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Abstract-Complex formation of calcium ions with succinic acid monoamide and methyl hydrogen succinate
at 25oC and ionic strength I = 0.3 (KCl) was studied by pH-potentiometric titration. The stability constants of
the complexes were determined.

Fatty acid collecting agents used for dressing of
phosphorus-containing ores are obtained from vege-
table raw materials. They are insufficiently effective
for flotation of ores with complicated mineralogical
composition, especially under conditions of water
recycling. One of promising ways for the development
of effective collecting agents that are less sensitive
to the salt composition of the pulp liquid phase is the
use of compounds containing two different functional
groups.

Nitrogen- or oxygen-containing monosubstituted
succinic acid derivatives are of interest in this respect
[133]. They are readily available owing to high reac-
tivity of the anhydride ring in reactions of the an-
hydride with methanol or ammonia.

The pulp liquid phase formed during dressing of
apatite (a calcium-containing mineral) contains a sig-
nificant amount of calcium ions, which strongly affect
the flotation process. Therefore, it was important to
estimate stability of calcium compounds in aqueous
solutions of succinic acid monoamide and monoester.
The complex formation of unsubstituted succinic acid
with calcium ions was studied in [4], and the stability
constants of the resulting compounds were deter-
mined.

The aims of this work were to estimate the effect of
amidation or esterification of one of carboxy groups in
succinic acid on the stability of calcium salts and to
determine the constants of Ca(II) complex formation
with succinic acid monoamide and monomethyl ester.

EXPERIMENTAL

Methyl hydrogen succinate [5] and succinic acid
monoamide were prepared by the reactions of succinic

anhydride with methanol and ammonia, respectively.
Succinic acid monoamide was recrystallized three
times from ethanol and dried under reduced pressure.
Methyl hydrogen succinate was used without addi-
tional purification. The compounds synthesized were
identified by melting points and neutralization equiv-
alents (see table).

The Ca(II) complex formation with monosubsti-
tuted derivatives of succinic acid was studied by
pH-potentiometric titration. The experimental condi-
tions were the same as in the earlier study of Ca(II)
complex formation with unsubstituted succinic acid
[4]: 25oC and ionic strength I = 0.3 supported by KCl.
The ionization constants B of the compounds HL
under consideration, which are required to calculate
the complex formation constants, were determined
previously under the same conditions [6].

The pH was measured with glass and silver chlor-
ide electrodes on an I-120.1 pH meter with an ac-
curacy of +0.01 pH unit.

The concentration of monosubstituted succinic acid
derivatives was 0.1030.15 M, and the concentration
of the added Ca(NO3)2 solution, 0.1 M. The concen-
ration ratios Ca(II) : HL were 1 : 5 and 1 : 3.

Characteristics of monosubstituted succinic acid derivatives
ÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Compound
³ mp, oC ³ Neutralization, mol-equiv
ÃÄÄÄÄÄÂÄÄÄÄÅÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄ
³ found ³ [5] ³ found ³ calculated

ÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄ
Methyl hydro-³ 57 ³ 58 ³ 131.3 ³ 132.1
gen succinate ³ ³ ³ ³

³ ³ ³ ³Succinic acid ³ 156 ³ 157 ³ 116.2 ³ 117.0
monoamide ³ ³ ³ ³
ÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄ
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The concentrations of succinic acid monosubsti-
tuted derivatives HL in solution were calculated from
the precise weights of their portions and refined by
pH-potentiometric titration. Chemically pure grade
calcium nitrate and potassium chloride were used.
The content of Ca(II) in solutions were determined by
complexometric titration. The concentration of KOH
solution prepared by dilution of its saturated solution
[6] was refined by potentiometric titration. All the
solutions were prepared in freshly boiled distilled
water.

Solutions of a succinic acid monosubstituted
derivative, Ca(NO3)2, and KCl were placed in a tem-
perature-controlled cell. After adding each portion
(0.1 ml) of the titrant (0.3 M KOH), the pH values
were measured. The equilibrium was considered as
attained if pH remained constant for 233 min. The
glass electrode was calibrated by buffer solutions
before each measurement. The calibration straight line
was determined by the least-squares procedure and
then used to refine the pH values obtained during
titration. The pH meter readings were checked by
a buffer solution with pH 4.01 after each titration. If
the measured pH differed from this value by more
than 0.02, the results were discarded. Points of the
titration curve in the range pH 3.036.0 were used in
the calculations.

The protonation constants of succinic acid mono-
amide and methyl succinate anions,

[HL]
B = ÄÄÄÄÄÄ,

[L3][H+]

were determined by the potentiometric titration at
25oC and ionic strength I = 0.3 (KCl). Three to five
replicate determinations were performed for each acid.
In each determination, the protonation constant was
calculated as the average of the calculated values for
each point of the titration curve. The error in log B
was taken as the probable deviation of the arithmetic
mean at a confidence level of 0.95. The calculated
log B values for succinic acid monoamide and methyl
hydrogen succinate were 4.51+0.01 and 4.42+0.01,
respectively (I = 0.3, T = 25oC).

The following equilibria were taken into account
when calculating the stability constants of calcium
complexes with succinic acid derivatives:

H+ + L3 6
4 HL, (1)

Ca2+ + L3 6
4 CaL+, (2)

Ca2+ + 2L3 6
4 CaL2. (3)

Hydrolysis of Ca2+ ions was not taken into account,
as being negligible at pH < 6 [7].

The equilibrium concentrations of species in solu-
tion were calculated from the following equations of
material balance and mass action law:

cL = [HL] + [L3] + [CaL+] + [CaL2],

cH = [HL] + [H+],

cM = [Ca2+] + [CaL+] + [CaL2],

[HL] [CaL+]
B = ÄÄÄÄÄÄ, bCaL+ = ÄÄÄÄÄÄÄÄ,

[L3][H+] [Ca2+][L3]

[CaL2]
bCaL2

= ÄÄÄÄÄÄÄÄ,
[Ca2+][L3]2

where cL, cH, and cM are total concentrations of the
ligand, hydrogen ions, and metal ions, respectively;
B, protonation constant of a monosubstituted succinic
acid derivative; and bCaL2

and bCaL+, stability con-
stants of the corresponding calcium compounds.

The formation function 3n for the system under
study has the following form:

bCaL+[L3] + 2bCaL2
[L3]2

3n = ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ.
1 + bCaL+[L3] + 2bCaL2

[L3]2

This equation can be transformed to

3n + (3n 3 1)[L3]bCaL+ + (3n 3 1)[L3]2bCaL2
= 0.

The experimental data were treated by the least-
squares procedure. The number of independent deter-
minations of complex formation constants for each
compound was 8310. The obtained bCaL+ and bCaL2values for Ca(II) complexes with succinic acid mono-
amide and methyl hydrogen succinate at I = 0.3 (KCl)
and T = 25oC were recalculated to zero ionic strength
by the Davies equation. The experimental data were
approximated by y = a + bx functions with at con-
fidence level of 0.95 and with the confidence interval
no greater than 2. The logarithms of the complex for-
mation constants are presented below together with
the previous data [4] on the stability of calcium suc-
cinates, given for comparison.

Compound logb0
CaL+ logb0

CaL2
Succinic acid 2.08+0.02 3.41+0.06
Methyl hydrogen succinate 1.91+0.02 3.56+0.03
Succinic acid monoamide 1.86+0.05 3.58+0.06
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These data show that the stability of calcium com-
plexes with succinic acid monoamide and methyl
hydrogen succinate is virtually independent of the
nature of substituted carboxy group. Comparison of
the logb0 values for the compounds under study and
calcium succinates shows that replacement of one
carboxy group by an amide or ester group decreases
the stability of the 1 : 1 Ca(II) complexes. Since suc-
cinic acid has two carboxy groups, it was suggested
[8] that the probable structure of its Ca(II) chelate
contains a seven-membered ring. In contrast to the
acid, the monosubstituted derivatives under considera-
tion contain one anion and one nonionic (amide or
ester) group showing no tendency to form a coordina-
tion bond. The composition of the monosubstituted
derivatives under study and the stability constants
found in this work suggest that succinic acid mono-
amide and methyl hydrogen succinate behave as
monodentate ligands. In the case of 1 : 2 calcium
complexes with the monosubstituted derivatives, the
logb0

CaL2
values are greater than in the case of the

Ca(II) complex with succinic acid.

CONCLUSIONS

(1) The complex formation of Ca(II) with methyl
hydrogen succinate and succinic acid monoamide was
studied. The stability constants of the 1 : 1 and 1 : 2
Ca(II) complexes were determined by potentiometric
titration.

(2) The stability of the 1 : 1 Ca(II) complexes de-
creases on replacement of one of carboxy groups in
the succinic acid molecule by a nonionic ester or
amide group.

ACKNOWLEDGMENTS

The author is grateful to S.I. Pechenyuk (Institute
of Chemistry and Technology of Rare Elements and
Mineral Raw Materials, Kola Scientific Center, Rus-
sian Academy of Sciences) for advises and helpful
discussion.

REFERENCES

1. Ivanova, V.A., Mitrofanova, G.V., and Shlykova, G.A.,
in Optimizatsiya protsessov obogachsheniya mineral’-
nogo syr’ya (Optimization of Ore Dressing Processes),
Apatity: Kol’sk. Nauchn. Tsentr, Ross. Akad. Nauk,
2001, pp. 69383.

2. RF Patent 2 150 330.

3. USSR Inventor’s Certificate no. 1 084 076.

4. Mitrofanova, G.V., Zh. Prikl. Khim., 2002, vol. 75,
no. 5, pp. 7303733.

5. Organic Synthesis. An Annual Publication of Satisfac-
tory Methods for the Preparation of Organic Chemi-
cals, Allen, C.F.H., Drake, N.L., and Smith, L.I., Eds.,
New York: Chapman and Hall, 194031945, vols. 203
25.

6. Kumok, V.N. and Skorik, N.A., Laboratornye raboty
po khimii kompleksnykh soedinenii (Laboratory Works
on the Chemistry of Complex Compounds), Tomsk:
Tomskii Univ., 1983.

7. Inczedy, J., Analytical Application of Complex Equi-
libria, Budapest: Akad. Kiado, 1976.

8. Bukolov, I.E., Astakhov, K.V., Zimin, V.I., and Tai-
rov, V.S., Zh. Neorg. Khim., 1962, vol. 7, no. 7,
pp. 157731582.


