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The reaction kinetics of acylation of 2-chlorine-
- 5 - sulfamoylbensoic acid hydrazides with bensoyl 
chloride in chloroform has been studied in the temper
ature range 288-328 K. It was shown that the process 
obeys the second order kinetic equation for irrever
sible reactions. Rate constants, activation energies, 
enthalpies, entropies as well as free aotivation en
ergies were calculated. The influence of the nature 
end position of substituents in the hydrazide molecule 
on the kinetic parameters of acylation reaction was 
studied.

In our previous contribution* of this series the reaction 
kinetics of acylation of chlorosubstituted aromatic oarboxyl- 
ic acid hydrazides with benzoyl chloride in chloroform was 
studied and the rate constants and activation parameters of 
the reaction were calculated.

In the present paper the reactivity of 2 - chloro - 5 -
- sulfamoylbenzoic acid hydrazine derivatives, having a great 
future with respect to biology, has been studied in order to 
establish the probable relationship between its pharmacologic-
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al effect and reactivity. Another goal of the work is to 
find optimum synthesis conditions for the derivatives of 2-
- chlorine - 5- sulfamoylbensole acid hydrazide. To solve 
these problems, we have chosen the reaction of acylation of
hydrazides with benzoyl chloride 
the following equation:

in chloroform which obeys

Rate constants of hydrazides benzoylation reaction were2determined by nitritometric potentiometric titration . Inter
action of arylhydrazides and benzoylchloride is quantitative 
and irreversible.

The reaction is described by the second order kinetic 
equation which is confirmed by the stability of rate constant 
values (Table 1) calculated according to the equation:

к . — £—  -±—  ) (I)2St a HZ a
2jc A 2a + A

* .  CXI)
A  ßt

where к is the rate constant (1 . mol”1 sec“1)j 
a - the initial concentration of benzoyl 

chloride (M); 
x - the concentration of benzoyl chloride (K) at 

the moment of time t (sec); 
ß - the correction which takes into account the 

change in the concentration of reagents with
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Table 1
Kinetic Parametern of Reactions

Ü > ° 2S v/'O'BH-: NH-Ntt-'' ■NH-HH2 HC1

No R RI
к 1 . mol”* вес"*

2 288 К 298 К 308 К 318 К 328 К
1. H H H . 0.330*0.015 0.500*0.014 0.727*0.031 1.037*0.049
2. H СИ Cl 0.142-0.006 0.218*0.010 0.338*0.012 0.506*0.021 0.734*0.029
3. H H Cl 0.143-0.008 0.224*0.022 0.340*0.016 0.510*0.019 0.740*0.031
4. CH3 CH H 0.224-0,009 0.346*0.012 0.517*0.022 0.744*0.036 1.045*0.037
5. снз 0H3 Cl 0.143*0.010 0.225*0.019 0.340*0.030 0.510*0.009 0.740*0.037
6. c2H5 ° A Cl 0.140-0.014 0.214*0.017 0.331*0.028 0.484*0.024 0.682*0.041



the thermal extention of chloroform while going 
from 293 К up to the temperature of the experi
ment.

A - the difference between the initial concentration 
of arylhydrazide and that of the doubled initial 
concentration of benzoylchloride (UJ.

While the concentration a of benzoylchloride was two 
timee lower than that of hydrazide, rate constant к was 
calculated according to eq. 1, In its turn, eq. 2 was used 
if the ratio of the reagents deviated from the stoichiometric 
one. Values к calculated according to these equations, co
incide within the error range of the experiment.

The polyterms of rate constants are described by the 
Arrhenius equation which confirms the stability of reaction 
mechanism within the temperature range studied. This enabled 
us to calculate t̂ ie valuee of activation energies (kcal/mol), 
pre-exponential factor A (according to the Arrhenius equa
tion). as well as the thermodynamic activation parameters 
(enthalpy ЛН* (kcal/mol)»entropyД S*1 (e.u.),and free activa
tion energy AG** (kcal/mol) according to J$pringj (Table 2/.

The data of Table 1 shows that the introduction of elec
tron - withdrawing substituents into the benzene ring of an 
arylhydrazide molecule leads to a considerable decrease in 
the reaction rate. Still, with the increase of temperatures 
the hydrazide moleculee sensitivity to the substituent ef
fect in benzene ring drops slightly (the relative variation 
of the rate constants of compounds 1,3 and 4,5 decreases with 
the growth of temperature). The introduction of electron - 
releasing substituents in the sulfamoyl - group of the nucleo
phile molecule slightly increases the reaction rate (com
pounds 1,4) of moleculee with nonsubstituted H - atom in po
sition 4. The insignificance of this increase can probably 
be explained by the remoteness of sulfamide group from the 
reaction center of the molecule. With the decrease of aryl
hydrazide nucleophile reactivity (because of conducting the 
electron - withdrawing chlorine atom into position 4 ) the 
sensitivity of arylhydrazide molecule to the substituent ef
fect of sulfamide group on the acylation reaction rate drops
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Thermodynamic Activation Parameters of the Reaction
Table 2

lO
\EfH-NH,

• © r '
’'•Cl

^ 0
R?H02S" - ^ V nNH-NH

Ж ?
••NHg • 
HCI

No R Ri R2
AH*1
kcal/mol -AS»* e. u. A  Q? kcal/mol 

(298 K)
BAkcal/mol In A

1. H ■ H H 7.20*0.16 36.6*0.3 18.1 7.38*0.17 11.36*0.27
2» H oh. Cl 7.08*0.21 37.8*0.8 18.3 7.74*0.21 11.57*0.19
3. H H Cl 7.46*0.07 36.5*2.4 18.3 7.74*0.14 11.56*0.23
4. СИ OH H 6.68*0.11 38.3*0.4 18.1 7.06*0.20 10.86*0.20
5. онз 0H3 Cl 7.52*0.09 36.4*0.3 18.4 7.71*0.18 11.52*0.29
6. ° A o2H5 Cl 7.17*0.12 37.5*1.4 18.4 7.47*0.41 11.08*0.66



i

to zero. This agrees with other reports .
The analogical changes can be observed with the activa

tion parameters of the reaction (Table 2). It should be point
ed out that the variation of enthalpy A H1*, free energy 
and activation energy E^ are more sensitive to the substi
tuent effect in an arylhydrazide molecule than of activation 
«nthropy A S ^ t which retain close values within the whole 
series of the compounds studied.

Experimental
The derivatives of 2 - chloro - 5 - sulfamoylbenzoic 

aoid hydrazide were synthesized according to the known meth
ods^* ̂ and were purified by multiple recrystallization up to 
the permanent melting point (Table 3). Benzoyl chloride and 
chloroform were purified according to methods described ear
lier^. The kinetic measurements were carried out analogous
ly2.

The concentration of hydrazides was determined by poten- 
tiometric titration using a pH-meter pH-121 with a 0.01 M 
solution of sodium nitrate with platinum ETPL-Ol M and chloro- 
silver EVL-/H/ electrodes in the presence of potassium bro
mide as the catalyst and the mediator : 0.001 M solutions 
K4 be(CH)6] and \?e(CV)J .

The reaction rates were measured at 288, 298, 308, 318.
328 K. The experiments were repeated three times and thr 
included 6-8 measurements. The initial concentration of the 
hydrazides (the variation range of benzoylchloride is 0.004- 
-0.0002 U) was in some series stoichiametric but in other 
series its deviation from the stoichiometric one was 
A"" -0.0001 - 0.0001 M. The precision of the obtained values 
was assessed by the method of mathematical statistics ( theПconfidence level being 0.95) . The thermodynamic' activation 
parameters were calculated according to the well-known least
- squares method^. The precision of the calculated kinetic 
parameters was characterized by the value of the mean-squares 
deviation.

4
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Uyrlrnzides of 2 - Chlorine - 5 - Sulfamoylbensoic Acid Derivatives

. Ж " " 1

Table 3

Melting Pound #  Brutto- Calculated %#o 13 R Д point -------------- formula ---------------
С N S N S

1» H H К 1B1-133 17.00 12.87 c7h8c in3o 3s 16.83 12.84
z. 4 о 33 \wu Cl 207-209 14.22 10.89 C8H9CI2N3°3S 14.09 10.75
3. H H Cl 198-200 14.51 11.26 C7H?CI2N303S 14.79 11.29
4. CH3 CH3 H 175-177 15.18 11.48 c9h 12c i n3o 3s 15.13 11.55
5. CH3 CH3 Cl 1Ä1-183 13.60 10.33 C9H11CI2N3°3S 13.46 10.27
6. сгн* S Hr Cl i6i-i6a 1Я.51 9.53 C 11H15CI2N3°3S 12.35 9.42
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SEARCH OP CORRELATION EQUATIONS AND POR CALCULATION 
OP RATE AND EQUILIBRIUM CONSTANTS. 1. DIGITAL CODING 

SYSTBi OP EQUATIONS OF CHEMICAL REACTIONS 
T.J. Jüri ado and V.A. Palm 

Tartu State University, Department of Chaaiatry , 
202400 Tartu, Estonian S.S.S«

Received October 15, 1984

A program package for compact computer stor
age and search of the parameters of correlatiea 
equations and for calculation sf rate and equi
librium constants of hstsrolytio organic rsae- 
tions on the ground of these parameters has bean 
compiled. The package was realised on an BC 10-60 
computer. The parameters of approximately 2000 
correlation equations have been inserted into 
the data arrays of the program. A numerical sys
tem is proposed for coding of chemical equations, 
where the latter are presented as certain se
quences of model eleotrophiles and nucleophiles 
with variable substituents.

Introduction
The storage of large data arrays and automatic search of 

the data from these arrays is an important branch of comput
er usage. Por exact sciences, it means the compilation of 
(experimental) data banks for computer storage and creation 
of programs connected with these sets for search and infor
mation output of randomly selected pieces of this informa
tion.

Por the purposes of organic chemistry, the storage of 
standard reference data on some parameters (constants) of
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organic compounds has certain practical importance. The rate 
and equilibrium constants of reactions with covalently bond
ed compounds have an especially important place among euch 
parameters. Indeed, the values of all needed rate and equi
librium constants of the given processes contain sufficient 
information about their chemical nature.

Naturally, theoretical calculations as well as the ex
perimental study may be the sources of information on the 
value of rate and equilibrium constants. Certainly, the com
puted estimation is to be preferred if one has sufficiently 
general, adequate and efficient (in the sense of the capaci
ty of calculations) theoretical models, which is especially 
important for organic chemistry. It is easy to show that the 
number of different types of the compounds belonging to a 
certain class of organic substances tends to infinity. As 
there is more than one compound participating in any reac
tion and the reaction conditions (temperature, solvent, ca
talyst etc.) are also variables, the total number of rate 
and equilibrium constants for different processes is by no 
doubt infinity, too. Thus, it is practically impossible ta 
get comprehensive experimental information about the rate 
and equilibrium constants of all possible reactions.

On the other hand, up to now we lack a sufficiently ex
act theoretical model enabling computational estimation of 
all these constants.

Nevertheless, the calculation of the values of constants 
for a number of reactions can be performed in the framework 
of formal approach which is realized in the form of correla
tion equations (see Ref. 1 for review and Ref. 2 for short 
summary).

The correlation equations give a possibility to use the 
known values of rate and equilibrium constants of some basic 
reactions for the computational estimation of a much larger 
number of analogical (** »ncerning certain sets of attributes) 
reactions Laving no experimental values of these nonatants . 
Thus, the parameters of correlation equations Гог estima
tion of the rate and equilibrium constants of corresponding
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reactions can be considered as the arrays of experimental 
data to be used like any other standard reference data. It 
enables dense storage of the experimental data already avail* 
able. On the other hand, the number of reactions for which 
the values of constants can be estimated would be larger by 
sereral orders of magnitude. In most cases, the precision of 
the constant estimation by means of the formal approach is 
satisfactory for calculation of the sufficiently adequate da
ta. Thus, it would be reasonable to add the set of the para
meters of correlation equations and corresponding calculation 
scheme to the bank of experimental data. Such a possibility 
has bsaa realized in Tables2. Obviously, the form sf tablss 
for storage and non-cemputational calculations heavily re
stricts both the possibilities of the operative addition of 
new data to information stored and the facilities for the 
check of correctness of the calculations in the framework of 
correlation equations. The guaranteed correctness is an addi
tional argument in favor of automatic computation using the 
stored values of correlation parameters.

The computer etorage of the parameters of correlation 
equations and the use of them for calculation of rate and 
equilibrium constants requires one or another solution of the 
problem of coding of chemical reactions and structures. Por 
the input, etorage and search of the set of the experimental 
data of rate and equilibrium constants, the universal lan
guage of linear coding of topologically given structures 
(LINKS) was created^*^. The transformation of input LINKS - 
code into a corresponding marked graph is the foundation of 
the information etorage on the baees of this language.

However, the use of the LINKS - language for coding of 
reactione needs some special skill. Furthermore, those reac
tion codes do not always obviously and immediately reflect 
the logic of the estimation of reaction eeries with variable 
structure as adopted by the formal approach. Thus,it turned 
out to be expedient to apply another method of numerical cod
ing of reactions and structures which was less general but 
easier for practical use and directly connected with the log
ic of correlation equations. The vereion described below
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ueee numerical coding as input language to prepare the or
ders for conetant calculation. Later on it ie possible to 
complement the system with corresponding code tables for 
translation of either LUKS - codes or any other language 
based on structure formulare into numerical codes used in 
our system«

The listB of the reaction series included, the types of
correlation equations and their parameters correspond to the2data presented in Tables •

Suoh a system can be supplemented with further reaction 
sets and with more sophlatiosted and general correlation 
equations. The program package was compiled in the FORTRAN - 
language and realised on an SC 10-60 computer in the oon- 
puting center of Tartu State University. The main principle
of its work is based on initialised arrays with the para-2meters of nearly 2000 correlation equations frosi Tables 
for the following reaction types": l/(dissociation of hy
drogen acids), 2/(proton transfer), 3/(nucleophile substi
tution at non-aromstio center), 4/ (bimolecular nucleophile 
io substitution at saturated oenter), 6/ (additfSn to multi
ple bonds), 8/(hydrolysis of carboxylic esters), 9/( reac
tions of carbonyl compounds), 10/(electrophilic substitution 
in aromatic ring), ll/(nucleophilic substitution at aromatic 
oarbon atom), the tables of substituent and solvent constants 
as well as programs enabling the search of more general re
action types as well as the actual reactions making use of a 
special numerical code, search of solvents on the baees of 
coding system used in Tables^, search of temperature, deter
mination of the indexes of correlation equations by means of 
the results of the above mentioned search, the computation 
of rate and equilibrium constants on the virtue of equation 
index as well as the output (print) of constants calculated 
and the additional comments, if necessary.

The functioning of the program package is organized in 
the overlay-mode, the program occupies 210 kilobytes of com
puter’s memory.
■ The indexation of Tables2*̂  was used
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The information arrays of the paokage can be supplement
ed with new data without any difficulties. It is possible to 
add new types of correlation equations without changes in the 
system of the search of reactions.
Digital W f l g  System of Equations of t&fl|lcq,l Недороде

1. General Notes
The program system described below must be feasible for 

any chemist. Thus, it turned out to be suitable to compile 
not entirely universal but sufficiently unambiguous and sim
ple method for coding of chemical structures and reaotion e- 
quations, proceeding actually froo the logio of correlation 
analysis. To our mind, the somewhat limited degree of gener*- 
ality is not an essential shortcoming as the majority of 
cases with real practical meaning are involved. Moreover,the 
system can be extended adding some simple rules which do not 
bring along any changes in the existing segments of the pro
gram. It should be mentioned that the structures with highly 
branched substituents do not have special meaning in the 
framework of correlation equations on which the described 
program system is based.
2, General Principles

The method accepted arises from the following general 
principles:
2.1. The most appropriate code for the users because of 

the simplicity of the programs is a numerical code.
2.2. Any reaction equation of the types mentioned above 

could be represented as follows:
E1Y1 + E2Y2 *3Y3 ---►products,

where E^ ie electropositive leaving group (or electro - 
phile Е^д+ if the corresponding Y^ is absent) and Yi denotes 
electronegative leaving group (or nucleophile Y^tA~ if the 
corresponding is absent); any B^ or Y^ can be absent in 
certain cases. Our system excludes only the simultaneous ab
sence of both E.j and Y.j (or if there are two reagents partic
ipating also the simultaneous absence of both B^ and Yj).
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The demand for presenting of reaction equation in these 
terms is one of the major reasons why our system cannot be 
used for coding of some special reaction types ( e.g. the 
elimination reactions with increasing unsaturation) and needs 
some supplementary rules.

2.3» All given chemical reactions of the named types 
could be represented in these terms using a restricted num
ber of model and Y^ which, as a rule, include one or more 
variable substituents, e.g. model E^ XC(=0)-, XgCs“ = CX^,
CX,X_X_-, NX-Х.СХД - etc., and model Y. XC=C-, X„NsNX..- ,+ i c 3  _3 4 i 2  i 2 1 ’ NX^XgX^-, C^X^X^CX^Xg- etc., where X  ̂is a variable substi
tuent. Some model Ej and Y^ include a bivalent variable sub
stituent, e.g. E. X ^ C __ - and у ' - 2+ i —  arom. X1_лагот.
xd ^ Narom etc. A two-digit numerical code corresponds to 
any such structural unit. Our system includes 47 model E^ 
and 62 model Y ^  Their list could be complemented with addi
tional units. The model E^ and Y^ (Ei A+ and as well 
as their numerical codes are given in Tables 1 and 2.

2.4. Variable substituents connected with model E^ and 
could be represented as compiled from model bridges (frag

ments) and secondary substituents. Another limitation is in
cluded in order to further simplify the coding system*which, 
however, cannot be essential by the correlation approach, 
where, mainly, the simple substituents are included: the sec
ondary substitution is allowed at the terminal bridge, only.

Examples: ___. \ d
- substituent ~\0/~ OKg-CKg-^\Q/— Cl is formed from

' CH.
bridges phenyl - methylene- methylene- phenyl and of second
ary substituents 2-N02, 4-C1 and 5-CH^;

заэзЫтиэп^ - T q V g h  _ ck-^5 / ~ N02 сга 08 in ca3e

bridge — ' is described.
Trivalent model bridges (the fragments, as a rule ) cor

respond to the bivaleu1" variable substituenta connected with 
model E^ and Y^ (see 2.3.^ •

a  tnree-digit numerical c^e is associated with every typ
ical bridge or secondary substituent.Model bridges and sec-
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ondary substituents as well as their digital codes are given 
in Tables 3 and 4*

2.5. Practically all reactions of the mentioned types 
(except tbe reactions with extremely complicated substi
tuents) could be coded by means of the codes of model nucleo
philes and electrophiles and the included variable substi
tuents strictly.

3. General Form of Reaction Code (GFRC)
The GPRC consist of one eight-figure and one four-digit 

constant. The former includes the codes of Y^, Eg and Y2 
and the latter the codes of E^ and Y^. 00 must be written in
stead of a missing structure unit.

Examples t
- reaction CX^IgX^H + 0H“ —  C X ^ X ^ "  HgO

1 1 Y2
Codes» Е ^ Н - Ы ,  Y^CIjX^-).^ and Y2(X0i") - 25 
GPRC 1020025 0
GFRC can also be written using the inverse sequence 

of reagents, i.e. 250102 0;
- reaction XtC00X2 + HgO ♦ H+— X^OOH + XgOH + H*

HQH,
E1 Y1 V 2 B3 

Codes: E ^ X  C0-)«8, Y1(XO:~)»Y2-25, E2(H-) - E3 - 1
GPRC 8250125 100
or 1250825 100
Note:

In the framework of the reaction types under discussion, 
the third reagent is always a catalyst whose code is to be 
written the last. If in a catalytic reaction only one com
pound is participating besides the catalyst, the code of the 
catalyst can be written either at the first or at the second 
position. Nevertheless, it is recommended, iu all cases, to 
follow the system of Tables i.e. the first version of
our examples, to make the functioning of the program more 
effective.

3
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- reaction ArOX« + ХлСООК— -ArOOCXg + X.jOK

17 25 26 29 
GPRC 17253926 0 or 39261725 0
- reaction XjXgCaCX^X^ + Br2— »X^gCBrCBrX^X^

Br-Br
Y1 *2 Y2
3 21 42

GPRC 32142 О or 21420003 0
4« Codes of Variable Substituents Belonging to Model 
Buoleophiles and Electrophiles (CVS)

The CVS hare been put into the identification arrays 
etriotly in order of the increase of the indexes of electro- 
philes and nucleophiles, i.e. the substituents of the elec- 
trophlle are listed first, then those of nucleophile Y^etc, 
Within the range of one structure unit (i.e. electrophile or 
nucleophile), the arrangement of the CVS is determined by the 
system of indexation of variable substituents in electro- 
philes and nucleophiles (if substituents are not in equiva
lent positions). In case the substituents are in equivalent 
positions, the program guarantees the reliability of opera
tion by any arrangement of CVS. However, in the described 
version, a oertain arrangement is used for the latter codes, 
too.

There are no codes for reactions with certain substi
tuents in the identification arrays but the codes of reaction 
series which correspond to correlation equations, i.e. as a 
rule, in a single (as well as in two or three) substituent, 
there is a variable secondary substituent (VSS). In the iden
tification arrays for substituents in equivalent positions , 
the substituents with VSS are always at the final place, the 
other CVS are entered in the order of growth of the substi
tuents complexity.

Every CVS contains from 3 to ten integers. The substi
tuents which could be ooded using more than ten numbers, are
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excluded from our system. The oode includes the indexes of 
bridges (IB) (Table 3), the closing symbol of IB (-1), the 
total number of secondary substituents (VS) and the indexes 
of secondary substituents (IS) (Table 4) or the indexes of 
secondary substituents with the indioation of the position 
of substituents (if the last bridge has more than one ac
ceptable position of substitution), including the VSS oode 
without indication of the position of secondary substitution 
(always takes the final position of IS)» The VSS is ooded 
as follows:

-1 - VSS In the phenyl (aromatic) ring,
-2 - saturated alkyl,
-3 - functional groups as well as vinyl and ether un

saturated groups, phenyl etc«,
-4 - VSS of the n)H3e>ll type ( methyl deriva

tives), where I is a functional group etoa,
-5 - VSS of "mixed" type (coaibined data processing for 

the substituent types -8 and -4).

CVS * 3 3 3, -1 3 .3054 5054 -1,T *
IB NS IS

5. Representation of the CVS in User's Order for Program
This representation has an essential meaning for a pro

gram user. The data is used for the reaction identification 
ae well as for the search of the corresponding correlation 
equation and the computing on the basis of this equation of 
needed rate and equilibrium constants«

The Grac representation is identical to the code of iden
tification arrays given in clause 3«

The representation of CVS has some differences if compared

Codes - CgH4 - bridge- 3, Cl - 54, KOg - 105
CVS:, .3' 3 3. -1 3 .3054 4Ю5 5054,
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with the system given in aubdiviaion 4 becauae there ara the 
eodea of reaotion aeries in the identification arraya while 
the codea of the actual reactions with definite aubatltuenta 
are represented in user's orders.

The CVS of the user's order contains the indexes of 
bridges (IB) and the closing symbol (-1) of IB followed by the 
indexes of secondary substituents with/without the indication 
of the substitution positions and the closing symbol of the 
codes of secondary aubstitution (-1)»

5*1, The Regulations for Using of Bridge Indexes.
The bridges could be derided into the following groups 

(the indexes of Table 3 are indicated in brackets)»
a) methylene and ethylene bridges (1-2).
b) the cycles with more than one acceptable position of 

secondary substitution /CMPS/ (3-40),
c) the cycles with one single position of secondary sub

stitution, only /COPS/ (41-100),
d) other bridgee /0В/ (101-150).
The methylene bridge can be used without any restrictions.
The ethylene bridge can be used only in case the final 

fragment of a substituent is written as -CX^XgCX^X^ but the 
-CXjXg- bridge 1в missing in the bridge codes list. The ap
plication of the ethylene bridge is unacceptable in any case 
when connected with odering of alkyl substituents.

The CMPS could have some positions of secondary substi
tution but only as being the terminal bridge. Acceptable po
sitions are indicated in Table 3« If the CMPS code is used 
for the bridgee in another position, one should see the sec
ond column of Table 3, which indicates the whole set of frag
ments really represented in identification arrays. The cor
responding CMPS cannot be used as an intermediate bridge in 
case the necessary fragment is missing in the column.

The positions accepted for COPS are presented in Table 3. 
Some COPS cannot be used as the terminal bridge (see bridges 
57-60, 81, 85).

There are also OB that cannot function as terminal or 
penultimate bridge. The same applies to those belonging to 
secondary substituents. The latter should be used as the

264



terminal bridge only If the corresponding coepilated second-

ioubts, the order must be given for both variants to guaran
tee the poeitire output*

5.2. The Regulations for Using the Order of Secondary 
Substituents*

As mentioned above, the secondary substitution Is allow
ed by the terminal bridge, exclusively* When ordering the 
alkyl substituents presented in Table 4 one should not bs 
taken as consisting of bridges and secondary substituents* 
E.g* neopenyl must be ordered as substituent 14 but not as 
bridge 1 + substituent 13* The same, although less strictly, 
is valid for components containing bridges ( e.g* 76-86, 
96-103 etc.).

For the secondary substituents in CMPS, the position of 
substitution must always be indicated as

Hotel * 1000,1 Hoeltion + 1subatito*at, 

wheM 1totaX* Vaitlon a"d Hub.tltu.nt m  th«
index, the position index and the index of the substituent, 
respectively.

In the COPS, the secondary substituents can be ordered 
with/without indicating the positions. In the first case,the 
acceptable position is automatically regarded to be ordered, 
in another variant the correctness of the position is check
ed up. In case of divergence from the acceptable position a 
corresponding message should be printed.

5*3. The Examples of Writing the Codes of Substituents 
(comma has been put between separate digital codes).

The codes of some substituents should be written as fol
lows:

ary substituent is missing in Table 4. If there are some

IB IS
-H
-CH.3

1, -1 
2, -1 

18, -1
3,4,4,-1
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- ® г - 0

ОН Me СР.I I I з

40, -1
X, -1 
145, -1 
1, -1

104,103,2,-1, 1002,1175,2054, -1

(О) ̂ АОНО) 58,58,3, -1, 2054,5105,4145, -1
®  А

У К  г Т Ш ,  117,17,-1 4105, -1
3 се £  н5.4. 9i* Ixasples of Writing Reaction Codes Including 

Substituents I
eolvolysis

Reaction code 46410000 0
Substituent codes (In Ij)t X^ 3* -1, 4105, -1

Xj, 22,-1, 1, -1

Cl

- p - « -
Cl

Cl

0H£1
OH

0&,
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R e a c t i o n  c o d e  4 4 2 0 0 1 2  0

( i n  E ^ S
X 1

- 1 . 1 ,  - 1

* 2
- 1 , 1 .  - 1

b
- 1 , 5 1 ,  - 1

( i n  Y 2 ) t
1 1

3 , - 1 ,  2 0 5 4 , 4 0 5 4 , 6 0 5 4

* 2
- 1 , 1 ,  - 1

* 3
- 1 , 1 4 5 ,  - 1

( o r 3 , - 1 ,  1 ,  - 1 )

O r  r e a c t i o n  c o d e  1 2 0 4 4 2  0 ,  f u r t h e r  / Y ^ /  ■  / Y g /  a n d  / B g /

- /*,/.

o r  Y g

R e a c t i o n  c o d e  8 4 1 0 1 1 6  0 0 3 7  / o r  1 1 6 0 0 4 1  0 0 3 7 /

o r  8 4 1 0 0 1 1  0 0 3 7  / o r  1 1 0 8 4 1  0 0 3 7 /

S u b s t i t u e n t  c o d e e  ( i n  I j  - 1 ,  1 4 5 ,  - 1  ( o r  3 , - l * l » " > l )

( i n  Г 2 ) :  - 1 ,  I ,  - 1

3 ,  - 1 ,  3 0 5 4 ,  - 1

( i n  Y 3 ) i  ^  - 1 ,  3 ,  - 1

Ijj -1 . 2. -1

X3 -1 . 2, -1

Cl Cl
+ C H (  C H j J g B r  ♦  Sn014----------- -  ^ ^ - C H ( O H 3 ) 2 +  H B r  ♦  SnCl^

01

( * !  -  - H )

R e a c t i o n  c o d e  1 0 9 0 4 4 2  3 5 0 0  ( o r  4 4 2 0 1 0 9  3 5 0 Q )
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Substituent codes (in Y^): Xj 6, -1» 3054* 5054» -1
(in *2): ^  -1, 1, -1

12 -1 , 2, -1  

Xj -1 , 2, -1

(in E3)s Xj -1, 54, -1
Ig -1, 54, -1 
13 -1, 54, -1
14 -1, 54, -1

Table 1
I

E- and Bieir Digital Codes
Model Slectrophiles S Ä+, Corresponding Leaving Groups

Code A+

1. H - H*
2. D - D+
3. T - T*
4. (Xffy- e V f t
5* С iX^I^CX^lg- cx3x4-c x1x2
6. CTXg-CX,- CX2»CX1

.8 .
7‘ h ^ - o -

8. X - 8 - x - 8*

“ с - I L  ,ONX,
i f  *2

io. V - -  « I - 1 "*.
*2

268



Table 1 continued

Code K- в A+

11. 1X - G - I" I - C«H
12.

5 * > ■
+
0I3

13. l1> -
V " 4 *2
X1\I z1\ +

14. / C -S I 3 si.
*2 *2

15. °, I 0=
0

_ 0 ■ Q ■ 0
S

16. S“- Ö - s - с - s

17. I ^ V  * } ч_/ arom. arom.
See aleo electrophile 46

18. I - l"-0 - I - H - 0
19. 03" 03

20. Cl - Cl+
21. Br - Br+
22. I - 1+
23. H02 - HOg*
24. XH“- X2M - HI1

25. X - *.i.
26. IS02 - XS02+

Xi . 0" 0”1\ +/  I 9 .

* - fragment of an aromatic ring
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Table 1 continued

Code E- Е Л +

28.
------------------

2
Xi - B+- x2

29. B'XjX ^ j BX1X2X3

30. A1C13“- A1C13

31. I1I2I3A1"- A I X ^
32. ZnXxX2

33. FeXjXgX^

34. О аХ ^^з

35. snx1x2x3x4

36. ^ 2X3X4

37. Li+
38. Na+
39. K*

40. X •* Mg+
41. X - Zn+
42. X - Hg+
43. X - s -

44. N = 0 - . NO* -
45.

/X1
46. X ^ C x

« V  * < *X3 1

Cu+

T ■*)
2— / ^  zx

И**)

юс Zg-cycle fragment
a n  - and X2 at the trans - poeition



Table 2
Typical Nucleophiles Y:A~ and Correeponding 
Leering Qroupe Y- and Their Digital Codes

Code Y- Y: л -

1.
2.
3.
4.
5.
6. 
7.

H -

< w 3 -
C+X3X4CX1X2 
C+X2- СХд- 
cx = с -
N+X = С - 
N * С -

н~

W } C : ‘
CX3X4 « CXjXg 
cx2 * CX2 
CX = C:~
n+x ; е Г  
n s С:“

8. X ^ c +- 2 1ч^ arom. x / > +- x2arom2

9. x ^ " Varomn
▼ Ce-#aromо

10. x - 8 - X - Ss“
11. N + X j X ^  -

see also nucleophile
Я: X1X2X3

57
12. CX2X3 - N+X1 - CX2X3 » NsX^
13. n x2» n +x x- *'t
14. CX S N+-
15. N - N+-
16. NX.^-
17. CXjXg = N- C X ^  = Ns“

1 X ■- Fragment of aromatic ring

■)

■)
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Table 2 continued

Code У -

V
»5
X N: к)ч_̂  arom.

О д а  *> 
w
X0:~see also nucleophiles 26*36 and 56

18. C~ • N+-
19. 0 = H-
20. OjB.
21. V

/'"N +
22. X -arom.

23. x^ h^ °aroo.
24. o \ V
25. OX -

26. XÖ0-
27. xEo -
28. H X ^ O  -

29. o2fo - 
+

30. ONXO -

31. -

32. X?(0H)0 -

33. x?(o~)o -

34. xüs(0H)0~
35. x?s(o~)o -
36. BX(0H)0~-
37. NX2X3-C(X1)

38. X^XgC - 0 -

39. XjXgS - 0+
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Table 2 continued

Code Y -

40. ¥ -

41. Cl -
42. Br -
43. I -
44. P+X -
45. Cl+X -
46. Вг*х -
47. I+X -
48. ' V A  -
49. sx -

•оin x$s -
51. SV 2 -

•CMin

CXlX2 " S+ "
53.

ЧЛ • o ' -

•in

o * *0 ^
56. xSo

ö
57. (X^jH^Xglj"
58. 0.C1 - 4
59. H0S0 -

Ö
/~N60. X ^ N  -

X2 -  cycle ti
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Codes of Bridge Fragments
Table 3

Code Bridge Notes
I -CH2-
2 -CH2CH2-

С M P S

As the inter
mediate bridge

As the terminal 
bridge

Formula 
Accepted positions of substitution

1 2 3 4 5

o-

5Г

2 3
4 2,3,4,5,6 see also 57-60

,X
>4 2,3,4

3 1  X
K g f l  1 »3 »4

О
2 3 X

2,3,4,5,6

2,3,4,5

5
2__ X
5 fVi

.X
>4 2,3,4

other bridges 
fragments of 
cycles see 
19-33
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9

10

11

12

13

14

15

16

17

18

19

20

Table 3 continued

С

A
ю

6 T4!

3 2 1  
ГК

'Ijts 1

3- C ^

X ?I 2

^ 5

4______s_____

2.3.4.5 »6 see also 45 

2,3,4,5,8

4.5

4.5

5.6

2.6

5,6

4.5

4.5

4.5

2,3,4

2.3.4.5
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1

21

22

23

24

25

26

27

28

29

30

31

32

Table 3 continued

H rxЧ _ 4  г.5,4,5,6

1.3.5
4

lOriQ О
V ч
l i

\C.и05 21 O r a

3̂ I
2 ,X

4< ''6 
4 .X

h 3
Р з  *

-,2,ЗД 

1,2,3,4 

1,2,3,4,5,6

1' 1 Г Д г  г**'5
4

3.4.5.6

2.4.6

4.6

2.3.5.6

?Г̂ 1 »<*•» 

2 -4 -5
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Table 3 continued

1 2 3 _ 4 5

33 3,4,5

37 —

O O P S

2,3,4,5,6

(1) Fragment (6) 5

41

42
43

44

45

46

47

48

49

50

cis- A 
traue /\

.A .
И

о

0 .

see also 9
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52

53

54

55

56

57

58

59

60

66

67

Table 3 continued

Not accepted as the 
terminal bridge (bridge 3 
must be used)
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1

68

74

81

82

83

84

85

86

87

88

89

Table 3 continued

чО / *  Hot accepted aa the terminal
g0 bridge (bridge 6 must be

20 used)

T iMs,

y j

© a  

Й1

lot accepted as the terminal 
bridge (bridge 29 must be

3
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Table 3 continued

92
N— N

5 *  » 2

OB
101

102

103
104

111

112

-CHMe
-c h(cp3)-
-CMe2-
-C(0B)(CP3)-

>  - <

/  H

Not accepted as the terminal 
or penultimate bridge before 
the methylene fragment (respec
tively, the methylene and eth
ylene ehould be used )

113

114

ч
/ -  <Me

H
a - <

Me

117

119

> • <  Ph H
H

> - <Ph

119 -c • a -

120 -0 - NS09PhI c.
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Table 3 continued

121
122

124

125
126

127
128

-GH - N—

~ N  -  CH—

-N H -

+/'
_ v arom.
-N«N-+
-N » NPhI
— NPh = N—

Accepted as the terwLnal 
bridge only if the corre
sponding complementary sub
stituent is missing in Ä- 
ble 4

135
136
137
138 
139

-  0 -

- S -
- S(o)-
- s o 2 -

Accepted as the terminal 
bridge only if the corresponding complementary sub
stituent is missing in Ta
ble 4

140
141

144

- Se -
- Se02- 
+

- As(Bt),
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Table 4
Codes of Secondary Substituents

Code Code Code

1. -H
2. -CH3

-ch2ch3 

-CHgCHgCH^
—( CHg)3CH3

-(CH^CH-j
-(ch2)5ch3 

-<снг )бсн3
-(CHg)^CH^

0. -CH(CH3) 2 

1 « —CH2CH(CH3) 2

50.

51. -CH « CHg 
see also 165

52. -с  г  си

53. -p
54. -Cl
55. -Br
56. -I
57. -OH
58. -0"
59. -OCH,

2. -СН(СН,)СН_(ЯЦ 60. -or")
J J 0

3. -C(CH3) 3 6 1. -0ÖCH3

4. -CH_C(CH_)- 62. -o8r*>
2 3 3 n

5. -(CH2)2C(CH3) 3 63. -occ6H5

6. -CH(CH2CH3)2 64. -ONO,
7 . -CH(CH2CH2CH3)2 65.-OÖ-H
8. -C(CH2CH3)3 66. -o |*  

9-39 - 8
0. - O  

• ©
■ G

3. _ ф  

4-49

1.
2.

67. - OŠOH
Ö

68. - olo"
Ö

69. - osocH

7 0. - OCF,

71. - OC6H5

72. - OCH2C6H5

73. - o?(CH3 ) 2

74. - 0?(0H)0*
0

75. - 0H0~).
76. - 8h

0
77. - ÖCH,
78. - $R
79. - <?0H
80. - 80“

. Л81 JOCH.

. - Eor*)82

83. - ?OC6H5
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Table 4 oontinued

Code

84

85. -

86. - 

87. -

89. -

90. -

91. -

92. -

93. -

94. -

95. -

96. -

97. -

98. -

99. -

100.-
*

101.-

102.-

103.-

cn(ch3) 2

C6H5 

nh2

HHGH3

HH2CH3
+
nh(ch3) 2

n(ch3) 2

;cch3)3

f C6H5

*4 *6*5

hh$h

hhEch-j 
0 3 

NHÖOCHgCH^
HHÖCaHj-
»aC
9NHSKe

°6н5

Cede

104.

105.

106.

107.

108.

109.

110.
111.
112.
113.

114.

115.

116.

117.

118.

119.

120.
121.
122.

10
КО,

-  н
3

- сж
- SH
-  s“

- SR

-  §сн

0

3
- k H5
- Sc?,
- S$CH3
-  s ? c x  

- s & f
- SCH
-  SC?,

sc6H5

CH3

c6*5

Code X

123. -  &0H

124. -

125. -

126. -

127. -

128. -  SC?

129. -

130-131.

132. -

133. -

134. -

135. -

136. -

137. -

138. -

139. -

?OC6H5

s*(CH3)2
S+« W |

S*C6*5
+ ■) PH3 '

« W j

?(oh)o"

?(0“) e
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Table 4 continued

Code I Code I Code X

140. - $(сн3) 2
A 149-159 _ 175. -OF,

141. - ?« W 2
160. - CrC03 176. - CC13

142. - ?(0CH3) 2
161-164
165. - C(CHJ-CH. 177. - CBr3

143. - Si(CH3) 3 166-170 178. - C(CP3)3
144. - Si(C6H5 ) 3 171. - chf2

- C(CgH,.)_179.
145. - C6H5 172. - chci2 b 5 3

173. - CHBr-
146. С Ш )

2

174. - CH(C6H5)2

147.

148.

*^R - hydrocarbon radical
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REACTIVITY OF AROMATIC AND HETEROLYTIC 
HYDRAZINE DERIVATIVES

III, REACTION KINETICS OP ACYLATION OP 
9-HYDRAZINOAKRIDINE DERIVATIVES WITH BENZOYL CHLORIDE 

IN CHLOROFORM

A.N. Gaidukevich, E.N. Svechnikova, G.P. Kazakov ,
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Kharkov State Pharmaceutical Institute, Kharkov, the 
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The reaction kinetice of acylation of 9-hy- 
drazinoakridine derivativee with benzoyl chlo
ride in chloroform has been studied in the tem
perature range 25-55°C. The activation parame
ters were calculated. Correlation of the rate 
constants logarithms, activation energies and 
enthalpies with substituent constants has been 
carried out. It has been established that the 
reaction series under discussion belongs to the 
enthalpy-control type isokinetic reactions.

In the course of our research with the aim of establish
ing relationship between the structure, reactivity and bio
logical activity of hydrazine derivatives, was studied the 
acylation reaction kinetics of 9-hydrazinoakridine deriva
tives (Table 1) with benzoylchloride in chlorofo«n in the 
temperature range 25°- 55°. The reaction proceeded according 
to the following equation:
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were determined by argentometrie potentiometric titration. 
Die choice of benzoyl chloride as the acylating reagent was 
caused by its high reactivity as well as by the absence of 
the autocatalytic effect in the reactions with aryl- andQaroylhydraz ines.

The reaction of acylating 9-hydrazinoakridines with ben
zoyl chloride is irreversible and is described by the second 
order kinetic equation which is confirmed by the stability 
of rate constants (Table 2 ) calculated according to equa
tion :

Changes In the concentration of bensoylchloride in time2

2йг a -X a
where к - the rate constant (l^mol“1 • sec“1 );

a - the Initial concentration of benzoyl chloride (M) 
x - the concentration of benzoyl chloride (M) at the 

moment of time t (sec);
В - the correction which takes into account the 

change in the concentration of reagents when 
chloroform extends thermally from 29ЭК up to 
the temperature of the experiment, 

übe reaction obeys the Arrhenius equation, thus, for 
2-methyl-6-chlorine-9-hydrazinoakridine can be obaerved the 
following relationship:
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Table 1
9 - Hydrazinoakridinee

I-NH2

Compound
No

R *1
Melting t Cö

Pound 
% N Brutto-formula Calculated 

% N

I H H 171 - 172 19.81 C13H11N3 20.08
II 6-C1 H 172 - 173 17.46 C13H10C1N3 17.24
III 6-C1 2-CH3 209 - 210 16,11 С14Н12С1Я3 16 .30

IV 6-C1 4-CH3 170 - 171 16.57 C14H12C1N3 16 .30

V 6-C1 2-OCH3 155 - 156 15.6 2 C14H12C1N3° 15.35
VI 6-C1 4-OCH3 181 - 182 15.29 C14H12C1N3° 15.35
VII 6-C1 4-C1 142 “ 143 14.73 C13H9C12H3 1 5 .1 0



log к - 0.47 - 0.07) - (33.1 i 0.9) Ю 2 ^

(г - 0.991 в - 0.0Ž1 )
It is possible to calculate the activation energy В 

(kcal/mol) and the pre-exponential factor A according to 
the Arrhenius equation and the thermodynamic parameters of 
activation enthalpy Д Н 1* (kcal/mol), enthropy A S *1 (e.u.), 
and free activation energy koal/mol) according to Sp
ring10 (Sable 3 ).

ühe values for acylation rate constants depend on the 
nature and position of substituents in the molecule of aryl- 
hydrazide. ühe introduction of electron-withdrawing substit
uents to the latter leads to a decrease in the reactivity of 
hydrazide group as well as in the reaction sensitivity on the 
nature of subetituent effect,which has been observed earlier 
with carboxilic acid hydrazides.Blectron-donor substitute 
ent causes a contrary effect, ühe introduction of substitu
ents leads to certain changes in the reaction parameters of 
energy: electron - withdrawing substituents increase energy 
(Вд), enthalpy (ДН**) and free activation energy (AG1*), but 
decrease the activation entropy ( Д  S**) values. Electron -re
leasing substituents have an opposite effect. Great negative 
values of activation enthropy indicate a highly organized 
structure of the transition state, as compared to arylhydra- 
zidee1.

Quantitative estimation of substituent effect on the re
activity of arylhydrazides was given according to the Hammett 
equation, ühe logarithms of the reaction rate constants, en
ergy (Ед) and activation enthalpy (ДН**) correlate with the 
quinoline substituent constants (> Reaction constant val
ues in eqs. 1-4 (Bable 4 ) refer to the low susceptibility of 
the reaction series studied to the changes in the structure 
of 9-hydrazinoakridine molecule. It is noteworthy that the 
higher the temperature, the lower the p  values, i.e., the 
reaction becomes less sensitive to the substituent effect , 

ühe existence of the isokinetic relationship in the re
action series under discussion is confirmed by the following
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Kinetic Parameters of Reactions
Table 2

NH-NH,

: o Rj + CgH^G-Gl-

NH-NH-C-CgH^

*1 +

ira-NH2

HOI

" к 1 • mol”^. sec“ 1
uompouna
No 298 К 308 К 318 К 328 К

I 0.287 * 0.009 0.359 * 0 .012 0.457 * 0.021 0.552 * 0.017
II 0.0389- 0.0016 0.564 * 0.0024 0.0818* 0.0020 0 .1 1 2 * 0.006
III 0.0457* 0.0032 0.655 * 0.0017 0.0944* 0.0040 0.125 * 0.013
IV 0.0447* 0.0028 0.0617* 0.0036 0.0902* 0.0065 0 .1 2 0 * 0.009
V 0.0537* 0.0038 0.0706* 0.0024 0.108 * 0.007 0.140 * 0.017
VI 0.118 * 0.007 0.148 * 0.009 0.188 * 0 .0 1 1 0.26 0 * 0.008
VII 0.0240* 0.0024 0.0361* 0.0024 0.0529* 0.0034 0.0757* 0.027

ro
03vO
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Table 3
Theraodynamic Activation Parameters of the Reaction

Г ш Х ъ

R-, ♦ C6H50-C1 HOI

Compound A  - Д  До^ E.
No _________ Ю«1/то1__________*• u- k°*2qBKl to»l/iol ln *

I 3.90 + 0.08 48.0 ± 2.7 17.8 4.27-0.16 5.96 i  0.19
I I ,6.76 + 0 .11 42.4 + 3.6 19.4 6.86±0.31 8.34 *  0.51
I I I 6.36 + 0.09 43.4 1.9 19.3 6.57-0.18 8.00 ± 0.17
IV 6.26 + 0.12 43.8 + 2.1 19.3 6.48*0.07 7.82 i  0.11
V 6.17 0.17 43.8 + 2.2 19.2 6.38±0.15 7.85 i  0.24
VI 4.75 + 0.14 47.0 + 0.5 18.8 5.06i0.12 6.38 *  0.20
VII 7.28 + 0.24 42.0 + 2.5 19.8 7.42-0.17 8.79 -  0.09



291

Correlation Parameters of Reaotions of Acylation 9 - Hydraxinoakridine 
with Bensoyl Chloride

Table 4

Correlation equations r S equation
number

log к298- (-1.411 * 0.008) + (-1.278 * 0.017) (Г 0.994 0.071 1
log к308- (-1.258 t 0.013) ♦ (-1.123 * 0.077) 6 0.963 0.028 2

log к318- (-1.094 * 0.020) + («1.009 * 0.024) 6 0.990 0.016 3
log k328- (-0.960 * 0.013) + (-0.987 ~ 0.019) 6 0.995 0 .0 1 0 4

Ea - (6.78 t 0.09) ♦ (4.40 t 0.03) 6 0.990 0.015 5
A - (6.61 ± 0.06) ♦ (4.75 * 0.04) tf 0.991 0.013 6



data:
1. Extrapolated Arrhenius graphs intersect at 

T « 480 ± 5°K.
2. According to the equation of temperature -

6 7dependence of reaction constants fi * . 
p  • (2,01 i 0.08) + (-9 7 3 ± 26) ^ 

r - 0.992 s ■ 0.04 
fi values equal zero at 484°K.

3. Enthalpy (AH’*) and enthropy (A S1*) of the studied
6 7reaction series are linearly interrelated *' with 

elope 480°K:
Atf*« (27.0 t 0.4) 103 + (480 ± 9)AS* 

г ■ 0.986 s « 0.012

4. A  values are linear functions of rate constant
8logarithms :

A  ■ (5.89 i 0.9) - (0.285 ± 0.011) log k298 

Г « 0.980 s =. 0.060

5. The logarithms of reaction constants 9 at different 
temperatures correlate well:

log к ? 98 - (-14.6 t 0.4) <*■ (-15.0 t 0.7) log k328

r « 0.990 s - 0 .0 2

The above-mentioned criteria evidence about the existence 
of isokinetic relationship between the studied series and 
Tisokin в*80°К» "bich exceeds the temperature range of the 
experiment. Thus, the reactions of acylating arylhydrazines 
are characterized by the enthalpic control of rate constant 
changes at the variation of substituents.

Experimental
Reagents. The purification and drying of chloroform and ben
zoyl chloride were described earlier. 1

9-hydrazinoakridinee were obtained according to known 
methods10»11 and were purified by multiple recrystallization.
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Their purification lerel was checked chromatographjcally,
by element analysis determining melting points (Table 1).2Kinetic studies were carried out according to methods. The 
concentration of benzoyl chloride was determined by potentio- 
metric titration with a 0.02 M solution of sodium nitrate 
with platinum ETPL-0.1 M and chlorosilver EVL-1MI electrodes. 
The kinetics of acylation reactions was measured at 298, 306, 
318,328 K.Each experiment was repeated three times and it in
cluded 6-8 measureeents. The precision of the obtained val
ues was assessed by the method of mathematical statistics

12(the confidence level being 0.95) . The thermodynamic acti
vation parameters were calculated according to the well-known 
least-squares method^.
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The rate constants of nucleophilic addition of pi- 

peridine and glycine (in the form of glycinate anion) 
to 24 N-substituted and N,N-disubstituted acrylamides 
in water at 25° were determined. It was demonstrated, 
that modified Taft equation including inductive *) 
and steric (S^) constants describes satisfactorily 
separate reaction series of n-substituted and N»N-di- 
substituted acrylamides. Iquation including inductive 
(O’*), steric (l£) and hyperconjugative (nHC) parame- . 
tere describes satisfactorily rate constants of both 
N-substituted and N,N-disubetituted acrylamides.

Kinetics of the nucleophilic addition of aliphatic ami
nes to activated ethylenic bond is studied well enough. Ma
ny papers deal with addition of amines1“* and amino ac
ids'*“9 to acrylonitrile. fte reaction series of addition of 
amines to acrylonitrile*, acrylamide10, p-methoxyphonylvi- 
nylketone* p-tolylvinylsulphone1* were studied. It was dem
onstrated that the reactivity of aliphatic amines in these 
series can be correlated by the two parameter equation in
cluding inductive and steric parameters.

Ihe influence of activating group on the reactivity of7 12conjugated ethylenic bond is considerably less studied'** .
It seems that the correlation analysis of such rate con
stants have not been undertaken yet.Introduction of substit- 
uents at nitrogen atom of acrylamide opens wide possibili^ 
ties for variation of activating group.
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We have synthesized 24 such compounds (Table 1) and studied 
the kinetics of their interaction with piperidine and glyci- 
nate:

/ ~ \ н  + CHg-CH-CQNRjRg _^/— ^NCH2GH2C0NR1R2 (1)
I II III

"ООССН2Ш 2 + II---► "00CCH2NHCH2CH2C0NR1R2 (2)
IV V

E x p e r i m e n t a l
Materials. N-Substituted and N,N-dieubstituted acrylam- 

ides were synthesized from acryloyl chloride and correspond
ing amines according to13. Structures of compounds obtained 
were confirmed by NMR spectra. Sec-butyl amine was synthe
sized from sec-butyl bromide1*. Azetidine was synthesized by 
reduction of cyclic p-tolylsulphamide, obtained from 1,3-di- 
brompropane, with sodium in isoamyl alcohol1 .̂ N-methylpi- 
perazine was obtained by cyclization of diethanolamine and 
methylamine hydrochloride

Kinetic measurements. Kinetics of reactions (1,2) was 
studied in water at 25-0.1° in thermostated cell of SF-16 
spectrophotometer, at 255 nm for N-substituted- and 260 nm 
for N,N-disubstituted acrylamides. Kinetics of reactions 
(2) was studied in alcaline solutions at several pH and 
rate constants were calculated for anion “OOCCHgNHg accord
ing to method"*.All reactions were run with 15 to 15000-fold 
excess of nucleophile and rate constants were calculated by 
the equation of pseudo-first order kinetics*.6 to 12 kinet
ic experiments with different concentrations of reagents 
were run for each reaction.Rate constant was found as a mean 
of values obtained in all these experiments.Rate constants 
were calculated at a TI-58 programmed calculator,correlation 
calculations were performed,using an ES 1033 computer with 
standard program of multiple linear regression.

R e s u l t s  and d i s c u s s i o n  
Rate constants of reactions (1,2) are given in Table 1.
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Rate Constants (l.mol“1 .sec”1) of the Addition of Piperidine and Glycinate to 
N-substituted and N,N-disubstituted Acrylamides CH^CH-CONR^Rg in Water at 25°

Table 1

No -NRjRg Piperidine 
к . 103

Glycinate
kA- 1 0 5 Ziff* 19 ~o 19 % nHC

1 2 3 4 5 b 1 d
1 -NH2 34.00 + 3a) 38.30 + 2.2 0.98 0.00 0.00 0.0
2 -NHCH3 3.40 + 0.01 4.26 0.27 0.49 0.07 0.27 3.0
3 -n h c2h 5 3.72 + 0.19 7.81 + 0.02 0.39 0.36 0.56 2.4
4 -NKC3H? 2.44 + 0.12 6.91 + 0.45 0.375 0.39 0.59 2.4
5 -NHCH(CH3)2 3.10 + 0.15 6.05 + 0.16 0.30 0.93 1.13 1.8
6 -NHC4H9 3.15 + 0.23 5.89 + 0.29 0.36 0.40 0.60 2.4
7 -NHCH(CH3)C2H5 2.51 + 0.21 6.76 + 0.35 0.28 1.10b) 1.30 1.8
8 -NHC(CH ) 1.14 + 0.05 1.91 + 0.08 0.19 1.74 1.94 1.2
9 - N H - O 2.95 + 0.12 5.39 + 0.27 0.34 0.98 1.18 1.8
10 -n h c h2- @ 7.84 + 0.88 17.90 + 1.3 0.705 0.38 0.58 2.4
11 -NHCH2CH=CH2

-NHCHgCHgCN
6.40 ± 0.43 14.40 + 1.3 0.65C) 0.20c) 0.40 2.4

12 15.60 + 0.01 43.70 + 3.8 1.29 0.99d) 1.19 2.4
13 -n (c h3)2 13.60 + 0.5 13.20 + 0.4 0.00 0.47 0.85 6.0
14 -n (c2h5)2 7.46 + 0.70 12.10 + 0.55 -0.20 1.98 2.38 4.8
15 -n (c3h^)2 6.36 + 0.27 12.01 + 0.10 -0.23 2.11 2.51 3.6
16 -n [c h (c h3)2]2 1.86 + 0.07 4.41 + 0.22 -0.38 3.90e) 4.30 4.8



Table 1 (continued)

1 2 3 4 5 6 7 8

17 -n(c4h9) 2 4.77 i 0.40 12.60 i 0.53 -0.26 2.04°^ 2.44 4.8
18 -n[ch9ch(ch-)-L 6.84 i 0.20 11.06 ♦ 0.56 -0.25 2.47d) 2.87 4.8
19 ~Nx 19.20 i 0.9 76 .20 + 0.7 -0.24 0.06 0.46 4.8
20 - nQ 12.66 t 0.85 26.11 i 1.38 -0.26 0.51 0.91 4.8
21 7.35 ± 0.37 14.40 t 0.37 -0.18 0.79 1.19 4.8
22 “O 9.68 i 0.60 20.25 + 1.87 -0.20b) 1 .1 0 1.50 4.8
23 - nQ o 44.80 t 3.0 41.10 + 2.4 0.67 0.79f) 1.19 4.8
24 -n(ch_ch9cn), 131.0 ±10.0 512.0 + 37.0 1.60 2.11g) 2.51 4.8
25 -N O i c S 3 2 24.40 t 0.6 85.20 8.4 - - - -

a) - standard deviations of 6 - 12 parallel experiments are given
b) - from*
c) - from
d) - from 21
e) - from22
f) - assumed that Ê . of morpholine is equal to Ê . of piperidine
g) - assumed that E^ of N,N-dicyanethylacrylamide is equal to Ejj of N,N-dipropylacrylamide



By means of addition of piperidine and glycine to l-aethyl- 
acrylamide and N.N-dimethylacrylamide it was poasible to 
show that reactions (1 ,2) are practically irreversible and 
follow first order kinetics for every reactant.

In the case of addition of glycinate the next stage pro
ceeds according to the following reaction (2):

"OOCCHgUHCHgCHgCOKI^Rg + II----~OOGH2li(CIH2GH2COFR1R2 ) 2 (3)
V VI

We did not take into consideration the contribution of the 
process (3 ) when calculating rate constants of reactions 
(2) like in 8j.nce we used manyfold excess of nucleophi
le reagent. It may be expected that rate constants of reac
tions (3 ) are somewhat greater than those of reactions (2)*, 
but there are also opposite results'*.

Somewhat unexpected conclusion follows from the rate con
stant values, presented in Table 1: the introduction of one 
alkyl substituent into amino group of acrylamide decreases 
the rate of addition approximately tenfolds, but introduce 
tion of two alkyl substituents results in only 2 to 5-fold 
decrease.

Contradictory information is given in literature on the 
sequence of reactivity of substituted and unsubstituted ac
rylamides: for addition of alcoholates: CH2»CH-CQNHR<:CHg- 
■CH-C0HH2 <  CH2«CH-COHB217, for addition of ethanolamine:
ch2-ch-cos(ch3 ) 2 <  ch2-ch-cohhch(ch3)2 <  сн2«сн-сокн2 18.

In order to evaluate quantitatively the simultaneous in
fluence of inductive and steric effects of substituents in 
substituted acrylamides II we performed correlation of rate 
constants presented in Table 1 according to the modified Taft 
equation, with isosteric constants or

log к - log kQ +(JS6'* + fcSjy U )
Correlation was poor when all available rate constants were 
used (table 2, series 1,9). When separate reaction series of 
»-substituted and N,H-dieubstituted acrylamides were con
sidered satisfactory correlations were obtained after excln-
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Results of Correlation of Reactivity of N-substituted and 
N,N-disubstituted Acrylamides by Equation (4)

Table 2

No of series
Nucleophile n Rate constants -iog ko ? Б R s

1 Piperidine 24 1-241 2.202 0.414 0.021 0.496 0.149
2 ff 12 1-12 2.604 0.859 0.206 0.866 0.033
3 tl 11 1-12 No 7 excluded 2.639 0.924 0.264 0.922 0.022
4 ft 10 2-12 No 7 excluded 2.538 0.814 0.337 0.951 0.015
5 It 9 2-12 No 4 and 7 excluded 2.561 0.778 0.270 0.952 0.009
6 II 13 1-and 13-24 1.756 0.634 0.148 0.948 0.021
7 ft 12 13-24 1.672 0.723 0.185 0.979 0.009
8 n 11 13-24 No 21 excluded 1.635 0.711 0.197 0.987 0.006

9 Glycinate 24 1-24 3.983 0.463 -0.016 0.479 0.185
10 tt 12 1-12 4.503 0.996 0.074 0.854 0.039
11 tv 11 1-12 No 7 excluded 4.549 1.083 0.151 0.945 0.016
12 It 10 1-12 No 2 and 7 excluded 4.419 1.018 0.255 0.989 0.003
13 ft 13 1 and 13-24 3.353 0.641 0.117 0.829 0.080
14 ft 12 1 and 13-24 No 19 excluded 3.701 0.722 0.042 0.895 0.050
15 It 11 13-24 No 19 excluded 3.568 0.827 0.101 0.944 0.030
16 tt 10 13-24 No 19 and 23 excluded 3.487 0.895 0.129 0.963 0.020

x Numeration of compounds is the same as in table 1
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Results of Correlation of Reactivity of N-substituted 
and N,N-dieubetituted Acrylamides by Equation (5)

Table 3

No of 
series Nucleophile n Rate constants -log к HCOо S2 a3 R в

I. Piperidine 24 l-24:с 2.934 0.669 0.077 0.219 0.818 0.065
2 II 23 2-24 3.192 0.638 0.053 0.274 0.918 0.029
3 ft 22 3-24 3.142 0.644 0.075 0.274 0.939 0.023
4 И 21 3-24 No 7 excluded 3.223 0.658 0.077 0.292 0.955 0.017
5 tt 20 3-24 No 7 and 13 excluded 3.275 0.658 0.103 0.323 0.972 0.011
6 It 19 3-24 No 7, 13 and 19 excl. 3.286 0.684 0.077 0.309 0.979 0.008
7 Glycine 24 1-24 4.761 0.735 0.043 0.230 0.786 0.092
8 n 23 1-24 No 19 excluded 4.821 0.817 -0.023 0.203 0.841 0.066
9 и 22 2-24 No 19 excluded 5.012 0.792 -0.039 0.245 0.891 0.047
10 •1 21 3-24 No 19 excluded 4.947 0.794 -0.007 0.247 0.917 0.036
11 и 20 3-24 No 7 and 19 excluded 5.054 0.812 -0.005 0.270 0.942 0.026
12 и 19 3-24 No 7,13 and 19 excl. 5.118 0.799 0.044 0.319 0.974 0.013

x Numeration of compounds is the same as in table 1.
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sion of 1-2 most deviating points (table 2, series 4,7»12 
and 16). No further improvement was obtained by the exclu
sion of other relatively more deviating constants. Unsubsti
tuted acrylamide did not fit any of reaction series.Correla
tion equations obtained using isosteric constants E^,without 
any hyperconjugation component, are similar to those of Ta
ble 2.

In order to cover unsubstituted, N-substituted and N.N- 
disubstituted acrylamides by one correlation equation we 
used equation (5) including hyperconjugation parameter,like 
in 23’2*:

log к = log kQ + ад226* + a2Eg + aya^, (5)

where пнс» пц+ 0.чпс, nH and nQ are numbers of C-H and C-C 
bonds, which take place in hyperconjugation.

Correlation was unsatisfactory when all available rate 
constants were used (table 3, series 1,7). But satisfactory 
correlation was obtained after exclusion of 4-5 most devia
ting rate constants (acrylamide, N-methyl-, N-sec-butyl-, 
NjN-dimethylacrylamides, acryloylazetidine, table 3, series
6, 12). Thus, we succeed to correlate the rate constants of 
N-substituted and N,N-disubstituted acrylamides using equa
tion (5).
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The rate constants of the alkaline hydro
lysis of substituted phenyl tosylates 
CH3CgH4S020C6H4-X in 80% (y/v) (50,3 M%) 
aqueous dimethylsulfoxide (DMSC) at 25, 50 
and 75°C, whereas X» H, 3-C1, 3-NOg, 4-N02 
and at 75°C when X* 4-CH^ and Xe 4-P were 
measured. The rate constants for 4-fluoro- 
phenyl toeylate in water and phenyl tosy- 
late in 50% (v /y ) (34.1 M%) DMSO-water mix
ture at 75°C were determined also.

The investigation of the kinetics of the alkaline hydro
lysis of substituted phenyl tosylates in 80% DMSO-water mix
ture is of interest since one has some reason to assume that 
in the case of this reaction series it is possible to study 
the solvent dependent substituent effects in a wide tempera
ture range.

The rate of the alkaline hydrolysis of substituted phenyl 
benzoates in water is considerably higher than that in the 
case of substituted phenyl tosylates. The log к values in 
water at 50°C for phenyl benzoate and phenyl toeylate 
equal 0.2381 and -2.940,2 respectively. The rate of the al
kaline hydrolysis of phenyl benzoates considerably increases 
while passing from water to 80% aqueous DM50 mixture (at 25°C 
for phenyl benzoate log к «* 0.4983 comparing with log к ■
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■ -0.367^ in water at the same temperature)* The study of 
the kinetics of this reaotion with varied substituent at 
higher temperatures requires the use of the experimental 
methods adopted for the monitoring fast reactions, (e.q.the 
method of stopped flow).

In the present work the kinetics of the alkaline hydro
lysis of substituted phenyl tosylates CH^ W W r 1« in 
8056 (v/v) (50.3 M%) DMSO-water mixture at 25, 50 and 75 С 
whereas X » H, 3-C1, 3-Ж>2, 4-N02 and at 75°C when X - 4-CH3 
and 4-F was investigated* The kinetics of 4- fluorophenyi 
tosylate in water and phenyl benzoatd in 50% (v/v) (34*1 W£) 
aqueous DMSO were studied at 75°C as well.

As the reagent tetra-n-butylammonium hydroxide (n-Bu^FOH) 
was used. 4-Fluorophenyl tosylate was synthesized according 
to Ref. 4 and was several times recrystallized fron BtOH;m.p. 
58.7-59.1°C.

v

The preparation of other phenyl tosylates ,the purifica
tion of hydroxide and dimethylsulfoxide and the technique of 
kinetic measurements are described in Refs.1-3 of this series*

For the kinetic measurements the spectrophotometric meth
od was applied. The wave lengths used are given in Table 1.

The kinetic measurements were carried out under pseudo- 
monomolecular conditions at more than 15 time alkali excess . 
Rate constants for eaoh phenyl tosylate were measured at 
4-14 various hydroxide concentrations* The measurements at 
each hydroxide concentration were repeated mainly 2-6 times 
and the arithmetic means of the corresponding pseudo-first 
order rate constants k̂  were calculated. The second »order 
rate constants were calculated as slopes of the correspond
ing regression plots of the pseudo-first order rate constants 
vs. the hydroxide concentration.

When calculating the kg values according to the following 
equation:

kj « k2 . Cqjj- ♦ const (1)

both the k̂  values for all parallel measurements at each hy
droxide concentration and the corresponding arithmetio means 
at eaoh hydroxide concentration were applied*
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Pig.l. Relationship 
between and 
hydroxide concen
tration for 3-ni- 
trophenyl toeylate 
in 80% DMSO at 
25°C.
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1C3 c0H-

Pig.2. Relationship between ana hydroxide concen
tration for 3-nitrophenyl toeylate in 906 DMSO 
at 75°C.



The results of the preliminary kinetic data treatment 
are given in Table It the arithmetic means of the pseudo - 
first order rate constants at each hydroxide concentration 
(k^); number of runs at a certain hydroxide concentration 
considered (n̂ ); the values of the second order rate com- 
stants calculated according to equation (1), including the 
k̂  values for all parallel measurements at each concentration 
(kgCl)), and those of k2(2) calculated according to Eq. (1) 
when the corresponding arithmetic means were embraced.

The Pigs. 1-6 illustrate the plots of the arithmetic 
means of the pseud ofirst order rate constants к, vs. hy
droxide concertration for 3-nitrophenyl,3-chlorophenyl and 
phenyl tosylatss at 25 and 75°C.

One can se ■ that at considerably higher hydroxide concen
trations the pcints deviate from the linear plot.

For estimation of "true" rate constants extrapolated to 
infinite dilution of hydroxide solution the second order rate 
constants «ere calculated as follows:

The arithmetic means of the first order rate constants 
k1 were divided by the hydroxide concentration; the obtained 
values of k£ were treated according to equation:

log k£ - log k° + В * Cqjj- f (2)
where k~ is the second order rate constant for the infinite-

* Б 6ly diluted eolution. Equation (2) is a Setchenow5» type for
mula for aking into account influence of the neutral electro
lyte concentration in case of reactions between ions and neu*- 
tral molecules.

Table 2 lists the results of the data treatment according 
to equation (2) for the alkaline hydrolysis of phenyl toey- 
lates in 80% aqueous DMSO.

As it is seen from the data in Table 2 coefficient В be
fore the Cqjj- in equation (2) is in general statistically 
significant and the application of this equation for calcu
lation of the "true" second order rate constants should be 
considered reasonable.

Both the logarithmic values of the second order rat.’ con
stants k2 (1) and k2(2) found according to equation (1) *ith-
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Fig. 3. Relationship 
between and 
hydroxide concen
tration for
3-chlorophenyl 
tosylate in 80% 
at 25°C.

Ю 2 Coh~

Fig. 4. Relationship between k1 and hydroxide
concentration for 3-chlorophenyl tosylate 
in 80% Ш30 at 75°C.

/
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Ю 2 -Сон-

Fig, 5. Relationship 
between k^ and hy
droxide concentra
tion for phenyl 
tosylate in 80% 
DMSO at 25°C

Сон-

Fig, 6. Relationship between k̂  and hydroxide
concentration for phenyl tosylate in 
80% DMSO at 75°G.
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Results of the Preliminary Kinetic Data Treataent According to 
Bq.(l) kf-kg • coH” + con8t for the Alkaline Hydrolysis of Substituted Phenyl Tosylates 
CH3C6H4S020C6H4-X in 80* (v/v) DMSO-Water Mixture

Table 1

Crm- NQHOH" - Concentration of hydroxide n-Bu4 
lĉ - Arithmetic means of the pseudo-first order rate constants

- Number of measurements at the hydroxide concentration considered 
k2(l) - The values of the second order rate constants calculated according to Bq.(l) 

when the k1 values for all parallel measurements at each hydroxide concen
tration are Included

k2(2) - The values of the second order rate conatants calculated according to Sq.(l) 
when the arithmetic means of the k̂  values at each hydroxide concentration 
are included

n/nQ - 3he denominator reflects the total number of data, involved in regression 
data processing and the numerator equals the number of remaining points 
after excluding significantly deviating points 

Л  - Wave lengths used at measurements

10*.О*- I03.”k I lO^.k-d) and I
(«)* 1 IO?.4<2> n/no lo3- — •*

__________ (°*° >_________(M-1. ..e-1)____________(1- Eq.(l))
8

29.30 0.0573-0.0001 1 2.56 ± 0.08 12/12 -0.01 - 0.01
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1 2 2 A
30.44 0.0736*0.0090
44.51 0.0965*0.0003
65.97 0.166 *0.006
70.17 0.161 —0.004
96.60 0.225 *0.002
119.5 0.302 *0.001
143.6 0.377

Я■+оо.

12.75 0.201 *0.004
31.58 0.616 *0.001
59.15 1.28 *0.02
89.42 2.02 *0.02
118.8 2.90 *0.03
144.9 3.26 *0.02
6.351 0.710 *0.040
10.26 1.23 *0.04
10.33 1.30 *0.01
25.67 3.39 *0.07
49.50 6.50 *0.02
79.88 9.97 *0.07

109.8 15.0 *0.3
145.9 22.7 *0.4*

Table 1 continued

2 2.58*0.09 7/7
1
2
2
2
2
2
3 23.3 * 0.2 11/13
2 24.0 * 0.7 6/6
2
2
2
2
3 132 * 1 13/20
3 138 * 1 6/7
1
4
2
3
4
4

-0.12*0.05

-0.12*0.05

-0.18*0.03



1___________ 2______ 3____________ 4
H 75 10.03 0.293^0.010

(50% DMSO) 49.87 1.42 to.01

299 99.23 2.73 -0.09

174.4 5.77 t0 . 13*

3-C1 25 9.838 0 .283-0.002

308 20.21 0.728^0.025

40.19 1.64 to.01

41.38 1.53 to.04

66.34 3.06 to.09

73.27 3.00 to.10

79.88 3.60 to.03

87.58 3.92 to.01

104.6 4.84 to,02

119.6 6.14 to.01*

119.7 5.73 to.03*

132.7 7.00 to.10*

145.6 7.93 to.05*

147.6 7.62 to.06*

50 3.917 0.140^.002

5.844 1.14 to.04

Table 1 continued
— L _______ 8 ~

5/5 0.03-0.04 

3/3 . 0.03^0.01

15/21 -0.23-0.02 

9/9 -0.28±0.08

16/22 -0.48-0.03 

7/7 -0.56 0̂.08



2_____ 3 4
8.014

11.68

29.70

50.03

70.30

89.52 

75 4.030

8.016  
8.030  

16.08
22.52 

30.09

25 4.972 

19.88 

39.69 

60.01 

80.22 

99.33 

123.8 

145.8

1.64
+

0.05

2.48
+

0.12

8.06 +
0.05

13.3
+

0.1

19.2
+

0.4

26.9
+

0.5*

4.42
+

0.32

11.0
+

0.2

10.7
+

0.2

21.4
+

1.3

30.7
+

0.7

41.9
+

1.1

1.06 +
0.02

5.42
+

0.08

11.3 0.2

18.4
+

0.5

27.8
+

0.4*

34.6
+

0.2*

45.6 + 0.6*

60.7 1.7*

Table 1 continued

1335 - 17 16/22 -0.18t0.22 

1413 i  18 6/6 -0.87i0.27

311 i 3 Ю/15 -0.68i0.08
314 i 7 4/4 -o.50io.oi

5
5



1'T
f

1_______ 2_______2___________ 4
50 3.828 5.50 - 0.08

9.82 15.7 - 0.3
16.14 26.2 t 0.2 
23.73 39.2 i 0.6 
30.35 51.0 £ 0.8

75 1.686 10.4 - 0.7
3.189 19.6 t 0.5
4.426 24.9 - 0.4
5.977 39.9 - 0.7

4-N02 25 4.101 1.55 - 0.08 
424 5.035 1.73 * 0.18 

8.824 3.46 t 0.29 
10.01 4.39 ± 0.14 
16.62 7.15 - 0.24 
19.68 8.70 1 0.14
24.52 11.5 - 0.1
39.11 17.2 t 0.4
40.15 20.3 - 0.5 
43.90 19.6 ± 0.5 
58.72 28.7 - 0.3

Table 1 continued

5 1693 £ 13 16/20 -1.03-0.16
3 1709 £ Ю  5/5 -1.19±0.17
4
5
3
5 6287 £ 246 13/19 -0.98^0.86
4 6681 £ 561 4/4
5 
5
3 505 £ 2 32/48 -0.88l0.06
4 497 1 3 9/13 -0.30--0.01 
2
4
5
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Table 1 continued

40.12 10.7 - 0.3 5
60.27 16.4 £ 0.2 5
80.25 22.4 - 0.4 5
99.97 29.5 - 0.7* 5
124.8 38.1 £ 0.3* 4
146.0 41.4 - 0.8* 5
10.17 0.154i0.009 2 6.80 £ 0.23 11/11
39.99 0.52б£о. 028 2 6.80 £ 0.16 6/6
69.70 0.716^0.079 2
99.09 1.26 i0.02 2
198.4 1.84 £0.23 1
338.2 2.40 io.15 2
496.2 3.60 to. 23 2
9.93 0.602^0.021 2 67.7 £ 1.0 9/10
29.71 1.95 £0.02 2 69.9 £ 1.4 5/5
49.81 3.16 to.03 2
69.74 4.73 io.oi 2
89.49 6.17 £o.23 2

4-F 75 10.17 0.154^0.009 2 6.80 £ 0.23 11/11 -0.18-0.C4
H20 39.99 0.526^0.028 2 6.80 £ 0.16 6/6 0.19-0.03
300

4-CH3 75 9.93 0.602^0.021 2 67.7 - 1.0 9/10 -0.09^0.04
312 29.71 1.95 i0.02 2 69.9 £ 1.4 5/5 -0.15i0.07

* These values were excluded fron the calculation of the kg values according to Eq.(l) 
since these points fall on the cleary curved part in the dependence of k1 on 
hydroxide concentration at the higher values of the latter.
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Results of Data Treatment According to Eq.(2) 
log kn » log kg + В . C0H- 

for the Alkaline Hydrolysis of Substituted Phenyl Tosylates CH^CgH^SOgOCgH^-X 
in 80# (v/v) DMSO-Water Mixture

Table 2

Temper-
X ature log к, В s

oc 2

H 25 -2.686 + 0.019 0.799 ± 0.259 0.028
50 -1.760 + 0.021 1.079 £ 0.288 0.032
75 -0.925 + 0.008 0.667 £ 0.157 0.021

H (50* DMSO) 75 -1.557 0.015 0.331 £ 0.183 0.022
3-ci 25 -1.448 + 0.010 1.195 £ 0.113 0.016

50 -0.714 + 0.017 2.369 £ 0.291 0.034
75 -0.083 + 0.018 2.318 £ 1.274 0.028

3-N02 25 -0.627 + 0.013 1.733 £ 0.189 0.024
50 0.165 + 0.008 2.186 £ 0.526 0.011
75 0.770 0.047 4.775 £ 11.41 0.036

4-N02 25 -0.385 + 0.009 1.060 £ 0.214 0.025
50 0.315 + 0.017 3.675 £ 1.432 0.025
75 0.776 + 0.042 71.78 £i8.3i 0.047

4-P 75 -0.558 + 0.009 0.167 £ 0.143 0.020
4-P (H20) 75 -1.938 + 0.040 -0.519 £ 0.224 0.098
4-CH- 75 -1.216 + 0.007 0.632 £ 0.145 0.009



£

Comparison of the log k2 Values Calculated by Various Methods 
k2(l) and k2(2) - See at Table 1.

kg° - Values of k2 calculated aceording to Iq.(2) 
log k2 - log k2 + В . Cqjj-

Table 3

X Tempera
tureoc

log k.i loc k2<2) log k°

H 25 -2.592
+

0.014 -2.588
+

0.015 -2.686 +
0.019

50 -1.633
+

0.004 -1.620
+

0.013 -1.760
+

0.021

75 -0.880
■f

0.002 -0.860
+

0.003 -0.925
+

0.008

и (50% mso) 75 -1.564
♦

0.012 -1.564
♦

0.005 -1.557
♦

0.015

3-C1 25 -1.321 0.003 -1.318
+

0.013 -1.448
+

0.010

50 -0.561
♦

0.002 -0.553
+

0.005 -0.714
+

0.017

75 0.126
*

0.006 0.150
+

0.006 0.083
+

0.018

3-NOj 25 -0.500
+«• 0.004 -0.503

+
0.009 -0.627

+
0.013

50 0.229
+

0.003 0.233
+

0.002 0.165
+

0.008

75 0.798
+

0.017 0.825
+

0.035 0.770
+

0.047

4-UOj 25 -0.297
+

0.002 -0.303
+

0.002 -0.385
+

0.009

50 0.391
+

0.009 0.394
+

0.010 0.315
♦

0.017

75 1.030
+

0.003 1.056
+

0.007 0.776
+

0.042

4-? 75 -0.573
+

0.005 -0.562
+

0.008 -0.558
+

0.009

4-P (H20) 75 -2.163
+

0.015 -2.168
+ 0.011 -1.938

+
0.040

4-CK- 75 -1.169
+

0.008 -1.156
+

0.009 -1.216
+

0.007



out taking into account the influence of the hydroxide con
centration and the values of log k£ calculated by equation 
(2) for the infinitely diluted solution are presented in 
Table 3. As it is seen» taking into account the dependence 
of kg on hydroxide concentration leads to a considerable 
correctione in this value.

übe dependence of log kg on C^- for the alkaline hydro
lysis of 3-chlorophenyl tosylate at 25°C is shown in Fig. 7«

Pig. 7. Dependence 
of log kg an 
hydroxide concen
tration for 
3-chlorophenyl

2 4 6 8 10 12 14- tosylate in 805t
coh~ mao at *5°c.

Discussion of the obtained kinetic data will be published 
separately in one of the forthcoming publications.
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The results of the differential-conductonetrie 
measurements of the aprotic solvent influence on 
the electrical conductivity of lithiua chloride 
ethanolic solutions are presented. The specific 
aolar solution "restructurization" volumes VB 
were calculated for these solvents. The depen
dence of V -parameters on the structure of addi- 

□
tion molecules is discussed.

In the previous article of this series1 the results of 
the differential-conductoaetric aeasurements of the influ
ence of soae hydroxylic solvents on the electrical conduc
tivity of lithiua chloride ethanolic solutions were given. 
Biis article deals with the results of the eimilar aeasure- 
aents made with varioue aprotic solvents (acetonitrile, di- 
aethyl sulfoxide, diaethyl formamide, and diexane).

In the differential conductoaetry a quantity

j  -  ( ------1-------  + - L )  (X)С R + AR R
S O  X

is found. In this formula к denotes the conductometric cell 
constant (cm-1),CD is the aolar concentration of the saellл 8
addition (^10 mole/1) of the substance investigated, and 
Rq and Rx are the resistances (*52.) of the solution before
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and after adding this substance, respectively. Quantity 
A R accounts the change of the resistance of the solution 
due to the dilution in the process of addition. Therefore 
the quantity T is the change of the specific conductivity 
of the solution ДХ  per mole of added substance, i.e.

I - (2)

2 1It was shown that this quantity is eiaply related
to the specific "restructurization" voluae of the substance 
added ? Vg:

f * Ve . (3)

where X. is the specific conductivity of the pure solution 
at the given electrolyte concentration. Voluae V_ is a 
specific paraaeter for a given substance and describes its 
influence on the structure of solvent. Naaely it is equal 
to the statistically aean voluae around the aolecule of this 
substance, where the solvent structure is fully perturbed 
(i.e. transformed either to ideally ordered structure or to 
the entirely disordered fora).

JSxperiaental
Sthanol (grade "Pure for analysis") was dried on the 

CaO and distilled, übe fraction used had b. p. 78.4°<5 (760 
na Hg ) and d^5 » 0.7898.

Djmethyl2lulfoxide(grade "Pure for analysis") was dried 
on the BaO and bidistilled froa the aixture with CaHg in the 
argon ataosphere. The fraction used had b.p. 64.0°C (6am Hg) 
and d|^» 1.10105.

Diaethyl foraaaide ("grade Pure for analysis" ) was
dried on the CaO and bidistilled. The fraction used had
b.p. 39.7-40.0°0 (20 mo Hg) and d*j>- 0.9492.о

Acetonitrile (grade "Pure for analysis") was treated 
with KOH, distilled. The aain fraction was treated with CaH2
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and fractionally distilled.Bie fraction used had b.p.81.5°C
(760 ■■ Hg) and d|*5. 0.7791.25

Dioxan« (grade "Pur* for analysis") was treated with HC1 
and Ш ,  dried and then boiled with sodiua. Finally the frac
tional distillation was carried out. Bie fraction used had 
b. p. 101.5°C (760 aa Hg) and d*> - 1.0329. Bie conducto- 
aetric aeasureeente were carried out on the apparatus de
scribed elsewhere*. All the aeasureaents were wade at the 
teaperature 25.0^0.1°С, hold constant with the precision of 
±0.001°C. The conductivity cell was isolated froa the sur
rounding ataosphere with CaO tubes to prevent the absorption 
of water. Bie cell constant was k«19.60 ca“ .̂ Constant re
sistance R ■ 9907.0 was used in parallel joint to the 
conductivity cell in case of dilute solutions .

Dilution term Л Н  in Eq. (1) was calculated according 
to the procedure, described previously1.

Discussion
Bie nuaerical values of quantity T for different 

aprotic coapounds in the wide range of lithiua chloride con
centration in ethanol are given in ftibles 1 and 2. Ihe depen
dence of these quantities on the specific conductivity of 
the pure electrolyte solutions is illustrated on Flg. 1 
(acetonitrile, dioxane, and diaethyl foraaaide) and Fig. 2. 
(diaethyl sulfoxide). It is obvious that the linear relation
ship** according to the lq.(3) are valid for the first three 
coapounde whereas a significant curvature in the region of 
the concentrated electrolyte solutions is observable for the 
diaethyl sulfoxide. Oherefore the pareaeter Ve for this coa- 
pound is estinated froa the initial slope of the dependence 
between T and specific conductivity X. Ihe values of Vg 
paraaeters for all substances investigated are given in Ta
bles 1 and 2 , too.

Bie eaall intercept for dioxane could be caused by the 
saall uncontrolled ionic adaixture in this substance.
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Differential-conductoaetric quantities T for воле 
aprotic solvents in the ethanolic solutions of lithiua 

chloride (25°C).

Table 1

°ы с 1 *  ;  10*
(aole/l) ( Я  cn )

T

Diaethyl Acetoaitrile Dioxane 
foraaaide

0.025 0.053 -0.116 - 0 . 1 1 1 -0.037

0.087 0.131 -0.282 -0.264 +0.007

0.107 0.154 -0.278 -0.288 0.034

0.146 0.182 -0.402 -0.370 0.037

0.283 0.279 -0.532 -0.512 0.064

0.529 0.390 -0.695 -0.651 0.085

0.717 0.441 -0.747 -0.791 0.119

-162.1± -166.2* 34. 9*И
9.4 6.9 4 .0

Table 2

Differential-conductometric quantities T for the diaethyl
sulfoxide in the ethanolic solutions of lithiua chloride

( 25°C ).
flLiCl * . i o 2 , Ж CLiCl ae,10z . -y

(aole/l) Cftf̂ sa )
Я (aole/l) C^ca"1) T

0.0146 0.035 -0.069 0.551 0.397 -0.564

0.0985 0.141 -0.272 0.706 0.437 -0.600

0.133 0.170 -0.316 0.710 0.433 -0.598

0.180 0.212 -0.401 1.127 0.493 -0.482

0.267 0.268 -0.464 1.281 0.501 -0.462

0.340 0.311 -0.529 1.315 0.503 -0.442

к
Ш

>

-0.190

(a- Pro« the initial slope of the T - aC dependence.
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In earlier works simple linear relationships between 
V0 and intrinsic volume of the moleculi* were obtained for 
hydroxylic compounds in hydroxylic solvents (water,ethanol)* 
However, it was noted that in aqueous solutions &ome com
pounds - presumably cyclic or aprotic organic substances 
are characterized by the Ve- values lesser than of the ali-* 
cyclic hydroxylic compounds of the same intrinsic volume. 
The same is true for the ethanolic solutions of cyclic (di
oxane) or aprotic compounds (dimethyl formamide, acetoni- 
trile, dimethyl sulfoxide). It is interesting that the devi
ation of the dioxane point from the linear relationship be
tween V and intrinsic volumes of molecules defined for the s
hydroxylic compounds are practically equal in case of aque
ous and ethanolic solutions ( A  V S  75cmVmole) (See Fig.3).s
The aprotic organic compounds have approximately equal V -s
value in ethanol independently of their intrinsic volume.
(V ■ -160 - 190cm /mole). The negative value of V corre- s s
sponds to the structure-breaking effect of these compounds
on the ethanol. Only dioxane has a relatively small struc-
ture-making effect (V = +35).The V -value of dimethyl sulfo- в s
xide decreases in the more concentrated electrolyte solu
tions.

This decrease is almost linear from the molar concentra
tion of the electrolyte in solution. (See Pig. 4.) Therefore 
the relationship (Eq.(3)) can be rewritten as

I = V° (1 + ̂  c)3e (4)
о

in case of dimethyl sulfoxide (V° is the restructurization
0

volume at zero electrolyte concentration). The parameter

ryC = -66.1 £ 2.7 (5) 
in Kq; (4)

This exceptional behavior of dimethyl sulfoxide indi
cates that there is some different mechanism of its influ-

(w calculated as the sum of corresponding bond retractions ' _ £, in the molecule (2_ Rp) -
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Fig. 1. The linear relationship between the differen
tial - conductometric quantities Y and the specific 
conductivity “"̂ cm ) of the pure lithium chloride 
ethanolic solution. Notations: 1 - dimethyl rormamide, 
2 - acetonitrile, 3 - dioxane.

0 0.25 0.50
x W 2

Pig. 2. The dependence of the differential-conducto- 
metric quantities Y of dimethyl sulfoxide on the spe
cific conductivityабС^^ст“1) of the pure lithium 
chloride ethanolic solution.
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Z R d

Fig. 3. The dependence of Vs-parameters on the intrin
sic volumes of addition molecules in the ethanolic 
solutions. (О -hydroxylie compounds, 1-dimethyl form- 
amide, 2-acetonitrile, 3-dioxane, 4-dimethyl sulf
oxide).

c(mol/l)

Pig. 4. The dependence of Vg-p&rameter of dimethyl 
sulfoxide on the molar concentration of litnium chlo
ride in ethanol.
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ence on the structure of ethanol in comparison with other 
substances. Analogous cases with other compounds are needed 
for the further investigation of such effects.
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II. ACTIVITY COEFFICIENTS OF 1:?. ELECTROLYTES IN AQUEOUS 
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A systematic treatment of the activity coef
ficients of lsl electrolytes in aqueous solu** 
tions is proceeded according to the simple lat
tice theory of electrolyte solutions1.The sta
tistical parameters of this treatment are favor
ably compared with the results obtained by the 
use of extended Debye-Hilckel equations.

A preliminary discussion of the ion-solvent 
interaction parameter Bi structural dependence 
is also presented. The simple LFER-type depend
ences are found for the 1:1 electrolyte series 
with common cation.

The validity of the simple structural theory of the elec
trolyte solutions was discussed in the previous article *. 
Proceeding from the lattice model of the solutions, a theo
retical description of the partial excess molar free energy 
and therefore, activity coefficients of solutions were final
ly obtained. The internal structure of the theory predicts 
no serious limits to the nature of the solution and experi
mental conditions (temperature, concentration, pressure), at 
whSt it is valid in principle. However, the experimental ver
ification of the theory on the basis of the actual experi
mental data is of paramount importance.

Therefore the present article is the first in the series,
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where the data about different properties of electrolyte so
lutions in the whole range of variability is statistically 
treated according to the basic equations of the structural 
electrolyte theory. For the activity coefficients of 1:1- 
electrolytes the following equation is valid1:

1b Y  + * â  + I^c, (1)

where с is the molar concentration.
The parameter

at * °° (2)

£RT

(where AM is the Madelung constant for the given lattice 
type in solution,Ы. - energy standardization constant, £ - 
dielectric permittivity of the solvent, R - universal gas 
constant and T - absolute temperature), represents the uni
versal multiplier in the theoretical electrostatic inter
action term.
The parameter

Bi • 2RTVe(i) {3>

characterizes the specific interaction between electrolyte 
and solvent through the увц)"* constant, which is the volume 
in solution, where the solvent structure is totally perturb
ed by the solute (electrolyte ions).

The least-squares treatment of the activity coefficient 
logarithms was made in two ways.

First, the two parameter equation (1) was used in form

+ - A l n 3T+ + at + Bic*
where a^ and Bj were the parameters to be found. It is es
sential to use the intercept Aln^ + »This is only natural, 
because almost all the published activity coefficients are 
standardized againet the infinite dilution according to some 
function from square-root of electrolyte concentration on 
ionic force. Therefore, the expected zero value (ln̂ f + « 1), 
corresponding to Eq. (4) is shifted by a small quantity
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Table 1
The Results of the Least-Squares Treatment of the 
Activity Coefficients of Uni-univalent Electrolyte 
Aqueous Solutions at 25°C According to Eq. (4)

No Electro- Л1п)^£ 
lyte ° at Bi ra bs C Ref-

n er“ ence

1. LiCl 0.127-0.026
-o.eie!
0.037

О.446-
0.009

0 • vo VO vo 0.0161 О.ОО96 2

2. LiCl 0.062-
0.011

-0.756i
0.020

0.439-
0.007

0.999 0.0095 0.0103 3

3. LiCl 0.031I
0.010

-О.654!
0.017

0.392!
0.006 0.999 0.0041 0.0057 4

4. LiCl 0.059-
0.017

-0.547-
0.047

0.3281
0.027

0.995 0.1210 0.0245 5,

5. LiBr 0.199!
0.036

-0.957-
0.051

О.569-
0.012

0.999 0.0221 0.0100 2

6. LiBr 0.055±
0.012

-0.712-
0.021 0.477-

0.007
0.999 0.0051 0.0071 6,

7. LiBr 0.165!
0.064

-0.883-
0.093

0.524-
0.025

0.999 0.0200 0.0194 5,

8. LiBr 0.032!
0.017

-0.722-
0.031

0.529-0.020 0.999 0.0251 0.0083 7.

9. Lil 0.062!
0.031

-0.655i
0.051

0.5581
0.018 0.999 0.0132 0.0132 2,

10. Lil о.обв!
0.038 -0.69li

0.054
0.570!
0.019

0.999 0.0127 0.0133 4,

11. LiN03 0.115-
0.021

-О.8О3!0.028
0.4361
0.006 0.999 0.0143 0.0062 8.

12. LiN03 -0.069!
0.015

-0.453-
0.022

0.244*
0.005

0.999 0.0098 0.0100 2,

13. LiN03 0.0281
0.008

-0.656i
0.014

0.390l
0.002 0.999 0.0036 0.0059 9,

14. LiN03 0.067!0.026
-0.708i
0.033

0.41ll
0.007

0.999 0.0047 0.0055 10.

15. LiClO^ o.i6ii
0.039

-0.878i
О.О63

O.693I0.020 0.999 0.0184 0.0125 2.

16. LiOH -0.013-
0.013

-0.718i
0.019

0.0961
0.005

0.998 0.0075 0.0144 2,
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Table 1 continued

1 2 3 4 5 6 7 8 9
17. Li OH 0.022*

0.010
-0.714*0.018 0.097*0.006

0.999 0.0086 0.0127 11

18. LiOH -0.032*
0.013

-0.530*
0.021 0.191*0.006

0.997 0.0066 0.0239 9.

19. LiCHjCOO 0.054*0.010
-0.742*
0.012

0.105*
0.002

0.999 0.0021 0.0097 10.

20. NaF 0.041*
0.005

-0.688*
0.011 0.093*0.006 0.999 0.0010 0.0041 12.

21. NaCl 0.071*
0.012

-0.720*
0.017

0.247*
0.004 0.999 0.0073 0.0122 2.

22. NaCl 0.036*
0.003

—О.663* 0.006 0.229*0.002
0.999 0.0022 0.0082 3.

23. NaCl 0.035*
0.005

-0.661*
0.008 0.229*

0.003
0.999 0.0023 0.0093 4.

24. NaCl 0.044*
0.005

-0.691*
O.OO9

0.240*
0.003

0.999 0.0032 0.0115 13.

25. NaCl 0.037*0.001 -0.655*
0.007

0.198*
0.020 0.999 0.0005 0.0027 14.

26. NaCl 0.046*
0.007

-0.679*0.011
0.236*
0.003

0.999 0.0035 0.0125 15.

27. NaCl 0.043*
0.007

-0.682*
0.012 0.237*

0.003
0.999 0.0034 0.0129 16.

28. NaCl 0.027*
0.003

-0.607*
0.016 0.207*

0.058
0.999 0.0016 0.0084 17.

29. NaBr 0.073*0.012 -0.735*0.018 0.313*
0.005

0.999 0.0076 0.0081 2.

30. NaBr 0.038*
0.007

-0.688*
0.011

0.290*
0.003

0.999 0.0034 0.0074 6.

31. NaBr 0.047*
0.007

-0.692*
0.013

0.300*
0.004

0.999 0.0046 0.0105 3.

32. NaBr 0.023*0.021 -0.595*
0.041

0.244*
0.015

0.987 0.0156 0.065 18.

33. NaBr 0.050*
0.005

-0.692*0.008
0.300*
0.002 0.999 0.0035 0.0052 19.

34. NaBr 0.046*
0.008 —0.683*

0.013
0.297*
0.004

0.999 0.0038 0.0081 20.

35. Nal 0.122*
0.026

-0.816*
0.037

0.430*
0.009

0.999 0.0154 0.0106 2.

36. Nal 0.040*
0.016

-0.670*
0.026

0.376* 
0.008 0.999 0.0069 0.0117 6.
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1___ 2 3 4

Table 1 continued 

5 6 7 8 9
37. NaN03 0.013t

0.005
-0.647t
0.007

0.044t
0.002

0.999 f-tглОО•О 0.0040 9

38. NaN03 0.070t
0.015

-0.759t
0.021

0.129t
0.006

0.998 0.0083 0.0085 10,

39. NaN03 0.025t
0.004

-0.656t
0.005

0.045t
0.001 0.999 0.0024 0.0033 2

40. NaSCK -0.017t
0.008

-0.528t
0.011 0.223t

0.003
0.999 0.0048 0.0068 2

41. NaSCN -0.011t
0.006

-0.544t
O.OO9

0.247t
О.ООЗ

0.999 0.0027 0.0066 21

42. NaOH 0.058t
0.023

-0.713t
0.033

0.258t
0.008 0.997 0.0150 0.0199 2

43. NaOH 0.04lt
0.013

-0.668t
О.О26

0.259t
0.011

0.994 0.0105 0.0390 22

44. NaCH3C00 0.081±
0.024

-0.766±
0.041

0.237t0.006 0.999 0.0059 0.0144 9

45. KP -0.095t
0.150

-0.457t
0.211

0.158t
0.048 0.793 0.0967 O.I69O 2

46. KP 0.040±
0.005

-0.682t
0.007

0.219t
0.002

0.999 0.0022 0.0088 12,

47. KCl 0.050t
0.005

-0.693t
0.008

0.168t
0.002

0.999 0.0024 0.0094 2,

48. KCl 0.012±
0.014

-0.536t
0.037

0.133t
0.010

0.986 0.0193 0.0461 23,

49. KCl 0.039t
0.001

-0.672t
0.003

0.164t
0.001 0.999 0.0016 О.ОО34 24,

50. KCl 0.035t
0.003

-0.672t
0.005

0.166±
0.001 0.999 0.0014 0.0061 25,

51. KCl 0.03lt
0.002

-0.662t
0.003

0.161*
0.001 0.999 0.0009 0.0040 26,

52. KCl 0.029t
0.003

-0.658t
0.004

0.161t
0.001 0.999 0.0012 0.0053 27,

53. KCl 0.026t
0.012

-0.679t
0.017

0.163t
0.004

0.998 0.0041 0.0247 5,

54. KCl 0.027t
0.003

-0.608t
0.003

0.051t
0.059

0.999 0.0017 0.0082 17,

55. KBr 0.033t
0.002

-0.662t
0.003

0.187t
0.001 0.999 0.0010 0.0038 2,

56. KBr 0.030t
0.003

-0.659t
0.005

0.190t
0.002

0.999 0.0016 0.0080 20,
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Table 1 continued
1 2________ 3______ 4_______ 5 6 7 8 9
57. KBr

о 
о 

• 
•

о 
о -O.661!

0.007
0.184!
0.002

0.999 0.0022 0.0098 6.

58. KBr 0.037!
0.005

-О.684!
0.009

O.I95!
о.ооз

0.999 о.оозз 0.0128 3.

59. KBr 0.042!
0.009

-0.688!
0.018

О.2О4!0.008 0.999 0.0046 0.0195 18.

60. KI о.озб!
0.005

-О.653!
0.007

0.238!
0.007

0.999 0.0028 0.0050 2.

61. KI 0.017!
0.004

-О.629!
0.007

0.230!
0.002

0.999 0.0022 0.0067 6.

62. KI 0.18l!
0.025

-1.08б!
0.037

0.29б!
0.009

0.994 0.0140 0.0308 5.

63. KN03 О.О99!
0.003

-0.84в!
0.005

-О.О49!
0.002

0.999 0.0013 0.0013 2.

64. KN03 0.083!
0.013

-0.83б!
0.022

-О.ОЗ2!
0.008 0.999 0.0050 0.0059 9.

65. KSCN -О.ОО5!0.006 -O.591!
0.009

O.II3!
0.002

0.998 0.ОО38 0.0127 2.

66. KSCN 0.052!
0.007

-0.705!0.011
0.166!
о.ооз

0.999 0.0039 0.0160 21.

67. KOH о.озв!
0.008

-0.700!
0.011

0.370!
0.011 0.999 0.0051 о.оозб 2.

68. KOH 0.053!0.008
-0.674!
0.013

0.359!
0.004

0.999 0.0042 0.0053 28.

69. KOH O.I90!
0.034

-0.854!
0.038 0.393!0.006 0.999 0.0099 0.0059 10.

70. KCH3COO O.I24!0.028
-0.848!
0.048

0.588!
0.016 0.999 0.01J6 0.0127 9.

71. RbP -о.обо!
0.010

-О.465!
0.017

0.0176!
0.006 0.995 0.0046 0.0308 2.

72. RbP -0.046!
0.037

-O.514!о.обо 0.193!0.008
0.981 0.0153 0.0793 29.

73. RbCl О.О50!
0.002 -O.7I9!0.002

O.I67!0.001 0.999 0.0010 0.0031 2.

74. RbCl O.O33!
0.005

-О.694!
0.007

0.141!
0.002 0.999 0.0026 0.0084 30.

75. RbCl O.O41!0.011
-0.710!
0.007

O.I69!
0.004

0.997 0.0060 0.0226 6.

76. RbCl О.О39!
0.005

-0.700!
0.007

O.I63!
0.002 0.999 0.0026 0.0096 4.

77. RbBr О.О54!
0.002

-О.727!
0.004

0.I70!
0.001 0.999 0.0014 0.0048 2.
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Table 1 continued

1 2________ 3_________ 4 5 6 7 8 9
78. KbBr o.osoi

0.004
-0.725-
0.005

0.170-
0.001 0.999 0.0019 0.0070

79. Rbl 0.083-0.006
-0.792±
0.009

0.204-
0.003

0.999 0.0034 0.0116

•о00 Rbl 0.079-
0.006

-0.794-
0.009

0.210- 
0.002 0.999 0.0032 0.0113

81. Rbl 0.072±
0.021

-0.774- 
0.032

0.210-
0.009

0.999 0.0113 0.0405

00 *1
° RbN03 o.i3oi

0.008
-0.92li
0.012

-0.031^
0.004

0.999 0.0039 0.0032

83. RbN03 0.098i
0.006

-0.874-0.011
-o.osoi
0.004

0.999 0.0023 0.0027

84. RbCH-COO 0.049- 
* 0.012

-0.680i
0.021

0.486i
0.007

0.999 0.0052 0.0061

85. OeP -0.009-
0.034

-0.593-
0.057

0.292t
0.018

0.996 0.0150 0.0372

86. CsF -o.o36i
0.009

-0.584-
0.014

0.281i 
0.005

0.999 0.0038 0.0129

87. CeCl 0.112-
0.003

—0.866—
0.004

0.187-0.001 0.999 0.0019 0.0050

88. CsGl o.iooi
0.003

-0.858-
0.004

0.186t
0.001 0.999 0.0015 0.0041

89. CeCl 0.076t
0.008

-0.824-
0.014

0.169-
0.005

0.999 0.0043 0.0096

90. CeCl 0.080±
0.002

-0.830^
0.003

0.171-0.001 0.999 0.0009 0.0021

91. CsBr 0.120±
0.006 -0.883-

0.009
0.195i0.002 0.999 0.0031 0.0086

92. OeBr 0.129-
0.011

-0.912-
0.017

0.205±
0.004

0.999 0.0060 0.0166

93. CaBr 0.123-
0.007

-0.901^
0.011

0.202-
0.003

0.999 0.0038 0.0106
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Table 1 continued

1_____2_________ 2______ 4______ 5 6 7 8 9

94. Csl 0.090t
0.004

-0.824t
0.00

0.170t 
0.002 0.999 0.0015 0.0042 2.

95. Csl 0.08lt
0.023

-0.796t
0.040

0.144t
0.014

0.999 0.0093 0.0199 6.

96. Gel 0.083-
0.003

-0.820t
0.00

0.169t
0.00 0.999 0.0010 0.0029 30.

97. CsN03 0.114^
0.007

-0.89lt
0.014

-0.058t
0.008 0.999 0.0017 О.ОО31 2.

98. CsU03 0.106t
0.008

-0.895t
0.017

-0.024t
0.008 0.999 0.0021 0.0041 30.

99. GsOH 0.062t
0.005

-0.672t
0.011

0.400t
0.006 0.999 0.0013 0.0137 2.

100., CsOH 0.065t
0.008

-0.721t 
0.023

0.437t
0.016

0.998 0.0060 0.0303 31.

101 GeCH.COO 0.106t 
J 0.030

-0.807t
0.050

>0.6l2t
0.018 0.999 0.0123 0.0117 30.

a The correlation coefficient 
b Hie etandai*d deviation
С 1The normalized standard deviation (See ).
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('vO.l units, see Table 1),.
The statistical fitness parameters were good for practi

cally every individual electrolyte activity coefficients set 
(the standard deviation s < 0.005 kJ/mol, normalized st. er
ror1 sQ <0.01, the correlation coefficient r> 0.999), see 
Table 1.

In sane cases (LiBr, LiNO^, or KI, e.g.) a perceptible 
difference in data sets obtained by different authors or 
using different experimental methods is noticed.

The a^-parameter is close to the theoretical value corre
sponding to the sodium chloride type cubic lattice (Ajj-1.748, 
and â  « 0.6594 in aqueous solutions at 25°C).

That is why we proceeded the secondary statistical anal
ysis of the activity coefficients according to the equation

Slny +■- Ain yi± + V  , (5)
where the function is

r -V-  (6)
d m  1 4 - lry  + - at У°*

1.e. the activity coefficients logarithm is corrected by the 
theoretical electrostatic term. Due to the already mentioned 
reason (different standardization) the intercept Aln'J + is 
used again. The results of this treatment are given in Table
2. Eq. (5) represents a simple linear relationship, whose 
validity for some electrolytes is also illustrated in 
Fig.l. The existence of such relationships was already ob- 
served by some earlier authors^ » ,  who were using several 
semiempirical lattice models of electrolyte solutions. There
fore we once more have to underline the definite physical 
meaning of the B^- parameter in the present theory.

Obviously the contraction of the number of parameters to 
be found in treatment does not influence noticeably the 
characteristics of the statistical fit (cf. Table 1. and 2.) 
Moreover, the improvement of them can be observed incidental
ly. Recalling the difference in the different data sets a con
clusion, about the fit of the theory almost in the limits of
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Table 2
The Results of the Least-Squares Treatment of the 

Activity Coefficients of Uni-uniralent Electrolyte Aqueous 
Solutions at 25°C Aocording to Eq. (5)*

Electro- 7 v ~
No lyte Д1пjt± ra sb -°

1 2  3 4 5 6
8о enees

1. LiCl О.О23!
0.009

0.411!
0.004

2. LiCl O.OI7!
0.007

0.409!
0.004

3. LiCl о.озв!
0.002

0.396!
0.001

4. LiCl 0.048!
0.060 0.437!0.012

5. LiBr -O.OO5!
0.015

0.500!
0.007

6. LiBr 0.02s!
0.003

0.462!
0.002

7. LiBr O.OI9!
0.017

0.468!
0.008

8. LiBr -О.О22!
0.015

О.5О9!
0.006

9. Lil 0.068!
0.006

O.561!
0.004

10. Lil 0.053!0.006
O.561!
0.004

11. LiN03 0.077!
0.010 O.291!

0.004
12. LiN03 0.016!

0.009
0.407!
О.ООЗ

13. LiN03 0.034!0.002
О.392!
0.001

14. LiN03 0.034!
0.004

O.4O1!
0.002

15. LiC104 0.031!0.011
0.628!
0.007

16. LiOH -0.049!
0.004

О.О83!
0.002

0.999 0.0236 O.OO9O 2.

0.999 0.0165 O.OO9O 3.

0.999 0.0040 0.0035 4.

0.994 0.1682 0.0261 5.

0.998 0.0406 0.0130 2.

0.999 0.0062 0.0047 6.

0.999 0.0256 0.0159 5.

0.999 0.0475 0.0114 7.

0.999 0.0126 0.0078 2.

0.999 0.0122 0.0084 4.

0.999 0.0272 0.0134 8.

0.999 0.0227 0.0067 2.

0.999 0.0034 0.0027 9.

0.999 0.0049 0.0037 10.

0.999 0.0252 0.0117 2.
0.997 0.0093 0.0205 2.
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Table 2 continued
1 2 3 4 5 6 7 8
17. LiOH -0.004*

0.004
0.081*
0.003

0.995 0.0105 0.0304 11.

Iß. Li OH -0.009*
0.004

0.090*
0.001 0.999 0.0054 0.0154 10.

19. ЫСИ^СОО 0.004-
0.010 0.243*

0.003
0.999 0.0129 0.0121 9.

20. NaF 0.030*
0.001

0.080*
0.002 0.999 0.0013 0.0220 12.

21. NaCl 0.034*
0.003

0.235*
0.002 0.999 0.0095 0.0065 2.

22. NaCl 0.037* 
0.001

0.230*
0.001 0.999 0.0021 0.0022 3.

23. NaCl 0.037*0.001
О.23О*
0.001 0.999 0.0022 0.0025 4.

24. NaCl 0.030*
0.002

0.232*
0.001 0.999 0.0044 0.0045 13.

25. NaCl 0.039*0.001
0.230*
0.006

0.998 0.0005 0.0239 14.

26. NaCl 0.037*
0.002

0.232*
0.001 0.999 0.0036 0.0037 15.

27. NaCl 0.033*
0.002 0.233*0.001 0.999 О.ОО36 0.0040 16.

28. NaCl 0.036*
0.015

0.207*
0.034

0.939 О.ООЗО 0.1544 17.

29. NaBr 0.030*
0.004

0.296*
0.002 0.999 0.0108 0.0059 2.

30. NaBr 0.036*
0.002

0.289*0.001 0.999 0.0033 0.0027 6.

31. NaBr 0.033*
0.003

0.292*
0.001 0.999 0.0054 0.0045 3.

32. NaBr 0.056*
0.009

О.269*
0.005

0.999 0.0174 0.0182 18.

33. NaBr 0.034*
0.002 0.293*0.001 0.999 0.0035 0.0029 19.

34. NaBr 0.036*
0.002

0.292*
0.002

0.999 0.0040 0.0033 20.

35. Nal 0.020*
0.008

0.394*
0.004

0.999 0.0225 0.0095 2.
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Table 2 continued

1 2___________ 3______ 4

36. Nal 0.037*
0.003

0.375*
0.002

37. NaN03 0.025“0.001
0.048*
0.001

38. NaN03 0.009*
0.005

0.052±
0.006

39. NaN03 0.U31*0.001 0.047*0.001
40. NaSCN 0.077*0.006 0.254*

0.003
41. NaSCN 0.064*0.006

0.282*
0.003

42. NaOH 0.039*
0.004

0.258*
0.003

43. NaOH 0.025*0.006
0.248*
0.003

44. NaCILjCOO 0.023*0.006
0.318*
0.005

45. KP 0.049*
0.035

0.204*
0.014

46. KP 0.029*0.001 0.214*0.001
47. KCl 0.033*0.001

0.160*
0.001

48. KCl 0.048*
0.003

0.187*
0.004

49. KCl 0.036*
0.001

0.162*
0.002

50. KCl 0.031*
0.001

0.164*
0.001

51. KCl 0.033*
0.004

0.162*
0.001

52. KCl 0.034*0.001 O.I63*
0.001

53. KCl 0.017*0.012^ 0.159*0.001
54. KCl 0.036*

0.002 0.149*
0.034

5________6________7 8

0.999 0.0065 0.0051 6.

0.999 0.0029 0.0083 9.

0.998 0.0126 0.0193 10.

0.999 0.0026 0.0084 2.

0.999 0.0167 0.0102 2.

0.999 0.0118 0.0103 21.

0.999 О.ОО99 0.0124 2.

0.999 0.0156 0.0092 22.

0.999 0.0172 0.0148 9.

О.968 О.О966 О.О667 2.

0.999 0.0027 0.0029 12.

0.999 0.0034 0.0055 2.

0.998 0.0097 O.OI92 23.

0.999 0.0019 О.ОО26 24.

0.999 0.0015 0.0022 25.

0.999 0.0009 0.0014 26.

0.999 0.0013 0.0020 27.

0.999 0.0040 0.0056 5.

0.890 О.ОО3О 0.2040 17.
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Table 2 continued

1 2_______ 3_______ 4______ 5______ 6 7______ 8
55. KBr O.O35!0.001

0.188!
0.001 0.999 0.0010 0.0011 2.

56. KBr 0.034!
0.001

O.I91!
0.001

0.999 0.0016 0.0021 20.

57. KBr 0.033!0.001
0.185!0.001 0.999 0.0021 0.0024 6.

58. KBr 0.027!0.002
0.189!0.001 0.999 0.0039 0.0051 3.

59. KBr O.O31!
0.003

0.195!
0.002

0.999 0.0048 0.0111 18.

60. KI О.О43!0.001
0.24l!0.001 0.999 О.ООЗО 0.0021 2.

61. KI 0.040!
0.002

0.240!
0.001 0.999 0.0041 0.0038 6.

62. KI -o.oeii
0.025

O.I94!
0.008

0.989 0.0465 0.0412 5.

63. KN03 -o.oio!
0.007

-o.ioe!
0.005

0.989 0.0146 0.0443 2.

64. KN03 -0.015!
0.013

-0.092!
0.006

0.982 0.0144 0.0661 9.

65. KSCN 0.045!
0.003

0.130!
0.001

0.999 0.0093 0.0114 2.

66. KSCN 0.038!
0.002

0.15l!
0.001

0.999 0.0043 0.0053 21.

67. KOH 0.022!
0.002

0.362!
0.001 0.999 0.0064 0.0027 2.

68. KOH 0.014!0.002
0.357!0.001 0.999 0.0041 0.0025 28.

69. KOH O.Oie!
0.002

0.363!
0.003

0.999 0.0192 0.0081 10.

70. KCH3COO 0.018!
0.009

0.377!
0.006

0.999 0.0183 0.0119 9.

71. RbP о.обо!
0.007

0.240!
0.005

0.997 0.0167 О.О226 2.

72. RbP 0.046!
0.012

0.238!
0.006

0.998 0.0205 0.0259 29.

73. RbCl 0.014!
0.002

0.154!0.001 0.999 0.0062 0.0066 2.



Table 2 continued

1 2 3 4 5 6 7 8

74. RbCl o.õis- 
о. 002

0.134-
0.001

0.999 0.0040 0.0052 30.

75. RbCl 0.012t
0.003

0.157i
0.001

0.999 0.0074 0.0089 6.

76. RbCl o.oi7±
0.002

0.154-
0.001

0.999 0.0045 0.0059 4.

77. RbBr 0.013-
0.003

0.155i0.001 0.999 0.0065 0.0087 2.

78. RbBr o .o n i
0.003

0.155-0.001 0.999 0.0065 0.0079 30.

79. Rbl 0.002-
0.005

0.181-
0.003

0.998 0.0132 0.0155 2.

80. Rbl -0.004±
0.006

0.177-
0.003

0.999 0.0136 0.0147 6.

81. Rbl 0.003^
0.007

0.182i
0.003.

0.998 0.0155 0.0164 30.

82. RbHO-j -0.031-
0.010

-0.104-
0.006

0.989 0.0241 0.0575 2.

83. RbH03 -0.019±
0.009

-0.126i 
0.007

0.988 0.0166 0.0575 30.

84. RbCH^COO 0.041±
0.003

0.387-
0.004

0.999 0.0051 0.0034 30.

85. CeP 0.033-
0.009

0.314-
0.005

0.999 0.0156 0.0150 29.

86. CeP 0.054-
0.006

o.3ioi
0.004

0.999 0.0088 0.0095 2.

87. CeCl -0.024-
0.008

0.140^
0.004

0.995 0.0228 0.0265 2.

88. CeCl -0.025-
0.009

0.137-
0.004

0.996 0.0206 0.0273 4.

89. CeCl -0.007±
0.009

o . m i
0.006

0.998 0.0177 0.0549 31.
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Table 2 continued

1 2 3 4 5 6 7 8

90. CsGl -0.006*
0.009

0.111*
0.006

0.988 0.0178 0.0551 32.

91. CeBr -0.022*
0.009

0.138*
0.005

0.992 0.0225 0.0335 2.

92. CsBr -0.029-0.012
0.142*
0.005

0.993 0.0263 0.0345 6.

93. GsBr -0.028-
0.011

0.142*
0.005

0.994 0.0248 0.0326 30.

94. Cal -0.004*0.006 0.117*
0.004

0.988 0.0103 0.0571 2.

95. Csl 0.006* 
0.007

0.069*
0.005

0.979 0.0137 0.0718 6.

96. Csl -0.006*
0.007

0.116*
0.005

0.994 0.0128 0.0404 30.

97. CsN03 0.003*
0.007

-0.176*
0.010

0.988 0.0103 0.0571 2.

98. CbKO^ -0.008*
0.009

-0.177*
0.012

0.982 0.0133 0.0863 3o.

99. CsOH 0.047*
0.004

0.397*
0.001

0.999 0.0012 0.0031 2.

100. CsOH 0.047*
0.004

0.399*
0.007

0.999 0.0081 0.0162 31.

101. CsCH3COO 0.025*0.008
0.406±
0.004

0.999 0.0138 0.0097 30.

a-c See footnotes a"c in Table 1.
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c(M)

Fig. 1. The linear relationship between function 5 ln^ + 
and molar concentration с for some electrolyte solu
tions.

experimental error, can be finally set.
However, the comparison with the results of the earlier 

activity coefficient statistical analyses, based on the use 
of Debye-Hilckel electrostatic solution theory is of utmost 
interest. Underneath we present an analysis of some publish*- 
ed statistical treatments on the basis of the extended Debye- 
-Hiickel equations. These treatments are characterized by 
standard deviations comparable to those obtained fro* the 
treatments according to Eq. (4) and (5) in this article. The 
concentration of electrolyte was varied in the wide range 
(up to saturated solutions, too.) Proceeding from Eq. (5), 
the lattice theory of electrolyte solutions has one empiri
cally detected parameter for every electrolyte. In the compi
lation3̂  the following equation was used for activity coeffi
cient analysis:
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m y  . -A/w  1 * i v f ü  ♦ « .  < »
*1 1 + £-/T (l+al)n

where I is the ionic force in solution, Z+, Z- - the ionic 
charges of binary electrolyte, A - the theoretical Debye- 
-Httckel slope.at infinite dilution, and g,a,n,B,BQ - some 
empirical parameters * Actually, only B- parameter was found 
by least-equares treatment for every individual electrolyte. 
The remaining parameters were estimated subjectively, and the 
value of a, e.g., did not influence the description almost at 
all. Die correlation fitness characteristics, got for Eq. 
(5) and Eq. (7) as mentioned above, are practically the same. 
Unfortunately the standard error of parameter В is not given 
in original work3*. There is also no estimates to the errors 
of parameters a, n, Bq and . Obviously, Eq. (7) has less 
statistical degrees of freedom,in comparison with the basic 
equation of the lattice theory (5). The background of the use 
of second term in Bq.(7) is vague, too. Dierefore the 
conclusion about the preference of lattice theory over the ex
tended semiempirlcal Debye-HUckel theory in form of Eq. (7) 
can be made.

We have to notice, that somewhat better overall character
istics of statistical treatment of activity coefficients were 
obtained by K.S. Pitzer et al.^*^ They used the following 
equation based on the Guggenheim-Scatchard theory which is 
also an extensions of the original Debye-Hückel modelt

1 •  /Z+Z_/felei:(I) ♦ ♦ R 2 J ^ J 3/2/J] cm2, (8)

where V+ and v>_ are the numbers of corresponding ions in elec
trolyte molecule, respectively, and V- V + V * The molal 
concentration m ie used in the given equation.
The function



has the meaning of the electroetatic interaction energy be
tween ione, and parameter

В . 2в«»+ - -Sii )] (10)

ie a complicated function of ionic force. Three parameters
- C, ß̂  °\ and ß ^  are found from the least-squares treat
ment. The quantities об and b hare subjectively assumed val
ues. Therefore much less degrees of freedom is present in the 
treatment by Bq. (8) compared to the lattice theory, the 
standard errors of parameters are also not given. This leaves 
opened the question about the reliability of multiparameter 
correlation parameters.

The underwater stones here can be nicely seen froa the 
results, presented in the compilations37*39. The statistical 
treatment was again performed according to the semiempirical 
Debye-Htickel-type equations there:

In it . - - А-~^— - + Cm + Dm2 + Em3 + ...
111 1 ♦ B-/T „

ln T + « - A V T  «- А-I lnl 2 1  В.т(1+1)/2
2 i-1 1

In <y> + . - a Y T  ♦ 2 1  B±m(i+1)/2 
i«l

where A2, B̂ , С D, E are the empirical parameters.
The number of t&em, to be found in least-squares procedure 
varied from 3 to 7. However, the standard errors of these 
parameters are frequently the orders of magnitude greater 
than the overall standard error of the correlation.This fact 
indicates that the so-called compensation or overpump effect 
between different correlation scales is present and there ie 
an excess of empirical parameters. Thus the existence of cor
relations according to Bq-s (11-13) is only seeming. Fair
ly enough, the authors do not give any physical significance 
to separate terms in these expansions. However, the extra
polations of activity coefficient data starting from Eq.-s 
(11-13) may not be reliable enough for that reason.

( 11)

( 12)

(13),

3*5



Consequently, there is no statistically better descrip
tion of the experimental activity coefficients of 1:1 elec
trolyte aqueous solutions on the whole range of concentra
tion on the basis of the Debye-Htickel-type equations in com
parison with the simple lattice theory.

For the theoretical extension of the latter the analysis 
of Bj-parameters (cf. Eq.(4,5)), obtained from the treatment 
of experimental data could be useful. The recommended values 
of these parameters are given in Table 3*

Table 3.
Mean values of the B^-parameters of uni-univalent Balts, 
obtained from the activity coefficients data.

v\Anion
F~

Catiofr\
Cl' Br" I" OH" ss о w 

1

сн3соо

u * — 0.403 0.477 0.561 0.086 0.401 0.243
Na + 0.080 0.232 0.292 0.385 0.253 0.048 0.318
К + 0.209 0.162 0.189 0.240 0.360 -0.100 0.377
Rb+ 0.239 0.149 0.155 0.180 - -0.145 0.387
Cs+ 0.312 0.134 0.141 0.117 0.398 -0.176 0.406

One would like to find some regularity between the B^param- 
etere and some other properties of electrolytes or their ion
ic constituents. The main structural characteristics, which 
according to the lattice theory can describe the influence on 
the solvent structure, is the size of electrolyte molecule, 
indeed. Rather badly, it is obvious that there is not any re
lationship between the B^-s and the radius of 1:1 electrolyte 
molecules, calculated as the sum of corresponding crystallo- 
graphic ionic radiuses (See Fig. 2.).
The well-known fact is, that the thermodynamic properties of 
ions in solutions (e.g. the free energies, enthalpies and 
entropies of hydratation, electrostatic free energies etc. ) 
are simple regular functions of their crystallographic radi
uses.39 Therefore the expected linear free energy relation
ships between the B^parameter and ionic thermodynamic prop-
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Pig. 2. Nonexistence of the relationship between Bj- 
parametere and the size of electrolyte molecules.

erties cannot to be observed, either.
However, it is interesting to mention the simple LPER - 

type relationships between the combinations of B^- parameters 
belonging to the two electrolyte series having different com
mon cation. Let’s define the difference

д  B13 <c«t0) . B13 - BoJ , (14)
where j is the anion index, i and о denote the cation in the 
given and standard series, respectively. Tb* choice of the 
reference cation, whose salts form the standard series, is 
arbitrary indeed. Independently of this choice, the linear
relationships are also obeervable between the quantities B. .41 "and the anion crystallographic radiuses * The examples of 
such linearities corresponding to the potassium and cesium 
ealts as references, are given in Pig. 3. and Pig. 4.The lin
ear regression parameters of these dependences:
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л В и  - *i * V j  <!5>
for alkali aalte (Cs is taken as a reference) are presented 
in Table 4. The parameters and in the last equation 
are characteristic to a given cation.

rj (A)

Pig, 3. The relationship between and the anion
ic crystallographic radiuses ( К salts taken as the 
reference)«

The graphs at Pig. 3 and 4. have a singular point at r^= 
»1.7 A, where the straight lines describing the relationship 
(15) for salts with different alkali cations are crossing one 
another. Diis means that at this value of anion radius

value becomes insensitive to the size of cation.In the 
formal LPER theory such point is known as an isoparametric 
p o i n t I t  can be an important characteristic of the process 
or phenomenon the parameters of which have it.

First of all, its presence in case of relationships (15) 
Indicates that B^- parameters are describing a homogenous

348



Pig. 4. The relationship between ^ Bij 0114 tlie anionic 
crystallographic radiuses (Cs salts taken as the ref
erence).

Table 4
The Linear Regression Parameters of the Data Treatment 
According to Eq.(15) (Cs salts are the reference).

Cation
ßi ra eb m 

0
 0

Li -1.87о! 
0.156

l.lOl!
0.084 0.991 0.055 0.075

Sa -0.993^
0.053

0.58б!
о.озо 0.994 0.024 0.051

К -О.443!
0.035

0.255!
0.019 0.989 0.014 0.074

Rb -0.28l!
0.028

0.160!
0.015 0.983 0.011 О.О92

Cs(ref.) 0 0 - - -
a“c See footnotes a~c in Table 1
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interaction between the electrolyte and solvent (water).For
mally it also means that there is a linear dependence between 
numbers ^ and ^ for different alkali salts:

* (-0.006±0.004) - (1.693*0.007)^ (16)
r * 0.999 
s * 0.006 
s0- 0.004

Obviously the last relation is a proportionality between 
and (See Fig. 5, too).

I

Fig. 5. The proportionality between the oC ̂ and ß^ 
parameters from Eq. (15) for different alkali salt 
sets. (Cs taken as the reference).

Consequently, quantitiesд are dependent on one cation 
parameter only (say, t h e ^  and Eq. (15) $ould be rewritten 
as follows:

^BijCCato) = /3±(г., - 1.693) (17)

An important property of ßj - parameters is that they are
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approximately linearly dependent on the corresponding cation 
cryetallograpaic radiuses ^  (See Pig. 6) with the following 
linoar regression parameters:

* -(0.032±0.051) ♦ (1.014-0.087)(1.65 - r±) (18)
r - 0.989 
e « 0.074 
s0- 0.085

Pig. 6. The relationship between the Q^- parameters
(Eq. 15) and the cation crystallographic radiuaee r^.

In a good approximation the last dependence (18) ia 
again a proportionality. The slope of the last relationship, 
practically equal to unity, has no special physical meaning 
and dependa on theoscale of radiuses used. However, in ease 
of present scale (A), one can write for the (Ce) :

ABld(Cs) = (1.65 - ri)Ui - 1.693) (19)
on for general reference salts

ABid(Cato} = (ro " ri) (rj “ 1«693), (20)
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where rQ ie the cryetallographic radius of the reference 
oation.

In the general case (scale of radiuses is not specified) 
the last equation is presented as fellows

ABt3(Cat0) -cC(r0 - rt ) (r j -  r0(J),

where oC and rQ0 are some universal constants depending on 
the choice of the scale or radiuses. There is a good corre
spondence between the calculated A B ^  values (from Eq,(19)) 
and their "experimental” values, obtained from the differ
ences (Eq. 14). (See Pig. 7)

Pig. 7. The relationship between the calculated (Eq.19) 
and experimental (Eq. 14) values of AB^j(Cs).

The mathematical form of the last two equations (19 and 
20) indicates that the influence of ions on the structure of 
solvent presented by the AB^j values is substantially anti- 
symmetrical in case of anions and cations. It is easy to 
eee that cation radius is taken with negative sign in these 
formula whereas the anion radius is always positive. But
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from these data it is difficult to conclude anything about 
the connexion between this antisymmetry and structure-making 
and structure-breaking effect of solutes in solution. The Bi 
parameters of other electrolytes and other electrolyte solu
tion properties in «arious solvents ehould be analysed for 
this aim.

Keeping in mind the practical equality of constants 1.65 
and 1.693 in Bq. (19), the latter can be rewritten as 
follows:

ЛВ14 m k O + Al(ri * rd> “ rlrj (21)
or as a linearehip:

ABij + rird ■ A0 + A1 (ri + (22)

where A and A. are some universal constants for uni-uni- 
0 1  2valent electrolytes (presumably Aq = A£). There is a splendid

fit of the lattor relationship (22), especially in comparison
with the absence of any dependence of primary Bj- parameters
from the electrolyte ion size (cf. Pig. 2 and Pig. 8). The
linear regression parameters of this relationship are as

Pig. 8. The linear relationship (22) for uni-univalent 
electrolytes in water (25°C).
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V

follows:
Л 311 * rir1 = (-2.800+0.038) + (1.666+0.012)(r,+p.) 

r = 0.999; в = 0.030; sQ = 0.007
By no means this is not the final equation for the calcula
tion. of B,̂ - parameters of 1:1 electrolyte aqueous solutions. 
The Bj- parameters can be found only by using the’ reference 
electrolyte B^values* The dependence of the latter on the 
structural characteristics of electrolytes is the subject of 
the further discussion which will be published separately • 
Again more data is needed for the final decisions.

However, it is interesting to notice that the anions have 
a unique isoparametric radius value (i.e. r^p=1.693 A),where
as for every electrolyte series with constant cation the iso
parametric cation radius is naturally that of the reference 
cation. Consequently there is no unique isoparametric radius 
for cations. For that reason the dependences on the
cation radius r^ of the electrolyte series with common anion 
are more complex. (See Fig. 9).

П (A)

Fig. 9. The relationship between and cation crys
tallographic radius r^ (Cl salts taken as a reference).
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For шопoatomiс ions they seem to be approximately linear 
whereas for the polyatomic ione they hare a significant cur
vature in the region of smaller cations. However the 
values for different polyatomic anions are linearly depend
ent. The physical meaning of euch phenomena remains opened 
in the framework of the present discussion, too. There is no 
isoparametric point in these functions (See Pig. 9.)«

The verification of the structural theory of electrolytes 
on the basis of more extended experimental data will be pres
ented in the forthcoming communications of this series.
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