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Pursuant to the conditions of an equality of the concentrations of various ionized and non-ionized
forms in the dilute solutions of weak multi-basic organic acids, the areas of dominance of these
forms in connection with the values of corresponding usual and ““partial’” degrees of dissociation
have been formulated. Considered are weak dibasic and tri-basic acids, and the general case of a

weak multi-basic acid, H,A.
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1. Introduction

The majority of drugs are weak acids
and/or  bases. Their  biopharmaceutical
properties are closely connected with the
dissociation parameters of these compounds
which determine the distribution of the ionized
and non-ionized forms of the latter in solution.
lonization state (which is determined by the
degree of ionization) is the very factor that
affects within physiological systems the rate at
which the compound is able to diffuse across
membranes and obstacles such as blood-brain
barrier, determines the acid-base homeostasis
and enzyme Kkinetics in the cell and in the
body. Acid dissociation parameters are also
essential in aquatic chemistry and chemical
oceanography, where the acidity of water
plays a fundamental role.

Dilute solutions of weak multi-basic
organic acids with the close values of the
dissociation constants of various steps (the
case of “overlapping equilibriums”) are the
complex systems which contain the various
anions, hydrogen ions and non-ionized acid
molecules. The conditions of an existence of
these forms within the wvarious acid
concentration bounds, their connection with
the dissociation parameters and particularly
with the degrees of dissociation of the various
dissociation steps have not been established so
far. In this paper with the aid of the formerly
suggested by us method [1, 2] the regularities
of distribution of the various ionized and non-
ionized forms in the dilute solutions of weak
multi-basic organic acids are described.

2. Di-basic Acids

It was shown in [1,2] that the con-
centrations of ionized and non-ionized forms
in mol - dm™ in the dilute solutions of weak

dibasic organic acids with “overlapping
equilibriums” may be expressed as follows:

[H+]:C(a1+a2)zca1(1+alz) 1)
[HA]=cly —a,) = Cal(l_alz) (2)
[A*]= Ca, = Calalz ©)
[H,Al=cl-a,) 4)
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were o; and o, are the usual degrees of
dissociation of first and second dissociation
steps, o> is the “partial” degree of dissociation
of second step, c is the total concentration of

acid in mol - dm™. Taking into account these
equations, we can formulate the conditions of
an equality of the concentrations of the ionized
and non-ionized forms:

l-« 1

H'l=[H.,A]:«a, = 2 —

[H']=[H,A]:, 5 a, +2 (5)
l+a 1

HA 1=[H.A]:a, = z — ,

[ 1=[H,A]l.a, 5 2—a, (6)

_ 1
[A2 ]=[H2A]Zal=l—a2=a.2+l (7)

When the equality (7) exists we have:
o, +o,=1
It follows from Eq. (1) that in this case
[H] =c.
[HA ]1=[A*]:a, =20,
a, =05
It is necessary to note that this is very

rare case. Taking into account the conditions of
an equality of the concentrations of various

[H']>[H,A]: e, >

The conditions of an equality of the
concentrations of mono- and dianions can be
also formulated:

(8)
(9)

ionized and non-ionized forms, we may
formulate the areas of dominance of the latter:

(and vice versa)

[HA 1> [H,A]:, > %

(and vice versa)

[A27]>[H2A]:(Xl >1—a2 or &, >

(and vice versa)

[HA]>[A* ]:a, > 2a, or a,<0.5

The hydrogen ion concentration in all
cases exceeds not only the concentrations of

> —
or % o, +2 (10)
a, > L
or ¢4 o_ 05'2 (11)
1
a; +1 (12)
(13)

every anion but also the total concentration of
all anions which is equal to a;c.

3. Tri-basic Acids

The concentrations of the ionized and
non-ionized forms in this case are connected

[H']=c(a, +a, +a;)=ca, (1+ a;_ +a;_aé)

with the corresponding dissociation degrees as
follows:

(14)
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[H,A]=c(y —a,) = Cal(l_alz) (15)
[HA* ]=c(a, —a,) =Ccaa,(1-a) (16)
[A*]=ca, =ca,a,0, (17)
[H;Al=cl-a,) (18)

The conditions of an equality of the concentrations of the ionized and non-ionized forms
may be expressed as follows:

. l-a,—«a 1
[H']=[H;Al:a, = : = - N (19)
2 2+a,+a,o0,
l+a 1
H,A"]=[H.,A]:a, = 2 = . 2
[HoAT=[HoAL e, === = o (20)
[HA" ]1=[H,Al:a; =1-a, +a; = L 21
3 it 2 3 1+a'2(1_a:'3) ( )
_ 1
[A*]=[H,Alia, =10ty =—— (22)
1+ a,a,
_ _ 1
[H,A ]:[HA2 liay =2a, —a; = - (23)
This latter equality is very rare; it takes The areas of dominance of various
place in case of tri-mellitic acid which has the ionized and non-ionized forms in the dilute
sufficiently high o, value. solutions of weak tri-basic organic acids are

formulated as follows:

. l-a, -« 1
[H'I>[H;Al 0y > —F— or a, > ' T (24)
2 2+ a, +o,0,
(and vice versa)
_ l+a 1
[H,A"]>[H;A]:a; > Z or oy > : (25)
2-a,
(and vice versa)
1
[HA* ]>[H. Al: o, > 1—a, +a;) or o > . . (26)
S 2 Clvay(l-ay)
(and vice versa)
[A*]>[H,Al:a, >1-a, or @ >——— (27)
1+ a,0,
(and vice versa)
1
[H,A"]>[HA* ]:a, > 2a, —a, or a; > - (28)

KiMYA PROBLEMLORI Nel 2011



176 E.KVARATSKHELIA, R.KVARATSKHELIA
4. General equations

For weak multi-basic organic acid H,A ionized forms are connected with the

the concentrations of the ionized and non- corresponding degrees of dissociation as
follows:
[H'1=¢> a, =cD oy, (29)
m=1 m=1
[H A l=c(o, —a,) =ca,(1-a,) (30)
[H _,A"]=c(a, —a;) =coyar,(1-as) (31)
[H n—mAm_] = C(Olm - am+1) = CalaIZ"'ar'n (1_ arln+l) (32)
[A"]=ca, =ca,a,..a, (33)
[H Al=c(l-,) (34)

The conditions of an equality of the concentrations of the ionized and non-ionized forms
are presented below:
n
1- Z o,
m=2

2
(the equation connected ay with the corresponding “partial” degrees of dissociation is not quoted
because of its complexity).

[H']=[H,Al:a, = (35)

l+a 1
H A ]=[H Al:q,=—"2= .
[ n-1 ] [ n ]061 2 2—062 (36)
1

H A"]=[H Al:a,=1-a_+a, ., = — .

[ n—-m ] [ n ] 1 m m+1 1+062...06m(1—06m+1) (37)
n- 1

[AY]=[HAlia; =1-a, = —F— (38)

1+a,..a,

[H n—mAm_] = [H n—(m+1)A(m+l)_] : am = 20£m+1 - am+2 (39)
. 1

o (40)

m-+1 =
2— o

The conditions of dominance of the acids (egs. 11 and 25). For other forms the
concentration of mono-anion in comparison areas of dominance may be described as
with the concentration of non-dissociated acid follows:
are the same as in the cases of di- and tri-basic

1
l+a,.a,(l-a,,)

[H A" ]1>[H Al:a, >1-a, +a,,, or O3> (41)
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(and vice versa)

[AY]>[H Al:a,>1-a, or al>m (42)
(and vice versa)
[H, A" 1>[H nf(m+1)A(m+l)7] Py > 20, — Ay, Or
P - (43)
2—ay,,

In general the [H'] value always exceeds the
concentration of every anion and even the
total concentration of all anions. If we take
into account that this summary anions

n
concentration Z[Hn_mAmf]=a10and the

m=1

concentration of non-dissociated
acid[H, Al=c(l-¢;), the condition of an

equality of these two concentrations may be
formulated:

a, =05 (44)

Summary

As a further development of the method
of an analysis of the complex equilibriums in
the processes of electrolytic dissociation of
weak multi-basic organic acids the conditions
of a dominance of the concentrations of
various anions and hydrogen ions in
comparison with the concentration of non-

dissociated acid in the dilute acid solutions
were formulated. The areas of a dominance of
these ionized and non-ionized forms were
connected with the wvalues of the
corresponding usual and “partial” degrees of
dissociation.
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COXOSASLI ZoiF UzVI TURSULARIN DURU MOHLULLARINDA JONLASMIS VO
IONLASMAMIS FORMALARIN PAYLANMA QANUNAUY GUNLUQLARI

E.R.Kvaratcxeliya, R.K.Kvaratcxeliya

Coxasasl: zaif Gzvi turgularin duru mahlullarinda mixtlif ionlagmas va ionlagmamzs formalarin
gat:iglarimin barabarliyindan ¢ixis edarak bu formalar:n dominant sahalari cecilib.
Acar sozlar: goxasasl: tursular, dissosiasiya daracasi, anionlar
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3AKOHOMEPHOCTH PACIIPEJIEJIEHUA HOHH3UPOBAHHbBIX H
HEHOHHU3HUPOBAHHBIX ®OPM B PA3SBABJIEHHBIX PACTBOPAX
CJIIABBIX MHOI'OOCHOBHbBIX OPI'AHHYECKHUX KUC/IOT

E.P.Keapauxenusa, P.K.Keapauxenus

U3 ycnosuii pageHcmea KOHYeHMpayuu paziuyHblX UOHUBUPOBAHHLIX U HEUOHUSUPOBAHHBIX
Gopm 6 pazbasieHHbIX pacmeopax ciadblX MHOZOOCHOBHLIX OP2AHUYECKUX KUCIIOM B8blOeleHbl
obacmu OOMUHUPOBAHUSL IMUX POPM KAK PYHKYUU 3HAYEHUN COOMBEMCMBYIOUUX OObIYHBIX U
«NAPYUATILHBIX» CMeneHell pa3iuyHblx cmynenel ouccoyuayuu. Paccmompenvt cnyuau cnabwvix
08YX- U MPEXOCHOBHBIX OP2AHUYECKUX KUCIOM, d MAKICe 00wull Cryyail ciaboi MHO200CHOBHOL
xuciromol HoA.

Knrouesvte cnosa:. 08yxocrhosHvle KUCIOMbL, MPEXOCHOBHbIE KUCIOMbl, CIeneHu OUCCOYUayuu,
MHO200CHOBHbIE KUCTIOMbL, UOHBL 8000POOA, AHUOHL, YPABHEHU.
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