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Solid Surfaces — Introduction

solid: phase of matter that is rigid and resists stress
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Solid Surfaces — Surface Mobility in Solids

Dynamic state : constant interchange of molecules b/w the surface,
bulk and vapor phase.
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Solid Surfaces — Surface Mobility in Solids
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Solid Surfaces — Surface Mobility in Solids

surface
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Solid Surfaces — Surface Mobility in Solids

Equilibrium Higher energy Equilibrium
position “Atransition” situation position

Initial position "Transition" Final position

(b)

Figure 7.2. Schematic illustration of the comparative energetics of
diffusion in bulk and in a surface: (a) bulk diffusion, illustrated in
cross-sectlion, involves the displacement of several nearest neighbor
units, representing a relatively large energy barrier: (b) surface diffusion,
shown in a top view, involves the displacement of fewer neighboring
units, and therefore a relatively lower activation energy for the process.
As a result, systems that undergo bulk diffusion with difficulty may exhibit
orders of magnitude more surface diffusion under the same conditions.



Solid Surfaces — Surface Mobility in Solids
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Solid Surfaces — Surface Mobility in Solids
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Figure 7.3. Schematic illustration of the stepwise process of particle
sintering.
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Solid Surfaces — Surface Mobility in Solids

Ll CIoH M, 2BEA Ol sintering 2 &= bulk2t HHO &
%EP (C} M‘I == THWH M2 scratch)t ==& 2L} Of

T 0 E = UL

T e T \H b e
\h\hhhhﬁhhxhhh Hhh

er material §33

" NN,
\H\ \\H\ E\\HHH\
e e e T e
e S L A

s
F
il
F
e
s

Harder material

(a) No load (b) Load pressure, P

Figure 7.4. Schematic illustration of plastic deformation and flow under
load at points of contact between aspernties of a soft material and a
relatively hard surface.




Solid Surfaces — “History” dependency

Clean cleaved crystal surface
HE UEXIFEO - JHE QUKD EH 2 = Aes B
XI2J| [H& Ol Ct.

polished or ground surface
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Solid Surfaces — “History” dependency
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Solid Surfaces — Free Energy vs. Surface Tension

RHUX2 2H ZE2 i
N HES H9 H35E

&0t J|=0Ul(stretching)

ZO0tA MBRXI &l = SAH
O bulk®EL= AHAL.

Figure 7.5, Schematic ilusiration of a stepwise mechanizm lor the
lormation of new surface: (a) inifial cleavage; (b) rearrangement of
sUrECE units dud to "sxcess” akra flan L'"r' bulk un _-_|,-.||.r- ng uniks




Solid Surfaces — Free Energy vs. Surface Tension

Figurg 7.9. Schematic illustration of a stepwise mechanism for the
formation of new surface: (a) initial cleavage; (b) rearrangement of
surface units due to "excess" attraction by bulk underlying units.

MM BR0= S SHI SAI0 OlFAHXILE, DXl ZR0= mobility
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Solid Surfaces — Free Energy vs. Surface Tension
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Solid Surfaces — Formation of Solid Surfaces
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Solid Surfaces — Formation of Solid Surfaces
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Solid Surfaces — Formation of Solid Surfaces

Il Ot= &6t &2 82
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metastable upper bo

2d dd 5t S

=280z EH, & Q| stagelt RJULL.
1. formation of new crystal nuclei or nucleation
2. crystal growth




Solid Surfaces — Formation of Solid Surfaces

 Primary Nucleation
— Homogeneous :spontaneous without foreign substances.

— Heterogeneous : presence of foreign subst.
(dust, colloids, vesicle walls)

« Secondary Nucleation
— True
— Apparent
— Contact




Solid Surfaces — Formation of Solid Surfaces

crystall &2 rystal face2| surface energy 22l 2t H 0 24 8tLh.
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Solid Surfaces — Formation of Solid Surfaces

Figure 7.6. A Wulff construction for a hypothetical, two-dimensional
crystal with surface energies X and 2X, from which the "ideal" geometric
shape of the crystal can be predicted. The arrows iminating from the
common point are proportional to the surface free energy of the
intersacting crystal faces.
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Solid Surfaces — Formation of Solid Surfaces

LS S|
Natural gums (eg, locust bean gum)
adsorb on specific crystal faces and retard or prevent further
deposition
of water molecules on "undesirable" crystal faces.

4 55 &4
Grow of ice crystal in biological systems.

Antarctic sea fish in water temperature of -2C.

(natural antifreeze: compounds of protein and sugar that keep

the liquids in a fish's body form freezing)
- may be adsorption at preferred crystal face
slowing growth at low temp.(&2 (e 2 %)

Organ transplantation 0l A& %= QUL (FI)l= ¢

- 0l -10C. O|H O 21 A2t S¢t & D[ 2K JIS)
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Solid Surfaces — Formation of Solid Surfaces
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Solid Surfaces — Formation of Solid Surfaces
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Solid Surfaces — Formation of Solid Surfaces

biomedical application
OI2E2 =2 M0|l= B=R0le LAt £= UE 32 22 H= 8ot
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Solid Surfaces — Adsorption at S-V interface

Introduction
M2 8ds 649 A




Solid Surfaces — Adsorption at S-V interface

physical adsorption
non-specific van der Waals forces
lonic or electrostatic forces

chemisorption
specific bond formation
lonic or electrostatic forces
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Solid Surfaces — Adsorption at S-V interface
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Solid Surfaces — Adsorption at S-V interface

Clausius-Clapeyron 2

JIMIF D0 E&5l= HEUHAL E&E, , = Y JHA Y
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2 -10 KI mol? 0|d, EAY S=2 e €2 -12 KJ mol? O]
4, T|O 0l = -14KJ molt O|C}.
otstMO L Hf| E&E= R0 = -150KJ moliz stst&
J| 0| Ct.
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Diffusion controlled reaction

Capillary condensationdt 22 S&st 2010] SitH, Sl &
283 ol XIOF 8L diffusion controlled reaction (2 A0l
HE= 8t3)2 2 vapordt HFHN EEotH 2t30| 22 E L
Ch OIS A0, &2t 802 HAE &2
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Solid Surfaces — Adsorption at S-V interface

Multilayer process

oF F A

Multiple adsorbed layers

Figure 7.7. Multilayer adsorption on a solid surface. The first layer may
be physically adsorbed or chemisorbed. Subsequent layers will be
physically adsorbed only.
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Figure 7.8. Schematic illustration of the energetic differences between
physical adsorption and chemisorption.




Solid Surfaces — Adsorption at S-V interface

=c|& & (curve 1)

M H2|: no interaction

= H2l: attraction due to van der Waals interaction
energy minimum : heat of adsorption ()

Ol &: repulsion b/w electron clouds.

Activation energy for
chemisorption

Potential energy

Figure 7.8. Schematic illustration of the energetic differences between
physical adsorption and chemisorption.
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nergy minimum . (AH o) 2 & 01 2
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Activation anargy far
chemisorption

Potantial enargy

Figure T.8. Schematic Hlustration of the energetic differences between

¥ysical adsorptron and chemisorplion.
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0l) Si surfacedl photoresist coating
FIlE2 S0 EHO €0t [A—2H, coating0l L=2H &KX HOtA,

_;,

microcircuit MI&= & &= A ELH & ZF0| 01 S| =0 LE A
CREL X EoH ZHOF 2MSHTT

[ — e T

Repellency spot

\a)

Figure 7.9. lllustration of the effect of adsorbed contaminants on
coating processes: (a) the uncontaminated surface gives a smooth,
uniform coated layer; (b) contamination by a lower energy material on the
surface will often result in the formation of "repellency spots" or other
defects, producing a less than optimum coating.
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HE S HE3HG S

Of &otAH =Lt &£

o2& Jt2)| [
JIMIE DM HE£H

N 2 IJtXl el Aot Ofel @F & L.
combination: hydrogen + alkene — alkane
decomposition: ethanol — ethylene + water
Isomerization: n-alkane — branched alkane

polymerization: ethylene — polyethylene
photolytic reaction
photosynthetic reaction
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catalyst
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Catalytic Promoter and Poisons
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Poison

etLCt.
thiol Of Lt
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Type V
P o

Figure 7.10. Schematic illustration of the shapes of the five principle
types of adsorption isotherms.
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Figure 7.10. Schematic illustraticn of the shapes of the five principle
typas of adsorption isotherms
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Type I isotherm
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Type ll= DI Ml 20| E D0 & &%%‘ = UL HS0ll= £HO| EO0

H LI capillary condensation il 2/ 3t poredt XA XCH. 0l F

multilayer& &4

Figure 7.10. I'u_ |11| lus Ir-|1|1r1 of the shapes of the five principle

typas of adsorp |Il othe
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Type lll & V isotherm

0| 3R = adsorbate 2 AH2t2 ASXZ0| 0

? 2dst AL0|LF.
Ol &d isotherm& &6t K| &LCl.

O] B gas® E20l monolayer @4 &Nt Xl= OH
= = AH2He] ASHE0| Zol)| 20 =5

CHE

S &0l LD
ol S=0| 0|20 &Y.
M XS, autocatalytic processet & = %= UL

Figure 7.10. Schematic illustraticn of the shapes of the five principle
typas of adsorption isotherms
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Type IV isotherm
Type 12t FAtet & =& 0|CF. -
poreE 21 U= porous LHOWAMNE S==2H60| 0|48t & 0| LCH.

XS0l monolayer& & 4&old, 21 capillary condensatlongi pore= 0|
MM & CE

olct 0] YA ' S d0otAl Z=LF.
0| 0|2/}l &

Figure 7.10. Schematic illustraticn of the shapes of the five principle
typas of adsorption isotherms
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he Langmuir Isotherm
I, =SotH HE= L

1O

10| AL L, 7EH0] 21 &E 0l BIotH =




Solid Surfaces — Adsorption at S-V interface

The Langmuir Isotherm
HHOA SRS SRS

E_Iﬁ

HIIM AH°= 25T, 2= &5 P LOilA 2l
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The Langmuir Isotherm

CC —
—4_

0 = p/(p+K) pllp+P,exp(AH° | RT)]
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The Langmuir Isotherm

The adsorption of ethyl chloride on a sample of charcoal at 0C and at
several different pressure is

P, cm Hg 2 5 10 20 30
Grams adsorbed 3.0 3.8 4.3 4.7 4.8

Using the Langmuir isotherm, determine the fraction of the surface covered

at each pressure.
P 1/p 1/m

3 0.5 0.333333
3.8 0.2 0.263158
4.3 0.1 0.232558
4.7 0.05 0.212766

& H :0.203
Slope: 0.267

1/(4.93xK) =0.267 , K=0.759

0.0 0.1 0.2 0.3
X Axis Title
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The Langmuir Isotherm

Ol graphOlMd y 2B JISJIE 2H K &2

— -1\ — —
0=p/(p+K,)=2/(2+1.32)=0.6
(p:0); (2:0.60) (5:0.791)10;0.883) (20:0.938) (30:0.957)

If the area of the ethyl chloride molecule is 10A2 , what is the area of the
charcoal?

5.01 g/ (64.5 g/mol) X(6.023 x1023 molecules/mol)X 10 X(108 cm)2 =
4.64 x 107 cm?
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The Langmuir Isotherm
=Xl

By considering the derivation of the Langmuir isotherm on the basis of a
chemical reaction between the gas and the surface,

Show that if a diatomic gas is adsorbed as atoms on the surface, then

(9 :K1/2p1/2/(1+Ki.q/2p1/2)
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The Freundlich Adsorption Isotherm

s 32 FH0A 55| U
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The Freundlich Adsorption Isotherm

The number of cubic centimeters of methane, measured a STP, adsorbed
on 1 g of charcoal at 0 C and several different pressures is

P, cm Hg 10 20 30 40
Grams adsorbed 9.75 14.5 18.2 21.4

Plot the data using the Freundlich isotherm and determine the constants k
and 1/a.

InV:Ink+1Inp
a
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The Brunauer-Emmett-Teller (BET) Isotherm

SH0| HES22 0|F0HACH= X0| Hls & &0l

Hadse=z 0FHALE, S22
condensation®l J+& Ct.

=S X
= 1

HIIA V= STPOIA E
2t (capacity), p= |'1I9|

c =exp[(AH , —AH, )/ RT] (7.14)
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The Brunauer-Emmett-Teller (BET) Isotherm

BET Isotherm X3 &EG6lH &= Type Il isotherm= o< 6tJ| 6t
D=

(=d 2280l 24, Ar, 0 LIEHS (c ~100))

OlA&0| =X S22z S0 Langmuir isotherm &
Ef =2 = C}.

(AH, >>AH, )

SotXl & XIeH R 59

Type lll isotherm& (eg, ¢
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JIE€J] S = (c-a)/V,c , intercept | = 1/V,c =
monolayer capacity V2t specific EHA A

k=NAIM,

N& Avogadro=, A= &&= JlAl
gram = At 21 (22.400L at STP)
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Ol X0l= JIAIIJE Z40[LH.

ST7K)HMN 22X Y€ K& HEO0| 0.162 nm20|Cr E A

2 FHAME (ie. -AH,>>-AH,) cgt0| 3 X LOIA
L|C}.
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hysterisis& & QI CHH U, microporous$t ED"_J —-—HIJH == %
Jlgo} Ct. Ol &t BHIES =
RULE.
%J’HIJP capillary88 S HAIH TIH HHS 22
HAHNAL HEHO0l == €0/2tH, 0|2
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MOl B PO LS S2A0A S=0| L0iLIA SCH.

(—

S&0| EUHLIH, capillaryIt "R XH, r, 0l pore2l AJ|IJt &L,
Ir,= 00| Ckt.

X HHEU AN, SFE HHC E=20| 2IHLULE 00|H, capillary risedt
J < S0l XA =

| — B B
<

A €& 3| 0lote pore= U AL = 2
.

ANECZ= 0|8 =MZ2 MRAXN K= Z2 HOICH 5
F0| Y& 0[] tH20IC.

pore & & AKX LD USH EetE = U= A 0| L.

H,
X

<& poreCtl meniscus® & hemispherical 6t Xl
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Desorption

radii] =&0| r,=r,=rkt 20| & A0ILt. S== HAl {0 Af= Il
S0l S [[H ol & Io*t’ Lt 8= BdO Ct. et S & £
18t poredt Jt& = HIRZE ROICH ekAd O 7.110lMH 2= 2t
20| hysterisisE 20 = BdOIEP.

Desorption

Pressure

Figure 7.11. Typical shape of an adsorption isotherm showing a
hysteresis loop due to capillary condensation in pores.
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Kelvin2| &2 poreJt S ALt
MHEZeE M2 HZ2EHH U2

1l

S OoOc
= LT

JcdotdH, OF =

Figure 7.12. Pore shapes and their effect on capillary condensation
and hysteresis: (a) for V-shaped pores hysteresis will be minimal since
the capillary pres e will always be such that the pores fill and empty at

ates: (b) for "ink-bottle® pores in which the radius of

essentially the s:
the mouth, r 4, Is less than that of the main body of the pore, r 5, the pores

will fill up taster than the general rate of adsorption and empty more

slowly, thus giving rise to the observed hysteresis

OotLh. (ry=r,=7)
ALH. OIS

AA

20l A7r&d ISR
S0H=F=H EU, inkd 2
HE0U 2AE&otH E O

-/ O




