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Abstract
The idea of this research depended on the preparation of nanoporous material via rice husk
based on the silica material. The silica material is prepared from the rice husks in appropriate
chemical method. Where it is known that the rice husks are produced by the production of rice
plants that are too large quantities and cause high pollution in environment. Instead, the husks is
embedded or burn in the exposed atmosphere in urban and rural areas could benefit from it by the
suitable chemical treatment and burning it in controlled conditions, it produces pure silica labeled as
RHA (Rice Husk Ash) can be entered in chemical reactions for the production of Nanoporous
Material labeled as RHAC-Pd(DTO)2 .This Nanoporous Material is inorganic-organic hybrid.
According to analysis of CHNS and FT-IR spectra can be conclude that the bisdithiooxamidepalladium(II) chloride [Pd(DTO)2]Cl2 has successful incorporation on RHACCl . Xray diffraction technique was used to determine the amorphous formula of [Pd(DTO)2]Cl2, while
the Transmission electron microscopy (TEM) technique was used to confirm its nanostructure of
compounds. The surface area measurements indicated that [Pd(DTO)2]Cl2 had a specific surface
area of 70.83 m2g1- and a narrow average pore diameter of 3.25 nm. Thermogravimetric analysis
(TGA-DTA) of RHAC-Pd(DTO)2 indication that the physical adsorb water was lost between 30160 °C which means it is weakly bonded in the silica matrix, while the residual parts of material
decomposed up to 300 °C.
Keywords: Rice husk ,palladium complex , nanoporous material

الخالصة
 انًبدح االسبص في رحضيزهب هي انسهيكب انزي يزى اسزخالصهب يٍ قشىر,رعزًذ فكزح انجحش عهً رحضيز يبدح يسبييخ َبَىيخ
 حيش اَه يٍ انًعزوف اٌ قشىر انزس انزي رُزجهب يعبيم اَزبج انزس ركىٌ ثكًيبد كجيزح جذا يسججخ.انز س ثطزيقخ كيًيبئيخ يُبسجخ
 فجذال اٌ رطًز رهك انقشىر او رحزق ثبألجىاء انًكشىفخ ثبنًذٌ واالريبف يًكٍ االسزفبدح يُهب ثًعبيهخ كيًيبئيخ,رهىس عبني نهجيئخ
ٍ يًكRice husk ash يخزصزRHA يُبسجخ وحزقهب ثظزوف يسيطز عهيهب نزُزج سهيكب َقيخ (َبصعخ انجيبض) يزيش نهب ة
 وهي هجيٍ يٍ يبدحRHAC-Pd(DTO)2 ادخبنهب في سهسهخ رفبعالد كيًيبئيخ نزحضيز يبدح يسبييخ َبَىيخ يزيش نهب
 ثبسزُزبج االَذيبجFT-IR  ودراسخ اطيبف األشعخ رحذ انحًزاءCHNS ٍ رى االعزًبد عهً َزبئج كم ي.عضىيخ-العضىيخ
 كًب رى انزعزف عهً انطجيعخ غيز انًزجهىرح, RHACCl ) كهىرايذ عهً انًبدحII( صُبئي صبيى اوكسًبيذ ثالديىو-انُبجح نهًبدح صُبئي
 في.( أَه يًزهك طجيعخ َبَىيخTEM)  ثيًُب أصجزذ رقُيخ انًجهز االنكززوَي انُبفذ, X-ray نه يٍ خالل رقُيخ حيىد األشعخ انسيُيخ
 وثًعذل قطز يسبيي يقذر ة70.83 m2g1- حيٍ اٌ قيبسبد انًسبحخ انسطحيخ ثيُذ اٌ انًزكت يًزهك يسبحخ سطحيخ رقذر ة
°
 و30-160 ٍ اٌ انًبء انًًزش فيشيبئيب يزفكك يٍ انًزكت ثيTGA-DTA  كًب اوضحذ انزحبنيم انحزاريخ ثزقُيخ,3.25 nm
. 300 °C ثيًُب االجشاء االخزي انعضىيخ وانالعضىيخ رزفكك فىق
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1. Introduction
Agriculture of the rice covers 1% of the earth’s surface and is a fundamental source of
sustenance for billions of people and position second to wheat in terms of area and production [1].
Globally, nearly 500 million tons of rice vintage is produced each year. Production of rice is
dominated by Asia, where rice is the only food crop that can be grown during the rainy season in
the waterlogged tropical areas, but it can be grown during the summer season in Iraqi regions
(particularly, middle and south regions)[2-3].
Rice husks (RH) are the hard protecting coverings of grains of rice. The main function of rice husk
is protecting rice during the growing season. Rice husks are produced by the machines production
of rice plants in a large quantities. In most cases the husks is embedded or burn in the exposed
atmosphere in urban and rural areas and cause high pollution in environment, Fig.(1).

Fig. 1. The rice husk burned as a waste and used threat problems to the environment
Rice husks are known to have a relatively high content of inorganic compounds representing
approximately 20% (wt) of the dry hull, while 80% (wt) of the residual are organic compounds
which are cellulose and hemicellulose, 50% (wt), and lignin 26% (wt), with the remaining of 4%
(wt) representing other organic compounds such as oil, proteins, etc. The percentages of organic
and inorganic compositions are depending on several factors, including weather, soil and plant
variety [3]. During growth, rice plants absorb silica from the soil and accumulate it into their
structures. This silica can be concentrated by burning at high temperatures removing other
elements, which make the ash so valuable.
Many researchers have concluded that the RH is an excellent source of high-grade amorphous
silica [3-7]. The amorphous white silica (known as rice husk ash) that can be extracted from the
husk and the straw of the rice plant; which may possess a very high specific surface area [3]. One
important application of silica is due to its ability to be modified with different silylating agents,
which can introduce basic groups through an anchored pendant chain. The traditional procedure for
immobilization of 3-(chloropropyl)triethoxysilane (CPTES) onto different types of silica involves
long reaction times, nonenvironmentally friendly organic solvents, harsh refluxing condition, and
multiple steps [8-10]. Moreover, the vast majorities of these protocols call for expensive chemicals
and techniques and cause environmental pollution. A more direct and simple method was
introduced by Kassim et.al to immobilize CPTES onto silica to give a –CH2–Cl functionality on the
silica surface labeled as RHACCl [11]. The product RHACCl had been used successfully to
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reacted with different organic molecules contain –NH2 group such as saccharine, melamine, and 7amino-1-naphthalenesulfonic acid to produce heterogeneous catalysts[12-14]. Metal complexes
that contain –NH2 group as well as used to prepared nanomaterial composed [15]. The objective of
the current study is to immobilized the [Pd(DTO)2]Cl2 comples onto the RHACCl compound to
produce a hybrid of a silica-[Pd(DTO)2]Cl2 architecture that can be used for beneficial catalytic
properties.

2. Materials And Methods
2.1 Raw materials
Sodium hydroxide (Fluka, 99%), Nitric acid (BDH, 65%), 3-(chloropropyl)triethoxysilane
(CPTES) (Sigma–Aldrich, 95%), Dithiooxamide (Fluka, >99%), Palladium (II) chloride (Fluka,
(60)Pd%), toluene (Fluka, 99%), triethylamine (R&M Chemical, 99%), and dichloromethane
(DCM) (BDH, 99%), were each used without further purification. The rice husk (RH) was collected
from a rice mill in from the region of Al-Abbasya region, Kufa, Najaf, Iraq. [Pd(DTO)2]Cl2
complex was synthesized according to a reported method [16].

2.2 Samples Characterization
The RHAC-Pd(DTO)2 was characterized by elemental analysis(CHNS) using (EuroEA
Elemental Analyzer). Powder X-ray diffraction of the complex was collected from (XRD-6000,
Shimadzu), Nitrogen adsorption porosimetry (ASAP 20 Automatic Chemisorption Analyzer), The
specific surface area of the prepared complex were calculated using the BET model. Infrared
spectra were obtained by KBr disc over the wave number range of 4000–400 cm-1 using (FTIR–
8400S Shimadzu). Energy dispersive spectrometry, EDX (Edax Falcon System). The TEM
micrographs were obtained using Philips CM12 equipment.

2.3 Synthesis
2.3.1 Sources of silica
The rice husk ash (RHA) was select as the origin of amorphous silica as it was available in
abundance. The silica was removed from rice husk according to a informed method [17,18].

2.3.2 Preparation of silica–palladium nano catalyst, RHAC-Pd(DTO)2
RHACCl and [Pd(DTO)2]Cl2 have been prepared according to the reported method [11] and
[16], respectively. To prepared RHAC-Pd(DTO)2, a solution mixture of 0.53 g (1.26 mmol ) of
[Pd(DTO)2]Cl2, 1.26 mmol of Et3N and 0.53 g of RHACCl in (30 mL) toluene were refluxed at
110 C in an oil bath for 48 h. The separated solid was filtered, washed with acidic ethanol then
with acetone, dried at 100 C for 24 h and finally labeled as RHAC-Pd(DTO)2. About 0.7 g of the
RHAC-Pd(DTO)2 was collected using this method. Scheme 1 showed the immobilization of
[Pd(DTO)2]Cl2 onto RHACCl to form RHAC-Pd(DTO)2.
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Scheme 1: The reaction Scheme for the immobilization of [Pd(DTO)2]Cl2 onto RHACCl to form
RHAC-Pd(DTO)2.

3. Results And Discussion
3.1 Elemental analysis
The elemental analysis of RHA , RHACCl and RHAC-Pd(DTO)2 were shown in Table 1 .
RHAC-Pd(DTO)2 contained 6.07 % of N and 14.62 % of S. The percentage of C and H for RHACPd(DTO)2 were significantly higher than that of both RHACCl and RHA, as was expected. These
results clearly indicate the successful immobilization of [Pd(DTO)2]Cl2 onto RHACCl.
3.2 The nitrogen adsorption analysis
The specific surface area of RHAC-Pd-(DTO)2 was 70.83 m2.g-1 which is lower than the
specific surface area of RHACCl .This was probably due to the presence of Palladium ion inside the
silica matrix . The open loop in adsorption and desorption isotherms of RHAC-Pd(DTO)2 in Fig.1
as a result of the compound formation has “ink-bottle “ shape pores that can trap adsorbate nitrogen.
However, the irreversible change may occur in the pore structure on adsorption, so that the
desorption situation is truly differ from the adsorption one [19]. The average pore diameter and the
average pore volume were 3.25 nm and 0.057 cm3g-1 respectively, which were less than that of
RHACCl (Table 1), this could be due to blockage of the pore by palladium complex moiety [20].
The RHAC-Pd(DTO)2 (Fig. 1) showed a sharp pore size range from 1 to 3 nm which is in the
nanoporous range.
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Table 1: The physical parameters obtained for RHAC-Pd(DTO)2.The percentage of elements
content determined by elemental analysis. The result of BET analysis was also shown.
Sample

Elemental analysis (%)

RHA a
RHACCl

a

RHAC-

Specific
surface area
(m2 g-1)

Average
pore volume
(cm3 g-1)

Average pore
diameter
(nm)
10.4

3.25

C

H

N

S

1.6

0.84

-

-

347

9.98

1.61

-

-

633

0.87
0.70

18.65

3.22

6.07

70.83

0.057

14.62

6.07

Pd(DTO)2
a

[11]

35

Desorption

30

25

0.07
0.06
0.05

Dv (Log d) [cc/g]

Volume adsorbed [cc/g at STP]

40

20
Adsorption

0.04
0.03
0.02
0.01
0.00

15

1

2

3

4

5

6

Pore Diame te r (nm)

0.2

0.4

0.6

0.8

1.0

P/Po

Fig.1: The nitrogen adsorption–desorption isotherms of RHAC-Pd-(DTO)2. The
inset shows the corresponding pore size distribution.

3.3 Thermogravimetric analysis (TGA/Differential thermal analysis (DTA)
The TGA-DTA of RHAC-Pd(DTO)2 (Fig. 2 ) showed three characteristic decomposition
stages. The first at 29.5–148 ºC, with a maximum at 60 °C which was assigned to the physical
adsorb water loss (ca. 4.32 %) [13].The second mass loss (ca. 20.05 %) occurred between 148 – 468
ºC, with a maximum at 315 °C assigned to the decomposition of the [Pd(DTO)2]Cl2 complex and
degradation of propyl group chain attached to silica matrices in polymer structure [12]. The third
step decomposition starts from 468.7-896.7 °C (ca 13.31%) corresponding to loss of remaining of
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chloropropyl and of dithiooxamide moiety [11], as well as the condensation of silanol groups and
release of palladium.
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Fig. 2: Thermogravimetric analysis (TGA)/differential thermal analysis (DTA) for RHACPd(DTO)2.Three characteristic decomposition stages are shown.
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3.4 Powder X–ray diffraction (XRD)
X-ray diffraction pattern of RHAC-Pd(DTO)2 is shown in Fig. 3., from which amorphous
characteristic of RHAC-Pd(DTO)2 has been observed with 2-theta ca. 25°.
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3.5 Fourier Transformed Infrared spectroscopic analysis (FT-IR)
The FT-IR spectrum of RHAC-Pd(DTO)2 is shown in Fig. 4. The broad band at 3438 cm-1 is
usually assigned to O-H vibration from Si-OH and H-OH of absorbed. The bands at 3222 and
3066cm-1 were due to the stretching vibrations of υNH2 and υNH groups, respectively. The band at
2918 cm-1 is assigned to the C-H vibration for CH2 groups, while the bending vibrations of the CH2
groups can be seen at 1461 cm-1 [21]. The (-CSN-) stretching frequencies appeared at 1526 and
1384 cm-1, while in the spectrum of [Pd(DTO)2]Cl2 [16] were 1587 and 1429 cm-1. The bands
around 584 cm-1 and 463 cm−1 were assigned to the Pd-N vibrations and Pd-S vibration, respectively
[22].

c
RHAC-Pd(DTO)2

b

a

Fig.4: The FT-IR spectra of a RHA, b RHACCl and c RHAC-Pd(DTO)2

3.6

Transmission

electron

microscopy

(TEM)

and

Scanning

electron

microscopy–energy dispersive X–ray (SEM/EDX)
The morphology of the RHAC-Pd(DTO)2 particles was studied by TEM and SEM as shown in
Fig. 5 (a) and (b). Dark particles were observed which may believed to the Pd nanoparticles as can
be seen in Fig. 5 (a). The SEM Fig. 5 (b) showed a small degree of pore arrangement.
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a

b

Fig. 5: (a) The TEM image of RHAC-Pd(DTO)2 at ca. 50 nm, showing the irregular
pore arrangements. (b) The SEM image, showing a small degree of pore arrangement.

Fig. 6 shows the EDX analysis. The spectrum showed the presence of Palladium and other
elements in the complex, from which it can be further conclude that the [Pd(DTO)2]Cl2 was
incorporated on the RHACCl. The average values of the chemical composition obtained from the
EDX analysis are shown in Table 2.

Fig. 6: The EDX analysis of RHAC-Pd(DTO)2
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Table 2. The average values obtained from EDX analysis for RHAC-Pd(DTO)2.
Element

Average mass (%)

C

24.05

O

30.32

Si

33.38

S

4.19

Cl

6.27

Pd

1.80

4. Conclusion
In this work, rice husk ash (RHA) which is an agriculture waste was used to prepare silica
immobilized with [Pd(DTO)2]Cl2 complex. Palladium complex was successfully incorporated onto
the RHACCl via nucleophilic substitution reaction to form RHAC-Pd(DTO)2. The physical
properties of prepared material were investigated by means of several spectroscopic techniques. A
comparison of the FT-IR spectra of [Pd(DTO)2]Cl2 complex and RHAC-Pd(DTO)2 exhibit presence
of NH stretching frequency at 3066 cm-1 in the former complex. The specific surface area
measurements confirmed the immobilization of a large molecule of the [Pd(DTO)2]Cl2 on the silica
surface leading to a considerable decrease in the pore diameter and average pore volume. The
powder x-ray diffraction showed that the RHAC-Pd(DTO)2 have amorphous characteristic feature.
The transmission electron microscopy (TEM) and scanning electron microscopy–energy dispersive
X–ray (SEM/EDX) techniques prove the amorphous highly nanoporous characteristics of the
prepared compound, hence it is regarded as a benefit to use as catalyst.
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