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Abstract—The photoelectrochemical behavior of p-type boron phosphide(BP) in acidic solution was inves-
tigated. The p-BP photocathode had a good wavelength response(Eg =2, 0 ¢V) and was suitable in an sulfu-
ric acid solution under irradiation. The gas evolved from this BP photocathode under irradiation was hydrogen
which was produced with a current efficiency of about 100%, The photocurrent was markedly increased by
a suitable surface ruthenium treatment of the BP. A photoelectrochemical cell of the form Pt(H,) /0, 5M H,SO,/
p-BP was shown to have an the open-circuit photovoltage of (), 45V, the short-circuit photocurrent density
of 2,4 mA < ecm™, and the fill factor of 25%,
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Fig.1. Schematic of photoelectrolysis apparatus.

1. BP semiconductor electrode
2. Pt counter electrode
3. SCE

4. Xe light source
5. Lens

6. Shutter

7. Filter

8. 2ml calibrated buret

9. Rubber stopper

10. Potentiostat

11. Potential sweeper

12. X-Y recorder

13. Cation exchange membrane
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Fig. 4. Effect of ruthenium concentration on
the current-potential curves for Ru-
treated p- BP(18atm) electrode in 0.5 M
H,SO, solution.

1. Bare BP,Nos. 2, 3, 4, 5 and 6 were
treated with 1%, 3%, 5%,8% and 10 %
RuCl, solution on BP, respectively.
Dotted and solid lines have same meaning
as in Fig. 3.

HEel w5 Wdte] vbd AF-d4 F4E Fig.

ol BASHYch B4

= —7}°il deb e
=7 U Al Aot

4905k olds% oz o

o] 73-e BPASH o

sl%slo] whEal AFuct 28l

23 AEL 7] wolat AzH o Ao

Fig. 4 ol YJeld 3% RuCl, &0

2 A 1% olasd ol Al Ehdg

olokct  o]2bzbo] p3 Wl A9 flat band potential PRe 1088 1008EC s 1083 100SEC

o] mloj YA~ MY FHog olFdA sy FAFo Vs2048 HeLOKEV 1030 AQ«UeRO48 NeiBKEV 1:38 A0

2ME Eefsixlog HAdg Fulwe 29 At 2

Hg et E3 S FOE p-BPule A FH Fol

o] £AsY BAFo olHe|Eec HA3] F
Ao g Hol B satze] wiWlo g &

e o
to
oy AT o

l o B — =X

o
A FaE WA ke TR Aol 4

] ;Jr 7ol Re|Fo® p-BPHlEA g F
| 21718 FA R Frlrh dolmg olef Hwlgy
A} gej7d ez JAsIch A5 Photo 1
FA39 k. Photo 1 (a) & F&-FelH &0l

CTAKEY

SistEs N24T X635 1986 122



1088EC
Ungied HelOKEV 1938 AB
; 5

o

PRs 1888
Undd® HelBKEV 1:30 AQ

1008EC PRs 1088

(c-1) (c-2)

Photo 1. Scanning electron micrograph of BP
surface( X10,000) and analysis by X-
ray fluorescent method.

(a) Bare BP. White spot was copper
from impurity, (b) Treated with 3%
RuCl, sol’n for 1 min, (b-1) White part
of (b), (b-2) Dark part of (b), (c) Tr-
eated with 10% RuCl; sol’n for 1 min,
(c-1) White part of (c}, (c-2) Dark part
of (¢).
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Table 1. Electrolysis results of p- BP photocathode untreated and treated with a RuCl, solution.

Electrolyte; 0.5M H,S0O,, Temp. : 20T
Set 4 3% Quanti.ty. of Elel.:trolysis Av. Hydrogen Cur'rfant '

Electrode Potential RuCl Electricity  Time Currf:nt Ga§ Efficiency (%)

(V vs. SCE) 3 (C) (min) Density Obtained(m!/) BP/Pt

' (mA. cm™*) BP Pt

-0.6 Untreated 5.2 440 2.4 0.55 0.62 88.7

BP -0.6 Treated 5.2 365 2.9 0.62 0.62 100.0

(18atm) -10 Untreated 10.0 140 14.4 1.20 1.25 96.0

-1.0 Treated 10.0 67 30.1 .25 1.25 100. 0

BP -10 Untreated 10.0 133 19.9 1.21 1.25 96. 8

(10atm) -1.0 Treated 10.0 54 49.1 1.25 1.25 100.0
71 9l 0.5M H,SO, &4 5ol F5HHE -0.5 ZAshodch, oF §00nmET HE FHAE s 5=
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Fig.5. Time dependence of photocurrent density
at ruthenium treated BP photocathode in
0.5M H,SO, solution.

Applied potential; —0. 4V vs. SCE.
1. 18atm BP, 2. 10atm BP.
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360 400 450 500 650 700

1. Bare BP,
RuCl; solution.

2. BP treated with 3%



e HSE ol &

il it e

=
o

= o =
- o)) [e2}
T T T

Quantum efficiency (%)

e
[S]
T

0 I 2 4
-1.0 -0.5 0
Potential (V vs. SCE)

Fig.7. Quantum efficiency as a function of
applied potential in 0.5M H,SO,.

Wavelength of irradiation;1. 540nm
2. 500nm 3. 460nm 4. 400 nm

#deoz GAEES e 2ol Tk
FAEE=-s2% AAs/ deke 474 +

. }oich. Cathode ##fo] =
ol el weh A gl
Axel A EgweldE of BPbsAlw oA

oy
1
@
a9
2
[
L
ol

To} mjop# ol grlol4E £ Bt Arech

3-5. XX FA U ool &Y
BP A=< 7}x i Fig. 8ol ZAg
FA3tah, F+AARE Pt (H,)/0,5M H,S0,/p-

#4745

Fig.8. Schematic diagram of PEC cell.

1. BP electrode 2. Platinized Pt
electrode 3. Cation exchange membrane
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Fig. 9. Photocurrent- photovoltage characteristic
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Irradiation source; 500W xenon lamp.
Conditions of Nos.1 and 2 were the
same as in Fig. 5.
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