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The ilnsury of Acid Uissociation in Solution, N. A. Izmaylov, (Journal of
Physical Chemiatry. Vol. XXVIII, Iasue 11, 1954, pp. 2047-2064).

Translatad bv Sp/4 Charles T. Ostertag Jr.

On the basis of a new theory of acid dissociation, an squation has been
worked out which characterizes the dependency of acld strength on the phyasical
and chemical propsrilas of the smolventas. The derived equation makee it poss-
ible, on the basis of indevendent data, to evaluate quantitatively the influ-
ence of aolvenis on the streneth of acides and to estimate the magnitude of the |
differentiated action of anlvents on acid atrength. ‘

Taullibriws Constants and Acid Strength in Solution 4
|

Ae was shown by us in a number of works [1]. acid dissoclation into ions in
solution devends on a number of conjugated equilidria. It can be imagined
that initlally there takes place a reaction between the acid ard the solvent
with the formation of addition compounds of different composition &nd differ-
ent polarity {?-Q]

EA+ luzMno

The compound HAM;. as & result of subeccuan® aolva“ien, dissoclates with the
format ion of solvated lons:

AAM, + oM T MHgoy + Agol.

The lons formed in solvents with a low dielectric constant interact between
themselves with the formation of ion pairs [ﬁ. 3] :

+ - + -
Migo1+ Age1 < MHgoldgol:

The relationship between concentrations (activities) of products of thesge
react lons HA, HAM,. HH:Bl. Agols ME:;l. Agol devsnds on the oroverties of HA
and M; that ie, on the properties of the acid and the solvent, and alsoc on
their concentrations.

In many cases, the process of acid association is accompanied by a change
in the ratic of acid and solvent, {.e., accompanied by the reacticns:

(EA)"¥§‘|hA,
Mg My + M.

Howevar, the effect of these equilidbrias on the acld strength is appreciabdle
only in concentrated solutions, In dilute solutions, in which the thermcdy-
namic constants are known, the next to last reaction (ion pairine) goee on up
to infinite dilution, but the last reaction {(dimerization or association)
practically doesn't get started. TYor example, in very concentrated aqueous
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solutions the molecules of nitric ascid are associated; with the addition of
watar the ansociates are replaced by the productl o{ the interaction of itrie
acid and water with the composition HNO3 and HHOBur 3H,0 s
simultaneoualy the degree of association of water changes. ing aubaequent
dilution theee products dissociate into solvated ions., 1If during this process
the dislectric constant of the solution is not great, then this takes the place
of a solvent such as dioxane in the mixture, and the ions of nitric acid form

"ion molecules" or ion vairs,

The equilibrium constante in the above diluted reactions may be expressed
as follows: the constant of the first reaction - instability constant

P4
* — a*HA
tnslzb Q:AM

The index ¥ over & shows that the activities are re}ative to the infinitely
dilute solution of HA in the solvent M; the value ay - the number of solvent
moles -~ 1is introduced into the constant as a constant value in the diluted
solut ion. lbr the second equilibrium constant, also consideringz the constancy
of the value a" » wo will express tha following eauation:

(1)

*- +
“MH “’A
Ki]is - “* ¥ (2)
H
HMH
and finally. for the third equilibrium constant we will mut down
a_* of a..* -
-1 MHsol ASof
K = . (3)

ass a,* + -
MHScl A sol

The acid dissociation constant is determined by the usual methode from
data on electrical conductivity or from data on cell potentials with and with-
out transference (Kg,,.), that is, with the help of methods which evaluate
directly the activity of the lors and determine the activity of the remaining
substances (which do not take part in the transfer of ipns and do not determine
the potentials of the electrodes) based on difference; it presents the
relationships a‘* . a#

K — MH“" AS.;I

ohs a
ncnd\‘ssoc;:"éJ s ubs"fé e

in which the velus 2’ of the nondissociated substance is determined by the sum
of the activities of the free acid molecules, the activity ¢f the products of
combination, and the activity of the jon pairs, that is

2.




A, discocialed, sob, HA HAM , MHY AL

Such an addition is bassd on the fact that in the diluted solutlons to which
the thermodynamic constants reforj a,”: c and Y‘*: 1 . Then

Ay, + ¥ -
MH Ar-.!
K, = -
eb: # - * ’
a 4+ a + - &
HA MH. Asy + “HAm,

(4)

> f
Having expressed in squation (4) the activities 249 , “ HAM, . and

A, A;,, over the activity of the solvated ions with the help of eauations
1), (2), and (3). we get

* *
a¥* + a’s-

K _ MHSci AS‘ci -
obs T ¥ 4 * * > * -

[/ 5 + - G + 5 - o + a -

MHSai Ascl MHsoi “ sef + MHScI sol

A _—
Keiiss K}nsﬁg K‘J‘SS Ka.sls

- : 1

1 1 1 = ok . 1 [
.z =+ =+ = Dty t1 . 1
Kd.'.'s' '<'mﬂ':lL diss Kas.f Rdiss * Kegs
For convenience we will write the resulting equation in the form:
-1 _ e -1 .
Kt."b)‘ ’—- (K;v\';rab + 1) KJ:‘;j 4_ KLLSS d (5)

From the equation it follows that the inverse valus of the common die-
sociation constant (asscclation constant) is the sum of the invariant values
characterizing the conversion of ions in the nondissociated molecules HA and
HAM, and in the ion pairs HB’::,lA:o]_; consequently it is an invariant value,

In a number of varticular cases. the equation (5) 1s simplified and used
in that form,

In solvents with a high dielectric congtant (mors than 20) thare is a lack

of lon ascscciation and Ko;’f = Kd"i (K:,M‘rl + in media with a very low dislectrioc
constant K °* .= ¥ **°, since K -1

L *
i (Rt 7 1) € K4
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It is usually erroneously assumed that acids become strong, when *(-b,
=7 (f,/(; —]‘,rKab) Tn realitv, acids Jjust like any other slectrolytes, become
strong when k—l 0, and K.,, = X3 , that 1s, when in the solution there is a
lack of molecules (k4= o) » 8nd lon associates (K.,;,=0)

Jﬂ.s
Derivation of the Basic Equation for the Dependency of Acid Strength on the
Propsrties of the Solvents

We will look at the influence of solvents with a comparatively high dielec-
tric constant, in which there is no association of ions (’(a ,0). In thie case

7 - Kd:'sj
Knbs - » - l6)
K""St?b + .Z
We will examine first the influence of the solvent on ths valuo of the
dissociation oconstant
amnt @Az
Ki.. = sel Sej _
diss —F "
HAM,,

For this we will put down the reaction constant HA <= H1+ A~ . taking place
in a medium with an infinitely high dielectric constant and chemically not
react ing with the substance HA. The reaction constant, expressed in activity
units (ses below), and relative to this standard medium

Gy, By
K = Hr A ) (7
. aHH

has the significa.nco of the intrinsic acidity constant of the substance and
characterizes the ability of the subeiance HA to liberate ite proton regardless

of the medium,

The relationshiv between this constant Ka, and the dissociation constant
Koo 1e asta‘bli;ehed by exchanging the unit activity a with the product of
the activities o™ , relative te the infinitely diluted solution in the gziven
madium IV\ as vell as to tho st&ndard medium in the activity coaf.‘ficientrrw

that 1s the product of o * 'Y « ther
*» *
a a, . «© 0 .
k - MH;’i ’qsn/ ‘YD MHgf TO A:o/ (8Y
a. 2% o J
HAM,, Ty HAM

In equation (8) there is no other relationship of the activity a',*than KJ..“.

Consgnuently,




Y_()O
0 HAM
KL(. = id *

1$S od

T 00 _,
Tomu, ¥ oA, (9)

<
The common neutral activity coefficients Y'p , in contrast to the urual
concentration activity coefficients ‘Y* » characterize ths energy changes of
ions not in connection with & change in their concentratica but 1ln connection

with a change of the solvent. They are coefficients of trsasitiocn from the
usual activities a*, relative to the infinitely dilute solution, as well as

to the standard, and to the activities a-, vhich are relative to a common
standard condition, that is a.= a*v7r >® . The suparsaript ©° denotes

a selected standard medium (the dielectric constant equals o ); the swhacript
0 shows that the activity cosfficlents Y:" are oproportiomal to the concen-~
tration activities o™, From this, it follows that all the constants considered

here are thermodynamic constants,

Tn order to solve equation (%), we anslyre the significance of the value of
/nY for the ions and molecules,

The activity coefficients 'Yo » Just as any other activity coefficients,
are determincd by the process of transferringthe substances (molecules or ions)
from the standard mecdium with an infinitely high dielectric constant into the

given medium, that is
kT’nT = kT /n -—-;.— A" B
A

and consequently Iny- Ze (the process /4‘ relatea to one molecule or to
one ion). «T°

According to Born [6), the change of the potential energy of the ion, when
it is transferred into the medium M with a dielectric conatant D , is expressed

thus:
A = €22,
h ADr

However, our subsegquent research showed [6-8:} that the activity coefficients
Yo are detormined, not only by the energy change of the ions in connection with
the change of the dielectric constent D , dbut also with the energy chanze of ions
in connection with the solvation of the ions with the dipole molecules of the
solvents, that le,alec, of the value A, which depends on the dipole moment
and the structure of the molecules in the solvent. In this manner, the energy
change of an anion when it is transferred from a gtandard medium to the given
medium M 1is determined by ths sum of A, +A,. ; and

ln oo . An + ASDI . CSLZa. ASclﬁg:‘{
kT ol DkTr-A.. kT
Sc'/




[o %] r

Tn determining the activity coefficient Y of the proton fion MH. ),
1t 1is necessarv to consider that a chemical reactlon takes place vetween the
proton and the molecules of the solvent with the formatlon of an MH " 1on
according to the reaction MrH* > MH* ., The MH™ ifon, in its turn, is
aolvated by the solvent; therefore the energy change of the vroton when it is
tranaferred from the medium with the infinitely great dielectric constant D
to the given medium is determined not only bty the sum of the vprocess ﬁnf Teed 0
it also by the chemical process A)( of adding the proton to the molecules M ,

shat is -
O - I AX L Ah t AS‘N’
|y\Y'D Py -,

k!

The sum of the operations Ah'f Asd is exvressed just the same for the anion
AL,  toat is
1Y o

7%
A +A R A S . _
MH
The energy of the chemical reaction will be determined by the maximum work
involved in the reaction Hf.,‘. M= m H +

AX: kr,h Ka(m)‘krzlh a/"‘

in which K = fﬂﬁl‘l represents the acidity corstant of the lyonium ions
«(m) & pmp+

of the solvent and characterizes the stability with which the proton lyonium ion
MH?* ia held in the standard medium. As the activity coefficients are related
to the overation of transforminz the proton into a lyonium ion, at their
numerically equal concentrations (activit 1“)(H+and MH +) the egunation

for f, takes the form:

A= #T I Kypy:

J

—~ 47 /n apy s
and the valus In Y;"MH.,. is deternined by ths exoression
Se

Aol MH_*
X S
e L sl

TR g, i

mhe activity coefficients of the uncharzed addition compound HAM, mav be
exoresned by .0, 4, and determined hv the operation of convertingz the sub~

’ha.m-i-

w b — ——

L 30
stance HA into the'hgi’ﬁ;‘utanco HA M.‘ (hmt ar previously vnder the conditions
of a numerical ecuality of the concentrations HA and HAM,

A = f?T /n K..'nsub,.‘-— éT/” a':\ = /aT lh :Stib P

in as much as
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# Kiotab = o jna™ s
= - " e, Inr ™ = ln K7,
wly = a0 FHAM, sTzb. (12)

1

The senze of the activity coefficient _rl‘ fam, may alro be described in
the following manner. Agsume that Y and Y MH T are equal unite,
then equation (9) will take the forn Thae sef

R KQYDHAM

and consequently, ‘Y°HAMH revresents the coefficient, which ghowa how the
canacity of the substance rM-M for imolating the solvated oroton is changed
in comparison with the capacity of substance HA to isoclate the oroton, that is
it shows the change in the intrinsic acidity of substance {3 under the influ-

snce of solvation, thus

'YcHﬂM“:A Ka_ amd /"chMan In A Ka

ACS

(13)
Ry making & logarithmic equation (9) and substituting the value T‘ in 1%,
wve gat
In Koo = In Ky # o AR = I K lna —
C"-:l - ﬂ::oi’/”-f* el 450[A‘ (%)
MHE. L2 Mﬁ‘fﬁ,’m 2T
or
2 A
K= WK WA K+, e LUl g

AD, RTr, 4T

and the common dissociation constant K’ebs without & calculation of ion assccia-
tion is written

In K:bs =/, kay"" In A\ ka.+/"“m' /n kﬂ-*[M)“ lh (kl’:fﬁab ¥ j) —_

— Z ASol .
4 D £ Tr, L

(16)

finany. by notentiatinz and substituting the result obtained in e¢quation (5)
- we get
Rope = (K3 Koy

70




I »
l\'L ’:M‘ (K A «i- l) ) . .
K -4 - fnstab C’Xf’ eJ~ " ZA“I +/(
K, AR a av kTv, kT (1?)
¢ . L

M Gss -

By placing in eguat ion (17) the expression for K“, in agreement with
Bjerun's Theory, we finally get

l<-1~ KLOO(KSQA"f1> _exp e ; ZA*’ X
s K, AK 2% aD, AT, = AT

‘751’/\/ e? 3 (18)
1000 DMkT Qg(er),

¢ a
2 e
vhere G gey = gc %;’?5. and in which & = T,—%—; > 6= PETa -

and with thin) v = the distance between jons, and Z = the sum of the ions'
radii.

The Devendency of the Nigsociation Nonstant on the Properties of the Solvent
and the Acid

Tt is aifficult to compare the equation that was dbrought ocut with experi-
mental data. in as much ae it is {mpossidle to determine exverimentally the value
of the activity coefficients ]”g° , relative to & mediun with an infimitely
great dielectric constant and the value of the naturel acidity constant K.

We can only meke qualitative conclusions on how the properties of the solvents
nave an influence on the value of {ndividual members in the equatione (16) and
(17) on the gtrenzth of the aoids,

Influence of the Dielectric Constant of the Solvent

The influence of the dielectric constant of the solvent is related doth in

connection with the change in ion asgociation and in connection with & change in
{on energy.

Tn media v}th a high dielectrie constant. the value for the thermodynamic
constant is k;},: O . in as much as agsociation is megligible [2).

In any case thie takes place in aqueous solutions (the dielectric constant equals
80).

Strictly speaking, at infinite dilution (to which state the thermodynamic
constants refar) the association doesn't appear in any solvent. However, as

numeroue research [IQ] and our calculations [ii]ahov. acsociation originates in
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rolvents with a low dielectric constant even whan very atronwly diiuted, which
maat ha looked at as aatursted dilutlonm.

A snlvent with s high basicity and a high dieleetrig constant {for swap-
ple, hydrazine} will change any, even waak, aclds iato strong elscirolvies.
The changing of acida into true electrolytee also takes place in hasis solwvents
with a low dlielectric constant (for sxample, in pyridine}, Thia is evidencsd
by the forsation of salts with these baser {for esxample, with ammonia, oyridine,
and aniline) and acids, and their complete lonization in media with o high
dielectic constant (for example, in wabter). Howsver, in madia with & low dlalee-
tric constant, in contrast to media with & high dlelectrisc constant, K};f is not
equal to zero, and this causes a weakening of acid strength and the deviation
of the classical dissceiation constant (K;;)from zaro. The value of the con-
st:nt in these solutions will be dstermined only by a constant oprosite to the

fon aspociation constaent.

In ae much as all acide in a given solvent have a common caticn ~ & lyonivm
ion - the difference in the ion asgsoclation of the acids devends on the differ~
ence in the radii of their anlons. In media with & low dislectric constant,
this leads to a differentiation of acld strengths.

These reasons cause a differentiation of salt strengths so considersble
that in different iated solvants - in anetone and others - wa pucceeded In per-
forming a meparats titratlon of & mixture of twe bromides or iodides by rreaip-
itation,

In order of magnitude, the values of the acid associat ion constants ghould
 squal to the salt associmtion constants, However, usuaily the acid constants
{in other words the lyonium salte) are noticeably lower than saltes with 1gor-
ganle cations or salts of quaternary ammonia bases, btut closer to the conutante
of mono~, di-. and tri~ substitutsd bases with free hydrogen capable of forming
a hydrogen bond. “Thus, in pyridine (dielectrie constant esuals 12.5) the oK
value of tetraethylammonium picrateis 2.9, of disthylamscniom plorste-3.57, and
of prridine plorate (a solution of piorio acid {n pyridine)-3.65, that is of
the same order as diethylammonium pierate, This reduction of the pX takes place
at the expense of the formation of a hydrogen bond between the fons, e pk
values of ather atrong acids in the same solvent are not great [}. li[ and ara
strongly differentistad: -

hydrogen fluoride ..o0eeves ect.lot.‘cu.c.pxz 81"
hydrogen ohlorlde s.evvanerrscersanscessPh = 5.b
h.vdrngen bromide nl.llulludllll-lllliloqtﬂ: ’4‘.0
hydrogen 1odide ..-......-...............Dn'-'a 3023
pe!‘chloric acid seceavenn acnooacoulnnloviﬂ « 3012
tetraebhylammoni.\ul lodide ..covsesceavenssPE 7 3128
totresthylanmoninm chlorut® caosvsrrvenoaPh = 3,16

No less shavn is the aifference botween the dissociation constants of sub-
stances (including acids) capable of hydrogen bonding and thosa that cannot
tforin them in enilime ( D=7.2).

9.



The raeduction of the dielsctric constant explains not only the formation

of ton associatinns but also the increase of ion energies 22> . Thie
< DETr,

leads to un increase in the value of the exponentisl term in equation (17),
that is, to an increase in K‘;; and consaguant.iv to a weakening of acid
strensth, This weakening occurs in solvents with dielectric constants ( D ia
ereater than 20) where association still doean't occur. In reality, during
the transfer from water to ethanol, in which the association of iong of strone
electrolytes in dilute solutions 1s still lacking, there is observed a consid-
erable weakening of acid strengths [12] and a considerable increaze in the

activity coefficients 3 [6]
The Effect of Molecules in the Solvents on the Solvation of Acid Ions

The influsnce of the dlelsctric constant on the proveriies of ions cannot
be examined separately from the effect of solvation. The ion energy depends on
both values, whic.h are introduced into the exponential member of the equation
ex P{Z et The energy of solvation Aw has a negative sign in

”"DéTr ‘7
relation to the energy of the lons, Therefore, the energy of the ions grows
Just as much with a decrease in the dielectric constant as with e decrease of
the energy of solvation, that is, the less the value of }; Ay, , the greateEA
) .L’t/

the energy of the ions. Consequently the value of the exvonent Z,n,,‘-rr + LT

more or leas determines the significance of the value of Z '4-¢ri « On the other
hand, this value drops with an increase in solvation and dielectric constant.

In the event of a large numerical value for E 435,‘ and a high dlelsctric con-
stant., the exvonent ravidly approaches zero., and the entire exnonential term
approaches unity.

Probably & high energy value of ion solvation by solvents containing
hydroxyl groups is the reason that in alcohols the acid dissociation constants
are usually greater than in solvents with the very same tasicity and dielectric
constant but not containing hydroxyl groups E?. 12] .

Control of the Ne.tural. Basicity of & Solvent and the Natural Acidity of an
acid K, ¢pyand Ka

Unfortunately, meither one nor the cther value can be readily observed in
as much ze it is impossible to measure them in medis in which a orotolytie
equilibrium is realized.

From the preceding eection it follows that the values for the natural acilde
ity of the acid and the aolvent should determine thes status of the orotolytic
equilibrium, espeoially in media with a high dielectric constant and a high
capability for solvation in as wuch as in this case, the exponential term in
the equation (17) atrives for unity and ion association is absent. In these

media
i< ~ L - Ka,(M>( iusfal; 1)
b VN .
obs K(L A Ka-a' M
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From the equation, it follows tnat the constant Kcn;will increase in connection
with an increase in the natural acidity constant of the acid {that 1is, its
canatility to lose a proton), and with a decrease in the acidity of the solvent
or an increase of its basicity (that is, its cavability to add a proton), At

the present time we can not evaluate the significance of these constants by
experimental means but it is possible to successfully comoute them theoretically.
Exoerdihental evaluation is possibls only relative to the constants Hr the natur-
al zcidity (msicity) of the solvents. We will examine thie method in the

gsect fon devoted to the evaluation of the change in acid stremgth during the
transfer from solvent to solvent,

The Effect of the Intera ,Et ion of Nondissociated Acid Molecules with the
Solvent (K A 1) and A K,

The interaction of acids with a solvent has been established by numerous
methodas of physico-chemical analysis and by optical methods. Our cryoscopic
investigations showed [2] that carboxylic acide with alcshols (methanol, etha-
nol, butanol) form compounds with a composition of 1:2, and with differentiated
solvents (acetons [2] , scetonitrile, nitrobenzene ﬁ?_} ) 1:1; phenols with
alcohols and with differentiated sslvents Hrm compounds with a composition of
1:1,

Investigation of the absordtion epectrum and the fluorescence spectrum fllg],
and also the Raman spectra [15_] s of the products of combining acids with sol-
vénts in benzene and in pure solvents showed their identity; this indicates the
copolusions about comvosition, made on the basis of investigating bengene solu-
tione, being Justified also Hr pure solvents.

The insztability constants K,:;r;l, of the products from the combination of
acids with acetone [2] . aceicnitrile, and nitrobenzens [13] , measured in
benzene, have avproximately the value of 0.5 x 10"3 for carboxylic acids and
0.5 x 10~2 for phenols. The instability constants for the products of the
interaction of carboxylic acids with alcohols in benzene have the values
5x 10‘5} and for the phenols with alcohols, 1 x 10-1,

From the instability conmtanta., it followe that (K:nsfab+ ) E1 and

I"'-i (Kmfabfz)”o In vure nonaquaeous solvents with a dielectric constant equal
to 20, the constants are probably greater than in benzene with & dielectriec
constant eoual to 2, which can lead to a considerable value for tho ternm

’” ("‘ms&‘ "‘—‘1)
However, the formation of combination products during the equivalent relations
of the acid and the solvent during the physico-chemical analysis of similar
systems indicates completely the nonverwion of acid into a solvated foram in
dilute solutions. Cur optical investigations C_llt 15] alna confirm this, Thus,
in the Raman spectra of carbdoxylic acids [1‘»] in alcchole (containing as little
as 10 molm vercent), there is displaged omly one frequency of the (=0
groun, approximately the mame in all alcohols and homolorsousm 40 the frequency
of the group in the wmbination produst of the composition HAM, .

Thus, in all probability, there takes vlace in dilute aquecus and alcoholie
solutions a comolete tranasition of the HA molecules into a solvated form. Tn

» TR
this case.l(mm:« l) and f, (K,,,q%*'l) returns to sero.
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Now we will discuss the influence of the solvent in the changing of the
intrineic acidity, that is we will diecuss the valueAK,_. Our investigations
of the Haman enectra with aclde [157 ghow that in contrast to hydroxyl contain-
ing solvente, in solvents not contéining hydroxvl grouvs, the ("= group is
characterized not tv one. tut by several frequencies, different from the fre-
guencies in water and in alcohols, but cuite near for the given acid in this
aeries of solvents.

There is precisely the same distribution of enerey in the fluorescence
gvectra and the ahsorbtion snectra of sallecylic acid in various alcohols are
completely identical, but are distinguished from the soectra in solvents not
containing hydroxyl grouoe. in which they are also close [;Q] - Consequently,
in solvents of a certain typs, the acids of a certain shemical groun form
combinat ion oroducts not only of the same comvnosition but of the same struc-~
ture and close volarity. Thua. for examnle, carboxvlic acids form combtination
ornducts witn a composition of 1:2 with the following structure:

In this compound, the cavability of the hydrogen of the carboxylic zrou» for
dissociation denends also on the dinole moment of the bond

/thr H
-7 ~o
~ .
R” .
which in its turn devends on the stability of this bond, and op the dipole mom-
ent of the combined molecule. The cavatility of this complex molecule for the
separat ion of a lyonium ion will be sharpnly distinguished from the capability
for the separation of a lyonium ion dy a molecule of acid, located in a solvent
not cavable of interacting with a carhonyl group, that is, on the canmability
of sevarating the lyonium ion by the molecule
0
y/
R""é-/ /CHj
\OH.-rfo; . .
> CI15
Congequently, in solvents of an identical nature, the change of t{:1e acidity of
ons acid grouv should be of one and the same order, and the valuez&k&yill change
slightly within the limite of one group of solvents and acids.

The greatest ohangs in intrinelo aoidity (A H.._) munt he exveoted in sole !
vents interacting not only with the acid proton, which is the carrier of the
acid proverties. ™ut with other of its active grouvs. It is possible to detect
the change of natural acidity under the effeot of solvents only by a method
cf comparing the strength of aclds of various types in solvents with various
chemical groups. By such a comparison, we detected a differentiated reaction
of the solvents on the strength of the acids [}. 12, lé]., whioh is one of the

reasons for the change in intrinsic acidity.

e R e
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It is interesting to note that the value ¢m in eauation /17) arises only
in connection with the exvreseion of concentration in molalities ( Oy =~ the
nunber of gzram molecules of solution in 1000 grams) with the expression of
concentration in mole fractions Ay = 1 .

From everything said. it followe that during a decrease of the dielectric
constant of the solvent, its basicity,and its capabiliity for solvating ions
and molecules, the strength of the acids droos; on the contrary, with an im-
creage of the dielectric constant and an increase in the basicity and capa-
bility for solvation, the atrength of the acids increases. Within a limit,

2 EASc/ *
when KH' = 0 'exP{ZJDZTQ Ly '_7;:,-’“"} ‘>‘Z) R!nsfzb<< ZJ

the strength of the acids depends on K"and K‘(“) o if during this ‘0‘)«& )

Knl;s tends to zero, and the acid becomes a strong acid.

Changes in Acid Strength Under the Influence of Solvents

It ie poesible to conduct a quantitative evaluation of the correctness of
the exvounded equation (17) by a comparison of acid strength in different sol-~
venta, that ia. by observing the change of agid etrength during the tranefer
from one molvent, taken aa the standard one (usually water %ic¢ selected as such
e solvent), to any nonsqueous solvent., Then the change in acld strength oan be
compared with indenendent data, that is, with single activity coefficients v, ,
compared to an aqueous solution in its cavecity as a standard state,

For acaomplishing such a comparison,we will expresa the wvalus of anid
strengths in Kk values, Tor simplicity we will exsmine disscolation in solvents
with a relatively high dlelectric constant, in which there is an adsence of ion
auocution. that ie, we will examine the value K’ « Accerting that
DK'-lcg K’ ohs + Irom equation (16) we eet

, _ *
PKobs(M)_ “‘103 KA + 1%- K‘L(M)-- ch'*A K@mlcg a.M -+ /cg (kl/nd'zb + 1) "}'

C‘l Z AS“’
+ Z 3"]:3 DKT)“ + 913kT (19’

The difference of the PK values in two solvcntl) for exasiple in the solvent M
and in water ("H o) R is exvressed

*
1_1
K fk "/Og K‘( ) +/03' a + Z’ 4&*7‘}‘ ‘_. - !')Hz‘.‘) +

E’ P
oot —sel (K wlab’ )M___ (o AKdu) . (19}
Tawr t (k* +2) 3 AK
sty Hy0 4:(H.LO)
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Yrom equations (10) and (11) it follows that in this squation. the sum of the
first four membere reorssent the difference of the average activity coefficlents

YE‘” of the ions A;;,_-{ and MH;:I in a nonagueous solvent and in water,
This difference represents none other than the sum of the logarithgm of the
activity coefficlents Y, of the acid ioans in the given solvent (M) while
aovoroaching infinite dilution, relative to the infinitely diluted aqueous sol-
ution as well as to the standard

1 AZA&J

K 1
a( ) H; — _—2 =
R R L (n )
: ("’gToMHI: thsryy- ) ~ (g 7o, A AT >H7_0 B |
= {OgTDMH;—I + logToAg:,l = cQ ,bg YD . (20)

Upon introduction of the average activity coefficients Y, of the acid
ions. the first four members in equation (20) revresent none other than

2 .
xpression /og (K »ﬁfabTI)H . A Kw(Hto)

taken with an opposite sign, in its t\u-n. repreeceonts the difference of the act-
ivity coefficients (T'°°) of the nondissociated molecules /{4 in the solvent A
°

and in water, that is, it revresents the activity coefficients of the acid H A
in the medium M, relative to the infinitelv dilute solution compared to the

standard, that 1is,
l ( lﬁgfﬁb 1)l
op——— O -
§ (eF ot Dy,

—

= )og ‘yj:,’mi(w - /"XTZf.ai (H,0) = lcg Yo i * (21)

Generally the expression (19) can bs shortened

{22)

Af’k’ 3 /"ér'?)im“' /og*)"u»m/ ’
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The equation (22) can aleo be derived directly from an examination of the
acid transfer from one solvent (for example, water) to another (nonaqueous)
solvent with the help of common uctivity coefficlents Y, g related to the
infinitely dilute .uueous solution, compared to the standard.

In reality, the effect of the solvents on a common dissoclation constant can
be expressed by the egquation

‘r:: MHS:I YCA;‘_I'

.,/ — ’
Knbs(‘ch> - kni’s (m) Yy mei / (23)
¢ Mc
from where ,
, - —— / .
P, pkHzo~ 2 leg ¥y o= log Yomel - (24)

It is interesting to note that the equation (19), in its turn, can be de-
rived from eauation (23), in as much as the terms for the ions are derived
indenendently from the investigation of the effect of the solvent on the agtiv-
ity of the acid ions, and "’f'rcmo( is from the investigation of the

effect of the solvent on the activity of a nondissociated sudbstance,
In reality, from the preceeding works [é-elvo. as a result of theoretical

considerations, established that 1037' of the ions is determined by the
expression 0

1 _ 1 ) AﬂA:o/

leg - i[,j(.,x..!.' ___z.___ lZ’ (
Oin [4 3 ﬁ. + 45“&1-\' D"‘ DHD gc3kT )

* 4ot &

in which k' = ‘;‘:Z———M- represents the constant of proton exchange
my+a H,0

betwesn the lyonium ion ‘and the hydronium ion M H ++ HZO z H30++ M

measured in the medium M . We factored the /og* Yo jon term into the

»
. G
terms /og'n"“‘-.: ‘é /cg /(._ + '-é /“3“ —:f—}g—— v donondent oaly on the

4
proton exhange reaction, and into the term /°3'Y =% Z’ yyes _L .D”_;. 5
P S

dependant on the electrostatio interaction of the ions with the solvent. Under

the very same conditions we worked out methods for the experimental determination

of the values /°$)5 and their separation into /"S’T bate and /,37. e/ .
o 0o

¥We also showed [7] that /og]—- j is determined by the exrreession:
me

B
AKgy ( D) -} Kyvsh () / (x ‘mn)!

[} = /o S
°$’Yonof j AKa(ﬂ;d) (k m*l) j t;vs"'al’ (Hz_o) ( ing a (25)

and established methods of determining them,
15.
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The equation (22) can slso be derived directly from an examination of the
acid transfer from one solvent (for example, water) to another (nonaqueous)
solvent with the help of common activity coefficlents Yg J Telated to the
infinitely dilute acueous gsolution, compared to the standard,

In reality, the effect of the solvents on & common dissociation constant can
be expreased by the equation

- mut -
TemHT, Yo AG

w4 — 4 .
K"bs('Htc‘) - Kai:s (m) Y . / (23)
¢ Mcl
from where
4 P
PKM._ PKH o ,°§ Toion ZOSToml - (24)
7.

It 18 interesting to note that the equation (19), in its turn, can be de-
rived from eocuation (23), in ae much as the terms for the ions are derived
indenendently from the investigation of the effect of the solvent on the activ-
ity of the acid ions, and Iog”rcmol js from the investigation of the

effect of the solvent on the activity of a nondissociated substance.
In reality, from the preceeding works E6-Bl\u. as & result of theoretical

considerations. established that Jog'r' of the jons is determined by the
expression 0

AZA sof
'.M=’é,aé'(+ilog—ﬁ‘q—+lzl4"m.v(pm Dl,,,)"' 5,341
in which k' = Za—:,,}_o_z_a_m_ represente the constant of proton exchange
betwesn the lyoniu:‘.io: aond the hydroniua 1on MH * 4+ H,0 & Hyo0 oM
measured in the mmdiunm M . We factored the /og Yo jon term into the
terms /og"r&""“: 4_‘ /ag '(/n—+ ‘é /;-gr %;}2—- ' dobendent only on the
proton exhange reaction, and into the :‘erm /Og"Y Z 4“’/’ (

devendent on the electrostatic interaction of the ions with the solvent. Undor

the very same conditions we worked out methods for the experimental determination

of the values /°575 and their separation into /"JT bace and /gg-r;/ .
o

Ve also showed[?] that l‘f?‘ i ies detemined by the expression:
Me

( /ndil:* )m

ms’ib+1) j

last lb)_ /' [ {-ralv*-l)lﬂ

gy, —/3 ~hg
ool A"H N CIREN

(25)

and established methods of determining them.
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. . 1Y
By subsiituting tha imd \If_

Py and /,{‘ <Y
(24}, we gob the equalion (20) -

volues in oquation
rEdo s I

' - A A p
N [’\1/ . K’ = A A/ . /‘ - /( ,I.- /’“ _A“H(,Af-‘_"_ .f }\( n..‘..w-.‘:’.,,_.——., .E. - ....{L..,_ ,,_r
LT My =T IS R T w;f:’: ) Aok Tv { P DH, o
AEA,, Y41 AR
n M.,.w.%,..:fm.,./:,".,. #fog ~(_v_,_'£_>_3_%,":_u_h_;ﬁ ..... — Jog -,-.ILE«(M_.. (26)
3k (kansf»m t I)HZ(J a (Hy0)
which is identical to equation(198), in that Kn_ E Ka.(’m_) / b&ﬂm) o

Tn realily by substituting the expression for
i _:‘f" v d_ﬂl ’Q K «;/'/ r d'}/;_ o
= v ‘ P St
a(m) a"m Ht “ 2 (]

/'/:, 2*
we receive

K

AT D S, T L
Kacined @ heo Cpmn
The experimentally measured value K, is distinguished from this value in that
it is not determined in a medium with an infinitely large dielectric constant,
but in mediwm M « During the quantitative evelumtion of the change in acid
strength under the influence of the solvents over Yy y this doesn't play a sub=
gtantial role, in that the smaell differences beiween the vaiues are guanitita=
tively compensated by the difference in other members (’r;‘ and a® y and
that the sum of the terms /"S'Y base f-/é’t'Ycl is determined independently.
& ¢ o

K,

The produced conclusion opens the possibility of the quantitative checking of
equation (19) with the help of data about the log values of ions and mole.
cuks, Tho term /ogy-:“t‘ also enables the comparative acidity or
bagieity of the solvents to be evaluated,

Appraisal of the Change of Acid Strength from Independent Data
(Comparison of Af/( and /og'yu )

Appraisal of the influence of solvents on acid strength and on the relat-
ionship in their strength on the basis of the 3 lg iy, value of dons and

leg v of molecules which are arrived at independently will be done in
subsequent works where we will also examine the change in acid strength from

+thoe ,mg"\“:""f' /(.ug’y-oe‘.‘/ ’ /ag K ’ and AT‘ ASO/ values,

As an example in the present work, we will examine only the simplest case
of such a computation from independent data where the effect of the solvent on
the acid strength dopends mainly on the energy change of the lyonium ion and
the acid anion,

Such a ocase, most probably of all, will be appropriale for the appraisal
of the change in one type of acid strength in a seiries of solvents, close in
structure, and especlally in water-entiched mixtures of a nonagueous solvent
with water, In thesc solvenis the l‘q':; 7.4 Vvalues are much smaller and are
closo to cach other., TIn compection with this, the / (¥ 4 bl 1y value

Lh-) IhL_J_”‘______ "

4 » ]
approaches zero, (K.,.".Tal, r '1) o
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The corvesponding /i‘\; /\|’ B I values Hocome constanct b

ASRPIE i~

L) ¢~'.I‘r(/a(n“»)

not great in effect, Then in cgquation (13) the n‘nﬂy significant membors will
be the first four mewmbers, equal to the logarithm of the single activity coef-
Ticients, that is,

’
Yo *

) l, et ,} / - 4 g .‘-] T
f,f‘(l r 15 m V’)/\(Hz_f? BRI (1)__{.} Yy
We will examine to what extent this simple relationship concurs with ecxe

perimental data, On the basis of data about the enf of cells of strong acids

without transference and on the bagis of the density of strong acid vapors, we
established Lthe significance of the leg ¥ value and showed that lcg Y. for

a number of strong acids in any given solvent practically concurred, depending,
according to type, only on the properties of the solvent [6]. The result of this
is that in the expression

ol /(‘"j’ )’L, = /:wéf" ’Y;.M,./S:/, T:’A;;/ = ic‘g“nMHyfp/ + !(‘x" ro/i r.‘-;'l )

{
for the various simple anions are close and considerably less than [}\g“”i:‘ e ©
" WY

IQ%Y-CMH,_'A(‘ i3 a constant term for any acid and the /“,.3"'7'2'/% - values

/'.
Stemming from the clectromotive force of the cells for hydrogen chloride

withoult transference, we found that the value ) Ifj'-n “n has the following values
in various solvents [6, 7] : s

mo.tha'n()l Iln.-lc.ll¢l|3l82 f‘omic a-Cid (A AR R NN 890
ethanol,... sstessescee0al0 acetic acid. veasae .10.0
butanol...... evevesanebal ammoniacocnalolo.eQBZCO

As we already said, thed £¢7Yiis,, value depends slightly on the acid anion,
therefore we will compare thed legye ;.  value for 4/ in alcohol with the
ApK values of tho substituted phenols [12].

Table 1,
Aclds Solvents
Methanol Ethanol Butanol
A pk dlocy Apk TR ApK E e
Nitrophenols 34973k 3,82 Se44 5,00 5,49 542
Dinatrophenols 3,82 3,82 4,19 5,00 4434 52
Averages 3,90 382 4,82 5,00 4494 542

# Average valuc

The comparison with the data for phenols in alcohols is done because the
groatest accord with experimental. data will be observed in solvenls of the same
type with regards to tho acids, with which they react only as acceptors of pro-
tons, From the ftable it follows that tho average A p K value for nitrophenals
is in good agreement with thed/i{F. wvaluo of hydrochloric ‘acid, aven though the
individual 4 r 174 values are different from the @ /‘,g-r value by almost
one pK unit, ¢
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]
Figuee U aloy bastifies fo the fact that the A #I% value i detemnined
to a considerable degeee by the 2 /"f{ Vo e VA1U0, Tigurve L deplets the relat.

ion hetwoen the PX vaiue of a number of varboxylic acids [:LZ] and phenols
[21{ in agueous cthanol to 3 /or{ Yo 10 of hydrogen chloride, From figure 1,
g & oy

it Follows thal the relation ApK®F (R oy T, #in) in reality approximates a
lincar relation, Usually with solutions containing a small percentage of alco-
hol, this relation deviates somewhat from rectilinearity but subsequently
becomes linear, The slope is close to 459 , as is to be @pected from theory,
For comparison on the graph, there is a dotted straight line drawm foro'}/bg T e

It is located in the middle. Tt is interesting to note that the points for p=
nitrophenols fall on the streight Line for A /g v+ . ; the points for m
nitrophenols are located lower, and the point for carboxylic acids is above the
straight line for O /”5' Tomn » 'he divergence between the location of the
straight lines for the phenols and carboxylic acids in ethanol is on the order
of two pK unilds between the carboxylic acids, on the order of one pK unit,
Such a characteristic relationship of the pK value to g /"3”71-,'4,, in mixtures

of aqueous dioxane is depicted in figwre 2, The divergence hetween the curved
lines for carboxylic acids is also on the order of a pK wunit.

he m;"-ti...shipﬂf!!'= f@hg!ﬂ;g_‘)for phanols; and for
aromatic and aliphatic carboxylic acids in alcohols (deferring the average Af»/(
valuos [1.2]). From this figure, it follows thaty 1) the rolation between the
A pK  valuo and 3 kg vy 1, is linear; 2) the A pK value of the subw
stituted phonols and J/ag’r;, , a;h ~ are of the same order; 3) the position

of the straight lines for aliphatic and aromatic carbaxylic acids is differenty
4) all the straight Lines do not pass through the origin which s hows the various

18.



effects on t'e properties of the acid molecules, the alcohol and the water,

The previous calculations of the d /Oi Yo iow value of hydrogen chloride
in acetone and its mixtures with water, which were conducted by V,V, Aleksan-
drov, show that even for acetone, the-i leg v, ., value of the acids determines

This follows from a
V'a.lue-

to a considerable degree the change of acid strength,
comparison of the 2 leg ¥ ¢\, value with the A PR

<

From these facts it follows that, just the same as with alcohol, A leS Vi oa
Ha

than the A P/(‘ values of carboxylic acids, and considerably more than the

are very close to the K values of nitrophenols, considera ess
lose to the ApK val f nitrophenols, derably 1

A pK values of dinitrophenols,
A comparison of the d k§Y, ., values of strong acids with the Af’K for
carboxylic acids in various solvents: in a number of alcohols, in aqueous

methanol, ethanol, dioxane and acetone and in other solvents,shows that the
deviation between them is greater thanfor phenols,

Table 2,
Solvent ) p
&lugy;b.’nsc r}'.;gyé?/ u?/agn Arﬁy Ar/\'”’ AP/(#

carboxylic nitro- | dinitro-
acid phenols|{ phenols

S50% acetone 0,14 0,8 0,94 1,40 1,00 0.46

90% " 1,04 3428 4432 5,00 3,61 2,79

100% " 1,68 4,4 6,08 720 6,44 4,72

# average values are cited,

The deviation of £\ ra/( from theQ’o‘gYo;on value of strong acids may be
the result of the difference of thed/§Y,;,, value of the acids investigated
and a considerabie [oj Y, value for nondissociated acid molecules, In
order to solve this problem it is necessary to compare the Ark and o ltg"Y:."'M
values of the acids that were investigated by themselves, Determining the ’chc'

1om

valucs of weak acids becomes possible on the groumd that the lc_s'rb values of

ions of infinitely dilute solutions show, similarly, the mobility of ions at
infinite dilution, with additive values,

The additivity of feg ¥;  allows us to find the /eg v, of the ions of

a weak acid HX based on the equation:
A log Yypy = A log vy t J I“§§Yc‘lhx ~d joj”’o.&;c/
19.




Mo oo lewlated the /x'f, Voo valnies of aserian of carbosylic acids o
methanol and ethanol Prom {the Jdata atated above with reforence Lo /m“ Yooof
hydrogen chloride and to fd:; Y, of the silver salts of these carboxylic acids
and Ag / + We found the /ng}:‘ /}d[/dnd A /cg K‘A d,‘X values from data on the

Q " -
solubility of these salts obtained by Kolthoff and Lingane {19] with the aim of
evaluating the effect of solvents on the strength of acida,. The claculation was

carried out according to the f ormula |7, é] H
»

»-
fop v = feo il oy e Va0
YN Moy TS ey A

M wM Y‘M

appliod as in the case of the difficultly soluble salts ‘Y"ﬁ and Y'”): ® 1,
The resulting values of o ’05“"1’5 for carboxylic acids in table 3 are compared

with the corresponding FaN pk » From the table, it follows that the differonce

botween them ¢ omprises 2«3 logarithmic units. This means that the change of

acid strength depends on the change of enerpgy of the ions as well as the nole~
cules s

Table 3,

Acid Methanol Fthanol
Aoy Yo lus, . ALV o .y
deid AP [Apk-diogre, TERE | ARR[Apk-abe

Benzoic 3,22 5,2 1,68 4,04 5,93 1,89
U-Nitrobonzolc Y 5,40 2,01 4,40 5,28 1,38
M~Nitrobonzoic 2,66 4,81 215 3,04 5,81 2427
P-Nitrohenzoie 2,62 4,96 2,34 3440 0,10 2.05
Salicylic 2,56 4,92 2,36 3,08 D462 2.56
Pieric 1,04 4,00 2,96 1.04 3,13 2,09

The ol /:3'72_ values detormine the change of acid strength both in basic and
acldic solvents, In accordance with the large negativedhbgk, value & - 21L& in

ammonia, all, even the weakest acids (hydrogen sulfide), and even neutral sube-

stances (urca) become equally strong acids with pK = 23 f: 2@] s« Such a pK value
is explained by the fact that in ammonia with a diclectirie constant oqual to 20,
a noliccable association of ions takes place, In accordance with the great pos.

itive valuc of ) /a-.i'r; o in acldic solvents rich in watery the acids become
. -3
weak, Thus, 2/, . in acetic acid equals 10, TIn accordance with this, the
1o lef Y t 4

pK of Lrichloroacelic acid in acotic acid becomes cqual to 11, 04(2.'1.}. The
increase comprisces 11 pK wits,

In this mamer cquations (19) and (22) oblained theorcticndly adlow us to
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estimate quantitatively the change of acid strength during the transition
from one solvent to another with the help of single activity coefficients Y,
of the ions and molecules, which in turn may be obtained from independent data,

Comparison With Bronsted's Quantitative Theory

As it is known, Bronsted's quantitative theory [22] about the influence
of the solvents on acid strength for uncharged acids leads to the expression:

- P ” — (’ )
7Kg = IR MA&CM) Z’ 2V, kT (27)

A comparison of our equation (16) with Bronsted's equation (27) shows that
the latter appears as a peculiar case of this equation., His equation is
incomplete moreover in that it doesn't take into account the effect of ion
association, The equation (16) brought out by us differs from Bronsted's equa=-
tion by thc values

. el
/n (K:stzé rl) ’ 'Z—k?—“ s and ln A Ka‘. . The difference in the mem-
ber in A arises in comnection with the fact that Bronsted's [ HAM is differ-

ent from the constant K. ob; Tor the activity (concentration) of the solvent
K=K o

The incompleteness of Bronsted's equation appears not only as a result of
the incompleteness of the arrangement applied by Bronsted for HA MM & MH"!‘A"
but also as a result of the incompleteness of the significance of the activity
coefficients for the ions which Bronsted used, and also by the fact that he
didn't calculate the activity change of the nondissociated acid molecules under
the influence of the solvent,

From his equation, Bronsted made the conclusion that the logarithms for the
constants of acids of the same charge type should be linear inversely relative to
the value of the dielectric constant,

In reality it foliows from (27) that the relative constant /(r | is expressed

by the equation P k,_
AcM
K -/, = [, _'_f_..‘l———"'-— = fog +
PReet, T Tl Ky = ey Krot, <4,

F Z’ .-’I’hT' /1 f;>=cnn§T7“A (’%)l (28)

in as much as the ratio of the ka, constants is fixed,

As we showed, experimental data do not always confirm this relationship ﬁé]
Tt can also be shown that this equation is a peculiar case of a more general
expression:

IR B R e T S ST RTINS e SO e e




’ A - I}Sr
Ly lmel } Lot gy, Mg T
{J‘top‘ l, K{’v',‘ . ’ 1’ /\“ R +' pr,"’l r., rx'/f‘ 9. ﬁ/'{
K. ’
+ log . — leg (K'" r? e >
A ( m;hb T 1)
‘x (29)

waich cvolves from equation (16), This equation differs from equation (28)
in the last thrce terms, whereupon the term /}50;”, - chiﬁz shows
X

the different cffect of the solvent dipoles on propé?%iég'of the acid anions,
and the last two terms - the effect of the solvent on the properties of the
nondissociated acid molecules, The equation shows that in a general situation
in accordance with the experlment, the pKr value does not appear as a linear
function of 1/D.

Only in those cases, when the influence of the solvents on the nondissoci-
ted molecules is equal and the energy of ion solvation is the same (an absence
of dlffcrentlatlng action), as this takes place with respect toacids of the same
type and in a series of solvents of the same composition, then the last three
terms become equal to zero and the pK value is linearly dependent on 1/D,

Similarly the comparison of equation (19) with the equation (arising on
the basis of Bronsted's equation)

PR PR = oy Kty ~1es Ke ’M)TE‘HPH <——Dlu)_r

T . b
.o : 7 ef 1 1 “H,0
_*_ ,ag H_l_‘?_ = IL‘ }\/ + i et — - .—— ) + /b PRESRUE.- =l
4 . .2# . b . *
“ o Te kT APy P § “m (30)

shows, that in this equation as in Bronsted's basic equation, there is a comw
plete disregard for the change in the activity of a nondissociated acid during
its transfer from medium to medium, the solvation of ions, and the originating
association of ions. In connection with this, the equation does not consider
the differentiating action of the solvents on the acid strength and the limited
applicability only during the examination of the effect of solvents of the same
naturc on acids of the same chemical group,

The Differentiating Action of a Solvent
In our previous works, it was established that there were four types of
differentiating action of solvents on acid strength, The proposed treatment of

1he process of acid dissociation and the equation developed by us completely
embrace these four types of differentiating action,
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A we ostablished, the first type is the differentiating action of
acidic solvents on the strength of strong acids, From equation (17) it
follows that such a differentiating action develops in solvents with a large
value for Ky(y)y thanks to which the first term of the equation (17) becomes
distinct from Zero, even durin- the dissociation of substances with a large K,
value, that is, strong acids. During this, the strong acids display their own
individual properties, dependent on the i('d_(m)value.

However it must be cmphasized that the differentiating action of strong
acids is observed in practice only when their dielectric constants are not
great, Thus acetic acid with a dielectric constant equal to 6 displays a dif-
ferentiating acticn while formic acid with a dielecteic constant equal to 57
docs not, In just the same mamner, (mono)chloroacetic acid with a dielectric
constant equal to 20 does not display a differentiating action while trichlor-
vacetic acid with a dielectric constant equal to 4,55 differentiates the strength

of strong acids CZ:}]. It is obvious that with acidic solvents, the differen-
tiating action is connected with the emergence of ion association in solvents
with a low diclectric constant,

The second type of differentiating action is the_change in the relative
strength of acids of various homologous groups [12, 1@ under the influence of
any solvents, particularly those not containing hydroxyl groups., then trans-
ferred to such differentiating solvents, the strength of acids of one homolo-
gous group changes approximately the same but distinct from the change in
strength of acids from another homologous group, Such an action appears as a
result of the fact that the /cg Yol and /og omef values are clese for acids of

the same type and different for acids of a different type, This change of ion
activity in acids of a different type is explained by the various solvation

energies of ioms, ﬁs,.,'@nd a different change of activity of the nondissociated
molecules - with the (/gAK, (m) "~ /aé-'-A Kac Hyc) value which becomes rather

considerable during the transfer from a solvent of one type to a solvent of anot-
her type.

The third type is the differentiating action of basic solvents with a low
dielectric constant, The value of this differentiating action is completely
determined by the difference in ion association and ion pairs and numerically
determined by the difference in the ion association constants (k) »

The fourth type of differentiating action we call the changing of relative
acid strength as a result of the interaction of the solvent with the substituents
in the acid5 radical, Such, as an example, is the influence of formalin on-
the strength of amino acids in comnection with the interaction of the amino
groups with formalin, From this examination of the effect of solvents, it
follows that this differentiating action is similar to the differentiating
action of the second type, and in this case it i3 a result of the changing of
the characteristic acidity of a substance under the influence of the interaction
of the substance with the solvent,
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Conclusions

Le Acid disseeiation in solution takex place in scveral succcssive stagos.

Tu the Civst stage there is the formation of an addition product based on the
reaction HA4» M2 (1AM, , in the second stage, the formed addition product,
as a result of subsequent solvation, dissociates with the formation of the sol-
vated ions H,}Mh-fm M Mﬁ;"v [ A o « In media with a low

" dielectric constant there also takes place an association of ions into ion pairs
t e ot AT .
MHSCi f‘AS,., b MHSo/ASr»‘ ’

The usual dissociation cox%stantwappears as Ehe function of the cansta:xts of
all the specified constants chx - (Kinﬁ‘ab + 1) K(““ +K,4$1‘ y in which K iitad

is the equilibrium constant for the firvst process, K
K,,, for the third.

. for the second, and
diss ’

2. The full equation brings out the dependenoy of acid strength on the proper-
ties of the solvent:

> L e 5 A N "y
/{ -1 - KR. (‘M) (Kiﬂbf?lb.'l“) e)(,‘»:’ { Z ,.T...;E:_-.,w‘ fN -»Zw-i‘:-’—-d} -f- {'(a 557
b K(‘,‘A kzL ;LM _ k & .

according to which the strength of the acid is determined by the natural acidity.
of the acid HA ', K , its change under the influence of the solventAk, with
an acidity constant (or basicity) I , sy of the solvent, a dielectrio constant
Dy tne energy of ion solvation Ag, , and the value of the Bjerum ion asscciation,

3, An equation was brought ou'h', characterizing thé change of acid strength
under the influence of the asolvents (in the absence of ion association)

., S Sy
ApK's f/\/obﬁ(M)_ K g (Had) log K, t2 96 kT ('D.m isa > T

< W ' ) .
,AZ‘A*_{ Zq6 (Kiashap* 2 ~ fjﬂ_ﬂl_
booggg toleg RS Hleg TR 12 ¢ Lk .
: ."P":}k “ M mfab HLO & (he)
in which K « 1s the constant of proton exchange betweer the molecules of a
nonaqueous solvent and water, d—f\ is the molarity of the solvent in 1000g,
The developed expression can be described by the equation A’p/\’=-3 ’quoio;r log Vo mat *

This equation mekes it possible to determine the change of acid strength during
the transfer from one solvent to another, from independent data,

4, On the basis of the additivity of single activity coefficients during an
infinite dilution, a method is submitted for determining the activity coeffic-
ients ¥ of ions of weak acids, sterming from the activity coefficients'y; of
a strongacid and the salts of this strong acid and the corresponding weak
acid with one and the same cation,
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e It ds shown that Bronsted's cquation charucterdizing the influcnce of the
polvent on the strength of acids is a particular instance of the equation
hrought out by us,

6o On the basis of the equation that is developed, there are comments on Four
types of differentiating actions of solvents, which were established hy us
earliers With the help of this equation one can eostimste to what degree the
differentiating action of the solvents depends on the interaction of the sol-
vent with the nondissociated molecules and fons of the aeid,

The AMa Gorkiy State Submitted
University of Kharkov 21,1V 1954
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Figure 1, Relation of FAY r K = ﬁi‘(’m,, cgur I_,,_.;“f»K,v” to /ug'y; in agueous

ethanol: 1 - benzoic, 2 = chlorcacetic, 3 - salicylic, 4 ~ formic acid;
5 = p = nitrophenol; 6 = 2.4 = dinitrophenol; dotted line =w-w ) /ai' Y,
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Figure 2, Relation of A PI\’ :'lf”(nm;.-rm;" r k’k,_u to ot /ac(,;'Y;, in aqueous

diokanes 1 - benzoic, 2 - propionic, 3 = acetic, 4 = formic, § - 3 /eg- Y.
of hydrogen chloride,
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Pipgure 3, fThe v iailon of Afk = f’/\lm..aprf e “ia k//zl’ (svarage value)

for mothanoi, ethanol and bulas-1 as a tunction to J /g T, . 1 - aromatic
carboxylic acids, 2 ~ @liphatin carboxylic acids, 3 =~ phenols,

27,



