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P2 Aed 22 ol Blehlolh 7 2 F5S wolgieh, e, HEfoks WEg] oAt gow
Qlafo] Aol elolAt 1 TS LR 5 Sl Ao A lrk. Wk, Bleiole] ) B4 1A%
A gelow shrjstelt el glolgton], tlEAel Wekse Hlehioe] = /1AS 8] AlEsgi. Elehio}
HEah 7P ol B 2] e EH NAE et Hehole] ke v 1 Wt 3 A
9 Az SO ABFH PE JHITE A2 53 Elehohs ZIRA GelelA s kel 247t A
o)z o]7)En, B50) B4 2 Jehn Qv B el e B aue] 2Aste] Heho} vpie] =
95 2 Fepoll FHA, o8] =] A%EE A £ AT EleRio} vjre] s efol e A
st 58], a5 Gl T2 F /PR 2w glom, Heel A4E Psks ARE At 8t
= 759} Eletio} 22 Alololn] AtatEe] Felz 91Ashs 397t elA Qlrk ATE Tl el B
RalZ @ % Qe PG BEIels ARES A5H 0% ot glow, A 3 Blehiole] g e
A Sengit,

Abstract — Titania has become the most applicable material for photocatalytic application. Nevertheless, titania has
the weak point in its wide band gap energy that is mainly activated by UV irradiation. There have been vast research
challenges in order to make the wide band gap energy of titania narrow that could be activated in the presence of visible
light. Various modifications of titania surface were popular because titania needs to change its surface to respond in visible
light. Among the methodological approaches, N-doping to titania can be the alternative candidate because it is facile
process and eco-friendly. The activated electron from valence band in N-doped TiO, migrates to conduction band in the
presence of visible light irradiation, which shows photocatalytic activity as well. In this study, focused on the evaluation
of nitrogen state after N-doping through brief review. Arguments are still existed in nitrogen states and their different
effects on photocatalytic activity. In particular, two nitrogen states are generally reported; substitutional and interstitial
states. The research articles regarding N-doped TiO, are continuously appearing because the potential application of
water split in visible light is still fascinate. The future of N-doped TiO, is also presented by referrals based on various
literature.
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AP (UV) 2300 F=rlE o835k & w8l 7Fsdol Al
oIF-E[1], FFrH] vhFet &-8do] FEs] BaLE IH2-7). F
Zull = Yol & st qA 2 A EAA 2tstskd whgo] 7hs
2SS e o7 dleuA e 2 FApe A& wair,

A7) 2 el A& ofel 4] (1) 2
B (1)

7NA, I= EFHE A(6.626x1074 I-s)01H | o= B (3x108 m/
s), 283 2= 2O 3P (nm)S LFERATE. EJEROK(TiO,)8} Ats)
o}A(ZnOy} 22 ksl delx|el| o3| Mzt 7<)
(Valance band, VB)?IX] %= tll(conduction band, CB)Z ©]&(¢37]
esbas Lol UYA1E F2)(3-> X3, harvest)$IT}. F50l vjo]
A o= T2 ARE BallA EEE7)el, U E 7 A
A2 18A] ok HApel FEEte] A9« Z2k(hot electron)”
T FAeP| % gH4,5]. oS 7] AR ks ofldA] A
Zo] Fo wAE g% skt IBAR AP CBR ol
3hd VBell= AxP7F WUt Bl F1ko] A71A HH olE H¥
(holeyolbar gitt, Helqz|e] 407 471 CBE] e #Ake}
VBE] a3 247F AALE AlFshs SN AXE wjok= A
3} 7G| 7]ofgk 4= Qlek. 1], CBell et HAl= vil-9- wE
&2 AU E 2la tA] VBE o]Esh=t, o|& #xle} HE
A% (recombination)o|2kaL $HT}. ZAxke} A 32 AJA TS =FE
wto] FEu| whE-& &8k T s det & 4 qlrh4-7]. Y
ofufx] E2 0w FotelA, FFm ] M7t CBRE o]E3s] ¢
e 54 AR E QR Fit} o] & WMEAY o YA (band gap
energy)2tal 3FH, oFERA| EJEF o} (anatase TiO,)= <F 3.2 eVe]
WA oAAE R FeH1,2]. o] 75 91 4 (el tidste] Al
AkshA, BAe] 3go] 57 91388 nm) o185t weflvt 27k CB
£ = Zlo] 7ksaitt. o] Y9 AReA(UV) deolH, B
9] ok 4% el sidEiti2,3]. ek, oh kAl BER o= UV
Hr} spgo] 71 7R 919 9] FRfelli x| 2= MEFY oA
u] 2% Bal7]ol] M2t VBolA CBRE Agke] #] Salt} = 74A)%
2 GAelM= ohtelA EleRoks FFuEA oEs A9 s
Soith, wEbA, A Al 350 382 SlsiAe Blek WelluiA]
9] Ok 40%E AFAIBtAL = TR 3 JAellA olURE 2
28 ¢ Slojof Fth{4-6].

Table 1. Brief overview of TiO, photocatalyst referred by literatures [3-7]

FE AT 1960 TYE] Lito] AFA Q1 JshS SISt 1-
3]. Table 1°|A= AEeA FE3 FFHu), 53] EJefolE o] &
ot G Aol Ak 7P E Ure] Aelskeit) ElglY
o= FSul] FollA] ofe] Al 7 AL Q7o) T2 E-gibe]] wisiiA
AlGalA] AtE] o] Sk B2d el Ao 2 F-ek xRdo) 7]l
ZAAdel Qlan, shehA] o QPdshH, QUAlel Falish, 1] 3 Ak
2k}, HINES-S o] 88 5 Qlvh= S & 5 ATH3-7].

19700 ol Al &bl g5l -2 of oish 7ok S AR o
YA 714 A9} HAdshA Aeke]ofolet. F-et o] Wel =] o}
5 ARESle] E-S allEtaL, o714 o] A Alxske
A7 E71A ) A ER WropEol Sl 1], 237 ol= ElEf o=
Py g Ao 7 ALgaIsith Boldt 2, v
oA 27} wbAlskar Elefo} A=l akar) At 19801
o= A Alxshs A7l a2 9 she )
TORE AAE o] FA7)7] flsliAE AAke] Fdo] skl
E[efole)] F3EE AR 471E 2allE Bl AlsEHT. A=
IS 2SR AAE A Eapl o, EJgfuole] 8ol FaA
Z g0l 299 f71EA ] Bz o) F3elt). 1990 d el &
oJelMi=, FFE o] &gt v E Eaelvt A4 §849S nige
2 TOTOjleA Alete)g7] Edel FFu7t F8 e AlFo] 574
SFATH3]. o], TR EJERolelli= 78] (Cu) =2 2(Ag)lel =
BRI, 2L 9lellie UV Flell 28 S Algshe 94
5 A AFe F-gH Tt 0%, 2000 thell= F2 7FA %
Ao Z-g3R= 35l Aol 23do) waolA, Y719 ElE
Yol Az} thokst = 52 =9]& 53 Elefyo} i /)
77} BaE ST},

e, EER oL 357t 7 el A=
HEgo] 7hsste s Al vhekst 2] & A4 Tl &
ATES A EGT WA, A EERoke] 54
alo] thekst = E el E Al ElEl ol tiaiA 71eks]
Atk ol% A3 EER o] BF8HAR1 g2, Wi of ] #]
8}, 7231 G5l Aol thsiA] =sgo] HA] ok EleR ot}
A o7 ulwskgitt. 3keh 9l G- of thall A+ substitutional
(X387} interstitial (0714 EAPole} Hsh= isto] Lhe
Uitk AAawsge Atz o 2 7hdst v o 2 Al %7} 7Fssh,
FE5v vk T AT EHERo} el | fafisiths ARs
7HA 2 gtk o] AR o 7 AAEs] A o BhEA] &
A, FEolE, F& Fol& = 5 AAlE o] 11 -§-84d0] &4
o2 Ryg Zo= geh

an

)]

(o do (o o
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Decades Noticeable application

TiO, usage/modification

1970s - Electrochemical water photolysis; H, (Pt electrode), O, (TiO, electrode)

- n-type electrode

- Electrochemical application to generate hydrogen under UV light; H, (Pt site),

organic oxidation (TiO, site)

- Platinized TiO, for electrochemical application but not for

1980s - organic decomposition
 Research on metal-doping - Immobiliztion of powdered TiO
- Decomposition of organic pollutants in both water and air p 2
- Anti-bacterial application credited to TOTO Ltd.
1990s Self-cleaning cover glass - Cu(or Ag)-doped TiO,
- Hydrophilic character - Enhanced wettability when even weak UV irradiated
- Dye doping
20005 Nanotechnology - Metal and non-metal doping

- Activity under visible light

- TiO, with semiconductive materials
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2-1. ZIAZM0IAM &8S 71 EEILOIR] ETHIHE! WY

2 5-0] FeHdelMi= GE A aft b7} WolluR| & 35}, W
VA& 233517 Yalirs v S gk 1z} of7] dido] Uof
ol st A E 7F21 A7} wA vk 2l el Eol el
WA o= RS 954A UE AEH R T8 £k &, 3
dol W] M E AFa UE AA7F 23] Algso] A
7390l Fhato] wk-S-9] A &HEL} o] % A7} 7HA o X = thE
o= 2] 3E)Q] NADPH, ATPE A3t A EAZ Yo ~AE=R
vl 7)o 2 Attt AEAE U AERWLZ|Ho R HAdd o
YR A8 -2 AXA Hed, o] g2 37] 59 o)Ak
A 78R 1FFATE BAS D) o) 5, FEA oA
THEoR 715 A Eo] Aolrbe U o g AH)ETtR].
Zulj = B otelU R 2HE] of]x] M3h o8-S Ay} gt 9tk W
oA A&2] FEA T ks st & 4 Q). FE5u) w2 5
2 FE5v) Tl R A AN, FE Sl E
Efol= ofe] A 0 2 Qlsje] w157 W Q). 13, ElE}
Yol= VBY {A7E CBE A ke = =71 olux](3.2 eVyZ}
g8 o2 F7]ol uv Jelxut 5] IS S8 vk o
o] QltH1,2]. 7HAHA e doll A VvBel 91X]3t A7} CBE ©]
B3] SlaE ey oAURIE ok she 27| QIT Fig, 10114
= 3%F9) ElefoE vlwsieltt. Tgo] HX] 942 EJEf o}, o
0] L0] B335 Elefo}, 281 AAEDE ElEh]o}e] Yoy
Aol o]3] M= ol UR) 7} wislE = AL 7R JeERA AT 3-
5]. Fig. 191X 31k-8 o)A ¥} o] F2] Haks F-d3ke] LeRS]
o}l FRkS- o] 9] VBell Y13 ARl e o7 BHEI L, F
HES-of] 2]&lo] o A& o] CBE A3t AAE= gAgMow

CB

° o
U}%& ° vtsz?@ W—z% °
°® ° N-dopeq

Metal-doped VB
102 T|02p Ti02
Fig. 1. Conceptual diagram for three different electron migrations
from valence band to conduction band. Here, electrons (¢) in
two different circles represent the difference of energy levels
stored in electrons. Electron in CB migrates from VB to CB
with leaving hole (h*) in VB when light irradiates.

Yl 249 APEY 333

Rk 245582 HERole] CB AUA & W5 AT
abr, A4S VB olUA7E HolA= A EE ok 2ls id A
o7 Yehligiet ohERA] BJERoRs WI=A] oA 7F 3.2 eVE
& A Qltt. o]el Whsto], Folo] S E ALy Fiolko] &
BH EERoR= 247} 2.6 eVl 2.5 eVe] =AY U X) 5 7hxith
[5,6]. & 255339 AAEFE NEA oAUAE B2 3t 71HA|
Fd Aol Xk vBel f1A1§E AA7E CBE o] = QA gt
7R FA M & CBE B2 A7} o] F3h= Zlo] e =3
71 & oler & = Q. Mk o] Fo® A Rl FHE
Z(hHo= FAsIAT)

Table 2014+= TheFsh BlEf o} st of] T3l A] v]uste] 1t
ERAISITE A vre], o] 28] £33 B YO o] B
axet.

- 5233 (doping): T&0lE 52 HlEE0]2

- % (integration): U=a55, 37F2 A (sensitizer), #132] A

=4

o71A, &3 8] HA S ElER oS Mdshs Ti ol&g X|$ek=
TEolE g 0 o] &5 A Bt = 5ol B OE UE
ATh =49 B2 veage] B, FAL] B4, T3 &
o2 BheA] 248 EERolol] EYehs Ao® e 9tk &
2 2818 B Ul avks EleRdole] wiEA ouR|E
ZOIAU F& Fol= BiE 79 7 el M i BlEL
Yol F=Fnl 2] 27} VBellA] CBE SFA| gt Table 201 $7] 32
Al A3 ] RN AN - A Eisto] YERfgle
w, T2 Akl oheix = B B RE FEA ERIE 5 QlTH4-7).

217, FFe) oJst AxpAF Yo sk Absl ANk
sk, &5 o= AT M= oA E 7k oF Bt}
ThA] 2|, CBel| 91%]3F AAl= gheInk-g-of] Frofstoiof ahar, o] 9}
FAlel VBell $1X1gk A 52 AbslREg-of] Fofsfjof gt A, At}
a3l Az Alofato] AR E 71 AR AR Ak,
FANEE-S 8 o Q1= AoJ8H= 714 (energy barrier separation)

I o strt. Aol wetrs 5553 % o Altslste] v,

AFSel ot FehaE a¥ % Aol =g ol LAY
SHITH3]. e FHells vie ATl st Ee Al &
A7JA] EJER o U] AL o] 5@ - = g vtelE thEr] o
| 2 =Follds RO £]l o7 FE3ISItHe6,7].

ot
e

K

¢

M1 of N . O

2

2-2. ZAEY E[ER|Of

45 ool & =S Avlat, B E 240]0] CB o] Bt
A7 A 3 ; i

FO Bolot AA4AT AT FUADS F
Row QA k. %, 35 wEOw Q)

o] Z215)0] cBS] AR}

Table 2. Representative functional classification of titania surface modifications

Role Do Materials weak point
Dop Metal doping Substitute Ti ion and modify the energy level of CB to lower Fe**, W [9] Toxic
opin
ping Non-metal doping Generates holes in VB caused easily by oxygen vacancy defects N, S, F [2] Weak stability

Sensiti .
ensttizer VB to migrate to CB

Integration Metal deposition

Semiconductor (SC) electron in VB to transfer to CB

Light absorption in sensitizer in advance helps electrons in

Noble metal improves light absorption (plasmon response)
Holes in SC generated by visible irradiation may migrate and help

Organic dye may cover
active sites

Au[11-14], Ag, Pt,Pd  Expensive

Organic chemical [10]

CdS, WO;, SnO, Low activity
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ATH4,5]. o]l vkatod, AR EERY oL AR 2
abaA o] AT B Ee] ARG AA TS FAAZITRE B
o} 87, T4 A& Aojsh= Aoz E deA luH15]. AAa
42 ©(0), B(S), TF 2} & FEm 1A N F &
ol& £ o g BEdrt Lol w3 o) AR 0 7= sPEulr) 7hA|
Go M= vBell 9218 MA}7} CBE o] = vk Flolt)
.5, B0l T2 ofol T u AR HEA o]
3

=

AL

FE S o}t Sol B0l AREEE Hae 35 A
3ol e Fol25e) vjal] AtldoR a5o] Hold Ao
def] Qlvh2]. Aasgol o] Blef o} 3= ohbeRA] &
& FE 27 HeA= ok 2o By an Qi ElER o}
9] A2 XRDE SallA =2 ke, AAE3A] XRD 2
= B3 5A] 2 5 Tio, 8 4T E[ef o} 2lo] & Uiet
WA ok Ao ®arEo] gih2). o3l A4 o] 2817

TORT A FHTE 27l AATPA A4} EER o} 7
) Ak E A 3ehs A SR sl it 18] 3, A4 9
TR ol =7} ZtolR= AdFE, VBell 91x]E 02p 20 Ee]
AR} Aaesgel o st N2p enfehe] dxlgo] B s o=
Z o= oFEUTH2]. =, 02p& R}t N2pdAE Tkl T7HA 9 9
A HAMNE (mid gap levels)E FJA1A, A=F7F VBelA CBZ
slo] =& Hrka A FACE =3, AHEA FAEE o] T
Ale] Wh=710] ZRAEA o ofellA F5ul A= A A7
Ao = Hsleltt. 1714 CBZ AR 89 52 37
o] ka9l Whit SHnkg&

ku

Ll ot od
= 1

[e]
e
gt ShARESA] Ak

7158 Balshs 98-S gt 3, A yelMs S wjoks At
shE-go] A& EH 3| =FA] o] 2(OH)= | =5A] 2] Z(«OH)
THETE 3HE, A4 B3 T HE Ao Ay FAE R
2} Faatel o] AAES AAS Pl w2 A
98-S BIT}H5-7]. Asahi et al.[6] Aol 25 vz
NAA 7} GroA]= Z1 274 & A skar Qlek. WA, AarEgo
oJallA N2p HAFE©] VB HER $lofl 9)X]8kA, B 02psh N2p
7} E3= o] VB 9ol AAp7E f1A)817] wiiE O & A skar Q.
$] 2714] o] 2o AFAglo] B Aldlsg o] wolxit), W= oy
A= E AN FAF A8 Ank Ejefole]] nlste] A
EJefolrt At 0 2 wolx)i= whdo] Qit), o] weldo] vt
oA 7] wliZ-o|t}. Peng et al.[16]°]] 2l3Fd Sw|EAIE A4 T
S AA & Afelnt F5u e F gt ARS Baskict A
E3g7F0] 5.2%9) 0.52% 7395 Bl of, =AY o =] wigh
27} 0.05eV e} 2.55eVE UERTE 5,
sle] =AY oUA]7} O skobA] 7RAEA M E o S 2=

i

Notg R
2

g
=

T
A

R

=
B
=

L

o

A7E YRt 16]. A3 Ak B3 A7 x| =o]o} st}

Z1ef gl s, sERANkgo] A &E A el Ao o] A &

glom, s A8 W) BB W Anw olo] A% i,
9, A £ A% el uhet Debas), Al el et

oFo] A7g %] 7] wlE-o|t}H16]. Tarasov et al.[17]>

=Y 48R QA (ureays AHEE DS Hasigith A4 AR R

20) AHgo] F7HIGE Y] BHo] Vel o) A

ol ogh AAe] Frh= 2ka WA E O RHEA H AR Wi
HE Ax ARA T AT FHshs SH9ES Ao 3
Asteit AT £ A 07 FFv] A4S Hojredriy
B

2-3. EE HASEY

A4 53g 0] AFFAIIE Asahi et al.[2]+= first-principles calculation

ot N2p A2} e} EJEf o] VB oflUA|E=S] vl £l $1X|31]
ujFolgkar ST I8 AR F 7K 2 WA sputtering© F
EJEfo} AES A3t 3, 550 °C A2F-9]7]91A post-annealing
shelch EOE A2 ofEMA TS A3 F 600 °C YR ot
27100 A BkSlTh. T 7HA B EERofel] A =8 A
gk At glom, AlzE Aarsg HEve] 53 By BF )
Al F5vl RES- S VFERASITE. o] 5 ZRA el &
7} Qe FEm A-50] Yol Huwglom, 45 F3l HEt
Yot uifel] =339 A Aol tistel = 8 ==t 19
o8] T At v A= vhEA|, G i el
el G2 EA] Fakodct. ol A =28 27l wpehA] o
ANE Hol7| w0 = Al = Qlrhe,7]. A4S e o}
UH-2] N-impuries® E& % 7| % $tH18]. o2+ A47) 87}
A e ZRE EASHA kil of] 7HA] FHE|Z Elef otel] §17] W
o]t} Table 3°41= Valentin et al.[18]°] #|A13F N-impurities]]
tiste] 71E2] o F4 Y} =wo] AAlg AE A YERSIT
71&0] AN E el thafA] A gRls) = vwolebal &
o, Ay EleRote] Axptz o] WMekE & A
AUTE TR oA B AR = Al AR 5
on, kAol £ eHE Ule] HAkd = qlvks Ho) SulE
TS A2 UVEF A9 B =3go] QkEl EJEf ol
HlalA vl EAo] ve-g AT

A3 Az ol &J8liA] BleR ol AR A Ae] 9|7} <
S5 = A5 Ut steE Aol ofst Aol A= X 3E
(substitutional) %, 78] 31 &4, annealing, tF= 3} ol 3=
T2 T (interstitial) O F-FIFATH19]. T N O Z AAE
28k A9 Ti e Tittell A T & Hofof & Zlojoh. 543

B

v}

Table 3. Various debating questions in terms of N-impurities in titania classified by Valentin and coworkers [18]

Questions Hypothesis

Result

Chemical natures of nitrogen NOx, N, NHx

Substitutional and interstitial

Electronic structure Localized or delocalized

Electron excitation from VB to CB is one of cases; either
from electron in nitrogen or mixed electrons between
nitrogen and oxygen

Interaction between N-impurities

and oxygen vacancies in the presence of N-impurities

Energy decrease with the generation of oxygen vacancies

Oxygen vacancies can be most induced by N-doping

Effect of photocatalytic activity visible light irradiation

Mostly reported to activity improvement mainly during

Activity increase in both UV and visible light,
however more noticeable in visible light

Korean Chem. Eng. Res., Vol. 57, No. 3, June, 2019
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Aol ggFo = defzl 400 eVoll Y= XPS(XA 2R3+,
X-ray Photoelectron spectroscopy) N1s 2 ghol| U 2| = 318521
AZB3E, Yo 9X3 A, 18]l e o} Al ze) AbgE
AT Ede) 23 AAe] 3 5 ofe] e A JFS I
RS Itk EE 400 eV 5V AE SAY ArE ek
HA& T ok, 54 Aol e %= T=st N Fej7E opd At
31492 NO HeHlE E§E 7 317] wlZo]th[6]. Table 314 AA]
3FS1%, Valentin et al.[18]¢] 2J3to] 8% AAT} AR Ak
25 A|gkek X $g7 AAT) EJefU o Azf Uit X8k &
Aol st o] a3t A s JA Hoth AAaEHe] &
s, ARE AR Aol 93 X8k 9] n]go] sk
31 SFSATH18,19]. HSH, 32} oflef] ofsjjA] S o] o] Foj 2] a,
12} oaie] o3 JAsts RdE AAEH = sFTH20]. 0] F
Peng et al.[21]% 4 FEE X3P 5AF OS2 -5t YEr
Uitk 27, VBellX] CBE o] F3dhk= At tialiAl= ok 2
A|ASFAL ATk, 7RA Aol o] §F Bl W-g-o] 7FE e S
A onleel] f1A]g HAf = N2p2| 9127} A3k o] 4
= 02p 7PAFE of] $1A1 3 AR = v]3)A] 0.14 eV THF
Qo EAGPNE 0.73 eV Sl YR8k AnpA oz
MR 7} Zol 5ol AR w0l vHEo A= FElghs v
tH21]. o714 F88h= vtel] 2Jshd 2t o]Fel eks
AL A ARRels & = ek o231 N2pek 02p 7F &3+
ap 7N [612H= xFo] S 7FAt), Fig. 2014+ o ERA
A47t 53E Ae, A3 FAFOE ARk A )
MdA o2 Jehfict, 13, Fig. 2014 X837} 54

B AA} 8 o] dow mAsI o X883 B
NN 247} Aart Absks FERE EASH: Z10® Ky
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et dd 2 M= (N)s, (NO)s, 28] 3 (NO2)s7} 753}
], A E (N)i, NO)7t 7Fs3hetarl & 5= Sith6]. Table 3
M= X2 FAZ N thaliA vlwste] Ve fiSit. 2 24
W 22 FAHel QaliAl= T3] T2 /3=, sputtering
e Aol sl AP o] T2 A E-S ISt
Z¥z} XPS 574 91717} 396 eV 83 400 evellx] 2to] & VRS
v w8k om, A5l G4 FARF NN 3 eIt

A, AAae G9E gel ot U9 Tizkel gl oAte]el B A
go] 7hsaitta deiA] it o)A AAa el tidt ElgfolE
FHE 9, Tio, N7k obd, Ti, 0, N, 7t 7Fs3-& & = Slek
[21]. A4 0] 29 A7) 17AR 1.4AQ] 214 o] &of nlte] 1A
wizell, AkAr o] )R] of] At A gksto] So7b7]7F 444 ot
EJef o} Az} o] 72 0 & 298 7HAH FEgk Ak Agax
T A7 eiMs 3709] Aka o] x| 2709 AA4r) A
ok 3Rz Z1e g - Sivh21). Aat =8 HAlS A, Ak
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At} Azt 0 7 Ak AR FFE 400~600 nm G ) 7FAIFA
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T2p,; M= 71t et 7|34 5 2Fol= Tigk O Abo]7} 1.9 ©]
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Table 5elA= A5 frol whe B el tiste]
TH[23]E olgsto] vlwsigltt. FE5n) o] 7Y & wHE
FE 12 BASISILE Solst e WA ElEf o] A4, UV
oM Ego] qF  EJefotef] nlste] EAJo] mrh= ot} B
Sk, 7FA 3 doelM = @& vERg 7 ol =330] 9F ¥ EERY
ofoll vlsl|A] BT 8 7F B Y-S & 4= SITh. Table 6014
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Table 5. Ranking orders of photocatalytic acitity between TiO, and
N-doped TiO, in the presence of either UV or visible light based
on the literature [23]

Fig. 2. Conceptual diagram of substitutional nitrogen and intersti- Photocatalyst Under UV Under visible light

tial nitrogen. It should be noted that the sizes of atomic sym- Tio 2 2

bols of Ti, O, and N do not correlate directly with their ionic 2

radius in anatase TiO, crystal in this diagram. N-doped TiO, 1 3
Table 4. Comparison between substitutional nitrogen and interstitial nitrogen within N-doped TiO,

Classification Substitutional Interstitial Ref.

Expression O-Ti-N Ti-N-O (Ti-O-N) 16
Characteristic binding energy from XPS Nls 396~397.5 eV near 400 eV 16
Localized states above VB edge 0.14 eV 0.73 eV 18
Band gap energy ~3.06 eV ~246eV 22
Photocatalytic activity - higher 16,21
Process dry process: ion implantation, sputtering wet process: sol-gel, hydrothermal 19
particular doping result by amines used during wet process  tertiary amines (nucleation-doping) primary amines (growth-doping) 20
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Table 6. Comparison of photocatalytic response between UV and visible light irradiation

uv

Visible Ref

Decomposition of ethylbenzene

0,
of 0.6 g/m? inlet 80%

25% 23

Slightly negative effect with increasing the amount Noticeable hydrophilic state with small amount of N-doping,

Contact Angle (CA) of N doping, however still shows good result in but followed by CA increases with increasing N-doping 6
hydrophilic state amount (mixed result with increasing N-doping amount)
Photocatalytic activity higher 23
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24. Y50 S8 MY N B PR AFe) ATENRE L YA AT Yt
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