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APPENDIX A

Calculation of Catalyst Preparation

The calculation of y wt% Palladium over MCM-41

The palladium compound used is Palladium acetate (Pd(OAc)2), which has a
molecular weight of 224.49 g mol'land the molecular weight of palladium is 1064 g
mol'l

Inbasis of 100 g catalyst, the catalyst is composed of

100 g of a wt%Pd/MCM-41 catalyst has palladium =y 0
100 g of a wt% Pd/MCM-41 catalyst has MCM-41 = 100y g
Based on 1 ¢ of MCM-41, requires palladium (00T T18
(100-y) 8
Assumed ,
W asz
Pd 106.40 g, containing in Pd(OAc)2 22449 g
Zx 224.49

Pdz g, requires Pd(OAcy2 106.40



Table A-l Amount of palladium used per gram of MCM-41 support.

Catalysts Amount Pd(OAc)2(g)
0.5 wt% Pd/MCM-41 0.0106
1.0 wt% Pd/MCM-41 0.0213

3.0 wt% Pd/MCM-41 0.0652



APPENDIX B

Calculation of Metal Active Sites

The example of calculation shown below is for 0.5wt% Pd/MCM-41 catalyst.
The calculation of metal active sites of the catalyst by hydrogen chemisorption at
room temperature has the procedure as follows:

Let the weight of catalyst used = X 0
o
The amount of palladium in catalyst 10620 mol
=P mol
Average peak area of H2after adsorption = A unit
Peak area of H2after the first pulse = B unit
Total area of H2after adsorption = AB unit
Volume of H2adsorbed on catalysteach pulse = 0.6859 mL
H2concentration input each pulse = 965 %
Reaction temperature =D K
The amount of H2input each pulse 865 10%6859] mL
= 0.0661 mL
H2concentration at STP = 29% mol STP

= 29, 106 mol STP

295 x10 6 x 213
D

The amount of H2input each pulse at D K mol
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=Y mol

The amount of hydrogen uptake Y [ﬁ' B mol
= 1 mol

Mole of palladium site over the support = Ix2 mol atom
= mol atom

% palladium dispersion = p x100 %



APPENDIX ¢

BET Surface Area Determination

Brunauer, Emmett and Teller (BET) developed several models for gas adsorption
on solids which have become the effective standard for surface area measurements. The
models are valid for multiple layers on homogeneous surfaces [Brunauer, 1940]. This
procedure for multipoint adsorption has been standardized by the American Society of
Testing Materials (ASTM): Catalysts-D32, (ASTM: D3663-84, 1988) or Nitrogen
adsorption at 77 K. The sample is first evacuated while heating to about 400° ¢, and then
cooled to about 77 K with a container of liquid nitrogen. The partial pressure of N2above
the sample is gradually increased and the amount of N2 adsorbed at each pressure after
allowing equilibrium to be reached is noted. Each adsorbed molecule occupies an area of
the surface comparable to its cross-sectional area (0.162 nm?2). By measuring the number
of N2 molecules adsorbed at monolayer coverage, the intenal surface area can be
calculated. According to this standard procedure, the sorption isotherms can be plotted
similar to that of silica which is shown in Figure C-I.
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Figure C-I Nitrogen adsorption isotherms at 77 K and pore size distributions for two
MCM-41 materials (a) ordered MCM-41 and (b) disordered MCM-41 [Kruk and
Jaroniec, 1999

The BET equation describes the relationship hetween the volume adsorbed at a
given partial pressure and the volume adsorbed at monolayer coverage is shown as the
following.

X 1o+ (c-D)x IC 1X
v(l-x)

vm  cvm

Where X=p/Po; p is the partial pressure of N2 Po is the saturation pressure at the
experimental temperature; v is the volume adsorbed at P; vm is the volume adsorbed at
monolayer coverage and ¢ is a constant.

The surface area of porous solid can be determined by using N2 adsorption data.
The BET plot between x /[v(L - x )] versus x following equation C-| provides a straight
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line in order to obtain a slope of (¢ -1)jcvmand intercept Lcvm . vm, the volume
adsorbed at monolayer coverage can be calculated from Equation C-2.

1
Y= 7 (c X intercept ) €2

The BET surface area is obtained using the widely accepted assumption that each N2
molecule occupies an area of 0.162 nm2 This following equation is commonly used to
calculate the surface area of porous solid in m2¢'L

i — Vm x6.02 x 10Bmolecules mol  x16.2x10"2Dm 2per molecule X Smﬂe
SA(ng ) - 22400 cm 3mol g
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