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Study of the effect of some Nano metal oxides MOs as CuO, OCu, ZnO and OZn obisgrolymersas Cellulose, Chitosan and

Sodium Alginate. Thus, model structure of two unit organic po

lymer Cellulose, Chitosan and Sodium Alginate and they witBsNano

as CuO, OCu, ZnO and OZn are suggested. Density functional theory (DFT) conducted to study this effect atB3LYP/LANL?2

Computed HOMGL UMO band
Nano MOs that TDMinr e as e d

gap

and e&E

ener gy ( eE)
d e c r e has aslight lchamge thak lwasl no weffect anl itgAlsa, adlcelated

and Tot al di pol e moment

electrostatic potential (ESP) indicated that Cellulose and Chitosan affected by Nano MOs specially with CuO while Sathterhak)i

no effed.

Keywords: Bio-polymers Nano MOs, B3LYP/LANL2DZ, HOMQJMO band gap energy, TDM and ESP

1. INTRODUCTION
Cellulose is biopolymer

(CiHgNB, .Od,h e exitractad | yronmddogvs ¢ raigde.e d suehs

1,4linked d-glucose rings itis belonging to the family of asLaminariaor Fucus, thatwidely used in the food industries

is the most abundant:
renewable and biodegradatalysaccharide

polysaccharides [1].1t
biocompatible;

recyclablg;andtextures.

It has wide range of applications according to
unique properties [£36]. Cellulose; chitosan and sodium alginate

[2,3]. Physially, it is acrude form known as hydrophilic, odorlessare contining to be a topic of extensive research work-gPj.

and tasteless in nature][4Cellulose show emerging applicationsThroughout chemical enhancements in their properties paves th
in paper and cardboard industry dweitsunique physical and way toward further applications. This in turn must be followed
chemical properties [5Nanocellulose which is extracting fromwith a technique to monitor the changes in their electronic

cellulose showamazing enhancement in cellulose proper
[6]. Chitosan is another member of polysaccharides has almog
same features of cellulose as well as other polysaccharides
chemically co-polymerof N-glucosamine and N-acety}

glucosamine | i n k e € 1 idjychsidic bonds. It is deriveg
from the MNacetylation ofthitinin hotalkaline media [78].

Furthermore, it has been widely chemical modified. S
modifications make it meets various biological and medical n¢g
due to its active functional groups-12]. Sodiumalginateis also

igsroperties. Molecular modeling dedicated to act like this not only
5t fimethe studied structures but also for the polysaccharide2R3
IGenerally molecular modeling is widely applied to study
structural, thermal and vibrational features of many systems an
I molecules [2729].

Based on these considerations molecular modeling a
IAB3LYP/LANL2DZ is utilized to study the effect Nano Metal
pe@xides on the Electronic Properties of Cellulose, Chitosan anc
Sodium Alginate respectively

belonging to theclass carbohydrate biopolymer of formu

2. MATERIALS AND METHODS
Computational Details.
Model structures of two units gfo-polymers Cellulose, Chitosal

la

structures calculated by using DFT theory at B3LYP I§8#&133]
using LANL2DZ basis set. HOMQUMO band gap energy and

and sodium Alginate and the saimie-polymerswith Nano MOs | TDM are also computed usirige same level of theory. ESP also
calculated by using GAUSSIANQO9 progrdB0] at Spectroscopy computed for the same model structures as contour and 3D totz

Department, National Research Centre, All

Egypt.

3. RESULTS

Modaslurface ation.

Model structures were performed to study effect of NanAlso models for two units ofnatrual polymers Cellulose,

MOs as: CuO, OCu, ZnO and OZn on sobie-polymersas:

Chitosan and sodium lginate with Nano MOs;CuO, OCu, ZnO

Cellulose, Chitosaand sodium Alginate. Model structures of twoand OZn were proposed as in figure 1(c, e and i), 2(c, e and i) an
units of bio-polymers Cellulose, Chitosan and sodium Alginate3(c, e and i) respectively. HOMOUMO band gap energy and
were supposed as shown in figure 1(a), 2(a) and 3(a): respectjvely.
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TDM are also computed for all model structures using DFT the
at B3LYP level using LANL2DZ bsis set.

()

(0]

@®

Figure 1. Model structures of two units of Cellulose and Cellulose wi
metal oxide and its HOM@QUMO band gap energy optimized at
B3LYP/LANL2DZ basis set as (a) Cellulggé) HOMO-LUMO of
Cellulose (c) Cellulose + Cu(Xd) HOMO-LUMO of Cellulose +CuO
(e) Cellulose + OCYf) HOMO-LUMO of Cellulose + OCu (g)
Cellulose + ZnQ(h) HOMO-LUMO of Cellulose + ZnO (i) Cellulose +
0Ozn, (j) HOMO-LUMO of Cellulose + OzZn.

Firstly, Cellulose ancellulose with Nano MOs: CuO, OCu, Zn
and OZn optimized structure and change in their HOMUIMO

band gap energy were computed at B3LYP / LANL2DZas sh
in figure 1.Table 1 shown change HOMO-LUMO band gap
ener gandTa&M for cellulose with Nano MOs: CuO, OCy
ZnO and OZnHOMO-L UMO band ¢ apndEdMe
changed for Cellulose with Cu®om 3.6578 to 0.6376 e¥nd
from 6.2868 to 18.6935 Debyespectively. TDM forCellulose
with CuO increased while HOMO UMO band gaq

podecreased that means reactivity of cellulose increased with CuC
Also, for Cellulose with OCu TDM changed to3.23®&bye
while HOMO-LUMO band gap energgE changed to 0.6027eV
that TDM decrease and &E decr
has no change. Then, for Cellulose with Z2HOMO-LUMO band
gap e n e argl yTDMaedhanged t00.8147 eV and to
8.9236Debyed especti vely that TDM i
that reactivity improved slightly. As previous Cellulose with OZn
also TDM decreased to 2.4371 Dehykile HOMO-LUMO band

gap energyE also decrease 0.8814 eV which means that the
reactivity also has no change.

Table 1. Calculated HOMGL UMO band gap energy
dipole moment TDM (Debye) Using B3LYP/LANL2DZ for Cellulose,
Cellulose+CuO, Cellulose+OCu, Cellulose+ZnO and Cellulose+OZn

Structure TDM AE
Cellulose 6.2868 3.6578
Cellulose + CuO 18.6935| 0.6376

[ Cellulose + OCu | 3.2394 | 0.6027 |
Cellulose + ZnO 8.9236 | 0.8147
[ Cellulose + OZn | 2.4371 | 0.8814 |

Secondly, Chitosan and Chitosan with Nano MOs: CuO, OCu,
ZnO and OZmoptimized structure and their HOMOJMO band
gap energy also were calculated at B3LYP / LANL2DZ as shown
in figure 2. Change iHOMO-L UMO band gaanden
TDM for Chitosan with Nano MOs: CuO, OCu, ZnO and OZn
shown in table 2HOMO-L UMO band gagdT®Mer
for Chitosan with CuO changed fradB8891to 0.5148e¥dndfrom
3.32040to 16.8125Debye respectively where TDM increased
while HOMO-LUMO band gap energgE decreased that means
reactivity of Chitosan increased with CuO. Also, for Chitosan with
OCu TDM changed to 16.720Bebyeat the same timelOMO-
LUMO band gap energgE changed to 0.9568V that TDM
increased and &E decrease whi
for OCu also. Then, for Chitosan with Zr@OMO-LUMO band
gap e n er g yiDMadhangadn w 0.6025 eV and to
9.6583Debyeg espectively that TDM i |
that reactivity improved slightly. As previous Chitosan with OZn
also TDM increased to 13.6988Debyhile HOMO-LUMO band

gap energyE also decreased to 0.6261 eV that the reactivity also
changes posvely.

Table 2. Calculated HOMGL UMO band gap energy

dipole moment TDM (Debye) Using B3LYP/LANL2DZ for Chitosan,
Chitosan +CuQ, Chitosan +OCu, Chitosan +ZnO and Chitosan +OZn

h Structure TDM AE
Chitosan 3.32040 | 2.8891
Chitosan + CuO 16.8125 | 0.5148
[ Chitosan + OCu 16.7206 | 0.9565|
Chitosan + ZnO 9.6583 | 0.6025
[ Chitosan + Ozn 13.6988 | 0.6261 |

HFurthermore, Sodium Alginate and Sodium Alginate with Nano
MOs: CuO, OCu, ZnO and OZaiso optimized and their HOMO
witYMO band gap energy also were calculated at B3LYP /
LANL2DZ as shown in figure 3. Change HOMO-LUMO band
,gap enenddhM feeESodium Alginate with Nano MOs:
rGyQ, OGEEZNO and OZn sivedin table 3. For Sodium Alginate
with CuO TDM changed from 13.
changed from 0.7083 to 1.03638
incsease which measgs that reactivity changes negatiM€O-
LUMO band gap TOM éor Spdiumsddinata witt
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OCu changedto 0.7973 eVand to13.3502Debye respectively
where TDM slightly increased whilelOMO-LUMO band gap
energy aE slightly decreased that means reactivity of Sodiu
Alginate with CuO has no change. Al$¢QOMO-LUMO band gap
ener gy T&ME fomaSodium Alginate with ZnO and OZn
were changed td.9445 and 0.7029 eV and to 17.5735and
18.2395 Debyerespectively which alsmeans that thereave no
change in reactivity.
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Figure 2. Model structures of two units of Chitosan and Chitosan with

metal oxid and its HOM@UMO band gap energy optimized at
B3LYP/LANL2DZ basis set as (a) Chitosé) HOMO-LUMO of
Chitosan (c) Chitosan + Cudd) HOMO-LUMO of Chitosan +CuO (e)
Chitosan + OCy (f) HOMO-LUMO of Chitosan + OCu (g) Chitosan
ZnO, (h) HOMO-LUMO of Chitosan + ZnO
(i) Chitosan + OZh,(j) HOMO-LUMO of Chitosan + OZn

@ (b)
°
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Figure 3. Model structures of two units of Sodium Alginate and Sodium
Alginate with metal oxid and its HOMQUMO band gap energy
optimized at BALYP/LANL2DZ basis setas (a) Sodium Alginate
(b) HOMO-LUMO of Sodium Alginate(c) Sodium Alginate €uO,
(d) HOMO-LUMO of Sodium Alginate +Cu@(e) Sodium Alginate +
OCu (f) HOMO-LUMO of Sodium Alginate + OCu (g) Sodium
Alginate+ ZnQ  (h) HOMO-LUMO of Sodium Algnhate + ZnQ (i)
Sodium Alginate + OZn  (j) HOMO-LUMO of Sodium Alginate+
OZn

Table 3. Calculated HOMGL UMO band gap energy
dipole moment TDM (Debye) Using B3LYP/LANL2DZ for Sodium
Alginate,Sodium Alginate +CuO, Sodium Alginat®&€u, Sodium

Alginate +ZnO and Sodium Alginate +OZn.
Structure TDM AE

Sodium Alginate 13.0524 | 0.7083
Sodium Alginate + CuO 12.7533 1.0368
Sodium Alginate + OCu 13.3502 | 0.7973
Sodium Alginate + ZnO 17.5735 | 0.9445
Sodium Alginate + OZn 18.2395 | 0.7029
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For further study also, we calculate ESP for Cellulope,

Chitosan and Sodium Alginate with Nano MOs: CuO, OCu,
and OZnon the same level of theos previousESP represent

the measure of nearby charges, nuclei and electrons strength at a

specific position.The ESP data interprdty a color spectru
ranged as Red <orange <yellow <green<blue. The color vari
conveys the varying in ESP intensities that red represehe
lowest ESP value and blue represent the highest ESP value
calculation is important to find out the reactive site of
molecule that has an affinity to interact with another particle.

Figure 4. Electrostatic potential of Cellulose + C&) ascontour (b) as
3D total surface.

Figure 5. Electrostatic potential of Cellulose + OC) as contoyr(b) as
3D total surface.

Figure 6. Electrostatic potential of Cellulose + Zr{&) as contoyr(b) as

3D total surface.

nO

tion

ESP
he

Figure 7. Electrostatigpotential of Cellulose @Zn (a) as contoyr(b) as
3D total surface.

Figure 8. Electrostatic potential of Chitosan+C\#&) as contouyr(b) as
3D total surface.

D

Figure 9. Electrostatic potential of Chitosan+OQa) as contoyr(b) as
3D totalsurface.

Figure 10. Electrostatic potential of Chitosan+Zn@) as contoyr(b) as
3D total surface.
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Figure 11. Electrostatic potential of Chitosan+OZa) as contoyr(b) as
3D total surface.

Figure 12. Electrostatic potential of SodiuAlginate+CuO(a) as
contour (b) as 3D total surface.

Figure 13. Electrostatic potential of Sodium Alginate+O@) as
contour (b) as 3D total surface.

As shown in fig 4, 5, 6 and 7 ESP for Cellulose with Nano M
CuO, OCu, ZnO and OZnhe regions of low potential re
represent the abundance of electrons and the regions of|h
potential blue represent the absence of electrons. Oxygen

Ds:

the spherical region rounded Oxygatom have a red color for
Cellulose with Nano MOs: CuO and ZnO while the spherical
region rounded Copper and Zinc atoms hdoree color for
Cellulose with Nano MOs: OCu and OZn. Also, ESP for Chitosan
with Nano MOs: CuO, OCu, ZnO and OZn the sphenegion
rounded Oxygen atom havered color while the spherical region
rounded Copper and Zinc atoms have a blue color shown in fig 8
9, 10 and 11. Red region represetite lowest electrostatic
potential and greatest electronegativitigich meas that it havea
high opportunity to interact with othefSor Sodium Alginate with
Nano MOs: CuO, OCu, ZnO and OZn as in fig 12, 18 and 15
intermediary colors between red and blue represent les:
electronegativitydifference which means that there is no chance to
interact with others. Finally from all ESP results, Cellulose with
Nano MOs: CuO and ZnO and Chitosan with Nano MOs: CuO
and ZnO is the most reactive structures which have the grea
opportunity to interactvith others while all Sodium Alginate with
Nano MOs: CuO, OCu, ZnO and OZn have low electronegativity
difference and its chance to be reactive is too low.

\

Figure 14. Electrostatic potential of Sodium Alginate+Zi(&) as
contour b) as 3D total surface.

] F|?1ure 15. Electrostatic potential of Sodium Alginate+OF) as contour

(b) as 3D totaturface

atoms

rounded by electron density more than Copper and Zinc atonps SO

4. CONCLUSIONS

From all studied structuregellulose,Chitosan and Sodiu
Alginate with Nano MOs: CuO, OCu, ZnO and OZQOMO-
LUMO ©band

HOMO-L UMO
Cellulose with CuO fron8.6578 to 0.6376 e¥nd from6.2868 to
g a pand DM reguljs indidated thap 18.6935 Debyerespectively. TDM for Cellulose with CuO

band g a pandeTBM rchanged doE
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increased while HOMQUMO band gap energgE decreased
that means reactivity of cellulose increased with CuO and
Cellulose with ZnOHOMO-L UMO band gap ¢
TDM changed t®.8147 eVand t08.9236Debyerespectively that|
TDM increase while &E decr ed
Also, HOMO-L UMO band gap TEMWferChitygsanf
with CuO changed fror2.8891 to 0.5148 e¥nd from3.32040 to
16.8125 Debyeaespectively that TDM increased while HOM(
LUMO band gap energgE decreased that means reactivity
Chitosan increased with CuO and for Chitosan with Z@MO-

LUMO band gap TEM ehanged t@e6E25 avand
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