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SURFACE AREA MEASUREMENT
FROM TEMPERATURE- PROGRAMVED DESORPTI ON DATA

Tenper at ur e- progr anmed desor ption experinments offer a neans of
obtai ning quantitative information about the nmetallic surface area
of supported netal catalysts along with a qualitative neasure of
the variation in strength of adsorption for different sites on the
surf ace. The net hod makes use of a detector calibrated to quan-
tify the nunber of chem sorbed nol ecul es desorbing fromthe neta
catal yst surface into an inert gas streamas the tenperature of
the catalyst surface is raised in a |linear fashion
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The area under this signal vs tine curve is related to the
nunber of nol ecul es chem sorbed on the catal yst surface. W
derive this signal by calibrating the detector for the chem
sor bi ng gas. The detector signal is calibrated by sending a
control | ed volune pul se of the chem sorbing gas into an inert
stream which flows into the detector. This is typically accom
plished using a GC val ve equi pped with a calibrated GC | oop. From
this we can determne that a detector signal of X counts corre-
sponds to a volune Y of chem sorbing gas. This gas volune is in
turn converted to m cronoles using the ideal gas |aw.
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Using this calibration, detector signal for a TPD experi nent
can be obtained in terns of "gas uptake" by the catalyst in
m cronol es/ gram cat al yst . Several pieces of information nmust be
known before we can make use of this nunber:

What is the netal weight |oading of the supported neta
catalyst? Fromthis we can cal culate the actual weight
of netal in the catal yst sanple used in the experinent.

- What is the nolecular weight of the nmetal? This allows
us to convert fromgrans to mcronoles of netal in our
sanpl e.

- What is the stoichionetry of the adsorption of the chemi -
sorbing nol ecule on the netal in question? This enables
us to relate the metal and the cheni sorbing species to
each other on the nol ar basis.

Wth this informati on we determ ne the value of a paraneter
known as the dispersion of the supported netal catalyst. The
di spersion is defined as the nunber of surface netal atons divided
by the total nunber of surface atons. A catalyst with 100% di s-
persion has every netal atom avail able for chem sorptive bondi ng.
A | ower val ue of dispersion neans that sone of the netal sites are
not exposed to the chem sorbing nolecules in the gas phase, such
as netal atons below the surface layer in a metal crystallite.
Intuitively, a higher value of dispersion neans nore efficient use
of the netal in a catalytic reaction



Thi s di spersion paraneter nay be converted to a nore acces-
si bl e and accepted physical paraneter, the netal crystallite size,
but first an assunption about the crystallite shape nust be nade.
The npbst conmon assumed shape is a sphere with volume (pi) dye
and surface area (pi)d2. VWen we divide the volune of the
sphere by its surface area we obtain an expression containing the
characteristic dinension of the crystallite, the dianmeter d:

VIA =d/6

Sone physical information about the metal in question is also
required:

- What is the surface area of a single nmetal aton? From
this we can cal cul ate the maxi mum surface area possible
on a per gramnetal basis. This quantity is called Sg.
When we nmultiply this quantity by the di spersion which
we neasured, we obtain the specific surface area of our
sampl e:

Asp = Sg * D

- What is the density of the netal? The inverse of the
density gives us the specific volune of the nmetal, Vsp.

We can divide the specific volume of the netal sanple by its
specific surface area and set this quantity equal to VA for the
crystallite:

Vsp/ Asp = VI A
Setting these two quantities equal to each other gives:
d6 =1/((rho) * Sg * D)
and hence the dianmeter of the netal crystallite is given by:
d = 6/((rho) * Sg * D

The tabl e below lists sonme physical data for a nunber of
transition netals comonly used in supported netal catalysis:

Met al Maxi mum Sur f ace Area Density
(m/g netal) (g netal/cm)
Pt 235 21. 4
Pd 432 12.0
Rh 445 12.4
I'r 239 22.5
Ru 453 12.2
cs 242 22.5
Fe 700 7.9
Co 654 8.9
Ni 667 8.9



For a supported Ni catalyst with a dispersion of 33% (D = 0.33),
the average crystallite dianeter is:

rho = (8.9 g/cn?) * (cm10® A3 = 8.9 * 102 g/ A3

Sy = (667 nf/g) * (10° A/m?2 = 6.67 * 102 A% g
d =6/((8.9* 100% g/A) * (6.67 * 1022 A2/ g) * (0.33))

d =31 A

METAL CRYSTALLITE SIZE

as a function of Dispersion
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