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a b s t r a c t

Photocatalytic dual-functional reaction under visible light irradiation represents a sustainable devel-

opment strategy. In detail, H2 production coupled with benzylamine oxidation can remarkably lower

the cost by replacing sacrificial agents. In this work, CdS quantum dots (CdS QDs) were successfully

loaded onto the surface of a porphyrinic metal-organic framework (Pd-PCN-222) by the electrostatic self-

assembly at room temperature. The consequent Pd-PCN-222/CdS heterojunction composites displayed su-

perb photocatalytic activity under visible light irradiation, achieving a H2 production and benzylamine

oxidation rate of 5069 and 3717 μmol g−1 h−1 with >99% selectivity in 3 h. There is no noticeable loss

of catalytic capability during three successive runs. Mechanistic studies by in situ electron spin resonance

and X-ray photoelectron spectroscopy disclosed that CdS QDs injected photoexcited electrons to Pd-PCN-

222 and then Zr6 clusters under visible-light irradiation, and thus CdS QDs and Zr6 clusters behave as the

photocatalytic oxidation and reduction centers, respectively.

© 2023 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

As carbon neutrality becomes a common goal for the whole

world, scientists make an endeavor to develop clean energy to cut

down the discharge of greenhouse gasses. As green energy, H2 has

gained extensive attraction thanks to clean-burning characteriza-

tion and wide range of applications. Up to now, tremendous efforts

have been made to exploit catalysts for H2 generation driven by

solar energy [1]. It is regarded as an ideal way to generate H2 by

photocatalytic water splitting. However, sacrificial agents such as

lactic acid, triethanolamine and methanol are usually required due

to the sluggish water-oxidation kinetics [2]. In order to lower the

cost and swell the profit by utilizing photo-generated holes, selec-

tive organic synthesis have been chosen to couple with H2 produc-

tion, which also denoted as dual-functional cooperative photoredox

system [3]. It is extremely ideal to simultaneously product H2 and

value-added chemicals with high selectivity and conversion [4–13].

Furthermore, gaseous H2 and oxidation products can be naturally

separated without extra operations, which also avoid the occur-

rence of reverse and side reaction. Among all, selective amine oxi-

dation is one of the suitable reactions for this dual-functional sys-
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tem, which can be operated under mild conditions. As the oxida-

tion products, imines or imidazoles can be applied in pharmaceu-

tical, agricultural and synthetic chemistry.

Owing to suitable band position and relatively narrow band gap

which result in decent visible light absorption, CdS quantum dots

(CdS QDs) have been frequently selected for this reaction system,

which has already shown impressive catalytic activity in H2 evo-

lution and selective organic transformations [14]. However, super-

facial S2− of CdS QDs can be oxidized by photogenerated holes,

which seriously limits their stability and practical application as

photocatalysts [15]. Doping CdS QDs with metal cations such as

Fe2+, Co2+ and Ni2+ [16], hybridizing with semiconductors such as

TiO2 [17], and compositing with porous metal-organic frameworks

(MOFs) such as UiO-66 [18] and MIL-53 [19] are effective ways to

enhance the stability and facilitate charge transfer and separation.

Nevertheless, during the synthesis of CdS-based composites, ab-

scission might occur due to high content of CdS loaded and weak

interaction between CdS and support [20]. To solve the abscission

problem, electrostatic self-assembly is an effective way, which not

only facilitate electronic communication to enhance interaction but

also provide considerable catalytic activities [21–24].

Porphyrinic metal-organic frameworks (PMOFs), which are

based on visible light photosentisized porphyrin ligands, have
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Fig. 1. The structures and catalytic behaviours of Pd-PCN-222/CdS.

emerged as powerful heterogeneous catalysts [25–28] and espe-

cially for photocatalytic reactions such as CO2 reduction [29], hy-

drogen evolution reaction [30] and cross-dehydrogenative coupling

reaction [31]. On account of the backdonation from the filled dπ

orbital of the metal to the empty eg (π ∗) orbital of porphyrin,

Group VIII (e.g., Ru, Rh, Pd, Ir, and Pt) porphyrins are considered

as desirable sensitizers with triplet yields close to 100% and rapid

intersystem crossing (ISC) [32].

Herein we report the study of dual-functional photocatalysis by

porphyrinic metal-organic framework heterojunction composites

with CdS QDs (Pd-PCN-222/CdS), which were facilely synthesized

by the electrostatic self-assembly at room temperature (Fig. 1).

Zeta potentials of Pd-PCN-222 and CdS QDs at pH 7 were 9.6 mV

and −37.5 mV, respectively, indicative of a robust electrostatic in-

teraction in the composite. The assembly facilitated the electronic

communication between Pd-PCN-222 and CdS QDs, leading to ef-

ficient and selective dual-functional reaction of hydrogen evolu-

tion and amine oxidation, with an unprecedented maximum H2

and imine evolution rate of 5069 and 3717 μmol g−1 h−1 in 3 h,

with >99% selectivity, respectively. No decrease was observed on

the rate and selectivity after 3 runs. Further mechanistic studies

by in situ electron spin resonance and X-ray photoelectron spec-

troscopy disclosed that CdS QDs injected photoexcited electrons to

Pd-PCN-222 and then Zr6 clusters under visible-light irradiation,

and thus CdS QDs and Zr6 clusters behave as the photocatalytic

oxidation and reduction centers, respectively.

Pd-PCN-222 was synthesized by the self-assembly of Pd-TCPP

and ZrCl4 at 120 °C for 20 min, with an additional modulating

reagent CF3CO2H. The bulk purity of Pd-PCN-222 was verified by

powder X-ray diffraction (PXRD) patterns (Fig. S1 in Supporting in-

formation). Pd-PCN-222 had a csq topology composed by 3.7 nm

diameter hexagonal and 1.3 nm diameter triangular channels as in

PCN-222 [33], which also denoted as MOF-545 [34] and MMPF-6

[35]. On the other hand, 3-mercaptopropionic acid-modified CdS

QDs, which were named after CdS-MPA, was prepared by a facile

one-pot reaction of CdCl2, MPA and Na2S in water. The suspension

of CdS-MPA in water showed the typical Tyndall effect when a red

laser passed through it, indicative of the colloidal structures (Fig.

S2 in Supporting information).

The composite of Pd-PCN-222/CdS was synthesized by the elec-

trostatic self-assembly of Pd-PCN-222 and CdS-MPA at room tem-

perature (Fig. 2). The capping molecule MPA could serve as both a

stabilizer to disperse CdS QDs and a linker to combine CdS QDs

and Pd-PCN-222 [36]. The in situ growth strategy of hydrother-

mal reaction at elevated temperature has been widely used to syn-

thesize a variety of CdS-MOF materials such as CdS/UiO-66 [18],

CdS/MIL-53(Fe) [19] and CdS@MOF-808 [37]. For comparison, elec-

trostatic self-assembly at room temperature can minimize the neg-

Fig. 2. Syntheses of Pd-PCN-222/CdS.

ative effect caused by heat, which makes it possible for thermal

instable MOFs to synthesize MOF/CdS composites. UV–vis spec-

troscopy of the supernatant of reaction solution disclosed that al-

most all soluble CdS QDs were firmly loaded on the external sur-

faces of Pd-PCN-222 (Fig. S3 in Supporting information).

It is notable that upon the doping of CdS QDs, the crystallinity

of both Pd-PCN-222 and CdS (JCPDS Card No. 41–1049) in the com-

posite Pd-PCN-222/CdS remained (Fig. S4 in Supporting informa-

tion). In addition, after the fresh samples of Pd-PCN-222/CdS were

soaked in water, acetonitrile, and N,N-dimethylformamide (DMF)

for 7 days, the crystallinity of the recycled samples was well kept

by PXRD patterns, indicative of the strong chemical stability (Fig.

S5 in Supporting information).

N2 sorption experiments disclosed that the Brunauer-Emmett-

Teller (BET) surface areas of Pd-PCN-222 and Pd-PCN-222/CdS were

2042 and 1326 m2/g, respectively (Fig. S6a in Supporting infor-

mation). This showed that the porosity of Pd-PCN-222 was well

maintained after the loading of CdS QDs on the surface of Pd-PCN-

222/CdS. The pore size distribution of Pd-PCN-222 and Pd-PCN-

222/CdS was simulated by density function theory (DFT), disclos-

ing that there were two types of pores, which was matched with

the crystal structure of PCN-222 [33] and also proved that CdS QDs

weren’t incorporated into the pores (Fig. S6b in Supporting infor-

mation).

Scanning electron microscopy (SEM) images revealed that Pd-

PCN-222 was of rod-shape with about 500 nm in width and 2 μm
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Fig. 3. SEM image of Pd-PCN-222 (a), TEM images of Pd-PCN-222/CdS(5.0) (b) and

Pd-PCN-222/CdS(0.5) (c). The crystal lattice spacing of CdS in Pd-PCN-222/CdS(0.5)

(d) and EDS images of Pd-PCN-222/CdS(5.0) (e).

in length (Fig. 3a). Transmission electron microscopy (TEM) pat-

terns of Pd-PCN-222/CdS revealed that different content of CdS

QDs were uniformly loaded on the external surfaces of Pd-PCN-222

(Figs. 3b and c). The crystal lattice spacing of CdS was 0.356 nm,

which was corresponding to (100) of the nanocrystal (Fig. 3d). All

of the elements were uniformly distributed in Pd-PCN-222/CdS,

which was demonstrated by TEM-EDX (energy-dispersive X-ray

spectroscopy) elemental mapping images (Fig. 3e).

The oxidation state of Pd, Zr, Cd and S in Pd-PCN-222/CdS and

the interaction between Pd-PCN-222 and CdS QDs were examined

by X-ray photoelectron spectroscopy (XPS) (Figs. S7–S9 in Support-

ing information). The 3d5/2 and 3d3/2 peaks with binding energies

at 338.1 and 343.5 eV, respectively, clearly confirmed the +2 va-

lence state of Pd. Similarly, +2 valence state of Cd and −2 valence

state of S were proved by the binding energies at 3d5/2 (404.8 eV)

and 3d3/2 (411.5 eV) of Cd(+2) together with 2p3/2 (161.3 eV) and

2p1/2 (162.2 eV) of S(−2). The Cd 3d (3d5/2, 405.5; 3d3/2, 412.2 eV)

and S 2p (2p3/2, 161.9; 2p1/2, 163.3 eV) peaks shifted to higher

binding energies upon the load of CdS QDs onto the surface of Pd-

PCN-222, indicative of probable electron transfer from CdS QDs to

Pd-PCN-222 (Fig. S10 in Supporting information).

The formation mechanism of Pd-PCN-222/CdS was studied. Zeta

potentials of CdS QDs and Pd-PCN-222 at pH 7 were −37.5 mV and

9.6 mV, respectively, indicative of a robust interfacial interaction in

the composite (Fig. S11 in Supporting Information) [38]. Besides, it

was reported that the isoelectric point of PCN-222 appeared at pH

8, indicating that the MOF was cationic at pH 7 [22]. The cationic

feature of Pd-PCN-222 at neutral conditions helped it to attract the

anionic CdS QDs [39]. Therefore, the interactions between Pd-PCN-

222 and CdS were rather strong.

Fig. 4. Comparison of catalytic activities in the presence of different catalysts.

Measurements of light absorption range, band gap energies

and HOMO/LUMO potentials of Pd-PCN-222, CdS QDs and Pd-

PCN-222/CdS were taken in advance of the photocatalytic study.

Pd-PCN-222 displayed powerful light absorption with Soret band

(424 nm) and Q band (520 nm) while CdS QDs absorbed light

until around 550 nm, as shown by solid UV–vis absorption spec-

troscopy. Upon the load of CdS QDs, the Soret band and Q band

of Pd-PCN-222 remained, and meanwhile a new absorption peak

around 590 nm appeared, which meant shrinkage of band gap and

formation of type-II heterojunction (Fig. S12 in Supporting infor-

mation).

Mott–Schottky (M–S) measurements were performed at 500,

1000 and 1500 Hz (Fig. S13 in Supporting information). Charac-

teristics of n-type semiconductors were confirmed by the posi-

tive slopes of the M–S plots. The positions of conduction bands,

whose values were equal to LUMO, were determined to be −0.47 V

and −0.61 V (vs. NHE) for Pd-PCN-222 and CdS, respectively, from

the intersections. The band gap energies (Eg) of Pd-PCN-222 and

CdS were calculated to be 2.15 eV and 2.33 eV, respectively, by

Tauc plots. Afterwards, based on Eg and conduction bands, their

valence bands (equal to HOMO) were accordingly obtained (Fig.

S14 in Supporting information). In regards to the hydrogen evo-

lution (−0.42 V vs. NHE) and the benzylamine oxidation (+0.76 V

vs. NHE), it was reasonable for the above materials to behave as

photocatalysts for the dual-functional system due to more negative

LUMO potentials than proton reduction and more positive HOMO

potentials than benzylamine oxidation (Fig. S13 in Supporting in-

formation) [8,30].

Encouraged by strong visible light absorption and appropriate

LUMO and HOMO potentials, the photocatalytic proton reduction

coupled with benzylamine oxidation was carried out under at-

mospheric pressure, room temperature and visible light irradia-

tion (λ ≥ 400 nm). Catalytic results in the presence of pristine

PCN-222, Pd-PCN-222, CdS QDs, PCN-222/CdS and Pd-PCN-222/CdS

were shown in Fig. 4. It could be seen that none of the pristine

PCN-222, Pd-PCN-222 and CdS QDs could promote the reaction,

but only Pd-PCN-222/CdS possessed excellent activity, in which the

H2 and N-benzylidenebenzylamine evolution rates were up to 5069

and 3717 μmol g−1 h−1, respectively, after 3 h irradiation (Table S1,

entries 1–4 and 9 in Supporting information).

Subsequently, Pd-PCN-222/CdS(n) with different weight ratios,

where n means that the weight ratio of Pd-PCN-222 and CdS is
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10:n, were tested under the same condition, in which a volcano

tendency was observed (Fig. S15 and Table S1, entries 5–10 in Sup-

porting information). Inductively coupled plasma mass spectrom-

etry (ICP-MS) confirmed the actual mass ratio of CdS in Pd-PCN-

222/CdS(n) (n = 0.5, 1.0, 3.0, 4.0, 5.0, 6.0) are 4.2%, 7.0%, 22.3%,

27.5%, 35.5% and 49.3%, respectively. Pd-PCN-222/CdS exhibited the

highest catalytic activity when the weight ratio of Pd-PCN-222 to

CdS was 10:5. The loading of CdS QDs on the surface of Pd-PCN-

222 could accelerate the charge transfer and electron–hole separa-

tion and make the photocatalytic reaction easier. However, an ex-

cessive amount of CdS might block the channel of Pd-PCN-222 and

prevent it from harvesting visible light. This might explain the vol-

cano tendency.

Blank experiments revealed that light irradiation and photocat-

alyst were essential for the reaction (Table S2 in Supporting infor-

mation). The reaction scope regarding benzylamines was evaluated

using Pd-PCN-222/CdS(5.0) as the catalyst (Table S3 in Supporting

information). It was found that benzylamines with different para-

substituents performed smoothly to give the corresponding oxida-

tion products with a yield up to 99% (Fig. S16 and Table S3 in Sup-

porting information).

Furthermore, Pd-PCN-222/CdS displayed stable catalytic perfor-

mances in three consecutive recycling runs (Fig. S17 and Table S4

in Supporting information). TEM images, PXRD patterns and XPS

spectra of the recycled Pd-PCN-222/CdS revealed that the mor-

phology, crystallinity and the element valences remained after the

catalytic reactions (Figs. S18–S20 in Supporting information). The

leached amounts of Pd and Cd from Pd-PCN-222/CdS into the re-

action solution were determined to be around 0.11% and 0.03%, re-

spectively, through ICP-OES analysis.

The catalytic performances of Pd-PCN-222/CdS were further

compared with the reported MOF and MOF composites (Table S5

in Supporting information). For example, Co-MIX and Pt/PCN-777

gave a H2 evolution rate of 564 and 332 μmol g−1 h−1, respectively

[8,9]. In consideration of better adsorption of visible light and suit-

able oxidation ability for transformation of organic compounds,

metal sulfates were deposited in stable MOFs to get Ni5CdS@MIL-

101 and CdIn2S4@MIL-53-SO3Ni1/2, which gave rise to a H2 evo-

lution rate of 9800 and 850 μmol g−1 h1, respectively [10,11].

In a word, Pd-PCN-222/CdS exhibited a particularly efficient dual-

functional photocatalyst among MOF composites with superior H2

evolution rate, oxidation rate, selectivity and catalytic durability.

Ultrafast transient absorption (TA) spectroscopy was examined

to study the electron–hole separation efficiency. TA spectra were

measured under 400 nm for the effective excitation of porphyrinic

MOFs. As for Pd-PCN-222 and Pd-PCN-222/CdS, a positive excited-

state absorption (ESA) signal was observed at 507 nm and 510 nm,

respectively, and a negative ground-state bleaching (GSB) signal

was detected at 454 nm (Figs. S21a and b in Supporting infor-

mation). The recovery exhibited a two-exponential decay manner,

that is, τ 1 = 12,300 ps (59.0%) and τ 2 = 685 ps (41.0%) for Pd-

PCN-222, and τ 1 = 1000 ps (67.7%) and τ 2 = 20,000 ps (32.3%)

for Pd-PCN-222/CdS (Table S6 in Supporting information). The life-

time of τ 1, which was caused by the trapped electrons of surface

states, was largely decreased in Pd-PCN-222/CdS, indicative of a

faster charge transfer at the interface between CdS and Pd-PCN-

222. Meanwhile, Pd-PCN-222/CdS displayed a much longer lifetime

of τ 2, which should be attributed to the longer exciton relaxation

process in Pd-PCN-222/CdS due to effective spatial separation. Pd-

PCN-222/CdS showed accelerated TA kinetics compared with Pd-

PCN-222 (Fig. S21c in Supporting information).

Photophysical performances were tested by steady-state photo-

luminescence (PL) spectroscopy (Fig. S22 in Supporting informa-

tion). Upon excitation at 455 nm, the PL emission intensity of Pd-

PCN-222/CdS was dramatically decreased relative to Pd-PCN-222,

Fig. 5. In situ EPR spectra of Pd-PCN-222/CdS under illumination in the presence of

benzylamine and DMPO in anhydrous acetonitrile under N2 atmosphere.

indicating that the carrier recombination was evidently inhibited

after loading the CdS QDs on the surface of Pd-PCN-222. The time-

resolved fluorescence decay spectra of Pd-PCN-222 and Pd-PCN-

222/CdS at 298 K under vacuum disclosed that their PL lifetimes

were 530.3 μs and 47.9 μs, respectively (Fig. S23 and Table S7 in

Supporting information). The remarkably long-lived triplet states

were competent for electron transfer of Pd-PCN-222 and Pd-PCN-

222/CdS.

The charge-separation efficiency was further measured by pho-

tocurrent response and electrochemical impedance spectroscopy

(EIS). Compared to those of pristine Pd-PCN-222, stronger pho-

tocurrent response and smaller EIS radius of Pd-PCN-222/CdS

indicated less recombination of photogenerated electrons and

holes and faster interfacial charge transfer (Figs. S24 and S25

in Supporting information). Surface photovoltage spectra (SPV)

were collected to gain evidence of interfacial electric field

(Fig. S26 in Supporting information). Compared to pristine Pd-

PCN-222 and CdS QDs, the Pd-PCN-222/CdS composites showed

significantly stronger SPV signals, demonstrating that a more

efficient charge separation existed [40]. Positive signals fur-

ther confirmed that both Pd-PCN-222 and CdS were n-type

semiconductors.

To demonstrate the photocatalytic mechanism, in situ electron

spin resonance (ESR) spectra have been studied. First of all, light-

induced porphyrin π-cation radical was monitored at 140 K under

air atmosphere. Only porphyrin radical cation can be detected un-

der air atmosphere, since signals of Zr3+ would be quenched by

oxygen. As shown by the ESR light-dark difference spectra, Pd-

PCN-222/CdS gave a much enhanced porphyrin π-cation radical

signal at g = 2.0036 than pristine Pd-PCN-222 upon light irradia-

tion, indicated that the generation of photogenerated radicals could

be accelerated by the loading of CdS QDs (Fig. S27 in Supporting

information) [41].

Secondly, ligand-to-cluster charge transfer (LCCT) process in Pd-

PCN-222 was monitored at 140 K in the presence of TEOA in an-

hydrous acetonitrile under N2 atmosphere. The significantly en-

hanced ESR signal at g = 2.001 can be ascribed to electron-

trapped Zr-oxo clusters, indicating electrons transfer from the Pd-

porphyrin ligand during photocatalysis (Fig. S28 in Supporting in-

formation) [29]. As for Pd-PCN-222/CdS, the EPR signal of Zr3+ fur-

ther strengthened after the loading of CdS, which suggested that

the photogenerated electrons might transfer from CdS QDs to Pd

porphyrin and then to Zr-oxo clusters [42]. Nonetheless, the pho-

togenerated electrons might also transfer from CdS QDs directly to

Zr-oxo clusters.
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Fig. 6. The calculated energy profile for hydrogen production (a) and benzylamine

dehydrogenation (b) of CdS, Pd-PCN-222 and Pd-PCN-222/CdS.

The effect of CdS QDs in the photocatalytic dehydrogenative

coupling of benzylamine was tested by in situ ESR in the presence

of 5,5-dimethyl-1-pyrroline N-oxide (DMPO) as a spin-trapping

reagent. No radical species were observed under dark (Fig. 5

and Fig. S29 in Supporting information). The C-centered α-amine

radical was gradually evolved upon irradiation and subsequently

trapped by DMPO, which was confirmed by the 1:1:1:1:1:1 pat-

tern (αN = 16.1, αH = 22.5) [43]. This suggested that Pd-PCN-222,

CdS QDs and Pd-PCN-222/CdS could initiate amines’ deprotonation

by their photogenerated holes.

To reveal the interfacial charge transfer pathway between CdS

and Pd-PCN-222, in situ XPS was performed (Fig. S30 in Supporting

information). Upon visible-light irradiation for 20 min, there was a

slightly negative shift in the Zr 3d binding energy, suggesting an

increase in the electron density on the Zr6 clusters of Pd-PCN-222.

Meanwhile, a slightly positive shift can also be observed in Pd 3d,

indicating a decrease in the electron density on the Pd-porphyrin.

The binding energy of Cd 3d remained stable upon visible-light ir-

radiation, but still higher than that of pristine CdS. Combined with

binding energy shifts of normal XPS of Cd 3d and S 2p of CdS

QDs and Pd-PCN-222 CdS QDs, charge carrier migration pathway

across the Pd-PCN-222/CdS interface could be confirmed [44,45]. In

other words, type-II heterojunction was formed between Pd-PCN-

222 and CdS QDs, and the CdS QDs injected excited electrons into

Pd-PCN-222 under visible-light irradiation, while Pd-TCPP inject-

ing excited electrons into Zr6 clusters through LCCT process, which

was in good agreement with the electron injection mechanism and

EPR results.

The reaction mechanism was unveiled by density functional

theory (DFT) calculations. As mentioned above, Pd-PCN-222 and

CdS were proposed to be the active sites of H2 production and

benzylamine oxidation, respectively. The catalytic activity for the

hydrogen evolution was usually evaluated by Gibbs free energy of

hydrogen adsorption (�GH
∗). The energy barriers of H2 production

of pristine Pd-PCN-222 and Pd-PCN-222/CdS were calculated to be

0.59 eV and −0.19 eV, respectively (Fig. 6a). The lower energy bar-

rier of Pd-PCN-222/CdS assisted in its more effective H2 production

reaction, which was in accordance with the experimental results.

In addition, the bond cleavage process of Cα–H over pristine

Pd-PCN-222, CdS and Pd-PCN-222/CdS was shown in Fig. 6b. Ini-

tially, benzylamine was adsorbed on the surface of the catalyst and

to form the PhCH2NH2
+•. The adsorption energies of benzylamine

on Pd-PCN-222, CdS and Pd-PCN-222/CdS were −1.04, −1.12 and

−0.44 eV, respectively. Then, H+ was dissociated from the ad-

sorbed PhCH2NH2
+• and to form PhĊHNH2 radical and PhCH=NH

imine. The energy barrier of Cα–H cleavage over the interface

of Pd-PCN-222, CdS and Pd-PCN-222/CdS were −0.64, 2.03 and

−1.19 eV, implying that Pd-PCN-222/CdS was the most efficient for

the oxidation of benzylamine. This imine could couple with an-

other benzylamine to give the target product (Fig. S31 in Support-

ing information). Therefore, the heterojunction between Pd-PCN-

222 and CdS could lower the energy barriers of both reduction and

oxidation process.

In summary, a new MOF composite Pd-PCN-222/CdS was pre-

pared by the electrostatic self-assembly of positively charged Pd-

PCN-222 and negatively charged CdS QDs at room temperature. Pd-

PCN-222/CdS displayed strong stability and superb photocatalytic

activity in dual-functional reaction including hydrogen evolution

and amine oxidation under visible light irradiation. The remark-

able reaction activity of Pd-PCN-222/CdS for simultaneous H2 evo-

lution and benzylamine oxidation could be summarized by three

aspects. Firstly, Pd-PCN-222/CdS was synthesized by electrostatic

self-assembly of Pd-PCN-222 and CdS-MPA at room temperature,

which facilitated the formation of heterojunction. Secondly, the

heterojunction accelerated the charge transfer and electron–hole

separation. Thirdly, the charge transfer made CdS-MPA and Pd-

PCN-222 easier for oxidation and reduction reaction, respectively.

Further work about the design of porphyrinic MOF composites

with heterojunction and their photocatalytic applications is on the

process.
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