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BJIMAHUE AHUOHOB HA KATAJIMTUYECKYIO AKTUBHOCTD
B PEAKTIMIN OKUCJIEHNA MOHOOKCHIIA VIVIEPOJIA
KNCJIOPOAOM MEIHO-ITAJTJTAAVUEBBIX KOMIIJIEKCOB,
SARPEINVIEHHBIX HA KM CJIOTHO-MOAN®UITMPOBAHHBIX
OBPA3ITAX BA3AJIBTOBOI'O TY®A

YCTaHOB/ICHO, YTO NPMUPOAA AHMOHA CYILIECTBEHHO BAMICT HA KATAIUTUYCCKYIO AKTUB-
HOCTb MEIHO-IIA/JIAAMEBbIX KOMILUIEKCOB B PeaKLMK OKKMCACHMA MOHOOKCHAA YIaepoaa
kucaopoaoM. Aunonnt NO;, F™, C17, SO,”” 0HOTUIIHO BAMSIOT HA KUHETUYECKUE U
CTEXHOMETPHYECKIE TTapaMeTPhl peaKIINi, 1 MX OTPUIIATEILHOE NeCTBIE YCIINBACTCS
B pagy NO, <F~ <Cl” <S80,

KiroueBsle cj1oBa: MOHOOKCHI, YIJIEPOId, OKWCIIEHWE, KaTaau3artop, KUCJIOTHO-
MOIUDUIIMPOBAHHEI 6a3aTBTOBHII Ty ().

W3BecTHO, 9TO KOOpAWHAIIMOHHOE OKpyx)eHne Komruiekcos Pd(1I) u Cu(ll), kak pac-
TBOPEHHBIX [l] Tak M HAHECCHHBIX HA OKCHJIHBIC HOCHTENH CO cHaObIMH MOHOOOMCH-
HBIMU CBOiicTBaMu [2], OKa3bIBaeT CyNIECTBEHHOE BIUAHUE Ha MX KaTAJIUTUYECKYIO
aKkTUBHOCTH B peakuuu okucienus CO. Ilpu ucroib3oBaHMU B KauecTBe HOCUTeENEl
HOPUPOTHBIX COPOCHTOB CIOKHOIO (Pa30BOr0O M XMMHUUYCCKOIO COCTaBa HEOOXOIUMO
TaK JK€ YUUTBIBATh CeUn(UKY BIUAHUSA KaTUOHOB U aHHMOHOB Ha JIOKAIN3aLUI0 HOHOB
[IEPEXOJHBIX METAIIOB B CTPYKTYpPE IIOPUCTOrO HOCUTEIIS U FE€OMETPUIO KOOPIUHALIM-
OHHOTO Yy37na [3-6], n30MpaTeabHOCTh U CICHU(UYHOCT HOHOOOMEHHBIX IMPOIECCOB.
Panee [7] mokasano, 9To mpupona BHeNTHeC(HEePHBIX KaTHOHOB IIENOYHLIX METaJIOB B
M_PdACI, (M = K', Na" Li") Bimsier Ha KaraliuTHYECKyI0 AKTUBHOCTH KOMIIO3HIINH
K,PdCl 4-Cu(N03)2-KBr-HZO/H-BT(1)*-6 B PEAKIMU OKUCJACHUSI MOHOOKCH/IA yIiiepoaa
KHCIOPOAOM.

Lens pabotel — u3yunTs Bimsinne npupozisl annonos Cl7, F7, NO;, SO,* na karann-
TUUYCCKYI0 aKTUBHOCTh METHO-NAIAIUCBBIX KOMILICKCOB, 3aKPCILICHHBIX HA KUCIOTHO-
MOAM(UIIMPOBAHHLIX 00pa3nax 0a3aabToBOrO Ty(a B peakuy OKUCICHUA MOHOOKCHAA
yTIIepoaa KUCIOPOIOM.

MeToauka JIKCIIEPMMEHTA

B xagectBe HOCHTENA METADIOKOMIDICKCHOTO —KAaTaju3aTopa HCIOIL30BAIH
npupozHeiit 6azamsToBei TYd (BT(1)*) (PoBenckas 06:1., TTombikoe MECTOPOXKICHNHE,
rmyOuHa 3aneranus macta — 20-30 M) mocite ero KUCI0THOTO MOTU(MDUITNPOBAHAS KUTISI-
uenueM B 3M HNO, B Teuenue 6 gacos (B naapueiimem obosnadaemelit H-5T(1)-6) 1o
METOAMKE, OMMMCAHHOM B [8].

CrangapTHelii  oOpaszell Karajgu3aTopa MOJMyYald METOIOM HMIIPErHHPOBa-
aus H-BT(1)"-6 mpommTounsiM  pactBOpoM, copepskanmm  xmopun  mammagus(ll),
nutpar wmeau(Il), Opomua-uonbl [9]. Jlnsi ONBITOB MCMOIB30BAJIM  KOMIIO3MIIMK
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K, PdCl1 -Cu(NO,),-KBr-A-H,O/H-BT(1)*-6, B KOTOpBIX BapPHUPOBAIN COAEPKAHUE JIO-
0aBok (A): armona (NO;) npn karmonax (K, Na*, Ba*") n anmonos (NO;, F~, CI~, SO,7)
pu katroHax K* u Na'.

Bnaxkusie, peixipic 00pa3ubl BEIACPKUBAIN B 3aKpbIToi yamke [letpm mpu xom-
HaTHOHU TeMmeparype B Tedenue 20 1 s «co3peBaHusmy Katamuzaropa. llocie gero ux
CYLIMIU B BO3AYIIHON cpene npu Temneparype 110 °C 1o moctosaHHoi Macchl; 00pa-
3ell BblICp)KMBanu B TeueHue | u B axcukatope Haja 30-35%-HbIM pacTBOPOM CEpHOM
KHMCJIOThI JIJIs JIOMOJIHUTENILHOU ajicopOuimuy napoB Bojibl B konnvectse 0,03 r HZO Halr
HOCHTETISI.

O0pasiiel Kataigu3aropa TECTHPOBAIHM B TPOTOYHOM IO ra3zy TePMOCTATHPOBAHHON
mpu 20 °C ycTaHOBKE, B PCaKTOPE ¢ HETIOABIDKHBIM CIIOEM KatanusaTopa. Pasmepsr pe-
aKTopa, AUCIIEPCHOCTH 00pa3LoB KaTrain3aTopa U JUHEHas CKOPOCTh Ta30BO3YIIHOM
cmecH (I'BC) cooTBeTCTBOBAIU PEKUMY MIEaIbHOTO BBITCCHEHUS ¥ MMPOTEKAHUIO U3Y-
4aEMOH peaKkiuu B KHHETHUECKON obnactu. OTHOCHTENbHYI BaakHOCTH 'BC (0,,.)
TIOJ/ICPKMUBAIIH TIOCTOSHHOM (67 %).

Hauanshyio (C_.) u koreunyro (C,.) KOHIEHTPAIMH MOHOOKCH/IA YIJIEpOa OTpe-
TSI C TOMOIIBI0 Ta3oaHanm3atopa 621 DX04 (“Anamitnpuian’, YKpauHa) 9yBCTBH-
TEMBHOCTBIO 2 MI/M°.

CKOpOCTh peaklny PacCUUTLIBAIN MO hopMyIIe:

w_W(Clo ~Cly)
m, , MOITB/(T-C) (1)
roe w = 1,68:102 — o0wemusiii pacxon I'BC, i/c; CCZ,CC';— HayaJibHasl U KOHeYHast

koHuenrpauu CO, Monb/n; m_— macca 00pasua KaTanau3aTopa, T.

IIpuHnmas Bo BHMMaHHE NEPBBIH nopsnok peakuuu 1o CO, mis cTallMOHapHBIX
YYaCTKOB KHHETHUECKHUX KPUBBIX KOHCTAHTY CKOPOCTH PEaKINU HAXOOWIN 10 (hopMyIie

1. Cgo
k= In—== ¢’
T Cé @)

rje T — a(pdexruBHoe Bpems xoHTakTa ' BC ¢ 0Opa3om, paccuuTaHHOE Kak OTHO-
MIEHUE BBICOTHI CIIOS Karajim3aropa K JuHeHon ckopoctr I'BC [10].

Onpitnoe komuuecTBO okucienHoro CO (Q ) Onpenensam ¢ y4eTOM SKCIIe-
pumenTabHoil Gynkumn AC . — t. Crenens npespamenus CO (n,,) ¥ 9MCIIO KaTaInTH-
4ecKuX UKIoB (n) Ha Mok PA(1I) (Q, d(“)) paccUuTHIBANH 110 hopMyIam:

Céo —C¢
o _(Eco=Ceo) . co) 10, % - 3)
Cco
n= QUH/QPd(H)' (4)
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PesynbTaThl 3KCHepuMeHTa W HX 00CYKIeHHe

Bauanue xonyenmpayuu NO;-uomnos. B cocrae naneceHHbix Ha H-BT(1)™-6
komrosuimii K PAC1 -Cu(NO,), KBr—H O BapbupoBaJIi COAEp>KaHUE HUTPAT-HOHOB B
obmactu KOHueHTpauHH (0,58 —3,82)- 10 * Monb/T u1st HuTpara 6apust u (0,58 —2,92)-107
MOJIB/T JUI1 HUTPATOB KaJlus U HaTpus (MPUBOAMTCSA CyMMapHasi KOHIICHTPAllUs HUTPAT-
HMOHA C YYETOM COJIep KaHusl HUTpara Menu) (tadm. 1).

N3 nanubix Tabm. 1 BI/I)IHO 41O He3aBucuMO OT katuoHa (Ba?*, K*, Na*) ¢ yBenuueHu-
eM CNO_ BospacTaeT C_, B CTAIIOHAPHOM PEXKHUME, UTO IPUBOJHT K YMEHBIICHUIO KHHE-
THIECKYX I CTeXHOMeTqueCKI/IX napameTpoB peakunn W , W .k, n_Q_wn (tabm. 1).
OOpamiaeT Ha ce0st BHUMAHUE TO, YTO CTAMOHAPHEIN pesknM okucieHns CO ycTaHaRIMBa-
€TCsI, HECMOTPSI Ha BO3PACTAIOITYIO KOHIIEHTPAITHIO HUTPAT-HOHOB BO BCEX KOMIIO3UITHUSIX,
H TOJBKO B CIIydae CBd(NO ., = 3,24-10"* MONB/T CTAallMOHAPHOE OKHCJIEHHE MOHOOKCHIA
yImepoaa oTcyTcTByeT (piic. 1).

Tabmuua 1
Buausinue KOHIUCHTPAIIUN HUTPATOB ﬁapnﬂ, KaJIusl 1 HATPUSA HA KHHCTUICCKHUE U
CTEXHOMETPUIECKHE TTAPDAMETPBI PEAKITUHA OKUCJTIEHUA MOHOOKCH/IA YIVIepoJa KUCJI0POA0OM B
TMPHCYTCTBAY KOMITO3WIHH KdeCl 4-Cu(N03)2-KBr-HzO/ H-BT(1)"-6
Coy= 1,3610% C . |, =2,90-10°; C,, =1,02-10" moan/r; U=4,2 cm/c; d = 1,5 mm

Pd(il) Cu(ln)

co10¢, | 2Cy 10r, | WO, mome/r-e) | c X0 | Kk, , Q,,10%,
MOJTh/T MONB/T w, W MI/a3 ¢! Moo % moas CO "
= Ba(NO),

0 0.58 15,5 132 80 | 1.7 | 73 115 8.5
0,29 0,87 14,3 10,2 130 1,1 57 9,0 6,6
1,08 1,66 13,0 6,6 190 0,6 37 6,2 4,6
1,56 2,14 9,8 4,2 230 0,3 23 4,1 3,0
3,24 3,82 8,0 - - - 0 0,7 0,5

A=KNO,

0 0,58 15,5 13,2 80 1.7 73 11,5 8,5
0,12 0,70 12,1 12,4 93 L.5 69 10,7 7,9
0,59 1,17 9,9 11,1 115 1.2 62 9,5 7,0
1,17 1,75 9,0 10,2 130 1,1 57 8,2 6,0
2,34 2,92 7,8 8,7 155 0,8 48 7.4 5.4

A =NaNO,

0 0,58 15,5 13,2 80 1.7 73 11,5 8,5
0,12 0,70 13,3 11,9 102 1.4 66 10,2 7,5
0,59 1,17 10,9 9,9 135 1.0 55 8,6 6,3
1,17 1,75 10,3 7,9 168 0,7 44 6,9 5,1
2,34 2,92 9,6 7,1 182 0,6 39 6,3 4,6
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K 3
C co’ MI/M

300

50

100t, MUH

150

Puc. 1. N3menenne CCEBO BPEMEHH IIPH OKHCICHUN
CO xuciIopomoM IIpU Pa3HOM COAEP’KaHHM HUTpaTa
Oapus B obGpasmax K PdCl-Cu(NO,),-KBr-Ba(NO,),-
H,0/H-BT(1)"-6

Coano. ) 104, (CNO;~104) moie/r: 1 — 0 (0,58);
2-0,29(0,87); 3—1,08 (1,66); 4 — 1,56 (2,14); 5-3,24
(3.82)

(de(n) = 1,36-107% CCu(]I)
MOJIB/T; CCIE) =300 mr/m%).

=2,910% C,, = 1,02:10"

Bausnue xonyenmpayuu CI -, F -, SO,”-uonoe. B cocraBe KOMIO3UINH KZPdCl -
Cu(NO,),-KBr-H,0/H-bT(1)"-6 BapbupoBanu coaepskanue XJI0puuoB Kalus U HaTpHs,
dbTopuma HaTpHs, CyIb(ATOB Kanusd U HaTpusa. Ha puc. 2 mpencTaBiensl THIHYHBIE KH-
HETUUYCCKUE KPUBBIC, OJYUYCHHBIEC PU BAPbUPOBAHUU XJ0pHUa HaTpus (puc. 2 a), (ro-
puna Hatpus (puc. 2 6) u cynbgara HaTpus (puc. 2 B). Pe3yTsTaTsr aHATH3a MTOTYICHHBIX
JIaHHBIX 00001ens! B Ta0II. 2.

Tabmuna 2

Binsinne KOHIEHTPANHU XJ0PHA-, PTOPHA-, CYTb(AT-HOHOB HA KHHETHIECKHE H
cTexXHOMeTpHUecKHe NapaMeTPhbl PeaKuHi OKHCIeHHs MOHOOKCHAA YIJ1epo/ia KUCI0POA0M B

npucyrcrpun komnosunnu K, PdC1-Cu(NO,),-KBr-H,0/H-BT(1)"-6

Cooy = 1:36:10% C , =2,90-10%; C, = 1,02:10% Mon/r; CCIE) =300 mr/m?
C, 105, W-10°, moan/(r-c) C(‘,If)’ K, . Q,, 10
MOJIb/T \%% W, mr/m? c! New %0 moap CO "
A =KCl
5,4 15,5 13,2 80 1,7 73 11,5 8,5
6,6 14,6 12,7 89 L5 70 11,0 8,1
83 13,9 11,8 104 13 65 9,9 73
11,3 12,7 10,4 126 1,1 58 9,1 6,7
17,1 11,2 6,6 190 0,6 37 5,9 4,3
A =NaCl
5,4 15,5 13,2 80 1,7 73 11,5 8,5
6,6 14,2 11,6 106 13 65 10,1 7.4
11,3 12,2 8,4 160 0,9 47 74 5,5
17,1 11,7 5,4 210 0,5 30 5,1 3.8
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C, 105, W-10°, morb/(r-¢) Ccl(() ; K, . Q,, 10%,
MO.IB/T W, W, mr/m? ¢! Mo 7o moun CO "
A =NaF

0 15,5 13,2 80 1,7 73 11,5 8,5

1 12,9 11,9 102 1,3 66 10,2 7,5

5 9.9 8,7 155 0,8 48 7,5 5,5
10 6,6 42 230 0,3 23 3,7 2,7

A=K,SO,

0 15,5 13,2 80 1,7 11,5 8,5 73
0,5 11,6 12,5 91 1,5 10,7 7.9 70
2,5 9,2 10,3 128 1,0 8,8 6,5 57
5,0 8,6 9,4 143 0,9 8,0 5,9 52

A=NaSO,

0 15,5 13,2 80 1,7 73 11,5 8,5
0,5 145 12,1 98 1,4 67 10,5 7,7
2,5 12,2 9,1 148 0,9 51 8,0 59
5,0 9.8 8,3 162 0,7 46 7,2 53

IIOHHKACTCA — YMCHBIIAIOTCA W
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Buno, uro ¢ ysennuennem konnentpanun CI, F-, SO,” -HOHOB aKTHBHOCTh CHCTEM
W_.k,n,, Q,, ¥ YMCI0 KATAIUTUIECKUX IIUKJIOB N.

u’

Puc. 2. Usmenenue Cclz) BO BpeMeHHU Ipu okuciieHny CO KUCIOpoZoM IIPU pa3HOM COLep:KaHuU
B coctase K,PdCl,-Cu(NO,),-KBr-H,0/H-BT(1)*-6: xopuna narpus (puc. 2 a),
¢dropuna Harpus (puc. 2 6) u cynbhara HaTpus (puc. 2 B)

CNacl -10°, mons/T: 1 —0;2-1,2;3-29;4-59;5-11,7;

CNar “10%, Monb/r: 1-0;2-1,0; 3 -5,0; 4 - 10,0;

CNaZSO4'105> mome/T: 1 -0;2-0,5;3-1,3;4-2,5;5-5,0

(CPd(Il) =1,36-107; CCu(ll) =2,9-10% Cyegy = 1,02-10 moms/r; U = 4,2 em/c; d3 = 1,5 Mm).
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Ha puc. 3 npencrapnenbl 00001eHHbIC JJAHHBIE, [TO3BONSIOIINE MPOCISUTh BIIHSI-
Hue aHMoHa (NO;) mpu katnoHax (K', Na*, Ba?") (puc. 3 a) u BausHne aHHOHOB (NOJ,
F~,Cl", SO,”) npu katnonax K* (puc. 3 6) u Na* (puc. 3 B).

Wl 09, MOJIb/T-C Wl 09, MOJIb/T-C Wl 09, MOJIb/T-C
14

KNO,
NaNO, :

4 -
2 Ba(NO,), 2
0 4 0
0 10 20 30 40 O 10 20 30 0 5 10 15 20 25
5 5 5
C-10°, mons/T C-10°, MoaB/T C-10°, mous/T
a 9] B

Puc. 3. BiusiHue KOHICHTPAIIMY AHHOHOB HA CKOPOCTH OKHMCIICHUSI MOHOOKCHIA YIIePO/Ia KICIOPOIOM
B cTanonapHoM peskime B npucyTetsun kommosumii K,PACl -Cu(NO,),-KBr-A-H,O/H-BT(1)*-6

(dem): 1,36-10; Ceuiy = 2.9 107; C, .= 1,02-10* MomB/T; CC]-(') =300 mr/m).

TakuMm 0Opa3oM, YCTAHOBIICHO, YTO NO,, F~, C17, SO, - MOHBI CYIIECTBEHHO CHU-
KAIOT KaTaJUTHIECKYH0 akTHBHOCTE Komnosumun K, PdCl -Cu(NO,),-KBr-H,O/H-
BT(1)-6, 1uto 06ycnoBieHo 00pa30BaHHEM MEHEE PEAKIIMOHHOCIOCOOHBIX AIlUTOKOM-
mwiekcoB PA(II) m Cu(Il).
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BIIJIMB AHIOHIB HA KATAJIITUYHY AKTUBHICTD
SAKPIITEHWX HA KUCJIOTHO-MOJIN®IKBAHOMY
BASAJIBTOBOMY TY®I KYITPYM-ITAJIAJIIEBUX
KOMITJIEKCIB ¥ PEAKIIIT OKMCHEHHI MOHOOKCHJY
BVYTVIEITIO KUCHEM

Pe3iome

BcraHoBieHo, 10 TIpUpoma aHioHY CYTTEBO BITIMBAE Ha KaTaTiTUIHY aKTWBHICTDH
3aKpilVICHUX KYINpyM-IajdaaieBUX KOMILIEKCIB Yy peakilii OKMCHEHHS MOHOOKCH-
ny syrnemo kucHeM. Anionn NO,, F~, Cl~, SO,”” oZHOTUNHO Zil0Th Ha KiHETHUHi
Ta CTEXiOMETPUUHI MapaMeTpu peakilii, i iX HeraTMBHMIA BIUIMB MOCWIIOETHCS Y PSAL
NO; <F < CI"<S0,”.

KmouoBi cioBa: MOHOOKCHWJI  BYIJIENIO, OKWCHEHHS, KarajizaTop, KHCIOTHO-
MoandikoBaHUIt 6a3aa1bTOBUIL TY(D.
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Odessa I.1. Mechnikov National University, Department of Inorganic Chemistry
and Chemical Ecology, Dvoryanskaya St., 2, Odessa, 65082, Ukraine.
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EFFECT OF SOME ANIONS ON CATALYTIC ACTIVITY OF
ACID-MODIFIED BASALT TUFF SUPPORTED COPPER-
PALLADIUM COMPLEXES IN THE REACTION OF CARBON
MONOXIDE OXIDATION WITH OXYGEN

Summary

The significant effect of the anion nature on catalytic activity of supported copper-
palladium complexes in the reaction of carbon monoxide oxidation with oxygen has
been found. The anions NO,, F~, C17, SO,” single-typically influence the kinetic and
stoichiometric reaction parameters and their negative effect increases in the sequence
NO; <F <ClI" <S80/

Keywords: carbon monoxide, oxidation, catalyst, acid-modified basalt tuff



