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ABSTRACT
Lお 雫 l kn9叩 ぬ江eXpo,u"Ofhuman proteh to the ultra宙 det radiatbn κsu■ed
ih denlmⅢi6五.Few data explore the importance of the production of non
ettatic nitric Oxide■ onl endogenous sourceso This study is aiFned tO explore the

efFect of ultraViOlet radiation,monochЮ matic Hght and day Hght on thc produclon
ofnon―enzymatic nitric oxide■ om isolated seruin protein ofpatients with end stage

renal failure.「「 he sera protein of 12 patients with end stage renal failure wcre

isolated by prccipitation mcthods and exposcd to UVA(365 nm),UVC(254 nm),

monochЮ matic light(sOdium iamp;589。 3 nm)or Sun light for 2hours.Nitrogen
species in tellll of nitric oxide and pcroxynitritc were dctclulined in paticnts scra,

and in the protein aliquots before and aner irradiation.Production of nOn― cnzymatic
nitric oxide was signiflcantly obseⅣ cd in protcin aliquot exposed to UVA

(1586±763.8 μmol), mOnOchromatic light(1047.7±397.7 μmol)and uvc
(919.3± 794.6)comparcd to that cxposed to thc sun light(687.7■ 531.4 μmol). It
concludes that ultraviolct radiation or rnonochromatic lighting are g00d stimulator

ofnitric oxidc production frOm isolatcd scra protein of paticnts with cnd‐stagc rcnal

failureo Such effect rnay producc halHlful as weH as beneflcial cffcct.

Kcy words:Nitric o対 de.Serum protcin,Renal failurc
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Radiation Stimulates Nitric oxide Release liom Isolated protein ofpatients with End stage Renal
Failure: In vitro study 

Marwan s, sabah, and Mustafa

In biological conrext, ,nflIl3o',"Y,,3J'"3il,,, a special mention in
terms of their impact on life I I ]. Ultraviolet light (UV) is
electromagnetic radiation with a wavelength shorter than visible light,
but longer than soft X-rays. Exposure ofproteins and polypeptidei to
ultraviolet radiation below 240 nm (UVC) produces peptide il"urruge
which may or may not be observable changes in conformation aid
optical rotary dispersion properties depending on the experimental
conditions. The changes produce by irradiation of solid bovine serum
albumin containing 5Yo water were influenced by the presence of
oxygen. Ultraviolet radiant energy has been known for decades to
produce denaturation of proteins either in solution or in the dry state
with the formation of secondary protein derivatives. Relative oxidation
of specific proteins concomitantly occurs in UVB-irradiated human
epithelial keratinocytes [2]. Uremic patients were exposed to UV
radiation in several situation. During hemodialysis treatment, patients
were exposed to UV radiation when the continuous on-line
hemodialysis measurements is monitored by the optical dialysis
adequacy sensor using wavelength 280 nm [3]. In one stuOy, UV lamps
were inserted in a complex reverse osmosis water distribution circuit io
lower the bacterial and endotoxin content [4]. Such treatment kept the
bacterial count below one colony forming unit per millilitei and
endotoxin level below 0.125 endotoxin unit [5]. And ultraviolet-based
therapy (UVB) has been used to treat pruritus in chronic renal failure
[6,7]. The phototherapy was started with narrowband UVB at 400
mllcm' and increased to 1500 ml/cmz for 2-3 times per week [g].
UVA radiation from 0.5 Jlcm2 to l0 J/cm2 also improved tire intensity oi
pruritis in patients with chronic renal insufficiency [9]. patients with
nephrogenic systemic fibrosis (skin sclerosis) associated with end-satge
renal failure treated with UV-AI phototherapy, when the kidnJy
transplantation is not an option or is delayed, showed substantial
improvement [0].
fh_Ls study is aimed to explore the effect of ultraviolet (WA and UVC)
radiation, monochromatic light (sodium lamp) and day (sun) light on the
production of non-enrymatic nitric oxide from isolated serum protein of
patients with end stage renal failure.

MATEzuALS AND METHODS
This study was done in Department of Chemistry, College of Science,
Baghdad University and Department pharmacology, College of
Medicine , Al-Mustansiriya University in cooperation with Dialysis
Unit at Al-Yarmouk Teaching Hospital in Baghdad, Iraq from January
to June 2009. The study protocol was approved by the Scientific
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committee of the college of Medicine, Al-Mustansiriya University. An
informed consent form to participate in the study was obtained from
patients or their peroxy. The criteria of inclusion were that patients had
established chronic renal failure of whatever cause referred to peritoneal
dialysis because of symptomatic renal failure, and estimated creatinine
clearance ("c".) is < l5 mllmin. A total number of 12 patients (2 males
and l0 females) their median age was 67.3 years were enrolled in the
study. venous blood was obtained from each patient and subdivided
into two samples, the first for determination of serum creatinine, serum
nitric oxide, serum peroxynitrite and the second sample for isolation the
protein by precipitation method. In this study, a commonly used
surrogate marker for actual creatiinine clearance is the Cockcroft-Gault
formula which calculate an estimated creatinine clearance [.C.,] which
in turn estimates glomerular filtration rate [l l,l2l

(140-age) x mass (kg) x constant
eCcr=

serum creatinine (pmol/L)
when constant is 1.23 for men and 1.04 for women
Determination of serum peroxynitrite
Peroxynitrite mediated nitration of phenol was measured (an index of
oNoo- release) as described by Beckman et al [13] cited vanuffelen et
al [1a]. Briefly, 50 pL was added to 5mM phenol in 50 mM sodium
phosphate buffer pH7.4 in a final volume of 3 mL. After incubation for
2 hours at 37"C,50 pL of 0.1 M sodium hydroxide was added, and the
absorbance at 412 nm of each sample was immediately recorded. The
yield of nitrophenol was calculated from e : 4400 M'r.cml. All
experiments were performed in duplicate.

Determination of serum nitric oxide
Nitric oxide donating activity was determined as described by Newaz et
al [15] utilizing Greiss reagent. Briefly 0.5 mL serum was added to 50
pL HCI (6.5M) and 50 pL sulfunalic acid (37.5 mM). After incubation
for 10 min, 50 pL naphthylethylenediamine dihydrochloride (12.5 mM)
was added and incubated for further 30 min, centrifuged for l0 min at
10009. The reference nitric oxide donating compound was lithium
nitrite. The absorbance at 540 nm was immediately recorded. All
experiments were performed in duplicate.

Isolation and determination of serum protein
Serum protein was precipitated with 0.15 M trichloracetic acid (l: 12

viv), and then centrifuged at 3000 rpm for 5 minutes. Then chloroform
(5 volumes) was added, vigorous shaking, and centrifuged at 10000 rpm
for l0 minutes. The supernatant was discarded, then the precipitate
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Radiation Stimulates Nitric Oxide Release from Isotated Protein of Patients with End Stage Renal
Failure: In vitro Study 

Marwan S, Sabah, and Mustafa

allowed to dry and frozen at -20oC until use. The procedure of Bradford
method [16] was used to determine the concentration of protein before
and after exposure the aliquot of serum protein to the light
Exposure of dried serum protein to the light
A final concentration of precipitated protein 100 pglml was prepared
by dissolving the dried protein in distilled water. A total volume of each
sample 3 mL was exposed either to UVC (254 nm), uvA (365 nm)
(Model c-65 chromato-vue cabinet, 2330 v, 50 Hz, g0 A maximum,
uvP, Inc, U.K.), sodium lamp (a monochromatically light averaging at
589.3 nm wavelength) or sun-light for 2 hours. The source of light was
4.5 cm far away from the upper surface and 15 cm far away from the
bottom of test tube.
The effect of light on the protein is determined in percent of protein
concentration recovery according to the following equation:

Protein concentration after light exposure
Protein recovery (%o) = X100

Protein concentration before light exposure

Statistical analysis
The results are expressed as absolute number and whenever possible as
mean + sD. The data arc analyzed using sfudent's paired "t" test, two
tailed takingp < 0.05 as the lowest limit of significance.

RESULTS AND DISCUSSION
Table I shows the characteristics of the patients. Hypertension is the
major cause of chronic renal failure followed by diabeies mellitus. The
median duration of illness was 4 years and 7 out of 12 patients had high
blood pressure. The median creatinine clearance was 10.2 ml/min
indicated that the patients in the end stage of renal failure.
Table 2 shows that the effect of sun light on the protein aliquot is
negligible since the percent of recovery of protein concentration is
98.36%. Sodium lamp light is significantly reduced the concentration of
protein compared to the sun light or UVA and uvc. There is no
significant difference between the effect of uvA and uvc on the
protein concentration. The generation of peroxynitrite as a result of
exposed protein aliquot to light is observed in limited number of
patients (Table 3). The highest value was 2.5 pmol after lighting with
sodium lamp. On the other hand higher concentration of nitiic o*id. i,
released in the protein aliquot after righting that reached to significant
higher level after UVA radiation compared with UVC radLtion or
Iighting with sodium lamp or the nature light of sun (Table 4). The
detected levels of nitrogen species after lighting of protein aliquot are
completely differed from correspond serum nitrogen-species (raute s).
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Higher levels of serum peroxynitrite and lower serum levels of nitric
oxide compared with corresponding values in protein aliquot is
observed.
This study shows the effect of radiation is extended beyond the
denaturation of protein to stimulate the release of nitric oxide which
significantly observed with UVC, monochromatic light, and UVA
compared with solar light.
The significant release of nitric oxide from isolated protein after
exposure to the radiation may involve to increase the serum nitric oxide
level which is decreased in patients with renal failure as demonstrated in
this study [7]. And the vasodilatation effect of nitric oxide could
explain the exacerbation of pruritis after exposure to the UVA or UVC
I I 8] . The results of this study confirmed the previous studies that
showed exposure of biological elements to the UVA and UVC is
associated with release of nitric oxide. Suschek et al [19] demonstrated
the significant continuous released of non-enzymatic nitric oxide
production induced by UVA photolysis from endogenous nitric oxide
stores of healthy human skin. Also, UVA illumination (25 Joules /cm2)
significantly elevates the intradermal nitric oxide production from
intracutaneous photolabile nitric oxide derivative which contributed in
lowering systemic blood pressure in healthy subjects [20]. Ultraviolet C
radiation also contributed in release of nitric oxide. Fotiou et al [21]
reported that UVC radiation of rat skin is considered a, u pot"ni
stimulator of nitric oxide release in microvessels. Moreover, it was
reported that the aggregates of denaturated protein stimulates
intracellular production ofnitric oxide[22]. This study adds a new data
that not only w-radiation stimulates the production of nitric oxide but
monochromatic light also contributed in stimulation of non-enzymatic
nitric oxide production. The limitations of the study include small
sample size and to look for the effect of radiation on the enrymatic
nitric oxide production. It concludes that UV radiation or
monochromatic lighting are good stimulator of nitric oxide production
from isolated sera protein ofpatients with end-stage renal failure. Such
effect may produce harmful as well as beneficial effect.
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Radiation Stimulates Nitric Oxide Release from Isolated Protein of Patients with End Stage Renal
Failure: In Vitro Study

Marwan S, Sabah, and Mustafa
Table-l: The characteristics of patients enrolled in the study

Sex

Male                            2

Female                      lo

Age(year)
Mcan tt SD                   60.75± 15.3

Median                      57.5

Causes ofCRF
Hypertenslon                 6
E)iabetes meHitus               4

Polycystic kidney              l

Glomerulonephritis             l

Duration ofCRF

Range(year)        1‐ 9
Median                      4

Systolic BP≧ 140 mmHg(No.) 5
Diasto:ic BP≧ 90 mm Hgoヾo.) 2

Serllm creatininc(μmo1/L)
Mcan tt SD                   601.7± 80.8
Median                        612.6

Creatinine cLaran∝ (mL/min)
Mcan tt SD               ll.81± 5.312
Median                        lo。 2

Table…2:The efFect ofUV radiation,sodium lamp light and sun light on protein

+ p < 0.001 in comparison with day light
tp < 0.001 in comparison with UVC
$ p < 0.01 in comparison with UVA
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Patient's No. WC
(254nm)

UVA
(36511m)

Sodium lamp
lisht (589.3 nm)

Sun light

1 88.56 94.88 86.52 97.68
2 100 90。76 91.28. 98.8
3 96.4 95。24 88.8 99.6
4 98.36 90。52 82.6 99。 12
5 88.72 97.12 89 98.72
6 94 90。 84 87 98。 64
7 91.8 90.76 89。48 98.68
8 90.8 89.92 84 96.24
9 94.72 90.52 93.32 98.76
10 91.08 84.28 83.28 97.88

98.28 91。36 90.84 97.88
12 88.4 88.48 85 98.4

Mcan tt SD 93.42±4.135* 91.22± 3.480* 87.59± 3.419*† § 98.36±0.863
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Table -3: The level of peroxynitrite (pmol) in protein aliquot after exposure to uv
radiation, sodium lamp light and sun light
Patient's No. UVC

(254nln)

UVA
(365 nm)

Sodium lamp light

(589。3nm)
Sun light

1 1.59 0 1.59 2.045
2 0.0 0 2.5 0
3 0.454 0 1.59 0
4 0 0 0 0
く
υ 0 0 0 1.59
6 0 0 0 0
7 0 0 0 0
8 0 0 0 0
9 0 0 0 0
10 0 0 0 0

0 0 0.09 0
12 0 0 1。 136 0

Table-4: The level of nitric oxide (pmol-) in protein aliiquot after exposure to I_IV
radiation. sodi

In comparison with *sun light, ** LJVC, *** sodiurn larnp light

い
　
　
　
　
．“・
　　　　

．

lum and sun
Patient's No. UVC

(254nm)

UVA
(365 nln)

Sodium lamp
light (589.3 nm)

Sun light

1 666 3066 1746 1386
2 3066 1386 1526 486
3 986 1886 886 406
4 1786 1986 766 1226
5 586 2946 706 1066
6 586 1126 606 166
7 526 1386 1246 466
8 466 826 486 186
9 46 626 826 0
10 926 1146 1046 1226

506 1386 1366 246
12 886 1266 1366 1406
Mean tt SD 919。3■794.6 1586±763.8

*(p=0.0003)

**(p=0。05)
***(p=0.03)

1047.7±397.7
*o=0.038)

687.7■531.4
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Radiation Stimulates Nitric Oxide Release from Isolated Protein of Patients with End Stage Renal
Failure: In Vitro Study

Marwan S, Sabah, and Mustafa

Table-S: Serum nitrogen species levels (pmol-) in patients with end stage renal t
failure t

No. of
patients

Serum nitric oxide
(pmoL)

Serum peroxynitrite
(pmoL)

1 0 153

2 0 235
3 0 92

4 0 494
く
υ 0 263
6 0 174

7 300 85.9
8 8.5 212
9 17 02

10 505 30

632 45

12 492 45

Mean tt SD 162.87± 246。52 185。90± 111.808
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ABSTRACT
Scveral new=2-amino-5-Poly styryI-1,3,4-oxadiazoles were prcparcd

from suitable polystyryl(o‐ ,m_,and p‐ )methyl csters,which wcre convcrted to
the corresponding acid hydrazide by their reaction with hydrazinc hydratc in the

prcsencc of bЮmo cyanogen o Thrcc novel of 2‐ amino-5-polystyryl… 1,3,4‐

thiadiazole wcrc alsO synthosized by one step mcthod through cOndcnsation of

polysサvl(o,m,and p)methyl esters and thiosemicarbazide in the prcscence of
concentrated sullbric acid.All thc new synthcsizcd polymcrs were charactcrized by

their so魚〕ning point,and spectral(IR,UV,H‐ NMR and elemental analysis)
means.

INTRODUCTION
During this research , some chemical modifications have been done on
linear poly (styryl methyl ester). obviously , chemically modified
polymers have new different

chemical and physical properties compared with that before
modification(l). Oxadiazotei , ihiadiazole und th.ir derivatives were
prepared recently(2-3) because of their biological activity (4) 

as
antibacterial ag_ent, antifungal , anti-inflamntory agent 

(5'6) 
,

antimicrobial (') , antithyroid , controlling blood pressure (8) , basic
disperse dyses te'tol un; polyimides (rr) I poty*.is modify grafting
oxadiazoles or thiadiazole are rare in organic chemistry may be because
of their side reaction or difficult in solubility, so that the present work
was the synthesis of some new poly (styrenyl ) containing 1,3,4-
oxadiazoles and 1,3,4- thiadiazoles were reported .
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MATERIAL. AND METH.DS 
Nabeel

Melting points were measured using ( Thomas Hoover ) model 6427 -
Fio capillary melting point apparatus and were uncorrected .

Infrared spectra were recorded on perkin Elmer l37A infrared
spectrophotometer in KBr disc . UV- Visible Absorbance measurements
were recorded on a cintra 5 LJV-Visb. . spectrophotometer the H-NMR
spectra recored on varian A 80MHZ NMR-spectrometer , Deuterated
dimethyl sulfoxide solution was used as internal solvent . elemental
were performed by the college of science, university of Mosul (1999)
.Canon - Vensk viscometer (DMSO solvent) .

synthesis of ( ortho or meta or para ) poly ( L styroyl) hydrazides (l)
A mixture of ortho or meta or para poly (styryl methyl) esters (structural
unit) ( 8.10 g,0.05 mole ) and hydrazine hydrate ( 5 ml ,0.1 mole were
refluxed 3hrs , ethanol (l5ml) was added and refluxed 6hrs the
precipitate which separated on cooling filtered and washed with cold
methanol , the some physical properties are listed in table (l and 2)

Synthesis of 2-amino -5- ( ortho or meta or para ) styryl _1,314_
oxadiazole.
Amixture of ( ortho or meta or para ) - poly styroyl hydrazide

(structural unit) (1.629, 0.01 mole) and bromocyanogen (6ml)in DMf
was refluxed 5 hrs.
The oily mixture was distilled from excess acetone , cold and poured

on crushed ice, The resulting solid was filtered , dried and recrystallized
from ethanol , to give the above oxadiazole . Table (3 and 4 )iists their
physical properties of the products
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Table -l: %o conversion , softening points , intrinsic viscosities and IR( in kBr
disk ) cm-l of poly ( o or m or para styroyl hydrazide ) in DMSOd 6

Table-2: Elemental analysis, UV. in nm and H-NMR in DMSO-d6 PPM of poly ( o
or m or para styroyl hydrazide )

Comp.no Position 7o converSion S.Pυ c n dl.Я IR cm

1 ortho 71 231-237 0.59

3375,asy,3350,sym.

(υNH2,dOub:et)

3341(υNH,Singlet

;3025(υ CH arOmatic)

;2931(υ CH,CH2)
;2891(υ CH,CH)
1685(υ c=o)

:1610,1590(υ c― c)arom.

2 meta 78 244-249 0.63

3367,asy.3355,sym(DNH2

,doublct)

;3026(υ CH,arOmatic)

;2931(υ CH,CH)
;1690(υ C=0)
;1609,1595(υC=C)arOm.

para 255‐263 0.69

3376 asy.3361sym(DNH2,
doublet)

;3029(じ CH,arOmatic);2950

(じCH,CH2);2898(oCH,CH
);1698(υ CO)
:1610.1595(υ C=C)arom.

ｍ　ｍ

Ｃ

Position 6‐CH2‐ c‐CH‐ 6NH2 6NH ●C6H4
Structural
formula

CgHrN:O
Ca1/fou %C %H %N

UV(nm)
Maxl
Al
Max2
A2

1

198

(2H,d)

397
(lH,m)

833

(2H,S)

938
(lH,S)

735‐751

(4H,m)
Ｃａ
ｈ

“

０９

617
600

1728
1698

1

2222
313

0578

2
193

(2H● )

384

(lH,m)
813

(2H,S)

931

(lH,S)

743‐759
(4H,m)

Found 6631 1700

257
2736
3185
0675

3 p
191

(2H,d)

379
(lH,m)

806
(2H,s)

911
(lH,S)

729-744

(4H,dd)
P Found 6639 612 17

261

20736

3218
0779
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Table -3:Molecular formulae, c H N analysis and solubility of the new polymers

ら

´

Note: Abbreriation (s)soluble (ins)insoluble
(sh) Soluble hot, (ps) partial soluble
(Psh) partcal Soluble hot .

Table4: IR (KBr disk ) cm-l absorption , softening points and o/oconversion of the
l

Note: Crystallization solvent is ethanol in allcompounds .

ｍ　ｍ

Ｃ
Position

X
Mo:ecular

Fon■ ula for

structtlra!unit

Elemental analysis
Calc / Found Solub‖ ity

%C %H %N Ｗａｔｅｒ。ｒ̈
ｎｅ
　
　
　

ｎｃ

晦
∝Ｄｉ。ｘａ

Ｄ ＭＦ

∝

Ｄ ＭＳ。

4 ortho 0 CloH,N〕 O 6417
6396

2245
220:

ｎｓ
　
ｎＳ

5 ortho CioH9N3S
59:l
5899

443
4:9

2068
2022

6 nneta 0 CroHgNrO
6417
6402

2245
2216

ｎｓ
　
“

Ｓ
　
ｎＳ

ＰＳ

Ｓ

7 mcta CroHeNrS
5911
5907

443
411

2068
2031

ＰＳ

Ｓ

8 para 0 CloH,N〕 0 6417
64"

2245
2216

ｎｓ
　
厖

ＰＳ

Ｓ

9 para S CloH9N,S
5911
5903

2068
2039

剛
ｓｈ

ncw

ｐｏｍ
　
ｎＯ

Ｃ
Position X 枷“咄

IR absorption
じC‐X‐

C
asym
sym

S.PC
o/o

Conv.

UCH
Aromatic
Aliphatic

uC ----C
Aromatic

υC=
N

じC‐

N
4 Ortho 0 3380

3370
3080
2900.2870

1600

1590

９

５

３

９

６

３

1227

1095

＞

５０３

75

Ortho S ７

０

６

６

３

３

3069
2910,2875

1603

1598

７

５

３

７

６

３

1222

1081

>350 79

6 Meta 0 ２

７

９

７

３

３

3075
2900.2880

1600

1595

５

０

２

３

６

３

1245

1061

>350 80

7 Meta S ２

２

８

７

３

３

3069
2915、2875

1600

1591

０

１

６

３

９

０

２

０

>350 87

8 Para 0 3381
3375

3075
2913,2881

1600

1595

８

０

２

２

６

３

０

５

５

９

２

０

>350

9 Para S ０

７

８

７

3075
2915,2885

1600

1593

３

６

６

３

５

０

４

７

２

０

>350

14
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Note: Crystallization Solvent : Ethanol in all polymers

RESULTS AND DISCUSSION
The substituted polystyrylmultinuclear 1,3,4 - oxadiazoles(l2) and

1,3,4 -thiadiazoles(r3) were synthesized by two different routes .

In the first methods the substituted r,3,4 - oxadiazoles were
synthesized from acid hydrazide by their reaction of the subtituted poly
styrlyl methyl ester and hydrazine hydrated . Substitut ed hydrazide was
treated with bromo cyanogen to give the corresponding 1,3,4-
oxadiazole derivatives . while substituted 1,3,4 - thiadiazole were
synthesized from thiosemicarbazide by their reaction with concentrated
sulfuric acid . Scheme I show a summary of the different reactions used
here to synthesize .

Table-5: Intrinsic viscosities, uv (nm) Absorption and H-NMR in DMSo-d6 of
the new

Comp.no
Position X [■

intldL.g

UV nm
m`axl
λヽ lax2

SHNMR(DMSO )

δNH, δC6H4 δCH2~ δCH
4 ortho 0 0.77 ７

３

２

３

8.87

(2H,S)

7.55-7.65

(4H,m)

2.03

(2H,t)

3.94

(lH,p)

ortho S 0.79 ２

３

8.95

(2H,s)

7.49‐ 7.61

(4H,m)

1.98

(2H.tヽ

3.91

(lH,P)
6 meta 0 0.81 ４

９

６

３

２

３

9.11

(2H,s)

7.76‐ 7.81

(4H.m)
1.83

(2H.tゝ

3.84

(lH、p)

7 Ineta S 0.89 ７

０

６

４

２

３

8.88

(2H,s)

7.81‐ 7.89

(4H,m)

2.00

(2H,t)

3.86

(lH,p)
mara 0 0,93 ９

３

６

４

２

３

9 para S 0.98 ７

１

６

４

２

３
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1*r,"-?*

+ NHz-NHu_HuO 

-'+

)
ふ
″

N-N

.}",,

scheme I : show a summary of the different reactions used heve to synthesize

The IR absorption band were utilized to characterize the specific
structures of substituted polystyroyl acid hydrazide I .The shift of
carbonylester absorption from ( 1745-1754 cm't ) to (16g5 - 1693
cm'l) for carbonyl acid hydrazide polystyroyl and the appearance of a
doublet band at (3350-3361 cm-t) assignable to NH2 otioly styrenoyl
acid hydrazide I . Further more the uv spectra of derivatives polystyroyl
acid by drazide showed absorption at )vmaxl (2sl-26rnm ) (r- r*) ,
and another absorption at Lmax2 ( 313-321 nm ) ( n- ru*) . Elemental
analysis is fit to the structural formula of polystyroyl acid hydrazide I
seeTable( I and2).
The substituted poly styrenyl pendant 1,3,4 oxadiazole (II) or 1,3,4
thiadiazole (III) generally revealed high softening points , intrinsic
viscosities , l.max than the coresponding poly styroyl acid hydrazide
(1) see table (l-5) . The polymer ( II ) and (tII) have higher max than (l)
because high conjugation .
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Further more have different solubility ( I ) is soluble in most common
solvents like acetone , dioxane m benzene , DMF and DMSO but not
solute in water or Ethanol . The IR spectra of ( II ) and (III) showed the
prescence of (- c: N- ) strong absorption (1625-1639 cm-r ) in all
polymers(Il) and(III) (( compon'nd 4-9 ).
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ABSTRACT
This work describes the studies of the optical properties of poly (vinylchloride-co-
vinyl acetate) film (25 pm thickness) in absence and presence of naphthaquinone ,

where we found that the naphthaquinone has major effect on the optical properties.
The optical properties studied by using ultraviolet visible spectra which has been
recorded in the wave length range (300-900) nm .

INTRODUCTION
Polymeric materials have attracted the scientific and technological

researchers, because of their wide applications. This is mainly due to the
lightweight, good mechanical strength, optical properties and makes
them to be multifunctional materials. Moreover, these polymers are
traditionally considered as an excellent host material for composites. In
recent years, the doped polymers have been the subjects of interest for
both theoretical and experimental studies, because of the physical and
chemical properties needed for specific application may be obtained by
adding or doping with some dopant. In order to tailor materials with
improved properties within the doped polymer class, it is necessary to
understand and control the electronic mechanisms involved in the
optical behavior(r). Doping of polymers attracted the scientific and
technological researchers, because of their wide applications. The
dopant in polymer can changes the molecular structure and hence the
microstructural as well as macroscopic properties of that polymer. The
changes in physical properties due to doping process, depend on the
chemical nature of the dopant and the way in which they interact with
the host polymer. Additions of the dopants to a polymer modify the
energy band gap (Eg), which depends on the type and magnitude of the
defect concentration caused by the dopant. Hence, these modifications
give information on the optical, electronic and microstructural behavior
of the polymer. In addition, the change in the optical energy band gap
(Eg) indicates the occurrence of local cross linking within amorphous
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phase of the polymer in such a way as to increase the degree.r".OSrlJ
in these parts. Systematic investigations reported in literature showf
that, many, polymers have two coexistent phases, crystalline and a
morphous(2).
The present work reports on the electronic transfer phenomena
appearing in Poly (vinyl cholride -co- vinyl acetate) film in aisence and
presence naphthaquinone .

The optical absorption coefficient (o) of poly (vinyl chloride_co_vinyl
acetate) frlms is very important because it provides information on the
electronic band structure, the band tail and energy gap (Eg). We
normally determine (Eg) by the following procedures.- Firsi,' after
fabricating poly (vinyl cholride -co- vinyl acetate) film, we transmit
ultraviolet-visible-near infrared (UV-Vis_NIR) light through its
thickness to obtain the absorption spectrum. .^Next, this spectium is
translated onto Tauc's plots which have (ohv)r/2 as the ordinate, and hv
as the abscissa. Finally, we chart the linearity of the plots and fit a
straight line. The value of the intersection between the abscissa hv and
the extension ofthe straight line is defined ur (Eg)(r).

MATERIALS AND METHODS
Film preparations
0.04. gm. of poly vinyl chloride-co-vinyl acetate in (5 ml) of a
dichloromethane solvent with and without naphthaquinon. Cf.fql IO.Z"Zw/w) as photosensitizers are used to prepare polymer nhs (25 pm in
thickness).The films were prepared by casting and evaporation
techniques at room temperature for 2 hr..

The optical properties studied by the ultraviolet visible
spectrophotometer using shimadzo co. to record the absorption spectra
in the wavelength range between (190-1100)nm.

RESULTS AND DISCUSSION
The figures (1) and (2) shows the UV-VIS. of copolymer without and
with naphthaquinone (Ne) respectively , the spectra shows the
absorbance in the wavelength 250-300 nm range foicarbonyl group in
copolymer and absorbance in the wavelength 300-360 nm ringe^for
carbonyl group of naphthaquinone in copolymer.
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Fig-l: the UV-VIS. Of copolymer without naphthaquinone (Ne)
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Fig -2: the UV-VIS. Of copolymer with naphthaquinone (NQ)

In Fig. (3) shows the optical transmittance (TYo) of pure and poly (vinyl
chloride-co-vinyl acetate) with naphthaquinone films .

Fig.-3: Transmission 7o of pure P(vC/vAc) and naphthaquinone doped P(vC/vAc)
samples

lt was found that the absorption edge shifts towards higher energies due
to doping (blue shift). Furthermore, the transmission was found to

囲
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increase with doping from about 80%o to 90Yo in spectral region above
400 nm.
Fig. (a) illustrates the dependence of the absorption coefficient on the .
photon energy for pure and poly (vinyt chloride-co-vinyl acetate) with
naphthaquinone samples.

Fig-4:Absorption cocmcicnt versus pholon cncrgy for purc and poly(vinyI

chioridc‐co―vinyl acetatc)With naphthaquinonc samplcs

The study of the fundamental absorption edge in the IR-MS-UV region
is a useful method for the investigation of optical transitions and
electronic band structure in crystalline and non-crystalline materials.
The main feature of the absorption edge is an exponential increase of
the absorption coefficient o with photon energy hv. The absorption
coefficient o can be determined as a function of frequency using the
formula

ot,l : f x:.:o.r

where A is the absorbance at frequency v and d is the thickness of the
sample.
The marked decrease ofthe absorption coefficient at higher energies for
doped sample may be attributed to the absence of extra transition from
the bonding molecular orbit to nonbonding molecular orbit(3)
The evaluation of refractive indices of optical materials is of
considerable importance for applications in integrated optic devices
such as switches, filters and modulators, etc., where the refractive index
of a material is the key parameter for device design(a).
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Fig-5: Refractive index versus photon energy for pure and poly (vinyl
chloride-co-vinyl acetate) with naphthaquinon" ru-pl.,'

From figure (5) refractive index, for the films under investigation, have
the same values for photon energies till 3ev; but its value became
greater for doped sample at higher photon energy. The variation of (no)
in investigated frequency range shows that some interactions take places
between photons and electrons. (no) changes with variation or tn"
wavelength of the incident light beam are due to these interactions(5).
The plot of figure (6) can be considered as an evidence for direct
allowed transition. The energy gap increases after doping. widening of
band gap with the increasing of doping might be due totecreasing-the
localized states as we will see later. Alro, ,uriation of optical .rirrgy
gap Eg may be explained by invoking the occurence of loral crJss
linking, in such a way as to increase the degree of ordering in these
parts.

Fig-6: optical energy band gap of pure and poly (vinyl chloride-co-vinylacetate)
with naphthaquinone samples
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The absorption edge in many materials follows the Urbach rule . '
a(0: oo exp(hf/ Ee)

where, q,o is a constant and (E.) is the energy width of the tail of ..
localized state in the normally forbidden band gap. E" is often
interpreted as the width of the localized states in the band gap of the
material. E" is estimated from the slopes of ln(o) vs hf plots, figure(7)
represents such dependence. The energy width of the tail (E.) could be

obtained by extrapolating the linear portions of these curves.

Figure-7: Relation between lno and photon energy

The shift of the energy gap in figure (6) to higher value after doping can
be explained in terms of decreasing dangling bonds, defects and the
trapping of the generated carriers . This explanation can be supported by
observing the decreasing of band tail width as shown in figure (7), it's
decreased from 0.37 eV to 0.15 eV with doping.

λ21*10‐ 131m2

′θ     ′′     ′イ

Figure-8 :Calculation of carrier concentration
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The carrier concentration N can be obtained using Drude,s theory of
dielectrics. The real diele.iii, .onrtant e,, which results due to the
contribution from the free carrier electric susceptibility, can be wriffen
by the following relation(6).

€,= €,-rj--(N,)l/'
4 7T c €, nt

where e. is the residual dielectric constant due to the ion core , e is the
electronic charge, c is the velocity of light, eo is the permittivity of free

-t2 2
space (ro : 8.85 x 10 ca{.m ) and N/m* is the ratio of carrier
concentration to the effective mass (m* : 9.10956x 10-31 kg).
According to the free electron Drude model, er should be a line-ar
function of 1,2 as it shown in figure (g).
The values of carrier concentration Nopt for pure and doped samples are
N(Pure):0.55* 1025m-3 and N(with doping):O.8* 1025m-3. 

r -- ---

The electromagnetic will have its ampritude reduced by a factor'e' after
traversing a thickness (called the skin depth) such that:

X: )" I 2nk
which may be the order of 100 to several thousand of angstroms,
depending on the material(7) In long wavelength g..ut-r, than
absorption edge, skin depth increases with doping ur shown in figure
(9), this might be due to decrease the probability of absorption i,ith
thickness and the amplitude of the incident photoni will be reduced by a
factor'e'through the short distance within the film thickness

だ̈ 酬艤∴A椰

300  400  500  600  700  800  900  1obo llbo

Fig. -9: Skin depth (fl as a funcrion of wavelength.

25



Iwestigation of optical properties of poly (vinyl chloride-co-vinyl acetate) in absence and presence
ofnaphthaquinone

Zainab

Extinction coefficient (K0) represents the imaginary part of complex
refractive index and it can be defined as the amount of enerry losing as
a result of interaction between the light and the charge of medlu-ttl
;figure (10) shows the (k/ as a function of photon energy.

Figure-10: Extinction coefficient vs. photon energy

The optical properties of a solid are usually described in terms of the
complex dielectric function r : r, a i ri . The real part rr and imaginary
part ri of this description are both frequency-dependent quantities,

which include all the desired response information. The complex
dielectric constant e. is thought to contain much useful phyiical
information about the material. In Figures (l l) and (12) real and
imaginary parts of dielectric constants increase with increasing the
amount of doping material.
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Figure_11:ε
i vs.Photon encrgy

Figure- I 2: srvs.Photon energy

CONCLUSIONS
The transmittance, energy gap, carrier concentration and skin depth

increases for poly (vinyl chloride-co-vinyl acetate) with naphthaquinone
; but on the other hand the absorption coefficient, localized- states,
Extinction coefficient and real part e. of dielectric constant decreases .
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ABSTRACT

卜btti+4詳琴鷺 nFλ計 :躍 uttlttnttds:1憲 pぶesFIЛ ttd雷
thc cquilibrium bctwecn(60,90 minutcs)whiCh investigated by using U.V― Visible
spectrophotometer techniquc oThe rcsults show that thc adsOrption capacity

器 n讐浮守Ψ蹴肌北犠』1梶胤挑l%訊jy;5:a職浄だ
cffect ofinitial pH solution on adsorption capacity had been studied in thc range(2‐

14).

The Freundlich and Langttnuir equations werc appHed,and the paramcter ofthose

equations had been calculated 。
The extent of adsorption was found to decrease as the temperature increased, ioe.

exothclliliC prOcess,and so thc thelmodynamic inctions△ H,△G and ΔS werc
calculated.

INTRODUCTION
Environmental pollution, as a consequence of the industrialization
process, is one of the major problems that has to be solvent and
contorted. Heavy metals are not biodegradable and have become an
ecotoxicological hazard of prime interest and increasing significance
owing to their harmful effect on human physiology and other biological
systems when they exceed the tolerance levels .A number of
technologies for the removal of heavy metal ions from aqueous
solutions have been developed over the years(l'21

Heavy metals such as 1pb*2,Ni*2,Mn*') are released into aquatic
environment largely due to drain outs from mines, industrial and
municipal effluents ,agricultural run off etc., may effects on the

environmental and public life(3) .Removal of the heavy metals pollutants
from aqueous systems ,therefore, has received a considerable amount of
attention (4) .Different conventional and non conventional Vpe ol'
adsorbents have been tried for removal of various metal ions
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viz,activatgg carbon (5) 
,bentonite(6) ,cellulose 

(7),red 
mud(,),zeolite(r):j::

rice husk(lo).
Numbers of technologies have been developed over the years to

remove toxic metals from water, the most important technologies
include chemical precipitations, reverse osmosis and adsorption on
charcoal (rr) .Different uses as a favored adsorbent for removal of
various metals from. aqueous medium use of bentonite for adsorptive
removal of Zn(II)(r2) and Sr(II)(rr) ,montmorillonite for removal of
Cd(II)(r4) ,coconut shell removal of Cd(Il)('5),Active carbon of the
adsorption 

- 
of 

- 
lead ^igf, 

(r6),kaoline clay removal of
pb*2,cu"2,Fe*3,Mnt2and zn+z( 

t 7 )

The pb*2,Ni*2 and Mn*2 as a pollutant has may toxic effects such as
imparting neurotoxicological,disoders,genotoxicity,carcinogenicity
,cardiomyoparthy 

(r8).

The aim of this study was investigate the adsorption behavior of
charcoal derived from on ions adsorption .The influence of
experimental conditions such as pH,ion concentration and temperafure
were studied.

MATERIALS AND METHODS
Chemicals

PbCl2 , NiSO4 , MnSOa used as an ions sources which were
purchased from Fluka,B.D.H.
Apparatus
L SpectrophotometerT604,pg,Instruments,LTD
2. Blance sensitive -W-Germany3. PH-meterHANNA,portugal
4. Ovenmemmert,Edelstahi,Germany
5. ShakerBath,IndicatorGCA,Chicago
6. Centrifuge,Herouse,septch

Preparation of charcoal derived
The charcoal derived used in this study was prepared by

pulverizing the walnut sheil and peach Nucrei inio the powoer in the
laboratory pulverizing , washed and^ dried in oven . It wai then kept in
fumace up to 600Co for two hours (re) 

.

Preparation of stock sotution of ions
A standard solution of 50ppm of any ions was prepared by dissolving
9.^2j 

gl of ions compounds in a minimum urnount oiAistilled water in a
500 ml volumetric flask and the volume was mad up to the mark with
distilled water .solutions of different concentrarions were prepared by
serial dilutions for ions between 5-50 mg/I.
Batch adsorption experiments
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Batch process was employed for adsorption studied .preweighted
sample of the adsorbent and a measured volume of ions solution were
taken in 200m1 volumetric flask.The mixture was agitated at l gOrpm for
60,90 min to ensure equilibrium an then it filtered through filter paper
(Qualitative filter paper) .samples (35m1)of ions solutions were mixed
with ( 0.15,0.2gm) of surface and at predetermined time intervals
(30,60,90,120,150 and 180 min) for the residual ions concentration in
the solution .Ions concentration in the adsorbate was determined using
an indirect u.v-visible spectrophotometric method based on the
reaction of ions compounds ('o).Adsorption 

experiments were carried out
600 pm at adsorbent particle size. The amount of ions sorbed by
biosorbents (Qe) in the sorption system was calculated using the mass
balance (21)

Vsol(Co-Ce)

m
where v is the solution volume ( ml) ,m is the amount of sorbent
(gm),and Co ,C" (mg/L) are the initial and equilibrium metal
concentrations,respectively

Temperature Effect
The effect of temperatures were obtained by agitating the solution of
ions concentration range from 5-50ppm with a 0.2g of pb*2 , Ni*2 and
0.159 of Mn of adsorbents charcoal derived from walnut shell in 50 ml
glass bottles . These bottles were sealed and agitating in a constant
temperature292 ,302 ,312 ,3zz and332 K until the equilibrium time
for each adsorbents are attend and the solution were separated by a
combination of centrifugation and filtered .

pH Effect
Adsorption of the ions in different media of pH values were studies in
the rang (2-14).The adsorption at the natural pH of the ions pH:(2-14)
was studied using 50ppm concentration . For each pH of optimum
weight (0.15,0.2gm) each ion of charcoal derived was added with shake
for (60-90min) .Then the absorbance was taken after the adsorption in
each different pH .

RESULTS AND DISCUSSION
Adsorption of ions on Charcoal derived

The adsorption of pb*2,Ni*2 and Mn*2 on charcoal derivecl as a
function of their concentrations was studied at 292K by varying the
metal concentrations from 5 to 50 ppm while keeping all othcr
parameters constant . The results are shown in figure (4) .Amount of
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ions adsorbed increase with increase ions concentrations in "rrlJfsolutions . The results indicate that energetically high favorable sites
become involved with increasing ions concentrations in the aqueous
solution.
The greater adsorption rate constant shows that adsorbates are adsorbed

faster by the adsorbent According to adsorption rate constant , the ions
used are changing in the order of Mn*2 > Ni*2 > pb*2 at (0.0051g,
0.0043, 0.004 l)mg/g respectively .

Stirring time effect
Removal of Pb*2 , Ni*2 and Mn*2 on the charcoal derived as a function
of time at the best initial concentrations (50ppm) was studied where
shaken it to different time between (30- l g0min) From the
experimental , it is observed that the amount of adsorption of increased
and decreased with increasing contact time up to I g0min The
maximum amount of adsorption of pb'16.632mg1L) at 90min ,
Ni.2(6.790mgll) at 90min and Mn*217.gg 6mdL) at60min become of
surface of charcoal derived contain oxygen atoms which bonded with
ions ("), it is shown in the figure (l) .

Effect of the weight of charcoat derived
The effect of the weight of surface onthe charcoal derived the
adsorption process was studied in the range (0.05 , O.l ,0.15 and 0.2
gm) at optimum pH at room temperature . Charcoal derived used as a
model adsorbent for the later experiments . It was found that the free
concentrations (50mg/L) figure(2) .

This means any increase in the weight of adsorbent had no effect ,
because of the perfect saturation of active centers on adsorbent by ions
molecules . The optimum wight of ions by pb*2(6.457m g[-) at 0.2gm ,
N.i+2(6.702m9/L) at 0.2gm and Mnr2(7.956mg1L) at b.l5 g* io*
charcoal derived .

Adsorption isotherm
Adsorption isotherm used to describe the relation between

the adsorbate and the surface of the adsorbent fig. (4) .rn this research
two models of these isotherms : Freundlich and Langmuir model were
used to describe the relation between the ions and the surface of
adsorbent , these models can.te represented by the following two
equations : Freundlich isotherm(") .

Log Q": Log Ks+ l/n Log C"
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The values of Freundlich constants (n) and (k) had been shown in
table(l),fig.(6) shows the linear relation ship ,the following equation
shows the Langmuir isothermQ4) .

Ce/Qe : llk+ a/k Ce

The values of Langmuir constants (a) and (k1) had been shown in table
( I ) and fig. (7) shows the linear relation ship .

PH Effect
The adsorption of ions on charcoal derived was studied at different pH
values with different initial concentration of ion compound *i..
prepared based on the researches concentration in industriafeffluents (25)

, in the range of (30-180min.) and adjusted to different pH values of the
rang (2-14) .

The results are displayed in figure (3) .As was expected the adsorbed
amount of ions at different pH. This can be affributed to the dependency
of ions ionization on the pH values .

The adsorption capacity of optimum pH of ion . The higher adsorption
cap,acity (7.262mg1L) at pH^ 6 was recorded in aqueous solution of
Pb*' ion , where as for Ni*2 and Mn*2 ions (6.65b-g[) at pH:4 ,
(8.796mg/L) at pH:7 respectively .In may be related to the iurface
properties of charcoal derived are depended on different pH of the
solution.

Temperature Effect
The adsorption experiments were repeated at different temperatwe (292
, 302 , 312 , 322 , 332 K) on charcoal derived at optimum pH. The
equilibrium adsorption capacity e. of ions decreasis from 

-s.o:s 
to

4.6?9 mg/L of pb*', , 5.995 to 4.gg2 mgL of Ni*2 and g.143 to 5.390 of
Mn-' ions with increasing temperature from 292-332K. which indicate
at low temperature the removal of ions is favored by sorption on the
charcoal derived .

This may include the tendency for the ions to escape from the solid
phase to the bulk phase with and increase in temperature of the solution
figure (5).
Temperature dependence of ions adsorption on charcoal derived used
to in evaluating the thermodynamic function aG , aH , AS and coverage
surface table (2) .

The change in free enrage (AG) was determined from the equation (r,,).
AG : -R TLn CelQe
The heat of adsorption (AH) was obtained from the equation(27)
Log Xm : -LW2-303Rt *cons.
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The change in entropy (AS) was Calculated from Gibbs equation
AG: AH - TAS
The surface coverage (e)..{gr studying the sticking probability was
calculated from the relation(28)
O: I l- C" / Co)

Table -l:Freundlich and Langmuir isotherms for ions using charcoal derived at
292K

Table-2:thermodynamic values and coverage surface for ions using charcoal derived
at292K

Ions Kf n RZ a k RZ
Pb 0.868 1.7123 0。 8869 0.0767 0.6206 0.6657
Ni 1.009 1.592 0.9726 0.0543 0.6623 0.6763
Mn 1.704 1.738 0。9285 0.100 1.295 0.8706

Ions △H(Ki.mol‐
L)

△G(Ki.mol‐
l)

△S(i.m01‐
lok‐ 1) 0%

Pb ‐4.193 2.792 ‐23.921 %64
Ni -4.344 2.356 …22.945 %68
Mn ‐5.003 1.769 -23.191 %69
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Figure-l:Effect of contact time for ions with charcoal derived
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ABSTRACT
The present work consist of modification of poly (vinyl chloride) by introduce of
pendent thiadiazole which mercapto and amino groups were synthesized in this
work according to the following:

l) Reaction of PVC with 2-amino-5-thiol-1,3,4-thiadiazole [I] in THF solvent
afforded the following modified polymer (pl)

2) Treatment of PVC with2-Amino-5-ethyl thio-1,3,4-thiadiazole [tI] in THF
solvent fumishes the modified polymer @2)

3) Reaction of PVC polymer with 2[4-dimethyl amino benzylidine] 5-thiol- 1,3,4-
thiadiazole yields the modified PVC polymer @3)

Structures of all these thiadiazole deravitives and modified polymers have
been confirmed by spectral ( FT-IR,uv and H-NMR) analysis. The newly
synthesized compounds were subjected to in vitro against two strains of pathogenic
microorganism Staphylococcus arueus and Escherichia coli.

INTRODUCTION
vinyl chloride monomer and its polymers occupy a unique place in

the history of plastics. Arriving early in technology of synthetic resins,
they have not been displaced by n9.ry. polymers, to the contrary, they
have become increasingly important(r'2).
Poly(vinyl chloride), PVC, is a linear- chain polymer with bulky
chloride side-groups which prevent crystalline regions occurring
normally. PVC is hard and rigid material at room temperature(''o).lineat
poly (vinyl chloride) is colorless rigid material. It has relatively high
density and low softening point(a).The presence of the chlorine atonr
causes an increase in the inter chain attraction, hence an increase ip the
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hardness and stiffness of the polymer is recognized. pVC is also 
" 
p;;:

polymer because of C-Cl dipole. These properties make pVC polymers
:rs good candidate in the application involving high frequencies because
high dielectric constant and high power factor values higher than
polyethylene owing to the polar carbon-chlorine bond(2).

Poly (vinyl chloride) has very limited solubility. The most effective
solvents are those which appear to be capable of some form of
interaction with polymer. It has been suggested that poly (vinyl
chloride),,is a weak proton donor and effective solvents are proton
accepter(n). Thus the PVC polymer is soluble at room temperature in
oxygen-containing solvents such as ethers e.g. dioxane, tetrahydrofuran;
ketones e. g. cyclohexanone, and nitro compounds, e. g. nitrobenzene(5
6)

MATERIALS AND METHODS
All chemical used were of reagent grade (supplied by either BDH

,Fluka) and used as supplied. The FTIR spectra in the range (4000_400)
cm' cut were recorded as KIlr disc on FTIR.g4005 Shimadzu
spectrophotometer. The UV spectra were measured in TIIF and ethanol
using (Hitachi U-2000 ) Ultra-violet Spectrophotometer in the range
(200-800) nm.H-NMR spectra recorded on Bruker spectrospin ultia
shield magnets 300MH.
A-Purifi cation of Poly(vinyl chloride)(6)

- Commercial poly(vinyl chloride) (pVC) [M* 69875 ] supplied
from Petkim company was purified from additives uy re-piecipitation
three times from (5%) tetrahydrofuran (TFIF) solution in mithanol. The
purified polymer was dried under reduced pressure at room temperature
for (24) hours before used.
B- Determination of viscosity average molecular weight (M,) using
viscome*y method

The viscosity property was used to determine the molecular weight of
poly (vinyl chloride) and modified polymers ,using the
Mark -Houwink equation :

レ]=κレレン
′

(1)

[n]: Is the intrinsic viscosity
K and cr': are constants dependent upon the polymer-solvent system at a
particuular temperature i
The intrinsic viscosity of a polymer solution was measured with an
Ostwald U-tube viscometer .Solutions were made by dissolving the
polymer in (THF) solvent (lgn/l00ml) and the flow times of poiymer
solution and pure solvent are t and to, respectively.specific viscosity
(rl,p) was calculated as follows
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The relative viscosity (q."1) which is given by the ratio of the flow time
for the solution (t) to the flow time of the pure solvent (to),is calculated
from equation (2)

4 r"l (2)

′

一
九

〓

The specific viscosity (n,p), which
of the solution over the viscosity
equation (3)

is the relative increment in viscosity
of pure solvent, is calculated from

(3)

converited to intrinsic

(4)

Qrp = Or"1 -l
The single- point measurements were
viscososities by the relation [4].

lrl:[Q, r .\r", -nry..)Y
C : concentration of polymer solution in 1g/100 ml.
Molecular weight of PVC with and without modification were
calculated from intrinsic viscosities measured in T.H.F solution.The
following equation are used (5).

lril-1.38x rc4(Anwy" (s)

The Molecular weight of modified polymers were listed in table (2) .

C-Synthesis of thiadiazole additives:
1. Synthesis of 2-amino-S-thiol-1,3,4-thiadiazole Ill(7)

9.0 g Potassium hydroxide (0.16 mole) was dissolved in absolute
ethanol (50m1) and 18.3 g carbon disulfide (0.24 mole) was added to the
solution. After that, 3.5 g thiosemcarbazide (0.6 mole) in absolute
ethanol (50m1) was added and the mixture was stirred and refluxed for
6 hours. Most of the solvent was removed under reduced pressure and
the residue was dissolved in water (60m1) and carefully acidified with
concentrated hydrochloric acid ( I 5ml). The precipitate was filtered off
to give 2-amino-5-thiol-1,3,4-thiadiazole. The crude product was
washed with cold water and recrystallized fromTHF, The physical
properties of compound Il] was listed in table (l)

2. Synthesis of 2-Amino-S-ethyl thio-1,3,4-thiadiazole [2]:-A number of methods were used to obtain this compound as
described in literature (8'e). To a solution of (15 mt) alcoholic potassiun.r
hydroxide, 29 (0.01 5 mole),of 2-amino-5- thiol- 1,3,4-thiadiazolc I I I
was added, and when solution had been accomplished, drop wise l.(r34
g (0.01 5 mole) of bromoethane was added. When addition rvas
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completed, the reaction mixture was refluxed for about f frour, aurlrl|
thus time a solid precipitated. The reaction mixture was cooled anA
allowed to stand ovemight at ambient room temperature. The reaction
product was filtered and the solid collected and washed with ethyl
acetate, the filtrate was concentrated under reduced pressure to yield an
oily product. The oil was extracted with ethyl acetate and the extracts
was washed, dried, concentrated under reduced pressure to yield a
re-sidue (white solid) ,recrystallized from THF The physical properties
of compound [2] was listed in table (l) .

3- Synthesis of 2-[4-dimethyl amino benzylidine] -5-thiol-1,3,4_
thiadiazole [31

ALttib:押
und waS prcparcd adOpting the proccdure rcportcd by

A mixture of 2-amino-5-thiol-1,3,4-thiadiazole tll 0.40 g
(0.003mo1e), (20m1) absolute ethanol and N,N-dimethylbenzaldehydi
0.405 g, (0.003mo1e) was refluxed for 6 hours. After cooling to room
temperature, the precipitate was filtered and dried; the product was
recrystallized from THF. The physical properties of compound [3] was
listed in table (l) .D-Preparation of modified polymers :-

Appropriate compounds [1,2,3] (0.0016 m mole) was added to
(0.125 g) Poly(vinyl chloride) and three drops of pyridine in (50 mL)
tetrahydrofuran (THF). The mixture was refluxed for (5hr.). Thi
modified polymers were filtered, washed with redistilled water, eihanol,
ether and dried under vacuum The physical properties of modified
polymers (pl,p2,p3) was listed in table (2).
E- Solubility of modified polymers :-
The solubility characteristics of the polymers was tested using various
solvents including DMSO(dimethylsulfoxide),TFIF(tetrahydlrofuran),
DMF(dimehtyl formamide), Toluene,diethyl ether A 5% (W/V) w;
taken as acriterion for solubility. The sorubility results of these
polymers are listed in Table( 3 )

RESULTS AND DISCUSSION
l- Identification of thiadiazole additives:

The characterization of thiadiazole additives was confirmed on the
basis of their chemical structure using FT-IR ,UV-visible and NMR
spectroscopy. chemical structure and the most important characteristic
bands are reported in table ( I ). Figure ( I ) shows the chemical shift at
7.2 ppm and 13.2 ppm of NH representing thio -imide instead of thiol
(SH) group (2.0-3.0 ppm), which demonstrates that compound I I ] exists
in thion form rather than thiol in DMSO solution (rr)
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Figure- I :: HNMR spectrum of 2-amino-s-thiol-1,3,4-thiadiazole

Figure -2:The FT-IR spectrurn of 2-amino-5- thiol -1.3,4- thiadiazore Il

FT-IR spectrum of 2-amino-5-thiol-1,3,4-thiadiazole[l],figure (2)
shows characteristic stretching absorption bands at 3394 cm-rand 3269
cm-t which were assigned io ury.-.tric and symmetric stretching
vibrations of NH2 groups respectively (7) Absorption bands at 2916 cm-]
and 2774cm-l were attributed to iniermolecular hydrogen bound with
NH group (''). Th" SH stretching band was found as a very weak
shoulder at260o cm-'. A sharp intense band at 1595 cm-l was due to u
(c:N) stretching of thiadiazole ring moiety; another absorption band
atl369 cm-l was assigned to u (c:S) group, which proves that additive
tl] can exist in two forms thiol and thion(r2)'

The UV-VS absorption spectra of Z- amino-5-thiol-1,3,4-
thiadiazole Fl figure (3) exhibits absorption band at32SnminTF{F ; the
high intensity of this band suggests that the absorption is due to n-
zu*electronic transition ("). 

The spectrum also revealsi weak shoulder at
l,max:207 nm.
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Figure-3:UV― VS spectrum of2‐ amino-5‐ thiol-1,3,4-thiadiazole[l]

The FT‐IR spectrum flgure(4)of2‐ amino‐ 5-ethylthiO-1,3,4‐

thiadiazole[2]showed that the characte五 stic stretching bands 10cated

at 3262cm‐
1,3H6cm‐

l and 1621 cm‐ l were assigned tO υ(N‐H)and υ
(C=N)ofthiadiazOle ring respectively。

UV spectrllm ofcompound[2]was obtained in T.H.F.The

electronic spectrurn ofthis cOmpound exhibited the characteristic bands

due to the π―)π *and n―
)π *transitions

Figure-4: The FT-IR spectrum of 2-amino-5-ethylthio- 1,3,4- Th iad iazole [2] .
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300              400
Wavelongth(nmD

Figure-5: uv-vls spectrum of 2-amino-5-ethylthio-r,3,4- Thiadiazole [2] .

The FT-IR spectrum of 2f|-dimethyl amino benzylidine] s-thiol-
1,3,4-thiadiazole [3] shown in figure (6) illustrates strong absorption
bands at 1599 cm-' assigned for stretching vibration of uro-"ihin.
group u (c:N) of the schiffs base; the stretching vibration band at gl7
cm-' refers to out of plane mode in p-substituted benzene. Finally, bands
also observed at 3083 cm-' are attributed to C-H aromatic and at 671
cm-' corresponding to (-c-s stretching of the mercapto group), table (l).
The electronic absorption spectrum of the thiadiazole [3] in TFIF is
characterizedby four main bands (table l), figure (7). The first band at
l. max: 21Onm can be assigned to the low energy n-zr* transition of the
aromatic ring, while the second band at l,max :255-299nm is due to the
medium energy ru-r* transition. The third band at l.max: 335 nm is due
to the excitation of the electrons of the azomethine group. The last band
at l.max : 425 nm which is not present in the spectrum of the free
amine, is assigned to intermolecular charge transfer absorption that
involves the whole molecule(13)'
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Figure -6: FT-lR specrrum of 2-[4-dimethyl amino benzylidine] -5- thiol -1,3,4 -
thiadiazole [3]

Figure-7:The UV-vts spectrum of 2-[4-dimethyl amino benrylidine] -5- thiol _1,3,4 _

thiadiazole[3]

2-Identification of Modified poly(vinyl chloride) additives:-
Polymers with an aromatic and heterocyclic rings have been

drawing the attention of researchers more due to their importance in
many aspects of interest, among these polymers are modified poly(vinyl
chloride) (PVC). Poly(vinyl chloride) are modified by int.o&cing
aromatic and heterocyclic moieties through halogen displacement
reaction mainly by SN2 mechanism, modified pv- polymers have
developed over the past decade into a fast growing inOustiiaiapplication
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field. They have also attracted attention because of their importance as
catenation ligands. Also, the thermal stabilities of (pvc- aromatic).
Polymers are comparable better than unmodified pvc. In addition,

most of them showed improved changes in electro physical properties,
especially in dielectric properties. In this research the synthesis of
some new modified PVC containing thiadiazole deravitives (polymers
prepared), with a view to finding out the effect of introducing these
moieties on physical and chemicalproperties of pvC. Equations (l to 3)
represent the formation of the new polymers .

N_N

F '":":[. -,-,-."{. }^,, ",no..."cls
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The reaction was initiated by the nucleophiric attach of CN) atom on the
carbon carrying chlorine atom in the polymeric chain foilowed by
departure of chloride anion as a good leaving group.
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The structure of the present polymers was confirmed by Infra-red
spectroscopy. The most corrrmon bands are tabulated in Tabli (l) beside
the typical IR absorption bands , each of the present polymers showed
other band characteristic of its own structure, Figr..r (s-ir) showed the
following features , a medium to strong band at aLout (630) cm-r
which could be attributed to (c-cl) , the appearance of a medium band
at about (740) cm-' indicated that the end groups of these polymers are(
s-c) band , the bands at around (2900) cm'r which was aisigned to the
typical aliphatic (C-H) stretching vibration was also observedl moreover
, these polymers exhibit a significant bands in the region at 1569 for
v(c:N) and (3050 for v(c-H aromatic) at 923 for (c-H bending of p-
disubstituted) for polymer(Ill) that clearly indicate the presei., lr
nucleus backbone of PVC chain.
The structure of the polymer p2 were confirmed by H-NMR
spectroscopy .the chemical shift are reported in table (2 ) ,figure ( 16 )
shows H-NMR spectroscopy of polymer 2

Figure-8: FTIR spectrum for pl
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Figure -9: FTIR spectrum for P2

Figure -10: FTIR spectrum for P3
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Figure -l l:FTIR spectrum for PVC

The ultraviolet-visible spectrophotometry technique is used to
characterize the polymers in tetrahydrofuran (THF) as a solvent.The
ultraviolet visible electronic spectra of the modified polymers, (Figures
(12-15) showed an absorption bands (260-280) cim-rcould be affributed
to the fi ) fi* electronic transitions, These transitions are assigned in
relevance to the structures of polymers . As shown in Table ( I ).The
increase of the absorbance in the uv-vis range for samples containing
modified PVC can be explaning by the formation of conjugation double
bonds (band corresponding to the n -) a* transition ) in these modified
polymers resulting from introducing an aromatic - thiadiazole ring.
Thus, shifting the absorbance to longer wavelengths (i.e the
bathochromic effect ) is good evidence that modification were fornred
in our PVC. Moreover, the broading in the bands which figures ( I I - l4)
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Otfa
caused by the presence of other chromophores such as (C:N ,etc) which
absorb in the above region and this overlapping bands make the
interpretation of the results difficult.

Figure -12: The W-VIS spectrum fo(pl) in THF solvent

Figure -13:The UV-VIS spectrum for @2) in fftp sotuent
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Figure - l4: The UV-VIS specrrum for (p3) in THF solvenr
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Figure -15: The UV-VIS pectrum for (PVC) in THF solvent.
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Figure-16: HNMR spectrum of polymer(Pl)

Antibacterial Activity:
The antibacterial activity of the synthesized compounds was

determined in vitro using paper disc method (agar plate diffusion
method) (r5) against two pathogenic microorganism viz., itaphylococcus
aureus (Gram +ve) and Escherichia coli (Gram -ve). In this method, a
standard 5mm diameter sterilized filter paper impregnated with the
compound (lmg per lml DMSO for concentration) was placed on agar
plate seeded with the test organism. The plates were incubated for 24
hours at 37 Co. The zones of inhibition of bacterial growth were
measured in mm depending upon the diameter as shown in Table (4)
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and UV_vls spectralTable-l: The chemical structure for prepared additives,FT_lR
data for determining the composition of synthesized additive

A

Table -2:The chemical structure for modified polymer,,FT-IR ,H-NMR and UV_vlS
spectral data for determining the composition of synthesized

c∂ (lit)

Re-
Crystallization

Solvent

Pf-tn fn'fN,In and UV-VIS

FT‐ IR(KBr.cm:1):1598u

(C=N),3394,3269υ (N‐

H),1369じ (C=S),UV(THF):
λnm{207,325)1「INMR(300M
HZ,DMSo,PPM):7.2(2H,S,N
H2)13.2(lH,s,N)

喝%SくルN喝

FT-lR (KBr.cm-'): t 6Z tu
(CN),32`2,3116υ (N‐ H)じ

(CH 3CH2‐ S),UV(THF)λ

硼 Öゞ
183-185

180‐ 182)(
FT-lR (KBr.cm'r):
1599o(c=N)

,817υ (C‐H),3083υ (c‐H)
aЮmatic,2887υ(c_H)
aliphatic.uv(THF):λ (nm)
鯉 55,335,425

「
r‐ lR HNMRand UV_vls data

「
F‐lR(KBrcm・ )3379‐ 3173

蠍脚‰

'-lR(KBr.cm-r): 3176

C)29月騒
:llき

犠躍漂l盛
UVtW[λ nm)"Q22Q2ご

C‐ Cり

1翌鵠盟髭酬
S°PPMJ

:1::f書3・

9∝2HCHD

'-lR (KBr.cmr):- 1593

凝&3棚|::乱凝鼎
(lHF)λ (nm)(208,244,334,)
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Table -4: Antibacterial activity of the s' ized

Compound No. Type of bacteria

Eschericha coil Staphylococcus
aureus

1 ++ #
++ ++

+++ +++
Dl +++ +#
p2 +++ +#
P3 ++++ +++++

Where:-
6-8 mm:- (+)

8-l0mm:-(r-r)
l0-20mm;-(+++)

20-3Omm:-(+r++;
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hble― The solubility characteristic of modified
Type ofsolvent solubility*

Pl P2 P3

DMSO # # ++
DMF + 十 +

Toluene
methanol 十 + +

Trichloro methane
Diethyl ether + +

*Soluble at room temperature(++), partially soluble at room temperature(+),insoluble(-)
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ABSTRACT
The lcvels of somc electЮ lytes o(a+and K+)wcre Studied in patients with

chronic Hver disease and others with cilThosis . The rcsults were compared with

those obtained from healthy persons.All samples wcre conected from The City of

Medicine hospital of digestivc tract diseases. The results shOwed a signiflcance

appearance of hyponatrcmia in cilThotic Paticnts whcn compared with thc hcalthy

gpvp(130。4 vs 147.lmmOyl,pく 0.05),and a Signiicance hypcrkalemia in chronic

liVёi patients when co■ |`郵Sd with healthy group(5,7vs 3.9 mmo1/1,pく 0.05)。 A
strong cOrrelation bctween the typc of livcr diseasc and thc level of Na+,K+lons

indicates that cirrhosis liver lead to hypOnatremia(r=0。 78,pく0.03),and ChЮ nic

I市er lcads to hyperkalemia(F=0.83,p<0.02).Thc aim Of this smdy was tO
comparc the ratio of electrolytes(SOdium and potassium)in Samples infccted by

diffcrent liver discases(chrOnic LD,cirrhosis LD)with healthy group, and makc a

re宙ew ofeffect of thc complication ofcirrhOsis disease on Na+― K+pump.

INTRODUCTION
CilThosis represents the flnal conll■ on histological pathway for

a wide variety of chronic Hver diseases.The term cirrhosis was flrst

introduced by Laennec in 1826. It is derived frorn the Greek terin

sσ′″r力″s and is used to describe the orange or tawny surface ofthe liver

scen at autopsy.l lts   a consequence of chronic hver disease
characterized by replacement of liver tissue by flbrosis,scar tissue and

regenerat市e nodules(lumpS that occur as a result of a process in which

damaged tissue is regenerated),leading to loss of liver function.

Chronic liver disease and cilThosis result in about 35,000 deaths each

year in the United States.Cirrhosis is the ninth leading cause of death in
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the United States and is responsible for 1.2%o of all US deaths(. 1,2,3).
Impairment in body_ ,water homeostasis is a common feature of
advanced cirrhosis. o'''u This is characterized by a higher rate of renal
retention of water in relation to sodium due to a reduction in solute-free
water clearance. The consequent inability to adjust the amount of water
excreted in the urine to the amount of water ingested leads to dilutional
hyponatremia. Great advances have been made in the knowledge ofthe
pathogenesis of reduced solute-free water clearance in patie-nts with
advanced cirrhosis. The inability to excrete an adequate amount of
solute-free water in the urine is related to several fu"too, the most
important of which is increased vasopressin release(7,g,9,10).

Several studies in large cohorts of patients with cirrhosis have
shown that the renal ability to excrete free water, as assessed either bv
measuring solute-free water clearance or serum sodium concentration,
shows an excellent correlation with survival. patients with
hyponatremia have a poor survival compared with that of patients
without hyponatremia ( l l,l2,l3). Moreover, studies have shown that
serum sodium concentration correlates with survival in patients with
cirrhosis awaiting liver transplantation, and the suggestion has been
made that serum sodium could be added to the calculation of model for
end-stage liver disease score to improve the accuracy of this scoring
system in organ allocation for liver transplantation (14,15,16,17 ).

The aim of the present study was to assess the prevalence of low
serum sodium levels in chronic and cirrhosis of liver , and to determine
the association between serum sodium levels and the characteristics of
that disease and occurrence of other complications of cirrhosis by
means of a prospective epidemiological study in a series of patients witir
chronic and cirrhosis liver disease.

MATERIALS AND METHODS
Micro centrifuge ( Company: M{1NERSALI6A,I00 Cycle/sec.) was

used to separate the sera , and Auto analyzer (Blood Gases , Eschwiler
compaisys , Company: ESCHWELLER) was used to analyzing the
electrolytes.
Patients and methods

Study Poputation: The study invotved the prospective collection
of data on patients from Medical city hospital- Digestive center for a
period of60 days .

Consecutive patients with cirrhosis and chronic attending the
hepatology outpatient clinics or under the care of hepatologists fdon,t
have renal function disea-ses) as inpatients were incruded ii the study.
Patients were included in the study according to the following criteria:
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(l) diagnosis of cirrhosis of the liver diagnosed either by histology or a
combination of clinical, biochemical, and ultrasonographic findings;
and (2) presence of chronic determined via ultrasonography.
Data on each patient were recorded when the patient came to an

outpatient visit, on admission as an inpatient, or at the start of the study
if the patient was already hospitalized.

The data collection were performed between Jan and Feb 2010 and
were planned to include 41 patients. Nineteen of them were
chronic liver diseases and 22 samples were cirrhosis. Another 19
subjects were enrolled as healthy group These samples were for
different ages among 20 - 50 years old Five ml of blood were
thrown ,centrifuged at 100 cycle\sec. for 5 min , then sera were
analyzed immediately by Blood Gases Analysis instrument.

The presence of cirrhosis was established in each instance by needle
biopsy of the liver in addition to the demonstration of the characteristic
abnormalities of serum proteins, decreased bromsulphalein excretion,
elevated bilirubin levels, etc. The tolerance studies were conducted once
convalescence from hepatic decompensation had been well established,
i.e., alcoholic intake had been stopped, food intake resumed, and ascites
and edema largely or entirely delivered.
Statisticql Methods.

Results are expressed as the mean + SD. The significance of
differences was assessed Students ,-test for groups of non paired
observations. . Association of serum sodium with several variables-
including patient characteristics, management of complications of
cirrhosis was tested using Pearson's Correlation Coefficients.
Differences were considered significant if P<0.05 .All analysis were
performed by SPSS (10).

Procedure
100 pl of serum was drawn in the instrument port , the instrument will
read the result automatically and give it by sheet, or it can read by
monitor screen.

RESULTS AND DISCUSSION
Potassium balance, as influenced by restriction of sodium, was studied

because of the intimate relationship of sodium and potassium to the
regulation of intra- and extracellular fluids.

Our results indicate a significant decrease of Na* level (hypo-
natremia) in cinhosis than chronic L.D when compared with normal
subjects ( p<0.05) , while the level of K* was significantly higher (
hyper-kalemia) in chronic than cirrhosis when compared with normul
subjects (p<0.05), Table 1, Fig. I and2
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Results in Table 2 refers to the significant high correlation of thehyponatremia occurrence in cirrhotic p-atients 1 =5.2a, p<0.03), and ofthe hyperkalemia occurrence in chronic patients 1r+.s: , pio.oil- ,respectively. Also , there is a kindry signal lndicate a strong correlation
between the changes of both ions levels in chronic and cirrhotic
patients (r:0.77,0.81 respectively, p<0.05) .
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K* level

chronic

cirrhosis

control

Fig.2: the levels of K in different types of liver disease and control

This study represents the most important investigation reported thus far
assessing serum sodium concentration in patients with cirrhosis and the
association between serum sodium levels and the occurence of major
complications of cirrhosis.

The results indicate that a large proportion of patients with
cirrhosis have abnormal values of serum sodium concentration. In fact
almost patients with cinhosis had values of serum sodium concentratiori
below the normal range (hyponatremia) Recent study shows that
hyponatremia in cirrhosis ' was not associated with age, sex, or
etiology of cirrhosis , but was strongly associated with the severity of
cirrhosis.(l8 ) Nevertheless, it should be pointed out that hyponatremia
in cirrhosis was usually due to over hydration due to excessive
retention of free water which results from the kidney's inability to
excrete it normally, Additional factors are thought to be ;reduced
production of solute-free water due to a reduced sodium delivery to the
distal tubule as a consequence of reduction of glomerular filtration rate
and/or increase of sodium reabsorption in the proximal tubule.( 19,20)

The morbidity and mortality associated with hyponatraemia is
largely attributable to central nervous system disturbances, the degree to
which brain water content increases depends on the duration of
hyponatraemia and on compensatory mechanisms. Altered steroid and
peptide hormones in cirrhotic patients may contribute to the
development of hyponatraemia encephalopathy, symptoms of which
overlap with hepatic encephalopathy and uraemia .(21,22 )

on the other hand , The handling of potassium in chronic liver
disease is complex , with a risk of both low levels related to vomiting,
diarrhea, or loop diuretics. The high levels associated with renal
impairment, potassium-sparing diuretics, or metabolic aciclosis.
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however, the significant elevation of potassium concentration in our
chronic patients is acceptable with that obtained by other investigators (

23 ) who explained the hyperkalemia by the failure of the kidn'eys to
normally excrete potassium ions into the urine .The leakage of
potassium from cells and tissues into the blood stream which acJounts
for about three quarters of all cases. while in cirrhotic patients , serum
potassium concentrations usually were normal or low iather than high
.This result was acceptable with others (24), but its disagrr. *ilh
others (25) who indicate that there is a depletion in potissium in
cirrhotic patients associated with a diabetic giu.or" tolerance test and
reduced output of both insulin and growth hormone.

Fig-3

ions。 (26)

Sttemttb dhttm ofぬ
,Nt_■.4警LT,"聾詭104tOs md

The relative intra- and extracellular concentrations of Na and K ions
maintained primarily by the sodium- potassium pump and the cofactors
required for activity are shown in Fig. 3
The Na* - K* pump is situated in the plasma membrane of virtually all
animal cells. It's major mechanism for maintenance of the low
intracellular Na* and high intraceilurar K* concentration required for
multitude of cellular function like provides energy for the membrane
transport of metabolites and nutrients, (e.g., glucose and amino acids)
and such ions as protons, carcium, chloride, and phosphate. This
electrochemical gradient is essential also for regulation of cell volume
and for the action potential of muscre and nerve. It was found that the
concentrations of sodium and potassium ions on both sides of the
membrane are interdependent, suggesting that the same carrier
transports both ions. It is known now that the carrier is an ATp-ase and
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that it pumps three sodium ions out of the cell for every two potassium
ions pumped in entering the celllza,zty.

Possible effects of K*, on the pump have not been studied
previously in intact human cells, however, Knight and welt (29, 29)
demonstrated that the pump is inhibited by high K*, particularly when
the Na*, is low, in a manner analogous to the inhibitory effect of Na.
Also, Sz6nvi, L. et.al( 30), indicates that in children with chronic liver
disease the Na*-K* purnp activity is depressecd due to the contributing
of some inhibitor to the depressed function of Na*-K* ATpase.

In conclusion, the results of this study indicate that low serum
sodium levels are a common feature in patients with cirrhosis,The
appearance of hyponatraemia in cirrhotic patients, long regarded as a
poor prognostic sign, might be a function of unreco gnized underlying
impaired renal function . The existence of serum sodium concentration
is associated with a type of liver disease compared with patients with
serum sodium concentration within the normal range. Nevertheless,
even patients with a mild reduction in serum sodium concentration
should be considered a high-risk population because of their greater
frequency of major complications of cirrhosis compared with patients
with normal serum sodium concentration. Those complications related
to the increase of potassium concentration in chronic patients which
may lead to depress the Na*-K* purnp activity . Further investigation is
required to elucidate this phenomenon.
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ABSTRACT

Stopping power and alpha yields from (p,o) reactions for eight medium target
elements (tow targets of Krypton Kr and other tow targets of Zirconium Zr and four
targets of Molybdenum Mo) in the energy range from threshold energy up to 29.5
MeV proton energies have been calculated. Complete energy range starting from
threshold energy for each reaction have been analyzed statistically and the adopted
cross sections were reproduced in fine steps of incident proton energy in 0.01 MeV
intervals with the corresponding errors. The stopping power a"cording to Zeigler
formula was used in order to obtain the cross sections and alpha yiJd for eacfr
reaction based on the ofcross sections.

1. Introduction
This study concerns with the nuclear reactions used in the

production of the protons or alpha which are important in shielding
calculations, accelerators and proton therapy. The (p,o) reactioni
induced by bombardment of medium elements have been intensively
studied with high energy resolution up to energies accessible with
conventional electrostatic accelerators. In addition to the intrinsic value
of (p,o) cross section in the investigation of nuclear spectroscopy and
reaction mechanisms, such data are essential for the polarization of (p,u)
reactions as alpha sources [l]. The cross sections evaluation for (p,o)
reactions Krypton Kr, Zirconium Zr, Molybdenum Mo target elements
are calculated according to the available International Atomic Energy
Agency (IAEA) libraries and other experimental published data. The
stopping power depends on the type and energy of the incident particle
and on the properties of the materials it passes. In passing through
matter, fast charged particles ionize the atoms or molecules which they
encounter. The yield for a target having any thickness can be definecl as
the ratio of the number of nuclei formed in the nuclear reaction to the
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number of particles incident on the target. Thick target yield is defined
for a fixed macro-scopic energy loss, E;n-Eout, in a thick target. Integral
yield is defined for a finite energy ross down to the threshold of-the
reaction, Ein-E,r. The recommended cross sections discussed in the
present work and the target stopping powers of Ziegler 12,31 and SRIM
program (2003) [4] were used to carculate the alpha yield foi a target of
significant thickness. The cross sections of (p,,j reactions publishld by
different authors [5-7] in the energy range 7.7-29.5 rraev. Adopted
values have been calculated, the cross sections were reproduced in fine
steps of incident proton energy in 0.01 Mev intervals with the
corresponding errors. In this study the stopping power have been
calculated using szuM program and ziegler formulae [2,3] corpuscle to
three regions based on the verocity of the incident proton (V). rn.
calculated adopted cross sections for these reactions have been
evaluated and a systematic behavior of alpha yields with proton energy
and target numbers (z) have been observed throughout the studied
isotopes.
2. Theoretical part
a. Stopping Power

Incident protons with certain energy will lose all their energies in a
definite distance in a medium before it stopped completjy. The
mechanism for the stopping power of ions penetrating condlnsed matter
depends on the charge and velocity of the incident corpuscle and the
nature of the matter, for that reason one can be compilation the energy
loss of the charge corpuscle to three regions (high, intermediate and liv
energy). The behavior of ions in each region can be explained as the
following [8]:
i. The high enerry region

This region can occurs when the velocity of the incident corpuscle
(v) is (v>2vozt) where (Z) is the atomic number of ion una ryo;
represents the Bohr velocity (Vo:2.lgxl06 m/s; and this is about the
velocity of the conduction electrons in solid. Ions with velocity below
(Vs) have adiabatic collisions with target electrons and hence small
stopping power. The stopping power increases with decreasing ion-
velocity [9].

The electronic stopping power (S") is to prevail with Bethe (1933)
equation applies in this region [10]:

-#=rvs"= tff *,1^(!f)-,,(, -o,)-o,) (r)

Where N: is the atomic density of the medium [N:Nu (p/A)].
Nu. is the Avogadro's number (Nu:6.022r 1023mo1e-lj.
p: is the density of matter.
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A: is the mutss number.
e,m: are the charge and mass of the electron respectively.

Zuzz, are the atomic numbers of ion and target respectiveiy.
B: is the ratio befween incident corpuscle- velocity and the

velocity of light 0 =L .
c

I: is the mean ionization and excitation potentiar.

K: is the coulomb constant K = .l : g.99x l0eNm2C-2.
4ne ,

ii. The Intermediate Energy Region
The intermediate energy region occurs when the verocity (u of the

incident corpuscle is in the range (2v0zpv>yozr,r); it i".rra., i'rr.
maximum stopping power. In this region the effect of effective charge is
clear and that is because of loss its energy which is mean decrease of
corpuscle velocity and charg e 21 decreased too, and that because of loss
or acquire electrons and there will be elastic collision with the nuclei of
atoms occur. Thus equation (l) was modified, and its express electronic
stopping power as Bethe-Bloch (1933) [10].
一響=肥θ7厖 2Z

Sa=8πθ
2α

O争
    (;:)

Where zυ 3=zμ3+ィ 3

and ao represents the lBOhr radius,

… (5)

… (6)

%=券 =■ 29×Ю引力.…0

… (2)

where L is the stopping atomic number and depends on the velocity of
incident corpuscle and the medium of the target.
L: Lo * ZrLr + Zr2,lz e 

.. .(3)
Where L6=ln(2wv,,,/I)-C|Z2 ...(4)
C/22 is the shell correction.
zrlr is the Barkas effect correction from the polarization.
Zr'Lris Bloch-correction to transform from quantum to classical form.
iii. The Low energy region

It occurs when the incident corpuscle velocity (v) (v<v oZrr,r)in this
region, to calculate the cross settion for electronic stopping on the
Thomas-Fermi potential as a function of velocity. The equation for this
region is given by [l l,l2):

In the scope of this work, the electronic stopping powers were
programmed and using the empirical formulae given by Ziegler as flows
12):

l- Energy range (l-tO;"10-3 MeV
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-dE = A.Eu2& , -- ...(8)
2- Energy range (10-999)xl0-3 MeV

(-#)'=(-*):.*(-#)",, (e)

(-dE\ = ArEoo, ... (lo)\ d, ),"*

(-#),,,^=(+)'[,.(+)+A,E) (,,)
3- Energy range (1000-100.000)x l0-3 MeV

( #)=(#['[ #)-p'-Y'4,.,1r'rl] (t2)
Where E : is the proton energy in (MeV).

A;: &re the coefficients given by Ziegler [2,13].
B: is the ratio between incident corpuscle velocity and the

b. Alpha Yield
The Yield of alpha detected per incident particle, y, for an ideal,

thin, and uniform target and monoenergetic particles beam of incident
energy E6 is given by Ila].

r =(ntp(n,b@,)
...(13)
Where n: is the number of target atoms per unit volume.

t: is the target thickness.
o: is the reaction cross section.
e: is the alpha-detection effrciency.

For target which is not infinitesimally thin, the beam loses energy
as it passes through the target, and the yield is then given by [ls,
l6l.
u _'i "o(r)e(rfiar'-!".-w

dx'
...(14)
In which (86,:E6-AE)
Where E6,r: is the reaction threshold energy.

AE : is the energy loss of the beam in the target.
f : is the number of target atoms in each target molecule.

-dE tdrrl) : is the stopping power of the medium as a
function of the beam energy.
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If the target is sufficiently thick, and there exist one atom per each
molecule (i.e., f = 11 and taking the efficiency a(f)= 1, then the
resulting alpha yield is called the thick-target yield which is given by
ltTl

′σ(E)グE
―編

/凌
)

Since stopping power :!(-!!\.r\ dx )
3. Data Reduction and Analysis

Method Used to obtain the Adopted cross sections is as the
following:

a. The sets of experimental cross sections data were collected for
different authors and with different energy intervals. The cross
sections with their corresponding effors for each value are re-
arranged according to the energy interval 0.01 Mev for available
different energy range for each author.

b. The normalization for the statistical distribution of cross sections
erors to the coresponding cross section values for each author has
been done.

c. The interpolation for the nearest data for each energy interval as a
function of cross sections and their corresponding errors have been
done using Matlab program version (7.0).

d. The interpolated values were calculated to obtain the adopted cross
section which is based on the weighted average calculation
according to the following expressions [18]:

… (16)

Where the standard deviation error is:

… (15)

… (17)S.D.

4. Results and Discussion
Table (l) present the international atomic

libraries (EXFOR) used in the present work
energy Agency (IAEA)
for available measuring

1

品
Where o;: is the cross section value.

A o1. is the corresponding error for each cross section varue.
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data c011ected fOr o,α )reactions.The available data in the literature,
taken from EXFOR library,conceming the measurement Of the(p,α

)
reactbn cross seclons fOr the target eLments∬

亀2'∬亀4,お4o,∬41,
″施50'お九ゐ53'お・

ゐ56'and W脆58 mentioned in table‐ l were evaluated in
the present wOrk in Order tO calculate the adOpted cross sections using

adopt.nl progranl,which is written in the present work using Matlab-7.0

prograrn.The adopted evaluated crOss sections are calculated(uSing

adopt.rn prograln)and plotted as a functiOn of incident protOn energy

starting frOnl threshold energy for each reaction. The results fOr each

(p,α)reactiOn are discussed as fO1lows:

1‐ ∬亀2し,α凛乳O Reactbn
The crOss sections data published by Helus et al。

(1991)[5].and
Tarkanyi et al.。 (1993)[6],for this reaction have been p10■ ed,
interpolated, and recalculated in steps Of o.ol MeV frOm thresh01d

energy 10.8 up to 28.8 MeV of the incident protOn energy in order tO

obtain the adOpted cross sections ofthis reactiOn.The results Of adopted

cross sections and the experirnental results fOr the authOrs mentioned

above are shown in igures(1).

Table-1:InternatiOnal libraries uscd fOr availablc measuring data cOnection for

,o) reaction

呻Ｅ‐ｅｍｅｎ
(.p,o) reaction Target

Element

{p,a) reaction

Library Product Library Product
∬亀 2

EXFOR
ENDF‐ B‐

VI

ENDF‐
BVH

∬名0 ″ルb50
EXFOR
ENDF‐B‐VI
ENDF‐B‐vH

f:A°48

∬亀4
EXFOR*
ENDF‐ B‐

VI
ENDF‐

BVH

∬Br42 お腸 53 EXFOR*
ENDF‐ B‐VI
ENDF‐BVH

″謁51

∬40 EXFOR
ENDF‐ B‐

VI

ENDF‐
BVH

:;48 ″ルbS6
EXFOR
ENDF‐ B‐ VI
ENDF‐BVH

:f婦 54

∬Z/51 EXFOR十
ENDF‐ B‐

VI

ENDF―
BVH

:机 9 翌施 58
EXFOR■
ENDF‐ B‐VI
ENDF―BVH

:子腸56

only one author gives data.
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For energies l-10 KeV/amu use coefrlcients A-1.

For energies lo‐ 999 KeV/amu use coemcicnts A‐ 2to A‐5.

For energies above 1000 KeV/amu use coefrlcients A‐ 6to A‐ 12.

2‐ ∬亀4し'α):IBr42 Reac● on

The crOss sections data published by Helus et al。 (1991)[5].for thiS
reaction have been plotted, interpolated, and recalculated in steps of

O.01 MeV frona threshold energy 12.5 up to 28.8 MeV ofthe incident

proton energy in order to obtain the adOpted cross sections Of this

reaCti01. Prhe re。 .lts Of adopted cross sections and the experilnental
results fOr the authors mentioned above are shown in igures(2).

3‐ 器Zr50し,αttZ8 Reaction
Tle CrOSS Section, data published by Levkovskii(1991)[71, and

Levk,vSkJ(1991)[7].for thiS reaction have been plo悦ed,interpolated,

and recalculated in steps Of o.01 MeV from threshold energy 15.8 up to

29。 5 MeV of the incident proton energy in order to obtain the adopted

cross sections ofthis reaction.The results ofadopted cross sections and

the experiinental results fOr the authors mentioned abOve are shown in

flgures(3)。

4-∬ Zrsl(′,α鴻机9 Reaction

The cross sections data published by LevkovskJ(1991)[7],.for thiS

reaction have been plotted, interpolated, and recalculated in steps of

O.01 MeV fronl threshold energy 9.5 up to 27.6 MeV of the incident

proton energy in order to obtain the adOpted cross sections of this

reactiono The results Of adopted cross sections and the experirnental

results fOr the authors mentioned above are shown in igures(4).

5-お施50し 'α)flМ48 Reaction

鷺
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The cross secrions data published by Levkovskij (1991) [7], and
Levkovskrj (1991) [7].for-this reaction have been piotted, interpofatea,
and-recalculaJed in steps of 0.01 MeV from threshold eneigy t+.S up to
29.5 MeV of the incident proton energy in order to oUtain-itre udopted
cross sections of this reaction. The results of adopted cross sections and
the experimental results for the authors mentioned above are shown in
figures (5).

6-ii uo -b, ")1f 
M,, Reaction

The cross sections data published by Levkovskij (1991) [7].for this
1"1.t,9n have been plotted, interpolated, and recaiculated in iteps of
0.01 Mev from threshold energy r2.g up to 29.5 MeV of the incident
proton energy in order to obtain the adopted cross sections of this
reaction. The results of adopted ..or, ,..iion. and the 

"rp"rirn"niulresults for the authors mentioned above are shown in figures (6)
Table (2): Coefficients for stopping of proton used in tte Zeigter
formula [2,171.

7 - li uo,"(p, a)li,laj, Reaction
The cross sections data_ published by Levkovskij (1991) [7], and

Levkovskij (1991) [7].for rhjs reaction have been ptotteA, inierpoiated,
gA_r9ga]9ut{ed in steps of 0.01 MeV from threshlld energy 7'.7 up to
29.5 MeY of the incident proton energy in order to obtainhe aaoptea
cross sections of this reaction. The results ofadopted cross sections and
the experimental results for the authors mentionid above are shown in
figures (7).
8-'fluo,rQt,a)fl,n6ro Reaction
The cross sections data published by Levkovskij (1991) t7l.reaction have been plotted, interpolated, and recalculated 

-in

0.01 MeV from threshold energy g.6 up to 29.5 MeV of the
proton energy in order to obtain the adopted cross sections
reaction. The results of

for this
steps of
incident
of this

adopted cross sections and the experimental results for the authors
mentioned above are shown in figures (g).
When the widths of unstable states are small compared with their
separation, the states are distinct and observable. ana ir the states are
overlap 

_ 
and strongly mixed, these states do not have distinctly

observable wave functions. Because of the instability of the .ornpouni
nucleus, results in an uncertainty in the energy oi these states. The
energy uncertainty is given by the width of the resonance and lifetime
of the state. Therefore, the resonance will have the character of the
energy distribution of any decaying state of width, lifetime, and a
maximum total cross section.
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In analyzing the (p,cr) reactions in sections we note that the discrete
nuclear states that are populated in ordinary decays have discrete
separations, widths, and lifetimes. Thus if we were to calculate the cross
sections at a given incident proton energy of a nuclear state, it is very
unlikely that the overlap of the energy distributions of two different
states could cause confusion as to the stationary state resulting from the
decay.
The stopping power of medium target elements for proton-particles has
been calculated in the present work using two methods:
l-we adopt SRIM (2003) [4], as an experimental results where SRIM is
a program build for Ziegler

empirical formulae.
2' we used Ziegler empirical formulae and Ziegler coefficients
mentioned in table (2), as a theoretical calculation results.
For these calculations,the(stOp.m)program has been wri■ en in Matlab―

7.O program for this purpose.

The alpha yields from(p,α )reaCtiOns are very important quantity as
wen as the crOss sections in

analyzing prOblems Of radiation shielding,criticality safety On spent

fucl,and have influence On safety design and operation of the facility

that the light nuclei have large cross sections for alpha product[18].

TherefOre,the alpha yield fOr∬ Kr42,∬ 」%4'お Zr50'おZr51'″拗 50'お拗 53'

お協56'and um58 target elements were calculated in the present work

using equation(16)。

The main aim ofthis study is to increase a alpha yields from aα
)

reactions by increasing the energy of protOn beams which can interact

with different targets.The stopping power and alpha yields ofthe o,α
)

reactions for 14 target elements maintained above have been obtained.

The resuLs have been shown in igure(9,10,H)respect市 ely for each

target element.

In an flgures,the alpha yields Of rnost Ofthe(p,α )reaCtiOns secm to
depend strongly on the structure of the individuai nucleus, the incident

proton energy, and stOpping power ofthe target

element.

Generany, the bchaviOr of the stopping power decreases with
increasing the alpha yields which agrees with Ref[2,13,14].It iS Clear

from the calculated results shown in these flgures that for the calculated

dpha yiett vdues for 20-100%abundance target dement∬40,and
″施56f° 11° w the trend in the asymmetry parameter of alpha excess(N―

Z)/A so that by increasing this paramctcr the ma対 mum alpha yiclds will
be increase as shown in table(3).ThiS increment may be attributed tO

the fact that by increasing the number of neutrons the outer sheHs are
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populated by.an excess alpha which increases the occurrence probability
of(p,o) reactions.

Table -3: The maximum alpha yield and the asymmetry parameter for the 20- 100%
abundance elements.

Target elements Maximum ncutron yicld

(atOm・ 10E‐9)
(N― Z177A

∬ZrK。 13968 0 11lH

″ル・ 56 88009 014285

I輔   lii奮驚II魂
ly grOup

Hencc,fOr evcn‐ Z and evcn‐A target elcmcnts∬ Zrs。 ,and″施,6°f

鵬 t辮柵蹴悩螂梅[:弼WhCre rhe maXimum Jpha yには
lncreasing asymmctry parameter

5‐ ConclusiOns
l‐  For incidcnt prOtOn Or Kr,thc

was used to prevent10ss Ofthe c)

Thus thc direct crOss sections ca

range are in goOd agreement with

多
膜I盤棚W臨蹴蹴柵 鳳l識露I:』精
target by several energies.The sample were oxide ofrnatcrials as a

rule,butthe author[7]does not rcpOrt about decay data.Thus,thc

.C悧 穏 fT滞 肝 Ⅷ llT諸 器 、訛 鵠 :普‰ n“
summarized as f0110ws:

a‐ The described calculatiOns Of alpha yiclds,with the usc Of diffcrent

targcts,should bc performed in order to detcrnline the alpha scaling

shielding.

b‐ Thc use of different mediunl targct clement shO、 vcd a changc in
dynanlics Of the incident protOn cnergy, but thc alpha yields 

、vas
changed rapidly for the fol10、 ving prOtOn encrgy range:

● Incidcnt prOtOn encr,7‐ 9 MeVin∬施,6 and l∬■あ,8

0 1nddcnt proton cncrgy lo_13 McV in∬
亀2,∬亀4'鮒みlandぉ M。5,

・ Incdent prOtOn encrgy 14‐ 16 MeV in」み。and∬ 1を
,。

.
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The alpha yield described above these energy ranges was changed
slightly for the maintained target elements.
4- Because the widths of nuclear states are either small compared with

their separation or overlapped. We therefore, conclude that it is
reasonable to speak of discrete quasibound stationary states because
their separation is far greater than their width, and we also conclude
that such nuclear states do not contribute to the density of final states
because there is only one nuclear state that can be reached in a given
decay process.
4- The alpha production by proton incident reactions, (p,u)

reactions, with medium nuclei have large cross sections for
alpha production and they could have influence on safety
design and operation of these facilities. Hence, accelerators
using protons are used in such fields as physics, biology,
proton therapy and medicines.

Figure -l: The adopted cross section
of the 78Kr1p,a) TsBr reaction
(present work) compared with
EXFOR Library. Data l:Ref.
No.[5]; Data2: Ref. No.[6];Data2:
(Pw).

:器毬:鍔現朧模鼠t

WOrk)COmparcd with EXFOR
Library.Data l:Ret No。 [5];Data 2:

(PW).

datal

- 
data278Kl:慇口5Br//ヽ

ヽ

だ_＼
ad。メed Vdues 、ヽ

＼、、、

―――‐datal

data2

data3
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Figgry -3: The adopted cross section of
the eu Zr(p,a) 87y 

react i on (present
work) compared with EXFOR Library.
Data l:Ref. No.[7]; Data 2: Ref.
No.[7]; Data 3: (PW).

Figqle -4: The adopted cross section of
the "' Zr(p,a)EEY reaction (present work)
compared with EXFOR Library.Data
l:Ref. No.[7]; Data2: (pW).

Figyle -5: The adopted cross section of
the "Mo(p,a;o'Nb reaction (present
york) compared with EXFOR Library.
Data l:Ref. No.[7]; Data 2: Ref.
No.[7]; Data 3: (pW).

Figure^-6: The adopted cross section
of the "Molp,o;e2Nb reaction
(present work) compared with
EXFOR Library. Data l:Ref. No.[7];
Data2: (PW).
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Figure -7: The adopted cross section
of the e8Mo1p,c; esi.lb reaction
(present work) compared with
EXFOR Library. Data l:Ref. No.[7];
DataZ: Ref. No.[7]; Data 3: (pW).

f郷続&謂爵鯖魁朧継 lβ

f

WOrk)COmpared with EXFOR
Library.Data l:Re■ No.[7];Data 2:

(PW).

Vol.23,No2,2012

C

Figure-9:Left side; the comparison befween the calculated stopping power in the
present work (pw) and SRIM (2003) of proton in the Kr. Right side; the alpha yield
as calculated in the present work compared with experimental results based on the
adopted cross section of the Kr(p,o)Br reaction.
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Figure-10:Left side; the comparison between the calculated stopping power in the
present work (pw) and SRM (2003) of proton inthezr. Right side; the alpha yield
as calculated in the present work compared with experimental results based onthe
adopted cross section of the Zr$4a)Y reaction.
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Figure- I I :Left side; the comparison between the calculated stopping power in the
present work (pw) and SRIM (2003) of proton in the Mo. Right side; the alpha
yield as calculated in the present work compared with experimental results based on
the adopted cross section of the Mo(p,o)Nb reaction.
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ABSTRACT

Atmospheric phenomena such as scattering and turbulence can cause large
variation in laser beam attenuation of free space optics systems. Meteorological
visibility is presented in the work as well as Kim, Kruse and AL Naboulsi fog
models for determination of atmospheric attenuation. FSO like fog, rain and snow
causes reduced link availability for considerable amount of time. However different
optical wavelengths suffer different attenuation. In this paper, the attenuation of
diflerent wavelengths FSO links has been analyzed under different weather
attenuating condition like fog, rain and snow.

INTRODUCTION
Shortly after the invention of the first working laser by Maiman, Free
space optical communication (FSOC) was identified as an attractive
alternative to RF and millimeter wave (mmw) communication links for
its number of advantageous features like higher antenna gain, higher
data rates, security aspects, electromagnetic compatibility (EMC) and
electromagnetic immunity (ENfl), frequency regulation issues, etc [l].
Free Space optic (FSo) links involve the transmission, absorption and
scattering of the light by the Earth's atmosphere. The atmosphere
interacts with light due to the atmosphere composition which, under
nolmal conditions, consists of a variety of different molecular species
and small suspended particles called aerosols. This interaction produces
of wide variety of optical phenomena: selective attenuation, scattering
and scintillations [2]. The transmission is influenced by the propagation
channel in any communication system. The propagation channel for
FSO is atmosphere. Among various atmospheric attenuation effects on
FSo link, fog is the most important factor [3]. The long wavelengths
have been found to be more resistant to fog attenuations and it has been
analyzed that long wavelengths typically have better fog penetration as

high as twice (stable fogr) and ten times (selective fogs) the
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transmission of shorter wavelengths [4]. However, all currently
available commercial FSO systems are using wavelengths between
0.78pm to 1.55pm. The key benefit of these wavelengths is that
components are readily available since they are similar to the
components used in fiber optic communications and other industrial and
consumer applications [2]. This motivates to compare the behavior of
all these wavelengths under different weather conditions offog, rain and
snow so that the optimum wavelength can be selected for high
availability.

Optical Attenuation by Fog
Fog is a cloud of small water droplets near ground level and sufficiently
dense to reduce horizontally visibility to less than 100m. Fog is formed
by the condensation of water vapor on condensation nuclei that are
always present in natural air. This can result as soon as the relative
humidity of the air exceeds saturation by a fraction of l%. In highly
polluted air the nuclei may grow sufficiently to cause fog at humidities
of 95%o or less [5]. Another way is to use visibility data to predict
specific attenuation. The models Kruse, Kim and Al Naboulsi [6, 7, 8,
9] use this approach and predict specific attenuation using visibility.
The specific attenuation for both Kim and Kruse model is given by

/(λ)=3912(4)_q (1)
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Where l, is the wavelength in nm, V is the visibility (m), and q is the
particle size distribution. For kruse model [6]

ifV>50km
if6 km<V<50 km
ifV<6km

(2)

equation (2) implies that for any meteorological condition, there will be
less attenuation for higher wavelengths. The attenuation of l0 pm is
expected to be less than attenuation of shorter wavelengths. Kim
rejected such wavelength dependent attenuation for low visibility in
dense fog. The q variable in equation ( I ) for Kim model [7] is given by
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ifV>50h
if6 km<V<50 km
if lkm<V<6km    (3)
ifO.5 km<V<1lm
ifV<0。5 km

AL Naboulsi and et.al developed from (France Telecom Model) simple
relations allowing the evaluation of the attenuation in the 690 to 1550
nm wavelength range and for visibilities going from 50 to 1000 m for
two types of fog: advection and convection fog [9]:
The advection fog is generated when the warm, moist air flows over a
colder surface. The air in contact with the surface is cooled below its
dew point, causing the condensation of water vapour. It appears more
particularly in spring when southern displacements of warm, moist air
masses move over snow covered regions.
The attenuation by an advection fog is expressed by the following

relation [8]:

/(λ)adveclon=
0。 11478λ +3.8367

(4)

Where L is the wavelength (m).
V is the visibility (m).

The radiation or convection fog is generated by radiative cooling of an
air mass during the night radiation when meteorological conditions are
favourable (very low speed winds, high humidity, clear sky). It forms
when the surface releases the heat that is accumulated during the day
and becomes colder: the air which is in contact with this surface is
cooled below the dew point, causing the condensation of water vapour,
which results in the formation of a ground level cloud. This type of fog
occurs more particularly in valleys.
The attenuation by a radiation or convection fog is expressed by the
following relation [8] :

0.18126え
2+0.13709え

+3.8367
/(λ )Rα′′α′′ο″=

83

(5)
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Optical Attenuation by Rain
Rain is precipitation of liquid drops with diameters greater than
0.5mm.when the drops are smaller; the precipitation is usually called
drizzle [5]. The optical signal is randomly attenuated by fog and rain
when it passes through the atmosphere. The main attenuation factor for
optical wireless link is fog. However, rain also imposes certain
attenuation. When the size of water droplets of rain becomes large
enough it causes reflection and refraction. As a result these droplets
cause wavelength independent scattering [0]. Majority of the rain
drops belong to this category. The increase in rainfall rate causes linear
increase in attenuation, and the mean ofthe raindrop sizes also increases
with the rainfall rate and is in the order of a few mm [l l]. The specific
attenuation of wireless optical link for rain rate of R mm,/hr is given by

ll0l

a,p",i.fi,= l.o76Ro'61 [dB/km], R is rain rate (6)

The Snow Attenuation of FSO
The snow flakes are generally larger than rain drops and cause much
larger received signal strength fluctuation and significant snow
attenuation consequently [2]. The snow flakes as large as 20 mm have
been reported [13, 14] and such a large snowflake can cause link failure
if laser beam is narrow. When a snowflake crosses the laser beam, the
receive signal level depends on the diameter of the snowflake and
distance from the transmitter, as well as the position of the snowflake
relative to the cross section of the beam [2]. The FSO attenuation due
to snow has been classified into dry and wet snow attenuations. IfS is

the snow rate in mm/tr then specific attenuation in dB/km is given by

[15]

Att".*, = 3$b (7)

If L is the wavelength (nm), a & b are constant as follows for dry snow

a =5.42*lO-5 ),+ 5.495876 & b =1.38 (8)
The same parameters for wet snow are given as fotlows
a --t.023*tO4 t+3.7855466 & b =032 (9)
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RESULTS AND ANALYSIS
The attenuation of different wavelengths has been simulated for very

low visibility below 500m.Figure(1)shOWS the speciflc attenuation

sirnulated fOr different IR wavelengths using Kruse rnodel.
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Figure -l:Comparing the specific attenuation of different wavelengths for visibility
up to 500m using Kruse model

It can be observed that specific attenuation for longer wavelengths is
less. At extremely low visibility, the specific attenuation at g50 nm and
950 nm is almost 20 dB/km more than the specific attenuation at 1550
nm. This shows that under dense fog with extremely low visibility, 1550
nm surpasses the performance of 850 nm and 950 nm.
The perfofinance of different wavelengths has also been compared
using Kim model. As equation (3) suggests, we do not find any
difference in specific attenuation of different wavelengths for visibility
below 500 m. Figure (2) shows the simulation behaviour of g50 nm and
10 pm wavelengths using Kim model.

Figure -2: comparing the specific attenuation of different wavelengths
for visibility up to 500m using Kim model
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It can be observed that specific attenuation does not show wavelength :

dependent behaviour. However it is shown in [6], the measured

specific attenuation varies a lot between different wavelengths for 1

visibility below 500 m. This suggests preferring Kruse model for
specifi c attenuation estimation.
The specific attenuation behaviour for different wavelengths has also

been simulated using Al Naboulsi model. The specific attenuation has

been simulated for advection and radiation fog. Figure (3) shows the

specific attenuation behaviour simulation for different wavelengths
using for visibility below 500m.

Al Naboulsi model also does not exhibit any wavelengths dependent

specific attenuation.
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The specific attenuation behaviour of different wavelengths has also
been simulated for different rain rates. Figure (4) shows the specific
attenuation suffered by optical wavelengths due to different rain rates.
As implied by equation (6), rain also does not show any wavelength
dependent attenuation. The curves of specific attenuation suffered by
different wavelengths follow the same trend. That is why only one
curve is shown for all wavelengths

Figure -4: Specific attenuation of optical wavelengths for different rain rates

The specific attenuation for different wavelengths for dry snow and wet
snow are shown in figures (5, 6) respectively. It can be seen that both
types of snow does not show any wavelength specific attenuation.
Moreover as indicated by equation (7), the specific attenuation by dry
snow is much higher than specific attenuation caused by wet snow. This
suggests to use lower wavelengths for optical wireless communication
in areas with high snow rates as lower wavelengths have high
availability of components.
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5

Figure -5: Comparing the specific attenuation of diflerent wavelengths for dry snow
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Figure -6: Comparing the specific attenuation of diflerent wavelengths for wet snow

CONCLUSIONS
The benefits of optical wireless communication motivate to use it for
high data rate demanding applications. The weather influenced reduced

availabilitycanbecopedwithproperSelectionofopticalwavelengths.
The 1550 micron works well against the major attenuating factor of fog
andprovidessignificantimprovementintheperformanceaScompared
to other wavelengths. However for rain and snow event, the affenuation
does not show wavelength dependent behaviour. In the regions with
high rain and snow rate, smaller wavelengths seem to be beffer option
due to high availability of equipments.
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ABSTRACT
Thc obiect市 e Of the current study involved dctcnlnination chemical composition

(hduding ipid,protdn ash,moヽ ture and glycogen)in fOur ish spects from Tigris

River in North of lraq.The chemical analysis revcaled that the lipids in muscles of

four flsh spccies Cα ossJ″s ιarass,as, ルをぉrar′″b々″s ″αstace″bル″s, Barb“

″″
“

α″′Sルras″加 rag“ were 8.573■ 0.841%,7.715■0.736%,8.532■ 0.685

%, and 14.65は 0.554 0/O respectively. Proteins content in Cα″αss′″s c″oSS′″S,

ルねs″ο′
“
bル如 ″asra“″らたな,Bαrb“ ′″″霞 αだ S″″″

“
s″,aSietts wcrc 310.4土

3 649 mg/g,380.5■ 2 530 mg/g,3051■ 1.800 mg/g and 321.7■ 3.587 mg/g ofthe

frcsh weight,rcspectively Thc study also shows that ash contcnt and moisture

ranged froFn l.55■ 0.078 and 2.99■ 0363%,76.05■0.540 and 80.73■ 0147%ofthe

fresh wcight, correspondingly. The concentrations of protcin in the flshes 、verc

signiflcantly different allnong the species.Concentration of protein was thc highest

in musclc of mtαce″b姥″s″ω″
`′

″bル″S and lowest in the muscle of Bσbas

′″′ι″s.The highcst concentrations ofglycogcn,vas found in thc Carass,″ s`araSS加

among the four species(pく 0・001).
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INTRODUCTION

Fish is one of the most important sources of animal protein available,

and has been widely accepted as a good source of protein and other

elements for the maintenance of a healthy body [l]. As compared to red

meat, fish flesh is easily digestible because it contains long muscle

fibers. Moreover, the consumption of fish has been linked to health

benefits such as reduced risk of coronary heart disease. A preventive

and curative effect has also been reported for arterial hypertension[2] ,

human breast cancer[3], colon and prostate cancer [4,5], inflammatory

diseases[6,7] , asthma[8,9] and disorders of the immune system[l0,11].

In addition, fish oil helps to prevent brain aging and Alzheimer's

disease [12].
Fish are quite different from other animal food sources, because they

provide low energy and have high level proteins, which contain all

essential amino acids. So they are beneficial nutrition sources [13]. Fish

are not only beneficial protein source but also contain considerable

amount of unsaturated fatty acids, and thus the studies on lipid

biochemistry have been considered so important recently

[4,15,16,17,18]. The lipids are the most important biochemical

compounds of fish and the freshwater fish constitute a great food

potential for human [9].
This study was carried out to determine chemical constituents

(including protein, lipid, glycogen, ash and moisture) in muscle of four

fish species (Crucian carp (Carassius carassius), Asian jini (Silurus

triostegus), Himri (Barbas luteus), Marmaritch (Mastacembleus

mastacembleus) in the Tigris River, Kurdistan Region of Iraq and to

compare among these biochemical constituents in different fish species.

MATERIALSAND METHODS

Fish species: The fish species used for this study were Crucian carp

(Carassius carassius), Himri (Barbas luteus), Asian jirri (Silurus

triostegus), Marmaritch (Mastacembleus mastacembleus) all purchased

(in the same genus, weight and size; 20 specimens; middle size value).

The mean of weights and lengths of these species were 348 + 20 g and
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23 *2.1 cm,232 * 15 g and 31.7 +1.7 cm, 848 * 35 g and 46 t3 cm,

258 r 17 g and 48.7t 6.8 cm, respectively. The edible sections of
muscle of each species were transferred immediately to the laboratory

after had posted capture on arrival in ice. These were used in the final

analyses.

Chemical Composition Analysis: Lipid was determined according to

Folch method by using the Soxhlet method [20]. Moisture was

determined by drying the samples in an oven (Memmert-500, Germany)

at l05oC to constant weight [21], and was expressed as a moisture per

1009 sample (%).Glycogen content was determined 122). Ash was

determined by incineration in a muffle fumace (Heidolph-3001k,

Germany) at 550oC for 10 hours [21] and finally, protein extraction was

carried out l23l and determined by Lowry method [24].
Statistical Analysis: All data are expressed as means t standard error

(M+SE), and statistical analysis was carried out using statistically

available software (Graphpad prism 5). Comparisons between groups

were made using one-way analysis of variance (ANOVA) in

combination with "Newman-Keuls Multiple Comparison Test" analysis.

Newman tests compare all groups with each other. P values <0.001

were considered significant.

RESULTS AND DISCUSSIONS

The mean chemical analysis of lipid, protein, glycogen, ash, and

moisture in muscle samples of four fish species Carassius carassius

(Gl), Mastacembleus mastacembleus (G2), Barbas luteus (G3) and

Silurus triostegus (G4) are presented in Table (l) .
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Table -l: Mean the percentage of lipid, ash, and moisture and the concentration of

protein and glycogen, in muscles of four fish species Carassius carassius (Gl),

Mastacembleus mastacembleus (G2), Barbas luteus (G3) and Silurus triostegus (G4)

'C Value in the same columns with different superscript letcrs within a same strain are slgnincantly

direrent(pく0001)

Figure-l: The percentage of lipid in muscles

carassius (Gl), Mastacembleus mastacembleus

S ilurus lr io s te gu s (G4).

of four fish species Carassrzs

(G2), Barbas luteus (G3) and

Groups Lipids% Ash% moisture 7o glycogen (m g/g) protein(m g/g)

Gl
a

8573■0.841

a

l.89■0075

a

77.2■ 0446

a

0.524■0036

a

310.4■ 3.649

G2
b

14.650■0.554

a

l.55■ 0.078

a

76.05■ 0.540

b

0138■0.017

b

380.5■2.530

G3
a

8532■ 0685

b

2.99■0363

B

80.73■ 0.147

b

0119■0.012

a

305.1■ 1.800

G4
a

7.715■0.736

a

186± 0133

A

77.19■ 0627

b

0121■0013

a

321.7■ 3587

Data are as mean + SE of thrce
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Figure-2: The concentration of total protein in muscles of four fish species

Carassius carassius (Gl), Mastacembleus mastacembleus (G2), Barbas luteus (G3)

and Silurus triostegus (G4).

Figure-3:The percentage of ash in muscles of four flsh species Carass・
Jtts carass′露s

(Gl),血s″σθ″bル霞 ″
“

″θι″bル富 (G2),β″b“ ′
"″

霞 (G3)α′グ Sil“rals

″わsieps(G4).
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Figure-4: The percentage of moisture in muscles of four fish species Carassius

carassius (Gl), Mastacembleus mastocembleus (G2), Barbas luteus (G3) and

Silurus trioste gus (G4).

Figure-5: The concentration of glycogen mdg in muscles of four fish species

Corassius corassius (Gl), Mastacembleus mastocembleus (G2), Borbas luteus (G3)

and Silurus triostegus (G4).

The results in Table (1) show a significant increase (p<0.001) in

the lipid in G4 as compared with other groups, also show a non-

significant difference in the lipid percentage (%) between Glwith G3

and G2. The amount of total lipid obtained from various species of fresh

water fish was investigated, and it was observed that the values were

between 7.715- 14.650%. The maximum % of lipid in the

Mastacembleus mastqcembleus (G2) 14.650 t 0.554 Yo and minimum o/o

Silurus triostegus (G4) 7.715*0.736 %. These results disagree with the
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results of [25, 26] who reported that the percentage of lipid in C. carpio

and Barbus were lesser than our results of four species. These results

were in agreement with those obtained by 120,27,28,291 who reported

that the lipids contents were affected by the species, sex, age, water

temperature, degree of pollution, nutritional condition seasonal

variation, fish origin (whether the species was wild or hatchery). The

changes in the amount of lipid content of fish flesh are mainly due to
variation in the amount of triglyceride s [25]. As some researchers

explained, these variations have resulted from the biological features of
species. In the life span of fish, the most important biological properties

are reproduction and nutrition physiology ll4, 15, 16, l7l. The fish
generally store lipids in their own liver and muscle tissues, but during
the process of storage which tissues are important varies according to
the fish species. Castell et a1.,1972, sho#s that the active fish stored

their lipids in muscle tissues [30]. The lipids may be divided into two
parts: the first is saponifiables, which contain the mono-, di-, and tri-
glycerides; and non-sponifiables, containing the fat-soluble vitamins, A,
D, and E, steroids, and phospholipids [25].
Protein levels were significantly highest in Mastacembleus

mastacembleus (G2), with an average value of 380.5 mg/g, followed by

Silurus triostegus (G4), Carassius carassius (Gl), and Barbas luteus
(G3) with 321.7 mg/g,310.4 mg/9,305.1 mg/g, respectively as in Table
(l). The amount of protein in fish species varies according to; feeding

habits, age and sex ofthe fish, and fat and water contents ofthe flesh

[25]. There are many reports on the nutritive properties of fish meat in
the literature, not only because of the high protein digestibility but also

because of the content of omega-3- fatty acids, mineral matter and

vitamins [31,321. Proteins are important for growth and development of
body, maintenance and repairing of worn out tissues and for production

of enrymes and hormones required for many body processes[33], in

addition to its excellent supply of essential fatty acids, minerals and

vitamins[34].

Highest levels of ash were found in Barbas luteus (G3) 2.99%, followed

by Carassius carassius (Gl), Silurus triostegus (G4) and
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Mastacembleus mastacembleus (G2) with 1.89%, 1.86 o/o and l'55 Yo,

respectively as in Table l. Love, 1957;Pirestani et a1.,2009, reported

the result of cyprinus carpio and BarDzs species ash to be lesser than in

our results of four species [25' 26]. Ash in fish muscle contains

nutritionally important minerals [25]'

The results in Table (1) show that the moisture levels are nearly similar

for the four fish species Mastacembleus mastacembleus (G2), Carassius

carassius (Gl), Silurus triostegus (G4), and Barbas /ztezs (G3) With

76.05+0.540 yo, 77.2L0.446 yo, 77.1910.627 o/o, and 80'73+10'147 o/o

respectively. Also, these results are nearly as seen as [25,26] with other

species of Cyp rinus carpio and Barbus species'

In Table (1) the glycogen level of Carassius carassius (G1), that

maximum significantly different (p<0.001) is higher than the glycogen

level of other species as Mastacembleus mastacembleus (G2), Silurus

triostegus(G4),andBarbasluteus(G3),respectively'Musclecell
glycogen appears to function as an immediate reserve source of

available glucose for muscle cells. other cells that contain small

amounts use it locally as well. Muscle cells lack the enzyme glucose-6-

phosphatase, which is required to pass glucose into the blood, so the

glycogentheystoreisdestinedforintemaluseandisnotsharedwith
other cells. This is in contrast to liver cells which, on demand, readily

do break down their stored glycogen into glucose and send it through

the blood stream as fuel for the brain or muscles' Glycogen is also a

suitable storage substance due to its insolubility in water, which means

it does not affect the osmotistic levels and pressure ofa cell [35]'
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ABSTRACT

The neutron-capture cross-sections of the fission products are extremely important in
the design of reactors, as well as in nuclear reactor operation. A special considerationis usually given to rhe Xe-135 and Sm-149 which ur. 

"onrid"red 
as a highlypoisoning material in the operation of nuclear reactors. The evaluated neution-

capture cross-sections based on the credible experimental data are essential in orderto increase the safety factors of reactor designs; we evaluate the cross sections of
some of the Xenon and Samarium isotopes published by the major international

raries.

INTRODUCTION
Neutron cross section data pray a major role in the design of nuclear

reactors, as well as in reactor safety analysis. The evaluatedlata libraries
currently being used for many applications, such as burn-up, calculation
for spent fuel transportation, criticality calculation and Aerign analysis
are the base of any reactor activity .A number of improrria nrriron
capfure cross section are elaborated by some national instifution and
accepted by the international agency of nuclear energy are available for
researchers of reactor designers.
Some of fission products created as a result of the fission in the reactor
has a large neutron capture cross sections both in thermal and epithermal
energy range. The neutrons absorbed by these fission products represent
a significant portion of the total ross of neutron in reactors.
Fission fragments generated at the time of fission decay can produce a
variety of fission products. These fission products are of concern in
reactors primarily because they become parasitic absorbers of neutrons
and result as long term sources of heat. Although several fission
products have significant neutron absorption cross sections,
Especially Xenon-135 and Samarium-149 which have the most
substantial impact on reactor design and operation. They have a high
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neutron absorption capacity, such as Xenon-l35 (2,000,000 bams) and
Samarium-I49 (74,500bams). As these two fission product poisons
remove neutrons from the reactor, they will have an impact on the
thermal utilization factor and the effective multiplication factor and
reactor reactivity. The poisoning of a reactor core by these fission
products may become so serious that the chain reaction comes to a

standstill [].
Xenon-l35 in particular has a tremendous impact on the operation of a
nuclear reactor. The inability of a reactor to be restarted due to the
effects ofXenon-135 is sometimes referred to as Xenon precluded start-
up. The period of time in which the reactor is unable to override the
effects of Xenon-135 is called the Xenon dead time or poison outage.
During periods of steady state operation, at a constant neutron flux level,
the Xenon-135 concentration builds up to its equilibrium value for that
reactor power in about 40 to 50 hours. When the reactor power is
increased, Xenon-135 concentration initially decreases because the bum
up is increased at the new higher power level. Because 95yo of the
xenon-135 production is from the decay oflodine-135 , which has a 6.57
hour half-life, the production ofXenon-135 via decay oflodine-135 will
continue since the half life of Iodine-I35 is shorter than the half life of
Xenon-135[2].
Samarium is a widely used rare earth element in nuclear reactors as a
neutron absorber because of high thermal and epithermal neutron cross

sections of some of its isotopes, they has also a great importance in
nuclear medicine for therapeutic purposes because of the suitable decay
and dose parameters of some radioisotopes to be delivered to the patient.
a stable isotope, Sm-152 is used as control material in nuclear reactors,
it's produced radioactive isotope, and Sm-153 is used as one of the
negative beta emitters therapeutic radioisotope in nuclear medicine for
tumor therapy and bone pain palliation due to its high local beta dose per
disintegration and suitable half-life (a6.5 h).The radioactive isotopes
Sm- 153 decay with a half life of (46.38ah) to the stable Eu-I53 and emit
strong radiationof 69.67 keV and 103.18 keV[3].

The accurate knowledge of the Sm (n, y) cross section has an
important implications for nuclear technology developments as well as in

fundamental nuclear physics. The Sm (n, 1) reaction rate has a great
relevance in nuclear astrophysics as this isotope is an important
branching-point isotope in the slow process (s process) path; the s-
process flow has the possibility of undergoing neutron capture or,
altematively, p-decay. Since the relative probability of the two processes
depends on the stellar thermodynamic conditions, in particular on the
temperature as well as on the capture rate [4].
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Because Samarium-l49 is not radioactive and is not removed by decay,
it presents problems somewhat different from those encountered with
Xenon-135. The equilibrium concentration and (thus the poisoning
effect) builds to an equilibrium value during reactor operation in about
500 hours (about three weeks), and since Samarium-I49 is stable, the
concentration remains essentially constant during reactor operation [3].
A number of different national and international comities have been
engaged in considerable theoretical and experimental efforts to build
their nuclear data libraries. The most recent evaluated neutron nuclear
data libraries concerning the fission products are actually JENDL-4 from
Japan[5,6]ExFoR from IAEA[7],ENDF/B-VI release 8 from united
States[8],JEFF-3.0 and JEF-2.2 from Europe [9] , BROND-2 from
Russia [10] ,and CENDL-3.0 from china [11] . These libraries are
considered now as containing the most up-to-date nuclear data of
evaluated (recommended) cross sections, spectra, angular distributions,
fission product yields, thermal neutron scattering, photo-atomic
reactions, and other data which are important in neutron-induced
reactions relevant principally to reactor calculations [12,13].They
contain too cross sections of numbers of fission products nuclides
according to their yields , half-lives ,capture , elastic, inelastic and
absorption cross sections, for example the Chinese library contain 138
fission product nuclides which are evaluated in the energy range from
l.e-5 eV to 20. MeV, while the Japanese, European, Russian and
American libraries they contains2}9, 203, 36 and l9g respectively
mostly in the same energy range.

Calculation Method and Results
one of the main important utilization of the fission product cross
sections is illustrated in the time-dependent behavior of neutron
absorption in fission products which is considered as a major problem
concerning the reactor depletion calculation. The degree of complexity
required for adequate treatments of fission products build up depends on
several factors, such as, energy spectrum, fuel isotope composition and
burn up rate, neutron capfure and total cross sections, isotopic yields
productions...etc .

An exact calculation of full fission products build up is not feasible since
there are several hundreds of fission products nuclides, and some number
of laffice group constants for core calculation which have to be generated
at numerous points. The calculations are done using a modular progranl
system composed of number of codes capable to do cross section
preparation, flux calculations and evaluations, burn-up and depletion
calculation in terms of time and reactor power.
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Such models, even the most sophisticated, which must take into account
the half-life, yield and nuclear transformation as show in fig (l) due to
the decay to other nuclides during the reactor operation, cannot give in
spite of the very important and substantial progress in this area a definite
cross section values due to the complexity of the problem originated
practically by the complicated process of frssion.
From the large number of fission products and excluding all of those
having half-lives in seconds or minutes, we present some representative
fission products having the following characteristics:

Four ofthem are stable or (very long half life), and these are:
Samarium- 149, Samarium- 150, Samarium- I 52, Xenon- 134
One of them (Samarium- 15 l) has medium-lived frssion producr and acts as a
neutrun poison in the nuclear fuel cycle , the half-life of Samarium-I51 is
(eoy)
One of them has a large cumulative yield, which is:
Xenon-135(6.54%),
One of the selected frssion products has acceptable half-life for
measurement purpose which is Samarium- 153 (46.284 h)
In order to obtain an average value(Y) for the different libraries data we
applied the following weighted mean formula [14],

', _Ewi yi
Lwi

Where: wi = t/of
o1 :standard deviation ofsample i
yi : cross section value of sample i
Some libraries declare the uncertainty of calculation which we
considered; otherwise we used l}Yo for the unmentioned error as usually
recommended by the IAEA.
Using the above formula, different sets of programs are built in Matlab
language depending on the number of data used (From 3 to 7 sets of
cross section data ), and has an energy interval considered is from
0.00001 to 20 MeV .

Results of 7 fission products (from different libraries and evaluated data)
are presented in graphs as shown in figures (2-8).

CONCLUSION
The evaluated capture cross sections of seven fission products are based
on the main intemational data libraries presented in figures (2-g). The
average weighted values indicate clearly the necessity to adopt such
calculations which are very important for some problems such as neutron
dosimetry, fuel bum-up and determination of isotope production.
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A complete dependency on individual or even collective experimental
results are not recommended due to experimental deviations and errors
and the impossibility of measurement for all the detailed interval of
energy .This may be one of the important reasons to explain the observed
deviations in some energy intervals of the international libraries. Thus
using the weighted average one can obtain an accurate, complete and
energy detailed cross section values and can implement the essential
condensation calculation in terms of any .n.rgy interval which are
essential for all kinds of reactor
calculations.

Fig -l: Schematic decay r"p."
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Fig.-2:capture cross section of Sm-149 Fig.-3: capture cross section of Sm-150

Fig-4: capture cross section of Sm- 15 I
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Fig.-6: capture cross section of Sm- I 53
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Fig.-7: capture cross section of Xe-134
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ABSTRACT
In this paper we introduce some types of closed sets in the minimal stricture space
depended on 9rnr-closed and we studied the relationships among them, and we
introduce some concepts of continuous functions and also studied the relationships
among them.

Keywords and phrases: rax -open set, Oz, -open, rax -structure, mx -continuous.

INTRODUCTION
The concept of minimal structure space was introduced in 1996 by H.
Maki [].
In 1968 Velicko introduced the concept of e -open set. This concept
was studied by many authors and they found that the collection of all
d-open sets in a topological space (X,f) forms a topology I, onX
which is weaker than f .ln(2004) Caldas M., Jafari S. and Kovar M.M.
[2] inhoduced some properties of d-open sets. In (2006) Al-Zangana
E. B. [3] introduced the concept of gm*-closed set and in (2007) AL-
Asadi B.J. [4] introduced the concept of tur* -closed set.

We dependent on this concept and introduced some concept of closed
set.

ntx -structure
Definition.2.l UI A subfamily my of the power set P(x) of a none-

empty set X is called a minimal structure (briefly, rr -structure) onX if
bemx andX Emx. Each member of my is said to be rz*-open and

the complement of an mx-open set is said to be my-closed set. We

denoteby (X,my) the m -structurespace.

Definition.2.2 |llLet(X,m*)be an nr-structure space. For a subset ,4

ofx , the my-closure of ,q and the m*-interior of,4 are defined as

follows:

0) *x-cl(A)=n{r'.Ac F,X\.E em, \.
(2) 

^x-int(A):U{U:(J c.A,U emx \.

H3
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Note that, mx-cI(A\ is not necessarily rz, -closed, also ,rrx - int(/) is
not necessarily m x -open.
Lemma.2.3 lll Let (X,m*)be an m -structure space , for a subset ,4 of
X , the following hold :

(l) m* - cl(X \ A) = X \ m x -int(l) and m x - r;lt(X \ A) = X \ m x - cl(A).
(2) If X\Aem*, then my-ct(A)=,1 and if Ae mx,then
mx -itrt(A) = A.
(3) If Ae B, then my -ct(A)=my -ct(B) and
m 11 - int(A) c. m, - int(8) .

(4)Agmy -cl(A) and, my -int(AlcA.
(5) my -cl(my -d(A))= mx -ct(A) and

my - int(m 11 - iat(A)) = mx - int(z{) .

Lemma.2.4[llLet (X,ny)be an z-structure space and Abeasubset
of X. Then xem*-cl(A)iff UnA*0, for every Uez* containing.r.
Definition.2.5 fl An zr -structure rrx on a non-empty set X is said to
have the property (p) if the union of any family of subsets belonging to
m* belongs to m* .

Lemma.2.6 [] For an nr -strucfure ,n x on a non-empty setx, the
following are equivalent:
(l) zr, has property (p) .

(2) If my -irlt(|- =V, tben V e m y.
(3)lf ny -"1(F)= f , then F is mr -closed.
Lemma.Z.1 fll Let (X ,m 7s) be an nr -structure space with property ( p ).
For a subset A of X ,the following properties hold:
(l) A e my iff mx - int(A) = A.
(2) Ais m* - closed ilf my - cl(A) = A .

(3) m7 -int(A)emy ,andmy -ct(A) isn, -closed.
Anx -OPEN

Definition.3.l l4\Let (X,my)be an z-structure space, for a subset .4
of x, the On* -interiorof e is defined by ;
en * -int( A):U lU : m, - cl (A c A,() e m *| . ,{ is called &n * -open iff
Onx -int(A): A and the complement of ,l is called dlzr. _closed.

A point -r of X is said to be a &n x -cluster of a subset ,{ if
m r - cl(U)l) A * Q for every mx -open set containing: . The set of all On ,
-cluster points of ,4 is said to be &n., - closure of .4 and denoted by
&nr -cl(A).
Remark3.2.[4] If an rz -structure space myonanon-empty subset X
satisry (B), then we have every &n, -open is lll.,. -open.

l14
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' Remark3.3 [4] Let (X,mx)be an nr -structure space. For subsets I and
' B ofx. The following statements are hold:-
. (l) fu* -cl(X \ l): X\Onx -int(l) andemx -int(X \ l) = X\)rnx -cl(A) .

- (2) tu* -int(l) Cilx -inr(l) s Aand Ac.m, -cl(A)c On* -cl(A).
(3) If As B , then On* -ct(A) sOn* -cl(B)and
*n , - nt(A) c. 0n, - int(B) .

(4)l is &2, -closed iff On* -ct(A)= A.
Remark .3.4 I4l Let (X,my) be an rr -structure space and A , B are
subsets of x. Then :

(l) CI" * - cl(AU B) = &n * - cl(A)U On * - cl(B).
(2) 0"* -cl(AfiB) c On, -cl(A)fiAn* -cl(B).
(3) tu * - nt(AU r) = &n x - nt(A)U tu* - int(B) .

(4) en * - nt(Afl a) e &tt, - nt(A) fi en * - int(B) .

Note 3.5 [4] (1) The collection of all 0mr-open is denoted by 0,r*.
(2) An rz -structure mx on a non-empty set X is said to have property
(7) if the intersection of any finite number of subsets of m21 belongs
tomy.

- (3)lt X is anon-empty set and m* is oo z-Structure satisfies y,then
the following theorem gives a topologyf*, (consist of the collection

. of all )m*-open sets) induced by mx.
Theorem.3.6 [4] Let (X,my)be an m -structure space satisfies 7.Then:
(l) X,0 areCIn*-open.
(2) The intersection of finite 1m*-open sets is &n*-open.
(3) The union of any family of &nx-open is *mr-open .

Definition.3.T [3][5] Let (X,m*)be an rn -space, a subset Ais gm*-
closed if m* -cl(A)c U, whenever Ac(J,(J em*

ftza -closed set

Definition.4.l.Let (X,m)be&fl m-space and .ac.X.l is called
l-fumx -closed if Onx -cl(A)c U, whenever Ac(J,(J €nx.
2- 0' gm*-closed if &nx - cl(A) c U , when ever A c.(J,(J e &n* .

3- 0" gm* -closed if m* - cl(A) c U , when ever A c.(J,(J e &nr .

' Definition.4.2. The complement of *gm* -closed (resp., 0'gm*-closed,
0"gm*-closed) is called *gmr -open (resp., 0'gm*- open , 0"gm*- open)

. Remark.4.3. 1- Every funr-closed is*ga* -closed and every fumx -

. closed is gmr-closed.

2-Every 0m*-closedis 0'gm*-closed and every 0'g*^.-closed is 0"gmr.-
- closed.
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3-the converse of(1)and(2)in thiS rcmark may be nottruc in gcneral,

as fbllows examples

Examples.4.4:

1‐ Let χ ={1,2,3,4),″χ=(χ,ψ,(1),{1,2),{2,3),(1,4},(2,4)),thCn

The class ofal1 0″ χ‐closed sets is{X,φ ,{1),{4},{1,4},{2,3},{1,2,4}}

The class ofall砲″χ‐C10sed sets is(X,φ

,{1),{3},{4},{1,3},{1,4},{2,3),{3,4},{1,2,3},

{1,2,4},{1,3,4},{2,3,4}).
The class ofall θ・8″χ‐c10Sed sets is{X,φ

,{1},{2},{3},{4},{1,4},(2,3),{2,4},

{3,4},(1,2,4},(1,3,4},{2,3,4)}and
the class ofaH θ・・多″χ‐c10Sed sets is{X,ψ

,(1),(2},{3),{4},{1,3}{1,4},{2,3},{2,4},

{3,4),{1,2,4},{1,3,4},{2,3,4}},

thCn(1,3,4}is ar"χ 
‐closcd but not a"χ ‐c10sed;

(1,3}is θ'a‐CIOsed but nOtθ・g″r‐closed;

(2,4}isθ
・gηλ‐Closed but notθレ

“
χ‐C10Sed;

{1,2,3)isar"χ ―closed but notθ・g″″‐closed and♂
“
χ‐cIOSed but not

θ・1,″χ ‐CIOsed

{2}isθ“gax ‐closed but notyχ ‐closed and not a"χ‐c10sed.

2‐ Let χ=(1,2,3),″χ=(χ,φ,{1,2),(2,3},{1,3)},then{1}iS ttx‐ c10sed but

nOt ttχ ―C10sed.

Lemma.4.5:Let(χ ,″χ)be an″ ‐space such that″x satisfles(の

prope」ら/,then wc have:―

1¨ Every ttχ ―Closed is θ・

`″
χ‐closcd.

2¨ Every g″χ‐closed is θ“Pχ ‐ciosed.

Proo■ Since“χ satisfles(oprOperり,then by rcmark(3.2)every ttχ ‐

open ls″χ―opCn.

Thc following diagranl explains the rclations among the conccpts of″ x

―closed 毎‐
t¬

‐棚だ
嘘d

0'gm^.-clost'd. \'ith\p)

l

d"grr,. -closed

lr6
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Theorem .4.&Let (X,mr)be an z-Spoce and .BcX, then
1-B is *gmr-open iff F c.&n* -int(B) whenever F 

= 
B and F is m*-

closed set.
2- B is 0'gm*-open iff f c.1rn* -int(B) whenever F g B and F is 0m*-
closed set.

3-B is 0" gm*-open iff f e m* -nt(B) whenever F c. B and F is 0m*-
closed set.
Proof: 1- Let B is fumr-open set and F is mr-closed set such that
Fc.B,then X\Bqx\Fand X\B is *gm*-closedand ,Y\F is m*-

openset, then &n*-cl(X \B)cX\Fhence X\ &nx-nt(B)=X \F.That
is Fstu*-int(B).
Conversely: Let F c.0m* -int(B) F c. B and F is m*'closed set. Let
(J emrsuchthatX\Bc.U,then X\UsBand X\U c.On* -int(B)that is

X \tulx - int(B) c U.
Then emx-cl(X\B)=U hence X\Bis 9gmr-closed set and B is *gmr-
open set.
(2) and (3): same as proof (1).
Theorem.4.1.Let (X,m*)be an m-space and A is figmr-closed subset

of x, then
emx - cl(A)\ A does not contain any non-empty rz, -closed set.

Proof: LetBbe an z*-closed set such that Bc.&n* -cl(A) \1, then Bs
Otrx - cl(A) and A s X\ B .By definition of 1gm* -closed

On* -cl(A) cX\8. Hence B 
=X\&n* -cl(A).That is B =0.

Remark4.8. the converse of theorem (1.7) may be not true in general
as shown in the following example.
Example.4.9. In example (4.4(l) letA={2}, then &n* -cl(A)\l does

not contain any non-empty zr -closed set and ,4 is not *gmr-closed.

Theorem.4.l0: Let (X,m*) be an z-strucfure space and A is 0'gm*-
closed subset of X, then On* -cl(A)\ I does not contain any non-empty

0mr-closed set.

Proof: LetB be an ?mr-closed set such thatB c.firn* -cl(A) \ l. Then

Be Onr-cl(A) andAgX\ Be)mrthen &n*-cl(A)EX\,B. Hence Bc
X\$tnx -cl(A). Thus B = 0.
Theorem.4.ll.Let (X,m_r) be an lz-structure space and A is 0"gm^.'

closed subset of X. Then m* -cl(A) \l does not contain any non-empfy

)rn r -closed set.
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Proo■ Let B be an cttχ ―closed set such that B⊆ ″χ_ダ
(И)ヽ /,then B⊆        ご

″χ―ダ(И)and И⊆χ Bヽ∈ a″χo Then″χ―ダ(И)⊆ χ BヽoIIence B⊆          
・

χ ″ヽχ―グ(И).Thus β=φ .                                     ・
Corollary。4.12.Let(χ ,″χ)be an″―structure space and И is attχ ―      ‐

closed subset of」 F.Then
l¨ И is aηχ―c10sed setiff aヮχ―ダ(/)、 И iS“χ‐c10sed set.

2‐ / is a“χ_closed set iff θttχ ―ダ(/)ヽ ИiS a“χ_c10sed set。

3‐ /is″χ―c10sed set iff″χ―cJ(И )｀ И iS`腸χ―closed set。

Proo■ 1‐ LetИ is`ン′χ―closed subset of χ.Then〔ル2χ
_ダ

(И)=И Thus

伽χ―ダ(И )｀ И=ψ and itS″χ‐closed set.

Conversely:let a“ χ_グ
(И )｀ /iS″χ―C10sed set and since И is鼈

“
χ‐

closed set.Then`レ ′χ―a′ (И )ヽ И=ψ and hencettχ _グ
(И)=/,that is/is

a“χ_c10sed set.

2 and 3:sirnilar ofproof l.

Remarに 4。 13.

1‐The union OftwO ttχ (θ
・g″χ,θ

・・g“χ)―c10Sed setis ttχ (reSpo θ・g″χ
,θ
・・νχ)‐ c10Sed.

2‐The intersection Of●ⅣO`な″χ(θ
・g″χ,θ

・・g″χ)― C10Sed set may be not         _

物 χ(reSp.θ
・g″χ,θ

・・g″χ)‐ cloSed in general。

To show that see the following examples:                            .
Example.4。 14.in example(4.4(2))the Sets И={1,2,3},B={1,2,4}are        '
縫″χ―C10Sed but И∩B=(1,2}is not 4″ ,χ ―C10Sed。                      .
Remarに 4.15。 Let(χ ,″χ)be an″ …structure space and И⊆χ ,then
l=″1-int(磁χ―グ(И)ヽ И)=ψ .

2‐ 0りχ―int((aηχ―グ(И)、 И)=φ .

Theorem 4。 16:Let(χ ,“χ)be an″―strLICture space such that″ χ
satisfles(β )prOperサ and И⊆χ such that ttχ _グ

(И)iS″χ―Closed set,
then И is ιな″χ‐C10sed i∬ 伽χ―ダ(И )｀ И iS鼈

“
χ―Open set

Proo■‐Let F be″ χ̈closed set sot F⊆ θηχ―cr(И)、 Иo since И is ttχ _

closed,then a7χ ―ar(∠)、 /does not contain any nOnempty″χ‐c10sed
setthen F=ψ and F⊆ θηχ―mt(伽χ-6・J(И )｀ /),then θ″λ._ダ (И )ヽ /iS
arηχ‐open set.

Conversely:let И⊆υ and υ∈″χ.Then χ、υ⊆χ、И and hence         = ´

%χ ―グ(И)∩ (χ のヽ ⊆6レχ―c・J(И)∩ (χ Иヽ),then
%χ ―ダ(/)∩ (χ υヽ)⊆ 働ηχ―ダ(И )ヽ /Since 6レχ_c・J(/)ヽ /iS鼈驚χ―Open        ξ
set andaηχ―ダ(И)∩ (χ のヽ iS″χ‐Closed,then by theOrem(4.6)           ・
%..-6・J(И)∩ (χ υヽЭ⊆伽 .Y― int(%χ ―α(И )ヽ /)=φ ,then(%χ -6・J(И)⊆ び
TherefOre И is ttχ ―C10Sed set。                        ゛
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 `      Theorem 4。 17:Let(χ,″χ)be an″ ‐structure space and И⊆χ is
・
          勧 χ―C10Sed.Then И is θ・g″χ‐closed iff ttχ ―ダ(И )｀ И iS θ・g〃χ―open

.              set.

 ́      Proo■ The proofsimilar to that oftheorem(4.16)and iS thus omitted.

Theorem 4。 18:Let(χ,“χ)be an“ ―strtlcture space such that“ χ
satisfles(β )prOpetty and“ χ―ダ(И)iS(物χ―closed set.Then/is

θ・・g″χ‐closed iff″χ―J(И )ヽ И iS θ・・g″χ‐open set.

Proo■ The proofsimilar to that oftheorem(4.16)and iS thus omitted.

Theorem 4.19:Let(χ ,″χ)be an″ ‐structure space such that″ χ
satisies(β )prOperり and let И⊆χ isを

“
χ―Closed and B⊆ χ be aηχ‐

closed set.Then/∩ Bis亀″χ…Closed

Proo■ Let υ be an″χ―open s.t.И ∩B⊆ υ.Then И⊆び∪χ Bヽ,since

χ Bヽ is`物χ
‐open and by remark(3.2)χ Bヽ∈

“
χ andび ∈″χ,then

び∪χ Bヽc“χ,hence%χ ―ダ(И)⊆ び∪χ 3`(SinCe И isを
“
χ‐C10Sed)

and since aヮ χ
_ダ

(И ∩B)⊆ 働ηχ―グ(И)∩ 動ηχ-6・J(3)(remark(3.4)),then

aFχ _6・J(И ∩B)⊆ 働ηχ―グ(И)∩ B(B iS`物χ‐closed set)

の7χ -6・J(И ∩3)⊆ (び ∪χ 3`)∩ B=(υ∩B)∪ ((χ 3`)∩ β)=(び ∩3)∪ ψ=び∩B⊆ び

瓶x― c・J(И ∩B)⊆ び,then И∩Bis鼈凛χ‐C10sed.

Theorem 4。20:Let(χ ,″χ)be an“ ‐strtlcture space and let И⊆χ is

.        θ・g″χ
‐closed and B⊆ χ be`物χ

‐closed set.Then И∩B is θ・g“χ―
´
            closed.

Proo■ Letび ∈aηχ s.t.И∩B⊆ び.ThenИ ⊆び∪χ Bヽ,Sinceび∪χ Bヽ
∈0,χ and И is θ

+´
ηχ‐C10Sed,then(物χ―ダ(И)⊆ υ∪χ 3`,hence

の,χ ―cJ(И ∩助 ⊆(υ ∪χ 助`∩B=υ∩B⊆ び,then И∩Bisθ・g″χ c̈losed。

Theorem 4。21:Let(χ ,“χ)be an″ ‐structure space such that“ χ

satisfles(β )prOpeJり and let И⊆χis θ
中
し

“
χ c̈10Sed and B⊆ χ be θηχ

―closed set,then/∩ Bisθ・・♂ηχ―closed.

Proo■ the proof as like proofoftheorem(4.20)

Theorell1 4。 228The fbHowing results are trtle for a subset И ofan“ ―

space(χ ,“χ)

1-И is ttχ ―c10Sed iffの 7χ ―グ(И)⊆
“
χ―ker(И )

2‐ Иis θ・脚 χ
‐c10Sed iff%χ -6・J(И)⊆ 狐x― kCr(И )

.        3‐ Иis θ・・g″χ
‐C10Sed iff`渤 χ―ダ(И)⊆ θ″Y― kCr(И ),Where

“
χ一ker(ズ )(resp.6レχ一ker(И ))iS deflned as the intersection of an″ χ

ぃ           ―open(θηχ―Open)sets COntaining И.

Proo■ 1-Let D={υ :び ∈
“
χ,И ⊆び}everyび ∈D,then И⊆υ and since A

iSを″γ―C10Sed then θηχ―ε′(/)⊆ びand hence θηλ_― σ′(И)⊆
“

,・
―ker(/).

Conversely:Ifみ 7χ ―θ′(И)⊆ ″χ―kCr(И )and Suppose/⊆ υ,where

υ∈″、́,then
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CIn" - cl(A) c nx -ker(A) c U, hence I is *gm * -closed.
Proof of 2 and 3 are the same of l.
Definition.4.23:Let (X,m*)and (Y,m) be ln -spaces, then a function
f :X + I'is called
l- tu* -continuous iff -f-(U)is 0m* -closed in (X,m*)for every mr-
closed set U in(Y,mr).
2-fumx -continuous iff "f'(U)is fum* -closed in (X,m)for every mr-
closed set U in(Y,mr).
3-e'gm*-continuous iff -f-(U)is 0'gm* -closed in (X,m*)for every mr-
closed set U in(Y,mr).
4-0"gm*-continuous iff -f'(U)is 0*gm*-closed in (X,m*)for every
zr -closed set U in(Y,mr) .

Remark4.24:
l- Every 0m, -continuous is fum* -continuous and 0'gm* -continuous
and every 0'gm* -continuous is d*gzz, -continuous. But the converse is
not true in general. and the example (4.25) show that.
2- The concept of qm* -continuous and 0'gm* -continuous are
disjoint. To show that see the following example.
Example.4.25:Let (X,m*)be m-space as in example (4.4(l)). And let
l- f :X -+Xdefined as -f(l)=1,-f(2)=2,f(3)=4,f(4)=4, then / is
0'gm* -continuous but not *gm* -continuous and not 0m*-continuous.
2 - f :X +X defined as 

"f(l) =l,f(2)=4,f(3)=3,f(4)=4 ,is 7gmx-
continuous and o*gmx-continuous but not 0'gm*-continuous and not
&n* -continuous.
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ABSTRACT

The aim of this paper is to find the general solution for the two dimensional
Helmholtz partial differential equation by two numerical techniques. first we show
the summation formula to find the general solution by using numerical values of the
Green's function, the numerical method submitted by B.Fengsheng & L.Jiaqi(1987)
helps us to find the numerical values of the Green's function and we used this values
in the summation formula to find the general solution, then we find the general
solution by the Finite Difference Method and it is obvious that the numerical
solutions strongly agreed in both techniques.

INTRODUCTION
The Helmholtz partial differential equation, named for Hermann von
Helmholtz, is an elliptic partial differential equation, It is often arises in
the study of physical problems involving partial differential equations,
the inhomogeneous Helmholtz partial differential equation is the
equation[2]:

a2u a2u
3 *l# * d'(J = -.f (x,y)
ox oy

where d is a parameter, U is the function of the fwo independent
variables x,! whose solution is sought for and .f(x,y) is forcing
function.

This equation is very similar to the Poisson's equation which
describes both electrostatics and Newtonian gravitation, and would be

identical ifa=0. Furthermore, if f(x,y)=0 and a=0 then, we get the

Laplace's equation.
In this paper, we found the numerical values of the Green's

function for the two dimensional Helmholtz partial differential equation
by the numerical method submitted by B.Fengsheng & L.Jiaqi( 1987) [ I ]
and we used those numerical values of the fundamental solution
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(Green's function) to find the general solution for the two dimensional
Helmholtz partial differential equation by using a suitable summation
formula. We also found the general solution for the two dimensional
Helmholtz partial differential equation by using the Finite Difference
Method and it is obvious that the numerical solutions strongly agreed in
both techniques.

SUMMATION FORMULA OF THE GENERAL SOLUTION BY
GREEN'S FUNCTION

If the numerical values of the fundamental solution (Green's function)
of the two dimensional Helmholtz partial differential equation has been
found, then the general solution is easy to be expressed in terms of the
fundamental solution by the following summation formula:

″-1 ″-1

υ(χ,ノ)=ΣΣg(χ ,光 4,%)/(4,ηノ)
ノ=l j=1

Where g(χ ,ッ;4,7J)iS taken from the matrix of the numerical

solution of Green's inction that wc found by the numerical inethOd for

solving Green's inction(aS in the next section):

For example,the solution at the point(χ
l,ッ:)iS:

″-1 ″-1

Ц.=ΣΣg(■ ,ス ;4,%)/(4,%)
′=l f=l

ln this paper we use g(χ ,y;ξ ,η)tO denOte the value of Green's function

at each flxed pointχ ,y with ξ,η as the corresponding durnlny lntegration

variables[7].

GREEN'S FUNCT10N FOR THE TWO DIMENS10NAL
HELMHOLTZ EQUATION

The  inhomogeneous  two  diinensiOnal  Helinh01tz  partial

differential equation is the equation:

宰
+:;:1+α 2しr=_/(χ

,ッ)  ; α≦χ≦ら , c≦ ッ≦グ      (2)

Where α is a parameter, υ is the functiOn of the twO independent

variables χ,ノ  、vhose solution is sOught for and /(χ ,ッ) iS fOrCing
function.

The Green's function of this equation is the solution Of the following

equation[3]:

宇+:)F+α 2G=δ
(χ―ζ)δ(ノーη) ;α≦χ,ζ ≦ら, C≦ッ,η ≦グ(3)

Whcre δ ttthe mo dimendOnd deha―d缶ac func●on[7].

,

つ
４

う
Ｚ

●
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We divide the square domainCl =la,b1"b,a1(sides of this square domain

are parallel to the coordinate axes and it's boundary is ao ) in to n '
equal square subdomains Q,, with boundary d{1, = f, +I, +Il +f,
,letting the grid spacing be h, then the number of the internal grid points
is (r- l)', the coordinates of a typical internal grid points are

x, =ih,y, = jh, i:1,2,3,...,(n-l) , j =1,2,3,...,(n-l)

Integrating equation (3) in each subregion {>ij, Vi:1,2,3,...,(n-l),

ノ=1,2,3,...,(″
~1)giVes[1]:

I(1譲
子

+:;多 +α2G)“′=∬δ(χ 一ζ)δ (ツ ーη)θ誡タ (4)

ツ濯
　
οｒ

α毛
七

χ
　
為

１

　

０

ｒ

ｉ

Ｊ

ヽ

ｉ

ｔ

〓η４ツχＧ
一ηｒ

ＳツχＧ
一

Using Green!s theorem[4]giveS:

―

.lL:予
夕 +_II「

43テ

教 十

∬

α
2Gθ

誡 ク =∬ δO一 ζ)δ (ツ ー η)6浣の
′    (5)

Ω
・

Applying the mean― value theorem and the E)irac‐ delta Function

properties will lead to:

一G(χ′,ップ.,4,ηノ■)~G(χ′.,ップ,4■ ,ηノ)+(4+α
2み2)G(χ

,,ップ,4,ηノ)

=ηプ  (6)
ツプ

≠ηノ

∀′=1,2,3,… ,(4-1), Ji=1,2,3,… ,(″ -1)

In matr破 form:  ИG=I where ris the identity matr破 of order

←_1)2,И and G are square matrices oforder l-1)2given by17]:

И =

B
―J

In the matrix A every element /is the identity matrix of order(r-l)
,o is the zero matrix of order(n-l)and B is a square matrix of
order (n- l)given by[7]:

Ｂ
イ
Φ
…
…

Φ

Φ

Φ
可
β
・・．

イ
Ｂ
イ
…
…

Φ

Φ

И

(7)

Φ
Φ
Φ
…
…

イ

Ｂ

Φ
Φ
Φ
■
・・．
イ

Φ

Φ
Φ
イ
・・．
・・．
Φ

Φ

０

　

０

　

０

　

・

・

・

74+a2h2) -l o o ...

-l (4+a2h2) -l o

0 -l (4 +a'h') -l

; '. o ,to*d'h'\
0...00-l

-1

(4+α
2乃 2)
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G=

Gl,l  Gl,2  Gl,3 … q(″.)

G21  Q,2  G2,3 … G2(″■)

Q,l  G3,2  G3,3 … Q(″■)

q″.)l q″ .)2 q″.13 ・… q″J、(".)

●

G′
,ノ
=

∀′=192,3,… ,(′ -1),ノ =1,2,3,… ,(η -1)

SOLVING HELMHOLTZ EQUATION BY FINITE
DIFFERENCE METHOD

In this section, we flnd the general s01utiOn Of the h″ 0
dimensiOnal Helmh01tz partial differential equation(2)by using the

flnite difference method.

D市id the square domainΩ =la,bl× レ,グ]into η
2 equal square subdomains

Ω′,letting the grid spacing be h,then the number Of the intemal grid

points is l_1)2,the CoOrdinates of a typical intemal grid points are

鶏=Й,yy=ノカ,J=1,2,3,… ,(″ -1),ノ =1,2,3,… ,(″ -1)

And the mnction value of υ atthese grid points are denoted byし
Lブ

Nov7, for the twO diinensiOnal Hellnh01tz partial difFerential equatiOn

(1)let us replace each second deHvative with the usual flnite difference

apprOxiinatiOn at the grid point υ′,ノ eXCept the pOint where the point
source is acted then we get the fol10wing difference equatiOn:

こ JJ-2Ц J+Ц t′ +望脚
―

争

+Ц
J土 +α 2仏

″=ザ (為 ,為 )

一Ц.,ブ
+2Ц

,ノ

~仏■、プーЦ,′J+2Ц ,ノ

~Ц
.ノJ~α

2ヵ賀ム、プ=力
2/(毛

,ップ)
~じ

,ノJ~Ц」、ノ+(4-α
2ヵ 2x4.ノ ~Ц

Jノ
~Ц

,ノJ=力 1′(χ′,ッノ)    (8)
∀ノ=1,2,3,… ,(4-l),ブ =1,2,3,… ,(′ -1)

The above equations are equivalent tO the fO110wing algebraic systenl:
Иυ=b

Where A is an order(″ -1)2square matrix,u and b are(n-1)Xl column

matrices,such that[7]:

g(\, !,,€r,4,) g(\, f ,,€z,o i)
g(xz,!,,6t,Qi) g(xz,!,,€z,Qr)
g(xs,!,,€r,4i) g(xt,!,,€z,ei)

g1rr,-r, 1,,€r,4 ) g(xp-j,1,,€r,e )

g(χl,ノ′,ら ,ηノ) … g(χl,ノ′,長″■),ηプ)
g(χ 2'ノ′'4,ηノ) … g(χ 2'ノ′,長″.),ηノ)
g(χ3'ノ′'4,η′) … g(χ3'ノ′'長".),η′)

g(χ
(..),ノ′,4,ηノ)・  ̈g(χ (″1)'ノ′'長″.),ηノ)

●
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(9)

びr=レЪび2J… %"-2)ブ Ц
"J、プ]

br=レ 2/(為
,ノノ)乃 2/(χ

2'ノブ)… 乃2/(も_υノノ)力 2/(.″ャップ)]
VJi=1,2,3,… ,(″ -1)

Where rthe identity matr破 oforderl-0,Φ  is the zero matr破 of order

(n -l)and B is a square matrix of order (n-l)given by[7]:
(4-a2h2) -l o o ... o

-l 14-azh21 -l 0 ... o

B=
0 -l (4 -d'h') -l o

o ..: o -; 14-azh2) -l
0 ... 0 0 -l 14-a2h21

ILLUSTRATIVE EXAMPLES
In this section, we give examples of the two diinensional

Helmholtz partial differential equatiOn,in each of them,we ind the

general solutiOn by two different techniques.In the flrst example we

will tak9/←,y)=δ (χ ―告)δ(ッ ー:)and α=0,then,we get an example on

the Poiss9rs equation[5], in the second example we take

/(χ,y)=δ O一告)δ(y― :)andα =1・

EXAMPLE
Consider the two diinensional Helinholtz partial differential

equation (2)with fOrcing hnction /(χ,y)=δ (χ ―告)δ(ッ ー÷)(tWO
dimensional delta― dirac)and α=0:

2整望+2菫望==_δ

`χ

_:)δ
(ツー:)  ; 0≦ χ≦1,0≦ ノ≦l

Now,take r=4 so力 =0.25
To flnd the general solution fbr this equation by the sunllnation fonnula

(1)We need to flnd the values of Green's function,The Greenis function
ofthis equation is the solution ofthe following equation:

弊+事 =δ。一のよツーの;0≦為ζ≦LO≦光η≦1

く
υ

う
乙
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―C(χ′,ノノJ'4'ηブ_l)― G(χ′_l,ノブ,4_l,ηノ)+4G(χ″ップ,4,ηノ)

―GO日 ,ノェ .,η月)― GO′ ,yy・l,4,η川)={: 
言 ili 

α

γ
ノノ

:

=物

∀′=1,2,3 ,ブ =1,2,3

り≠ηノ

By rnatrix follll:  ИG=/where r is the identity matrix of Order 9, И
and G are square Fnatrices oforder 9 given by:

Where:

ソ′,ξl,ηブ)g(χ:,ッ′,ら ,ηノ)g(χ l,ッ′,4,η

ソ′,ζl,ηノ) g(χ 2'ノ′
'ξ2'ηノ) g(χ 2'ノ′

'ζ3'η

ソ′,ξl,ηノ) g(χ3'」ノ′'ζ2'η′) g(χ3'ノ′'4,η
∀J=1,2,3,Ji=1,2,3

И =

4-10-1 0 0 o o o
-14-10-1 0 0 o o

O-1400-l o o o
-1004-10-100

0-10-14-10-l o

00-10-1400-1
000-l o o 4-10

0000-l o-14-1

00000-l o-14

By using the MATLAB programming we get:
0.2991  0.0982  0.0313  0.0982  0.0625  0.0268  0.0313  0.0268  0.0134

0.0982  0.3304  0.0982  0.0625  0.1250  0.0625  0.0268  0.0446  0.0268

0.0312  0.0982  0.2991  0.0268  0.0625  0.0982  0.0134  0.0268  0.0312

0.0982  0.0625  0.0268  0.3304  0.1250  0.0446  0.0982  0.0625  0.0268

0.0625  0.1250  0.0625  0.1250  0.3750  0.1250  0.0625  0.1250  0.0625

0.0268  0.0625  0.0982  0.0446  0.1250  0.3304  0.0268  0.0625  0.0982

0.0313  0.0268  0.0134  0.0982  0.0625  0.0268  0.2991  0.0982  0.0313

0.0268  0.0446  0.0268  0.0625  0.1250  0.0625  0.0982  0.3304  0.0982

0.0134  0.0268  0.0313  00268  0.0625  0.0982  0.0313  0.0982  0.2991

G=И J=

Now,we can flnd the general solutiOn by the sunlination fOrrnula:
3   3

び(χ ,ノ)=ΣΣg(χ,光 4,η′)/(4,%)
ブ=1 ′=1

But/(χ ,ノ)=δ (χ ―告)δ (ッ ー告),then:
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び(χ,ノ)=ΣΣg(χ,光ζ,ηプ)δ(4-号 )δ(ηノ~:)
ノ=1 ′=1

Theterm g(χ ,ノ;ξ ,ら )δ(ζ ―告)δ(%―告)iS Called a weighted delta function

and it is zero eve巧 碑here except at 4=告 &ηノ=告
'Where it has value

g(χ ,ッ;告 ,告),SO by using the properties ofdelta― dirac hnction,we get:

び(χ,ノ)=g(χ ,ノ;:,:)

υ =

―υ′+:″ 十E/1′り+仏 ./― Ц」,ノ

+υ′,′ ―Ц,ノ l

∀′二1,2,3,ノ =1,2,3

Thcn,wc havc the following difference cquation:

On the other hand, we are going to flnding the general solution by

another technique which is the flnite difference rnethod,again take′ =4
So力 =0.25.

In order to obtain the difference equation,we need to detellllinc how to

replace the fbrcing hnction:

∬(宇
十
:;子)滅“

レ=―

∬
δ(χ ―告)δ (ッ ー告)a競タ

By using Greenis theorem we have:

―
[和

+I等イツ+I等凌-1等凌=∬δ(χ―:)δ (ッー:)勤

―

It升
レ+I等 ウ +1号

チ
凌-13チ凌={i tlitFメ

」
j

Using the usual flnite difference approximation to replace cach

der市ative[8],at the nOdal point(χ ,ッ)=G,号 ):

あ
[―

三十■生+し 'ブ

~Цユノ+仏 ,ノ

~Ц
.戸 _し ,川

―Ц,ノ

]={l tli7ノ」j
∀′=1,2,3,ノ =1,2,3

υ
Ll

υ
2,l

び
3,:

υ
l,2

び
2,2

び
3,2

υ
l,3

び2,3

υ
3,3

0.0625

0.1250

0.0625

0.1250

0.3750

0.1250

0.0625

0。 1250

0.0625

１
一２
　
１
一２

一一
　

≠

ツ

　

ツ

漏
　
び

１

一
２

　

１

一
２

一一
　

≠

χ
　
　
χ

ｌ

　

０

ｒ

Ｊ

ｎ

ｔ

〓Ｌ＋Ｌ一
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∀J=1,2,3,ノ =1,2,3

1n matr破 follll,we haVe:И θ=わ

Where A is an order 9 square matrix and θ , b are 9 xl colurFm
matrices,such that:

И =

4-10-100000
-1 4 -1 0 -1 0  0  0  0

0-1400-1000
-1004-10-100

0 -1 0 -1 4 -1 0 -1 0

0  0 -1 0 -1 4  0 0 -1

0  0  0 -1 0  0  4 -1 0

0000-10-14-1

00000-10-14

0':10,., 0r., 0r., 0,., 0r., O,, 0,, 0r., 0r.rl
b''=lo o o o I o o o o]

So, by using the MATLAB programming we get:
O:A-'b

υ =

0.2991  0.0982  0.0313  0.0982  0.0625  0.0268  0.0313  0.0268  0.0134

0.0982  0.3304  0.0982  0.0625  0.1250  0.0625  0.0268  0.0446  0.0268

0.0312  0.0982  0.2991  0.0268  0.0625  0.0982  0.0134  0.0268  0.0312

0.0982  0.0625  0.0268  0。 3304  0.1250 0.0446 0,0982 0.0625 0,0268

0.0625  0.1250 0.0625  0.1250 0.3750 0.1250 0.0625  0.1250 0.0625

0.0268  0.0625  0.0982  0.0446  0.1250  0.3304  0.0268  0.0625  0.0982

0.0313  0.0268  0.0134  0.0982  0.0625  0.0268  0.2991  0.0982  0.0313

0.0268  0.0446  0.0268  0.0625  0.1250  0.0625  0.0982  0.3304  0.0982

0.0134  0.0268  0.0313  0.0268  0.0625  0.0982  0.0313  0.0982  0.2991

0,., I [o.oozs
0,.,1 | o.rzso

0,.,1 | o.oozs

0,.,1 | o.rzso
υ = ,,., l=l 0.3750

0,., I lo.rzso
0,., I I o.oozs

0..,1 lo.rzso

０

０

０

０

１

０

０

０

０

0,,, I fo.oozs
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EXAMPLE
Again,  consider  the  twO  diinensional  Helinholtz  partial

differential equation(2)with fOrcing inction/(χ ,y)=δ(χ ―昔)δ(ノ ー士)

(tWO dimensiOnal delta‐dirac)butin this time with α=1:

空 +空 +び =_δ (χ ―:)δ(ッ ー:) ;0≦ χ≦1,0≦ ッ≦1

Take″ =4 so力 =0.25
To flnd the general solution for this equation by the sunlination fonllula

(1)We need to flnd the values ofGreen's function,The Greenis function
ofthis equation is the solution ofthe fbHowing equation:

弊+夢 +G=べχ―のδし―→;0気ξ≦LO≦光η≦1

Then:
一G(χ′,ップJ,4,ηノーl)~G(χ′_l,ノブ,4_l,ηノ)+(4.0625)G(χ ,,ップ,4,η′)

一GO日 ,ノェ .,η月)一 GO′ ,yy・l,4,η川)={: ljli 
α

γ

ノノ

勇確ηノ
∀′=1,2,3,ブ =1,2,3

And by matrix form:И G=ノ where ris the identity matrix of order

9,И and c are square matrices oforder 9 given by:

鋼
/=

By using the MATLAB programming we get:

4.0625   -1     0    -1

-1   4.0625   -l     o

O      -1   4.0625    0

-1      0      0    4.0625

0   -1   0   -1
0    0   -l   o
0    0    0   -1
0000

0000

0000o
-1    0    0    0    o

O   -1   0    o    o
-10-100

4.0625   -1     0     -1     0

-1   4.0625    0      0     -1

0      0    4.0625   -1      0

-1     0     -1   4.0625   -1

0     -1     0     -1   4.0625
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0.2921

00933

00289

00933

00579

00243

00289

00243

00120

00933  00289  00933

03210 00933 00579

00933  02921  00243

00579  00243  03210

01176 00579 01176

00579  00933  00409

00243  00120  00933

00409  00243  00579

00243  00289  00243

00579  00243  0.0289

0 1176  00579  00243

00579  00933  00120

01176 00409  00933

03619 01176  0.0579

01176 03210 00243

00579  00243  02921

01176  00579  00933

00579  00933  00289

Hussten

O.0243  00120

0_0409 00243

00243  00289

00579  00243

01176  00579

00579  00933

00933  00289

03210  00933

00933  02921

G=И」
=

Now,wc Can flnd the general solution by the sumination follllula:
3   3

υ(χ ,ァ)=ΣΣg(χ ,メ 4,ηノ)/(4'ηノ)
ノ=1 '=:

But here/(χ ,y)=δ(X― :)δ(ッ ー:)then:

び(χ,ノ)=ΣΣg(χ ,メ 4,ηノ)δ(4-:)δ (ち ―:)
ノ‐1 ′=1

The tellll g(χ,y;`,777)δ (ζ ―:)δ(277~:)iS Called a weightcd delta function

and it is zcro evcヮ Where except at ζ=:,ηノ=:'Where it has value

g(X,y;:,:),SO by using the properties ofdelta― dirac ttnction we get:

υ(χ,ン)=g(χ,ノ;:,:)

び =

υ
l“

υ21

銑コ

υ
12

υ
2.2

υ
3.2

びに3

υ
2.3

υ33

0.0579

01176

0.0579

01176

03619

01176

00579

01176

00579

On the other hand, we are going to finding the general solution by
another technique which is the finite difference method, again take n = 4

so l = 0.25.

As in the example (5-l) in order to obtain the difference equation, we
need to determine how to replace the forcing function:
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∬(l11+:)1+び)“
′=―∬δ(χ ―:)δ (ッ ー告)`洗め′

Q″

By using Greenis theorenn we have:

一

|:]争
夕+111等 グツ十

1篭
チ
て歳 ―

111新
教 ―

∬

し晟″ =∬δ(χ ―告)δ (ッ ーサ)歳ウ

ー
13チ
ク+|:3子グツ+13チ教-13チ教―み2υ′,ブ ={: i:itl′

;[『
j

Using the usual flnite difference approxirnation to replace cach

derivative,at the nodal point(χ ,ノ)=G,:):

力
[-7十

二生二
うf生

圭上+こ
ム″

~υ
iJョ _些L生

ラ1堅
ユ
1-ヵ

2υ
lJ={: iili7;t『 j

あ         カ

∀J=1,2,3,ノ =1,2,3

-ЦJJ+Ц ,ノ

+し
,ノ

~Ц
均 +じ

,ノ

~じ
,月

~じ
,戸

+し
,ノ

~力 2し
,ブ
={li17「 j

∀′=1,2,3,Ji=1,2,3

Then we have the fbHowing difference equation:

一
Ц ,月

―
喝 ノ

+“ ― 力
2E,ブ _Ц

刊J― し ,川 ={:117ノ
導

∀′=1,2,3,」i=1,2,3

t月―Цヵ(男η佐′―Ц
"―
噺=I■7病

∀′=1,2,3,」i=1,2,3

1n matr破 fo.111,we haVe:И θ=b
Where A is an order 9 square matrix and ∂ , b are 9 xl coluFFul
matrices,such that・

3.9375   -1      0      -1      0      0      o      o      o

―
-9375-10-1 0 0 o o
O    -1  3.9375   0     0    -1    0     0     o
-1     0      0    3。 9375   -1     0     -1     0      0

0-10-13.9375-10-10
0     0    -1    0    -1   3.9375   0     0    -1

0      0      0      -l      o      0    3.9375   -1      0

0000-10-13.9375-1
0      0      0      0      0      -1      0      -1   3.9375

２
リ
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Two Numerical methods
Hussien

θr=nl θ却鳥.こp ap a,こβ θλ3 apl
br=[000010000]
So,by using the MATLAB programnling we get:

θ=И
Jb

⇒ υ=

⇒ び=

0.3066

0.1037

0.0338

0.1037

0.0677

0.0296

0.0338

0.0296

0.0150

び
1,:

υ
2,1

υ3J

び
l,2

θ2,21=

び
3,2

び
1,3

υ
2,3

υ
3,3

0.1037  0.0338  0.1037

0.3405  0.1037  0.0677

0.1037 0.30`6 0.0296

0.0677 0.0296 0.3405

0.1333  0.0677  0.1333

0.0677  0.1037  0.0489

0.0296  0.0150  0.1037

0.0489 0.0296 0.0677

0.0296  0.0338  0.0296

0.0677

0.1333

0.0677

0.1333

0.3893

0.1333

0.0677

0.1333

0.0677

0.0677  0.0296 0.0338

0.1333 0.0677  0.0296

0.0677 0.1037  0.0150

0.1333 0.0489 0.1037

0.3893 0.1333 0.0677

0.1333 0.3405 0.0296

0.0677 0.0296 0.3066

0.1333 0.0677 0.1037

0.0677 0.1037 0.0338

0.0296 0.0150

0.0489 0.0296

0.0296  0.0338

0.0677  0.0296

0.1333  0.0677

0.0677  0.1037

0.1037 0.0338

0.3405  0.1037

0.1037 0.3066

For all previous examples it is obvious
solutions strongly agreed in both techniques as

below:

ｈｅ

ｉｎｍ赫
Ｓ

numerical
the tables
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Observe that:

1.υ (χ′,ック)iS the numerical solution by the sunllnation forinula。

2.し″
(χ,,yノ )iS the numerical solution by the Finite Difference Mcthod.
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1 J う ノブ
u(x,,yi) び(χ,,」ノノ) してχ′,ップ)一 び(χ′,ップ)
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2 2 0。5 0.5 0。3619 0。3893 ‐0.0274
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ABSTRACT
The research aims to find approximate solutions for two-dimensions linear Volterra-
Fredholm integral equation of the second kind. Using the two-variables of the
Bemstein polynomials we find a solution to the approximate linear integralequation
of the Upe two dimensions. Two examples are discussed in detail.

l.INTRODUCTION
New methods are always heeded to solve integral equation

because no single method works well for all such equations. There has
been considerable interest in solving differential and integral equation
using techniques which involve new formal two-variables Bernstein
polynomials method.
Let consider the following linear two-dimensional Volterra-Freadholm
integral equations of the second kind [l]
,(", y) = t 6, r) *i,i k(x, y, t, s, uQ,s)\a, *ii t 1r, r,,, s, uQ, s))gtas . . . ( I )

(*,y).4=[qt]x[gt]
Where
k:DxDxR-+ Randl:DxD+R are a continuous linear in given function,

f : D + R is also continuous given function and the two-variables
function u(x,y) is the unknown function.
In this paper we introduce approximate solution to solve two-
dimensional linear Volterra-Freadholm integral equation of the second
kind by using new formal of two-variables Bernstein polynomials
method.

2. Bernstein Polynomials Method with Two-Variables.
In this section the Bernstein polynomials of two-variables degree of

(n+m) can be defined[ 2]:
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8i,.. (*, y)= (, )(;),,r, 
(1 - x)r-'(r - y)^-,

where

("\(^\_ nt mt

[,I; ] 
--rln-t\S 1t@-j\

(2)
and (n,m) are the degree of polynomials and ij are the index of

polynomials
Proposition

The Bernstein polynomials of degree n*m in the terms of the
power basis is given by the following formula [ 2]

B]..(x,t)=t;n,,--(_,),-,(;)(i)(lX]).-,, . ..(3)

Proof[2]
2. Determining the General Formula of Double integrar of
Bernstein Polynomials Method With Two-Variables
In this subsection the Bernstein polynomials of two-variables degree of

(n+m) can be defined general formula of double integral as
Lemma

The double integral in the interval [0,x]x[0,y], Bernstein
polynomials of degree n,m is given by the following formula

ii ri." 1,, rydtds +ii r,.' G, r)ddy =ffi
00 00

. .(4)
Proof

This can be directly calculated using the definition of the
Bernstein polynomials of two variables and the binomial theoreffi, ff
follows

/n\/m\Bi" (x, r) = 
|.,] [ j yix' 1l - x;* (t - y)'-'

= (ff 
) 
r','E;(-,r-r-,r'(l-'\f - t)',

″
　
　
　
　
　
　
υ
ノ

ー

ー

　
　
メ

軍
含

”Σ

∵

Σ

Ｈ

［
〓Σ
∵

〓Σ
向

かχ
”弓
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Let〃
(χ,ノ)=ヵ力為弓+"(χ

,ノ )

′● ノ却

where
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》

切
に ⇒赫 +》 物

は,ノ

"=H基

← ヴ 女 J声ノ

cxIIrx:)甲
赫

十
11を書←りお←り・

“

III「I:)″
ノの

||ザ
0赫 +||ザゆ

“
=|をげづ

(rI;)メ [iを
←り局

(I11)1+

鷲げげLン[基
げCr)」″

ii o;.'t,,ia,a, *ii r;" <*,r)etxdy =ifr-rr '(il:}-[#]-
* i,i<_,>, 

_,( 

r I; ),, [*]r,
Therefore,

i i I I n,,'-' r-, r-' [l[l)(f )(1]-,' 
o*, . [i|f r- r )*- r- r 

", 
(;ll)(l \' )'r,, 

*,
= "*'Yt" 

t I

(n+t\m*t) ' (,+l)(llr+l)

- 
xn'l y'*l +l-GMll)

3. Solution of Two-Dimensional Linear Volterra-Freadholm
integral equation with rwo-variables Bernstein Polynomials
Method

In this section, Bernstein polynomials are used to find the
approximate solution for two-dimensional linear Volterra-Freadholm
integral equation, as follows.
Recall Voltena-Freadholm integral equation of the second kind in
equation (1).

yx I I

u(x, y) = .f (t, y) * [ [ t'(', y, t,'\tQ, spds + [ [ t (*, y, t,'\,Q,'Y,a"

… (5)

Bi.- @, t)= tte,r-,,-,,.(lXiXl) (l) .-,
And P, control points unknown.

Substitution of the relation in equation(5) in equation (l)gives rise to the
relation
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燃
ハ

川

リ

ん
Ｖ可弓，マ

ん
戸

”Σ

向

了

ｓｌ

人け
汗

Ｈ
何
月
¨
　
＜′，

卜

搬

ｓ＞

　
　
　
　
＋

輛
　
　
　
　
　
＋

弓

　

　

ｓ
＞

弓

　

＜ｒ
，

儀

響

，
′
，
　

　

⇒

ツ

　

　

亀

工

μ

ｏ

　

嗽

ノ
明

０

移

ｒ

´
　

　

′
，

一一　
　
　
光

”

　

′し

＜χ，
　
ｘ毎
ド
ｏ

輌
　
　
　
　
ッ
ｒ
ｉ
Ｊ
ｏ

弓

　

＞＋

２
リ　
　
　
ツ

Σ̈Σ
中
纂
+||を,光ちS(葛 40ギ〔,⇒ +41ギ←,→+―ら鮒″←,s〕燃

, , (e*o;;'Q,s\+ {oBij-(r,s)*...* l,Bii'Q,t\ )
+ [[t(t,y,t,rX * r.,r;i'(,,s)+ ff ,8ii'(r,r)+... + P^,8]i-Q,s) la,at

o o 
[*...* Po-B[{Q,s)+ P,,\fi-Q,s)+..-+ \,BiiQ,s))

now to find all integration in equation(6).
Then in order to determine p00,p0,...,pr.,p1s,4r,...4,,,...1^, wa need n
equations;
Now Choose x,,i=1,2,3,...n and !i=1,2,3,...m in the interval [0,1]x[0,1],
which give (n) equations. Solve the (n) equations by Gauss elimination
to find the values poo, pot..., pr., pro, pr 

r,. .. pr^,. .. pn_.

4. Numerical Examples: :

Example(1)
Consider the following two-dimensional linear Voltena-Freadholm
integral equation of the second kind:

u(x, v) = v2 *1, -lr' - *r' r' * I*' r'. I r',. i i t" - )r(r, 
tp* + ! ! 

(:.\r(r,,lpa" Q)

with the exact solution u(x,y)= xz +2y 
0 0 o 0

we choose uniform partition with n:I,2,3. Approximated solution for
some values of (x,y) by using two-variables Bernstein polynomials
method and exact values u7,y)=x2 +2y.

by using equation(5) let n:I, for n:l we get
ll

u(x,y)=ZZprn]
,=o j=0

u(x.v)= *!r,(:[]),'r,,, -,)'-(, -.v)'- :

u(x, y) = p ooB;(x) B:{S) + p o,Bl(x) B: O + p,oei1y1 Al(.r) + p,, al 1x1 ff 1yy

u(x,y) = poo(l-x)(l -y) + po,(l - x)y+ p,o(l- y)x + p,,4, .(8)
Substitution of the relation in equation(8) in equation (7)gives rise to the
relation
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●

2。。ll到―ルぬ0-ウ +ploll―ガχ+んッ=χ +シ +ツ +:ノプ+:丼
:ノ
ノー

:ノ
ン

+∫∫←―′肌脚―S渾―の+^β―sン +a。0-のS+AJレ
: :

+∫∫伊瓶。0-Sr―の+2。 10-sン +Й脚―の∫+aFrl燃
00

Where The control points p,i ,i:0,1 j:0,1 are found as follows:
Find all integration in equation. Then in order to determine control
points p,i ,i:0,1 , j:0,1 we need n equations; now choose xi =0,1 and

/1:0,1 in the interval [o,tJr[o,r], which gives (n)equations . solve the (n)
equations by Gauss elimination to flnd the values′ク,i=0,1,j=0,1.we
obtain the approxiinate s01ution as

“
(χ ,ッ)=00-χ )0-ッ)+K卜χ)ッ +|.0816Xトッ)χ +0.9082》

when n=2 in equatiOn(6)

“
(χ,ノ)=ΣΣplJ弓

'=0ノ
=0

0道言イ淮ン川→知つ句

“
(χ,ッ)=島0髯 (χ)瑚 (ッ)+2′缶イ(χ)奸 (ッ)+2′ 1。イ(χ)イ (ッ)+2。弓(χ)瑚 (ッ)

+ム2瑚 (χ)考 (ッ)+4′hイ (χ)イ (ッ)+2ρ 21考 (χ)イ (ッ)+2′ 12イ (χ)珂 (ノ)+′22弓 (χ)弓 (ッ )

〃(χ,y)=″b。(1-χ)2(1_y)2+2′。:ッ(1-ッ)(1-χ)2+2A♂(1-χ)(1-y)2+′20χ

2(1_y)2

+p。ノ
2(1_→2+4AIノ

(1-χ)(1-ッ)+2ぁ /2ッ(1_y)+2′:ノ(1-χ)ッ
2+λ

/2ッ
2

…。(9)
Substitution of the relatiOn in equatiOn(9)in equation(7)giveS rise to

the relation

′∞(1-χ )2(1_ノ)2+2^r(1-勁 (1-χ)2+2Й〆(1-χ )(1-ノ )2+′ 2ざ
2(1_ノ

)2+^2y2(1_.)2+4ρ 11ッ (1-■)(1-ノ )

+稀切 ―か れ却 ―が +がプ=x+:ノ +ッ +:ノプ+:丼
:ノ

ノー
:カ

+卜['緊Fl:鰐!詔:認募鮮祀五iぶ写′2レ
+村レ

[呪躍Fl;鴛」頭に濯L鮮祀五ittI五∫′2レ
Where The control points′ ′,i=0,1,2j=0,1,2 are found as f0110ws:

Find an integration in equation. Then in order to deterinine control

points ρ′,i=0,1,2j=0,1,2 we need n equations;now choose為 =o,1,2

andップ=o,l,2 in the inteⅣ al Ю,]レЮ,11,Which gives(n)equations.solve
the(n)equatiOns by Gauss elinlination to flnd the values ρ′,i=0,1,2,
j=0,1,2。 we obtain the appro対 mate solution as
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“
(χ,y)=^。 (1-χ)3(1_ッ )3+3島ノ(1-ッ )2(1_χ )3+3^ノ

2(1_ノ
)(1-χ )3+′0ノ

3(1_χ
)3

+3′J(1-χ)2(1_ン)3+9′ロッ(1-χ)2(ト ッ)2+9んッ
2(卜

χ)2(1_y)+3A〃
3(1_χ

)2    .(10)

+3′却″
2(1_χ

)(1-ッ)3+9′ 21χ

2ノ
(1_ノ)2(1_χ )+9′ 2/2ッ

2(1_y)(1-χ
)+3′23X2ッ

3(1_χ
)

+λ P′ (1-ン )3+3ρ 31χ

3ン
(1_ノ )2+3′3/3ノ

2(1_y)+鳥
/3ッ

3

Substitution of the relation in equation(10)in equation(7)gives

the relation

Where The control points p,1 ,i:0,1,2,3 j:0,1,2,3 are found as follows:

Find all integration in equation above . Then in order to determine
control points p,, , i:0,1,2,3, j:0,1,2,3 we need n equations; now

choose x,=0,1,2,3 and y,=0,1,2,3 in the interval [O,t]r[O,t], which gives

(n)equations . solve the (n) equations by Gauss elimination to find the
values p,,, i:0,1,2,3, j:0,1,2,3.

rise to
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r(x,/)=0+(t-x)r(l-.y)'+3*(0.6667)+ y(-y)2(t-x)r+3+0.3333)*y'(t-yxt-r)3+2*y311-x;r
+3*0+x(l-r)'(l-.y)'+s*(o.oooz)+ ry(t-x)'1(t-y)2+9*(1.3333)*ry'(t*r)'(t-y)+3*2*ry'1t-x)2
+:+(o.r:::)*x'11-.1111-y)r+9*l+x27(l-y)2(t-r)+s*(t.ooat)*x'y'11-yyt-x)+3*(2.3333)*xly'1t-x,1
+ (- t)* r'11 - rf + r * (- o.::33)* r3),(r - y)'? + 3 * (0.333:) + rrr:,, - y) + t: x3 y3

｀
able -l : The results of Ex

χ ノ Exact
u6.v)

Appr. u(x,y)
n:m:l

′″″0″ Иρρ′
“
仁〃

″=″=2
θ″″0″ 42′″″作,"

″=″ =3
arrο″

0 0 0 0 0.0000 0 0.0000 0 0.0000

0 0.25 0.5000 0.5204 0.0204 0.5000 0.0000 0.5000 0.0000

0 0.5 1 1.0108 0.0108 0.5000 0.0000 0.5000 0.0000
0 0.75 1.5000 1.5212 0.0212 1.5000 0.0000 1.5000 0.0000

0 1 2 2.0316 0.0316 0.0000 2 0.0000

0.25 0 0.0625 0.0866 0.0241 0.0625 0.0000 0.0625 0.0000

0.25 0.25 0.5625 0.5796 0.0171 0.5625 0.0000 0.5625 0.0000

0.25 0.5 1.0625 1.0691 0.0066 1.0625 0.0000 1.0625 0.0000

0.25 0.75 1.5625 1.5787 0,0162 1.5625 0.0000 1.5625 0.0000

0.25 1 2.0625 2.0882 0.0257 2.0625 0.0000 2.0625 0.0000

0.5 0 0.2500 0.2556 0.0056 0.2500 0.0000 0.2500 0.0000

0.5 0.25 0.7500 0,7987 0.0487 0.7500 0.0000 0.7500 0.0000

0.5 0.5 1.2500 1.2974 0.0474 1.2500 0.0000 1.2500 0.0000

0.5 0.75 1.7500 1.7962 0.0462 1.7500 0.0000 1.7500 0.0000

0.5 1 2.2500 2.2949 0.0449 2.2500 0.0000 2.2500 0.0000

0.75 0 0.5625 0.5500 0.0125 0.5625 0.0000 0.5625 0.0000

0.75 0.25 1.0625 1.0379 0.0246 1.0625 0.0000 1.0625 0.0000

0.75 0.5 1.5625 1.5258 0.0367 1.5625 0.0000 1.5625 0.0000

0.75 0.75 2.0625 2.0137 0.0488 2.0625 0.0000 2.0625 0.0000

0.75 l 2.5625 2.5016 0.0609 2.5625 0.0000 2.5625 0.0000

1 0 1 1 0.0000 1 0.0000 l 0.0000

1 0.25 1.5000 1.4771 0.0229 1.5000 0.0000 1.5000 0.0000

l 0.5 1.9541 0.0459 0.0000 2 0.0000

1 0.75 2.5000 2.5311 0.0311 2.5000 00000 2.5000 0.0000

1 1 2.9582 0.0418 0.0000 3 00000

Of
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Example(2)
Consider the following two-dimensional linear Volterra-Freadholm integral
equation of the second kind:

n(x,y; = - 
I 

*ry' * l*'y-*x'y *1*'r' - y'* -l*'y' 1 ly'x + 3yx2 -6y2x + 2x -3y2 + 5y -64 4 3'2 4 2'

- ii {,' -,' ),tr,,Y,a, *!,!Q - yb(-,Nd,

...(ll)
with the exact solution u(x,y)=2x-3y1+5y-6
we choose uniform partition with m:n:1,2,3. Approximated solution
for some values of (x,y) by using two-variables Bernstein polynomials
method and exact values u(x,y)=zx-3y2 +Sy-6

let n:m, for n:l we get
tt

u(x,y)=ZZprai
i=o j4

u(x, v)= *;r,(:X)),'r',, - x)'-' (r - v)'-i

u(x, y) = p oonl6) Bl(9 + p o,Bi(x\ B: (y) + p,,B;(y) B: (x) + p,,Bl, (x) Bl (y)

u(x,y)=poo(l-x)(l -y)+ po,Q-x)y+ prc(l-y)x+ p,rry . . .(12) 
_

Substitution of the relation in equation(12) in equation (11)gives rise to
the relation

poo(l-x)(l-y)+por(l-x)y+pro(l-y)x+prtA=x+Zry-1*\*'r'*|r'y-!r'y-3y 
:

34' 4'3
. 

i i 
tr' - r' lpooll - ")(l - 

r) + po,(l - s)r + p,o(l - r)s + p,,s tptds

. 
i i 

(, - rroo(l - s)(l - r) + po,(l - s)r + p,o(l - r)s + p,,, tpd"

Where The control points p,j ,i:0,1 j:0,1 are found as follows:

Find all integration in equation. Then in order to determine control
points p,i ,i:0,1j:0,1 we need n equations; now choose x, =0,1 and

li =0,1in the interval [o,r]r[o,t], which gives (n)equations . solve the (n)

equations by Gauss elimination to find the values p,i,i:0,1 j:0,1. we

obtain the approximate solution as

u(x, y) = -8.0934* (l - xXl - y) - 6.0934 * (l - x)y -1.7259* (l- y)x-1.5572* ry
when n:2 in equation (5) '

22
u(x,y) =LLprai,

,={ j=o

,(x, y) = **,,(?\1)r,',, - xi'' 1, - v)'-'
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″(χ,ッ)=る。イ(χ)考 (ッ)+2′hイ (χ)考("+2′ 1。イ(χ)イ (ッ)+2。考(χ)堵 (ッ)

十九2考 (χ)考 (ッ)+4′ :μイ(χ)イ (ッ)+2′2/イ (χ)イ (ッ)+2ρ12イ (χ)弓 (ッ)+′22弓 (χ)考 (ッ)雄'塩∬ず北酬写|=::li∬

=7ygy2 0Substitution ofthe relatiOn in equatiOn(13)in equatiOn(11)giVes rise to

the relation

′。。(1-χ )2(1_ッ)2+2′。:′ (1-ッ )(1-χ)2+2′ 1。
χ(1-χ )(1-ノ )2+′20χ

2(1_ノ
)2+ρ。2ノ

2(1_χ
)2

勁副―■)0-かルメ切―かれ却―が+がプ=χ +2ッー
:+:ノノ+ンッー:わつ

■←_21f冤濯F!Ll後だ3:::1募駕1祀テII岬
21二

l′
2レ

中り
[亀}占 !i:後だ511:]募駕1群:テlI岬

21暮

′2レ
Where The control points ρグ,i=0,1,2j=0,1,2 are found as fol10ws:

Find an integration in equation. Then in order to deterinine control

points′′,i=0,1,2j=0,1,2 we need n equations;now choose為 =o,1,2

and為 =0,1,2 in the inteⅣ al Ю,1レЮ,11,which gives(n)equations.solve
the(n)equatiOns by Gauss elimination to flnd the values ρ′,i=0,1,2,
j=0,1,2.we obtain the apprO対 mate solution as
″(χ ,ッ)=-6*c― χ)20_ッ)2_2■←.5)+ッ (1-y)0-χ )2_2+4■χo―χ)0-ッ)2_5*χ

20_ッ
)2

-(2.5)つ 2(1_χ
)2_3■ 4+ッ (1_χ)(1-ノ)-2*4+χ

2ッ
(1_y)-2*|.5)十 χ(1_χ)ッ

2_2■
χ

2ッ 2

when n=3 in equatiOn(6)we get

″(χ ,ノ)=ΣΣpP7考

'鋤
′却

⑤堪魯イ凛ン山→知つ均
″(χ,y)=′∞(1-χ)3(1_ノ)3+3島 1ノ (1-ノ )2(1_χ)3+3為ノ

2(1_ノ
)(1-χ)3十 九ノ

3(1_χ
)3

+3a訂 1~χ)2(ト ッ)3+9.1ッ (1-χ)2(ト ノ)2+9ρ12ツ
2(卜χ)2(1_ノ)+3p13ツ

3(1_.)2 (14)

+3′却″
2(1_χ

)(1-ッ)3+9′2:χ

2ッ

(1_ノ )2(1_χ )+9′ 22χ

2ノ 2(1_夕
)(1-χ )+3′ 23χ

2ッ 3(l_χ
)

+ρ30X3(1_ノ)3+3ρ箋χ
3ッ

(1_ノ )2+3ρ32χ

3ノ 2(1_ノ
)+鳥 /3ノ

3

Substitution of the relatiOn in equation(14)in equatiOn(11)giVes rise to

the relation

●
Ｄ

И
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Where The control points pa ,i:0,1,2,3 j:0,1,2,3 are found as follows:

Find all integration in equation. Then in order to determine control
points p,i , i:0,1,2,3, j:0,1,2,3 we need n equations; now choose

x, =0,1,2,3 and )/i:0,1,2,3 in the interval [o,t]r[o,t], which gives ,

(n)equations . solve the (n) equations by Gauss elimination to find the
values p* i:0,1,2,3, j:0,1,2,3. we obtain the approximate solution as :

u(x,y)=-6*(l-x)r(l-y)'-3t(43333)*y(l-y)'(t-x;'-:*(:.ooet)*y'11t-yXl-x)'-4*y311-x\3 '

-3*(s.:::r)t.r(l-x)2(l-y;3 -e*(l.ooel)try(t-x)'(t-y)' +9+9*ry,1l -x)'(t-y)
$*82.66671*r31t-x)'?4*(4.6667)*x'(t-xXl- y13 -9*3*x2y(l-y)'(r-x)+r*(2t.6667)*x'1y'z(t-yXl-x)
+3*(69.3333)*r'y'(l-x)+4*x3(l-y1r+3*(5.6667)*x1y(l-y)2 +3*(42.3333)*r3y'z(l-y)+tt4*xty3
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Table-2:The

5. Conclusion
This paper presents the use of the

polynomials method, for solving linear
dimensional integral equation of the second
numerical examples the following points have

fwo-variables Bernstein
Volterra-Freadholm two-
kind. From solving some
been identified:
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ヽ
　
　
▲
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results of Exam
χ ノ 助

の
Appr. u(x,y)

n:m=l
error Appr. u(x,y)

n:m:2
arrO′ Appr.

u(x,y)
n:m:3

error

0 0 ‐6 ‐6.0034 0.0034 -6 0.0000 ‐6 0.0000
0 0.25 ‐4.9375 ‐4.9390 0.0015 ‐4.9375 0.0000 ‐4.9375 0.0000
0 0.5 ‐4.2500 ‐4.3097 0.0597 ‐4.2500 0.0000 ‐4.2500 0.0000
0 0.75 -3.9375 -3.3178 0.0197 -3.9375 0.0000 ‐3.9375 0.0000
0 1 ‐4 ‐4.0259 0.0259 ‐4 0.0000 ‐4 0.0000

0.25 0 ‐5.5000 ‐5.5934 0.0934 ‐5.5000 0.0000 ‐5.5000 0.0000

0.25 0.2s ‐4.4375 -4.4215 0.0016 -4.4375 0.0000 ‐4.4375 0.0000

0.25 0.5 ‐3.7500 -3.7528 う
Ｚ

ハ
υ

ハ
Ｖ

０ …3.7500 0.0000 -3.7500 0.0000

0.25 0.75 -3.4375 -3.4439 0.0064 ‐3.4375 0.0000 -3.4375 0.0000

0.25 1 ‐3.5000 -3.5136 0.0136 ‐3.5000 0.0000 ‐3.5000 0.0000

0.5 0 ‐5.0215 0.0215 0.0000 0.0000

0.5 0.25 ‐3.9375 ‐3.9446 0.0071 -3.9375 0.0000 ‐3.9375 0.0000

0.5 0.5 -3.2500 -3.2575 0.0075 ‐3.2500 0.0000 ‐3.2500 0,0000

0.5 0.75 ‐2.9375 ‐3.0045 0.0067 ‐2.9375 0.0000 -2.9375 0.0000

0.5 1 ‐3 ‐3.0026 0.0026 0.0000 ‐3 0.0000

0.75 0 …4.5000 ‐4.5134 0.0134 ‐4.5000 0.0000 ‐4.5000 0.0000

0.75 0.25 ‐3.4375 …3.3449 0.0226 ‐3.4375 0.0000 ‐3.4375 0.0000

0.75 0.5 ‐2.7500 …2.7475 0.0025 ‐2.7500 0.0000 ‐2.7500 0.0000

0.75 0.75 ‐2.4375 ‐2.4479 0.0104 ‐2:4375 0.0000 ‐2.4375 0.0000

0.75 1 ‐2.5000 ‐2.5163 0.0163 ‐2.5000 0.0000 ‐2.5000 0.0000

1 0 ‐4 ‐4.0134 0.0134 ‐4 0.0000 ‐4 0.0000

1 0.25 ‐2.9375 ‐2.9594 0.0219 ‐2.9375 0.0000 ‐2.9375 0.0000

1 0.5 -2.2500 -2.2621 0.0121 -2.2500 0.0000 ‐2.2500 0.0000

1 0.75 1.9375 ‐1.6437 0.0062 -1.9375 0.0000 ‐1.9375 0.0000

1 1 ‐2 ‐2.0072 0.0072 0.0000 ‐2 0.0000
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1. This method can be used to solve of linear Volterra-Freadholm
integral equation.

2. It is clear that using the two-variables Bemstein polynomial basis
function to approximate when the n6 degree of Bernstein
polynomial increases the error is decreases.
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ABSTRACT
This work present the radioactivity concentrations of Uranium chain (Bi_

214 , UlRa) , Thorium chain (Th-232 , Ac-228), K-40 and Cs-137 for rwelve soil
samples collected from different position in AL-Ansar region ,Al-Najaf-lraq site. The
studied samples were analyzed and the concentrations of radio isotopes were
determined by y - ray spectrometry using hyper - pure germanium (HpGe) detector
(size "3x3",30% efIiciency,FWHM 2KeV for rhe l332KeV peak of Co-60 ) which is
connected with MCA supply Genic rM2000 Gamma analysis soft ware. Detected
average values of concentrations (Bi-214 , Ra-226 , Ac-228 , Tlr-ZO2 , K-40 and
Cs-137) were (6.2, 13.01,5.7,6.01, 162.93,0.133) Bq/Kg respectively .The mean
values of isotopes in this study were in good agreement with these ofthe intemational
values. The measured activity concentrations for these radio nuclide were compared
with the repo(ed data obtained from similar materials used in other countries and
with typical world values . and we found in this study the radiation isn't reason in the
cancer infections that appear in this region after Al- khalij war.
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ABSTRACT
This paper presents the sensitivity ofrnicrowave signals to the chcmical properties of

oil samplcs in different mechanical and electrical machines. Since the oil physical
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direct relation bctween thc oil usagc length and thc Oil detcrioration is found out.
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ヽ夕 ■|“い ユ1許
諄 国 |り ひШ Iひ さ 郷 LlメJ
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ル メ1袖→/r興|“ /・|メ1戸
2011/10月 2■ヽヽm」メむメ _20H/6/8∴ 』ヽ評 むメ

ABSTRACT
In this study a thin flims of purc zinc‐ oxicd which doppcd by magnisum havc

bcen prapcrcd in different ratcs by usaing sol― gcl by dcpositing thc prcparcd substance

on class bases in a room temperaturc The results of both REM and x‐ ray dcrivation
XRD for tcsting thc crystal structurc of thc nims of thc dcpositcd■ lmc of ZnO havc
sho、ved that thcre are scvcn signi「Icant pcaks an of thcm arc rcprescnt a hcxa―

structurc and a comparison has bccn madc bctwccn thcsc valucs and thc standard

valucs of ZnO and it is clear that thcy close to it,as that thc crystal structurc of thc

dcposited flims arc multi‐ cwstals,and there is no additional pcak,this rcfers to that

thcrc arc no impuritics, and in ordcr to study thc cfFcct of anncaling on thc crystal

structure of thc dcpositcd flims of Zno,and tcsting thc samples ancr anncaling in a

tempcraturc 500o° for onc hours,this showcd that the nims have a cwstal structurc of

muli‐cwstalS,in gro、 vth drcction(002)Mcasurcmcnts of somc optical propcnics

such as penetration and absorption havc bcen madc by using spcctrophotometcr(721‐

2000)within thc wavc lcngth(300‐ 1000)nm,and by thcsc propctties calculation of

the optical cncrgy gap ofthc purc and doped■ lms bcforc and aner anncaling for onc

hour has bccn made Thc valucs were diffcrcnt from(33-26)ev.For thc doped and

purc flim dcpcnding on thc ratcs ofdoping bcforc and ancr anncaling
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ABSTRACT
In this research, we study the fluorescence spectrum of the fluorescein solution in
ethanol with concentration (l x I O-3 mol / liter) at different low temperature from

room temperature to freezing point of solvent; (T=153, 183, 223,253 and 303k) using
liquid Nitrogen, A (table curve 2D version 5.01) software program was used to
determine the fitting curve of fluorescence spectrum and fitting equations for it, by
choosing the equation:

--_._(a+cx-rq2)r (l -r bx +- d*')
to be the best fitting equation for all fluorescence spectrum. The theoretical curve of
fluorescence spectrum at (T: 253k) (as test temperature) was plotted, and compared
with experimental fluorescence spectrum at this temperature, there was a good
matching between them. The correction parameter to theoretical equation was added

to obtain best fitting between theoretical and experimental fluorescence spectrum, so

the above equation becomes as follow:
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