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Abstract

A complex example of electrolytic redox system involving 47 species, 3 electron-active elements
and five (3 amphiprotic + 2 aprotic) co-solvents, is presented. Mixed solvates of the species thus
formed are admitted in the system considered. It is proved that the Generalized Electron Balance
(GEB) in its simplest form obtained according to the Approach II to GEB is identical with the one
obtained for aqueous media and binary-solvent system, and is equivalent to the Approach I to GEB.
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1. Introduction
Motto: “Everything should be made as simple as possible, but not simpler” [1].

In the previous issues [2]-[8] and in earlier papers cited therein, the concept of Generalized Electron Balance
(GEB), completing the set of compatible equations necessary for quantitative/mathematical solution of electro-
lytic redox systems, was introduced as two alternative options, named as Approach | and Approach Il to GEB.
In both Approaches it is assumed/admitted, that all the species X/ exist in an electrolytic system in their nat-
ural form, i.e., as solvates. In particular, there are hydrates X -n,, inaqueous (W = H,0) media, X[ -ny,n,,
X8 g OF XA -n,ng in binary-solvent media (W, A), (W, B) or (A, B) [9]-[11], respectively. The values
of nw;i, Nai and ng;, considered as mean numbers of W, A and B attached to X , are unknown, in principle, and
vary with the co-solvent(s) composition, and solute(s) concentration.

In this paper, we refer also to more complex media with the mixture of co-solvents: W, A, B, E and F. We
assume that the co-solvents are mutually miscible and at least one of the co-solvents has amphiprotic properties
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[5]. Eeach of the co-solvents has potential/real solvating properties, i.e., Ny, ,N,,Ng, N, N =0 in the solvated
species X -y, MangNe e - Let X (N;, gy, N, Mg, N N ) denotes N; entities of these species in the related
system. In further part of the paper, we assume W = H,0, A = CH3;0H, B = C,HsOH, E = (CHj3),SO, F = CH;CN;
W, A, B have amphiprotic properties, and E, F—have not. In particular, Nis ions H,10; - N, MNsaMssMse Mise
contain:  Nig (4+4n,, +6n,g, + 6N, +3n,. ) atoms of H, Ny (6+n, + N, +Ngg + Ny ) atoms of O, Nis
atoms of I, Ny (N, +2n55 + 20,5 + 20,5 ) atoms of C, Nysnyse atoms of S, and Nysnise atoms of N. It is as-

sumed that the solvents do not form—uwith solvates—the species X other than those formed in (known from)
agueous media. In other words, W, A, B, E, F enter (potentially) the solvating sphere of X/ . On this basis, the
elemental balances f(E(i)) for particular elements E(i) are formulated. For ordering purposes, we denote: E(1) =
H, E(2) = O, E(3) =1, E(4) = C, E(5) = S, E(6) = N. We apply also the balances f(C(Y)) for the cores C(Y), Y =
A, B, E, F. The “core” is a cluster of elements of the same composition, structure and charge, that does not un-
dergo a change in the system in question; e.g., CH;OH, CH,OH; and CH;O™ contain the cluster CH;0", con-
sidered as the core. We denote C(A) = CH;0™, C(B) = C,Hs0™, C(E) = (CH3),SO = E, C(F) = CHsCN = F. The
species: H,CO3, HCO, and CO; have CO; as the common core. However, CIO, (anion of HCIO,)
and CIO, (chlorine dioxide) have different cores.

All the balances in this paper will be presented explicitly, to check the validity of the reasoning and accept it
without reservations.

2. Formulation of Balances

Let us consider a system obtained after addition of V mL of titrant (T) containing I, (C) + KI (Cy) + CO, (Cy,) in
A+ B+ E + Finto Vo, mL of titrand (D) containing KBrO; (Cy) + HCI (Cy;) + CO, (Cgp) in W + A + E; all con-
centrations are expressed in mol/L. The volume V, mL of D is composed of Nog; molecules of KBrOs, Ng, mole-
cules of HCI, Noz; molecules of CO,, Ny, molecules of W, Nogs molecules of A, and Ngg molecules of E; V mL of
T is composed of Ng; molecules of 1,, Ngg molecules of KI, Nog molecules of CO, and Ny;; molecules of A, Ny,
molecules of B, Ng13 molecules of E, and Ng;4 molecules of F.

We assume that the solutes composing D and T were introduced in single solvents or mixtures of solvents. In
ca. Vo + V mL of a D + T mixture thus obtained, we have the following species (all changes in oxidation degrees
are admitted).

HZO(NI)’ H+(N2vnzwlnzA’nzs’an’nzF)1 OH_(N3’n3W’nSA’nSB’n3E’n3F)’
K+(N4’n4W’n4A'nAB'n4E'n4F)’ I_(NS’nSW'nSA’nSB'nSE’nSF)’
I;(NG’nBW’n6A’nGB’n6E’n6F)' IZ(N7'n7W'n7A’n7B'n7E’n7F)'

I()(N Mgy » BA'nSB’nBE'nSF)' HIO(NQ’nQW'n9A’n9B'n9E’n9F)'

10 ( 110 Maw s Migas Mhgg s Mges llF) HIO( 121 lZW’nIZA’anB'anE’nIZF)’

10, ( 13 Miaw s Maas Mag s Mise s 13F) Hs10 ( 141 14W'nl4A’nl4B’n14E’n14F)’
H,104 ( 15 Msw s Misas Misg s Mise s 15F) H, |02 (Nl6' l6W'nl6A’nlﬁB'nl6E’n16F)’
cr ( 17 Maw s oz as Mg s Mz 17F) Cl ( 18" lSW’n18A’nlsB’n18E’n18F)’
HCIO( 19 Mow + Moas Mhos s Mige » lQF) Clo” ( 21 21W’n21A’n21B’n21E7n21F)’
HCIO, (N221 Moo s Moz Moz s Moz s Moo ). Clo, ( Nogs Moaw s Magas Nage s Moz + Mase ).
CIOZ(N24’n24W’n24A’n24B’n24E'n24F)’ CIO;(stvnzsw1n25Aln2551n2551n25F ).

CIOZ ( N26’ r]26W ! nZGA’ nZGB ! n26E ! nZGF )’ Br (N27’ n27W ! n27A’ n27B ' n27E ! n27F )'
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Br3_ (NZS’ n28W ' n28A’ nZSB ' n28E ' n28F )’ Br2 ( N29' n29W ! n29A' nZQB ' n29E ' n29F )'
HBrO(N3l’ n31W ! n31A’ nSlB ! r131E ' r131F )’ Bro” (N32’ n32W ! n32A’ nSZB ! n32E ! n32F )’

HBrO ( 331 33W’n33A’n3SB’n33E’ 33F) BrO; ( 34 34W’n34A’n34B’n34E’n34F)’

1,CI" ( 350 Masw » Masas Masg s Mase s 35F) ICI( 360 Masw 1 M3 s Mg Mg s N F)’
ICI, ( 37 Mz s Mgz a0 Naz s Nz 37F) IBI’(N38, Nagw + N3gar Nagi s Mage » 38F)
IBrZ_(N39'n39W'n39A’nSQB’n39E'n39F) H,CO (N41, 41W’n4lA'n4181n41E’n41F)'

HCO, (N42’ Naow s Mgz a0 Nazs  Naze s 42F) C02 (N431 43W’n43A'n43B’n43E’n43F)’
CH3OH( ) CH OH ( 450 Masw s Maspo My s Mase s 45F) CH,0" ( 46" 46W'n46A'n46B’n46E’n46F)l

C2H5OH( ) C,H OH+( 48+ Magw s Mg Nag s Nage s 48F) C,H;0" ( 491 49W'n49A'n4gB’n49E’n49F)’

(CH3)QSO( 51)’ CHSCN( 52)

where l,5—solid iodine, I,—soluble iodine. In the above list of species, H,0 (N;), CH3;0H (N44), C,HsOH (N47),
(CH5),SO (Ns;) and CH3CN (Nsy) are free molecules of the corresponding solvents, i.e., not involved in the sol-
vates. We prove that the numbers: Ny, Nas, Ng7, N5; and Ns, of the free molecules and the numbers: nyy, Nia, Nig,
nie, Nie Of these molecules in the solvates do not enter the simplest form of the resulting GEB.

The elemental balances: f(H) for H, and f(O) for O are as follows:
o f(H)

2N, + N, (1+2n,, +4n,, +6n,5 +6n, +3n,. )+ Ny (1+2ny, +4n,, +6ny +6n,c +3n,. )
+N, (2n,, +4n,, +6n,5 +6n, +3n,; )+ Ng (2ng, +4n;, +6ng5 +6n.. +3n, )

N (2ngy +4ng, +6ngg +6ng +3ng. )+ N, (2n,, +4n,, +6n,5 +6n,. +3n,.)
+Ng (2ngy, +4ng, +6ngg + 6N +3ng. )+ Ng (1+2ng,, +4n,, +6ng5 + 605, +3n,, )

+Nll 2n1lW + 4n11A + 6nllB + 6nllE + 3n1lF ) + N12 (1+ 2n12W + 4n12A + 6anB + 6rl12E + 3n12F )

+

N13 2n13W + 4n13A + 6r.]138 + 6r.]13E +3n13F )+ N14 (5+ 2n14W +4n14A + 6r-]14B + 6r]14E +3n14F )

+

N7 (2N +4n7 4 + 605 + 60, +30,, )+ Ny (2n18W + 4N, +6Ngg +6Nyge + 35, )

+

(
(
Ny (442N, + 4N, +6Ngs + 6N +3N5e )+ Nyg (3+ 2Ny +4Nyg 5 + 6Ny + 6N +30,, )
(
(

+Nyg (142, + 49, +6Nyg5 +6Nge +3Nge )+ N,y (20,5 + 40,0, +6,,5 + 6N, +30,, )

+N,, (142N, +4N,,, + 60,5 +6N,,0 +3n, )+ Nyy (2N, +4N,, +6N,55 +6N,50 +3n,,. )

+

+

Noq (2N + 40540 + BNy +6Myye + 3N, )+ Nog (2N5y +4Ny5 +6Nygp + BNy + 3,51 )
N g (2N + 4550 +BNygg +BMyee +3Nyer )+ Ny (27 + 4Ny, +6Ny75 + 6Ny +30, )

+

N28 2nZBW + 4n28A + 6n288 + 6n28E +3n28F )+ N29 (2n29W + 4n29A + 6n29B +6n29E +3n29F )
+Ngy (14 2Ny, + 4Ny, +6ny5 + 6N +305 )+ Ny, (205 +4Ngy, + 6Ny +6N5,0 +30;, )
+Nay (14 2Ny, + 455, + 6555 +6Ng5c +3n550 )+ Ny, (2055, + 4Ny, + 6055 + 6N, +305, )

Nas (2Ng5y + 4Ny + ONygp + 6Nyge + 3Ny )+ N (2n36W + 4N +BNgep + BNyse + 3Ny )

+

+

Na7 (2057 + 4057, +6Ng5 + 6Ny +3n5;¢ )+ Nag (2n38W +4Ngg, +BNggg + 6Ny + 355 )

+

N39 (2n39W +4n39A + 6n3QB + 6n39E +3n39F )+ N41 (2+ 2n41W +4n4lA + 6néllB + 6r]41E +3n4lF )
N, (142N, +40,5, +6N,,5 +6N,,0 +3N,,0 )+ Nyg (20,5, + 4N, +6N,55 +6N,5c +30,50 ) +4N,, 1)

+Nys (5+2N,5, +4N5, +6N,55 +6N,5c +3n,50 )+ Nyg (3+2n,5, +4N,5, + 6Ny +6N,6c +3n,5 )+ 6N,

+Nyg (7+2n,gy +4Ng5 +6N,55 +6N,5 +3N450 )+ Nyg (5+ 2N, +4N,9, +6N,55 +6N,6 +30,4. )
+6Ng; +3Ng, = Ny, +2Ng, +4Ngs +6Ngg +4Ny,; +6Ny;, +6Ng 3 +3Ny,,
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e f(O)
N, + N, (N +Npp + Ny +Nye )+ Ny (14N + N30 +Ngg + N3 )+ N, (N +N0 + Ny +0ye )
+Ng (Ngy +Ngp +Ngg + N )+ Ng (Ngyy + N +Neg +Nge )+ Ny (N +1y 0 + 175 +0c )
+N8 (nSW + nBA + nSB + n8E)+ N9 (1+ n9W + n9A + nQB + nQE)+ Nll (1+ r]lIW + nllA + nllB + nllE)
+N12 (3+ anW + n12A + anB + n12E )+ Nl3 (3+ nl3W + nl3A + nl3B + n13E )+ Nl4 (6+ r"lé‘vW + n14A + n14B + n14E)
+N15 (6+ n15W + n15A + nlSB + r"15E )+ NlB (6+ anW + anA + anB + anE )+ Nl7 (n17W + nl7A + n17B + nl7E)
+N18 (n18W + nlSA + nlSB + nlSE )+ N19 (1+ leW + n19A + nlgB + n19E )+ N21 (1+ n21W + nZlA + nZlB + nZlE)
22 (2+ n22W + n22A + nZZB + r122E)+ N23 (2+ n23W + n23A + n23B + r123E )+ N24 (2+ n24W + n24A + n24B + n24E)
25 (3+ n25W + nZSA + nZSB + nZSE )+ NZG (4+ r126W + n26A + nZGB + nZGE )+ N27 (n27W + n27A + n27B + n27E)
28 (n28W + n28A + n28B + I’.|28E )+ N29 (n29W + n29A + nZQB + n29E )+ N31 (1+ r]31W + nSlA + n31B + n31E)
2 (1+ n32W + n32A + n3ZB + n32E )+ N33 (3+ n33W + n33A + n33B + n33E )+ N34 (3+ n34W + n34A + n34B + n34E)
35 (nSSW + n35A + nSSB + r]35E )+ N36 (n36W + nSGA + n368 + n36E )+ N37 (n37W + n37A + r]37B + n37E)
+N38 (nSSW + n38A + nSBB + n38E )+ N39 (n39W + n39A + n398 + n39E )+ N4l (3+ n41W + n4lA + n4lB + r]41E)
+N42 (3+ n42W + n42A + n4ZB + n42E )+ N43 (3+ n43W + IN|43A + n43B + n43E)
+N44 + N45 (1+ n45W + r'|45A + n4SB + r]45E )+ N46 (1+ r'|4(:‘»W + n46A + IN|46B + n46E)

+Ny7 + Nog (14 Nygy +Nygp + Nygg +Nyge )+ Nog (14 Mgy +Nygp + Ny + Ny ) + Ny
=3Ng; +2Ng; + Ng; + Nog + Nog +2Ngg + Nogy + Nogp + Nogs

2
From (1) and (2) we obtain @
o 2.f(0) - f(H)
N, (—=1-2n,, —4n,; —4n,. —3n,; )+ N5 (1-2n,, —4ny; —4n,. —3n,. )+ N, (-2n,, —4n,; —4n,c —3n,;)
+N5 (=2ng, —4ngg —4ng. —3n; )+ Ng (=2n,,, —4ngs —4ng. —3n,. )+ N, (—2n,, —4n,; —4n,. —3n,.)
(—anA _4n88 _4n8E _3nBF ) + Ng (1_ 2n9A _4n93 _4n9E _3n9F )+ N11 (2 - 2n11A _4n115 _4n11E _3n11F )
+N12 (5-2n,, —4n,5 —4n,e —3n,: )+ Ny (6205, —4nyg5 — 4Ny —3n, )
4 (7 2n14A 4”143 4”14E _3nl4F )"' N15 (8_ 2n15A - 4“158 - 4n15E _3n15F )
6 (9 2nl6A anB _4n16E _3n16F )+ N17 (_2n17A _4nl7B _4nl7E _3n17F )
3( -2n Mga 4nlBB 4n18E _3n18F )"' ng (1_ 2n19A _4n195 _4n195 _3n19F )
21 (2 2n21A 4”215 4“21E 3”21F )"’ sz (3_ 2n22A _4n225 _4n22E _3n22F )
23 (4 2n23A n23B Nyse — oMy )+ N24 (4_ 2n24A _4n24B _4n24E _3n24F )
25 (6 2n25A 4“258 4“25& _3n25F )"' Nze (8_ 2n26A _4n265 _4nst _3n26F )
27 ( 27A 4n27B 4n27E _3n27F )+ Nza (_ZnZSA _4n288 _4n28E _3n28F )
29 ( Nyga 4”295 4“29E _3n29F )"’ N31 (1_2n3lA _4n31B _4n315 _3n31F )
2 (2 2”32A 4n323 4”325 _3n32F )+ N33 (5_2n33A _4n333 _4n33E _3n33F )
34 (6 2n34A n34B _4n34E _3n34F )+ N35 (_2n35A _4n358 _4n35E _3n35F )
6 ( Naga 4”365 4”365 _3n36F )+ N37 (_2n37A _4n37B _4n37E _3n37F )
s( N3ga 4“385 4n38E _3n38F )+ N39 (_2n39A _4n393 _4n39E _3n39|= )
41 (4 2“41A 4”418 4n41E _3n41F )"' N42 (5_ 2”42A - 4”425 - 4n42E - 3”42F )
43 (6 2”43A 4”435 4n43E _3n43F )_ 2N44 + N45 (_3_ 2”45A _4n455 _4n45E _3n45F )
+N46 ( 1- 2n46A ANyep —ANy6e _3n46F )_ 2N, 3)

+Nyg (_5_2n48A — 4N —AN,ge — 3N )"’ Ny (_3_ 2N49, —ANyg5 — AN — 3N, )_4N51 —3N,,
=6Ng; —Ng, +4Ng; —2Ng = 4Ny +4Ngg —2Ngy; —4Ngy, —4Ng3 —3Ny,,

As we see, Equation (3) does not involve the terms Ny, Ngs, and {n;w} related to water. To cancel the terms
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involved with A, B, E and F, we add Equation (3) to the core balances (4) - (7): 2-f(CH30) (4), 4-f(C,Hs0) (5),
4-f((CH,),S0) (6), 3-f(CHsCN) (7) and charge balance (8). Further simplification gives addition of the balance
for K (9), and of the core balance 4-f(CO,) (10):

2-f(CH30)
2N, N, +2N;n,, + 2N, N0, +2Ngng ) +2NgNng, + 2NN, +2Ngng, +2NgNg, + 2Ny 0y, + 2NN, .
+2N13n13A + 2Nl4nl4A + 2N15n15A + 2N16n16A + 2N17nl7A + 2N18n18A + 2N19n19A + 2N21n21A + 2NZZHZZA
+2N3N550 + 2N, M504 +2NoeNpep + 2NosNpsp +2N55N50 0 +2N5eN00 0 +2NogN50 4 +2Ng Ny 4 +2NooNy,5 4
+2N33n33A + 2N34n34A + 2N35n35A + 2N36n36A + 2N37n37A + 2N38n38A + 2N39n39A + 2N41n41A + 2N42n42A
+2N43n43A + 2N44 + N45 (2+ 2n45A)+ N46 (2+ 2n46A)+ 2N48n48A + 2N49n49A = 2NOS + 2NOll
4-f(C,Hs0)
4N, N, +4Ngn,g +4N, N, s + 4NN +4Ngngs +4N, N5 +4Ngngg +4Ngngs + 4N, N5 + 4NN,
+4N13n13B +4Nl4nl4B +4N15n15B +4N16n16B +4N17n17B +4N18nlSB +4N19n198 +4N21n21B +4N22n228
FAN 13Np55 + 4N, N5 + 4NNy + 4N Nyes + 4N, N, e + AN eN,0e +4NgNygs +4Ng Ny s + 4NN,
+4N33n33B +4N34n34B +4N35n358 +4N36n368 +4N37n37B +4N38n388 +4N39n398 +4N41n41B +4N42n428
+4N43n43B +4N45n458 +4N46n468 +4N47 + N48 (4+4n48B )+ N49 (4+4n498 ) = 4N012
4-f((CH3),S0)
AN,N, e +4Ngn, +4N,n, +4Ncnge +4Ngnge +4N,n, o +4Ngng +4Ngnge + 4N, N +4N,Nn
+4N13n13E +4N14n14E +4N15n15E +4N16n16E +4Nl7n17E +4N18n18E +4N19n19E +4N21n21E +4N22n22E
+4N23n23E +4N24n24E +4N25n25E +4N26n26E +4N27n27E +4N28n28E +4N29n29E +4N31n31E +4N32n32E
F4NaNgee +4Ngy Ny + 4NNy +4NgeNgee + 4Ny Ny e + 4NN + 4NNy +4N Ny +4N N,
FAN 13Nyae 4N sNyee + 4NNy + 4N gNge + 4NN +4Ng = 4Ny, +4N;,
3-f(CH3CN)
3N,n, . +3Ngn, +3N,n, - +3N N + 3NN +3N, N, +3NgNg +3Ngng +3Ny; N - +3N,N,e
+3N3Ne +3N e +# 3NN + 3NN + 3NN +3Nnge +3N g +3N, N0, - +3N,,N,,
+3N 5N + 3NNy + 3NN, + 3NNy + 3N Ny e +3N g + 3NN, +3Ng Ny - + 3NN,
+3NgaNgr + 3Ny Ny +3NaNge e + 3NNy + 3N Np e +3NggNger +3Nggng +3N,, N, +3N N,
+3N 45N45e + 3NNy +3N 5N +3N g +3N N, +3Ng, =3Ng,,

Charge balance
Nz _N3+ N4_N5 _Ne _N11_N13_N15 _2N16 _N17 _N21_N23_N25_N26_N27
_Nza - N32 - N34 - N35 - N37 - ng - N42 _2N43 + N45 - N4e + N48 - N49 =0

f(K)

No +Ngg =N,

4-f(COy)

4Ny +4Ngg =4N,, +4N,, +4N,,

GEB, expressed in terms of numbers of entities:

—Ng —Ng +Ng +N;; 5N, +5N; + 7N, + 7N +7N;g — N, + Njg + Ny +3N,, +3N,; +4N,,
+Nps + 7Ny =Ny = Nyg + Ngy + Ngy +5N 33 + 5N, — Nag — Ngy — Nyg =5Ng; — N, —Nog

Applying the relations:

(4)

®)

(6)

(7

(®)

©)

(10)

As the result of this addition, considered as a kind of linear combination [4], we obtain the simplest form of

11)
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[XiZi J(Vo +V) =10°- Ni/NA' Covo =10°- NOI/NA’ COlVO =10°- NOZ/NA'

(12)
CV =10°-Ng; /N, CV =10>-Ng /N,
(where Nao—Avogadro’s constant), from Equations (11), (12) we have
—[17]-[15 ]+[HI10]+[ 10" ]+ 5[HIO;]+5[ 10, |+ 7[HslOg ]+ 7[ H,10; |+ 7[ H,lO% |
—[ I J+[HcIo]+[ clo™ ]+3[HClI0,]+3] ClO;, |+4[CIO,]+5[ CIO; |+7[ CIO, | )
~[Br-]-[Br; ]+[HBrO]+[ Bro~ |+5[HBrO,]+5[ Bro, |-[ 1,CI" |-[ICI, |-[ 1Br; ]
=(5CVy —CoiVo —CV ) /(V, +V)
Elemental balances for electro-active elements (“players”) are as follows:
f(Br)
N,; + 3N, + 2N, + Ng; + Ng, + Ngy + Ny, + Nog + 2Ny = Ny, (14)
f(Cl)
N7 +2N;g + Nyg + Ny + Noy + Nog + Ny, + Nog + Nog + Nog + Nog + 2N, = Ny, (15)
f(l)
Ng +3Ng + 2N, +2Ng + Ng + Ny + N, + Njg + N, + N (16)

+Njg + 2N + Ngg + Noy + Nog + Ngg = 2Ny, + Ng

Multiplying (14) - (16) by atomic numbers: Zg, = 35, Z¢, = 17, Z, = 53, for Br, Cl and I, respectively, adding
them and applying Equation (12), we have:

z,[1]+3z,[1;]+ 2z, ([|2]+[|2(5)])+z, (IH10]+[107])+ 2, ([H10,]+[10;])

+Z, ([H5104 ]+ [ H10; |+[ H3103" ])+ Zg [ CI ]+ 224 [C1,]+ Z ([HCIO] + [ ClO" 1)
+Z4([HCI0,]+[ CIO, )+ 24 [CIO, ]+ Z¢,[ CIO; |+ 24 [ClO, ] an
+Zg,[ Br |+324, [ By |+22Z4, [Br, ]+ Z4, ([HBrO]+[ BrO" ])+ Z4, ([HBrO,]+[ BrO; )

+(22,+ 2, ) 1,C1 [+(Z, + Zo )[IC1]+(Z, + 22, )[ ICL, | +(Z, + Zg, )[1Br]+(Z, +2Zg, )| 1Br, |
=(Zg,CoVo +Ze,CoVp +2Z,CV +Z,CV ) /(V, +V)

After subtracting (13) from (17), we get the equation for GEB, identical with one obtained according to Ap-
proach | to GEB

(z +1)[ “+(3z, +1)[|;]+2z|([|2]+[|2(S)})+(z, ~1)([HI0]+[ 10" ])+(Z, -5)([HI0,]+[ 10, ])
=7)([He10 ]+ [ H,105 |+ [ HylOF )+ (Zg +1)[ CI |+ 224 [C1,]+(Z¢ ~1)([HCIO] + [ ClO" ]
+(z 3)([HC|0] [uo ]) (o —4)[CI0,]+(Z¢ -5)[ CIO; |+(Z¢ - 7)[ CIO, |
)

(
(Zo, +1)[ Br™ ] +(3Z4, +1)[ B |+2Z4, [Br, ] +(Ze, 1)([HBrO]+[BrO’]) (18)
(
(

+

+(Z4, -5)([HBrO; ] +[ BrO; )
+(2z +Zc,+1)[I2CI‘J+(Z,+ZC,)[ICI]+(Z,+ZZC,+1)[ICI;J+(Z,+ZBr)[IBr]+(Z,+ZZB,+1)[IBr2‘]
=(Zg,CVy +Z,CoVy +2Z,CV +Z,CV ) /(V, +V)

The balance (18) is equivalent to the balance (13).
A remark is needed in relation to the charge balance. Rewriting Equation (8) in terms of concentrations (see



A. M. Michatowska-Kaczmarczyk, T. Michatowski

Equation (12)), we have
[H™]-[oH J+[K*]-[1"]-[15 ]+[10" ]-[105 |-[ H,105 |-2[ Hsl02 ]-[cI" |-[clO™ ]
-[clo; ]-[clo; ]-[clo, 1-[Br 1-[Br, 1-[BrO"]-[ Bro; |-[ 1,CI" |-[ICl, ][ 1BY, ] (19)
~[HCO;, |-2[ COZ |+[ CH,OH; |-[ CH,0" ]+[ C,H;0H; |-[ C,H;0" |=0

As we see, Equation (19) involves the ionic species related to amphiprotic co-solvents. However, in accor-
dance with the remarks presented in [5], the solvates of pairs of ions: (CH,OH;, CH;0") and (C,H,OH;,
C,Hs0") can be perceived as pairs of solvates of H" and OH™ ions.

3. Final Comments

The complex redox system in a mixture with five solvents is considered. The discussion can be extended on
mixtures with S solvents, A,---, A;, where at least one of the co-solvents has amphiprotic properties. In such

systems, the solvates X' ‘M, -+-Ny are considered/admitted, where Mia, 20 (j=1---,S); Equation (13) is

the simplest/shortest form of GEB obtained for the redox system considered according to Approach 11 to GEB.

Equation (13) was obtained from linear combination of the related balance 2-f(O) — f(H) (Equation (3)) with:
charge balance (Equation (8)), elemental balances for other “fans” (C, K) (Equations (9), (10)), and core bal-
ances (Equations (4) - (7)) related to organic solvents in this system. This GEB does not involve the species
composed only of “fans”: H, O, C, K. In particular, it does not contain the components explicitly related to the
solvent species. The paper is an illustration of the compact formulation of redox systems according to GATES/
GEB Principles, presented in Ref. [5].

One can notice that uncharged (neutral) species: I, 5, Cly, Bry, ICI, IBr are not present in Equation (13).
Note also that CI', Br, I', Clp, Bry, Iy, Iy, Bry, 13, I,CI, ICl, ICI;, IBr, and IBr, are the species com-
posed only of “players”. In other species, “players” are associated with “fans”, e.g. in HIO; (I—"player”; H,
O— “fans™).

Note that—at the start—the Approach Il does not distinguish between “fans” and “players”; the terms “fans”
and “players” are used here only for the needs of the Approach | to GEB. In further parts of this text, the “play-
ers” (the electro-active elements) are distinguished later only to indicate the equivalency of the Approaches |
and II.
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