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ABSTRACT

The paper presents a new algebraicmethod of balancing complicated sekeltal equations of chemical
reactions using theinter- reation effects of elements toform linear and simulteaneous equations.The
method is capable of handling many systems of linear equations without resorting to the popular
matrix method,and the use of the Gauss and Gauss-Jordan elimination methods ,or the use of
MATLAB.By employing theintre-reaction effect among the elements involved in the reaction. The
method is simple and easy to be understood by the students and leads the students to understand the
mechanism of how the coeffecients of each compund invloved in the reaction as obtained to get a
balanced chemical reaction.The paper has shown that contrary to some widely held opinion,it is
possible to balance a properly set sekelton achemical reaction manuually ,no matter the number of
variables involved in industrial production of some chemicals. The method uses the appearance of
two,or more of the elements in more than two of the compounds to derive a set of simulteneous
equations, the solutions of which gives rise to obtaining other variables involved in the chemical
reaction.The paper in particular that oxygen ,as an element can be found pratically to be involved in
nearly all the compounds involved in a complicated chemical reaction,and how such a situation can be
efficiently handled without resorting to the use ofsoftwares which most students may not afford the
resources with which to purchase them.

KEYWORDS: Algebraic method, Balancing, Linear
andSimultaneous linear equation, Chemical reaction function.

INTRODUCTION

equations, inter-reaction effects,

According to Hamid (2019), balancing of the
chemical equation is one of the initial subjects
taught in most preliminary chemistry courses The
use of softwares has found great application in
solving problems of chemical reaction
functions,or skeletal equations of chemical
reactions for quiet some time now ,inorder to
aviod the hardship faced by students in trying to
use the row reduced echelon method .Several
athours have favoured the use of softwares and
the matrix method in balancing chemical
equations: Balkley, (1982); Lawrence (2010),
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Vishwambharrao et al., (2013),Yhari,et al,(2014),
Cephas and Bello (2015), Gabriel and Onwuka
(2015), Akinola, et al (2016), showed how to
balance a chemical equation using the row
function echelon form by the use of MATLAB.
Yingxu et al. (2017), solved difficult vhemical
reaction equation, but with the aid of MATLAB,
and it was in the course of going through this
problem ,that students demanded to know if the
solution could not be obtained manually. Tuli and
Soni (2012) have shown various ways of
balancing a skeletal chemical equation. Most text
books on linear algebra these days have included



the use of the algebraic method in balancing
chemical equations particulaly  balancing of
chemical equations using the row -reduced
echelon method,or by the use of soft wares; Derek
(2006), Lay(2012), Howard, (2014), Lay et al.
((2016), etc.. Balkley, (1982)) has reported that
only the matrix metrix method is powerful
enough to balance some skeletal chemical
equations adding that nobody has a method at his
disposal, other than the matrix method capable of
balancing such equations. It is recognized that the
reaction  balancing problems in chemistry in
general is a mathematical problem. Traditional
approaches to chemical reaction balancing are an
empirical, trial-and- error, or heuristic process
typically conducted in the following steps Yingxu
et al. (2017) have stated that when the number of
atoms or elements (n) taking part in any chemical
reaction is are many, it is always difficult to
baance the chemical reaction mannually when
n> 6. They said the problem is often manually
insolvable because of the complexity and
interlocked relations among the coefficients of
elements in reaction functions. Although
empirical trial-and-error and heuristic methods
were proposed, they would fail when n is
considerably large, i.e., n > 6. Therefore, a
general mathematical model and a rigorous
methodology for solving chemical reaction
balancing problems are yet to be formally studied.
This paper presents a smple method handling
chemical function calibration, which enables a
manual balancing of complex reaction functions
by numerical algorithms based on extended
systems of linear equations. Dwindi (2020)
discovered that the Gauss and Gauss-Jordan
methods are not suitable to be applied to
balancing certain chemical reactions, and found
from the calculation results that do not give
accurate results following the chemical reaction
equivalence. This shows a contradiction with
previous studies that say that the Gauss and Gauss
methods can be used to balance any chemical
reaction equation.The last authour made
suggestions that other researchers are to use
another method or the same method in a more
modified form.Hence this paper focuses on using
anothermethod to balancening both simple and
complicated chemical reaction functions.The
method employed here was first reported by
Rodger (1997) but the student that balanced the
equation manually did not offer enough
explanations on how the coefficients of the
linking variables were obtained.Hence, this work
adds flesh to how use is made of the inter-reaction
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between the elements in the compounds to
balance a difficult or hard skeletal chemical
equation.

Motivation for the paper

These four issues motivated the eriting of this
paper and they are to:

Q) Show that it is possible to balance a
chemical reaction manually, without the using the
matrix method, or softwares.

(i) Demonstrate that no matter the number
of elements involved in a balanced skeletal
equation, it can be balanced manually.

(iii) lllustrate how the interaction between
elements in the compound of a chemical reaction
assists in simplifying a difficult chemical
stoichemistry; and explain how to obtain a pair of
simultenous linear equations from a difficult or
complex properlly balanced sekeletal chemical
reaction functions.

METHODOLOGY

The following steps are necessary in balancing
complex chemical skeletal equations:

(@) The first step involved is the selection of
variables Y; ,to represent the number rectants and
products taking part in the chemical reaction.

(b)Then to form a set of (n) equations
corresponding to the number of elements involved
in the reation.

(c) For each element, balance the number of
atoms on both sides of the equations.

(d) Check for interactions among the variables,
where an element (represented by a variable) may
occure in two different linear equations, eliminate
that variable by solving a simulteaneous equation
to obtain a single linear equation that does not
involve that common elementand call the new
equation say, equation (A).

(e) Most times in difficult chemical equations,an
element mainly, oxygen ,occures almost in each
of the compounds in the reaction,with careful
substitution,this equation can be reduced to an
equation involving the same two variable
incountered in (d) above,call this new equation

(B)

(f) Solve the resulting equatios for the variables
involved in (d), and (e), or equations (A), and (B)

(9) Finally, substitute the result obtained from (e)
in other equations for the remaining variables to
be obtained.



Simplifying Difficult or Complex Skeletal
Chemical Equations

Example 1.Balancethe given following
chemical reaction, taken from, Yingxu et al[9]

4Cr(N, H4 CO)s + 3Cr(CN)s+KMnO, +H,

804 —3m.- Kz Cr207+MnSO4
+CO,+KNO;+K,S0,4+H,0
Solution:

In the above reaction, the reactants are four
compounds, let us represent them with the four
variables with;Y;, i1=1,2,3,4 and there are six
products starting from Ys,Ys,Y;,Ys, Yy Yig
.and we get equation(4.1)

;Y,Cr N, H4 CO)s + Y,Cr(CN)s+Y; KMnO,
+Y4H2 804 = Y5K2 Cr207+Y6MnSO4+
¥,CO,+Y;KNOs+Ys K>SO+, H,0 (4.1)

We have the wvalues for;Y; andY,,as,
4 ,and 3 respectively,

We will now form eight equations one for

each of the elements, but starting with

elements that occurred minimally on either

side of the equations to get:

For; Chromine (Cr)
Cr: 443

=2Y;  (411)

Then, 7 = 2Y, implying Ys =§

N; 148 +18 = Yy (4.1.2).
Thisgives Y3 =66

C; 24 +18=Y, (4.1.3).

That is, 42

H; 96 + 2Y, = 2Y;, (4.1.4)0r 48+ Y, =
Yio (4.1.4A)

M; Y; = Y (4.1.5)

SiY,=Ys +Yy (4.16) thatis, ¥, -Y; =Y,
since Y= Y

K Yy =2Ve+Ye+ 2Y, (4.17) or,Ys =73+

2Y, (or 222 =¥,  (417a)

As the variable Y, ,has appeared in equations
(4.1.6a), and (4.1.7a), that shows the inter-
reaction effect of sulfur(S) and potassium in
the chemical reaction,we apply the condition
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stated in section2,step (d),solve equations (6)
and (7) simulteaneousl to eliminate variable
Yy ,as described below to obtain equation (A)
Yy - ¥y =2—Tor 2(Y, - Y3
,simplifying,we get(A) below

-73

) =Y,

3Y; —2Y, =73 (A)
Consider the oxygen atom:

O: 24Y, +AY,+4Y, = 7Ys +4Y, +2Y, +
3Yg +4Y, +Y;, (8)

Since48+Y, = Y, (4.1.4a)
Equation (4.1.8) reduces to,

24 +4Y; = TYs +7Ys +4Ys + 2V, +
3Yg +4Y, + 48 + Y,

From (4.16), Y,=Y, +Y,.

Therefore, 4Y, =4Y, + 4Y,, and (4.1.8) now
gives;

24 +AY,+4Y, + 4Y,
3Yg +4Y, +Y, (83)

= 7Y +4Y, +2Y, +

Hence, 24Y;
(4.1.8b)

+4Y, =7Y5 2Y, +3Yg + Yy,

Substituting 24 + Y, = Yj,
above, we obtain that;

in the equation

20+ AY, =7Ys +2Y, + 3V +12Y; + Y,
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USIng Yl :4’ 2Yv7 :2*42:84,7Y5 = ? and

3Ys =66*3 = 198, then,

4y = T+BA+198 + 24 + Y, jor Az —Y, =

2+ +306 =22

2 2

4Y3 - Y4_ = @ (B), OI’ 8Y3 - 2Y4 = 661
(B)

To eliminate Y, from (A) and (B) we multiply
(B) by 2, and subtract (A) from it to get that,

8Y, - 3Y, =661-73, or 5¥; = 588



588 1399 588 223

Y3:T:Y6 T-?:,Yg OT',Ygzﬁ
Substituting for Y5 in (A),we obtain, Recall that from (4.1.4),Y;, =24 + Y, =48+
1399 _1399+480 _ 1879
558 o o 10 0T
3x = 2Y, = 73
1764—365: 2Y4_
5
_ 1399
T
But fl’0m (416),Y4 = Y6 + Yg ,Y4 = Y6 = Y9
Table 4.1A.The values for the vaeiables Y;
Variables(Y; )
1 Y, Y Y, Ys Y Y; Yg Y, Y10
Value 4 3 588 | 1399 7 588 | 42 66 223 | 1879
5 10 2 5 10 10
Clearing fractions in 1A, we obtain Table 1B as shown below
Table 4.1B: The values for the vaeiables Y;
Variables(Y; )
1 Y, Y Y, Ys Y Y; Yg 1 Yio
Value 40 30 1766 | 1399 350 1766 | 420 660 223 1879

The balanced equation now gives that:

40Cr(N, H4 CO)s + 30Cr(CN)g +1176 KMnO,4 +1399H, SO, =350K,Cr, O; +1176MnSO, + 420CO,

+660KNO; + 223K, SO, +1879 H,0.

We now check if the atoms are balanced as shown in Table 1C

Table 4.1C,.Checking THE Number of Atoms on both sides of the Equation fo the Chemical

Reaction

Elements | Cr N C H K Mn

@)

Number | 40+30=70 | 480+180 | 240+180=420 | 960+2798 | 1176 1176

of Atom =660 =3758
on the

L.H.S

1399

10540

Number | 70 660 420 3758 1176 1176
of Atom
on the
R.H.S

1399

10540
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Example 4.2. Balance the skeleton equation
shown below: taken from [1]

H, + Ca(CN), + NaAlF, + FeSO, + MgSiO; +
Kl + H;P04 + PbCrO,+ BrCl + CF, + SO,

=

PbBr, + CrCl, + MgC03 + KAI(OH), +
Fe(SCN)3 + Pl; + Na28i03 + CaF4+ Hgo

Solution.
Let

Y1H,+Y,CaCN)2 + (NaAIF, )+Y,FeSO,+
YsMgSiOs+Yy Kl+ Y,H3P04+
ngbcro4+Y9BrC| +Y10CF2C|2+Y11802
(4.2.0) =Y,, PbBr,+ Y,3CrCly+Y,,MgCOy+
VicKAIOH)+  YigFe(SCN)s+ Yy Ply+
Y18NaZSiOS +Y19 CaF,Cl,+ YZOHzo

Let us consider the elements as they occurred
one after the other on both sides of the
equation:

H: 2V, +3Y, =4Y,:+2Y,, (4.2.1)
Caa Y, =Yq (422)

From(3) below,Y, =3=Y,4
N: 2Y, =3V (4.2.3),

using the ratio of variables,Y, =3, and Y;4 =
2.(Y2, Y16 ) =(3,2)

,since from(4.2.3), 2Y,= 3 Yi¢4
AY; (4.2.5)

I: Y; +Y, =Y5 +3Y;, . (4.2.6)
, Yy =3Y;, since Y; =Y, from((5),hence
Yo =3, Y17 =1, (Y5 ,Y17) =(3,1)

=Yis

F: 4Y; +Y; =4Ye (4.2.7)
FelY, =Y, (4.2.8).

From(4.2.3),Y;¢ =2,hence)Y, =2.
S Y4_ + Yll =3Y16 (429),
since,Y,=Y;¢ therfore,Y;;=2Y;¢ ,and Y,
=2*2=4, usingY; ¢ = 2,from (4.2.3)

Nay, =.2Y;g (4.2.10),y ,

Y

:2’Y18 =1
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Mg: Y5 =Yi4

Si: Y; =Yg (4.2.12).
From (4.2.10),Y; =1, therefore,Y; = 1
K:Ys = Y5 (4.2.13)

1Y, + Y5 =Yi5+3Yq, (4.2.14).But,Y;
=Y;s, from (13), henceY, =3Y;,, or Y, =
3%, =1

(4.2.16)

Cr: Ys
(4.2.17)

Br: Yy

(4.2.18)

Therefore,Yg = Yy = V;,
Cl: Yo +2Y;, =3Y;5 (4.2.19).

Since,Yg = Yy , then 2Y;, =2 Y53 ,or
Y10=Y13=1=Yg= Y

O: 4Y, +3Y5 +4Y, +4Yg +2Y;, = 3Yi, + 4Y;5
+3Y,5t Yoo (4.2.20)

Since Y5 = Yig, (4.2.20) now reduces to:
(4.2.20b), using Y5 = Y;g

To get the value of Y, from (4.2.20), we put
in the values for:Y,,
YS ,Y7 ,Yg ,Y11 ,Y14_ ,Y15 y uSlng YS = Y14 ,tO get
that;

8+4+8+8 = 4+16 + Y5, Y, =8.

Finally,to get Y; ,we use (4.2.1), 2Y; +3Y,

(4.2.11)

=Yi3

=Y,

2V, +3 = 16+4,2Y; =17,Y; =~

To get Y3 = Y5, consider the , 4Y; + Y;;
4Y 4 (4.2.7);

Putting Y;; =4, and Y;4 =3, then,
4Y3+4‘ :12, 4Y3=8,Y3=2=Y15



Table 4.2 A. Variable for each of Number of molecles in the reactantants and products of the chemical

reaction equation 4.2.0

Vlariabl i |\ Y|V Ys | Y| Yy | Y| Yo Yig| Yi| Yiz| Yis| Yia| Yis| Yie| V17| Yig| Yio| Yo

ele

Value23221312114212221139
2

Clearing the fraction by multiplying each term
by 2, we get Table 4. 2B.

Table 4.2 B. Variable for each of Number of molecles in the reactantants and products of the chemical

reaction equation

Variablele | V; | Y, | V53 |V, | Vs | Y | Yo | Vs

Yl 0 Yl 1 Yl 2 Yl 3 Yl 4 Yl 5 Yl 6 Yl 7 Yl 8

Y19

Value 1716 |4 |4 |2 |6 |2 |4

2 |8 (4 |2 |2 |4 |4 |2 |2
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The balanced equation for the chemical
reaction now becomes;

17H2+6 Ca(CN)2 + 4NaAlF, + 4FeSO, +
2MgSiO +6 K

+ 2H;3P04 + 4PbCrO, +4BrCl +4 CF, +8S0;

=4 PbBr, + 4CrC1; +2MgCO; + 4KAI (OH),
+4Fe(SCN);

+ 2PI; + 2Na,SiOs +6CaF,Cl,+ 18H,0

Example 4.3.Balance the equation below,
taken from [16]

MnS + (As, (Cryo Oss+H , SO, ) —» HMNnO, +
As H; +Cr S3 012 +H, 0]

Solution

There are six elements involved in the
reaction :Mn,S,As,Cr,0,and H,also there seven
compounds involved, three on the right side
and four on the left hand side. Therefore, we
shall choose seven variables each one
representing a compound as; y;,=1,2,3...7,and
write the equation for the chemical reaction as
shown in equation:

(YOMNS + (y2 ) As, Cryg Ozs+ (y3 )H 2 SO, =
(Ya JHMNO4+ (Y5 )As Hz +(ys)Cr S3 01, +(y7
0 (43.0)

Taking the elements one after the other, we
obtain 6 equations as follows:
For,

Mn: y; =y, (4.3.1)

S yit+Yy: =3y (4.3.2)
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As: 2y, =Ys (4.3.3)

Cr:10y, = Vs (4..3.4)

0:35y,+4y;=4y,+12 ys +y; (4..3.5)

H: 2 ys= y,+3ys +2y; (4..3.6)

If we put 10 y,=ys from (4.3.4) into (4..3.5)
we get (4..3.5A) as

Substituting 10 y, = ys in (4.3.2) we have, y;
+y; =30y, (432A)

If we make y; the subject of the formua in
(4.3.2A) we obtain (4.3.2B) below;
ys =30y, . y; or30y, .y, (4.3.2B)

Also, substituting 10 y, = yg in (4.3.5) we
obtain that,

35y, +4y; =4y,+120 y, +y; (4.3.5),

Simplifying we get: 4vy; =4y, +85 Yy, +y;
(4..3.5b), or

Using, ys= 30y, -y; from (4.3.2) in (4.3.5),

we get, using y1 =Y,
4(30y2 . ya ) =4y, +120y,+ Y7
120y, -4y, =4y, +120 y, +y7, or

120 Yo = 8 V4 +120 Y2
(4.3.1),then we have

35y, +120y, -4y1=4y,+120y, +y;

Since y; = y, from




Moreover, using (4.3.2b) in (4..3.6), we obtain
the equation below;

2(3 0y, . y1) =y, +6y,+2y; onreplacing 2y,
=ys from (4.3.3)

54 y2=3y4 +5 2y7
35y2=4Ya +y7

(4.3.6b)
(4.3.5¢)

Solving (4.3.5C) and (4.3.6b), by eliminating
y-the result is;

16y, =13y, and applying the concept of mirror
image, we have that

y, =13 and, 16 -y, = y; from (4..3.1).

Recall that, 2y, = ys hence, ys =26 and since
10y, = ys, We have ys =130

From (4.3.2b), ys =30Vy,-V;
ys =390 - 16, ory; =374.

To get the value of y; consider (4.3.6)

The last example has shown that other variables
can not be obtained unless some particular
variables have been obtained,because of the inter-
reaction of the variables.in this particular
problem,,other variables are obtained only after
the values of Y;=Y; , and Y, are obtained.

Summary

In this paper, we have been able to solve systems
of linear equations of 20 elements (n=20),without
involking either the use of MATLAB,or resorting
to the Gauss and Gauss-Jordan elimination
method.The method used offered students the
insight into how the coefficients of the elements
in a complicated chemical reaction are obtained in
babalancing a chemical reaction equationby
considering the inter-action effects of elements
taking part in the chemical reaction.The method is
neccessaryn because it is not always that students
and teacher may access to either the MATLAB
,or calculators that are meant for balancing
chemical equations,as the cost are these item are
becoming very expensive in Nigeria following the
high exchange rate against the local currency,the
Nigerian Naria.The work has also shown that
other value of the variable can only be obtained
from some other particular variables,there by
demobstrationg the effect of theinter-action
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2y3= Ya+0Yy2 . 2y7

748 = 16 +78 + 2y, 654 =2y, therefore, 327
= Y7

Table 4.3A summaries the values for each of
the seven variables are shown in the Table
below

Table 4.3A.Variables and Values for Eample
4.3

Variables Yy | Yy | Ys Ys | Ys | Ys

Y7

Values 16 | 13 | 374 |16 | 26 | 1303

327

Having obtained values for all the seven
variables, note that equation (6) is a redundant
equation.

Hence the balanced equation becomes:

16MnS + 13(As; Cryg Ogzs)+ 374(H , SO, )=16
(HMnO, )+ 26(A ones Hj )+ 130(Cr S; 01, ) +
327H,0 .
effects betweeen the elements that make the
various compounds involved in the chemical
reaction.

CONCLUSION
The work has shown that once a  skeletal
chemical equation is properly balanced,the

equation can be balanced no matter the number of
elements involved in the chemical
reation,contrading the ascertion that when more
than 6 elements are involed in a chemical
reaction, it is impossibly to balance the equation
by manually solving the resulting equations.A
method other the matrix method has been
developed that makes students understand how
the number of molecules in each compound are
obtained,unlike when softwares are used ,where
students just see answers as magical
performances.An equation ca be redundant while
balacing a chemical equation.
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there is no conflict of interest about the mork.
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