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Experimental Section

Materials and Methods

Hydrogen Peroxide (50 wt % in water) was purchaBedh Merck KGaA, Darmstadt,
Germany. Tungstic acid, anhydrous silver nitratetyltrimethylammonium bromide
(CTAB), hydrazine (80% ag. solution), ammonium loydde, styrene (purity > 99.9%),
acetonitrile (HPLC grade) were purchased from Sigdaich Co. All the chemicals were

used without further purification.

Synthesis of Ag/WQ Aloevera Catalyst

In a typical preparation method, 10.8 g tungstic agas dipersed in 17g water to give a
yellow-coloured solution. Then, aqueous solutiol® &5 g silver nitrite was added dropwise.
The pH of solutions was measured by pH Meter, whicas standardized for pH
measurement prior to use. By gradual additioreaf irop ammonia solution, the pH of the
solution was made 8; the colour of the solutionalbee greyish gradually. Then aqueous
solution of CTAB (3.6 g) was added in the mixtui@lowed by intensive stirring for 2h. A
solution of hydrazine (0.45 g) monohydrate (80%emys solution) was added drop wise to
the well stirred mixture at RT by simultaneous,orimus agitation. All the reagents were used
maintaining the ratio: Ag: CTAB: hydrazine,® = 1: 3: 1.5: 300. The mixture was stirred
vigorously for 30 min. After 30 min stirring, theixture was aged at 40 °C for 3 h. After
that, it was agitated thoroughly by ethanol. Thigkite precipitation occurred. After that,
these white fluffy solid products (precipitates)reveollected by centrifugation at 7500 rpm
and washed with water and ethanol several times pyidrying in air at 100 °C for 6h. The

resulting dry powder was transferred to a quarzte inside a tubular resistance furnace for



calcination. After calcinations, the so obtainecharg-yellow powder was collected for

characterization and reactions.

Characterization Techniques

X-ray power diffraction (XRD): Powder X-ray diffrion patterns were collected on a
Bruker D8 advance X-ray diffractometer fitted wah.ynx eye high-speed strip detector and
a Cu K, radiation source using Cu Ka radiation with a wength of 1.5418 A. Diffraction
patterns in the B0region were recorded at a rate of 0.5 degre€¥ [fr minute. The
resulting XRD profiles were analyzed to identify ttrystal phase of the compound using
reference standards. The line width of the mosinsge XRD peak was taken for estimation of
crystallite size by the Scherrer equation. Scanmlegtron microscopy (SEM): Scanning
electron microscopy images were taken on a FEI @uaA0 F, using tungsten filament
doped with lanthanum hexaboride (LEs an x-ray source, fitted with an ETD detector
with high vacuum mode using secondary electronsamndcceleration tension of 10 or 30
kV. Samples were analyzed by spreading them oarlaon tape. Energy dispersive X-ray
spectroscopy (EDX) was used in connection with StM the elemental analysis. The
elemental mapping was also collected with the sampectrophotometer. Samples were
subjected to scanning electron microscope analysisinderstand the shape, size, and
morphology properties. Transmission electron miwopy (TEM): The particle size and
distribution of the samples were analyzed by TEMOO JEM 2100 microscope, and
samples were prepared by mounting an ethanol-disdesample on a lacey carbon Formvar
coated Cu grid. X-ray photoelectron spectroscopip X X-Ray photoelectron spectra were
recorded on a Thermo Scientific K-Alpha X-Ray pledéetron spectrometer and binding
energies (0.1 eV) were determined. The resultipgcsa were analyzed to identify the

different oxidation states of the copper and chrommms present in the sample. Prior to the



analysis, the spectra were calibrated with referaoncCls observed at a binding energy of
284.5 eV.Inductively coupled Atomic Absorption SpectroscopfCP-AES): Chemical
analyses of the metallic constituents were camigdby Inductively Coupled Plasma Atomic
Emission Spectrometer; model: PS 3000 uv, (DRE)eman Labs, Inc, (USA).
Thermogravimetric Analyses (TGA) of the uncalcireadalyst were carried out in a Pyris
Diamond, Perkin Elmer Instruments and TechnologysHy(Seiko Instruments INC), USA]
instrument-balance by heating 2.15 mg samples & in* in flowing air atmosphere.
Raman spectra was measured at 298K by using a Basean Spectrometer (JASCO, NRS-
3100) with the 532 nm line from a diode-pumpeddsstate laser for excitation. Fourier
transform infra-red (FT-IR) spectra were recordad @ Thermo Nicolet 8700 (USA)
instrument with the operating conditions: resolatid cni', scan: 36, operating temperature:
23-25 °C and the frequency range: 4000-400".cBpectra in the lattice vibrations range

were recorded for wafers of sample mixed with KBr.

Liquid Phase Catalytic Reaction

Liquid phase oxidation reaction was carried oué itwo neck round bottom flask, equipped
with refrigerant, containing 0.1 g catalyst, 10 solvent and 1 g styrene to which,®3
(50% ag. solution) was added dropwise to prevemediate HO, decomposition. The flask
was then emerged in a preheated oil bath and wigbretirred with a magnetic stirrer. The
reaction temperature was ranged between RT an€98rmall aliquots of the sample were
withdrawn from the reaction mixture at regular mtds for analysis using a syringe. At the
end of the reaction, the solid particles (catalystje separated by filtration and the products
were analysed by Gas Chromatograph (GC, AgilenDy@&8nnected with a HP5 capillary
column (30m length, 0.28 mm id, 0.25 pum film thieks) and flame ionisation detector

(FID). Chem Station software was used to collext analyze the respective GC-data. The



styrene conversion and product selectivity werewtated using a calibration curve (obtained
by manual injecting the authentic standard compsunfin anisole solution with a known
amount was used as an external standard for asaly$ie individual yields were calculated
and normalized with respect to the GC responsenrfaciThe product identification was
carried out by injecting the authentic standard@amin GC and GC-MS. For the reusability
test, the catalyst was repeatedly washed with aeedad dried overnight at 110 °C and used
as such, without regeneration. In order to cheekntietal leaching the mother ligor was then
analyzed using ICP-AES. The C- balance as well@emal balance was carried out for most

of the experiments and it was found between 98-102%

Material Balance.

We have performed the C-balance for the most ofettygeriments and have also done the
material balance for few experiments. The estimateaor in analysis arising due to sampling
and handling losses was + 5%. The C- balance dsawehaterial balance was carried out for

most of the experiments and it was found betweeh(283%.
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Figure S1.SEM image of the Ag/Wg@xcatalyst without CTAB.
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Figure S2.SEM image of the Ag/W¢gxcatalyst when Ag: CTAB= 1:1.
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Figure S4.SEM image of the Ag/W¢@xcatalyst when aging time was 3 h.
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Figure S6.SEM image of the catalyst when Aghl®as not added.



Figure S8.SEM images of the Ag-W nanocomposites taking ratgatecursors of Ag (i.e.
AgNOs3) and ammonium metatungstate.
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Figure S9.Ag3d-core level spectra (XPS) (a) fresh catalyst lanspent catalyst.
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Figure S10.W4f-core level spectra (XPS) a) fresh catalyst lanspent catalyst.
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Figure S11.SEM-EDAX of the uncalcined Ag/W§{Xatalyst.



Figure S12.TEM diagram of the Ag-W@spent catalyst (after Sreuses).
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Figure S13.TEM image of fresh Ag-W catalyst prepared by canimal impregnation

method.
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Figure S14. TEM-EDAX of (a) fresh and (b) spent Ag-W aloveikel catalyst.




Figure S15.TEM diagram of the Ag-W@catalyst (with 5.8% Ag loading).
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Figure S16.Effect of temperaturen styrene oxidation.

[m] Conversion of styrene; [e] Selectivity to styrene oxide;A[] Selectivity to benzaldehyde;
[ V] Selectivity to phenylacetaldehydd$electivity to benzoic acid.

Reaction Condition: styrene =1g; catalyst = 0.0&grene: HO, mole ratio =1:4; time = 12
h.
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Figure S17.Effect of HO,: styrene molar ration styrene oxidation.

[m] Conversion of styrene; [e] Selectivity to styrene oxide;A[] Selectivity to benzaldehyde;
[ V] Selectivity to phenylacetaldehydd$electivity to benzoic acid.

Reaction Condition: styrene =1g; catalyst = 0.0%Bgyperature = 75° C; time= 12 h.
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Figure S18.Effect of catalyst weightn styrene oxidation.

[m] Conversion of styrene; [e] Selectivity to styrene oxide;A[] Selectivity to benzaldehyde;
[ V] Selectivity to phenylacetaldehydd$electivity to benzoic acid.

Reaction Condition: styrene =1g; styreneOpimole ratio =1:4; temperature = 75° C; time=
12 h.
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Figure S19.Effect of timeon styrene oxidation.

[m] Conversion of styrene; [®] Selectivity to styrene oxide;A[] Selectivity to benzaldehyde;
[ V] Selectivity to phenylacetaldehydd$electivity to benzoic acid.

Reaction Condition: styrene =1g; catalyst = 0.07Styrene: HO, mole ratio =1:4;
temperature = 75° C.
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Figure S20.Reusability test on styrene oxidation.

[=] Conversion of styrene; m] Selectivity to styrene oxidem] Yield of styrene oxide.
Reaction Condition: styrene =1g; catalyst = 0.07Styrene: HO, mole ratio =1:4;
temperature = 75° C; time = 12h.



Scheme SPlausible mechanism for the formation of styreniel@and benzaldehyde.
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