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Debye Huckel Theory of Strang Fleciralyivs o g S

Debye and Huckel, in 1923, put forward their well-k WP
ol strong  elecirolyles A number of other workers alse m - e
contributions but only a very  briel  discussion will be possibie
present volume s
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Broadly speaking, aceording (o this theory, strong electroly

exist an fons even in the solid stite must be completely lonlsed
afl all comcentrations. I the solvent b & high diglegirie e
water), the electrostatic forces, as alrondy menlionssd, W

Further, if the solution is very dilute, the distance bet
be large. Therefore, the electrostatic forces which v
the square of the distance between (he ions, will be L
maore,  Under these conditions, the forces traction
appositely charged lons, ¢ , IMerionie forces, I beco
and, therefore, the lons will He fur apart from one snothes
. other hand, the solvent has & low dicloctric constant (s
. i the solution {s of & high concentration oven when

. the solvent, the interionie forces |
" conditions, some of Ihl: ln::u will II;-m -

another and will rem
= ain in wa,

is state of affairs is ex
vompletely lontsed but ne
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passage of electricity, 45 chown 1N Fig. 21’--—”':'-_ {-(“
a force W hich fends O

15 JJowed down. _E-_QI"
he asymmetry effect hecause

1;1'.11 force,

CXpc riences a |¢[H1.
1, therelore,

The movement of the 1O

central ion is known as |
lack of symmetry 1n the utmml‘htf‘u of a mm’!ﬂ

P
conceive of a negative centri al ion being surrounts

of positively charged electricity. .
Another factor that dows down the molim )

concentrations arises from the (endency ﬂf

associated with molecules of water of hydration,
the central ion is ..

opposite to that in which
for example, which migrales towards lhe m 10d
hich, it [

through the medium (water) W
ionic atmosphere towards the pomivu ele

has to move towards the nnod: throu
with positive ionic atmosphere wh ich

electrode, These counter currents slow € o
_@s counter currents in a stream ; “’ '
known as electrophoretic effect, y
Bebye and Huckel worked o‘llt athemat
etry” and el homie Yoot 1k
_‘_' “the ion, ionic concentration, an
cosity of the medium. For ﬂ""""“’ ;
ish two univalent jons, the followir
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SJFM of the equation. Debye-Huckel equation A
the difference between Ao and A . R0Co for

As is evident, A is less than

is is partly due to electrophoretic effect and partly due 10 a.r_vmmﬂ:'
: ect, The first term in the bracket gives a measure of the clectrg.
phoretic effect while the second lerm gives a measure of the asymmet
effect. The sum of these two effects multiplied with the

. ; . square root of
the concentration gives the decrease of equivalent conductance A« from
its limiting value A,

For a given solvent and at a given temperature, the above equation
may be expressed as : g " - \
ﬁﬁ = f'lD - fA + BJ“"‘IO)»/_‘:_ 3 .I.-‘ I"._ r {q]
where A and B are constants, N )
The values of A and B for water at 25° come out to be 602 and
0°229, respectively.

. Ae = Ao — (602 + 0229 A/ 7

—
L]

..(10)

If the equation is correct,

then by plotting equivalent
conductances (A.) against

the square roots of the con-

| centrations (v/ ¢ ), a straight .~
o7

3

line of slope

60°24+0229 Ao, should
% abmi-;ad. Tﬂh b







Therefore, the solutions behave almost idcally. In Such cagr™™
- + and hence activity coefficients are close 10 wily. In ey, a

weak efect rolytes, therefore, the second term in equation (14) dn.pp‘“:

bl 1
In the case of strong electrolytes, however, the activity /
s ot wnity unless the solution is al extreme dilution. In ﬂ‘;’i% o

it i mevessary 1o know the activity coefficients at different COnGeny,
rafhwns

n edectrochemical work, the concentrations are often
o the hasis of molalvry, 7., In terms of moles per 1000 gm,
wolwms.  The aclivily coefficient isthen represented by y. The
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The equation (1) s then wnt!trn as : . ?}fr "
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It is evident from equations (12) and (15) that activity (a) is giyen

by ' @ i s I concentration 18 EI[‘II'I'.‘"M s mnl:u F itr e

activity coefficient s denoted by fand if the concentralion 1S exp

as moles per 1000 gm. of solvent, the activity coefficient is de

y. e very dibuie solutions, the values of y and f are neari the

Example 1. The density of a '] M solution in ethanol q

;1!‘ ﬂ;.‘:\‘.”! Cadovdare the ralio of the achivily ¢ ents ¥y ar

= §.27). W

The activity (a) is refated 1o £ and ¥ by the expression :

a=cf = my '

wihere o i molar concentraton and m is molality of
in the present case !

Concentration, ¢ = ¢l mal

e nssty of solution = 0-8014

a0
A
.

s 3
At dh

Weght of solvent = 8014 -
Molality of solution = ey

The ratio 2 = =

E
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K nNaCl | CaCly | ZnCly | H.,S0, | ZaS0, g(;:-‘
0V 966 TR ()’ KHH 08l | (0°734 0';:
0927 0 O2H 0789 0'767 0’643 0477 0954 |
0902 w0l Y 0732 | 0708 | 0545 | 0387 | O0%2p
ORIG | OK21 | o'se4 | 0556 | O34l 0202 | O&22
07170 0778 | 0524 | 0502 | 0266 | 0148|0780
0'6s2 . 00679 | 0510 | 0376 | 0155 | 00063 | 0750
oan7 | o6S6 | 0752 | 0325 ONSI
0's77 | 0655 | 17554 — | o125) o003
(1372 0719 1 3384
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p SHION clectrotyles an comipietely sonksed 1o sosbutien i
th olutioh I8 very dilute, th thstnice betweai | . |
spostatic 1OMCe I8 very i
she rolubion 15 ‘of high Lhnceitmbon, the miler o i
prol Y will remain in pairs such a A1 ki jnnie doublet
juctance decrense:
Each ton 15 surrounded by jons of opposite charge giving rise to an ionic atmosphers
huy & CALION 55 SUTOUDGES by '8 group ol anjons as represented b
when nn clectric field is applied, the jons are set into moton - T s
nlmgl-lu'tl clectrie held W given by
I EZN\ ;
here @ 1% CleClri ficld, #- charge #nd 5 potential
L The movement of jon s slow down by three fiotors namely viscons lorer, Asymmetis
eet and Electrophoretic effect
Viscous elTect frictional force):
It arises from the viscous drag of the solvent on
ctional force ol solvent 15 piven by
Fi= Kiu where K - coefficient of Inction of solve
Asymmetric effect ( relaxation effect ):
On passing current, the central ion moves in one direction and the winc  slMospnete 1
» opposite direction. The symmetry of the atmosphere about the jon 15 destroyed
.rr# : -
& G

—

symmeltric ionic atmosphere
(attraction is uniform in all direction)

Before passing current the forcing of attraction I5 uniiorm in

the central 100 hecomes grcater,
ree which drags

the 1
€ force of attraction on

Cones : :
onsequently the jon expernences 4 retarding fo
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hile bis pepative Wk atmosphene ends 0 move =) & @ 4
peds (e amxde on the lel, a8 represented fn |
i L2000, The yrmirciny' of e u-lmil.-plm whiii ".' ._"
ve s e destroved ad the atmosphere becnines a E}'
e, 1o other wonds, whereas the foroe of —
Bracimi Caciend Dy Uac AtisssieTe on the cetviral ay S—"mm
bcfore the prissge of eleciricity. is uniform g
oAl diroctswns and. therefore, cancels ogr, b S
ey gresser hehund the won thas in frionit, o= ih‘]ﬁ'.'lﬂ,lﬂ of & ECiTicy
sEquentiy  the 1on expeiences o relanding force, & force which o
nEmenl of e o, therefore, is slowed down, The ﬂﬂ;ﬂﬁ“h .

el Becuuse W Arrses (rom oo lack ol symsetry m the almosphere ﬂi :
oncerie of & segative central wn being surrounded by an atmosphers of e

Analber 2ctor that slows down the motion of the bons at m ot -’L 4
peeery of the wonie atmosphere associaled with molecules of wiater of hys e
Wi [0 Bt in which the central jon is moving. Thus, & positive i
e fhe cathode has o makoe its way through the eneddvm {waler) whi ,
BEENNT gk amiaphere (owards the pisative glectrods, Hlﬂh L] ' i
iode dwough the medium (water) associated with Hd'll‘ﬁ

RIS the negative electrode. These counter Curpenss stow down
BIPTERes i) & wrcain sbow dow a wwimmer, This effect is known as
The third factor which affects the Hlﬂhj' of "-“ﬁ h Vil .-

E0u drag of the sofvent om the movement of jony, J
RE theciric field. Thiv electricsl forte & o wposed by the
e For an jon with & piven akre _:_1, - the

" e viscous dray and hence the smaller i d
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coelficient, T - Temperatur b b }L‘ e j ./f rv, @ f’iﬁu -"Iir.
L Electrophoretic effect: LA J-}! by drmiaoe ¢
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direction "H""'“" iy (ol o Wik b the i pulrad 1en 0 i
towards the positive electrode while he pncdiui moves LWl - S 'J”‘“"ﬁt
T'his counter current slows down by soni. | has eflect 16 knowr a rh'lllHPhﬂrHH et
Debye and Huckle derived an expression for eleciropliiretic € flect using Stoke 'y Ta
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Electrophoretic lorce Fy an ki
where Ko - coeflicient of frctional resistnce
Lacioand v the three o
Ihe dnving force due 1o the applied electr flekd s balo 't -

. EL VY Il'l;‘}.

Substituting the values of F . F; and |

3 > et g hwV EER- vy
C z 'l'l' h.1 u M"JHT. & ;‘uF'II: J".Ill
Rearranging,
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If the potential gradient is one volt/ cm then V = ——

300
u . A e 1 et zkw¥ ) _I_Ez'i_:.l
300 Ki 300 GDKTHI i) J

i =0 and y=y" substituting in the

0 _ 1 &2 2
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: e B PV y nall = L
Theref o Je
relore equation § becomes
u =4* . L €kwy 1 ezk
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Lipm :
: ann potential

I the charge density is plotted against potential, 1115 seen that the charge oy thhe 1
clectrode passes through 8 Zero- charge value The potealind diflerence acroms (he Cell, m

Which the chiarge on the elecirode is zero, is called Lipmann potential or patentis) Eve
charge ( F ,..) - ;

q 3 \ | iE_IIH."IHII potentinl f

| o _

—] ! gy O 2
\ potenticl b ?

' a

Lipmann capillary electrometer: '

The relmtion between surface tension and potental is studied by lipmans camilars

clectrometies

The apparatus consists of 1. A polarisable mercury surface 2. A non polarisahle electrade
calomel electrode) 3. An external source Tor varying potentinl 4. An armangemen

114 'Mmm

the surface tension of mercury in contact with the solution.

Diagram:

=

A t.ubﬂ nArrewing 1o a capiliary at its end is
memscus in the capillary is shifiad by raising and lower

the mercury column is measured. The serfice e e

, = hrog
! z

wherne h — hoioht nfthe s, -2






