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APPENDIX A

Gas chromatography analyzer was used to determine products of cyclohexane

oxidation. Cyclohexanone and cyclohexanol products were identified using standard

addition method.
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Figure A-1 A gas chromatogram of liquid products from oxidation of cyclohexane.

Calculation of the correction factor

The correction factor was calculated based upon the results obtained from gas

chromatographic analysis (see also the experimental section). Cyclooctane was used

as and internal standard.

Example:

Ac:exact amount of desired product prepared (mmol)
B: total volume of the reaction (ml)

C: peak area of the desired product

D: peak area of the internal standard

E: exact amount of substrate (mmol)

F: exact amount of internal standard was added (mmol)



The calculation of the correction factor can be described as follows:

The amount of the product from the reaction mixture

=FxCMD)=G
The amount of the product in B ml (tatal volume of the reaction)
=GxB =H

Thus, the correction factor of the product can be calculated as:
= A/H =]

The % product can be calculated as:

%Yield of product =(H x1/E)x 100

The correction factors of chemaicals are listed as follows:

Cyclohexane = 3.2
Cyclohexanone = 54
Cyclohexanol = 4.2

Calculation of %selectivity of cyclohexanone and cyclohexanol
Using peak areas obtained from GC analysis
% Selectivity of cyclohexanone
= (%yield of cyclohexane/%yield of product) x 100

%Selectivity of cyclohexanol

= (%yield of cyclohexanol/%yield of product) x 100
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Determination of cyclohexyl hydroperoxide
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Figure A-2 GC diagram of cyclohexane oxidation and their oxygenated products
using FePOM-MCM-41
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Figure A-3 GC diagram of cyclohexane oxidation and their oxygenated products
using FePOM-MCM-41 after adding PPh;.



60

APPENDIX B
Adsorption and desorption isotherms of 20% CoPOM/MCMA41,
20%FePOM/MCM-41 and 20%CuPOM/MCM-41.
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Figure B-1 Adsorption and desorption isotherm of the 20%CoPOM/MCM-41.
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Figure B-2 Adsorption and desorption isotherm of the 20%FePOMMCM-41
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Figure B-3 Adsorption and desorption isotherm of the 20%CuPOMMCM-41
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APPENDIX C

Thermo gravimetry analysis (TGA)
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Figure C-1 TGA profile of the 20%CoPOMMCM-41



Table D-1 GC-MS of cyclohexane oxidation reaction

APPENDIX D
GC-MS

Condition: 20%CoPOM-MCM-41 5.1wt% , cyclohexane 92 mmol(10ml),

H,0,/cyclohexane molar ratio = 1, 100°C, 8 h.
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Formula Structure % Selectivity
cyclohexanol Cro** 35.71
(0]

cyclohexanone U 52.55
O

1,4 cyclohexadione ¢ 4.08
O

o 1

4-hydroxy cycloh-exanonc ¢ 1.53
(6]

Hexanoic acid B 2 6.12

)J\/\)J\

OH
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Figure D-1 GC diagram of cyclohexane oxidation and their oxygenated products
using 20%CoPOM/MCM-41 at 100 C.
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APPENDIX E

X-ray fluorescence spectrometry (XRF)

Table E-1 X-ray fluorescence spectrometry of 20%CoPOM/MCM-41

(% by wt.)
Sample
SiO, P.O4 Cl CoO WO,
20%CoPOM/MCM-41 84.20 0.33 1.24 0.38 13.85

Calculation of %POM on MCM-41

From Table E-1 CoO = 0.38% so Co = 0.29%

From theory 20%CoPOM/MCM-41 have Co = 0.32%
If 20%CoPOM/MCM-41 has Co 0.32%

So X%CoPOM/MCM-41 has Co 0.29%

X=(0.29 x 20)/0.32

X=18.12%

So the amount of CoPOM on the supported MCM-41 calculated by XRF technique
was 18.12 % based on MCM-41.
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