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ABSTRACT 

Armed with merits of the quantum dots (QDs) (e.g., high molar extinction coefficient, strong visible light 

absorption, large specific surface area, and abundant functional surface active sites) and aerogels (e.g., 

self-supported architectures, porous network), semiconductor QD aerogels show great prospect in 

photocatalytic applications. However, typical gelation methods rely on oxidative treatments of QDs. 

Moreover, the rests of organic ligands (e.g., mercaptoacids) are still present on the surface of gels. Both 

these factors inhibit the activity of such photocatalysts, hampering their widespread use. Herein, we 

present a facile 3D assembly of II-VI semiconductor QDs capped with inorganic (NH4)2S ligands into 

aerogels by using H2O as a dispersion solvent. Without any sacrificial agents, the resulting CdSe QD 

aerogels achieve high CO generation rates of 15 µmol g-1 h-1 which is 12-fold higher than that of the pristine 

aggregated QD powders. Our work not only provides a facile strategy to fabricate QD aerogels, but also 

offers a platform for designing advanced aerogel-based photocatalysts.
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INTRODUCTION 

Sunlight-driven CO2 reduction is a very appealing approach to simultaneously solve the problems of the 

fossil fuel induced crisis and global warming.[1-3] However, CO2 reduction is difficult to achieve as it 

requires a large energy to break the C=O bond (~750 kJ/mol) and involves multi-electron reactions.[4,5] In 

addition, it remains a big challenge to efficiently capture CO2 molecules from the atmosphere.[6] To reach 

this goal, it is urgent to design and develop a visible-light responsive semiconductor photocatalyst 

possessing among others the following characteristics: 1) sufficiently negative conduction band (CB) 

potential for CO2 reduction, 2) ability for efficient charge separation and transfer, 3) strong CO2 capture 

capacity, 4) abundant catalytic sites for specific reactions. 

Quantum dots (QDs) are one of the most attractive semiconductors for photocatalysis due to their many 

excellent photoelectronic properties, including high molar extinction coefficients, tunable bandgaps, as 

well as abundant surface sites.[5,7-15] In recent years, various QDs (e.g., CdS, CdSe, CuInS2, and CsPbBr3) 

have been developed for photocatalytic CO2 reduction, demonstrating the great potential of QD 

photocatalysts.[5,9,10,12,13,15-17] However, the colloidal QDs are usually capped with organic ligands, which 

may prevent the effective contact between the QDs and reactants (e.g., CO2 and H2O).[16,18,19] That is, the 

number of available catalytic sites on those QD surfaces is reduced due to the occupation by capping 

ligands. In addition, most of the reported QD photocatalytic systems are based on liquid-solid catalytic 

reactions, where the well-dispersed QDs are nearly isolated from each other and react with the substrates 

by random collisions.[5,11,16,18] As a result, these systems suffer from a low CO2 adsorption capacity and 

charge transfer efficiency. The drawbacks mentioned above limit the wide application of colloidal QD 

photocatalysts. 

Inspired by the three-dimensional (3D) network of leaves, various porous materials (e.g., covalent organic 

frameworks, metal-organic frameworks, and aerogels) with self-supporting architectures have been 
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constructed for photocatalysis.[20-22] Among them, aerogels based on QDs are promising candidates for 

photocatalytic CO2 reduction because the aerogel structure can endow them with high porosity and strong 

gas adsorption.[23-27] In addition, the microporous structure of QD aerogels enhances the ability to capture 

light and increases mass transport efficiency.[26] Importantly, the intimate contact between individual QDs 

can promote charge separation and transfer in QD aerogels.[28] Therefore, it appears to be an appealing 

endeavor to design and develop QD aerogels for photocatalytic CO2 reduction. Although many QD 

aerogels have been successfully prepared during the last 15 years, their photocatalytic properties remain 

largely unexplored. 

Herein, we present novel CdSe QD aerogels with 3D self-supported architecture for visible-light-driven 

CO2 reduction. The QD aerogels were prepared by a facile self-assembly approach based on the 

destabilization of S2--capped colloidal QDs with H2O as a dispersion solvent. Afterwards, the transition 

metal cations (e.g., Fe2+, Co2+, and Ni2+) as co-catalysts were immobilized on the QD gel surface by an 

immersion deposition. The self-supported porous structure of the aerogel renders the QDs with a strong 

CO2 capture capacity and enhances their light-harvesting ability. Finally, the QD aerogels exhibit superior 

photocatalytic performance in gas-phase CO2 reduction at ambient pressure. Without any sacrificial agents, 

the yield of CO over the CdSe QD aerogel reached approx. 15 mol g-1 h-1, which is much higher than that 

of the pristine aggregated QD powders. Further investigations shed light on a mechanism for the significant 

enhancement of photocatalytic activity. Our work provides a platform for designing various QD aerogels 

and broadens their applications in solar-to-fuel conversion.  

 

RESULTS AND DISCUSSION 

The gelation process 
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Oxidative ligand etching and ion coupling are two main methods to destabilize colloidal QDs for preparing 

aerogels.[29-35] However, these methods may easily destroy the QDs and introduce undesired impurities 

during the gelation, which would be detrimental for their further applications. To avoid this, we developed 

a facile gelation strategy toward QD aerogels. As a proof of concept, CdSe QDs were selected as the 

specimen, as they possess suitable CB potentials for CO2 reduction and are strong harvesters with tunable 

absorption covering nearly entire visible-light range. The gelation process and proposed scheme are 

illustrated in Figure 1a and 1b, respectively. Specifically, oleic acid (OA)-capped CdSe (simplified as 

CdSe-OA hereafter) QDs were firstly synthesized by a heating-up method (see details in the Supporting 

Information (SI)).[36] The as-prepared QDs have a narrow size distribution with an average diameter of ca. 

3.2 ± 0.4 nm (Figure 1c and Figure S1). Afterwards, the long-chain OA was exchanged with (NH4)2S to 

obtain QDs dispersed in N-methylformamide (NMF), which refer as CdSe-S hereafter.[37] The first 

absorption peak is red-shifted from 518 nm to 532 nm (Figure S2). The redshift can indicate the growth 

of a CdS shell resulting in a bigger particle size and a lower carrier confinement.[14,38] Similar redshift also 

appears in the emission spectrum accompanied by a significant decrease in fluorescence intensity (Figure 

S3). This quenching is typically observed for the incoming (NH4)2S ligand, which can act as an additional 

hole trap.[39] Compared to the CdSe-OA QDs, the CdSe-S QDs have a lower colloidal stability and are 

inclined to gelation. The partial aggregation of the CdSe-S QDs dispersed in NMF can be seen in Figure 

1d and Figure S4. When the solvent of the CdSe-S QDs was changed from NMF to H2O (see details in 

the SI) and allowed to age for two days, the CdSe-S QDs spontaneously assembled into gels (IV of Figure 

1a and Figure 1e). This gelation process was also monitored by dynamic light scattering (DLS). As shown 

in Figure S4, the average size of dispersed species increased from the nanometer to the micrometer range, 

which is typical for the early stages of gelation.[40,41] Finally, the CdSe-S gels were supercritically dried 

to obtain CdSe-S aerogels with a 3D open porous structure (Figure 1f). High-resolution transmission 
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electron microscopy (HRTEM) image demonstrates that the resulting CdSe-S aerogels are made of well-

connected CdSe-S QDs retaining their crystallinity (Figure S5).  

We further gain an insight into the gelation mechanism. It is well known that controlled destabilization is 

necessary for the preparation of QD-based gels.[42,43] The following factors trigger the destabilization 

during our gelation process. The ligand exchange removes the long-chain OA, which brings the individual 

QDs in an intimate contact. In addition, this ligand exchange turns the sterically stabilized QDs into 

electrostatically stabilized ones. When the CdSe-S QDs were dispersed in H2O, the balance between 

electrostatic repulsion and attractive forces between the QDs (including van der Waals and dipole-dipole 

interactions) changed significantly because of the smaller dielectric constant of H2O (ε = 78.5) relative to 

NMF (ε = 180).[44,45] Under these conditions, the electrical double layer around individual nanoparticles 

becomes smaller thus increasing the probability for nanoparticles to approach each other. The reduced 

colloidal stability is reflected by the zeta-potential (ζ) values of the corresponding samples: -15 mV in 

H2O vs. -35 mV in NMF. It is important to note that the freshly prepared hydrogel can be redispersed in 

NMF forming quasi-stable sol (Figure S6a). This partial reversibility is even better seen from the 

evolution of the zeta-potential values of the CdSe-S solution in NMF during the titration with water 

(Figure S6b). The zeta-potential is reduced upon increasing the volume fraction of water and this trend 

can be reverted as soon as more NMF is added to the mixture. Another destabilizing factor induced by the 

presence of water can be the protonation of the surface S2- ligands, which is, however, less probable as 

the gelation takes place at pH values above 8. Based on our general experience in the QD gelation, the 

method introduced in the present work is relatively less destructive, does not demand additional linkers 

[32,33]oxidizers[31,35,46] or depletants[47] and allows for preserving the intrinsic properties of the QDs.[48,49] 

Furthermore, since S2- can stabilize a variety of semiconductor QDs and most of the noble metal 

nanoparticles,[37] our gelation method is quite versatile. To demonstrate this versatility, we have also 
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successfully prepared an aerogel from CdS QDs and noble metal aerogels of Au and Pd, which will be 

reported elsewhere. 

Figure 1. Overall gelation process of CdSe-S QDs. (a) The process of preparing the CdSe-S aerogel. (b) 

Schematic illustration of the proposed gelation mechanism. TEM images of (c) the initial CdSe-OA QDs 

in hexane, (d) CdSe-S QDs in NMF, (e) CdSe-S gel. (f) SEM image of CdSe-S aerogel. 

 

Characterization of the QD aerogels  

The as-prepared CdSe-OA QDs show a zinc-blende crystal structure (Figure 2a). After ligand exchange, 

the main diffraction peaks of the CdSe-S QDs shift slightly toward larger angles, indicating a contraction 

of the lattice. This is due to a partial incorporation of ligand S2− ions into the lattice forming a thin CdS 

layer on the CdSe surface.[7,50] Furthermore, the crystal structure of the CdSe-S QDs does not change 

during gelation and supercritical drying. In the Fourier-transform infrared (FTIR) spectra (Figure 2b), 

some typical bands centered at 2852, 2925, and 1466 cm-1, which can be assigned to hydrocarbon species, 

disappeared to a large extent after the ligand exchange and completely after the gelation and drying, thus 
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proving an efficient elimination of the OA molecules from the QD surface. Furthermore, the 

thermogravimetric analysis (TGA) results indicate that the CdSe-S aerogel lost only ca. 5% of its weight 

after heating up to 500 oC (Figure 2c and Figure S7). This behavior is another indirect evidence of the 

fact that there is almost no ligands associated with the aerogel surface. The as-prepared aerogel was further 

characterized by high-angle annular dark-field scanning transmission electron microscopy (HAADF-

STEM) imaging combined with element mapping based on energy-dispersive X-ray spectroscopy (EDX) 

to determine its elemental composition. As shown in Figure 2d-g, the QD aerogel exhibits a well-

connected network structure, with Cd, Se, and S distributed in the network. Summarizing the above results, 

we can conclude that the CdSe-S aerogels are composed of interconnected highly crystalline CdSe-S QDs 

with a “naked” (e.g. free of organic ligands) surface, which is very beneficial for its application in 

photocatalysis.[18,27] 
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Figure 2. Characterization of CdSe-S aerogel. (a) XRD patterns of CdSe-OA QDs, CdSe-S QDs, and 

the CdSe-S aerogel. The reference diffraction peaks of CdSe and CdS are taken from C19-191 and 

PDF#65-2887, respectively. (b) FT-IR spectra of CdSe-OA QDs, CdSe-S QDs and the CdSe-S aerogel. 

(c) TGA of CdSe-OA QDs, CdSe-S QDs, and the CdSe-S aerogel. (d) Overview HAADF-STEM image 

of the CdSe-S aerogel and corresponding element maps based on EDX analysis: (e) Cd, (f) Se, and (g) S. 

 

Performance of CdSe-S aerogels in photoreduction of CO2 

The photocatalytic activity of various catalysts based on CdSe-S QDs was assessed in the presence of CO2 

and H2O (see Figure S8). As shown in Figure 3a and Figure S9, the pristine CdSe-S QD powders exhibit 

low catalytic activity toward CO2 reduction, mainly due to the lower specific surface area (Figure S10).[35] 

In contrast, the CdSe-S aerogels display a much more enhanced catalytic activity, as they possess a self-

supported porous structure with strong CO2 and light capture capacity.[23,26] Nonetheless, most of the 

photoexcited charge carriers in the CdSe-S QD aerogels were wasted due to the lack of efficient catalytic 

sites to capture them. Therefore, transition metal cations (e.g., Ni2+, Fe2+, and Co2+) were introduced to 
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our photocatalytic system as active catalytic centres. According to the hard and soft acid and base 

theory,[51] these metal cations have a strong affinity to sulfide species on the QD surface. As displayed in 

Figure 3a, after immobilizing Ni2+ cations onto the QD surface (see details in the SI), the resulting 

aerogels (simplified as CdSe-S/Ni hereafter) exhibit a significantly enhanced catalytic activity with 

respect to the pristine CdSe-S aerogels. Furthermore, the catalytic activity of the CdSe-S/Ni aerogels can 

easily be tuned by changing the amount of NiCl2 added in the CdSe-S aerogels. With the increase of NiCl2 

content from 0.25 to 2 mol% relative to Se, the catalytic activity of the CdSe-S/Ni aerogels shows a 

volcano tendency. The CdSe-S/Ni(3) aerogel exhibits a maximal CO generation rate of 15 μmol g-1 h-1 with 

nearly 100% selectivity, which is 12-fold higher than that of the pristine CdSe-S QD powders. We note 

that the photocatalytic performance of our QDs-based aerogels is superior to many reported aerogel 

materials, as listed in Table S1. At the same time, the reported values cannot be correctly compared with 

the results of the widely investigated solution-based CO2 reduction, as in this case the reactions are 

drastically accelerated due to the application of the sacrificial agents (hole scavengers). The improved 

photocatalytic activity is attributed to the self-supported porous structure and effective immobilization of 

Ni2+ cations on the QDs aerogels.[13,15] The excessive Ni2+ cations will become recombination centers and 

lead to a decrease in photocatalytic activity.[13,15] To assure that aerogel structure contributes on its own 

into the process, we treated the non-gelated CdSe-S powders with the same optimal amount of Ni. The 

catalytic activity of this kind of a reference sample was at least 3 times lower than that of the CdSe-S/Ni 

aerogels (Figure S9). This result further indicates that the unique architecture of the CdSe-S aerogel 

facilitates the charge transfer and CO2 adsorption for CO2 reduction. After that, we evaluated the durability 

of the CdSe-S/Ni photocatalyst. The photocatalytic activity still maintained about 90% of the original 

performance after 18 cycles (2 h per cycle) of the photocatalytic reaction (Figure 3b). Isotope labeling 

experiments were adopted to trace the source of the reaction product CO. When 13CO2 was used as the 
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feedstock, a signal with m/z value of 29 assigned to 13CO was detected (Figure 3c). In addition, the oxygen 

(O2) evolution for the CdSe-S/Ni(3) aerogel was monitored during the CO2 reduction (Figure S11). The 

O2 generation rate is nearly a half of the rate for CO2 reduction. This result indicates that the charge 

consumption at both sides of the CdSe-S/Ni photocatalyst is well balanced. Control experiments further 

confirmed that the generated CO originates from the photocatalytic reduction of CO2 (Figure S12). To 

investigate whether our catalytic system is universal, other transition metal cations, such as Fe2+ and Co2+, 

were also immobilized on CdSe-S QD aerogels, which also exhibited good catalytic activity toward CO2 

reduction (Figure 3d).  

 

Figure 3. Performance of CdSe-S QD aerogel samples in photoreduction of CO2. (a) Average 

production rates of CO by CdSe-S powders and aerogels with various Ni amounts (abbreviated as CdSe-

S/Ni(x)). (b) Photocatalytic durability test with eighteen 2 h cycles. (c) Mass spectrum showing 13CO (m/z 

= 29) produced by CdSe-S/Ni(3) aerogel in the 13CO2 photoreduction. (d) Average production rates of CO 

from CdSe-S aerogels with different metal cations immobilized on their surfaces. Conditions unless stated 

otherwise: 100 mW cm−2, λ > 400 nm, 4 h, 25 °C. 
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Mechanism of enhanced photocatalytic performance 

Subsequently, we tried to clarify the mechanism of photocatalytic CO2 reduction on CdSe-S/Ni aerogels. 

It is well known that the QDs have large specific surface area, while the presence of native organic ligands 

reduces the available surface area for catalysis. Compared to the pristine colloidal CdSe-OA QDs, the 

CdSe-S QDs have a nearly naked surface. Therefore, the 3D self-supported aerogels consisting of CdSe-

S QDs should theoretically have a larger available specific surface area. As shown in Figure 4a, the CdSe-

S QD aerogels display a huge specific surface area of 272 m2/g with a broad pore size distribution (Figure 

4b and Table S2), the former being higher than most reported results summarized in Table S3. The 

specific surface area of the corresponding CdSe-S powder is only 62 m2/g (Figure 4a). The 

immobilization of Ni cations on QD aerogels has a negligible influence on their specific surface area 

(Figure S13), implying that the architecture of the QD aerogels is well preserved. Moreover, the 3D self-

supported porous structure of the CdSe-S/Ni aerogels makes them ideal candidates for gas-solid 

photocatalysis.[52,53] X-ray photoelectron spectroscopy (XPS) spectra revealed that the Ni species mainly 

exist in the Ni2+ oxidation state (Figure S14) and that there is a strong interaction between Ni2+ and the 

CdSe-S QDs (Figure S15). The presence of Ni in the CdSe-S/Ni(3) aerogel has also been proven in the 

EDX sum spectra obtained from STEM-based spectrum imaging analysis, resulting in an element 

composition of Cd1.92Ni0.012Se1.00S0.89 (Figure S16). The Ni distribution maps themselves do not show a 

discernible element signal implying that there is no significant Ni agglomeration, which makes us assume 

that the low nickel content is rather uniformly distributed on the aerogel network (Figure S17). Further 

investigations revealed that the presence of Ni does not affect the absorption spectrum of the CdSe-S 

aerogels (Figure S18), suggesting that the Ni2+ species mainly act as catalytic sites to capture photoexcited 

electrons for catalytic reactions. Many published studies have confirmed that the QDs assembled into 

aerogels are more favorable to the spatial separation of photoexcited electron-hole pairs compared to 
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isolated QDs.[28,54] The photogenerated carriers are easy to transfer between neighboring QDs after 

assembly. At the same time, the majority of the QDs in the aerogel offer the accessible surface and 

separated carriers can reach catalytic sites with a higher probability.[28,55] The higher possibility of a charge 

carrier separation may also be indirectly confirmed by the significantly quenched fluorescence of the QDs 

after their gelation. A more in-depth and complete study based on transient absorption spectroscopy of 

our photocatalytic system is in progress. We further adopted in-operando XPS to investigate the role of 

immobilized Ni2+ on the CdSe-S/Ni QD aerogels. Under light illumination, the binding energies assigned 

to Cd 3d in the CdSe-S/Ni aerogels shift to more positive values, implying a decreased electron density 

on CdSe (Figure 4c).[56] In addition, the binding energies assigned to S 2p display a positive shift, 

revealing a decreased electron density on S species (Figure 4d). The S2- ions interact strongly with Cd2+ 

and Ni2+ and can serve as the bridge between CdSe and the co-catalyst (Ni2+). We therefore infer that the 

photoexcited electrons in CdSe QDs can be transferred to Ni2+ cations through S2- ions. The significantly 

enhanced photocurrent response in Figure 4e further demonstrates the efficient charge separation and 

transfer in the CdSe-S/Ni aerogel. On the basis of the above characterization results, we propose a possible 

photocatalytic mechanism for the CdSe-S/Ni QD aerogels, as illustrated in Figure 4f. Gaseous CO2 and 

H2O are firstly adsorbed at the porous CdSe-S QD aerogel surface. At the same time, under visible light 

irradiation, the nano-scale pores are expected to endow the QD aerogel with strong light harvesting by 

reflecting and scattering light.[26] The photoexcited carriers in the QDs swiftly transfer to their neighboring 

QDs, resulting in an efficient charge separation. Subsequently, the photogenerated electrons that are 

distributed in the entire QD aerogel are trapped by Ni2+ cations immobilized on the QDs surface. The 

adsorbed CO2 and H+ derived from the oxidation reaction of H2O are eventually reduced to CO and H2O 

by the electrons on the Ni2+ catalytic sites. At the same time, the generated holes oxidized H2O into O2 

and H+. Thus, H2O participated in the photocatalytic CO2 reduction, but was not consumed. 
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Figure 4. Photocatalytic mechanism of the CdSe-S/Ni aerogels. (a) N2 physisorption isotherms of the 

CdSe-S aerogel and the powder. (b) Pore size distribution and pore volume in the CdSe-S aerogel. The 

detailed parameters are listed in Table S2. In operando high-resolution XPS for Cd 3d (c) and S 2p (d) 

spectra of CdSe-S/Ni(3) aerogel in the dark or under light irradiation. (e) I-t curves plotted at 0.2 V versus 

Ag/AgCl under light illumination (100 mW cm-2). (f) Schematic representation of the CdSe-S/Ni aerogel 

photocatalytic system. The positions of energy bands are estimated from a combination of published data 

and experimental results (XPS) as described in the caption to Figure S19. 
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CONCLUSION 

To sum up, we present a facile method to prepare QD aerogels for the photocatalytic CO2 reduction. These 

QD aerogels exhibit high photocatalytic activity and selectivity toward CO2 reduction. The improved 

photocatalytic performance of the QD aerogels mainly originates from three factors: 1) the self-supported 

porous structure of aerogel contributes to the light harvesting and CO2 capture; 2) the ligand-free surface 

is beneficial to the intimate contact between neighboring QDs and to CO2 activation on the QD surface; 

3) the immobilized Ni2+ species on the QDs facilitate the charge separation and act as catalytic sites for 

CO2 reduction. Our work provides a novel strategy to synthesize QD aerogels and offers a platform for 

designing various QD aerogels for photocatalytic applications. Further studies aiming to improve the 

photocatalytic performance of the QD aerogels by more efficient surface modification are in progress. 

 

EXPERIMENTAL SECTION 

Oil phase synthesis of colloidal CdSe QDs 

The CdSe QDs with a diameter of about 3 nm were synthesized based on the reported method with some 

modifications.[36] Briefly, the Cd precursor of Cd(OA)2 was prepared by dissolving CdO in OA and ODE 

(v/v, 1:5) at 250 oC. 0.0394 g of Se (0.5 mmol) was mixed with 15 mL of thus prepared Cd precursor 

containing 1 mmol of Cd(OA)2 under vacuum at room temperature. The mixture was heated to 200 oC 

under nitrogen atmosphere upon vigorous stirring. After 2 min of reaction, the system was cooled to room 

temperature using a water bath at 10 oC. For CdSe QDs purification, the crude solution was precipitated 

by centrifugation at 8000 rpm for 5 min after addition of 25 mL of isopropanol and 4 mL of methanol; 

this procedure was followed by redispersion of the precipitate in 2 mL of dichloromethane. 2 mL of 

acetonitrile were used as a non-solvent for the second precipitation step. After that, the QD precipitate 
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was collected and dispersed in 2 mL of hexane. The final concentration of CdSe QDs solution was about 

0.6 mM. 

Solution-phase ligand exchange of OA-capped CdSe and their purification 

The inorganic ligand exchange in the solution phase is based on the previously reported method.[37] 

Typically, the as-prepared QDs dispersed in hexane were mixed with NMF, followed by gradual adding 

the aqueous solution of (NH4)2S, while shaking the mixture or intensively stirring, if necessary. The 

(NH4)2S solution was added slowly and continuously until QDs transferred from the hexane to the NMF 

phase. Fresh hexane was used to wash the NMF phase 3 times. For QD purification, excess acetone was 

used to precipitate the QDs from the NMF phase, and the resulting gelatinous precipitate was collected 

for subsequent gelation. In order to obtain the QD powders for the control experiments the precipitate was 

directly dried under vacuum at room temperature (20 ºC) overnight. 

Water-promoted gelation of CdSe-S QDs and aerogel preparation 

The precipitate obtained as described above was re-dispersed in 5 mL of deionized water. If the precipitate 

could not completely be dispersed, a small amount of a “good” solvent (NMF) was added to the system 

to promote complete solubilization. After keeping this aqueous solution for about 48 h in the dark, a 

monolithic CdSe gel was obtained. Afterwards, the as-prepared hydrogel was washed 4-5 times with a 

large amount of ethanol with a total duration of 2-3 days to remove possible residues. The co-catalyst Ni2+ 

was introduced by adding a certain amount of NiCl2 in ethanol (2, 4, 8 or 16 µL of 0.05 M solution for 

the samples 1 to 4 in Figure 3a, respectively) to the CdSe-S gel and stirring for 3 min. The resulting CdSe-

S/Ni gel was washed 4-5 times with excess of ethanol again. Finally, ethanol was exchanged in an 

autoclave with CO2. As these washing steps can remove uncertain amount of Ni from the nanostructure, 

we refer in this paper to the final composition of the best performing aerogel (CdSe-S/Ni(3)) determined 
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by the EDX (Figure S13). The CdSe-S/Ni aerogel was obtained by supercritical drying at 100 bar and 45 

ºC with a critical point dryer 13200J0AB (Spi Supplies), equipped with a CO2-pump. 

Photocatalytic CO2 reduction test 

In a typical experiment, the QD aerogels or powders (2 mg) were attached onto a glass substrate coated 

with a Nafion layer (see details in Figure S7). The photoreactor containing the QD aerogels immobilized 

on the support was filled with CO2 for 10 min to remove the air. The reactor was kept in a water bath at 

25 °C. A 300 W Xe lamp (Solaredge 700, China) equipped with a 400 nm cut-off filter (λ > 400 nm, UQG 

Optics) was used as light source to simulate sunlight. The power density was calibrated to 100 mW cm−2. 

The amounts of CO were determined by a gas chromatograph (GC, 7820A, Ar carrier, Agilent). The 

isotope-labelling experiments were performed using 13CO2 instead of 12CO2, and the products were 

analyzed using gas chromatography-mass spectrometry (GC-MS, 7890A and 5975C, Agilent). In the final 

photocatalytic products, neither hydrogen nor methane were detected, so we conclude that the selectivity 

was close to 100%. 
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