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• To STUDY THE RELATIONSHIP BETWEEN
is

Ecac> ricing 9 surface TENSION
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¥ scientist GABRIEL Lippmann (1845-1921)
µ
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* • WHEN LIPPMANN OPENS THE SWITCH S ,

THE

MENISCUS IS OBSERVED TO FALL ANOTHER

9. 9 mm To Dh = 18.9mm !



• A = lv POTENTIAL APPLIED BETWEEN THE

TWO VOLUMES OF MERCURY ARE ENOUGH TO

CREATE A 35% INCREASE IN THE SURFACE

Tension !

• THERMODYNAMIC Analysis
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• WE START 07 THE GIBBS
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• IN Equilibrium ,
THE CHEMICAL pot .

S

µ OF THE ELECTRONS AND IONS @ THE

INTERFACE ARE Equal 70 THE CORRES -



Buck

pond in CHEM . POTS µ OF THE BULK

PHASES .

• BECAUSE WE DEAL NOW 07 CHARGED
=

PARTICLES ,
WE MUST INCLUDE THE

Ecs poAL 0 IN THE CHEMICAL

po> an
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ELECTRONEUTRALITY
"

:

• BOTH MERCURY AND THE WEAK

Acid Socwrion ARE ELECTRICAL

CONDUCTORS .

☐ THEREFORE IN THE BULK

PHASES WE REQUIRE THE

ELECTRIC FIELD É = 0
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• FOR A FLAT

SURFACE
"

INTERFACE ,
*

WE HAVE FROM ftp.da-ddvp-Qe~c
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• BUT : Tasc = -F Rec

tow = + 2-F Mon

⇒ dr = - pseed / - F d 0µg)

- Mon [+ Ftd Hzo]
= + Td ( ☒ Hzo - Hg ]

• NOW WE CAN Yossi Lippmann 's

Expsriryarn AS THE FOLLOWING circuit :
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INTERFACES
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will ACT±=¥¥f%. Like capacitors w/

BA77ER# , qnzi CAL Capac' > ANCES

PER UNIT AREA
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• BECAUSE THE Meniscus is muchSMALLER
,
17 's space >ANCE C WILL BE YUCA

SMALLER THAN THE INTERFACE @ "
B
"

CAPACITANCE [ .



• THE CHARGE ON THE Meniscus is

f SURF. AREA OF

MENISCITa ,
AND THIS MUST ALSO BE THE

CHARGE ON THE LARGER INTERFACE .

• THE VOLTAGE ACROSS THE Meniscus IS

ra
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• BUT WE ALSO HAVE :
side of
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Meniscus*
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HERE REFERS

¢ dbV TO CHARGE ON

AQUEOUS SIDE

"DIFFERENTIAL CAPACITANCE PER UNIT AREA " OFTENER FACE .



• SURFACE CHARGE

AND 8 us .

DV CURVES .

• ANOTHER FRENCH PHYCISIST 1. G. Gooey

(1854-1926) PERFORMED CAREFUL

MEASUREMENTS of
✓ vs . DV FOR

THE MERCURY /Aqueous IN>EFACE

FOR A LARGE NUMBER ofsolutions4 CONCENTRATIONS :

Gooey
ANN . CHEM. PHYS . (7) 29 , 145 (1903 )
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• FOR EXAMPLE , HE MEASURED

✓ us .

DV FOR SEVERAL potassium

sac> s :

-

¥/
☐Vpzc

I

E-
→ - -

-

- - ×

1- 1 → 1
"

LARGEUR
"

/ CAPILLARY
f-RISE✗ 8

a-

• WHAT WE MIGHT FIRST NOTE :

• THE pEAKS_- OF THE CURVES

DIFFER FOR DIFFERENT ANIONS



• E. G. dyktd.gr(☐Vio- Sv ) = o-

WHILE

d÷, (or
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So : • IONS SPONTANEOUSLY ADSORB

ONTO MERCURY /AQUEOUSINTERFACE
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• @ DV =O : - dIk±= og e Fsr e 0
door

• TO DEPLETE THIS NEGATIVE SURFACE
- -

CHARGE
,
WE Apply A positive

VOLTAGE D✓=✓Hzo -Ytg BETWEEN

THE AQUEOUS SOLUTION & THE MERCURY .

• THE POSITIVE CHARGE ON THE AQUEOUS

ELECTRODE A>7_RAC7S THE ANIONS

AWAY FROM THE INTERFACE ,

LIKEWISE THE NEGATIVE CHARGE

ON THE MERCURY ELECTRODE

REPELS THE Anions :

DV=Vp☐zT = +0.3W
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Fsr = 0 / TE / 1=0 ,

BUT SMALLER

THAN @ DV = 0
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• WHY DO ANIONS BIND 70 MERCURY

( AND OTHER METALS ( Au >
Pt

, Ag ) ]
MORE THAN CA>ions ?

• ACCORDING To P.
C.I. : IT'S

COMPLICATED
. BUT PART OF THE ANSWER LIES

IN THE STRONGER
"

HYDRATION
"

of

CA> ions :

• THE COST OF

"

SHEDDING
"

THE

ORDERED SHELL OF H2OMOLECULES
IN ORDER TO BIND 70

METAL SURFACE IS Too HIGH .
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DOUBLE LAYER

CAPACITANCE .

- Gouy ALSO STUDIED
THE

VOLTAGE DIFFERENCE [
"

LARGEUR
" ]

✗ BETWEEN TWO POINTS ON A

✓ us . DV CURVE OF EQUAL

REFERENCE SURFACE TENSION

To [ SEE EXAMPLE CURVE ABOVE] .

• BELOW WE SHOW THE RESULTS

FOR
✗ FOR DIFFERENT To

FOR SOLUTIONS OF POTASSIUM

NITRATE FOR DIFFERENT

CONCENTRATIONS :



CONCENTRATION

IM = 191 *
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* SURFACE TENSION MEASURED AS CAPILLARY

FALL OF MENISCUS , NORMALIZED TO PURE
WATER SOLUTION ,

SET EQUAL To 1000 .

- So Gouy MEASURES A SYSTEMATIC

DECREASE IN W/ INCREASING

"

Kazoos " CONCENTRATION .

I KNO
}

• WHAT Does THIS imply ?

• NEAR Maximum of Tvs . DV curve
,

WE

*

* APPROX .
CONST. W/ CONCENTRATION

HAVE :
2

✗ ( dvzpctsv )=8(bvpzc) -11
d" (☐Vpzc) Sv

2 ¥2

(TAYLOR EXPANSION OF ✗ (BV) ABOUT bVpzc . ]
NOTE THAT dJd☐v ( bvpzc ) = 0
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• A SMALLER ✗ WE SEE THEN

CORRESPONDS TO A LARGER

CURVATURE of THE PARABOLA ,
-

1.E. A LARGER / DZV / .-

DAVE

• BUT WE know
- D8
Issue

= Ca

• SO INCREASING SOLUTE

CONCENTRATIONINCREASES THE CAPACITANCE
OF THE

DOUBLE LAYER !

• w_Hy?

• Gouy ALONG W/
ENGLISH CHEMIST D. L .

CHAPMAN [1869-1958] WORKED OUT THE

THEORY OF THE TIFF E LAYER TO

EXPLAIN THESE [d OTHER] OBSERVATIONS .


