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Abstract: The work deals with the analysis of regularities of the electrolytic dissociation of
alkene derivative of the succinic acid (methylene succinic acid) in their dilute (0.0001-0.01M)
solutions carried out by means of a new method of determination of dissociation parameters of
weak multibasic organic acids with ““overlapping equilibriums™ effect previously described by
the authors. Values of usual and ““partial’” degrees of dissociation, concentrations of all anions,
hydrogen ions and undissociated acid molecules, as well as activity coefficients of all charged
dissociation products were calculated. The concentration intervals of predominance of various
charged and uncharged substances in the dilute solutions of the above mentioned acid were determined.
Together with accurate equations, there were also suggested simple empirical equations for
quick approximate determination of various dissociation parameters.
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Introduction

Previously we described an original
method for determination of various
dissociation parameters of weak multibasic
organic acids with close values of stepwise
dissociation constants (effect of “overlapping
equilibriums”) [1-4]. This method was widely
used for an analysis of various weak organic
acids with different basicity in their dilute
solutions. A term the “partial” degree of
dissociation was also suggested [2] and used
for more detailed analysis of complex
equilibriums typical for dissolution processes
of such acids. In this work our method is

applied for the research into peculiarities of
electrolytic dissociation of alkene derivative of
the succinic acid (methylene succinic acid) in
their dilute (0.0001-0.01M) solutions. Succinic
acid and its various derivatives are widely
used in the organic synthesis and polymer
industry, take part in biologically important
Krebs cycle. Methylene succinic acid is widely
used in the production of polyacrylonitrile and
polyacrilic fiber. The useful properties of these
acids are directly connected with peculiarities
of their electrolytic dissociation.

The Equations

In case of weak dibasic organic acid H,A the
mass action equations for both dissociation

steps may be written as follows [1-4]:
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Cocloclz(l+ alz) F
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where K; and K, are the thermodynamic
dissociation constants of first and second
steps, a1 and a, are usual degrees of
dissociation of the corresponding steps, a> is
the “partial” degree of dissociation for second
step, c is the total concentration of acid, F; and
F, are the quotients of the activity coefficients:

2)

2

(4)

Degrees of dissociation a1, a2 and a-
may be evaluated successively by iterative
solution of the following quadratic equations:
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Values of “partial” degrees of from [5]. The activity coefficient of

dissociation may be calculated with the help of
the following equations:

a, =a,la

(8)

or with the help of the more complex equation
as set forth in [2].

Note that values of activity coefficients can be
approximated by the Debye-Huckel equation:

22 A1
Igf =———
1+ ainﬁ

where ga; is the cation-anion distance of closest
approach, A and B are constants depending on
properties of water at a given temperature, z; is
the charge of ion. The ionic strength
is| =c(a, +2a,) =co, (1+2a,).  Note
that values of a;, A and B at 25°C were taken

(9)

undissociated acid is assumed to be unity.
Values of dissociation constants of methylene
succinic acid at 25°C necessary for calculations

were taken from [6-7]: K;=1.41x107%
K,=3.55x10"°,
Using the above mentioned

dissociation parameters, we can determine
equilibrium concentrations of hydrogen ions,
mono and dianions and undissociated acid
molecules:

[HA 1=c(o, —a,) =Cca,(1-c,)  (10)
[A*]=ca, = caya, (12)
[H ]=c(a, +a,)=ca,(l+a,) (12
[H,Al=c(l-«a,) (13)
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With the aid of the Egs. (10)-(13), we

can determine intervals of the acid
concentration where various charged or
uncharged substances dominate. This is

possible due to equations below that express
equality conditions of various products of
dissociation:

l1-«
H*1=[H,Al:a, = 2 _
[H 1Tl == = o
1 1
[HA ]=[H,A]:a, = +20‘2: (15

2—-a,

[A27] = [HZA]:al =l-a, = a; 1 (16)
[A*]1=[HA ]:q, = 2a, (17)
a,=0.5 (18)

In line with concentration conditions,
the equality of dominance areas of mono and
dianions and undissociated acid molecules
may be formulated.

The results and discussion

In Table 1, the a1, a, a2 and pH values for dilute solutions (0.0001-0.01M) of analyzed

acid are presented.

Table 1. Values of dissociation parameters of dilute solutions of
methylene succinic acid at 25°C

Acid concentration, M o a0y o> pH

0.0001 0.6796 0.03222 0.04741 4.152
0.0002 0.5625 0.01753 0.03116 3.941
0.0004 0.4481 0.009069 0.02024 3.745
0.0006 0.3864 0.006145 0.01590 3.635
0.0008 0.3460 0.004659 0.01347 3.560
0.001 0.3167 0.003758 0.01187 3.503
0.002 0.2376 0.001925 0.008102 | 3.330
0.004 0.1755 0.000986 0.005620 | 3.164
0.006 0.1463 0.000667 0.004561 | 3.068
0.008 0.1283 0.000506 0.003942 | 3.002

0.01 0.1158 0.000408 0.003524 | 2.950

The comparison of the a, and o values 1+a, _
goes to show that values of the “partial” ¢ > and @; > were fulfilled.

degree of dissociation (which more correctly
characterize the completeness of dissociation
at second step) exceed appreciably those of the
usual degree of dissociation (especially in
higher acid concentrations).

With the aid of the equations (14)-(18),
areas of predominance of various charged and
uncharged forms in the dilute solutions of
methylene succinic acid were identified.
Calculations show that the monoanion
concentration exceeds the [H,A] value when ¢ <
0.0003M. In all these cases the inequalities:

Regions of prevailing [H*] values in comparison
with the [H,A] values are also: ¢ < 0.0003M. In

. . l-a
all these cases the inequalities: o, > 2 and
1 :
a, > were fulfilled. As a whole,
2+a,

analyzed concentration interval the [HA ] and
[H'] values exceed the [A*] values.

To sum up, allowing for the
comparative complexity of calculations by

CHEMICAL PROBLEMS 2019 no. 3 (17)



E. KVARATSKHELIA AND R. KURTANIDZE 411

means of equations (5)-(7), we suggest simple degrees of dissociation and pH in the dilute

empirical equations for quick approximate solutions of methylene succinic acid.
determination of values of usual and “partial”
Methylene succinic acid
a, = 19(0.17742¢7°%) (up to 0.0001M) (19)
o, =5.7544.107°¢ %% (up to 0.006M) (20)
o, =1.85353.107¢ 0 (up to 0.004M) (21)
pH =1.575-0.641lgc (up to 0.01M) (22)
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MET/LENKOHROBA TURSUSUNUN ELEKTROLITIK DISSOSIASIYASI
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Coxasasl: zoif Uzvi tursularin dissosiasiya parametrlorinin yeni tayin metodu ilo  metilenkahraba
tursusunun duru mohlullarda (0.0001-0.01 M) elektrolitik dissosiasiyas:z:n ganunauygunlugu tahlil
edilmigdir. Dissosiasiya parametrlarinin tayini tcun daqiq tanliklarlo yanas: sada empirik tonliklar taklif
olunur.

Acar sozlar : metilenkahraba tursusu, elektrolitik dissosiasiya, zaif Uzvi tursular, tanlik
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SJIEKTPOJIHTHYECKAA JTHCCOLHALIHA METHJIEHAHTAPHOH KHC/IOThI
E.P. Keapauxenusn u P.P. Kypmanuose

Hucmumym neopeanuueckou xumuu u snekmpoxumuu um. PU. Aenaoze
Tounucckoeo I'ocyoapcmeennozo Yuusepcumema um. Hs. [ocasaxuweunu
yi. Munoenu 11, 0186 Tourucu, Pecnyonuxa I pyzus
E-mail: elicko@mail.ru, ekvarats@yahoo.com

B oannoii  pabome npoeeden amanuz  3aKOHOMEPHOCMEN  INEKMPOIUMULECKOU — OUCCOYUAYUU
ANKEHNPOU3600HOU SAHmMapHou Kuciomwl (MemunenaumapHou xuciomol) 6 ee pazbasnennvix (0.0001-
0.01M) pacmeopax ¢ nomowplo HOB020 MemoOa ONPeOeleHUss NAPAMEmpPos8 OUCCOYUAYUYU CLADbIX
MHO2OOCHOBHBIX OP2AHUYECKUX KUCIOM C  9phekmom <nepekpulearoujuxcs pasHosecutl», pauee
ONUCaHHbIM —asmopamu. bvl  paccuumanvl  3HaueHus OObIYHLIX U  KNAPYUATILHBIX»  CHeneHell
ouccoyuayuu, KOHYEeHMpayuu 6cex aHUOHO8, UOHO8 B000POOA U HEOUCCOYUUPOBAHHBIX MONEKYI KUCIOM,
KOd(uyuenmvl  aGKMUBHOCMU  6CeX 3APANCEHHBIX NPOOYKMOog ouccoyuayuu. Taxdce paccuumarsl
KOHYEHMPAYUOHHble UHMEPBALbl NPeodIAOAHUS PASTUYHBIX 3APSINCEHHBIX U HE3APSNCEHHBIX Y4acmuy 6
PazbasieHHbIX pacmeopax YKA3aHHOU Kuciomul. Buecme ¢ mounviMu ypasuenusmu Obliu Makice
NPeONONCEHbl NPOCMble IMNUPULECKUE YPABHEHUs 051 ObICMPO20 NPUOTUNCEHHO20 pACYéma 3HAYeHUll
napamempos OUCCoyUayuuL.

Knioueswvie cnosa: koncmanmol ouccoyuayuu, cmeneHv ouccoyuayuu, ciadvie OpeaHuyecKue KUCioml,
VPasHeHusl, CnmyneHu OUCCoOyUayuu.
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