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BALANCING OF A COMPLEX REDOX
EQUATION USING THE TECHNIQUE
OF MATERIAL BALANCE
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Abstract The technique of material balance method or algebraic method was
used for balancing of a complex redox equation depending of five degrees of free-
dom. Although that there are some criticisms that the method is founded on ,math-
ematics, not chemistry* and that when several elements are involved in an equation
the balancing is laborious, sometimes the material balance method is the unique possi-

bility for successful balancing of such complex redox equations.
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In his paper entitled ,Unbalanced Chemical Equations” Jensen [1] has noted that
the equation

aNH4CIO, + bHNO, + cHCI + dH,O - eHCIO,-2HO + fN20 +gNO +
hNO, +iCl,

which summarizes the experimentally observed facts for production of perchlo-
ric acid is ,an excellent example of the usefulness of the technique of the material
balance.” The above redox equation involves four chemical elements and nine chemi-
cal compounds. Its stoichiometric coefficients taken as variables are solution of the
system described [1]. Jensen has determined that the system depends on five param-
eters (five degrees of freedom). He has proposed four equations of material balance
of the chemical elements and pointed out that ,no single unique lowest whole number
solution is possible* but, unfortunately, he has not given at least one set of numeral
values of the coefficients.
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The aim of the present paper is to examine the possible solutions of the system
and to propose some of them by means of the algebraic method.

The conservation of atoms can be expressed by a conservationArjainxith
a row for each element and a column for each species. Every column gives the
number of atoms of the elements in a particular chemical species. The matrix ele-
ments, corresponding to the speu?s qn the right side of the equation, are negative. Fol

the concrete equation, the systefix = can be expressed as
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Using the Gaussian Elimination Method, the system can be transformed into the
following equivalent system
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Since the rank of the system matrix is equal to four and the number of the
unknown stoichiometric coefficients is nine, the solution of the system really depends
on five independent parameters (five of the stoichiometric coefficients) which can be
given various values keeping definite limiting conditions. This determines obtaining of
infinite sets of non multiple coefficients [3-6]. The theory of linear algebraic equations
gives a possibility to specify which of the stoichiometric coefficients can be param-
eters. It could be found calculating all determinants (in this example four columns and
four rows because the rank is equal to four) forming by corresponding columns of the
matrix for the respective coefficients (four in the present example). All possible com-
binations of parameters are 126. When the determinant is different from zero, then
the other five coefficients (which columns of the matrix do not take part in the deter-
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minant) can be parameters. If the determinant is equal to zero, the coefficients which
columns are included in it cannot be explicitly derived by the other five coefficients
and these five coefficients cannot be parameters (13 combinations), reghgghyi;
a,b,f,g,h; a,b,c,d,i; a,b,c,d,e; a,b,c,e,i; a,b,d,e,i; a,c,d,e,i; b,c,d,e,i; b,c,e,f,qg;
a,c,e,h,i; a,c,e,g,i; c,d,g,h,i; a,c,e,f,i
Then, if the coefficients d,e, f,g,i (the determinant of the other four coefficients is

different from zero) are chosen as parameters the solution of the system is:

a=-d-2+3+g-12

b=d+1e-%-3y+4

c=d+3e-3f- g+4i

h=8e-8f-3g+ 2i

Since the stoichometric coefficients are always positive, the following limiting
conditions
—d-2+3+g-24>0
d+16-9%-3g+4>0
d+3e-3f-g+4i>0
8e-8f-3g+2i> 0

must be taken into account. When these limiting conditions are kept, one set of
parameter values = 2,e=12,f = 8,9 = 5,i = 1. Then the values of the other four
coefficients area = 1, b = 39,c = 13,h = 19. It must be noted that the numerous
limiting conditions make the process of determination of the parameter's values rather
time consuming.

Other sets of coefficients aae= 1,b = 63,c=23,d=5,e=20,f = 10,9 = 20,
h=24,i=2;a=9,b=33,c=9,d=1,e=16,f=8,0=20,h=6,i = 1.

Using the last set of parameters, the balanced equation is

9NH,CIO, + 33HNQ, + 9HCI + HO — 16HCIQ-2HO + 8NO + 20NO +
6NO, + Cl,

Although the material balance method is based on the law of conservation of
mass, it is less frequently used technique [1]. The major criticisms of the material
balance method are that it is founded on ,mathematics, not chemistry“ and that it is
difficult to solve sets of linear algebraic equations [3,4]. It is true that when several
chemical elements are involved in an equation, the material balance method can be
laborious. A simplification that permits to reduce the number of linear algebraic equa-
tions (more often to one or two) was recently proposed by Atanassova [7]. However,
sometimes (as in the present case) the application of material balance method in its
not simplified form (regardless of its complexity) is the unique possibility to balance
similar complex redox equations.
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M3I1I0JI3BAHE HA METO/JIA HA
MATEPUAJIHUSA BAJIAHC 3A M3PABHABAHE
HA CJIOKHO PEJTOKC YPABHEHUE

Pe3rome. MeToabT HA MaTepuaIHAS OaJIAHC WU aIT€OpUYHUAT METO]T Oerrre
W3MOJI3BaH 32 U3PaBHSBAHE HA CIIOXKHO PEIOKC YpaBHEHUE, KOETO 3aBUCH OT IET
HE3aBUCHUMU MPOMEHJIMBY (MMa IeT CTENeHU Ha CBOOOa). Bripeku kputukure,
ye METOIBbT Ce€ OCHOBaBa Ha ,,MaTeMaTHKa, a He Ha XUMHUI“, U Ue KOTraTo
YPaBHEHUETO BKJIIOYBA HIKOJKO XMMWUYHU €JIEMEHTA M3PABHSIBAHETO € TPYIHO,
TO3W METOJ Mpeiara eIUHCTBEHa Bh3MOXXHOCT 32 YCIIENTHO W3PaBHSIBaHE HA
CJIOXHU PEIOKC YPaBHEHUSI.
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