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1. INTRODUCTION

Chemical reactions serve as the bedrock of ch
intricate transformations of matter. At the heart
chemical readtiidedd,tyeitpulreismegofprmass conserjyali on
However, manual bal ancing can prove chall engi g, p

n
reacf Rph]lsRecogni zigqeg, tthhesr echiad |l anpressing need for
designed to automate an@i5bptim]lze the balancing

Motivated by this necessity, our research e
reaction balancing, of fering p7pWeutnonotdbhee &asd
modul e engineered to automate the balancing process
o}

robust al gor i[t8mMi0ch ifsoumadulieo nfsi I 1 s a c¢r ubcyi anlo tg aopn |lye |
providing automation but also delving into the intr.]
As the | andscape of chemical research continues

streamline processes bdcomde drovré¢adpiedg|Pyt moon anordaie

demand, serving as a sophisticated yet accessibl
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professionals alike. With its broad scope encompass
pomi ses applicability across various domains within
2. PYTHON AND SOME OF ITS STANDARD MODULES

Python has emerged as one of the most ipopul ar
simplicity, readaibipleimoyr candaver satinldi tay .v alstt €CO0SYy s
preferred choice for diverse ag@ildrtiadl.iv R wst, hadprpoena |l we b
l'ies in its syntax, which is designedastyo tboe ucnl deearrs ta
and maiistaensatitlity spans across domai ns, making i
devel ope[r9] , aPyikd]lon suppoir et eodb,j ecmper ati ve, and fu
paradi gms, providing devel opers Iwi tthhifsl enxoitbei,| ia ybriin
intoghhtisance of Python programming h-8gmBgenrédonan
Pand&asat conisr iwh dtes ptr @ aidt adopti on.
2. BymPy: Symbolic mat hematics

SymPfyaci |l itates symbol i c computati on by repres
expressions. Vari abl es, equations, and mat hemati cal
numerically, all owing for eamaky asdf precnsseceraui s
the symbolic representation of mat hemati cal exXpress
cal cul us, and sol viini@ Relguati ons symbolically
2. Re: Regul ar expressions in Python

Thé&@modul e in Python stands for regular expressi
string manipulation. Regular expressions allow deve
specified patterns. Thi sucnmo daud eddtsa i mlvead ruiarbd ,e tfeoxt
recognit sadremo Pyltdhomaci litates the use of regul ar ex
complex string [0hZ2]rations with ease
2. Bandasmabapal ati on made easy

Pandas i ®val hdgha manipul ation | ibrary that S
provides data structures | ike DataFrames and Seri e
analyzing tabul ar dat a.t hPaMmumPky,h s ealnll ewisdgy fiort egfrfait e
and amnall2y] s Whsetihecl edning messy dat a, aggregating 1in
operations on datasets, Pandas&iaraenihdi spensabl e
3. METHODOLOGY OF BALANCING ALGORITHM

The core algorithm of the Pytponndge@liée trsarmafserd
an unbalanced chemical react 2Ri¢R,Glontvo ngg dwst eérmeofcoleif
achieve mass and atom bal ance. This alcoyor imakn nigs iot
suitable for reactions of wvarying complexities. The
as mentioned bel ow. Consi(dle)r a simple oxidation rea:

| 60 10 97160 100 (1)

Now t he task hies utnik h@gwakBndHere first the differer
in the chemical r '@ t ianrd Naorwe aisd d rhteir fei ead evi3z .el ement s
el ement in different compodmwmddéoavse written in the v
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now (l)cean be written in the vector form as:
C T p 1
It T mOor m 1 ¢ (2)
s G q p

by bringing the terms from right (sh)deomesthe | eft si

C i o i i
)T aAamnm sm #¢ 9T (3)
s C C pm
finally in thelt)mkesi kh®osmapbeof
cnpn% i
LR L L T (4)
TGS G p T

As shdadvins im system of homogeneowst | Theataskhubsib

the null Sp2a8k, o8 @@ matthe xmatri x has to be reduced in
After reduct@becomeBRREF t he

p T T PAC | I

mop ool T (5)

T T P Py I

as showx) imas three pivot columns (marked redsin col
required which has been takethemsbdckwdared etatid eval wes s
come oUt pfooke: anglc. Hence, t he ebgauatniceerd Gelhlelmilteal as

pfc 60 ofg U © p 60 p 00 (6)
This algebraic method is vasgspobweafglftedbutexthentomp
are having | arge number of terms. Therefore, the us:¢
reaction balancing becomes so much i mportant.

4. METHOD TO DEVELOP PYTHON MODULE
On the basis of the computation procedure expl ai
the chemical reacti an rdsatn tbhee |ealyeonuetti tiagsm aft ablulmddviesmd | hu s
be done that how mmaneaceh ecmoemp csu madr doidinhtehtreee ye qaurag i @amr an
matrix deoywmert the matri x i patnod irvodv frheed urcueldl escphaed eo.n  f
To performamkth¢ e rdeenvse | tolddegiqo sli tam d A2agraes iofwosl: |

Algoritm 1

defcount _el gmdretment s, chemical _formul a):
# Regul ar expression to match el ement symbols ant
pattern=cormp(iflz¢ (-a] *)Yd*))'

# Dictionary to store element counts
el ement _counts={1}

# Find al|l matches in the chemical formul a
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mat ches=pattern.findall (chemical _formul a)

# Loop through matches and update el ement counts
f ormat cihnmat ches:
el ement _symbol, count _str=match
count =i nt ( c ouinftc_osutnrt)_sltsrel
el ement _counts[element _symbol]=el ement _cOurts.
count

# Making |list of numbers according to the el ement
st =[]
fori inelements:
i fi inel ement _counts. keys():
|l st.append(el ement _counts[i])
el se
I st. app®nd(
returmement _counts, | st

Al goritm 2

defReaction_coef(felcemennttss, | ist_of _compounds):
Mat =[]
fori inlist_of _compounds:
Mat . append(count _el emehnfl9g(el ement s,

M=Matri x( Mat)

M=M. transpose()

M_rref=M.rref ()

# No. of pivots
_p=len(Mlr)r ef |

# Nul | space

X_n=M_r0j¢f -1,

# appending 1 as |l ast el ement

a=list(x_n)

a.appef)d(

a=Matrix(a)

ch_cm=1list_of compounds

data_main={"Ch. composition":ch_cm,"coefficient"

df =DataFrame(data_main)

retudt

Expl an&al igodi ¢ in
- Il nput s:
(aYel ementsd: A Iist of element symbol s.
(bpchemical formul ad: wihhehcbhéemmeat toumubanted t
- Pr o c esstse mnsg:

(alMtilizes a regul ar-Zdmndg*gs i)odn (téoc onmapticlhe (erl' e(njeAn t
counts in the chemical formul a.

(bYnitializes an empty di ctei cwmarnyt s( ol eemecrnt ed ceumetn

(cFinds all mat ches in the chemical formul a usi
(6matchesb) .

(dYterates through the matches, extracti ng el emer
integersngotodéfab@l nio count is provi d) , and
accordingly.

- Ligeneration:

(a)ynitializes an empty Ilist (6lstd) to store coun
el ement s.

(b)Y tertaltressugh I het iaputel ement s, appending t he
0el ement countsé6é dictionary to the Iist (61 std)
appends 0 for that el ement

- Out put s:

Returns a tuple containing:

(aY¥el ement cooatgdwi Ahdieteiment symbols as keys
formula as values.
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(bplstdé: A list representing the counts of el emen
Expl anation of Algoritm 2:
- Il nputs

(aYel ement so Bpmbiosts.of el ement s

(bYlist_ _of compounds©é: A list of chemical compou.
determined

- Procesepsag

(aYynitializes an empty matrix (6Matd) to store t
6count _¢éluemenond

(bYterates through the oO0list_of _compounds?©d, using
el ement counts for each compound and appends it

- Matopersation

(areates a matrix (O6Md6) from the obtained O6Mat 6.

(b)ranstplosematri x (06M6é6) to facilitate further opel

(cxomputes the row reduced echelon form of the tr

(dDetermines the number -exfhepionmotforimm tdleem ot edu aesd 6

- Nubkpaccael cul ati on

(aExtracts the null space of the matri x, speci fic
the compounds in the balanced chemical reaction

(bAppenRldss tlo the null space vector, creating a |is

(cXonverts thel blaibés)t ftoor a umathreirx processi ng.

- Dafaame ©creation

(aXonstructs a DataFrame (6dfé) containing two co

(byYCh. composition": List of chemical compounds (

(c)yCoefficient?": Reaction coefficients correspond

- OQut put:

(aReturns the DataFrame (6df&é) containing the c¢hi
corresponding reaction coefficients in a balanc
These functions provide a straightfobewandoahdei

Python scripts or applications. Useadaltlaem fimrpmat ,ch
modul e automatically balances them, returning the L
here is that tthhee Iceofetf fsicde ndfs tome equation wil/ com
side of the equation will come as negative.

5 RESULTS AND DI SCUSSI ON ON THE ASSESSMENT OF DEVELOI
The Python functions fobalatoimgetdashbmbadl apep!

academi c, research, and industrial domai ns. I'ts sea
valuable resource for researchers seeking toe aut oma
into t heir teaching mauw ed erag tsantdd ngnibdncree acttu dent k
Addi tiionndadsltyr,y professionals can | everage the modul e
use of resources andf mahemibcal ngrobesgasali The modu
perf ormance evaluation to assess its capabilities a
known chemical reactions, ranging from stirmptle ttoe c
efficiency and accuracy of the module but al so pr o\
i mproveEmensteps to be adopted for the effective util
- First, the SymPy, aPendanp,ordred.Re modul es

- Second, the el ements are identified and placed in

- Third the chemical formulas Iist is created as 1|is
to note here is wrhiattt etnh ef rcooonmploeufntd st carrei ght as t hey
Bel ow are some of the examples which shows the use
Example 1: Bal ance the following chemical reacti on

006 00O UOY 00

program to balance the above equation

Solution: The
the balanced reaction wil/l be:

Therefore,

pTo "0 00 pOOO pfo v O p 00
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Exampl e 2: Bal ance the following chemical reacti on
0 60 006 6

S o | u Table hdisplays the program used to balance the above equation, along with its sblatierr. e f or e,
the balanced reaction wil!/ be:

gL pfIc 6 0 © ofg L 0 poé

Exampl e 3: Bal ance the following chemical reacti on
000 0 "Q0 O © 0'Q 00 00
Solution: Here the point to be noted is that as bra
to write the @&X¥Onidedwrfiotrtmsn ia@ tMgO®2H2vranden as Mg3
The shimeosophy will be followed in the subsequent e:
to balance the mentioned equati on, along with its c
Table 1. Program and solution for exam,
Code Out put
el emexl[t 'sH' y P y 'O s ' K'] Ch. composition coefficient
list_of compoHB®PO4' , ' KOH' , ' k3 ° Hapo4 "
1 KOH 1
Reaction_coefficients(elements, , K3PO4 /3
3 H20 =1
Table 2. Program and solution for balancing
Code Out put
el eme=n[t 'sK' , "B, 'O'] Ch. compostion coefficient
. 1] K 3
list_of _componds B203' ,"' K20
1 B203 1/2
Reaction_coefficients(elements, 2 K20 -3/2
3 B 1

Table 3.pBayrami agd sol uti®n overview for e

Code Out put
elemenfsHdH , "P', 'O, ' Mg’
list_of _ compaBrPdss=[, ' MgO2H2"' , ' Mg3

Reaction_coefficients(elements,

Therefore, the balanced reaction wil/| be:
p¥o '000 pfc 0 QG 0 © pXp O 'Q 00 p 00

Example 4: Balance the following chemical reaction
66 00 YO 60 86 OWQE0 0

Solution: Refer to Table 4 for the program and sol ut
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