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Part I: Characterization of Supported
Palladium, Hydrogen Sorption

Introduction

The ASAP 2020 Chemisorp-
tion instrument can be used
for many different analyses.
One of the uses of the 2020
can be to analyze the che-
misorption of hydrogen onto
supported metal catalysts. In
this study, 5 weight % palla-
dium on activated carbon was
used. During chemisorption,
the bonds between H, mol-
ecules dissociate on the metal
and the individual hydrogen
atoms chemically bond to the
surface atoms of the palla-
dium?. As the hydrogen bonds
to the surface of the metal,
the 2020 measures the quan-
tity of hydrogen adsorbed

at certain pressures. In this
study, a wide range of pres-
sures were employed, rang-
ing from 0.01 mmHg to 500
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mmHg. A detailed activation
procedure is given in Table 1.
The palladium is reduced in
flowing H, to produce a clean
catalytically active surface
This removes all impurities
from the sample that would
produce unwanted effects
on the hydrogen adsorp-
tion. The analysis is ready
to begin when the pressure
in the sample tube has been
held at or below 10 umHg for
30 minutes. To acquire the
quantity adsorbed at the low
pressures, very small volumes
of hydrogen are dosed to the
sample via the ASAP 2020’s
low pressure dosing option.
This provides a detailed
chemisorption isotherm in
low pressure (< mmHg). This
occurs until all low-pressure
data points are

Task Task Gas Temp
Number Name ©C)
1 Evacuation 100
2 Flow Hy 100
3 Flow Hy 300
4 Evacuation 300
5 Evacuation 70
6 Analysis Hy 70

acquired and

Rate Time

©Cimin)  (min) then larger

volumes of

10.0 30 hydrogen
10.0 5 are dosed to
10.0 120 create the
10.0 30 higher pres-
10.0 30 sure environ-
10.0 ment for the

Table 1: Preparation Analysis

sample. The

overall analysis is performed
at multiple temperatures,
ranging from 35 °C to 120 °C.
The varying temperatures
cause different quantities of
hydrogen to be adsorbed onto
the sample at specific pres-
sures. As the temperature

of the sample increases, the
shape of the isotherm changes
and less hydrogen is adsorbed
as temperature is increased.

Results

As seen in Figure 1, the iso-
therm forms two major steps
with a plateau between them.
A majority of the total hydro-
gen chemisorption occurs in
these two narrow pressure
ranges. The low-pressure
adsorption, below 0.1 mmHg
is the first major adsorption
step; this is where the first
layer of hydrogen is bonded to
the surface of the palladium.
A monolayer of hydrogen is
sorbed to the surface. The
second step of the isotherm,
between 30 mmHg and 75
mmHg, is where additional
hydrogen is absorbed into
the palladium and forms
palladium hydride. These
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Figure 2: Hydrogen sorption on 5% Pd supported on
carbon at temperatures ranging from
35t0 120 °C

Figure 1: Palladium Hydride Isotherm (50 °C)




pressure ranges where gas
adsorption occurs are tem-
perature dependent. This
specific isotherm is formed
when the palladium is heated
to 50 °C. If the sample was

at a warmer or cooler tem-
perature, the isotherm would
shift right or left, respectively.
This pressure-temperature
relationship can be seen us-
ing the van’t Hoff equation.

In(P) = (AH/RT) - (AS/R)

Where AH is the enthalpy

of the hydride in kd/mol, AS
is the entropy of the hy-

dride in kdJ/mole K, R is the
gas constant, 8.314472 J/
(K*mol), T'is the temperature
in Kelvin, and P (in atmo-
spheres) is the mean pres-
sure of the second step of the
isotherm in atmospheres.

After performing multiple
analyses at different tem-
peratures (Figure 2), the
isotherm data can be used

in conjunction with the van’t
Hoff equation to calculate
the enthalpy and entropy of
the hydride formation, as has
been reported by Sandia Na-
tional Laboratory2- To do so,

for each temperature at which

the sample was analyzed, the
mean pressure of the sec-

ond step of the isotherm (in
atmospheres), and its cor-
responding temperature (in
Kelvin) must be noted. With
this data, the logarithm of the
pressure is plotted versus the
inverse of the temperature
and a linear regression can be
formed, as seen in Figure 3.

The slope of the line is equal
to AH/R (the Enthalpy) and
the y-intercept is equal

to AS/R (Entropy). Once
these two values are calcu-
lated, the mean pressure at
which hydrogen will sorb
onto the palladium sample
can easily be predicted.

Furthermore, from the tem-
perature and pressure data
acquired through the iso-
therms or through calcula-
tion of the van’t Hoff equa-
tion, the heat of adsorption
(the energy required for
adsorption to take place) can
be calculated for a specific
quantity of gas adsorbed3.
This is done using the Clau-
sius-Clapyron equation

@InP/adT),=q / RT®
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or the more commonly em-
ployed form:

In(P)/m=q/R=«1/T
The Clausius-Clapyron equa-
tion provides a convenient
technique for determining
the isosteric heat of adsorp-
tion. When several isotherms
are available (Figure 2), a
plot of the In(P) versus 1/T at
constant quantity adsorbed
provides a linear relation-
ship. The slope of that line is
q/R where q is the isosteric
heat of adsorption and R is
the gas constant. A range
of adsorbed quatities may
be used to develop a plot of
isosteric heat versus cover-
age as seen in Figure 4.

Comparing Figure 3, the van’t
Hoff plot vs. Figure 4, the
isosteric heat, it is clear the
isosteric heat of adsorption
provides a detailed analysis of
the heat released during the
formation of PdH,. The van’t
Hoff plot only provides an ap-
propriate or average enthalpy.
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Figure 3: The linear regression of the tabulated
data using the van’t Hoff equation wth

the enthalpy and entropy values displayed

Figure 4: The isosteric heat of adsorption of Hydrogen
on Palladium




