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Figure Al: IR Spectra of pure zeolite Y

100 .
Pure Zeolite -Y
90 |
3 80
c ]
©
£ 704
E ]
c 60
If_,g |
° 50—_
40
30 4
20 L T d T x T L T 4 T Y T X 1
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm'1)

Figure A2: IR Spectra of metal exchanged zeolite -Y

——Ni-Y ‘
—Pd-Y|
—cCu-y|
——Co-Y|

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm'1)

% Transmittance (a.u.)

Figure A3: Solid state UV absorption spectra of pure zeolite Y and metal exchanged zeolite-
Y
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Figure A4: EDX data of pure zeolite Y
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Figure A5: EDX data of NiL1-Y
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Figure A6: EDX data of NiL2-Y
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Figure A7: EDX data of Nil4-Y

Spectrum: s3 1

cps/ev.

Element Series unn. C norm. C Atom. C Error

[wt.-%] [wt.-%] [at.-%] [%]
Silicon K-series 4.07 4.07 2.29 0.2 7
Aluminium K-series 5.39 5.39 3.15 0.3 N
Sodium K-series 1.50 1.50 1.03 0.1

Carbon K-series 14.92 14.92 19.62 5.0

Nickel K-series 0.47 0.47 0.13 0.0

Nitrogen K-series 7.65 7.65 8.62 2.9

Oxygen K-series 65.99 65.99 65.15 20.4

Total: 100.00 100.00 100.00
Figure A8: EDX data of NiL6-Y

Spectrum: s7 1

Element Series unn. C norm. C Atom. C Error

[wt.-%] [wt.-%] [at.-%] [%]
Silicon K-series 12.47 13.67 8.21 0.6
Aluminium K-series 5.65 6.19 3.87 0.3
Sodium K-series 4.83 5.29 3.88 0.3
Carbon K-series 11.48 12.58 17.66 1.3
Nickel K-series 0.47 0.52 0.15 0.0
Nitrogen K-series 7.07 7.75 9.33 1.0
Ooxygen K-series 49.27 53.99 56.90 5.4

Total: 91.25 100.00 100.00
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Figure A9: GC chromatogram of pure Zeolite-Y for styrene oxidation reaction
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Figure A10: GC chromatogram of NiL1 for styrene oxidation reaction
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Figure A11: GC chromatogram of NiL2 for styrene oxidation reaction
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Figure A12: GC chromatogram of NiL4 for styrene oxidation reaction
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Figure A13: GC chromatogram of NiL6 for styrene oxidation reaction
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Figure A14: GC chromatogram of NiLL1-Y for styrene oxidation reaction
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Figure A15: GC chromatogram of NiL2-Y for styrene oxidation reaction
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Figure A16: GC chromatogram of NiL4-Y for styrene oxidation reaction
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Figure A17: GC chromatogram of NiL6-Y for styrene oxidation reaction
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Figure A18: EDX data of Pd-Y

Element Weight% Atomic%
CK 15.74 23.31
OK 47.06 52.33
Na K 6.40 4.95
Al K 7.94 5.23
Si K 22.21 14.06
Pd L 0.65 0.11
Full Scale 1859 cts Cursor: 0.000 ke
Totals 100.00
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Figure A19: EDX data of PAL1-Y

Element Weight% Atomic%
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OK 46.75 50.25
Al K 7.04 4.48
Si K 20.09 12.30
Pd L 0.51 0.08
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Figure A20: EDX data of PAL3-Y

Element Weight% Atomic%
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Figure A21: EDX data of PdLA-Y
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Figure A22: EDX data of PALS-Y
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Figure A23: EDX data of PAL6-Y
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Figure A24: GC chromatogram of pure Zeolite-Y for sulfoxidation reaction
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Figure A25: GC chromatogram of PdL1 for sulfoxidation reaction
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Figure A26: GC chromatogram of PdL3 for sulfoxidation reaction
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Figure A27: GC chromatogram of PdL4 for sulfoxidation reaction
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Figure A28: GC chromatogram of PdLS for sulfoxidation reaction
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Figure A29: GC chromatogram of PdL6 for sulfoxidation reaction
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Figure A30: GC chromatogram of PdL1-Y for sulfoxidation reaction
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Figure A31: GC chromatogram of PdL3-Y for sulfoxidation reaction
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Figure A32: GC chromatogram of PdLA4-Y for sulfoxidation reaction
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Figure A33: GC chromatogram of PdL5-Y for sulfoxidation reaction
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Figure A34: GC chromatogram of PdL6-Y for sulfoxidation reaction
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Figure A35: GC chromatogram of CuL1 for styrene oxidation reaction

2000001
100000 : f
£ §
< 3= 2 1 L =2 _
; ‘\. | L[.féiisssl £2: ¢
w
vl G gae \uilay Vg K mc Doee bl emd cecd mowE o D el v g g oo gmis i W O e s ) e
0 1 H 2 - 5 é 7 ] § 10 il 12 13 14 13 18
=
Pk Rt Time Am Heipet Conc  Usit Mwk IDe Cmpd Name
1 1766 1381 L & 000
2 1828 13129963 330433 0000 N
3 1140 8030 5555 0000 T
4 2751 1504 23 0000 T
3 359 615704 289650 0.000 ppm 1 stymee
6 4138 151053 65774 0000 pp= S 18D
7 4538 815435 121538 000 pp= $ 3 BIA
] L) ) 3148 1040 0000
¥ igss 17753 8002 Q000 ppmn ¥ 4 KT8232
10 L1yl 62022 21512 Q000 pp= 4 KT6232
1 f404 138 50334 0000 ppm SV 5 RIEale
2 457 237 éle 0000 ppm T 5 RI6404
13 7330 137 83§ 000¢ v
4 7413 n3 44 0000 v
15 75 018 1678 0000 v
14 214t 10184 3578 0000
) 1235 2087 0 0000 v
1% g4 475 0 0000 v
1 8589 455 1443 oo v
n #287 1508 432 o000

Figure A36: GC chromatogram of Cul3 for styrene oxidation reaction
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Figure A37: GC chromatogram of CulL4 for styrene oxidation reaction
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Figure A39: GC chromatogram of CuL1-Y for styrene oxidation reaction
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Figure A40: GC chromatogram of CuL3-Y for styrene oxidation reaction
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Figure A41: GC chromatogram of CuL4-Y for styrene oxidation reaction
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Figure A42: GC chromatogram of CuL6-Y for styrene oxidation reaction
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Figure A43: EDX data of Co-Y

Element Weight% Atomic%

OK 50.97 63.93

Na K 7.65 6.68

Al K 10.14 7.54

Si K 29.97 21.41

CoK 1.28 0.44 Full Scale 3545 cts Cursor: 0.000 ke
Totals 100.00

Figure A44: EDX data of CoL1-Y

Spectrum: cl

Element Series unn. C norm. C Atom. C Error

[wt.%] [wt.%] [at.%]

Cobalt K-series 0.35 0.35 0.10 0.0 »
Aluminium K-series 4.10 4.10 2.48 0.2 ’t

Silicon K-series 9.12 9.12 5.29 0.4 ]i

Ooxygen K-series 70.59 70.59 71.85 21.8 o
Carbon K-series 9.74 9.74 13.20 3.5

Nitrogen K-series 6.10 6.10 7.09 2.4
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Figure A45: EDX data of CoL2-Y

Spectrum: c2 1

Element Series unn. C norm. C Atom. C Error
[wt.-%] [wt.-%] [at.-%] [%]
Carbon K-series 23.13 23.13 29.15 7.3

Nitrogen K-series 10.43 10.43 11.27 3.5

Aluminium K-series 2.28 2.28 1.28 0.1
Silicon K-series 5.34 5.34 2.88 0.3
Cobalt K-series 0.31 0.31 0.08 0.0
Ooxygen K-series 58.51 58.51 55.35 17.9

Figure A46: EDX data of CoL3-Y

Element Weight% Atomic%
CK 31.16 42.23
oK 40.82 41.55
Na K 0.51 0.36
Al K 2.80 1.69
) £ i i3 4 s 8 @ @8 9 o
SiK 24.19 4.20 Ful Scale 2813 cts Cursor: 0.000 ke
CoK 0.52 0.14
Totals 100.00
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Figure A47: EDX data of ColL4-Y

Spectrum: c4 1

Element Series unn. C norm. C Atom. C Error
[wt.-%] [wt.-%] [at.-%] [%]
Carbon K-series 10.97 10.97 14.70 3.9 ]
Nitrogen K-series 9.07 9.07 10.42 3.3 :: ‘
Aluminium K-series 6.05 6.05 3.01 0.3 E
Silicon K-series 6.40 6.40 3.67 0.3
Cobalt K-series 0.37 0.37 0.10 0.0 :ﬂ H
Ooxygen K-series 67.12 67.13 67.50 20.7 o T

Figure A48: EDX data of CoL5-Y

Element Weight% Atomic%
CK 50.46 61.63
OK 31.86 29.21
AlK 2.94 1.60
Si K 14.25 4.10
CoK 0.49 0.12
+ 2 3% 4 5 & & & 8 ‘0
Full Scale 1910 ets Cursor: 0.000 ke
Totals 100.00
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Figure A49: EDX data of CoL6-Y

Spectrum: cé6 1

Element Series

Carbon K-series
Nitrogen K-series

Aluminium K-series

Silicon K-series
Cobalt K-series
Oxygen K-series

unn.

C norm. C Atom. C Error

[wt.-%]

.62

.11

.88

.84

[at.-%]

.53

.62

.70

77

.17

.20
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