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Abstract , N

This work introduces an enhanced tan(x/2)-expansion method to obtain exact solutions for chemical kinetics
systems. This technique works directly with the governing equations of chemical kinetics systems. Our work
yields many new fundamental traveling wave solutions that combine periodic functions with soliton-like and other
trigonometric shapes. To better illustrate our solutions, we show visual representations by assigning specific values
to the arbitrary constants. The improved expansion method successfully obtains kink, singular kink, and multiple
soliton solutions. The results demonstrate that the method is effective for real-world applications and physics
equations. Graphical visualizations support our findings to show the method’s accuracy and reliability. Our
suggested method effectively solves nonlinear equations and provides useful results for studying complicated wave
behavior across multiple scientific disciplines.
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1. INTRODUCTION

Nonlinear partial differential equations (PDEs) function as essential tools to investigate nonlinear wave propagation.
Nonlinear behavior occurs throughout multiple scientific disciplines like applied science, engineering, and mathematical
physics, as well as biosciences, neurosciences, and other areas [2, 19]. Our mathematical models use NLPs because they
provide effective solutions for real-world problems. Chemical kinetics, dynamics, and mathematical physics benefit
from NLP use to describe both action potential spread and physical processes such as thermal conductivity and
wave propagation [25, 30-32]. Researchers in mathematical physics and applied science develop their presentations
through mathematical NLP techniques. Our understanding of mathematical physics and applied science has driven the
development of numerous nonlinear partial differential equation solutions [22—-24]. Since ancient beginnings, NLPs have
advanced significantly during the last fifty years [20, 33]. Engineers, scientists, and mathematicians now spend more
time studying different NLP problems [12, 27]. Research into nonlinear partial differential equations come first because
they drive mathematical physics and applied science. The applications of derivative and integral formulas in chemical
kinetics and dynamics help scientists better understand fluid mechanics, control theory, plasma physics, viscoelasticity,
and many other real-world phenomena. Nonlinear dynamical systems research now includes mathematical methods to
study NLPs [3, 26]. NLPs, which represent advanced DE types, help scientists understand complex wave movement
behavior in different systems. Engineers and scientists have discovered wave solutions and simplified descriptions for
NLPs during recent years. Our analysis starts with a system of chemical process species differentials that we identify
as A, B, and C [5]. The three reactions are as follows

A— B,
B+C— A+C, (1.2)
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B+ B —C. (1.3)

When we define uj, ug, and us as A, B, and C concentrations the reaction rates become ki, ks and ks. We call the
speed of reaction in Equation (1.1) a value of k1. When C' functions as a catalyst during reaction, Eq. (1.2) to create
A from B the reaction rate becomes ko. The production of C' from B depends on the rate constant ks alone. Our
complete system consists of these integrated elements

du

T; = —k1u1 + k)g’u,gu?,,

d

% = k‘1U1 - k‘gUgUg — k‘g’u,g, (14)
dU3

=

When three reaction rates remain within small numerical boundaries and show similar size differences, this type of
problem can be handled easily [4]. In [18], Khader applied Picard iteration techniques to chemical kinetics prob-
lems using Pade’ approximation. Different methods exist to solve challenging mathematical models. The improved
tan (®(x)/2)-expansion method demonstrates its strength as a solution technique for nonlinear differential equations.
The improved tan (®(x)/2)-expansion method facilitates finding exact soliton solutions while providing new insights
into how system parameters affect nerve wave motion. This research uses the expansion method to discover fresh
chemical equation wave patterns and examine how order and nonlinearity values control soliton movement. Our re-
search studies how these parameters shape wave profiles and their stability to help us better understand brain signals
when healthy and when sick. The research findings can be used across neuroscience, engineering, and applied math-
ematics with practical applications in mind. The physical meaning of soliton solutions becomes clearer through their
study. Research groups have used different approaches to solve the issue, but their methods work only for limited
cases. Our main purpose is to develop the chemical equation through tan (®(x)/2)-expansion and show new wave
solutions. Present studies agree on using the homotopy analysis technique ([7, 8, 29]), variational iteration technique
([9, 13, 17]), the homotopy perturbation technique ([6, 9]), the tanh-coth technique ([15, 16, 21]), the Exp-function
method ([10, 11, 14]), the (G’ /G)-expansion method ([1, 28]) and more. Many engineers study natural language
processing because of its practical uses in real-world challenges. The study of wave solutions for NLPs brings together
useful scientific knowledge with real-world applications. Researchers work hard to understand wave solutions for NLPs
are useful because of their practical applications. This work studies wave solutions for a wide range of NLPs that
appear in scientific and engineering fields. Scientists found solitons in the 1960s through the Korteweg-de Vries (KdV)
equation work. Scientists discovered that solitons help explain how waves move throughout different physical systems,
including natural biological processes. Scientists have increased their research into solitons for chemical systems over
the last decade. These models replace traditional integer models with solutions that include information storage. To
deliver fresh insights into your study, examine how the improved tan (®(x)/2)-expansion technique solves the soliton
model. Study how complex wave patterns, including rogue waves and multi-soliton collisions, adjust chemical dynam-
ics to show how nonlinear systems function. ITET serves as a solution method for discovering precise outcomes from
nonlinear differential equations. The approach transforms difficult nonlinear equations into a form easier to handle.

The paper is managed as follows: In section 2, we describe the ITET. Also, in section 3, we describe the improved
tan (®(x)/2)-expansion technique. In section 4, we examine the chemical kinetics system with two methods expressed
in sections 2 and 3. Moreover, the conclusion and advantages are pointed out in section 5.

2. STEPS OF IMPROVED tan (®(x)/2)-EXPANSION TECHNIQUE
Step 1. Suppose that the given nonlinear partial differential equation for u(x,t) is in the following
N (1, uy, Uy, Uxy, Ugt, ) = 0, (2.1)
which can be converted to an ODE
Qu,u/, —pd " i ...) = 0. (2.2)

(=)=
E)NE
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Convert the original nonlinear differential equation into a new form by adding a new variable or expanding the series
to make it easier to solve. Match the top nonlinear term with the top derivative term to discover a basic solution
shape.

Step 2. Choose your solution type from the available options after balancing.

u(X)=S(<I>):§Ak[ +tan( X)] —I—ZB [ +tan<q)(2><)>yk, (2.3)

where Ak(0 <k <m) and Bi(1 < k < m) are constants to be determined, such that Ay, # 0,By, # 0 and & = ®(x)
satisfies the following ordinary differential equation:

' (x) = r18in(®(x)) + r2 cos(P(x)) + r3. (2.4)

The following unique solutions to Equation (2.4) will be examined:
Family 1: When 12 4+ 13 — 13 < 0 and ry — r3 # 0, then

2

®(y) = —2arctan [— o (rjjfj %) tan ( (rl;er ) (x + w))] .
Family 2: When 12 + 13 — 13 > 0 and ry — r3 # 0, then

P(x) = —2arctan [— n VOIS g (W’(X + w))] :

r2—13 —(ri+r3—13)
Family 3: When 1?2 +13 —12 >0, 12 # 0 and 13 = 0, then

®(x) = 2arctan | L + = +r2 tanh ( /ri (X-i-w))} .

Family 4: When 1?2 + 12 —12 <0, r3 # 0 and 15 = 0, then
®(x) = 2arctan 0t 5 rl tan ( . rngr% (x +W)>} .

Family 5: Whe_n 12 +13 —12 >0, 12 — 13 # 0 and 11 = 0, then

®(x) = 2arctan |/ {252 tanh < Vi s (x —i—w))} :

Family 6: When r; = 0 and r3 = 0, then ®(x) = arctan {GZTQ(XW)_l 22 0F) }

e2ra(xtw) 417 e2ra(x+w)41
2671 (X+w) 211 (x+w) _q
2r; (x+w) 417 e2r1(x+w)41

Family 8: When r? + 13 = 12, then ®(y) = —2arctan {M}

Family 7: When ro = 0 and r3 = 0, then ®(x) = arctan [

7 (x+w)
Family 9: When r; =ry =r3 = krq, then ®(x) = 2arctan [ kry (x+w) _

Family 10: When r; = r3 = kr; and ro = —kry, then ®(y) = —2arctan [

ekr1(x+w)
—14ekr1(x+w)

ro(x+w) _q

Family 11: When r3 = ry, then ®(x) = —2arctan [ (ryra)e

(rl—rz)e‘“Q(X‘Fw)fl

Family 12: When r; = r3, then ®(y) = 2arctan [M} .

(r2—r3)cr2(X+W)_1
er2(x+w) —py—r;

Family 14: When ro = —r3, then ®(y) = —2arctan [ 1 el ) ]

rge’l (x+w)_1

Family 13: When r3 = —r;, then ®(x) = 2arctan {%} .

Family 15: When r2 = 0 and r; = r3, then ®(y) = —2arctan {%} .

Family 16: When r; = 0 and ry = r3, then ®(x) = 2arctan [r3(x + w)].

Family 17: When r; = 0 and ry = —r3, then ®(y) = —2arctan [m

where Ay, Bx(k =1,2,...,m),r1,r2 and r3 are constants to be determined later. The number m must be positive and
we determine it by balancing all highest order derivative terms with nonlinear terms in Eq. (2.4).

Step 3. Put the guessed solution into the adjusted equation.

Step 4. Solve algebraic equations to find the solution coefficients in the assumed expression. Insert the found
coeflicients into the assumed solution to discover the specific equation solution.

(&)
ENE
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3. THE CHEMICAL KINETICS SYSTEM

Chemical system professionals and related fields depend on chemical equation solutions because these descriptions
help them better understand chemical dynamics.

3.1. The ITET. We take the chemical kinetics system as follows

d
% = —kju; + kouaus,
d
% = k1u1 — kQU.QUg — kgug, (31)
dU3
@ ke
utilizing the wave variable y = kt 4+ w transforms to an ODE
ku/l = 71{1111 + kgllgllg, (32)
ku’Q = k1U1 — kQUQU3 — kgug,
kuj = ksus.
Balancing the u} and ugusz, uy and u3, uj and u3 utilizing homogeneous technique, we get
M+1=N+P, N +1 = 2N, P+1=2N, (3.3)
then
M=N=P=1.

Then the trail solutions are

w(x) =Ao +An :p + tan <(I)(2X)> + B :p + tan (‘1’(2X)> , (3.4)
u2(x) = Aoz + Ar2 :p + tan <(I)(2X)> + B2 :p + tan <(I)(2X)> - )
us(x) = Aoz + A _p+ tan <(I)(X)> + B3 _p+ tan <(I)(2X)> - )

2
Appending (3.4) and (2.4) into Eq. (3.2) and by utilizing the well-known Maple software, we achieve the following
sets of non-trivial solutions

Set I:
2ks A
b= (ro 3r3())23 S’ Agi = —2A02, Bi1 = —2B13, Agy = Az, A12 =0, Bz = By, (3.5)
- 1

2(k3Ag2+k 2ks B ritq/(r2-r2)A
Aogz—i( 3 kO; 1), A13:O, 313:—7‘;’6212 = 3 2

-1 ' “(ra—73)(Ag2—1) °
i =t o (B]
a0\
it = 5y o (2]
~1
us(x) = Aoz + Bis [p+tan (@)} ’

where 11,12 and c are free constants. Utilizing the (3.6) and Family 1 and 4 respectively can be written as
-1

nEVB-A, . n _ /E-7-7 B-7-n
U = —2Ap2 — 2B — tan w
II(X) 02 12 (T2 - ’I“3)(A02 — 1) + T9 — T3 T9 — T3 2 (X + ) ’
—1
(- )A, 13 F-7-n
= A B — t
uz, () 02 + Bi2 (2 —73)(Ags — 1) 79— 19 F— an 5 (X +w) ;

(=)=
E)NE
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w (X) o 2(]4331402 + ]Cl) 2]433312 a =+ (7"?2) — ’I"g)Agz T1 (3 7)
31 - - .
ko ks (rg —m3) (A2 —1) 712 —13
-1
2 2 2 2 2 2
T3 — 17 —15 T3 — Ty — 715
— t
T an ( 5 (x + m) ;
-1
ri£r3dos 7T r3 —r} r3 —r?
= 2Agy — 2By, | L3002 L t
u1, (X) 02 12| 0= Agy) 7 + = an 5 (X +w) ;
-1
ri£r3dpge T r3 —r? rs —r?
=A By | ———= — — t
U2, (X) 02 + D12 ’I“3(1 — AOQ) = + - an 5 (X + w) ,
-1
2(k3Ao2 + k1)  2k3Bip [ 11 £7r3402 71 r3 —ry rs —ri
_ _ _ = t 3.8
us, (x) s oul vy vy Sl 5 (X +w) (3.8)
Utilizing the (3.6) and Family 2, 3 and 5 in section 2 respectively get
1
ritri—r3
00 oA _ 9B rli\/(rg—rg)A32+ oo r%—i—r%—r%t L #233( +w)
U7, = — - anh | Y——+—— w
13 X 02 12 (7"2 _ 7"3)(1402 _ 1) r9 — 13 9 — T3 2 X 9
-1
(r2 A2 2 2 2 Vritriory
r1 £/ (r5 —r35)Afs r1 r{+7r5 —1s b—c
. =A B tanh | Y——+—— , 3.9
u2,(x) = Aoz + Bi2 (ra — ) (Aos — 1) t Tt T e an 5 (x +w) (3.9)
w (X) o 2(/€3A02 + kl) 2k3312 a =+ (T% — T‘%)A%Q T1
3 - _ _
s ko ko (ro —rg)(Aoz —1)  ro—rs
-1
r24r2—r2
2. .22 22
VIET T o | LT ) 7
9 — T3 2
N -1
r2+r§
—r3A3, 1 \Jri+rd -
= —2Agy — 2By, |V 202 T VI TRy | L
u1, (X) 02 2 1) + = an 5 (X +w) )
e -1
r2+r§
ry & /—r3A3 r N T
Ugy(X) = Aoz + Brg | =202 4 L VL - Zpaph | (x4 w) ;
TQ(AOQ — ].) T2 T2 2
-1
\/T%+T§
2(]€3A02 + ]Cl) 2k3312 T1 + —T%A%z 1 ’]"% + 7’% T2
us, (0) = - - VI Ty VIR | L) [
]{32 ]{72 T2 (A02 — 1) T2 b 2
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-1

u1,(x) = —2Ap2 — 2B £V =5 — 1) A5, + Vs tanh ﬁ(x—&—w)
Is 02 12 (7"2 — 7"3)(1402 — ].) ro — T3 2 ’
-1
2
+/—(r3 —r2)A3 e —r3 po——
— A B 2 3 02 2 3 ta h
U2, (X) 02 + D12 (rs —13)(Ags — 1) + F— e (X +w) ;
N —1
g
us, (x) = 2(ksAoz + k1) 2ksBia | £y/—(r3 —13) Agz Vs =3 tanh BT )
3 X ko ko (ro —r3)(Ao2 — 1) To — T3 X

Employing the (3.6) and Family 6 in section 2 we get
~1

2A2 2ra (x+w) _ b(x+w)
L B r5AG5, 1 er2 1 2e
U1 (x) = —2A02 — 2B12 talAoy — 1) + tan <2 arctan [e2rz(x+w) T 17 e2na(xtw) 11 ’ (3.10)
+/—ZAZ, 1 e22(etw) _ 1 geralitw B
W2 (X) = Aoz + Bra | P A tan | garctan | o ntee 11 ’
-1
. 2(k3A02 + ]ﬁ) 2k3B1a —T2A%2 1 e2r2(x+w) _ 1 2er2(x+w)
U3, (X) - ko - ko 7“2(1402 _ 1) + tan 5 arctan e2r2(x+w) 117 e2r2(x+w) 4 1
Employing the (3.6) and Family 8 in section 2 we get
Iy :l:rlAOQ I‘1(X—|—w)+2 :|_1
(X) . " [(fz —13)(A2 —1)  (r2 —13)(X +w) (1)
r1 £ 71 A2 ri(x tw)+2 }1
n = Ay + B [ ,
) = At e | G D) - ) (v )
U (X) _ 72(/@3‘402 + k‘l) _ 2k3312 |: 71 + 7’1A02 Tl(X + w) +2 :|1
! ko ko (r2 =73)(Ao2 = 1) (ro—r3)(x +w)| =
Employing the (3.6) and Family 10 in section 2 give
N = _1 ekri (x+w) !
= 9Agy — 2 _ 3.12
1, (X) 02 12 2(Agz — 1) [ekrl(X"Fu}) — 1] ’ ( )
A -1 ekrl(x+w) -1
U2 () = Aoz + Buz | 55 — [knOcro) 1] |7
-1
u ( ) - 72(k3A02 + kl) _ 2k3B12 —1 B ekrl(Xer)
3s\X) = ko ko 2(A02 — 1) [ekrl(X'W) — 1}
Utilizing the (3.6) and Family 11 in section 2 give
-1
at/(r? —13)A2, (v +r)erz(x W) 1
= —9Agy — 2B L2702 3.13
Ui, (X) 02 12 (1‘2 — I‘1)(A02 — 1) (rl _ r2)er2(X+w) 1 ’ ( )

ug, (x) = Aoz + Bi2

(=)=
E)NE

-1
r £/ - 13)AS,  (rymp)erxte) — 1
(I‘Q — r1)(A02 — 1) (I'l — rg)er2(X+W) —1 ’
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2(ksAo2 + k1)  2k3Bio
ko ko

Uz, (X) =

—1
r; £ /(1% —13)A2, (it ro)er2(x+ew) 11

(rg —11)(Ag2 — 1)  (rp —rg)er2(xtw) — 1
Employing the (3.6) and Family 12 in section 2 give

rs £ /(3 — 1A%, | (ra+rg)er=Octe) 41|
= —2Ap, — 2B : 3.14
ullO(X) 02 12 (1‘2 — I‘3)(A02 — 1) (1'2 — r3)er2(X+“’) -1 ( )
r3 + /(13 —13)AZ,  (rg +13)e2(XxFw) 41 -
= A B 9
uz,,(x) 02 + Bi12 (r2 —13)(Agz — 1) (rg — rg)er2(ete) — 1
s, (x) = 2(kgAoz + ki) 2ksBip |13t /(1] —13)AT, | (12 +rg)exte) 41 )
310 ko ko (1‘2 — rg)(AOQ — 1) (I‘g — rg)er2(X+"") -1
Employing the (3.6) and Family 13 in section 2 give
-1
1 £/(07 —13)A2, e20te) ppy 1y
= —2Ap, — 2B 3.15
u1y, () 02 12 (rg +11)(Ag2 — 1) erz(xtw) —ry — 1y ( :
-1
(- @A% , ) bn
=A B
21, () = Aoz + Bz (ra +11)(Age — 1) ' e2(x+w) — 1y —1;
-1
( ) . 2(k3A02 + kl) 2k3Bis |11 £ \/ I‘ 1‘2 A2 er2(xtw) + g — Iy
e x) = ko ko (r2 + rl)(Aoz —-1) et = rp—rp |
Utilizing the (3.6) and Family 14 in section 2 give
-1
Iy rlerl(X+w)
— —92Ag — 2B - 3.16
1, (X) 02 12 {2143(A02 —1) rzenxtw) —1 ’ ( )
-1
Iy I‘lerl(X+w)
=A B —
uz,, (X) 0z + Bi2 {2T3(A02 —1) rzenxtw) —1 ’
(x) = 2(ksAg2 +ki)  2ksBio rq et (x+w) -
312 1X) = ko ko 2r3(Agz — 1) r3enlcte) —1
Employing the (3.6) and Family 15 in section 2 give
1+Ap  r3(x+w) +2]"
= —2A¢y — 2B - : 3.17
1,5 (X) 02 12 {(1 “Au) r3(x + @) ( )
1:|:A02 r3(X+UJ)+2 -1
=A B - ,
2,5 (X) 02 + Bi2 {(1 A ra(x + )
3, (x) = _ 2(ksAg2 +ki)  2ksBio [ 1£Ap  13(x+w)+ 2] -
313 k2 k2 (1 — Aog) I3 (X + w) ’
where y = &%t + w.
Set II:
k(rs — 2k3 A
k=k, Aop = (rs = ra) + 2ksAvy frs + 7 A2, Bi1 =0, Apz =4/ wr‘lw, (3.18)
—k(rs —r2) T2 —T3 ro — T3

A1p = A1z, Bia=0, p=0,
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Agg = — 5 5 [/{32(7‘3 — ’l“g) — 2]@’/{331412(7"2 + 7“3) + 2kkq (7“2 — 7“3) — 4]@’1]631412], (319)
2kkar/T5 — 15
k(?”z — ?"3) — 2k3A12 —]ﬂ(?‘z — 7"3) + 2]€3A12
Az = Ay = A
13 2k’2 ) 11 k'(’l"g — 7_3) 12,

)= Ao A (%0,
0s) = Ao+ Aran (22
).

[}
ug(x) = Aoz + Az tan <(2X)

where a,b, and ¢ are free constants. Utilizing of the (3.19) and Family 1 and 4 in section 2 respectively can be
written as

—k(ry —r3) + 2k3 A1 ro + 13 r1 73 —r? —r2 r3 —r? —r2
= A — t B T —— 3.20
u114(X) k’(’l’g — ’l"3> 12 T3 — o + o — 13 o — 13 an 2 (X + w) 5 ( )
o + 13 Iy V13— —13 V13 —1? —13
=A — t
uz,,(X) = A nn nomn nor, 5 x+w) ||
1
uz,, (x) = _721{1(2\/1%—7@[1{2@5 —13) — 2kk3A12(r2 + 13) + 2kkq (12 — 13) — 4k1k3Aq2]
k(I‘2 — I‘3) — 2k3A12 T I‘g — I‘% — I'g 1'525 — I'% — I'%
— t
+ 2k2 Iy — I3 I'o — I3 an 2 (X + W) ’
ke + 2k3Aqo 1 r% —1? r?,) —12
=——— “Ap |1 - —— t
5 (X) . 12 e 5 (xtw) |
2 _ 2 2 _ 2
r1 r§ — 1y r§ — 1y
=Ap|l1——— t
U245 (X) 12 T3 o — 13 an ( 2 (X + w))
1
us,; (x) = (k%13 + 2kkzA1ars + 2kkqrs + 4kiksAqo]
2kk21‘3
krs + 2ksAqs 1 2 —r? 2 —r?
—_—— =1l — - t
2k2 I3 I'og — I3 an 2 (X + W)
Employing the (3.19) and Family 2, 3, and 5 in section 2 respectively get
—k(rg —13) + 2k3A19 ro + 13 1 7?4713 —13 7?4713 —13
= tanh | Y—=——= 3.21
u116(X) k(?"g _7,.3) 12 3 — 1o + T —7’3+ o — 13 a1 2 (X+W) ) ( )
c+b r r? + 13— 12 3+ 13— 13
X =A tanh
U246 (X) 12 c—b + Ty — T3 + Ty — I3 an 2 (X + CU) )
1

uz, (X) = —WW@ —13) — 2kk3A12(b + c) + 2kky (b — ¢) — 4kikzA o)
80
200
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k(rg —r3) —2ksA1p | 11 V241 —12 Vi +rd—13
tanh
* 2k2 Tog — T3 + b—C an 2 (X+W) B

—1ok + 2ks A T 2 + 12 2 + 12

u,, (x) = %Au 1+ é + \/? tanh %(x +w) ||,
. T r? + 12 T2 + 12
ug,, (x) = A1 1+é—|— \/?tanh 12 Z(x+w) ||,
1

[k*b? — 2kksA12b + 2kk;b — 4k;k3A1o]

/22 22
2y 1rl—’—%tanh( rl+r2(x+w)>

us,, (x) = —m

kro — 2ksA
+F2 34012

)

2k2 Iy Iy 2
k(rs —ry) + 2ksA r's+r r2 — 12 12 —12
w(y) = Ka ) F AoAn ) Jratre VIS (VIBT L |
—k(I‘3 — I‘2) I's —TI9 I'9g — I3 2
r's 1 \/12 — 12 \/12 — 12
2, (0) = Ave |/ 2+ Y rank <H<x+w> ,
s —I9g I'9g — I3 2
1

[kz(r% — I‘%) — 2kk3A12(I‘2 + 1‘3) + 2kk1 (IQ — I‘3) — 4k1k3A12]

g tanh( Y r%—r%<x+w)>

2

u = —
318 (5) Qkkgm

k(b - C) - 2k3A12
2ko

Ty — T3

Utilizing the (3.19) and Family 6 in section 2 we get

. —kro + 2k3Aqs . 1 e2r2(X+W) —-1 Qefz(X-i-UJ)
u,,(x) = TAlg i+ tan 3 arctan P 11 2 11 , (3.22)
) 1 e2ra(x+w) _ 1 2¢er2(x+w)
u219(X) = A |:l + tan (2 arctan |:62r2(x+w) + 17 e2ralx+w) 4+ 1:|):| ’
1
g, (x) = _m[kQTS — 2kkz Aara + 2kkyre — 4k1k3 Aj2]
kI‘Q — 2k3A12 t 1 " 62r2 (xtw) 1 2€r2(X+w)
+72k2 an 3 arctan 2n(+e) 110 e2nlre) 11 .
Employing the (3.19) and Family 8 in section 2 we get
—k(rgy — 2ks A 212 2
Wi, (X) = (2 ~ 1) + Zks Asa Aqz \/r2 I3 + \/rz Xt w) + ) (3.23)
k(rz —r3) I3 — I3 (rz —13)(X + w)
Uz, (x) = A r2+r3+\/r%—r§(x+w)+2
TR IV T ) tw) |
1

11320 (X) = [kQ(Tg — 7’%) — 2/€]€3A12(T2 + 7’3) + 2]€]€1 (T‘Q — 7"3) — 4]€1]€3A12]

- 2kkor/T3 — 13

(k(rg — r3) — 2k3A12)y /13 —1r3(x +w) + 2
+ .
21{2(1‘2 — I‘3)(X + W)
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Employing the (3.19) and Family 11 in section 2 give

k(I‘l — 1‘2) + 2k3A12 a -+ b (a + b)er2(X+“) -1
_ _ 3.24
U1y, (X) k(I‘Q _ 1"1) 12 a—>b (rl — r2)er2(X+w) -1 ’ ( )
[ri+12 (11 +12)e2(XF@) — 1
= A —
U2, (X) 12 |: T — To (rl _ r2)er2(x+w) 1!’
1
us,, (X) = —72%2@[752(7"3 —7%) = 2kk3 A12(r1 + 7o) + 2kkq (1o — 1) — 4k1k3 A1)
7k(I’2 — I‘1) — 2k3A12 (a + b)erz(Xer) -1
2k2 (1‘1 — rg)eTQ(X"‘w) -1 '
Utilizing the (3.19) and Family 12 in section 2 give
Set III:
2ks A ko A1oB
k=22 Ay = 22T B = Biy= A =0, Ajg = A, p= \/ T2+r3a (3.25)
9 — T3 kl T3 — T2
2k 2k i)
Ags = —7;7 Az = —?;A12, A= —2Ap, wi(x)=Ao +An [p + tan (;()ﬂ ; (3.26)

) = 0 ot (22

)= A+ o (222)] 3 o an (22)]

where a, b and ¢ are free constants. Employing the (3.26) and Family 1 and 4 in section 2 respectively can be written
as

koA Bis T3+ 19 2l r3—ri—rs T3 —r?—r3
=" _24A - t 3.27
1, () = 27 e el ) | BECED
re 41 r r2 —r2 — r2 r2 —r2 — 2
Uz, (X) = A1z 2y VS L 2y L 2(x+w) ||,
rs — 1o o — T3 ro — T3 2
-2k 2ks3 r3 4+ 19 71 7"92, — r% — r% r% — rf — 7‘%
= ——A - t
Ust (X> kQ kg 12 |: T3 — T2 + ro — T3 ro — T3 an 2 (X + OJ)
-1
+Bis C+b+ S r%—r%—r%tan r%—r%—rg(Xer) )
c—b I'o — T3 I'o — T3 2
koA12B r2 — 2 r2 — 2
ulw(x):M_QAu T VA B W 571w )],
kl T3 T3 2
2 2 2 2
8] réi—r \/TE—T
U256 (X) - A12 1- + : ! tan (M(X + w)) )
3 T3 2
2k1  2ks 71 r2 —r2 r2 — 712
U326 (X) = k — ?A12 1— + 3 1 tan 3 1 (X + W)
2 2 3 T3 2
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—1

+ B13

2 2 2 _ .2
-0 + 5T an ( B h (x+ w))
I3 Is 2

Utilizing the (3.26) and Family 2, 3, and 5 in section 2 respectively get

k?QAlQBlg T2 — T3 T1 \/ 7’% —+ 7‘% — 7’2 7'2 —+ 7’2 — 7”‘2
=T ="""_924 3tanh [ Y12 3 3.28
ULy, (X) kl 12 T3 — 1o + Ty — T3 + r—9_ T3 an 2 (X + w) ) ( )
2 2 2 2 2 2
Ty — T3 T rit+ry; =73 ity =73
Uny, (X) = A2 o e P ( 5 (X+w)> ;
—2k1 2ks re — T3 r T2+ 713 —ri T2+ 713 —ri
= - —A tanh
U327 (X) k2 ]{2 12 |: Ts —To + To — T3 + T — 2 — T3 an 2 (X + W)
—1
Iy 41 T r2 412 — 12 2 4+12 — 12
+Bi3 2 L VT2 DUanh <1 23 (x+w) )
I's —TI9g I'g — I3 I'g — I3 2
koA12B T /12 412 T2 + 12
u128(X):M_2A12 LI il WP R V1T 4w,
kq I T2 2
. T 2 + 12 r2 + 2
Ug,, (X) = A2 i L V1T 20000 (12()(+w) ,
Iro ro 2
—2k;  2k: o \/ri+Ts 7?2 + 12
Ug,e (X) = LA —dAu + 2 VI T 2 40mh #(X +w)
ko ) To o 2
1
T r2 + 2 r2 + 2
+ B i+ =+ YL 2¢anh L™ 2 (y +w) ,
2 ro 2
koA12B13 r3 +1I 3 — 12 213
— 2A 3 tanh 2 3
U1, (X) I ER RV —— T 9T s an 5 (x+w ]|,
r's +1 \/12 — 12 2 _ 2
2, (X) = A e 3tanh< S (x+w) ||,
s — Iy b—c
2k;  2ks r3+r2 /13 — 13 212
_ ) tanh
11329 (X) k2 k2 12 I's —TI9 r—2— I3 a ( * UJ)
—1
Vo a—) 2 _ 2
Big |4/ T2 VIRT (M(X + w))
I's — Iy g — I3 2
Employing the (3.26) and Family 6 in section 2 we get
_ koA12B13 . 1 821"2(X+W) -1 2er2(x+w)
U, (x) = % 2A15 |1+ tan 3 arctan 20t 11 e 11 ) (3.29)

e2rz(xtw) _ 1 2er2(x+w)
leg(x+w) + 17 leg(X+w) 4 1:|):| 3

1
U2, (X) = A1z {i + tan <2 arctan [

—2]€1 2k3 . 1 62T2(X+W) -1 2¢eT2 (x+w)
gy, (X) = e ?2/112 [z + tan (2 arctan L%z(x+w) T 17 e2ralatw) 1 1] ﬂ
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—1

. 1 e2r2(xtw) _ 1 2er2(x+w)
+ B3 [1 + tan (2 arctan L2r2(x+w) T 1 e2ra(xtw) & J )]

Utilizing the (3.26) and Family 8 in section 2 we obtain

\/T3+Y2 n V13 —rd(x +w) +2
Iy — Iy (rg —13)(x +w)

)

rs +1 V2 =13 (x +w)+2
o, () = Ass str2 VI 3( )

(3.30)

r3 —To (rg —r3)(x + w) ’
-1
us, . ( )_—2k1_% \/r3+r2+\/r%—r§(x+w)+2 B \/r3+r2+\/r§—7‘§(x+w)+2
3a1 (X ko ky 2 r3 — Iy (rg —13)(x + w) 13 r3 —To (ro —r3)(x +w)
Employing the (3.26) and Family 10 in section 2 give
k2A12B13 erlk/(x+w) _ enk’(x«#w)
U1, (X) = T + 2A12W, Uz, (§) = _A12Wa (3.31)
ol 2ky, enNOcR) ek k) _ 1
U () = =+ A Gtas -1 BB T et
Employing the (3.26) and Family 11 in section 2 give
koA12Bi3 ry+ro  (rp+ rg)e”(X*W) -1
= ——"""_-2A - 3.32
Ulss (X) k, 12 ry — Ty (rl _ rz)erz(X+w) -1’ ( )

_ 1] +ry  (rp 4 ro)e(x )
U5 (X) = Az {\/: T (11 —o)er2xte) — 1

_9k 2k ro(x+w) _ 1 ra(x+w) _ 117"
11333(€) = ! - 73A12 ot - (rl + r2)e +BlS ntre - (Tl + 7“2)6 .
ko ko r; —ry (11 —rg)er(xtew) —1 ri—re  (rp —rg)er2(xtw) — 1

Utilizing the (3.26) and Family 12 in section 2 give

koA12B13 rs + I (b + C)er’z(X-‘rw) +1
=—F-2A
Uiz, (X) kl 12 I3 — 19 + (I‘Q — I'3)6r2(X+w) 1 )
ctb _ (b+c)ertte) 41
-b  (b- c)erz(X+w) -1

)

(3.33)

(r2 + r3)en0ch) 1177

—2k1 2k3 I3 + I (1'2 + r3)er2(x+w) +1 r3 4+ 1o
= — — A |4/ Bis |4/
U35 (X) ko ko 2 { rz —rIg * (rg —r3)erz(xtw) — 1 s r3 — T2 -

Employing the (3.26) and Family 13 in section 2 give
koA12B13 —1 1 €209 4y —py
=" _2A
u135 (X) kl 12 —I] — Iy + erz(X-l‘UJ) —TI9 —1Iq ’
[—r] +ry  e2(tw) ppy 1y
U2 (x) 12 [ ES— + ) B——

(rg — r3)er2(xtw) — 1

(3.34)

—a+b et Ly gy
“a—b " entte) —p_q

+ Bia

|—a+b
fafb—i—

-1
erQ(X+W) + o —T1
erz(x+w) —py — 1y '
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Employing the (3.26) and Family 15 in section 2 give

k2A12B13 I‘3(X —|— w) —|— 2 I‘3(X —|— w)2
= == _2A 1 - = =A 1- =" 3.35
u136(X) k, 12 |: I‘3(X+w) ) u236(X> 12 YB(XJFW) ’ ( )
—2k;  2ks { r;;(x%—w)—i—?} [ rg(x+w)+2]1
u = S NP A o ) IRV - PP N A% S e/ ) B
336(X) ks ks 12 T3 (x + @) 13 T3 (x + @)
where y = 2r1;3Ar132t +w
Set IV
2ks A A
k=200 A = =240, Bii=Bia=0, Ajp= A, pzﬂi\/m—i—rgy (3.36)
Tg — T3 Aro T3 —T9
2(k Agok- 2k
Aps = —M7 Bis =0, Aj3=—""A, Ay =—2Ap, (3.37)
kg k2
P
u1(x) = Ao1 + A1 {P + tan <(2X)>] ;

u2(x) = Aoz + A1z [p + tan <(I)(2X)ﬂ , us(x) = Aos + Ags {p + tan (@(;))] ,

where a, b and ¢ are free constants. Employing the (3.37) and Family 1 and 4 in section 2 respectively can be written
as

U1, () = —2A05 + Ao [jﬁ + Z f Z o al — r% ngr ; ™ tan ( r2 —;% —r} (x+ w)) . (3.38)
Ua,, (X) = Aoz + A12 [j?z + :zi—:z + bic_ T%;r%; ri tan ( 3 —27“5 —ri (x +w)> ,
Ui (X) = —2A02 + As2 % +1- % — rf’__rftan <C22_32(X+w)> ;
() = A+ A | A2y TV, ( SN+ w)) ,
Utilizing the (3.37) and Family 2, 3, and 5 in section 2 respectively get
wnyy (x) = —240s + A1 mi’z + Z f:z + o —+ T%“;Lj%; "3 tanh <W(X N w)) . (3.39)
Uage (X) = Aoz + A12 % + th + T2T_1T3+ Ti:—_ri— r3 tanh (W(X +w)> ,

2(/€1 + Aogkg) 2]€3 A02 T2 + rs T1
Lt E L YO =y
a3 (X) ko ko % A T3 — T2 * Ty — T3
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+

3

e ——— ity s tanh (' ri+r3 -3 (X+w)>

T9 — T3 2

U1, (x) = —2A02 + Apo

)

A 2 2 2 2
Ap o on Vi (M(X+w)

A12 I'9 I9 2
A T /12 412 2+ 12
Uz, (x) = Aoz + A2 i S NI A L TP N 172()(—&—(,0) ,
Agp r2 ro 2

_2(ki + Agoks) %Au

U3y, (X) = ko ko

Aqp Iy Iy

A 2 2 /.2 2
Roz g N VAT <r12+r2(€+0)>

Employing the (3.37) and Family 6 in section 2 we get

Az | . 1 e22(xtw) 1 er2(xtw)
Uy, (X) = 72A02 + A12 |:A12 +i+ tan <2 arctan |:e2r2(X+w) T 17 eQrQ(X+W) + 1 ’

A 1 a(xtw) 1 ger2(xtw)
ug,, (x) = Aoz + Ar {02 +i+4 tan <2 arctan [e € })] ,

Ago e2r2(xtw) 417 e2ra(x+w) 41

2 A 2
us,, (x) = _M _ ﬁfhz { + i+ tan

ko ko As2
Employing the (3.37) and Family 8 in section 2 we get

A()Qi\/rg-i-rg V12 —13(x +w) +2
I3 — T2 (r2 —r3)(X +w)

Aoz 1 2raOcte) 1 9malckw)
( arctan [

U1y (X) = —2Ap + Ay

)

12

Apa ry+rs /13 —r3(x+w) +2
U2, (X) 02 T A12 Ao \/r3 — I + (1'2 - TS)(X + w)
wpny (o) = ~ 2+ Aoske) ko Ao [T VIt w) + 2
349 (X ks ko 2| A I3 — I'y (r2 —13)(x +w)

Employing the (3.37) and Family 10 in section 2 give

Aos erik (x+w) ]

U, (X) = —2Ap2 + A1z A712 T o (W) 1

U2,,(X) = Aoz + A1z

A02 erlk'(Xer)
Ap  EFeEe 1|

2(k; 4+ Aogks)  2ks

U3, (X) = Ko Ko

A,  onFOre) _1

Ay ekt ]

Utilizing the (3.37) and Family 11 in section 2 give
Agp , [ritry  (ri+rp)e™ -1

=—-2A Ap |—+ —

Hlaa (X) 02 + £z |:A12 Ty — T2 (1‘1 — r2)6f2(X+w) -1’
AOQ ry + 12 (1‘1 + rg)em(x*‘“’) -1

=A Ap |—— %4/ —
uz,, (X) 02 T A1z |:A12 g —1o (1] — rz)efz(X+w) —1]
11344()() _ _2(1{1 =+ Aogkg) B %Alg @ I /r1 4+ 19 B (r1 + rz)erz(X-i-w) -1 .

kg kg A12 1 —I9 (1'1 — rg)er2(X+‘*’) -1

(=)=
E)NE

e2rz(x+w) + 1’ e2rg(x+w) +1

I

(3.40)

(3.41)

(3.42)

(3.43)
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Employing the (3.37) and Family 12 in section 2 give

B Ao [rg ¥r5 (v +r3)e(xtw) 41

u,. (x) = —2A02 + As2 |:A12 + — + (1 — tg)erOFe) — 1] (3.44)
_ Apo [tg +15 (12 +13)e20xte) 41

Uz, (X) = Aoz + A1 {Am + — + (rs — rg)om20te) — 1

2(k Agok 2k A r2(x+w) 4 1
Uz, (X) — _M _ 73A12 202 + Iy + 13 n (r2 + r3)e + -
ko ke Az r3—ro  (rg— r3)er2(><+w) -1

Employing the (3.37) and Family 13 in section 2 give

_ Agp | [ritry  e20F) 4y —1py
Ui 6 (X) = —2A02 + Ao |:A12 + . + ot (o) — Iy — 11 y (345)
B Aoz 11 15 | €209 oy —py
WM”_AM+&2hmivﬁmm*@MHm_m_n’

2(k1 + A02k3> 2ks Ago —I] +T9 erQ(X—HU) +ro—11
At Beaks) ks, 202y :
Us,e (X) Ko ko 12 Aqy —r{ — Iy + er2(x+w) — Ty — 11

Utilizing the (3.37) and Family 15 in section 2 give

A r3(x +w) +2
Ui, (x) = —2A02 + A1o {A?z +1- ?)E“:),X(X—i—)w)] (3.46)
Aoz rg(x+w)+2]

=Ap+Ap|—F1l- S0

uz,, (X) 02 12 {Am r3(x + @)
2(ky + Agoks)  2ks Aoz r3(x +w) +2

L NPy E=-y

U3y, (X) Ky Ky 12 Al rs(X i w) s
where x = —%t + w.

4. CONCLUSION

We analyzed the chemical equation with the improved tan (®(§)/2)-expansion technique to study its details and
present them in a visual form. By applying a combination of the ITET. A variety of new wave profiles were obtained,
closely aligned with soliton theory. The resulting wave profiles hold great potential for application in chemistry and
various other fields. The current project primarily focused on discovering new wave profiles for a wide range of NLPs
utilizing the ITET. NLPs have been highlighted across numerous fields, including engineering, physics, and applied
mathematics; therefore, it is reasonable to anticipate that this project will have widespread applicability. Future
research will develop this model by adding linked neuron systems to better mimic natural brain activity. Our research
team should explore how neurons influence and work with fractional soliton propagation in these systems. Our flexible
NLP model allows researchers to study its applications in engineering physics and applied mathematics, plus other
scientific fields, to expand this research’s effects beyond neuroscience.
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