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Abstract: Motivated by the growing interaction between q-calculus and geometric function theory, this paper introduces a new subclass
of bi-univalent functions defined through a convolution operator associated with the q-Wright function and the q-analogue of Fibonacci
numbers. The proposed operator is constructed via the Hadamard convolution, enabling the analytic and combinatorial properties of q-
special functions to be naturally embedded into the geometric framework of bi-univalent mappings. Using the fundamental principal of
the subordination, we derive the upper bounds of the initial Taylor–Maclaurin coefficients |ρ2|, |ρ3|, and Fekete–Szegö inequalities. The
analysis further demonstrates how the deformation parameter affects the associated coefficient q on the coefficient structure. The present
results highlight the structural significance of q-special functions in the construction of convolution-type operators and contribute to
the further development of coefficient theory for bi-univalent functions. Moreover, the proposed framework offers a basis for future
investigations at the intersection of operator theory and geometric function theory.
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1 Introduction

In complex analysis, the theory of geometric functions on
an open unit disk is dealing with analytic and univalent
functions. We have seen the field move forward largely
because of how we now use operators and subordination
to categorize functions. The goal behind this is to have an
actual tool to extract coefficient values and to study the
geometric growth of analytic functions in the unit disk.

Over the past couple decades, we have seen the
q-calculus evolve from a niche discrete version of
standard calculus into a powerhouse for building
q-extensions of classic operators. Its real power lies in its
pliability; it allows us to craft generalized analytic
operators that do more than just trituration
numbers—they give us a much deeper look into the
coefficient problems and geometric quirks of both
univalent and bi-univalent functions.

What really sets q-calculus apart is how it blends
discrete and continuous perspectives. This superposition
is what makes it so easy to drag in difference operators
and q-special function expansions when we are doing
analytic work. It is this specific process that has given us
all these new q-versions of standard analytic kernels.
Because of that, we have seen a whole new wave of
subclasses stand out, such as the q-starlike, q-convex, and
q-bi-univalent groups. In conclusion, the q-calculus acts
as a bridge; it connects special functions, combinatorics,
and orthogonal polynomials into one cohesive framework
for GFT. (see, for example, [5,6,7,8,12,13,14,15,16,17,
18,19,20,21,27,28,29,30]), some other applications in
algebra can be found in [22,23,24,25,26].

Within this setting, the q-Wright function occupies a
significant position because of its broad structural form
and its connections with other q-special functions, such as
the q-Mittag–Leffler and q-hypergeometric functions.
When combined with convolution and subordination
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techniques, it serves as an effective tool for defining new
analytic operators and corresponding subclasses of
bi-univalent functions.In recent work, Alsoboh et al. [4]
explored the relationship between the q-calculus and the
q-Fibonacci sequence by introducing an appropriate
generating kernel, which extends the classical Fibonacci
function into the analytic framework. This development
underscores the versatility of q-operators in modeling
subtle geometric features.

Motivated by recent progress in the area, we introduce
a new class of bi-univalent functions defined through a
q-Wright operator and subordinated to a kernel related to
the q-Fibonacci sequence. A key contribution of this
paper is the introduction of a q-operator based on
Hadamard product with q-Wright kernels, which leads to
a generalized class of bi-univalent functions defined
through a q-Fibonacci type subordination condition.

Within this approach, we determine the upper bounds
for |ρ2| and |ρ3| and derive the related Fekete–Szegö type
estimates. The results presented here both recover and
broaden several recent advances in the coefficient theory
of bi-univalent functions. Moreover, the study underlines
the importance of q-special functions in shaping
operator-based constructions and advancing research
within geometric function theory.

2 Preliminaries

We first introduce the standard class A consisting of
functions that are analytic on the open unit disk

O = {z = a+ ib ∈ C : a,b ∈ R, |z|< 1} .

From a geometric perspective, O represents the interior of
the unit circle centered at the origin, excluding its
boundary. Each function f ∈ A is normalized by the
conditions

f (0) = 0 and f ′(0) = 1,

which remove translational and dilational degrees of
freedom, thereby fixing the mapping uniquely at the
origin.

Every f ∈ A admits the Taylor–Maclaurin expansion

f (z) = z+
∞

∑
n=2

ρn zn, z ∈ O, (1)

where the coefficients ρn describe the nonlinear
contribution of the mapping.

A function f is called a Schwarz function if it is
analytic in O , satisfies f (0) = 0, and fulfills | f (z)|< 1 for
all z ∈ O .

For analytic functions f1, f2 ∈ A , we say that f1 is
subordinate to f2, written f1 ≺ f2, if there exists a
Schwarz function η such that

f1(z) = f2(η(z)), z ∈ O.

The concept of subordination preserves analyticity and
serves as a fundamental tool for comparing geometric
inclusion properties of analytic mappings.

Let S⊂ A denote the family of univalent functions in
O . The Carathéodory class P consists of analytic functions
p in O with positive real part. Each p∈ P can be expressed
in the form

p(z) = 1+
∞

∑
n=1

pnzn = 1+p1z+p2z2 + · · · , z ∈ O,

(2)
and satisfies the sharp coefficient bound according to
quarter-Koebe theorem

|pn| ≤ 2, n ≥ 1, (3)

in accordance with the classical Carathéodory lemma [2].
Equivalently,

p(z) ∈ P ⇐⇒ p(z)≺ 1+ z
1− z

, z ∈ O.

For each f ∈ S, the inverse function f−1 exists in a disk
of radius at least r0( f )≥ 0.25 and satisfies

z = f−1( f (z)), ξ = f ( f−1(ξ )), (|ξ |< r0( f )).
(4)

Its series representation takes the form

χ(ξ ) = f−1(ξ ) =ξ −ρ2ξ
2 +(2ρ

2
2 −ρ3)ξ

3

− (5ρ
3
2 −5ρ2ρ3 +ρ4)ξ

4 + · · · .
(5)

A function f ∈ S is termed bi-univalent if both f and
its inverse f−1 are univalent in O . The collection of all
such functions is denoted by Σ ⊂ S. Bi-univalent
functions extend the classical notion of univalence by
requiring injectivity to be preserved under inversion, and
they naturally arise in problems related to coefficient
estimates, subordination relations, and geometric
transformations. Typical examples include mappings.

f (z) =
z

1+ z
, f (z) =− log(1− z), f (z) =

1
2

log
(

1+ z
1− z

)
,

each of which is univalent in O together with its analytic
inverse.

In 2008, Shahed and Salem [1] proposed a q-Wright
function, which is defined as follows:

Wκ,ϑ (z;qτ) =
∞

∑
n=0

q
n(n+1)

2 zn

⌈n⌋q ! Γqτ (κn+ϑ)
=

1
Γqτ (ϑ)

+
q z

Γqτ (κ +ϑ)
+

q3 z2

⌈2⌋q ! Γqτ (2κ +ϑ)
+ · · · ,

(6)

where κ = −log(1−q)/1−qτ , ϑ ∈ C, z ∈ O , 0 < q < 1
and

Γqτ (κ) =
(qτ ,qτ)

∞

(qτκ,qτ)
∞

(1−qτ)1−κ, κ ̸= 0,−1,−2, · · · .
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The q-Wright function Wκ,ϑ (z;q) is normalized to
obtain

Rκ,ϑ (z) = zΓqτ (ϑ)Wκ,ϑ (z;q)

= z+
∞

∑
n=2

q
n(n−1)

2 Γqτ (ϑ)

⌈n−1⌋q!Γqτ

(
κ(n−1)+ϑ

) zn. (7)

The associated convolution operator Vκ,ϑ that acts on A
is defined by

Vκ,ϑ f (z) =
(
Rκ,ϑ ∗ f

)
(z)

= z+
∞

∑
n=2

q
n(n−1)

2 Γqτ (ϑ)

⌈n−1⌋q!Γqτ

(
κ(n−1)+ϑ

) ρn zn, (8)

where κ =−log(1−q)/1−qτ , ϑ ∈ C, z ∈ O , 0 < q < 1.

This operator preserves analyticity in O and will be
used to define new subclasses of bi-univalent functions.
Following Alsoboh et al. [4], the q-Fibonacci generating

function is defined as

Ω(z;q) =
1+qλ 2

q z2

1−λq z−qλ 2
q z2 , λq =

1−
√

4q+1
2q

. (9)

Its coefficients satisfy the recurrence relation

p̂n =


λq, n = 1,
(2q+1)λ 2

q , n = 2,
(3q+1)λ 3

q , n = 3,(
ϕn+1(q)+qϕn−1(q)

)
λ n

q , n ≥ 4,

(10)

where the q-Fibonacci polynomials are defined by

ϕn(q) =
(1−qλq)

n −λ n
q√

4q+1
, (11)

where 

ϕ0(q) = 0,
ϕ1(q) = 1,
ϕ2(q) = 1,
ϕ3(q) = 1+q,

...

which degenerate into the classical Fibonacci
numbers in the limit q → 1−. Detailed discussions and
related geometric implications can be found in the
extensive study [9,10,11].

3 Definition and Examples

Motivated by the analytic and geometric features
associated with q-Fibonacci numbers, we introduce in this
section a new subclass of bi-univalent functions defined
through an operator related to the q-Wright function. The

construction relies on a suitably formulated generalized
q-differential operator, designed to unify and extend
several previously studied subclasses through a common
subordination framework with respect to an analytic
generating function Ω(z;q).

This operator-based approach brings together
different q-analytic components within a consistent
setting and provides a systematic method for defining new
families of bi-univalent functions. In this way, it broadens
the scope of geometric function theory in the context of
q-calculus. Furthermore, the proposed framework offers
an effective basis for examining coefficient estimates,
Fekete–Szegö type functionals, and related geometric
properties associated with bi-univalent mappings.

Definition 1. Let f be a bi-univalent function expressed in
the form (1). Then f ∈ Rκ,ϑ

∑
(γ;q) if and only if the

following subordination relations are satisfied:

(1− γ)
Vκ,ϑ f (z)

z
+ γ ðq

〈
Vκ,ϑ f (z)

〉
≺ Ω(z;q), (12)

and

(1− γ)
Vκ,ϑ χ(ξ )

ξ
+ γ ðq

〈
Vκ,ϑ χ(ξ )

〉
≺ Ω(ξ ;q), (13)

where γ ≥ 0, ϑ ∈ C, and χ = f−1 denotes the analytic
inverse of f as defined in (5). The parameter λq and
Ω(z;q), given by (9), serves as the generating function
responsible for the underlying shell-like geometric
structure of the domain.

The class Rκ,ϑ
∑

(γ;q) thus serves as a unifying platform
connecting the q-calculus and the theory of geometric
functions. By tuning the parameters γ and q ∈ (0,1), one
can recover a variety of analytic subclasses that exhibit
distinct geometric and structural behaviors within the
open unit disk O .

Example 1.For γ = 1 in Definition 1, the class Rκ,ϑ
∑

(1;q)
is characterized by the subordinations

ðq
〈
Vκ,ϑ f (z)

〉
≺ Ω(z;q), ðq

〈
Vκ,ϑ χ(ξ )

〉
≺ Ω(ξ ;q),

which correspond to a purely q-differential subclass
whose geometric structure depends exclusively on the
first q-derivative of the transformed function.

Example 2.For γ = 0 in Definition 1, the class Rκ,ϑ
∑

(0;q)
satisfies

Vκ,ϑ f (z)
z

≺ Ω(z;q),
Vκ,ϑ χ(ξ )

ξ
≺ Ω(ξ ;q),

representing the fundamental subclass in which the
characterization is governed entirely by the operator
quotient, devoid of any q-differential influence.
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Example 3.As q → 1−, the Definition 1 reduces to the
classical operator-based subclass

(1− γ)
Vκ,ϑ f (z)

z
+ γ
(
Vκ,ϑ f (z)

)′ ≺ 1+λ 2z2

1−λ z−λ 2z2 ,

along with the corresponding subordination for χ = f−1.
This limit demonstrates that the newly proposed
q-framework generalizes well-established analytic
subclasses in the classical setting.

4 Coefficient Estimates of the Class Rκ,ϑ
∑

(γ;q)

In this section, we derive coefficient estimates for
functions belonging to the class Rκ,ϑ

∑
(γ;q) introduced in

Definition 1. The main goal is to obtain explicit upper
bounds for the initial Taylor–Maclaurin coefficients,
specifically |ρ2| and |ρ3|, corresponding to this newly
defined family of bi-univalent functions. These estimates
play a fundamental role in understanding the analytic
structure and geometric behavior of the class under
consideration.

We first consider an analytic function of the form

p(z) = 1+p1z+p2z2 +p3z3 + · · · ,

which is assumed to satisfy the subordination relation

p(z)≺ Ω(z;q).

That is, there exists a Schwarz function η such that p(z) =
Ω(η(z);q) for all z ∈ O .

Consequently, there exists a Schwarz function ϕ ∈ P
such that

|ϕ(z)|< 1 (z ∈ O) and p(z) = Ω(ϕ(z);q).

Following the classical representation, we define

h(z) =
1+ϕ(z)
1−ϕ(z)

= 1+ε1z+ ε2z2 +ε3z3 + · · · , z ∈ O,

(14)
where h ∈ P denotes the Carathéodory function associated
with ϕ .

From the above, the analytic function ϕ(z),
subordinate to Ω(z;q), admits the following power-series
expansion:

ϕ(z) =
ε1z
2

+
1
2

(
ε2 −

ε2
1
2

)
z2

+
1
2

(
ε3 − ε1ε2 −

ε3
1
4

)
z3 + · · · .

(15)

Substituting this expansion into Ω(ϕ(z);q), we obtain
the following.

Ω(ϕ(z);q) = 1+
p̂1ε1

2
z+

1
2

[(
ε2 −

ε2
1
2

)
p̂1 +

ε2
1
2
p̂2

]
z2

+
1
2

[(
ε3 − ε1ε2 +

ε3
1
4

)
p̂1 + ε1

(
ε2 −

ε2
1
2

)
p̂2 +

ε3
1
4
p̂3

]
z3 + · · ·

(16)
In a similar fashion, corresponding to the inverse

mapping χ = f−1, there exists a Schwarz function ν

analytic in O with |ν(ξ )|< 1 for all ξ ∈ O such that

p(ξ ) = Ω(ν(ξ );q).

Thus, the function associated with the inverse is also
subordinate to the generating kernel Ω(·;q) through the
Schwarz function ν .

To proceed, we introduce the corresponding function
Carathéodory.

κ(ξ )=
1+ν(ξ )

1−ν(ξ )
= 1+θ1ξ +θ2ξ

2+θ3ξ
3+· · · , ξ ∈O,

(17)
where κ ∈ P. Consequently, the Schwarz function ν

admits the representation

ν(ξ ) =
θ1

2
ξ +

1
2

(
θ2 −

θ 2
1
2

)
ξ

2

+
1
2

(
θ3 −θ1θ2 −

θ 3
1
4

)
ξ

3 + · · · .
(18)

Substituting this expansion into the generating
function Ω(·;q), we obtain the series representation

Ω(ν(ξ );q) = 1+
p̂1θ1

2
ξ

+
1
2

[(
θ2 −

θ 2
1
2

)
p̂1 +

θ 2
1
2
p̂2

]
ξ

2

+
1
2

[(
θ3−θ1θ2 +

θ 3
1
4

)
p̂1 +θ1

(
θ2−

θ 2
1
2

)
p̂2 +

θ 3
1
4
p̂3

]
ξ

3+· · · .

(19)

With the above expansions at hand, we are now in a
position to obtain sharp estimates for the initial
Taylor–Maclaurin coefficients of functions belonging to
the class Rκ,ϑ

∑
(γ;q). These limits explicitly reflect how

the behavior of the coefficient is influenced by the
q-deformation and the geometric parameter γ .
Consequently, the resulting inequalities offer a clear
description of the analytic features and geometric
flexibility exhibited by the associated bi-univalent
mappings.

Theorem 1.Let f ∈ Rκ,ϑ
∑

(γ;q). Then

|ρ2| ≤ min
{ |λq|Γqτ (κ +ϑ)

q
∣∣1+qγ

∣∣Γqτ (ϑ)
,L
}
, (20)
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and

∣∣ρ3
∣∣≤ λ 2

q Γ 2
qτ (κ +ϑ)

q2
(
1+qγ

)2
Γ 2

qτ (ϑ)
+

∣∣∣∣∣ λq ⌈2⌋q ! Γqτ (2κ +ϑ)

q3
(
1+q⌈2⌋qγ

)
Γqτ (ϑ)

∣∣∣∣∣ .
(21)

where

L =
|λq|Γqτ (κ +ϑ)

√
⌈2⌋q Γqτ (2κ +ϑ)

q

√√√√√√√√
∣∣∣∣∣∣∣∣∣
qλq Γqτ (ϑ)Γ

2
qτ (κ +ϑ)

(
1+q⌈2⌋qγ

)
−⌈2⌋q Γqτ (2κ +ϑ)

(
(2q+1)λq −1

)
×Γ

2
qτ (ϑ)

(
1+qγ

)2

∣∣∣∣∣∣∣∣∣
Proof. Let f ∈ Rκ,ϑ

∑
(γ;q) and ξ = f−1. Taking into

account (12) and (13), we have

(1−γ)
Vκ,ϑ f (z)

z
+γ ðq⟨Vκ,ϑ f (z)⟩= Ω(ϕ(z);q), (z ∈O),

(22)
and

(1−γ)
Vκ,ϑ χ(ξ )

ξ
+γ ðq⟨Vκ,ϑ χ(ξ )⟩=Ω(ν(ξ );q), (ξ ∈O).

(23)
Upon substituting the operator Vκ,ϑ f (z) defined in (8) into
equation (22), the left-hand side transforms into

(1− γ)
Vκ,ϑ f (z)

z
+ γ ðq⟨Vκ,ϑ f (z)⟩

= 1+
q(1+qγ)Γqτ (ϑ)

Γqτ (κ +ϑ)
ρ2z

+
q3
(
1+q⌈2⌋qγ

)
Γqτ (ϑ)

Γqτ (κ +ϑ)
ρ3z2 + · · · .

(24)

Similarly for equation (23), the left-hand side transforms
into

(1− γ)
Vκ,ϑ χ(ξ )

ξ
+ γ ðq⟨Vκ,ϑ χ(ξ )⟩= 1−

q(1+qγ)Γqτ (ϑ)

Γqτ (κ +ϑ)
ρ2ξ

+
q3(1+q⌈2⌋q γ

)
Γqτ (ϑ)

Γqτ (κ +ϑ)

(
2ρ

2
2 −ρ3

)
ξ

2 + · · ·

(25)
Substituting (16) and (24) into (23) produces

q(1+qγ)Γqτ (ϑ)

Γqτ (κ +ϑ)
ρ2z+

q3
(
1+q⌈2⌋q γ

)
Γqτ (ϑ)

Γqτ (κ +ϑ)
ρ3z2 + · · ·

=
p̂1ε1

2
z+

1
2

[(
ε2 −

ε2
1
2

)
p̂1 +

ε2
1
2
p̂2

]
z2 + · · · .

(26)

In addition, substituting (19) and (25) into (24) yields

−
q(1+qγ)Γqτ (ϑ)

Γqτ (κ +ϑ)
ρ2ξ+

q3
(
1+q⌈2⌋qγ

)
Γqτ (ϑ)

Γqτ (κ +ϑ)

(
2ρ

2
2 −ρ3

)
ξ

2 + · · ·

=
p̂1θ1

2
ξ +

1
2

[(
θ2 −

θ 2
1
2

)
p̂1 +

θ 2
1
2
p̂2

]
ξ

2 + · · · .

(27)

Equating the pertinent coefficient in (26) and (27), we
obtain the following.

q(1+qγ)Γqτ (ϑ)

Γqτ (κ +ϑ)
ρ2 =

p̂1ε1

2
(28)

−
q(1+qγ)Γqτ (ϑ)

Γqτ (κ +ϑ)
ρ2 =

p̂1θ1

2
(29)

q3
(
1+q⌈2⌋qγ

)
Γqτ(ϑ)

⌈2⌋q !Γqτ (2κ +ϑ)
ρ3 =

1
2

[(
ε2−

ε2
1
2

)
p̂1+

ε2
1
2
p̂2

]
(30)

and

q3
(
1+q⌈2⌋qγ

)
Γqτ (ϑ)

⌈2⌋q ! Γqτ (2κ +ϑ)

(
2ρ

2
2−ρ3

)
=

1
2

[(
θ2−

θ 2
1
2

)
p̂1 +

θ 2
1
2
p̂2

]
(31)

From (28) and (29), we have

ε1 =−θ1 ⇐⇒ ε
2
1 = θ

2
1 , (32)

and

ρ
2
2 =

λ 2
q Γ 2

qτ (κ +ϑ)

8q2
(
1+qγ

)2
Γ 2

qτ (ϑ)

(
ε

2
1 +θ

2
1
)
. (33)

Using (3), we have

|ρ2| ≤
∣∣λq
∣∣ Γqτ (κ +ϑ)

q
∣∣1+qγ

∣∣Γqτ (ϑ)
. (34)

Rearranging the terms in (33), we obtain the equivalent
relation

ε
2
1 +θ

2
1 =

8q2
(
1+qγ

)2
Γ 2

qτ (ϑ)

λ 2
q Γ 2

qτ (κ +ϑ)
ρ

2
2 . (35)

Now, by summing (30) and (31), we obtain

2q3
(
1+q⌈2⌋qγ

)
Γqτ (ϑ)

⌈2⌋q Γqτ (2κ +ϑ)
ρ

2
2

=
(ε2 +θ2)λq

2
+

[
(2q+1)λ 2

q

4
−

λq

4

](
ε

2
1 +θ

2
1
)
.

(36)

By substituting the expression of (ε2
1 +θ 2

1 ) from (35) into
the equation (36) and simplifying the resulting identity, we
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arrive at the following explicit representation for ρ2
2 :

ρ
2
2 =

(ε2 +θ2)⌈2⌋q Γqτ (2κ +ϑ)λ 2
q Γ 2

qτ (κ +ϑ)

4q2


qλq Γqτ (ϑ)Γ

2
qτ (κ +ϑ)

(
1+q⌈2⌋qγ

)
− ⌈2⌋q Γqτ (2κ +ϑ)

(
(2q+1)λq −1

)
×Γ

2
qτ (ϑ)

(
1+qγ

)2


.

(37)
Using (3) for (37), we have

∣∣ρ2
∣∣≤ |λq|Γqτ (κ +ϑ)

√
⌈2⌋q Γqτ (2κ +ϑ)

q

√√√√√√√√
∣∣∣∣∣∣∣∣∣
qλq Γqτ (ϑ)Γ

2
qτ (κ +ϑ)

(
1+q⌈2⌋qγ

)
− ⌈2⌋q Γqτ (2κ +ϑ)

(
(2q+1)λq −1

)
×Γ

2
qτ (ϑ)

(
1+qγ

)2

∣∣∣∣∣∣∣∣∣

.

(38)
Now, so as to find the bound on |ρ3|, let us subtract

from (30) and (31) along (33), we obtain the following.

ρ3 = ρ
2
2 +

λq ⌈2⌋q ! Γqτ (2κ +ϑ)

4q3
(
1+q⌈2⌋qγ

)
Γqτ (ϑ)

(
ε2 −θ2

)
. (39)

Hence, we get

∣∣ρ3
∣∣≤ ∣∣ρ2

∣∣2 + ∣∣∣∣∣ λq ⌈2⌋q ! Γqτ (2κ +ϑ)

q3
(
1+q⌈2⌋qγ

)
Γqτ (ϑ)

∣∣∣∣∣ . (40)

Then, in view of (34), we obtain

∣∣ρ3
∣∣≤ λ 2

q Γ 2
qτ (κ +ϑ)

q2
(
1+qγ

)2
Γ 2

qτ (ϑ)
+

∣∣∣∣∣ λq ⌈2⌋q ! Γqτ (2κ +ϑ)

q3
(
1+q⌈2⌋qγ

)
Γqτ (ϑ)

∣∣∣∣∣ .
(41)

This proves (21).

Theorem 2.For α ∈ C∗, let f ∈ Rκ,ϑ
∑

(γ;q). Then∣∣ρ3 −α ρ2
2

∣∣≤


|λq|⌈2⌋q Γqτ (2κ+ϑ)

q3 Γqτ (ϑ)
∣∣1+q⌈2⌋q γ

∣∣ , 0 ≤
∣∣L (α)

∣∣≤ 1
q
(

1+q⌈2⌋q γ

)
|λq|⌈2⌋q Γqτ (2κ+ϑ)

q2 Γqτ (ϑ)

∣∣L (α)
∣∣, ∣∣L (α)

∣∣≥ 1
q
(

1+q⌈2⌋q γ

)
(42)

where

L (α)=
(1−α)λq Γ 2

qτ (κ +ϑ){
qλq Γ 2

qτ (κ +ϑ)
(
1+q⌈2⌋q γ

)
−

⌈2⌋q Γqτ (ϑ)Γqτ (2κ +ϑ)
(
(2q+1)λq −1

)(
1+qγ

)2

}

Proof. Let f ∈ Rκ,ϑ
∑

(γ;q), from (37) and (39) we have

ρ3 −α ρ
2
2 =

1
q
(
1+q⌈2⌋q γ

)(ε2 −θ2
)

+
(1−α)λq Γ 2

qτ (κ +ϑ)(ε2 +θ2)qλq Γ
2

qτ (κ +ϑ)
(
1+q⌈2⌋q γ

)
− ⌈2⌋q Γqτ (ϑ)Γqτ (2κ +ϑ)

(
(2q+1)λq −1

)(
1+qγ

)2



=
λq ⌈2⌋q Γqτ (2κ +ϑ)

4q2 Γqτ (ϑ)



(
L (α)+

1
q
(
1+q⌈2⌋q γ

))ε2

+

(
L (α)− 1

q
(
1+q⌈2⌋q γ

))θ2

 ,
(43)

where

L (α)=
(1−α)λq Γ 2

qτ (κ +ϑ){
qλq Γ 2

qτ (κ +ϑ)
(
1+q⌈2⌋q γ

)
−⌈2⌋qΓqτ(ϑ)Γqτ (2κ +ϑ)

(
(2q+1)λq −1

)(
1+qγ

)2

}
Consequently, taking the modulus on both sides of (43),
we arrive at the desired result stated in (42).

5 Corollaries
The coefficient estimates established in Theorems 1 and 2
admit several meaningful specializations when particular
choices of the parameters γ and q are considered. By
fixing these parameters appropriately, the general bounds
reduce to more explicit and tractable forms, thereby
recovering a number of significant subclasses as
immediate consequences.

The corollaries presented below illustrate these
reductions and emphasize notable instances of the class
Rκ,ϑ

∑
(γ;q) that arise directly from the principal results.

These special cases further demonstrate the flexibility of
the proposed framework and its capacity to unify diverse
families of bi-univalent functions within a common
analytic setting.

Corollary 1. Let α ∈ C∗ and f ∈ Rκ,ϑ
∑

(1;q) (as in
Example 1). Then the initial coefficients satisfy

|ρ2| ≤ min
{ |λq|Γqτ (κ +ϑ)

q
∣∣1+q

∣∣Γqτ (ϑ)
, R
}
,

and∣∣ρ3
∣∣ ≤ λ 2

q Γ 2
qτ (κ +ϑ)

q2
(
1+q

)2
Γ 2

qτ (ϑ)
+

∣∣∣∣∣λq ⌈2⌋q ! Γqτ (2κ +ϑ)

q3
(
1+q⌈2⌋q

)
Γqτ (ϑ)

∣∣∣∣∣ .
Moreover, for any α ∈ C∗,

∣∣ρ3 −α ρ2
2
∣∣ ≤

∣∣λq
∣∣ ⌈2⌋q Γqτ (2κ +ϑ)

q3 Γqτ (ϑ)
∣∣1+q⌈2⌋q

∣∣ , ∣∣L (α)
∣∣≤ 1

q
(
1+q⌈2⌋q

) ,∣∣λq
∣∣ ⌈2⌋q Γqτ (2κ +ϑ)

∣∣L (α)
∣∣

q2 Γqτ (ϑ)
,
∣∣L (α)

∣∣≥ 1
q
(
1+q⌈2⌋q

) ,
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where

R =
|λq|Γqτ (κ +ϑ)

√
⌈2⌋q Γqτ (2κ +ϑ)

q

√√√√√√√√√
∣∣∣∣∣∣∣∣∣∣
qλq Γqτ (ϑ)Γ

2
qτ (κ +ϑ)

(
1+q⌈2⌋q

)
−
(
⌈2⌋q Γqτ (2κ +ϑ)

(
(2q+1)λq −1

)
×Γ

2
qτ (ϑ)

(
1+q

)2
)

∣∣∣∣∣∣∣∣∣∣
L (α) =

(1−α)λq Γ 2
qτ (κ +ϑ)

qλq Γ 2
qτ (κ +ϑ)

(
1+q⌈2⌋q

)
−
(
⌈2⌋q Γqτ (ϑ)Γqτ (2κ +ϑ)

×
(
(2q+1)λq −1

)(
1+q

)2
)


.

Corollary 2. Let α ∈ C∗ and suppose f ∈ Rκ,ϑ
∑

(0;q).
(Equivalently, by Example 2. Then the initial coefficients
satisfy

|ρ2| ≤ min
{ |λq|Γqτ (κ +ϑ)

qΓqτ (ϑ)
, T
}
,

and

∣∣ρ3
∣∣ ≤ λ 2

q Γ 2
qτ (κ +ϑ)

q2 Γ 2
qτ (ϑ)

+

∣∣∣∣λq ⌈2⌋q ! Γqτ (2κ +ϑ)

q3 Γqτ (ϑ)

∣∣∣∣ .
Moreover,∣∣ρ3 −α ρ2

2
∣∣ ≤

∣∣λq
∣∣ ⌈2⌋q Γqτ (2κ +ϑ)

q3 Γqτ (ϑ)
, 0 ≤

∣∣L0(α)
∣∣≤ 1

q
,∣∣λq

∣∣ ⌈2⌋q Γqτ (2κ +ϑ)

q2 Γqτ (ϑ)

∣∣L0(α)
∣∣ , ∣∣L0(α)

∣∣≥ 1
q
,

where

T =
|λq|Γqτ (κ +ϑ)

√
⌈2⌋q Γqτ (2κ +ϑ)

q

√√√√∣∣∣∣∣qλq Γqτ (ϑ)Γ
2

qτ (κ +ϑ)

−⌈2⌋q Γqτ (2κ +ϑ)
(
(2q+1)λq −1

)
Γ

2
qτ (ϑ)

∣∣∣∣∣
L0(α) =

(1−α)λq Γ 2
qτ (κ +ϑ)qλq Γ

2
qτ (κ +ϑ)−

(
⌈2⌋q Γqτ (ϑ)

×Γqτ (2κ +ϑ)
(
(2q+1)λq −1

)
Γqτ (ϑ)

)


.

Corollary 3. Let α ∈ C∗ and suppose f ∈ Rκ,ϑ
∑

(γ) as in
Example 3. Then, the initial coefficients satisfy

|ρ2| ≤ min
{ |λ |Γ (κ +ϑ)∣∣1+ γ

∣∣Γ (ϑ)
, M
}
,

and∣∣ρ3
∣∣ ≤ λ 2 Γ 2(κ +ϑ)(

1+ γ
)2

Γ 2(ϑ)
+

∣∣∣∣∣2λ Γ (2κ +ϑ)(
1+2γ

)
Γ (ϑ)

∣∣∣∣∣ .
Moreover,∣∣ρ3 −α ρ2

2
∣∣ ≤

2 |λ |Γ (2κ +ϑ)

Γ (ϑ)
∣∣1+2γ

∣∣ , 0 ≤
∣∣Lcl(α)

∣∣≤ 1
1+2γ

,

2 |λ |Γ (2κ +ϑ)

Γ (ϑ)

∣∣Lcl(α)
∣∣ , ∣∣Lcl(α)

∣∣≥ 1
1+2γ

,

where

M =
|λ |Γ (κ +ϑ)

√
2Γ (2κ +ϑ)√∣∣∣∣ λ Γ (ϑ)Γ 2(κ +ϑ)

(
1+2γ

)
−2Γ (2κ +ϑ)

(
3λ −1

)
Γ 2(ϑ)

(
1+ γ

)2

∣∣∣∣
Lcl(α) =

(1−α)λ Γ 2(κ +ϑ)(
λ Γ 2(κ +ϑ)

(
1+2γ

)
−2Γ (ϑ)Γ (2κ +ϑ)

(
3λ −1

)(
1+ γ

)2

) .

6 Conclusion and Future Work

In this work, we have proposed and analyzed a new
subclass of bi-univalent functions associated with
shell-type image domains generated by the q-Wright
function and structured through the q-analogue of
Fibonacci numbers. By introducing a generalized
q-differential operator defined via Hadamard convolution
with kernels involving the q-Wright function, we
established a coherent analytic setting that integrates tools
from q-calculus into the framework of geometric function
theory.

Applying the method of subordination, we derived
explicit bounds for the initial Taylor–Maclaurin
coefficients |ρ2| and |ρ3|, together with the corresponding
Fekete–Szegö-type inequalities for the newly defined
class. The results obtained herein extend several
previously known subclasses as particular cases and
demonstrate the effectiveness of q-special functions in
generating refined geometric configurations and enriched
analytic behavior within the theory of bi-univalent
functions.

Future Work. The framework developed in this study
opens several directions for future research. A natural
continuation would be to examine analogous q-operators
in the context of multivalent and quasi-biunivalent
functions, with the objective of deriving corresponding
coefficient estimates and distortion results. Further
generalizations can be obtained by replacing the q-Wright
kernel with alternative q-special functions, such as the
q-Bessel, q–Mittag-Leffler or q-Rabotnov functions, thus
generating broader operator-defined subclasses with
enriched analytic structures.
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Inequality for a Subclass of Bi-Univalent Functions Linked to
q-Ultraspherical Polynomials, Contemp. Math. 2024, 2366–
2380 (2024).

[8] A. Alsoboh, A. Amourah, M. Darus, and C. A. Rudder,
Studying the Harmonic Functions Associated with Quantum
Calculus, Mathematics 11(10), 2220 (2023).
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