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TOM TAT

Trong nghién ciru nay, 1y thuyét phiém ham mdt ¢ dwoc sir dung
dé khdo sat su hdp phu ciia phén tir carbon monoxide (CO) trén bé
mdt hop kim ruthenium-cobalt (RuCo). Cdc mau hdp phu dgc tao
béi phan mém VESTA. Phan mém VASP duwoc sir dung dé t6i wu
héa cdu triic va tinh todn nang leong. Bén canh do, khodng cdch
hdp phu va tuwong tac dién tr giita phan tir CO véi dé ciing dirge
xdc dinh. Két qud tim ra dwoc vi tri ma CO hdp phu 16t nhat trén
bé mat RuCo. Nghién ciru ndy gop phan vdo viéc hoan thién birc
tranh tong thé vé sw hdp phu ciia khi CO Ién bé mdt cdc chdt xiic
tac cé tiém nang vmg dung vao pin nhién liéu methanol.

T lcho'a: Carbon monoxide, hop kim ruthenium-cobalt, Iy thuyét
phiém ham mat dg, VASP

ABSTRACT

In this study, density functional theory was used to investigate the
adsorption of carbon monoxide on the surface of a ruthenium-
cobalt alloy. Samples were simulated using VESTA software. VASP
was used to optimize the structure and calculate the energy. In
addition, the adsorption distance and the electronic interaction
between carbon monoxide and a substrate were determined. The
results identified the optimal adsorption location for CO on the
RuCo surface. This research contributes to completing the overall
picture of CO adsorption on the surface of catalysts used for direct
methanol fuel cells.

Keywords: Carbon monoxide, density functional theory,

ruthenium-cobalt alloy, VASP

1. GIOI THIEU

Trong sb cac dang ning lugng méi hién nay, pin
nhién liéu methanol 1a mot trong nhiing Gng vién
day hira hen vi ¢6 kich thuéc nhé gon, nhién liéu
methanol d& san xuét va ton trit, c6 mat do nang
luong cao va hoat dong & nhiét do thip (Arico et al.,

2001; Zhang et al., 2017). Tuy nhién, viéc thuong
mai héa pin nhién li€éu methanol con gap mot s6 rao
can, ddc biét 1a hién tugng ngd ddc carbon monoxide
(CO) & bé mat dién cuc lam hi¢u suét pin suy giam
theo thoi gian va viéc st dung kim loai quy platinum
(Pt) 1am chét xuc tac khién pin c6 gia thanh cao (Suh
et al., 2005).
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Dé giam luong Pt sir dung, cac nghién clru tap
trung vao ché tao chét xuc tac hop kim hai hodc ba
thanh phan cia Pt nhu PtRuNi (Wang et al., 2007),
PtRuCo (Huang et al., 2009), PtFe (Jang et al.,
2013), PtNi (Nassr et al., 2013), PtRuFe (Cai et al.,
2015), PtCo (Baronia et al., 2017), PtPd (Zhao et al.,
2018), PtRu (Quan & Le, 2021). Tuy nhién, c6 rat it
nghién ctru vé chat xtic tic khong sir dung kim loai
quy platinum.

Déi véi hién tuong ngd doc CO, cac nghién cliru
déu tap trung vao viéc khao sat 1y thuyét. Pa ¢
nhiéu céng bo vé sy hap phu CO trén cac bé mat nhu
Pt(100), Pt(410) va Pt(110) (Yamagishi et al.,
2005), PtCu (Lei et al., 2013), PtBi (Figueiredo et
al., 2014), Pt clusters (Ramos-Sanchez & Balbuena,
2014), PtsM (M = Pt, Ni, Mo, Ru, Pd, Rh) clusters
(Lian et al., 2015), Pt-Me (Me = Fe, Co, Ni)
nanoclusters (Korniy et al., 2016), PtMo (Liu et al.,
2019). Nhung twong tu nhu trén, cic cong bd 1y
thuyét vé sy hap phu CO trén bé mat chat xiic tac
dinh hudng ing dung trong pin nhién li€u methanol
ma khong sir dung kim loai quy platinum ciing gan
nhu khong xuat hién.

Trong nghién ctru nay, sy hap phu cia phan tir
CO 1én bé mit chét xuc tac hop kim ruthenium-
cobalt (khong str dung kim loai quy platinum) duoc
tinh toan va khao sat. Két qua gop phan vao viéc
hoan thién birc tranh tong thé vé sy hap phu cua khi
CO 1én bé mit cac chét xuc tac c6 tiém ning tmg
dung vao pin nhién liéu methanol.

2. PHUONG PHAP NGHIEN CUU

Trudc tién, phén mém VESTA duoc su dung dé
thiét ké cac hé mo phong. Phan dé hop kim RuCo
véi bé mat duoc thiét ké tuong tng mat mang (111)
clia cdu triic tinh thé fec. DE bao gom ba 16p, véi cac
nguyén tir Ru xen k& Co theo ty 1& Ru:Co = 1:1 Mdi
unit cell co kich thuée 10,2 A x 10,2 A x 22,9 A,
tudn hoan theo hai phuong x va y, khoang chan
khong theo truc z duoc thiét ké xép xi 15 A. Bo co
sO song phang duogc st dung v6i nang lwong cit 1a
400 eV, phép tinh xap xi Perdew-Burke-Ernzerhof
dugc sir dung cho ning luong tuong quan trao doi.
Mau luéi diém k = 5 x 5 x 1 v6i ki thuat ldy mau
diém dic biét cia Monkhorst va Pack duoc str dung.
Tbc do hdi tu cua cac phép tinh dugc hd trg béng
phuong phép Methfessel-Paxton bac nhét véi gia tri
sigma la 0,2 eV.

Tiép theo, phan tir CO dugc thiét ké hap phu lén
bé mat dé RuCo tai 7 vi tri kha di, bao gém: top Ru,
top Co, bridge Ru-Ru, bridge Ru-Co, bridge Co-Co,
hollow Ru-Ru-Co va hollow Ru-Co-Co tuong g
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v6i hai truong hop 1a nguyén tir C quay xudng va
nguyén tir O quay xudng (Hinh 2). Khoang cach ban
dau tir nguyén tu C hay O dén bé mat dé xap xi 2,0
A cho tt ca cac mau.

Hinh 1. Pé hep kim RuCo nhin theo phwong
ngang (a) va theo phwong tir trén xuong (b)

S8 sics

Hinh 2. Trudng hep nguyén tir C quay xubng
(a) va nguyén tir O quay xuong (b)

Sau khi cac miu duoc thiét ké xong, goi phan
mém md phong VASP dugce st dung dé tdi uru hoa
cdu tric va tinh toan ning luong ciia ching. Ning
luong hép phu gitta phan tor CO va bé mat dé duoc
tinh toan theo cong thuc:

1)
Vi Eqass Eco-ruco» Eruco VA Eco lan lugt 1a
nang luong hép phy, nang luong cua ca hé CO-

RuCo, nédng lugng cua d¢ RuCo va nang lugng cua
phan ti CO.

Eaas = Eco—ruco — Eruco — Eco

Bén canh nang luong hap phuy, khoang cach gitra
nguyén tir hap phu va bé mit dé d,4; cling duoc xac
dinh. Hon thé nira, nhim co mot cai nhin tryc quan
vé su tuong tac dién tir gilra phan tor CO va bé mat
dé, gia tri sai khac mat d¢ dién tich Ap (charge
density difference — CDD) ciing dugc tinh toan cho
hai mau dién hinh (mau thi nhét img véi truong hop
nguyén tir C quay xudng vi tri hollow Ru-Co-Co cho
két qua ning lugng hap phu c6 gia tri duong cao
nhit, mau thir hai tng véi truong hop nguyén tir O
quay xudng vi tri hollow Ru-Ru-Co cho két qua
ning luong hap phu c6 gia tri am thip nhat) theo
cong thuc:

Ap = pco—ruco — Pco ()

Trong d6, pco-rucos Pruco V& Pco 1§n’ luot 1a
mat do dién tich cua hé CO hap phu trén dé RuCo,

~ PRuco



Tap chi Khoa hoc Dai hoc Can Tho

mat do dién tich cua dé RuCo va cua chat trung gian
hap phu CO.

3. KET QUA VA THAO LUAN
3.1. Truwong hop nguyén tir C quay xudng

Béang 1 va Hinh 3 thé hién két qua tinh ning
luong hép phu va chay t61 wru hoa cdu hinh cua cac
hé trong trudng hop nguyén tir C quay xudng, tuong
g vé6i 7 vi tri khac nhau ctia nguyén tir C trén bé
mit hop kim RuCo nhu dd dé cap ¢ phan phuong
phép nghién cuiru.

Bang 1. Két qua tinh ning hrong hip phu cho
trwong hop nguyén tir C quay xuong

Vi tri ECO—RuCo ERuCo ECO Eads

itri

: (eV) (eV) (eV) (eV)
top Ru__ 37231 357,79 -1480 0,28
topCo  -37228 -357,79 -14,80 031
e Ru

b“dff Y 37225 235779 -14.80 0,34
u

e Ru

bridge Ru- .0 o1 35779 1480 -022
Co

bridge Co- 71 62 35779 -1480 0,97
Co

holl

OOW 37311 357,79 -1480  -0,52

Ru-Ru-Co

hollow Ru-

OTOW RN 37155 35779 -1480 1,04
Co-Co

Gia tri ndng luong hép phu (Egqs) ¢ Béang 1 co
thé cho thdy nguyén tir C khong hap phu 1én bé mit
RuCo, v6i cic gia tri E,4¢ déu duong (trir hai trudng
hop bridge Ru-Co va hollow Ru-Ru-Co). Trong do,
gia tri duong 16n nhét twong tng voi truong hop
nguyén tir C nam & vi tri hollow Ru-Co-Co, véi gia
tri nang lwong hap phy bang 1,04 V. Diéu nay hoan
toan phu hop voi két qua chay tbi wu hoa khi trén
Hinh 3, c6 thé thay, khong c6 nguyén tir C nao bat
lién két v6i bé mat RuCo. Riéng d6i v6i hai trudng
hop bridge Ru-Co va hollow Ru-Ru-Co, mic du két
qua tinh nang lugng hap phu c6 gia tri am, nhung
khong phai do nguyén tir C hap phu lén bé mait
RuCo. Hinh 3d va Hinh 3f cho thdy nguyén tir bat
lién két véi bé mit 1a O. Do ban dau hé duge thiét
1ap 1a nguyén tir C quay xudng, nén két qua nay
chung t6, ing vé6i hai truong hop trén, bé mat RuCo
dd day nguyén tir C va hut nguyén tor O véi luc
tuong tac kha 16n, lam xoay phan tir CO theo chiéu
nguyén tor O hudng xudng.
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Hinh 3. Két qua chay tbi wu héa cho truong hop
nguyén tir C quay xuong tai 7 vi tri

Ghi chii: a) top Ru, b) top Co, c) bridge Ru-Ru, d) bridge

Ru-Co, e) bridge Co-Co, f) hollow Ru-Ru-Co va g)

hollow Ru-Co-Co.

3.2. Truwong hgp nguyén tir O quay xuéng

Béang 2 va Hinh 4 thé hién két qua tinh ning
luong hip phu va chay t6i wu hoa cia cac hé trong
truong hop nguyén tir O quay xudng, twong img véi
7 vi tri khac nhau ctia nguyén tir O trén bé mat hop
kim RuCo.

Nhin chung, ¢é su twong dong trong xu huéng
hap phu giita hai truong hop nguyén tir C quay
xudng va nguyén tir O quay xubng. Trong d6, ning
lwong lién két gitra bé mat dé véi nguyén tir oxy thép
hon mét chiit so véi nguyén tir carbon. Két qua dugc
trinh bay & Bang 2 cho thdy niang luong hap phu thap
nhit & ba vi tri 1a top Co (0,08 eV), bridge Ru-Co
(0,02 eV) va hollow Ru-Ru-Co (-1,51 eV), tuong
ung voi Hinh 4b, Hinh 4d va Hinh 4f. Trong khi d06,
gia tri duong 16n nhat twong tmg véi truong hop
nguyén tir oxy nam & vi tri hollow Ru-Co-Co, véi
gi4 tri nang lugng hap phu bang 1,03 eV. Pdi voi
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céu hinh bridge Ru-Co, trong ci hai truong hop
nguyén tir C quay xudng va nguyén tir O quay xudng
déu cho gia tri nang lugng hip phu thap. Tuy nhién,
trong hai truong hop nay, gia tri nang luong nay la
khac nhau. Diéu nay c6 thé duoc giai thich 1a do cau
hinh bridge Ru-Co chi 1a vi tri d4t ban du. Trong
qua trinh hé may chay t6i wvu hoa, su dich chuyén
céc vi tri khac nhau cua phan tir CO da xay ra dé tim
ra vi tri 6 nang lugng thap nhat. C6 kha ning & gan
vi tri bridge Ru-Co ¢6 hai vi tri h6 thé tmg véi hai
cdu hinh t6i vu trén.

» OO
0000
0500

) 00 ) o
[ Q000
(] 000
558 S5
e) “ f)

Hinh 4. Két qua chay tdi wu héa cho truong hop
nguyén tir O quay xuong tai 7 vi tri

Ghi chu: a) top Ru, b) top Co, c) bridge Ru-Ru, d) bridge
Ru-Co, e) bridge Co-Co, f) hollow Ru-Ru-Co va g)
hollow Ru-Co-Co.

Nhu vay, trong ca hai truong hop nguyén tia C
quay xudng va nguyén tir O quay xudng, vi tri hip
phu tot nhat trén bé mat RuCo 1a hollow Ru-Ru-Co,
v6i gia tri nang luong hip phy bang -1,51 eV.
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Bang 2. Két qua tinh ning luong hip phu cho
truwdng hop nguyén tir O quay xuong

V. , ECO—RuCo ERuCo ECO Eads
itri
* eV) (eV) (eV) (eV)
topRu__ 37241 357,79 -14.80 0,18
topCo  -372,51 -357,79 -1480 0,08
bridge Ru-
HABE R 39006 35779 -1480 0,33
Ru
bridge Ru-
HABC R 39057 35779 1480 0,02
Co
bridge Co-
Heget0" 37163 35779 -1480 0,96
Co
hollow
374,10 - -14 -1,51
Ry 710 35779 1480 -1
hollow Ru-
OTOW RN 37156 35779 -1480 1,03
Co-Co

3.3. Khoang cich tir nguyén tir hip phu dén
bé mat
Béng 3 cung cép gié tri khoang cach (dggs, tinh
bang don Vi,A) gitra nguyén tu hap phu (C hoac O)
va bé mit dé RuCo.

Bing 3. Khoang cach tir nguyén tir hip phu dén

bé mit
Vi tri Qads A .
: C quay xuong O quay xuong
top Ru 2,48 3,03
top Co 3,68 2,22
bridge Ru-Ru 2,46 2,45
bridge Ru-Co 1,87 1,86
bridge Co-Co 3,21 3,14
hollow Ru-Ru-Co 1,86 1,73
hollow Ru-Co-Co 2,37 2,36

Nhu da trinh bay ¢ phén phuong phép, khoang
cach tir nguyén tr C hodc O dén bé mat dé ban dau
duoc thiét 1ap xap xi 2,0 A cho tit ca cac mau. Tuy
nhién, do twong tac gitra phan tir hip phu véi dé nén
khoang cach nay c6 sy thay doi ro rét sau khi chay
t6i wu hoa. Trong d6, gia tri dgqs tuong tmg vé6i hai
vi tri 1a bridge Ru-Co va hollow Ru-Ru-Co bi giam
di. Pidu nay hoan toan phii hop véi két qua tinh ning
lwong lién két khi hai vi tri nay cho gia tri E,qs 4m.
Twong tac giita phan tir hap phu véi bé mat dé 1a luc
hut 1am cho khoang céach giira chiing gidm di. Nguoc
lai, & cac vi tri khac, gia tri khoang cach d 4, tang
lén do Iyc twong tac 1a lyc day (E,qs mang gia tri
duong).
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3.4. Twong tac dién tir gilra phan tir hip phu
véi dé
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xay ra sy hip phu manh mé ciia phan tir CO 1én bé
mat de.

Hinh 5 thé hién sai khac mat do dién tich (CDD)
ctia hai mau dién hinh. Mﬁu thir nhat tmg voi trudng
hop nguyén tir C quay xuong vi tri hollow Ru-Co-
Co, cho két qud nang luong hap phu c6 gié tri duong
cao nhat. Mau thir hai g v6i truong hop nguyén tir
O quay xudng vi tri hollow Ru-Ru-Co, cho két qua
ning luong hap phu c6 gia tri am thap nhat. Trong
hinh, khu vyc ¢6 mau lam va vang lan luot biéu thi
su suy giam va ting cuong dién tur, twong Ung voi
dién tich c6 gia tri duong va am ¢ cac khu vuc do.
C6 thé thay 15, trong trudng hop nguyén tir C quay
xudng vi tri hollow Ru-Co-Co (Hinh 5a), & khu vic
xung quanh phan tir CO tap trung mét lugng 16n
dién tich (mau vang). Trong khi d6, & bé mat cac
nguyén tir Co gan nhu khong xuét hién sy trao d6i
dién tich nao. Do d6, khong co diéu kién dé thiét 1ap
tuong tac giita phan tr CO vé&i dé. Tham chi, bén
trai phan tr CO xudt hién mot ving mat dién tich
(mau lam) nam ngay phia trén cac nguyén tir Ru, ma
trén céc nguyen tr Ru nay lai ton tai cac vung bi mat
dién tich. Piéu nay dan dén twong tac day giita bé
mat dé va phan tr CO (do cung mang dién
tich duong).

a)

4

Hinh 5. Két qua tinh to4n sai khac mat d dién

tich cho trudng hop nguyén tir C quay xudng vi

tri hollow Ru-Co-Co (a) va trweong hop nguyén
tir O quay xudng vi tri hollow Ru-Ru-Co (b)

4. KET LUAN

Khi phan tir CO hép phu trén bé mit hop kim
RuCo thi xay ra tuong tac day néu nguyén tir carbon
& gan bé mat dé ddi véi tt ca cac vi tri. Trong trudng
hop nguyén tir oxy & gan bé mit, nang luong hip
phu luén thip hon so véi truong hop nguyén tur
carbon quay xudng cho tt ca cac vi tri tuong mg.
Vi tri ¢6 nang lugng hip phu thip nhit ing véi
hollow Ru-Ru-Co, v6i E 45 = -1,51 eV va khoang
cach tir nguyén tir oxy dén bé mat 1a dggs = 1,73 (A).

Nguoc lai, ¢ truong hop nguyén to O quay . q
LOI CAM TA

xudng vi tri hollow Ru-Ru-Co (Hinh 5b), phia trén
cum ba nguyén tir Ru-Ru-Co xuét hién cac ving suy
giam dién tich (mau lam). Céac vung suy gidm dién
tich nay va dam may tich tu dién tich (mau vang)
xung quanh phan t&r CO s hut nhau. Do d6, tai day

~ Pé tai nay dwoc tai trg boi Dai hoc Can Tho, Ma
s6: T2025-09.
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