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1. Introduction
This report is mainly related to task 2.3 (T0+12-T0+18) “Advanced Physico-chemical
characterization”.
According to the planed timeline, the following heterojunction systems have been elaborated and
characterized:
- TiO2/UiO-66-NH2 materials (CNRS)
- TiO2/SC2/UiO-66-NH2 materials (CNRS, INSTM, INAM)
- TiO2/ZIF-67-ZIF8 (CNRS)
- Plasmonic bi-metallic AuxAg1-x/SC, plasmonic bi-metallic AuxAg1-x/SC1-SC2 (CNRS)

2. Physico-chemical properties of SC1/SC2-(MOF)s materials
2.1.

Coupling different SCs (TiO2, BiVO4) with UiO-66-NH2 MOF

2.1.1. TiO2/UiO-66-NH2 materials
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Fig. 1. Protocol of synthesis of UiO-66-NH2 MOF

One of the crucial steps of preparation of TiO2/UiO-66-NH2 composite materials consists in the
synthesis of the UiO-66-NH2 component (CNRS), as represented on Fig. 1.
The final TiO2/UiO-66-NH2 material is then obtained by addition of TiO2 (anatase (CNRS) or brookite
(INSTM) structure) during the synthesis of the UiO-66-NH2 MOF. Three kind of composites were
obtained depending on the content (wt.%) of MOF.
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Fig. 2. (Top-left) XRD diffraction pattern of TiO2 UV-100, 100% anatase)(pre-calcined at 350°C)/UiO-66-NH2
composite as a function of UiO-66-NH2 content (wt.%). (Top-right) XRD diffraction pattern of TiO2 brookite/
UiO-66-NH2 composite as a function of UiO-66 content (wt.%). (Bottom-left) UV-Vis absorption spectra of
TiO2 UV-100, 100% anatase)(pre-calcined at 350°C)/UiO-66-NH2 composite as a function of UiO-66-NH2
content (wt.%). (Bottom-right) UV-Vis absorption spectra of TiO2 brookite)/UiO-66-NH2 composite as a
function of UiO-66-NH2 content (wt.%).

From Fig. 2, crystalline structure of both UiO-66-NH2 and TiO2 materials can be distinguished, even
at the lowest UiO-66-NH2 content of 5wt.%. One can mention that the UiO-66-NH2 seems to be more
crystallized in the presence of TiO2 brookite. Association of TiO2 with UiO-66-NH2 leads to visible light
harvesting, much more pronounced in the case of TiO2 brookite/UiO-66-NH2 composite material.

2.1.2 TiO2/SC2/UiO-66-NH2 materials
In order to prepare three-component TiO2/SC2/UiO-66-NH2 composite materials, TiO2(UV-100 precalcined at 350°C, sol-gel post-calcined at 400°C (CNRS), brookite (INSTM) and SC2 have been added,
as obtained, during the synthesis of the UiO-66-NH2 MOF. Two kinds of SC2 have been studied: g-C3N4
(CNRS) and BiVO4 (INAM) materials. The resulting optical properties are given in Fig. 3. As seen from
these UV-Vis absorption properties, the optical contributions of the three components can be
distinguished. However, one can underline that association of TiO2 brookite with BiVO4 and UiO-66NH2 MOF extended in a more pronounced way visible light absorption.
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Fig. 3. UV-Vis absorption spectra of (Left) TiO2(1-x) wt.%)/gC3N4 (x wt.%)-10 wt.% UiO-66-NH2 composites for
TiO2 UV-100 pre-calcined at 350°C and TiO2 sol-gel post-calcined at 400°C. (Right) TiO2(brookite)(1-x)
wt.%))/BiVO4 (x wt.%)-10 wt.% UiO-66-NH2.

2.2.

Coupling TiO2 with ZIF-67 and/or ZIF-8 MOF

2.2.1. ZIF-67 and ZIF-8 materials
ZIF-67 and ZIF-8 materials have been synthetized according to the protocol summarized in Fig. 4.

2-

Fig. 4. Protocol of synthesis of ZIF-67 (left) and ZIF-8 MOFs (CNRS)

The resulting morphological, structural and optical characterizations are given in Fig. 5. From Fig.
5 (Top-left) one can observe the formation of well-shaped ZIF-67 particles. Etching process results in
formation of round-shaped particles and of slight modification of relative intensity of the main
diffraction peaks (Fig. 5-middle). Multi-layered ZIF-8-ZIF-67 nanostructures have been successfully
synthetized (Fig. 5-bottom)
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Fig. 5. (Top-left) SEM images of ZIF-67 particles. (Top-right) SEM images of etched (by xylenol orange process)
ZIF-67 particles. (Middle) XRD spectra of ZIF-67 and etched ZIF-67. (Bottom-left) SEM images of multi-layered
ZIF-8-ZIF-67 materials. (Bottom-left) UV-Vis absorption spectra of multi-layered ZIF-8-ZIF-67 materials (CNRS).

2.2.2 TIO2/ZIF-67-ZIF-8 multi-layered materials
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Three-component TiO2/ZIF-67-ZIF-68 materials have been synthetized by wet impregnation of TiO2 UV100 onto multi-layered ZIF-8-ZIF-67 composites and their morphological an optical properties given in
Fig. 6. One can underline that the resulting composite materials yield broad extended visible light
absorption properties, until 700 nm.
Wet Impregnation:
X wt.% ZIF-8
or
X wt.% ZiF-67
or
X wt.% ZIF-8 on ZIF-67

TiO2 UV100 in 20 mL H2O

Stirring at Room
Temperature until Solvant
Evaporation

ZIF

Fig. 6. SEM image (left) and UV-Vis absorption (right) of TiO2/ZIF-8-ZIF-67

2.3 Bi-metallic AuxAg1-x/SC materials
2.3.1 Photo-reduction protocol
AuxAg1-x bi-metallic particles were synthetized via a photoreduction pathway (CNRS) starting from
HAuCl4 and AgNO3 as precursor salt and sodium citrate as reducing agent (Fig. 7-left). Tuning the
composition allows to shift absorption window of the resulting colloidal suspensions towards visible
light range (Fig. 7-right). An optimal colloidal composition (named Mix, Table 1) was then deposited
onto SC (TiO2 UV-100, post-calcined at 350°C, 450°C and 550°C, and g-C3N4) and TiO2 UV100-(5wt.%)
gC3N4 heterojunctions. From Fig. 8 (Top), one can see that both the intensity and width of the bimetallic SPIE (Surface Plasmon Induced Effect) strongly depends of the SC support, the most intense
and broader signal being observed on the TiO2 UV100-(5wt.%) gC3N4 heterojunction support. Their
corresponding TEM images are reported in Fig. 9 and Fig. 10.
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Fig. 7. (Left) Synthesis protocol for the preparation of Au xAg1-x bimetallic particles via photoreduction route
(CNRS). (Right) UV-Vis absorption as a function of bi-metallic composition.

Fig. 8. (Top-left) UV-Vis absorbance of Mix/TiO2 (UV-100, UV-100 cal 350°C, 450°C, 550°C) and their
counterpart materials. (Top-right) UV-Vis absorbance of Mix/TiO2UV-100-gC3N4 and their counterpart
materials. (Bottom) Table summarizing the optimal AuxAg1-x bi-metallic systems (named Mix) in terms of
Au-Ag composition, Au and Ag respective and total metal content and metal deposition yield.
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Fig. 9. TEM images of Mix/TiO2 UV-100 cal 350°C materials.

Fig. 10. TEM images Mix/TiO2UV100-gC3N4 materials.
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