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B and N co-doped anatase(BN-Ana), rutile(BN-Rut), and brookite(BN-Bro) TiO, were successfully synthesized by a
hydrothermal assisted nitridation method. The apparent color of as-obtain BN-Ana, BN-Rut and BN-Bro was red, cyan and
yellow-green, respectively. The mechanisms of various coloring were concluded as the different band gap configurations and
the formation of covalent B-N bonding. The nitridation time expressed less effect on changing the color. On the contrary,
the nitridation temperature enabled the distinct color changes by altering the brightness. The lower temperature, the fewer
doping concentration, and brighter apparent color, vice versa. Through tuning the brightness, a gradient of yellow-orange-
red was achieved in the case of BN-Ana, as well the transitions of grey-to-cyan and white-to-green-yellow were achieved in
BN-Rut and BN-Bro, respectively. This research proposed a method for the synthesis of color-full titania pigment without
the addition of other toxic transition metal elements. It was also found that the color titania with various phase composition
possessed different photocatalytic activity. The results indicated that BN-Bro was the most active species, showed almost
the same level photocatalytic activity as Degauss P-25 titania under UV light (A > 290 nm) or blue-free visible light (A >
500 nm) irradiation, while it shows higher activity under A > 400 nm irradiation. The photocatalytic durability of BN-Bro
decreased to about 44 % of its original activity after five times cycling test. On the other hand, the photocatalytic activity
of BN-Ana and BN-Rut show quite low photocatalytic deNOx activity, indicating that BN-Ana and BN-Rut are potential

candidates for toxic-free pigment or cosmetic applications
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Fig. 2 DRS spectra, SEM images, related color and bandgap values of (a) B/N-Ana, (b) B/N-Rut,
(c) B/N-Bro synthesized with nitridation temperatures at 600°C
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Fig. 3 The UV-vis spectra of (A) B/N-Ana, (B) B/N-Rut and (C) B/N-Bro samples synthesized by nitridation at 600°C for (a) 30,
(b) 60, and (c) 120min., respectively. The inserts are the photographs used to present the apparent color of each sample.
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Color parameters of samples with different nitridation
times (30, 60 and 120 min) in terms of CIELAB system

Groups Samples L* a* b* h’ C
BNA_30 39.15 10.01 6.29 32 12

Ana. BNA_60 39.61 9.01 6.17 34 11
BNA_120 37.36 775 4.51 30 9
BNR_30 5344 -412 4.03 316 6

Rut. BNR_60 6052 -3.83 454 310 6
BNR_120 4770 -3.32 269 321 4
BNB_30 56.63 -3.28 712 295 8

Bro. BNB_60 6041 -292 661 294 7
8

BNB_120 5460 -3.35 6.99 296
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Fig. 4 The dynamic changes in L* a

b* parameters were darwn as the function of nitridation time
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Fig. 5 The B 1s XPS spectra of three B-TiO, before (left) and after (right) nitridation at 600°C

WCEZHZ LX), BHAEA LT VI F=TBILF ¥ ViR
kM2 S 25T e TH S Yo Fig 51221
MR OY > TV DBls XPSAXRY FIVEIRT, fd
IANVE—=H190eVAHED ¥ — 2 1%, EHMB (B,,) V12
B Ly 192 eVAED ¥ — 7 13K FR#B (B,,) ¥ 12 HIk
T 5. BILALEH Y — 7 MREEAWiHE L, By,/Bi, DILEED
RKRELEBA Lo THDBENOEAIZL ) METFHBB,,)
DERIPRESINSL Z LV oh oz Tz, BILMIERE
DH Y TIVDONIsANRZ MV LY, B/N-Ana. B/N-Rut.
B/N-Bro®W 3 d Ti** OFFFE (Bif) % /-0 L7z (Fig. 6) o
Table 212 1%, XPSH#ll @12 X v [ 5 L 72 3 ©» BN-
TiO, D RMILFEMK Z R BENIZWT N ST M
(int) & BT (sub) F=7PHFEEL, 7F 7 —EHOYAE
4.4at.%BE 1.31at BN ZFEINTHEY, VFILHET
Ny AL bOE, FRENR, 3.5at.%B. 1.7at. %N &
1.92at.%B. 1.43at.% NZ &AL, #WmMicL-><T. F
—E VT ENRIWET B LG Dol E5IZE1L
BEOLFFIZEY), BENORK—E Y Z7ENEHL. 700
TZ{LMPTiE, BNA, BNR. BNBIZBIFABEND K
— Y RIZENZEN6.25. 3.20, 5.85at. % B 21 2.15,
2.34, 2.46at. BN & o7z B EMIIF Y RLEER

F—¥ Y70 F—¥r 7 RERCEREHOMEE THLF
— Ny FEEEICIRIE L, F—Y Y 7 EOBEHEMCLY .,
EohbFMEaETE L LIRS,

Fig. 7 {2 N-TiO, & BN-Ana. BN-Rut. BN-Bro 3> ®
M%4HT 2BN-TiO, DN ¥ ¥ % v 7HE L ko H 5
— A A=V ERT, ToF YIEF—Y ¥ 73 TiO, I
2 FEFE O JETIREE (BT T8 (N, By ) & BRI (N, Bay)
ZRlaEIL, BTHERZLRYEOREIX, BRUONT
FOVE MR DA ORI E R 5 2, AT EIGHE
BWOWNOELREREEZEZ ONDL, B—8%E F—TEBLF
5V GEF RO 1) 0.59-0.75eV D L T AN 1s#EfL
PRK S, B ERERT 7Y, ~hBENaF—7
L7-BALTF % » OB T4 D L HICNIs MO E 2, 1

Table 2 Surface elemental composition of three BN-TiO,
measured by XPS without Ar" sputtering treatment

B at. % N at. %
Samples
Tot. Bint* Bsub* Tot. Nint Nsub
BN-Ana 440 3.71 0.66 1.31 0.37 0.94
BN-Rut 3.51 3.00 0.51 170 0.58 112
BN-Bro 1.92 1.34 0.58 1.43 048 095

*int./sub.: intermediate / substitutional doping
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Fig. 6 The N1s XPS spectra of (a) B/N-Ana, (b) B/N-Rut, () B/N-Bro fitted by Ti*". The deviations

(dash line) mean the existence of Ti**
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Fig. 7 Predicted band gap structures and color images of
N-TiO, and three phases of BN-TiO, (B/N-Ana; B/
N-Rut,; B/N-Bro)
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Table 3 Color parameters in terms of CIELAB system and
color images for BNA, BNR and BNB samples synthesized
at various temperatures

Color
images

Samples*| L* a* b* | h°
BNA500 |44.77| 5.00 |9.49| 62
BNA550 |39.73| 8.95 |7.04| 38
BNAG600 |39.61| 9.01 |6.17| 34
BNA650 |37.39| 6.55 |4.34| 34
BNA700 |34.28| 0.92 |0.47| 27
BNR500 | 57.98 |-2.89 |2.41 |320
BNR550 |52.93|-3.66 |2.81 322
Rut. BNR600 |60.52|-3.83 |4.54|310
BNR650 |40.06|-2.41 |0.30(353
BNR700 |35.69|-1.56 |-218| 54
BNB500 |62.89|-2.53 |5.93|293
BNB550 |61.50|-3.08 |6.78 |294
Bro. BNB600 |60.41 |-2.92 |16.61 |294
BNB650 |48.96|-2.55|4.39|300
BNB700 |43.85|-1.88 |0.27|352
*Number in the sample name denoted the nitridation temperatures.
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Fig. 8

(@) NO photodegradation capacity of various photocatalysts. Degussa P25 was regarded as reference to evaluate the

photocatalytic activity of each BN-TiO,. The columns with orange, green and purple color represent the different degradation
ability under A>510nm, A>400nm and A>290m nm light irradiation, respectively. (b) The results of five times cycling
experiments under successive visible light irradiation (A>400nm). N is cycling times. The NO conversion ratios were acquired
by solving the average for NO concentration nearby the lowest level.
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