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Abstract: Data on the age and gender structure of a population is essential for planning for sustainable
development and population estimates. However, population censuses are often subject to errors, which
can make the data unreliable. The aim of this research was to evaluate the age and gender structure data
for Amran Governorate, Yemen, as reported in the 2004 census. The research found that the data was
heavily contaminated with errors, with an index of error of 58.29, which is much higher than the
maximum acceptable limit. After applying adjustment procedures, the index of error was reduced to
26.60, which is closer to the acceptable minimum value. This suggests that the data is now of a good
degree of accuracy and can be used for planning and research purposes. The research emphasizes the
importance of evaluating gender and age structure data in population censuses using modern scientific
methods before using the data.
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Abstract: This study aimed to investigate the reality of the practice of resident educational supervisors
in public education schools in Amran, Yemen, according to the standards of educational supervision of
the Yemeni Ministry of Education, from the perspective of teachers. The study used a descriptive
analytical method and a questionnaire to survey a random sample of 107 teachers. The results showed
that the level of performance of resident educational supervisors in Amran schools was rated very good.
The highest average was in the school organization domain, followed by supervisory implementation,
follow-up and development of performance, and learning planning and learning. The study also found
that there were statistically significant differences in the assessment of the level of performance of
resident educational supervisors depending on gender, academic qualification, and years of experience.
Females, those with university qualifications, and those with less than five years of experience rated
the supervisors more highly. The study recommended the development of the capacities of resident
educational supervisors and training them on all professional skills related to their field of work.
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Abstract: This study aimed to analyze the investment environment in Yemen. It explored the investment
obstacles and the most important reforms that have been adopted and implemented by previous
governments in order to provide an attractive investment environment. The study also examined the current
situation for investment in Yemen and identified the most important obstacles that investment suffers from.
The study used a descriptive analytical approach and found that the investment environment in Yemen
continued to suffer from severe weaknesses in many aspects. This negatively affected the volume of
national investment, despite the availability of some stimulating elements for investment in Yemen and the
efforts made by successive Yemeni governments to provide an environment conducive to investment. The
study concluded that the Yemeni government needs to formulate an investment policy that helps to
encourage national investors and provides the appropriate environment for foreign investors. This will
enhance the flow of foreign investment, due to the availability of natural resources in Yemen that have not
yet been exploited. In addition, the availability of active and qualified human beings will enhance the role
of investment in the process of growth and economic development in Yemen.
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Abstract
In this paper, we shall investigate the oscillatory properties of third order nonlinear delay dynamic
equations. Applying suitable comparison theorems and by a Riccati transformation technique, we
establish some new sufficient conditions which insure that every solution of this equation either oscillates
or converges to zero. Our results not only unify the oscillation of third order nonlinear differential and
difference equations but also can be applied to different types of time scales with supT = co. We support
our results with suitable examples.
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1. Introduction

A time scale T is an arbitrary nonempty closed subset of the real numbers. The theory of time scales
was introduced by Hilger [1] in his Ph.D. thesis in 1988 in order to unify continuous and discrete
analysis. Two books on the subject of time scales by Bohner and Peterson [2, 3] and the references
cited therein. By comparison with some first dynamic equations whose oscillatory characters are
known and by means of a Riccati transformation technique, we obtain several new sufficient
conditions for the oscillation for solutions of the nonlinear dynamic equation with Delay of the form

az\ A n
(a(t)((b(t)(xﬂ(t))“l)A> ) D a® fe(g@) =0, £, (1.1)

Where a,, a, are quotients of positive odd integers. We assume that the following conditions
satisfied:

(Ay) aand b are positive real valued rd — continuous functions on T.

(Ay) qi € C4q([0,0),[0,00)),fori =1,2,..,n.

(A3) f € C(R,R) suchthat xf(x) >0,f'(x) >0 forallx #0 .

(A4) gi € Gra([0, )1, [0,0) ) such that g;(t) <t, gi(t) 20 and liminfg,(t) =0 , i =
1,2,..,n.

In addition, we will make use of the following conditions:

(S1) —f(=xy) = fxy) = f(x)f () forxy >0,

(Sy) f(x)/x* =K > 0, K is areal constant, x > 0,

(S3) fF)—f) =B, y)(x—y) forx,y #0,

1
where B is a nonnegative real valued function and fa~*(x)B(x,y) =1 >0 forx,y # 0
and A is a constant .
If T =R, the equation (1.1) becomes the third order nonlinear delay differential equation of the
form

*E-mail: faisalsaleh69@yahoo.com
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(ao (6O ©)™))" Z G f(x(g:(t)) =0, t=1t. (1.2)

If T =N, the equation (1.1) becomes the third order nonlinear delay difference equation of the
form

A (am (a(bm)(axm)™)) ™) Zq&n)f(x(gl(n)))—o n=n,. (13)

In recent years, there has been an mcreasmg mterest in the study of the problem of determining the
oscillation and non-oscillation of solutions of dynamic equations of the equation (1.1) and its
special cases. In (2006) Erbe et al. proved several theorems provided suficient conditions for

oscillation of all solutions of the third order dynamic equation of the form:

y A
<c(t) ((a(t)(x(t))A)A) ) + f(6x(®) =0, (1.4)
depend on condition
f c? (s)As =00, | a '(s)As = co. (1.5)
to to

In (2011)by means of the Riccati transformation technique, Li et al. studied the Oscillation criteria
for third-order nonlinear dynamic equations

X2 (@) + p()x? (z(t)) = 0. (1.6)
And by condition (1.5) they discussed the oscillation results for the third order nonlinear delay
dynamic equations

(a(t) (e (x(@)A)A)y)A +f (6x(®)) =0, (1.7)

In (2011) by a Riccati transformation technique, Han et al. established some sufficient conditions

for the oscillation behavior of solution of third-order nonlinear delay dynamic equations of the
form:

A
(e (b(t)(x(t))A)A) +q(0f (x(z®)) =0, (1.8)
under the condition
f al(s)As =0, | b7 1(s)As = . (1.9)
to to

In (2011) by a Riccati transformation technique, Li et al. studied the Oscillation results for third-
order nonlinear delay dynamic equations on time scales of the form

A
(a(t) (r(t) (xA(t))A>y> +f (t,x(r(t))) =0, (1.10)

under the condition (1.5).
In (2021) by a Riccati transformation technique, AL-dheleai et al. discussed the oscillation criteria
for third order nonlinear mixed neutral dynamic equations of the form

NS
(e (bO® +pa(Ox(¢ = 1) + P2 (Ox(¢ + 7)) )

+q,()x(t —13) + g, (O)x(t +14) =0, t >t (1.11)
under the condition (1.9).
For an excellent introduction to the calculus on time scales, see Hilger [1], and Bohner and
Peterson[2,3]. For further results concerning the oscillatory and asymptotic behavior of third order
dynamic equation, we refer to the papers [4-19] and the references cited therein. Since we are
interested in the oscillatory behavior of solutions near infinity, we assume that supT = oo
(unbounded above) and define the time scale interval [t,, o0) by [tg, )T = [ty,0) N T. By a
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solution of the equation (1.1), we mean a nontrivial real-valued function x € C};[T,, ©), T, = ¢,
which satisfies equation (1.1) on the [T,, o), where C,, is the space of rd —continuous functions.
A solution x of the equation (1.1) is said to be oscillatory if it is neither eventually positive nor
eventually negative and non-oscillatory otherwise. Equation(1.1) is called oscillatory if all its
solutions are oscillatory. The main aim of this paper is to establish some sufficient conditions which
guarantee that the equation (1.1) has oscillatory solutions or the solutions tend to zero asn — oo. In
this paper, the details of the proofs of results for non-oscillatory solutions will be carried out only
for eventually positive solutions, since the arguments are similar for eventually negative solutions.
We provide some examples to illustrate the main results. Our results not only unify the oscillation
of third order nonlinear differential and difference equations but also can be applied to different
types of time scales with supT = co. The paper is organized as follows. In section 2, we will state
and prove the main oscillation theorems. In section 3, we illustrate our results with suitable
examples.

2. Main Results

In this section, we establish some new oscillation criteria for the equation (1.1) under the following
conditions:

© 1 © 1

f a @2(s)As =, | b %(s)As = oo, (2.1)
to tO
© _1 © _1

j a %2(s)As < «, b ai1(s)As = oo, (2.2)
to tO
® _1 ® _1

f a %2(s)As < «, b a1(s)As < oo, (2.3)
to to

We begin with some useful lemmas, which will be used in obtaining our main results. We Let

9(0) = min{gs(6),g2(6), ., gn(O}, QO = ) a(®),
i=1

g . o g(t) . «
5:(g(0),ty) = f a %2(s)As,5(t) = f a %2(s)As,¥(t) = KQ(t) f b @1(s)As
t, t ty
Lemma 2.1. Let x(t) be an eventually positive solution of the equation (1.1) which satisfies
A

x() >0, (b(t) (xA(t))“l)A >0, <a(t) ((b(t) (xA(t))al)A)%) <0 forallt>t,

Then there exists t > t,such that
1
L a;

N t
() 2 b7 (D) <a(t) ((b(t) (xA(t))al)A> ) f a @ (s)As | (2.4)

t2

1

where

a.= a1a,.
A

Proof. Since (a(t) <(b(t) (xA(t))al)A>a2) <0, we have a(t) <(b(t) (xA(t))al)A>a2 is non-

increasing; then, we obtain,
1
t

b(®) (xA(t))al = b(t,) (xA (tz))a1 + J a_aiz(s) <a(5) <(b(s) (xA(s))al)A>a2>a_2 As

tz
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1

> <a(t) ((b(t) (xA(t))al)A)a2>a_2 f 4T (s) Bs.

ty
It follows that
1

XA = b (e) (a(t) <(b(t) (xA(t))al)A> 2>M2 ( f Q" (s) As> .
The proof is complete. m :

Lemma 2.2. Assuming that (2.1) holds, let x(t)be an eventually positive solution of equation
(1.1). Then, for sufficiently large t, there are only two possible cases:

i A
(D: x(t) >0, x2(t) >0, (b(t) (xA(t)) 1) >0
(11): x(®) > 0, x(8) < 0., (b(6) (xA(t))al)A >0

Proof. Pick t; > t, such that x(g(t)) > 0, for t > t;. Since x(t) is an eventually positive solution
of (1.1). From equation (1.1), (4,), (4;) and (45), we see that

ap A
(a(t) ((b(t) (xA(t))al)A> > <0, forallt>t,.

\A
Then, a(t) (b(t) (xA(t))a) is a non-increasing function and thus x(t), x%(¢t) and

(b (#0)")

are eventually of one sign. There are the following four possibilities to consider

M xt@ >0, (b (x*®)"

(m: x4 <0, (b (xA(t))

(1): x2(t) >0, (b(t) (xA(t)>

(V): %) <0, (b(t) (x A(t))“l
) >

a
We claim that (b(t) (xA(t)) . If not, then, b(t) (xA(t)) " is strictly decreasing there
exists a negative constant M and t; > t, such that

aq A @2
a(t) ((b(t) (x*@®) ") ) <Mforall t>t,
Dividing by a(t) and integrating the above inequality from t; to t, we obtain
aq aq i ‘ _i
b(®) (x2(®) < b(ts) (x2(t))  + M@ j (a(s)) 22As.
t3

a
Letting t - o, and using (2.1) then b(t) (xA(t)) " 5 —o . Then there exists a t, = t; and
constant K < 0

b(®) (x*®) " < b(ta) (x2(t)) " =K <0,

Dividing by b(t) and integrating the above inequality from t, to t, we obtain
t

) > 0 for all large t,
@i\ A
1) >0 forall large t,
A
) < 0 for all large t,and

45}

A
<0 foralllarge t.

x(t) < x(ty) + K“il j(b(s))_“ilAs.
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Letting t — oo, and using (2.1) then x(t) - —oo, which contradicts the fact that x(t) > 0. Then,
we have

1 A
(b(t) (xA(t))a ) > 0. And thus either x2(t) > 0 or x2(t) < 0. The proof is complete.m

Lemma 2.3. Assume that (2.1) and (I1) of Lemma 2.2 hold, function x(t) is an eventually positive

solution of the equation (1.1). If
1

1 a;
- 1 /Oo 1 - 2 \
j b a(v)| J. a %(u) (f Q(s) As) Au Av = oo, (2.5)
to \ \t t )
Then x(t) > 0ast — oo,
Proof. Pick t; > t, such as that x(g(t)) > 0. Since x(t) is a positive decreasing solution of
equation (1.1), then lim x(t) =1 = 0. Assume that [; > 0 then x(g;(t)) =, for t > t, > t,.

From equation (1.1), we have
s A

0> (a(t) ((b(t) (xA(t))al)A> )

+ f(1)Q(). (2.6)

By integrating equation (2.6) from t to oo, we obtain

a(t) ((b(t) (xA(t))‘“)A)az > £ [ @G as.
It follows that t

a\A
(b (x2®) )

raNe [ §
2<a(t)> <tj Q(s)As) : (2.7)

Integrating the above inequality from t to oo, we find

—x4(t)

1 i ai}l
SE a-a%(u)o Q(s)As) Au\ . (2.8)
bai(t) | ¢ t /

Integrating the above inequality from t, to oo, we find
1

x(t,) Zfé(ll)jo b_a%(v) (Jmaalz(u) (fQ(s)As)azAu> Av.

This contradicts condition (2.5). Then gim x(t) =0.m

79



J. Amr. Uni. 03 (2023) p. 75 F. S. AL-dheleai

2.1. Nonexistence of solutions of type (I)

Next, we shall establish some criteria for the nonexistence of solution of type (I) for the equation
(1.2).

Theorem 2.1. Let (A;) — (A4) and (S;) hold. If the first order delay equation

o) s @
yA() + Q(f (yé(g(t)))f f b%(s)( f a“Z(u)Au> As\

u=ty

=0, (2.9)
is oscillatory, then equation (1.1) has no solution of type (I).

Proof. Let x(t) be an eventually positive solution of equation (1.1) of type (1), then, there is a
to € [to, ) such that (1) holds for t > t,. From Lemma (2.1), we have
1

t a
_1 1 _1
x2(t) = b @ (t)ya(t) <f a %(s) As) ,
2
a\A a2
where y(t) = a(t) ((b(t) (xA(t)) ) ) . Integrating the above inequality from t, to t, we

obtain,
1

N

t 451
x(t) > fb_“il(s)y%(s)<fa_“iz(u) Au) As

t2
1

t 1 S 1 a;
1 -1 1
> ya(t) fb a1(s)<fa 2 (u)Au | As.
t, ty
There exists a t; > t, with g(t) > t, forall t > t5 , such as that
1

g@®) s a
1 1
x(g(®)) = y%(g(t)) f b @i(s) (f a %2(u) Au) As.

t2
From equation (1.1), (S,) and the last inequality, fort > t5 , we obtain

-y = £ (x(9(0)) @®)

/ ICH s = \
> Q(Of (yi(g(w))fk I b‘al(s>< I a‘%(u)Au> As).
t t

Integrating the last inequality from n to oo, we get
1

y(®) = fw Q(s)f (ﬁ(g(s))) f 7S)b‘a%(v)< f a‘a_lz(u) Au)alAv) As.

) )
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The function y(t) is obviously strictly decreasing. Hence, by the discrete analog of Theorem 1 in
[4], we conclude that there exists a positive solution y(t) of the equation (2.9) which tends to zero.
This contradicts that (2.9) is oscillatory. The proof is complete . m

Corollary 2.1. If T = N, then (2.9) becomes

gn)-1 1 s—-1 1 0%
A(yn)w(n)f(ya(g(n)))f > bal(s><z a%(u)) )-o,

S=ny u=ny

is oscillatory, then equation (1.2) has no solution of type (I).

Corollary 2.2. Let (4,) — (4,) and (S,) hold. If the first order delay equation

g s all \a
_1 _1
YA + KQ®y(9(®) | f b al(s>< f a az<u>Au> as | =0,

to

is oscillatory, then equation (1.1) has no solution of the type (I).

Theorem 2.2. Let (A;) — (A,) and (S3) hold. Further, assume that there exists a positive rd-
continuous A — differentiable function g (t), such that

(

tI |
th_)r(r)lo suptfi L(s)Q(s) + TGS T | = o0,
’ \ </1.3(S)5fl(9(5),t2)> /

(B2®), = max{0,p2(®)}
Then equation (1.1) has no solution of the type (I).

Proof. Let x(t) be an eventually positive solution of equation (1.1) of type (I). Then, thereisa t, €
[to, )7 such that (1) holds for t > t, . Define the Riccati type function w(t) by

w(t)

a+
+

o (B®) " b ()

(2.10)

a(t) ((b(t) (xA(t))al)A>a2
f (x(g®))

Then w(t) > 0. From (2.11) and (S5), we have

a0\ %2
(GG <“(t) <(b(t) (=©)") ) )

= B(t) (2.11)

A

() =pA(®)

f(x(ga)) f(x(g(t)))
I CCERRS (r (x(s®))) |
f(x(g®)f (x(g(®))
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A

a? (b ()™)Y <“(t) <(b(” ("A(”)al)A> )

< BA(1) + B(t)
b f(x(g?) g f(x(9®))
a’ ((b(x*)*)M)?) 2B ((x(g7)), x(g(®)
—(®) (x@) +(905) (x(e®)) - 212)
f(x(g)f (x(9(®))

By Lemmaz2.1, there exists t; = t, with g(t) > t, forall t > t; such that

A
(x(9®))

e~ /90 a%
_1 ag A\ "2\« _1

>b 0‘1(g(t)) <a(g(t)) ((b(g(t)) (xA(g(t))) ) ) > (f a %(s) As) . (2.13)

A

Since <a(t) ((b(t) (xA(t))al)A>a2> < 0,9(t) < t, we get

woffuotewy)
< a(g<t))<(b(g<t)) (x%g(t)))“l)A)az. (214)

Then it follows that
a? (((b(x*)a)A)7)e2
4%)

< a(®) ((b(t) (xA(t))al)A> . (2.15)

It follows from (2.12) that
a A

() <a(t) ((b(t) (xA(t))al)A) 2)
A g
w?(t) < 5o w?(t) + p(t) f(x(g(t)))

a® (((b(x)*)2)N) 2B ((x(g°)), x(g(t 1 1 1
0 (((b(x2)21)2)7) (( (9%),x(g( )))(ag(((b(xA)al)A)a)az)ab—a—l(g(t))afl(g(t),tz)_(2_16)
F(x(g)f (x(9®))
From (1.1), (2.11), (2.16) and (S3), we have
W© < —p00® + -2 4o
= (4O

— 1
571 (g(0), )b *1(g(t) atl
_ B I a_ﬂ(g )(w"(t)) T (2.17)
(Be@®) @
Using (2.17) and the inequality
a+1/ - aa Ba+1 4
Bu_Au _(a+1)a+1 A“ )
>0, (2.18)

we have
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o (B2©) bu(g()

(a + 1)at 1 @’
<Aﬁ(t)6{“ (g(®), tz)>

Integrating the last inequality from t, to t, we obtain

|

wi() < -B®Q(®) +

a+1
A ay
.[ . (ﬁ (S))+ ’ (g(S)) As < w(t,).

; (a + Dot 1 «
: \ (Aﬁ(sw;‘l (g(s), t2>>

Which is contrary to (2.10). The proof is completed. m

B(s)Q(s) +

Corollary 2.3. If T = N, then the equation (2.10) becomes

(

n—-1

I a A 0(+1b0‘2
lim sup > [P0 - e ( P(s))l (96))
0\ (ﬂp(s)fff_l(g(s),nz)) /

Then equation (1.2) has no solution of the type (I).

= 00,

-

%]

The following theorem gives a Philos -type oscillation criteria for the equation (1.1).

Theorem 2.3. Assume that (4,) — (4,) and (S3) hold. Let B(t) be a positive rd-continuous A —
differentiable function. Furthermore, we assume that there exists a double function {H(t, St =
s = 0} and h(t, s) such that

() H(t,t)=0fort =0,

(ii)H(t,s) >0 fort >s >0,

(iii) H has a nonpositive continuous A —partial derivative H%(t,s) with respect to the second
variable, and satisfies

hes) = - @)
' JHGs)
If
: 1 a®  H(Es)9(ts)|,
I8 SUP e 0) Oj H(t9)B$)Q) - e POk ]As = o0, (2.19)
where
A L BA(t) h(t,
o(6):= at1 'B(t)1 671 (g(@),tp), 9, s) = <( B“(t))+ __h@s)
(Bo) @ ()b (g(®)) VH(,s)

Then the equation (1.1) has no solution of the type (I).

Proof. Let x(t) be an eventually positive solution of equation (1.1) of the type (). Then, there is a
to € [ty, ) such that (1) holds for t > t,. From the proof of Theorem 2.2, we find that (2.17)
holds for all t > t,. From (2.17), we have
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BA(®)

O

B®Q() < —w(t) + =

~2p0 D@ b © (g(t))( LOE (2.20)

(Be@) «

Therefore, we have
t t ) t (ﬁA(s))
fH(t,s)ﬁ(s)Q(s)As <- fH(t,s)w () As + fH(t,s) S

t2 t2 t2

* w(s) As

t
a+1

— J.H(t, S)(p(s)(w"(s))T(t) As.
Intfégrating by parts and using H(t,t) = 0, we have
f t SN (X0
jH(t, s)F(s)Q(s) As < H(t, t,)w(t,) + jHAS(t, s)w?(s) As + fH(t, §)——— 505)

t2 tz t2
t

* w(s) As

— f H(t,s)p(s) (w"(s))T As

t2

t A t
A ('B (S))+ [ o aTH
= H(t, t,)w(t,) +tf H%(t,s) + H(t,s) O W (s)As—JH(t,s)q)(s)(w (s)) As
t t as1
= H(t, ty)w(t,) + fH(t,s)ﬁ(t,s) w?(s)As — fH(t,s)go(s)(w"(s)) @ As.

tz t2
From (2.18), we have

a¥ H(t, ga+l :
jH(t S)B(s)Q(s) As < H(t, t)w(ty) + j( S (¢, )9 (¢, s)

) (0())”
Then,

g a®  H(Ls)9™(Ls)

t{ HEIPOO) ~ (o ]As < H( t)w(t) < H(E Ol
Hence,

t t

a® H(t,s)9%t1(t, s)

Of HEDBEIOO) ~ ]As < H(t,0) { Of B0 Ias + |w(t2)|}-
Hence,

H(t,s)B(s)Q(s) —

lim sup

t—co H(t 0) OJ

a® H(t,s)9% (¢, s)
( + 1)a+1 ((p(S))a

t

< [ 16015 + 1o <o
0
which is contrary to (2.19). This completes the proof of Theorem 2.3. m

Corollary 2.4. If T = N, then (2.19) becomes
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lim sup = o, (2.19)

m—co H( ,0) £ (H(m np(n)Q(n) — 4

Then equation (1. 2) has no solution of the type (1).

9%t (m,n)H(m,n) >
(p(m)"

The following theorem gives a Kamenev-type oscillation criteria for equation (1.1).

Theorem 2.4. Let (4;) — (A4) and (S,) hold. Further, assume that there exists a positive rd-
continuous A — differentiable non-decreasing function g (t), such that

() (g(s))>

(@ + D (B(5)) 62 (g(s), t,)

= o0. (2.21)
Then equation (1.1) has no solution of type (I).
Proof. Let x(t) be an eventually positive solution of equation (1.1) of type (I). Then, there is a
to € [to, ) such that (1) holds for t > t,. Define the function w(t) by

w(t)
aq A a2
a(t) ((b(t) (xA(t)) ))

=Fl x*(g(t))
Then w(t) > 0. From (2.22), we have

@ (x4 )4 <“(t) <(b(t) ("A(t))al)A) >

1 t
lim sup = f (t—s) <Kﬁ ($)Q(s) —

(2.22)

A

A A
wi(t) < BA(D) (37(0) + B(0) x%(g(D)) R
—B(¢) a® (b ™)M*)% (x4(g(v))
x(g7®)x*(g®)

By Lemma 2.2, we see that x*(g?(t)) = x%(g(t)), and that from Keller,s chain rule [2] , we
obtain

Thus
A

a” (G )Y)7) <“(t) (W) (xA(t))al)A> )

wt(®) < pAD) + B(t)

x*(g°(1)) *(9®)
(M™% (x*(9®)) , a1
—af(t) (7 O (9 D) (x(g°®))  x*(g(®). (2.23)

By Lemmaz2.1, there exists t; > t, with g(t) > t, forall t > t5 such that
1

a3 g® ) ay
(x(ga)))Azb‘a%(g(t))(a(g(t))((b(g(t))(xﬂ(g(t))) )A> ) ( [ a az(s)AS> .

t2
A

Since (a(t) ((b(t) (xA(t))al)A)az) < 0and g(t) < t, we get
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@ (b(x* )™)Y < a(t) <(b(t) (an))al)A)az
a0\ %2
< ala0)(4000) (400"

From (2.23) and the above inequality, we obtain

0, o 1O ) )

A w°
© = " O+ O ()

a+1
—a a[i-(lt) 1 “1 (g@®), t)(w(@®) & (2.24)

(Be(®) © b (g®))
From (1.1),(2.18), (2.24) and (S,), we have

W (1) < —KB()Q() »
L (B0)] be(e®)
@ DT (g0) e (90, 6)

From (2.25) fort > t, , we obtain

: L () b (e ) t i
— r _ + < — _ r ]
J R N CER N T8 P RY tj e

A

(2.25)

Since

f (t — ) wh(s) As = (¢ — t) w(ty) + j ((t — )@ (s) As.

Sincet = a(t) and r = 1 we have

((t =) = ( ; [(t=0a(s)) = (t=9)]=

From the inequality, we obtain

1
S e (DGO

A% — B > qB%"1(A — B).
Thus, for t > o(t), we have

[(t=9s)" = (t—0(s))]=r(t—0(s))(a(s) —s).

((t—s)%s < —r(t—a(s))

Thus,
Thus,
— j(t —5)"w(s)As < (t —t,) w(t,) — 1 J(t —0(s)) tw?(s) As.

Then, we have

7 f(t —s)"| KB(s)Q(s) — - (ﬁA(S)) e (g(S))
e J (@ +D** (B(s))“672(g(s), t5)

<(58) wien - - f (t — )T’ (s) As.

t

Hence,
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)T w(ty).

1 (BA(S))TH b*2(g(s)) . t—t,
<
@+ D™ (p(5) 5 (950 t) | ( t

1 t
" f (t—s) <Kﬁ(s)Q(s) -

Hence,

. 1 : T —
th_)r?o supt—rt[(t —5) Kﬁ(S)Q(S) (a + D+t (ﬁ(s))a5fz(g(s)' ty)

which is contrary to (2.21). The proof is completed. m

(F®). b(gs) >
+ ? |As < w(ny),

Corollary 2.5. If T = N, then (2.21) becomes
a+
+

GO 1l""2(9<s))> _
= o, (2.21)

n—1
1
lim sup— " (n = )" | Kp()Q(s) -

S=ng

(@ + D (p(5)) 62 (g(s),n5)
Then equation (1.2) has no solution of the type (1).

Now, by using the inequality
x%—y*>217%(x —y)*forallx >y >0 anda > 1,

Theorem 2.4. Let (A;) — (4,) and (S,) hold. Further, assume that there exists a positive rd-
continuous A — differentiable non-decreasing function g (t), such that

li ! t ’
limsup [ e = 57| KB)QG)

N O EICI0)

T 23-a a-1 ? |As. (2.21)
((g(s))  BSE(g(s),t)

Then the equation (1.1) has no solution of type (1).
Proof. Let x(t) be an eventually positive solution of equation (1.1) of type (I). Then, thereisa t, €
N such that (1) holds for t > t,. Define the function w(t) by

w(t)

az

a(t) ((b(t) (xA(t))al)A>

= B(t) < (90)
Then w(t) > 0. From (2.22), we have

a” (G )Y)7) <“(t) (W) (xA(t))al)A> )

(2.22)

A

A A
W) < pAO—Cetoy T RO D)
(i (x*(9())
x%(go())x*(g(®)) '

Now, by using the inequality
x* —y*>217%(x —y)*forallx >y >0 anda > 1,
then, we have

(o) -y (@) =)
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= 27 (u(g())" (x(g"i)gq;;(g(t)))
=21 (#(9(1:)))0(_1 (xA(g(t)))a,a > 1.

Thus
A

0 (((b(x4)™)H)7) <a(t) <(b (®) (xA@)al)A) )

wt(®) < pAD) + B(t)

x%(g°(®)) x*(g(®)) 3
a1 a®((b(x®)™)%)9) (x2(g(t))
-2l (ﬂ(g(t))) B(t) x“(g"(t))xa(f](t)) ) (2.23)

From Lemma 2.1, there exists t; > t, with g(t) > t, forall t > t5 such that

az

agy (9O .
(xA(g(t)))a2b"“z(g(t))<a(g(t))<(b(g(t))(xA(g(t)))al)A> )( ] a“Z(S)AS) .

2
a,\ A

Since <a(t) ((b(t) (xA(t))al)A> > < 0,9(t) < t, we get
(o®) ((blo®) (xA(a<t>))“1)A>a2 <a((b (xA(t))“l)Afz
< a(g(®) ((b(g(t)) (xA(g(t)))“l)Afz.

From(2.23) and the above inequality, we obtain
ao\ A

e [oftoEory) )

A o
A O RS x(g(0)

a-1 B(®) 2
—21-« 5, , (1)) 2.24
elo) GO raa@) IO @) (2:24)

By using (1.1), (2.24), (S,) and the inequality Bu — Au? < g ,A > 01in(2.24), we have
wt(t) < -KBDQ() ,
1 (B®), b™(g9(®)

a—

+ -a 1 .
z (#(g(t))) B8 (g(b),ty)

From (2.25) for t > t, , we obtain
: 1 (), b (e()
[e-or|kpe® - 5=

3 (1(g(s))  BIE(g(s).t2)

Since

(2.25)

As < — f(t — 5)"w?(s) As.

ty

((t =) < —r(t—a(s)) 1.
Thus,

— j(t —5)"wh(s)As = (t —t,))"w(ty) — r J(t —5) 1w(s) As.

Then, we have
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(5))_ b2(9))

a—1 As
(u(9() B2 (g(s). 1)

P 1
" f (t =9 | KBSQE) ~ 53

t—ty\" r . o
S( n ) a)(tz)—t—rf(t—s) w?(s) As.
2
Hence,

L (PO) ()
2 (o)) B©)8E(g(s) t2)

As < (t — t2>r w(ty).

t
1
= [ €= ( kBGIOE) - :
[

We get,
2
B (RO R CIO)
2 (1o 6)) B8 g(), 1)

which is contrary to (2.21). This completes the proof of Theorem 2.4. m

t
tim sup - [ (6= 57| KB(:)Q(5) - b5 < 0(ty),
[

Corollary 2.6. If T = N, then (2.19) becomes
n-1 2 o
lim sup—— S sy (K 00 — L (B (g(g)))

n-oo n’ 23=%p(s) 610£2 (g(s),n3)

s=ny
= oo, (2.21)
Then equation (1.2) has no solution of the type (I).

2.2. Nonexistence of solutions of type (11)
Next, we shall establish some criteria for the nonexistence of solution of type (1) for equation (1.1).

Theorem 2.5. Assume that (4,) — (4,) and (S;) hold, and there exist two functions
&(n) and n(n) such as that

AE(t) = 0,&(t) >tandn(t) =g (E(f(t))) <t. (2.26)
If the first order delay equation
xA(t)
10 £w) = \‘al
1 _1 _1
+ fa (x(r](t))) b @ (t) f a % (w) ( f 0(s) As> M| (2.27)

is oscillatory, then equation (1.1) has no solution of the type (II).
Proof. Let x(t) be an eventually positive solution of the equation (1.1) of the type (II). Then, there
isa t, € N such that type (Il) holds fort > t,. By integrating equation (1.1) from t to é(t), we
obtain

§(0)

a(t) ((b(t) (xA(t))al)A>a2 > f Q(s)f (x(g(s))) As.

Using (2.26) and (S;), we get
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HO, az
(b (xA(t))“l)AZa‘a_za)fa_z(x(g(f(t)))) f Q(s) As

Integrating again the above inequality from t to &(t) , we find
1
&@® 3 az

—b(t) (xA(t))“l > f a_aiz(u)faiz (x (g(f(u)))) f Q(s) As Au.

t
It follows that

£® £ 2 \al
1 -1 -1
@2 e (x@))p = | [ amw| [ 0w as Au)

Finally, integrating the above inequality from t to oo, we have

o0 /f(v) . &) a;
x(t) = f% (x(n(t)))j I b @i(v) k] a %z (u) f Q(s)As | Au | iAv.
t t

t J
The function x(t) is obviously decreasing strictly . Hence, by the discrete analog of Theorem 1 in

[14], we conclude that there exists a positive solution of equation (2.27) which tends to zero. This
contradicts that (2.27) is oscillatory. The proof is complete.m

Corollary 2.7. If T = N, then (2.26) and (2.27) becomes
Aé(n) = 0,é(n) >nandn(n) =g (E(E(n))) <n. (2.26)

If the first order delay equation
1

) fm-1 £(s)-1 azyl
M) + b EFE (xm))| Y ame | Y ew] | =0, @27)

s=n u=n
is oscillatory, then equation (1.2) has no solution of the type (II).
2.3. Oscillation criteria under condition (2.1)
Next, we shall establish some oscillation criteria for equation (1.1) under condition (2.1).

Theorem 2.6. Let (2.1),(2.5) and(J;) hold, where (J,), (S;) and (2.9)hold. Then equation (1.1)
is oscillatory or lim x(n) = 0.

n—oo
Proof. On the contrary, assuming that (1.1) has a non-oscillatory solution, then, without loss of
generality, there is a t; = t, such that x(t) > 0 and x(g(t)) > 0. From the proof of Lemma 2.2

x(t) is either of type (I) or (I1). From Theorem (2.1), x(t) is not of type (I). From Lemma (2.3), we
have gim x(t) = 0. The proof is complete.m

The proof of each of the following corollary is similar to that of Theorem 2.6 and hence the details
are omitted.
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Corollary 2.8. Let (2.1),(2.5) and(J,) hold. Where (J,), (S3) and(2.10) hold. Then equation
(1.1) is oscillatory or th_)r?o x(t) = 0.

Remark 2.1. If &; = 1,n = 1. Then Corollary 2.8 reduced to a special case of Theorem 1 in [5].
Remark 2.2. Corollary 2.8 extended and improved Theorem 2.1 in [8].

Remark 2.3. If a(t) = b(t) = 1,a; = a, = 1,n = 1. Then Corollary 2.8 reduced to a special case
of Theorem 2.6 in [6].

Corollary 2.9. Let (2.1),(2.5) and(J;) hold. Where (J5), (S3) and(2.19) hold. Then equation
(1.1) is oscillatory or th_)r?o x(t) = 0.

Remark 2.4. If &; = 1,n = 1. Then Corollary 2.9 reduced to a special case of Theorem 5 in [5].
Corollary 2.10. Let (2.1),(2.5) and(]J,) hold. Where (J,), (Sz) and(2.21) hold. Then equation
(1.1) is oscillatory or th_)r?o x(t) = 0.

Remark 2.5. If &; = 1,n = 1 Corollary 2.10 extended and improved Theorem 4 in [5].

Theorem 2.7. Let (2.1) holds, and there exist two functions &é(t) and n(t) such that (2.26) and
(2.27) hold. Assume that (J;) holds. Then equation (1.1) is oscillatory.

Proof. On the contrary, assuming that (1.1) has a non-oscillatory solution, then, without loss of
generality, there is a t; > t, such that x(t) > 0 and x(g(t)) > 0. From the proof of Lemma 2.2
x(t) is either of type (1) or (II). From Theorem (2.1), x(t) is not of type (I). From Theorem (2.5),
x(t) is not of type (I1). The proof is complete.m

The proof of each of the following corollary is similar to that of Theorem 2.7 and hence the details
are omitted.

Corollary 2.11. Let (2.1) holds, and there exist two functions ¢(t) and n(t) such that (2.26) and
(2.27) hold. Assume that (J,) holds. Then equation (1.1) is oscillatory.
Corollary 2.12. Let (2.1) holds, and there exist two functions ¢(t) and n(t) such that (2.26) and
(2.27) hold. Assume that (J5) holds. Then equation (1.1) is oscillatory.
Corollary 2.13. Let (2.1) holds, and there exist two functions &é(t) and n(t) such that (2.26) and
(2.27) hold. Assume that (J,) holds. Then equation (1.1) is oscillatory.

2.4. Nonexistence of solutions of type (111)

Next, we shall establish some criteria for the nonexistence of solution of type (I1l) for equation
(1.2).

Theorem 2.8. Assume that (A;) — (A3) and (S;) hold, if the first order delay equation
1

1 2
oo/ g o a; \ \

t[lka_“iz(S) t.on(T)f t[ b_a%(v)Av f g(fr)a_aiz(k)Ak Ar/ /iAS
= oo, (2.28)

is oscillatory, then equation (1.1) has no solution of type (I11).
Proof. Let x(t) be an eventually positive solution of equation (1.1) of type (Il1). Then, there is a

t € [ty, ) such that (1) holds for t > t,. Then, we have
t t 1

x(6) — x(t;) = f x8(s) As = f b (s) (b(s) (x*)) ™)™ s

t3 t3
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> (b®) ()" f bE(s)As,  fort>ts
and hence

x(t) = (b(®) (xA(t))“l)i N b @i (s) As, for > t,.

There exists a t, = t; with g(t) > t; forall t > t,, such that
1 g(t)

x(g®) = (b(g(t))( A(g(t)) f b 0‘1 (s)As,  fort=>t,.

From equation(1.1), (S;) and the last mequallty, we obtain, fort > t,

9@
0= (a0) ((©)") +owF (vail(ga))) f ( | bR () As>, (229)

t3

where v(t) = b(t) (xA(t))al. Itis clear that v(t) > 0 and Av(t) < 0. It follows that
~a®) (v2(0) " = —a(ty) (v:(t)) for £ > t,.

Thus
1
@2 (t,)vA(t
—v2(t) = —M fort > t,.
a%(t)

Integrating the last inequality from t to oo, we obtain

o)

1 1 1
v(t) > —a“_Z(t4)vA(t4)f a %2(s)As = Klf a %(s)As, fort=>t,,

t

1
where K, :== —a®(t,)v2(t,) > 0. There exists a ts > t, with g(t) > ¢, forall t > t5 , such that

v(g(t)) = K, f a_“iz(s) As, fort > t.

g@®
Integrating (2.29) from t< to t and using the above inequality, we find
1

9(r)

j 0 f< ] b (s) As> f <K1 j T (k) Ak) ar < a(ts) (v8()) ™ — a0 ()",

g
By using (S;), we see that
1
1 2

/ t g . © ay \
k% | Q(r)f< | b_“l(s)As>f< | a‘%(k)Ak) Ar) < —v(0),
ts

i3 g(r)

1

where L == f (Kl‘“). Integrating the above inequality from ¢ to o, we obtain

1

1 az

L jo K % (s) (l Q(T)f(fr)b @1 (v) Av>f< Jooa_“iz(k) Ak>a1 AT} As < v(ts) < oo,

g(r)
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which contradicts the condition (2.28). The proof is complete. m

Corollary 2.14. If T = N, then (2.28) becomes
1
1\ @2

[oe)

1 /5—1 g()-1 1 oo 1 061\ L
K %(s)l\z Q(r)f< ). b “l(u)>f< D @ %(v)) ) — o 228)
s=ng \ r=ng u=ng v=g(r)

Then equation (1.1) has no solution of type (I11).

Theorem 2.9. Assume that (A;) — (A3) hold and (S,), let B(t) be a positive rd-continuous A —
differentiable function. If

t I/ L / T s o0 1 a2 aiz \ail\
tll_}l‘gl) sup f |\b_06_1(r) |\ a *(s) <f W(u)( f @AT> Au) As/| /iAr =o0. (2.30)
to t to g@w)

Then equation (1.1) has no solution of type (I11).
Proof. Let x(t) be an eventually positive solution of equation (1.1) of type (111). Then, there exists

a A
t, > t; such that x2(t) > 0, (b(t) (xA(t)) 1) < 0 forall t > t,. Then, we have
1

0

b (x2@) )™
o OL0) )
(b=
Integrating the above inequality from t, to t, we obtain
1
(O () )"

As

x(t) —x(ty) =
2 t[ t(b(S))“il
1
> (b(®) (xA(t))al)al L s (2.31)
t[ (b(S))“il

Hence there exists a t; > t, such that
1 g

(9®) 2 (b(9(0) ((9®)) ") [ — s fortzt,
t (b(s))“l

From equation (1.1), (S,) and the last inequality, we obtain

g(®) «
(a® (vA(t))az)A +kQ(® (v(g®))” < f L As> <0,t>ts (2.32)
t (b(s))“_l

where v(t) == b(t) (xA(t))al. It is clear that v(t) > 0 and v2(¢t) < 0. It follows that

(a®) (vA(t))az)A +w(Ove(g(t) <0,  fort >t (2.33)

Since g(t) — o ast — oo, we can choose t, > t5 such that g(t) > t, fort > t, and thus
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[0

v() —v(g®)) = f a(s)vA(s)—As

a(s)
g(t)

<v2(g(®)a(g(®) fﬁAS < a(t)vi(t,) f—As
Thus

1
~v(g() < at)vi(e) | =0
By substituting the above ign(ézquality in (2.33), we get
(a®) (UA(t))az)A < L““P(t)( f %As) . fort=t, (2.34)

g@®)

where L = a(t,)v*(t,) < 0. Integrating this inequality from t, to t, we see that

t o a2
a®) (v*®) " < a® (vA(©)" —aley) (v2(p) < L f ’P(s)( ﬁm> As.
a(s

Ly

where v2(t) < 0. Integrating again from ts to t, we have
1

t s e @2 ay
v(t) <Lfa_“i2(s)<f'1’(u)< f%AT) Au) As

ts gw)

or equivalently
1
t 1 s ) 1 a2 aiz \al
.fa—“_2(5)<f‘1/(u)< f@AT> Au) As | .
ta g@w)

ts

1
a

A0 < (b(Lt)> 1

~—

Integrating from t, to t, we have

|
/
X(6) < x(te) + L7 f Lb_“il(r) f a_“iZ(s)< f sv(u)< f ) ) As

e ts

From condition (2.30), we have lim x(t) = —oo which contradicts the fact that x(¢t) > 0. The
n—-oo
proof is complete . m

Corollary 2.15. If T = N, then (2.30) becomes

s Y. 'kb‘“%w 2_“<Z ‘””( > “‘“”) >>

1
aq

s=ng t=ng T=g(t)

\I _
|=c. (230
/

Then equation (1.2) has no solution of type (l1I).
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2.5 Oscillation criteria under condition (2.2)
Next, we shall establish some oscillation criteria for equation (1.1) under condition (2.2).

Theorem 2.11. Let (2.2),(2.5) and (2.28) hold. Assume that (J,) or (J,) or (J3) or (J,) holds.
Then equation (1.1) is oscillatory or tILr?o x(t) = 0.

Proof. To the contrary assume that (1.1) has a non-oscillatory solution. Then, without loss of
generality, there is a t; > t, such that x(¢t) > 0 and x(g(t)) > 0. From (2.2), there exist three
possible cases (I), (1) and (111). From Theorem (2.1) or (2.2) or (2.3) or (2.4) respectively, x(t) is
not of type (I). From Lemma (2.3), we have tILrg x(t) = 0. From Theorem (2.8), x(t) is not of type

(I1). The proof is complete.m

Theorem 2.12. Let (2.2)and (2.28) hold, and there exist two functions £(t) and n(t) such that
(2.26) and (2.27) hold. Assume that (J;) or (J,) or (J3) or (J,) holds. Then equation (1.1) is
oscillatory.

Proof. To the contrary assume that (1.1) has a non-oscillatory solution. Then, without loss of

generality, there is a ¢; > t, such that x(t) > 0 and x(g(t)) > 0. Then, proceeding as in the proof
of theorem (2.11), we obtain x(t) is not of type (I). From Theorem (2.5), x(t) is not of type (lI).
From Theorem (2.8), x(t) is not of type (I11). The proof is complete.m

Theorem 2.13. Let (2.2),(2.5) and (2.30) hold. Assume that (J,) or (J,) or (J3) or (J,) holds.
Then equation (1.1) is oscillatory or tlim x(t) = 0.
Proof. To the contrary assume that (1.1) has a non-oscillatory solution. Then, without loss of

generality, there is a ¢; > t, such that x(t) > 0 and x(g(t)) > 0. Then, proceeding as in the proof
of theorem (2.11), we obtain x(t) is not of type (). From Lemma (2.3), we have, tlim x(t) = 0.

From Theorem (2.9), x(t) is not of type (I11). The proof is complete.m

Theorem 2.14. Let (2.2)and (2.30) hold, and there exist two functions &é(t) and n(t) such that
(2.26) and (2.27) hold. Assume that (J,) or (J,) or (J3) or (J,) holds. Then equation (1.1) is
oscillatory .

Proof. To the contrary assume that (1.1) has a non-oscillatory solution. Then, without loss of

generality, there is a t; > t, such that x(t) > 0 and x(g(t)) > 0. proceeding as in the proof of
theorem (2.12), we obtain x(t) is not of type ()or (I1). From Theorem (2.9), x(t) is not of type
(1. The proof is complete.m

2.6 Nonexistence of solutions of type (1V)

Next, we shall establish some criteria for the nonexistence of solution of type (IV) for equation
(1.2).

Theorem 2.15. Assume that (4,) — (43) and (S;) hold, if

0o l

j b_“ll(l)kja_“lz(k) ka(s)f fb_“il(r) Ar |As Ak) Al = o0 (2.35)

to g(s)

Then equation (1.1) has no solution of type (1V).
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Proof. Let x(t) be an eventually positive solution of equation (1.1) of type (IV). Then, there is a
t € [ty,o0) such as that (IV) holds for t > t,. We one can choose t; >t, with g(t) >t,

forall t > t3, such that
0 1

x(g(0) = — f b (r) (b (x2) )™ ar

g(t)

oo

- (o(g®) (2(9®)) )" [p eI
) g®
> K, f b @1(r)Ar fort > ts,

g(®)
1

where K, = — (b(g(®) (x*(g(0))) )™ > 0. Thus equation (1.1) and (S, yield
A

(a(t) ((b(t) (xA(t))“l)A>a2> < -()f (x(9(®))

< LQ(t)f( ]b_“il(r) Ar).

g(®)
where L = —f(K;) < 0. Integrating the above inequality from t5 to t, we find

(0]

a(® ((b(t)( 3)") ) f Q(S)f< |

g(t)

1
b @i(r) Ar> As.

Hence,
1

(b (xA(t))a) <liza az(t)<fQ(s)f< jb m(@m)m) .
g(s)

Again Integrating the above inequality from t; to t, we find

‘ 2
b(t) (xA(t))al < L f “2(s)< f Q(u)f< f b 0‘1(7”) Ar>Au> As.

t3 g(s)
It follows that
1

x2(t) SKgb_a%(t) f “2(s)<fQ(u)f< fb “1(T)Ar>Au >C¥2As) .

t3 g(s)

1
where K5 := La. Finally, Integrating the above inequality from t; to t, we have
1

1 44}

x(t) < x(t3) + Ks f b_“il(s) (f Taz2(u) <f Q(v)f( J b 0‘1 (r) Ar) Av )az Au) As.

t3 t3 g)

From condition(2.35), we get x(t) » —oo as t - oo, which contradicts the fact that x(t) is a
positive solution of (1.1). The proof is complete.m
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Corollary 2.16. If T = N, then (2.35) becomes

1\ @
Z b_“il(l)l/lz a_“%(k) kZQ(S)f Z b_“il(r) ) =00, (2.35)

l=n, \ k=ng s=ng r=g(s)
Then equation (1.1) has no solution of type (IV).

Theorem 2.16. Assume that (S,), (4;) — (43) hold. If

1

) u ag

1 1
j b @1(u) f a %(s)As Au = oo, (2.36)
to to

Then equation (1.1) has no solution of type (1V).
Proof. Let x(t) be an eventually positive solution of equation (1.1) of type (IV). Then, there is a

a <A
t € [ty,)r such that (IV) holds for t > t,. Since a(t) (b(t) (xA(t)) 1) IS non-increasing
function there exists a negative constant K, and t, = t; such that

A\ %2
a(t) ((b(t) (xA(t))al) ) <K, fort = t,.
Dividing by a(t) and integrating the last inequality from t; to t, we obtain
1
1ol “
x4(t) < b “(O)K! j a %(s)As
ty

Integrating the last inequality from t, to t, we obtain
1

t u aq
1 _1 _1
x(t) < x(ty) + Kf ] b ai(u) Ja az(s) As )Au.
t; t

Letting t — oo then, by, (2.36) we deduce that x(t) - —oo, which is contradiction to the fact that
x(t) > 0.

Corollary 2.17. If T = N, then, (2.36) becomes
1

i kb_“ll(u) uz_f a_“%(s) al) = 00. (2.36)

Then the equation (1.1) has no solution of type (1V).
2.7. Oscillation criteria under condition (2.3)

Next, we shall establish some oscillation criteria for the equation (1.1) under condition (2.3).
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Theorem 2.17. Let (2.3),(2.5)and (2.35) hold. Assume that (J,) or (J,) or (J3) or (J,) holds.
And (2.28)0r(2.30) holds. Then equation (1.1) is oscillatory or gim x(t) = 0.

Proof. To the contrary assume that (1.1) has a non-oscillatory solution. Then, without loss of
generality, there is a ny; = ny such that x(t) > 0 and x(g(t)) > 0. From (2.3), there exist four

possible cases (1), (1), (111) and (I11). From Theorem (2.1) or (2.2) or (2.3) or (2.4) respectively,
x(t) is not of type (I). From Lemma (2.3), we have, tlim x(t) = 0. From Theorem(2.8)or(2.9)

respectively, x(t) is not of type (I11). From Theorem (2.15), x(t) is not of type (IV). The proof is
complete. m

Theorem 2.18. Let (2.3) and (2.35) hold, and there exist two functions &(t) and n(t) such that
(2.26) and (2.27) hold. Assume that (J,) or (J,) or (J3) or (J,) holds. And (2.28)0r(2.30) holds.
Then equation (1.1) is oscillatory.

Proof. To the contrary assume that (1.1) has a non-oscillatory solution. Then, without loss of
generality, there isa t; > t, such that x(t) > 0 and x(g(t)) > 0. Then, proceeding as in the proof
of Theorem (2.17), we obtain x(t) is not of type (1) or (I1I). From Theorem (2.5), x(t) is not of type
(I1). From Theorem (2.15), x(t) is not of type (V). The proof is complete.m

Theorem 2.19. Let (2.3),(2.5)and (2.36) hold. Assume that (J,) or (J,) or (J3) or (J,) holds.
And (2.28)0r(2.30) holds. Then equation (1.1) is either oscillatory or tlim x(t) = 0.

Proof. To the contrary, assume that (1.1) has a non-oscillatory solution. Then, without loss of
generality, there isa t; > t, such that x(t) > 0 and x(g(t)) > 0. Then, proceeding as in the proof
of theorem (2.17), we obtain x(t) is not of type (I) or (I11). By Lemma (2.3), we get 2im x(t) =0.

From Theorem (2.16), x(t) is not of type (IV). The proof is complete. m

Theorem 2.20. Let (2.3) and (2.36) hold, and there exist two functions &(t) and n(t) such as
that (2.26) and (2.27) hold. Assume that (J,) or (J,) or (J3) or (J,) holds. And (2.28)0r(2.30)
holds. Then equation (1.1) is oscillatory.

Proof. To the contrary assume that (1.1) has a non-oscillatory solution. Then, without loss of
generality, there isa t; > t, such that x(t) > 0 and x(g(t)) > 0. Then, proceeding as in the proof
of Theorem (2.17), we obtain x(t) is not of type (I) or (1) or (I1I). From Theorem (2.16), x(t) is
not of type (IV). The proof is complete.m

3.Examples:
In this section we will show the applications of our oscillation criteria by three examples. We will
see that the equations in the example are oscillatory or tend to zero based on the results in section 2.

Example 3.1. Consider the third order delay dynamic equation
a2

<a(t) <(b(t) (xA(t)>a1)A> >A + i @ f (x(g:(®)) = 0 (3.1)

Witha(®) =b(t) = L,n =1 = a, =1,q(t) ==,y > 0,4(t) = tand f (x(g(1))) =

tg(t)
x(g(®).
All the conditions of corollary (2.8) are satisfied. Hence every solution of equation (3.1) is either

oscillatory or satisfies lim x,, = 0.

n—0oo

Example 3.2. Consider the linear delay dynamic equation
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(a(t)((b(t)(ﬂ(t) )) qu(t)f x(g:(®))) = 0 (3.2)

witha(t) =b(t) =1,n=1,a; = a, = 1,q(t) = E ,B) =1 andf(x(g(t))) =(t-—
2),H(t,s) =t—s.
All the conditions of corollary (2.9) are satisfied. Hence every solution of equation (3.2) is either
oscillatory or satisfies lim x,, = 0.

n—->oo
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Abstract

This study aimed at estimating the total phenolic content, total flavonoid content and evaluation of toxic
effect of chloroform and aqueous methanol extracts of Orbea wissmannii against W138 and HepG2 cell
lines. Orbea wissmannii was collected from Qaren region near Amran governorate, Yemen. Chloroform
and methanol extracts of whole parts of Orbea wissmannii were prepared by maceration and decantation.
The total polyphenol content was estimated using Folin—Ciocalteau method. Aluminum chloride
colorimetric method was applied for the determination of total flavonoid content. The cytotoxic activity
was measured using the MTT assay. The total phenolic content of chloroform and methanol extracts was
70.21 mg GAE/g, 122 mg GAE/qg respectively (milligrams of gallic acid equivalents per gram), while the
flavonoid content was 21.80 mg QE/g and 54.24 mg QE/qg respectively (milligrams of quercetin dihydrate
equivalents per gram). Dependently, the two extracts significantly and concentratedly reduced the viability
of lung tissue-derived fibroblasts (wi38) and human hepatoma cells (HepG2). The two extracts showed
effective effect on HepG2 at 250, 500 and 1000 pg/ml, while the same extracts showed their effect on the
WI38 at 500 and 1000 pg/ml. The toxicological properties shown by the extracts of this plant require
further study to isolate and purify the active substances responsible for this high anti-cancer efficacy.
Phytochemical investigation on chloroform/methanol extracts and their structures is recommended.

Keywords: Orbea wissmannii, Total phenolic, Total flavonoid, a cytotoxic, HepG2, wi38, Amran, Yemen
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1. Introduction

Traditional medicine is widely used in Yemen's primary healthcare system. In Yemen, traditional
medicinal plant information is still passed down orally among the indigenous population. Thus, there
are only a few research papers, and most of them have been relatively limited in this field [1]. Since

*E-mail: ahmed.y.mub@gmail.com
$E-mail: Bush.alatab@su.edu.ye
" E-mail: al.magtarimaher@yahoo.com


mailto:hmed.y.mub@gmail.com
mailto:Bush.alatab@su.edu.ye
mailto:al.maqtarimaher@yahoo.com

J. Amr. Uni. 03 (2023) p. 101 Ahmed Y. Mubarak et al

the cytotoxic effects of phytochemicals (such as flavonoids and phenols) have been proven, such
plants have been considered an acceptable source for drug synthesis [2, 3].

The genus Orbea belongs to the Asclepiadaceae family that are known to contain cytotoxic and
tumoricidal polyoxy pregnane esters and glycosides [4]. Phenols as secondary metabolites are found
mostly in the higher plants in the plant kingdom [5]. Indeed, phenols are among the most active
anticancer chemicals that have already been described, among hydroxycinnamates, flavonoids,
coumarins, hydroxybenzoates, xanthones, stilbenes, chalcones, and lignins [6].

Orbea genus have been used for a variety of therapeutic purposes including treatment of diabetes,
wounds, burns, eczema [1] and as an appetite suppressant or appetite curbing [7,8].

Orbea wissmannii (Syn.=Caralluma wissmannii) [9] is a leafless, succulent, and angular plant that
grows in the wild areas in Yemen (local name is "khusmaa"), and the stems of the plant are eaten
(raw) [10] as well as the plant used in the treatment of different disorders such as stomach ulcers,
constipation, food poisoning (antidote), diabetes [1], and inhibition of Escherichia coli growth, and
antioxidant activities [11].

Our previous study revealed that the Orbea wissmannii contains 12-tigiloyl-tayloron-33-D-
thevetopyranosyl-(1—4)-p-D-cymaropyranosyl-(1—4)-B-D cymaropyranoside, 12-tigiloyl-tayloron
3B-D-thevetopyranosyl-(1—4)-B-D cymaropyranoside, 3,4-seco-lup-20(29)-en-3-oic acid methyl
ester, lupeol, stigmasterol, 3-sitosterol, and luteolin 3',4'-di-O-B-D-glucopyranoside [12]. A spectrum
of the biological activities of the Orbea can be expected due to the existence of pregnane glycosides,
stigmasterol, and other phytochemicals in them [13, 14].

Increasing cancer cell sensitivity to chemotherapy by modifying abnormal metabolism using plant
extracts is a potential technique for lowering chemotherapy dosages while maintaining therapeutic
outcomes [15]. The Orbea wissmannii is a widespread species in Yemen [10], but there are few
literature reports concerning its biological activities and phytochemical composition. Thus, the
current work aimed to estimate the total phenolic content, total flavonoid content and evaluation of
cytotoxic effect of chloroform and methanol extracts of Orbea wissmannii against the wi38 and the
HepG2 cell lines. The study will be of value in highlighting that the Orbea wissmannii in Yemen
could be considered as a promising source for several compounds that can be used as anticancer
agents.

2. Materials and Methods

2.1 Collection of plant material

The whole parts of the Orbea wissmannii was collected from Qaren region, Amran governorate,
Yemen in April 2021 and was identified by Dr. Abdulwali A. Alkhulaidi, Plant Ecology and
Geography, Agricultural Research Authority, Taiz, Yemen.

2.2 Preparation of extracts

200 g of whole parts of Orbea wissmannii dried in the air was extracted by the maceration method
using 80% aqueous methanol. The methanol extracts were evaporated under reduced pressure to give
a dark-greenish residue (extract). The obtained extract was separated by decantation three times with
chloroform and recycled with a rotary evaporator.

2.3 Determination of total polyphenol content of investigated samples

Total polyphenol content was estimated using Folin—Ciocalteau reagent as mentioned by [16].The
reaction mixture consists of 0.5 ml of aqueous MeOH extract and its CHCI3 fraction for each sample,
0.1 ml of Folin reagent and 0.5 ml of 7.5% Na.COzs solution. After incubation at room temperature
in darkness for one hour, the absorbance was measured at 740 nm. The polyphenol content was
determined from the following equation: (Y= 0.0248 +0.0591), (R2 = 0.9979) using gallic acid as a

standard, and results were expressed as mg GAE/g D.W.
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2.4 Determination of total flavonoid content of investigated samples

Total flavonoid content (TFC) was determined using a modified aluminum chloride colorimetric
method [17]. Briefly, 2 ml of MeOH, 0.2 ml of 1M CH3COOK (w/v), 0.3 ml of 10% AICIs.6H.0
solution, and finally 2 ml of distilled water were added to 0.5 ml of aqueous MeOH extract and its
CHCl3 extract for each sample. After 30 minutes of incubation at room temperature, the absorbance
at 430 nm was measured. The flavonoid content was calculated from the following equation: (Y=
0.0046 +£0.0585), (R2 = 0.9995) using quercetin dihydrate as a reference, and results were expressed
as mg QE/g D.W.

2.5 Preparation of stock solution of extracts

To prepare stock solutions, the two extracts of the Orbea wissmannii were dissolved separately in the
DMSO, and then the proper amount of distilled water was added. The maximum amount of the
DMSO was 10% at stock and 1% at the final concentration in the wells.

2.6 Cell Viability Assay

The anticancer activity of the extracts of Orbea wissmannii was done at the Science Way for Scientific
Researches and Consultations, Egypt.

In order to avoid a cytotoxic effect of the Orbea wissmannii extracts on the HepG2 and wi38 cells
proliferation, the cytotoxicity study was carried out using the MTT assay is based on the ability of
functional mitochondria to catalyze the reduction of 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide to insoluble formazan, the concentration of which can be measured
spectrophotometrically [18]. The HepG2 and wi38 cells were first cultured in 96-well plates at a
density of (1 x 10° cells / ml (100 pl / well) for 24 hours at 37°C in a CO; incubator, washed twice
with media. After incubation, the medium was aspirated and different concentrations (31.25, 62.5,
125, 250, 500, and 1000 pg/ml) of extracts were added to the wells, and the cells were reincubated.
After 24 hrs. of incubation, MTT reagent 20 pl was added to each wells, placed on a shaking table at
150 rpm for 5 minutes to thoroughly mix the MTT into the media, and the plate was incubated at 37
°C for an additional 4 h to allow the MTT to be metabolized. The media were then removed, and the
intracellular formazan product was dissolved in 200ul DMSO. The absorbency of each well was then
measured at 560 nm and subtracted from the background at 620 nm, and the percentage viability was
calculated.

3. Statistical analysis

Data were obtained from triplicate experiments and presented as the mean * standard deviation. A T-
test was used for comparison of results using Excel software, where p < 0.05 was considered
statistically significant.

4. Results

4.1 Total phenol and flavonoid Contents

The aqueous methanolic extract of the Orbea wissmannii exhibited a higher total phenolic content
(122 mg GAE/qg) than the chloroform extract (70.21 mg GAE/g). On the other hand, the aqueous
methanolic extract of Orbea wissmannii exhibited a higher total flavonoid contents (54.24 mg QE/qg)
than the chloroform extract (21.80 mg QE/g) results are shown in Table 1. The total phenolic content
and the total flavonoid content of Orbea wissmannii extracts varied by solvent (Table 1). The
methanol extract had significantly higher phenolic content and flavonoid content than the chloroform

extract.
Table.1 Results of total phenol and flavonoid content for methanol and chloroform extracts.

Extracts Total Phenol Content Total Flavonoid Content mg
mg GAE/g * QE/g **
MeOH 122 54.24
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CHCI3 70.21 21.80

* GAE: Gallic acid equivalents ** QE: Quercetin dihydrate equivalents

4.2 Cytotoxicity effect of Orbea wissmannii extracts against W138 and HepG2 cells

In the present study, the cytotoxic effect of the two extracts from the Orbea wissmannii was
determined. All the extracts were tested against the WI138 and HepG2 cells at different concentrations
using MTT.

Data in Table 2 show the values of cell toxicity percentages after the exposure of W138 cultured cells
to two extracts. It was found that the cytotoxicity (%) increased with increasing concentrations of
Orbea wissmannii extracts 500-1000 pug/mL (figure 1). Oppositely, the cell viability (%) of Wi38
gradually decreased with increasing concentrations of the plant extracts. The Chloroform extract
showed better toxicity.

The Chloroform extract increases toxicity better than the aqueous methanol extract at 500 (14.75%),
1000 (71.2%) and 500 (7.67%), 1000 (61.42%) with IC50 of 798.02 pg/ml and 883.72 pg/ml,
respectively, of the WI38 cells.

Table.2: Viability and toxicity of Wi38 cells in the different concentrations of two extracts of Orbea wissmannii

1C50 Viability % IC50
Hg 0 Hg

100

1000 28.81500426 | 71.18499574 38.57630009 | 61.42369991

500 85.2514919 | 14.7485081 |
250 99.70161978 | 0.298380222 +]
125 99.87212276 | 0.127877238 |
62.5 99.78687127 | 0.21312873 |
31.25 99.70161978 | 0.298380222 |

Values are expressed in mean + SE of 3 times repeated for each set of CS extract

tamicety taxieity

Fig.1: Relationship between toxicity and different concentrations of (A) chloroform extract (B) methanol extract of
Orbea wissmannii against WI138 cell line

The two extracts of the Orbea wissmannii significantly and concentrations dependently decreased the
viability of the HepG2 cells at concentration above 250 pug/ml (Table 3 and Figure 2).

Chloroform extract increases toxicity at 250 (60.85%), 500 (89.19%), and 1000 (93.73%) with 1C50
of 222.34 pg/ml better than the methanol extract at 250 (58.56%), 500 (76.83%), and 1000 (95.375%)
with IC50 of 228.97 pg/ml of HepG2 cells.
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Table 3: Viability and toxicity of HepG2 cells in the different concentrations of two extracts of Orbea wissmannii

pg/ml
-------- 100 0 Mg 100 0 Hg
1000 6.272893773 | 93.72710623 4.624542125 || 95.37545788
500 10.80586081 | 89.19413919 23.16849817 | 76.83150183
250 39.14835165 | 60.85164835 || 222-34 |'41.43772894 |[58.56227106 || 22827 *
125 94.18498168 | 5.815018315 || 313 | 90.10989011 | 9.89010989 || 13-7°
62.5 99.77106227 | 0.228937729 100 0
31.25 99.86263736 | 0.137362637 100 0
o I =— A B
<

Fig.2: Relationship between toxicity and different concentrations of (A) chloroform extract (B) methanol extract of
Orbea wissmannii against HepG2 cell line

The effect of toxicity of the chloroform and methanol extracts on the W138 and HepG2 cells showed
more effect starting at 125 pg/ml on both wi38 and HepG2 cells (tables 2, 3).

HepG2 cells were more susceptible to the chloroform and methanol extracts of the Orbea wissmannii
compared to the WI38 cells.

5. Discussion

The Orbea wissmannii methanolic extract contains total phenolic of 122 mg GAE/g, and the
chloroform extract contains total phenolic of 70.22 mg GAE/g. The total phenolic content in
chloroform extract is much lower than in methanol extract. While the total content of flavonoids for
methanolic extract and chloroform extract were 54.24 mg QE/g and 21.80 mg QE/g respectively, a
chloroform extract contains fewer flavonoids than that of the aqueous methanolic extract.

The total phenolic content and the total content of flavonoids depend on the type of solvent used. A
comparative investigation of the phenol content in different types of the various solvents concluded
that the highest concentration of phenolic compounds was obtained in the plant extracts with the
highest polarity of solvent [19].

Some members of the Asclepiadaceae family are rich in the polyhydroxypregnane glycosides and
their esters, which are strong cytotoxic agents and have anti-cancer and anti-tumor properties [20].
Furthermore, flavones, flavanols, isoflavones, catechins, and taxanes are phytochemicals with
different pharmacological properties that shown responses for the prevention or treatment of different
tumors [21, 22].

The two different extracts of the CHCIz and MeOH from the Orbea wissmannii have protective effects
on tacrine-induced cytotoxicity in liver-derived HepG2, with IC50 of 222.34 + 3.13 and 228.97 *
13.79 pg, respectively. On the other hand, Lung-derived WI38 has IC50 of 798.02 + 8.64 and 883.72
+ 15.07 which indicate that two extracts are more effective on the HepG2 cell lines. These results
indicate that the cytotoxic effect increases with increasing extract concentrations.
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Polyphenol compounds might inhibit cancer cells by xenobiotic metabolizing enzymes that change
the metabolic activation of potential carcinogens, while some flavonoids could also prevent the
development of cancer cells by changing hormone production and inhibiting aromatase [23,24],
Lupeol is thought to be a potent inducer of apoptosis in cancer cells, with additional modulatory
effects on the drug resistance pathways in cancer cells [25], and some flavonoids induce apoptosis
via activation of caspase-3 [26].

6. Conclusions:

According to the above reports, it is suggested that the cytotoxic effect of the two Orbea wissmannii
extracts in the HepG2 and Wi38 cells could be due to the presence of the pregnane glycosides,
polyphenolic and polyflavonoid compounds. Further studies on this plant are necessary and should
seek to determine the pharmacokinetic properties of the selected plant.
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Abstract
Glasses and glass-ceramics based on silver tellurite system xAg.0-(100-x)TeO, (0 < x <60 mol%) were
prepared by melt-quenching method. The structure of the studied glasses and glass-ceramics was
investigated by several techniques. XRD patterns reveal the existence of only one glassy region at 20 < x
< 30 mol% with two crystalline a-TeO, and Ag.TeOs phases that formed separately in the prepared
samples below 20 and beyond 30 mol% Ag.0, respectively. The peaks intensity corresponding to the
crystalline a-TeO, and Ag.TeOs phases was found to decrease and increase with Ag,O content,
respectively. This may be correlated with changes in the concentration of Q4 and QY units that,

respectively, build up the crystalline a-TeO, and Ag,TeOs phases. In the glassy region, there is no
crystalline phase, which may be attributed to the abundance of the deformed Q3 units that build up the

glassy phase, and the concentrations of Q2 and ¢ units are neglected in this region. SEM and TEM

micrographs and the related electron diffraction patterns (EDP) confirmed the formation of crystallized
clusters in Ag2O-rich glasses.

Keywords: Ag.O-TeO; glasses and glass-ceramics; Ag.O-rich TeOz; Qn unis; Clusters; Ag.TeOs
phase; a-TeO, phase; XRD; TEM and EDP techniques.
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1. Introduction

Tellurite glasses are characterized by their desirable physical properties. They have wide glass
formation regions [1-5], extremely high refractive index, high dielectric constant, excellent infrared
transmittance, and low melting temperature [6-9]. In addition, TeO: is considered as a good agent
for crystallization [10].

The structure of tellurite glasses has attracted considerable attention. Various investigators used
infrared [2,8,19-22,11-18], Raman [2,15,19,23-25], nuclear magnetic resonance spectroscopies
[3,6,26,27] and neutron diffraction [28-31] to study the structural properties of tellurite glasses.

Tellurite network is composed of bridging QZ (TeOs) and deformed Q3 ( TeOs-1) units below 20
mol% alkali oxide. While in the range 20-30 mol% of alkali oxide Q3 (TeOz) were existed with
(n=1& 0) having higher non-bridging oxygen atoms (NBOs) in tellurite network and increasing as
alkali content increased. The isolated Qg (TeO%f) along with Qé (TeZOE*) structural units are
the main formed species at 50 mol% of alkali oxide.
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Most of previous studies have focused on the structural species in the modified tellurite in the
glassy region for most alkali tellurite glasses [15,26,28,31-33]. Studies on Ag>O-TeO- glasses are
so far limited to be considered [34,35]. Therefore, this work is aimed to shed more light on the
structural features of Ag.0O-TeO- glasses and glass-ceramics and to identify the crystallized phases
that formed within the Ag.O-TeO: glass-ceramics.

2. Experimental Methods

Samples with nominal composition xAg20-(100-x)TeO> (0< x <60 mol%) were prepared by mixing
of AgNOz and TeO», in porcelain crucibles. The crucible was firstly transferred into the electric
furnace and kept at 300 °C for 30 minutes and then it was heated for 10 minutes at a temperature
ranged between 800 and 900 °C depending on the composition. Finally, the melt was poured and
rapidly quenched at room temperature.

The crystallized phases were identified by the (XRD) technique using PANalytical X Pert PRO
XRD system using a Cu K target with secondary monochromator (A = 1.540 A). The tube operated
at 45 kV- 40 mA. Measurements were made over the range 10° to 70° on 20 scale. The
measurements were carried out at Nano Technology and Advanced Materials Central Lab
(NAMCL), Research Institute, Cairo University.

The morphology of the Ag.0-TeO: glasses and glass-ceramics (bulk-fractured surface) was
examined using a Scanning Electron Microscope (SEM), model JEOL-JSM-6510LV attached with
energy dispersive spectroscopy (EDS) unit, model Oxford—X—Max 20. The size of the formed
structural units is examined by Transmission Electron Microscope (TEM), model JEOL JEM-2100
with an electron acceleration voltage of 200 kV. Structural information could be obtained by using
electron diffraction patterns (EDP). The measurements were made at the Spectroscopy Unit, Faculty
of Science, Mansoura University.

3. Results and Discussion
Local structure of Ag20-TeO2 glasses
Under normal conditions, tellurium oxide cannot form a glass without a modifier [28,36,37]. In both

crystalline and amorphous tellurium oxide, the Qi units are considered as the basic dominant

structural units that build the network of the material [22,23,26]. In this case, the tellurium atom is
surrounded by four bridging oxygen atoms (BOs). Two BOs are located in axial vertices and the
others are in the equatorial positions. In addition, one lone pair of electrons is occupied in a third
equatorial site as presented in Fig (1) [2,23].

N
o N
T/ B / o
tTe—w, Te n
Sle) —
\ ~ \ O
O 4 O 3
Q 2
N
Te—O :Té __o Te ——o
O - 3 O o_
Q35 i - Qg

Fig. 1: The tellurium (IV)—oxygen polyhedra found in alkali tellurite crystals and glasses.

The tellurium polyhedral units can be represented by Qnm notation, where (n) is the number of

bridging oxygens (BOs) and (m) is the coordination number of the Te atom [38]. It was reported
that, the addition of a modifier and/or intermediate oxides into tellurite glasses results in changing

Q; unit toward formation of non-bridging oxygen ions (NBOs). These changes are presented
schematically in Fig (1).
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The mechanism of occurred changes in Qnm units that plotted in Fig (1) are explained as following;
1- Firstly, below 10 mol% of modifier oxide such as (Li-O, Ag0, etc.), it is entirely consumed to

convert Qf{ to Qé via Qi units, because the later units are unstable and automatically
transformed to (Qé) once [23].

2- Beyond 10 mol% of modifier oxide, it is used to produce either Qé or Qg units depending on
modifier oxide content [23].

3.1. X-ray diffraction:
XRD patterns of Ag20-TeO> glasses and glass-ceramics are shown in Figs. (2-a) and (2-b).

+ Ag Ag,O
x Ag, TeOs mol%o
e aTecO,
WWN\MWNMN
27.5
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25
WW%MWMWMWW
22.5
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Fig. 2a: X-Ray diffraction pattern for xAg.O-(100-x)TeO, glasses and glass-ceramics; (0 < x <30 ) mol % Ag,0O
containing tellurite glass and glass-ceramics respectively. Numbers at the plots refer to the concentration of Ag,O (mol
%).
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Fig. 2b: X-Ray diffraction pattern for xAg.O-(100-x) TeO; glasses and glass-ceramics; (33 < x < 60) mol % Ag.O
containing tellurite glass and glass-ceramics respectively. Numbers at the plots refer to the concentration of Ag2O (mol
%).

The pattern of fused TeO, shows many sharp peaks in the region ~ 22—66°. These peaks are related
to a-TeO> crystalline phase (card 78-1713C). The decrease in intensity of these peaks reflects a

decrease in concentration of the qunits. This might be accompanied by an increase in the

concentration of Qé and/or Qg units. The sharp peaks formed in the composition region 0 < x <20
mol% closely match those related to paratellurite (a-TeO2) (card number 78-1713C) which is built

up by sharing corners of Qi units. The intensity of these sharp peaks decreases with increasing

Ag20 content which reveals that there is an increase in the disorder of the glass matrix. These sharp
peaks disappear completely between 22.5 and 30 mol% Ag-0O, while a broad hump arises at 30
mol% Ag20 revealing the completely amorphous nature of this composition. In this region the
glassy state becomes dominant. Starting from the sample containing 33 mol% Ag20, a new sharp
peaks-corresponding to Ag.TeOs crystalline phase (card number 83-1779 C) appears with
maximum intensity at 50 mol% Ag.0, where the structure becomes saturated with Ag" ions.
Beyond 50 mol% Ag.0, additional small peaks (+) appeared which related to the metallic silver
(card number 87-07117).

Changes in the XRD spectral features (intensity and angular position) can be explained on the basis
of the following concepts:

1- TeO, can be considered as a stable glass former by the effect of the addition of even small
quantity of modifiers [39,40].

2- The glass forming ability of tellurium was found to increase with increasing the modifier content
up to certain value (30 mol %).
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3- For more than 30 mol% of modifier oxide, the glass forming ability is suppressed by forming a

new crystalline Ag2TeOs phase which consists of Qg units. The concentration of the latter increases

with increasing modifier content at the expense of TeO3 [32,39,40].

4- Maximum intensity of the peak related to crystallized Ag>TeOs appears at 50 mol% when R=1,
where R is the ratio (Ag20/TeO>), as shown in Fig (2-b). The decrease in the intensity of peaks
related to Ag.TeOs for R>1 might be due to the decrease in the TeO, content. The presence of
excess Ag20 in such glass-ceramics may be considered as a reason for formation of metallic silver
clusters.

Glasses enriched with both Ag.O and the deshielded QQ units (where n= 0& 1) have increasing

ability toward formation of AgQ.TeOs crystalline phase and clusters of metallic Ag. This
consideration is further supported by the appearance of new sharp diffraction peaks at 26 = 31.2,
36.68, 51.84, 52.8, 61.76 and 62.52 degree in prepared samples containing 33-60 mol% Ag20. The
presence of new diffraction peaks at 26 =38.08 and 44.32 degree at high Ag.O content (52.5, 55 &
60 mol %) might reflect the inability of the glass matrix to accommodate more of Ag* ions. As a
result, these excess ions are forced to accumulate in these glasses forming atomic silver clusters.
Similar structural changes were assumed by some authors [41,42] in fluorotellurite glasses.

3.2. SEM and EDS techniques

To explore the morphology of the Ag.O —TeO: glasses and glass-ceramics, investigations were
performed using SEM. SEM and EDS results agree well with that obtained by the XRD patterns
and confirm it. The SEM micrograph of the as-prepared samples of (10, 25, 30, 35 and 50) mol%
Ag>0 are shown in Figures 3(a, b, ¢, d, e & f), respectively. The electron micrographs of the
samples with 50 and 55 mol% Ag-0 are shown in Figures 4(a& b) respectively. It is shown that the
particle size increases with increasing Ag20 content in the studied glasses. A. E. Ersundu et.al [43].
have used SEM spectroscopy to study the microstructure of binary CdO-TeO,, WO3-TeO, and
ternary CdO-WOs-TeOs glasses before and after thermal treatment, it was concluded that the dark
colored crystallites are due to a-TeO; for all glass compositions, while the white colored are rich
with WOz and CdO and corresponding phases [43]. Figure (3-a) shows an interconnected columns
or rods on the surface of the sample with 10 mol% Ag20, which corresponds to a-TeO> phase as
induced from the XDR pattern in Fig. (1-a). These rods are assumed to be due to the a-TeO> phase
and the background base may represent glassy Ag.O-TeO. matrix. EI Agammy et al. [41,42]
proposed like these results in the NaF-TeO. and PbF>-TeO> glasses and glass-ceramics. The
micrograph of the samples containing 25 and 30 mol% Ag.O are shown in Figs. 3(b & c),
respectively. It shows white colored particles with different size dispersed separately through the
base matrix. The base matrix is attributed to the modified glassy phase, while the white colored
particles are corresponding to Ag>TeOz crystalline phase. (Figs. 3c) shows that the particles in
sample of 30 mol% Ag-0O are larger and denser than that of 25 mol%. SEM micrograph of the
sample containing 35 mol% Ag20 is shown in Figs. 3(d& e). Figure (3d) depicts cubic particles
having different sizes start growing with fine-grain particles observed on the surface of sample with
30 mol% Ag20. Both of fine and cubic-particles might be correspond to Ag>TeOs phase. Figure
(3f) depicts formation of columns on the surface of the prepared 50 mol% Ag.O sample. The cubic
particles (Fig. 3d) that produced from fine-grains can be ascribed to the initial stage of the observed
rods in the sample containing 50 mol% Ag-0.
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Fig.3: (a, b, ¢, d, e and f) SEM micrographs on the furcated surface (bulk) for the xAg.0-(100-x)TeO; glasses, x=50

and 55 mol%.

-

The rods have a larger size than that of cubic, revealing to a more ordering (Fig. 2a). The rods might
be ascribed to Ag.OTeOz phase as deduced from XRD pattern in Fig. (2-b). The micrograph of 50
mol% Ag-0 (Fig.4a) shows white-colored particles dispersed in the base matrix. These particles are
corresponding to metallic Ag. Figure (4b) shows flowers-like crystallites in the prepared 55Ag.0O-
45TeO2 sample.

20kv.— . \WD19nin
v 4y

Fig. 4: (a, and b) SEM micrographs onthe furcated surface (bulk) for the xAg20-(100-x)TeO; glasses and glass-
ceramics, x=50 and 55 mol%.

These flowers seem to be formed as a result of coalescence of white-particles in the sample of 50
mol% Ag.0. These white flower-like crystallites are corresponding to metallic Ag as deduced from
the XRD results.
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SEM micrographs reveal a slight increase in particle size when increasing Ag>O content from 25 to
30 mol% Ag-0. It becomes clearer when forming the cubic and rods in samples of 35 and 50 %
AQ20, respectively. It is proposed that, the particle-size is proportional to Ag.O content. The fine-
particles in samples 25 and 30 mol% Ag-0 represent the initial stage of the cubic shape formation,
and the latter represents the first stage of rods growth. The glassy phase is predominant in the range
25 < Ag>0 < 30 mol%. Whereas, Ag>TeOs phase appears with relatively low intensity at 33 mol%
Ag.0 and growths with Ag>O content until reaching maximum intensity at 50 mol% Ag20 as in
Fig. (2-b), which may be attributed to the formation of the rods respectively as seen in Figs. 3(e-f).
So it can be concluded that, development of Ag.TeOs phase within the prepared glass-ceramics can
be done by increasing Ag20 up to 50 mol% Ag20, where the structure becomes saturated with
Ag>TeOs phase and excess added of Ag-0 is precipitated inside the network as metallic silver as
shown in Figs. (2-b) and (4-b).

EDS spectra of Ag.O —TeO» glasses and glass-ceramics containing 10, 30, 50 and 55 mol% of
Ag.0 are shown in Fig. 5. At 10, 30 mol % of Ag-0, the increase in peak intensity of silver
compared to that of Te with Ag>O content supports the XRD results. The intensity of the Ag peak
may refer to concentration of Ag* ions in these NBOs units. However, at higher concentrations (>
50 mol% Ag.0), the structure may become saturated with NBOs units containing Ag* ions and the
excess of Ag20 is precipitated as metallic silver.

B2 4 8.8 R B % 8 B O MINTE e B A M WAk B
Full Scale 3124 cts Cursor: 0.000 keV' | Ful Scale 23666 cts Cursor: 0.000 kee
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Fig. 5: EDS spectrum of the xAg.0.(100-x)TeO- glasses and glass-ceramics, x=10, 30, 50 and 55 mol% Ag-0.

3.3. TEM and EDP Techniques

The TEM and EDP results agree with those obtained by the SEM, EDS and XRD for selected
samples. The TEM micrographs and electron diffraction pattern (EDP) for samples with 10, 30, 35
and 50 mol%

Ag20 are shown in Fig. 6 (a, b, c& d) respectively. The TEM micrograph of 10 mol% Ag.0 sample
shows rods along with fine-grains of (2-3) nm in size (Fig 6a).
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Fig.6: (a, b, c and d), TEM images and the EDP of TeO, glass containing 10, 30, 35 and 50 mol% Ag.0 respectively.

The EDP pattern shows more ordering structure as shown in (Fig. 6a). For the sample with 30
mol% AQ.0, the size of the formed particles was found to vary from 11 to 50 nm and the
distribution of these particles in the network is randomly as presented in Fig. 6b. The diffused
circles in the EDP patterns are characteristic of the amorphous matrix at Ag.O = 30 mol% that
mainly might be Ag.O —TeO, phase. The TEM micrograph of the sample with 35 mol% Ag.O
shows that, these fine-particles are aggregated in large size (black zones) through the network (Fig.
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6¢), where the ordering increases due to formation of these zones with a large size as deduced from
the EDP pattern (Fig. 6¢). These fine particles become more accumulated in case of 50 mol% Ag.O
compared to that of 35 mol%, leading to more order as seen in Figs. (2a& 6d).

4. Conclusions

The samples from xAg>0-(100-x)TeO2 (0 < x < 60 mol%) system were prepared and investigated
through, XRD, SEM, EDS and TEM techniques. There are two mainly crystalline phases, a-TeO>
and Ag.TeOs. However, the crystallinity decreases with the Ag.O content below 20 mol% and
disappears completely in the range (20< Ag20 <30) mol%, it returns to increase with the Ag20

content beyond 30 mol%. Qj and QS units that, respectively, built up crystalline a~TeO and

Ag2TeOs phases are decreased and increased with addition of Ag.O below and beyond 30 mol%
AQ20, respectively. Disappearing of the formed crystalline phases in the glassy region might be due

to abundance of the deformed Qi units, related to the glassy phase, and the concentrations of both

Qi and QS units are neglected.
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