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� ÂȉċwÂq��v�kÐƫepȺÛȷÀæĺkɖÙqAhNb4ÿƧuƜĞǹuɆgƒCĊɊÂkq��v�Ɨrep4

CO2 kūƫtƙǠȥƗ]rćŖJh{}��kſǚJh�q4ũcūŬt¼ǿv<mv�oq:hR2010 īª4ɘ;ÂȺÛÔ

kŎoƜƂÞĜ³rɘ; CO2 ȷÀǰkŎoȾĠɀ³rvȁíÂȉċ@ɃƵdip¬ĵ4ıȑÍȼ@ƸluǂǏdip;hRƢ

u4Ł6vx���w4ÞĜ³r Ru(II)¥Źɀ³rvȁídiNêȆÂ CO2 ȷÀǞkɃƵepANRŰǞvæĺwĉƝvǨǵŻ

ơ@Ǻnp;hÂíŀrîƀt Z }u��ĀvɎČǋÙuenpȱǺJhNb4w���qÊƩêǰtq��v�·ǧ{}�

�kſǚJh�qəÔƷtǞq:hRe?et@f4ăôdip;h^rlsvÞĜ³v���v���w 2.5 eV ¬�q:h

Nb4500 nm egcǀƑɂvêȆÂe?óçJhbr@qAt;RěŴƷuĔƫÛkƺŏeĊɊÂkegØƥƷuÐƫJhȇ

ƚqw4ĊɊÂv¢ȂŀÍq:h 500 nm ¬�vêȆÂkóçqAh���v���vĝd;ÞĜ³űŞkɃƵJhbr@ȻȂ

:hR 
� jbq4ŰǂǏqwɂƑɂêȆÂuĺǖep CO2 ȷÀæĺkɖÙqAh���v���ÞĜ³vɃƵrŒǡkƺƷreNR

Ƣu4Ta ǞȺǑÛơvŒǡrşȅíŀuƒÔeNRTa ǞȺǑÛơw¯Ĝħ@¢u Ta 5d ȩȲqſŀdihNb4×ȦɎČvɘ

;ȷÀÔuȦúep4ÞĜ³?fȾĠɀ³]vɎČǋÙ@ƟÔĐƷuūÐq:hNbq:hRdfu4ŰǂǏqwšďvÞĜ³

űŞv��ſȯÛcîŦużȌeNR�ǴƷu4ÞĜ³k��ſȯÛJhbrw4Â×ȦuenpƩfNɎČrƇčvǼɐ_q

vǋÙȨɌ@ǀBthbruenp4ȺÛȷÀæĺvȮĭ@�@hNb4ȉċæĺvƔĻð�@ŭĴqAh?fq:hR 
� _h4ɀ³ȻíƐkǤpȚȀeNn���o�(Y)r����(Ta)vȁíȺǑÛơ(YTaOxNy) k Ag ��ǝČr Ru(II)¥Źɀ

³kŋŎeNȁíÂȉċkȚȀeNRbvȁíÂȉċw 400 nm ¬�vêȆÂuĺǖep CO2ȷÀæĺkɖÙqAhbrkť

f?reNRb<ep���v���@ 2.2 eV v���v���ÞĜ³q:h YTaOxNykĂƹreN CO2ȷÀæĺǞvſǚ

uŀÕeNRƅu Y rîǌĭvnr�Þĳq:h����n�(Ln)ÀǠuƾƺep4Ta rvȁíȺǑÛơ(LnTaOxNy)kşȅu

íŀeNRíŀżȌvǥŷ4���v���@ 2.5 eV ¬�v���v��� LnTaOxNyvíŀuŀÕeNRjep4:hǍv

LnTaOxNy u>;pcêȆÂ CO2 ȷÀæĺuƔĻkȔbNRe?e4500 nm ¬�vêȆÂkƞĚeNĄí4YTaOxNy d

LnTaOxNy v CO2ȷÀƔĻwɏĨu±?nNR 
� ŧthŒǡkeNǥŷ4Ta3N5r Ru(II)¥Źɀ³rvȁíÂȉċw 480 nm ¬�vɂƑɂêȆÂuĺǖep4Z }u��ĀɎ

ČǋÙuehÂȉċƷ CO2 ȷÀæĺkɖÙJhbrkťf?reNRe?et@f4ǝČzn~vĈA;��wĀv Ta3N5 k

w4ǀƑɂêȆÂ(0 > 400 nm)kòaÂkƞĚeNĔɗų­qw4vȺƩŀȽ@ĶŴv TaON rƋȫep 20%ǌĭv½q:n

NRbiw¢um���mǑÛueh Ta3N5víŀqexex÷ɓrth4m�r�Ƅɉ(ǑǠƄɉ)uȦúJhrǬ=fiNR

ǑǠƄɉw×ȦɎČrƇčvÊǥí¡ĸrep¿BNb4ǼɐqvÂȉċƔĻk±�dihȂúrthR 
jbq4Ta3N5víŀƐvÊżȌrìǍÍŶuehơĻvȚŸkeNRSiO2Ǽɐ�u Ta2O5k sol-gel ƐqǽȃeNÒɖ³km

���mǑÛeNĄí4SiO2�u 20930 nm ǌĭv Ta3N5@ǽȃeN4��ǝČ Ta3N5ŋŎ SiO2ȁí³@ķfiNRdfu4

bv��ǝČ Ta3N5/SiO2kŌśæĚ}�w��d X ǩÂɎČÍÂƐqÍŶeNǥŷ4ȺǠm�r�@ Ta3N5źČÈu�ȸ��

�dip;hbr@j?nNRȺǠ��� Ta3N5/SiO2��ǝČr Ru(II)¥Źɀ³rvȁíÂȉċwɂƑɂêȆÂ(0 > 480 nm)
ƞĚ�4CO2kvȺ]rɘ;ȶŊƥ(>99%)qȷÀqAhbrkťf?reNRƢuvȺƩŀvȉċùȪŜw 24 ŦɄq 250 uȳ

e4��wĀ Ta3N5dĶŴv TaON rƋȫep 697 »¬�ɘ;½uȳeNR 
� Űȝŝqw Ta ǞȺǑÛơvíŀƐkȒǢużȌeNǥŷ4CO2ȷÀǞuȴƫêǰtȁŜv���v���ȺǑÛơkƵȄJ

huǲnNRbiueg4���v���ƣǐÛuehÞĜ³vȺÛȷÀæĺvƔĻ±�r;<ûɍtșɓkȈƎe4ȁíÂȉ

ċu>ah Ta ǞȺǑÛơvƍƫĻkĈĩuŌĈJhbruŀÕeNRdfu4Ta3N5u>;pw��ſȯÛuehȺǠm�r

����r;<şȅtÂȉċȎȋuenp4ǑǠƄɉvƩŀkňÑeȺÛÔkð�JhbruŀÕeNRbvǥŷw§ĵ4şN
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   A hybrid photocatalyst constructed with a semiconductor and a metal complex is one of the most promising 

candidates for CO2 conversion system because it can utilize low-energy photons (i.e., sunlight) as the energy 

source, which is inexhaustible on the earth. Our group has developed such hybrid photocatalysts, which drive 

CO2 reduction by a Z-scheme process, similar to natural photosynthesis in green plants. In the hybrid system, a 

narrow-gap semiconductor is highly desirable because the main component of sunlight consists of photons with 

wavelength longer than 500 nm. 

   Here we focused on a narrow-gap semiconductor having an ability to drive the CO2 reduction in the hybrid 

system. First we used rare earth elements such as Y or lanthanoid (Ln) as the component of tantalum oxynitrides 

(YTaOxNy, LnTaOxNy). Fluorite YTaOxNy was found to have the ability to reduce CO2 when modified with a 

binuclear Ru(II) complex. Some of LnTaOxNy achieved the similar functionality. However, the CO2 reduction 

activities of YTaOxNy and LnTaOxNy were very low when irradiated with visible light longer than 480 nm.  

   Further investigation revealed that a hybrid of tantalum nitride (Ta3N5) and Ru(II) binuclear complex could 

drive Z-scheme CO2 reduction under the irradiation of visible light longer than 480 nm with very high selectivity 

to formate (>99%). However, when irradiation light was shorter (λ > 400 nm), the CO2 reduction activity was 

~20 % compared with already known semiconductors such as TaON, due to the presence of anion defects (e.g. 

nitrogen defects), which is often a problem in the synthesis of bulk-type Ta3N5. The nitrogen defects acts as a 

recombination center of electrons and holes, resulting in decrease of photocatalytic activity.  

   To enhance the photocatalytic activity of Ta3N5, nanoparticulate Ta3N5 (20–30 nm in size), which was loaded 

on SiO2 spheres, was developed. UV-visible diffuse reflectance spectroscopy combined with X-ray photoelectron 

spectroscopy revealed that in Ta3N5/SiO2, oxide anion was partly doped into the Ta3N5 lattice. Finally a hybrid of 

oxygen-doped Ta3N5/SiO2 nanoparticles and the binuclear Ru(II) complex can reduce CO2 to formate with high 

selectivity (>99%) under visible light (λ > 480 nm), the value of which was 6–7 times higher than that of bulk 

Ta3N5 and conventional TaON. 
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