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ACID-BASE CATALYSIS

Acid-base catalysis includes reactions in solution which are catalyzed

by acids or bases or both. A reaction which is catalyzed by H*(or H,0")
ions but not by other Bronsted acids (proton donors) is said to be
specifically proton-catalyzed. Examples are solvolysis of esters, inversion
of sugars and keto-enol transformation. On the other hand, a rezlucthxclz
At 3 . acid, i xample of general aci
catalysis. Similarly, a rcaction catalyzed only oy (3% x ms s said fo oo
specifically base-catalyzed while a reaction catalyzed by any Bronsted bas
A 7 atalysis. The solvent water may act as «
is an cxample of general base calalysts. € 8¢
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08 pase- e of S Suc
7 ' " ansl'i%L requir the preseie’ of both a Pm\tm % the
ich 7 lso an xample of acid-base C“lal. Ongy |
h d Reactions- If the rate of g s |
ct to S, then, —d| S\;sappea
ratc constant k for 4 . A5
) Al al(ljt} [A7], where H;:'a_cti(n'l
inci gponding € ate )
o dcpti{‘ hcbbuffﬂ LA orresp g conjugate bage Thl:
acd !
Lot H’]’f"HA[HAHkA*[A*]
= kot ku (¢ constant for the uncatalyzed rea Ction." ]

atalytic coefficients. These coef;
1

o 1
Here ko ¥ the Snd _ are the catd .
sing different concentrations of

ki, kon ™2 A A entally U ]
i ~valuated c?cpCTIiS said 10 be §ub]ected to specific hyd E5e
. jmportant. If, however (t)hg:nti""
’ 8

may . (
., The react1o o A erm i at. |
SIS "~ o is said to be subj

L5 rtant, then the reaction 1S S jected to
HA] 18 importd if the term kOH—[OH‘] is import agn :
cific hydroxyl ion catalysis and l,fm

HA .
.1 catalysts- 1 L
acid ¢ .y 4 to be sub]ccted to Spe« :
¢, the reaction is said to be subjected to geny,

|

term Ka
base catalysis- . ‘
¢ arc interes in knowing how the various terms in Eq. 1 4
d by considering tWO0 types of cat alytic mech aﬁ?mg

sm. Here We assume that a proton is trangf
+ to the substrate S. The acid form of the subsgi

ith a water molecule to form the product P :

then reacts wi
ky
s + AH" — SHY + A
k_y
. K,
SH™ + HZO _ P + H3O+

Applying steady state approximation (s.s.a.) for [SH*], we have

dsH*Ydr = 0 = Ky [S] [AH'] -k |A] [SHT1 -k, [sHY]
Since we work with very dilute solutions, the concentration o -‘

remains almost constant SO that in Eq. 2, the last term on the i

S,ldc.ls written as k,[SH*] rather than k,fSH*] [H0]-

Solving for [SH'}, we find that

k, [S]4AH] |

[SHT] =
Making usc of E “1 M1+ b gl
se of Eq. 3, the rate of formation of the prochwl is g%
d|P| -
AL si) - kyky 1S11AH]
k1Al + ko

Ik, > k_, |A4]. then
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709
ar] _
a - ksl [AHH) .
Thus, We may say that the reaction is )
If, however, k; << k , [4], then general acid catalyzed.
APl _ Kk IS1aHY)
= 12RIVH ] (ki
K H][H’LG;;HH*“] okl ("_.11() ISIH"] -(6)
where K= . In thi o
Wy hydrogen-ion catalyzed, this case we say that the reaction is specifi-

2. Second mechanism. Here we -
form of the substrate reacts with a hos 4o that in the second step, the acid

S + AHY  ——_

k,
SHY + 4 %
— P + AH?

Applying iteady slate approximation for [SH*], as before, we have
d[SH*] ’
T a 0 =k [S][4H*] - ky [SHY) 4] - kp [SHY] 4] ..(7)
Solving for [SH*],

4y _ ki [S1I4HY]
[SH ] - [k_] +k2J [Al ...(8)
Making use of Eq. 8, the rate of formation of the product is given by
d[P kik, [SIAH*
T = alsH = 2 et -0

This 1s an example of general acid catalysis.
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