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Abstract

A theoretical study of N20O adsorption
on the rutile TiO2 (110) surface

Moon, Yeni
Advisor : Prof. Ryu, Seol, Ph.D,
Department of Chemistry,

Graduate School of Chosun University

N2O adsorptions on rutile TiO2 (110) surface were investigated using the
density functional approach with plane-wave basis sets. Defective rutile TiOs
(110) surfaces were obtained from the clean TiO, (110) surfaces with bridging
oxygen atoms removed, and such oxygen vacancies provided adsorption sites
for N2O molecules. Vertical adsorption of N2O molecules turned out to be
unfavorable for a NoO — Ny surface reaction. However, oxygen vacancies at the
surface tended to reduce the band gap, suggesting that surface defects may
enhance the catalytic effects of TiO: for photochemical reactions involving
electron exchanges. The optimal condition for the surface reaction may be
sought in both controlling the band gap of TiO, and adjusting the orientation of

molecular adsorption.
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Figure 1. schematic illustration of a pseudopotential
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Figure 2. A typical one-dimensional Bloch wave. The wave is normally
complex-valued, but only its real part is used for the plot. The dotted

curve represents the plane wave e‘k'r, and the grey circles are atoms.
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Figure 4. NpwXNpw matrix representation for the Kohn-Sham equation

in the reciprocal space.
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3. Computational details
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st At U2 rutile TiO29] H A -2, rutile TiO, (110) 39, 23 %49

=1
(defective surface), NoO #x}, 18]3 A3 ¥Ho] EAE F2FAI71 F24 o]t

3.1. Rutile TiOz bulk

TiO; bulk TZ% a = 45934, ¢ = 2956A &1 Fzxolth. (Figure 5) 6719 914}
2 449 TiO; bulke] AA oY= A4k LDA(Local Density Approximation)&
B2} g3ttt TiO; bulk % A4S Bloch correction®] ©] &% Tetrahedron %
W aLgstgdnh o714, cutoff energy:E 400 eVE 3913l Brillouin Zone
Monkhorst-pack AZ8 "o o)a) 12x12x12 o2 #H3le] WA w9 AE
(bulk unit cell) A4S FastAt ol ZA 33 bulk rutile TiO:o] AL A=

AYe B Qe A% A9 T AH L
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1.

Figure 5. Bulk structures of rutile TiOs.
The tetragonal bulk unit cell has a = b = 4593 A, ¢ = 2.956 A.

3.2. Rutile TiOz (110) surface

Rutile TiO2(110) W& xyHWo] (4x1) o|a, z=9| 6-layerd slabs, vacuum
10 A9l +%9] supercell2 ZHlealdr), o] @A wrEoIx Aat Fitell= 144719
A7 A8, (Figure 6) 38 2o oigk AA oyA A4S PWI1 GGA
(Generalized gradient approximation) AF&3lgup ¥ nRn He mhe
Gaussian smearing W 5 AFS8F 2L, cutoff energyi= 400 eV, k-points+=
2x4x1 Monkhorst-Pack A Z#H o2 AA3te] conjugate gradient algorithm® 2
Tx2E HAsg et ALS sk
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0 oQe Q 2Q0 O ¢Qe

Figure 6. rutile TiO2 (110) six-layer slab supercell.

3.3. Defective Rutile TiO;z (110) surface

Adt ¥ W (defective surface)= oA =01 (4x1) 6-layerd slabs® TiO-
(110) 3] 71 9 Fdel gl= 109 vhe] 4k (bridging oxygen) ¥2HE Al A
ste] A2 FERA |t (Figure 7) WekA], o] F+x9 xWd = 25%9] 4bA Ash
(oxygen vacancy)o] EA|8tH, 24 AF T3 Alole] A= 6 Aotk Alel AA
AR 7= EE 1 /N7 914 143 ol A A2 o3 FdatAl 453

o,
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Figure 7. Defective rutile TiO2 (110) six-layer slab supercell.

3.4. Adsorption of N2O on Defective Rutile TiO; (110) surface
2 AAE AAS TiO, (110) A FHo N.O BAE5 SZA2 Fx2A o

k

& ALE FaAgtel doM AR e FdEA FAE AT

EHol #HE A FTH At A EAH FERA VMY ofY T T2 HHstd
Ha gxr 4 AAE A AT, 9 e SRS HAAsedn A 7=
A3 dag]ES conjugate-gradient schemed ©]-& 3} t}.
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Figure 8. N2O adsorption on defective rutile TiO2(110) six-layer slab.

3.5. A N20O molecule

M NoO Ex2pol] thal Al4FS VASPY Gaussian 092 E38l A4sle] v udho]

R e=
33H, VASPoZ AxtdE A=

Material studio QP[%] VESTA (Visualization

Analysis)ZP7 o] g3} t}.
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4. Results

4.1. Rutile TiOz bulk

LDA W& o]&sto] rutile TiO, Ha F-xo gk HA 3t ALtS 38t
Zqi]r?l TR AR FRE dS U, ol2HE AA A d=E FIih
Axts G S W, ddolEH e A oy W= 140 ~ 4.0 eVelal Fermi
o YA = 3.29 eVolltt. Figure 9% FermidlUA S YA eV)o 2 il 7t=2 =
o yx], MEFoll Mt Fe] WEE AT Aol 1o AR AA= A
& FEAEHA @t dH 2R a9 s ko] LDAR AlRtE w kA (band

gap)ol °F 168 eV = & & dou, Adgk 3.0 evel Hlshd w9 22 Hd=

F

J
w 10 -
: f
O
Ilr T T \-\I T 1
Energy (eV)

Figure 9. The total density of states (DOS) for the bulk structures
of rutile TiOa.
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A e e gzl oF 70 ~ 0 eV BAE A&V AYA JdE= Axds
7V EAlstE YA (valence band)E YWERHAT HA7to] = Tiel 3d A=
09 2p ALEZF7F F2 7]ojsto] whEolxlth % °F 20 ~ 35 eV WA= H|o]
RE A7t EA435= A Ew(conduction band)o] ™, Ti¢l 3d #Al=gS=vto] 7]

ofsti gleo] Be g Ea deiA o

tgog woFA = rutile TiO, (110) W, 28] 3L rutile TiOy A& ZA3SF %
" N,O 2= -g—i‘} A7l rutile TiO; A& A W] thal Az H=
Tz st ALY vk WAoo g AE AEE ST A & HLe 2
AP O 2 GGAE AH&3tth= Holtt,
4.2. Rutile TiOz (110) surface

GGA " & o] &3t Rutile TiO, (110) FwHel] tf
b HA3E FxE VASP T2 Aal &9 u

=
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S 42 9lom o]ALS EAE AHo] Figure 100]th.
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Figure 10. Optimized rutile TiO2 (110) six-layer slab supercell.
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Figure 11. The total density of states (DOS) for rutile TiO; (110) surface.
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Ao AAp AdH dERtezs= FW A e tigk Tiek 09 7loE &
1 €71 oot mebs, A Ay Do gk Tiok 09 AL 7os &
1 7 471 98k Figure 12914 Tigk O A 2= & vrol 18R
o AA7E QYA e AR 4" ARl Ti-3dek O-2p7t 7]e ek
Ax, 2gla dEgd giFE Ti-3d =57 719988 &2 4 Aok o &
A3l AR ol vt B2 &% Hrud FAHoR ofd oHEe] H
B2 719E sh=A Fdo] Jhwstth o] IS Fke] Tio, (110) #¥
Fermi oW\, w 774 oludx], Zejar xri el diew] Zpzbe] Ti-3dek O-2p

Armgtae] 7o s & 5 3l

ki

ol
o
N

N

o
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! ) T
-6 -4 -2
Energy (eV)

Figure 12. The Ti and O densities of states (DOS)
for rutile TiOz (110) surface.
The solid and dashed curves represent the DOS’s of Ti and O,

respectively.
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4.3. Defective rutile TiOz (110) surface

Figure 132 Figure 109] rutile TiO; FWolA 3F2] bridging oxygens A A
sto] A2 AFA Age 7H rutile TiO; EW O HAst 2ot} o] A A 2
T Ak Ao b 25% ¢ (4x1) 473 A(supercellol® A Fie 6 A

© e0e O 200 Q oo
-]

]

Figure 14% Abd A2 e 22& ag2Z=2 1A Aot} o] 7)o A Fermi
ol A= 0.32 eVoln dx}rtuwjel druw] Afo]ef w 7+A A& oF 038 eV ¢
oF 2 goh. whebA, Ad 9= rutile TiO, (110) EWe] thd Avel Hmsd

w, Fermi JIUA = °F 0.83 eV A% FolH i, o] kA oyx= °F 011 eV

to o
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Figure 14. The total density of states (DOS) for defective rutile TiO;
(110) surface.

AA A4 E Awd] OF Tis 09 A=FFe) el F o AAE B

71 91ske]. A3 ¢l rutile TiO: (110) oA <} vlz7FA] & Figure 15914 Ti

sb 09 WA W= F5E Urol 2RI AYA, AF mEe EU
bridging oxygen 37l AAHOZAN 2709 AA7F whA sty wEo AdE
(vacancy) FEo|A Ti*7F Ti'&2 ZojE Atgdel® Ti-3d AE357F A7y

_27_



of ALAA Ap

200 -

150

100 4

DOS (ev)

Energy (eV)

Figure 15. The Ti and O densities of states (DOS)
for defective rutile TiO, (110) surface.
The solid and dashed curves represent the DOS’s of Ti and O,

respectively.
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4.4. Adsorption of N3O on defective surface

Figure 162 Figure 139] rutile TiO; 2FA 23 ¥ 9o N.OE && A]|A o
2 HAHgt Fxolt ol Astd g2 xR upvAE AR e 9§
Zd 7l F dAEY X7 v Ao @i, F2E N0 & AFAe 180 °
o /] 1788 °& I N,09 Zo| Tk 2452 Ao 2337 Aoz =9t}

ro}&

O e0e O 2600 O e@o oo

Figure 172 A4te Azt A 92 E a8z FA3 Zlolt). o] 7oA Fermi
oA &= 054 eVeln Uxprtm o} Adrw] Alo]lo] w] 114 oA = ¢F 040 eV ©]
WX o} vl 2eb A Bolx|ak A ”Eﬂ
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okar, o +A o4 A &= 43 (vacancy)

Hol AArS E3o] rutile TiO, (110) ¥4
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Figure 17. The total density of states (DOS) for N20 adsorption on

defective rutile TiO5(110) surface.
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Figure 18. The Ti, O and N densities of states (DOS) for N2O adsorption
on defective rutile TiO2(110) surface.
The solid, dashed, and dotted curves represent the DOS’s of Ti, O, and

N, respectively.

4.5. Optimizing the molecular structure of N3O
Figure 192 Gaussian 09 Z 23] &4 W% Wy Wy og 7
NoOE=}o] H A3} Fxo|t} Table 1S Gaussian 099 B3LYP/6-31G W o2 3
AgtE NoO A x4} rutile TiOz (110) 3EH| AP o= F2E N.O &4
%o SelmEE vas s Hol o] BEE Fd N0 HEe Z2olg A4rE A
s H z

As Hagoza ERglel NO7k FHe AEE o F ok A
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free N2O

model

GGA-PWI1

GGA-PW91"
1.3602
1.0917

B3LYP/6-31G
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1.1405
2.4003

1.2259
1.1492

O-N
N-N

1.9733
180

Ti-O

179

180

O-N-N
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Table 1. Geometrical Parameters (A and deg). *From ref.
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