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1. Introduction

Throughout the discussion, unless otherwise mentioned, A will denote C*-algebra with Z(.A) as
its center. However, 4 may or may not have unity. The symbols [x, y] and x o y denote the commutator
xy — yx and the anti-commutator xy + yx, respectively, for any x,y € A. An algebra A is said to be
prime if x4y = {0} implies that either x = 0 or y = 0, and semiprime if x Ax = {0} implies that
x = 0, where x,y € A. An additive subgroup U of R is said to be a Lie ideal of R if [u, 7] € U, for all
u € U, r € R. U is called a square-closed Lie ideal of R if U is a Lie ideal and u? € U for all u € U.

A Banach algebra is a linear associate algebra which, as a vector space, is a Banach space with
norm ||.|| satisfying the multiplicative inequality; ||xy|| < ||x||||y|| for all x and y in A. An involution
on an algebra A is a linear map x — x* of A into itself such that the following conditions are hold:
(i) (xy)* = y*x*, (ii) (x*)* = x, and (iii) (x + Ay)* = x* + Ay* forall x,y € A and A € C, the field of
complex numbers, where A is the conjugate of A. An algebra equipped with an involution is called a
x-algebra or algebra with involution.

A Banach x-algebra is a Banach algebra A together with an isometric involution ||x*|| = ||x|| for
all x € A . A C*-algebra A is a Banach x-algebra with the additional norm condition ||x*x|| = ||x||?
forall x € A.

A linear operator @ on a C*-algebra A is called a derivation if D (xy) = D (x)y + xD(y) holds for
all x,y € A. Consider the inner derivation J, implemented by an element a in A, which is defined as
da(x) = xa — ax for every x in A, as a typical example of a nonzero derivation in a noncommutative
algebra.

In order to broaden the scope of derivation, Maksa [13] introduced the concept of symmetric
bi-derivations. A bi-linear map ® : A x A — A is said to be a bi-derivation if

D(xx,y) = D(x,y)x +xD(x',y)

D(x,yy') =2 y)y +yD(x,y)

holds for any x, x’,y,y" € A. The foregoing conditions are identical if D is also a symmetric map, that
is, if ©(x,y) = D(y, x) for every x,y € A. In this case, D is referred to as a symmetric bi-derivation
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of A. Vukman [20] investigated symmetric bi-derivations in prime and semiprime rings. Argac and
Yenigul [3] and Muthana [15] obtained the similar type of results on Lie ideals of R.

In this paper we briefly discuss the various extensions of the notion of derivations on C*-algebras.
The most general and important one among them is the notion of a generalized symmetric linear
n-derivations on C*-algebras. The concept of derivation and symmetric bi-derivation was generalized
by Park [16] as follows: a n-linear map © : A" — A is said to be a symmetric(permuting) linear n-
derivation if ® is permuting and D (x1, X2, ..., XX}, ..., Xz) = D (X1, X2, ..., Xn) X, + ;D (X}, X2, ..., Xp)
hold for all xi,xf €A, i=12,...,n. Amapd: A — A defined by d(x) = D(x,x,...,x) is called the
trace of ®. If ® : A" — A is permuting and n-linear, then the trace 0 of © satisfies the relation

n—1

2(x+y) = 3(x) +2(y) + kzl "Cy (3 y)

for all x,y € A, where "C; = (}) and

he(y) =20 x,...,x ,y,...,Y).

(n—k)-times  k-times

Ashraf et al. [4] introduced the notion of symmetric generalized n-derivations in a ring, building
upon the concept of generalized derivation. Let n > 1 be a fixed positive integer. A symmetric n-linear
map G : A" — A is known to be symmetric linear generalized n-derivation if there exists a symmetric
linear n-derivation ® : A" — A such that G (x1,x2,...,xx},...,x4) = G(x1,X2,..., X, ..., %n)X} +
xi®(x1,x2,...,x},...,%,) holds for all x;, x} € A.

There has been considerable interest in the structure of linear derivation and linear bi-derivation
on C*-algebras. Derivations on C*-algebras were described in various ways by different authors. For
example, in 1966, Kadison [11] proved that each linear derivation of a C*-algebra annihilates its center.
In 1989, Mathieu [14] extended the Posner’s first result [17] on C*-algebras. Basically, he proved that
if the product of two linear derivations d and d’ on a C*-algebra is a linear derivation then dd’ = 0.
Very recently, Ekrami and Mirzavaziri [7] showed that “if A is a C*-algebra admitting two linear
derivations d and d’ on 7, then there exists a linear derivation D on .4 such that dd’ + d’d = D? if and
only if d and d’ are linearly dependent".

In [2], Ali and Khan proved that if A is a C*-algebra admitting a symmetric bilinear generalized
x-biderivation # : A x A — A with an associated symmetric bilinear *-biderivation 8 : A x A — A,
then # maps A x A into Z(A). In [19], Rehman and Ansari characterized the trace of symmetric
bi-derivation and obtain more general results by considering various conditions on a subset of the
ring R, viz. Lie ideal of R. Basically, they proved that: let R be a prime ring with charR # 2 and U be
a square closed Lie ideal of R. Suppose that B : R x R — R is a symmetric bi-derivation and f, the
trace of B. If [f(x), x] = 0 for all x € U, then either U C Z(R) or f = 0 (see also [1,8,12,18] for recent
results).

In the prospect of above motivation, we try to prove some results based on linear generalized
n-derivations of C*-algebras. We aim to achieve broader outcomes by examining various conditions
within a specific subset of the C*-algebra A, viz. Lie ideal of A. Precisely, we prove that if A is a
C*-algebra, U is a square closed Lie ideal of A admitting a nonzero symmetric linear generalized
n-derivation ¢ : A" — A with trace g : A — A associated with symmetric linear n-derivation
D : A" — A with trace d : A — A satisfying the condition of (g(xy) — g(yx)) £ [x,y] € Z(R) for all
x,y € U, then U C Z(R).
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2. The Results

In order to establish the proofs of our main theorems, we first state a result which we use
frequently in the proof of our main results.

Lemma 1. [10, Corollary 2.1] Let R be a 2-torsion free semiprime ring, U a Lie ideal of R such that U ¢ Z(R)
and a,b € U.

1. Ifala = {0}, then a = 0.
2. Ifal = {0} (Ua = {0}), then a = 0.
3. IfU is a square closed Lie ideal and allb = {0}, then ab = 0 and ba = 0.

Lemma 2. [9, Lemma 1] Let R be a semiprime, 2 torsion-free ring and let U be a Lie ideal of R. Suppose that
[U, U] € Z(R), then U C Z(R).

Lemma 3. [5] Let n be a fixed positive integer and R a n!-torsion free ring. Suppose that y1,y2,...,yn € R
satisfy Ayp + A%yp + -+ A"y, =0for A =1,2,...,n. Theny; = 0fori =1,2,...,n.

Daif and Bell [6] proved that if a semiprime ring admits a derivation d such that either xy —
d(xy) = yx —d(yx) or xy + d(xy) = yx + d(yx) holds for all x,y € R, then R is commutative. In
this section, apart from proving other results, we expand the previous result by demonstrating the
following theorem for the traces of generalized linear n-derivation on certain subsets of 4.

Theorem 1. For any fixed integer n > 2, let A be a C*-algebra, U be a square closed Lie ideal of A. If
A admits a nonzero symmetric linear generalized n-derivation ¢ : A" — A with trace g : A — A
associated with symmetric linear n-derivation © : A" — A with trace d : A — A satisfying the condition of
(g(xy) —g(yx)) £ [x,y] € Z(A) forall x,y € U, then U C Z(A).

Proof. Itis given that
(g(xy) —g(yx)) £ [x,y] € Z(A) forall x,y € U.

Replacing y by x + my, where 1 < m < n — 1in the given condition, we get
g(x(x+my)) —g((x+my)x) £ [x,x +my|] € Z(A) forallx,y € U

which on solving, we have

n—1 n—1
- "CG(x3, .. X xmy, ..., — Y "Go(x%,. .., X% myx, ...,
gtomy) — g(myx) + 1 "CG (2 g omg) — OG-y
(n—t)—times f—times (n—t)—times f—times

+ [x,my| € Z(A) forallx,y € U. (1)

By using hypothesis, we get

n—1 n—1

"CC(x3,.. ., X%, xmy, ..., xmy) — "CG(x%, ... X% myx,. .., myx) + [x,my| € Z(A
t; G ( y y) 13:21 1G ( y yx) & [x,my] € Z(A)
(n—t)—times t—times (n—t)—times t—times

for all x,y € U. Making use of Lemma 3, we see that

0

(x2,..., x5 xy) — G(x%,..., x5 yx) € Z(A) forall x,y € U. ()
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For 1 < m < n, (1) can also be written as
= 2 2 (= 2 2
m'g(xy) —m"g(yx) + "CiG( x5, ..., x%, xmy, ..., xmy) — "CiG(x%, ..., x°, myx, ..., myx
(xy) (yx) t:Zl G( > xmy y) t:Zl G( S omy yx)
(n—t)—times t—times (n—t)—times t—times

+ [x,my] € Z(A) forallx,y € U.
Agai making use of Lemma 3, we have
n{G(x%..., %% xy) — G(x2,..., x5 yx)} £ [x,y] € Z(A) forall x,y € U. 3)

From (2) and (3), we get [x,y] €

Z(A) forall x,y € U. As every C*-algebra is a semiprime ring, using
Lemma 2, we get U C Z(A). O

Theorem 2. For any fixed integer n > 2, let A be a C*-algebra, U be a square closed Lie ideal of A. If
A admits a nonzero symmetric linear generalized n-derivation ¢ : A" — A with trace g : A — A
associated with symmetric linear n-derivation ® : A" — A with trace d : A — A satisfying the condition of
(¢(x)£g(y)) £xoy € Z(A) forall x,y € U, then U C Z(A).

Proof. Suppose on the contrary that U ¢ Z(.). We have given that
(g(x)—g(y)) £xoy e Z(A) forall x,y € U.
Replacing y by x + my, wherez € U and 1 < m < n — 1 in the given condition, we get
g(x) £g(x+my) £ (xox+my) € Z(A) forall x,y,z € U
which on solving, we have

n—1
g(x) £ g9(x)g(my) £ Y_"CG( x,...,x ,my,...,my) £xox+xomy € Z(A) forall x,y,z € U. (4)
N ——

=1 N —
- (n—t)—times  t—times

Using the given condition, we get
(x) + Zinf”cg( ) € Z(A) for all u
g(x) £x tG( x,...,x ,my,...,my) € orallx,y,z € U.
R RS~ y
Multiply the above equation by m which implies that
mAL(x,y) +m* Ag(x,y) + -+ m" LAy (xy) € Z(A)

for all x,y,z € U where A¢(x,y) represents the term in which z appears ¢-times.

Making use of Lemma 3, we see that
Gx,...,x,y) € Z(A) forall x,y € U.

Replace y by x, we get
x) € Z(A) forall x,y, € U.

g(
From hypothesis, we have x oy € Z(A) for all x,y € U. Again replace x by yx, we have y(xoy) €
Z(A) which imply [y(x oy),z] € Z(A). On solving, we get [y,z](x oy) = 0 for all x,y, x € U. Again
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replace x by xz, we have [y,z]x[z,y] = 0 for all x,y,z € U. By Lemma 1, we have [z,y] = 0 for all
¥,z € U. Again using Lemma 2, we get U C Z(.A ), which is a contradiction. [

Theorem 3. Let A be a C*-algebra, U be a square closed Lie ideal of A. Suppose that A admits a nonzero
symmetric linear generalized n-derivation ¢ : A" — A with trace g : A — A associated with symmetric
linear n-derivation ® : A" — A with trace d : A — A satisfying g(x*) + x> = 0 for all x € U, then
uczAa).

Proof. Suppose on the contrary that U ¢ Z(.A). We have given that ¢ : A" — A be symmetric linear
generalized n-derivations associated with ® : A" — A of a C*-algebra A such that g(x?) £ x> = 0
for all x € U. Therefore, A is semiprime as A is a C*-algebra. Now replacing x by x + my, y € U for
1 <m < n —1in the given condition, we get

g(x +my)? £ (x + my)? =0 forall x,y € U.

Further solving, we have

n—1
g(x?) + g(m(xy +yx))+ "G x2,. ..,xz,m(xy +yx),...,m(xy +yx))+
t:zl \W—J

(n—t)—times t—times
n—1
g((my)?) + Y "CG (2 +m(xy +yx),..., 2% + m(xy +yx), (my)?, ..., (my)?)
t=1
(n—t)—times t—times

+ %% + (my)? + m(xy +yx) = 0 forall x,y € U.
In accordance of the given condition and Lemma 3, we get
nG(x2,..., x5 xy +yx) £ (xy +yx) = 0forall x,y € U.

Replacing y by x, we find that
2ng(x?) £2x* =0,

or
x2=0.

This implies that xy + yx = 0 for all x,y € U. Replacing y by yz, where z € U, we get [x,y|z = 0.
Again replacing z by z[x, y], we get [x,y|z[x,y] = 0 for all x,y,z € U. Using the Lemma 1, we get
[x,y] =0forall x,y € U. By Lemma 2, we get U C Z(A), a contradiction. [

Corollary 1. For any fixed integer n > 2, let A be a C*-algebra, U be a square closed Lie ideal of A. If A
admits a nonzero symmetric linear generalized n-derivation G : A" — A with trace g : A — A associated
with symmetric linear n-derivation © : A" — A with trace d : A — A satisfying g(x oy) £ x oy = 0 for
all x,y € U then U C Z(A).

Theorem 4. For any fixed integer n > 2, let A be a C*-algebra, U be a square closed Lie ideal of A. If A
admits a nonzero symmetric linear generalized n-derivation G : A" — A with trace g : A — A associated
with symmetric linear n-derivation ® : A" — A with trace d : A — A satisfying one of the following
conditions:

() l9(x),9(y)] = [x,y] € Z(A) forall x,y € U
(i) [g(x),9(y)] = [y, x] € Z(A) forall x,y € U.

Then U C Z(A).
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Proof. (i) Given that
l9(x), 9(W)] = [x,y] € Z(A) forall x,y € U. ©)

Consider a positive integer m; 1 < m < n — 1. Replacing y by y 4 mz, where z € U in (5), we get
[g9(x),9(y +mz)] — [x,y + mz] € Z(A) forall x,y,z € U.

On further solving, we get

l9(x), 9()] + [9(x), g(mz)] + [9(x Z GG Y.y oz m2)l=

(n t) —times ~ {—times

[x,y] — [x,mz] € Z(A) forall x,y,z € U.
On taking account of hypothesis, we see that
mAL(x,y,z) + m?Ax(x,y,z) + - -+ m" TA,_1(x,y,2) € Z(A)
where A¢(x, 1, z) represents the term in which z appears t-times.

Using Lemma 3, we have

[9(x),Cy,...,y,z)] € Z(A) forall x,y,z € U.

In particular, for z = y, we get

[9(x),9(y)] € Z(A) forall x,y € U.

Now using the given condition, we find that
[x,y] € Z(A) forall x,y € U.

From Lemma 2, U C Z(A).

(ii) Follows from the first implication with a slight modification. [

Corollary 2. For any fixed integer n > 2, let A be a C*-algebra, U be a square closed Lie ideal of A. If A
admits a nonzero symmetric linear generalized n-derivation ¢ : A" — A with trace g : A — A associated
with symmetric linear n-derivation ® : A" — A with trace d : A — A satisfying one of the following
conditions:

(i) 9(x)g(y) £xy € Z(A) forallx,y € U
(ii) g(x)g(y) £yx € Z(A) forall x,y € U.
u

Then U C Z(A).

Corollary 3. For any fixed integer n > 2, let A be a C*-algebra, U be a square closed Lie ideal of A. If A
admits a nonzero symmetric linear generalized n-derivation ¢ : A" — A with trace g : A — A associated
with symmetric linear n-derivation ® : A" — A with trace d : A — A satisfying one of the following
conditions:

(1) l9(x),9(y)] = [x,y] forall x,y € U
(if) [9(x),9(y)] = [y, x] forall x,y € U.

Then U C Z(A).
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Theorem 5. For any fixed integer n > 2, let A be a C*-algebra, U be a square closed Lie ideal of A. If
A admits a nonzero symmetric linear generalized n-derivation ¢ : A" — A with trace g : A — A
associated with symmetric linear n-derivation ® : A" — A with trace d : A — A satisfying the condition
g(xoy) £[x,y] € Z(A) forall x,y € U, then U C Z(.A).

Proof. Replacing y by y +mzfor1 <m <n —1,z € U in the given condition, we get
g(xo(y+mz))x[x,y+mz] € Z(A) forallx,y,z € U.

On further solving and using the specified condition, we get

n—1
Y "CiG(xoy,...,xoy,xomz,...,xomz) € Z(A) forall x,y,z € U
t=1

(n—t)—times t—times
which implies that
mAL(x,y,z) +m?Ax(x,y,z) + - +m" A, _1(x,y,2) € Z(A)

forall x,y,z € U where A;(x,y,z) represents the term in which z appears -times. Using Lemma 3, we
get
G(xoy,...,xoy,xo0z) € Z(A) forall x,y,z € U. (6)

For z = y, we get g(x oy) € Z(A) then our hypothesis reduces to [x,y] € Z(A). Using the Lemma 2,
wegetU C Z(A). O

Corollary 4. For any fixed integer n > 2, let A be a C*-algebra, U be a square closed Lie ideal of A. If
A admits a nonzero symmetric linear generalized n-derivation ¢ : A" — A with trace g : A — A
associated with symmetric linear n-derivation ® : A" — A with trace d : A — A satisfying the condition
d(xoy)*[x,y] € Z(A) forallx,y € U, then U C Z(A).

Theorem 6. For any fixed integer n > 2, let A be a C*-algebra, U be a square closed Lie ideal of A. If A
admits a nonzero symmetric linear generalized n-derivation ¢ : A" — A with trace g : A — A associated
with symmetric linear n-derivation ® : A" — A with trace d : A — A satisfying one of the following
conditions:

(1) 9([x,y]) £g(x) £ [x,y] € Z(A) forallx,y € U
(ii) g([x,y]) £9(y) £[x,y] € Z(A) forall x,y € U.

Then U C Z(A).

Proof. (i) Given that
9([x,y]) £9(x) £ [x,y] € Z(A) forall x,y € U.

Replacing x by x 4 mz, where z € U and 1 < m < n — 1 in the given condition, we get

g([x+mz,y]) £ g(x +mz) £ [x +mz,y] € Z(A) forall x,y € U
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which on solving and using hypothesis, we obtain

n—1

; "Gyl oyl mzyl, - Iz y))

(n—t)—times t—times

n—1
+ nc X,...,x ,mz,...,mz) € Z(A) forall x,y,z € U
tzzl tg( S—— —\,—’) ( ) y

(n—t)—times  t—times
which implies that
mA(x,y,z) + m* Ay (x,y,2) + - - +m" 1A, _1(x,y,2) € Z(A)
for all x,y,z € U where A¢(x,y, z) represents the term in which z appears ¢-times.

Making use of Lemma 3 and torsion restriction, we see that

C(xyl,.... vyl [zy]) £C(x,...,x,2z) € Z(A) forall x,y,z € U.

Replace z by x to get
9([x,y]) £g(x) € Z(A) forall x,y,z € U.

Hence, by using the given condition, we find that [x,y] € Z(A). On taking account of Lemma 2, we
getU C Z(A).

(ii) Given that
g([x,y]) £g(x) £ [x,y] € Z(A) forallx,y € U.

Replacing y by y + mz, where z € U and 1 < m < n — 1 in the given condition, we get
g([x,y +mz]) £g(y+mz) £ [x,y+mz] € Z(A) forall x,y € U

which on solving and using hypothesis, we obtain

n—1

Y "G (xyl, ..., xyl, [x,mz),. ., [x, mz))

= (n—t)—times t—times
n—1

+ e e,y ,mz,...,mz) € Z(A) forall x,y,z € U
t; GO Y-y . ) € Z(A) y
(n—t)—times  f—times
which implies that

mAL(x,y,2) + m?Ax(x,y,2) + - -+ m" A, _1(x,y,2) € Z(A)
forall x,y,z € U where A;(x,y, z) represents the term in which z appears t-times.

Making use of Lemma 3 and torsion restriction, we see that

Gllxyl, - vyl [xz]) £Cy,...,y,2) € Z(A) forall x,y,z € U.

Replace z by y to get
a([x,y]) £9(y) € Z(A) forall x,y,z € U.
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Hence, by using the given condition, we find that [x,y] € Z(A). On taking account of Lemma 2, we
getU C Z(A).
(ii) Follows from the first implication with a slight modification. [

Corollary 5. For any fixed integer n > 2, let A be a C*-algebra, U be a square closed Lie ideal of A. If A
admits a nonzero symmetric linear n-derivation ® : A" — A with trace d : A — A satisfying one of the
following conditions:

(i) d([x,y]) £d(x) £ [x,y] € Z(A) forall x,y € U
(ii) d([x,y]) £d(y) £ [x,y] € Z(A) forallx,y € U

Then U C Z(A).

Theorem 7. For any fixed integer n > 2, let A be a C*-algebra, U be a square closed Lie ideal of A. If A
admits a nonzero symmetric linear generalized n-derivation ¢ : A" — A with trace g : A — A associated
with symmetric linear n-derivation ® : A" — A with trace d : A — A satisfying one of the following
conditions:

(i) 9(x)og(y) £xoy e Z(A) forallx,y € U
(ii) g(x)og(y) £ [x,y] € Z(A) forallx,y € U

Then U C Z(A).
Proof. (i) Suppose on the contrary that U ¢ Z(A). It is given that
g(x)og(y)txoy e Z(A) forall x,y € U.
Replacing y by y + mz, where z € U and 1 < m < n — 1 in the given condition, we get
g(x)og(y+mz)xo(y+mz) € Z(A) forallx,y,z € U
which on solving, we have
=
9(x) 0 g(y) +g(x) 0 g(mz) +g(x) t; GGy vy 2. m2)

(n—t)—times ~ f—times

txoytxomze Z(A)forall x,y,z € U.

By using hypothesis, we get
n—1

g(x)o E "CD( y,...,y ,mz,...,mz) € Z(A) forallx,y,z € U

t=1 >
(n—t)—times  f—times

which implies that
mA(x,y,2) + m* Ay (x,y,z) + - +m" 1A, _1(x,y,2) € Z(A)
for all x,y,z € U where A¢(x,y,z) represents the term in which z appears ¢-times.
Making use of Lemma 3, we see that
g(x)oC(y,...,y,z) € Z(A) forall x,y,z € U.

In particular, z = y, we get
g(x)og(y) € Z(A) forall x,y € U.
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Hence, by using the given condition, we find that x oy € Z(A) for all x,y € U. Replacing x by yx, we
gety(xoy) € Z(A) for all x,y € U. We can also write it as

[y(xoy),z]forall x,y,z € U

which on solving, we get [y, z]x oy = 0 for all x,y,z € U. Again replace x by xz and using the same
equation, we get [y, z]x[z,y] = 0 for all x,y,z € U. Using Lemma 1, we have [z,y] = 0forall z,y € U.
By Lemma 2, we have U C Z(.A) which is a contradiction.

(ii) Proceeding in the same way as in (i), we conclude. [

Corollary 6. For any fixed integer n > 2, let A be a C*-algebra, U be a square closed Lie ideal of A. If A
admits a nonzero symmetric linear n-derivation ® : A" — A with trace d : A — A satisfying one of the
following conditions:

(i) d(x)od(y)£xoy=0forallx,y € U
(ii) d(x)od(y)+[x,y] =0forallx,y € U

then U C Z(A).

Author Contributions: All authors made equal contributions.
Funding: This research is funded by Princess Nourah bint Abdulrahman University, Riyadh, Saudi Arabia.
Data Availability Statement: All data required for this paper are included within this paper.

Acknowledgments: The authors extend their appreciation to Princess Nourah Bint Abdulrahman Univer-
sity (PNU), Riyadh, Saudi Arabia for funding this research under Researchers Supporting Project Number
(PNURSP2024R231).

Conlflicts of Interest: The authors declare that they have no conflicts of interest.

References

1. Ali, S. On generalized *-derivations in x-rings. Palestine Journal of Mathematics 2012, 1, 32-37.

2. Ali, S;; Khan, M. S. On *-bimultipliers, generalized *-biderivations and related mappings. Kyungpook Math.
J. 2011, 51(3), 301-309.

3. Argac, N, Yenigiil, M.S. (1993). Lie Ideals and Symmetric Bi-Derivations of Prime Rings. In: Gruber, B. (eds)
Symmetries in Science VI. Springer, Boston, MA.

4. Ashraf, M,; Khan, A.; Jamal, M. R. Traces of permuting generalized n-derivations of rings. Miskolc Math.
Notes 2018 19(2), 731-740.

5. Chung, L. O; Luh, J. Semiprime rings with nilpotent derivations. Canad. Math. Bull. 1981, 24(4), 415-421.

6.  Daif, M. N,; Bell, H. E. Remarks on derivations on semiprime rings. Internat. . Math. Math. Sci. 1992, 15(1),
205-206.

7.  Ekrami, S. K.; Mirzavaziri, M. The equation dd’ 4+ d’d = D? for derivations on C*-algebras. Turkish J. Math.
2018, 42(1), 21-27.

8.  Gordji, M. E. Nearly involutions on Banach algebras. A fixed point approach. Fixed Point Theory 2013, 14(1),
117-123.

9.  Herstein, I. N.: On the Lie structure of an associative ring. . Algebra, 1970, 14(4), 561-571.

10. Hongan, M.; Rehman, N.; Al Omary, R. M. Lie ideals and Jordan triple derivations of rings. Rend. Sem. Mat.
Univ. Padova, 2011, 125, 147-156.

11. Kadison, R. V. Derivations of Operator Algebras. Ann. Math. 1966 83(2), 280-293.

12.  Kim, H. M,; Chang, I. S. Asymptotic behavior of generalized *-derivations on C*-algebras with applications.
J. Math. Phys. 2015, 56(4), 041708, 7 pp.

13.  Maksa, G. A remark on symmetric bi-additive functions having nonnegative diagonalization. Glas. Mat.
1980 15(35), 279—282.



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 April 2024 d0i:10.20944/preprints202404.0728.v1

11 of 11

14. Mathieu, M. Properties of the product of two derivations of a C*-algebra. Can. Math. Bull. 1989, 32(4),
490-497.

15. Muthana, N. M. Left cetralizer traces, generalized bi-derivations left bimultipliers and generalized Jordan
biderivations, Aligarh Bull. Math., 2007, 26(2), 33—45.

16. Park, K. H. On prime and semi-prime rings with symmetric n-derivations. J. Chungcheong Math. Soc. 2009,
22(3), 451-458.

17.  Posner, E. C. Derivations in prime rings. Proc. Amer. Math. Soc. 1957, 8, 1093-1100.

18. Raza, M. A,; Rehman, N. A note on semiderivations in prime rings and C*-algebras. Viadikavkaz. Mat. Zh.
2021, 23(2), 70-77.

19. Rehman, N.; Ansari, A. Z. On Lie ideals with symmetric bi-additive maps in rings, Palestine Journal of
Mathematics, 2013, 2(1), 14-21.

20. Vukman, J. Two results concerning symmetric bi-derivations on prime and semiprime rings. Aequationes
Math. 1990, 40(2-3), 181-189.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and /or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.



