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foaming agents and emulsifiers. For exactly performing

of pesticides function, a spray droplet must be able to

damp the foliage and be located over a leaf. The area of

pesticide coverage is increased by surfactants so increas-

ing the pests allergic to the chemical. 

1. Introduction
Surfactants are chemical compounds which lower

the surface tension between two liquids, or that between

a solid and a liquid. Surfactants can act as wetting

agents, detergents (Mulligan et al., 2001), dispersants,
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have been estimated by studying their surface parame-

ters, surface properties, antimicrobial, antifungal activi-

ties and biodegradability. Raman et al. (2008) discussed

the effect of Schiff-base derived from acetoacetanilide

and anthranilic acid and its copper complex on 4th instar

larvae of S. litura (Fabaceae) for insect pest control by

using leaf dip method. Castro et al. (2014) used surfac-

tants to improve the pesticide efficacy. Surfactants were

used to decrease cost, pollution and increase in the ab-

sorption of foliar to be useful for bicides, defoliants and

growth regulators. Pan et al. (2015) prepared nanosus-

pension solution of 5% lambda-cyhalothrin with 0.2%

surfactants by the melt emulsification method under

high pressure. The prepared surfactants were used to

prepare lambda-cyhalothrin nanosuspension with high

dispersity and stability. The use of organic solvents and

reduce surfactants for reducing residual pollution and

improving bioavailability of pesticide in agricultural

products and environment.

2. Materials and Methods
2.1. Preparation of Nanocationic Tetra Halo Cu-

perate Complexes: cupper chloride (II) with phenyl hy-

drazine and their derivatives salts in presence of CTAB

in the mortar until all components mixed well to pro-

duce tetra halo cuprate complexes and this indicate by

change color of mixture.

 Also surfactants play an important role in several appli-

cations including: dyestuffs, fibers, mineral processing,

oil field chemicals (Al-Sabagh et al., 2003), paints, pes-

ticides (Cremlyn, (2009) pharmaceutical or plastics

(Chen et al., 2011). Nanoemulsions are systems that

greatly cover the size ranges 50-100 nm (Forgiarini et

al., 2001). Also they are defined as mini-emulsion (Ca-

ruso, 2006) and are stable kinetically. There are three

main processes of nanoparticle synthesis and these are

solid-state, solution precipitation and vapor phase   pro-

cesses. The major common and widely used process is

solid state because it is the cheapest process used for

production of micron- sized particles (Morsy, 2014). To

reduce the side effects of super use of agrochemicals on

the ecosystem, chemicals with less stability and greater

specificity, nanoemulsions have assortment of applica-

tions in agrochemical industry.

Negm et al. (2011) prepared three cationic surfaces

by chemically modification of vanillin. The synthesized

surfactants, chemical structures were approved using IR,

NMR spectra and elemental analysis. Hegazy et al.

(2013) synthesized some colloidal copper Nano parti-

cles (CuNPs) in water by chemically reduction of the

synthesized cationic surfactant. The characterization of

prepared copper Nano particles were occurred by trans-

mission electron microscopy (TEM) and FTIR spec-

trum. Morsy (2014) reported that the formation of Nano

particles surfactants occurs by high dispersion method.

Their present properties and characteristics depend on

the preparation method and their composition. Piscurea-

nu et al. (2001) measured the surface activity of some

pesticide on colloidal systems by using nonionic surfac-

tants. Krogh et al. (2003) investigated the destiny of ad-

juvants in environmental after application on the agri-

cultural land. This paper discussed the fate and effect of

two adjuvants (ANEOs and AEOs) on the hydrous and

terrestrial environment and they are applied as technical

mixtures.

Ying (2006) reported that the widest used materials

in industrial products and in household are surfactants.

Surfactants have various conduct and effect in the envi-

ronment. Mahmoud et al. (2007) prepared a chain of

some cationic surfactants. These cationic surfactants Fig.1.  Structures of the prepared nanocationic tetra halo cu-
perate surfactants.
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of plant leaf on the spray solutions then feeding of the

tested instar and the mortality ratios were recorded. The

toxicity lines were drawn and LC
50

 and LC
90

 were cal-

culated.

 

2.5.2. Persistence of Tested Insecticides Alone and

Its Tank Mix with Surfactant Complexes Additives

against 2nd Instar Larvae of Cotton Leafworm: a hand

sprayer equipped with one nozzle was used for spraying

(spray volume was 200 liter / feddan) with different syn-

thetic surfactants adjuvants against 2nd instars larvae of

cotton leaf worm). Samples were taken immediately af-

ter one hour of spraying (zero time) and then after

3,6,9,12,15 and 21 days from application to evaluate the

residual performances in cotton field during the period

from 2 to 23 July, 2015. 

3. Results
3.1. Micro Elemental Analysis: the data are shown

in the following Table (1).

3.2. Raman Spectrum 
Raman spectra were taken with a Perkin- Elmer 301

double beam Spectrophotometer. The 4000-70 cm-1 re-

gion was investigated. Raman spectra of cetrimonium

phenyl hydrazine bromo -tri chloro – cuprate showed

three bands at (112, 132 and 178 cm-1) at low wavenum-

ber region, two bands at (1406 and1423 cm-1)  and six

2.2. Characterization of the Prepared Surfactant
Complexes:  by micro elemental analysis, raman spec-

tra, infrared spectra, uv spectrophotometer, atomic ab-

sorption spectroscopy (AAS) and transmission electron

microscopy (TEM).

2.3. Determination of the Physico-chemical Prop-
erties of the Prepared Surfactants

2.3.1. Surface Tension Measurements: surface ten-

sion measurements were obtained by using De-Nöuy

Tensiometer krüss K-6 with a platinum ring (Mariano et

al., 2014).

2.3.2 pH Meter Measurement: by Automatic pH Me-

ter-2601. 

2.4. Determination the Effect of Prepared Nano-
cationic Surfactants on the Physico-chemical Proper-
ties of Spray Solution of Some Insecticides: by meas-

urement of surface tension and acidity of the tested

insecticides alone and their mixture spray solution (sur-

factant + insecticide).

2.5. ImInsecticidal Efficacy:
2.5.1. Insecticidal Activity of Prepared Nanosurfac-

tants adding to Some Tested Insecticides Formulations,

Chlorpyrifos, Lambda-cyhalothrin and Lufenuron agai-

nst 2nd Instar Larvae of Cotton Leafworm: by dipping

Table 1. Micro Elemental Analysis of The prepared Nanocationic Surfactants. 
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(2.c). Bands below 400 cm-1are attributed to lattice

modes (Lattice vibrations in crystals). Bands from 1000

to 1500 cm-1 are attributed to υ(CC) aromatic ring

chain. Bands from 2800 to 3000 cm-1 are attributed to

υ(C-H), υ(C-NH). The four Cu-Cl and Cu-Br distances

being almost identical, two opposite angles of about

133o  and the others of about 108o. The copper complex-

es are distorted tetrahedral structure has been found. For

cetrimonium-2-chloro phenyl hydrazinium bromo-

trichloro-cuprate , the band presents at about 60 cm-1

equires some additional discussion. This band may be

assigned to the υ
2
 frequency, activated by site symme-

try, or alternatively to a lattice mode, Figure (2.b).

bands (2774, 2823, 2836, 2864, 2885 and 3000 cm-1) at

high wavenumber region, Figure (2.a). Raman spectra

of cetrimonium-2-chloro phenyl hydrazinium bromo-

trichloro-cuprate showed three bands at ( 60, 133 and

179 cm-1) at low wavenumber region, two bands at

(1395 and1410 cm-1)  and six bands (2823, 2845, 2874,

2895, 2934 and 2998 cm-1) at high wavenumber region,

Figure (2.b). Raman spectra of cetrimonium-2-bromo

phenyl hydrazinium bromo-trichloro-cuprate showed

three bands at ( 108, 133 and 176 cm-1), one single band

at 413 cm-1 at low wavenumber region, one single bands

at(1498 cm-1)  and five bands (2828, 2871, 2894, 3001,

and 3021 cm-1) at high wavenumber region, Figure

Fig. 2.  Raman Spectra of a) Cetrimonium phenyl hydrazine bromo -tri chloro – cuprate,
b) Cetrimonium -2-chloro phenyl hydrazinium bromo-trichloro-cuprate and c)
Cetrimonium-2-bromo phenyl hydrazinium bromo-trichloro-cuprate.

tra of cetrimonium-2-chloro phenyl hydrazinium-

bromo-trichloro cuprate  showed a band at  ((3421 for

C-NH
2
 group), bands at (3018,  2916, 2850 cm-1  for C-

H  (SP3) stretching of alkane group) and (1631, 1469

cm-1 for C=C stretching in aromatic ring),  (788,719

cm-1 of meta disubstituted aromatic), (600-800 cm-1 for

C-Cl group), Figure (3.b). The IR spectra of cetrimoni-

3.3. Infrared spectra 
IR spectra of  cetrimonium phenyl  hydrazine-bromo

-tri chloro – cuprate) showed a band at (3424 for C-NH
2

group), bands at (3023, 2917, 2851  cm-1  for  C-H

(SP3) stretching of alkane group) and (1630, 1468 cm-1

for C=C stretching in aromatic ring), (780, 719cm-1 of

meta disubstituted aromatic), Figure (3.a). The IR spec-
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3.4. UV Spectra: 
UV spectra were recorded with a Perkin-Elmer S52

Spectrophotometer. The quaternization of tetra halo cu-

prate complexes formation was proved by the appear-

ance of new uv bands, the data was obtained in Figure

(4). 

um-2-bromo phenyl hydrazinium bromo-trichloro cu-

prate showed a band at (3418 for  C-NH
2
 group, bands

at  (3016,  2918, 2850  cm-1  for  C-H (SP3) stretching

of alkane group) and  (1631, 1467 cm-1  for C=C

stretching in aromatic ring), (755,721cm-1 of meta dis-

ubstituted aromatic), (500-600 cm-1 for C-Br group),

Figure (3.c).

Fig. 3.  IR Spectra of   a) Cetrimonium phenyl hydrazine-bromo-tri chloro – cuprate, b) Cetri-
monium-2-chloro phenyl hydrazinium-bromo-trichloro cuprate and c) Cetrimonium-2-
bromo phenyl hydrazinium-bromo-trichloro cuprate. 

Fig. 4.  UV Spectra of   a) Cetrimonium phenyl hydrazine-bromo-tri chloro – cuprate, b)    Cet-
rimonium-2-chloro phenyl hydrazinium-bromo-trichloro cuprate and c) Cetrimonium-2-
bromo phenyl hydrazinium-bromo-trichloro cuprate.
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reading the spectra produced when the sample is excited

by radiation. The concentration is usually determined

from a calibration curve, obtained using standards of

known concentration.

3.5. Atomic absorption spectroscopy (AAS): atom-

ic absorption spectrometry (AAS) is a technique for

measuring quantities of chemical elements present in en-

vironmental samples by measuring the absorbed radia-

tion by the chemical element of interest. This is done by

Table 2. Atomic Absorption Spectroscopy (AAS) of the Prepared Nanocationic Surfactants.  

tants on nano particles which causes the stabilization of

these surfactants due to the formation of nano shells in

the prepared surfactants. The particle size of the pre-

pared surfactants showed in Table (3).  

3.6. Transmission Electron Microscopy (TEM):
(by JEM-2100 – high resolution (200KV)): 

The TEM images of the synthesized cationic sur-

factants were represented in Figure (5). The TEM imag-

es showed the self- assembling of the prepared surfac-

Table 3. Particle size of the synthetic surfactants.

Fig. 5.  TEM image of The Synthesized Surfactants  a) Cetrimonium phenyl hydrazine-bromo-tri chloro – cuprate,   b)
Cetrimonium-2-chloro phenyl hydrazinium-bromo-trichloro cuprate and c) Cetrimonium-2-bromo phenyl hydra-
zinium-bromo-trichloro cuprate.
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crease. The effectiveness of the synthesized surfactants

is arranged as follow: B>C>A (by decreasing surface

tension). It is clear from Table (4) that the synthesized

surfactants have ability to decrease the surface tension

by 20mN/m at very low surfactant concentration at 25˚C

and that is defined as efficiency (Pc
20

), (Badr, 2009).

The maximum surface excess (µmax) for synthesized

cationic surfactants have different rearrangement  for

phenyl hydrazine hydrochloride and its derivatives salts

(A > B increase by increasing surface tension, C > A in-

crease by decreasing surface tension). Minimum surface

area (A
min

) for cationic synthesized surfactants is ar-

ranged as B > A > C. The standard free energy of micel-

lization and adsorption of the prepared surfactants at

25˚C can be calculated using the following thermody-

namic equations (Negm et al., (2011)): ∆G
mic

 = - RT lin

(CMC),  ∆G
ads

 = ∆G
mic

 – (0.006 X πCMC X A
min 

),

∆Go

mic
 = ∆Go (CH

3
) + m∆Go (CH

2
) + ∆Go (head

group). From Table (4) it is clear that  ∆G
mic

 and ∆G
ads

values of all prepared surfactants are negative. The neg-

ativity of these values suggests the spontaneous behav-

ior and equilibrium between the two phases of the sur-

factant molecule. 

3.8. pH Meter Measurements of The Prepared
Surfactants: the data are shown in the following Table

(5).

3.7. Surface Tension Measurements of Synthetic
Cationic surfactants :

Figure (6) represent the relation between the surface

tension values in (mN/m) and the concentration (Log C)

at 25˚C. These curves are characterized by two regions,

one at lower concentration at which is greatly sensitive

towards concentration reaction, the other at which the

surface tension is almost constant up on variation of sur-

factant concentration. Extrapolation of these two regions

determines the so-called critical micelle concentration

(CMC) (Tao et al., 2009 and Behpour et al., 2009). The

equilibrium happened at the concentration of complete

surface tension (CMC) (Zhang and Hua, 2009; (Zhang

et al., 2009). The CMC value is dependent on the chem-

ical structure of the surfactant molecules (Abboud et al.,

2009). The molecules tend to lower that unfavorable sit-

uation via forming more stable aggregative structures

which are micelles (thermodynamically stable). There-

fore the CMC occurred at lower concentration (Negm et

al.,  2010). The surface tensions of the synthesized met-

al complexes (cationic surfactants) were often decreased

remarkably compared with their parent, i.e., A > C >B

for phenyl hydrazine hydrochloride and its derivatives

salts. The critical micelle concentration of cationic tetra

halo cuperate surfactants are shown in Table (4). When

the surface tension decreases by increase the hydropho-

bic chain length, this leads to effectiveness (πcmc) in-

Fig. 6.  Variation of Surface Tension against Concentration of The Prepared Cationic Surfactants, A) Cetrimonium phe-
nyl hydrazine-bromo-tri chloro cuprate,  B) Cetrimonium-2-chloro phenyl hydrazinium-bromo-trichloro cuprate
and C) Cetrimonium-2-bromo phenyl hydrazinium-bromo-trichloro cuprate.
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the treated surface, thus increase insecticidal activity

(Abd-alla et al., 2013). Also, by pH measurement, we

observe that by increasing pH value (to basicity), the in-

secticidal activity decreases (Hussein, 2002). So the ef-

fect of synthesized cationic surfactants on insecticidal

activity of the tested pesticides depends on surface ten-

sion and pH values. 

Table 4. Surface properties of the prepared surfactants in bidistilled water at 25˚C.

3.9. Determination the Effect of Surfactants on
the Physico-chemical Properties of Spray Solution of
Some Tested Insecticides (the Effect of pH and Sur-
face Tension) .

The data in Table (6) show that synthesized cationic

surfactants have reduced of surface tension values. The

reduction of the surface tension of the insecticidal spray

solution would increase its wetability and spreading on

Table 5. The pH values of the synthetic surfactants.

Table 6. Response of the pH and Surface Tension effect of different synthetic surfactant complexes adding as additive
to tested insecticide formulations against laboratory strain of 2nd and 4th instar larvae of the cotton leaf worm.

 Where: A) Cetrimonium phenyl hydrazine-bromo-tri chloro cuprate, (B) Cetrimonium-2-chloro phenyl hydrazinium-
bromo-trichloro cuprate and (C) Cetrimonium-2-bromo phenyl hydrazinium-bromo-trichloro cuprate.
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3.10. Study of the Insecticidal Activity: surface ac-

tive agent plays a significant role on many fields espe-

cially in pesticides on both formulation and improve-

ment of their biological efficiency (El-Sisi et al., (2006).

3.10.1. Study of the Insecticidal Activity of Mixed

Spray Solution (Insecticide+ Surfactant): the obtained

results reflect the insecticidal activity of chlorpyrifos,

lambda-cyhalothrin and lufenuron alone and with tested

surfactants against laboratory strain of 2nd instar larvae

of the cotton  leaf worm S. littoralis. The results in Ta-

ble (6), Figure (7.a) show that chlorpyrifos with synthet-

ic cationic surfactants (C,B, A)  showing less insectici-

dal activity than chlorpyrifos  only. Also results show in

Figure (7.b) that lambda-cyhalothrin with synthetic cat-

ionic surfactant(C, B, A) respectively proved to be the

most effective compound than lambda-cyhalothrin only.

In Figure (7.c) lufenuron with synthetic cationic surfac-

tant (C) proved to be the most effective compound than

lufenuron only. But synthetic  cationic surfactants (B,

A) showing  less  insecticidal  activity  than lufenuron

only.

Fig. 6.  Toxicity lines of different synthetic surfactant complexes, (A) Cetrimonium Phenyl hydra-
zine-Bromo-Tri chloro Cuprate, (B) Cetrimonium-2-Chloro Phenyl hydrazinium-Bromo-
Trichloro Cuprate  and (C) Cetrimonium-2-Bromo Phenyl hydrazinium-Bromo-Trichloro Cu-
prate adding as additive to some tested insecticides formulations against laboratory strain of
2nd instar larvae of the cotton leafworm.

3.10.2. Persistence of Mixed Spray Solution (Insecti-

cide + Surfactant) on Cotton Leafworm: Data presented

in Table (7) show that; all surfactants increase the per-

centage of larval mortality than that obtained with chlor-

pyrifos, lambda-cyhalothrin and lufenuron used alone at

the recommended rate in field- lab. The general mean of

mortality percentage for chlorpyrifos increases from

71.56% for chlorpyrifos alone to 88.51% by adding the

prepared nanocationic surfactants. Also, for lambda-

cyhalothrin, the general mean of mortality percentage

increases from 64.70% for lambda-cyhalothrin alone to

79.74% and for lufenuron, the general mean of mortality

percentage increases from 63.09% for lufenuron alone

to 78.34% .
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Table 7. Toxicity of singular tested insecticides and their tank mixed with synthetic surfactant additives against 2nd

instars larvae of cotton leafworm .

Where: 1K: Initial kill after one hour from application, (A) Cetrimonium phenyl hydrazine-bromo-tri chloro cuprate,
(B) Cetrimonium-2-chloro phenyl hydrazinium-bromo-trichloro cuprate and (C) Cetrimonium-2-bromo phenyl hy-
drazinium-bromo-trichloro cuprate.

4. Conclosion
The  data  reflects  that by using  the  prepared  nano-

cationic surfactants with  lambda-Cyhalothrin insecti-

cide formulations increases their toxicity and with all

the tested  insecticide formulations increase their persis-

tence  in  the  field  than insecticide alone mixture and

so decrease  the  rate of  field application. This is be-

cause of the ability of the synthesized surfactants to

change the physico-chemical properties of spray solu-

tion.  So by  decreasing pH and surface tension of insec-

ticide spray  solution,  the wetability, spreading and de-

positing of  the  tested  insecticides  increase  so  the

insecticidal  efficiency  increase. The use  of  surfactants

with  chemical insecticides may  provide a great effica-

cy of  insecticidal properties  and decreases their appli-

cation rates, pollution. From the last results, we recom-

mend to use the prepared nanocationic  surfactants with

the  tested  insecticides to increase the persistence of ad-

juvant/insecticide  mixture  against  the  cotton  leaf-

worm. 
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لخص العربى ا

واد النانوكاتيونيه ذات النشاط السطحى تحضير وتوصيف بعض ا
بيدات وتأثيرها على الخصائص الفيزيائية والكيميائية وفعالية وثبات بعض ا

كافحه دوده ورق القطن ستخدمه  الحشرية ا

عــوض إبراهيـم أحمــد١             أحمـد السيد عبـد المجيد٢
عبد الفتاح محسن بدوى٣             محمــد فهمــى ذكــى٣

صــرى٢ نيـرة سمـير ا
نصوره - مصر١ كليه العلوم - قسم الكيمياء – جامعه ا

معهد بحوث وقايه النباتات - مركز البحوث الزراعيه - الدقى - الجيزه - مصر٢
معهد بحوث البترول - مصر٣

 تحـضيـر  ثلاث مـركبـات نانـوكاتـيونـيه جـديده ذات نـشاط الـسطـحى من الـفيـنيل هـيدرازيـ هيـدروكـلوريـد ومشـتقـاته  وكلـوريد

الـنـحـاس الـثـنـائى ومــــركب الـسـيـتـاب عـــن طـريق الـطـحــن الـصـلــب لـلـمــــواد وقـــد اسـتـدل عـلـــى اكـتـمـال الـتـفـاعـــل بـواسـطـــه تـغـيـر لـــون

Micro elemental analysis, Raman Spectroscopy, In- ـتـراكـبــات بـواسـطــه عـــدة تحـالـيــل وهـى الخـلـيـــط. وقــــد تـــم تـوصـيف هــــذه ا

frared Spectroscopy  (IR) ,  1H-NMR Spectroscopy,  Ultra Violet (UV) and Transmission Electron Microscopy (TEM)

ـكـافحــــه دوده ورق الـقطن ـستـخدمه  ـبـيدات الحـشريـة ا تـراكبـات عـلــــى الكـفائــــه الحـشـريـــه وبقـاء بعض ا و أخـتـبــــار فـاعلـيه هـــــذه ا

وهــــــــى الـكــلــوروبـيــروفـوس (chlorpyrifos) كــمــبـيــد فـســفــــــــورى و اللامــداثــيــالـوثــيـريـن (lambda-cyhalothrin) كـمــبـيـــــد بــيـروثــرويـد

تراكبات للمبيدات والليوفنـــرون (lufenuron) كمبيد مثبط للنمو  وذلك عن طريق تغير خواصها الفـيزيائية الكيميائية باضافه هذه ا

ـبيـدات المختـبره ـذيب لمحـاليل ا ركـبات المحـضره تـقلل الـتـوتر الـسطـحى للـماء ا الحـشريه مـحل الأخـتبـار. وقد دلت الـنتـائج عـلى أن ا

ـبـيد الحـشري مع ـا أدى الى زيـاده سمـيه هذا ا ـبيـدات المخـتبـره خاصـه اللامداثـيالـوثـيرين  وأيـضـا تزيـد حامـضـيه بعض مـحـاليل ا

بـيدات المخـتبــره حتـى بـعــد ٢١ يـــوم من الرش الحـقلى. وأيـضا دلت الـنتـائج على ـضافه وزيـاده بقاء جـميـع مستـحضـرات ا ـتراكـبات ا ا

بـيد الكلـوروبيروفـوس من ٧١٫٦% للمـبيد وحده ل  ٧٤٫٩% و٨٧٫٥% و ٨٨٫٥% عمـليه  ـميت فى التـجربه الحقلـيه - ا ـتبقى ا زيـاده نسبه ا

بيـد اللامداثيـالوثيرين عملـيه  مـيت فــى التجـربه الحقلـيه - ا تـبقــى ا تراكبـات النانـونيه المحضـره. أيضا زياده نـسبــــه ا عند أضـافه ا

بـيدالـليـوفنـرون من ٦٣٫١% للـمبـيد وحــده ل ٦٧٫٦% مـيت  ـتبقـى ا مـــن ٦٤٫٧% للـمبـيد وحدة ل ٦٨٫٦% و ٧٤٫٩% و ٧٩٫٧%  وزيـاده نسـبه ا

تراكبات النانونيه المحضره.    و٧٥٫٩% و  ٧٨٫٣% عند  أضافه ا
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