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Abstract

CO, hydrogenation over Fes cluster has been investigated by means of GGA-DFT method. As regards DFT, the
Perdew—Burke—Ernzerhof (PBE) formalism for exchange and correlation was used. The obtained results showed that,
the conversion of CO, into HCOOH and HCHO is favourable while the formation pathways of CH;OH and CH, are

unfavourable.
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1. MO bAU

Trong may thap ki gan day, cac van dé moi
truong va su bién doi khi hau dang dugc cac nha
khoa hoc va xa hoi dac biét quan tam. Khi Trai dat
néng 1én, biang & cac cuc Nam - Bic tan ra khién
muc nudc bién dang cao lan chiém dat lién, 1am
giam dién tich dit sinh hoat va canh tac, dac biét 1a
cac qudc gia ven bién chiu hau qua niang né nhat. Du
doan nudéc bién co thé dang cao thém 0,3 dén 1,0 m,
khi d6 nhidu ving thap & hai ving chau thd séng
Hong va song Ciru Long ¢ nudc ta ¢ thé bi ngap
hodac bi man hda. Mot trong nhitng nguyén nhén
chinh d6 1a hién tuwong hiéu tng nha kinh lam nhiét
do trai dat tang 1én, dan dén su bién d6i khi hau.
Nguyén nhan la do sy gia tang phat thai cua cac khi
nha kinh (CO, 56 %, N,O, 6 %, CH, 18 %, CFC 13
%, O3 7 %) vao moi tru’ong ma trong d6 thanh phan
chu yéu 1a khi CO, [1, 2].

Trudc nhiing van dé cap bach d6 da co nhiéu
nghién ctu theo hudéng cong nghé xanh, sach nham
chuyén doi khi CO, thanh cac san phém c6 ich [3],
[4,[5.6].

Trong khuén khé bai bao nay chdng téi gidi thiéu
két qua nghién cuu 1y thuyét phan ¢ng chuyén héa
CO, bang H trén xuc téac cluster Fes.

2. PHUONG PHAP TiNH

Céc tinh toan da thyc hién sir dung xap xi gradien
téng quat (GGA) phiém ham tuong quan trao ddi
(PBE), bo ham DZP. Tham s6 mang cho hop md
phong: a = b = ¢= 35,0 A; o= p =y = 90°. C4c cau

trac dugc tdi uu hoa khi dat dén tiéu chuan can bang
vé luc tac dung lén mdi nguyén tir nho hon 0,05
eVI/A.

Céac cau truc duoc tdi wu hoa dé dua vé trang
thai can bang. Nang luong kém theo phan tng duoc
tinh theo cdng thuc:

AE = Téng niang luong cua san pham — Tong
nang luong cua chét tham gia

Dé dy doan va giai thich tim phan @ng, ching toi
st dung Ii thuyét axit-bazo citng-mém (HSAB) théng
qua viéc xac dinh chi s6 Fukui f'; theo dién tich cho
mdi nguyén tir theo biéu thuc (1)

fi=d’—q 1)

Nang luong hoat héa dugc tinh theo phuong
phap CI-NEB. Trong phuong phap nay, cac cau truc
dau (initial), cudi (final), cac ciu trdc khac trén
duong phan tng duoc t6i wu theo mot cach dic biét.
E. dugc tinh theo cong thirc (2)

Ea = Emax' Einitial (2)

3. KET QUA VA THAO LUAN
3.1. Gia thiét co ché ciia phan \ing

Khi CO, va H, cung hap phu trén cluster Fes
(cluster bén nhét, nghién ciru nay duoc trinh bay chi
tiét & mot cong trinh khac), két qua cho thiy qua
trinh hip phu CO, 1a hap phu héa hoc, hap phu H, la
hip phu vat ly. Do vay, CO, hap phu trudc tao ra hé
FesCO, sau d6 H, mai tan cbng vao hé Fe;,COz theo
cac hudng khac nhau. Hinh anh hé FesCO, bén viing
nhat duoc biéu dién trén hinh 1.
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Fad

H‘|nh’1: Hinh anh sau khi CO,
hap phu trén cluster Fes

R6 rang, sy hap phu CO, trén Fes 1a hip phu hoa
hoc boi su kéo dan lién két C-O Ién t6i 1,33 A so véi
ban dau 1a 1,17 A trong CO, tu do; thém vao dé
ning lwong phan ung rit &m AE = -184,416
(kJ/mol).

Tiép theo, H, s& tan cdng vao hé FesCO,, trong
pham vi bai b4do nay chdng tdi nghién ciru 4 kha
ning chinh sau ddy: H, tin c¢éng vao nguyén tir C
tao hé¢ 1S.1% vao lién két C-O1 tao h¢ 1S.1°, vao lién
két C-02 tao hé 1S.1°, vao cac nguyén tir Fes tao hé
1S.1°. Hinh 2 la c&c san phim trung gian 1S.1% 1S.1°,
1S.1% 1S.1% thu duoc.

1S.1¢

IS.1°

Hinh 2: Hinh anh cac hé thu duoc sau khi H, tin
cbng vao FesCO,

Tur déy, co ché du kién cua phan ung tao thanh
HCOOH, HCHO, CH;0H, CH, duoc xac dinh theo
cac hudng tuong tng véi 18.1%,15.1°, 1S.1°, 1S.1°%

3.2. Bién thién ning lwong theo cac huwéng

T 1S.1°

Bang 1 cho thdy céac gia tri AE déu duong nén ca 4
huéng tao san pham tir 1S.1* déu khong dugc wu tién
vé mit nhiét dong. Mic du vay, khi so sanh cac

Pham Th; Piép va cong su

huéng thi kha nang tao ra HCOOH (AE thép nhat) d&
hon ca trong khi khd nang tao ra CH, (AE cao nhat) la
khé khan hon vé mat nhiét dong.

Bdng 1: Bién thi€n nang lugng AE tao thanh cac san

pham theo hudng IS.1°

Hudng phan ang | San pham | AE (kJ/mol)
CH;OH 226,656
IS 12 CH, 251,616
' HCHO 167,904
HCOOH 152,544
- Trls.1°

Bang 2: Bién thién ning lugng AE tao thanh cac

san phim theo hudng IS.1°

Hudng phan tng | San pham | AE (kJ/mol)
HCHO 265,632
1S.1° HCOOH 152,448
CH3;OH 92,554

Két qua ¢ bang 2 chi ra rang, kha ning tao
CH3OH tir 1S.1° ¢6 ning lwong thdp nhit nén wu tién
hon ca, tréi lai voi kha nang tao ra HCHO c¢6 nang
lwvong cao nhat khong duge wu tién vé mat nhiét
dong hoc. Tuy nhién céc gia tri AE déu duong nén
cling khong dé dé xay ra phan tng.

T 18.1°

Bdng 3: Bién thién nang luong AE tao thanh
cac san pham theo hudng IS.1°

Hudng phan tng | San pham | AE (kJ/mol)
CH50OH -5,280
IS.1° HCHO 167,808
: CHJ(1) | -129,504
CHJ2) | -522,432

Két qua ¢ bang 3 cho thiy kha ning tao ra CH,
(2) theo huéng 1S.1° ¢6 nang lugng rat &m nén dugc
uu tién nhat vé mat nhiét dong hoc.

Tor18.1¢

Bdng 4: Bién thién ning lugng AE

Hudéng phan ing | San pham | AE (kJ/mol)
CH50OH -436,608
IS.1¢ HCHO -263,52
' CH, -560,832
HCOOH -190,656

Két qua tir bang 4 chi ra rang, nang luong phan
(g theo hudng 1S.1° déu rat am. Hinh thanh san phim
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CH, twong ung V6i nang lwong A&m nhat
(-5660.832 kJ/mol, am hon ca truong hop tao ra CH,
theo hudng 1S.1° nén s& wu tién nhat vé mat nhiét
dong hoc.

Nhu vay céc hudng hinh thanh san pham tir 1S.1°
déu co bién thién ning lugng rat am khi duoc xuc
tac bang cluster Fes nén cac hudng nay duoc uu tién
nhat v& mat nhiét dong hoc. Piéu nay ciing chi ra
rang, khi dugc x(c tac bang Fes, phan tir CO, s& bi
hap phu truéc xudng Fes, lién két bén vitng C-O s&
bi yéu di, tiép theo d6 dén luot H, twong tic voi
nguyén tir Fe bén canh ma khéng phan ang truc tiép
Vvéi cac nguyén tir C hodc O. Phan tir H, bi hap phu
hoa hoc; lién két H-H bi phan li hoan toan (dn.y =
3,068 A) trong 1S.1% s0 v&i ban dau 0,77 A trong H,
ty do), niang luong hip phu H, lén FesCO, la
-166,272 (kJ/mol).

Khi H, tin cong vao FesCO, thi huéng tan cong
uu tién 12 H, tn céng vao nguyén tir Fe. Két qua nay
chung t6i da giai thich dwa vao chi s ham Fukui
nhu sau:

Trong cac phan tng va6i hé Fe5C02, H, dong Va1
trd nhu tdc nhan nucleophin nén can tinh chi sé
Fukui f;* cho cac nguyén tir trong FesCO,. Cau tric
FesCO, duoc téi wu dé xac dinh q° va g, rdi tinh ;'
duoc két qua trinh bay ¢ bang 5.

Bdng 5: Cac giatri ¢, q, fi*

Nghién citu co ché phan ing...

pham trung gian. Theo d6 c6 nhiéu gia tri ning
luong hoat hda ung véi mét hudng tao ra mot san
pham, dya vao ning lugng hoat hoa s& dy doan duoc
kha nang tao ra san pham uu tién. Nang luong hoat
hoa tao ra cac san phdm theo huéng 1S.1° duwgc xac
dinh bang phuong phap CI-NEB va két qua thu duoc
trinh bay trong bang 6.

Bang 6: Nang luong hoat hoa

STT San pham E. (kJ/mol)
1 CH, 580,992
2 CH5;0OH 333,312
3 HCHO 95,808
4 HCOOH 148,992

Két qua bang 6 cho thiy ning lugng hoat hoa
cua qué trinh tao ra CH, cao nhat nén khé xay ra
nhét, cua qué trinh tao ra HCHO thap nhat nén dé
xay ra nhat. Tuy nhién Eypcho) = 95,808 (kd/mol)
khong phai qua khac biét so voi Eapicoony= 148,992
(kJ/mol) nén kha nang phan ung sé uu tién tao ra
HCHO va HCOOH. Con Eycnay= 580,992 (kJ/mol),
Ea(CHSOH) = 333,312 (kJ/mOI) Ion Xé.y ra kho hon nén
khong wu tién tao ra CH, va CH3;0H.

3.4. So sanh gia trj E, va AE ciia qua trinh tao
sian phim theo huéng 1S.1°

| Gilat | . ] Tr cac két qua trén chiing toi da 1ap bang so séanh
Nguyen tir @ |Odta ) Giiwm f gia tri E, va AE cua qua trinh tao CH,, CH3OH,
Fel 0,014 | -0,123 0,137 HCHO va HCOOH theo huéng 1S.1°%
Fe2 0,050 | -0,105 0,155
Fe3 0,149 -0,016 0,165 Bang 7: So sanh gia tri E, va AE
Fe4 0,037 | -0121 0,158 STT | San phdm | E,(kd/mol) | AE (ki/mol)
Fe5 0,169 | 0,002 0,167
* * : 1 H 2 - 2
C6 -0,009 | -0,08 0,071 CH, 580,99 260,83
o7 0205 | -0300 0.095 2 CHOH 333,312 -436,608
08 -0,204 -0,256 0,052 3 HCHO 95,808 -263,52
4 | HCOOH 148,992 -190,656

Két qua tir bang 5 cho thiy chi s6 ham Fukui fi+
cia cac nguyén tir trong FesCO, déu nhoé hon 1.
Trong d6 nguyén tir 08 cd f* nho nhit (fos" = 0,052)
nén kha ning H, tan céng vao nguyén tir 08 la yéu
nhat. Cac nguyén tir Fe c6 gia tri f* 1on hon, trong d6
nguyén tir Fe s6 5 ¢6 f* 16n nhat (fres” = 0,167) nén
H, s& uu tién tan cdng vao nguyén tir Fe sd 5. Diéu
nay giai thich tai sao huéng 1S.1° 1a huéng wu tién
nhét vé mat nhiét dong hoc.

3.3. Nang lugng hoat héa

Céc céu tric theo huéng 1.1 dugc téi wu dé xéac
dinh nang lugng hoat hda cua cac giai doan tao san

Két qua tir bang 7 cho thiy, qua trinh tao ra CH,
¢6 AE 4m nhit nhung ning luong hoat hda cao nhit
nén khong wu tién tao ra CH4 con qud trinh tao ra
HCHO c6 AE cao nhung ning lugng hoat héa thap
nht nén wu tién tao ra HCHO. Nhu vy nhing phan
g c6 AE thap trén thuc té chua chéic da xay ra. Vi
ngoai yéu té nhiét dong hoc thi téc do cua phan ung
phu thudc rit manh vao yéu té dong hoc, ning luong
hoat héa E,.

4. KET LUAN

_ba st dung phuong phap DFT dé nghién ctu co
ché phan ung chuyén hoa CO, bang H, trén xuc tac
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cluster Fes. Két qua nghién cau cho thay, ban dau
CO, s& bi hap phu trudc tao ra FesCO,, sau d6 dén
lwot H, tao san phdm wu tién 1S.1% H, khong tac
dung truc tiép 1&n C, O. Tir I1S.1% cac hudng tao san
pham CH,, CH;OH, HCHO, HCOOH duoc nghién
ctru trong d6 huong tao HCHO, HCOOH 1a uu tién
hon ca. Két qua nghién cau Ii thuyét goi y cho cac
nghién ciru thuc nghiém rang néu st dung céc chat
xuc téc cluster Fes kho tao ra CH, ma thay vao do 1a
HCOOH va HCHO.
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