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TOM TAT

Cac tinh todn phonon ctia hydrogen khi hdp phu trén bé mat Pt(110)-(1x2) khuyét day bang mé
hinh siéu chan khong (Ultrahigh Vacuum — UHV) da dugc tién hanh thuc hién nghién cuu. Viéc
tinh toan dua trén su két hop gitia ly thuyét phiém ham mat dé (Density Functional Theory — DFT)
va xap xi dao dong clia hydrogen trén bé mat. Dao déng diéu hoa clia H trén bé mat Pt da dugc sur
dung dé tinh toan trong nghién ctiu nay. & do bao phl ctia hydrogen déi véi bé mat mé hinh I3
TML (khi bao pht hoan toan bé mat Pt), lién két hinh thanh & vi tri canh clia I6p th nhat (cdu ngan
- R) la bén nhat. Tiép theo cac vi tri kém bén hon dugc ghi nhan la vi tri cau noi gila hai nguyén ti
trén mét hang ngang & I8p thi hai (rdnh - T), vi tri dinh clia I&p bé mat thit 2 — fcc (F), vi tri cau noi
cla I6p bé mat tha hai — hep (FY), va vi tri kém bén nhat chinh [a vi tri dinh ca I6p thd nhat (T'). Khi
tién hanh nghién ctu tinh toan thém su anh hudéng lugng tr vao mé hinh thi ndng luong hap phu
clia hydrogen & vj tri cau ngan tang thém 90 meV, va thi tu hdp phu bén viing ctia hydrogen thay
ddi véivi tri bén vimg nhat 1an luct 1a R, T, T, F' F. Biéu nay chiing t6 su anh hudng khéng nhé cia
hiéu ng lugng tir1én mé hinh hap phu.
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GIGI THIEU

Trong gin 3 thap ki trd lai day, dién hoa bé mét dugc
xem la mon khoa hoc ¢6 anh huéng dén rat nhiéu
linh vuc khac nhau nhu vi dién t, xtc tac, pin nhién
lieu"2. Trong d6, hydro — platium dugc xem nhu la
mot trong s6 cdc mo hinh dugc nghién ctiu chuyén
sau’™?. Mac du bé mat (111) 1a bé mit 6n dinh nhat
d6i v6i mo hinh tinh thé kim loai lap phuong (FCC),
cac bé mit khéac ciing can phai dugc nghién ctiu, vi
trong cac ting dung thuc t€, bé mat xtc tic phan tan
nhiéu phan khac nhau thanh ma trdn. Trong cac phan
khéc nhau ctia kim loai FCC, mit (111) va (100) da
dugc chi ra 1a cac mit phd bién nhét ', Cac nghién
ctu trude déy chi ra ring céc vi tri hoat ddng xuc tac
13 trén cac bé mit nay!'! hoic trén bién gitia cic mit
nay'%. Lién quan dén vin dé nay, hai nhém tic gia
Gudmundsdéttir va Skalason thuc hién céc tinh todn
ly thuyét d€ lam r6 st dnh hudng ctia cidc mét (111)
va (100) 1>, Ho dua trén thuc t& 12 bé mét Pt(110)-
(1x2) bi khuyét diy va xem né nhu mét mé hinh
tudn hoan dai dién cho bién gitia cac mit (111) 13,14,
Sau do, stt dung thuc nghiém lan ly thuyét d€ nghién
ctiu sau hon sy hdp phu cta hydrogen 1én bé mit
Pt(110) »15-18,

Andrzej khéo sét su hdp phu ctia hydrogen 1én bé mit
kim loai Pt(100), (111), (110) trong mdi trudng acid

HClO4 va H,SO4 béng phuong phédp quét vong dién
thé (cyclic voltammograms — CV)>. Ho da x4c dinh
va chudn hoéa ning lugng Gibbs ctia qué trinh hép
phu, céc tham s6 tuong tac va sy bién thién ctia chiing,
cung trang thai bao phtt bé mét dung dé tham chiéu,
ti d6 co thé suy ra cdc tuong tac hat déy xdy ra khi
hydrogen hép phu 1én cic bé mit platium don tinh
thé. Tuy nhién, cic két qua cua Lasia khong cung cip
dugc cic tinh chit vat ly vé lién két ctia hydro cu thé
trén bé mat Pt. D6 1a dong luc d€ chung t6i tién hanh
tim hiéu vé mit ly thuyét bang cac tinh toan lugng ti
sti dung phiém ham mat d¢ cho bé mat Pt(110)-(1x2)
khuyét day.

Muc tiéu dau tién trong nghién ctu nay 1a xdc dinh
néang lugng hdp phu H ting véi cac vi tri trén bé mit
Pt(110)-(1x2) khuyét day. Cac tinh todn sy hdp phu
dang nhiét ctia Pt(110)-(1x2) dugc thuc hién thong
qua viéc st dung phan mém mo phong SIESTA. Véi sy
kiém tra ki cac thong s6 ban dau duing trong tinh toan
béng cach thong qua sy hoi tu s6 16p, s6 k-points, cac
dii liéu nang lugng thu dugc tit phuong phap phiém
ham mat d6 DFT nay c6 tinh chinh x4c cao. Sau d6,
nhém cho H dao dong trén bé mit Pt(110)-(1x2), tinh
toan phonon dugc thé hién qua hai gid tri 13 tan s6

gidn nén va nang lugng diém khong (ZPE).

Trich dan bai bdo nay: Hoa N V, Phi N M, Thién N N, BPao C M, Hanh T T T. Nghién cttu phonon vé su
tuong tac caa hydro Ién bé mat Pt(110)-(1x2) khuyét day. Sci. Tech. Dev. J. - Nat. Sci.; 4(4):850-856.
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PHUONG PHAP TiNH

Nghién ctiu nay ap dung cich thic tinh toan DFT
tuong ty nhu cich da dugc dp dung thanh cong trong
nghién ctiuhé H/Pt(111) 7. Ching t6i st dung két hgp
tuyén tinh cac orbital nguyén ti (LCAO) va lugc do
gia thé trong phan mém mo phéng SIESTA (Spanish
Initiative for Electronic Simulations with Thousands
of Atoms) 1*20 d¢é tién hanh céc tinh todn nguyén Iy
cdu truc dién tu ban dau. Tuy nhién viéc st dung
LCAO trong SIESTA c6 sy sai s6 vé€ su chong lap cua
b6 co s& (basis set superposition error -BSSE) nén
trong bai nghién ctiu trudc day cho hé H/Pt(111) véi
cung phuong phap da chi ra sai s6 tinh todn cho nang
lugng hdp phu khoang 1% . M6 hinh va vi tri hip phu
ctia hydrogen trén bé mat Pt(110)-(1x2) dung dé tinh
toan DFT dugc biéu thi trong Hinh 1. Trong tinh toan
DFT, ham tuong quan trao d6i dugc st dung la xp xi
gin ding gradient (GGA) Perdew va cong su?'. Vi
GGA-PBE cho két qua mé ta chinh xdc vé phan tng
tuyén tinh ctia khi dién ti d6ng nhit, vé dic tinh theo
ti 1¢ d6ng nhit va thé ning dua ra phing hon?!.
Chung t6i da 4p dung bo tham s6 tinh toan SIESTA
co ban theo chudn phéan cuc kép zeta (DZP) va ludi
cat la 200 Ry. Dong thoi, ham Fermi Dirac v6i nhiét
do dién tu tai 300 K dugc st dung dé€ tinh céac tich
phén ving Brillouin. Chiing t6i sti dung gia tri ning
lugng 200 meV cho d¢ dich chuyén ctia nguyén ti Pt,
qua d6 xac dinh bén kinh cat ting véi tiing mé men
dong lugng géc. Cac tham s6 tinh todn chuén trong
SIESTA cung cdp d6 chuén xdc hgp ly cho két qua cua
Pt dang tran (chua hdp phu H) 1an khi hdp phu nguyén
ti hydrogen’. Chung t6i ciing chon gia tri 3.9242A
tng véi 6 co s6 thuc nghiém thu dugc d€ xay dung
md hinh platinum 3.

Viéc tinh toan H hap phu 1én bé mat Pt(110) - (1x2)
dugc thuc hién théng qua 3 budc thiét 1ap ciu hinh.
Piu tién, cac mo hinh bé mit (1x2) véi s6 16p nguyén
tt khac nhau tit 4 dén 6 16p nguyén ti Pt tinh ti bé
mit dugc xiy dung. Ung véi tling trudng hop s6 16p,
chi s6 diém k thiét 14p trong tinh toan SIESTA ting
dan tu (4x4x1) dén (13x13x1) Monkhorst Pack (MP),
hay tit 11 dén 85 diém k, vdi muc dich tim sy hoi tu
theo s6 16p va diém k. Thd hai, sau khi chay chuong
trinh SIESTA va thu dugc mé hinh &n dinh cia bé mit
Pt(110)-(1x2) dang trdn, ching t6i cho m¢t nguyén
tt hydro hép phu lan lugt 1én tiing vi tri khac nhau
trén bé mit Pt(110)-(1x2). Céc vi tri nay bao gém
fce (F), hep (F), ciu ngén (R), dinh (T”) va ranh (T)
(Hinh 1). Thu ba, d€ tinh ZPE, nguyén ti hydro dugc
dich chuyén khoi vi tri cAn bing theo tryc z va x4p xi
bang mot dao dong diéu hoa.
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KET QUA VA THAO LUAN

Su hoi tu nang luong
V6i mdi dang cdu truc bé mat khac nhau cta Pt thi
vi tri, mutc d6 hap phu bén viing ctia H trén do ciing
khéc nhau. Do d6, nhém ching t6i bat ddu béng viéc
tinh toan ning lugng hdp phu bé mat d€ kiém ching
nhiing vi tri hdp phu c6 thé ctia H trén bé mit khuyét
day Pt(110)-(1x2).
Bang 1 thé hién ning lugng hdp phu cua hydrogen
dugc tinh bédi cong thic:

Nu

Euis = Etor (NH) —Eor (0) — 7EH2 ,

V6i E;or (Npr) 14 ning lugng téng ctia hé Ny nguyén
tt hydrogen hap phuy 1én bé mét Pt(110)-(1x2), Ey, 1a
nédng lugng ctia mot phén ti hydrogen c6 1ap. E, 4, 12
néing lugng hdp phu cta H trén Pt. E, 4 tai vi tri cau
ngdn (R) dugc ghi nhén la thip nhét trong cic trudng
hop, ¢ nghia la vi tri hdp phu bén viing nhat. Do d6
khi khdo sat tinh hoi tu chung toi chon vi tri R d€ xét
va mot vi tri nita 1a F, d€ dung lam d6i chiéu. Va bang
2 th€ hién d¢ dai lién két t6i uu ctia cac nguyén ti H
v6i cac nguyén tii Pt 16p trén cung.

Dé kiém ching tinh dung ddn cta céc thong s6 lya
chon trong tinh toan DFT, sy hoi tu nang lugng dugc
tinh todn cu thé trong bai. Khi gid tri nang lugng dugc
hoi tu tai mot diém chiing to cic thong s6 lya chon ¢6
tinh chinh xdc cao va ¢ thé dung lam s6 liéu so sanh
v6i thuc nghiém. Muc dich cta viée xét nhiéu 16p va
nhiéu diém k khac nhau la d€ tim gid tri cdc tham s6
tinh todn ma tai d6 nang lugng hoi tu.

Ning lugng ma ching t6i xét sy hoi tu 13 ning lugng
tuong quan khi hydrogen hép phu 1én vi tri cdu ngin
(R) so v6i vi tri fcc (F) clia b€ mat Pt(110)-(1x2). Két
qua ning lugng hip thu tim dugc Gng véi hai vi tri nay
dugc théhién trong Bang 3. Tryc quan hda ditliéu ctia
Bang 3 thong qua Hinh 2 va Hinh 3. Dya vao Hinh 2
c6 thé thay khi s6 16p ting dén 5, gid tri AE,45(eV)
= E;or.(R) - E;or.(F) hoi tu vdi cac diém k khac nhau.
Diéu nay chi ra ring tdc dong ctia hydrogen chi dnh
hudng dén 4 16p tinh tit bé mat Pt(110) khuyét day.
Con tit Hinh 3 cho thdy khuynh huéng héi tu dang
tién dén khi s6 diém k tang dén (13x13x1) MP.

Ndng luong diém khéng (ZPE)

Dao dong ctia nguyén tt H xung quanh vi tri can béng
trén méi truc ¢ thé duge xem gin ding la dao dong
diéu hoa vi khoang cach gifia cac nguyén ti Pt va H
kha I6n so v6i dao dong clia nguyén tt H xung quanh
vi tri cdn bang. Do d6, xdp xi dao dong diéu hoa dugc
stt dung dé€ tinh ZPE. D4u tién, 14y vi tri hdp phu sau
khi da 6n dinh cta hydrogen trén bé mit khuyét day
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Hinh 1: M6 hinh bé mat Pt(110)-(3x2) véi (R) la vi tri cau ndi gilra hai nguyén tl trén mét hang doc & 16p trén cling
(cau ngan), (F) la vi tri fcc, (F') la vi tri hep, (T) 1a vi tri cau néi gilra hai nguyén tr trén mét hang ngang & I6p thit hai
(ranh) 2

Bang 1: Nang lugng hap phu (eV) ciia hydrogen lén bé mét Pt(110)-(1x2) khuyét day khi dung (7x7x1) MP,
tuong ting véi 25 diém k

Odonvi  S616p Vi tri T Vi tri F Vitri P Vi tri R Vi tri T
(1x2) 4 -0,513 -0,535 -0,557 -0,762 -0,602
1 ML 5 -0,483 -0,519 -0,485 -0,618 -0,637

Bang 2: Do dai lién két Pt-H t&i uu (A) trén bé mat Pt(110)-(1x2).

S6 16p Vitri T Vitri F Vitri F’ Vitri R Vitri T
4 1,57 1,82 1,58 1,77 1,77
5 1,59 1,84 1,59 1,78 1,79

Bang 3: Nang lugng hap phu (eV) cia hydrogen 1én bé mat Pt(110)-(1x2) khuyét day tai vitriRvaF

Pt lay-  (4x4x1) (5x5x1) (7x7x1) (11x11x1) MP (13x13x1
ers MP MP MP MP
R F R B R B R F R H
4 -0,66 -0,68 -0,75 -0,59 -0,76 -0,53 -0,78 -0,56 -0,77 -0,57
5 -0,57 -0,45 -0,66 -0,52 -0,62 -0,52 -0,66 -0,55 -0,65 -0,54
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Pt(110) - (1x2) 1a vi tri cAn bang, nhém tién hanh dao
dong dich chuyén nguyén tit hydrogen doc theo truc
lién két Pt-H mot khoang tii — 0.1 A dén + 0.1 A va
tinh nang lugng ctia hé véi cau hinh d6. Xap xi nang
lugng thu dugc bang ning lugng cia mot dao dong
diéu hoa cho bai cong thiic :

1
E = Ekxz,

v6i x (A) 1a d6 dich chuyén khoi vi tri cin bing clia
nguyén ti hydrogen, hé s6 k (eV/A?) 1a hing s6 luc.
Sti dung phuong phap tinh binh phuong cuc tiéu,
chung t6i suy ra gid tri hing s6 luc k va st dung n6 dé
tiép tuc tinh tin s6 gidn nén trong tuong tac ctia hy-
drogen v6i bé mat kim loai Pt(110)-(1x2). Biéu thtc
clia tan s gian nén c6 dang nhu sau:

S 1 Jk(my +my)
27e mimy

Trong do6 c 1a van t6¢ anh sdng, m; 1a khoi lugng
nguyén ti hydro, m; la khoi luong nguyén ti platium.
Cudi cung, nang lugng ZPE dugc tinh thong qua:

_hv he  hev

T2 20 2
v6i h 1 hang s6 Planck.
Béng 4 thé hién tinh todn phonon vé hing s6 luc, tin
s6 gidn nén cho do bao pht H trén Pt la 1ML véi s6
diém k 1a (7x7x1) MP va s6 16p Pt 1a 5 16p. Tan s6
gidn nén cua H trén Pt(110)-(1x2) c6 gia tri ti 1031
cm~! dén 2210 cm ™!, gia tri nay tuong duong véi do
gidn nén cta H trén bé mat Pt(111) tu 1184 cm~! dén
2192 cm~!7. Nang lugng hip phu & Bang 4 dugc tinh
béng viéc cong thém ning lugng diém khong ZPE vao
néang lugng hép phu ban d4u E, 4, tit Bang 1. Nhu vy
khi tinh thém anh hugng lugng tti vao sy hdp phu cta
H trén bé mit Pt(110)-(1x2) thi ndng lugng hip phu
ctia hé tang thém gia tri ti 64 meV dén 137 meV cho
cdc vi tri hip phu khdc nhau. Bang 1 cho théy vi tri
hép phu H bén viing nhit cta 5 16p 1a R, va kém bén
viing nhét la T, nhung sau khi tinh thém nang lugng
ZPE thi vi tri kém bén nhat lai 13 E Diéu nay ching to
anh hudng lugng tli 1én moé hinh hdp phu H/Pt(110)-
(1x2) la dang ké. Trong tuong lai, ching toi sé khao
sat bé mat Pt 16n dé tinh todn tuong tac lién két gitia
H - H trén bé mit Pt(110)-(1x2), tit d6 cung cdp toan
b6 thong tin vé€ qud trinh hip phu va anh hudng hép
phu ctia hé H/Pt(110)-(1x2).

KET LUAN

St dung ly thuyét phiém ham mét d6 DFT va x4p xi
GGA, phonon ctia su hdp phu hydrogen lén bé mat
khuyét day Pt(110)-(1x2) da dugc nghién ctiu. Cac

tinh todn hdp phu cho thiy H bén viing nhét & vi tri
cdu ngdn R. Nang lugng hdp phu cta hydrogen & vi
tri R ting thém ~ 90 meV khi tinh thém anh hudng
lugng tt 1én mo hinh. Xa hon, mo hinh tinh toan sé
dugc md rong va khdo sat cac tuong tdc H — H trén bé
mit Pt(110)-(1x2).

LO1 CAM ON

Nghién ctiu nay dugc tai trg béi Quy Phat trién khoa
hoc va cong nghé Qudc gia (NAFOSTED) trong dé tai
ma s6 103.01-2017.50.

DANH MUC TU VIET TAT

UHYV: Ultrahigh Vacuum: siéu chan khong

DFT: Density Functional Theory: ly thuyét phiém
ham mét do.

ZPE: Zero Point Energy: ning lugng diém khong.
ML: Mono Layer: don 16p.

SIESTA: Spanish Initiative for Electronic Simulations
with Thousands of Atoms: gdi tinh toan mo phong.
GGA: x4p xi gan dung gradient.

PBE: Perdew, Burke va Ernzerhof.

MP: Monkhorst Pack.

XUNG POT LO1iCH

Tac gid khong c6 bat ki xung dot 1¢i ich nao

PONG GOP CUA CACTACGIA

Nguyén Van Hod: viét ban thdo bai bdo, tinh todn
néng lugng diém khong, ning lugng dao ddng ctia hé
H/Pt (110)-(1x2).

Nguyén Minh Phi: Truc quan hod mo hinh, va tinh
hoi tu diém k.

Nguyén Ngoc Thién: tinh todn sy hdp phu ctia H 1én
cac vi tri bé mat.

Chau Minh Pao: xay dung m6 hinh mé phong Pt.
Tran Thi Thu Hanh: huéng dan, dinh huéng cho toan
bd nghién ctiu. Kiém ching lai cac két qua tinh toan,
chinh stia va ndp ban théo.
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Phonon investigation on the interaction of hydrogen on the
missing row Pt (110)-(1x2) surface

Nguyen Van Hoa, Nguyen Minh Phi, Nguyen Ngoc Thien, Chau Minh Dao, Tran Thi Thu Hanh®

ABSTRACT

The phonon calculations of hydrogen when adsorbed on the missing row Pt(110)-(1x2) surface
using the Ultrahigh Vacuum (UHV) model were studied. The calculations were based on a com-
Use your smartphone to scan this bination of Density Functional Theory (DFT) and the approximation of hydrogen vibrations on the
QR code and download this article surface. The harmonic vibration of H on the Pt surface was used for the calculation in this study. At
the hydrogen coverage of TML for the model surface (when H completely covering the Pt surface),
the interaction formed at the edge of the first layer (short bridge - R) was the most stable. The less
stable positions were recorded as the bridge position between two atoms on a horizontal row in
the second layer (trough - T), the top position of the second surface layer - fcc (F), the bridge posi-
tion of the second surface layer - hcp (F'), and the least stable position was the top position of the
first layer (T'). When accounting the quantum calculation for the model, the adsorption energy of
hydrogen at the short bridge position increased by 90 meV, and the stable adsorption order of hy-
drogen changed with the most stable positions ware R, T, T, F, F respectively. This demonstratesd
the significant influence of quantum effects on the adsorption model.

Key words: Phonon, hydrogen adsorption, the missing row Pt(110)-(1x2) surface, DFT- density
functional theory
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