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Photo-induced water oxidation based on first row transition metal complexes has drawn much attention recently 
as a part of the efforts to design systems for solar fuel production. Here, the classic tetradentate ligand TPA 
(tris(2-pyridylmethyl)amine) is used together with cobalt(II) in CH3CN to form a mononuclear cobalt complex 
[Co(TPA)Cl]Cl. Single crystal X-ray diffraction shows that [Co(TPA)Cl]Cl is composed of discrete cationic units 
with a penta-coordinate cobalt center, along with chloride counter ions. In borate buffer, the Co complex acts as a 
water oxidation catalyst, as shown by the presence of a catalytic wave in electrochemistry. Under visible light irra-
diation, in the presence of photosensitizer and electron acceptor, the Co complex catalyzes O2 evolution with a 
turnover frequency (TOF) of 1.0 mol(O2)•mol(Co)–1•s–1 and a turnover number (TON) of 55 mol(O2)•mol(Co)–1 in 
pH 8 borate buffer.  
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Introduction 
Oxidation of water to molecular oxygen is a reaction 

of vital importance to sustain life on earth.[1] Using the 
energy from sunlight, photosynthesis splits water into 
oxygen and extracts electrons from water to reduce 
carbon dioxide into carbohydrates.[2] The design of 
chemical water oxidation systems represents a critical 
step in artificial photosynthesis for conversion and 
storage of sunlight into high-energy chemicals such as 
H2.[3] From a chemical point of view, water oxidation is 
considered as the bottleneck in artificial photosynthesis 
since it is an energy demanding process involving a 
four-electron oxidation coupled to the removal of four 
protons and finally the formation of a new O－O 
bond.[4] 

Due to the requirement of accumulative photo-in-
duced electron transfer from the catalyst to the photo-
sensitizer, efforts have been made to design functional 
catalysts to be used in combination with a photosensi-
tizer (commonly [Ru(bpy)3]2＋ or its derivatives) and 
electron acceptor (often Na2S2O8) for photo-induced 
water oxidation (Scheme 1). Some molecular ruthenium 
complexes have been reported to promote visible light- 
driven water oxidation in homogeneous systems.[5] 
However, in order to be economically viable, construct-
ing a photo-induced water oxidation system based on  

Scheme 1  Light-driven water oxidation in a system with cata-
lyst, photosensitizer (PS) and electron acceptor 2
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cheaper and earth-abundant elements is necessary and 
could bring the idea of artificial photosynthesis to a new 
level. So far, the examples with first row transition 
metal complexes as water oxidation catalysts are scarce. 
A few iron and cobalt systems have been reported,[6] but 
unfortunately for most of them, it has been shown that 
metal oxides, formed from decomposed catalyst pre-
cursors, are the real catalysts under illumination. 
Therefore, it is still essential to develop new molecular 
catalysts based on first-row transition metals with fun-
tional and novel ligands. In 2011, Hill and co-workers 
presented that a cobalt poly-oxometalate complex, 
[Co4(OH2)2(PW9O34)2]10−, can catalyze water oxidation 
through photochemical means in the presence of a pho-
tosensitizer and an electron acceptor.[7] The all-inor-
ganic poly-oxometalates act as oxidation-resistant 
ligands to the cobalt ions and create one of the most 
efficient cobalt-based water oxidation catalysts reported 
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to date. Several isostructural Co4O4 cubane-shaped 
catalysts have also been reported to enable water oxida-
tion under illumination with quantum efficiencies up to 
80% at λ＞400 nm.[8] For the reported cobalt mononu-
clear catalysts, Lau et al. presented that trans- 
[Co(qpy)(OH2)2]2＋  (qpy＝2,2':6',2":6",2"'-quarterpyri-
dine), functioned efficiently both as a water oxidation 
catalyst as well as a water reduction catalyst in different 
photocatalytic systems.[9] Very recently, Sartorel et al. 
designed a cobalt(II) complex (CoSlp) with a salophen 
ligand (Slp＝N,N'-bis(salicylaldehyde)-1,2-phenylene- 
diamine) that shows capability of water oxidation ca-
talysis under visible light irradiation with the addition of 
photosensitizer and electron acceptor.[10] 

Ligand design and catalyst optimization are instru-
mental for sustained O2 productivity, and many multi- 
coordinating ligands containing N-heterocycles are 
available to produce novel catalysts. The tetradentate 
ligand tris(2-pyridylmethyl)amine (TPA) provides a 
scaffold to coordinate different metal centers, and can 
easily be modified to tune the properties of the metal 
complexes. TPA and its derivatives have been used ex-
tensively in modeling the active sites of mono- and di-
nuclear nonheme metalloproteins involved in dioxygen 
activation, such as Fe, Cu, and Ni containing metallo-
proteins.[11] Recently, Ru and Fe complexes with TPA 
ligands have received some attention due to the catalytic 
water oxidation activity in the presence of Ce(IV).[12]  
For cobalt, Co(CH3COO)2 have been reacted with TPA, 
and the product [Co(TPA)(CH3COO)]＋ exhibited cata-
lytic activity for the hydroxylation of alkanes such as 
cyclohexane or adamantane with good alcohol selectiv-
ity.[13]  

Here, CoCl2•6H2O was used to react with TPA in 
MeCN to afford [Co(TPA)Cl]Cl in high yield. In par-
ticular, [Co(TPA)Cl]Cl was found to be capable of 
catalyzing water oxidation with high efficiency in a 
light-driven system. Since TPA provides a scaffold to 
introduce functional groups to the catalyst, the results 
open up the possibility of designing novel types of 
penta- and hexa-coordinate Co complexes for use as 
catalysts in solar fuel production.  

Experimental 
General 

The UV-Vis absorption spectra were measured on a 
Varian Cary 50 instrument. The emission spectra were 
measured on a Fluorolog 3-222 emission spectrometer 
from Jobin-Yvon. HPLC-MS data were obtained using a 
Dionex UltiMate 3000 system on a Phenomenex Gem-
ini C18 column (150×3.0 mm, 5 μm) coupled to a 
Thermo LCQ Deca XP Max with electrospray ioniza-
tion. Solvents used for HPLC: 0.05% formic acid in 
H2O and 0.05% formic acid in CH3CN.    

Materials 
All reactions and operations were carried out under a 

dry argon atmosphere with standard Schlenk technique. 
All solvents were dried and distilled prior to use. Pi-
colinaldehyde, sodium triacetoxyborohydide, 2-amino- 
methyl-pyridine, and CoCl2•6H2O were purchased from 
Sigma-Aldrich and used as received.  

Synthesis 
Tris(2-pyridylmethyl)amine (TPA)  Picolinalde-

hyde (1.52 g, 14.7 mmol) was added to a CH2Cl2 solu-
tion of 2-aminomethyl-pyridine (0.79 g, 7.35 mmol) and 
sodium triacetoxyborohydide sodium (3.12 g, 14.7 
mmol). The mixture was kept stirring at room tempera-
ture for 18 h. Thereafter a saturated aqueous solution of 
NaHCO3 was added carefully. Diethyl ether was used to 
extract the product and the organic layer was dried with 
MgSO4 and evaporated to afford the crude product as 
yellow oil. The crude product was further purified by 
column chromatography on silica gel using CH2Cl2/ 
CH3OH/Et3N (V∶V∶V＝ 10∶ 1∶0.5) as eluent. 
Evaporation of the solvent afforded TPA as a light yel-
low solid. Yield: 70%. ESI-MS m/z: 291.15 [M＋H]＋

(calcd 291.09).  
[Co(TPA)Cl]Cl  An oven-dried Schlenk flask 

equipped with a magnetic stir bar was evacuated and 
filled with nitrogen. In this flask CoCl2•6H2O (0.086 g, 
0.36 mmol) was dissolved in CH3CN (10 cm3), de-
gassed with Ar, and heated to reflux. To the above re-
fluxing mixture, TPA in 2 mL CH3CN was added drop-
wise to afford a green solution, which was kept reflux-
ing overnight. When the solution had cooled down, the 
solvent was removed and CH3OH was used to recrystal-
lize product at −8 ℃ to give [Co(TPA)Cl]Cl as green 
crystals, yield 80%. ESI-MS m/z: 394.02, [M−2Cl＋
HCOO]＋ (calcd 394.32); 348.10, [M−2Cl−H]＋ (calcd 
348.30).  

Crystallographic structure determination 
Single crystals of [Co(TPA)Cl]Cl suitable for X-ray 

diffraction were grown from a saturated methanol solu-
tion of the compound at −8 ℃. Crystallographic data 
sets were collected from a single crystal sample 
mounted on a loop fiber and coated with N-paratone oil. 
Collection was performed using a Bruker SMART 
APEX diffractometer equiped with an APEXII CCD 
detector, a graphite monochromator and a 3-circles go-
niometer. The crystal-to-detector distance was 50 mm, 
and the data collection was carried out in 512×512 
pixel mode. The initial unit cell parameters were deter-
mined by a least-squares fit of the angular setting of 
strong reflections. Cell refinement and data reduction 
were performed with SAINT V7.68A (Bruker AXS). 
Absorption correction was done by multi-scan methods 
using SADABS96 (Sheldrick). The structure was solved 
by direct methods and refined using SHELXL97 (Shel-
drick) and the refinement (based on F2 of all data) was 
performed by full-matrix least-squares techniques with 
Crystals 12.84. All non-H atoms (except for solvent and 
counter-ions) were refined by full-matrix least-squares 
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with anisotropic displacement parameters while all hy-
drogen atoms were placed geometrically and allowed to 
ride on their respective atoms. 

Electrochemistry 
Electrochemical measurements were performed us-

ing an Autolab potentiostat with a GPES electrochemi-
cal interface (Eco Chemie). A three-electrode system 
with a 3 mm glass carbon working electrode, a glassy 
carbon rod counter electrode, and an Ag/AgCl (with 
saturated KCl aqueous solution) reference electrode, 
was used to measure the cyclic voltammograms in bo-
rate buffer. The counter and reference electrodes were 
in compartments separated from the bulk solution by 
fritted disks. The working electrode was polished with a 
0.05 μm alumina paste and sonicated for 15 min before 
use. The sample solution (4 mL) with 0.1 mol/L borate 
buffer as supporting electrolyte, was degassed with ar-
gon for 30 min before the measurement started. All cy-
clic voltammograms shown were recorded at a scan rate 
of mV•s−1. In CH3CN solution, 0.1 mol/L n-Bu4NPF6 
was used as the supporting electrolyte, and a non- 
aqueous Ag ＋ /Ag electrode (0.1 mol/L AgNO3 in 
CH3CN ) as reference electrode.  

Life-time measurements 
The light source used for the emission measurements 

was a Uniphase He-Ne laser emitting vertically polar-
ized light at a wavelength of 532 nm and operating at 14 
mJ. Data was collected at 25 ℃ at an angle of 90°, 
using a Perkin Elmer diode detector (Perkin Elmer, 
Quebec, Canada) and connected to an ALV5000 multi-
ple digital autocorrelator (ALV-Laser Vertriebgesell-
schaft mbH, Germany). The data was acquired and 
evaluated using the ALV Correlator software v3.0. 

Oxygen evolution measurements 
The oxygen evolution was measured using a stan-

dard Clark-type oxygraph electrode (Hansatech Instru-
ments), separated from the sample solution by a Teflon 
membrane. The cell was thermostated at 20 ℃ for all 
experiments. The signal was recorded for the entire du-
ration of the experiment at 0.1 s intervals using the 
Oxygraph＋software (Hansatech Instruments). The sig-
nal was calibrated using air saturated aqueous solutions 
([O2]＝276 μmol/L, T＝20 ℃). 

For the oxygen evolution experiments the each 
component was mixed in borate buffer (pH 8) in the 
dark, flushed with argon to remove dissolved oxygen 
and then irradiated with visible light [LEDs, λ＝
(470±10) nm, 820 µE/(m2•s)]. The maximum turnover 
frequency (TOF) was determined at the steepest slope of 
the oxygen evolution curve. 

Results and Discussion 
[Co(TPA)Cl]Cl was synthesized following standard 

synthetic methods, starting with the synthesis of the 
TPA ligand (Scheme 2). Here, we used an improved  

Scheme 2  Synthesis of [Co(TPA)Cl]Cl 
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method, where 1 equiv. of picolinaldehyde was added to 
a CH2Cl2 solution of 2 equiv. of 2-aminomethyl-pyri-
dine and 2 equiv. of sodium triacetoxyborohydide, and 
reacted for 18 h with the smooth conversion to TPA 
with 70% yield.[14] 

The reaction of anhydrous CoCl2 with TPA in 
n-BuOH has been reported, and various reaction condi-
tions resulted in complicated product mixtures.[15] 
Among them, treatment of anhydrous CoCl2 with one 
equivalent of TPA in n-BuOH at 90 ℃ afforded a 
mixture of [Co(TPA)Cl2] and [Co(TPA)Cl]Cl.[15] Inter-
estingly, when we performed the reaction in the less 
polar solvent CH3CN and CoCl2•6H2O was used instead, 
[Co(TPA)Cl]Cl was obtained as a green powder in the 
refluxing solution with excellent yield. In order to de-
termine the structure of the product, single crystals of 
the Co complex were obtained from a saturated CH3OH 
solution at −8 ℃. X-ray crystallographic analysis con-
firms that the Co center is composed of a discrete cati-
onic unit along with a chloride counterion. The molecu-
lar structure of [Co(TPA)Cl]Cl is shown in Figure 1. 
The cationic unit has a distorted trigonal bipyramidal 
geometry for the Co(II) ion with the three pyridyl 
groups in the equatorial plane [N(2)-Co(1)-N(3)-N(4)] 
and the amine and the chloride ligands in the apical po-
sitions.  

Interestingly, the structure of the [Co(TPA)Cl]Cl can 
be further confirmed by UV-vis spectroscopy (Figure 
S1). In particular, when similar penta-coordinate cobalt 
complexes are dissolved in acetonitrile, the mono-co-
ordinated Cl− ligand can be replaced by a solvent mole-
cule leading to the formation of the mono-acetonitrile 
species [(L)M(CH3CN)]2＋ characterized by a long 
wavelength absorption band pattern between 600 and 
700 nm in the UV-Vis spectra.[13,16] At room temperature, 
the CH3CN solution of [Co(TPA)Cl]Cl exhibits two 
absorption bands at 490 and 620 nm, accompanied by 
an intense absorption below 300 nm from a ligand  
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Figure 1  The crystal structure of [Co(TPA)Cl]Cl (Probability 
level of 50%). 

π→π* transition, implying that the mono-substituted 
[Co(TPA)(MeCN)]2＋ has formed.[13] 

When [Co(TPA)Cl]Cl is dissolved in water, a color-
less solution is obtained. The UV-Vis spectrum contains 
a very weak shoulder at 475 nm that can be assigned to 
the Co2＋ d-d transition in an octahedral complex,[17]  
indicating the formation of [Co(TPA)(H2O)2]2＋.  

The electrochemistry of [Co(TPA)Cl]Cl, shows 
Co-based oxidations and reductions in CH3CN under an 
Ar atmosphere with n-Bu4NPF6 as electrolyte. The cy-
clic voltammogram shown in Figure S2 exhibits two 
irreversible reductions at −1.11 and −1.93 V (vs. the 
standard hydrogen electrode, SHE), assigned to CoII/I 
and CoI/0 respectively.[18] Two (quasi)-reversible redox 
events centered at 0.85 and 1.39 V were observed and 
ascribed to CoIII/II and ligand. In 0.1 mol/L borate buffer 
at pH 8, two irreversible oxidative waves were observed, 
prior to a catalytic wave for water oxidation (Figure 2). 
Compared with electrochemistry in CH3CN, the peaks 
at 0.27 and 0.57 V are assigned to CoIII/II and ligand, 
and the large shifts to negative potential is possibly due 
to the coordination with H2O ligands to form [Co(TPA)-
(H2O)2]2＋ upon dissolution of [Co(TPA)Cl]Cl in aque-
ous solution.[18]  

 

Figure 2  The cyclic voltammetry of [Co(TPA)(H2O)2]2＋ (1 
mmol/L) in 0.1 mol/L borate buffer (pH 8) at a scan rate of 100 
mV•s−1 under Ar atmosphere.  

Since the electrochemistry in water indicated that the 
appearance of [Co(TPA)(H2O)2]2＋ can promote water 
oxidation, the catalytic behavior for water oxidation in a 
light-driven system, assisted by the photosensitizer 
Ru(bpy)3

2 ＋  and a sacrificial electron donor 2
2 8S O －  

was explored. 3
3Ru(bpy) ＋  has a higher oxidation po-

tential than the onset potential for electrochemical water 
oxidation observed with [Co(TPA)(H2O)2]2＋  (Figure 
S3). Therefore a system where 3

3Ru(bpy) ＋  is formed 
through an electron transfer from a photo-excited 

3Ru(bpy)2＋  to an electron acceptor can be used in com-
bination with [Co(TPA)(H2O)2]2＋ to give a thermody-
namically favorable driving force for water oxidation. 

A buffer solution containing [Co(TPA)(H2O)2]2＋, 
[Ru(bpy)3](ClO4)2 and Na2S2O8 was irradiated with 
visible light [LEDs, λ＝470±10 nm, 820 µE/(m2•s)]. 
Oxygen evolution was confirmed by a Clark electrode. 
As shown in Table 1, the concentration of the buffer 
solution played a critical role with 50 mmol/L as the 
best condition. In addition, the pH of the reaction mix-
ture was also considered as an important parameter. 
Below pH 8, the photocatalysis was much less efficient. 
Higher pH could accelerate the water oxidation, but 
quicker deactivation was observed with lower TON 
(turnover number) as the result. The turnover frequency 
(TOF) was improved with the concentration of the 
Na2S2O8 lower than 3 mmol/L, however, the TOF de-
creased when more Na2S2O8 was added (Table 1). Ad-
ditionally, coexisting ions in the system such as counter 
anions influenced the O2 evolution as well. When 
[Ru(bpy)3]Cl2 was used as a photosensitizer instead of 
[Ru(bpy)3](ClO4)2, the O2 yield was decreased by a fac-
tor of 4 (Figure S4). Figure 3 shows the effect of the 
concentration of [Co(TPA)(H2O)2]2＋. The control ex-
periment with a combination of [Ru(bpy)3](ClO4)2 and 
Na2S2O8 could produce some O2, however, the presence 
of the Co complex is required for efficient water oxida-
tion. In phosphate buffer, in spite of that no O2 was de-
tected without the Co catalysts, the catalytic efficiency 
in presence of the Co catalyst was only 17% of that in 
borate buffer (Figure S5). With the condition chosen in 
Figure 3 and Table 2, under irradiation, oxygen evolu-
tion starts after a lag phase of about 3 s. During the first 
50 s, the amount of O2 increases linearly with an esti-
mated maximal TOF value at 1.0 mol(O2)•mol(Co)−1•s–1 
for 5 µmol/L Co catalyst. After ca. 100 s of irradiation, 
the O2 concentration reaches ca. 280 µmol/L, equivalent 
to a TON of ca. 55 mol(O2)•mol(Co)–1. When the con-
centration of [Co(TPA)(H2O)2]2＋ was increased, more 
O2 was produced, but both TON and TOF gradually 
decreased. Furthermore, in order to check the stability 
of each component under irradiation, after O2 ceased at 
the first run, degassed Ru(bpy)3(ClO4)2, Co complex, or 
Na2S2O8 was added to the system. To our surprise, both 
additional Co complex and Na2S2O8 were required for 
renewed O2 production, implying the decomposition of 
the catalyst together with the consumption of Na2S2O8.
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Table 1  TON and TOF of O2 evolution in a mixture containing [Ru(bpy)3](ClO4)2 and Na2S2O8 with [Co(TPA)(H2O)2]2＋ in borate 
buffer 

[Ru(bpy)3](ClO4)2/(mmol•L−1) Na2S2O8/(mmol•L−1) [Co(TPA)(H2O)2]2＋/(µmol•L−1) Buffer/(mmol•L−1) pH TOF TON

0.4 3 10 40 8 0.50 29

0.4 3 10 50 8 0.68 34

0.4 3 10 75 8 0.63 31

0.4 3 10 50 9 1.19 26

0.4 3 10 50 7 0.41 15

0.4 1 10 25 8 0.30 19

0.4 3 10 25 8 0.85 22

0.4 5 10 25 8 0.84 17

0.4 10 10 25 8 0.54 12

 

 

Figure 3  Light-induced water oxidation in a mixture containing 
[Ru(bpy)3](ClO4)2 (0.4 mmol/L) and Na2S2O8 (3 mmol/L) with 
[Co(TPA)(H2O)2]2＋(0, 5, 10, 20, and 30 µmol/L) in borate buffer 
(50 mmol/L, pH 8). The Clark cell was kept constant at 20 ℃, 
and the system was irradiated using LEDs [λ＝(470±10) nm, 
820 µE/(m2•s)]. The arrow indicates the start of the irradiation. 

Table 2  O2 evolution, TON and TOF for different concentra-
tions of [Co(TPA)(H2O)2]2＋ 

[C] of [Co(TPA)(H2O)2]2＋/ 

(µmol•L−1) 
0 (control) 5 10 20 30

nO2/µmol 66.7 278 334 418 478

TON — 55 34 21 16

TOF — 1.0 0.68 0.30 0.23

The addition of Ru(bpy)3(ClO4)2 could also increase the 
efficiency in the presence of both fresh [Co(TPA)-
(H2O)2]2＋ and Na2S2O8, indicating that the photosensi-
tizer was partially degraded as well during illumination. 

The direct comparison of catalytic activity to those 
of other catalysts reported in the literature is difficult, 
because the catalytic behaviour is highly dependent on 
small changes in the reaction conditions. If the 
[Co(TPA)(H2O)2]2＋ was replaced by Co(ClO4)2 in the 
system, which can act as a pre-catalyst to form CoOx 

particles, much higher efficiency for oxygen evolution 
was observed (Figure S6). Unlike the case when 
Co(ClO4)2 was used, no visible particles formed after 
long-time irradiation of a mixture of [Co(TPA)(H2O)2]2＋, 
Ru(bpy)3(ClO4)2 and Na2S2O8 even in the presence of 
100 µmol/L [Co(TPA)(H2O)2]2 ＋ . In addition, after 
oxygen evolution had ceased in a system containing 
Co(ClO4)2, Ru(bpy)3(ClO4)2, and Na2S2O8, the activity 
could be reinitiated by the addition of Ru(bpy)3(ClO4)2 
and Na2S2O8, no additional catalyst was needed. These 
differences in particle formation and deactivation be-
haviour between using [Co(TPA)(H2O)2]2＋ or CoClO4, 
implies that [Co(TPA)(H2O)2]2＋ is a real catalyst for 
water oxidation and that CoOx particles are not formed 
in the reaction. However, more direct evidence is re-
quired to definitely say what is the active species during 
catalysis and research on this is on-going.  

Since photo-induced water oxidation in this system 
is based on electron transfer between all the components, 
steady-state and time-resolved emission spectroscopy 
was employed to investigate the mechanism. The 
steady-state emission of excited [Ru(bpy)3](ClO4)2 in 
borate buffer solution is quenched with increasing the 
concentration of Na2S2O8 (Figure S7), resulting in a de-
crease of the excited-state life-time from 573 ns to 421 
ns with rate constant kET of 9.4×108 (mol/L)−1•s−1 (Fig-
ure S8). Meanwhile, during irradiation of [Ru(bpy)3]-
(ClO4)2 with the electron acceptor Na2S2O8, the absorp-
tion spectra show a decrease in the Ru(II) MLCT band 
together with an increased absorption between 550 and 
750 nm centered at 655 nm, reflecting the formation of 
Ru(III) by electron transfer from excited [Ru(bpy)3]-
(ClO4)2 to 2

2 8S O －  (Figure 4).[19] In contrast, with the 
addition of Co complex, although the steady-state emis-
sion of excited [Ru(bpy)3](ClO4)2 was quenched with an 
increase of the concentration of Co (Figure S9), the life-
time of the excited state was shortened to 482 ns with 
30 equiv. Co complex, no signal from an oxidized or 
reduced Ru species was observed, implying that in this 
case energy transfer is the dominant pathway for the 
deactivation of the excited photosensitizer. Combining  
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Figure 4  The absorption spectra of [Ru(bpy)3](ClO4)2 (5×10−5 
mol/L) recorded in the presence of the electron acceptor Na2S2O8 
(3.75 mmol/L) without irradiation (black) or during irradiation 
(red) in borate buffer (pH 8). 

the steady-state emission and dynamic analysis, it is 
easy to conclude that oxidative quenching of 
[Ru(bpy)3]2＋ by Na2S2O8 triggered the photocatalytic 
reaction. The afforded Ru(III) could then oxidize the 
Co(II) complex to higher oxidation state intermediates 
that catalyze the oxidation of water to O2 (Scheme 3).[20] 
Research on the nature of this intermediate is on-going. 

Scheme 3  The proposed mechanism for photo-induced water 
oxidation by [Co(TPA)(H2O)2]2＋ 
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Conclusions 
In conclusion, a new catalyst [Co(TPA)Cl]Cl with 

TPA ligand demonstrated an efficient performance for 
water oxidation in a visible light-induced system with 
Ru(bpy)3(ClO4)2 as photosensitizer and Na2S2O8 as 
electron acceptor. The high catalytic activity for 
[Co(TPA)Cl]Cl implies that it can be fruitful to explore 
other penta- and hexa-coordinate Co complexes, based 
on similar ligand frameworks, for solar fuel production. 
Modification of the ligand scaffold to further tune the 
activity for the water oxidation is currently in progress. 
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