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Abstract: Heterogenization of Eosin Y by 3D-printing and its 

application in photocatalysis are reported. The approach allows a fine 

tuning of the photocatalyst morphology and its rapid preparation. 

Photocatalytic activity was evaluated through model organic reactions 

involving oxidation, reduction, and photosensitization pathways. The 

efficiency, recyclability and stability of 3D printed EY is remarkable 

paving the way to new generation of heterogeneous photocatalysts 

with a perfect control of their shape and adaptable to any 

photoreactors. 

Visible-light photocatalysis has recently emerged as a cutting-

edge method to perform organic reactions.[1],[2],[3],[4],[5],[6] This 

approach requires a photocatalyst (PCat) able to promote a 

Single Electron Transfer (SET)[7] or an Energy Transfer (EnT)[8] at 

its excited state. The design and development of photocatalyst is 

now well established and a large panel of structures is currently 

accessible including transition metal complexes[9] or organic 

dyes.[10] The photocatalyst development allows a marked 

variation in redox properties and wavelengths (from UV to near 

Infrared[11–13]). However, most of the photocatalysts are prepared 

and used in homogeneous phase which limits the potential 

applications since the photocatalyst is difficult to recover after the 

reaction. One possible solution is to heterogenize it on an 

insoluble support.[14–16] To do so, various supports have been 

studied including silica materials,[17,18] MOFs,[19] metal particles,[20] 

and polymers. Polymeric supports present interesting features 

such as transparency, simple preparation, and versatile 

functionalization. The photocatalyst can be grafted at the surface 

of the polymer or embedded.[21,22] Conjugated polymers are also 

be considered as a valuable solution to obtained polymer-based 

heterogeneous photocatalysts.[23,24] Whatever the support, the 

heterogeneous photocatalyst is usually obtained in the form of 

powder and the recycling process is performed by filtration or 

centrifugation. Thus, the photocatalysis gains in sustainability by 

catalyst recovering at the end of the reaction. To go further, it 

would be interesting to control the shaping of the heterogeneous 

photocatalyst, enhancing its recyclability and enabling better 

adaptation to a photoreactor.  The morphology control of the 

photocatalyst at the macroscopic scale is a crucial parameter 

which is not often considered. 

In parallel the 3D-printing concept has also emerged over 

the last few years.[25] This technology is still under development, 

but it allows the photopolymerization of huge variety of objects 

with a high degree of precision.[26–28] Recently, this field of 

research has been applied to produce catalysts with different 

shapes. 3D-printed objects were prepared for organometallic/ 

organocatalysts at their ground state.[29–34] In contrast, very few 

examples of photocatalysts on 3D-printed objects have been 

reported and they are mainly based on inorganic particle [35,36] or 

obtained by post-grafting [37]. Thus, a general approach to directly 

3D-print a photocatalyst is currently missing. We thought that this 

technology could be applied to photocatalysts in order to obtain 

well defined heterogeneous systems able to perform organic 

reactions. The challenge is to use the photopolymerization 

technology to print a photocatalyst which is itself photoactive. This 

point must be considered since the polymerization could be 

affected and the photodegradation of the photocatalyst could 

occur. As shown in Figure 1, two approaches were investigated 

herein, the physical trapping of the photocatalyst inside the 

polymer matrix during the photopolymerization or the covalent 

linkage of the PCat onto the support surface. This last strategy 

requires a modification of the PCat to incorporate a polymerizable 

function.  

Figure 1. The concept of 3D-printed photocatalyst. 

 

In this work, we have selected Eosin Y (EY) as a PCat. EY 

is a versatile, accessible, stable, and easily tunable catalyst.[38,39] 

It was heterogenized on polymer supports to obtain various 

catalytic systems mainly as a powder.[40–44] To go further and 
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obtain well defined heterogeneous EY-based PCat, we 

investigated its preparation using 3D-printing technology. 

First, we decided to modify EY in order to evaluate both 

strategies (physical trapping and covalent grafting). To do so, we 

chose to derivatize the EY with a methacrylate polymerizable 

group. To prepare the reactive EY derivative, 2-hydroxyethyl 

methacrylate (HEMA) was reacted with EY using EDC/DMAP 

coupling conditions in 51 % isolated yield (Scheme 1).[43]  After 

performing UV-visible and fluorescence spectroscopies on EY-

HEMA only few differences were observed between EY and EY-

HEMA (see ESI Fig.S1). 

 

Scheme 1. Synthesis of EY-HEMA 

 

Then, we explored the heterogenization of EY and EY-HEMA 

using a DLP 3D printer. Polyethylene glycol diacrylate (PEGDA) 

was used as a precursor to prepare the crosslinked polymer 

support. PEGDA has the advantage of easy polymerization, 

transparency, low viscosity facilitating 3D structuring, and a high 

swelling index, which can be interesting for catalyst accessibility. 

Phenylbis(2,4,6-trimethylbenzoyl)phosphine oxide (BAPO) was 

used as a radical photoinitiator for polymerization. To ensure good 

resolution during the 3D printing process (25 – 300 μm layer 

thickness), the Jacobs working curve[45–47] based on experimental 

measurements must be established before conducting a DLP 

print. This curve highlights the correlation between absorbed light 

energy E for a layer and the cured thickness Cd of the 

photosensitive material during exposure to light. Using the Beer-

Lambert law, Jacobs laid out the principles of stereolithography 

and provided an equation for this working curve (Equation 1), with 

Dp the depth of light penetration and Ec the critical exposure 

energy defined as the mnimum energy dose to form a film. 

 

𝐶𝑑 = 𝐷𝑝 × ln (
𝐸

𝐸𝑐
) (Eq. 1) 

 

To further regulate the Jacobs' working curve, 

photoabsorbers, i.e. dyes[48,49] or quenchers,[50,51] are used. Since 

EY acts as a light absorber, we initially established Jacobs' curves 

for various formulations in EY (0.8 – 4 wt%). The low solubility 

(see ESI Fig.S2) of EY in PEDGA did not allow for good 

incorporation into the resin. To achieve higher EY loadings, 

ethanol (EtOH, 10 wt%) was added to the resin to improve 

miscibility between the photocatalyst and the polymer. However, 

to maintain both good resolution and a short printing time, the 

optimal percentage of EY is 3 wt% (see ESI Fig.S3). As shown in 

Figure 2a, EY-HEMA plays a similar role as an absorber, resulting 

in z-confinement of the polymerization reaction. However, a 

closer analysis reveals a difference in reactivity between EY and 

EY-HEMA-based formulations resulting in a lower critical energy 

for EY-HEMA (34 vs. 36 mW.cm-2.s, see ESI Fig. S4). This can 

be explained by the fact that EY-HEMA has a slightly lower molar 

extinction coefficient than EY (1370 vs 2540 L.mol-1.cm-1) at the 

printing wavelength (i.e. 385 nm), and that the molar amount of 

EY-HEMA introduced into the reaction is slightly lower (1.53 vs 

1.73 mmol). However, only a slight difference was observed in the 

photopolymerization kinetics illustrated by the fact that degrees of 

conversion and maximum polymerization rates were similar 

(Figure 2b and ESI Tab. S1). Therefore, the mass percentage of 

EY-HEMA in the formulation was set at 3 wt% for the entire study. 

 

Figure 2 . (a) Jacobs working curves for an acrylate formulation containing 

3 wt% of EY (i.e. 1.73 mmol, Green) and 3 wt% of EY-HEMA (i.e. 1.53 mmol, 

Blue), (b) Photopolymerization experiments by RT-FTIR using 3 wt% EY or 

3 wt% EY-HEMA under LED 365 nm and 75 mW cm-2 of incident irradiance. 

 

Then our attention has been directed towards the design of 

devices with precise shapes that can be manufactured through 

the 3D printing process. Considering that increased catalytic 

performances can result from an increase in contact surfaces, and 

the ease of reusing the supported photocatalyst, we targeted on 

a specific shape: a stent fitting around a magnetic stirring bar (20 

x 6 mm) as illustrated in Figure 1.  

 

Figure 3 . Preparation of 3D-printed EY-based photocatalyst     

 

Next, a preparation of 40 g of resin was carried out for each 

formulation, including 0.4 wt% of BAPO, 10 wt% of EtOH, and 3 

wt% of EY or EY-HEMA. Based on the experimental 

measurements obtained from Jacobs' working curves, the 3D 

printing process was implemented with a layer thickness of 50 µm 

for EY and 75 µm for EY-HEMA. The stents were printed vertically, 

eliminating the need of supports during printing. In order to assess 

CAD fidelity, SEM images of EY-HEMA stents were performed 

(see ESI Fig.S7). While the layer thickness was set at 75 µm, the 

printed stent features layers with a thickness of 70 µm, less than 

10% different from the CAD model. 

Moreover, this small difference can be partly attributed to 

shrinkage of the structure, favored by the vacuum conditions in 

the SEM chamber.  Multiple copies of the devices were printed 

simultaneously on the same build plate to ensure efficient 

production. The printed objects were then washed before use, 

removing any residue of unpolymerized material (conversions 
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63% and 66% for EY and EY-HEMA, respectively, Figure 2b) as 

well as untrapped eosin that could lead to homogeneous phase 

catalysis. For this purpose, the stents were washed by Soxhlet 

extraction in EtOH for 24 hours. After this process, the devices 

were vacuum dried to a constant weight.  This enabled gel content 

to be determined and eosin content to be estimated by UV 

spectroscopic analysis of the extraction filtrate. Unfortunately, due 

to the weak bond between the photocatalyst and the polymer 

during physical trapping, we observed significant leaching of EY 

for PCat 1 (Figure 3). On the contrary, the formulation containing 

EY-HEMA allows to significantly decrease its leaching after 

polymerization since EY is now covalently bounded to the support. 

These conditions are efficient to get a stent grafted with EY and 

the loading was estimated to 2.2 wt% (Figure 3, PCat 2). We 

tested the stability of PCat 2 in various solvents and we found that 

these objects are perfectly stable in ethanol and acetonitrile 

without any traces of leaching (see ESI Fig.S8). This stability is 

reinforced by this high gel content value measured on PCat 2 

(78 %). For this photocatalyst, a swelling index of 43 % was 

determined suggesting that EY should be accessible for small 

organic molecules. 

Table 1. Optimization of the reaction conditions   

 

 

Entry Conditions 
Conv. 

(%)[a] 

Photo- 

bleaching 

1 C= 0.15 mmol/L, green LED,[b] 24 h 54 Yes 

2 C= 0.3 mmol/L, green LED,[b] 16 h 100 No 

3 C= 0.15 mmol/L, blue LED,[c] 24 h 71 No 

4 C= 0.3 mmol/L, blue LED,[c] 16 h 100 No 

5  C= 0.3 mmol/L, blue LED,[d] 24h 42  No 

6 No PCat, blue LED,[c] 16 h 16  - 

7 C= 0.3 mmol/L, dark, 16 h 3  - 

8  0.2 mol% BAPO, blue LED,[c] 16 h 34  - 

[a] Reactions were run on 0.1 mmol scale and conversion determined by 1H-

NMR on the crude. [b] 565 nm, 11.7 W/mm2
. [c] 455 nm, 32 W/mm2.[d] 455 nm, 

10 W/mm2   

 

Next, we explored the photocatalytic activity of PCat 2 using 

the oxidation of N-aryltetrahydroisoquinoline 1 to perform the aza-

Henry reaction with nitromethane. Since the max absorption of 

EY-HEMA in EtOH was measured at 540 nm, we explored this 

reaction using a green LED (565 nm). Under these conditions 

54 % of 2a was obtained after 16 h of irradiation in EtOH under 

air. However, this first result was tarnished by a partial 

degradation of the photocatalyst, a strong photobleaching was 

observed (Table 1, entry 1). Then the reaction was concentrated 

to 0.3 M to improve the kinetic and decrease the irradiation time. 

Under these conditions, full conversion was reached, and no 

apparent photobleaching was noted (Table 1, entry 2). In parallel, 

we investigated the reaction upon irradiation with blue LED (455 

nm). Indeed, the photobleaching of EY can occur by various 

mechanisms and the impact of wavelength could be important.[52] 

To learn more about the effect of irradiation conditions, blue light 

irradiation was implemented at two different irradiances, 32 

W/mm2 and 10 W/mm2 (Table 1, entries 3,4,5). The best 

conditions (455 nm, 32 W/mm2, 16 h) gave 2 very efficiently, 

without any apparent photobleaching of the EY. Then a series of 

control reactions were run to secure the role of the photocatalyst 

in the reaction. In the dark or without photocatalyst, very low 

conversions were observed (3 % and 16 %). Finally, we verified if 

the BAPO can play the role of photocatalyst in this reaction. In 

principle, BAPO should be totally consumed after the 

photopolymerization, but few traces could remain. When we 

exposed 1, to a large amount of BAPO, in the optimal conditions, 

we observed 34 % of conversion. This value is far to the full 

conversion observed in presence of PCat 2 and cannot be higher 

since the concentration of BAPO in the heterogeneous 

photocatalyst should be very low. 

 

 

 

 

Figure 4 . Aza-Henry reactions performed under green or blue LED excitation 

in presence of a 3D printed EY heteregeneous catalyst. a) Investigation of the 

recyclability of the printed photocatalyst. b) Substrate scope 

 

To test the robustness of PCat 2 we explored recycling 

experiments. The stent surrounding the magnetic stirring bar is 

easily recovered, rinsed with EtOH and dried under vacuum at the 

end of the reaction. Interesting, the results are totally different 

depending on the irradiation wavelength (565 nm or 455 nm). With 

the green LED (11.7 W/mm2), only two cycles could be 

performed, after which PCat 2 became yellow and not photoactive 

anymore (Figure 4a). However, using blue light LED (32 W/mm2) 

we were able to perform more than 8 cycles without erosion of the 

conversion. Progressively the stent started to become yellow but 

the photobleaching appeared to be slow and enough catalytically 

active EY was still present to promote the reaction even after 8 

cycles (Figure 4a). For all the reactions, very few by-products 

were observed but we decided to run a further step of purification 

to reach the highest purity. First, we verified if some products 

could be trapped inside the polymer but even after several rinses 

with EtOH only few traces of 2a were detected (see ESI Fig.S10). 

Finally, neutral phenyl, electron rich methoxy and electron poor 

fluorine have been tested (Figure 4b) and we obtained similar 

results after purification: 78 % (2a), 60 % (2b), 68 % (2c). Parts of 
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the yields are impacted by the purification; this is due to low 

stability of 2 on silica. 

 

Table 2 . Reductive radical cyclization of bis-enone (3) 

 

Entry Conditions[a] Yield 4a (%)[b] Yield 4b (%)[b] 

1 EY (homogeneous) 53 25 

2 PCat 2, cycle 1 31 21 

3 PCat 2, cycle 2 10 <5 

4 No PCat 15 0 

5 In the Dark 0 0 

[a] Reactions were run on 0.1 mmol scale. Blue LED : 455 nm, 32 W/mm2.[b] 

NMR-yields are determined by 1H-NMR on the crude reaction mixture using the 

diphenylethylene as internal standard.  

 

Encouraged by these results of oxidation reactions, we 

decided to explore the reductive pathway. The reduction of the 

bis-enone (3) was selected as a model reaction. To perform this 

reaction, additives need to be added in the solution. Lithium 

bromide was used to activate the carbonyl scaffold while 

diisopropylethylamine (DIPEA) is necessary to promote catalytic 

cycle. This reaction was performed in absence of air in acetonitrile. 

Interestingly, after the first cycle we obtained a positive result, the 

radical cyclization was observed in 52 % global yield with a poor 

diastereoselectivity (4a:4b= 1.5) (Table 2, entry 2). To compare, 

the reaction in homogeneous phase gave a higher yield (78 %) 

(Table 1, entry 1), and a slightly different diastereomeric ratio 

(4a:4b= 2.1). However, these conditions seem to be harsher for 

the photocatalyst, since only one cycle could be performed with 

PCat 2, the yield dropped to 15 % after the second cycle. This 

could be explained by the formation of different C-radical 

intermediates under anaerobic conditions which can accelerate 

the photodegradation. It should be noted that stability tests have 

been performed on PCat 2 in presence of DIPEA or LiBr, the 

photocatalyst appears to be stable (see ESI Fig.S8). In addition, 

it is important to notify that the support is not involved in the 

photodegradation of EY, control reaction have been performed in 

homogeneous phase (see ESI p.S11).  

To demonstrate the versatility of PCat 2, we explored the 

ability of this photocatalyst to transfer energy (EnT) for the 

generation of singlet oxygen. To do so, we selected the oxidation 

of dimethylanthracene (5) and the formation of the endo peroxide 

(6). Interestingly the oxidation of 3 occurred very efficiently giving 

4 quantitatively even after 8 cycles (Figure 5). We confirmed the 

effect of PCat 2 in the reaction through control reactions (see ESI 

p.S12). In this case the photocatalyst remained intact, 

demonstrating the high stability of PCat 2 under strong oxidative 

conditions. We also verified if a potential degradation could affect 

the kinetic of the reaction, but after 35 min of reaction, the same 

conversions are observed from the cycle 1 to 5 (see ESI Fig.S11). 

This last result opens the door to many other applications in 

organic synthesis where 1O2 could be involved[53] but it could be 

also considered for other applications involving this 

intermediate.[54]   

 

 

 

 

 

 

 

 

 

Figure 5 . Photo-oxidation of dimethylanthracene 

In conclusion, after a simple modification of EY to 

incorporate a methacrylate function, the 3D-printed stent doped 

with this organic dye was obtained successfully. The stent was 

printed to fit with a magnetic stirring bar giving an easy recyclable 

photocatalyst. The photocatalytic activity as well as the stability of 

this photocatalyst was demonstrated through three types of 

reaction: oxidative aza-Henry reaction, reductive radical 

cyclization, and the generation of 1O2. For these reactions, the 

printed EY were efficient even after several recycling steps. These 

results pave the way to further photocatalyst heterogenizations 

and a wide variety of objects could be considered with this 

technology to fit with diverse photoreactors.    
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3D-printed Eosin Y was prepared by radical photopolymerization to obtain new heterogeneous photocatalyst with a well-defined 

morphology. Taking advantage of the 3D-printing technology, the heterogeneous EY was designed to fit around the magnetic stirring 

bar to facilitate both implementation of various organic transformations and catalyst recovery. This very robust photocatalyst is easily 

recycled and the efficiency was still very high even after 8 reactions.  
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