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Abstract:

The article examines the application of higher mathematics to practical, in
particular chemical processes, how to model the rate of a chemical reaction using
differential equations, and reveals their meaning.
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Introduction

The main goal of higher mathematics is to describe and analyze complex
phenomena occurring in nature using mathematical models. Mathematical
methods play an important role in chemistry in particular. Mathematical tools, in
particular differential equations, are widely used to deeply understand the
behavior of chemical processes. In this article, we will consider how to model the
rate of a chemical reaction using differential equations.
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1. Reaction rate and its mathematical expression. In chemistry, the rate of a
reaction is how the concentrations of the reactants change over time. For example,
a simple reaction: A—B

The rate expression of the reaction:
d(A)
T dt
Here (A) 1s the concentration of the substance, t is time, and V is velocity.
In general, the reaction rate is as follows:
9 = k(A)"
Here:
k- rate constant;

n- reaction order.

2. Higher mathematics phenomenon: Differential equation.The differential
equations branch of mathematics is used to express the dependence of variables

on time. We write the differential equation for the reaction rate as:

O
o - K@

This is a first-order ordinary differential equation. It describes how the amount of
matter decreases over time.

3. Solution depending on the order of reaction
Level 1 reaction:

d(A) B N
o - K@

Integrating, we get:
In(A) = —kt + In(A0)
Level O reaction:
(A) =—kt + (A0)
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4. Chemical equilibrium and logarithmic equations.
Another important phenomenon in higher mathematics is logarithms. For
example, the pH value, which is determined based on the concentration of
hydrogen ions in water, is expressed as:

pH = —log(H™)
Also, the equilibrium constant (KC) and the acidity coefficient (pKa) are
expressed in logarithmic form.
Differential equations are an important tool in mathematical modeling of
chemical reaction rates. They are used to determine the time-dependent change
in the concentration of a substance and analyze the dynamics of the reaction. This
method is widely used in analyzing experimental results, optimizing reactions,
and making scientific predictions.
The aboveLet's express each of the given information on modeling the rate of a
chemical reaction using differential equations in the form of a chemical example.

1. Reaction rate and its mathematical expression.Combustion reaction with
fuel and oxygen:

Let's assume that methane (CH4) and oxygen (O2) are reacting:
CH4+202—CO0O2+H20

For this reaction to occur, the gases interact with each other at a certain rate. The
rate of reaction is the change in the amount of products or reactants per unit of
time.

How to measure the rate of a reaction in chemistry?

Let's observe the formation of carbon dioxide (CO:) during the reaction. If we
have an initial amount of CO: of 0 and after t seconds its amount is 0.1 moles, the
reaction rate is:

A[COz] 0.1 mol

9 =
At t

Mathematical expression: If [A] is the concentration of the reactant and the
reaction is first order, then the reaction rate is written as:

9 = Kk[A]
Here:
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9— reaction rate,
k— reaction rate constant,
[A] is the concentration of the reactant.

Conclusion:

To mathematically express the rate of chemical reactions, formulas that
correspond to the order of the reaction are usually used. These formulas are
related to the reaction time and help us understand how the reaction proceeds.

2. Higher mathematics phenomenon: Differential equation. The change in
concentration with time in a first-order reaction:

Task: In reaction A, the initial concentration [A]0=2 mol/L. The reaction constant
k=0.1 min-1. Find how the concentration of reactant A changes with time.
Differential equation:

d(A)
—~ 7 KA
dt
Solution:
[A](Y) = [A]pe™™
Result:

[A] (t) — 26_0'1t
Here, [A](t) 1s the concentration of A at time t, and t is the time (in minutes).
Over time, the concentration of reactant A decreases and becomes exponentially
calm.
At time 0, [A](0)=2mol/L, which is the initial condition.
At several time points
t=10min: [A](10)=0.375mol/L
t=20min: [A](20)=0.271mol/L

In conclusion, this model shows that the reaction is first order and the
concentration decreases strictly exponentially with time. This example is
important for the mathematical analysis of chemical reactions, helping to
determine the reaction rate and the change in concentration over time.
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3. Solution depending on the order of reaction.In reaction A, the reaction is
first order, and the initial concentration [A]0=2 mol/L. The reaction constant
k=0.2 min-1. Find the concentration of A over time.
1)  Reaction order and differential equation For a first order reaction:

d(A)

dt
2)  We integrate in the solution:
As a result:

[0 _ [
In[A]=— kt + C

The initial condition is [A](0) = [A]0 = 1 mol/L.
And so:In[A]= —kt

—kA

[Al(t) = 7™
Concentration with time:
[A](H) = 1 x e 02t
Conclusion:
Reaction order: first order
Change in concentration over time:[A](t) = e%2*
Solution to the problem:

° Time in 5 minutes:
[A](5) = e%?*5e™1 = 0.368mol/L
° Time in 10 minutes:

[A](10) = e~2 = 0.135mol/L

If the reaction is zero order, the differential equation will be:
d[A]/dt = -k

To solve this equation, we integrate:

[d[A]=-]k dt

Performing this integration, we get:

[A]=-ct+C

here:

82 |Page




Modern American Journal of Engineering,

Technology, and Innovation
ISSN(E): 3067-7939
iy Volume 01, Issue 03, June, 2025

USA
Website: usajournals.org
This work is Licensed under CC BY 4.0 a Creative Commons Attribution
4.0 International License.

* k kK Kk

[A]- concentration of substance A with time change
k- reaction rate constant
t- time
C- integration constant
For example, Gaseous Decomposition (or Gas Decomposition) is zero-order. The
decomposition of gas molecules as a result of a chemical reaction or physical
process is zero-order, and the reaction is described as follows:

A — Products
Conditions:
Initial concentration [A]0 = 1mol/L
The decomposition rate constant k = 0.2 mol/L
1)  The differential equation of the reaction is:

d(A)
At

2)  Solution:
We integrate: [A] =-kt + C
Initial conditions: t=0, [A] =[A]0 =1 mol/L

1=-kx0+C
C=1
And so:
[A](t)=1-0.2t
For example:
o In 5 minutes [A](5)=1-0.2+5= 0 mol/L
Conclusion:
v' The decay of gas molecules is zero-order, and the concentration decreases
linearly with time.
v' As time goes by, the concentration of substance A decreases steadily.

4. Chemical equilibrium and logarithmic equations.A + B=We use the
logarithmic equation to find the equilibrium concentrations and equilibrium
constant in reaction C.

Information provided:

The equilibrium concentrations of A, B, and C during the reaction are:
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[A] =0.2 mol/L

[B] = 0.3 mol/L

[C]=0.5mol/L

Find the equilibrium constant K.

1)  The expression for the equilibrium constant is:
Reaction: A+tB=C

Equilibrium constant:

2)  Calculation:
0.5

T 02x03
3)  Logarithmic equation: A logarithmic equation is expressed in the

logarithmic form of the equilibrium constant:
0.5

0.2x0.3

K = 8.33

logK = log( )

Let's calculate:

logK=10g8.33 =0.921

4) Conclusion:

v" Equilibrium constant: K =~ 8.33
v' Logarithmic form: logK = 0.921

Chemical Equilibrium and Logarithmic Equationsis used to determine the
equilibrium concentrations and equilibrium constants in chemical reaction
processes. At equilibrium, the reaction rate is equal and the concentrations are
constant. The equilibrium constant (K) is the ratio of the equilibrium
concentrations of the products and reactants and is expressed in logarithmic form
by logK. This logarithmic form is especially useful for displaying large or small
values.
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