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Green synthesis of Ta3N5 and TaON with liquid-NH3 for the visible light responsive photocatalyst

 (School of Science and Engineering, Kinki University), Yoh Sasaki, Yasuhiro Hirata, Atsushi Murashima, and Katsuhisa Ito

Ta3N5, TaON

Nitridation Ta2O5 NH3

Ta3N5: 850 15 h, 1 L min-1-NH3

TaON: 850 15 h, 20 mL min-1-NH3

1. Ta3N5 1. MO

50 mL-NH3

3 mmol-TaCl5

Stiring, -75˚C, 60 min

Drying under vacuum, 
25 ˚C, 60 min

Precursor + NH4Cl

Ta3N5

Heating under vacuum
600 ~  900 ˚C, 60 min

Rinse
Filtration
Drying

Ta3N5 TaON

:

Ta3N5:Liquid-NH3,TaCl5

TaON:Liquid-NH3,TaCl5, H2O

600 00  60 min, under vacuum

2. TaON

50 mL-NH3

3 mmol-TaCl5 + 30 mmol KCl

Stiring, -75˚C, 60 min

Drying under vacuum, 
25 ˚C, 60 min

Precursor' + NH4Cl + KCl

TaON

Heating under vacuum
600 ~  900 ˚C, 60 min

Rinse
Filtration
Drying

3 mmol- H2O

1.1 kW

1.4 kW

10 20 30 40 50 60 70 80
2 � (˚ )-Cu K�

735 ˚C

645 ˚C

520 ˚C

calculation Ta
3
N

5
(200)

(113)(110) (023)
(004)

In
te

ns
ity

( 
a.

 u
. )

Fig.     XRD patterns of Ta
3
N

5
 calcinated at 830, 735, 645, and 520 ˚C and calculation

830 ˚C

10 20 30 40 50 60 70 80

830 ˚C

780 ˚C

765 ˚C

755 ˚C

745 ˚C

735 ˚C

Ta
3
N

5
(calculation)

TaON(calculation)

Fig.    XRD patterns of TaON calcinated at 830, 780, 765, 755, 745, and 735 ˚C and 
calculatted TaON and Ta

3
N

5
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(200)
(110) (023)

(004) (113)

(-111) (1-11)

2 � (˚ )-Cu K�

1.1 kWh

1.1 kWh

0.4 kWh

0.4 kWh

1.4+0.4 kWh

1.4+0.4 kWh

Ta

Clax

Cleq

Cleq

Clax

Clb

Clb

Ta

Clax

Clax

Cleq

Cleq

���

Ta, Cl
(LANL2DZ)

Ta(LANL2DZ)
Cl(6-31G(d))

Ta, Cl
(LANL2DZ)

Ta(LANL2DZ)
Cl(6-31G(d))

Ta(LANL2DZ)
Cl(6-31G(d))

Ta-Cleq 2.225(4) 2.306 2.267 2.315 2.281 2.273
Ta-Clax 2.307(4) 2.348 2.314 2.352 2.322 2.315

Ta-Clb 2.547(3) 2.674 2.651 2.653 2.627 2.622

��Table     Bond distance of Ta-Cl(Å) in Ta2Cl10

HF  B3LYP

single crystal bond

�

2. 

Ta3N5, TaON

�a

Cl
Cl

Cl

Ta

Cl
Cl

ClCl
Cl

Cl
Cl

+ 12NH3 Ta

Cl
H2N

H2N

NH2

Cl

+ 6 NH4Cl2

Ta

Cl
H2N

H2N

NH2

Cl

+ H2O �a

H2N O

Ta

Cl
NH2

NH2H2N
Cl

O

+  NH4Cl1/2

Ta

Cl
H2N

H2N

NH2

Cl

1/3 Ta3N5 + 4/3NH4Cl +2/3HCl

�a

H2N O

Ta

Cl
NH2

NH2H2N
Cl

O

2TaON + 2NH4Cl

3.  

3. 
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0.4

0.6

0.8

1

0 10 20 30 40 50 60

Irradiation Time, min

Ta
3
N

5
-1

Ta
3
N

5
-2

Ta
3
N

5
-3

TaON

C
/C

0

Fig. Time courses of methylene blue (MB) decomposition 
over TaON, Ta

3
N

5
 photocatalysts suspended in 

10 ppm MB solution. Catalyst: 0.1 g in 40 mL MB solution;
 450-W Xe lamp.


