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ABSTRACT

The complexes of lead () with 2-methylsuccinic
acid in aqueous media at pH = 6.9 and ionic strength
of 2 mol/dm3 have been studied polarographicaly. A Mo-
del 174 A polarographic analyzer (PAR), with a three-
electrode system was used. The polarographic data were
treated both with a graphical and a numerical method
using a general computer program. The following overall
stability constants have been determined: @, =270,
B, = 7000, B; = 18500 with a graphical treatment, and
B, = 294.2, B, = 7118.7and 8, = 17534.8 with a namerical
treatment, corresponding to Pb[Msucc], Pb[Msuccl— and
Pb[Msucc]—.

In a review /1/ on stability constant determination aided by computer
programs published in 1976, it was noted that more than 100 programs or mo-
difications of existing programs have been published and at the same time
only two references reported the use of a computer program to calculate
stability constants from polarographic data. In this work, a parallcl graphical
and numerical aproach was applied to calculate the stability constants of
lead (IT) with 2-methylsuccinic acid.

The complexes of lead (II) with some dibasic acids have been studied
by J. N. Gaur and M. M. Palrecha /2/. Some substituted dibasic acid complex-
es of lead (II) bave also been examined /3,4/.

This paper deals with the determination and the composition of the
stabi.ity constants of the comp,exes formed by iead (II) in aqueous media of
2-methytsuccinic acid.
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EXPERIMENTAL

All chemicals were purified and a polarographic checkup was made
The 2-methylsuccinic acid was recrystalized using a mixture of chloro-
form and methanol (80:20). Decolorizing charcoal Norit A wds used to
remove the present yellowish color. Sodium perchlorate was used to
keep the ionmic strength constant, after removal of the heavy metal ions by
precipition.

A stock solution of sodium 2-methylsuccinate was prepaied by a slow
addition of sodium hydroxide and adjusting the pH at 6.9° A constant concen-
tration of 5x10—% mol/dm® lead perchlorate was used in all test solutions.
Sixteen test solutions of a constant metal and increasing ligand concentration
were prepared by dilution of the stock solution, adjusting the ionic strength
at 2 mol/dm® for each one.

A constant temperature of 25+4-0.05°C was maijntained for all the
examined: solutions by means of an electronic relay (Precision Scientifjc
Co., 62690). No maximum suppresor was used. Purified nitrogen was used
for deaeration of all test solutions.

TABLE 1

Experimental data and the calculated F [L] values for lead (IT) 2-methylsuccinates

L I F, (LD F, (L] F,qL)  F.(L
moljdm® - oA o (L] 1 ([L] 2 ([L] 3 (ILD
0,00000 — 03750 2,38 _ _ — _
0,00625 03880 2,20 2,98 317 _ _
0,01250 ~ 03950 2,12 5,34 347 — —
0,02500 04060 205 1305 432 — —
003750 —04130 2,02 22,87 583 — —
0,05000 _0418 1,98 34.48 669 7980 -
0,06250 04240 197 55.36 869 9595 -
0,07500 _ 04270 1,96 70,32 924 8724 —
0,10000 04330 191 11527 1142 8727 17270
0,12500 04380 188 173,02 1376 8849 14792
0,15000 _ 04434 187 265,15 1761 9940 19600
0,20000 _04510 185 485,07 2420 10751 18755
0,25000 04570 180 796,35 3181 11645 18580
0,3000 _ 04620 1,77 119647 3984 12383 17943
0,40000 —04710 175 244308 6105 14588 18970
0,50000 —04774 1,66 424452 8487 16433 18868
0,60000 04830 164 665170 11084 18023 18372

B, =270 B, =7000 B = 18500
K, =270 K,=259 K; =26
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The polarographic cell used was of a modified H-type /5/ with an
agar-agar plug saturated with potassium chloride.

A saturated calomel electrode was used as a referencs and platinum
wire as a counter electrode. The dropping mercury electrode had the following
characteristics m = 2.42 mg/s, t = 5s (automatic).

All polarograms were recorded on a Model 174 A polarographic
analyser, (PAR) and an X .. Y recorder, Model 0074 (PAR).

Graphical tereatment of the experimental polarographic data

DeFord and Hume’s /6/ graphical method was used in order to de-
termine the number of the complex species in equilibrium and the overal
stability constants. The halfwave potential and the diffusion current for the
free (hydratized) lead (II) ions were obtained by graphical extrapolation

The experimentally obtained data and the calculated F [L] values
are presented in Table I, and the composition of the complex species in equi-
libritm in Table II.

TABLE II

Composition of lead (II) 2-methylsuccinate complex species in equilibrium

i

IL] Bl RILP  Bs[LP 1+ QBILY M ML ML, ML,
0

mol/dm? — — — —_ % % % %

0,00625 1,69 0,21 — 1,96 33,6 56,6 0,1 0,1
0,01250 3,37 1,09 0,036 450 18,7 63,2 20,5 0,7
0,02500 6,75 4,37 0,289 11,41 7,7 51,7 33,5 2.2
0,03750 10,12 9,84 0,975 20,94 4,4 443 43,0 4,3
0,05000 13,50 17,50 2,312 33,31 2,9 39,1 50,7 6,7
0,06250 16,87 27,34 4,516 48,73 1,8 30,5 - 494 8,2
0,07500 20,25 39,37 7,804 67,43 1,4 28,8 55,9 11,1
0,10000 27,00 70,00 18,500 115,50 0,9 23,4 60,4 16,0
0,12500 33,75 109,37 36,130 . 179,25 0,6 19,5 63,2 20,9
0,15000 40,50 157,50 62,430 260,43 0,4 15,3 59,4 23,5
0,20000 54,00 280,00 148,000 482,00 0,2 11,1 57,7 30,5
0,25000 67,50 437,50 289,060 794,00 0,1 8,5 549 36,3
0,30000 81,00 630,00 499,500 1210,50 0,1 6,8 52,6 41,7
0,40000 108,00 1120,00 1184,000 2412,00 — 4.4 45,8 48,5
0,50000 135,00 1750,00  2312,500 4197,50  — 3,2 41,1 45,5
0,60000 - 162,00 2520,00 3996,000 6678,00 — 2,4 37,9 60,0

4 300pHux
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Numerical treatment of the experimental polarographic dats

A general computer program for calculation of stability constants
from reversible polarographic data POLAG /7/ was used. The program seems
to work well even with relatively poor guesses for the overall stability cons-
tants, al though it is somewhat slow. The final values and a comparisson
with thI;I graphical ones for the overall stability constants are shown in
Table HI.

TABLE III

The overall stability constants of lead(II) 2-methylsuccinates

Stability constant Graphical Numerical
B 270 294.2
8, 7000 7118.7
Bs 18500 17534.8

Standard deviation for the numerical values: S 4.39x10—
Variance : V 2.51 x10-*

RESULTS AND DISCUSION

With the increase of the ligand concentration, the half-wave potential
was found to shift towards more negative values, indicating a complex
formation. A slope of 29+ 3 mV was obtained for each plot of log
[(ig —i)/i] vs. E, confirming the reversibility of the 1eduction process.

The values of the overall stability constants determined graphicaly
and numericly, as shown in Table LI are in well agreement. Having in mind
the differencss in the two approaches, this is somewhat supprising. The probable
cause for this is the relative simplictiy of the system exammined., i.e. no
hydroxyor polynuclear complexes were indicated and onmly three species
in equlibrium were discovered

By a simple comparisson of the overall stability constants of lead
(IT) succinates and those of lead (II) 2-methylsuccinates shown in Table IV,
more stable complexes of the latter are observed. We beleive that the presence
of the methyl group as substituznt in succinic acid influences greater stability
of the formed comnlexes. The electron-donor characteristics and the po-
sitive inductive effect of the methyl group predicts this.

A continuation of the study of the complexes of lead and other metal
ions with more methyl-substituted dibasic acids as ligands would certainly
bring up a more documentsd discusion on this subject.

Acknowledgement : The authors wish to express their gratitude to Dr.
C. H. Liu of Arizona State University, Tempe, USA
for his valuable advices and the use of equipmcnt
for this work-
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COCTAB M KOHCTAHTY HA CTABWJIHOCT HA OJIOBO (II)
2-METHJICYKIUHATHA

H. T'po3panoe, b. Tony3zescku

Xemucku axyamein, Yuusepsuigeiti ,,Kupus u Methioguj* — Croitje

Wcnurann ce xomiuiexcure Ha oioBo (II) co 2-metmnxmiubapra
KUCEMHA BO BOJEHM pactBopn, npu pH=6,9 u joncka jakoct 2mol/dm?
co mostaporpadckara MeToga. 3a CHHMAK€ Ha IonaporpaMure Oele yno-
tpeBen 1o aporpad Mogex 174A co TpHEeXeKTPOLEH €JICKTPOXEMUCKH Ch
CTEM.

Joduennte momaporpadcxu nogerony dea oOpedoTenu co rpaduuka
M HyMepHUKa METOJa CO KOPHCTeHe Ha KOMIjyTepcKku nporpav. bea onpe-
JICIeHM CJleHMBe KOHCTaHTH Ha crabmmmoct : 8; = 270, B, = 7000, u
Bs=18500co rpabnukara meroma m B, = 294,2; B,=7118,7 u B3=17534,8
CO HyMepHUKaTa MeToga cooaBeTHO 3a: Pb (Msucc), Pb Msucc),™
u Pb (Msucc)s—,.
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