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Metal-Organic Triangles with NADH Mimics for Photocatalytic Hydrogen Production

ZHAO Liang®™ CHU Shao-Shuai CAI Jun-Kai WEI Jian-Wei LI Ya-Nan DUAN Chun-Ying
(State Key Laboratory of Fine Chemicals, Dalian University of Technology, Dalian, Liaoning 116024, China)

Abstract: By incorporating two different reduced nicotinamide adenine dinucleotide (NADH) mimics within the li-
gand backbone, two positively charged cobalt-based metal-organic triangular hosts Co-L' and Co-L* (H,L'=5"-(benzo
[d]thiazol-2-y1)-N"*,N"""""*bis((E)-pyridin-2-ylmethylene)-[1,1" : 3’,1”-terphenyl]-4,4"-dicarbohydrazide, H,L*=5’-
(benzo[d]imidazol-2-yl)-N"*,N'""""*-bis((E)-pyridin-2-ylmethylene)-[1,1" : 3", 1”-terphenyl]-4,4"-dicar bohydrazide)
have been prepared in high yield and characterized as a redox vehicle for the construction of an artificial photosyn-
thesis (AP) system. By taking advantage of electrostatic interaction to facilitate the formation of host-guest complexes,
anionic ruthenium-based photosensitizer [Ru(dcbpy);]*” (debpy=2,2’-bipyridine-4,4’-dicarboxylic acid) was encapsu-
lated into the suitable cavity of hosts to improve photoinduced electron transfer (PET) processes and to promote pho-
tocatalytic hydrogen production. Compared with metal-organic triangular Co-L* without NADH mimics (H,L*=5'-
methyl-N"*,N'""""*-bis((E)-pyridin-2-ylmethylene)-[1,1" : 3’,1"-terphenyl]-4,4"-dicarbohydrazide) and mononuclear
catalyst Co-L* (HL*=(E)-N'-(pyridin-2-ylmethylene)benzohydrazide) containing the same coordination environment
and without NADH mimics, photocatalytic hydrogen production efficiency of the host-guest supramolecular photo-
synthetic systems could increase 1.6 and 6 times, respectively. The higher catalytic activity is attributed to the for-
mation of host-guest complex between catalyst Co-L' and Co-L* and photosensitizer [Ru(dcbpy),]" and the introduc-
tion of NADH mimics benefiting the PET process between the catalyst and photosensitizer.
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photocatalytic hydrogen production
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0 Introduction

Hydrogen with the high energy density and the
minimal environmental pollution was deemed to be ide-
al candidate for the green energy sources!’. Photocata-
lytic hydrogen production using light as a clean energy
source is one of the most promising processes among
various hydrogen production strategies™. To improve
the light conversion efficiency is the challenge of photo-
catalytic hydrogen production, which is usually deter-
mined by the photoinduced electron transfer (PET) pro-
cess and the charge - hole separation state!”. Metal-
organic molecular hosts, constructed by the self-
assembly of metal ions and organic functional ligands,
are the typical model for facilitating the PET process.
They have the certain cavity and the specific shape!",
and can encapsulate guest molecules to enforce the
proximity between host and guest by electrostatic inter-
action, 77 -7 interaction and hydrogen bonding, etc.""”,
resulting in the PET via a pseudo-intramolecular path-
way, where the unwanted electron-transfer processes
can be potentially avoided"’. Host-guest supramolecu-
lar catalytic synthetic methods that are inspired by nat-
ural enzyme prototypes which react under an ambient
atmosphere and use benign solvents and clean energy
often serve as an ideal model of enzymes in synthetic

U451 Therefore, host-guest supramolecular

chemistry
catalytic systems are considered as a strategy for effec-
tively improving the PET process, which can promote

the efficiency of photocatalytic hydrogen produc-
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On the other hand, most enzymatic redox reaction
processes often require the assistance of coenzymes,
such as reduced nicotinamide adenine dinucleotide
(NADH), which plays an important role in the
reduction-oxidation metabolism for the electron trans-
fer™?*, Therefore, the easy preparation NADH mimics
as the proton and electron carriers are widely applied
to a variety of catalytic chemical transformations™.
Among them, benzothiazole and benzoimidazole are
described as two important models for the NADH mim-
ics and exhibit potentially important electron donor
ability®**. We envisioned that the incorporation of the
benzothiazole or benzoimidazole groups into the metal-
organic molecular hosts as the proton and electron car-
riers should be a powerful approach to mimic the activi-
ty of these enzymes for further promoting PET process.

The host-guest supramolecular systems construct-
ed by metal-organic macrocycles combined opposite
charged photosensitizer have been applied in the field
of hydrogen production and obtained satisfactory

""" To the best of our knowledge, few

achievemen
metal-organic macrocycles with NADH mimies for pho-
tocatalytic hydrogen production have been reported to

[29-30]

date In this work, we successfully prepared two

positively charged metal-organic hosts containing
NADH mimics (Scheme 1), which have the PET via
pseudo-intramolecular pathway by proximity between
the redox site and anionic photosensitizer [Ru(dcbpy),|*
(debpy=2,2'-bipyridine-4, 4'-dicarboxylic acid) encap-
sulated in the pocket, and additionally make NADH

mimics as the proton and electron carriers that could
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further accelerate the electron transfer to improve
hydrogen production efficiency (Scheme 2)"". In addi-
tion, ONN tridentate coordinated units not only were
efficient building blocks that could be used to fix the

orientation of ligands coordinated to a transition-metal

center at an angle of exactly 90° to endow the high
stability of the metal-organic hosts™ ™, but also could
insure sufficiently redox potential for proton reduc-
tion"™*, Therefore, they were expected to be good can-

didates for photocatalytic hydrogen production.

O]
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Self assembly

Scheme 2 Procedure for preparation of molecular triangular hosts and construction of artificial host-guest

supramolecular systems for photocatalytic hydrogen production

1 Experimental

1.1 Materials and instruments

All the chemicals and solvents were of reagent
grade quality obtained from commercial sources and
used without further purification. The elemental analy-
ses of C, H and N were performed on a Vario EL III ele-
mental analyzer. 'H NMR and “C NMR spectra were
collected on a Bruker 400 M spectrometer. ESI mass
spectra were obtained from an HPLC-Q-Tof mass spec-
trometer using acetonitrile as the mobile phase. UV -
Vis spectra were collected on an HP 8453 spectrome-
ter. The solution fluorescent spectra were measured on
Edinburgh FS-920.

Electrochemical measurements were performed
with a ZAHNER ZENNIUM electrochemical worksta-
tion with a conventional three-electrode system with a
custom-designed Ag/AgCl electrode as a reference
electrode, a platinum silk with 0.5 mm diameter as a
counter electrode, and glassy carbon electrode as a
working electrode. Cyclic voltammograms (CVs) with
the solution concentrations were 0.1 mmol * L' for the
cobalt-based compounds and 0.1 mol - L™ ("Bu,N)PF,
for the supporting electrolyte. Electrodes were polished
on a MD-Nap polishing pad. The measurements were

performed at room temperature after the system had

been degassed with argon.

In a typical experiment, photoinduced hydrogen
evolution was made in a 20.0 mL flask. Varying
amounts of the hosts, [Ru(dcbpy),]* and ascorbic acid
(H,A) in CH,CN/H,O (1:1, V/V) were added to obtain a
total volume of 5.0 mL. The flask was sealed with a sep-
tum, degassed by bubbling argon for 15 minutes under
atmospheric pressure at room temperature. The pH of
this solution was adjusted to a specific pH value by
adding H,S0, or NaOH and measured with a pH meter.
After that, the samples were irradiated by a 500 W
Xenon Lamp, the reaction temperature was 298 K by
using a water filter to absorb heat. The generated photo-
product of H, was characterized using a GC 7890T gas
chromatograph equipped with a 0.5 nm molecular sieve
column (0.6 mX3.0 mm) and a thermal conductivity
detector; argon was used as the carrier gas. The amount
of hydrogen generated was determined by the external
standard method. Hydrogen in the resulting solution
was not measured and the slight effect of the hydrogen
gas generated on the pressure of the flask was neglect-
ed for calculation of the volume of hydrogen gas.

1.2 Syntheses of H,L', H,L? and H,L?

1.2.1 Synthesis of H,L'
5'-(benzo|d|thiazol-2-yl)-[1,1":3",1"-terphenyl]-4,

4" - dicarbohydrazide (0.48 g, 1.0 mmol) was added to
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an ethanol solution (25.0 mL) containing 2-pyridylalde-
hyde (0.24 g, 2.2 mmol). After 5 drops of acetic acid
was added, the mixture was heated at 90 °C under mag-
netic stirring for 12 h. The white solid was collected by
filtration, washed with ethanol and dried in vacuum.
Yield: 91%. Anal. Caled. for C,,H,,N,0,5(%): H, 4.14;
C, 71.22; N, 14.91. Found(%): H, 4.16; C, 71.34; N,
14.82. '"H NMR (400 MHz, DMSO-d,): 6 12.18 (s, 2H),
8.64 (d, 2H), 8.55 (s, 2H), 8.43 (d, 2H), 8.29 (s, 1H),
8.22 (d, 2H), 8.19~8.08 (m, 8H), 8.02 (d, 2H), 7.89 (t,
2H), 7.61 (t, 1H), 7.52 (1, 1H), 7.44 (t, 2H). "C NMR
(101 MHz, DMSO-d,): 6 167.24,163.38, 153.97, 153.77,
150.05, 148.66, 142.84, 141.67, 137.40, 135.22,
134.98, 133.11, 129.04, 127.89, 127.33, 126.32,
125.68, 124.93,123.59, 122.95, 120.43. ESI-MS Calcd.
for C,H,;,N,0,S: 657.19, Found m/z: 658.20 [M+H]",
680.50 [M+Na]".

1.2.2  Synthesis of H,L?

The synthesis was same as that of H,L' except
that 5'-(1H-benzo|d]imidazol-2-yl)-[1,1":3",1"-terphe-
nyl]-4,4"-dicarbohydrazide (0.46 g, 1.0 mmol) was used
to replace 5'-(benzo|d|thiazol-2-yl)-[1,1":3",1"-terphe-
nyl]-4,4"-dicarbohydrazide. Yield: 91%. Anal. Caled.
for C,H3NgO,(%): H, 4.41; C, 73.11; N, 17.49. Found
(%): H, 4.43; C, 73.01; N, 17.44. '"H NMR (400 MHz,
DMSO -dy): 6 14.71 (s, 1H), 13.19 (s, 1H), 12.19 (s,
1H), 8.96 (d, 1H), 8.65 (d, 3H), 8.56 (s, 1H), 8.32~
8.06 (m, 10H), 8.03 (d, 1H), 7.97~7.83 (m, 2H), 7.83~
7.69 (m, 2H), 7.70~7.57 (m, 2H), 7.51~7.39 (m, 1H),
7.34~7.20 (m, 2H). "C NMR (101 MHz, DMSO-d,): 6
163.47,153.78,152.45,151.25,150.01, 148.79, 148.67,
144.26,143.20,141.11,139.17,137.34,135.52,132.95,
132.70,132.15,129.01, 128.47,128.19, 127.66, 127.12,
125.28,125.08,124.89,123.35,122.39,120.44,119.51,
111.95. ESI-MS Caled. for C,,H,4N;O,: 640.23, Found
m/z: 641.20 [M+H]", 663.30 [M+Na]".

1.2.3  Synthesis of H,L?

The synthesis was same as that of H,L' except that
5"-methyl-[1,1" : 3" 1”-terphenyl]-4,4" -dicarbohydra-
zide (0.36 g, 1.0 mmol) was used to replace 5'-(benzo[d]
thiazol-2-yl)-[1,1":3",1"-terphenyl]-4,4"-dicarbohydra-
zide. Yield: 93%. Anal. Calcd. for C;;H,(N;O,(%): H,
4.87; C, 73.59; N, 15.60. Found(%): H, 4.90; C, 73.44;

N, 15.51."H NMR (400 MHz, DMSO-d,): 8 12.13 (s, 2H),
8.64 (d, 2H), 8.53 (s, 2H), 8.10~7.88 (m, 13H), 7.64 (s,
2H),7.44 (t,2H),2.51 (s, 3H). "CNMR (101 MHz, DMSO
-dg): 6 163.50, 153.79, 150.00, 148.55, 143.91, 140.34,
139.65,137.33,132.47,128.87,127.95,127.50,124.87,
123.31, 120.41, 21.62. ESI- MS Caled. for C;;H,N,O,:
538.21, Found m/z: 539.30 [M+H]", 561.30 [M+Na]".
1.3 Syntheses of Co-L', Co-L?, Co-L? and Co-L*

Co-L" H,L' (65.70 mg, 0.1 mmol) and Co(NO,),*
6H,0 (29.10 mg, 0.1 mmol) were dissolved in CHCI,/
CH,OH (20.0 mL, 1: 1, V/V) to give a brown solution.
After addition of NaClO, (36.70 mg, 0.3 mmol), brown
precipitates were isolated and dried under vacuum.
Yield: 50%. Anal. Caled. for Co,C,,;Hg,N,,0,,S,Cl(%):
H, 2.97; C, 51.16; N, 10.71. Found(%): H, 2.98; C,
51.05; N, 10.66. ESI-HRMS m/z: [Co,(L"),]**, 714.450 7.

Co-L* The synthesis was same as that of Co-L/
except that H,L> (64.10 mg, 0.1 mmol) was used to
replace  H,L'. Yield: 53%. Anal. Caled. for
Co,C,;HgN,,05,Cly(% ): H, 3.14; C, 52.13; N, 12.47.
Found(%): H, 3.16; C, 52.09; N, 12.42. ESI-HRMS m/z:
[Coy(L?),]*, 697.485 5.

Co-L* The synthesis was same as that of Co-L'
except that H,L’ (53.90 mg, 0.1 mmol) was used to
replace H,L'. Yield: 60%. Anal. Caled. for
Co,CyoHsN 05,Clg(% ): H, 3.29; C, 49.77; N, 10.55.
Found(%): H, 3.30; C, 49.96; N, 10.52. ESI-HRMS m/z:
[Coy(LY),]*, 893.195 9; [Co,(L7);+ C10, T, 942.670 4.

Co-L* (HL*=N'-(pyridin-2-ylmethylene)benzohy-
drazide): Benzohydrazide (136.20 mg, 1.0 mmol), 2 -
pyridylaldehyde (117.80 mg, 1.1 mmol) and Co(ClO,) +
6H,0 (182.90 mg, 0.5 mmol) were mixed in ethanol
(25.0 mL) and heated to 90 “C for 12 hours. After the
reaction mixture was allowed to cool down to 25 °C,
Co-L* was precipitated as a brown solid, which was col-
lected by filtration, washed with ethanol and dried in
vacuum. Yield: 60%. Anal. Caled. for CoC,H,,NO,,Cl,
(%): H, 3.13; C, 44.09; N, 11.86. Found(%): H, 3.15; C,
43.98; N, 11.78. ESI-HRMS m/z: [Co(L*),]", 507.107 2.

2 Results and discussion

2.1 ESI-HRMS spectra of metal-organic triangles
ESI-HRMS spectra analysis exhibited the expect-
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ed isotopic patterns of [Co,(L"),"* species at m/z=
714.450 7 for Co-L' (Fig. 1a), of [Coy(L?),]** species at
m/z=697.485 5 for Co-L? (Fig. 1b), of [Co,(L’),]*" and

942.670 4 for Co-L? (Fig. 1c), respectively, reflecting
the formation of three isostructural cobalt-based M;l.,

triangle species and the substantial stability of molecu-

[Co,(LY),-ClO,” " species at m/2=893.195 9 and lar triangles Co-L', Co-L? and Co-L? in solution”"*,
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Inset: measured and simulated isotopic patterns at m/z=714.450 7, 697.485 5, 893.195 9 and 942.670 4, respectively

Fig.1
in DMF/CH,CN (1:1, V/V)

2.2 CV of metal-organic triangles

CV of Co-L' (0.1 mmol-L" recorded in DMF
showed the coupled Co"/Co' and Co"/Co" reduction
processes at approximately —1.21 and —-0.82 V (vs Ag/
AgCl), respectively (Fig.2)*, which is similar to the po-
tential of reported cobalt-based cage"”, while the poten-
tials of Co-L* and Co-L? are similar to Co-L' (Fig.2).
The Co"/Co' potential falls well within the range of
that of proton reduction in aqueous media®", indicating
that three metal -organic triangles in its reduced state

are capable of directly reducing protons.

ESI-HRMS spectra of triangles Co-L' (0.5 mmol L"), Co-L? (0.5 mmol - L") and Co-L? (0.5 mmol-L™")

0 -
-10
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E 209 Co-L!
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Co-L?
=304
— Co-L?
_40 T T T T
-1.6 -12 -0.8 -0.4 0.0

Potential / V (vs Ag/AgCl)

Scan rate: 100 mV -s™!
Fig.2 CV of Co-L', Co-L? and Co-L? (0.1 mmol-L™") in

DMF containing ("Bu,N)PF, (0.1 mol-L™)
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2.3 Supramolecular complex formation between

[Ru(dcbpy),]* and Co-L'

To localize the PET process and the hydrogen
production reaction inside the pocket, the anionic
[Ru(dcbpy);]*” was selected as an ideal photosensitizer
not only because of its appropriate size and excellent
photophysical properties, but also due to its four nega-
tive charges that could be encapsulated by the cationic
host by electrostatic interaction'®. The host-guest bind-
ing behavior was investigated by fluorescence spectra.
Fluorescence titration results revealed that the triangle
Co-L' is an efficient quencher of the excited state of
[Ru(dcbpy);]*". The addition of Co-L' (10.0 wmol-L™")
into a CH,CN/H,O solution (1:1, V/V, pH=5.75) con-
[Ru(debpy),]” (10.0 pmol:L™") quenched
approximately 30% of the emission intensity of
[Ru(dcbpy),]* (Fig.3a). The best fitting of the titration
profile suggested a 1:1 host-guest behavior with an as-
sociation constant (K,) of 5.36x10° L-mol™ (Fig. SI,
Supporting information). Meanwhile, Co-L' did not lead

taining

to any obvious changes in the absorption spectra of

[Ru(dcbpy),]* under the same conditions (Fig.3b), sug-

gesting that the quenching process was likely a classi-
cal PET from the excited state *[Ru(dchpy);]" to the
redox catalyst Co-L"", and that Co-L' was capable of
being activated directly for proton reduction. Important-
ly, the emission of a CH,CN/H,O (1: 1, V/V, pH=5.75)
solution containing [Ru(dcbpy),]* (10.0 wmol-L™") and
Co-L' (20.0 wmol-L™") was exponentially decaying at
622 nm with a lifetime of 0.804 ws (Fig.3c), which is
basically the same as that of a pure [Ru(dcbpy),]*
solution (0.805 ws, Fig.56). The results showed that the
Co-L'/[Ru(dcbpy),]* and
[Ru(dchbpy),]* species itself with its fluorescent life-

host-guest  complexes
time being maintained apparently coexist in the titra-
tion mixture. The fact that the decay behavior approxi-
mates well to a typical exponential function suggests
that the complex species does not affect the fluores-
cence emission of [Ru(dcbpy),]*. The encapsulation of
[Ru(debpy),]* inside the pocket of Co-L' likely pro-
motes the PET process via a pseudo-intramolecular
pathway™, where the unwanted electron-transfer pro-

cesses could potentially be avoided.

10 500
124 (a) [Ru(dcbpy),]+Co-L! 0.8 (b) [Ru(debpy),J+Co-L* (10.0 pumol - L) (c)
" 1, =0.804
[Ru(debpy)] [Ru(dcbpy) J~+Co-L? 90004 ! e
0.9 0.6 5
[Ru(dchpy),J-+Co-L? [Ru(debpy), - +Co-L1 (5.0 pmol- 1) |
>
&= = 4
= 0.6 5 044 by | E 700
=
0.3 0.2 6000+
0.0 T T — T 0.0-4— T T T 4500 T T T T
550 650 750 850 300 400 500 600 0 1000 2000 3000 4000
Wavelength / nm Wavelength / nm Time / ns

Fig.3 (a) Emission quenching of [Ru(dcbpy),* (10.0 wmol L") upon the addition of hosts (10.0 wmol- L") in CH,CN/H,0
(1:1, VIV, pH=5.75); (b) Family of differentiate UV-Vis absorption spectra of [Ru(dcbpy),]*” (10.0 pmol L") in
CH,CN/H,O (1:1, VIV, pH=5.75) upon addition of Co-L" (5.0 and 10.0 pmol-L™); (c) Fluorescence decay curves
of [Ru(dcbpy),]*” (10.0 pmol - L") upon addition of Co-L' (20.0 wmol+L™") in CH,CN/H,0 (1:1, V/V) at pH=5.75,

and the intensity was recorded at 622 nm with the excitation at 405 nm

2.4 Catalytic behaviour of the metal-organic

triangles in H, evolution

Photocatalytic hydrogen production was carried
out in a solution containing the catalyst Co-L', the pho-
tosensitizer [Ru(dcbpy),]" and the electron donor H,A.
Under the optimized conditions, the volume of hydro-
gen reached 472 pL after 24 hours irradiation with an
initial turnover frequency (TOF) of approximately 84

h™' (Fig.4a), which was comparable to those of previous-
ly reported relative host-guest systems for photocatalyt-
ic hydrogen production**. Control experiments indi-
cated that Co-L', [Ru(dcbpy),]" and H,A are three ne-
cessities for photocatalytic hydrogen production. Obvi-
ously, hydrogen could hardly be produced without
light. Under saturated reaction conditions, when the

concentrations of [Ru(dcbpy);]'” and H,A were deter-
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mined in high concentration, the initial rate of hydro-
gen production was linearly related to the Co-L' con-
centration ranging from 1.0 to 2.5 pwmol-L™" and exhib-
ited pseudo-zero-order kinetics of hydrogen production
(Fig. 4b and S18). And when the concentrations of
Co-L" and H,A were determined, the initial hydrogen
production TOF did not change with the concentration
of [Ru(decbpy),]* (Fig.4c and S19). However, when the
concentration of [Ru(dchpy),]* exceeded a certain val-
ue, the hydrogen production decreaseed with the
increase of the [Ru(dcbpy),]* after 12 hours of irradia-
tion. (Fig.S17). We inferred that too much photosensi-
tizer free in the system leading the aggregation-caused
quenching would be detrimental to the light absorption
and electron transfer of the host-guest complex™' .
Therefore, the results confirmed that the rate of hydro-
gen production is only related to the concentration of
[Ru(dcbpy);]*” encapsulated inside the pocket of host
Co-L'. Another isostructural cobalt-based redox-active
host Co-L’ containing benzoimidazole backbone pos-
sessed the similar redox potential and host-guest char-
acteristic with that of Co-L' (Fig.2, S2, S7, S11). Under
the same optimized conditions, the volume of hydrogen
generated by Co-L? was 513 pL after 24 hours irradia-
tion (Fig.4a), showing the similar redox activity with
Co-L".

To investigate the potential factors of NADH mim-
ics on the triangles that influence the photocatalytic hy-
drogen production, triangle Co-L’ without NADH mim-

ics was designed and prepared. Ligand H,L® was syn-

thesized by the Schiff base reaction of 2-formylpyridine
with the corresponding hydrazide in EtOH. Compound
Co-L* was considered as an ideal reference compound
not only because of its same structural features with
Co-L' and Co-L?, but also based on the fact that it ex-
hibited the similar redox potential and host-guest char-
acteristic (Fig.2, S3, S8, S12). Under the same condi-
tions, the volume of hydrogen generated by Co-L* was
320 pL after 24 hours irradiation (Fig.4a), which was
only approximately 65% of those of Co-L' and Co-L>
We inferred that the incorporation of NADH mimics as
the proton and electron carriers likely made the cobalt
corners of the triangles more easily capture electrons
from the photosensitizer for further improving photocat-
alytic hydrogen production efficiency*>***4,

From a mechanistic viewpoint, the encapsulation
of one guest molecule [Ru(dcbpy),]* inside the pocket
of the host first enforces the proximity between the
cobalt-based redox catalytic site and the photosensitiz-
er [Ru(dcbpy),]*” by the electrostatic interaction. This
host-guest supramolecular system then allows a direct
PET process from the excited state *[Ru(dcbpy),]* to
the redox catalyst via a powerful pseudo-intramolecular
pathway to avoid unwanted electron transfer®. Togeth-
er with the ability to transfer electrons and protons of
the NADH mimics, host-guest supramolecular systems
further promote efficiency for photocatalytic hydrogen
production.

To investigate the role of the host-guest encapsula-

tion in the photocatalytic hydrogen production within

600 600 600
-@-Co-L! - 2.5 pmol - L™ -@-0.05 mmol - L!
- ~ - - -
3 4501 @ Co-L? 3450 @ 2.0 pol- 17 2 450 -@-0.10 mmol - L
E -@-Co-L? E - 1.5 pmol - L GE) -@-0.25 mmol - L!
= 300 -@ Co-L* = 3004 -@ 1.0 pmol-L! = 300
- - >
= = =
) ) &%
g 150 £ 150 g 150+
=] =] =
- - =
= = jasi
0 0 0- (©)
0 10 20 30 0 20 30 0 10 20 30
Time / h Time / h Time / h

Fig.4 (a) Hydrogen production by systems containing [Ru(dcbpy);]*” (0.25 mmol L ™') and H,A (0.2 mol - L") with Co-L!
(2.5 pmol L"), Co-L? (2.5 pmol - L"), Co-L* (2.5 pmol - L") and Co-L* (7.5 wmol-L™); (b) Hydrogen production
by systems containing [Ru(dcbpy),]*” (0.25 mmol - L") and H,A (0.2 mol- L") with various concentrations of Co-L;

(c) Hydrogen production by systems containing Co-L' (2.5 pmol L"), H,A (0.2 mol L") with various concentrations

of [Ru(dcbpy),*
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the cavity of the host, a mononuclear compound Co-L*
was designed and prepared for further comparison (Fig.
S13). Co-L* had the same coordination environment
with aforementioned three hosts and a redox potential
of =1.11 V (vs Ag/AgCl) (Fig.S14). Fluorescence spec-
trum indicated that PET displayed in a normal bimolec-
ular manner between Co-L* and [Ru(dchpy),]" (Fig.S4,
S9, S10). As expected, under the same conditions, irra-
diation of a solution containing Co-L* (7.50 wmol-L™),
[Ru(dcbpy);]* (0.25 mmol-L™") and H,A (0.2 mol-L™")
gave 76 pL after 24 hours (Fig.4a), which was only ap-
proximately 15% of those of Co-L" and Co-L* Mean-
while, an unreactive species, [Fe(dcbpy),]*, that has a
same structure with [Ru(dcbpy),]* was selected as
inhibitor to be added into our reaction systems"**", It is
worth noting that due to the [Fe(dcbpy),|" did not
quench the emission of the [Ru(dcbpy),]", the addition
of [Fe(dcbpy),]" (0.10 mmol-L™) in to a solution of the

[Ru(dcbpy),]* (10.0 pmol-L™") and the Co-L' (30.0
pmol « L") resulted in an emission recovery of the same
band (Fig. 5a). Such a recovery of the emission of
[Ru(dchbpy),]* was also indicative for the substitution of

4

encapsulated [Ru(dcbpy),|"” molecules in the pocket of
the molecular triangle Co-L'. Under the same condi-
tions, the volumes of hydrogen produced were only
22.5%, 7.8% and 11.9% of the original system in the
present of [Fe(dcbpy),]* (2.5 mmol-L™") for Co - L',
Co-L? and Co-L’, respectively (Fig.5b). However, when
the addition of [Fe(dcbpy),]* into a solution containing
Co-L* and [Ru(dcbpy),]", the volume of the produced
hydrogen did not obviously change and no fluorescence
emission recovery was observed (Fig. Sb and S10).
These results further confirmed the advantage of the
functionalized host-guest systems on this photocatalytic

reaction.

1.2 [Ru(debpy), | +Co-L'4[Fe(debpy), |~ (@)
[Ru(d(:l'xpy)j]*ﬂr(fq»]_,'
0.9+ [Ru(dcbpy),I*
e
= 0.6+
0.3
0.0

600 700 800

Wavelength / nm

500

Fig.5

Hydrogen volume / pL

4504

[Ru(dcbpy),J*
[Ru(dcbpy),J*+[Fe(dcbpy),]*

600 - ®)

Co-L?

Co-L?

(a) Fluorescence spectra of [Ru(dcbpy),]*” (10.0 wmol L") in CH,CN/H,0 (1:1, V/V, pH=5.75) upon addition

of Co-L' (30.0 pmol- L") showing the recovery of emission in the presence of [Fe(dcbpy),]*” (0.1 mmol - L™");
(b) Hydrogen production by systems containing [Ru(dcbpy),]*” (0.25 mmol - L"), H,A (0.2 mol - L") and the

hosts (2.5 pmol - L") after 24 hours of irradiation, and the cyan bars and magenta show the absence and

presence of [Fe(dchpy),]*
3 Conclusions

In summary, we reported two positively charged
cobalt-based metal-organic triangles containing NADH
mimics. The experiments indicate that the host-guest
complexes obtained by the electrostatic interaction
accelerate PET processes via a powerful pseudo-
intramolecular pathway. Simultaneously, the incorpora-
tion of NADH mimics further improves photocatalytic
hydrogen production efficiency. This promising supra-
molecular platform provides a new inspiration to devel-

op new strategies toward expanding application of the

coenzyme mimics.

Supporting information is available at http://www.wjhxxb.cn
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