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I L1
Publication Conditions

Inasmuch as Al-'Bahir- effulgent- Abualfadhal Al-'Abbas cradles his
adherents from all humankind, verily Al-Bahir journal does all the original
scientific research under the conditions below:

1. Publishing the original scientific research in the various scientific sciences
keeping pace with the scientific research procedures and the global common
standards; they should be written either in Arabic or English .

2. The research should not be published before under any means .

3. The research should adhere the academic commonalties; the first page
maintains the title, researcher name /names, address, mobile number under
condition that the name, or a hint, should never be mentioned in the context
and keywords should be written in Arabic and English as there is an abstract
in Arabic and English.

4. The Research studies should be delivered to us either via Journal website
http://albahir.alkafeel.net , after filling the two standard format the first with
the name of the researcher and the second without in Word .

5. The page layout should be (2)cm .

6. The font should be of (16 bold),Time New Roman, subtitles of (14 bold) and
also the context.

7. The space should be single, indentation should not be, as 0 before, 0 after
and no spacing, as 0 before, 0 after.

8. There should be no decoration and the English numeral should proceed to
the last text.

9. Any number should be between two brackets and then measurement unit,
for instance: (12) cm .

10. All sources and references should be mentioned at the end of the article
and categorized in conformity with Modern Language Association (MLA) ,
for instance :

Name of Author/ Authors, Journal Name Volume Number (Year) pages from
- to.

Similarly done in the Arabic article withy a proviso that superscript should be
employed.

11. There should be a caption under a diagram in 10 dark, Arabic and English;

for instance:
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Title or explanation; number of the Fig.

Similarly done with tables.

12. Diagrams , photos and statics should be in colour with high resolution
without scanning.

13. The marginal notes, when necessary, should be mentioned at the end of the
article before the references.

14. Wherever there is the word “ figure” should be abbreviated as Fig. and table
should be Table.

15. The pages never exceed 25 pages.

16. The Formulae should be written in Math Type.

17. All the ideas and thoughts reveal the mindset of the researcher not the
journal and the article stratification takes technical standards.

18. All the articles are subject to :

a- The researcher is notified that his paper is received within 14 days in
maximum.

b- The article is to be sent to the researcher as soon as it does not meet the
requirement of the publication conditions.

c- The researcher is notified that his article is accepted.

d- The articles need certain modification , as the reviewers state, are sent to the
researchers to respond in a span of a month from the date of dispatch.

e- The researcher is to be notified in case the article is rejected.

f- The researcher is to be granted an edition containing his article.

19. Priorities are given in concordance to :

a. The articles participated in the conferences held by the publication institute.
b. The date of receiving.

c. The date of acceptance.

d. The importance and originality of the article.

e. The diversity of the fields the articles maintain in the meant edition.

20. The researchers should appeal to the modifications the language and
scientific reviewers find in the articles.

21. The researcher should fill the promise paper having the publication rights of
the Scientific Al-Bahir Journal and adhering to integrity conditions in writing

a research study.
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In the Name of Allah

Most Compassionate, Mort Merciful

Edition Word
O Allah, my Lord

Cast felicity in me, facilitate my cause and unknot my tongue
to perceive my speech , thanks be upon Him the Evolver of the
universe and peace be upon Mohammad and his immaculate and
benevolent progeny .

A fledged edition of Al-Bahr , peer reviewed scientific
journal, embraces a constellation of research studies pertinent to
engineering and natural sciences we do hope to overlap a scientific
gap the specialists observe as an academic phenomenon worth
being under the lenses of the researchers, that is why there is
diversity in the studies to meet the requirements of the journal
readership . For the journal, now, comes to the fore , at the efforts
of the editorial and advisory boards and the researchers who strain
every sinew to publish in Al-Bahr, to be global as to be published in
an international publishing house in line with the global scientific
journals.

On such an occasion we do pledge the promise of fealty and
loyalty to those who observe our issues with love and heed in the
International Al-'Ameed for Research and Studies , Department
of Cultural and Intellectual Affairs in the Holy Al-'Abbas Shrine
and the strenuous endeavour to cull whatever invigorates the
scientific interaction and academic research in Iraq and worldwide
to create a new generation keeping pace with the development of
the current scientific phase and to lay the hands of the researchers,
nationwide and worldwide, upon the desired missions.

Thanks be upon Him ,the Evolver ad infinitum .
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Abstract

In this work, the concept of stable sub semi module and fully stable semi
module will be introduced and studied, investigating the conditions which
need to get properties and characterizations similar or related to the case in
modules.

Keywords
Cyclic sub semi module, Stable sub semi module, Fully stable semi module.
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1. Introduction and Preliminaries

In this work the concept of fully stable
module, that was introduced and studied in
[1], will be converted to semi modules, inves-
tigating characterizations, properties and ex-
amples. Let M be an R-module, and N be a sub
module of M, then N is called invariant if f{N)
C N, for each R-endomorphism f of M [2].
A sub module N of an R-module M is called
stable if g(N) & N for each R-homomorphism
g of Ninto M, and M is said to be fully
stable if each sub module of M is stable. A
ring R is called fully stable if it is fully
stable R-module [1].

A semi ring is a set R together with two bi-
nary operations, addition and multiplication,
such that

(1) addition and multiplication are associative,

(11) addition is commutative,

(i11) the distribution law holds, that is, if r,
s,t €ERthenr(s+t)=rs+rtand (r +s)t=rt
+ st,

(iv) there is an additive identity element
(denoted 0) and a multiplicative identity ele-
ment (denoted 1),

(v)O0.r=r.0=0forallr €R.

The semi ring R is said to be commuta-
tive if its multiplication is commutative [3].
A (left) semi module M over a semi ring R is
a commutative additive semi group which
has a zero element, together with a mapping
from R X M into M (sending (r, m) to rm)
such that(r + s)m =rm + sm, r((m + p) =rm +
p, r(sm) = (rs)m and Om=r0, =0, forall m

Asaad Mohammad Ali Husain, Haider Abbas Abdul AL-Ameer
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,PEM andr,s € R,[4]. A subset N of the
R-semi module M is called a sub semi mod-
ule of M if a,b € Nand r € R implies
that a+b € N and ra € N|[5], in this case
N itself is an R-semi module. The concepts
of homomorphism, kernel, image are defined
similar to the case in modules.

It is known that a module is duo if each of
its sub modules is invariant, that is, for each
sub module N of M and for each endomor-
phism f of M, it follows that AN) & N [6].
Analogously, duo semi module can be de-
fined. A semi module M is said to be duo if
each sub semi module of M is invariant. A left
R-semi module is said to be simple if it has
no non-zero proper sub semi modules [7]. A
semi module M is said to be semi simple if it
1s a direct sum of its simple sub semi modules
[8]. A semi module M is cancellable if for all
mm,m” EM m+tm=m+m” = m’ =
m” [9]. If M is a left R-semi module then its
left annihilator is L (M) ={r € R: rm = 0 for
every element m € M} [10]. Let N be a sub
semi module of an R-semi module M, then
(N: M) is defined as

(N:M)={r €R tMEN}. Clearly (N
: M) is an ideal of R. The annihilator of
M is defined as (0 : M) and is denoted by
ann (M), too [5]. A left R-semi module M is
called cyclic if M can be generated by a single
element, that is M = (m) = Rm = {rm | r €
R} for some m& M [11]. A semi ring R is
called a regular semi ring if for each a € R,
there exists an element r € R such that a = ara
[12]. An element r in a semi ring R is said to be

“ 14 AL-Bahir Quarterly Adjudicated Journal for Natural and Engineering Research and Studies
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nilpotent if there exists apositive integer n (de-
pending on r), such that " =0 forr € R [13].

2. Fully Stable Semi module
In what follows, R will stand for a semi

ring with zero and identity.

2.1. Definition:

Let M be a semi module over a semi ring
R. A sub semi module N of M is said to be
stable if /' (N) & N for each homomorphism
fiN—> M.

M is called fully stable if each sub semi
module N of M is stable. We note that the semi
ring is called fully stable if it is a fully stable

semi module over itself.

2.2. Definition:
A semi module M is said to be duo if each

sub semi module of M is invariant.

2.3. Remark:

Any fully stable semi module is duo.

Proof: Assume that M is fully stable, let N
be a sub semi module of M and f: M — M be
any homomorphism. Consider g = f | N:N—
M, by assumption g(N) S N, it follows that
AIN) & N, that is N is invariant, thus M is duo.

But the converse is not true. For example,
let M = Z" be a semi module over R, where R
=(Z",+,)1s a commutative semi ring, then
any sub semi module of M is of the form Rn =
{m|r €R},with n€ M, letf M — M be
a homomorphism, then f{Rn) = Rfin) & Rn,

Asaad Mohammad Ali Husain, Haider Abbas Abdul AL-Ameer

then Rn 1s invariant, hence M is duo. Now
let i R2— M, defined by f(1r2) = 13, then f
(r2+r2)=f(r +1)2)=( +1)3=r3+r3
=fr2) + f(r,2).

fis(12) = A(s)2) = (5113 = s(13) = $r2),
where r ,r,,s,r € R. It follows that /" is a ho-

momorphism. Note that f2) = 3 € R2, then R2
is not stable. Therefore, M 1is not fully stable.

2.4. Remark:

If R is a semi ring and M is a duo semi
module over R, then, for each endomorphism
fof M,and for each x € M, there exists r

€ R such that f(x) =rx.

Proof: Since f{IRx) & Rx, then fix) € Rx,
hence f(x)=rx for some

rE€R. O

2.5. Examples and Remarks:

(a) Consider the semi ring R = (N, +, ),
where x +y = max{x, y}, X * y = min{x,
vy}, V x,y €N, and let 4 be the left semi
module R over itself, then the proper sub
semi modules of Aare of the form (/ , +)
={1,2,...,n} & A4, as we will be shown in
the following :

(1 ,+) is a commutative semi group,
and foreach r €R and m €/, ifr < m,
it follows thatr - m=r €/, ifr>m, thenr -
m=m €/, thus / are sub semi modules of
A for each n.

Now assume that J is any proper sub semi
module of A4, then:

AL-Bahir Quarterly Adjudicated Journal for Natural and Engineering Research and Studies 15 -




Casel:

J has no greatest element, then Vr € R,
there exists b € Jsuch thatb> r,then r- b=
min{r, b} =r € Jwhich is a contradiction, that
is R © J, which implies J = 4, (not possible).

Case2:

If J has a greatest element say n, then Vr
€R,ifr<n,thenr - n=min{r,n} =1 € J,
thatis J={1,2,....,n} = 1.

To prove A is a fully stable semi mod-
ule, let /11 — A be any

homomorphism, and m € / . Assume that

f(m) %In, which means f(m) > n, let r €R
such that m < r <n, then f{r - m) = f{m) > n,
while r - f{lm)=r < n which is a contradiction.
Thereforefilm) €1,V m € 1. (lLe)Al) &
I, then A4 is a fully stable.

(b) Any simple semi module is fully stable (trivial).

(c) The concepts of semi simple semi module
and fully stable semi module are independent.

(d) The semi module in the example of Re-
mark (2.3.) is not fully stable.

2.6. Lemma:

If M is a cancellable semi module with
zero and f is an endomorphism of M, then
A0)=0.

Proof: 0 + f{0) = f(0) = {0 + 0) = A0) +
f(0), then (0) = 0.0

Let /be anideal of R, thenann, (/)= {m €

Asaad Mohammad Ali Husain, Haider Abbas Abdul AL-Ameer
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M | Im=(0)}, it is easy to prove thatann (/) is
a sub semi module of M.

2.7. Remark:

Let M be a cancellable R- semi module
with zero, where R is a semi ring. If [ is an
ideal of R, then ann (I) = {m € Ml Im =
(0)} is a stable sub semi module of M.

Proof: Let f: ann (I) — M be a homo-
morphism, and Vv m € ann, (/). Im = (0), that
1s If(m) = f(Im) = f{((0)) = (0), hence f(m)
€ ann, (/), thus ann (/) is a stable sub semi

module.o

2.8. Remark:

Let M be an R-semi module. If every cy-
clic subs emi module of M is stable, then M 1s
a fully stable semi module.

Proof: Let N be a sub semi module of M
and f: N — M be a homomorphism. If x €
N, then Rx is a cyclic sub semi module of M,
hence by assumption Rx is stable in M, and
so f (Rx) & Rx, but Rx & N. Therefore f(x)
€N, Vx €N, thatis f(N) & N. Thus N is
a stable, it follows that M is fully stable. O

2.9. Corollary:
An R-semi module M is fully stable if and
only if every cyclic sub semi module is stable.o

2.10. Corollary:

The sum of any family of stable sub semi
modules is stable.

Proof: Let {N. | 1€ I} be a family of sta-
ble sub semi modules of a semi module M. Let
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f Z N. — M, be a homomorphism, and let a

édz N,thena=a+ta +
where a, € Nk, for some

1=1,2,........... ,n,and k €/ that is,

f | N.: N, — M is a homomorphism, f{a,) € Nk

(since each V. is stable), then fla) =f(a)) + f(a,)

+ ...+ fla)E€ Y, N, thatis (), N) &

Z N.. Thereforiélz Nis a stabld.

iel

iel

2.11. Examples and Remarks:

(a) Every regular commutative semi ring
is a fully stable semi ring. Let R be a regu-
lar commutative semi ring. Let f: Rm — R be
any homomorphism, where m € R. Since R
is regular, there exists an element k € R such
that m = mkm, thusf (m) = f (mkm) = mf'(km)
=f(km)m € Rm. It follows that f (Rm) &
(Rm). Hence R is fully stable.

(b) Let M = Z, be an R-semi module,
where R is the semi ring Z,, then the proper
sub semi modules of Mare 4 =1{0},4 ={0
,43,4,= {0,2.,4,6).Letf:4 — Z be
a homomorphism, Vvn=(0, 1,2 ), note that
|fi4)|<| 4], if n=0,then fi4) =4, and
if n=1, then id)) = A, or id)) & 4, while
if n=2,then fl4,)=Aorfl4,)=A01f(4,) =
A,,and hence f{4,) & A4,. Therefore Z, is fully
stable. On the other hand 2 in Z_ is nilpotent,

and so not regular. That is Z is not regular.

Note: In the rest of this section, we con-
sider that M is a cancellable semi module.

Asaad Mohammad Ali Husain, Haider Abbas Abdul AL-Ameer

2.12. Definition:

A semi group (4, +) is said to satisfy the
property P, if

VX #y € A, there exists zin 4 such that
Xtz=y ory+tz=x.

The left module M is said to satisfy the
property P, if the semi group (M, +) is satisfy
the property P.

2.13. Remark:

Let M be a semi module satisfying the
property P. If

f:M — M'is a homomorphism, where M is
a semi module, then 1" is

1 — 1 if and only if ker (f)={ 0 }.

Proof: The first part, even without, the as-
sumed property by Lemma (2.6) is true. Con-
versely, assume that /" is not 1 — 1, then f(x) =
Ay) for some

X #y in M, by the assumed property,
there exists z in M such that

x=y+z ory=x+zif x=y+ z, then f(x)
= fly) + f(z), by cancellablity, then f{z) = 0, it
is clear that z # 0, and ker(f) # { 0 }.O

2.14. Lemma:

Assume that M is a semi module over a
semi ring R, where (R, +) has the property
P.If ann,(Ra) & ann(Rb), then for each

r#r, €ER,ra=ra = rb=rb, V a,
b € M.

Proof: Let r #r,ra=ra, and (say, by
Property P) r, =t +r, since ra=r,a, then (t
+r1,)a = ta +1,a = ra. By cancellablity, it fol-

AL-Bahir Quarterly Adjudicated Journal for Natural and Engineering Research and Studies




lows t € ann (Ra), and then, t € ann,(Rb),
that is,rb=(t+r)b=tb+rb=rb, thus rb
=T, m

2.15. Proposition:

Under the conditions of Lemma (2.14),
then M is fully stable if and only if for
each a,b in M, b & Ra implies ann (Ra)
Z ann (Rb).

Proof: Let M be a fully stable semi mod-
ule, and let a, b € M such that

b & Ra,and ann(Ra) < ann (Rb). De-
fine f: Ra — M, by f(ra)=rb,

Vr € R,by Lemma (2.14), f is well de-
fined, since f(ra) =rb, then

f(a) =b. It follows that b € Ra which is a
contradiction.

Conversely, let Ra be a sub semi mod-
ule of M, and a homomorphism f: Ra — M,
such that f'(Ra) Z Ra,let b € Ra such that
fib) €Ra, and let ¢ € ann (Ra), it follows
that ca = 0, and cf(a) = f{ca) = f{0) = 0, that
is ann(Ra)& ann,(f(b)) which is a contra-
diction. Therefore ann (Ra) < ann (f(b)).
O

2.16. Remark:

By Proposition (2.15), M is fully stable if
and only if,

Va,b €M, ann(Ra)& ann(Rb) im-
plies b € Ra.o

Remark (2.16.) leads to another property
of fully stable semi module.
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2.17. Corollary:

Let M be a fully stable R-semi module.
Then for each

a,bin M, ann (Ra) = ann (Rb) implies Ra
=Rb.o

3. The Semi ring of Endomorphisms
of a Fully Stable Semi module

For any R-semi module M, End (M) is the
set of endomorphisms of M is a semi ring with
respect to the addition and multiplication de-
fined as follows: f+ g = h where h(x) = f(x)
+ g(x) for all x € M, ', g = h where h(x) =
Ag(x)) for all x € M [14].

3.1. Proposition:

Let R be a commutative semi ring. If M is
a fully stable R-semi module, then End (M) is
a commutative semi ring.

Proof: Let /', g be homomorphisms in
End (M), and x € M. By Remark (2.4).There
exist r,k € R such that f{x) = rx and g(x) =
kx,thus — (fog) (x) =Ag(x)) = flkx) = kf(x)
= k(rx) = (k)x, and (g.0/) (x) = (X)) = g(rx)
=rg(x) = r(kx) = (rk)x, it follows that (f', 2)(x)
= (g o./)(x). Hence End (M) is commutative.

Itis known thatif Ris aring then End (R)
= R[15],in the following we prove an analo-

gously result for semi rings.

3.2. Proposition:

If R is a semi ring, then End (R) = R.

The proof is similar to the case in module
(see [15])).
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Now let R =Z", then End (R) = R which
is a commutative semi ring, but R is not fully
stable (see example of Remark (2.3.). That is,
the converse of Proposition (3.1.) is not true.

3.3. Definition:
A semi module M is said to be regular,
if every cyclic sub semi module of itis a

direct summand.

Note: A direct summand of a semi module

is defined in same way as in module [15].

3.4. Proposition:

Let M be a regular semi module. If
End (M) is commutative, then M is a fully
stable semi module.

Proof: Let 7= Rt be any cyclic sub semi
module of M, and f: Rt - M any R-homo-
morphism. There exists a sub semi module §
of M such that M =Rt ®S. Let g=f,m,
where 7 : M — Rt is the natural projection, it
is clear that g is an extension of f to M. Now
g =fom€ End (M), = can be considered as
an element of End (M), a € T, then g(n(a))
=m(g(a)), that is g(a) = n(g(a)) € T, it follows
that fla) € T. Therefore f (7)< T, hence M
is a fully stable semi module.

Now, by Proposition (3.1.) and Propo-
sition (3.4.), we have the following :

3.5. Corollary:
Let M be aregular R-semi module, where R

is commutative semi ring. Then M is fully stable if

Asaad Mohammad Ali Husain, Haider Abbas Abdul AL-Ameer

and only if End (M) is commutative. O
3.6. Proposition:

Let M be a regular R-semi mod-
ule, where R is commutative, and let S =
End (M). If S is a fully stable semi ring,
then M is a fully stable semi module.

Proof: Let N be any cyclic sub semi mod-
ule of M and R-homomorphism f: N — M,
now we consider /= Hom,(M,N), I is a right
ideal of S. Definen:1— S by h(g)=f,g for
each g € [. Clearly, h(g) € S, moreover, 4 is
an S-homomorphism. Since Sis a fully stable
semi ring, then A(I) & I, that is for each g € I,
fog €I thatisf,g: M — N.But Nis a direct
summand of M, then the natural projection 7,
of Monto N isinl/, hence, f, z, € [, that is
Sfom,: M — N, because =, is onto, then f:
N — N or AN)S N. Therefore M is a fully

stable semi module. O
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Abstract

CdO thin films have been deposited at different concentration of SnO2 x= (0.0,
0.05, 0.1, 0.15) and (0.2) Wt. % onto glass substrates by pulsed laser deposition
technique (PLD) using Nd-YAG laser with A=1064 nm, energy= 600mJ and
number of shots= 500. For it polycrystalline, the D.C. conductivity for the (CdO),_
(Sn0O,), thin films decreases with increasing concentration SnO2 and decreases
with increasing of annealing temperature, found two activation energies increases
with increasing concentration SnO2 and decreases with increasing of annealing
temperature. Hall effect measurements show that the (CdO), (SnO,) thin films
were n-type, concentration of charge carriers nH decreases with increasing
of concentration of SnO,, also charge carriers nH increases with increasing of

annealing temperatures, while the mobility uH opposite behavior.

Keywords
Cdo, SnO,, pulsed laser deposition.
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1.Introduction

An important branch that has been devel-
oped in the last decades is the physics of thin
films. Thin solid films were probably first
obtained by electrolysis in 1838.Bunsen and
Grove obtained metal films in 1852 by means
of chemical reaction and glow discharge sput-
tring respectively. Faraday obtained metal
films in 1857 by thermal evaporation on ex-
plosion of a current carrying metal wire [1].
Cadmium Oxide CdOthe unique combination
of cardio thin film properties which were rep-
resented by high electrical conductivity, high
carrier concentrations and high transparency
in the visible range of the electromagnetic
spectrum, made it suitable for a wide range
of applications in different fields [2]. Stan-
nic Oxide SnO, in 1942 Masters succeeded
in preparing conductive transparent tin ox-
1de, for the first time. A substance with white
color has a molecular weight of (150. 69) g/
mol. Its density (6.95) g/cm?, its melting point
(1630)°C and its boiling point (1900)°C [3].
Stannic oxide is an n- type semiconducting
material with a direct band gap of about 4.0 eV
and an indirect band gap of about 2.6 eV [4].

2. Experimental

2.1. Preparation Pellets

High purity powders (99.999%) of CdO
and SnO, supplied from Fluka were used to
form the target as a disk of (2.5) cm diameter
and (0.4) cm thickness by pressing it under (4)
ton force. The pellets which containing the el-
ements were heated to (873) K for (3) hours
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then cooled to room temperature. The tem-
perature of the furnace was raised at a rate of
(10) °C/min. The amount of elements content
of pellets was evaluated by using the follow-
ing equation.

Wieio, oz, = Weao X (1-X )+ W sno, X (). (1)

Where: atomic weight for CdO), =150. 69
(atomic weight for SnO,) and (x=0, 0.05, 0.1,
0.15 and 0.2) (concentration of SnO,).

2.2. PLD and Thin Film Preparation

The (CdO), (SnO,) films were deposited
on glass slides substrates of (2.5%7.5) cm?
were cleaned with dilated water using ultra-
sonic process for (15) minutes to deposit the
films at room temperature by PLD technique
using Nd:YAG with ( A= 1064) nm SHG Q-
switching laser beam at (600) mlJ, repetition
frequency (6) Hz for (500) laser pulse is in-
cident on the target surface making an angle
of (45°). The under vacuum of (10 *mbar) at
room temperature and annealing temperatures
(423 and 523) K were presented.

2.3. D.C. Conductivity Measurements

D.C. electrical conductivity of (CdO),
(SnO,) thin films were deposited on the
glass substrates, and it was measured using
electrical resistance as a function of temper-
ature within the thermal range (303-473) K.
This can be done by putting the thin film in an
electrical oven of the type (Memmert). Silver
paste was used to fix connection wires on the
poles, these wires are connected to the circuit.
The resistance of thin film has been measured
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by connecting the wires to digital electrome-
ter (Keithely 2400). Values of resistance have

been measured as a function of temperature.

3. Results and Discussion
3.1. The Electrical Properties

3.1.1. D.C Conductivity

In order to study the mechanisms of conduc-
tivity, it is convenient to plot logarithm of the
conductivity Ln (o) as a function of 1000/T for
(CdO), (SnO,)  thin films with different con-
centration of SnO, (x=0, 0.05, 0.1, 0.15 and
0.2) at room temperature and different anneal-
ing temperatures (423 and 523) K, as shown
in Fig. (1). It is clear from these Figures that
there are two transport mechanisms, giving
rise to two activation energies Ea, and Ea,. At
the higher temperature range (373-473) K, the
conduction mechanism is due to carrier excit-
ed into the extended states beyond the mobili-
ty edge and at a lower temperature range (303-
373) K. The conduction mechanism is due to
carrier excited into localized states at the edge
of the band [5]. It is observed that the acti-
vation energies increase while o, decreases
with the increasing of concentration of SnO,
and the activation energies decrease while o,
increase with increasing of annealing tem-
peratures as represents in Table (1). The ac-
tivation energy Ea, for (CdO), (SnO,) films
increases with increasing of concentration of
SnO,, from (0.057 to 0.132) eV, from (0.041
to 0.118) eV and from (0.038 to 0.101) eV
when range temperature changes from (303 to
373) K at (x=0, 0.05, 0.1, 0.15 and 0.2)respec-
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tively, also the activation energy Ea  decrease
with increasing of annealing temperatures as
shown in Figure (2), while Ea, increases from
(0.262 to 0.408) eV, (0.23 to 0.375) eV and
(0.178 to 0.313) eV when range temperature
changes from (373 to 473) K at (x= 0, 0.05,
0.1, 0.15 and 0.2) respectively, also the acti-
vation energy Ea, decrease with increasing
of annealing temperatures, as shown in Fig.
(3).The behavior of E_with SnO, concentra-
tion and annealing temperature is the same as
that for Eg"l’t. When EgOpt increases, the carri-
ers need high activation energy E_ to trans-
port them from V.B to C.B and vice versa [6].
From the Table (1), it can also be observed
that the activation energy of the first region is
less than that of the second region. This can
appear in some compounds, where the carrier
density could be small enough to give this be-
havior [7]. From Figure (4) and Table (1), we
can observe that ¢, decreases with increasing
of annealing temperatures but decreases with
increasing of concentration of SnO,. The de-
creases in the conductivity with concentration
of SnO, is obviously due to the decrease in
the carrier concentration as well as in the ab-
sorbance i.eincrease in the mobility while the
explanation for decreasing in the conductiv-
ity with increasing of annealing temperature
because of the rearrangement that may occur
during annealing [8]. The activation energies
could be calculated from the plot of Inc versus
1000/T according to equation [9].
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Fig. (1): The relation between Ln (o) versus reciprocal of temperature for (CdO), (SnO,) thin films
with different concentration of SnO, at R.T and different annealing temperatures(432 and 523)K.

0.14

0.02 . . .
0 0.05 0.1 0.15 02 0.

Sn0, concentration

[ )
L

Fig. (2): The variation of the activation energy Ea for (CdO), (SnO,) thin films with different
concentration of SnO, at R.T and differentannealing temperatures (423 and 523) K.
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Fig. (3): The variation of the activation energy Ea, for (CdO), (SnO,)_thin films with different concentration of
SnO, and differentannealing temperatures (423 and 523) K.
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Fig. (4): The variation of conductivity ¢ for (CdO), (SnO,)_thin films with different con-
centration of SnO, at R.T and differentannealing temperatures (423 and 523) K.
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Table (1):The values of E_ , and E _, and these ranges for (CdO), (SnO,)_thin films with different concentration of
SnO, and different annealing temperatures(423 and 523) K.

T, G, . E Range E, Range
(k) X Q cm)?) (eV) (Temp.(K | (eV) | (Temp.(K
0 95.164 0.059 303-373 0.263 373-473
0.05 42.249 0.089 303-373 0.307 373-473
0.1 24.025 0.093 303-373 0.336 373-473
kT 0.15 8.671 0.110 303-373 0.358 373-473
0.2 4.263 0.130 303-373 0.409 373-473
0 15.968 0.041 303-373 0.230 373-473
0.05 9.117 0.046 303-373 0.266 373-473
423 0.1 4.279 0.082 303-373 0.277 373-473
0.15 1.982 0.098 393-373 0.354 373-473
0.2 1.209 0.118 303-373 0.375 373-473
0 78.241 0.040 303-373 0.178 373-473
0.05 26.558 0.042 303-373 0.250 373-473
0.1 17.895 0.047 303-373 0.259 373-473
323 0.15 6.817 0.087 303-373 0.305 373-473
0.2 2.945 0.098 303-373 0.313 373-473
3.1.2. Hall Effect tures (423 and 523) K. We can notice from this

The type of charge carriers, concentra-
tion (n,) and Hall mobility (u,), has been
estimated by using (Ecopia HMS-3000) for
Hall Measurement Systems. Table (2) shows
the main parameters estimated from Hall ef-
fect measurements for (CdO), (SnO,) thin
films deposited with different concentration
of SnO, (x=0, 0.05, 0.1, 0.15 and 0.2) at room

temperature and different annealing tempera-

Table that the films have a negative Hall coef-
ficient. This mean that the type of conducting
(n—type charge carriers).Also we can notice
from Table (2), that the carrier’s concentra-
tion (n,;) decreases with the increasing of con-
centration of SnO,, while Hall mobility (u,)
increases with the increasing of concentration
of SnO,, while Hall coefficient increases with

increasing, also the carrier’s concentration
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(n,,) increases with the increasing of annealing
temperatures, while the Hall mobility (u,,) de-
creases with the increasing of annealing tem-
peratures, also Hall coefficient decreases with
increasing temperature. This may be due to the
decrease in defects inside the energy gap and
to the transformation to crystalline structure.lt

can be seen that the carrier mobility increas-
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es with decreasing the carrier concentration
which is due to the increase in concentration
of SnO, and vice versa. The decrease of mo-
bility in higher temperature is caused by lat-
tice scattering of charge carriers, also the large
value of carrier concentration determines a
decrease of the mobility [10]. We can measure
the Hall mobility as [11].

B . G)
B OIR oo )

Table (2): Hall effect measurements for (CdO), (SnO,) _thin films with different concentration of SnO,
at R.T and different annealing temperatures (423 ad 523) K.

Ta
® . n, x10'" R, x107 n,x10'
c¢m)3) (cm’/C) (cm?/V.s) Type
0 0.308 0.060 0.007 n
0.05 0.218 0.085 0.015 n
R.T 0.1 0.163 0.114 0.030 n
0.15 0.028 0.668 0.031 n
0.2 0.001 12.2 0.300 n
0 0.641 0.029 0.038 n
0.05 0.492 0.038 0.022 n
423 0.1 0.272 0.068 0.029 n
0.15 0.196 0.095 0.113 n
0.2 0.002 6.25 1.33 n
0 4.373 0.004 0.004 n
0.05 2.547 0.007 0.005 n
523 0.1 1.438 0.013 0.008 n
0.15 0.701 0.026 0.037 n
0.2 0.122 0.153 0.070 n
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4. Conclusions nuclear science», J. Rajshahi University, Bangladesh,

The activation energies increases with in- p- 1969, (1998).
creasing concentration of SnO, and decreases
with increasing of annealing temperatures.
Hall measurements showed that all the thin
films are n-type.
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Abstract
This paper is concerned with the problem of finding the mini max furthermore
semi-mini max estimators for the scale parameter of the inverted exponential
distribution(IED) in the direction of applying the theorem of Lehmann corresponding
to non-informative and informative prior distributions under symmetric «quadraticy
and asymmetric «precautionary» loss functions. The performance of the obtained
estimators have been compared empirically through simulation experiment with

respect to their mean square errors and mean absolute percentage errors.

Keywords
Inverted Exponential Distribution, Theorem of Lehmann, Mini max Estimator,

Semi-Mini max Estimator, Mean Absolute Percentage Errors.
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1. Introduction
The
(IED) is one of the continuous probability dis-

inverted exponential distribution
tributions. It had been introduced by Keller
and Kamathin (1982) [1]. Recently, IED has
been received attention from many research-
ers. Lin et al. (1989) [2] obtained maximum
likelihood estimates, confidence limits and
uniformly minimum variance unbiased esti-
mators for the parameter and reliability func-
tion with complete samples. Stefanski (1996)
[3] discussed some basic properties of the IED.
Nadarajah and Kotz (2003) [4] discussed some
properties of generalized IED. Dey (2007) [5]
considered the IED as a life distribution and
studied Bayes estimation of the parameter un-
der LINEX loss function. Abouammoh and
Alshingiti (2009) [6] introduced a shape pa-
rameter in the IED to obtain the generalized
IEDas well as they discussed the statistical
and reliability properties. Prakash (2009) [7]
discussed the properties of Bayes estimator,
Shrinkage estimator and minimax estimator
for the parameter of an IE model under the
squared error and general entropy loss func-
tions. Khan (2011) [8] pointed that the in-
verse generalized exponential distribution
approaches to the IED when its shape param-
eter becomes one and its location parameter
becomes zero. Majeed and Aslam (2012) [9]
studied the IED as a prospective life distribu-
tion. Prakash (2012) [ 10] examined the proper-
ties of Bayes estimators of the parameter, reli-
ability function and hazard rate under squared

error and LINEX loss functions. Singh et al.

(2012) [11] obtained maximum likelihood
estimators of the parameter and reliability
functionas well as Bayes estimators under the
general entropy loss function for complete,
type I and type II censored. Zhou (2012) [12]
obtained Bayes estimators of the parameter of
the IED for the well-known weighted square
error loss, square log error loss and Modified
linear Exponential (MLINEX) loss functions.
Further minimax estimators are derived by us-
ing Lehmann’s Theorem. Hussian (2013) [13]
introduced a generalized version of the IED
called the weighted IED. The weighted IED is
reduced to the IED when its shape parameter
approaches to zero.Vishwakarma et al. (2013)
[14] obtained Bayes estimators of model pa-
rameter, reliability and hazard functions based
on upper and lower record values. Oguntunde
et al. (2014) [15] combined the IED with Ku-
maraswamy distribution to introduced a three
parameter Kumaraswamy-inverse exponen-
tial distribution and investigate some of its
statistical properties. Pundir et al. (2014) [16]
deal with the estimation procedure of the pa-
rameter of [ED based on hybrid censored data.
Al-Noor and Bawi (2015) [17] comparedthe
maximum likelihood estimator for the un-
known scale parameter of the IEDas well as
Bayes estimators,under symmetric “squared
error” and asymmetric “precautionary” loss
functions,in terms of two statistical criteria
which are mean square errorsand mean abso-
lute percentage errors.

The probability density function and dis-
tribution function of IED are defined as [11]:
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1
f(t;0) =We_1/9t it>0,0>0
F(t;0) = e/t .9>0

2)

The IED has no finite moments where the
" moment is given by [18]:
E(T") =%F(1—r); r<i 3)

Thus the expectation and the variance of
the IED do not exist.

2.Mini max and Semi-Mini max Estimation

The mini max estimation was introduced by
Wald (1950) from the concept of the game the-
ory. According to Wald, “mini max approach
tries to guard against the worst by requiring
that the chosen decision rule should provide
maximum protection against the highest pos-
sible risk”. An estimator having this property
1s called a mini max estimator [19]. The deri-
vation of mini max estimators depends basi-
cally on a theorem due to Hodge and Lehmann
(1950) which can be stated as follows:

Lehmann’s Theorem [7]:

Let t={F ; 6€0} be a family of distribu-
tion functions and D be a class of estimators
of the parameter ©. Suppose that d*€D is a
Bayes estimator against a prior distribution
n(0) on the parameter space ©. Then Bayes
estimator d* is said to be mini max estimator
if the risk function of d* is independent on ©.

Mathematically, this theorem can be proved
through applying two steps: first step is finding
Bayes estimator 0 of & while the second step 1s
showing that the risk function of 0 ,R(é ,0),1s a

constant or not.

In order to find Bayes estimators, we con-
sider two informative priors «inverted gamma
and Gumbel type II» as well as two non-infor-
mative priors «Jeffreys and extension of Jef-
freys».

1. Inverted Gamma Prior:

The probability density function of in-
verted gamma prior is defined as [20]:
e

We‘ﬁ/e ;0>0,a>0,ﬁ>0 (4)

m,(6) =

2. Gumbel Type II Prior:
The probability density function of Gum-

bel type II prior defined as [20]:
122
7, (8) = b(5> e?/% 9>0b>0 (5)

3. Jeffreys’ Prior:
Jeffreys’ prior is proposed by Harold Jef-

freys in (1946). It is based on Fisher informa-
tion [21], such that: nS(G)OC\/I(G) where 1(0)=-

nE[6* Inf(t,0)/00%] is Fisher’s information
matrix. For the model (1),

wyn
15 (6) =T‘/_ 1 0>0 (6)

4, Extension of Jeffrevs’ Prior:

The extension of Jeffreys’ prior is con-
sidered as [22]:
m, (0)x[1(0)]* ; kER* Where 1(0) is Fisher’s
information matrix. For the model (1),

wnk

71'4(9) =97 } >0 (7)

The posterior density of (0) corresponding

to the j™prior, T (0),=1,2,3,4, is obtained as:
i=1 f (&, 9)7'[]' @

Jo Ty £(t;, 0)m;(6)d6

(8)

H;(01¢) =
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Let T=(t, .t, ..
cally distributed observations drawn from the
[ED defined by (1). By setting S=Zni=1 1/t, the
posterior density of (0) corresponding to the

...t ) be independent identi-

four given priors are given respectively by:

(S + ﬂ)n+a

Hy (9|£) = r'(n + a)gn+a+t Rl (9)
which implies that (9|_t)Hl ~Inverted
Gamma(n+a ,S+f).
__SHD™ sinye 10
#010) = Feiygne (19
which 1mplies that (9|_t)H2wInverted

Gamma(n+1 ,S+b).
n
Hy(0t) = OIS (11)
which implies that (Gl_t)H}wInverted Gamma (n,S).
(12)

(9|_t)H4wInverted

-S/6

n+2k-1

— -S/6
H4(0|£) - F(Tl + 2k — 1)9n+2ke s/

which implies that

Gamma(n+2k-1,S).

2.1. Estimators under Quadratic

Loss Function

Quadratic loss function(in some paper
named as modified square error loss function)
1S a non-negative symmetric and continuous
loss function of 6 and éQ . The formula of qua-
dratic loss function is [20]:

~ 2
2 0p—0
L(90'9)=< Qe )

whereBayes estimator of 6 under quadratic

(13)

loss function is obtained as:

0o = “ngt) (; It) (14)
Eu (g21t)

Now, Bayes estimators for the parameter
0 underquadratic loss function corresponding
to four posterior distributions are given re-

spectively as:

~ S+
e P 15

AT pnta+1 (15)
& S+b

6, = * (16)
Q2" pn4t2

2 5

9Q3=n+1 (17)
5. = S

Q@ " pn 42k (18)

The risk function R(é ,0) under quadratic
loss function (13) is:
R(6,,,0)=E[L(6,,.0)1=E((6,-6)/6>=E((6,,>-26,
0+62)/62)

= R(9,,0) = E(eQ) — %E(@Q) +1(19)

m For 6 (15) the risk function (19) will be:

R(By,,0) = m15(5 +p)2 - 0(n+a+1)E(s +p)+1 (20)

We have to find E(S+)? and E(S+p). Since
the random variable T distributed as IED, then
Y=1/T distributed as exponential distribution
and S=) " 1/t
probability density function;

1)

distributed as gamma with

f(s) _r( Y

with the expected value and variance as:

(3 ) =e0=m €

) = var(s) = £(s?) - ()" = no* (23)

n 1
(30 2
i=1l;

-s/6

e
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Now, depending on (22) and (23), we can get:
E(S+p)?=E(S?)+2BES)+ %=
E(S +B)? =nb? + n?02 + 2n0 + B2 (24)
And ES+B) =ES)+B >ES+B)=nb+p (25)
Substituting (24) and (25) in (2.80), we get:
R(0,).0)=(1/(0(n-tor+ 1) (n0>+n°6>+2pn6+(?)-
2/0 (nt+o+1) (n6+p)+1
Let A =1/(nt+o+1), then:
R(8,.6) = 22 <n(n +1)+ —ﬂ + g2> ~ 22 (n+ ) +1 (26)
From (26), 1t>§ clear that R(OQI,G) is not
constant. That is, 0 o 1S not minimax estimator.

Now, when 3—0, R(GAQI,G) becomes:

R(8,y,,0) =n(n+ 1)A? —2na, +1 (27)

From (27), the R(A 0) is constant. That is,

OQ is semi - minimax estlmator when —0.
m For 9 (16) the risk function (19) will be:

R(80,.0) = grin s 392 B + 00 — 50 +2)E(S+b)+1 (28)

Depending on (22) and (23), we get:
E(S + b)? = nb? + n?6% + 2bnb + b? (29)
And
E(S+b)=n6+b (30)
Substituting (29) and (30) in (28) we get:
R(8q,,6) = m
Let A,=1/(n+2), then:
R(By,.0) = % <n(n +1)+ Zzb + Zi) 22, (n + ) +1 (31)
From(31), it’s clear that R(
stant. That is, 9 1s not minimax estimator.
Now, when b—>0 R(O 6) becomes:
R(e 9)—n(n+1) A2- 2nk2+1 (32)
From (32), the R(é 9) is constant. That is,
0 9 1s semi-minimax estlmator when b—0 .
m For 0 (17) the risk function (19) will be:

R(6,,,0) = (33)

(n6?% + n?6% + 2bn6 + b?) — (n6+b)+1

6( +2)

b, ,0) is not con-

E(s?) — ES) +1

2
02(n + 1)2 6(n+1)

Substituting (22) and (23) in (33) we get:

R(9y,.0) = m (n6? + n%6?) — nd) +1

Let A=1/(n+1), then:

R(Dy,,0) =n(n+ 123 —2nA; + 1

From (34), it’s clear that R(8,_,8) is con-
stant. Th?.t 18, éQ3 1S minimax estimator.

= For 9Q3(1 8) the risk function (19) will be:

R0 ) = g7 207 5" ~ gt s 2k)E(S) +139)
Substituting (22) and (23) in (35), we get:
R(80,r8) = g2 -1+ 2k)?
Let A,=1/(n+2k), then:
R(By, 0) =n(n+ 1) —2nA, + 1 (36)
From (36), it’s clear that R(9,,,6) is con-
stant. That 1s, é
2.2. Estimators under Precautionary

6(n +1)

(n6?% + n%6?) — no) +1

2
6(n + 2k)

o 1S minimax estimator.
4

Loss Function
A very useful and simple an asymmetric
precautionary loss function is as in [23]:

L(8,,8) = u (37)

0,0
Then, Bayes estimator of 0 under precau-
tionary loss function is obtained as:
P= 1
Ey (g |E)

Now, Bayes estimators for the parameter

(38)

0 under precautionary loss function corre-
sponding to four posterior distributions are
given respectively by:

~ S+p
& _\/(n+a)(n+a—1)
. = S+b
& Jnn+1)
S
0, =——
s Jnn—1)
~ S
Py =

Jm+ 2k —1)(n + 2k — 2)
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The risk function R(é,@) under precaution-
ary loss function (37) is:

(43)

N 1 1
= R(65,0) = 55(6,,) +0E (§—> -2
P

» For ép1(39) the risk function (43) will be:

R(épll 9) _ E(S+B)

W+0 m+a)(n+a-1) E(sw) 2(44)
From (25), E(S+f) =n6+f ,and we have to
find E(1/(S+B)) ;

E(ﬁ)#jﬁf@“: lf’f r(n)9" etas
L3 e z 8

E(ﬁ){:zo(‘“mwf T e/ ds

© 1 Snfl
f(, StpTmor
m

Recall that

By using the transformation, y=S/0, we get:
1\ ° n Tn+m) om
F(ss ﬁ) =2V Ty

Substituting (25) and (45) in (44), we get:

(45)

~ né m (n+m) O™
R(0p,,6) = et + 0+ @)+ a — D Lo (- D" 2 -2
1
Let A then:

= Jn+a)(n+a-1) ’
RO 0) =2 (n+ )+ 3" con DO (G2 (46)

From (46) , it’s clear that Opl is not constant.
That is, epl
Now, return to (44) and let p — 0, we get:

R(é”l'a):wngfﬁ_{_g m+a)(n+a—1) E() 2(47)

S 1 nce , S= Z’{‘:lt—i~6amma(n,6), then ;~lnverted Gamma(n, 6) R

is not minimax estimator.

with expected value equal to:
1 1
E (E) = 9(n-1) (48)
Substituting (22) and (48) in (47), we get:
R(épl, 9) =nis + m - (49)
From (49), R(8;,,6) becomes constant. So,

>

. is semi-minimax estimator when f — 0 .
1

= For the risk function will be:

R(6,0) = e \/n(lT
From (30), E(S+b)=n6+b

E(S+b)+6 n(n+1)E<

) 2 (50)

Similar to (45), we can get:
1y % w [(m+m) o™
E (5 + b) B Zmzo(_l) r(m) bpm+1

Substituting (30) and (51) in (50), we get:

~ _ 1 © _1ym F(n+m) om _
R(8p,.0) = ;o sy (M0 + D)+ 0vn(n + 1) Znoo (D™ == s — 2

Leta, = —Tim , then:
R(Br, 6) = 2o (n+ ) + TZZ:J‘M r(?;)m) () -2 (52)

From (52), it’s clear that@plis not mini-

(1)

max estimator .

Now, return to (50), and let b—0, we get:

~ 1 1
R(By,,6) = T E) + oG+ D 5)-2  (53)
Substituting (22) and (48) in (53), we get:
R(8p,,60) =nl; + ————2 (54)

L (n—=1)1;
From (54), R( O , 8) becomes constant. So,

6 1s semi-minimax estlmator when b—0.
= For 9 (41) the risk function (43) will be:

1
R(Bp,,0) = m E(S)+6nn-1) (E) -2 (55)
Substituting (22) and (48) in (55), we get:

~ 1 1
R(6p3,6)= \/— (n6)+9\(n(n—1)m—2
Let 25 = m , then:

R(6p,,0) = nlg + Sy (56)
From (56) it’s clear that R( 9 9) is con-
stant. SO,A 9p3
=« For 9p4 (42) the risk function (43) will be:
oTEDeTETD “2(57)
Substituting (22) and (48) in (57), we get:

1S minimax estlmator.
R(Bp,.6) =

E(S) + 6 (n+ 2k — D(n + 2k — 2) E

né

5,.0) = R s e SRS
R(85,,0) ) (n+2k_1)(n+2k_2)+e (n+2k—1)(n + 2k Z)H(n—l) 2
__ o .
Let 2, = (n+2k-1)(n+2k-2) ° then:
~ 1
R(0p,,0) =nlg + ———— —2 58
( Py ) n 9 (n_ 1)/‘{9 ( )

From (58), it’s clear that R ( ép4, 0) is con-

stant. So, Op 1S minimax estimator.
4

3. Simulation Experiment
Mean Square Error (MSE) and Mean
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Absolute Percentage Error (MAPE) of the
estimator have been considered to compare
the performance of the obtained estimators
te 9Q29Q3 6Q4 Opl 9p2 9p3 and 0p4 which appear in
equations (15, 16, 17, 18, 39, 40, 41 and 42
respectively) . The MSE and MAPE of an

estimator are defined as:

L (5 _ a2

sy - B9 (59)
L 16,9

MAPE(f) = % (60)

where BJ is the estimate of at the /™ replicate (run).

In this simulation study, we simulate
data bygenerating observations from IE
distribution with 6=1,1.5 and 3. The val-
ues of hyper-parameters considered are
(0,B)=(4,4),(3,2),(6,10) and b=3,5. The values
of constant of the extension of Jeffreys’ prior
considered are k=1 and 3. The sample sizes
considered are n=10, 15, 25, 30, 50and 100
with numberof repetitions as L=3000. The
simulation program has been written by using
MATLAB (R2011b) program and the results

have been summarized in the Tables (1)...(4).

4.Conclusionand Recommendation

The most important conclusions of simula-
tion experiment are:

1. From Table (1)...

*  When (6=1), the performance of semi-
mini max estimates corresponding to
inverted gamma prior with hyper-pa-
rameters (a=B=4) and (0=6,$=10) un-
der quadratic loss function is better than
that under precautionary loss function

for all sample sizes while the reverse is
true with hyper-parameters (0=3,$=2) .

*  When (6=1.5), the performance of semi-
mini max estimates corresponding to
inverted gamma prior only with hyper-
parameters (a=6,8=10) under quadratic
loss function is better than that under pre-
cautionary loss function for all sample
sizes while the reverse is true with hy-
per-parameters (0=p=4) and (a=3,=2).

*  When (6=3), the performance of semi-
mini max estimates corresponding to
inverted gamma prior with all different
values of hyper-parameters (a,3) under
precautionary loss function is better
than that under quadratic loss function
for all sample sizes.

2. From Table (2)... In general the per-
formance of semi-mini max estimates corre-
sponding to Gumbel type II prior under qua-
dratic loss function is better than that under
precautionary loss function for all sample
sizes and different values of 6 and b .

3.From Table (3)...the performance of mini
max estimators corresponding to Jeffreys’ pri-
or under quadratic loss function is better than
that under precautionary loss function for all
sample sizes and different values of 6.

4. From Table (4)...the performance of
mini max estimators corresponding to exten-
sion of Jeffreys’ prior under precautionary loss
function is better than that under quadratic
loss function for all sample sizes and different
values of 0. The MSE and MAPE values are

increases as extension constant (k) increases.
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5. Informative Gumbel type II prior
doesn’t record any appearance as the best
prior with 6=1,1.5. While with 6=3, record
appearance when b=5 for one time under qua-
dratic loss function.

6. Non-informative prior distributions
didn’t record any appearance as the best prior.

7. The MSE and MAPE values associated
with each estimator under each prior and ev-
ery loss function, reduce with the increase in
the sample size and this conforms to the statis-
tical theory. For large sample size (n=100), all
the estimators have approximately the same
MSE values and the same MAPE values.

9. Bayes estimators under quadratic and
precautionary loss functions have been in-
troduced semi-mini max estimators corre-
sponding to informative priors and intro-
ducedminimax estimators corresponding to
non-informative priors.

10. The

show a convergence between most of the esti-

simulation experiment results

mators to true values of the parameter (0) with

increasing the sample size.
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Table (1): Estimated, MSE and MAPE Values for Bayes Estimator of 6 with Inverted Gamma Prior
when 6 =1
Est MSE MAPE
n a p
Quadratic Prec. Quadratic Prec. Quadratic Prec.
4 4 0.9311527 1.0353245 0.0479455 0.0546613 | 0.1778571 0.1806594
10 3 2 0.8548065 | 0.9581501 0.0706794 0.0640672 | 0.2227816 | 0.2021860
6 10 1.1745465 1.2888831 0.0641041 0.1239587 | 0.1983000 | 0.2947493
4 4 0.9468996 1.0240494 0.0381407 0.0418895 | 0.1596565 | 0.1620730
15 3 2 0.8914733 | 0.9682806 0.0509149 0.0471774 | 0.1867137 | 0.1758494
6 10 1.1335451 1.2168494 0.0470252 0.0806627 | 0.1698251 | 0.2309833
4 4 0.9650478 1.0159962 0.0287544 0.0307725 | 0.1375326 | 0.1394416
25 3 2 0.9293598 | 0.9802142 0.0344544 0.0331686 | 0.1519210 | 0.1468509
6 10 1.0922323 1.1461027 0.0327055 0.0479906 | 0.1407612 | 0.1734556
4 4 0.9685032 1.0119817 0.0253298 0.0267155 | 0.1279867 | 0.1295192
30 3 2 0.9381650 | 0.9815811 0.0296140 0.0285720 | 0.1399297 | 0.1352774
6 10 1.0783138 1.1239879 0.0279108 0.0390347 | 0.1303549 | 0.1559226
4 4 0.9830651 1.0106718 0.0169812 0.0177591 0.1043422 | 0.1054629
50 3 2 0.9642330 | 0.9918274 0.0185977 0.0183906 | 0.1099594 | 0.1081444
6 10 1.0538347 1.0823607 0.0184416 0.0231796 | 0.1060375 | 0.1193418

“ 40 AL-Bahir Quarterly Adjudicated Journal for Natural and Engineering Research and Studies



Vol. 5, No. 9 and 10 P. (31-44)E, 2017

Nadia H. Al-Noor and Suzan F. Bawi

4 4 0.9910747 1.0054499 0.0092333 0.0094508 | 0.0763532 | 0.0768837

100 3 2 0.9813735 | 0.9957469 0.0096774 0.0096239 | 0.0784208 | 0.0778333

6 10 1.0286247 1.0432615 0.0096340 0.0109388 | 0.0773143 | 0.0824785

when 6 =1.5

4 4 1.2613952 | 1.4025125 | 0.1554513 | 0.1312993 | 0.2215559 | 0.1970315

10 3 2 1.2086377 | 1.3547585 | 0.1979878 | 0.1631898 | 0.2517320 | 0.2214860

6 10 | 1.4659369 | 1.6086390 | 0.0778619 | 0.1041640 | 0.1498185 | 0.1656851

4 4 1.3272076 | 1.4353433 | 0.1193708 | 0.1088747 | 0.1914698 | 0.1770340

15 3 2 1.2917975 | 1.4030958 | 0.1425323 | 0.1264017 | 0.2106424 | 0.1922306

6 10 | 1.4792796 | 1.5879920 | 0.0744075 | 0.0929936 | 0.1446640 | 0.1568105

4 4 1.3898604 | 1.4632362 | 0.0748710 | 0.0708913 | 0.1485077 | 0.1435135

25 3 2 1.3688211 | 1.4437228 | 0.0843497 | 00778580 | 0.1581488 | 0.1509428

6 10 | 1.4904941 | 1.5640073 | 0.0552332 | 00648134 | 0.1252406 | 0.1335964

4 4 1.4004515 | 1.4633213 | 0.0666228 | (.0632645 | 0.1419200 | 0.1358748

30 3 2 1.3828177 | 1.4468113 | 0.0738297 | 0.0686182 | 0.1498729 | 0.1420644

6 10 | 1.4869136 | 1.5498947 | 0.05091838 | 0.0576270 | 0.1210643 | 0.1260191

4 4 1.4380260 | 1.4784090 | 0.0410075 | 0.0397496 | 0.1098316 | 0.1070809

50 3 2 1.4276190 | 1.4684747 | 0.0437950 | 0.0417882 | 0.1136652 | 0.1100731

6 10 | 1.4928321 | 1.5332411 | 0.0346556 | 0.0376080 | 0.0996362 | 0.1028308

4 4 1.4696062 | 1.4909223 | 0.0207271 | (.0204643 | 0.0771494 | 0.0762171

100 3 2 1.4645063 | 1.4859558 | 0.0214457 | 0.0209788 | 0.0785981 | 0.0772507

6 10 | 1.4982117 | 1.5195304 | 0.0190731 | 0.0199979 | 0.0734731 | 0.0749515

when 6 =3

4 4 | 22718121 | 2.5259688 | 0.9333990 | 0.7230947 | 0.2783443 | 02361123

10 3 2 | 22912273 | 2.5682299 | 0.9651487 | .7678794 | 0.2807246 | (0.2412329

6 10 | 23574813 | 2.5869710 | 0.7266947 | (5485381 | 0.2455979 | 0.2056542

4 4 | 24694196 | 2.6706183 | 0.6099523 | (.4926288 | 0.2193933 | (.1909807

15 3 2 | 24941259 | 2.7090140 | 0.6198274 | 05140019 | 0.2196254 | 0.1937068

6 10 | 2.5176542 | 2.7026768 | 0.5040928 | 04011980 | 0.1994484 | 0.1723515

4 4 | 26301009 | 2.7689534 | 0.4008607 | 0.3460326 | 0.1757846 | 0.1607414

25 3 2 | 2.6518285 | 2.7969361 | 0.4037821 | .3555628 | 0.1758139 | 0.1623901

6 10 | 2.6532196 | 2.7840800 | 0.3523190 | 03021396 | 0.1647980 | 0.1502015

4 4 | 26890147 | 2.8097313 | 0.3081752 | 02670780 | 0.1522526 | 0.1401843

30 3 2 2.7092798 | 2.8346590 | 0.3086035 | (02726432 | 0.1519009 | 0.1413889

6 10 | 2.7058247 | 2.8204351 | 02757594 | 02378329 | 0.1440227 | 0.1322869

4 4 | 27962339 | 2.8747585 | 0.1896393 | (.1722400 | 0.1180807 | 0.1119844

50 3 2 2.8109790 | 2.8914238 | 0.1893843 | 0.1743647 | 0.1178365 | 0.1125170

6 10 | 2.8033836 | 2.8792676¢ | 0.1765648 | 0.1600501 | 0.1139375 | 0.1079490
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4 4 | 2.8927754 | 2.9347340 | 0.0953449 | 0.0905575 | 0.0831168 | (.0804804

100 3 2 29013598 | 2.9438538 | 0.0951979 | 0.0911423 | 0.0829207 | 0.0806259

6 10 | 2.8947796 | 2.9359706 | 0.0918139 | 0.0871566 | 0.0815632 | 0.0789547

Table (2): Estimated, MSE and MAPE Values for Bayes Estimator of 6 with Gumbel Type II Prior
when 6 =1
Est. MSE MAPE
n b
Quadratic Prec. Quadratic Prec. Quadratic Prec.

3 1.0806075 1.2363826 | 0.0740063 | 0.1442518 0.2080071 0.2932024
1 5 1.2472742 1.4270752 | 0.1286533 | 0.2707683 0.2809250 0.4356989

3 1.0551760 1.1578924 | 0.0519316 | 0.0837984 0.1791007 0.2253779
° 5 1.1728231 1.2869919 | 0.0787550 | 0.1412327 0.2197736 0.3056608

3 1.0352383 1.0963455 | 0.0352328 | 0.0474047 0.1480871 0.1692578
» 5 1.1093124 1.1747919 | 0.0459403 | 0.0686745 0.1668281 0.2074985

3 1.0280504 1.0787552 | 0.0299018 | 0.0382602 0.1364269 0.1528273
0 5 1.0905504 1.1443378 | 0.0373143 | 0.0528912 0.1507229 0.1815009

3 1.0205496 1.0509145 | 0.0190985 | 0.0223964 0.1089521 0.1169694
¥ 5 1.0590111 1.0905204 | 0.0221586 | 0.0279981 0.1162334 0.1311610

3 1.0104201 1.0255137 | 0.0098086 | 0.0106429 0.0782232 0.0812884
10 5 1.0300279 1.0454144 | 0.0106017 | 0.0120544 0.0811042 0.0865823

when 6 =1.5

3 1.4934106 1.7086934 | 0.1539794 | 0.2450691 0.2085206 0.2527303
10 5 1.6600773 1.8993859 | 0.1795607 | 0.3610253 0.2168429 0.3116558

3 1.5025972 1.6488679 | 0.1239010 | 0.1713510 0.1853802 0.2119789
. 5 1.6202442 1.7779674 | 0.1383529 | 0.2264552 0.1908256 0.2445856

3 1.5072523 1.5962211 0.0775098 | 0.0961297 0.1479660 0.1620731
2 5 1.5813264 1.6746676 | 0.0840711 0.1173799 0.1518473 0.1787416

3 1.5004939 1.5745002 | 0.0678453 | 0.0802528 0.1390423 0.1483617
¥ 5 1.5629939 1.6400828 | 0.0718133 | 0.0943257 0.1403658 0.1590391

3 1.5017582 1.5464407 | 0.0415819 | 0.0462466 0.1089070 0.1138163
» 5 1.5402198 1.5860466 | 0.0431965 | 0.0514939 0.1101012 0.1193977

Al 1.5030260 1.5254781 0.0209945 | 0.0222661 0.0770138 0.0790427
10 ° 1.5226339 1.5453789 | 0.0214976 | 0.0236762 0.0776885 0.0812787

when 0 =3

3 2.7564318 3.1537855 0.6892339 0.8482574 0.2238300 0.2367366
10 5 2.9230985 3.3444780 0.6358223 0.9432726 0.2107902 0.2457874

3 2.8463760 3.1234572 0.4781840 0.5626362 0.1839184 0.1942883
1 5 2.9640230 3.2525567 | 0.4558780 | 0.6111794 0.1773281 0.2010251
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3 2.8852973 3.0556081 0.3391264 0.3686798 0.1568511 0.1596662
= 5 2.9593714 3.1340546 0.3276203 0.3835581 0.1525753 0.1611544
3 2.9098598 3.0533780 0.2610966 0.2813897 0.1377458 0.1412217
0 5 2.9723598 3.1189606 0.2537353 0.2926921 0.1350829 0.1430739
3 2.9383243 3.0257496 0.1695062 0.1763725 0.1105019 0.1114259
%0 5 2.9767859 3.0653555 0.1662412 0.1799808 0.1089866 0.1119340
3 2.9680531 3.0123897 | 0.0898732 | 0.0916805 0.0797486 0.0799560
100 5 2.9876610 3.0322905 | 0.0890048 | 0.0925696 0.0791090 0.0801167
Table (3): Estimated, MSE and MAPE Values for Bayes Estimator of 6 with JeffreysPrior
when 6 =1
Est. MSE MAPE
! Quadratic Prec. Quadratic Prec. Quadratic Prec.
10 0.9061173 1.0506447 0.0891549 0.1105789 0.2425324 0.2569280
15 0.9336245 1.0308194 0.0595948 0.0682280 0.1995706 0.2068347
25 0.9596706 1.0186381 0.0382825 0.0416465 0.1586915 0.1622167
30 0.9644391 1.0136240 0.0322882 0.0344543 0.1445012 0.1470861
50 0.9817369 1.0115381 0.0197494 0.0207456 0.1125259 0.1139861
100 0.9907213 1.0056695 0.0099791 0.0102259 0.0793771 0.0799746
when 6 =1.5
10 1.3564480 1.5728039 0.2038037 0.2515979 0.2465808 0.2623490
15 1.4090095 1.5556943 0.1481443 0.1736039 0.2073554 0.2170554
25 1.4498390 1.5389251 0.0860461 0.0956256 0.1577799 0.1635494
30 1.4521227 1.5261787 0.0745850 0.0805397 0.1478349 0.1504071
50 1.4723809 1.5170759 0.0439882 0.0461811 0.1127834 0.1144385
100 1.4882045 1.5106588 0.0215420 0.0221673 0.0782363 0.0790295
when 6 =3
10 2.7342892 3.1704133 0.8202453 1.0368942 0.2441782 0.2617293
15 2.8367745 3.1320966 0.5398249 0.6430432 0.1954133 0.2077062
25 2.8808857 3.0579033 0.3657147 0.3994059 0.1628838 0.1661859
30 2.9069520 3.0552020 0.2782132 0.3007974 0.1421892 0.1450104
50 2.9371150 3.0262729 0.1762187 0.1835715 0.1126686 0.1136772
100 2.9677368 3.0125146 0.0916617 0.0935326 0.0805381 0.0807596

Table (4): Estimated, MSE and MAPE Values for Bayes Estimator of 6 with Extension of JeffreysPrior
when 6 =1
Est MSE MAPE
n k
Quadratic Prec. Quadratic Prec. Quadratic Prec.
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0.8306075 0.9503439 0.0962025 0.0908408 0.2599119 0.2407388
1 0.6229557 0.6878084 0.1801361 0.1437553 0.3864170 0.3352891
0.8787054 0.9642433 0.0635996 0.0601469 0.2086800 0.1985509
. 0.7113330 0.7663029 0.1153658 0.0917944 0.3008867 0.2603757
0.9241272 0.9786758 0.0397478 0.0385770 0.1631744 0.1583709
» 0.8048850 0.8459329 0.0638550 0.0522189 0.2170437 0.1923466
0.9343004 0.9803813 0.0334314 0.0324427 0.1486753 0.1441493
¥ 0.8304892 0.8666885 0.0517383 0.0428255 0.1937189 0.1728843
0.9628573 0.9915056 0.0200558 0.0198763 0.1141886 0.1124276
» 0.8940818 0.9187282 0.0273222 0.0236087 0.1376884 0.1261581
0.9810083 0.9956625 0.0100607 0.0100108 0.0799584 0.0793823
10 0.9439891 0.9575502 0.0121189 0.0110436 0.0895179 0.0847681
when 6 =1.5
1.2434106 1.4226546 0.2197740 0.2074984 0.2617065 0.2455746
10 0.9325580 1.0296418 0.4085794 0.3267929 0.3869717 0.3360311
1.3261266 1.4552187 0.1541262 0.1511947 0.2160998 0.2069680
. 1.0735310 1.1564906 0.2630672 0.2122235 0.3025139 0.2652806
13961412 1.4785514 0.0882438 0.0873312 0.1607375 0.1576935
25 1.2159940 1.2780077 0.1394173 0.1141843 0.2124475 0.1880813
1.4067439 1.4761263 0.0765418 0.0752725 0.1515724 0.1475531
¥ 1.2504390 1.3049429 0.1158867 0.0964282 0.1937967 0.1741877
1.4440659 1.4870319 0.0447075 0.0442581 0.1144959 0.1127298
» 13409184 13778823 0.0611581 0.0527677 0.1372123 0.1261092
1.4736143 1.4956270 0.0216815 0.0216361 0.0787911 0.0782868
10 1.4180062 1.4383768 0.0261544 0.0237911 0.0878961 0.0833443
when 6 =3
2.5064318 2.8677468 0.8735180 0.8420984 0.2584778 0.2447265
10 1.8798239 2.0755227 1.6091181 1.2865955 0.3851769 0.3333847
2.6699054 2.9298081 0.5635461 0.5523214 0.2035726 0.1957630
. 2.1613520 23283753 1.0012323 0.7968025 0.2957070 0.2554565
27741862 29379385 0.3769615 0.3694391 0.1674893 0.1629612
» 24162267 2.5394505 0.5880669 0.4852460 0.2193661 0.1951234
2.8161098 2.9550041 0.2867869 0.2805651 0.1451324 0.1422221
0 2.5032087 2.6123182 0.4466802 0.3679800 0.1889287 0.1679385
2.8806320 2.9663407 0.1799510 0.1768424 0.1143918 0.1125327
% 2.6748726 2.7486086 0.2485838 0.2140593 0.1376879 0.1260811
2.9386414 2.9825386 0.0926175 0.0918319 0.0813357 0.0804162
10 2.8277493 2.8683718 0.1119436 0.1019800 0.0912363 0.0863490
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Abstract

Two (ZnO) films were prepared by electrophoretic deposition (EPD) (ZnOEPD)
and chemical spray pyrolysis (ZnOSpray) on stainless steel (St. st.) and glass
substrates respectively. The sensing properties of these films to ethanol were
investigated as a function to temperature. The sensitivity to ethanol increases with
sample’s temperature. The method of film’s deposition is active factor on sensing
properties of the films. X ray diffraction (XRD) and atomic force microscopy (AFM)
techniques were utilized to study structural properties and surface topography of
sensors. The results of these techniques show the differences between these films

that effect on their sensing performances.

Keywords

Ethanol, ZnO films, electrophoretic deposition, sensitivity.
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1.Introduction:

For long time, Ethanol is one of the more
ancient enjoy spirituous drugs and accu-
rate sensing of alcohol vapor has special
importance. So, it is necessary to promote
sensors for its detecting. A breath analyst is
the most famous application of ethanol sen-
sors because its quantity in the blood is related
with its vapor in human breath[1]. Blood al-
cohol content (BAC) can be defined as eth-
anol weight per unit blood volume. At
large ethanol levels (BAC > 1 g/L), it produc-
es unconsciousness,cognition, stupefaction,
and may bedeath [2]. When alcohol levels
of blood reach (0.4%); ethanol concentration
may causes death. The death is absolute when
this quantityreaches(0.5%) or higher. When
alcohol levels around (0.1%) intoxication oc-
curs and at (0.3—0.4%)unconsciousness often
occurring [3].

Metal oxide semiconductor have been
found to be high activity for sensing etha-
nol vapor [4].

Different methods were used to deposit
ZnO sensors, in this work EPD is chosen as
first deposition method. EPD method is rapid,
low cost and can be achieved by two steps.
In the first one;particles which are suspended
inside liquid acquire electric charges. In sec-
ond step homogeneous deposition on one of
electrodes is achieved by collection of parti-
cles on it as the effect of applied electric field.
This coatingtakes electrode’s shape [5]. This
method has many advantages [6]:comparing

with other methods its deposition rate is con-

trollable and has low energy consumption.
Also, it is low costs method. In general Depo-
sition by this methodhas very uniform thick-
ness.Objects with ununiformed shapes can
be coated fluency by EPD. Depending on its
geometry;the deposition can outside object’s
surface or inside cavities.

The second used method to deposit ZnO
is chemical spray pyrolysis. This methodin-
cludes; spraying of an aqueous solution
(has soluble salts of the constituent atoms
of the desired compounds) on preheated
substrates .After splashing and before reach-
ing the substrate or react on it the liquid drop-
lets vaporize. Well adhesion on substrate can
be obtained bysolution’s pyrolytic decom-
position of spray solution droplets [7]. This
deposition method is minimal waste produc-
tion, simple, and also low cost. Large surfaces
coating can be produced by this method and
the rate of film deposition is controllable. To
deposit large numbers of high melting tem-
perature materials; chemical spray pyrolysis
is appropriate choice. When this method 1is
used there is no need for complicated vacuum
equipment [8].

In this contribution, two ethanol sensors
are fabricated by two methods to get best

sensing performance.

2. Experimental part

2.1. Deposition ZnO film by EPD
method.

To deposit ZnO film, uncomplicated Tet-
lon container is used as shown by Fig.(1).
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Conductors

Stainless steel —
disk

Magnetic stirrer ,&/l

Fig. (1): Diagram of EPD Cell, The inset shows ZnO_,
film covered by mask pattern.

> <«—— Graphite disk

(0.5) cm is the distance between cathode
and anode. On (50) ml methanol, one gram
ZnO powder is put. By magnetic stirrer the
solution is mixed for (10) minute. Graphite
disc is used as anode and the cathode (sub-
strate) is made from circular shape St.st. with
radius (1.5) cm. (30) volt is applied between
both electrodes during deposition process. To
prevent formation of cracks which may ap-
pear on coated layer; the produced sample is
immersed in a viscous solution. This chemi-
cal solution consists from 1gm of Poly vinyl
alcohol (PVA) which is dissolved in hot wa-
ter. Removing PVA is done by heating the
coated samples to (500)°C in air atmosphere.
Weight method is used to calculate the
thickness of two films. The thickness of
the film prepared by EFD method is (2) um
(ZnO,,).

Semiconductor behavior of coated sam-
ples are tested by measuring their resistance
as a function to temperature by utilizing
simple heater and DC circuit. Characteriza-

tions of samples are achieved usingAFMand

XRD techniques. To specify XRD peaks for
Zn0 and St.st;standard PDF files (050664 and
330397) are used respectively.

2.2. Deposition of ZnO by

chemical spray pyrolysis method.

On glass slidespray pyrolysis deposi-
tion method a homogeneous ZnO thin
film 1is coated.The chemical solution is
prepared as following; dissolving (0.1) M
Zn(CH,COO) (with 99.99% purity)

distilled water (100) ml [9].

in hot

Zn(CH,CO0), +2H,0 — ZnO + CO +
CH, +steam----------- (1)

To get homogeneous solution the chemi-
cal solution is moved by stirrer. During spray
process,glass substrate is maintained at (400)°C
using hot plate under it. (28) cm is the distance
between substrate and glass nozzle. Chemical
solutiontransport is achieved by using air as a
carrier gas. The thickness of the film prepared
by spray method (ZnOSpray) 15 (0.39)um.

3. Gas sensor system

The system of tested gases has the follow-
ing parts: stainless steel sealed chamber (six
liter), to heat the sample up to (400)°Ccon-
trolled heater is used, to evacuate the cham-
ber from gases after testvacuum system
is achieved, ohmmeter is used to measure
sample’s resistance d to read sample’s tem-
peraturethermo couple is utilized. There are
two techniques to enter tested gas inside the

chamberdepending on the amount of it. First
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technique (for small gas amount) is done by
evaporatinginside output unit appropriate
chemical solution. After that produced gas is
transferred to the evacuated chamber through
plastic pipes. Second technique (for large gas
amount) is done by direct injection of chemi-
cal solution inside the chamber. Injected so-
lution is evaporated to gas when it touches
a hot plate inside chamber. Small amount of
chemical solution is evaluated using micro-
pipette type (DRAGONMED-made in china)
volume:(5-50)ul. Ammonia was produced by
evaporate ammonia solution (32% concentra-

tion, Scharlau-Spain).

4. Results and discussions
Fig.(2).shows XRD pattern of (ZnO_,)
and its AFM image.ZnO dominant peak for
this pattern is (002) peak. Inside this pattern,
two peaks refer to St.st which used as sub-
strate. Crystallite size is calculated from this
pattern by using Scherrer equation
Crystallite size = 0.941 /Bcos6
A 1s thewavelength of X-ray beam, B is
full width of half maximum for a dominant
peak (002) . For (ZnO,,,) crystallite size is
(606.7) A. From AFM image in Fig.(2).

rF s

A

ZnO(002)

Intensity(c.s.)

ZnO(100)

ZnO(110)
ZnO(112)
ZnO(201)

St.st.(200)
ZnO(200)

30 40 50 60 70

Fig. (2): A-XRD of ZnO_,, , B-AFM image of ZnO_, .

The following parameters are extracted:
average roughness (22)nm and grain size
(100.72)nm.

For different injected ethanol concentra-
tions; Fig.(3). illustrates (ZnO
variations as a function to time. After expos-

wpp) TESIStance
ing ZnO sensor to ethanol; electrons release
back into it as a result to substitution of sur-
face-bound oxygen by gas [10].The increas-
ing of injected amount of ethanol increases
the reaction with oxygen and then decreasing
ZnO resistance.The reaction of ZnO with oxy-
gen is increased withthe increasing of injected
the amount of ethanol. As a result ZnO resis-

tance decreases.

75°C

40 shud
5 ppm

Resistance(k(2)

A
700 so0 T

100 200 300 400 3500 600

Time(s)

Fig. (3): ZnO,, response to ethanol gas for different
ethanol concentrations at three sample’s temperature.
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The manners of Fig.(3).curveslook like

that happened withHongsith et al. who noticed
the decreasing of ZnO resistance sensor as a
response to ethanol atmosphere [11]. Refilling
the chamber with air restores non-conducting

state of the sensor.

5; 73 degree
= 100 degree
g 40! 150 degree
v 3
20,
10
»
5 10 15 20"
Ethanol concentration in ppm

Fig. (4): The sensitivity of ZnO_, to ethanol gas.

Fig.(4).shows (ZnO_, ) sensitivity to etha-
nol. These are an increasing of sensitivityto
ethanolby (ZnO_,
ture increases in harmony with that obtained
by [12]. This result can be attributed to the

interaction increasing of ethanol molecule

) sensor when the tempera-

with oxygen ions as a result to the increasing
of adsorption of these ions with temperature.
Better response can be obtained by pumping
larger amount of test gas; because this process
activate the reaction between oxygen and ad-
sorbed reducing gas [13].

On the other hand injection of relatively
high amount of ethanol inside chamber results
in decreasing sensor sensitivity. In this case the
interaction on sensor surface would proceed to
left; causesreduction of oxygen ions and the
ZnO response would be decreased [14].

Fig.(5). illustrates XRD pattern of (ZnO-

Spray) and its AFM image. Dominant peak of
XRD curve is (002). Compared with standard
position of (002) peak (20 standard = 34.422),
this peak is shifted to the left. Thisshift is a di-
rect result to residual stress in the film. In cur-
rent work, compressive stresses are created in
ZnO filmas a result toc-axis value increasing
ASTM) A [15]. Crystallite
size for (ZnOSpray) is calculated using equation
(2), this value is (410.7) A. From AFM image
in Fig.(5); (ZnOg ) average roughness and

compared to that of C

grain size are (0.581)nm (62) nm respectively.

1000 g
A;l:\ -
< 800
g
§ 600
=
400
200 g U\“ g
bt iy _,,.-,W
30 40 50 60 7

20(deg.)

Fig. (5): A-XRD of ZnO B-AFM image of ZnO

Spray? Spray”®

The variation of (ZnOgy ) resistance with

ethanol solution is shown in Fig.(6).
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Resistance(k{})

17

1

9.5

4

i 200 300 400  s00 600
Time(s)

700 &0

Fig. (6): Resistance of ZnOSpmy as function of time for

different ethanol concentrations at three Sample’s

temperature.

Ethanolentrance into the chamber results
interaction of it with chemisorbed oxygen.The
trapped electrons after this interaction become
free and then they contribute to the conduc-
tion process of ZnO sensor. As a result, the
resistance of this semiconductor sensor

As gases sensors; the differences between
(ZnO,,,,) and (ZnO
the different properties of them.XRD patterns
in Fig.(2).and(5) are different. The method of

deposition and the type of substrate give each

soray) Ar€ @ direct results to
pray

film specific surface topography and then dif-

ferent response.

S. Conclusion:

e Deposition method has a direct effect
on morphology of each film and then
on its operation as ethanol sensor.

e (ZnO_, ) sensor sensitivity to this gas is

EPD

Mustafa Shakir Hashim and Reem Saadi Khaleel

higher than that of (ZnOSpray) Sensor.
e The highest sensitivity values are record-
ed when the sensors had highest tempera-
ture.
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Abstract

In this article we suggest abivariate generalized double weighted exponential distribution with
discussion some of its properties , suchasjoint probability density function and its marginal,joint
reliabilityfunction,the mathematical expectation , the marginal moment generating functionand,we

usethe maximum likelihood method to estimate its parameters.

Keywords
Generalized double weighted exponential distribution, Conditional probability density function,

Joint reliability function.
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1. Introduction

Abed Al-Kadimand Hantoosh[1]introduced
the double weighted distribution and double
weighted exponential (DWE)distribution.

So that our object of this article is to
display abivariate generalized double weighted
exponential (BGDWE) distribution, which is
aspecial case of the multivariate distributions.
Its marginal’s are generalized double weighted
exponential (GDWE) distribution by using
the method similar to those used by Marshall
and Olkin [2], Sarhan and Balakrishnan
[3] defined a new bivariate distribution
using generalized distribution and exponential
distribution and derived some properties
of this new distribution, Al-Khedhairi

El-Gohary [4] presenteda class of bivariate

and

Gompertz distributions, Kundu and Gupta [5]
proposed the bivariate generalized exponential
distribution ,El-Sherpienyetal. [6] presenteda
new bivariate distribution with generalized
[7]

studied the bivariate life time geometric

gompertzmarginals and Davarzanietal.

distribution in presence of cure fractions.

Plan of the Article:
In this article, we define the BVGDWE
different
properties in Section 2. Section 3 present
the
4weintroducethemathematical

distribution and discuss its

reliability  analysis. In  Section
expectation.
In Section 5 we derive the marginal moment
generating function. Section 6 obtains the
parameter estimation using MLE. Finally, a

conclusion for the results is given in Section 7.

Kareema Abed Al-Kadim and Mohannad Mohammad Fadhil

2. Bivariate Generalized Double
Weighted Exponential Distribution

Suppose ¥ ¥ is anon-negative random
variable with probability density function
(PDF),, then the double weighted exponential
distribution by using probability density

function is:
fowe (V) = LG 76N FG) _ whIF ]

Hw Hw

L y>0 and g, = E[w(y) 7(;)] < o

The first weight is w(y) = yand the second
isf (1), wheref () is probability density
function of exponential distribution. Then
fows (v;4) = 4‘12},3—2}13; , ¥y =0,4=0(D)
also the cumulative distribution function is:
Fows(V;A) =1 —24ye % —e72%
(2)The univariate GDWE distribution has
the following PDF and CDF respectively for
V> 0; foows (03 @, 2) = 4ai’ye™??(1— 22ye™ — e=22)*7(3)
Fepwe(v;a,4) = (1 —2Aye™4 — 3_2@)&(4)
where & > 0 and A = 0 are the shape and
scale parameters respectively.. Suppose that
D, ~ GDWE(a,,4),D, ~ GDWE(a,,4)
andD; ~ GDWE(a5, A)and they
are mutually in dependent. Here' ~ '
means is distributed GDWE .Define
Y, = max(D,,D;)and¥, = max(D,,D,).
Then we say that the bivariate vector
(¥;,Y,) has a bivariate generalized double
weighted exponential distribution with the
shape parametersa,, &, anda;and the scale
parameterd .We will denoteit by BGDWE
(e, a,, aq,4).

2.1. The Joint Cumulative
Distribution Function
We now introduce the joint distribution
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of random variables ¥; and ¥, considered the
following theorem of the joint CDF of the
BGDWE(e,, @, &3, 4).

2.1.1. Theorem [8].
1f(Y,,Y;) ~ BGDWE(«a;, @,, as,4),
then the joint CDF of (¥}, ¥, )for
v, =0,y =0,is:
= (1- 2y e720 — o720 ) " (1= 23p,e 7242 o(5)
X (1 - 2Ate™24 — g7244)"

Fegows (1, 72)

g~y )

where t = min(y,, y,)

Proof.
Since F(y,y,) = P(Y; = y,,Y, <y,)WE get

F(yy,y2) = P(max(D,,D;) < yy, max(D,,0;) <y,) = P(Dy <y, D, < y,,0; <
min(yy, y,))

where D;(j =

independent, we readily obtain
Fyepws (01,32) = P(D; = y,)P(D, < y,)P(D; = min(y,,y,)) =
Fopwe (015001, A Fgpwe (V2 @2, D Fapyrs (6@, 4)

(6)
Substituting (4) into (6) we obtain (5)

1,2,3) are mutually

which completes the proof of the theorem 2.1.

2.2. The Joint Probability Density
Function

2.2.1. Lemma

If (V,,¥,) ~BGDWE(«a,,a,, az,1),
then the joint PDF of(Y;, Y, ) for
v, =0,y = 0,is:

f0wy2)
faeows 1,20 =1 L0, 02)
3 (J’.J’)

ifo<y, <p<o  (7)
o<y <y <o
fo<y, =p=y<o

where

[0, ¥2) = fepws (015 a1 + a3, D fapwe (¥2; @2, 4) =(a +

a3) 164y, 67240 (1 — 2Ry, 07240 — =240 )almg X 8
e Zﬂvz(l 22y, 2&1}27672}1\12) -1 ( )

Kareema Abed Al-Kadim and Mohannad Mohammad Fadhil
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=a,(a, +

Xy, e 2 (1— (9)

(1, y2) = feowe iy, D fopws 2s @z + @3,2)
@) 164%y, e (1 — 22y, e 7240 — 7240 )51171

20y, 240 — =242 )astas-l

feowe(Vio + &g + as, A)

e~ 2Ay)@saztaa -1

ROy =
2ye~2Av —

@y +az+ag

= (@) 4#2ye 22 (1— (1 O)

Proof.

Let us first suppose that y; <y,
Then,Fggpuws (Vy,¥2 ) in (5) will be
denoted by F;(y;,V,) and becomes
Filynys) = (1- 2y o2t — 7220 ) 72 (1 94y, =280 — o=20)"2

By taking 2%0u2) ‘W’l Y2) _ £ (y,,v,),We get
equation (8). By the same way we find
£ (vy,¥2 )when v, < y, .Butf; (v, V) cannot
be derived in a similar way. Using the facts
that:

R AGuydydy, + 7 [ B dyadys + [T R0y =1(1])

Let

L= [ Aoumanan ad o= [ AL duan
o 0 0 0

Then
T, = fam J'ﬂyz(ozz1 + ;) 164 ;67240 (1 — 2hy, @72 — e~
e 2 (1 2hy,e7 e — 7240 )az_l f a4y, em e (1—

—24y; =22y ya +p+az —1
20,07 — Yz )@tz ta, dy,

aytag—

s *(12)
Similarly
T, = fom @, 472y e 2 (1= 20y 0720 — e’Z“J’l)almzﬂrl dy, ( 1 3)
By substituting (12) and (13) in equation(11)
, we get
—fmaz 4123’3‘223’(1 — 2Aye M — e‘z’h’)alﬂrzma_1 dy
- J‘malﬂhlzye‘m?(l — 2Aye 2 — e‘”J’)almzma_l dy
This is
A0, = a4y 22 (1 - 20ye 24 — e72W) faran T

" u(14)

2.3. Marginal Probability Density

Function
The following theorem gives the

marginal density function of ¥,and ¥ .
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2.3.1. Theorem

The marginal probability density
functions of ¥; (i = 1,2)is given by
Jor ) = (o + ag) 4%y, 0724 (1 — 2y e~ 24 — g-ﬂy:—)“**“ﬁ(lS)

= feowe Vs + a3, 1), v, =>0,(i=12)

Proof.

The marginal cumulative distribution
function of ¥, sayFy, (¥;), written as:
Fy(y)=P(Y, <y,) =P(max(D,,Dy)=<y,) =P, =y,.,D;<y)
and since D;is independent of D5, we

simply have
Fi () = (1 2Aye720% — o728 ) (1 - 22y,e72400 — g722)™ = (16)
(1—2aye~2% — e‘”yf)aﬁ%

= Fopwe (Vi + a3,1)y; > 0,i =1,2
By differentiating w.r.t.y; , we get (15) .

2.4. Conditional Probability
Density Functions
We present the conditional probability
density functions of ¥;and ¥, by using the
marginal probability density functions in the
following theorem.

2.4.1. Theorem
The conditional probability density
functions of ¥;, given ¥; = y;denoted by

Frore, (0e/;) 5 L7 =12;i %] ,is

J‘rl/'(lz"Jl/'J (v:/v;) if y; <y;
fofYJ- (}J'z /}{j) = fY(;szY_, (J /y}.) if y; <, (1 7)
fY(;af'rJYJ(-} /J) 1’.)"‘_’}1'1:_‘}1'-Ir =JJ'
where

T e 1)

) (crz-i—aa]afj 412y 87
2.‘{)_J 72.1.)‘,]

(1)
fy!fyj (yi /_}’

(chJrcr;](l 24yj e

fy(i-’]y) (} /J{.r) = al.f.}j_zyig_zl!’i (] — 213;1_9_23.!’1' — o2y )a;—l( 1 9)

Kareema Abed Al-Kadim and Mohannad Mohammad Fadhil

and
@ a5 (122 ya = —a22) "} 90)
"'FY.J ('}I /'} ) - (o +ag)
Proof.

We get (18),(19)and (20), using the joint
PDF of(Y;,¥,)given in (7) and fy, (3;) in
(15) in the following formula:

frgr/y)
feore, il Y; )—% i=j=12 2D

3. Reliability Analysis [9]
We discuss some reliability measures
, the joint reliability function , joint hazard

function and joint reversed hazard function .

3.1. The Joint Reliability Function
In the following Proposition, we find the
joint reliability function of ¥; and ¥ .

3.1.1. Proposition
The joint reliability function of ¥; and
¥, is given by:

Ry (31,5,) 7y <92(22)
Rsgows(V1,02) = R,(n,y,) if v, <y
R;(v,y) ifyi=y=y

then
+
Ry(yy,y:) = 1— (1—22y,e72M0n — g=2An )7
_(1 — 24y, e~ 24z _ p—24¥, )ﬂ2+a'3
+H(1— 22,6720 — 728) T (1 - 20y, m20 — e-myz)az(z?))

Rz (‘}’1’-}’2) =1- (1 - 21}113_23}’1 — e—Zﬂyl)al"'ﬂ’a

Qo+
_(]_ — 2’1}:2 3_22.}’2 — 3_23332) 2rre
+(1 _ 21},18—23311 — g 24y )“1 (1 — 24y, e 2tye _ p—24y, )“z+aa(24)
and
Ry, =1~ (1—2aye 24 — g=20) "% (1 _gaye-2dy _ g-2ay)™'%
(1- Zlye‘”yfe‘“y)alwzma (25)
Proof.

The joint reliability function of ¥;and ¥; is:

Rpowe (1, y2) =1— [Fyl(}’ )+ Fy, (32) — Fagpwe (01,02 )](26)
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substituting from equation (16) and (5)in

equation (26) ,we get
@y g
Rsepwe(y1,2) =1 —(1 — 2Ay e M — g—?ﬂh)

_(1 — 21}}2 3_2:’13’2 —_ 3_23}’2 )af2+a‘a
+(1 - 24y, 721 — e721) " (1 - 20y,e 72802 — g~ 2M92)™?

X (1— 22te™24 — g=244)"

where t = min(y, ,V, ),

if y; <y, , we have obtain the
expression of given in (23),

if y» <<y, , we have obtain the
expression of given in (24) and

if y; = ¥, = ywe have obtain the

expression of given in (25).

3.2. Joint Hazard Function
Let(Y; , ¥, )be two random variables
with probability density function
fseows (V1,2 ). defined joint hazard

function as:

hscows (V1. Y2 ) = Tooows s %2) (27)

RecpwEWs ¥z )

Then, the joint hazard function is:

hy(v,05) if yp <y (28)
heeows(V1,32) = h, (0, ) ify, <n
ha(v,3) ifyp=y=y
if v, <7y, ,then
. f {J"‘i Vo ) (29)
hy(yy,y:) = R, (s s )

where f; (y,,¥,) from equation (8) and
R, (y,,y,) from equation(23),

if y2 < y1 s thenp, y,,y,) = E2e222 (30)
wheref; (yy,y,)fromequation(9)

and R,(yy, v, )from equation(24),

if y1 =32 =¥ thenhs(3,y) = E2231)

where f; (y,y) from equation(10)and

Kareema Abed Al-Kadim and Mohannad Mohammad Fadhil
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R, (v, y) from equation(25).

3.3. Joint Reversed Hazard
Function

The joint reversed hazard function is
defined as the ratio of the PDF and the
corresponding CDF .

1.The joint reversed hazard

function of (¥;,¥;) is defined as:
) = fecowEe @1.v2) (32)

Fecpwe (V1 .72)

Taeowe V1, Vs

so that
Tl(’}’l!.}’?) i.f.}’l < y? (33)
Tseows V1, 2) = (v, ¥s) ify, <y
() fyn=y=y
then

(v, ) = (ay + a3)a, 1624y, v, e —2A s +32)

X [(1— 223,623 — o722 )(1— 22y,e7202 — e 722%2)] 7 (34)

(v, v,) = @, (@, + a;) 1644y, y, e~ 2A01+y2)

x [(1 = 22y, €72 —e=22) (1 — 223,624 —e=242)] (35)

and

(1Y) = az 4y e (1 — 24ye 24 — 3‘2‘13’)_1(36)
2.The gradient vector of the joint reversed

hazard function is given by:

(¥, ¥2) = (Tyl (1), 7, (1 )) , where

re ) = 25— 20 p )y i = 1,2 then(37)

Fy,(y) 8w
1y, () = (o, + @) 447y, e 2 (1 — 22,720 — e’ul’!'yl Ji= 1,2(3 8)

4. The Mathematical Expectation
In the following Proposition ,we can

derive the mathematical expectation of

Y, (=12

4.1. Proposition
If Y, ~ GDWE(a; + @4, A),then the
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rmoment of Y. as following:

E[Y;’) = (o, + “3)2 g“ (_1)a;+a3—1—j+k (flg + f;g - l) (i)(21)2+k

rir+k+2) ? 1 2(39)
(2 Ar;+2a3—22j+ 22k) (r+k+z) '
Proof.
EY)) = f Vi fe (v)) dy;
= [P(a +as) ?u,z 3ot e (1 2Apetin) - g2} dyl_Since

0 < ((1-22y,e722n) =2 ) < 1 for y; = 0, then
by using the binomial series expansion we
have((1 - 2ay.e2an) —e-2a)™" ™ = i (1-22y,e22)

X (—1)@taa=1) (ag+afa—1) (3_2;#)@5+af3—1—f(40)

li
also(1 2Aye=2n) = 1 (2)(24y,e=24) x(41)

than \'

E(Yr)f(fl +3) 41 J’ +1 —zﬂvzz (—1)mtas= 1§ ((I +a3_1)

i
« (e_ﬂy)aima— _jZ(*l)i (k)(zjlyie-zayi) dy,
)
= ® ) 1
_ (a! 4 ﬂig)z Z (—l)“f+“3_l_-’+k (al + f‘IE )(j)[ZA)EH‘
= = j k

[=a]
e J’ y'r'-‘r 1+k e {EAJE-I-ZH,CQ —2Aj+24k) ¥; d.}’i
0

E(y:) = (a, + ag)g é“ (—1)@rtea-1-7+k (051- + f;-’a - 1) (i)(21)2+k

y F'r+k+2)
(2Aa; + 2Aas — 2Aj + 2Ak)Gr+k+2)

Then the 7*"moment of ¥ is:

E[Y;’) = (o, + ag)i i (_1)a;+a3—1—j+k (051' + f;g — l) (i)(21)2+k

rr+k+2)
(2/1(1 + 2/1(13 — 2,:[] + 2,1k)(r+k+2] ,

i=12m

5. The Marginal Moment
Generating Function

We find the marginal moment generating
function ofY; , (i = 1,2) in the following

lemma

5.1. Lemma
If Y, ~ GDWE(e; + a5, 1),

Kareema Abed Al-Kadim and Mohannad Mohammad Fadhil

then the marginal moment generating

function of ¥;, (1 = 1,2)as following:

MY,— (fl-) _ (al +a3)§ é“ ; (_1)m+ag—1—j+k (ﬂz+a’a )(})(21)24—&

T rlr+k+2) .
X * , i=1,2(42
rI(2 A+ 2403 — 2] +24K) (rHi+z) ,2(42)

Proof.
MYE' (tlj = E(Etf}rf]

= f et fr; (v:) dy;
0

= t7 [ .
= § FJ’ yi' ij I:},i) d.}’!
= - Jo

- 52500

Epe

-t a) ; g e - 57 one

tir(r+k+2)
T (2Aa; + 2Aas — 2A) + 2Ak)r+k+2)

,di=12m

6. Maximum Likelihood
Estimation
To estimate the unknown parameters of
the BGDWE distribution , we use the method
of maximum likelihood estimators (MLES)
Let((an ¥21), (Y12, ¥o0), .., (Yo, an])
is a random sample from
BGDWE(a,,a,, @3, A),where
ny= (G, <) n =GV, >h)n=GY, =6 =¥),n= g n, (43)
By using the equations (8) , (9) ,(10) and
(43), we find that the likelihood of the sample
as following:

lay,0;,05,4) = Hfl 16 Ya2:) Hfz Q’mJ’zg)Hfa i)
i=1 i=1 i=1
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The log-likelihood function becomes:
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Taking the first partial derivatives of (44)
with respect to a4, &5, @3 and 4, and setting
the results equal zero:
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These equations cannot easy to solve , but
numerically by using the statistical software,
to get the MLEs of the unknown parameters.

Kareema Abed Al-Kadim and Mohannad Mohammad Fadhil
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7. Conclusion
This

generalized double

article introduced the bivariate

weighted exponential
distribution whose marginals are generalized
double weighted exponential distribution.
Some statistical properties of this distribution.
It is observed that the MLEs of the unknown
parameters can be obtained by solving
four non-linear equations using numerical

technique.

References

[1] Al-Kadim, K., Hantoosh, A.F., Double Weighted
Distribution and Double Weighted Exponential
Distribution. Mathematical Theory and Modeling, vol.
3,no. 5, 124-134, ( 2013).

[2] Marshall, A. W., Olkin, I. A., A multivariate exponential
distribution. Journal of the American Statistical
Association, 62, 30-44, (1967).

[3] Sarhan, A. M., Balakrishnan, N., A new class of
bivariate distributions and its mixture. Journal of
Multivariate Analysis, 98, 1508 — 1527, (2007).

[4] Al-Khedhairi, A., El-Gohary, A., A New Class of
Bivariate Gompertz Distributions and its mixture.

Journal of Math. Analysis, vol.2, no. 5, 235 — 253,

(2008).
[5] Kundu, D., Gupta, R. D., Bivariate generalized
exponential distribution. Journal of Multivariate

Analysis, vol. 100, 581-593.

[6] El-Sherpieny, E. A., Ibrahim, S. A., Bedar,R. E.,2013.A
New Bivariate Distribution with Generalized Gompertz
Marginals. Asian Journal of Applied Sciences, vol. 01,
Issue. 04, 140-150, (2009).

[7] Davarzani, N., Achcar, J. A., Smirnov, E. N., Ralf, R.,
Bivariate lifetime geometric distribution in presence of

cure fractions. Journal of Date Sciences, 13, 755-770,

N <0

AL-Bahir Quarterly Adjudicated Journal for Natural and Engineering Research and Studies



Vol. 5, No. 9 and 10 P. (53-61)E, 2017
Kareema Abed Al-Kadim and Mohannad Mohammad Fadhil

(2015).

[8] Roozegar, R., Jafari, A. A., On Bivariate Exponentiated
Extended Weibull Family of Distributions. http://arxiv.
org/pdf/1507.07535.pdf, (2015).

[9] El-Damcese, M. A., Mustafa, A., Eliwa, M. S. Bivariate
Exponentiated Generalized Weibull-Gompertz
Distribution. http://arxiv.org/pdf/1501.02241.pdf.

AL-Bahir Quarterly Adjudicated Journal for Natural and Engineering Research and Studies 61 -






Vol. 5, No. 9 and 10 P. (63-73)E, 2017
Muhammed Mizher Radhi

A study of electrochemical behavior for redox peaks of
Pb(ll) tons in human blood samples using Nanosensor

Muhammed Mizher Radhi
Radiological Techniques Department, Health and Medical Technology College — Baghdad,
Middle Technical University (MTU), Iraq

Received Date: 8 / 7 / 2016
Accepted Date: 8 / 8 / 2016

LML

S Jw Je gl A ol s BrY sleY L S sl s L} &;3134 éijﬂ}ﬁ\ L r‘-\.‘;&»ﬂ\ (..S
ol N 05l a5 OLNI (B el ool dmdall 0 Y 15 Y15 5SS L 45

qu.?qJ.:l;d\ C\ML{ r,\)\ Ja...a}‘:éupl.,a)\l ouﬁ\yw;;m U}l le)ajbiéﬁl}n@u-l awl I
U WALV LS J.a\fd\ sl gw.\ éjlaw}ﬁ\

dﬂijf\.ujlj&Wﬁle-j\Oﬁ)lﬂ\mw\gw\!\t}imgjgﬁsyb&ﬁ)wow\smc\mlrj
.dﬁ.;\éjﬁw}ﬁ\iz&yuptp)\bﬁ\>ﬁ-ﬁ¢u\.‘lL»g&iilb’d\@bd\sj\}\ale-);o\ﬁbym

J.;.cL}b:J\ J.cc,st (0.11)300.5)&\.,,@.(3\ .\,@.Jr\d;cu.au)\ U oY Jl Yy sansyI ;f*"‘; CJLU Ry
)u‘wdbbjwa.ijﬁ.é:‘.?)b(60)é|3)‘);-‘z\.>)bzéliﬁv.¢.ﬁ‘o-&u‘fj%ﬂl?)b(ZO)WS)‘fb})
&u:,pqwlaswm;@;wwtoﬁj‘s)\}\Cw)mtﬁhp:r.mL,;gupu;\oﬁ\)aﬂm‘gg}@ﬁ\
@ZAMSY\Mwﬁ)\anyZzM\@&;;HZSLLQBUJ.Z.Uipiz)s(60)d\3)\}|

AV oyl o 21 3 LI KT mol-1.K-1 (35.271) s J1 V1 &l L3 s KTmol-1.K-1 (-15.541)
oA Dalae pladeals baslg ) o5 Lol g AV 5 5 Lol e i 5 L2l BN s Joe

indl Sl (o il i e &)l - Sl s e 365 ol Il b o sl o led N e bl coass A3
.)uwj\gLs»}:s\j\)gﬁ\%émﬂup\Jz,,y\f\wudpu;\f”&\uﬁu)\oﬁ\d\;y

3.;}\.:.&1‘ QM‘
.Z\UJL;H Ol ‘("U‘ B ‘@lu-\ éjﬁw}ﬂ\ LD cupl.p,ﬂ <L gl

AL-Bahir Quarterly Adjudicated Journal for Natural and Engineering Research and Studies 63 -



Vol. 5, No. 9 and 10 P. (63-73)E, 2017
Muhammed Mizher Radhi

Abstract

The electrochemical method using cyclic voltammetrictechniquewas determined the effect of
high temperature on the redox current peaks of one of pollutant in an environment are lead ions
in vitro for humanblood medium. The present study showed the effect of different temperatures
on the lead ions in blood medium by analysis cyclic voltammetric analysis and determination
the chemical thermodynamic factors. It was usedmultiwall carbon nanotube (MWCNT) / glassy
carbon electrode (GCE),modified working electrode (MWCNT/GCE) as a good sensor to detection
the effect of different temperatures on the blood medium in presence of Pb(Il) ions.

The results was confirmed that oxidation and reduction current peak of Pb(Il) ions at -(0.5)
V and (0.11)V,respectively at low temperature (20)oCand monitoring the redox current peaks
against increasing the temperature until (60)oC. It was found that the anodic current peak of lead
ions in blood medium was decreased with increasing temperature, but cathodic current peak was
enhanced about three times at high temperature (60) oC. Thus, the activation energy (E*) values
were determined from Arrhenius equation for oxidative peak is (-15.541) kJ.mol-1.K-1and for
anti-oxidative peak is (35.271) kJ.mol-1.K-10ther thermodynamic functions such as change in
Enthalpy of activation (AH*), change in Gibbs of activation (AG*) and change in Entropy of
activation (AS*) were determined byEyring equation. The results enhanced the blood of people
pollutant with lead ions was significant affectedby environment or exposure with different source
of high temperature such as workers in factories by complexation with the blood componentand
causes to precipitation of heavy metal (Pb) on the brain by the reduction process of Pb(II)/Pb(0)

which may be causes different disease such asAlzheimer in adults or Autism in infants.

Keywords

Lead ions, Cyclic voltammetry technique, blood medium, Nanosensor.

“ 64 AL-Bahir Quarterly Adjudicated Journal for Natural and Engineering Research and Studies



Vol. 5, No. 9 and 10 P. (63-73)E, 2017

Muhammed Mizher Radhi

1. Introduction

Through previous studies was used elec-
trochemistry techniqueby cyclic voltammetry
to detection the effects of environment pollut-
ants such as heavy metals on the composition
of blood medium as an electrolyte through
the emergence of oxidative and anti-oxidative
stress peaks by configuring the complexes
between the blood components and the con-
taminants [ 1-6].

The studies of electrochemical behavior
of the red blood cell (RBC) which included
the detection of hemoglobin in RBC by glassy
carbon electrode modified with Nafion film
at pH (3.5) [7].Different concentrations of
glucose in buffer physiological solution was
studied in electrochemical analysis to deter-
mine the oxidase reagent and compared with
routine method [8].Cathodic sweep technique
was studied of the oxidation of glucose com-
plex at the gold electrode in different pH to de-
termine the oxidative peak of the complex of
—OH group in the process of K. HPO,/KH,PO,
[9].Cyclic voltammetry studied of the hemo-
toxicity of lawsone by redox current peaks
which cause the hemotoxicity by metabolism
of the oxidative reagent [10].Some studies
were determined the effect of high tempera-
tures on the components of human blood sam-
ples of workers in different factories exposed
to the high temperatures which included the
biochemical analysis results in serum of the
workers [11,12].The study of the relationship
between the postmortem interval and blood
oxidation-reduction potential (ORP) values

at different temperatures was a strong posi-
tive correlation in rabbit [13]. Also the effect
of bioaccumulation of lead in water can cause
health problems [14].The new study of the ef-
fect of the storage of blood samples versus the
temperature under different conditions were
analyzed these samples of blood components
such as RBC and serum [15].Recent studies
have focused on the study of metabolic and
biochemical events for objectsExposed to
high heat, because it is essential to understand
the environmental risks posed byPollution,
and reflect the damage happening in the or-
ganisms cells, tissues and organs[16,17].

In this study the electrochemical analysis of
the influence of different high temperature on
the blood medium in present with Pb(Il) to de-
termination the activation energy and other ther-

modynamic properties of both redox process.

2. Experimental part:

2.1. Reagents and chemicals

Lead(II) sulphate (purity 99%) and carbon
nanotubes (purity 99%) supplied fromFlu-
kacompany (Germany), potassium chloride
(KCI) powder with purity (99%) from SCRC
(china). The human blood samples were taken
from center medicine of Baghdad City as well
the other chemicals and solvents which used
received from the manufacturer. Deionizewa-
ter was used for the preparation of aqueous
solutions. All solutions were oxygen free by
nitrogen gasfor (10-15) minutes prior to mak-

ing the measurement.
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2.2. Apparatus and procedures

The instrument EZstat series (Potentio-
stat/Glvanostat) NuVant Systems Inc. (made
in USA). The Electrochemical Bio-analyti-
cal cell connect with potetiostatedevice and
monitoring through the special program that
have been installed on the personal comput-
er to perform Cyclic Voltammetry (CV). the
silver-silver chloride reference electrode(Ag/
AgCl in 3M NacCl) and Platinum wire (I mm
diameter) was used as a reference and coun-
ter electrodes respectively. The glassy car-
bon working electrode (GCE) modified with
(CNT) was used in this study after cleaning

with alumina solution.

2.3. Preparing the modification of
GCE with CNT (CNT/GCE):

The mechanical technical method to pre-
pare the (CNT/GCE) working electrodewas
employed that mentioned elsewhere [18,19].
The technique included abrasive application
of (MWCNT) nanoparticles at the clean sur-
face of (GCE), forming an array of (MWCNT)
nanoparticles as (MWCNT/GCE) which im-
merse in (10) ml of electrolyte or blood sam-

ple in the cyclic voltammetric cell.

2.4.Measurementsof differenttemperatures

It has been using a cell measuring of cy-
clic voltammogram size(10) ml and replaces
the solution which required for studying at
different temperatures, and then submerged

in it three electrodes (working, reference and

counter electrodes) as well as the thermom-
eter to measure the degree of the temperature
of study solution, then connect the three elec-
trodes with thepotentiostat. The cell placed in
a water bath to install the required temperature
and can be used regular hot plate to increasing
the temperatures.

3. Results and discussions
3.1. Enhancement of redox current
peaks using CNT/GCE

It was used a modification working elec-
trode GCE with CNT as a good sensor to de-
termination of redox current peaks of Pb(II)
in blood medium at different high tempera-
ture(35—60)°C to evaluation the electrochemi-
cal properties of the contamination blood
by lead ions. It was found that the CNT has
a good catalyst with pb(II) in blood medium
as shown in Fig.(1)at normal temperature(37)
°Cof human blood medium with high resolu-
tion of redox current peaks.It was appeared
one of oxidation current peak at (-387) mV
and one of reduction current peak at (-1147)
mV at CNT/GCE which referred to oxidation
and reduction current peaks for lead ions at
(CNT/GCE) electrode.

3.2. Effect of temperaturesin range
(37-60)°C on the redox of Pb(II) in

blood medium
Cyclic voltammetric technique used to
determine the effect of temperature on blood
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composition in the presence of lead ions by
tracking the values of redox current peaks us-
ing electrochemical analysis which has shown
that the results of the analysis is complicated
blood with the lead ions has been affected by
rising cell device prone to heat.It has been
monitoring the redox current peaks during
different high temperature from the cyclic
voltommagram as shown in Fig.(2). Thus re-
sults showed that the decline of the oxidation
current peak of the lead ions in blood medi-
um from (52) mA at (37)°C (temperature of
human body) to (42) mA at (60)°C. But, the
reduction current peak was observed at high
temperature which calculated (90) mA at (37)
°Cto (122) mA at (60)°C.

3.3. The activation energy (E°) value:

The effect of different temperature on the
redox reaction of Pb(II)in blood medium was
studied. The reduction current peak of the
lead ions was changing in properties at two
steps first one increasesgradually at the tem-
perature of (35-44)°Cand the second one de-
creases gradually at the temperature of(46-62)
°C. The plotting of log (Ip,) (reduction cur-
rent) of Pb(Il)versus reciprocal of temperature
which is found to be fairly linear in agreement
with thermodynamicexpectation of Arrhenius
equations (1) and (2) [20,21], as shown in
Figs.(1), (2) and (3).

c=0cExp (- E*/RT)............ (1)

D = D°Exp (-E*/ RT)

Where ¢ / D are conductivity / diffusibility
and o° /D° are standard conductivity / the ini-

tialdiffusibility.

Also, Arrhenius’ equation gives the de-

pendence of the rate constant k of a chemi-
cal reaction on the absolute temperature T (in
kelvins), where A is the pre-exponential fac-
tor (or simply the pre-factor), E* is the activa-
tion energy, and R is the universal gas con-
stant:[22,23,24]

k = A EXP(-E*/RT)

Log(l )=LogA — E*/2.303RT

From plotting Log(I)) against 1/T, the
slope of the linear line of the relation is

(-E*/2.303R).

Where: k is rate constant which replaced
with (Ip) the current peak of the oxidation or
reduction process of electrochemical reaction.

3.4. The values thermodynamic
functions(AH*, AG*, AS¥)

The relationship between the change in
Enthalpy of activation, Gibbs of activation
and Entropy of activation is in equation (5):
[25,26,27]

AH* = AG* + T AS*

The different units are accounted for in us-
ing either the gas constant R (8.314 J.mol k"),
the Boltzmann constant k (1.381x10* m?kg.
sec’k!), and Plank constant h (6.66 x 10-34
J.sec.) as the multiplier of temperature T (K).

Where: Change in Enthalpy of Activation
(AH*),change in Gibbs of activation(AG*)
and Entropy of Activation (AS*).

The relationship between activation ener-

gy and change of enthalpy was found from the
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following equation:

AH* = E* —RT

So, activation enthalpy change was calcu-
lated from the value of activation energy as
shown in equation (6).

From Eyring equation can be determined
the activation Gibbs change (AG*) as in the
following equation: [28,29,30]

AG*=-RTLn(kh/Tk,) ............ (7)

It is possible to replace the (Ip) current
peak of oxidation or reduction process of spe-
cies in the electrolyte alternatively to the rate
constant (k) in equation (7).

Finally, the activation entropy change
(AS*) can be calculated from the equation 5
by compensation values of each of the AG*
from equation (7) and AH* from equation (6)

at different temperature.

3.5. Effect

temperatures on the E*

of different high

Through previous studies about the effect
of high temperatures on the contaminated
blood composition, there was significantly
felt when electrically studied by finding acti-
vation energies that expressed over the effect
of heat on blood components [11,12].

It was found that the study of Pb(II) ions in
blood medium at different temperature causes
to affect the rate constant (k) asoxidation cur-
rent peak (Ipa) in the cyclic voltammogram was
decreased against to the increasing of tempera-
ture and reduction current peak was increased

versus increasing temperatureas shown in Fig.

(1)and(2) at (37)°C and (60)°C, respectively.

175uA
150uA- )
1250A- Pb(ll) in blood at 37 ¢
100uA
75uA-
S0uA- -387 mV
25uA-
£ o0a-
3 -25uA-
-50uA-
“T5uA-
A 1147 mV
125uA-
-150uA-
-175uA
-200uA - 7 T T T T T T T
-25V -2V -1.5v -1V -500mV o S00mV I\ 15V v
Potential

Fig.(1): cyclic voltammogram of(1)mMPb(II) in
blood medium, using CNT/GCE versus Ag/AgCl
at (37)°C, (100) mV s

350uA -
300uA -
250uA -
200uA -
150uA -

Pb(ll) in blood at 60 °C

100uA -

50uA -
04~
-50ul -
-100uA -

~150uA -
- 200uA -

-250uA- T T g
-2V -2V -15v -1V

Current

T T T T T
-500mV o H00mV 1w L5V v

Potential

Fig.(2): cyclic voltammogram for the (1)mMPb(II)
in blood medium, using CNT/GCE versus Ag/
AgCl at (60)°C, (100) mV s’

Fig.(3) and (4) show the relationship be-
tween Log(IpC) of cathodic current peak of
Pb(II) in blood medium against (1/T), to cal-
culation the value of activation energy (E*)
from the Arrhenius equation(4), the results of
the study has two values of the E* in tempera-
ture for the reduction process Pb(II)/Pb(0)as
in the following determination:

E* = -slope.(2.303).R from equation (4) to
determine E*.

(Cathodic) E*, = -(-1.842 x 2.303 x

8.3144) = (35.271 KJ.mol'.K"") at(35-44)°C

“ 68 AL-Bahir Quarterly Adjudicated Journal for Natural and Engineering Research and Studies



Vol. 5, No. 9 and 10 P. (63-73)E, 2017

Muhammed Mizher Radhi

(Cathodic) E*, =-0.1743 x 2.303 x 8.3144
= (-3.338) KJ.mol'.K"! at (46-62)°C

In addition to finding the activation energy
of oxidation current peak of Pb(II) in blood
medium as shown in Fig.(5)which decreased
against to increasing of temperature in range
from(35) to (58)°C.

(Anodic) E* =-0.8116 x 2.303 x 8.3144 =
(-15.541) KJ.mol"'.K"at (35-58)°C

A new phenomenon was studied of the ef-
fect of high temperatures on the composition
of the blood medium in present with Pb(II)
ions by cyclic voltammogramthroughthe ther-
modynamic functionsE*, AH* AS* and AG*.
Table (1) illustrated thermodynamic functions
at different temperatures for oxidative current
peak of lead ions in blood medium which de-
termined from Arrhenius equation and Eyring
equations. It was determined E* of decreasing
of anodic current peak against increasing of
the temperature from (35)°C to (60)°C with E*
= (-15.541) kJ.mol"".K"!, it means that the oxi-
dation process of lead ions in blood medium
need a low activation energy through higher
temperature to converted Pb(II) to Pb(IV) as
in the oxidation process in the following equa-
tion (8)[31]:
Pb* +2e=Pb* ........ E ,=387TmV ...(8)

In the other thermodynamic functions was de-
termined as shown in Table (1) different proper-
ties of an increasing in the values of AH*,AS* and
AG* against to increasing of temperature [32].

Table (2) explain two phenomenon of the
lead ions in blood medium for the reduction
current peaks at different temperature, there

are increasing of the current against to in-
creasing of temperature from (35)°C to (44)
°C with activation energy value of (35.271)
kJ.mol''. K", it means that the included limit
of body temperature (35-40)°C the reduction
of lead ions was increased against to increas-
ing the temperature at low range as shown in
the relationship at Fig.(3). The reduction pro-
cess of lead ions at this range of temperature
as Pb(II)/Pb(0) which causes precipitation
of lead ions to lead metal as in the following
equation(9) [31]:

Pb*+2e=Pb° ..............
at35-40°C . (9)

The other phenomenon was noticed at high
temperature through the range(46-62)°C the
reduction current peak of lead ions started to

E_=1147mV

decrease against to increasing the temperature
as shown in the relationship at Fig.(4). The
reduction process of lead ion at high tempera-
ture causes to converted Pb(IV) to Pb(Il) as in
the following equation(10) [31]:

Pb* +e =Pb** ......... E _=1061 mV
at 46-62°C .......... (10)
214
212
21 N
2.08 L "'.-.-.-_._ .
8" ce
= 2.04
3 2.0
y=-1.8422x + 7.9407
198 R*=0.8831
1.9
l .f.l2.95 3 3.05 31 3.15 2] 325 3.3
AT x 1073

Fig.(3): Dependence of reduction current peak
of (1)mMPb(II) in blood medium as a function
of temperature range (35-44)°C using CNT/GCE
versus Ag/AgCl at (100)mVsec'scan rate.
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Fig.(4): Dependence of reduction current Fig.(5): Dependence of oxidative current
peak of (1)mMPb(II) in blood medium as  peak of (1)mMPb(II) in blood medium as
a function of temperature range (46-62)°C  a function of temperature range (35-58)°C
using CNT/GCE versus Ag/AgCl at (100) using CNT/GCE versus Ag/AgCl at (100)
mVsec!scan rate. mVsec'scan rate.

Table (1): Kinetic and thermodynamic parameters (E*,AH*,AS* and AG¥) of the anodic current peak of
(1)mMPb(II) in blood medium at different temperatures and scan rate (100) mV sec'using CNT/GCE
versus Ag/AgCl.

Temp., K | Ipa, mA | Epa, mV [ AH*, kjmol! | AG*, kjmol' | AS*, kjmol! | E*, kjmol!
308 52.19 387.6 -2.576 -65.287 0.22 -15.541
309 48 396.8 -2.585 -65.713 0.221 -15.541
311 56.35 379 -2.601 -65.757 0.22 -15.541
313 48.23 396.8 -2.618 -66.597 0.221 -15.541
317 49.35 400.8 -2.668 -67.406 0.221 -15.541
319 50.14 406.9 -2.668 -67.816 0.221 -15.541
322 43.28 429.5 -2.693 -68.863 0.222 -15.541
323 43.03 425.8 -2.701 -69.104 0.222 -15.541
324 42.18 435 -2.709 -69.389 0.223 -15.541
325 39.72 444.8 -2.718 -69.743 0.223 -15.541
326 41.73 443.3 -2.726 -69.834 0.223 -15.541
331 45.8 450.9 -2.767 -70.697 0.222 -15.541
335 45.56 461 -2.801 -71.609 0.222 -15.541
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Table (2): Kinetic and thermodynamic parameters (E*,AH*,AS* and AG¥) of the cathodic current peak
of (1)mMPb(II) in blood medium at different temperature and scan rate (100) mV sec'using CNT/GCE

versus Ag/AgCl.

Temp.,K | Epc, mV | Ipc, mA | AH*, Kjmol-1 | AG*, Kjmol-1 | AS*, Kjmol-1 | E*, Kjmol-1
308 1147 89.08 -2.525 -63.913 0.216 35.271
309 1119 90.55 -2.534 -64.083 0.216 35.271
311 1125 114 -2.55 -63.921 0.214 35.271
313 1093 115 -2.567 -64.327 0.214 35.271
317 1074 130.2 -2.6 -64.859 0.213 35.271
319 1061 128.3 -2.656 -65.327 0.213 -3.338
322 1061 124.3 -2.68 -66.051 0.213 -3.338
323 1057 12222 -2.689 -66.308 0.214 -3.338
324 1052 121.4 -2.697 -66.535 0.214 -3.338
325 1045 119.1 -2.705 -66.802 0.214 -3.338
326 1045 121 -2.714 -66.971 0.214 -3.338
331 1030 122.1 -2.755 -68.017 0.214 -3.338
335 1036 119.9 -2.789 -68.919 0.214 -3.338

In previous study showed thatthe effect of
high temperatures in a number of biochemi-
cal variables inSerum groups studied. As heat-
exposed showed a significant decrease in the
amount ofProtein and total cholesterol, while
the amount of urea showed a significant in-
crease with increasing duration exposure, and
the results showed a significant increase in
the effectiveness of the some enzymes such
as Amin Alasparti carrier Alanine aminotrans-
ferase [12].

The current study showed that the effect
of high temperatures on the human body by
elecrtochemical analysis on the blood as an-
tioxidant oxidizing agents such as lead and
impressive reduction in the deposition of lead

metal on the some organ of the body, causing

the destruction of brain cells or damage of red
blood cells (RBC).

It was observed from the experimental re-
sults that the rate constants for electron trans-
fer reactions of thePb(Il)in blood medium-
increase with the increase in temperature. It
1s suggested that an increase in temperature
increases the kinetic energy of theradical cat-
ions, which in turn increases the mass con-

trolled diffusion rate of the reactive species.

4. Conclusion

Electrochemical study of lead ions in blood
medium using cyclic voltammetric method to
determination the effecting of different tem-
peratures (37—60)°Con the redox current peaks
of Pb(Il) in blood samples. It was found the
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values of activation energy (E®) for the oxida-
tion-reduction current peaks of Pb(II) depend
on the reaction between the lead ions as toxic
pollutants and blood component by the de-
composition. The redox current peaks showed
arise in the effectiveness of enzymatic Serum,
and it can be explained these rises because of
the effect of high temperatures in the different
blood cells. So, does the installation cellular
permeability change leading to increased cel-
lular permeability chemical blood cell mem-
branes, which in turn leads to the liberation of
liquid enzymes inside the blood cell Damage
any of harm. Extracellular fluid is extracted
from Entercellular to the body of tissue due to
exposure to high temperature.
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Abstract

In this paper, we introduce two new models of domination in graphs which are called
co-independent dominating set and inverse co-independent dominating set and they
are discussed in some graphs.
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Domination in graphs, Co-independent dominating set, Inverse co-independent

dominating set.
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1. Introduction

We consider a finite undirected and sim-
ple graph G(E,V) with a set V(G) of vertices
and a setE(G) of edges. For a vertex v € V(G),
theopen neighborhood N(v) of v is the set of
vertices adjacent to v, and the closed neigh-
borhood N[v]of v is the set N(v)U{v}.

A subgraph H of a graph G is said to be in-
duced (or full) if, for any pair of vertices x and
y of H, xy is an edge of H if and only if xy is
an edge of G. If H is an induced of G with S is
a set of'its vertices then H is said to be induced
by S and denoted by G[S].[2]

The concept of domination was first stud-
ied by Ore [6] and C. Berge [3]. A set D SVis
said to be a dominating set of G if every ver-
tex in V -D is adjacent to some vertex in D.
The cardinality of a minimum dominating set
D is called the domination number of G and is
denoted byy(G).The first one was given inde-
pendently by Y. Caro and V. Wei [2].An inde-
pendent set or stable set is a set of vertices in a
graph G, where no two of which are adjacent.
An independence number denoted by B(G) of
a graph Gis the cardinality of a maximum in-

dependent set of G.

1.1. Definition, [4] (Complete

z-ary trees)

AtreeT is a connected graph with no cycles.
In a tree, a vertex of degree one is referred to
as a pendant (leaf) and a vertex which is ad-
jacent to a pendant is a support vertex. A tree
is called a rooted tree if one vertex has been

designated the root.

In a rooted tree, the parent of a vertex is the

vertex connected to it on the path to the root;

every vertex except the root has a unique par-

ent. A child of a vertex v 1s a vertex of which

v is the parent. In a rooted tree, the depth r is

the longest length of a path from the root to

a vertex v.An internal vertex in a rooted tree

is any vertex that has at least one child. A z-

ary tree,z > 2 is a rooted tree in which every

vertex has z or fewer children. A complete

z-ary tree(T_, ) isa z-ary tree in which every

internal vertex has exactly z children and all

pendant vertices have the same depth.

K

N

~

\

/

Fig. (1): 1: T ,

1.2. Definition [1] (Jahangir graph)

For n and m; m > 3 and n > 2 the Jahangir

graphJ s a graph ofnm + 1 vertices consist-

ing of a cycle C__with one additional central

vertex which is adjacent to certain m vertices

of Cnm where these vertices at distance n in or-

der (sequence) onC . Consider v, be the center

vertex of J . and v, be one vertex in Cnm which

is adjacent tov,, and v ,v,,v,,...,v__are the oth-

er vertices that incident clockwise in C, .
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In this section, we take v is the first vertex

adjacent to the center v, (see Figure 2) forJ,,.

~

/

Fig. 2):J,,
Here, we introduce the concept of co-in-

dependent domination in graphs. The co-inde-
pendent domination number for some graphs

are determined.

The reader is referred to [5] for survey or
results on domination. Any notion or defini-
tion of graph which is not found here could be
found in [4].

2. Co-independent dominating and

inverse co-independent dominating
sets

In this section new definitions of domina-

tion number are introducedwith some results for

these definitions in some graphs are discussed.

2.1. Definition
A dominating set D €V(Q) is a co-inde-
pendent dominating set in G if the comple-
ment of D is an independence set. The co-in-

dependent domination number of G, denoted
byy_.. (G), is a minimum cardinality over all
co-independent dominating set of G.
2.2. Definition

Let DEV(G) be a minimum cardinal of co-
independent dominating set in graphG. If V-D
contains co-independent dominating set in G,
then this set is called an inverse set of D in G
and denoted by D'. The symboly_"'(G)refers
to the minimum cardinality over all inverse

co-independent dominating set in G.

2.3. Proposition
Dy, (P, )=In2].

2)y,, (C )=[n/2].

3)y,, (K )=n-1.

4y, (S, =L

5) v (K, ,)=min{n,mj}.

For a complete z-ary tree G=T_(c,z,r) with

n vertices, have the following co -indepen-

dence domination number:

2.4. Theorem
Zr+1<1_z—2([%1j+1)>

z2-1

Yeoi(G) =

Proof. -
Consider D¢0¢ =UllzJ whereDi 1s the set of
all vertices with depth

r-1-21inT__ , and
(WA
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E={v:vis avertex of depthr-2i,r-1-2i and
r-2-21 inG },1=0,1,...,|(r-1)/2]. It is clear that
D, is the minimum dominating and E -D, is an
independent set in G[E, ]. Also D, is the mini-
 Jand E_1-D_1
is an independent set in G[E, ] and so on....

mum dominating set in G[E

Thus D! is the co- independent dominating
set in G With|Dcoi| = le?oll zr—1-2i Let’s
consider that there is a set F of vertices such
that|F|<|D¢||, F is not co-independent dominat-
ing set in G, since V-F is not an independent
set (it contains at least two adjacent vertices).

— r—1 zT+1 1_2_2(1%1J+1)
Thus ’Ycoi (G) Z!gj ZT—1-2i — ( g ) ) O
2.5. Theorem
) zr+2(1—z_2(lgl+1))
Yeoir (G) = 221 .
Proof.

Consider(DCOi)_1 =Ullr=TollDi, whereD, is
the set of all vertices with depth r-21inT_, and
E={v:vis avertex of depthr+1-2i,r-2i and
r-1-211nT_, },i=0,1,...,[r/2]. E={v:v is a ver-
tex of depthrandr-1in T, }.Itis clearthat D
is the minimum co-independent set in G[E ].
As same the manner in the previous theorem
(D)1 is the minimum dominating set in G
where, (D©)'C V - D°°l"r.J (a0
Thus Veoi *(Tezr) = 22,2 7% = ———
We note that if r=0(mod 2), then E
{vivis a vertex of depths 1 or 0}. o

[(r-1)/4] -

For Jahangir J (n,m) with n>3,we have the
following co- independence domination num-
ber:

2.6. Theorem
veor Unm) = 5]+ [5] - [3]

Proof.

ConsiderD = {130 = 0,1,..., || - 1}, then
we have two cases as follows.

(1) If n 1s odd, then D is the minimum
dominating set and the set of vertices V-D is
not independent setin J . since v, is adjacent
to some vertices in V-D. For this reason we
add v to D. Therefore DU{v} is adominating
setinJ . and V-(DU{v }) is independent set
inJ . theny  (J )< [DU{v}=[mn2]+1.If
there is a set F of vertices;|F|<|mn/2]+1, then
Fis not co- independent dominating set, since
G[V-F]contains at least two adjacent verti-
ces. Thus DU{v } isminimum co-indepen-
dent dominating set in J . and we have y_;
(J, )= (mn/2[+1.

(11) If n is even, then D is minimum domi-
nating set such that the set of vertices

V-D is independent setin J . since Dhas
no vertex adjacent tov, theny_, (J )<|mn/2].
Again if F is a set of vertices;|F|<|D|, then Fis
not co- independent dominating set, since
G[V-F] contains at least two adjacent vertices.
Thus D is minimum co-independence domi-
(J, y=mn/2.

We combine the formulas in (i) and (i1) as

nating set, and y

coi

one formula for any n, we get

Yeor Unm) = 5] + 5| =[5}

2.7. Theorem

There is no inverse co-independent dom-
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inating set in J (n,m).

Proof.

Consider (D*! )'=V-D*!, where D is a
minimum co-independent dominating set in
J . there are two cases which depend on n as
follows.

(1) If n 1s even there is no any vertex in
(D' )! dominate the vertex v, . Thus there is
no any dominating set in J~™ such that the ver-
tices of (D )'contains in V-D,

(i1) If n is odd then(D*)!is not co-inde-
pendence dominating set since V-D not

independent (there are some vertices ad-
jacent to v) and we cannot include v, to the
set(D*')" since v,€D*'. Thus there is no any
dominating set in J such that the vertices of
(D« )! contains in V-D!, O
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Abstract

Tumor protein (53) P53 is a member of family of proteins responsible for many
processes such as preventing cancer by controlling cell cycle, programmed cell death
(apoptosis), stress response, DNA repair and gene expression. It’s found that p53 have
many codons that may be subjected to mutation by many factors and these mutation
may lead to cancers in many systems of human body.One of most important sites of
mutation responsible for cancer development is codon (72) because it located on exon
(4).Codon (72) has three polymorphisms which are R/R, R/P and P/P according to argi-
nine substitution with proline in the proline’s rich area.The present study aimsto study
the distribution of codon (72)polymorphisms in Kerbala population and impact of many
risk factors such as smoking, diseases with genetic extension such as diabetes mellitus
and hypertension in addition to another factor such as age, residency, academic achieve-
ment and gender on polymorphism of codon (72) of p53.0Our study showed there is only
two types of codon (72) polymorphisms has been found in our cases, which are R/R
and R/P, P/P alleles not found in studied population. The results also revealed that no
strong association between one type on codon (72) polymorphisms and the studied risk
factors, such as smoking, diseases with genetic causation (such as diabetes mellitus
and hypertension) and other factor such as age, residency, academic achievement that
we are study. The correlation coefficients (r) were as the following; the smoking status/
polymorphism (r=0.07141);education /polymorphism (r=0.10955); age /polymorphism
correlation (r=-0.0636); and gender /polymorphism (r=0.1).

Keywords
P53, codon (72) polymorphisms and mutations.
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1. Introduction

The relationship between smoking and
cancer firstly noted by the German physician
Fritz Linkint in (1929) he found linke be-
tween lung cancer and smoking [1]. This re-
lationship had been studied from many sides
to discover a possible mechanisms by which
smoking may cause cancer and these studies
demonstrated two theories. The first theory
is the poisons found in cigarette smoke may
weaken body immune system, making it hard
to kill spontaneously generated cancer cell.
When this happen cancer cell keep uncon-
trolled growing without being stopped|2].

Thesecond theory, is the poison in tobacco
smoke may damage or change DNA of cell.
More specifically tobacco smoke is the main
cause of P53 gene (tumor protein 53) muta-
tion, which is an important gene responsible
of preventing cancer cell evolving through
cell cycle arrest [3].

According to the second theory the rela-
tionship between smoking and cancer has
been developed to include several parts of
body in addition to lung such as the tongue,
mouth, throat, nose, nasal sinus, voice box,
esophagus pancreas, stomach, liver, kidney,
bladder, ureter, bowel, cervix, ovary, and bone
marrow[4].

The aim of current study is to find the dis-
tribution of particular mutation in P53 gene
in smokers in comparison with non-smokers
population of Kerbala city, using molecular
techniques. Furthermore, the present study

aims to find out how these mutations are af-

fected by many factors such as smoking sta-
tus, gender, some disease, nationality and

many other factors.

2. Materials and Methods

One hundred and thirtythree healthy
peoples,collected from Al-Husain medical
city and from the College of Pharmacy —Ker-
balaUniversity. Bloodsamples have been col-
lected from both smokers and non-smokers.
The Kerbala city divided to three parts in-
cluding city center, Jazeera and Hydraya in
addition to Alhusynea and outside Kerbala.A
full questionnaires were obtained from each
participants, the questionnaires contains ques-
tions aboutage, sex, present smoking, for-
merly smoking, residency, diseases, national-
ity and academic achievement.Whole bloods
DNA were extracted using automated method
described by Bioneer Company usingExipro-
gen Kkit.

Polymerase Chain Reaction of P53 Co-
don (72)Polymorphism done to detect the
presence of codon (72)polymorphisms in the
blood samples.Amplification reaction mixture
and agarose gel electrophoresis done as dem-
onstrated byNishino et al., (2014)[5].Agarose
gel was prepared by dissolving (1.5) g of aga-
rose powder in (100) ml of (1x) TBE buffer
(pH 8) in boiling water bath.

The statistical analysis of the obtained data
was analyzed with Excel software (2010) to
calculat the correlation of studied factors with
pS3 genotypes.

AL-Bahir Quarterly Adjudicated Journal for Natural and Engineering Research and Studies




Hassan Mahmood Mousa Abo Almaali

Vol. 5, No. 9 and 10 P. (81-90)E, 2017

3. Results

The results of current investigation con-

cerning association between p53 codon (72)

allelic polymorphism and risk factors are ex-

plained in the following Tables. TheseTables
share same result for homozygous P/P allele
which was zero in all cases of the present
study.

Table (1): Distribution of P53 codon (72)allelic polymorphism according to smoking status

smoking status RR n(%) RP n(%) PP n(%) Total
Smokers 47 (41.96) 7(33.3) 0 54
Non smokers 53(47.3) 12(57.1) 0 65
Former smokers 12(10.7) 2(9.5) 0 14
Total 112 (100) 21 (100) 0(100) 133 (100)

Table(1) shows that smoking status has no spectively while in non-smoker the result was
significant association with codon (72)poly- (47.3%). The R/P alleles results was (33.3%)
morphisms, so that R/R alleles was (41.9%) and (9.5%) in smoker and former smoker respec-

and (10.7%) in smoker and former smoker re- tively and the result in non-smoker was (57.1%).

Table (2): Distribution of P53 codon (72)allelic polymorphism according to gender

Gender RR n(%) RP n(%) PP n(%) Total
Male 70(62.5) 9(42.8) 0 79

Female 42(37.5) 12(57.1) 0 54
Total 112 (100) 21 (100) 0(100) (100) 133

Table(2)presented the association between for males and females respectively and the re-

codon (72)alleles and gender which explained sults of R/P alleles (42.8%) and (57.1%) for

that results of R/R alleles (62.5%) and (37.5%) males and females respectively.

Table (3): Distribution of P53 codon (72)allelic polymorphism according to job

Job (%)RR n (%)RP n (%)PP n Total
Master degree (5.3)6 (9.5)2 0 8
Housewife (26.7)30 (33.3)7 0 37
Student (5.3)6 (19)4 0 10
Helpless (1.7)2 (0)0 0 2
Unemployed (17.8)20 (9.5)2 0 22
Worker (3.5)4 (0)0 0 4
Wage earner (16.9)19 (14.2)3 0 22
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Office job (22.3)25

(14.2)3 0 28

Total (100) 112

(100) 21 (100)0 (100) 133

To show the effect of job on co-
don (72)alleles,Table(3) give a clear pic-
ture about this effect. The R/R alleles re-
sults  was  (5.3%),(26.7%),(5.3%),(1.7%),
(17.8%),(3.5%),(16.9%) and (22.3%) for mas-

ter, housewife, student, helpless, unemployed,
worker, wage earner and office job respective-
ly while the results of R/P alleles were (9.5
%),(33.3%),(19%),(0%),(9.5%),(14.2%) and
(14.2%) by same arrangement above.

Table (4): Distribution of P53 codon (72)allelic polymorphism according to residency

Residency (%)RR n (%)RP n (%)PPn Total
City center (14)16 (14)3 0 19
Jazeera (34)38 (38)8 0 46
Hydarya (30)34 (24)5 0 39
Alhusynea (1719 (19)4 0 23
Outside kerbala (4)5 5)1 0 6
Total (100) 112 (100) 21 (100)0 (100) 133

The geographic distribution impact on codon
(72)polymorphisms was explained by Table(4)
and where Kerbala city divided to three parts city
center, Jazeera and Hydarya in addition to Alhusy-

nea and outside Kerbala. The R/R alleles results
were (14%), (34%), (30%), (17%) and (4%) re-
spectively while the results of R/P alleles (14%),
(38%), (24%), (19%) and (5%) respectively.

Table(5): Distribution of P53 codon (72)allelic polymorphism according to disease status

Disease status (%)RR n (%)RP n (%)PP n Total
No disease (59.8)67 (80.9)17 0 84
Diabetes mellitus (6.25)7 (0)0 0 7
Hypertension (24.1)27 (14.2)3 0 30
Diabetes mellitus and hypertension (9.9)11 4.1 0 12
Total (100)112 (100)21 (100)0 (100)133

Some chronic diseases association with
codon(72)polymorphism in comparison with
healthy status was explained by this Table and
Fig. and the results of R/R alleles were (59.8%)
for healthy person and (6.25%), (24.1) and (9.8%)

for diabetes mellitus, hypertension and for dia-
betes mellitus and hypertension respectively
while the results forR/P alleles were (80.9%) for
healthy person and (0%),(14.2%) and (4.7%) re-

spectively according to above arrangement.
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Table(6): Distribution of P53 codon (72)allelic polymorphism according to age

Age (%)RR n (%)RP n (%)PP n Total
<years 15 (4.4%)5 (4.7%)1 0 6
years 16-30 (34.8%)39 (28.5%)6 0 45
years 31-50 (36.6%)41 (52.3%)11 0 52
years 51-80 (24%)27 (14.2%)3 0 30

Total 112 21 (100)0 133

(72)polymorphism shown in Table (5) and Fig.
. (1), the population classified into four groups of
age and the results were as the following the R/R
alleles (4.4%), (34.6%), (38.8%) and (24%) for
RIR (15) years, (16-30) years, (31-50) years and (50-
- 80) respectively while the results for R/P alleles
Fig. (1): Distribution of P53 codon (72)allelic poly- \ya5 as following (4.7%), (28.5%), (52.3%) and

morphism according to age. (14.2%) for (15) years, (16-30) years, (31-50)

years and (50-80) respectively.

The association between the age and codon

Table(7):distribution of P53 allelic polymorphism according to tobacco consumption

Tobacco consumption RR n(%) RP n(%) PP n(%) Total
Non smokers 66(58.9%) 11(52%) 0 77
Heavy smokers 19(16.9%) 4(19%) 0 23
Very heavy smokers 27(24%) 6(28%) 0(100) 33
Total 112 21 133
0 RIP (24%) for non-smokers, heavy smoker and
: e I\ very heavy smokers respectively,the results
zz for R/P alleles were (52%),(19%) and (28%)
1 Bl for similar arrangement above.

Fig. (2): Distribution of P53 codon (72)allelic poly- \;L‘—\—;

morphism according to tobacco consumption

By the Table (2) and Fig. (2) the relation- 5‘:’5%aéé‘m’iﬁifffif“”HH*’”
ship between the tobacco consumption and _
codon (72)alleles resulted with R/R alleles
were as the following (58.9%), (16.9%) and

Fig.(3): Distribution of P53 codon (72)allelic poly-
morphism according to education
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Table(8): Correlation coeffi-
cient of several studies risk factors
with allelic polymorphism of p53 codon (72)

Risk factors Correlation coefficient
Tobacco consumption -0.0549
Education 0.10955
Age -0.0636
Smoking status 0.07141
Gender 0.14585

4. Discussion

The p53 protein has many fields to show
its roles in apoptosis, cell cycle regulation,
stress response, DNA repair and gene expres-
sion [6]. A three polymorphisms of codon
(72)have been found around the world which
are Arginine/Arginine, Arginine/Proline and
Proline/proline the later one have small per-
centage when compared with the two former
polymorphisms.This polymorphism resulted
from the substitution of amino acid arginine
to proline in the proline rich area of p53 [7].

In addition, Iranian researcher tried to find
out the association between stomach can-
cer and codon (72)polymorphism and they
showed that the distribution of P/P polymor-
phism is less than of distribution of R/R and
R/P polymorphism their results was (10%)
for P/P, (36%) for R/P and (54%) for R/R[8].

Furthermore, the fact of low distribution of
Pro/Pro polymorphism also demonstrated by
Japanese study tried to bond pancreatic cancer
with codon (72)polymorphisms, where the re-
sults showed only (3%) of cases studies is P/P
alleles in (446) cases (7). The differences of

distribution in polymorphism may be caused
by ethnic extension [9].

However, the current investigation dem-
onstrated that the percentage of P/P alleles is
zero the reason behind this result may be the
number of cases under the study is relatively
small (133 cases) when compared with other
studies around the world. Other researchers
demonstrated results differ from current study,
where the percentage of P/P alleles high such
as [10], the result was (41%) from (142) cases.
In addition, the results of current investigation
showed weak association between codon (72)
polymorphisms and studied variables such as
age, gender, smoking, tobacco consumption,
residency and diseases.

In addition, the result of correlation be-
tween smoking and non-smoking with co-
don (72)polymorphism were explained by
Table (1), from this Table it is obvious that
the distribution of codon (72)polymorphism
between smokers and non-smoker is random
and there is no strong association between
one type of polymorphisms and smoking sta-
tus these results have been confirmed by other
studies around the world such as [7], the re-
sults refer to randomly distribution of codon
(72)polymorphism between control cases , a
similar results have been noted by Indian re-
searches [11].

In other hand, the association between co-
don (72)polymorphisms and gender showed
by Table (2), two types of polymorphism are
distributed randomly between males and fe-

males these results have been confirmed by
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many studies around world such as [12]. In
Table (3) the impact of life style throughout
job on codon (72)polymorphisms were ex-
plained, no one type of job have a strong rela-
tionship with one type of polymorphisms, this
relationship have not been studies by other
researchers so there is no result can be com-
pared with current study. By investigation the
residency of cases to find out the relationship
between social life impact on distribution of
codon (72)polymorphisms so the Kerbala city
divided to three parts including city center,
Jazeera and Hydraya in addition to Alhusy-
nea and outside Kerbala. And afew number
of cases from outside Kerbala and most of
the cases was from city so this reflect on re-
sults in Table (4) which shows the association
between residency and codon (72)polymor-
phism, many studies tried to find out the as-
sociation between geographic distribution and
codon (72)polymorphisms such as [13] the
geographic distribution linked to some type of
codon (72)polymorphism attributed to ethnic
differences. These results confirmed the result
of current study that lead to absence of P/P
polymorphism because it done on small scale
included only the people they lives at Kerbala
city where, most of the samples taken belong
to same ethnic groups.

The results inTable (5) which shows the as-
sociation between some chronic disease such
as diabetes mellitus, hypertension and distri-
bution of codon (72)polymorphisms in com-
parison with healthy individual, because most
cases studied by current study was healthy in-

dividual so that the results referred to that there
1s no strong association between codon (72)
polymorphism and disease status, the results
from other studies such as relationship of co-
don (72)polymorphisms with change in blood
pressure by Reilinget al., (2012) [14], shows
that P/P polymorphism have a good relation-
ship with high blood pressure while there is
no significant correlation between blood pres-
sure and R/R or R/P polymorphisms. The
correlation between diabetes mellitus and co-
don (72)polymorphism have been studies by
many researchers [ 15], when they tried to find
out a role of p53 codon (72)polymorphism
in the susceptibility to type (2) diabetes in
overweight subjects. A study in patients with
cardiovascular diseases the referred to good
correlation between diabetes with R/R poly-
morphism while no significant correlation
with P/P or R/Rpolymorphism while there is
different results similar to current study have
done by (16), when they studies the correlation
between coronary artery disease and diabetes
with codon (72)polymorphisms these study
shows no significant correlation between any
polymorphism and diseases.

In addition, Fig. (3) shows the relation-
ship between the codon (72)polymorphisms
and education because most cases of current
investigation have low level of education so
the results showed deviation of two type of
polymorphism toward this side of chart and
no one of education level have significant
correlation with any one of polymorphisms.

And this variable has not been investigat-
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ed by other researchers yet to compare with
Kerbalapopulationys results.

In other hand the association between the
codon (72)polymorphisms and age explained
by Table (6), the results shows randomly
distribution of polymorphism and no one of
polymorphism have strong correlation specif-
ic age group and such results have been con-
firmed by other researchers around the world
[12,15].

Table (7) shows the relationship between
the codon (72)polymorphism and tobacco
consumption and the results shows a ran-
dom distribution codon (72)polymorphism
between nonsmoker, heavy smoker and very
heavy smokers these results have been con-
firmed by other studies around the world such
as 7, 11].

In Conclusion, according to current study
results its concluded that P53 codon (72)
polymorphismsdistributed randomly accord-
ing to studied risk factors.And the P53 pro-
line/prolineallele)s ratio in Kerabla popula-
tion is low as several other parts of worlds.It is
not likely that P53 codon (72)polymorphisms
participate directly in studies diseases in-
cluding (diabetes mellitus and hypertension).
Itysrecommended to study the association of
other polymorphisms in P53 with current risk
factors and diseases.
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