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Project goals

The main goal of the HotHybrids project was to develop a class of hybrid materials consisting of new
double perovskite nanocrystals (DPNs) and metal-organic frameworks (MOFs) with high activity and
selectivity in the photoconversion of CO, to valuable hydrocarbons.

The detailed tasks concerned:

correlation of synthesis methods with morphology, stability, and activity of DPNs;
finding a method for effective encapsulation of DNPs in MOF structures;

correlation of MOF composition (metal cations/organic ligand) and synthesis method of DPNs-MOFs hybrids with
their morphology, stability and photoactivity;

understanding the mechanism of CO, photoconversion of DPNs-MOFs hybrids;

development of a synthesis method (laboratory and pilot scale) for the selected hybrid system.
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tc.: Problems in project implementation

1. Synthesis of double perovskites stable in agqueous solution.
2. Encapsulation of perovskites in a metal-organic framework structure.
3. Obtaining hybrids active in the CO, photoconversion reaction in agqueous solution.

4. Obtaining a scaled-up hybrid with proper morphology and high activity in the photocatalytic

hydrogen generation reaction.
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Pancielejko A. et al. Rational designing of TiO,-X@Cs;Bi, Xy nanocomposite for boosted hydrogen evolution, Catalysis
Today (2024) 432, 114626.

Pancielejko A. et al. CuGaS,@NH,-MIL-125(Ti) nanocomposite: Unveiling a promising catalyst for photocatalytic
hydrogen generation, International Journal of Hydrogen Energy (2024) 79, 186-198.

Gtowienke H. et al. Novel room-temperature synthesis of pioneering CsPbX;@(Ce)UiO-66-Y hybrid nanomaterials for
boosted photocatalytic hydrogen evolution, Journal of Photochemistry and Photobiology A: Chemistry (2024), 454,
115731.

Miodynska M. et al. A comprehensive review of preparation methods, properties, and photocatalytic performance of
diverse perovskite structures, Wiadomosci Chemiczne (2024), 78, 3-4.

Pancielejko A. et al. Cu-incorporated NH,-MIL-125(Ti): A Versatile Visible-Light-Driven Platform for Enhanced
Photocatalytic H, Generation and CO, Photoconversion, Materials Horizons, under review.

Patent application:

CuGaS,@NH,-MIL-125(Ti) nanocomposites, method of obtaining them and use of CuGaS,@NH,-MIL-125(Ti)
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Rational designing of TiO,-X@Cs3BizXg nanocomposite for boosted
hydrogen evolution
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Fig. 1. Schematic diagram of the two-step preparation process of a) Cs;Bi, Xq
perovskites and b) TiO,-X@CBX (X = I, Br, Cl) nanocomposites.

Fig. 3. STEM-EDS analysis of TiO,-lI@CBI-100 with elemental mapping (Bi, Ti, |
and Cs).
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Fig. 4. Photocatalytic H, generation of a) TiO,-X, CBX, and TiO,-X@CBX-100 nanocomposites,

and b) TiO,-I@CBI nanocomposites differ in CBI amount after 240 minutes of UV-Vis irradiation.
Fig. 6. Schematic separation and charge transfer diagram during photocatalytic

hydrogen evolution in the TiO,-I@CBI-10 photocatalyst.
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CuGaS,@NH,-MIL-125(Ti) nanocomposite: Unveiling a promising catalyst
for photocatalytic hydrogen generation

Anna Pancielejko™ , Hanna Glowienke °, Magdalena Miodyriska“, Anna Golabiewska °,
Tomasz Klimczuk ", Mirostaw Krawczyk ©, Krzysztof Matus , Adriana Zaleska-Medynska *
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Fig. 7 Schematic diagram illustrating the concepts behind the work on

the CuGaS,@NH,-MIL-125(Ti) material. Fig. 8. SEM images of a) CuGaS,, b) NH,-MIL-125(Ti), c) CGS-

30@MIL(Ti), and d) STEM, e) TEM, and f) HRTEM images with elemental
mapping of CGS-30@MIL(Ti).
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Cu-incorporated NH2-MIL-125(Ti): A Versatile Visible-Light-
Driven Platform for Enhanced Photocatalytic H2 Generation
and CO2 Photoconversion

Anna Pancielejko **, Mateusz A. Baluk *, Hanna Zagorska *, Magdalena Miodyriska-Melzer -,
Anna Gotgbiewska ¢, Tomasz Klimczuk *, Mirostaw Krawczyk <, Mirostawa Pawlyta 9,
Krzysztof Matus ¢ Alicja Mikolajczyk **, Henry P. Pinto *, Aleksandra Pieczyriska ®, Joanna

Dolionek ©, Adriana Zaleska-Medynska **
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Fig. 11. Schematic diagram illustrating the work concepts for the Fig. 12. (a) SEM and (b) TEM images of pristine NH,- MIL-125(Ti). (c)
Cu-NH,-MIL-125(Ti) series. SEM and (d) TEM images with elemental mapping (Cu, Ti, C, and O)
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Novel room-temperature synthesis of pioneering CsPbX;@(Ce)UiO-66-Y

hybrid nanomaterials for boosted photocatalytic hydrogen evolution

Hanna Glowienke °, Anna Pancielejko ™ Magdalena Miodynska ®, Anna Golabiewska *,
Emilia Gontarek- Cast_ro , Tomasz Kllrnczuk , Mirostaw Krawczyk ©, Mirostawa Pawlyta 9,
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Fig. 18. (a-e) Schematic diagram of the successful synthesis route of CsPbX,
(X = Br, 1) perovskites along with (f-i) synthesis routes that did not allow
obtaining the desired product.
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different order of reagent addition, I) efficiency of photocatalytic hydrogen evolution of hybrids obtained
with different order of reagent addition.
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Fig. 20. a) Photocatalytic hydrogen generation efficiency of perovskites and MOFs and b)
photocatalytic hydrogen generation after 4-h reaction using hybrids under UV-Vis radiation.

Fig. 21. TEM images a) (Ce)UiO-66-NH,, b) CPB@(Ce)UiO-66-NH,_13:1,
b) CPI@(Ce)UiO-66-NH,_13:1 and elemental mapping
d) CPB@(Ce)UiO-66-NH,_13:1 and e) CPI@(Ce)UiO-66-NH,_13:1.

Uniwersytet Gdanski e
,Pioneering hybrid materials for CO, photoconversion”, no NOR/SGS/HotHybrids/0130/2020-00. Project financed by the Financial Mechanism of the European Economic Area (EEA) and the
Norwegian Financial Mechanism 2014-2021.



Scale-up of the SrTiO4/MIL-125-NH, hybrid production process
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Fig. 22. Diagram showing the subsequent stages of the hybrid synthesis scale-up process.
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Scale-up of the SrTiO4/MIL-125-NH, hybrid production process
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Fig. 23. XRD patterns of pristine NH,-MIL-125(Ti), SrTiO5; and hybrids Fig. 24. XRD diffractograms of pristine NH,-MIL-125(Ti), SrTiO5 and hybrids obtained
obtained on laboratory scale. on large laboratory scale and pilot scale.
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Scale-up of the SrTiO4/MIL-125-NH, hybrid production process

Table 1. Results of the photocatalytic hydrogen generation reaction for samples obtained on a small laboratory scale after each hour of reaction.

Amount of H, production (umol/g..:) H, production rate

Sample label 1h 2h 3h ah (umol/h-g..,)
MIL-125-NH, 2.80 5.85 8.63 11.68 2.92
SrTiO, 5.22 10.40 20.55 23.89 5.97
SrTiO3-0.1/MIL-125-NH, 118.78 161.10 201.83 217.20 54.30
SrTiO3-0.2/MIL-125-NH, 32.11 60.91 113.81 160.67 40.17
SrTiO3-0.4/MIL-125-NH, 1.89 3.79 6.30 6.65 1.66
SrTiO5-0.5/MIL-125-NH, 2.02 4.63 714 9.71 243

Table 2. Photocatalytic hydrogen generation reaction results for large-scale laboratory and pilot-scale samples after each hour of reaction.

Amount of H, production (pmol/ H. production rate
Sample label 1h 2h 3h Gex) (umol/h-gea)
SrTiOs/MIL-125-NH,_large lab scale_1 3.30 7.90 14.34 19.14 4.79
SrTiO3/MIL-125-NH,_large lab scale_2 10.10 19.94 32.59 44.82 11.21
SrTiOs/MIL-125-NH,_large lab scale_3 3.35 9.22 17.47 26.34 6.59
SrTiOs/MIL-125-NH;_large lab scale_4 5.01 11.83 18.91 23.77 5.94
SrTiOs/MIL-125-NH,_large lab scale_5 2.23 5.98 8.42 10.25 2.56
SrTiO3/MIL-125-NH,_pilot scale 0.27 0.46 0.82 1.07 0.27
SrTiO3 large lab scale 139.16 239.16 307.43 354.30 88.58
MIL-125-NH__large lab scale 22.46 48.08 65.73 82.36 20.59
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U Conclusions

WP1: Development of single and double perovskite synthesis methods

Efforts to introduce double perovskites into MOF synthesis demonstrated their instability, as they degraded in the solvents
required for MOF formation and under elevated temperatures. Ultimately, several single perovskites were selected for further
investigation, including CsPbX; (X = Br, 1), Cs3Bi, X (X =1, Br, Cl), and SrTiOs.

WP2: Synthesis of MOFs and their composites suitable for heterogeneous photocatalysis

The goal was to synthesize MOFs that are both theoretically attractive for photocatalytic applications and stable in aqueous
solutions for hybrid material development. While various combinations were explored (e.g., CsPbX;@UiO-66, CsPbX;@ZIF-
67, CsPbB;/SiO,@In-MIL-68, Cs,AgBiBr@UiO-66-NH,, CsAgBiBrs@ZIF-68), only a few showed significant photocatalytic
activity. These included: (i) CsPbX;@UiO-66-Y (X = Br, I; Y = H, NH,, Br), (ii) SrTiOs@NH,-MIL-125(Ti), (iii) TIO,-X@Cs3BiXs
(X =ClI, Br, 1), (iv) CuGaS,;@NH,-MIL-125(Ti), and (v) Cu-NH,-MIL-125(Ti).

WP3: Photocatalytic activity analysis
The photocatalytic performance of the hybrids was assessed in H, generation and CO, photoconversion reactions. All hybrid
systems exhibited activity in H, generation, while only Cu-NH,-MIL-125(Ti) demonstrated activity in CO, photoconversion.

WP4: Scaling up SrTiOz@NH,-MIL-125(Ti) hybrid synthesis

A scalable synthesis method for SrTiO;@NH,-MIL-125(Ti) was developed using a 10-liter batch reactor, yielding over 170
grams per batch. A detailed process flow diagram was created, accompanied by mass and energy balances and an economic
analysis.
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