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Abstract: Density functional theory (DFT) at GGA-PBE/DZP level was performed to study the
adsorption processes of CO and H, on clusters Co,Cu; and Co,Cu, supported on MgO
(Co2Cu2/Mg0O) system. The electronic structures, geometries of Co,Cu, and Co,Cuz/MgO,
adsorption energies were studied and analyzed. The optimal adsorption configurations of CO and
H2 on Co2Cu; and Co,Cux/MgO were determined. The results show that CO and H; are chemically
adsorbed on Co,Cu, and Co,Cux/MgO systems and the adsorption process does not involve a
transition state. MgO support plays important role in the increasing of the activation ability of
Co2Cu,/MgO for CO compared to the initial cluster.
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Nghién ctu i thuyét phan tng hydro hoa CO trén hé xuc tac
ludng kim loai Co.Cu; trén chat mang MgO(200)
bang phuong phap phiém ham mat do

Phan 1: Giai doan hap phu va hoat hoa
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Tom tat: Phuong phap phiém ham mat do & muc ly thuyét GGA-PBE/DZP duoc st dung dé nghién
ctru qua trinh hap phu CO va H, trén cluster Co,Cu, v Co,Cu; mang trén chat mang MgO
(Co2Cu/MgO0). Céu tric electron, hinh hoc ctia cac hé xuc tic Co,Cu; va Co,Cu/MgO, ning lugng
ctia qua trinh hap phu da dugc nghién ciru va phén tich. Pa xac dinh cdu hinh hip phu vu tién cua
CO va H, trén cac hé Co,Cu, va Co,Cu/MgO. Céc két qua nghién ciru chi ra rang, qué trinh hap
phu CO va H trén cac hé Co,Cu; va Co,Cu/MgO mang ban chit hda hoc va qué trinh nay khéng
di qua trang thai chuyén tiép. Chat mang MgO déng vai trd quan trong trong viéc 1am tang kha ning
hoat hda CO cua hé Co,Cuz/MgO so Véi cluster ban dau.

Tir khéa: Syngas, DFT, Co,Cu,, MgO, hip phu, hoat héa, chat mang.

1. Mé dau

Dau mé 1a mot dang nhién liéu quan trong,
khong thé tai sinh, trong khi nhu cau cia con
ngudi ngay cang lon. Do su khing hoang dau
trong nhitng nam 1970 ma nhitng nghién citu mao
rong vé ngudn niang luong thay thé duoc ca thé
gidi quan tdm. Mot trong nhirng nghién ciru quan
trong 1a chuyén hda cua syngas. Syngas la hon
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hop ciia CO va Hy, ¢6 thé thu dugc tir nhiéu
nguén carbon khac nhau nhu than d4, khi tu
nhién, sinh khdi va ngay ca chat thai hiru co. Mot
trong nhitng chuyén hda quan trong caa syngas
la thanh ancol cao (higher alcohol synthesis -
HAS), la nhitng ancol mach carbon c6 hon 2
nguyén tir va vi vy c6 phan tir khéi va nhiét do
nong chay cao hon. Ancol cao c6 4p suat hoi
thap, kha nang hoa tan t6t voi cac hydrocarbon
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va khd nang chiu nuéc t6t (tranh gay gi dong co).
Boi the ancol cao c6 thé duoc sir dung nhu mot
nguon nhién liéu hodc chit phu gia cho nhién
lidu dé lam tang chi s6 octane va la mot chat phy
gia cho san xuat hoa chat tinh khiét.

Chuyen hoa xuc tac syngas thanh ancol cé
nhleu wu diém vi qué trinh cé thé sir dung ca
ngudn carbon téi tao va khong tai tao. Cac hé xtc
tac khac nhau c6 thé ding trong qua trinh tong
hop. Ty thudc vao diéu kién tién hanh va xtc
tac sir dung ma co ché cia phan tng khac nhau
va san pham bao gém ancol tir C; dén Cs, mach
thang va mach nhanh [1]. Theo [2], bién tinh xdc
téc qua trinh Fischer-Tropsch (FT), chu yéu la
xuc tac trén co s¢ Cu-Co, thi ancol mach thing
1a san pham chinh. Tuy nhién trong nhitng hé xdc
tac nay, nhitng vin dé con ton tai chung 1 hoat
tinh chua cao, @6 chon loc ancol con thap, tinh
bén cua xUc tac trong diéu kién nhiét do cao va
ap suat cao chua tot. Bai vay, viéc phat trién mot
hé xuc tac co do chon loc HAS cao dong thoi bén
trong moi trudng phan tng 1a rat can thiét.

Bién tinh hé xuc tac FT boi Ni, Fe, hoic Co
lam tang d6 chon loc cua ancol cao [3]. Hoat tinh
cuia XUc tac phu thugc rat nhiéu vao phuong phap
tong hop, vi n6 lién quan téi sy phan tan cua pha
hoat dong 1a Cu va twong tac ciia Cu Vi chat trg
xuc tac Fe (Ni, Co) va tir d6 quyét dinh dén ham
luong ciing nhu tinh chat ciia ancol thu duoc [4].
Déi voi chuyén hoa syngas thanh ancol mach
thang bac cao, cac chit mang dién hinh duoc sir
dung la: carbon hoat tinh, cac oxide kim loai
(Al,03, MgO,...) [5,6].

Mic du ¢6 nhiéu nghién ctu thuc nghiém vé
xUc tac cho chuyén hoa syngas, nhung viéc tim
kiém, thiét ké mot hé xdc tac méi hiéu ning cao
van la mot van dé hap dan. Co ché phan tng
chuyén hoa xc tac syngas 1a mot co ché phic
tap, bao gdbm nhiéu giai doan, trong d6 c6 giai
doan hip phu va hoat hoa trén bé mat xdc tac.
Giai doan nay dong vai tro quan trong, anh
huéng dén thanh phan caa hdn hop san pham [7].

Trong bai bao nay, ching tdi trinh bay céc
két qua nghién ctu ly thuyét qua trinh hap phu
va hoat hda céc chat tham gia cia chuyén hoa

syngas (CO va Hy) trén hé xuc tac ludng kim loai
Co,Cu; va CoCu; mang trén  MgO
(Co2Cu2/MgO). Cac két qua thu duoc s€ gop
phan cung cap cac thong tin ¢ cap d6 nguyén tu
vé co ché phan g hydrogen héa CO trén hé
xuc tdc mai Co-Cu-MgO.

2. M6 hinh va phwong phap tinh toan

Trong nghién ciru nay chang téi lra chon hé
xuc tac ludng kim loai la Co,Cus, dugc dua 1én
chat mang MgO. M6 hinh MgO duoc lya chon
la mat MgO(200) cua tinh thé MgO do day 1a mat
dic trung va bén nhat caa tinh thé MgO, ung Vi
peak co cuong do cao nhat trong gian d6 XRD
thu dwgc khi tinh toan [7].

Céc tinh toan théng sb cau trac va ning
lwong cua cac chét duoc thyuc hién theo phuong
phap phiém ham mat d6 (DFT) trong sy gan
dung gradient tong quat (GGA), phiém ham
tuong quan trao ddi PBE [8], sir dung bo ham co
s DZP va thé gia bao toan chuan Kleinman-
Bylander [9] dang Troullier-Martins véi ngudng
cit ham soéng tuong duong séng phing
2040,75eV. Céc céu triic duoc tdi wu hoa st
dung thuat toan Quasi Newton véi tiéu chuan hoi
tu vé luc 1a 0,05 eV/A. Phuong phap tinh toan
duoc tich hop trong phan mém SIESTA [10].

Ning luong hap phu (Eas) dugc tinh theo
cong thirc:

Eass = E(A/B) - E(A) - E(B) (1)

trong d6 E(A), E(B) va E(A/B) tuong tng la
nang luong cua cac chat bi hap phu - A, chét hap
phu - B va ning lugng cua ciu tric A hip phu
trén B.

Néng luong hap phu Ia mot thong so nhiét
dong quan trong dé xac dinh kha nang tu dién
bién va muc d6 cua qua trinh trong truong hop
qua trinh hap phu khdng bi chi phéi boi cac yeu
td dong hoc, tir d6 xac dinh dwgc cac cau tric
hap phu uu tién. Dé 1am rd ban chit cua qua trinh
hap phu, su thay dbi cac thong sé hinh hoc nhu:
do dai lién két, goc lién két, bac lién két; sy thay
d6i s6 electron doc than ciing dwoc phan tich.
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Cac trang thai chuyén tiép co thé c6 cua qué
trinh hip phu duoc nghién ciru theo phuong phap
Climbing Image - Nudge Elastic Band (Cl-
NEB). Trong phuong phap CI-NEB, khi di tu
trang thai dau dén trang thai cudi, s6 cau tric (sb
diém anh) duoc tinh dén 14 5. Cc ciu truc duoc
tdi wu véi tiéu chuan hoi tu vé luc 12 0,1eV/A.

3. Két qua va thao luan

3.1. Mang Co.Cu; I1én MgO (200)
3.1.1. Cdu truc electron hé Co,Cus

Hiéu rd cau trdc electron hé Co.Cu; s& gop
phan hiéu rd sy hinh thanh hé xuc tac
C02Cu/MgO, Vi vay chiing t6i di tdi wu hoa ciu
trac ban dau cia Co,Cu; theo 12 cau tric tng
v6i: Dang duong thang (1a, 1b, 1c, 1d); Dang
tam giac phang (e, 1f); Dang t& dién (1g); dang
hinh thoi (1h, 1i, 1k) va dang vuéng phang (1l,
1n) nhu dugc chi ra trén Hinh 1. Céc két qua vé
nang luong tdi wu hoa (Eept), ning luong lién két
trung binh (Ep), s6 electron doc than (Nye) duoc
thé hién trén Bang 1. Trong do6, ning luong lién
két trung binh duogc tinh theo cong thirc:

Ep = [2E(Co) + 2E(Cu) - E(C02Cuy)]/4
Bang 1. Nang luong t6i vu hoa (Eopt), nang luong

lién két trung binh (Ep), sb electron doc than cua hé
COZCUZ (Nue)

Cautric Eop(eV) Eb, eV/nguyéntir Nye

1a -3827,2 1,44 6
1b -3827,0 1,39 6
1c -3827,4 1,50 6
1d -3826,6 1,30 6
le -3827,1 1,42 6
1f -3827,5 1,51 6
1g -3828,4 1,74 6
1h -3828,4 1,74 6
1i -3828,0 1,63 6
1k -3827,8 1,59 6
1 -3826,83 1,21 6
1n -3828,6 1,80 6

Két qua tinh toan (Bang 1) cho thay, cluster
Co,Cu; dang thoi ng voi cau tric 1n ¢ ning
lwong tdi wu héa 4m nhat, nang luong lién két
cao nhat, chung to day 1a ciu trdc bén nhat.
Ngoai ra khi phan tich s electron doc than caa
hé nhan thiy, & trang thai co ban, mdi nguyén tu
Co c6 3 electron doc than, moi nguyén tir Cu c6
1 electron doc than, nhu vay tong sé e doc than
cua 2 nguyén tir Co va 2 nguyén tr Cu la 8,
nhung s6 electron doc than trong hé cluster
Co2Cuz I 6, tuc 1a it hon tong s electron doc
than c6 trong c&c nguyén tir tu do 1a 2. Nhu vay,
da c6 su ghép doi cac electron doc than cua Co
va Cu, hinh thanh lién két kim loai kiéu cong hoa
tri trong cluster Co,Cus.

Két qua tinh ciing cho thay sy ph hop vé d6
dai lién két trong cac cau triic Co,Cuy, d6 dai lién
két Co-Co, Cu-Cu hay Cu-Co trong cac ciu tric
déu nho hon téng ban kinh cong héa trj caa Co
va Cu (2,70 A [11]) cho thdy c6 su hinh thanh
lien két hoa hoc.

3.1.2. Cau tric electron ciia hé Co,Cu,/MgO

Tiép theo ching t6i tién hanh nghién cau
tuong tac ctua hé Co,Cuz-1n (CAu tric bén nhat)
Vi chat mang MgO(200). Khi hap phu Co.Cu;
lén chat mang MgO(200), c¢6 4 cau tric hinh
thanh duoc trinh bay trén Hinh 2. Két qua tinh
toan cho cac ciu tric nay bao gébm sé electron
doc than (N.e), tong dién tich - Q (theo Hirshfed)
cuia Co,Cus (trong hé), tong bac lién két- B (theo
Mayer), ning luong hap phu Eass (kd/mol) cua
Co,Cu; véi MgO(200) duoc tom tit trong Bang 2.

Bang 2. Céc thong sé tinh todn cho hé Co,Cuz/MgO

Cautric Ne Q,e B Eads, kj/mol
2a 6,0 +0,254 1573 -133,7
2b 6,0 +0,288 1,264 -586
2c 6,0 +0,086 1,087 -30,3
2d 6,1 +0,077 0,903 -4,4
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Hinh 1. Hinh hoc céc cau tric t6i wu cua Co,Cus (cac do dai lién két tinh theo A).

Két qua tinh toan cho thay, c6 su chuyén dich
dién tich dang ké tir Co,Cu, sang MgO, trong d6
I6n nhit 1la ddi véi  cau trdc  2b:
Q(Co.Cuz)=+0,288. Téng bac lien két hinh
thanh gitra Co,Cus v&i chat mang MgO trong cau
trdc 2a 1a 16n nhat (B=1,573). Pong thoi, ning
lwong hap phu cia cau tric 2a ciing 1a 4m nhat
(-133,7 kJ/mol). Nhu vay, Co,Cu. da tuong tac
hoa hoc véi chat mang MgO, dé hinh thanh mot
hé xuc tac mai, ¢ tinh chat khac biét so véi hé
xuc tac Co,Cu, ban dau. Khi twong tac voi MgO,
cluster Co,Cu, khéng con giir cau tric phang nhu

trong In ban dau. D4 voi céc cau trdc:
C02Cu/MgO con lai- 2b, 2c va 2d, bac lién két
va nang luong lién két cua Co.Cuz véi MgO nho
hon nhiéu so véi trudng hop 2a. Nhu vy, cau
triic Co,Cu/MgO - 2a la ciu tric bén nhat, tinh
chat cua hé nay duoc ki vong khac biét nhiéu so
v6i tinh chat caa cluster Co,Cus ban dau. Do do,
tiép theo, chdng to6i tién hanh nghién ctu kha
niang hip phu khi CO va H, trén cau tric
C0,Cu,/Mg0-2a va ¢6 so sanh vai kha nang hip
phu khi CO va H trén cluster Co.Cuz-1n.
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Hinh 2. Cac cau trdc Co,Cu/MgO (cac do dai lién két tinh theo A).

3.2. Sur hdp phu CO, Ha trén hé Co,Cu/MgO
3.2.1. Su hap phu CO trén hé Co,Cuz/MgO

Khi hiap phu CO trén Co,Cu, va
C02Cu/MgO ¢ thé c6 cac cau tric hap phu nhu
sau: phan tir CO hap phu qua dau C trén tam hoat
dong la nguyén tir Co 3a; va 3az), phan tar CO
hap phu qua dau O trén tdm hoat dong la nguyén
tir Co (3by va 3by), phan tir CO hap phu qua dau
C trén tdm hoat dong la nguyén tir Cu (3c; va

3c2), phan tir CO hap phu qua dau O trén tam
hoat dong la nguyén tir Cu (3d: va 3d.), phan tu
CO hap phy qua dau C huéng téi hai nguyén tir
Co-Cu (3e; va 3e;) va phan tir CO hap phu qua
dau C trén 3 nguyén tir Co,Cu (3g1 va 3gz). Cac
cAu trdc tdi wu tng voi cAu trac hap phu 3a;-3g;
va 3a,-3g2 duoc trinh bay trén Hinh 3. Cac két
qua tinh todn cho qué trinh hap phu CO trén
C0,Cu/MgO bao gém: ning luong hdp phu
(Eags), d0 dai lién két C-O (dc.o) bac lién két C-
O (Bc.o) dugc tém tit trong Bang 3.
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Hinh 3. Céc cAu trac hap phu CO trén Co,Cuz va Co,Cuz/MgO.

Bang 3. Céc thong sé tinh todn cho qué trinh héap
phu CO trén hé Co,Cu, va Co,Cu/MgO

Chu trac dc.o,A Eads, kd/mol  Bc.o)

3a; 1,169 -200,2 2,447
3bs 1,153 -15,6 2,134
3c1 1,161 -196,8 2,498
3ds 1,161 -52,0 2,168

3 1,183  -180,9 2,350
3 1190  -1985 2321

3az 1,172 -231,2 2,124
3b2 1,153 -27,1 2,194
3c2 1,166 -180,9 2,316
3d2 1,161 -61,9 2,221
3e2 1,187 -214,3 2,314

30 1,205  -1759 2,237
CO(g) 1,145 - 2,369

Ning lugng hip phu CO trén Co,Cu,/MgO
nhin chung thap hon cac vi tri twong &g trén hé
Co,Cuy, dic biét 1a ¢ c&c vi tri hip phu trén tdm
Co ( cac cau truc 3ay, 3b, hoic 3e). Khi hap phu
trén cac tm Cu (céu trdc 3c) hozc c6 su tham gia
cuia tm x(c tac Cu (ciu trac 3g), nang luong hap
phu CO trén CoCuz/MgO cao hon cac vi tri
tuong tng trén hé Co,Cu,. Két qua tinh toan nay
tuong d6i phil hop véi két qua tinh toan qué trinh
hip phu va hoat hda CO, trén hé vat liéu cluster
Cu/Al,03 ma chung t6i da cong b [12]. Do dai
lien két CO khi hap phu trén Co,Cu, va trén
C0,Cu2/MgO khéc biét khong I6n (nhiéu nhat
1,26%), bac lién CO két trén Co,Cu,/MgO nhin
chung nho hon trén Co2Cu; (trir truong hop 3b2
va 362).
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Tt ca céc cAu trdc hip phu qua dau C déu co
gia tri Eags thdp hon dau O tuwong mg, nghia 13,
khi CO hap phu trén Co,Cus va Co2Cu,/MgO thi
s& wru tién hap phu qua dau C. Két qua nay hoan
toan phu hgp véi céc nghién ciru da duoc cong
b trén thé gisi vé su hap phu CO trén bé mat
cac kim loai chuyen tiép [7,11]. Diéu nay duoc
giai thich la khi tuong tac qua dau C, c6 kha nang
hinh thanh lién két n*- nguroc (* back-bonding)
gitta phan tir CO vai cac nguyén tr kim loai.
Lién két nay hinh thanh do sy dién cac electron
cua cac nguyén tir kim loai vao cac MO phan lién
két " cia CO dan dén su suy yéu lien két C=0
S0 v&i ban dau, trong khi lién két Co-C, Cu-C
duge ting cuong. Khi CO hiap phy trén
C02Cux/MgO qua dau C, phan tir CO s& duoc
hoat hoa, c6 nghia 1a do bén lién két C-O giam.
Diéu nay thé hién qua su giam bac lién két C-O
khi hap phu trén Co,Cu/MgO so vai bac lién két
C-O ¢ phan tir CO ty do (Bang 3).

Khi tién hanh x4c dinh trang thai chuyén tiép
c6 thé cd cua qud trinh hip phu CO trén
C02Cu,/MgO bang phuong phép CI-NEB (Bang
4), nhan thiy ning luong ctia qué trinh hap phu
CO trén Co,Cux/MgO giam dan tir cdu trac dau
dén cau trac cudi, ching to qua trinh hip phu nay
khong di qua trang thai chuyén tiép. Do do, su
hap phu CO trén Co,Cu,/MgO chi phu thudc vao
yéu té nhiét dong, ma khong bi chi phéi bai cac
yéu t6 dong hoc.

Bang 4. Nang luong tuong dbi (Erel ) clia cac cau
trac trén duong phan ng cua qua trinh hap phu
C0o,Cu2/MgO (cau tric hap phu 3az)

Cau trac Erel, kd/mol

Pau 220,4

1 207,9

2 198,7

3 198,7

4 144,7

5 33,3
Cudi 0,0

* Coi E(cuai) = 0,0 kd/mol.

Nhu vay, vai viéc qué trinh hip phu CO trén
Co2Cuz/MgO khdng qua trang thai chuyén tiép
thi c4u tric 3az & cau tric c6 Eags am nhat, day
la cAu tric hap phu wu tién nhat. Do dai lién két
C-O sau khi hap phu tao thanh cu tric 3a; dai
hon nhiéu so véi trugc hap phu, trong khi bac
lién két C-O giam manh nhat cho thay & cau tridc
nay CO dugc hoat hdéa manh.

3.2.2. Su hap phu Ha trén hé Co,Cu/MgO

Khi hip phu H; trén Co,Cu, va Co,Cu,/MgO
c6 2 ciu tric hap phu chinh: Hap phu phan li
phan tir H trén nguyén tir Co (4a; va 4az) va hap
phu phan li phan ti H, trén nguyén ta Cu (4b; va
4by) (Hinh 4).

4b;
Hinh 4. Céc cAu trdc hap phu Ha trén Co,Cu,/MgO.
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Bang 5. Cac thong s tinh toan cho qué trinh hap
phu H; trén hé Co,Cuz/MgO
Eads. Eads,
kJ/mol kJ/mol
43, -136,1 da, -167,7
4b; -119,6 4b; -157,8

Két qua tinh toan & Bang 5 cho thay, khi dua
cluster Co,Cu; lén chat mang MgO thi kha ning
hap phu H, tang (Eags Am hon). Cac cAu trdc hap
phu ¢ ning luong hap phu rat &m, khoang céch
gitra hai nguyén tir H trong cac truong hop déu
Ién hon nhiéu so véi khoang céch trong phan tu
H, tu do (0,74 A) cho thay phan tir Hz bj phan ly
hoan toan thanh nguyén tir H, két qua nay phu
hop véi nghién ciu [13,14]. Két qua tinh Cl-
NEB cho thay qué trinh hap phu khong di qua
trang thai chuyén tiép, do do, cau tric hap phu
4@, ing VGi Eqgs am hon sé 13 cau tric hap phu wu
tién H trén Co,Cu,/MgO.

Nhu vay, qua trinh hap phu CO va H, trén
C02Cux/MgO déu khdng qua trang thai chuyén
tiép, nén dé so sanh kha niang hap phu vu tién khi
hap phu dong thoi CO va Ha trén Co,Cu,/MgO,
c6 thé sir dung Eags. Nang luong hap phu cua cau
trac hap phu v tién CO (cAu trdc 3az) am hon so
V6i cu tric hap phu wu tién Ha (CAu trdc 4ay), do
d6, khi CO va H, hap phu dong thoi trén
C02Cu/MgO, CO s& wu tién hap phu trudc sau
d6 H, méi hip phu phén li dé xay ra cac phan
{rng hda hoc tiép theo.

CAu tric CAu tric

4. Két luan

Trong cong trinh ndy ching t61 da da nghién
ctiru qua trinh hap phu khi CO va Ha trén be mt
xuc tac Co.Cu, va Co,Cu/MgO bang cach st
dung phuong phap phiém ham mat do (DFT) va
phuong phap CI-NEB. Két qua tinh toan cho
thiy, CO va H, hap phu dé dang trén Co.Cu, va
COzCu2/MgO qua trinh hip phu mang ban chat
hoa hoc va khong di qua trang thai chuyén tiép.
Vi tri hap phu ti wu nhét trén C02Cu/MgO véi
CO la khi phan tr CO huéng dau C xudng
nguyen tar Co, voi H2 12 tai vi tri Co. O céc vi tri
nay, cac lien két C-O va H-H duogc hoat hoa
manh, tao diéu kién thuan lgi cho cac chuyén hoa
tiép theo.
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