


BET Analyzer
Particle size distribution analyzer

SEM

TEM

Zeta potential > Chemisorption
XRD lon-pair formation (outer-sphere model)

Ligand exchange reaction (inner-sphere model)
XPS



Types of Adsorption

Physical Adsorption

o result of intermolecular forces causing preferential binding of
certain substances to certain adsorbents

o reversible by addition of heat (via steam, hot inert gas, oven)
o Attachment to the outer layer of adsorbent material

Chemisorption

result of chemical interaction
large amount heat released
irreversible

mainly found in catalysis
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\ Physisoption and Chemisoption

WEAK, LONG RANGE BONDING

Van der Waals interactions (e.g. London
dispersion, dipole-dipole)..

STRONG, SHORT RANGE BONDING

Chemical bonding involving orbital overlap and
charge transfer.

NOT SURFACE SPECIFIC

Physisorption takes place between all molecules
on any surface providing the temperature is low
enough.

SURFACE SPECIFIC

E.g. Chemisorption of hydrogen takes place on
transition metals but not on gold or mercury.

-AH_,. =5 ..... 35 kJ mol*

ads

-AH.,.=35..... 500 kJ mol1?

ads

\Non activated with equilibrium achieved relatively
quickly. Increasing temperature always reduces
surface coverage.

Can be activated, in which case equilibrium can
be slow and increasing temperature can favour
adsorption.

No surface reactions.

Surface reactions may take place:- Dissociation,
reconstruction, catalysis.

MULTILAYER ADSORPTION

MONOLAYER ADSORPTION

BET Isotherm used to model adsorption
equilibrium.

Langmuir Isotherm used to model adsorption
equilibrium..



‘ BET Isotherm

I = 1 C-L /P
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P)—1] V. _C V_C NP/
where:

V = volume of gas adsorbed at pressure P

@n& of gas required to fﬂl‘l@

C =B.E.T. constant

P/P_ = relative pressure of adsorbate

equation shown in form Y=aX-+b, plot Y v X

V=_the amount adsorbed at pressure P (mg/qg)




BET

slope (s) = C-1
V_C
intercept (1) = 1
V_ C
V.= 1
s+1
S .= V. N Where, N = Avogadro’s number
Am A_ = cross-sectional area of adsorbate molecule
22414 A.=N, 0.162 nm?

N =6.02 x 10%3




IUPAC classification of gas adsorption isotherms
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Pore size regions

Micropores: < 2 nm
Mesopores: 2- 50 nm
Macropores: > 50 nm



- Hysteresis

Pypo 1

*Hysteresis indicates the presence of mesopores.

*»Hysteresis gives information regarding pore shapes .

*Types |, Il and Il isotherms are generally reversible but type
| can have a hysteresis. Types IV and ¥V exhibit hysteresis.



*Concave to the PAPe axis
- Typa | mmmm- ~ # Exhibited by microporous
or solids | < 2nm )
Langmulr
Yo 1

" »Exhibited by nonporous  or
macroporous solids [ > 30nm )
#Unrestricted monolayer-multilayer

o Type i s -/ adsorpiion

*Point B indicates the relative

B pressure at which  monolayer
|_coverage is complete
e 1 £ Lawvall £ J E Sitaelds, Poswdiy Surflece Arda amd Parodimny, 2rd B4 o

Chapesan & Hat, Naw York, T80



#Convex to the PIP, axis
— {:i- Exhibited by nonporous solids

PiPe L
* Exhibited by mesoporous
Typa solids
- — * Initial part of the type IV follows

the same path as the type

i Er.u-..wu.s. Shishds, Powder Sumacs Arad and Posadiry, T Ed.
Pip= Chagvrian £ Hall, New York, 1057



o Type ¥ #Highly uncommaon
m—- #Exhibited by mesoporous solids
-

pipe 1
F
* Exhibited by nonporous solids
" Typa v with an almost completely uniform

- surface
-
1 & Lewall & J E. Shwelds, Posdir Swfice Araa amd Porasily, drd Sd.

P Chagvsan & Hal, New Yock, 1881



H1 H3
Typs & i 4 Typs B TypeC
[ [ I

P 1 Byp=
Cylindrical Slits

Conical Bottle neck
—H1: Porous materials with uniform spheres in fairly regular array.

H2 Porous materials, inorganic oxide gels, porous glasses

pipe 1 ppe 1 '




‘ Pore size calculation

Kelvin 1. * P 27/ V

. cos
equation E} »RT

- r (A) = 4.14 log P/P
I =liquid molar volume | (A) 9 o

& (wetting) =
» = pore radius (Kelvin radius)
= equilibrium pressure
P, = saturated equilibrium pressure

¥ = surface tension liquid nitrogen Pore

R = universal gas constant
= 8.855 mN/m

77.3 K
34.6 cm3/mol |« Why not 22.4 L?

<4<
i




Type |
BET

BET

Kelvin equation
?
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90Plus
Particle Size Analyzer

Range <1 nm to 6 pm

Sample [
Operator |0, Peter Debye
Elapsed Time 00:30:00
Mean Diam. 1636 nm
Rel. Yar. 0275

Skew 0.394

Mizxed Mom 957270 (Combined)

Intensity
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Theory: Particle Size Analyzer

—diffraction; random movement

Brownian motion

P(1,t/0,0=(4 7Dt)** exp (-r°/4Dt)

Viscosity of air :1.78E-5 kg/ms at 15 oC
Water E-3 kg/ms at 20 oC

Stoke-Einstein relation

D=k_.T/67rna

where a is the radius of the particles, kg is the Boltzmann
constant, T is the temperature in Kelvin degrees (in this
experiment it will be considered as if it is taking place at room
temperature) and n is the viscosity of the solvent.



(T = 298K)
Benzene: D (cm?/s) 1.02 x 10-° in water
Benzene: D (cm?/s) 0.096 in air
Oxygen: D (cm?/s) 2.6 x 10 in water
Oxygen: D (cm?4/s) 0.071 in air
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920 de Broglie

A 122 VYV A AV

50,000 V
0.535A°



