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L-Fluid Interfaces — Introduction
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L-Fluid Interfaces — Surface Tension
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L-Fluid Interfaces — Surface Tension
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L-Fluid Interfaces — Surface Tension

o H-ZI)] HSO S

Hesultant force on bulk
4—— Units (equilibrium or
average) is zero

|+— A net positive resultant
force on surface units
"pulls” those units into
the bulk, producing the
phenomenon observed
as surface tension

F'rg_ure 8.1. A schematic illustration of intermolecular (or atomic) forces
acting on surface units to produce the effect of surface tension in liquids.
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L-Fluid Interfaces — Surface Tension

BH-RH HH2 =S4

Table 8.1. Typical liquid surface and interfacial tensions at 20°C
(mN m-1),

Liquid Surface tension Interfacial tension vs water

Water 2.8
Ethanol 22.3 -
n -Octanol 27.5 8.5

Acetic Acid 27.6 ---

Oleic Acid 32.5 7.0

Acetone 23.7 -

Carbon Tetrachloride 26.8 45.1

Benzene 28.9 35.0 (357 vs Hg)
n-Hexane 18.4 51.1 (378 vs Hg)
n-Octane 21.8 50.8

Mercury 485 375




L-Fluid Interfaces — Surface Tension

Table 8.1. Typical liquid surace and interfacial tensions at 20°C
(mN m-1).

Surface tension Interfacial tension vs water
Water r2.B
Ethanol
n -Octanol
Acetic Acid
Oleic Acid
Acatona
Carbon Tetrachloride
Benzensa
N -Hexana

n -Dctane
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Miscible
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Modern treatments of van der Waals forces have made it possible
for one to calculate with good accuracy the expected interfacial
tensions of many systems that do not involve strong specific
Interactions, such as dipolar and H-bonding.




L-Fluid Interfaces — Surface Tension

© & surface U interface= static otCt 2 M2t6t= JHE 0| CF.

X*OE IR E SE=2 S XA=0| bulk?t interface AFO| S
SICH HEHS WL S5 E0HLLe =5 D 20HH,

1O 2 £ H exchange rate, B,E H&He &= QUL

a : sticking coefficient (2230 EHA HBE =S 2 dot= =8)
P, UM HE SI|&

m: = A2 & &f

k : Boltzman's coeffient




L-Fluid Interfaces — Surface Tension

Surface Mobility
aJt 0.03 - 1ALOI0ff QJACHD JIAGHH, 20| 25CUHA =
residence timeO| 3 psecOICt. =22 & 20l /\ID*O
tungsten2 B0 = 10%7secO|Ch. (CHS slide & X)
=0t Hx 2 —?—Oﬂ HREE AlI2ZHH UFR WOH\-I
%UIJP uEl’. B



Solid Surfaces — Surface Mobility in Solids

Dynamic state : constant interchange of molecules b/w the surface,
bulk and vapor phase.

23A2H zs2 2R cm?E Mlicl= 5712 molex== LSl 20| =0 &
Ct.

Z =0.23P(3/MRT)"? (7.1

HIIM P= =& 2| vapor pressure (5| &)O0[ L.
2 A0, RE JIM& =, T=e 2% 0[L}.

0l) Tungsten
Z =0.23x107"(3/184x0.082% 298)"* =10*atmscm™s™

Ol EHUA




L-Fluid Interfaces — Surface Tension

M HH2 F=4d(mobility) (20, Y2 EHES (£ = interfacial
tension between two liquids)0| 250 g&fS 2= A2 EHet A
OICH 252 =2|lH HHO R=40| SIJtotI| HZ Ul entropydt S
Jtot ) AG= =S = L. OtcHet 20| H2lE 0 U
[H 2 0Ol

o = AG/AA (8.2)

H&ESH ol ot 2= Hl=JF S0| Helete A= Z
F=2 HHMOl UiotH S2 2= Al ==t &L

=
L

o
T

U2 L Ol =0l CHotH= &&st SHIE
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L-Fluid Interfaces — Surface Tension

LA 25 22X &ZH, 22t
0 82stlt. LA =20
50| L.

DOIEAS AN AOR (=35

e e S —

Ramsey 2 ShieldsOll 2|6t

M2 2 X2l molar mass, p= 2 &,

o

[—
AL
T

X : degree of association, k. : &f
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L-Fluid Interfaces — Surface Tension

IS %ﬁOI e 7L A= 2
SItotH 222 0l 4 X 2 ﬂ%OI
&, ﬁE‘&*S ATr20ll Al 4m(+dr)? 2
Ct. A= 0l X2 SIt= 8nor dr 23 SIFetLt.
eSS 2 MHIJL flat phasel SII p, OlA SI1
= 32 A=0UUAL Site

nP/P)  (86)

V.2 X2 molar




L-Fluid Interfaces — Surface Tension

FOIDJF O 3 Al =Lt BFE0[ 1 nm¢l
Hl= 30[Ct.

RTIn(P./P,)=20M | pr =20V [r
8.31x10°g m?/s’mol K x 298K xIn(P./P, )
=2x72.8mN [ m*x18x10°m* /(1x10°m)

In(P/P.)=1.05 0O P/P,=2.9

HM =XNS0] SEFZHAHAH S &
ZOH =0 & A =ILCt.

KevinAlCZ £ H E2 HH SO0l =0l Al2HO] A[&H
&l J| M 20|l supersaturation =._ . 22H9] X+=0|
Lt &2=20] JtofXIH S=0| dt2 & .

hetergeneous nucleation site, scratching, agitations 0|
Ct.
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L 2l B fwy ‘1
IL R Y =l s “

(b)

CHAl & — Stk + Z 01 HH S
figure 8.2. Dynamic surface tension in pure liguids: (a) for a liquid of
Isotropic molecular shape, dynamic surface tension effects are controlled
!::y the rate of diffusion of molecules from the bulk to the new surface: (b)
N polar or anisotropic liquids, the situation may be further complicated by
the question of molecular orientation at the surface. :
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= gt0] HA gt U2 A0, M2 EHe X
surface tension O| 2} StC}.

Meg HE8H0| gd& UsSH E€0] 010 & WX

Ir &y
—
Q)
D 12
o 07 4>

o
o I
<
>

>..
e

[0

(o)}

HHII EHC = §U\FEI(H = S5y i
cm?s10|Ct OIEH &2 Al2H0ll S&etli= A2
NMez 280 &Eletlies X 2a8id= = ULL

0
opy
SEk

0 o

_UJ

IINE#e EEENEER
'-'h:;_-.rh‘-l
L e g
el %A ll-l::
||:.:|
b+ HE HHE
Figure 8.2. Dynamic surface tension in pure liquids: (a) for a liquid of
isotropic melecular shape, dynamic surface tension effects are controlled
by the rate of diffusion of molecules from the bulk to the new suriac e, (b)
in polar or anisotropic liquids, the situation may be further complicated by
the question of molecular orientation at the surface.




L-Fluid Interfaces — Surface Tension

o &2 |0
a 0 1
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Figure 8.3. Dynamic surface tension effects in surfactant solutions: (a)
an equilibrium surface; (b) as the surface is enlarged, additional
surfactant molecules must diffuse to the new surface, temporarily
depleting the concentration of free surfactant just below the surface.
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L-Fluid Interfaces — Surface Tension

orientation
alkyl chain 2 S| &&= &6t U2H, hydroxyl Jle =
L. - To minimize overall interfacial energy

Figure 8.4. Polar molecules in solution will, when p:}ESlbIP orient
themselves at surfaces and interfaces in order to minimize the overall

interfacial energy of the system.
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L -Fluid Interfaces — Surface Tension of Solutions

| AJIL, 2, ot A8 0l 202 CrE2J] =l
= A=50 =40 9= A ECH HE=29
HES0| EH KA =L,
MIOF AN UsS 2,
Ol &lelet ofater = QU
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mix “— O T — 4L - O

mole fraction.
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L -Fluid Interfaces — Surface Tension of Solutions

%'“OIL} S X J, 82=° HI= E0l=
IJP 33' 8.501 ALk

Al 22t 2H = &
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OlJF JI| MH=0ICH.
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=13
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Figure 8.5. Variations in the surface tension of liquid mixtures: curve a,
acetone--water; curve b, glycerol--2-ethoxyethanol; curve c¢, aniline
cyclohexane.




L -Fluid Interfaces — Surface Tension of Solutions

Inorganic electrolyte
== Ol B9, )| dollE0] N2 d=22=2 =S¢ U=
ZASp ) g **J#I‘ L ;FEL J1I OW* a2 BHE
AL G = win SrEl) =
HA, B2 %'E% J /[ULCH 1 E 8.6).

Electrolytell 20| SIteH0fl
E[PE} I3 &2=€0| SJtolk= 0l

=14

E
=
E
=
=

-

Surface ten

HHAEAY 0IX= Z
ofmelster series€ [

-‘_J FIO HO

- [V 0% =2

Weight % electrolyte
Lit > Na+ > KH,
and
F->ClI->Br-> I

Figure 8.6. The effect of common electrolytes on the surface tension
water: curve a, LiCl; curve b, NaCl: curve ¢, NaBr.
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chain2 Z0|J} Z{ XIH
Oldist I = HLKILC,

ALS II-SOR% aD:I

Ct.

Surtace tension (mN m

20 4 &0 gu
Waeight %% alcohol

Figure 8.7. The eftect of short-chain alcohols on the surface tension of
water: 1 = methyl, 2 = ethyl, 3 = n-propyl, and 4 = n -butyl alcohol
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HEHEA K

Z0H0l == &0 HietE ER0=, 28 ZE0
Ol Jes HHELHMS SH0 2H =L
SCHF ZAE0 EE0tH, o 0| &l H
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log Surfactant concentration (mol L ')

rFigure 8.8 Schematic illustration of a "typical® surface tension--
concentration curve for an agueous surfactant solution.
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L -Fluid Interfaces — Surface Tension of Solutions
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22 0l=7= 2lot:, ﬁl@%éﬂﬂ JIEIJH_J HUHEE=2 YIS
Ct. O = A0l HEY =0 2 X0IJF &), IS0 §JI/\POI01|':
A0 /I ME0ICH = AEH SX0l EI Cete EHU AL He

Jl B M energy E£|01I/K-I =0tXl= A0| L
1Lt Fluorocarbon, O|L} siloxanel dR0l= E

SUUXIDF A4S0l O MekM hydrocarbon EHA S& &
HaEgE RF A =0




urractant Adsorption and GIDDS
Monolayer

. HIIA= AR A
X=0A, HE=EA




urractant Adsorption and GIDDS
Monolayer

=0l =0

efficiency
= &ol.

- effectiveness

efficiency : =&l 2H &= 0|£ 20 mN m1?
bulk HHE A X2

Effectiveness : =& X20AH 20 MmN m-1 JtXl &
L Kl £ 2 = A=K XH0|




urractant Adsorption and GIDDS
Monolayer

A RIS s&= bulkOIMS s£2HC

=T
oU_ZJ|AOIQ) HY BES HYH

o

=01 & homologous series?! CHB(CHZ)m -S, 0{JIM s= &l =+=J]0]1

methylenejl Of 22 LIEH, 0l CHotd L& D12l 20|l o
S22 )| /st HHE L X transferE S AHSHYH 2H0IH &

— (—— N — S B |

JFRJUALH Ol ==d= U E2 st H8 2= LIEHLARUL

=
[—
= A

[

~10g(C)yy = pC, = nf—A/2.3RT)+(-B/2.3RT) + K

(8.9)

A, B, K& methylene, terminal methyl, head group 2r2f0| bulk 0l A Al
HoZ MOlot=0l st HRUHUEXIN 2HE= &0/, Ce o= 20
mN m? 83 Z==0| E'Ba 34I %@HIJ ST O|Ch.
Z=MH & head group il CHSt

Ol n0l =40l OlXl= &




urractant Adsorption and GIDDS
Monolayer

Ol A HHL] &O[IIJF A

r
A PEO| Bigts MFYXO

Ol: branching of hydrocarbon
THAEAZ S : branching side? &
SC2E83E8EHH0 SEE =
Ol 42| hydrophobesJt & =D 0l Xl V= =2 (B

LI), OS2 U= 8

OJ'AI 23 &S AlUA )2 HHEES IS
phenyl ring0| Y= BF
3.5 methylene)| 2t & Ct.




urractant Adsorption and GIDDS
Monolayer

head group2 &t
head groupO| & JHC! & 2(methyleneld|J AFO| 0l U 1)
Etat=AJF 2F 128 &2 Fefpt L},
2%0|24 head group?! 3=
ammonium0f| =& B2 methyld|l= &= HE
main chain0f| 2| X|&tCt.

(quarternary ammonium, amine oxide, pyridinium<]
l:l-)
o

=

= 3H 4
P counter ion O]
SHHS S0
== et

clJ)|l =82 &J| 0|=

-

ol

o (10
0x
O X

01N
ulo 0% 4y 30




urractant Adsorption and GIDDS
Monolayer

head group2 &t

Polyoxyethylene(POE)2t 22 H|0I=24 H
AI|JF /}D 7-3000H2] OE unitdt Y= &

2 2x2 20ELL

A, Ut B, 2 methyleneJIQ OE (oxyethylene)J|2| & O[O0 Tt
L ATOI 2 Al = a0l Lt.

n= POE chain0il = OE unit2 JH==0]|LC}.
POE H|24d HHE AN RS 2R datall 2=74YSt POE chain=S
AMZECIULE (=8t A= AIS oAl ¢ O*O Ct.)

(L p w A )

HHELHOUAN OES =2 SJtoltH, S&0|




urractant Adsorption and GIDDS
Monolayer

effectivenes Xﬂ ic01I ”31I°*O| & & ot
T YQOIXlE £ | 0.2 HUAN ZF =
d= gtez JlE eto| =L $O1 I HHE MU CHotKH, oy,
= 240 2ot Z2& = L.

1) solubility limit or Krafft temperature (T, )

2) critical micelle concentration (CMC)

HE ZR0LE S&= AHE LS HLHOI & O
= free surfactants (micelleS2 AT =ICHat
= S Aot AL




S — Surfacltant Adsorption and GIDDS
Monolayer

Krafft Temperature

T OlotOiAd=E HEEL M 40| =0 & XA ZI| 20 (242 A
Hetd Mo deHe gHstoxz 2E8) HH2 S&5% ==z O0lF
HAXl Z=C UekAd HHE - H 0 Cigt E Of= X0l S0tk HE
20 32 20 4Y5l %2 2Z0A 280! €I B0 2k ALk
2B &, CMCII effectivenessE Z2dot=0 ML &R 0lCH.

HEESH )} log CE EAIoIH EFH, =280| CMCO|ote] s=0HM HES
= 2EHECH HEHES NS &

Gibbs& 0] 2&0| He= sk
20| ACH O 2H A0] C

-Ao.,. =(0,-0,)+23QRTI log(C,./C,) (8.11)

HIIM o, = == S0 2 &&0|22, T2 HEO0 HH O
&M X EHexcessO|C}.




urractant Adsorpton anad
Monolayer

non-ionic surfactant : Q =1

=sd dolZ20] 4 U= U2 ol=2d A

2dAHl:

=
StAH 2t

ionic surfactant : Q =2 (counter ion0O| &
HHE Y H Q| effectiveness= & H H&E o

2 =EHE= HYAS
PEE‘, Al 8112 &*%"- ofd CMCI/C,,
et 0| HEHEAHH 2 effectlvenessa Hotot=(

O: CMCOF SANE HEB B A S S, CMCIC,, If
NHSEH QU= HSHSATO Ao = S0/ =

1DDS




urractant Adsorption and GIDDS
Monolayer

Table 8.2. Experimental values of CMC/C 2q, I'sg ( x 100 mol cm-2) ,

and o,;, (MmN m-7) for some typical surfactants in aqueous solution.

Temperature
Surfactant (°C) CMC/C 54

C;5H550,-Na+ 25 2.0
Cy,H0sS04-Na 25 2.3
CygHaaSO,-Nat 60 2.5
CyoHosCeHaSO4-Nat 70 1.3
CysHasCsHgN+Br 30 2.1
C14HogCsHN+Br 30 2.2
CyoHosN(CHa)o+Br- 30 2 1
CygHa¢(POE):OH 25 17.0
C1,Hos(POE)OH 25 9.6
G qu,(PDE]bGH 25 6.3
C,oHos(POE),O 23 .
C1gHa3(POE),O 25 7.8
C, HEE{PD:}EDH 23 .
C4gHa3(POE),,OH 25 8.5
CygHa3(POE),sOH 25 8.9




S — Surfacltant Adsorption and GIDDS
Monolayer

efficiency 2t effectivenessJt J 2 KN E E=Lt &5
HHELMII E2 a0 A O &=Lt (efficient)
effective (smaller [, )ot Xl = I micelle € &2 XHO0

. (e
)t A= == UL

(0] 2I0|E CHAl D& 0k & H 8 HGl
Ol ASE e AlAIS
9| efficiency= bulks &0l CHotO]
= d&0|Ct O|2= &40
oz EX AxHI|2 &

Ho= & OlsotH =T, 0% In C2 54&0[A methylene)| 2 SJt=

JeZ HNHRE0| ¥2 552 0lsAldle 2SS EHEL0.

GraphJt HEH EHotA =012




— Surfactant Adsorption anc
Monolayer

A M2 efficiencyE Z&8ot= U=
%96DIE of KB, &I==J|2t A==J|2 I

P JIOﬂ _46P01,
Ol ot packlngOI EEPS IZP (33'8.9)
L 0l= chain0] packingES Z&ot= 82 BHZE
ainlz 1:1 0|24 HH&E4d M2 B0 = head group 2l
OIEEP [t M chainl 20| HtAIZICHD otEH e,
=80l HotX #2=C1.

(=)
(-
D,
2

1a) (b}

Figure 8.9. Schematic illustration of the role of surfactant tail and head
gro up in 1‘|+'1F'r|1|:r-.-ir'|_r_j packing efficiency at an interface: (a) straight chains
favor close, efficient packing, limited by the size of the head group; (b)
brant |'|i=-::| r bulky chians hinder efficient packing.




urractant Adsorption and GIDDS
Monolayer

Effectiveness

H2|D|2Q Aot 8540 CH
CEENREEEE:

sS4 H2DI0l Cigt &2  more effective (2£2HEH
(elD]2te] &I Aol & 0| LM & O 20| packing& Ct.)

chainZ0|& =cl&H (Cgto C,;) minor effect on effectiveness

multi-chain &= branching increase CMC (efficiency Ol H| ol A
(15& 0l Al) efficiency= Ot £ 2




urractant Adsorption and GIDDS
Monolayer

24019 =9

ethylenedt 22 =L 3tJ)|E BHEStH =4l (ether, ester or amide)E
S @lot™, effectiveness @t efficiency 25 It E &I L.
Ol=7e= =40 220 =0t &= =0t A M2l &0l gt Il [
=dJ|Jl head group 2 X0 [ALH, Ol et S0 HA &
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surfactant
injected

Surface tension equal on Surface tension lower on
both sides side where surfactant added

Figure 8.11. A schematic comparison of Gibbs (a) and insoluble (b)
monolayers.
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Apparent surface pressure resulting from the "pushing"

between neighboring adsorbed molecules
- for

Figulre 8.12. An illustration of the pulling action of surface tension
working against the "pushing” of adjacent adsorbed molecules.
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a. Condensed Films

coherent, rigid (essentially in-compressible), densely packed, high
viscosity , little mobility, oriented perpendicular to the surface.

b. Expanded Films
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Figure 8.13. Schematic illustration of the primary "states" of adsorbed
monolayer films: (a) the condensed state---tight packing of head groups
and limited mobility of tails; (b) liquid expanded---relatively tight head
group packing, but significant mobility in the tails; (c) gaseous---wide
separation of molecules with little interaction between neighbors.
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Gaseous Films
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Liquid Films
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Liquid Films
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Liquid Films
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Liquid Films
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Figure 8.15. Schematic illustration of the effect of increased surface
pressure on the packing of adsorbed molecules.
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Condensed Films

SEU2 1 L0t g0 & EM=2 40| EHUHAM, E2
mobility 2t compreSS|b|I|ty§ =Ll Gl P JI A& CHE A, stearic At
Jb 20| E3tcarboxylic acids@! 3% &0 1< HH = HSCh
critical arealll SEotH & H 20| =&Hol &=sotH = L.

e
=]

= 0

E ol L1 e

= —— \Water

2 o9 |-

4

& 10 f— Dilute HCI
p i

[

11

= | o, R

o 0 0.20 0,25 0.30 035

Area per molecule, 4 (nm 2)

Figure 8.16. The typical shapes of the n--A curves for long-chain
saturated carboxylic acids on water and dilute acid.
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The Nature of the Tall
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The Nature of the Tail
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The Nature of the Tall
two hydrophilic group

Figure 8.17. Schematic illustration of the mode of adsorption of
molecules having two widely separated hydrophilic groups.
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The Nature of the Tail
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The Nature of the Tail
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The Effect of the Head Group
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The Effect of Temperature
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Effects of Changes in the Nature of the Substrate
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Figure 8.19. Schematic illustration of various mixed-film possibilities:
(@) an "ideal" film; (b) a synergistic film involving specific interactions
petween components; (¢) immiscible components, with expulsion of the
more soluble component at high surface pressures; (d) heterogeneous
mixed films with "islands” of each component.
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Biological
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Figure 8.20. Schematic illustration of film penetration: (a) a monolayer
film before subsurface injection of second component: (b) the second
component penetrates the original monolayer producing a mixed
monolayer film with new properties.
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Figure 8.21. lllustration of orientations in the depositicn o
Langmuir-Blodgett films: {a) first layer deposition; (b) second layer with
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15 EE

Figure 8.21. lllustration of orientations in the deposition of
Langmuir-Blodgett films: (a) first layer deposition; (b) second layer with
back-to-back or Y-film orientation; (c) second layer with head-to-tail or
X-film orientation.
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