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Abstract. In this paper, we study the following fractional Kirchhoff-type problem with
Liouville-Weyl fractional derivatives:

[
a+ b

( ∫
R(|u|

2 + |−∞Dβ
xu|2)dx

)ϱ−1
]
(xD

β
∞(−∞Dβ

xu) + u) = |u|2
∗
β−2u, in R,

u ∈ Iβ−(R),

where β ∈ (0, 1
2
), −∞Dβ

xu(·), xDβ
∞u(·) denote the left and right Liouville-Weyl fractional derivatives,

2∗β = 2
1−2β

is fractional critical Sobolev exponent a ≥ 0 and b > 0. Under suitable values of the
parameters ϱ, a and b, we obtain a non-existence result of nontrivial solutions of infinitely many
nontrivial solutions for the above problem.
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1. Introduction

The purpose of this article is to study the non-existence results for the following
fractional Kirchhoff-type equation with Liouville-Weyl fractional derivatives:
[
a+ b

( ∫
R(|u|

2 + |−∞Dβ
xu|2)dx

)ϱ−1
]
(xD

β
∞(−∞Dβ

xu) + u) = |u|2
∗
β−2u, in R,

u ∈ Iβ−(R),
(1.1)

where β ∈ (0, 1
2 ), −∞Dβ

xu(·), xDβ
∞u(·) denote the left and right Liouville-Weyl

fractional derivatives, 2∗β = 2
1−2β is fractional critical Sobolev exponent, a ≥ 0 and

b > 0.
The theory of fractional operators for a long time remained hidden from the

scientific community, with its pioneering works involving the integrals and fractional
derivatives of Liouville, Riemann, Grunwald-Letnikov and Riemann-Liouville [6,
10, 30]. Then, around 1974, at a conference at the University of New Haven, in
the United States, the first international conference on fractional calculus took
place [24]. From that moment on, fractional calculus began to be disseminated and
disseminated and countless fractional derivatives have been introduced, each one
with its importance and relevance in the field of fractional operators [1, 8, 9, 12,
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14, 17, 18, 19, 22]. We highlight in a special way, when it comes to applications in:
medicine, engineering, physics, biology among other areas [6, 10, 11, 13, 20, 23].

We note that when a = 1, b = 0, problem (1.1) boils down to a fractional
differential equation of the type

xD
β
+∞(−∞Dβ

xu) = g(u), in R,

which is a special case of the fractional advection-dispersion equation proposed by
Benson et. all. [3, 4, 5]. When β ∈ ( 12 , 1) several existence and multiplicity results
can be found in [25, 26] and the reference therein. Recently, the case β ∈ (0, 1

2 ) was
considered in [28, 29].

On the other hand, in these last years, the study of Kirchhoff problems with
fractional derivatives have been attracted the attention from many mathematicians.
For instance, Nyamoradi and Zhou [15] dealt with the existence of nontrivial solutions
for a Kirchhoff type problem with Liouville-Weyl fractional derivatives by using
minimal principle and Morse theory. Nyamoradi et. all. [16] studied a class of
Schrödinger-Kirchhoff equation with Liouville-Weyl fractional derivatives and obtain-
ed the existence and multiplicity of solutions by using mountain pass theorem and
the symmetric mountain pass theorem. Tayyebi and Nyamoradi [21] established
the existence and multiplicity of nontrivial solutions for a Kirchhoff equation with
Liouville-Weyl fractional derivatives by using symmetric mountain pass theorem,
Morse theory combined with local linking arguments and the Clark’s theorem.
The authors in [2] by using local linking arguments and Morse theory studied
the existence and multiplicity of solutions for a fractional Kirchhoff equation with
Liouville-Weyl fractional derivatives.

Since we did not find in the literature any paper dealing with problems involving
fractional derivatives and critical exponent, motivated by the previous works, in
the present paper we intend to show the non-existence results for problem (1.1) by
applying suitable variational arguments.

2. Preliminaries and main results

In this section, we recall some useful preliminaries which will play an important
role to solve the problem (1.1), and we state the main results of this work.

Definition 2.1. The left and right Liouville-Weyl fractional integrals of order 0 <

β < 1 on the whole axis R are defined by

−∞Iβxϕ(x) =
1

Γ(β)

∫ x

−∞
(x− ξ)β−1ϕ(ξ)dξ,(2.1)

xI
β
∞ϕ(x) =

1

Γ(β)

∫ ∞

x

(ξ − x)β−1ϕ(ξ)dξ.(2.2)

respectively, where x ∈ R.
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The left and right Liouville-Weyl fractional derivatives of order 0 < β < 1 on
the whole axis R are defined by

−∞Dβ
xϕ(x) =

d

dx
−∞I1−β

x ϕ(x),(2.3)

xD
β
∞ϕ(x) = − d

dx
xI

1−β
∞ ϕ(x).(2.4)

respectively, where x ∈ R.

2.1. Fractional space of Sobolev type. By argument in [29], we will look for
weak solutions of the problem (1.1) hence the natural setting involves the fractional
space of Sobolev type Iβ−(R) defined as

Iβ−(R) = {u ∈ L2(R) : −∞Dβ
xu ∈ L2(R)}

endowed with the scalar product

⟨u, v⟩β =

∫
R
u(x)v(x)dx+

∫
R

−∞Dβ
xu(x) · −∞Dβ

xv(x)dx

and norm

∥u∥β =
(∫

R
u2dx+

∫
R
|−∞Dβ

xu(x)|2dx
)1/2

.

It is well known that (Iβ−(R), ⟨., .⟩β) is a Hilbert space. Moreover, for β ∈ (0, 1
2 ) we

have the continuous embedding

(2.5) Iβ−(R) ↪→ Lp(R) for every p ∈ [2, 2∗β ],

where 2∗β = 2
1−2β is the fractional critical Sobolev exponent.

In the case a = 1, b = 0, the problem (1.1) will be transformed into the following
critical problem with Liouville-Weyl fractional derivatives:

xD
β
∞(−∞Dβ

xu) + u = |u|2
∗
β−2u, in R.(2.6)

Set

Sβ := inf
u∈Iβ−(R)\{0}

∫
R(|u|

2 + |−∞Dβ
xu|2)dx(∫

R |u(x)|2
∗
βdx

) 2
2∗
β

.(2.7)

For any ε > 0, we can define ũ(x) as uε(x) =
√
εũ
(
x
ε

)
, where ũ(x) is a minimizer

for Sβ . Clearly, uε(x) is also a minimizer for Sβ , satisfying (2.6) and∫
R
(|uε|2 + |−∞Dβ

xuε|2)dx =

∫
R
|uε(x)|2

∗
βdx = S

2∗β
2∗
β
−2

β .(2.8)

Now, under suitable values of the parameters a, b and ϱ, we state the main results
of this paper as follow:

Theorem 2.1. Suppose that ϱ > 1 and β ∈ (0, 1
2 ). Then, problem (1.1) has no

nontrivial solution under one of the following conditions:
(i) ϱ =

2∗β
2 , a = 0 and b > S−ϱ

β ;
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(ii) ϱ =
2∗β
2 , a > 0 and b ≥ S−ϱ

β ;

(iii) ϱ >
2∗β
2 , a, b > 0 satisfy

2a(ϱ− 1)

2ϱ− 2∗β

 (2ϱ− 2∗β)bS

2∗β(ϱ−1)

2∗
β
−2

β

a(2∗β − 2)


2∗s−2

2(ϱ−1)

> 1;

(iv) ϱ = 1+2β
1−2β , a, b > 0 satisfy 1 < 4abSϱ+1

β .

Theorem 2.2. Suppose that ϱ > 1 and β ∈ (0, 1
2 ). Then the following properties

hold:
(i) ϱ ̸= 2∗β

2 , a = 0 and b > 0, then problem (1.1) has infinitely many positive
solutions and these solutions are

b
1

2∗
β
−2ϱS

2∗β(ϱ−1)

(2∗
β
−2ϱ)(2∗

β
−2)

β uε for any ε > 0.

(ii) ϱ =
2∗β
2 , a > 0 and b < S−ϱ

β , then problem (1.1) has infinitely many positive
solutions and these solutions are given by(

a

1− bSϱ
β

)
uε for any ε > 0.

(iii) ϱ >
2∗β
2 , a, b > 0 satisfy

(2.9)
2a(ϱ− 1)

2ϱ− 2∗β

 (2ϱ− 2∗β)bS

2∗β(ϱ−1)

2∗
β
−2

β

a(2∗β − 2)


2∗β−2

2(ϱ−1)

= 1,

then problem (1.1) has infinitely many positive solutions and these solutions are a(2∗β − 2)

(2ϱ− 2∗β)bS

2∗
β
(ϱ−1)

2∗
β
−2

β


1

2(ϱ−1)

uε for any ε > 0.

3. Proof of the main results

In this section, we deal with the proof of Theorems 2.1 and 2.2. Let us introduce
the energy functional associated with problem (1.1):

J(u) =
a

2
∥u∥2β +

b

2ϱ
∥u∥2ϱβ − 1

2∗β

∫
R
|u(x)|2

∗
βdx,(3.1)

which is well-defined for each u ∈ Iβ−(R). We know that J ∈ C1(Iβ−(R). Moreover,
it is easy to see that a weak solution of problem (1.1) is a critical point of the
functional J .

Firstly, we give the proof of Theorem 2.1.
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Proof of Theorem 2.1. Suppose that u ∈ Iβ−(R)\{0} is a solution of (1.1). Hence,
(i) from (2.7), we have

S
−

2∗β
2

β ∥u∥2ϱβ = S−ϱ
β ∥u∥2ϱβ < b∥u∥2ϱβ =

∫
RN

|u(x)|2
∗
βdx ≤ S

−
2∗β
2

β ∥u∥2
∗
β

β = S
−

2∗β
2

β ∥u∥2ϱβ .

which gives a contradiction. Then, (i) holds true.
(ii) In view of (2.7), one can get

S
−

2∗β
2

β ∥u∥2ϱβ = S−ϱ
β ∥u∥2ϱβ ≤ b∥u∥2ϱβ < a∥u∥2β + b∥u∥2ϱβ =

∫
RN

|u(x)|2
∗
βdx ≤ S

−
2∗β
2

β ∥u∥2ϱβ ,

which is impossible. Then, (ii) is satisfied.
(iii) Using the Young’s inequality and (2.7), we can get

S
−

2∗β
2

β ∥u∥2
∗
β

β = S
−

2∗β
2

β ∥u∥
2ϱ−2∗β
ϱ−1

β ∥u∥
ϱ2∗β−2ϱ

ϱ−1

β

≤ a∥u∥2β +
2∗β − 2

2(ϱ− 1)

(
2a(ϱ− 1)

2ϱ− 2∗β

)−
2ϱ−2∗β
2∗
β
−2

S
−

(ϱ−1)2∗β
2∗
β
−2

β ∥u∥2ϱβ

< a∥u∥2β + b∥u∥2ϱβ

=

∫
RN

|u(x)|2
∗
βdx ≤ S

−
2∗β
2

β ∥u∥2
∗
β

β ,

which leads to a contradiction. So, (iii) is verified.
(iv) From geometric-arithmetic inequality and (2.7) one can get

∥u∥ϱ+1
β < 2

√
abS

ϱ+1
2

β ∥u∥ϱ+1
β ≤ (a∥u∥2 + b∥u∥2ϱ)S

ϱ+1
2

β

≤ S
ϱ+1
2

β

∫
R
|u(x)|2

∗
βdx ≤ S

ϱ+1
2

β S
−

2∗β
2

β ∥u∥2
∗
β

β = ∥u∥ϱ+1
β

a contradiction. Hence, we get the result (iv). □

Secondly, we give the proof of Theorem 2.2. To this end, for any ε > 0, we set

(3.2) vε,β(x) = ϑ
1

2∗
β
−2uε(x),

and it is a positive solution of (2.6). So, vε,s satisfies

ϑ(xD
β
∞(−∞Dβ

xvε,β) + vε,β) = |vε,β |2
∗
β−2vε,β , in R.(3.3)

Then, if

ϑ = a+ b
(∫

R
(|vε,β |2 + |−∞Dβ

xvε,β |2)dx
)ϱ−1

,(3.4)

we can deduce that vε,β is a solution of (1.1). Since uε satisfies (2.8), then by
inserting (3.2) into (3.4) we can infer that

ϑ = a+ bS

2∗β(ϱ−1)

2∗
β
−2

β ϑ
2(ϱ−1)

2∗
β
−2 .(3.5)

Furthermore, if ϑ ∈ (0,+∞) is a solution of (3.5), then vε,β is a solution of problem
(1.1).
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Proof of Theorem 2.2. (i) If ϱ ̸= 2∗β
2 , then 2(ϱ−1)

2∗β−2 ̸= 1. So, if a = 0, (3.5) has
solution

ϑ = b

2∗β−2

2∗
β
−2ϱS

2∗β(ϱ−1)(2∗β−2)

(2∗
β
−2)(2∗

β
−2ϱ)

β .

Hence, in view of (3.2) we get the result (i).
(ii) If ϱ =

2∗β
2 , then 2(ϱ−1)

2∗β−2 = 1. So, (3.5) is equivalent to

ϑ = a+ bSϱ
βϑ,(3.6)

and then ϑ = 1
1−bSϱ

β
> 0. Hence, by (3.2) it follows that (ii) holds true.

(iii) If ϱ >
2∗β
2 , then 2(ϱ−1)

2∗β−2 > 1. Define

φ(ϑ) := aϑ−1 + bS

2∗β(ϱ−1)

2∗
β
−2

β ϑ

2ϱ−2∗β
2∗
β
−2

which implies that

φ(ϑ) = 1 iff ϑ solves (3.5).(3.7)

We can easily see that φ(ϑ) achieves its minimum at

ϑ0 =

 a(2∗β − 2)

(2ϱ− 2∗β)bS

2∗
β
(ϱ−1)

2∗
β
−2

β


2∗β−2

2(ϱ−1)

and

min
ϑ>0

φ(ϑ) = φ(ϑ0) =
2a(ϱ− 1)

2ϱ− 2∗β

 (2ϱ− 2∗β)bS

2∗β(ϱ−1)

2∗
β
−2

β

a(2∗β − 2)


2∗β−2

2(ϱ−1)

.

By condition (2.9) we have φ(ϑ0) = 1, and from (3.7) we get that ϱ0 is a solution
of (3.5). From (3.2), we have the result (iii).
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