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The increasing pollution of freshwater system from a wide variety of industrial, municipal, and agricultural source, which are deliberately into the environment, has seriously affected water quality.
Pharmaceutical wastewaters are considered as hazard to environmental sustainability because their presence in aquatic environment induces abnormal processes in living organisms. Techniques
based on advanced oxidation processes are efficient, low cost and safe solutions for the elimination of recalcitrant compounds. In this work, heterogeneous photocatalysis consisting of transition
metal oxide (zinc oxide) nanoparticles and carbon based were proven to be efficient in the degradation of chloramphenicol under UV and VIS irradiation. We discuss the influence of carbon/metal
oxide ratio on the physico-chemical properties of the nanohybrid layers, geometrical characteristics, shape and dimensions of constituent nanoentities, chemical composition and chemical bonding
states, optical properties, UV–visible absorption, band gap values, as well as charge transfer properties. In the followings the relation between these properties and functional characteristics,
removal of water contaminants, antibiotic molecules, and performances of the ternary, MWCNTs/reduced GO/ZnO layers are presented, identifying the optimum relative concentrations of the
constituting nanomaterials
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RESULTS

 (a) highly porous layers were formed on the substrates’ surface

 the porous structure is formed by GO platelets and MWCNTs (b),
covered by nanoparticles, with dimensions reaching a few hundreds of
nm (c, d)

 irregularities and cracks can be observed on the surface of large
particles (d); large particles formed the most probably through melting
of initial oxide nanoparticles in the target dispersions, followed by
coalescence

Fig. 1 XHRSEM images of 6 wt% GO/6 wt% ZnO/1 wt% MWCNT 
layer, (a) general view, and (b–d) higher resolution images of 

selected areas

Fig. 2 STEM image of 6 
wt% GO/6 wt% ZnO/1 wt% 
MWCNT layer (a) and (b) 
EDX spectra 
corresponding to the 
marked zones in image (a).

 EDX spectra: C, O and Zn lines; the relative
intensities of the lines differ for the two zones:

Fig. 3 (a, b) TEM, (c) STEM, and (d) HRTEM images of 6 wt% 
GO/6 wt% ZnO/1 wt% MWCNT layer. The insets in Fig. d 
correspond to FFT patterns of the marked areas.

 a, b: TEM images of two different fragments, showing the presence of MWCNTs, 
layered GO platelets and round-shape particles with diameters in the range of tens of 
nm

 c: STEM image - MWCNTs and GO platelets covered by nm sized particles 

 d: HRTEM image - lattice fringes of hexagonal phase ZnO, parallel layers of GO 
platelets

-zone 1, large
particles - most
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-adjacent zone 2
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Fig. 4 FTIR spectra of GO platelets (a) and
MWCNT (b) reference as well as the spectrum of
the ZnO/GO/1 wt% MWCNT nanohybrid layer (c)

 ZnO/GO/MWCNTs layer:

-the line situated at 1211 cm−1 is slightly shifted towards 
lower wavenumbers as compared to the spectra of the base 
materials

-new peaks at 1058 and 1292 cm−1 formation of new 
functional groups containing C-O single bonds

-the intensity of the line at 1462 cm−1 (C-OH b
onds) is significantly lower as compared to the spectrum of the 
GO platelets

- no line corresponding to C=O double bonds can be 
identified

Fig. 5 Deconvoluted C1s XPS spectra of (a) GO
platelets and (b) MWCNTs used for the
preparation of the GO-ZnO and GO-MWCNT-
ZnO MAPLE target dispersions (left) and in the
right part (a) 6 wt% GO/6 wt% ZnO, (b) 6 wt%
GO/6 wt% ZnO/1 wt% MWCNT, and (c) 6 wt%
GO/6 wt% ZnO/3 wt% MWCNT thin films

Fig. 6
(I) Photolysis and photocatalytic degradation

efficiency towards degradation of CAP in 
aqueous solutions of (a) 6 wt% GO, (b) 6 
wt% ZnO, (c) 6 wt% GO/6 wt% ZnO, and (d) 
6 wt% GO/6 wt% ZnO/3 wt% MWCNT under
UV light irradiation. 

(II)Degradation efficiency of layers for CAP 
main molecule and by-products after 450 
min of UV light irradiation. 

(III)Cycling stability of composite thin films
during three consecutive degradation runs.
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Fig. 7 (I) Photolysis and photocatalytic degradation efficiency towards degradation of CAP in
aqueous solutions of (a) 6 wt% GO/6 wt% ZnO, (b) 6 wt% GO/6 wt% ZnO/1 wt% MWCNT,

(c) 6 wt% GO/6 wt% ZnO/1.5 wt% MWCNT, and (d) 6 wt% GO/3 wt% ZnO/1 wt% MWCNT layers
and (II) Cycling stability of 6 wt% GO/6 wt% ZnO/1 wt% MWCNT composite thin films

High photocatalytic efficiency 
under VIS light

6 wt% ZnO/6 wt% GO/1 wt% 
MWCNT layer

CONCLUSIONS

 ZnO–carbon-based nanomaterials photocatalyst layers were prepared by a single-step laser synthesis
method without any additional post-deposition treatment.

 Both main antibiotic molecules, as well as their degradation by-products formed under UV light irradiation
were decomposed.

 The layers were be recovered and reused.
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