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Tabnuma 1. Pacuet Touek KpUBOI JIMKBHIyCA By XKOMIIOHEHTHBIX M€-
TaJUTAYECKHUX CUCTEM CIUTABOB Al-Ge (4410 =-0,0056; 5% =1,6338;
al % =-0,00165 b0 = 0,53985 a4 =—0,0005; ba O =1,0161; a5t =0,0005;

hA-Ge 2 0,4917)

7, °C
o Pacuer no P
° Cnpas. | yp-to | OrHocurt. Omnocur. | - ™" | Ornocur.
MO anmbie | [LIpenepa—|morper., Pacuer no ypasne- norpemt.,| "0 YP" | norpem.,
Al 3] Te- % HusM (2)-(3) o M 5(4)— o
Ilarense ©)

0,0 940 | 940,00 0,00 940,00 0,00 940,00 0,00
10,0 900 | 906,08 0,68 900,4 0,04 898,38 0,18
20,0 852 | 870,33 2,15 852,26 0,03 851,33 0,08
30,0 794 | 832,34 4,83 794,36 0,05 797,08 0,39
40,0 728 | 791,51 8,72 725,38 - 0,36 733,04 0,69
50,0 652 | 746,94 14,56 643,92 - 1,24 655,28 0,50
60,0 560 | 697,23 24,51 548,52 - 2,05 557,51 0,44
65,0 500 | 669,73 33,95 495,13 0,97 498,05 0,39
69,7 424 | 641,73 51,35 441,27 | 428,41 |4,07/1,04 | 433,5 2,24
75,0 473 | 606,39 28,31 - 469,88 0,66 472,88 0,03
80,0 510 | 569,64 11,69 - 509,08 0,18 510,54 0,11
85,0 548 | 561,63 2,49 - 548,03 0,01 548,39 0,07
90,0 587 | 593,77 1,15 - 586,39 0,10 586,12 0,15
95,0 623 | 626,54 0,57 - 623,82 0,13 623,43 0,07

100,0 660 | 660,00 0,00 660,00 0,00 660,00 0,00
Cpeonsn ommbraan- |, - 098030 | — | 0,550,533
[IpOKCUMAaLMH, 4

Paboma sevinonnena npu gunancosoii noodepoicke Munobpnayku P® ¢ pam-
Kax 6aszoeoti uacmu 2ocyoapcmeennoeo sadanusi Caml' TV 6 cghepe nayumot
Odessmenvrocmu no npoexkmy Ne 1778.
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VYK 544.653:544.016:544.313.2.031
THE POTENTIAL - pH DIAGRAM FOR Mn - H,0 SYSTEM

P.A. Nikolaychuk

Chelyabinsk State University, Chelyabinsk, Russia, e-mail:
npa@csu.ru
Thermodynamic information on aqueous manganese species is systema-
tized. The reactions between various species are discussed. The activity — pH di-
agram for Mn" species and the revised potential — pH diagrams of Mn — H,0
system at 25°C, 1 bar and ap,y = 1 mol I and Ay = 10 mol I'! are plotted.

Since Pourbaix diagrams were firstly introduced, several papers
concerning potential — pH diagrams for pure elements were published.
However, even the diagrams presented in the most recent books [1-3]
aren’t consistent with each other and contain various species. This pa-
per aims to collect and analyze available data on Gibbs energies of
formation of manganese species and revise the diagram.

Elemental manganese has the simple cubic lattice at standard condi-
tions. Five manganese oxides with oxidation degrees ranging from II
to VII are known: MnO, Mn;04, Mn,0;, MnO, and Mn,0; [4]. How-
ever, Mn,0; is extremely unstable in water solution and decomposes
spontaneously according to equation Mn,O; (s) + H,O (I) — 2MnO,
(aq) + 2H" (aq) [3].

In aqueous solution manganese forms a variety of unhydrolyzed and
hydrolyzed species with oxidation degrees II (Mn?", MnOH',
HMnO;), III (Mn®*), VI (MnO?") and VII (MnO;). There is no avail-

able thermodynamic information on MnOH*, Mn(OH); and
Mn(OH); . Polymerized species like Mn,(OH); and Mn,0OH*" and
oxyhydrate MnOOH aren’t considered. The standard Gibbs energies
of formation used in calculations are presented in Table 1. The value
of A;G) (HMnO,) was calculated according to data on standard
electrode potentials collected from various reference textbooks [7 —
10]. However, since the data from the various sources weren’t consis-
tent with each other, the averaged value was calculated.
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Table 1. The standard Gibbs energies of formation of manganese
. E.V(s.h.e) E.V (s.h.e.)
species. ol 20
Compound |A,G,Jmol ™' |Reference| Compound |A,G3,,Jmol ™ [Reference p e
MnO (s) —362 800 [5,6] | Mn’" (aq) —85 000 [3, 6] 5P T MnO, T15
Mn;O,(s) | 1283000 | [5,6] | MnOH (aq)| —405000 [6] P S 1
Mn,O; (s) | —878900 | [5,6] | HMnO;(aq)| —506000 | [7—10] 1.0+ g ~ T 10
~ no;
MnO, (s) | —465000 | [5,6] | MnOi (aq) | —303700 | [3,6] 05+ o !
Mn? (aq) | —228400 [3,6] | MnO;(aq) | —447300 3, 6] X S M=
0,0+ N
0 05+ Mn == B
T 1,04 MnO ik 1,0
) T MnO " |
87| A5+ - T s
23+ :
T 2,0 —t 4 44120
=4 Mn* MO~ ! 0 3 6 9 12 15 PH
- Nz Figure 2 - The potential — pH diagram for Mn— H,O system at ap,) =
5T MnOH* -1
I 1 mol 1
-6 S : o L . . ‘ ' .
9 10 11 12 13 14 15 Figure 2 shows the diagram with the domain of thermodynamic sta-
pH bility of MnO, while Figure 3 presents a diagram without it.
Figure 1. The activity — pH diagram for Mn" species. EV (s h e) EV(s.h e)
20 20
Figure 1 shows the predominance diagram of Mn" species. The fol- i o Lys
lowing order of oxidation is possible depending on ion activities: _5_ '
lg apm > —3,224: Mn*" (aq) — MnO (s) —HMnO; (aq); T )
-3,224>1gapm >~  Mn’’ (aq) — MnOH'(aq) — MnO (s) — BT
4,54: — HMnO); (aq); oot
lg apvn < —4,54: Mn*" (aq) — MnOH(aq) — HMnO, 05l M |
) (.aq)'. . 5 1 10+ Hl\.an 110
Calculations show that in diluted media, when apm < 107 mol 1, I o
the domain of stability of MnO vanishes and MnOH" is oxidized di- 15+ T8
- Mn
reCﬂy to HMI’IO2 . 20 4 " t " } L } " 4 N 4 AH 20
. . o 0 3 & 9 12 15 P
The potential — pH diagrams of Mn — H,O system plotted at 25°C, Figure 3 - The potential — pH diagram for Mn— H,0 system at apyy =

air pressure of 1 bar and activities of ions in solution, equal to 1 and

‘ , 10 mol I"".
10° mol I'! are shown at Figures 2 and 3, respectively. o
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Dashed lines represent the hydrogen and oxygen electrodes and
border the domain of electrochemical stability of water at atmospheric
conditions.
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Thermodynamic information on aqueous manganese Species s
systematized. The reactions between various species are discussed. The activity —
pH diagram for Mn" species and the revised potential — pH diagrams of Mn — H,0
system at 25°C, 1 bar and apyy = 1 mol I'* and agwey = 10°° mol 1™ are plotted.

Since Pourbaix diagrams were firstly introduced, several papers
concerning potential — pH diagrams for pure elements were published.
However, even the diagrams presented in the most recent books [1-3]
aren’t consistent with each other and contain various species. This paper
aims to collect and analyze available data on Gibbs energies of
formation of manganese species and revise the diagram.

Elemental manganese has the simple cubic lattice at standard
conditions. Five manganese oxides with oxidation degrees ranging from
Il to VII are known: MnO, Mn3;04, Mn,03;, MnO, and Mn,O; [4].
However, Mn,O; is extremely unstable in water solution and
decomposes spontaneously according to equation Mn,0O- (s) + H,O (1)

— 2MnO; (aq) + 2H" (aq) [3].

In aqueous solution manganese forms a variety of unhydrolyzed
and hydrolyzed species with oxidation degrees Il (Mn®*, MnOH",
HMnO,), Il (Mn**), VI (MnO?) and VIl (MnO,). There is no

available thermodynamic information on MnOH?, Mn(OH), and

Mn(OH); ™. Polymerized species like Mn,(OH); and Mn,OH* and
oxyhydrate MNOOH aren’t considered. The standard Gibbs energies of
formation used in calculations are presented in Table 1. The value of
A;G5 (HMNO,) was calculated according to data on standard

electrode potentials collected from various reference textbooks [7 — 10].
However, since the data from the various sources weren’t consistent
with each other, the averaged value was calculated.
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Table 1. The standard Gibbs energies of formation of manganese species.

Compound |A,; G5, Jmol™| Reference | Compound |A,GS%;,Jmol*|Reference

MnO (s) | 362800 [5,6] | Mn> (ag) | -85000 3, 6]

MnsO,(s) | —1283000 | [5 6] |MnOH"(ag)| —405000 [6]

Mn,03 (S) —878 900 [5, 6] HMnO; (aq) -506 000 [7 _ 10]

MnO, (s) —465 000 [5, 6] MnQ? (ag) | —903700 [3, 6]

Mn*" (aq) | —228400 [3.6] | MnO,(aq) | 447300 | [3,6]

Figure 1. The activity — pH diagram for Mn" species.

Figure 1 shows the predominance diagram of Mn' species. The
following order of oxidation is possible depending on ion activities:

g agun > —3,224: Mn?* (aq) — MnO (s) —HMnO, (aq);
3,224 > Ig apyy > —4,54: Mn*" (aq) — MnOH*(aq) — MnO (s) —
— HMnNO, (aq);

lg apvny < —4,54: Mn?* (aq) — MnOH*(agq) — HMnO, (aq).

Calculations show that in diluted media, when apyq,; < 10~ mol I,
the domain of stability of MnO vanishes and MnOH" is oxidized
directly to HMnO, .

The potential — pH diagrams of Mn — H,0O system plotted at 25°C,

air (Pressure of 1 bar and activities of ions in solution, equal to 1 and
10°° mol I'* are shown at Figures 2 and 3, respectively.
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Figure 2 shows the diagram with the domain of thermodynamic stability
of MnO, while Figure 3 presents a diagram without it.

Dashed lines represent the hydrogen and oxygen electrodes and
border the domain of electrochemical stability of water at atmospheric
conditions.
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