
Lecture 2

CONTINUED

-

B- 2 : ID . IF Ifeces

• YOUNG - LAPLACE LAW

Revisits

• CONSIDER A System OF

FIXED VOLUME IN THERMAL

CONTACT 07 A
"

HEAT

Reservoir
"

,
i.e. a Sys>a-

So LARGE THAT 175 TEMP -



92A>URE Remains cons>AM

EVEN AFTER LARGE HEAT

TRANSFERS BQ .

(T FIXED)
• THEN WE HAVE : TR

°

☐ fu - Ts ] = ☐u-Ess - Sofi
=
-

DUR - TRDS en> - of

ENT. of RESERVOIR Sys>em .

[ 1ST 7LAW]"
= - TRAI - Tess

Law ]=
-Trl ,?¥§

,

]E of
"

• So any Sys>am UNDERGOING

A process @ Fixes volume 4

TEMPERATURE W' ice EVOLVE To

minimize THE
"

HELMHOLTZ FREE

ENERGY
"

F = U - TS



• CONSIDER A Drop of liquid

IN A fixed volume of
GAS @ fixes Temperature :

dFG=d(UETSG] I=/DUG)- TDSG
= Podvg -µodNG) -Tdf
= - PGDVG -NGdNG

• Likewise :

df
,

= -R DVL

• AND : dfs = V DA

SURFACE] INTERFACE
• Now dv ,

= - dug
,

DN
,
= - DNG

to dv , = 41TRZDR ,

dA=8TRdR



• so : DF =D / Fgtftfs ]=dFG+dEtdF
=

-

( Pi -Po )dV , +VDA + firing]dNu
• minimize.NL F THEN Requires :

•

ML=NG

• ( R - PG)4tR2dR= V87 RDR

⇒ R - PG = 2842✓
• EULER 'S THEOREM

AND SURFACE ENERGY / ENTROPY
-

• FOR AN EXTENSIVE function

2- (✗ , . . . > y ) of Extensive

VARIABLES ✗
,
. .

.

, y WE HARE :

2- (✗ , . . . ,y ) = 2- ✗
✗ + - - - t Zyy



WHERE dz = Zxdxt - - - + Zydy

• So :

Us = Tss + ✗As

OR Fs = Us - Tss = VAS

OR fs = Fsfgg = 8

Also : dfs = ✓ d As - Ss dT

• Evidently :

✗ = Ofs
-

Ins ,

Ss = - dog

0T
/
As

• NOW
, FOR ANY SMOOTH

Funcrion :

E.E. z=E,¥z



• So THAT ?

IT =
- Isas /
,

=
-%

=
-Ss

0T / A
As

→ Ss =
-
Or

JT /
As

• So WE CAN MEASURE
nDENSITY

SURFACE Entropy BY
MEASURING TempDEPENDENCE

of SURF - TENS !

• SURFACE ENERGY DENSITY
CAN BE MEASURED

simicaecy :

-

= Fs +Tss = fsttssUs
=
Us

As A-

=

r - -1%-1 /
As



FROM P -
I. C.

,
Sec .

3.3

• GIBBS Division SURFACE
to 1.f. CHEM . of solutions

• WHERE IS THE INTERFACE ,

precisely ?

• GIBBS DEFINES THE INTERFACE

TO BE A SURFACE OF

CONSTANT SOLVENT



concentration 07 THE

PROPERTY THAT :

noir,G+n!v ? = N ,

• WHERE SUB scrip- I
DENOTES THE SOLVENT

species & NY , nfDevonianAsymptotic
Respectively THE NUMBER

Density of THE solvent IN

THE BULK OF THE GAS A

Liquid : nn? i GIBBS

Diii?NUMBER

µ
PLANE

NG
-

DISTANCE

• FOR liquid - GAS INTERFACES

THAT ARE No> girdle -

component
,

WE MUST Consider



Several Chemical Species
v7 To>AL MOLE Numbers

N , , Nz , - - -

,
Nur

-
'

SOLVENT

species species

• NOW FOR it 1 WE HAVE

IN GENERAL :

n.TV?.+n.iv!.--Ni
11

NIG
"

N!
•

THE DIFFERENCE

Ni - /Nitty! ]= Nis Norman 'ze☐

70 THE SURFACE AREA A

IS TERMED THE
"

SURFACE EXCESS
"

f. = N? 1A



• GIBBS ADSORPTION ISOTHERM

• CONSIDERING NOW A

SINGLE Sovine species
Dissolves IN A Solvent ,

WE NOW NEED To INCLUDE

Nzs AS A SURFACE STATE

VARIABLE ALONG W'171T

EN>Ropy 5s AND AREA As

dUs=TdSs+8dAs+vÉdNz (1)
• BUT AGAIN from Ex>Enrsivizy :

Us = -15s +8As+m{N{
⇒ dus is also :

= Tdsstssdt +8dAstAsd8

+Midori + Nidhi G)



• SUBTRACTING (1) From

(2) :

dis - dis = 0

=>

SsdTtAsd8tNzsdMz-oo@coNs77Emp-dT-soi.s
D8 = - Mz dmz

• WHEN INTERFACE IS IN

Equilibrium w/ Solomon :

ME =mÉ = .ee?z+RTlna-do
• WHERE a IS THE

Activity of

SoLu7E1NsoLu7ioNSoCU7Ef@LowthconrcewrRA7ionrsc.a
✗ c)



=> dyÉ=dµz= Rtdlua

→

z= - 1- or
(3) RT Jena / T )"

GIBBS (ISOTHERM
"
OR = - I 08

RT Ja /
T

• micelles
• THE FOLLOWING PLOT SHOWS

THE MEASURED SURFACE
TENSION of DIFFERENT
"

LYSOphospholipids
" HYDROPHOBIC

i
-
- - - - -

;

W/ FATTY f
'
'
-
-

I '

,

' 3 5 7 - - - 16
,

12 4 6

!
- - - - -

-14
.

- - - -

i
ACID CHAIN

HYDROPHILIC I
LENGTH n v !

14 12
10

@ DIFFERENT 16
'

,

CONCENTRATIONS !
- - -n=
Ii

, ☐ena=olnc

IN AQUEOUS

SOLUTION :



• SINCE THE MOLECULES HAVE A

HYDROPHILIC
SURFACTANT - LIKE 1- HYDROPHOBIC

STRUCTURE
,
IT IS NOT SURPRISING

THAT WE OBSERVE A DECREASE

IN SURF . TENS . W/ INC
.

PHOSPHOLIPIDCONCENTRATION .

• SETTING ASIDE FOR THE MOMENT

THE Discontinuity IN THE

Scope @ Hinter cones , WE

CAN EVIDENTLY Apply THE

GIBB 's Iso>Her- To ESTIMATE

THE SURFACE EXCESS :

• TAKING THE N= 14 / "TETRA -
DECA

"

] Phospholipid DATA :



• Mz = - I ✗ ( 58 -427mn /m
-

From (3)
2-5%1^0' [In /01µm - Into M)

16 ✗ to-3¥/m2
= 1- 1-MOL

✗ -

2.5×103-4 +0.8 ✗ In 10

= 3.6×10-6moymz
23

=
3.6×156×6×10 Molecules

/
☐ § 2

= 0 . 021 MOLECULES/go
2

•R :

50 É>
MOLECULE

• AND WHAT ABOUT THE
"

KINK
"

IN

THE Slope @ HIGHER

CONCENTRATIONS?

•

"

MICELLE
"

FORMATION IN Solution :



SURFACE EXCESS ? AIR-WATER
-

INTERFACE
INCREASING

§ of
CONCENTRATION °y§

A

MICELLES
0,7*0

,

y
⇒

q

/

monomers
^!g¥¥É e. a. ✓ no phospholipids

1. E. SINGLE

( PHOSPHOLIPIDS)
• MASS ACTION :

• CHEMICAL REACTION IN SOLUTION :

• ✓ m - M

→ :
"

✓ MONOMERS CLUSTER TO FORM ONE MICELLE
"

← :
"

ONE Nicene Dissociates INTO V MONOMERS
"

>

IN MOLS

• IF C 4 C
'

ARE RESP . THE CONCENTRATIONS of
ER

MONOMERS AND MICELLES , THEN FROM LAW OF MASS

ACTION WE Have : ☐É
Il

ÉCv meeeee

- ✓ É
MONOMER

E
= Exp /AG;RT) @ C' =L 5 @ c. =\

J
[

" STANDARD GIBBS
"

= K-Equilibrium
CONST .

• @ sufficiently Low MONOMER CONC -

,

WE WILL CLEARLY HAVE No MICELLES :

c
' c-
✗ Limlim
, , , I

= lim C

""
= 0 FOR V7 I

c-so
I

c.→ 0



• @ WHAT CONC . DO WE START TO HAVE SIGNIFICANT

Micelle con>EN> ?

• ASKED ANOTHER way :

• Suppose WE ADD A SMALL Amour> E

of MONOMERS 70 Solution
.

• A FRAC>ion ✗ of THESE

g→E( I
-✗ )

molecules will Go TOWARDS

MONOS
formation of NEW micelles ,

E

↳ EX /V WHILE THE REMAINING Fraction

micelles 1-✗ STAY AS MONOMERS .

• ✗ DEPENDS ON THE EXISTING

CONC .

• E.G. WE said ✗ → 0 AS

C → 0 .

• @ WHAT CONC . DOES

✗ = 50% ?
✓ [ c + Eci - x )}

• I = K =

c
' -

c
'
+ EX /✓

/
FOR

small] I É ×

I + IÉ ( I - x)
E -

c
'

1 + E×/vc '



⇒ ¥ ( I - ✗ ) =
✗
Ivc '

(3)⇒ ✗ =/ It ✗ É , ]
"

C

so IF ✗ = I ⇒
c
'
=

Jz

• So WHEN # MONOMERS IN MICELLES

= ✗ # Monomers 0
IN micelles .

• @ ✗ = £ WE THUS HAVE :

c
'

= exp ( DG° )-

IT /
I STD . GIBBS

C/v2 RXN ENERGY

=,
RT +

1£ } Perrine *⇒ Rtlnc =
- Zlnv

✓- 1 MONOMER

• FOR DG° >> RT WE NEGLECT THE

lnv TERM .

[ ( Émc
"

]
• So @ THE

"

CRITICAL MICELLE CONCENTRATION
"

(5) Came = Exp (
☐G%RT ) THE Monroy

BECOME UNSTABLE v7 RESPECT 70 THE

FORMATION OF SMALL GLOBULAR HYDRO -PHOBIC/

HYDROPHILIC INTERFACES
,
i. E. MICELLES ,



• @
"

TOTAL MONOMER CONC .

"

C +Vc
'
S) (Cmc ,

we Expect ✗ → 100%
,
so THAT

ADDING MORE SURFACTANT WILL HAVE

NO EFFECT ON THE MONOMER CONC . C

IN Solution .

"
"

• THIS Explains THE FLATTENING OF

THE Tvs . CONCENTRATION CURVES

SHOWN ABOVE :

→ ONLY

• P is sensitive 70 MONOMER CONC

C) NOT 70>AL CONC . Ctv C
"

.

• THERE IS S> ice THE LINGERING ques> ion

OF WHY THE Monomer → Micelle

7RANsi7iow@cICcmc1SAfPAR9N2cyD_isC0N7lNUowS.L
ET 'S Look @ How ✗ CHANGES FOR A

SMALL FRACTIONAL CHANGE IN CONC NEAR :

C = Ccmc



• C → ( I + 2) come
,

✗ eel

⇒ c
'

→ Came + ✗ came = Ccmc ( I +v2 ]
Jz I Jz

WHY? . @ ✗ → 0 C = Came

⇒ ✗ =L
⇒
c

'
=
C = Come

J2 J2

• SINCE ✗ = ¥ , AN INCREASE DC

IN C implies AN INCREASE bc
/
=

FROM IN c
'

.

(4) :

• ✗ = I + DX =/ 1 +
( ' + d) Kcnc
¥4 ( Itv2 ) )

"

*
FOR Lee 1 :

=/ It (1+2) ( I - v2 ))
" "

=/2ft - (v - 1) &]]
"

I

= £ ( 1 +
(v - 1)

:')
→ 1×1 = 1- (v - 1)d2

4 7
1. E .
V

&
C = come 7

1
• So : THE BIGGER THE MICELLE ,

THE

THE FASTER THE Transition ✗ = 0%→ 100% !
→



• A MORE COMPLETE NUMERICAL Socuziov of

THE MODEL Gives :

• Typical Nicene sizes ARE quince

LARGE : v = 50 - 150 :

f. HERE IS A PLOT OF

%
"

MONOMER
NUMBER

"

F

g [ WHAT WE CALL U ] as

> ←
+ ESTIMATED FROM X - RAY¥÷÷÷!w SCATTERING FOR Diff .

}
DETERGENT MONOMERS v5 .

r

HYDROPHOBIC TAIL LENGTH Me.

¥8T SEE Ci> ED ARTICLE FOR DETAILS -


