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The kinetics of acid hydrolysis of formamide have been studied in binary 
aqueous mixtures with acetone, dioxan, 2·propanol and dimethylsulpboxide. The 
dipolar aprotic and non-hydrogen bond donor solvents like dioxan and acetone have 
a rate enhancing effect. On the other band protic solvents like alcohols, which can act 
both as hydrogen bond donor and acceptor, exert a rate decreasing effect. DMSO, 
although a dipolar aprotic non-hydrogen bond donor solvent, has a rate decreasing effect 
possibly due to its strong interaction with hydrogen ions and association with water 
molecules. 

THE kinetics studies in binary-aqueous mixtures 
have revealed that the effects of non aqueous 

and component on the rate are generally complicated 
the 3~f am~nable to easy explanation; in terms ~f 
no te ectriC properties of the medmm1 o~'. It IS 
sot recognised that the reorganisation of ~he 
pr~~nt surrounding the reactants in the activat~on 
rat ss, has a profound influence on the reactwn 
suchs. The addition of the cosolvent influences 
a a reo~ganisation and it cannot ~e tre~ted ~s 
pr:ere. dtluent of water modifying tts dtelectnc 
d. perttes only1·2. Blandamer and Burgesst have 
st~~U:sed the interrelation of thermodynamic and 
and ctl~ral. p~operties of binary aqueous mixt~res 
such e ~netic rate effects. In order to pro~ 1pto 
acid h a~ mte~relation, it was decided to study the 
such Y rolyst~ of formamide in diverse solve!lts 
(D.M as dwxan, acetone, dimethy~sulphox.tde 
has bSO) and 2-propanol. Previously, thts reactton 

een studied in alkanols8 ·& and in dioxana. 
co~n this study an attempt has been made. to 
sotv pare and correlate the kinetic effects of vanous 

ents on the rate with their properties. 

ExperhnentaJ 

(.Me~ormamide (Koch-Light, A.R.), 1,4-Dioxan 
Ck:, extra pure), acetone (B.D.H., AnalaR), 

dimethylsulphoxide (Reidel, prosynth) and 2-pro­
panol (S. Merck, L.R.) were used. All other 
chemicals were of reagent grade. The experiments 
were conducted in stoppered conical flasks immersed 
in water-bath at a desired temperature ( ± 0.1 "). 
The reaction was initiated by mixing temperature 
equilibrated solution of formamide with temperature 
equilibrated mixture of hydrochloric acid and other 
chemicals. Aliquots were withdrawn from the 
reaction mixture after suitable intervals of time and 
analysed for ammonium ions, one of the reaction 
products, by formol titration method5 • The dupli­
cate rate measurements were reproducible within 
±So/o. 

Results 
For studying the solvent effect, acetone, dioxan, 

DMSO and 2-propanol were used as cosolvent. 
The kinetics were studied by varying the percentage 
of nonaqueous cosolvent from 10 to 80% in binary­
aqueous mixtures. The concentration of formamide 
and HCl were held constant at O.SM each. The 
second order rate constants, k 11 , were obtained using 
appropriate integrated rate equation in accordance 
with the rate law, 

Rate=k9 [HCONH 2 ) [H+J (1) 
The results are given in Table 1. 

TABLE I-SECOND ORDER RUE CONSTANTS (kg, M-'sEc-') FOR ACID HYDROLYSIS OF FORMAMIDE IN 
DIFFERENT AQUEOUS MIXTURES 

%~ (4Go) Acetone (4C0 ) DMSO (4C0 ) 

• (v/v) -~10~ % (v/v) Wk, % (v/v) 104 k1 

2g 6.9 0 6.9 20 6.9 
40 6.8 20 6.8 ~ :·5 
60 6.8 40 6.7 .} 
80 7.5 50 6.8 60 4.3 

12.3 60 7.1 80 2_15 
80 11.8 

2-Propanol (3f,O) 
% (v/v) wk;" 
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A perusal of the kinetics results shows that in 
case of acetone and dioxan increasing amount of 
these solvents upto 40 - 50% in the aqueous 
mixtures had no effect on the rate. Thereafter the 
rate increases sharply. Earlier workers., have noted 
a slightly larger decrease in rate in dioxan-water 
mixtures followed by increase in rate above 50% 
dioxan-water compositions. The small decrease 
observed in the present study in the 0-50% range 
in both solvents is well within the experimental 
uncertainty of the present rate measurements and 
therefore does not appear to be significant. 

In case of DMSO and 2-propanol the rate 
decreases continuously with the increase of their 
percentage composition in binary aqueous mixtures. 
For 2-propanol similar results have been noted by 
other workers toos .... 

Discussion 
In many cases the study of the solvent effect I has 

been used as a diagonstic tool in deciding between 
A-1 and A-2 mechanis~ .or in gen~ral between 
dissociative and assoctattve mechantsms8 ·11. It 
has been argued9 that the s~lveut effects are in 
general small for A-2 mechamsms. A perusal of 
kinetics results for different solvent systems 
(Table l) shows that in all cases the variation in 
the values of the rate constants is within a factor 
of 4 although the solvent composition has been 
varied over a wide range. Similar kinetic behaviour 
have been noted by other workers also 8 ·... This 
clearly establi$hes a small effect of solvent composi­
tion on rate and is in conformity with the A-2 
mechanism accepted for amide hydrolysis. 

The correlation of solvent effect with mechanism 
is a ticklish problem and is, in general, dominated 
more by exceptions than rules. This is particularly 
true of amide hydrolysis because of the following 
two step mechanism : 

RCONH13 +H+~RCONH: ... (2) 

RCONH!+H20--RCOOH+NHl ... (3) 

How a particular solvent will affect each step is 
difficult to discern and what is experimentally 
observed is the net effect. On the face of it, since 
the reaction is between an ion and a neutral 
molecule 19 , the rate should increase with the 
increase in the proportion of the less polar compo­
nent in the reaction mixture. This is borne out 
only for acetone and dioxan and that too in the 
range of 50-80% (vjv) organic component. For 
others, the rate is found to decre!lse. F.or ion­
dipole reactions, the present reactton bemg an 
example, the plot12 ' 18 of log kl? and 1/D is expected 
to be straight line where kD IS the rate constant 
in a medium of dielectric constant D. Such plots 
were non-linear for all the solvents studied and in 
no case a straight line was obtained. When the 
effect of dielectric constant for all the solvents studied 
including those by earlier workers, is compared, 
the dielectric constant as a principal source of 
solvent effects is ruled out as in all the cases the 
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decreases dielectric constant of the binary mixtures 
with increasing organic cosolvent. 

0 0·2 0-4 

x nstant, k~· 
Fig. 1. The variation of second order rate. cocosolvent !ll 

with the mole fraction, x of organic 
. the acid hydrolysis of formamide. Jc 

. h . . . t constant, llr' Fig. 1 shows t e vanahon m r~ e nent o 
with mole fraction, x, of the orgamc compo dioxan. 
the reaction mixture. In case of acetone, change 
DMSO and 2-propanol the rate is seen to 12 and 
anomalously at the x values of 0.30, 0.15, 0dynatllic 
0.15 respectively. On the basis of tbe.rroo es ]lave 
functions of state, binary aqueous rotxturnd typi· 
been classified as typically aqueous (TA). ~ures are 
cally non-aqueous (TNA)1 . TA Jll~X. while 
characterised by entropy controlled rorx~n~ng In 
TNA mixtures by enthalpy controlled ;n~x~er ·etc., 
TA mixtures, e.g., acetone-water, alc<?ho.-waeased it 
as the mole fraction of co~olvent. IS 1ncr solvent 
exerts a water structure formmg actton, tbe rlapping 
co-spheres around each solute s~rts ov.~ns. .1\S 
mutually enhancing water-water Interact~he mole 
more cosolvent is added and as soon a; there is 
fraction exceeds a particular value, xi: ensional 
insufficient water to maintain a three 1 1~les and 
hydrogen bonded net work of water roo ec k result 
localised attempts to maintain this net wo\ rnaJti­
in concentration fluctuations and the effe~h~ values 
mal at a particular mole fraction x•• • 0 lS for 
of x• and x•• are reported 1 to be 0.06 and 2s .l It 
2-propanol and 0.06 and 0.35 for acetOJ?dee at useful. 
has been said that these~~values provi a 
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si e~n post in effects on kinetic data and they are 
1_ia,ected to undergo an anomalous cha~ge in _the~e 
rat nges. In conformity with the predtcted . kmetlc 
rat~se!fects. the mole fractions (Fig. l) at whtc~ ~he 
re 10 d1fferent media change abruptly comctde 

llla.rk.ably with x• and x•• values1. 
fra The values for the variation of k 9 with mole 
lin c 1~n for DMSO fall on two straight lines. One 
the hes in the x range of 0 to 0.15 and the other in 
in~rerange of 0.15 to 0.5, the decrease in rate with 
is i ase of x being sharper in the second range: It 
ki ~terestmg to point out that the analys1s of 
w~ettcs r~sults of the hydrolysis of acetals in D ~S<?­
beher. mtx~ures. has shown1·U that the kmetlc 
o.3 avtour 1s different in the ranges O<:x<;0_.3 and 
Obs~x<~.45. This is fairly in agreement w1th the 

vattons made in the present work. 
in The acid hydrolysis of amides is assumed to 
(s)olve .the hydrogen bond equilibrium as in (4) and 

· Bvtdently, the 
8 +HsO+ ... nH 9 0 ~ S-H 9 0++nH 110 (rapid) 

... (4) 

. ~- .. HsO++H 9 0---+-products (slow) ... (5) 
~~:hty . of ~ s?lvent to partake in hydrogen boJ?-d 
b' matton Is l1kely to influence the rate pattern m 
a:.:ary aqueous mixtures. DMSO and alcohols both 
b . able to form strong hydrogen bonds but the 
astc d'"' h'l h for _l11erence between them . is that w 1 e t e 

act Iller ts only a hydrogen bond acceptor, the latter 
r t s as donor and acceptor both and therefor~ ~he 
a~ e effects in the binary mixtures contammg 
In~ohols are expected to be more complic~ted. 
fo eed .the rate constants for the acid hydrolysts of 
ta rrnamtde pass through a minimum as the percen­
is fe of ethanol, 1-propanol and 2-methyl, 2-propanol 
tio~creaseda·~· 2-Propanol appears to be an exc~p­
w to thts trend as neither we nor earlier 
:a::kersa,.., fowtd any minimum in its rate patter~. 
ev fd on the fact that a large amount of heat ts 
tho,v.ed When DMSO and water are mixed and th~t evtsc. . . t is . ostty Isotherm passes through a maxunum, 1 

wa beheved that there is a strong association betwee_n 
kn ter and DMSO due to hydrogen bonding17 • It ts 
th own that the amount of free water decreases ~s 
th: m?le fraction of DMSO increases. In fact tn 
ar ~egt~n 0.3<;x<;0.45, the properties of the system 
(2 ~ 1 omtnated by an associated species, ~90; DM~O 
th · ). In the present work it is this reg1on m whtch 
the DMso has a severe rate decreasing effect. Thus 
d e effect of increasirtg DMSO in part may be due to 
p:~r~~se !n free water concentration necessary for 
he llctpa~ton in step (2). The effect of DMSO c~n 
bas{~Pla~ned in one more way. It is known that tts 
he. Ctty IS comparable to that of water, and HCl has 
G en found to be fully ionised in it1 8 ' 19 • Dehn, 
p utrnan, Kirch and Schober19 have shown that 
w~~ton is more strongly bound to D~SO than 
h er. It is thus possible that by tuckmg aw~y 
r%~rogen ions, DMSO can bring out the decrease tn 
'l'h~ by shifting the equilibrium step (2) to !he left. 
:tvf also follows from the results of Tomllla and 
na~1017 who found DMSO to decrease the proto-

ton or certain indicators. 
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Dioxan and acetone both are hydrogen bond 
acceptor, the former being stronger than the latter. 
However, in one respect, dioxan is different from 
alcohols and DMSO. While the latter solvents exert 
a water-water structure forming action, the former is 
reported to be structure breaking1. This important 
difference in property may be a reason for rate 
enhancing effect of dioxan in the acid hydrolysis of 
amides. In line with tb.e results of the present study, 
the dioxan and acetone are reported to incroose the 
rate of the acid hydrolysis of y-hydroxybutyeramide 
also 111 • 

The results obtained in the present work can be 
explained using another approach also. Using 
phenomenon of solvation of reactants and transition 
state, Pocker16 '90 has rationalised that the rate 
should increase with the decrease in polarity of 
solvent. On this basis, the rate should increase in 
acetone and dioxan mixtures as is found in the 
present study. For ion-'dipolar molecule reactions 
ijte rate is predicted to increase from protic solvents 
like water and alcohols to dipolar aprotic solvents 
like dioxan and acetone18 • This is based on the 
relative solvating power of two media, the protlc 
solvents being more solvating than aprotic ones1 6 • 

Several examples of reactions of this charge type are 
known 16 in which the rate increases with decrea!e 
in the solvating power of the medium because the 
solvation energy of the smaller reactant ion, as in 
steps (2) and (3), is larger than th6 larger transition 
state ion causing an increase in the energy of activa­
tion in the stronger lilolvating media and hence the 
slower reaction rate. 

In summary, the following conclusions may be 
drawn. The dipolar aprotic and non hydrogen bond 
donor solvents like dioxan and acetone increase the 
rate while protic solvents like alcohols decrease the 
rate. DMSO, although a dipolar aprotic solvent, 
decreases the rate and this could be due to its strong 
interaction with H+ and association with water 
molecules. 
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