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Solvent dependence of hydrolysis rate constants of 3-acetyl-1,3-diphenyltriazene (1) and 3-(N-me­
thylcarbamoyl)-1,3-diphenyltriazene (II) has been followed in the solvent mixtures ethanol-water, 
methanol-water, dioxane-water, and formamide-water within the mole fraction x = 0·0 to 0·5 
at 25, 35 and 45°C. A criterion has been suggested, based on sign of change of logarithm of the 
observed rate constant in dependence on change of the solvent composition, for evaluation 
of the reaction molecularity and, hence, participation of water in the hydrolysis mechanism. 
It has b~en found that water takes part as a proton donor in the transition state of hydrolysis 
of the substrates studied. . 

Change of solvent represents an important way to change of rates and yields of many 
reactions. Solvent-solute interactions can be divided into two groups. The first one 
involves the interactions in which specific properties of solvents do not make them­
selves felt (non-specific solvation). The solvent is taken a homogeneous isotropic 
medium and is characterized by a macroscopic property e.g. relative permittivity e 
or refractive index nD • The second group of interactions (specific solvation) involves 
those interactions in which solvent and solute molecules form complexes due to their 
donor-acceptor properties or hydrogen bonds. On the basis of this division and closer 
specification of the solvent-substrate interaction it is possible to derive the cor­
responding physical models. In the case of hydrolytic reactions water molecules 
act simultaneously as both the reactant and solvation medium 1 

- 7. A number of empi­
rical relations were suggested for interpretation of mechanisms in such systems8

• 

At present the equation by Grunwald and Winstein9 is used most frequently in the 
form 

log (k/ko) = m. Y, (1) 

where k and ko mean the solvolysis rate constants of the given substrate in a solvent 
characterized by the parameter Yand in 80% v/v ,ethanol, respectively, and m cha­
racterizes sensitivity of the substrate to solvent change. The parameter m has a value 
about unity for reactions of SNl type, and it varies within 0·3 to 0·4 for the reactions 
of SN2 type, representing thus a certain measure of polarity of the transition state. 
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Efforts are made to improve the formerly defined empirical relations lO or to describe 
the solvent effects by another wayll. A universal equation was suggested by Pa]m 
and Koppel l2 (5 parameters) who obtained very good correlations. Correlation 
of logarithm of rate constants with logarithm of water concentration in the form 
of Eq. (2) has greatest importance for hydrolytic reactions l3 ,l4: 

log kobs = log k + n log [H20] . (2) 

The depetldence (2) is linear either in the whole range or in separate regions l3 - 2o, 
and slopes of these dependences are interpreted as number of water molecules partici­
pating in the transition statel3. The slopes given in litetature cover a broad range 
from n = 0·8 (hydrolysis of ethyl acetate in mixture of dimethyl sulphoxide and 
waterl7) up to n = 7 (hydrolysis of tert-butyl chloride in acetone-water mixturel4). 
In all the cases it is presumed that concentration of free water molecules [H20] 
is the same as or proportional to analytical concentration of water in the mixture 
( CH20). 

The aim of this work was to sugg~st a criterion for clasification of the reaction .. 
molecularity on the basis of changes of the observed rate constant accompanying 
changes in so]vent composition and, in this way, to decide about participation 
of water in hydrolysis mechanism of 3-acetyl-l,3-diphenyltriazene (1) and 3-(N-me­
thylcarbamoyl)-1,3-diphenyltriazene (II). 

EXPERIMENTAL 

Synthesis of the model compounds and methods of the kinetic measurements were described 
elsewhere2l . Ethanol, methanol, dioxane and formamide were purified and absolutized according 
to ref. 22. The parameters Y we{e taken from ref. 2 3. The isokinetic temperatures and statistical 
criteria were calculated by our own program24. 

RESULTS AND DISCUSSION 

Table I gives results of the measurements of hydrolysis rate constants of the com­
pounds I and II in mixtures ethanol-water and methanol-water at 25, 35 and 45°C, 

Ar-N=N-j-Ar + n H 20 ~ [Ar-N=N-j-Ar. n H 20] 

COX COX 

SCHEME 1 

Collection Czechoslovak Chern. Commun. [Vol. 46] [1981] 



Solvolysis Mechanism 2093 

in dioxane-water at 35 and 45°C, and those of I in mixture formamide-water at 35 
and 45°C. 

Solvent effect. Scheme 1 represents the mechanism suggested21
,25 for the non­

-catalyzed hydrolysis of acyltriazenes. 

Kinetically the given mechanism can be described as a reaction between the sub­
strate and water molecules 

kobs 
~ products, 

the observed rate constant being composed of two terms corresponding to two roles 
of water in the reaction. First of all, water or its admixtures to other solvents acts 
as solvating medium (the character of solvent). This effect is complex and depends 
on composition of solvent, temperature, substrate, and on the presence of other 
compounds. The second term expresses the participation of water as the reactant 
(if the mechanism necessitates that) in the rate-limiting step or in a rapid preceding 
step. This term is an explicit function of water concentration. If this dependence 
can be found and correctly interpreted, it represents an important support of the 
hydrolysis mechanism. Hence, for the observed rate constant it can be written 

kobs = k( CH20' solvent, substrate, temperature ... ) . f( CH20) , (3) 

where k means the complex rate constant, and f( CH20) is the explicit function of water 
concentration depending on the hydrolysis mechanism" (most frequently it is f(CH20) = 

= C~20)' Many published studies take into account only one of the two roles of water, 
which can lead to incorrect conclusions. Such an approach is e.g. connected with 
application of Eq. (2) (refs13

•
14

) which neglects the changes of log k due to changes 
of solvent composition. Out of the used correlations of the type Eq. (3) the most 
important is the Grunwald-Winstein9 equation (1) which involves the complex 
solvent effect in a certain way. Table II gives the results of the Eq. (1) applied to the 
substrates studied by us. The dependences are linear within the whole range of the 
used concentrations except for the urea II in methanol-water mixture in the region 
Y = 3·0 - 3·49 (Fig. 1). Values of the slope n vary within the limits O' 3 - 0'6, which 
indicates a bimolecular reaction mechanism. 

Effect of temperature and solvent. Activation entropy is frequently used as a crite­
tion of reaction molecularity26. This approach suffers from inaccuracy of determina­
tion of the activation entropy, because this value also involves the action of solvent 
as the the reactant (according to Eq. (3)). A -more suitable criterion appears to be 
the sign of change of logarithm of the rate constant accompanying the changes 
of composition or quality of solvent. If we start from the expression of dependence 
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TABLE I 

The observed rate constants of solvolysis (104 kT' s -1) of the studied substrates and their standard 
deviations (10s s, s -1) at various temperatures (T, °C), mole fractions x, water concentrations 
(CH20' moll-I), and parameters Y 

x CH20 Y k25 S k35 S k 45 s 

Amide I, ethanol-water 

0·0 " 55·56 3·49 17·1 1·1 43,3 3'7 95·1 12 
0·05 47·50 3·22 12·4 2·1 38'1 5·4 131 55 
0·10 40·89 2·86 10·6 2·7 27,4 6,2 87,1 20 
0,15 35,39 2,42 6,81 0·44 24'7 4·0 60.9 12 
0·20 30'72 1·95 3'33 0,24 15·0 0·81 44,6 7,9 
0,25 26'72 1'58 3·83 0·46 9'51 0·91 29·0 6·2 
0'30 23·28 1·24 2·82 0,44 5,69 0·55 22·1 4,6 
0,35 20,28 0·97 I-50 0·08 4'99 0-89 20·0 3,4 
0,40 17·61 0·70 1·28 0-05 4'39 0·61 16·5 2,8 

0·45 15·22 0-45 1-04 0-13 3-48 0-32 15-4 2,6 
0-50 13·11 0-22 2·86 0·43 13·0 2·0 

Urea II, ethanol-water 

0-00 55,56 3-49 5-46 0·20 16·6 0-88 37,3 . 4·6 
0·05 47,50 3-22 3·88 0-54 12·2 1-2 33'7 . 5·6 
0-10 40·89 2-86 2'91 0·25 8·51 0,50 26'3 2-3 
0,15 35,39 2·42 1-74 0-19 5·64 0,61 17,6 1·8 
0-20 30·72 1,96 1·28 0·06 4·27 0·36 12'7 0·94 
0·25 26,72 1·58 0'962 0-03 3-31 0·26 9,23 2,3 
0,30 23,28 1·24 0·781 0,17 2-11 0-16 6'99 0·59 
0,35 20'28 0,97 0-584 0·04 2-12 0-20 6,02 0·66 
0,40 17·61 0'70 0,494 0-03 1·83 0·58 5·11 0·28 
0·45 15·22 0·45 0,442 0·06 1· 51 0·09 4,09 0·25 
0'50 13,11 0·22 1-23 0-22 3,37 0·17 

Amide I, methanol-water 

0-000 55,56 3·49 17-1 I-I 43'3 3'7 95-1 12 
0,025. 54,08 3-44 44·8 2-2 87,4 4'5 
0·050 52·61 3-39 11-9 0·99 45-4 7-4 100 12 
0-075 48,56 3-21 35·4 2-9 81·2 6,4 

0·100 44,50 3-03. 8-53 0-50 67,4 7-7 
0·125 42,31 1·89 30-0 3'7 62,5 7·6 
0·150 40-11 2'75 8-48 1·8 25-2 1-7 60-3 5,6 

0·175 37·86 2·58 23,6 3·2 54,3 8,2 
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TABLE I 

( Continued) 

x CH20 Y k25 S k35 S k 45 S 

0·200 35·61 2·42 7·57 1'5 23'5 3·2 51·5 16 
0·225 33·69 2'24 18·9 2'7 41·5 6·5 
0·250 31'78 2·04 5·23 0'55 15·2 2·0 41·7 11 
0·275 29·49 1·98 14'5 2·3 35'9 5·1 
0·300 27·22 1·92 4·09 0·47 14'6 2'0 38'0 7'8 
0'325 26'19 1'83 12·2 1·4 30'5 2·9 
0·350 25·17 1'74 3'76 0·58 12'6 1·3 30'5 6'1 
0'375 23'72 1·61 10'8 0·92 26·8 2'8 
0·400 22·28 1'48 2·66 0·26 29'3 2'8 
0'425 20·94 1·36 8'57 0'75 22·3 2'3 
0·450 19·61 1'23 2'54 0·34 7'79 1·0 23'1 3·8 
0'475 18·36 1·09 6·56 1·2 18'6 1·8 
0·500 17·11 0·96 6'39 0'69 19·9 4·0 

Urea II, methanol-water 

0·00 55·56 3·49 5·46 0·20 16·6 0'88 37·3 4·6 
0·05 52·61 3·39 5·06 0·13 14·0 1·3 40'7 4'4 
0·10 44·50 3·03 4'71 0·46 13·4 1·8 36'0 6'7 
0·15 40·11 2'75 3·92 0'38 11·7 1·0 30-4 3'9 
0·20 35·61 2·42 3'47 0'52 9·65 0·72 27·3 3'5 
0·25 31'78 2·04 2·24 0·11 8·05 0·85 21·9 2'3 
0'30 27·22 1·92 1·59 0·12 6'13 0·26 14'4 1·3 
0·35 25·17 1·74 1·63 0·18 5·55 0·19 14·7 0'91 
0·40 22·28 1·48 1·27 0·07 3·81 0'23 11'7 0'59 
0-45 19·61 1·23 0'953 0·22 3·17 0·30 10·6 0·21 
0'50 17·11 0·96 0'802 0'21 2·82 0'29 8'99 0·57 

Amide I, dioxane-water 

0·00 55'56 3·49 43'3 3·7 95'1 12 
0·05 44'50 2'88 20·6 1· 5 46·3 4'0 
0·10 36'44 2·35 7·35 0·48 25'0 2'0 
0·15 30'2'8 1·62 3·52 0·34 12·9 1·8 
0·20 25'50 1·10 l'~O 0·16 5'98 6·4 
0·25 21·56 0·64 0·985 0·07 3·53 1·5 
0'30 18'39 0·22 0·551 0·12 2·19 1'5 
0·35 15·67 -0,14 0'357 0·06 2'02 5·5 
0·40 13·39 -0,48 0·225 0·15 0·888 0·53 
0·45 11·44 -0,78 0·680 0'51 
0·50 9·72 -1,13 0·466 0' 79 
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TABLE I 

( Continued) 

x CH20 Y 

0·00 55·56 3·49 
0·05 44'50 2'88 
0·10 36'44 2'35 

" 0·15 30·28 1·62 
0'20 25·50 1·10 
0·25 21'56 , 0·64 
0'30 18·39 0·22 
0'35 15·67 -0,14 

0·00 55·56 
0·05 49·78 
0·10 44·67 
0'15 40·00 
0·20 35'83 
0·25 32·06 
0·30 28·61 
0·35 25·44 
0·40 22·50 
0·45 19·83 
0·50 17'33 

4 + logkobs 

y 
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k25 S k35 S k 45 s 

Urea II, dioxane-water 

16·6 0·88 37·3 4'5 
6'79 0'24 16'4 1·7 
3·23 0·15 6'69 0·80 
~'35 0'06 3·31 0'91 
0'713 0·09 .1'74 0'75 
0·424 0·09 1'52 0'15 
0'235 0·02 0·95 0·15 
0·142 0·03 

Amide I, formamide-water 

43·3 3·7 95·1 1·2 
35'3 4'3 101 1·0 
29'8 2·1 78·5 1·1 
24·4 2'4 59·7 1·2 
20·0 1·5 60·3 1·4 
17·4 0'69 49'7 0'74 
15·2 0·84 40·4 0·57 
12'6 0'98 37'5 0·80 
11·1 0'54 35·1 0·42 
9·34 2·5 30·9 0·83 
7·82 0·27 25'5 0'53 

FIG. 1 

Dependence of log kobs on parameter Y for 
hydrolysis of amide I in mixture methanol­
-water at 25°C 1, 35°C 2, 45°C 3 and for 
urea II in mixture methanol-water at 25°C 4, 
35°C 5 and 45°C 6 
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reaction rate vs temperature 

k = (kTjh) exp (-I1G* jRT) (4) 

and if the solvent composition change is expressed generally as a perturbance de­
scribed by a parameter P, then the LFER type equation reads as follows 

o In kjoP = -(RT)-l oI1G*joP, (5) 

wherefrom Eq. (6) follows on proper substitution for the activation free enthalpy 
I1G* . 

o In kjoP = -(RT)-l 011H*joP + R- 1 OLlS*joP. (6) 

TABLE II 

Regression coefficients of Eq. (1) for non-catalyzed solvolysis of the compounds I and II 

Compound T, DC log ko Slog ko m sm n r 
Medium 

I 25·0 -4,14 0·05 0'396 0·022 10 0·998 
Ethanol-water 35·0 -3'64 0'03 0·379 0·015 11 0'992 

45'0 -2'98 0,04 0'309 0,017 11 0·986 

II 25·0 -4,55 0,02 0·344 0,011 10 0'996 
Ethanol-water 35'0 -4'00 0,03 0,333 0,012 11 0,994 

45·0 -3'54 0,01 0,331 0·005 11 0'999 

I 25·0 -4,03 0·06 0'342 0'024 10 0,981 
Methanol-water. 35·0 -3,51 0·02 0·337 0·008 19 0·995 

45,0 -2'99 0·02 0'281 0·008 21 0,992 

II 25·0 -4'51 0-04 0-410 0-020 11 0-992 
Methanol-water 35·0 -3,89 0·05 0·351 0'023 11 0·986 

45·0 -3,35 . 0·04 0·309 0,017 11 0·989 

I 35·0 -4,38 0'02 0'571 0·011 9 0·999 
Dioxane-water 45·0 -3'75 0·02 0·498 0·011 11 0·999 

II 35·0 . -4'76 0·02 0'557 0·008 8 0'999 
Dioxane-water 45·0 -4-20 0'07 0·481 0-031 7 0'989 
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TABLE III 

I~ Isokinetic temperatures and statistical criteria of model reaction in mixed solvents 

Reaction pe, K 
/ 

102s0 102s00 102/p No Compound, solvent sfl,K Fl F2 F3 FO .9S type 

t-butyl chloride23 , SN1 33'74 13·83 2·25 0'76 
C2H sOH-H2O 

2 t-butyl chloride23 , SN1 36·24 11·26 3'35 0·61 
CH3OH-H2O 

3 t-butyl chloride23 , SN1 -228'9 110·3 4·10 8·66 8·26 19·30 5·07 0'88 3·31 
CH3COOH-HCOOH 

4 t-butyl chloride23 , SN1 150·0 18·4 0'77 5·26 1·89 234'0 2'94 0-63 3·22 
HCOOH-H2O 

() 

t-butyl chloride23 , 9.. 5 SN1 -169-4 39'9 2·29 5-90 4·54 240-5 44·8 0·46 3·47 
(j) 
!1 CH3COOH-H2O 
o· 
::J 6 t-butyl chloride23, SN 1 81·06 7·82 4·95 0·75 
() 
N dioxane-H2 O <D 
0 
::::r 

t-butyl chloride23, 0 7 SN1 29'57 1'63 19'39 0'50 en 
0 acetone-H2O < 
III 

" t-butyl chloride23, () 8 SN1 14-42 2-18 224-6 0-82 
::::r 
<II dioxane-HCOOH 3 '"C 

'< 
() 9 t-butyl chloride23, SN1 13'25 0-63 199'5 1·17 c;-
o F 3 FAb_H20 3 til c 

benzyl chloride31 , 
<: 

? 10 SN1 36-32 15·23 3·48 1·13 0 
cr'" 

<: C2 H sOH-H2O 0 
2- 0-

P 
.". 11' benzyl chloride32, SN1 184-9 16-6 3·93 22-98 10-42 5-14 0'67 0-42 1-22 -< s (1) 

acetone-H2O,OH- (")< 

~ 
(1) 
'"1< 
Pl 



() TABLE III til 
Q. 0 
CD ( Continued) <" 
~ 0 
o· -< en ::I C;;. 
() Reaction 102so 102soo 102", ~ N No Compound, solvent pe,K s~, K Fl F2 F3 Fol95 <D 
0 type (I) 
::T (") 

0 ::::s-
en III 
0" l:) 

< 12 t-butyl acetate19, ' AAll 186'4 38'6 0'40 1·46 0'77 3·87 5'22 2'92 7'53 
c;;. 

III 8 -;r: 

() dioxane-H20, H+ 
::T 
<D 

benzyl chloride33, SN1- SN2 ? 13 74'53 6·20 2'39 0·47 
() DMSOc-H2O 
0 
3 14 BCTAHd

, ref34, 131·6 31'0 6'90 13'06 8'20 3·84 1'91 0'79 3·62 3 
c: DMFe-H2O ? 

<: 15 BCTAHd, ref.34, 216·3 13'1 9'36 60·86 35·17 4·07 2·67 1'16 3'49 
Q. 

.I>-
acetone-H2O 

~ 
16 methyl benzenesulphonate35 , SN1-SN2 218·4 15'9 _f f f _f 2·03 0·005 3'25 

<0 CH3OH-H2O,OH-~ 

17 methyl benzenesulphonate35 , SN1-SN2 _f _f _f _f 0·005 
C2H 5OH-H2O,OH-

18 methyl benzenesulphonate35, SN1-SN2 114·0 14'1 _f _f _f _f 0·99 0·004 1·52 
i-C3H 7OH-H2O,OH-

19 methyl benzenesulphonate35 , SN1-SN2 _f f f f 0'005 
t-C4H9OH-H2O,OH-

20 ethyl benzenesulphonate13, SN1- SN2 52·87 7·19 2'64 0·49 
acetone-H2 ° 

21 n-propyl benzenesulpho- SN1- SN2 -142,9 22·95 8·36 32'20 7·14 3·87 1'73 0·38 2'17 
nate13, acetone-H2 ° 

22 isopropyl benzenesulpho-
nate13 acetone-H2O 

SN1- SN2 48·25 12·22 2·02 0·46 

23 benzyl chloride32, SN2 617·6 27'7 0·39 16'90 66'18 2'85 1·21 0·89 1·71 
DMSOc-H2O,OH- I~ 

\Q 
\Q 



TABLE III I~ ( Continued) 

Reaction I 

102soo 102s00 102", No Compound, solvent pe, K sp,K FI F2 F3 Fol95 type 

24 benzyl chloride36, SN2 , 1 844·3 550·1 5·04 4-61 47-56 2-15 2-08 0-79 1-79 
DMSOc-CH30H, CH3O-

25 2,4-dinitrophenyl alkyl ether16, SN2 565·7 28-1 1·87 18-15 56-13 3·29 0-84 0·34 1·32 
CH3OH-H2O,OH-

26 2,4-dinitrophenyl alkyl ether16, SN2 567-9 535·5 69-08 70-07 n-20 2-95 3·05 0-27 6-50 
C2HsOH-H2O,OH-

27 phenyl acetate15, AAc2 414-9 19·5 2-57 10-34 16-18 3·87 1·23 0-44 3·53 
dioxane-H20, H+ 

28 ethyl acetate1 7, AAc2 155-7 10-3 16-58 152-12 51·95 2-51 1·93 0-49 2-80 
() 

DMSOc-H2 0, H+ ~ 
(j) 

29 ethyl acetate37, 56-58 20'35 0-64 !l. BAc2 169-0 7-7 2·11 2·85 1'10 2-13 o· DMSOc-H2O,OH-;:] 

() 
30 ethyl benzoate38, BAc2 25·91 17-74 3'36 0-44 N 

(I) 
0 DMSOc-H2 O,OH-::J 
0 
en 

31 I, C2 HsOH-H2 O 541·53855·4 0" 0-13 
< 

0-15 0-17 2·98 3·82 4-23 11·9 
III 

32 II, C2H sOH-H2 O -1255·6 573-4 0-09 0'10 0-11 2-98 I-57 1·68 4·43 '" () 
::J 33 I, CH3OH-H2O 395'3 26·7 0'28 0·44 0·54 3·15 2-88 1-10 7-15 CD 
3 ~ 

34 II, CH3OH-H2 O 493·0 171·1 0·22 0'37 0'53 2-85 2;12 1·66 6·54 '< 
() [ 
0 

I, dioxane-H2 O 1 1 _I 1 3 35 455'2 78·8 1'42 15·86 3'01 ,? 
3 _I _I _I _I t:I.l c 36 II, dioxane-H2O 367-0 11·6 1·49 0·23 2·87 <: 
? 0 

"< 37 I, FAb_H2 O 375·3 16"'2 _I _I _I _I 1·26 0·08 4-01 cr' 
0 

0 0.. 
:- ,? 
~ a Only the isokinetic temperatures within the interval p-1 E < -7'0; 10'5) are given; b FA formamide: C DMSO dimethyl sulphoxide; d BCTAH <.:: oS 

1,7-dichloro-2,4,6-trinitro-2,4,6-triazaheptane; e DMF dimethylformamide; 1 the criterion cannot be calculated due to insufficient number 
G 
(")( 

<0 G 
>-j< 

~ of degrees of freedom_ ~ 
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Interpretation of Eq. (6) can differentiate three cases. If the activation enthalpy 
~H* does not change with the solvent composition (isoenthalpic reaction), then 
Eq. (6) changes to Eq. (7). If the activation entropy ~S* does not change with the 
solvent composition (isoentropic reaction), then Eq. (6) changes to Eq. (8). If there 
is linear relation between the activation enthalpy and activation entropy with changing 
solvent composition. i.e. isokinetic relation is valid, then Eq. (6) changes to Eq. (9), 
in which P means the isokinetic temperature. 

a In klap = R- 1 a~s*lap 

a In klap = -(RT)-l a~H* IP 

a In klap = (T - P) (RT)-l a~s* lap = 

= (TIP - 1) (RT)-l a~H* lap. 

(7) 

(8) 

(9) 

If choice of the parameter P allows to use differences instead of derivatives in Eqs 
(7)-(9), then it is possible to determine the sign of the slope of the simple linear 
dependence (the right-hand sides ofEqs (7)-(9)) and to use it as a criterion ofmech~­
nism (sign of the reaction constant (1 in the Hammett equation). So far for solvolytic 
reactions such a scale of parameters valid for all or at least for most solvents (which 
would enable to use linear dependences) is not available. However, the sign criterion 
can be used even without detailed knowledge of dependence In k vs P, if at least 
one of Eqs (7)-(9) is fulfilled. Table III summarizes results of calculations of the 
isokinetic temperature24 with the corresponding statistical criteria for various mixed 
solvents and various types of reactions. For evaluation of validity of the isokinetic 
relation we give the criteria F1 (refs27

,28) and !/J (ref.29
) along with the standard 

deviations So and Soo (ref. 30
). The criteria F 3 and F 2 indicate whether the reaction 

is isoenthalpic (Eq. (7)) or isoentropic27
,28 (Eq. (8)). The given results show that 

monomolecular reactions exhibit positive. sign of the slope (Eqs (7) and (9) for 
P < 1";;xp). It is possible to include in the same category also the reactions for which 
the isokinetic temperature lies outside the interval (used for technical reasons) 
p- 1 E < -7; 10'5), because these reactions can be classed among isoenthalpic reac­
tions (within experimental error). Oij the contrary, bimolecular reactions exhibit 
negative slopes (Eqs (8) and (9) for P > Yexp). An exception to this rule are speci­
fically catalyzed hydrolyses of esters in mixtures dimethyl sulphoxide-water (Table III, 
Nos 28 - 30), although the isokinetic relation is well fulfilled in the case of ethyl 
acetate (No 29). Application of the given criterion to the substrates studied by us 
is more complex. The criterion F 3 (which cannot be calculated in all cases) indicates 
an isoenthalpic reaction (within experimental error) and, hence, monomolecular 
mechanism. From this point of view the found isokinetic temperatures have no sta-
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tistical significance. On the contrary, it can be expected that increasing number 
of experimental temperatures (and, hence, increasing accuracy) will lead to confirma­
tion of the isokinetic temperature higher than the experimental temperature range 
(even in the case of the compound II in ethanol-water mixture). This conclusion 
indicates bimolecular character of the reaction studied. If also the results obtained 
by the Grunwald-Winstein equation (Eq. (1), Table II) are taken into account, 
it can be stated that water participates in the transition state of hydrolysis of the 
substrates studied by us. 
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