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Tém tit

Phan ing oxi héa carbon monoxide (CO) va phan hiy nitrogen monoxide (NO) trén cluster Pds4 va Pd;Pt dugc nghién
ctru bang phuong phép Ly thuyét phiém ham mat do (DFT) ¢ muc 1y thuyét M06-L/def2-SVP(GD3). Khi so sanh véi
phirc chat tién phan tng (RC), két qua cho thay phan tmg oxi héa CO trén cluster Pd, twong d6i khong thuan loi vé mat
nhiét dong (AGrn of 9,0 keal/mol) v6i rao can ning lwong twong déi cao (AG# of 28,8 kcal/mol). Trong khi d6, phan g
phan hity ctia NO c¢6 cac gia tri nang lugng rat cao v6i AGr, bang 86,2 kcal/mol va AG# bang 55,2 kcal/mol. Ngoai ra, sy
pha tap Pt vao cluster Pds 1am cho cac phan g oxi hoa CO kha thi hon, vé6i céc gid trj AGrn/AG#thap hon (24,9 kcal/mol
/ 5,5 kcal/mol). Trong khi d6, phan tmg phan hiy NO tré nén kho khan hon nhiéu véi cc gia tri AGna/AG# biang 92,8
keal/mol / 40,2 kcal/mol. Két qua thu dugc hi vong s€ cung cép mot hiéu biét tbt hon vé co ché hoat dong cta bo chuyén
dbi xtc tac ba chiéu ding trong dong co ddt trong.

Twr khéa: NO, CO, bd chuyén ddi xuc tac ba chiéu, dong co diesel, su chay

Abstract

The oxidation of carbon monoxide (CO) and the decomposition of nitrogen monoxide (NO) on Pd4 and PdsPt clusters
have been investigated using Density functional theory (DFT) approaches at the M06-L/def2-SVP(GD?3) level of theory.
As aresult, relative to the reactant complex (RC), the overall CO oxidation is thermodynamically unfavourable (AGixn of
9.0 kcal/mol) in proceeding through a significant activation barrier (AG* of 28.8 kcal/mol) over the Pds cluster.
Meanwhile, the decomposition of NO represents the remarkably higher values of AGrn (86.2 kcal/mol) and AG#* (55.2
kcal/mol). Furthermore, the Pt doping into the Pd4 cluster makes the CO oxidation more feasible, with the lower values
of AGx/AG# being 24.9 kcal/mol / 5.5 kcal/mol, respectively, while the NO dissociation becomes less favourable with
the higher AG/AG#* values being 92.8 kcal/mol / 40.2 kcal/mol, respectively. The obtained results are expected to
provide a better understanding of the operating mechanism of the three-way catalytic converter used in internal
combustion engines.
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1. Giéi thi¢u

Khi thai tir dong co ddt trong 1a mot trong
nhimg nguyén nhan chinh gy 6 nhiém khéng
khi, dic biét & vung do thi. Rét nhiéu cong nghé
han ché sy hinh thanh khi thai, hoac xur 1y khi
thai tao thanh duoc ap dung trong 6 to gom: tbi
uu hoa hoat dong cua dong co, st dung nhién
liéu sinh hoc, hoi luu khi thai, sir dung bo chuyén
d6i xuc tac. Nhién liéu hydrocarbon bén trong
dong co khong thé bi oxy hoa hoan toan thanh
carbon dioxide (CO2) va nuéc do thiéu oxy, diéu
nay tao ra cac san phém phu doc hai. B§ chuyén
ddi xuc tac dugce st dung nham muc dich thuc
hién qua trinh khir va oxy hoa cac san pham phu
doc hai, nhu hydrocarbon chua chdy, carbon
monoxide (CO), va oxit nito (NOx), thanh céc
loai khi khong doc hai, nhu CO», hot nudc, va
Na, VOC (hop chit hitu co dé bay hoi) [1-4].

St dung céc qua trinh oxy héa-khur (redox) co
ban, bd chuyén d6i xuc tac 1a mot thiét bi toi gian
gitip giam lugng 6 nhiém ma 6 t6 thai ra. Trong
gan 98% cac trudng hop, né tao ra cac khi it doc
hai hon tir khi thai doc hai ctia phuong tién. Vé
céu tao, nd bao gdm mot 16i gdm sir hinh t6 ong
dugc l4p day bang mot 10p cach nhiét va dugc
boc trong mot khung kim loai. Bo chuyén doi
xuc tac dugc ciu tao tir cac kim loai quy nhu
platinum, rhodium va palladium. Viéc 4p dung
mot chét xuc tac, thuong 13 mot kim loai dit tién
nhu platinum hoic palladium, giap day nhanh
cac phan tmg héa hoc chuyén ddi cac chat 6
nhiém thanh cac san phém phu it doc hai hon
nhu CO», hoi nudc va N [5], [6]. Ba chtic nang
dugc thyuc hién dong thoi boi mot bo chuyén doi
xuc tac ba chiéu:

Oxit Nito (NOx) trai qua qué trinh khtr thanh
Nz va Oz:

2NOx — xO2+ N> (r.1);
CO duoc oxy hoa dé tao ra CO;,
2CO + 0, — 2CO, (r.2);

Hydrocacbon chua chay (HC) oxy hoa dé tao
ra CO2 va H>O nhu sau:

CyHay+2 + [ @ 102 — yCO2 + (y+1)H20
(r.3).

Rét nhiéu kim loai quy nhu Pt, Pd, Rh da duoc
nghién ctru va tng dung trong 6 t6 dé chuyén doi
khi thai dong co c6 hai (HC, CO, NOx) thanh cac
khi it doc hai hon gdm Na, CO2 va H20 [7]. Cac
tam hoat tinh nay thudng dugc mang trén cac chat
mang 6n dinh nhu y-ALO3, CeO2-ZrO; [8]. Pt va
Rh vbn 1a kim loai dt tién, nén ngudi ta cling hay
thay thé bang Pd ré tién hon. Rh tir lau dugc xem
nhu xtc tac hi¢u qua cho phan tng khit NO/NO..
Trong khi d6, Pt hoac Pd lai rat hiéu qua trong oxi
hoa CO va HC [8].

Marino va cac cong sy (2023) da khao sat
dong hoc phan ung oxi hoa CO trén xuc tac
Rh/ALO; ¢ khoang nhiét d¢ thap tir 450 dén 625
°C va su bién doi cdu triic ciia xiic tac trong qua
trinh d6 [9]. Nang luong hoat hoa biéu kién cua
phan ung nam trong khoang 100-110 kJ/mol,
tuong tmg v&1 mod hinh dong hoc dang Langmuir-
Hinshelwood, trong d6 bao gdm su hap phu CO
va Oy, giai hap Oa, va phan tmg bé mit hinh thanh
CO,. Cac tac gia cho rang ¢ nhiét do thap, bé mat
kim loai bi bao phu bai CO, dan t6i su trc ché
phéan tmg. Vi vay, CO phai giai hip dé cho phép
O2 hip phu 1én bé miat va phan hity. Giai doan
quyét dinh phan mg 1 su giai hap CO ra khoi bé
mit. Vi trong qué trinh phan (mg, c4u tric xtc tac
c6 su chuyén doi gitra hat nano (nanoparticles) va
cac don nguyén tur (single atoms).

Hayashi va cic cong su (2023) da tong hop
xuc tac cluster lai chita Rh-Mo lam tién chét
(Rh-Mo hybrid clustering catalyst),
[(RhCp*)aMo04O16] (Cp* = n’-CsMes), dé oxi
hoa ddng thoi NO, CO va C3He [10]. Két qua cho
théy hoat tinh cuia loai xUc tdc mai thi cao hon
so v&i xuc tac Rh truyén théng. Ly do ¢o thé do
phan tng phan hiy lién két N-O trén xuc tac
Rh4Mo4/AL,O3 véi sy c6 mat cua CO xay ra
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nhanh hon nhiéu so véi xtc tic Rh. Phén tich co
ché phan tng chi ra rang nguyén tir N tir NO ¢6
thé phan (mg rat nhanh v6i CO hap phy dé hinh
thanh NCO tai cac vi tri giao di€én Rh/MoOx.

Vi su dit do cua céac kim loai qui nhu Pd hodc
Pt, gan day nhiéu nghién ctru huéng dén cac vat
liéu tham thé ré tién hon nhu dong (Cu) [11] hay
hdén hop dong - kém (Cu-Zn), hoic dong -
chrome (Cu-Cr). Dey va Chandra [11] da bao
c40 tong quan cc nghién ctru gan day vé cac loai
xuc tac dong oxide dé xir Iy CO va két luan rang
day 1a mot loai xuc tac hi€u qua cao. Tuy nhién
kich thudc ciia hat nano c6 anh huéng 16n dén
hi€u qua oxi héa CO. Nhiét dd cao cling tdng do
chuyén héa CO. P9 4m hay ham luong O» ciing
anh huong dén phan tmg ctia CO. M6t bao céo
tong quan khac ctia Papadopoulos va cong su
[12] vé chi1 dé twong tu vé cac nghién ctru co ché
phan Ung xay ra trén bd chuyén dbi xic tac ba
chiéu sir dung kim loai dong va plantinum ciing
rat dang quan tim. Mot vai nghién ctru dién hinh
c6 thé ké ra lam vi dy. Venkatesan va cic cong
su [13] nghién ciru anh huéng cua xuc tic dong
oxide 1én su phat thai HC, NOx, CO, va da do
dugc hidu suét xir Iy & ché do toan tai ciia dong
co dot trong: 32% HC, 61% NOx, va 21% CO.
Chafidz va cong su [14] khao sat xtc tac tir hop
kim dong-kém va thu dugc hiéu suat xir Iy CO
va HC twong ung 1én dén 47,71% va 55,34%.
Nang lugng hoat hoa cta phan ung oxi héa CO
va HC lan luot bang 132,54 kJ/mol va 37,55
kJ/mol. Hiéu qua ctia xtc tac ddng dang tAm phu
chrome (Cu + Cr) cling dugc Warju va cong su
khao sat [4]. Két qua thu duoc hiéu suat xu ly
CO va HC tuong Ung lén dén 95,35% va
79,28%. Wang va cong su [12] cling khao sat
hiéu qua oxi hoéa CO trén xuc tac hop kim Pd-Cu
trén chat mang Al,O3. Két qua cho thy nhiét do
nung xuc tac (473K, 573K va 673K) c6 anh
hudng 16n dén hiéu qua xuc tac. O 573K, sy hinh
thanh phitc chit CuCI(OH); c6 vai tro tién

quyét dén co ché oxi héa CO. Ham lugng do 4m
va CO2 cao giy tc ché sy chuyén hoa CO.

Gan day, mot sd nghién ciru moé phong su
dung phuong phap Ly thuyét phiém ham mat do
(Density functional theory, DFT) ciing dugc
thyc hién dé tim hiéu co ché oxi héa CO [15],
CHa4 [16] va phan huy NO [17] trén kim loai Pd,
Pt voi mo hinh cluster chita dén hang chuc
nguyén tir. Tang va cong su [16] tinh toan co ché
oxi hoa methane (CHs) trén cluster Pti3 dang
10ng, va hop kim Pt;>-Pd (nguyén tir Pd pha tap
trén bé mat 10ng Pt13) va Pd@Pti» (Pd pha tap &
trung tdm cua 16ng). Két qua cho thdy trén
cluster Pti3 va PA@Pti2 co ché oxi héa CHs dugc
quyét dinh boi budéc CH3* = CH,* va ning
luong hoat hoa phan ung twong tGng bang 1,28
eV (Pti3) va 1,20 eV (Pd@Pt12). Trong khi, trén
cluster Ptj2-Pd, budc phan ting quyét dinh van
téc 1a CH4* > CHs* véi niang luong hoat hoa
bang 1,28 eV. Gao va cac cong su [17] tinh toan
co ché hap phu va phan hiy NO trén bé mat
cluster dang 16ng Pdis, Pdi3*, Pdis~, va Ni@Pdi»
(nguyén tir Ni pha tap & trung tdm cia 16ng) &
muc Iy thuyét PBE/DNP. Su anh hudng cia dién
tich cua cluster va sy pha tap Ni 1én phan ung da
dugc khao sat. Két qua 1a dién tich 4m cua
cluster Pdi3~ lam cho ndng lugng hoat hoa cua
phan tmg phan hily NO 1a thap nhat (2,53 eV) so
vGi Pti3 trung hoa (2,70 eV), Pti3" (2,90 eV) va
Pt@Pdi2 (2,77 eV). Phan tich dién tich Hirshfeld
cho thiy dién tich chuyén tir cluster sang NO va
tang cuong phan hay NO, vi vay dién tich am
trén Pdi3~1a nguyén nhén chinh cua hoat tinh cao
nhit cua no.

Trong nghién ctu nay, ching t61 s€ st dung
phuong phap Ly thuyét phiém ham mat do
(Density functional theory, DFT) dé khao sét lai
co ché phan mg oxy héa CO va phan huy NO
trén bé mat xuc tac Pd & qui mo phan tir. M6 hinh
cluster Pds dugc sir dung dé mo ta bé mat xtc tac
palladium. Ngoai ra, anh hudng cua viéc pha tap
plantinum (Pt) 1én co ché oxy hoéa CO va NO
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ciing dugc khao sat. Dé rat gon khdi lugng tinh
toan, nghién ctru nay chi tap trung vao giai doan
khoi mao trong co ché phan tng ciia CO va NO,
g0m CO + O, = CO, + O* va NO = N* + O*, Két
qua thu duoc c6 thé gitp hiéu rd hon co ché phan
ung va hi¢u qua cua xtc tac Pd va Pd pha tap Pt.

2. Phuong phap nghién ctru

Tat ca cac tinh toan trong nghién ciru nay
duoc thuc hién véi phﬁn mém hoa tinh toan
Gaussian 16 Rev. C.01 [18]. Téi vu hoa cau tric
hinh hoc va tan s dao dong dugc thyc hién béng
phuong phap DFT. Céu trac hinh hoc t6i uru ctia
cluster Pds va PdsPt, phic chét tién phan tmg
(reactant complexes, RC), trang thai chuyén tiép
(transition states, TSs), phic chit san phim
(product complexes, PC) duoc tinh toan bang
DFT, két hop giira hai phiém ham (functionals)
MO06-L v6i bd ham co so (basis sets) def2-SVP.
Pay 1a bo ham co s& dugce sir dung phd bién dé
xtr 1y cac phire chat co kim, trong d6 xir 1y cac
nguyén t6 hitu co (N, C, O) va kim loai trong

mot bo ham théng nhét. Hiéu chinh tan xa thuc
nghiém GD3 cua Grimme (Grimme D3
dispersion correction) ciing dugc thém vao dé
hiéu chinh 4nh hudng ctia tuong tac tan xa yéu
gitra cac cdu tir [19].
3. Két qua va thao luin
3.1. Céu trisc hinh hoc va cau tric dién tiv
Trong nghién ctru ndy, bé mit cia xiic tic
palladium duoc md ta & qui md phén tir bang mo
hinh cluster Pds. Cluster Pds c6 thé ton tai & hai
cAu trac khac nhau, cAu trac hinh thoi va hinh tt
dién (Hinh 1), trong d6 c4u tréic tr dién bén hon
vé nhiét dong hoc, vdi nang lugng Gibbs ty do &
298K va 1 atm thap hon cau trac con lai khoang
26,0 kcal/mol. Vi vay, ciu triic tir dién ctia Pds
s€ dugc dung cho cac tinh toan phan tmg oxi hoa
CO va NO ¢ phia sau. Mot nguyén tu Pt dugc
pha tap vao cluster Pd4 dé khao sat anh huong
cta sy c6 mat cua Pt 1én cac phan trng dang khao
sat (Hinh 1.C).

2.50
2.50 <
2.64
(A) (B) (C)
26,0 kcal/mol 0,0 kcal/mol

Hinh 1. Céu trac t6i vu cia (A, B) cac dang monomer cuia cluster Pda, (C) cluster pha tap PdsPt, cung v6i do dai cac lién
két Pd-Pd dac trung ¢ don vi Angstrom. Néang luong Gibbs tu do twong doi cua ching cling dugce trinh bay. Tat ca cac
tinh toan & muc ly thuyét M06-L/def2-SVP(GD3) trong pha khi ¢ 298 K va 1 atm.

3.2. Phan ikng oxy héa CO béi O; trén bé mit
xuc tac Pdyva PdsPt

Oxy hoa CO thanh CO; la mot trong 3 phan
{mg co ban ctia bd xir 1y xuc tac ba chiéu cia xe
0 t0. Theo nghién ctru cia Gong va céac cong su
(2024) [20], day 1a mot phan tng thu nhiét manh,
tire 1a cAn phai cung cip mot luong nhiét 1on dé
phan Gmg nay xay ra. Theo do6, bién thién
enthalpy tiéu chudn cua phan tng duoc xac dinh
bang +526,07 kJ/mol. O diéu kién nhiét d6 moi
truong chuan 298,15K thi gia tri twong tng vé

bién thién ning lugng Gibbs tu do ctia phan tmg
s& bang +534,4 kl/mol (tuong duong +127,7
kcal/mol).

Trong phan nay, ning luong phan tmg CO +
02=CO7+ O* véi sy ¢6 mat cua xuc tac Pds va
Pd pha tap Pt (PdsPt) s€ dugc tinh toan. Muc dich
dé khao sat sy anh hudng cia xiic tac 1én ning
lugng cua phan tng. Day la phan tmg khoi mao
quan trong trong co ché oxi hoa CO. Hinh 2 trinh
bay bé mit thé niang phan tmg CO + 0= CO, +
O* trén bé mit xuc tac Pds trong pha khi.
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Quan sat Hinh 2, ta c6 thé thay vé mat co ché,
phén g oxy hoa CO dién ra kha don gian qua
3 budc:

(i) cac chit phan tng CO va O» cung hép phu
l1én tdm phan Gmg 1a mdt nguyén tor Pd ¢ dinh
chop cua cAu trac tir dién, va tao thanh mot phuc
chat tién phan tng (reactant complex, RC) véi
ning lugng twong ddi thap hon chit phan ung
ban dau 1a 80,6 kcal/mol (gia tri ning luong
tuong d6i bang -80,6 kcal/mol);

(11) phan g xay ra véi viéc h¢ phan tir CO
va Oy cing trai qua mot trang thai chuyén tiép
(transition state, TS) vd1 mot rao can nang luong
bang 28,8 kcal/mol, so tuong ddi véi trang thai

20
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-60-
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RC, trong d6 mdt nguyén tr O ¢ dau s& tin cong
vao vi tri C ctia CO dé tao thanh CO,, va ban
than lién két O=0 s& bi durt ra;

(iii) san pham tao thanh CO» va O nguyén tir
dugc tao thanh, nhung van con bi hap phu trén
tam hoat tinh l1a nguyén tir Pd. Trang thai nay tao
thanh phtc chat goi 1a phic chat san pham
(product complex, PC) vé1 nang lugng phan ung
bé'mg 9,0 kcal/mol, so véi trang thai RC.

Két qua thu duogc da chi ra 1 rang anh huong
tich cuc ciia xtc tac Pds ddi véi phan tng oxy
hoa CO. Trong dé nang lugng tu do Gibbs cua
phan tng giam manh tir +127,7 kcal/mol xudng
9,0 keal/mol (giam gan 119 kcal/mol).

o, ——CO0+0,=CO,+0

Hinh 2. Bé mit thé nang ctia phan tmg oxi hoa CO thanh CO; trén bé mat cluster Pda, tinh & muc 1y thuyét M06-L/def2-
SVP(GD3) trong pha khi. Gia tri trong ngodc don la nang luong Gibbs tu do twong dbi cua phan tng (kcal/mol) tinh &
298K, latm. R, RC, TS, PC lan luot 14 ki hiéu cua chit phan tmg ban dau, phirc cht tién phan tng, trang thai chuyén
tiép, phtrc chit san phdm. Nang lugng Gibbs hoat hoa (AG#) va phan ng (AG®) duoc biéu dién trong hinh, trong tng

v6i chénh Iéch nang lugng gitra TS va gitra PC véi RC.

Hinh 3 biéu dién bé mit thé ning cta phan
ung tuong tu khi c6 mat cua xic tac pha tap
Pds;Pt. Phan tmg duogc x4y ra ngay tai vi tri Pt
pha tap vao cluster, vi day la vi tri ma phan ng
¢ thé xdy ra mQt cach khac di vé mat nang
luong. Qua trinh phan Gng xdy ra hoan toan
tuong tu nhung véi rao can nang lugng va nang
luong phan tng thip hon. Cu thé, rao can ning
luong bang 25,1 keal/mol (so véi 28,8 kcal/mol
trén Pds), va ning lugng phan mg bang 6,5
kcal/mol (so véi 9,0 kcal/mol trén Pd4). Khi so

sanh hai loai xtc tac Pds thuan va PdsPt pha tap,
ta c6 thé thay viéc pha tap Pt vao Pd da lam giam
rao can nang luong va nang lugng phan ung, tirc
la phan tng xay ra thuan loi hon vé mit nhiét
dong.

Phan tng tiép theo co thé xay ra trong co ché
nay la su giai hap phu cia CO; tao thanh. Mot
O* nguyén tir con lai co thé tiép tuc phan tmg
v6i mot phan tir CO khéc hap phu 1én trén cluster
dé tao thanh phan tir CO; tht hai.
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Hinh 3. B& mit thé niang phan tmg CO + O, = CO, + O* trén cluster PdsPt trong pha khi. Tt ca c4c tinh toan thyc hién
¢ phuong phap M06-L/def2-SVP(GD3). Gid tri trong ngodc don 1 bien thién nang lugng Gibbs tu do phan ing_
(keal/mol) & 298K va latm. D9 dai lién ket duge the hién trén timg cau trac voi don vi Angstrom. R, RC, TS, PC lan
luot ki hi¢u cho chat phan ing ban dau, phirc chat tién phan ng, trang thai chuyén ti€p, phirc chat san pham. Nang
luong Gibbs hoat hda (AG#) va phan (mg (AG®) duoc the hién trong hinh, twong ng v6i chénh 1éch ning lugng gitta TS
va gitra PC véi RC.

3.3. Phdn itng phdn hiiy NO trén bé mdt xiic  co ché phan Gmg phan hity NO trén bé mit xuc
tac Pdy va Pd;Pt tac Pds va Pd pha tap Pt (Pd;Pt) cling dugc tinh
toan va phan tich. Hinh 4 trinh bay bé mit thé
ndng phan Umg cua phan Uing khoi mao cua co
ché phan hily NO = N* + O* trén bé mit xiic tac

Pd, tinh khiét.

Bén canh phan tmg oxy hoa HC chua chay va
CO, mdt phan tng khéc c6 thé xay ra trén bo xtic
tac ba chiéu khi xu 1y khi thai tir dong co dot
trong la phan Gmg phan huy NO. Nang lugng va
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Hinh 4. Bé mit thé nang phan tmg NO = N* + O* trén cluster Pds, tinh & murc Iy thuyét M06-L/def2-SVP(GD3)
trong pha khi. Gia tri trong ngodc don 12 ning luong Gibbs tw do twong ddi cua phan Gng (kcal/mol) tinh & 298K, 1atm.
R, RC, TS, PC 1an luot ky hiéu cho chit phan tmg ban dau, phirc chit phan tng, trang thai chuyén tiép, phirc chit san
pham. D¢ dai lién két ciing duoc thé hién trén ting cu trac véi don vi Angstrom. Ning luong Gibbs hoat hoa (AG)
va phan tmg (AG®) dugc thé hién trong hinh, twong tng voi chénh léch nang lugng gitra TS va gitra PC voi RC.

Quan sat Hinh 4, ta thay phan Gng phan huy (i) phan tir NO hép phu 1én bé mit cta Pda,
NO ciing dién ra kha don gian thong qua ba giai  tao thanh phirc cht tién phan tmg RC, vdi ning
doan: luong tuong dbi thap hon ning lugng cia cac

chit ban dau 1a -32,8 kcal/mol;
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(11) phén Umg xdy ra cung véi su kéo dai lién
két NO, trong d6 nguyén tir O bj kéo vé phia mot
tam hoat tinh Pd bén canh. Qua4 trinh nay trai qua
mat trang thai chuyén tiép TS, v&i muc rao can
nang luong so voi RC ban dau, c6 gia tri 86,2
kcal/mol. Phan img khong tu xdy ra thun loi va
phai cip nhiét manh cho no;

(iii) ¢ trang thai phtic chit san pham (PC),
lién két NO hoan toan bi dut ra, trong d6 nguyén
tir N van bi giir lai vi tri cii con nguyén tir O bi
neo gitr ¢ giira lién két Pd-Pd, voi nang lugng
phan tmg bang 55,2 kcal/mol.

80 1

AG®, kcal/mol
S

-20

-404

Hinh 5. Bé mat thé nang phan tmg NO =

60 'izm

Rao can nang lugng ctua phan Gng phén ly
lien két NO du6i tac dung cua Pds (86,2
kcal/mol) 14 thip hon nhiéu so véi ning luong
phan hay nhiét cia phan tr NO (khoang 151,0
kcal/mol) [21]. Piéu nay chung t6 dnh hudng
tich cuc cua cluster Pds trong viéc gidm nang
luong phan img phan huy NO.

Khi pha tap Pt vao Pd, qua trinh phan tmg xay
ra hodn toan giéng nhu truong hop xuc tac Pds
tinh khiét, tuy nhién voi mic ning luong khéc
nhau (Hinh 5).

o TS
(66,9)

N* + O* trén cluster PdsPt trong pha khi. Tét ca cac tinh toan thyc hién &

phuong phap M06-L/def2- SVP(GD3) Gia tri trong ngoac don 14 bién thién nang luong Gibbs ty do phan tmg ¢ don vi
kcal/mol). P9 dai lién két dugc biéu dién trén timg cdu trac voi don vi Angstrom. Ning luong Gibbs hoat hoa (AG%) va
phan tng (AG®) dugc thé hién trong hinh, twong ing véi chénh 1éch nang luong twong tmg giita TS va giita PC v6i RC.

Quan sat Hinh 3, ta thay su pha tap Pt da lam
phén rng xay ra & mirc nang lugng cao hon cho
ca ba trang thai RC, TS va PC (twong tmg bang
-25,8 kcal/mol, 66,9 kcal/mol va 14,3 kcal/mol).
Rao can nang lugng cua phan ung trén cluster
pha tap PdsPt (92,7 kcal/mol) 1a cao hon nhiéu
s0 voi xuc tac Pds tinh khiét (86,2 kcal/mol), ta
thiy phan tng trén bé mat xtc tac pha tap Pd;Pt
xay ra kho khan hon, vi céc gia tri nang lugng
cao hon. Cac mtrc nang luong phan ing nay cho
thiy phan tng 1a khong thé xay ra ¢ diéu kién
chuan 298K va latm. C6 thé & diéu kién nhi¢t do
cao hon cua khi thai tir dong co dbt trong cia 6

t6 (khoang tir 435 dén 479°C [22]), phan tng
phan huy NO trén cluster Pds va PdsPt tré nén
kha thi hon vé& mit nhiét dong. Nguyén tir N* thu
dugc co thé tiép tuc phan tmg véi mot nguyén tir
N* khac dé tao thanh N, phan tir, tuong tu cho
truong hop O* nguyén tir tiép tuc phan tmg tao
thanh Oz phan tu.
4. Két luan

Trong chuong nay, khong nhitng phan ung
phan huy methane ma con phan tng oxi héa CO
va NO trén bé mit xdc tac Pds dugce trinh bay.
Anh hudng cta su pha tap Pt vao Pd 1én cac phan
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g dang khao sat cling duoc trinh bay. Mot s6
két luan tha vi thu duoc c6 thé liét ké ra nhu sau:

+ Phan tng oxi hoa CO boi O; ciing dién ra
dé dang hon nho xtic tic Pds. Theo d6, xuc tac
Pds ¢ anh huéng tich cyc dbi v6i phan ing oxy
hoéa CO. Rao can nang luong ciia phan g giam
manh tir 127,7 kcal/mol (khong c6 mét xuc tac)
xudng 28,8 kcal/mol. Ngoai ra, sy pha tap Pt vao
Pd da tang hoat tinh cta xtc tac, phan ting oxy
héa CO dién ra thuén logi hon véi rio can ning
luong thap hon (25,1 kcal/mol).

+ Phan tg phan hity NO dién ra khong thuan
loi trén bé mat xtic tic Pds v6i rao can ning
luong phan ng & mic rt cao 86,2 kcal/mol.
Nguoc lai voi truong hop phan tng oxi héa CO,
su pha tap Pt vao Pd lam gidm hoat tinh xtc tac
cho phan ung phan huy NO, v6i mtc rao can
nang luong phan Ung tdng cao hon, 92,7
kcal/mol.

Nghién ctiu nay da dung phuong phap tinh
toan mo phong dé khao sat phan tng xir Iy NO,
CO trén bé mat xtc tac Pd, qua d6 giup tim hiéu
sau hon ¢ mirc do phan tir co ché phan tmg va
tinh toan cu thé ning luong cta ting phan tmg,
va tir d6 chi ra tiém ning ing dung Pd trong viéc
lam xtc tac cho bo xir 1y xtic tac ba chiéu cua
dong co dot trong.
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