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Studying the effect of pH and the time on
the yield of Ulvan extraction from two
types of green algae Ulva from Syrian

coast

Mahmoud Takla***  Dr. Hasan Albodi** Dr. George Deeb*

Abstract
In this study, ulvan (sulphated polysaccharide) was extracted from

two species of green algae: Ulva fasciata and U.lactuca, which
were collected from the Syrian coast and calculate the yield for
each, in addition to study the effect of pH and the time on the yield.

The results showed that U. fasciata was superior to U. lactuca in
ulvan content where the yield was 27.35% and 24.38% respectively
at reference condition of, upon modifying in the extraction
conditions, the yield of the two types gradually decreased when
moving away pH=2 and a time 3 hours, while the lowest yield was
8.11% of Ulva lactuca at pH=1 and 1 hour opposite 8.96% of
U.fasciata at the same conditions.

Key words Ulvan, extraction, Ulva fasciata, Ulva lactuca

* Professor, Department of Botany, Faculty of Sciences, Tishreen
University, Lattakia ,

**  Assistant Professor, Department of chemistry , Faculty of
Sciences, Tishreen University, Lattakia, Syria.

***PHD Student, Department of Botany, Faculty of Sciences,
Tishreen University, Lattakia, Syria.
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bl e o€ g LY agayal o (1)dsanll 8 ol Cyelal

U. lactuca skl (e 2905all (IS a4 %27.35 &b cus U, fasciata
U. fasciatace 2s25ell 1l Cus yme 8 [13] &0 ae ylin 1385 %24.38
G 1Kl b agayall Jlae ae (381535 ,%14.83 &L U. lactuca 35 %16.96
%211 bl b 4 e a95all ol sda Ciiging [17] %8-29 cussl
G A ,[25] %215 Wiy [29] %8.500s [18] %23.71cmldls [23]
DAY 238 Cienl [31] %32.67 AL (uigi 3 3535all (Ssine o atd)
Lediad) dglabll gl CDR) Y bl e wed) Blg 3g05all aE
=illy ) Jgeanall o LS ,[30,4] Wsaid daiyal) diiadly dunslsrsadll Jag plls
Slleey padan) diph o bilae) lagale (S8 @iy of oSae QU
AN a5 dagys J) Alayh [2] dladall digiaal) ABSH jaiaay 4wl

[26] oadaiay) U8 dalladlly Lenen 5 ) Calladall dygmall

Agmayall gl 8 WU 3505ally alad) O3l Jasssia (1) Jsan

%Y 3534l (9)- e G Gladl (30l Lanssie sl g5
27.35 16.41 U. fasciata
24.38 14.63 U. lactuca
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& o(5) IS8 Tays cumidl B HeC abie V) aall gad o VL cliaial)
PH=1 45,0 2ic U. lactuca <idab e %8.11 253all dad il cul s
(g (3)dSS gyl e 3 UL fasciata clsh e %8.96 dilie delul ()
@AY Lslall Ul ae Gl Dlels ) paliay) s g of (Sadl)

[25] laadl

Glal (e 250all (abaall Legll of pH=15 sl Juaill die Laadls
3 o)y e U, lactuca «lsb e 9%17.31 Llee % 18.63 <l U.fasciata
dapn e G ey s ve Baagl LS (4) 0S8 b ela LS clela
i Cus Aol 3552592 ) DA 2g05all daliige pd e Jguaall pH=2
(3)dss sl e U. fasciata cisb (e %26.665 %27 5 %22.63
U. lactuca skl %22.41 5 %21.45 5%19.16 il s A (5)d<Sy
ve 3gpall aball dpaill izl g (B ,(5)dSds (S)dss ol e
(e lak (0 9%20.23 dilie U. fasciata sk e %22.11 &lal pH=2.5
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5 %18.43 M. U. fasciata wlsl o % 17.235 %20.16 ek

il Je pH=3.5 5 pH=3 s xie U. lactuca sk e %15.33

S oD PH=2 dayn ge AVl Loy sgnyall (alissl ) bl s 13)

el Jagyall Jiv Mg 2y o cleld ce cail) sl 13 Laady L il

- e W5 PHY ims o Jalis dlia o (ol QY padlanuy

e Y1 253all Aalsal) Sl PH dad i n [31J202 o il ol il
Aaps IR g Gailly PH IV G G [15]0 il LS diadaddl Loyl 8

.5y )

U. fasciata sl (e Galiiuall QWY1 e ()= Date Galall Gl (2) Jsas

3.5 3 2.5 2 1.5 1 pH
)
7.96 9.84 10.13 10.55 7.86 5.38 1
9.15 10.56 11.56 12.82 8.20 6.15 1.5
9.87 11.16 13.08 13.58 8.95 6.63 2
10.15 11.83 13.19 16.20 10.13 7.10 2.5
10.34 12.10 13.27 16.41 11.18 7.28 3
10.05 11.95 12.86 16.00 11.03 7.15 3.5
U. fasciata calak (e galiiuwd) % GilsY) 2535 (3) Jsas
3.5 3 2.5 2 1.5 1 pH
G
13.26 16.40 16.88 17.58 13.1 8.96 1
15.25 17.60 19.26 21.36 13.66 10.25 1.5
16.45 18.60 21.80 22.63 14.91 10.88 2
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16.91 19.71 21.98 27.00 16.88 11.83 2.5
17.23 20.16 22.11 27.35 18.63 12.13 3
16.75 19.91 21.43 26.66 18.38 11.91 3.5

U. lactuca clals oo saliisd) GigY) e ()= Dake Calad) Csl (4) dsas

3.5 3 2.5 2 1.5 1 pH
G
7.55 8.12 8.95 9.05 6.19 4.87 1
7.88 9.05 9.47 9.57 7.20 5.10 1.5
8.12 9.33 10.18 11.50 8.14 5.52 2
8.93 10.17 10.92 12.87 8.76 5.90 2.5
9.20 11.06 12.14 14.63 10.39 6.07 3
9.10 10.92 11.82 13.45 9.15 5.81 3.5
U. lactuca sk g paliiudl % GUlgY) 3535 (5) Jsas
3.5 3 2.5 2 1.5 1 pH
ol
12.58 13.53 14.91 15.08 10.31 8.11 1
13.13 15.08 15.78 15.95 12.00 8.50 1.5
13.53 15.55 16.96 19.16 13.56 9.20 2
14.88 16.59 18.20 21.45 14.60 9.83 2.5
15.33 18.43 20.23 24.38 17.31 10.11 3
15.16 18.20 19.70 22.41 15.25 9.68 3.5
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Synthesis and Characterization of Poly a-
Allyl Glucose and Studying Some of Its
Thermal and Biological Properties

Yousef Wadouh*, Dr. Warda Khalil ** , Dr Rana Ghnim ***

Abstract

In this research, an ecofriendly polymer (poly a-allyl glucose) was
synthesized from glucose in four stages, Initially, a-allyl glucose
monomer was prepared in the first three stages and the progress of
the stages was followed using techniques (HPLC, IR, TLC) and
then polymerized in the fourth stage. The resulting polymer
structure were proved by IR and *H-NMR spectroscopy.
The reaction conditions for the stages (temperature,reaction time,
material ratios) were also studied to obtain the highest yield, and
then the relative, specific and reduced viscosity for the prepared
polymer was determined, from which the viscosity average
molecular weight was calculated, which amounted to about
(300,000).
Some thermal properties of the polymer were studied by recording
the Differential Scanning Calorimeter (DSC) curve and determing
the oxidation induction Time (OIT) and comparing it with a
reference polymer (poly ethylene PE) in order to study its uses later.
The biological activity of the resulting polymer was also studied on
two types of gram-positive and gram-negative bacteria, through
which it was found that the polymer has biological activity.

Keywords: ecofriendly polymers , Glucose , allylbromide |,
carbohydrates , Oxidation Induction Time .

*: Master Student: Chemistry Department « Al-Baath University « Homs«
Syria.

**: Dr. in Organic Chemistry- Faculty of Science at Al-Baath University
***: Dr. in Organic Chemistry- Faculty of Science at Al-Baath University.
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Unique Solution of boundary problem of couple-stress theory
of Elasticity by Dairkhli Integral

Dr.A . AL JAOUR

SUMMARY

In this research was proofed that the first essential problem
of couple — stress theory of mathematical elasticity in the static
case has unique solution .

This problem aim to find the vector U which belong to the
Q" , and realize the following conditions :

vxe  A@IUX)=0

vzeoQ : U| (2)=4(2) ; ¢:0Q—>R°
-
X’

In improving that the Dairkhli integral was used

vxeQ 1 UX)|< . peZ’

Key words

Mathematical Elasticity , Boundary problem , couple-stress theory
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Solve the problem of forced vibration of an
elastic membrane described by the non-
homogeneous boundary value problem by
Hankel Transform

Phd.student: Supervised by:

Rogia Rdwan Prof: Mohammad Amer

Summary

In this paper, we studied the definition of the Hankel transform and
mentioned its most important properties, which is the Hankel transform
of the Bessel differential operator, as this feature is the main property
of the applications of the Hankel transform to solve partial differential
equations.

We also mentioned the conditions for the existence of this
transformation in addition to solving an application of a physical-
mathematical equation using this transformation that we are dealing
with, which transfers us from a partial differential equation to an
ordinary differential equation, This application is represented in solving
the problem of forced (forced) vibration of an elastic membrane to the
problem of the non-homogeneous boundary value, as this membrane

vibrates under the effect of the external induced excitation force and
will continue to vibrate as long as it is subject to an external force as a
result of continuous compensation in the lost energy.

Key Words:

Hankel Transform , Tow Dimensional Fourier Transform , Polar
Coordinates , Zero-Order Hankel Transform , Partial Differential
Equation , Ordinary Differential Equation .
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(5772 3 Jo(s7) + (7)o (57) + (5702 = v () = 0
tdiag
zd_z i 2 2,2
()2 2 os7) + (57) S Ju(57) = vy (57) = —5r), ()
:‘\_'\A‘s

2

%<r %) _z f(r)} = -2 fo TG dr
d
D) -2rol = —sm@)

dfy v?
(r25) - r—zf(r)} = —s2F,(s)
bl dal <l Jigat il davdll Lalal) oo Lalal sdag
LAl dalalal)
(S Jugad gaudi 4.4
Lailaiad) yue Aaal) Al Aaulgy Cigaagall Oyl sliall syl 3yia¥) Allua Ja
1 JSED (e Lgalaleag

1 1 1
U, +;ur _C_z”tt = —?P(r,t) ;0<r<o;t>0 ..(441)

u(r,0)=fr) ; w@r0)=9r); 0<r<o . (4.4.2)
¢L&§J\)3)_”1T5C2=£jus,(r—>oo) Lo ic @TmmSJJAAAu(r,t)
d @ % £ R o f o .oy,
%:o\@ 0 o aai ¥ Jslall G SlaeY) e LA g . olial) el 28U p
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gl 3l Jsa (gladl Bl Aagm 6l) LiShe phlue Jolall &Y ellys, 0
(22=10 s clsal

:dall

ol Jaaill (e A el A8 dunge Aolas & BUasal) Aaladl)

Jbmal danla eyt dalaall da i laygay  Ally agel) A Jas u(r, £) Wl
Ll )5aY) G B3g0m0 u(T, 1) L LS, cLial)

ed aad) dag il (amy (st eLiall (gpudll Al Als 3 dslal)

4:\‘ LASM?‘/J@\:\ LY U,(T,O) = f(T) ‘_Al ing.k).ﬂ\ at=0 L.)*“)l\ z\ehg &;A
s A5 eyl a5 1 (7, 0) = g(r) Sl Liad )l L it = 0 Jal e
YL L P

s KAl u(r, t) Aall el jaall 45501 e JSila Jagad Ciday

[00]

i(s,t) = f ru(r,t)],(sr)dr
0

alall gakig (4.4.2) 5 (44.1) Ao Lyl Aol e dSila Jugan G
tele duant JSila Ligad palsd (10 (4.3.1)
1 1.
—s%f = C_Zatt _TP(S’ t) ; t>0

c? .
Ty + €252 = 7P(s, t) ;t>0 .. (4.4.3)

ii(s,0) = f(s) ; 1,(s5,0)=gG(s) ..(4.4.4)
Al Jlals ol 4o ) e dilaie e dole Adas Alals Aolas (4.4.3) b))
tJSal e Jall (i Ll aladl ol slay
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(s, t) =V(s, t) + W(s,t)
Pl
AN Y Asbes Ja Jie 4l WS dwilaid) doled) Js V (s, t)
(4.4.3) Audlaidl e Abledl ala s W (s, t)
talall Jall e doan Ll shuaal) dlalaal) alaslis (4.4.3) (e dusilanial) dlaladd) 336
V(s,t) = ¢, cos(cst) + ¢, sin(cst) ..(4.4.5)
bl s Byl ardins dudlaid) il Galal) Jall slay
Pt dAnb s (4.4.5) 8 )LeaY) culgll e Yl
W(s,t) = c;(t) cos(cst) + c,(t) sin(cst) ...(4.4.6)
t 34wl (4.4.6) Gl

W'(s,t) = —csc,(t) sin(cst) + csc,(t) cos(cst)
+c';(t) cos(cst) + ¢',(t) sin(cst)
10 Guma 0y, 0 OB (e JS a0

c'1(t) cos(cst) + ', (t) sin(cst) = 0 .. (4.4.7)

W' (s, t) = —cscy,(t) sin(cst) + csc,(t) cos(est) ... (4.4.8)

t 3 Al 4l 5y Gl
W' (s, t) = —(cs)?c,(t) cos(cst) — (cs)?c,(t) sin(cst)
—(cs)c',(t) sin(cst) + (cs)c’,(t) cos(cst) .. (4.4.9)

ran (4.4.3) Al e Asledll (4.4.9) 5 (4.4.6) iases
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c -
—c'; sin(cst) + ¢, cos(cst) = EP(S, t) ..(4.4.10)
1223 (4.4.10) , (4.4.7) ondolaal) dlas Jao

23 (4.4.7) o

sin(cst)

! !
¢, =-c,———=
1 % cos(cst)

taai (4.4.10) b Gages

fon 2
sin“(cst) c .
c',———+c', cos(cst) = —=P(s,t
% cos(cst) 2 cos(cst) sT (s.6)

c -
c', = s cos(cst) P(s,t) . (4.4.11)

ran3 (4.4.7) (s Lad

. , cos(cst)

2= 70 sin(cst)
a3 (4.4.10) (& Gaga

cos?(cst c .
— ( )=—P(S. t)
sin(cst)  sT

!

—c'; sin(est) — ¢’y
c -
c'; = —S—Tsin(cst)P(s, t) ..(4.412)
: Gy, 0 Cntal) AA-C— Jaans (4‘412) ‘9(4411) Ol AlalSan

c (* _
= ——f sin(cst) P(s, 1) dt .. (4.4.13)
sT J,

c (¢ -
c, = —f cos(cst) P(s, 1) dt .. (4.4.14)
sT J,

(4.4.6) i (4.4.14), (4.4.13) Lases
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t
Wi(s,t) = — %cos(cst) f sin(cst) P(s, 1) dt
0

c t -
+ —sin(cst) j cos(cst) P(s,7)dt
sT 0

W(s,t) = S%ftﬁ(s, T) [sin(cst) cos(cst) — cos(cst) sin(cst)]dT

W(s,t) = Sintﬁ(s, 1) sin(cs(t — 1)) dr .. (4.4.15)

8- | T eLd\ dall aiag
(s, t) = ¢, cos(cst) + ¢, sin(cst)
+ S%j:ﬁ(s, 1) sin(cs(t — 1)) dr .. (4.4.16)
i (4.4.4) LAl Jag il e (4.4.16) Aaladll ¢y, ¢p Ay
1323 (4.4.16) 3 1(s,0) = f(s) ds¥) Loyl s
c; = 1i(s,0) = f(s) .. (4.4.17)
i (4.4.16) A1, (s,0) = G(s) S Lapall o
Sl i DI G el £ 1 Al (4.4.16) Aldlaal) b Jalsall gin Yyl
s Jalsall sy

iJ-tIS(s, T) sin(cs(t — T)) dt = P(s,t) sin(cs(t — t)) )’
dt J,

—P(s,0) sin(cs(t — 0)) (0); + jt(cs)ﬁ(s, 1) cos(cs(t — 1)) dr
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%fotﬁ(s, 1) sin(cs(t — 1)) dt = (cs) fotp(s, ) cos(cs(t — 1)) dt

£ 3 il TS, ) e g

1. (s, t) = —(cs)cy sin(cst) + (cs)c, cos(cst)
+ siT (cs) jo P(s,7) cos(cs(t — 1)) dr
fi,(s,0) = g(s) = S0U Jayill (e aiag
g(s) =1.(s,0) =csc, = ¢, = %g(s) .. (4.4.18)
b JSall A6 dadl) Allse da o Jeasid (4.4.16) i Cy, 0 s
ii(s,t) = f(s) cos(cst) + ég(s) sin(cst)
¢ t13 ' d 4.4.19
+S—Tj0 (s, ) sin(cs(t — 1)) dr ..(4.4.19)

fole Jeani (4.4.19) Al e aSall Jisaill kst

u(r,t) = f sti(s, t)]o(sr) ds

(0] (0]

u(r,t) = f sf(s) cos(cst) Jo(sr) ds + %f g(s) sin(cst) Jo(sr) ds
0 0

+%f0w (fotﬁ(s, 1) sin(cs(t — 1)) dT>/o(ST) ds

.eLd\ d;l\ ELY)

SEaY oia P(r, £) sl Jich sl 558 lode (3ukae il ) Chas U Vias
22U, 1) sl Jiad Ll ol s e il
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e Gl ool g ully (el ae yuitie 4d sl laiall P(5,7) il & Baadls
EW

cluasilly claling) 5

Uat ot Al A0 (e S8 iga3 sl o (oonil Sl5aY) Allae Jas Lk
A e HAT Guk dag el iy e JSla digad 3y ce Al 5501 Al
LoSal )
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dagaidl pilasll 03 gall yyiinl diilyG dulyas
daisollsuulalll jae gl dloLivsgo yilly

###04< Gliae. . ** g Oladda . B9 Olwd D
Lpsu e ind dxalampshell AS e L
Uy i) daalapstel) S elial and b Sl **

uadlall

o Salinsa flly A 7SIy Digai) Gailiadd) duhs Gl Jaa (8
(Desnial) 2l ¢ waall 23Sl ¢ pibial) aunSsl el 2l deall 2ulSY)
43S daylall (paa (DFT/B3LYP(3-210) daaeldll de ganall aladinly
ahatinl cliluall 38 Eua DFT 286N L0l 4yl e 5a4iedl) (B3LYP)
ted Cus o(GaussViews) dsiaill zaliyg (Gaussian09) (uleS gealinl)
Glong 5Bl Allally Laula) Allall 3 LSl o3g] lmdll Lpurigl ll ala)
) ey Sl clil 45)lia g dSualinagayilly dyig S (ailiadl) an
JUTT LI WPRTIN IRVALS | ST SUA |

coguall (mnpail) aay cilisall Jadg ) Jlshal (3 ia st Gigas @

Gana hA) el s by daeal) wulOU @Sl 2l & i Cigan
sguall gyt Aot Lideall 20l SO €0 il

Gigan by Gy paal) Lsisead) 2l jolandl) Jladl) (aje & i Cisan @
+egaall (el Aais dugpaal) 2SO A8lyeSl ALY & s

ljlaal salely dyhall dUall Glia) Ao 5)08 atiahy wasll wuSyl o) Lasg LS @
Ll Jassll Bl da gy ady palin Lae (gha b IS5 e

, 5l , eKall dilh , jelaadl Jladd)l (e, AESH Al : dalidal) clalsl)

B ytusdl)
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Quantum Study of the effect of light on
the structural, energetic and
thermodynamical properties of some
Metal Oxides

Abstract

In this research, the structural, electronic, and thermodynamical
properties of some metal oxides (zinc oxide, titanium oxide, iron
oxide, manganese oxide) were studied using the basic set (3-21Q)
within the quantum method B3LYP based on the density functional
theory DFT. The calculations were performed using the Gaussian09
program and the GaussView6 modeling program.

This can be summarized as follows:

Finding the optimized geometric structures in both the ground and
excited states, calculating some electronic and thermodynamic
properties and comparing the dissociation energies and the energy
gape of the studied oxides .Where it shows:

* A small change in the bond lengths of the molecules after
exposure to light.

* A change in the dissociation energy which lead to changing the
cohesion of atoms within the molecules forming metal oxides as a
result of exposure to light.

* A change in the energy gap which lead to changing the electrical
conductivity of the studied oxides as a result of exposure to light.

» We also found that iron oxide has the ability to store thermal
energy and re-issue it in the form of a thermal spectrum, which
contributes to raising the temperature of the surrounding
environment

Key Words: density functional, dissociation energy, energy gap ,
Fluorescence , Phosphorescence.
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. (introduction) 4asgs —1

LaaY) ) dlpal) (e iiad 3 Augyaall dgdll oda aal e Lsideall awlSY) 2
chgisilally Aibeslly gl lazin) 5ealS lidall go wall & Ll
Slbs (Y1 Slijal) me delill 8 Luss) Slale 20lSY) 038 zohlas canli Cum
Al lgeailind ity rans 2nlSY) 03g] dndand) (ailadl) Java dlggu ()4
e 3 L degndly 5,80 Llaadinly 2lSY) o2 deal ans il
03¢l ASalinsa flly dagully 4ig fSIY) (ailiadll o gguall A0 duhy Gl

RS

18 pailad (e .(ZNO) Clijll muSsl sa e L cud S 2ulsY) aal
e At lagdill Ca (il die oy O Ol Gl cbia ail Sl
& sl el (ageally Jall Gaeas daty Ll L Jeaslly elals daiy Y ol
Al 2ol a2 M (Rock salt) s (zink blend) s (Wurtzite) JIKal &b
@ u slly il auly Hshase Jae G 55 (I1-VI) sl Glas) e
afiye difll Sl o e i) sda () L33 Bl dayy G (3.3 €V)
el asall Johll dihaie 8 Lald cogall Ll 5eaY) 8 alasidl Tacly
Sigall Al Bgals du)plll LA By caasiul) s 48V ) 3V o
Ciaaly hlal) Slatinl Heals dadaiiag oSl cipnally gyl ) 2l
1Sl b g Augndl AV alSY) e PR WA, Al
Dl alaa¥) ga i) Bage oSGl 1 Glial (sl (TiO) assticl)
(Vis) il Uil b el Sgaall 03l e Sliad 3ajdl) Aguall duailiadl
Bl e oplyiinls 4id padys (SolKall 4ieliay (IR) peal) canig

oaibiats widy @)y ¢(FE203) wanl)l 2kl o Load dugjaall 2ulSY) aal (e
JIEYT 2aea) dalad) dahyall Lolie U€e maal) 2T aed 3 (liadl daga dundalizg
paibad ol cale I8 MLl ol 20005 Anbaliaall dlayal) @iy Ll
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Clinall araal & gy canliy (Apuadl) A8UAN Jisas & LAY 5a2e (Fe20s)
Lla 150 caali (maghemite) J dubaliaal (ailiadlly colull Jiady cdbgaall
160 2 13g) sl Ayl U daiad) izl

229 3y (TiO2) psslafll 2u€sY S Bl yaay 058l A6 1985 ole (3
(Do = 13.066 eV) sluss Ll

(Fe203) b waall s (gilsally (guluall aaall 3l 4ud)s 251996 Hle
O 8ol al) Basgl Cum jslaadl) Jladll (amje Sl Al dulaadl e
I8 sl sl (mge iy igeall daliall a5 pasal

(Fe203) S ddllally Lgidly dfguall pailadll il & 2010 oo iy
dagatl glyanll a3 A2y Caag (XRD) Al d28Y1 25 3y e cd2d)l
Sl oAbl ekl (SEM) s 5SY) (eaall sl (FTIR) dansh
Bsad dsay geal) pabaia¥) el LS daulall 8 syslia e elii(Fer0s)
Pl(2.2eV) BUl bl (grad) sl b

@3 (MN203) dgaall JSLgl (e Alubs jumss #layy 5 2013 oo b g
JShgll (e 2l ae 222l (MN203) Gads (Say 43) Caaagy Aabiaall JIKEY)
Cun @il CESay Osd asid Aylad ol salel AL AilyeS dgeS A58
asdlll Zulda 293 L Lgsilal ie dug K (MN203) JSLa o) duhall culaal
R VORI PG PILIY

A3l Sl Ltal ddgually Sl Qaibiadll duhn ogialill o6 2013 ale Ay
Jsba vie Jaal s 2u5e S Aggal) 3N 8 5 38 ¢ Sl (gl )
pabaial) e Jy 138y aitid) Ciplal) dilic b Galedl (380 NM) dase
o) Johall 53U a3 S o ang WS elaall o aldlul gl )
e el & WS jeal) Cady el Caidal) dilaie 8 (90%) S Jesi s
329 8V) shaadd) Jlsal

SUYL Lijiey (TiO2) 3 sl alua¥) duby Ogialdl o8 2016 sl Ay
Glasall o < daid) Sgall Jgall ddaill el (PAN/TIO2) Gl

100



Yags e i smd Gladas 3 Bajs s 2022 ale 3 amdl 44 Alaall Gad) daals dlas

Al damadi) (368 At 8 palaial) (ha Bala Ciloa Sl Gl )y 4l
O (UV-Vis) Gl sl e sdaidl jelaaddl Jladl (aje Judad el
212,96 eV) 2 L, shse Jlae (ase i (TUtile) Gonse

& (Ti02 ) J gl U duhs il (e degana (530 2019 ole iy
1 Gl ball asy Gk oo (TIO2) Go sile s psbas o Ao 5l
abli e sbiaall Jlaad) 48k sl G L(VH) Oisdll d8a Wi (avh)Y?
BT (Eg=3.16V) aedl xic ety doalsdl) jome o ciniall ulas

L) pailadll o gguall 50 A & o 4l daladl cluball (e Jasgl S
e esall Lk Alie () LS cAald) doand) 2l A0l g il g i<
cllas ol Lol Jausll (ga S8 e laylacal alely dslall )3s)

:(Research Aims) cagl) cilaal -2

Leluall Glakill e LA 3 2035 Al Sgall aal e Lideall 28y a4
2 ddas 8 Gl 2nlSY) sda ailiad duhy 8 1A dgaally duasliSilly
sda o sadiadd) il b sl e ade DAY djgpall el (e 2
Lol pailadll e eguall il Auhay Gl 138 8 agii Caga 13 20y
LoV pad) Al g L) Al 8 2ulSY) s3gl dualinnga llg 4 7SN g

:(Quantum Method) 4usils<h) 4kl - 3

icsandly 14719 (DFT/B3LYP) dinh Hasidd Jeadl Va3 &
e gl
e Bshall DFT a3l e Al A8ESN 400 diajha e Hle a5 (3-21G)
211 (C.Lee,W.Yang, .G.Parr) a5 % (A.D.Becke) S» Ja
[22] (DFT/TD-DFT) (a3l dlaiall Z8USH Zunils dasyla IS
: (Calculations) aliluall -4
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s i 2421 Gaussian09s ! Gaussian03 sl alasiuly
Al J<ally aaally uxidly agubial) «hdl e DFT/B3LYP (3-21g)
2y waall asly aidl sy aptiall wsl) WSV ey (cpansY)y
AN O el dal e Bl chAll OS o (oann e D35Sl (lipl) ansy ISl
Cranda duily cilgaly sie Gegsaal Sl ol 8,30 alall e lledl Jla) (e
Jie (& ...Gaussian 09W , Gaussian O03W) gluagle zabn daal
&2 (& --.P8HyperChem « ¥7lGaussView6.0 « *lGaussViews.0)
G0 By i ST abiang DS Jaall Jous @) Y Ll el 0o Ble
dvigl) COlalag dalaiall @l daliy claled) i) el 8 dlasd) oUady)
dlaal dually Llghlly cililuall sl oSHall daly @b cldlaal) de) 4l
o B i Al 80 a o S b Alls 8 Dl L (Ll bl
anl ol dgalsll sda alasinly (Sl auyi of CUSHyall Al g dgalsl) AL
14 § ChemBioDrawl4 s ChemSketchll) dslusll auyll zaly
dgalsll Aile e dbaliy 43ui 2 (g (... si ChemBio3D Ultra
Aila) Lgie S 8 ilip iy axc g ddbidal) b jsa) LAl 38 (5S5 @llg
aaal) Cpuall Gigpae Gy (Kl Jaly dabad) @Al cldlas) )
1Y) Al (el 53) ¢ SM (Spin Multiplicity) (s

SM =2S+1 a7)

Gsdl ¢ B ¢ 8)Y) A el dleall SN i) o) 23l S ey Cum
PP (R g (cj\ cee €
S = ks (18)

K 5 (5= Y2) Ll diady s SN ) l6l) 22el) S iay Can
g pad) Aleall b (Aladl) Linpdll clig Y 220 Jiag
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G Nl ASulingenll plslly Ang ) A Bl 1(1) Jsaad)

day e LR sheadl Hokal Glua 8 deddiuadly dabidd) cYA)
.(T=298.15) 43l 5));a

-48162.6871 -48162.6229 | 166.3824x10° | -48163.119

Zn Singlet

Atom | State | SM Ei Hiot Stot Gtot
(eV) (eV) (eVIK) (eV)
Singlet 1 -2027.8938
@) Triplet 3 -2030.7600 - 2030.6958 157.9232x10° -2031.1667
Singlet 1 -22988.7061
Ti Triplet 3 -22990.5414 -22990.4772 | 172.1216x10° | -22990.9903
Doublet 2 31150.4264
Mn Quartet 4 31152.6569
Sextet 6 31156.0079 -31155.9437 | 179.8464x10° | -31156.4799
Singlet 1 34201.8304
Fe Triplet 3 34203.3055
Quintet 5 34205.8806 -34205.8164 | 178.5952x10° | -34206.3486
Singlet 1 40822.5468
Ni Triplet 3 40825.8156 -40825.7514 | 174.5669x10° | -40826.2719
1

L) Adlad) B Al dug sty Al clBllal) (Jias :
1 Hartree =1 a.u = 627.5095 kcal/mol

1 kcal/mol =4.18 kJ/mol
1 Hartree=1au= 27.2 eV

: b WS M &l (Dissociation energy) De «lSil dsla Gilua 2y

(*)

N
Dem = > E, (A)-E; ™
A=1

. (total electronic energy) A s)ill 4y Sy LIS 48l ¢ Ej (A)
(total electronic energy) M dajall 4y pSIy) 441 a3l : Ej (M)

el S djeual) Aadil) A3l \g) il o (Sl

N
D.wy = A;Ei A)—(E, (M)+8ZPE(M))
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HGITTN

(Zero-point vibrational energy) Maiuall &jiall akil) a5l : & (M)

: b WS (energy gap) Egap skl Jlaall age qund
E

gap 8HOMO - 8LUMO
v
plig YL Jeadie i e Selaah :g, o
. (energy of highest occupied molecular orbital)
P lig AL Jsadie je it e oaidl Bt g0
(energy of lowest unoccupied molecular orbital)
toil LS Aiiall o 5,00 A0 Al Gy
H = Ei + Heorr

Dl
A8l (o Camndy A0 AU LY 2 Hoor
R
Hcorr: EA+ kBT = EA+ < T
N,
s

Jadalall KN dsall 2 Ea
Aabal gyl dsya T
(Na=6.02 x 10%%) 4 ,2<ei sac : Na
rahlall alad)l eyl : R
R=8.31 JmollK™ =8.31x0.624 10> =5.1854 x 10*? eV.mol

1.K-1
sobale culh s Kp
Kg=1.38 x 102 J K =1.38 x 10%8x 0.624x10*% =0.8611 x 10°
I av K1

(A e ot IS g ) L
Stot = St+Sr+Sy+Se
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el AuladV) S a e Aanll) Aug V) 0 Sy Cum
Al L)) ASal) e sl dug 50 1 Sy
Asall SO LY A$all e dailll dug ) : Sy
Ly SV A< s e daalll dug i) Se
1A e AN s A8l
G, =H_ -TS,
:hld DY Biaal) pualdal) Glua

LS M 4i5al (Cohesion energy) AEp <hulail) 5f a1 Zils il o3y

tot tot

: b
N
(AH M) ) 232l Lals,y K0 2wy
N
AH,m = H,; (M) — A;Htot(A)
((AS, (M) ) Il DU LI dug )
N
AS, ) = Sorn — > Sior @
A=1
(AGL (M) ) 2aal) Jalsy¥ LI uns dilhay
AG,m = AH,m — TAS, ™
(Results and Discussion) 4édlially gliat) -5
sAgianal) aalSOU A g SV 9 Ay galal) aibadd) Al o -1
:Zn0 &3 awssl 1-1
Al 2l (et dag dg ANy Lsend)l bl duhy Ga gl sshasS
Aladly Gaulu) Al 5 2K 13g] i) dpigh ) slag) & Cam ceguall
gl skl (1) J<al o AN LalaY) 55kl
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‘ 1.60A '

Ground State

‘ 1.70A .

Excited Singlet State

‘ 1.72A .

Excited Triplet State

N J
hd

sgpall il 2

sguall (2 pil) S
Alatly Lewlu) DAl A ZNO ifl) weSs¥ Byical) dpmtigh ) (1) Ji)
LAEMANg dualaY) BGal)

& ) adl (1) dsaall sy ,(ZNO) sl 2l () bl S a5e
Dl Doala) 5l Yy L) Al b Lo Jgeanl)

spall Gapdll J8 ZNnO il nussY Aug syl Gatladdl :(1) Jed

.b.h..g

4é sgall (i) 2 (%) uidl) dpus

PIWAES] Ul ) ) ) )

g guall 8;Lial) 8Ll 8Ll 8Ll

Loy | DAY | Dkl | AdE

De (eV) 3.3977 | 3.2299 | 29758 | -493 | -12.41

€omo -6.6865 | -6.4687 | -5.6562 | -3.25 | -15.40
(eV)

€ uvo (V) | -3.7734 | -3.8896 | -0.6579 | +3.07 | -82.56

Eqgap (V) 2.9100 | 2.5790 | 4.9983 | -11.68 | +71.47
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W, (Debye) 4.17 4.31 1.59 +3.35 | -61.87

il L daadls (1) dsandly (1) SN (0 ol chyinls

Ly skl sa s

) Al b Sal) Al e AolaY) gl AllaY) 6 elSal) sl 5l die
Slall A3l Gadss ) sol 8 sgall o 5l (0.1678 €V) Legin Gl o aas
ey illsial ) sag sM) Aaghll Jsb abjl Cans by (4.93%) lake
dala pe 4D 5)d) a3 i<l dils d3jlhe die 4l LS Kulas ol sl
@ 3B eonll o (6 (0.4219 eV) Lagin Gyl o 2a3 danluY) Al b i<l
@Al Ayl Jsh aba)) s @by (12.41%) loier il dalh ads )
il ol Sl sy Ll ) (535

Jadl G ae oY) Bl Al & el Jadl (e d3lke xe
@l 8 eoall o 6l (0.34 V) Lagin 3yl o ans LuluY) Al & jslandl)
D el g 1)) Ca @lldg (11.68%) latar shiaal) Jlaal) (mpe paddes )
Joidia e Juin e paisl (aliadly (€ Homo) wlis YL Jgatia s
Blie die 43 Laiy dloeS Al ST Gl maaly (€ Lumo) i S
& oshadl Jadl o ae ZDGN Sl Al 8 shad) Jlaall (e
e 3k ) sl B spaall o (51 (2.08) Legin Gl O a3 ApuluY) Al

Jode Aa Sl el gl @llyy (71.47%) Llaia shadll Jladl)

107



LimallapulsY) Glanad Aaaling ga yil) g 4 gaidl) Gailadd) 8 ¢ guall il 4 o Al

) g sSYL Joidia e Juis e p=idl glils (€ Homo) g S
A0S Al i Sl iy Mallyy € IS8 (ELumo

Al 8 GlasY) S ade ae el el Al 3 QUEY) S aje 45)laay
S ase 835 A ol egall of (61 (0.14 Debye) Legin il o aas )
S aie Alie vie 4 iy ZNO il ansl dyllagind 5ol Ml U8y
O an L) Al & Gl L ale ae A 5yl Al 8 )
Gyl S8 e glas ) ol esall of ¢l (2.58 Debye) g @l
- ZNn0 iyl 2 dpllaiind leais Nl

: TiO2 agailisal) dpusf 2-1

posilial) 2ol mipat A A SNy Anganl) hal) Ay s ol 85laas
Alladly Zaula) Alall 8 2K 13g] ladl) dpigh ) slag) & Gam ceguall
Gazid (2) Jaall Wl cdadgyl) Jishl (2) JSal cpn 2SNy daalaY) 55l
so2a3g sgaall (anpaill J dg iKY (ailiasl)

' s 10364 133.041°
\\\< ) ¥ . \ . \
1.633014 Ti 1.63896A Ti L69S06A

Ground State Excited Singlet State Excited Triplet State
- )
Y
gpall (apdll 1.8 gguall (yaail) aay

Alatly Lol D) ATIO2 silil) 35 Sfitunal) dpwutigh Al 2(2) J<il
LAl daalad) Byl
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& ) aill (3) Jsaal) gy o(TiO2)asilidl auaSe¥ (b, )il Sl o3e
ANy LalaY ) Al Y )y daulul) Al b Lgle Jseanl)

spall Gaiadll 38 TiO2 asslill Sy 4g <yl gailadll:(2) Jesall

Loayg

Iy sgpall i) (%o) l) A

dualil) ol adlal adlal adlal adlal)
wall | BEd | BEd | sEd | sl

Lalay) | ASEN | Loy | s

De (eV) 13.14 13.09 | 11.1116 | -0.38 -15.44

€. (V) | -5.8936 | -5.8561 | -5.0129 | -0.63 | -14.94
€ .0 (V) | -2.8932 | -2.9609 | -2.6373 | +2.33 | -8.84
Egap (V) 3.0004 | 2.8952 | 2.3756 | -3.66 -21

K, (Debye) 6.4543 | 6.6514 | 2.3035 +3.1 -64.34

th L LBl (2) Joaad) (2) JSal) e pilll ehyiinly

g s dadg M Jlshals juaa a3

LuluY) Al 3 Sl 28l e dalal) sliall Alad) 3 el 28l 45)lee xic
Dl ) d8la e ) ol 8 gguall o (6 (0.05 V) Lagiy Gll o) ans
1Y) aany Wlaie) I 5050 3 Ayl sk 2kl s <llds (0.38%)
el Bl wa A Byl Ala) 8 el A8l A3le v 4l LS il 8
i ) ol B egall o (41 (2.03 V) Lagin Bl o an dllY) Al
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@i G Al Jeh oyl s @lldg (15.44%) e oSl dsla
Al ol Sl sy Lgilaial

Jaddl e ae Lalal) sl Al & sl Jladll paje d3lke e
@l 8 egall of (6 (0.11 eV) lagin Gyl o a3 GanluY) Alall & olandl)
e el g li)) G @lldg (3.66%) Laia skl Jladl) piase il )
Jordia e S e gaisl (alisdly (€ Homo) @lis AL Jsadia Ssa
e 4l ALY 48byeS Al A () mualy (ELumo) g s
ssbadl Jlad) e ae ZEN Bl Al 3 jshad) Jaall G 45l
Sl 8 sl o (¢l (0.63 8V)  lagin Gyl o i Al Al
e e el gl dlldg (21%) Jlakes shadl Jadll aje i
i FSYL Jorda e S e =il g Uy (€ Homo) wlis AL s
Al Al ST ) sl (€ Lumo)

Al 8 QY] S ade ae dalaY) el Al 3 QUEY) S aje 4)laa
S aie 8Ly ) ol esall o (1 (0.2 Debye) Legins @il o s Al
S ase Alie die 4l ey TiO2 poilill aausl dglladind 52L5 Jlly U8y
O an L) Al 6 Gl A aje ae A 5yl Al 8 Y
GV S ple palis ) 3 sl o 6l (4.15 Debye) L G4
TiO2 psslial) wsi dylaii) lais il

:Fe03 waal) ausyl 3-1

paal) 2ol et dain Ay Ay gl bl duby s gl s5has
Aladly Gaulu) Al 5 2 13g] i) dpigh ) slag) & Cam ceguall
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Oazid (3) Jsaall Wl ¢ Ladg il Jlshl (3) JSal cpn A5y daalaY) 55l

1.750A

17504 17504

Ground State Excited Singlet State Excited Triplet State
S J
e
sgpuall il Jo pguall il M

Alatly Lol D) LFer03 wiallaass¥ Biiual) duvigh ) :(3) <)

LAEMANg dgalal) BGal)

& A adll (5) Jsaad) mass , Fea03 wsallaass¥ (p,) bl AU a5e
Al Al ) Al sl Al A b lgde Jgenal

sgpall aupil) Jd FerOs aaaliaassy dugasty) pailadl) 3(3) sl

NE T

sgpall Gaal | (%) sehdl) A

Jé
Lualdl) Gaatll [ Al sl | Al | Ay
sguall Byl Bhd | sl | sl

Loy LA | ekl | As

De (eV) 14.75 14.37 15.73 -2.57 6.64

€.omo (8V) | -9.1478 | -5.2642 | -5.6339 | +2.26 | +9.44
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€ o (V) | -2.8342 | -3.3932 | -3.1859 |+19.72 | +12.40
Egp(eV) | 231 | 187 | 2448 |-1904| 5.62
M, (ebye) 1 0.23 039 | -77 | -61

t b Lo daadls (3) Jgandl (3) UK e il eyl

lg3lls Jadg ) Jlghals yioa s

Al Al 6 el 8l aa dpala) B)lal Al 8 ) Al 5 )lhe vie
)l 8 elpeall it A o<l ZaiY) (o 61 (0.38 eV) Legin Gyl o asa
S g A Adahll Jola 2Ly s @lldg (2.57%) late il dila aulis
Alal) b <) Gl 4)lee die 4 2 Laty Kl Ji 0usY) maans gl
(0.98 eV) Lagin Gyl o aai Gaulu¥) Allal) & el d8la ae LD 5l
Dhdeey lSal Al lai ) ol 8 eheall cand duadayeSl iyl ol 4
CSHall sy Ll () a5 Al Al Jsb aba)) s @lldg (6.64%)
Aula

Jaddl e ae Lol Bl Al 8 jshadll Jladl Gaje d3lke e
alids) G @llyy (0.44 eV) Lgin Gl ol axi Ll Alal & jslandl)
2 e e paisl (alisdls (€ Homo) @l AL Jsida ks lae el
) @) ehaall cian GudayeSl A3 o ) (€ Lumo) @lig SSYL i
AL S el maaly «(19.04%) e sbaal)l Jaall Gae als
o A B A 8 shad) Jaall Gaje Ahlee vie 4l Ly E8lseS

allay (0.136V) Legin Gl of an Al Al 3 jslandll Jlaal) (mpe
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paial Galiails (€ Homo) wlis AL Jsde s Jlae el (mliail Cuy
Cind GpnhyeSl) et of ¢l (€ Lumo) lig sSYL Jondia e sl
GOl sy (5.62%) ke shad) Jaall Gase 8l ) @l 8 ehaal)
<400 5eS 4,080 )

Al b QU S e pe LalaY) sl Alall 3 QU] S ale 4)laey
SVl 38 Ly SW 2151 o 6l (0.77 Debye) lagin Gl o aas L)
43l Ly Fe203 yoall ansl Ayl leas Jally QUaY) S a5e ol
G QLY Sl aje ae AN sl A 8 QY] Sl e 4l de
el 8 Ly SW 2 1saY) o &1 (0.61 Debye) Lagin @l o aa Al Allal)
Fe20s waall aunsl dglaiin) leais by GlasY) Al e (adlis )
Mn203 Juiiall asSsl 4-1

3hs ) 2255 (MN203) seiaiall 35V pppprpion ) abiaia¥) Bills s
Gl gi) amgs AnlaY) 1Y) sl Al &1l Gles & WS (0.047 eV)
Bl dedy V) plid) Al dlh ded dlhes Sy (04939 eV)
Mg aidy oK Ml eguiall (el Jarial) Syl o) a5 paliaial)
rdsidnal) aalsdU  shiaal) Jlaall (2 e g dlsiil) Al 4 \8a -2

O Bl Gim Augyaall Apaeall 2l Sl il a8 (4) Jsaall mas
g el drineall 2ulSY) S asl Ml @l dila ) @l poal) 1Sl
A e Kl Ay paal) dinead) €Y B il anl any Loy Kl
LSSl AUl das 8y

(eV) falsh &g AL §)aka duug piall dpidnal) aualsdU dlsinl) 48U :(4) Jgaal)

Oxide ZnO TiO> FexOs Mn203

De(eV) 3.39 13.14 14.75 11.98
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Aad) 3 dug aad) Episedd) 2l jshad) Jadll Gape 3l d3jlhe o LS
Lnad) 2wl (Eg) Lsbaaall Jlaall il 23 (5) Jsaadl Jiar dus Ll
Slly slae Jlae e Ala JBl elley Sainiall Sl o Jaadly Ay paal)
ol Bl S aanltl oSyl ey laiy AL daedl) 2SY) SS) 4l

il S AL L) a3l (gl A ) Aimal) 2aslSY1 G slanall Jladll

OsASNL Bata duwgyial) dpial) aaalshU ghiaadl Jlaadl (e ddla 1(4) Jsaad)

(eV) ks
Oxide ZnO TiO> Feo0O3 Mn203
Eq(eV) 3.39 13.14 14.75 11.98

selpaad) ciad dadl) Cada -3

shaall Ciat At gyieal) Alall 8 driseall 2lSY) Lualiaial dudys La iy
o) Lgnny Lgiliag

(ZnO) i}l sl 1-3

A 20€sY Byl Ll ohpeall cinn AadY) (abaial Cada (6) JSal mag
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Al AS)al) ¢ o3 lad ALY L) Gilsall agall
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1S3 LS al 4D 5ytal) Al slaol o ol (63 il el olimaly 8D,

s la
O Ay paal) dpianal) aaalsdd (BV) o dia (Hio) 4 40yl ad :(8)dsaad)
oy gguall (aualll
" sguall (il da (Y0) L) dpesi
Metal ' 5 5
: 2 il Llal) Alal) ) .
Oxide | <= o oy | PO ASI | B A
~ Byl Byl
ol o ? Talad) AN
asalay) 45N
ZnO | -50196.6 | -50195.6 | -50196.2 | -2.099*1073 | -.0851*103
TiO, | -27064.9 | -27063.1 | -27062.6 | -6.739*103 | -8.551*103
Fe,O3 | -74518.3 | -74517.5 | -74519.2 | 0.993*10° | 1.210*10°
(V) @ duia Ll 3alsOU (Stor), Al Ay Y 2 :(9)Jgaa
sguall (il da (Yo) el dpei
- - \ -~ - N
Metal | 2wl o ] ] Aal | Al
Oxide s guall Hlal) Alad) | 5)lall Allad) ) )
. - Byl 8kl
daalay) A3l ., .
aalal) | A
ZnO | 2.301%10% | 2.3*10% | 2.4*10° | +0.651 | +4.867
TiO, | 2.672*10° | 2.7*10% | 27*10° | 2170 | 4.752
Fe,Oz | 3.348*10% | 3.1*10% | 3.1 *10° | -5.884 | -8.004

(V) dia ditnal) LSS (Hooor) (gbadl (Ssinal) asd :(10)d 2
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sguall (2 pail) da (%) ) dsuss
J8
Metal . . . . . Al adlal)
Oxid el | s Aal | sl Alad) . .
X1de i o i 3Gl 3Gl
syl Aaalaly) A A

aalal) | A
ZnO | 150%103 | 140.1*103 | 139.3 *10% | -6.913 | -7.478
TiO, | 270*10% | 237.1*107 | 187.1*103 | -12.278 | -30.783
Fe,Os; | 460103 | 517.7%10% | 617.3*10° | 12.335 | 33.953
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2ulSY) Ganan aa liall sl (B e o Gigas un Cus (GBI,
eyl
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