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sag 1o law O mass action. the equlibrium comce s _
l_f.‘f'-":?-‘ . S waum constant X s gven by
K,.- i La
Qy L:s \ 1)
L
K* = = = the equilibeiu :
. &N aquihibrium onstant fog the process
* = - ~
a = Actmity of activated ompley
~ l.u:; o
aq and @3 = ACUVIiesof reactine fame 4 - X
vy AR S hins s Drespecivly
2z ¥ = Achal cone. X Actvity coefficient
e=C.y
— replacing acCuVILes in equau'ot': i‘.l )k we get
{ - {
K’:II C:S | T:..B\!
k CiCs L t\‘f\"."s
qp = K‘ TI.T.? l C
f ALz M
Y S
Now the rate of formation of products, ie.. rate of rRaction is
dCP k =
— 3 L
dr d AR
- = | Na¥s
=5 ‘t.‘JL * tha
Tas ).
3 dCp _ Ll 22 ) e
dr v fw AR . l."\
o
] ko = k:K™ = Constant
5at for a by ' ; ; i : i
i bimolecular reaction between A and B 1008, the experimental raze of reaction mav
uprassed as )
dCp
—:ﬂ—:tc“‘crs ~('1‘
‘t"-'!l:Ex =
Con F_"-'nmcntnll}' evaluated rate constant of the reaction
‘Parng equations (3) and (4), we have
Ya¥s
k = R" "T . \S\
Tas
[ §
5
logk = log &k, + log I—';L w (M)
! Tas
T
o Wlring pep . OBK = Togka + logya + log va - log Vi - (8)
*ﬁmmw ye-Huckel's relation, the activity coefficient may be expressad in terms of
Y

logy = - 0500 7 Vp
Z = Charge on the ion
H = lonic strength of the dilute solution
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Hence for A, B and AN, 3
log, = - 0.509 7 n

log gy = - 0.509 Z5 In
log 4 = — 0.500 Z,J.m’ Iy
a O m
= ~ ().509 ("’A + /ﬁj
Combining equations (8), (10), (11) and (12), we get
logk = logk, — 0509 [Z4 + Zg ~ (Zy + ZpJ'}
= logk, - 0509 [Z4 + Zg - Zs — 25 - 22,7 =
= logk, + 270.509 Z4Zy

log k = logk, + 1.018 Z;Zg Iy

Equation (12) is known as Bronsted-Bjerrum Equation.
Discussion of equation (12). 1. This equation reveals that variation of rate coeeee |
ionic strength (1) depends upon the charges on the reacting ions.
2. ‘The plot of log (k/kg) versus \l';_f would be linear, the slope of the line s >
ZxZy and the line passes through the origin. This clear that the slope of the line demes .
Za, Zy, i.e., charges of the reacting ions.,
3. Three special cases of the equation (12) may arise :
Case 1. When Z,.Z = 0, i.e., one of the reactants is uncharged (ie., sozse=
then equation (12) yields
log k = log k, = Constant
i.e., rate constant is independent of . Examples are,
(i) [Cr (NH;CONH,)g)>* 4+ 6H,0 — [Cr (H,0)]’* + 6NH,CONH;
(i) CH,ICOOH + CNS — CH,(CNS)COOH + 1

In these examples one reacting species is charged whereas the other is peeet ¥
Z_,l,z;] = 0.
Case 2. When Z,Zy = + ve, i.e., Z, and Zg are of the same sign, then equoc® =
log (k/k,) = + 1.018 Z,Z Y
i.e., rate constant k would increase with V.
For example,
() $;05 + 21 — I, + 250%"
Zplg = (= 2)(- 1) =+ 2
(m 2 (Co(NHy)s B + Hg®* + 2H,0 — 2 [Co (NHy)s (HO)) -
Zpn-Zp = (+2)(+2) = +4

Case 3. When Zy . Zy = ~ ve, ie., Z, and Zp are of opposite sign.
would decrease with Yyt For c:amplc

() H0, + 2Br + 2H' ————— 2H,0 + Br,
?A Zp=(=1)(+1)=-]

(H} [(.n(NH;)gHr] + OH ey [Co {NH,),Ole’ + Br
Zp Zp=(+2) (- 1) ==2
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I 3 iti o a solution of its
g € secondary salt effect. Since the addition of n zm!t 1 o ak
lfge . V€ ANION in common) increases the concentration

| £y
Pl ’“
| ahove prgliclimrﬁ luwlc hccu' ll!lllllll’llllt‘.d Inm.| n”,m_imm","l 'I'('_p“l“ﬁ' In Fig, 4,23, plots of

insl Jji are given for reactions of ions with different 747, values, ‘The lines, passing
1 L ';lfin indicate theoretical predictions from equation 12 and dots are the experimental

h ONET

- b

W .

Cano 2
(ZpZy=+ vo)

Caso 3 (Z,Zy=-Vvo)

Flg. 4.23. Variation of rate constant with fonic strength.

() Secondary Salt Effect. This salt effect arises when one of the reactants is o weak

' i "jons cted by the
tlu'""lﬂc i the extent of jonization and, hence, the concentration of ions are then affe y

Pktce of salts. The secondary salt effect Is involved In catalytic renclifmﬂ.l '. P——
Atthenius discovered that when a salt of the acid catalysing & reaction is i !

() 5. II .

| undissociated acid

: lissocinted
’ i : ( indicates that both the un¢
kify, . MMon-ion effect), the existence of the salt effect indi

: yends upon the
IS anions have a catalytic activity. Thus, the reaction rate indirectly depe [

, ther words,
I L MYiTe {6 wcondary salt effect. In 0
e g, f salt added in the catalysed reaction. T his is called secondary lons by the

reacting
%h:ﬂdm). salt effect refers to the actual change in the concentration of
0 f{t’tfmfylt.'.f. in the catalysed reactions. e o coninion lon with the
i cmt eniuy 180 established that the addition of a neutral salt hav {lﬁmfyllc SET0R 5 the acld.
“sing a reaction also sometimes leads to an increase In the ca
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- 1. Poitoj ,
f inversion of ca .
v.3 : salt Effect. For example, the rate of NC sugar iy .
This is the Primary Salt Effec I 10% (mole) of NaCl is added. e,
. i1 o< by 109 when e
acetic acid increases by 0% w - ; o .
- a reaction is accelerated catalytically on y hen an acid gaq -
In some cases, a reactic L ple. the mutarotation of glucose Dor | b
simultancously present in the solution. For exampic, - De

Perg.,

: the rate constan 8

concentration of introduced compounds (acid and basc), tof the Feacticn ¢, *
the empirical equation

kep = 0.0096 + 0258 [H'] + 9750 [OH]

The existence of secondary salt effect fDItL‘f.:S us to ncf!(n{:*’-flcdgc that acig iy
undissociated molecules also have catalytic 1“3""*_"}'- Thcsc.. acts were useq i, the ¢
dualétic theory of catalysis. This theory say that in calculating the rate of 4

Catalype F':(_-I
must be taken into account that H', OH', anions, molecules of undissociated acids angy,,
undissociated molecules of water are all catalytically active. !

Hence the rate of reaction at the given concentmtion‘of a reactant is equal to th -
rates due to the activity of the catalysing particles. Accordln_g to this flssumpnon. the tory >
a catalytic reaction will be equal to the sum of the rates due to the action of each of the ¢,

Towlrate J = ky' [H'] + ky [A7] + ky [HA] + kop [OH] + K [H,0] :
where ., subscripts A, M, W = Stand for anion, a molecule of undissociated xij .

- undissociated molecule of water respectively,
Al great concentrations of the aci

d the action of H,0 and OH can be neglectsd e
above equation becomes

Totalrate = ky* [H'] + ky [A] + k,, [HA]
For the dissociation of acid, HA -~

HA  H' + A"
k= HI[A7)
(HA]
1) = x1HAL
(A7)

Hence from equation (3),

atons of the s
neglected. Hence

Total rate, j = ka (A7) + ky [HA)
To take into consideratio

n the action of Water, let us introduce the notation
J'n = h'
)

H) + ko (OHT) 4 &
Cumhining cquations (2) and (6), il s o I_Hlol

) Y
If, while measuring the s [HA)

[HA] g consecutively dilue the system with water. the &% ;
(a9
will be constant.
Combining equations (7) and (8)

J = J'“ + ‘s'lg- [A—] + k*f.(}[l‘\nl
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A willbeas g"“f"fhuﬂ the slope (&, +

ws (9)

+ g &y, as shown in Fig. 4.24
2 =
I:ﬂ':q‘ - J:-
i
|
|
’f. -
i
t
)
L

Al >

Fe 434 Gapiical solution of equation () tn @ = slope = (k4™ + g1 ku) I“{mptm‘r'mﬂm.

T Jyand (ky + Ky . Q) A graphically evaluated.
Teking into account the ionic product of water

. = [H'][OH]
K .. (10)
OH] = -
(0HY = Ty
Combining equations (6) and (10) 3
kow K H.0] A
J —l:'[H']+——-—'+K.[ ?
e a” suative to zero yield.
Differentiating the tion (10) w.r.t. |H'] and equating of the denvative )
. ng the equation
do _,. kan o
auy ¢ WT
koy K, .
—_— = kH
ey T ~ (12
Heace i Kt JHT
koyi = ——"
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A,
[

[
ko~ Kw
and [H'] = k'

Combining equations (11) and (12), we get, the experimentally found Minimyy
| - kH‘ [H+]nrln + kﬂ* [H+]min kw [HzO]

Jﬂ.min -
Comparing equation (14) with (6), we get

fatg,

kit [(H')in = ko™ [OH Jmin

i.e., the catalytic action of ions H' and OH™ at the minimurm point is the same. This py;, Isqg,
isocatalytic point. . j
Thus, by changing the conditions of the experiment, we can use the experimeny| &
determine the numerical values of kinetic constants (parameters) in the rate equation, '
Conclusions. From the above discussion of both the salt effects the following copeyy,
may be drawn : .

L. The primary salt effect can only be explained on the basis of the Debye-Hyc| ber
of strong electrolytes. The introduction of the salt not containing common iops With &
components of the mixture changes the ionic strength of the solution, as a result of which &
degrees of dissociation of substances change. This phenomenon is referred to as priman

effect.

2. Primary salt effect is involved mostly in non-catalytic reaction. While the secondzy:
effect is involved in catalytic reactions.

3. The existence of secondary and primary salt effects has been proved in a number of cx

4. The secondary salt effect can cause either increase or decrease in the rate constzi
can be either larger or smaller than a primary salt effect.

5. In some instances both the primary and secondary salt effects occur at equal rate 0%
they cancel each other. Consequently, the rate of reaction remains independent of ionic st

6. Sometimes these salt effects are so'strong enough to even influence the mechans’
the reaction.

7. For uncharged reactants (neutra] molecules), the rate constant is independent o
strength.

8. For regctinn between ions, the variation of rate constant of a reaction with lh_? “*
strength Fmamlamcd by adding so inert salt i.e., the salt not having any ion common ™
reacting 1ons) of the medium is termeg as primary salt kinetic effector primary salt effect |

(hlJ) .Signlﬁcance of Primary and Secondary Salt Effects. The existence of :h' B
effects indicates the necessity for adequate control of jonic strength in a kinetic [ o

f:;::rb‘:'-" n:g;m 5"’{‘;"3‘? IHUTI be kept low so that the effects are small or a series of M o
€ and extrapolated to zero jonjc i hod is 10
e conce : met -
quantities of electrolytes rcllstons. Axotr

, : | clnilb
ntil . In studying any reaction which may involve ions to see what (o

of ionic strength is. Some care must be take

as acting only because of their charges,

(e
N to select substances whose ions M3
i’
The above discussion indicates
kinetic experiment. If the sall effects
mechanism because of the many poss

ETh mnee 1 L

- trol

that the ionic strength should be carefully Co:;e in
are observed, they must be interpreted with ¢ :
ible sources of these effects, . --rff"“ﬂrﬁ
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