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Additional Characterization Techniques 

The thermal stabilities of the nanocomposites were assessed by a TA Q50 thermo-gravimetric 

analyzer. Thermogravimetric scans were recorded at a ramp rate of 10oC/min under nitrogen 

atmosphere for 10 to 20 mg samples in the temperature range 35 to 800 oC. Analysis of the 

thermogram was carried out using universal analysis software provided by the TA instruments. 

Fourier transform infrared spectroscopy (FT-IR) was used to follow the formation of the 

nanocomposites in the mid-FTIR absorption range of 4000-400 cm-1 employing a Bruker 

ALPHA-T instrument. Typically, nanocomposite samples (~ 1 mg) were ground with KBr (~ 

100 mg) and pressed into transparent pellets of approximate dimensions, D = 1.2 cm and t = 

0.02 cm; followed by vacuum drying at 60oC for 30 minutes prior to each run. The 

transmittance spectra collected for 256 scans with a resolution interval 2 cm-1, were corrected 

for baseline, atmospheric interference and also normalized before comparative evaluation. The 

confocal micro-Raman spectroscopy was performed using a Horiba Jobin-Yvon LabRam HR 

spectrometer with a 17 mW internal He–Ne (Helium–Neon) laser source with excitation 

wavelength of 632.8 nm. Photoluminescence measurements were carried out using a HORIBA 

Jobin Yvon spectrofluorometer. Degree of mineralization of Rhodamine B was monitored by 

the total organic carbon (TOC) analysis of the aliquots drawn at different irradiation times 

using a TOC-L-CPH Shimadzu analyzer according to procedure supplied by Shimadzu 

company.



Fig. S1 Powder X-ray diffraction of Cu2O/SnO2 heterostructures obtained at 180 oC for 3 h via 

hydrothermal route, (a) in 1.5:1 and (b) in 2:1 mole ratio. [SnO2 - Space group: P42/mmm, 

JCPDS card no. 21-1250, CuO - Space group: C2/c (15), JCPDS card no. 80-0076, Cu2O - 

Space group: Pn3m (224), JCPDS card no.77-0199 and Cu10Sn3 - Space group: P63 (173), 

JCPDS card no. 65-2064].    



Fig. S2.1 Powder X-ray diffraction of mixed phase copper oxide obtained at 180 oC for 3 h via 

hydrothermal route (Space group: C2/c (15), JCPDS card no. 80-0076). 

Fig. S2.2 Plot of copper loading amount as a function of theoretically calculated copper oxide 

concentration in moles.



Fig. S2.3 (a-d) Series of micrographs depicting hierarchical structure of as synthesized mixed 

phase copper oxide.  



Fig. S3 TG-DTA trace under nitrogen atmosphere of 1:1 mole ratio Cu2O/SnO2 nanocomposite 

synthesized via hydrothermal route at 180 oC for 3 h.

Fig. S3 clearly shows a three-step decomposition of nanocomposite. The first strong peak in 

the 35-150 oC region with weight loss of 5.06 % has been attributed to removal of surface 

adsorbed water and corresponds to endothermic peak at a temperature 43.38 oC in DTA 

spectra. The second weight loss in the range 168-350 oC is due to thermal decomposition of 

CuAc2.H2O. During this process there is a weight loss of 4.03 %. This thermal decomposition 

in air can be summarized in three main steps which are well documented in literature.1 

CuAc2.H2O dehydrates around 168 oC; CuAc2 decomposes to initial solid and volatile products 

at 168-302 oC; the initial solid products Cu and Cu2O are oxidized to CuO in air at 302-500 oC. 

The copper acetate peroxides are found to form in the range 35-150 oC, and the dehydration of 

these peroxides results in the presence of CuAc2.H2O above 168 oC. In the range 200-500 oC, 

weight loss of 5.04 % was observed which can be attributed to the desorption of O- and O2- 

during the dehydration process corresponding to the conversion of tin hydroxide to tin oxide as 



well as progressive crystallization, and also charring of residual glucose agreeing well with our 

earlier reports.2 The above sequence could be assumed to be valid during the hydrothermal 

synthesis also but at much lower temperatures.  

Fig. S4.a mid-FTIR spectra of as-synthesized (i) Pure SnO2 nanospheres, (ii) Mixed phase 

copper oxide and (iii) Cu2O/SnO2 nanocomposite in 1:1 mole ratio, respectively depicting 

characteristic bands.

Fig. S4.a represents the FT-IR spectrum recorded for as synthesized photocatalysts. Fig. S4 

(i) showcases pure SnO2 spectrum that is in agreement with our earlier reports.2 Fig. S4.a (ii), 

the strong peak at 3419 cm-1 is assigned to the stretching vibration of the O–H bond, υ(OH), 

which indicates the presence of hydroxyl ions due to the metal-OH layer. The characteristic 

bands observed at 487 cm-1 and 587 cm-1 are due to monoclinic phase, can be assigned to the 

Au mode and Bu mode of CuO. The high-frequency mode at 487 cm-1 can be assigned to the 



Cu-O stretching vibration along the [101] direction. A weak peak at 1019 cm-1 is ascribed to δ 

(OH).3-7 The broad absorption bands between 1300 and 2000 cm-1 are mainly ascribed to the 

chemisorbed and/or physisorbed H2O and CO2 molecules on the surface of nanostructured 

hierarchical crystals of copper oxide. Also the presence of broad absorption peak in the range 

605 - 670 cm-1 corresponding to the infrared active mode of Cu2O confirms that the synthesized 

product is mixed phase of copper oxide, 8-10  in good agreement with X-ray diffractograms (See 

Fig. S1 and Fig. S2.1).  Fig. S4.a (iii) confirms nanocomposite formation as bands pertaining to 

both Cu2O and SnO2 are present hence validating the presence of only these materials in the 

nanocomposite.

Fig. S4.b Stacked micro-Raman spectra using 632.8 nm laser of (i) Pure SnO2 nanospheres and 

(ii) Cu2O/SnO2 heterostructures in 1:1 mole ratio obtained at 180 oC for 3 h via hydrothermal 

route depicting characteristic modes. 



Fig. S4.b (i) shows the room-temperature Raman spectrum of pure SnO2 nanospheres 

belonging to the space group . Three fundamental peaks observed at 439, 618 and 772 cm-1 𝐷14
4ℎ 

corresponds to the Eg  and two normal phonon modes A1g and B2g  related to the expansion and 

contraction vibration mode of Sn-O bonds commonly found in bulk single or polycrystalline 

SnO2 respectively12,13. These peak positions further confirm the structure in tetragonal rutile 

form. Furthermore to these classical vibration modes, Raman scattering peak at 569 cm-1 can 

be assigned to surface defects of SnO2, and is attributed to the surface phonon mode. This 

phenomenon is assumed to be related to microstructure of SnO2 nanospheres where particle 

size is observed to be in nanoscale region14,15. Similar peak shifts have been reported in case of 

SnO/SnO2 nanocomposites15, SnO2 nanorods16 and nanoparticles17. Trace (ii) in the Fig. S4.b 

shows Raman spectrum of Cu2O/SnO2 heterostructures in 1:1 mole ratio. The major portion of 

peak at 638 cm-1 can be readily attributed to infrared allowed mode of Cu2O18-21, while the low 

intensity Raman peaks at 277 and 345 cm-1 belong to CuO phase and are consistent with 

spectra reported in literature22-24. Cu2O/SnO2 nanocomposite in addition to SnO2 here is 

composed of both CuO and Cu2O nanoparticles hence we believe that surface as well as 

interface atoms will be in disordered sates. Therefore some of the vibrational modes show 

reduced Raman intensity for e.g. visibly blue shifted peak at 549 cm-1 pertaining to 

impregnation of copper oxides in SnO2 in equal mole ratio24. 



Fig. S4.c Photoluminescence spectrum of pure SnO2 and Cu2O/SnO2 nanocomposite in 1:1 

mole ratio excited at 350 nm (* represents peak due to Xenon lamp).

Peak positions observed from PL spectrum gives information about interface and impurity 

levels, identification of surface defects and a correlation of fluorescence/phosphorescence 

activities25. But in environmental remediation application such as semiconductor mediated 

photocatalysis, photoluminescence spectrum is used to derive greater insights associated with 

relative rates of charge carrier trapping, its migration and transfer26. It has been widely 

reported, that a decrease in PL intensity indicates a decrease in the recombination rate and thus 

an enhanced charge separation efficiency of photoinduced electrons and holes. A comparative 

room temperature photoluminescence spectrum of pure SnO2 and Cu2O/SnO2 nanocomposite 

in 1:1 mole ratio is shown in Fig. S4.c with the excitation wavelength at 350 nm. Trace of pure 

SnO2 depicts a peak position at 391 nm (3.17 eV) which can be attributed to the characteristic 



band-band PL phenomenon associated with photogenerated charge carriers and is consistent 

with earlier reports observed in case of SnO2 nanostructures27.The strong luminescence band in 

the range 554-676 nm might be related to crystal defects and residual stresses that have 

appeared during the growth28. One weak emission band centered at 720 nm (1.72 eV) belongs 

to red emission band. In accordance with earlier hypothesis yellow, orange and red emissions 

are attributed to oxygen vacancies and luminescent centres formed by tin interstitials thus 

indicating presence of several sub states related to the involving defect centres. Additionally, 

the blue-green and yellow emission regions are due to singly and doubly charged oxygen 

vacancies in depletion region of n-type semiconductor metal oxide29-32. 

PL trace of Cu2O/SnO2 nanocomposite in 1:1 mole ratio shows characteristic bands of SnO2 

as well as copper oxides. Luminescence band at 389 nm (3.18 eV) showed decreased intensity 

and as mentioned above belongs to SnO2. The emissions at 519 nm (2.4 eV) and 753 nm (1.64 

eV) matches the bandgap of Cu2O and CuO nanostructures respectively and are thereby 

attributed to near band-edge transitions from free or bound exciton recombination33. Band-band 

transition of SnO2 reduced drastically in intensity for the nanocomposite owing to impairment 

in recombination of electron-hole pair in Cu2O/SnO2 heterostructure, thereby favouring 

photocatalysis reaction. 



Fig. S5 Elemental quantification of 0.5:1 mole ratio Cu2O/SnO2 nanocomposite before visible 

light induced Rhodamine B photodegradation.



Fig. S6 N2 adsorption–desorption BJH isotherms of 1:1 mole ratio Cu2O/SnO2 nanocomposite. 

Inset: Corresponding Barret-Joyner-Halenda (BJH) pore size distributions.                             

  P/P0  Volume [cc/g] 
STP

1/(W((P0/P)-1))

        5.9680E-02 18.8584 2.693E+00

        1.0858E-01 21.2339 4.590E+00

        1.5908E-01 22.8537 6.623E+00

        2.0867E-01 24.5980 8.578E+00

        2.5934E-01 25.6990 1.090E+01

        3.0941E-01 26.6083 1.347E+01

BET Summary                  

Surface Area = 81.61 m²/g

Slope = 42.73, Y - Intercept = 5.830E-02

Correlation Coefficient, r = 0.99848, C constant= 732.0



`         

Fig. S7 UV-vis diffused reflectance spectra of as-synthesized, (a) Pure SnO2 and (b) Mixed 

phase copper oxide. Inset: Schuster-Kubelka-Munk remission functions, [hυ.F (R∞)] plotted as 

a function of energy (Eg) to estimate optical bandgap.



Fig. S8 Absorbance spectra depicting the change in concentration of RhB under visible 

irradiation as a function of time namely (a) Pure SnO2 and (b) Mixed phase copper oxide.



Fig. S9 Absorption maximum shift as function of irradiation time in minutes, where (a) 

Degradation profile of RhB in absence of nanocomposite, (b) Pure SnO2 nanospheres, (c) 

Mixed phase copper oxide and (d) 1:1 mole ratio Cu2O/SnO2 nanocomposite.



      

Fig. S10 Absorbance spectra depicting the change in concentration of RhB over nanocomposite 

under visible irradiation as a function of time namely, (a) Cu2O/SnO2 = 0.5:1, and (b) 

Cu2O/SnO2 = 0.25:1.



 

Fig. S11 Absorption maximum shift as a function of irradiation time in minutes, (a) 

Cu2O/SnO2 = 0.5:1 and (b) Cu2O/SnO2 = 0.25:1.



Fig. S12 Absorbance spectra depicting the change in concentration of Rhodamine B over 

nanocomposite under visible irradiation as a function of time namely, (a) Cu2O/SnO2 = 2:1 and 

(b) Cu2O/SnO2 = 1.5:1.



Fig. S13 Absorbance spectra depicting the change in concentration of Rhodamine B over 

Cu2O/SnO2 nanocomposite in 1:1 mole ratio for five successive cycles under visible irradiation 

as a function of time.



Fig. S14 Elemental analysis of Cu2O/SnO2 nanocomposite synthesized in 1:1 ratio after five 

consecutive cycles of visible light induced Rhodamine B photodegradation. 



Fig. S15 (a-d)  FE-SEM images of 1:1 mole ratio Cu2O/SnO2 nanocomposite after five 

successive cycles of visible light induced Rhodamine B photodegradation.



Fig. S16 X-ray diffraction patterns of Cu2O impregnated in SnO2 matrix to form 

nanocomposites in 1:1 mole ratio (a) before photodegradation and (b) after five successive 

cycles of visible light induced Rhodamine B photodegradation.
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