM»,
Aep>KaBHUI PpeecTpaliiHuii HoMep
0119U103520.
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®I3UYHA XIMIS

MOAUGIKALIS KAPTONSHOIO KPOXMATHO XJIOPAHTIAPUA0OM BEH30/HOI KUCNOTH

N
POTATO STARCH MODIFICATION WITH

BENZOIC ACID CHLORINE HYDRIDE.

S. I. Shulga, O. S. Shulga

National University of Food Technologies;
68 Volodymyrska str., 01601 Kyiv, Ukraine
E-mail: shulgasi2015@gmail.com

Starch is a natural polymer due to modifi-
cation, acquires the necessary properties for
the needs of the food, packaging and other in-
dustries. The following modification methods
are known: physical, chemical and biological.
Starches modified with chloride, phosphate,
sulfate acids, acetic anhydride, acetic and suc-
cinic acids, potassium hydroxide, ammonium
persulfate are industrially produced in many
countries in the world. A numeric of works
concerns the interaction of various starch
types with fatty acid chlorides. In addition, na-
tive and modified starch are biodegradable and
allows them to be used for the ecological mate-
rials. The potato starch modification with ben-
zoic acid chloride was carried out and was con-
firmed by elemental analysis. There were chang-
es in the vibration frequency bands of native
starch in the uncharacteristic region in the IR
spectra: the vibration frequency at 981.81 cm
increased and in the spectrum of the modified
starch it lies at 1024.82 cm', the band with the
vibration frequency of 923.07 cm™ shifted to
866.66 cm™, and the band with an oscillation
frequency of 609.79 cm™ shifted to 672.22 cm,
which indicates a change in the uncharacter-
istic region of the native starch spectrum af-
ter acylation. A signal appeared at 7.3 ppm in
the modified starch NMR spectrum, which is
characteristic of the benzoin ring. However,
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it was impossible to determine the degree of
starch glucopyranose acylation chains and de-
termine the substituent position by NMR spec-
trum. There were changes in the appearance of
starch, which was determined by microscopy:
the characteristic potato starch grains shape,
elongated oval grains were destroyed. The
obtained modified product properties were
studied using thermogravimetric analysis and
it was established the modification changed
the forms of moisture bonds with starch, the
grains appearance, and the crystallinity degree
decreased from 12 to 5%.

Keywords: starch, native, modified, benzoic
acid, hydrogen chloride.
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