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OZET

PIRINC KABUGU KULUNDEN SIiLiKA NANO TANELERININ
SENTEZI VE SENTEZLENEN TANELERIN
KARAKTERIZASYONU

CALISKAN, Agelya
Yiiksek Lisans Tezi, Kimya Miihendisligi Anabilim Dali
Tez danismani: Prof. Dr. Serife Seref HELVACI
Aralik 2019, 76 sayfa

Son yillarda nano taneler yiiksek gozeneklilikleri, yiizey alanlari, biyo
uyumluluklar1 ve kimyasal koruyuculuklar1 nedeni ile ilag iletim sistemlerinde
siklikla kullanilmaktadir. Bu malzemeler yilizey 6zellikleri sayesinde ilaglarin uzun
siirede kontrollii salimina olanak saglamaktadir. Ilag deposu olarak kullanilan nano
malzemelerin sekil, boyut, kristal yap1 ve ylizey Ozelikleri ilag¢ yiliklemesi ve

kontrollii salimi i¢in dnem tasimaktadir.

Projede biyosilika (S) ve fonksiyonellestirilmis biyosilika (S-APTES) nano
taneleri sentezlenmis, karakterizasyonlar1 yapilmistir. Calismada silika taneleri
piring kabugu kiiliinden elde edilmis boylece hem tarimsal bir atik degerlendirilmis,
hem de dogal kaynaklar kullanilarak giivenilir, ekonomik ve c¢evre dostu
malzemeler tliretilerek literatiire ve lilke ekonomisine katki saglanmaya ¢aligilmistir.
Sentezlenen malzemelerin  yikleme ve kontrollii salim profillerinin
belirlenebilmesi i¢in daha Once literatiirde galismasi pek bulunmayan sefdinir

(CFD) secilmistir.

SiO> taneleri, sahip olduklart yiiksek yiizey alan1 ve gozeneklilik nedeni ile

CFD’nin kontrollii salim1 i¢in uygun bir davranis gostermistir.

Anahtar kelimeler: SiOg, piring kabugu kiilii, fonksiyonellestirilmis nano silika,

ilag yiikleme, kontrollii salim, sefdinir.






ABSTRACT

SYNTHESIS OF SILICA NANO PARTICLES FROM RICE HUSK
ASH AND THEIR CHARACTERIZATIONS

CALISKAN, Acelya

MSc in Chemical Engineering

Supervisor: Prof. Dr. Serife Seref HELVACI

December 2019, 76 pages

Recently nanoparticles have been found widely used in drug delivery systems
due to their high porosity, surface area, bio-compatibility and chemical protection.
These type of materials provide controlled release based on their surface properties.
The shape, size, crystalline structure and surface properties of the materials are
important properties for drug storage, which are important for drug loading and
controlled release.

In the study, pure nano silica (S) and functionalized nano silica particles (S-
APTES) were synthesized. Silica particles were extracted from rice husk ash which
provided both utilization of agricultural waste and usage of natural sources. The
findings of the study will contribute literature and economics since the synthesis
method is safe, economic and environmentally friendly. The loading and controlled
release were studied using cefdinir (CFD) as a model drug which was not very much

studied drug in the literature.

SiO2 nanoparticles exhibited a suitable behavior in the controlled release of

CFD due to its high surface area and porosity.

Key words: SiO, rice husk ash, functionalized nano silica, drug loading, controlled

release, cefdinir.
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1. INTRODUCTION

In recent years, nanotechnology has been investigated for many research fields
such as biomedical, electronics, food, energy and environment. Controlled drug
release practices have gained increasing interest and the quick development in the
improved materials has resulted in a significant progress in their development
(Trewyn et al., 2008; Kortesuo et al., 2000). The purpose of controlled drug delivery
is to administer the requested amount of drug to the relevant areas in the human
body and to adjust the drug delivery profile to achieve the best possible therapeutic
benefits (De Muth et al., 2011). The advantages of controlled drug delivery systems
(Szegedi et al., 2011; Manzano et al., 2008) are improvement of patient
convenience, reduction in flunctuation in steady state level, increasing safety

margin of high potency drug and reduction in total health care cost.

Particles for the drug release practise are generally designed at the nanoscale
level. Nanoporous materials are characterized by large surface area and high pore
size and their surface chemical properties can be changed. These properties make

them suitable drug delivery carriers.

Among these materials, silica is one of the most studied nano particle in drug
delivery applications owing to having mesoporous structure, high specific surface
area, large pore volume, adjustable nano pore sizes, nontoxic properties a
hydrophilic surface feature and being convenient for surface modification that gives
an opportunity of use in advanced drug delivery studies (Chandrasekhar et al., 2003;
Herna’ndez et al., 2014).

There are two kinds of sources for silica synthesis: natural or synthetic. The
production of materials from natural sources such as agricultural wastes is very
common to reduce environmental pollution and cost. Rice husk is one of these
agricultural wastes owing to silica content (Azmi et al., 2016; Sankar et al., 2016).
Beside the natural sources, synthetic sources are also used for production of silica
since this method is relatively easy comparing with synthesis of silica from natural
sources. For the production of silica, it was aimed to achieve a production easy and

efficient in this study. For this reason, precipitation method were chosen.



Silica nano particles are often used as functionalized form as well.
Functinalization effectuates changing hydrophilic property of surface to
hydrophobic property so that the hydrophobic material can be compatible with
human body for example (Alshatwi et al., 2015; Bjorkegren et al., 2017; Liou and
Yang, 2011). Surface functionalization of silica nano particles were carried out by
post-modification method. As functionalization agent, aminopropy! triethoxy silane
(APTES) were used. Unfuntionalized and functionalized samples of silica were

used for application of drug delivery.

Different types of drugs were studied for release applications in the literature.
Among them cefdinir, which chemical structure is given in Figure 1.1, is a
cephalorin antibiotic often used for the treatment of community-acquired
pneumonia, acute chronic bronchitis, sinusitus and skin-structure infections in adult
and paediatric patients (Selvi et al., 2015). In this study, unfunctionalized and
functinalized silica nano particles were used in the release of CFD, which was
selected as the model drug. The loading and controlled release are defined using
CFD which is not very much studied drug in the literature. So, it is thought that this

study is going to contribute to the literature.

O~_OH

0]

H,N o N™ " Ry

V=N .
N

N~oH

Figure 1.1 Chemical structure of cefdinir.

1.1 Properties of Silica

Silica is the name of a chemical compound consisting of two oxygen and one
silicon atom that generally exist in polymorphous forms which are quartz, topaz
and amethyst. (Sawe, B.E., 2018). Amorphous silica is more reactive than the
crystalline silica. At the same time, amorphous silica has controllable size
distribution and high surface area (Chandrasekhar et al., 2003). That is the reason

of being preferred in different application fields.



1.2 Sources of Silica

Silica can be synthesized chemically from synthetic materials or obtained from

natural sources.

Tetra ethyl ortho silicate (TEOS), whose chemical structure is given in Figure
1.2, is the most commercially used chemical in silica production. The reason of
being used of this material is the high size control of the final product and being
easy of production. In addition, silanes are used both in production and surface

functionalization of silica (Murray et al., 2010).

HyC
o\ o} é
H3
i Si/ e
HsC o) \o
H3CJ

Figure 1.2 Chemical structure of TEOS (Acros organics).

In the past, studies on the production of silica from agricultural waste have used
more than one method (Adam et al., 2011; Bergna and Roberts, 2006; Jal et al.,
2004). Bark of the plants and the agricultural wastes such as rice husk (RH), sugar
cane and peanut shells have become cheap raw material used in silica production.
RH contains %71-87 by mass of organic structures such as cellulose and lignin and
%13-29 by mass of inorganic elements (Okutani et al., 2009). That is why it is most

preferred natural source in silica production.

1.3 Application Fields of Silica

Silica particles in various sizes have many uses. These uses can be customized
as catalyst, drug delivery, dental applications, tissue engineering, gene therapy and
molecular imaging by reducing the silica particle size to nano level (An et al., 2010;
Chen etal., 2017; Gutowska et al., 2001; Liou and Yang. 2011; Yener and Helvaci,
2015; Zulkifli et al., 2013). The nano silica to be produced from rice husk ash



(RHA) is thought to be very useful in some application areas. It can be seen in the
literature that the production of nano silica, which is necessary for the production
of biomaterials in biological application field, from rice husk ash is so little (Chen
etal., 2017). The nano-sized silica granules that will be extracted from rice husk by
appropriate method are thought to solve the environmental and economical
problems that arise when the old production methods are applied (Tolba et al.,
2015).

1.4 Preparation of Sodium Silicate Solution

Firstly the silica is needed to be extracted from the rice husk ash. Silicate
solutions are obtained as a results of extraction. Type of silicate changes due to the
chemicals used in the extraction process. The extraction process used is called as
alkali leaching (Liou and Yang, 2011). In alkali leaching, an alkali solution is used
and this alkali solution is generally sodium hydroxide (NaOH) solution. The silica
content changes according to the location where the rice husk grows. Conditions
(stirring rate, reaction time and temperature) of alkali leaching can vary due to raw

material. The reaction occurring during alkali leaching is given in equation below:

Si0; rua(s) + NaOH(aq) — Na,SiO3(s) + H,0(1)

The resulting mixture (sodium silicate and ash) is filtered with the aid of filter
paper to separate the ash and sodium silicate solution. The solution is kept in the
refrigerator.

1.5 Synthesis Methods of Silica

1.5.1 Sol-gel method: Stober

Two methods are mainly used in silica synthesis: sol-gel and thermal methods.
Commonly used sol-gel methods are precipitation and Stober methods (Zhang et
al., 2016; Zulfigar et al., 2016). Sol-gel methods using different surfactants are
called microemulsion method (Le et al., 2013).



In this technique, uniformly dispersed silica particles are obtained by spraying
silicon alkoxide dissolved in an alcohol solution. By using sol-gel method with a
commercial source such as TEOS, production of silica particle in spherical and
micro dimensions is quite common (Stober and Fink, 1968). In this work, particle
diameters range from 0.05 to 3 pum. It has been determined that this method poses
a safety problem and creates environmental problems when it was used on a
commercial scale due to its usage of heavy chemicals and harmful organic solvents
(Dubey et al., 2015; Edrissi et al., 2011; Misran et al., 2013; Park et al., 2002).

1.5.2 Sol-gel method: Precipitation

Precipitation method is second method of the most used production methods
(Hieu et al., 2015; Le et al., 2013; Yuvakkumar et al., 2014). This physicochemical
method involves two steps: alkali dissolution and acidic precipitation. Acidic
chemicals are used to precipitate the rice husk ash solution treated with different
alkaline chemicals. In this process, the sensitivity of the silica surface is utilized. At
pH=10 and lower, the solubility of the amorphous silica in water is low and its
solubility increases with increasing pH. So, the silica is dissolved in alkali and
precipitated at a low pH. Silica is then obtained after washing and drying (Liou and
Yang, 2011).

Silica syntheses, which are studied intensively today, are mostly carried out by
the methods mentioned above. Liu and coworkers (2016) conducted a study of heat
treatment and gelation together. In their study, the silica source treated with an
alkali chemical was heat treated at 600-900 °C under atmospheric conditions. They
produced silica nano particles in spherical, amorphous structure and submicron

dimensions by acid precipitation.

1.5.3 Sol-gel method: Micro-emulsion

In the micro-emulsion process, the reaction medium consists of two phases as
oil and water phases. Depending on the solubility of the raw material used, the raw
material is distributed in one of these two phases. The starting material is dispersed
in the other phase. The reaction starts when the two phases are mixed.



Surface active agents are generally used in this method. The surfactant acts as
a nano reactor while surround the materials dispersed in two phases. In this way,
the size and shape of the silica can be controlled due to the micelle size formed by
the surfactant and the swelling capacity of the micelle formed (Misran et al., 2013).

Alkoxy silanes such as TEOS or silicate solutions are also used as raw materials.

1.5.4 Thermal method

In the direct heating method, the rice husk/rice husk ash is directly burned
without any preprocessing in this method (James and Rao, 1986; Kapur, 1985; Luan
and Chou, 1990; Nakata et al., 1989; Wang and Low, 1990). The percentage of
silica purity increases together with the burning of the organic part of the rice husk
heat treated under various gases or atmospheric conditions. It was determined in a
study that the phase composition and the surface area of silica produced were
changed according to the combustion temperature (Kapur, 1985). Chandrasekhar
and coworkers (2003) shown that silica particles synthesized is in amorphous
structure when calcined in air at 800°C or lower and crystalline structure when

calcined at temperatures higher than 900°C.

In some studies pretreatment is used before heating process. Xiong et al. (2009)
concluded that the washing of the rice husk with HCI (hydrochloric acid) before the
burning process results in a purity (99.5%) and a higher surface area of silica (260
m?/g). This pretreatment removes all metallic impurities such as Na, K, Ca, Mg, Fe
and Cu. After acid pretreatment, carbonization is carried out in air or inert gas
atmosphere. In Real and coworkers’ study (1996), it has been shown that if acid
washing is done prior to incineration, the specific surface area of the silica increases
while this pretreatment occurs after incineration, on the contrary. In another study,
the rice husk was pre-washed with acid to remove metal impurities in it and then
calcined at 700°C and then spherical particles in amorphous structure and average

60 nm size were obtained (Liou et al., 2004).

Treatment can also be done with alkali materials other than acid. Javed and
coworkers (2010) used KMnOs (potassium permanganate) as a pretreatment

chemical for preparing high purity amorphous silica and this alkali solution reduced



the cellulose and organic content of the rice husk and acted as an oxidizing agent

during thermal decomposition.

Deionized water can be used for pretreatment process as well. A relatively
small-sized silica particle was obtained from rice husk which was washed with

deionized water and calcined (Shen et al., 2011).

In many studies, it has been figured out that the silica obtained with
prepurification processes influences the purity (Alshatwi et al., 2015; Carmona et
al., 2013; Palanivelu et al., 2016).

1.5.5 Literature survey on the methods of silica production

The reaction conditions, important parameters and product characteristics for

each method are given in Table 1.1 to 1.4.



Table 1.1 Experimental conditions of Stober method.

8

Ref TEOS | H2O | NHsz | Solvent Nrecdii nreos/inas | Solvent Temperature | Time | Particle size
' M | M | M (M) (°C) (h) (nm)

Liuetal, | o047 | 111 | 005 X 0.42 9.32 Ethanol X X 20
2017

Renetal, | 014 | x | 265 | 17.12 X X Ethanol 60 12 20
2017

Al bl 020 | x | 03 | 1712 X 0.67 Ethanol 25 24 19

Millyetal, | g14 | 214 | 032 | 17.12 0.06 0.42 - 30 0.03 27

2010




Table 1.2 Experimental conditions of precipitation method.

o . Results
Ref. Silgs Pre treatment s P1ation Post treatment (Size (nm) /
source agent
Shape)
Mor et. al., Alkali Leaching . o 5-10/
2017 RHA (2 M NaOH /100 °C/2 h) 1N HCI Drying (50 °C) Spherical agglomerated
. Acid leaching (HCI)
Z“'f'ggrlgt' al, RH Calcination (600 °C / 4 h) H,PO, Aging (25- 65 °C /30 min.) . hericla?(l'zol% r/n rated
Alkali leaching (2M NaOH / 2 h) P 99
Vaibhav et.al., RH Calcination (900 °C /7 h) 3N H,S0. Awﬁ%é?ﬁgh) 20-40/
2014 Alkali leaching (1 M NaOH) Drying(80°C / 24 h) Fiber like
Calcination (700°C / 3 h)
Yuvakkumaret.al., | g, Acid leaching (3 M HCI / 1.5 h) Conc. H,S0; | Calcination (700 and 1100 °C /3 h) 251

2014

Alkali leaching (0.5-2.5 N NaOH / 80°C / 1.5 h)

Spherical agglomerated
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Table 1.3 Experimental conditions of micro-emulsion method.

Ref. Silica source Susrlfjgct?g;etlr;;/pe Oil phase Precipitation agents Post treatments ParEincrIT(]e)size
R B e T oenraete) | soovaone
Jesionozvgglgi etal., (col\rlr?rzr?;r?:?al) Rokaf?llngrl]s_ ilc\)lr?i snd N6 cyclohexane 5w % HCI WashiBg:r] ;yxgt?{g?itcha}nfé/ﬁt)hanol) 393

enth | SOy TenNT | omoreans | egsor | Vst g
Chattopadhzygagsand Gupta, (col\rfrzr?eir%?al) Af\\ioo:ic n-heptane or isooctane Supercritical CO; V\ﬁﬁ?;?ﬁtg?éﬁr) 20-800
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Table 1.4 Experimental conditions and silica properties synthesized by using thermal methods.

Ref Silica source Pre-treatment Thermal treatment Temperature Time Results
' Acid leaching Drying method (°C) (h) Size (nm)
Chen et. al ZoW%
- al RH CHsCOOH, HCl, 105°C, 2 h Calcination 600, 700, 800,900 | 0.5 50
2017
H,S0,
Pa'a“'gg'f;t' al., RH 10 w % HCI 100°C, 1 h Pyrolysis 750 3.0 10-100
Sa”kzagleé' al, RHA 10 W % HClI 150 °C, 24 h Calcination 700 20 3-10
A'Shag‘(’)"l'st' al. RH 1 N HCl 85°C,5h Calcination 500, 600, 700 1.0 100-120
Wanz%fz al, RH 5w % CsHgO; 100°C, 24 h Calcination 800 05 60
Carmona et. al CeHsO7, L
B RH CHsCOOH 60°C, 18 h Calcination 650 1.0 180-290

2013

HsPO4
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1.6 Surface Functionalization of Silica

Silica is used in many different areas, but it is used commonly as a filler or
reinforcing additive in advanced composite materials (Rahman et al., 2012). In
order to achieve a homogenous distribution with silica and different materials and
to turn silica into an effective additive, it can be dispersed uniformly in many
different solvents. For this purpose, silica is functionalized by surface modification
methods. Generally silanes are used to modification of silica surface (Ayad et al.,
2016; Mahmoodi et al., 2011). Silanes have an organofunctional and a hydrolyzable

groups in their structure. There is a hydrocarbon chain linking these two groups.

Silanes are commonly called hydrophobic or hydrophilic, depending on the
organofunctional group that is in its structure. The silanes commonly used in
hydrophilic surface modification of silica are amino, polyethylene oxide and epoxy
silanes with hydrophilic functionality. For hydrophobic surface modification, alkyl

silanes are often used (Petchu et. al., 2017).

1.6.1 Methods of surface functionalization

Surface functionalization methods basically consists of two groups which are
co-condensation (CC) and post functionalization (PF). In the co-condensation
method, the modification agent is present in the reaction medium during the
synthesis of the silica particle. During the silica particle formation, the
functionalizing agent works also in the condensation step with the silica source,
resulting the surface modified silica. In the post funcitonalization method, silica is
synthesized before the particle functionalization step. The silica is dispersed in the
suitable solvent for functionalizing agent, and then the functionalization agent is
added to the medium to perform surface functionalization. In some cases, especially
where the Stober method is used, the functionalization agent is added to the reaction
medium without removing the silica produced at the end of the reaction. The
functionalized particle is obtained after the required time of reaction. In both

methods, the excess agent is removed by the help of various washing operations.
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1.6.2 Literature survey on surface modification

There are many literature examples in both methods used for surface

functionalization of silica. These examples can be seen in Table 1.5.
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Table 1.5 Literature survey of surface modification methods.

Silica Experimental conditions
Ref. Method Source Functionalization agent Temp. | Time Medium Area of study
Q) (h)
Wang et al., . . . ice- Acetonitrile .
2016 ccC TEOS Aminopropyltriethoxy silane bath 2 water Adsorption
Colloidal
Bjoggson nano silica Silica suspension at
etal.,. PF icl Methylpolyethyleneglycol silane 25,70 - |_'|3 Colloidal stability
2015 partic es pH 9
(commercial)
Yond et al Triaminopropyltrimethoxy silane Surface coating and
2%1 4 N cC TEOS Triisobutyltrimethoxy silane 25 18 Ethanol-water bioanalytical
Octyltriethoxy silane applications.
TEOS Methyltriethoxy silane
Leeetal., . - Vinyltrimethoxy silane Hydrophobicity of
PF derived silica I . . 40 - Ethanol-water . .
2011 articles Triamino(propyl)trimethoxy silane different silanes
P Trimercapto(propyl)trimethoxy silane
Aminopropyltriethoxy silane
Park et al., . Mercaptopropyltriethoxy silane
2009 cc NazSi0; Chloropropyltriethoxy silane 40 1 Water Catalyst
Pyrrolidine silane

CC: Con-condensation
PF: Post-funtionalization




1.7 Literature Survey on Drug Loading
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The literature survey regarding to drug loading is given in Table 1.6.

Table 1.6 Literature survey of drug loading.

Drug loading conditions
Ref. Drug Drug carrier Drgg Drug carrier Drug Logding Drug uptake
loading amount conc. time (W)
medium (9) (g/L) (h)
24 27.09
Yilmaz et al., . Silica 24 16.96
2016 Flurbiprofen Trimethylmethoxysilane modified silica ethanol i 700 24 13.59
24 9.19
Arean et al. _ _ _ _ Silic_a o 0.0087 1 24 8.7
2013 ' Cisplatin Ammopropyltru_athoxymIang mod_lfled silica H20 0.0614 1 24 61.4
Carboxylic acid modifed silica 0.0147 1 24 14.7
Maria et al. Cefotax!me _ _ Silic_a o 54.4-68.5 10.6-10.9/6.82/6.64 24 28.9-40.1/34.0/21.4
2012 ' Cefurox_lme Amlnc.)propyltr_letho_xyyIane rpc_)dlflgq silica H20 54.7 10.6-10.9/6.82/6.64 24 27.8/-I-
Cefaloxime Triethoxyvinylsilane modified silica 54.6 10.6-10.9/6.82/6.64 24 23.9/-/-
Maria et al. . . . Silic_a - 0.1 6.6 24 358
2012 ’ Irinotecan Amlnc_)propyltr_letho_xyyIane mc_)dlflgq silica H20 0.1 6.6 48 34.9
Triethoxyvinylsilane modified silica 0.1 6.6 48 36.3
Zhang et al., Telmisartan Silica acetic i 100 10 48.9/59.1/59.7
2010 Aminopropyltriethoxysilane modified silica acid 100 10 50.2
Song et al., Ibuprofen Silica hexane 0.2 30 72 25.6/20.6/29.9/37.2
2005 0.2 30 72 1.7/4.8/6.3/8.2
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1.8 Release Kinetics

There are many models for release kinetics. Among them, the featured models
are zero order, first order, Higuchi and Korsmeyer-Peppas. The best way to figure
out the most convenient model to the release process is to proceed the fit test
(Korsmeyer et al., 1983; Liu et al., 2016).

Korsmeyer-Peppas model is generally used to describe release kinetics for
polymeric systems. The other model for the release kinetics is Higuchi model. This
system describes the release by Fickian diffusion (Dash et al., 2010; Kalu et al.,
2007; Kalam et al., 2007).

General function of rate equation is given by equation below:

aM -
dt

By rearranging the equation,

aM

o = —kdt (1.1)
where M is the amount of drug inside the dialysis tubing at a time t and n is the
order of the rate equation (Yoo et al., 2003; Singhvi and Singh, 2011; Dash et al.,

2010).

By taking n=0, zeroth order rate equation can be obtained as below:

dM = —kdt
M t
dM = —kJ dt
My 0
M — MO == _kt

M= M, —kt (1.2)
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By taking n=1, first order rate equation can be obtained as below:

a_ kdt
e

MdM t
—=—kfdt
fMOM 0

InM —1InM, = —kt

M
In - = —kt (1.3)

where M is the amount of drug inside the dialysis tubing at a time t, Mo is the initial

amount of drug inside of the dialysis tube and k is the rate constant.
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2. EXPERIMENTAL STUDY

The experimental section consists of four parts, synthesis of silica alcogel from
rice husk ash, functionalization of silica alcogel surfaces by APTES, loading of
CFD and in-vitro release of CFD, which gives detailed information about these

parts.

Firstly the materials used for the synthesis of S and S-APTES nanoparticles
were explained. Then the analysis techniques used during the parts were given in
detail.

The following part after explaining the materials and analysis techniques used
during the experiments contains the parametric study of synthesis of functionalized

silica nanoparticles.

The loading method of CFD onto S and S-APTES nanoparticles and the
materials used for the loading process were told after the part of production of

nanoparticles.

The in-vitro release of CFD from S and S-APTES nanoparticles is the
subsequent part of the experimental section. The detailed information about the in-

vitro release were given in this section.

2.1 Materials

The raw materials/chemicals utilized in the experiments and some properties
of them contaning formula, mission, brand/supplier, molecular weight and density
are tabulated in Table 2.1 and chemical structure of some of them are shown in
Figure 2.1. In all experiments, double treated water with a pH and conductivity of
5-7 and 1.1 us cmt, respectively, was used for the solutions. Except rice husk ash,
no pre-treatment was done before using raw materials/chemicals and they were used
as they were received. Rice husk ash, which is an output of burning process of rice
husk at 700°C for 6 hours under atmospheric conditions, had different sizes of

particles so it was used after grinding process.



19

Table 2.1 Properties of the chemicals/materials used in the experiments.

Molecular Densit
Materials Formula Mission Brand/Supplier weight 3y
(g/cm?3)
(g/mol)
Erdoganlar
Rice husk ash RHA Silica Food Industry - 1.97
source and Business
Company
Sodium Activatin
hydroxide NaOH i g Merck Milipore 39.997 2.13
(>97%) agen
Sulfuric acid Precipitating -

(95%) H2S04 agent Merck Milipore 98.079 1.84
Ethanol Washing - 0.79
(>96%) C2HsOH solvent Merck Milipore 46.07 (20°C)

3-aminopropyl | H2N(CH2)sSi(OCzHs)s | Functionalizing . 0.95
triethoysilane (APTES) agent Momentive 221372 (25°C)
Y oo A NH;
ol
HO//S\\O 3 |
(@) Sulfuric acid (b) Aptes

Figure 2.1 The chemical structure of sulfuric acid and APTES used.

2.2 Characterization of Gels and Particles

The characterization methods performed during experiments, equipments’
brands/models and the purpose of using these analysis methods are given in Table
2.2.
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Table 2.2 Analysis methods used during experiments.

Equipment Brand/Model Purpose of use
étzg:g ?%igmteltgrr] Agilent Duo Determination of ion
P ( Ap AS) 240240F4/240F; Ultra concentration in liquids
Brunauer-Emmett-Teller . . Determination of surface area
(BET) Analysis Device ASAP 2010 Micrometrics and porosity of the materials.

Dynamic Light
Scattering Device

Malvern Zeta-nanosizer S90
equipped with He-Ne laser

Determination of zeta
potentials and size of the

(DLS) materials
Fourier Transform Thermo Scientific Nicolet iS5, Determination of the
Infrared iD1 Transmission (ATR -
) characteristic bonds and
Spectrophotometer Apparatus), Scan number: 32, ordanic droups
(FT-IR) Resolution: 4 g group
Inductively Coupled
Plasma Mass Agilent 7500e Determlnatlon_of elements of
Spectrometer particles
(ICP-MS)
Scannigg Electron Determination of shape and
Microegipe Philips XL-302888 size of the particles’ sF:Jrface
(SEM) P
Transmission Elcgapg Determination of inner
Microscope TEM-MSC JEOL 2100 .
(TEM) structure of the particle

Thermogravimetric

Analyzing of the weight

Analysis Device TA Q500 .
(TGA) change of materials
UV-Visible UV-2600 20V EN, 50-60 Hz, 170 Evaluatlgn o_f the drug.
Spectrophotometer . concentration in the liquid
. VA, Shimadzu
(UV-Vis) phase
X-Ray Diffractometer Pﬂlsllfs )}f:r())e;t;l?()zgf Fl;\é\t/ ignmSA Determination of the
(XRD) g ' > W characteristic bonds

and 80°

X-Ray Photoelectron
Spectroscopy Device
(XPS)

Thermo Nexsa XPS

Determination of the chemical
bonds of the atoms on the
solid surface

2.2.1 Atomic Absorption Spectrophotometer

Atomic absorption spectrophotometry is an analytical technique that
determines the concentrations of elements. The brand/model of AAS used in the
experiment is given in Table 2.2. The calibration curves for Na* and Si** ions are
listed in Figure 2.2 and Figure 2.3, respectively. Figure 2.4 represents the image of
AAS device used. For both ions, acetylene was used as fuel in the experiments.
Lamp current is fixed as 5 mA and 10 mA, support is air and nitrous oxide for Na
and Si ion. For Na* ion, the wavelength and slid width worked in atomic absorption
is 330.2 nm and 0.5 nm, respectively. For Si** ion, the wavelength and slid width

worked in atomic absorption is 251.6 nm and 0.2 nm, respectively.
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Figure 2.2 Calibration curve of standard solutions for Na*ion at 25°C.
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Figure 2.3 Calibration curve of standard solutions for Si**ion at 25°C.

Figure 2.4 Photograph of AAS device used.

2.2.2 Surface Area and Porosity

BET Analysis device is able to detect surface area measurements such as micro,

meso and macro pore size.

Baret-Joyner-Halenda analysis uses adsorption/desorption techniques and can
measure specific surface area and pore volume. This analysis gives pore size

distribution independent of external area due to particle size.
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The image of BET analysis device used is shown in Figure 2.5.

Figure 2.5 Photograph of BET analysis device used.

2.2.3 Dynamic Light Scattering

DLS device uses electrophoretic light scattering technology to measure zeta
potential. The speed of movement in the dispesion of a solution or particles by
creating an electrical field is the zeta potential. Figure 2.6 shows the image of the
DLS device used.

DLS device also determines Brownian motion and relates this to the size of the
particles by assuming that the samples contains of spherical particles. Brownian
motion is the random movement of particles due to the bombardment by the solvent
molecules that surround them. It should be noted that the diameter that is obtained
in DLS shows how a particle diffuses within a fluid so it is calledas a hydrodynamic

diameter.

Figure 2.6 Photograph of DLS device used.

A collection of objects is called monodisperse if the objects have the same size,
shape or mass. A sample of objects that have an inconsistent size, shape and mass

distribution is called polydisperse. The PDI is an indication of variance in the
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sample, a low PDI (usually less than 0.2) indicates that the sample is
monodispersed.

The procedure for size and zeta potential measurement is as follows: 27 mg of
S/IS-APTES nano particles are dissolved in 30 ml of double distilled water and
stirred for 3 hours. Immediately after stopping stirring, the sample is taken from the
middle of the solution and the size measurement is performed for once. Amount of
run is adjusted to 6 and the cuvette, solvent and particle type is chosen in the
settings. If the particle type is not present in the list, refractive index of the particle
should be found in the literature and added to the list. The solutions are kept without
stirring for 24 hours in the room temperature. During this time, electrostatic
attraction/repulsion balance between particles is achieved and then, zeta potential

of the particles are measured.

2.2.4 Fourier Transform-Infrared Spectrophotometer

The functional groups in the structure of organic compounds in any phase. Also
amino acids and proteins’s structure biochemically. Figure 2.7 gives the image of

the FT-IR device that was used in the study.

Figure 2.7 Photograph of FT-IR device used.

2.2.5 Inductive Coupled Plasma Mass Spectrophotometer

ICP-MS is an analysis technique that allows the accurate measurement of a
large number of elements in solid and liquid samples. With ICP-
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MS technology, 77 elements can be analyzed simultaneously solid/liquid particles.
Analysis of up to 35 elements in a single sample by ICP-MS can be determined in

a few minutes.

The procedure for ICP-MS measurement is as follows: The grinded rice husk
ash (0.2 g), the lithium tetra borate (1 g) and lithium meta borate (1 g) were mixed
and put into the platinum crucible. This mixture was calcined in the preheated
muffle furnace at 1000°C for 1h. After calcination process the entire base of the
platinum crucible is quickly rinsed with cool double distilled water so that the
transparent solid in the crucible is broken. Then the magnetic bar is placed in the
crucible and the crucible is put in the beaker which was filled with 125 ml of nitric
acid in weight percentage of 5. At the end of the mixing the crucible is thoroughly
washed and separated from this solution. The resulting solution is poured into a 250
ml volumetric flask and it is filled with double distilled water until the volume is
250 ml. This final solution is kept in the cold medium and the elemental analysis is

performed in ICP-MS instrument (Figure 2.8).

= an e

e
)

Figure 2.8 Photograph of ICP-MS device used.

2.2.6 Transmission Electron Microscope

Transmission electron microscope is a microscopic device. The main
difference between SEM and TEM is that SEM creates an image by detecting
reflected electrons while TEM uses transmitted electrons to create an
image. Obtained information from TEM is more valuable about inner structure
whereas SEM gives information on the sample’s surface and its composition
(Manual of Thermo Fischer’s TEM, Figure 2.9).



Figure 2.9 Photograph of TEM device used.

TEM measurements were performed in the laboratories of Centre of Polymer

Systems in Tomas Bata University in Zlin in Czech Republic.

2.2.7 Thermal Gravimetric Analyzer

Thermal gravimetric analyzer is generally used to determine mass loss in
materials as a function of temperature/time. In the analysis performed in this study,
temperature was chosen as the function parameter. The test sample is heated at a
constant heating rate (10 °C/min) and the mass change of the sample is measured
and recorded as a function of temperature (room temperature to 1000 °C). In
general, reactions that cause the mass of the sample can be either

degradation/oxidation reaction or evaporation of a component.

Figure 2.10 Photograph of TGA device used.

2.2.8 Ultra-Violet Visible Spectrophotometer

The ultraviolet-visible (UV-Vis) spectrophotometer is an instrument

commonly used in the laboratory that analyzes compounds in the ultraviolet (UV)
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and visible (Vis) regions of the electromagnetic spectrum. Unlike infrared
spectroscopy (which looks at vibrational motions), ultraviolet-visible spectroscopy
analyze the electronic transitions. It allows one to determine the wavelength and
maximum absorbance of compounds. From the absorbance information and using
a relationship known as Beer’s Law one is able to determine either the concentration
of a sample if the molar extinction coefficient is known, or the molar absorptivity,

if the concentration is known:

A=¢bc (Miller et al., 2009)

where A is absorbance, ¢ molar extinction coefficient, b path length, and c

concentration.

The drug concentration of CFD in the liquid phase was determined by UV-Vis
spectrophotometer at its characteristics wavelength of 272 nm. The calibration
curves for CFD in double distilled water (DDW) at pH=1.2 and pH=2 are given in
Figure 2.11 and Figure 2.12, respectively.
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CFD concentration, C.gp (Ppm)

Figure 2.11 Calibration curve of standard solutions for CFD in DDW at pH 1.2.
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Figure 2.12 Calibration curve of standard solutions for CFD in DDW at pH 2.
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Figure 2.13 Photograph of UV-Vis device used.

2.2.9 X-Ray Photoelectron Spectrophotometer

X-ray photoelectron spectroscopy is a quantitative spectroscopic technique that
measures the elemental composition, empirical formula, chemical state and

electronic state of the elements that exist within a material (Figure 2.14).

Figure 2.14 Photograph of XPS device used.

2.2.10 X-Ray Diffractometer

XRD analysis investigates crystalline material structure, including atomic
arrangement, crystalline size and imperfections. It is a non-destructive technique
for analyzing a wide range of materials including metals, minerals, polymers,
catalysts, plastics and pharmaceuticals. The done analysis is spot scanning and the
number of the scanning is 3. X-ray light source is Al Ka monochromatic (1486.68
eV) and X-ray point dimension is 300 um. The analyzer is 180 ° semispherical type
analyzer which has a sensor with 128 channels and it works with an energy of 30

eV. Figure 2.15 displays the image of XRD device.
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Figure 2.15 Photograph of XRD device used.

2.3 Methods

2.3.1 Synthesis of silica alcogel from rice husk ash (S)

The pathway followed for the production of silica alcogel from rice husk ash
is represented figuratively in Figure 2.18. Particle synthesis is performed by
physicochemical method involving two steps: alkali dissolution with precursor rice

husk ash and acidic precipitation with sulfuric acid (Thuadaji and Nuntija, 2008).

20 grams of milled rice husk ash approximately in the size of 0.2 mm are mixed
with the 160 mL of NaOH solution in molar ratio of 2.5 N at 550 rpm in 500 mL
reactor for 30 min and then boiled under reflux at 120°C for 3 h at mixing speed of
450 rpm. At the end of the reaction period two phases are formed. One of them is
undissolved black solid impurities settled at the bottom of the reactor and the other
IS supernatant above it. The solid impurities settled and the supernatant are
separated from each other for further treatments. Later precipitation is carried out
by adding sulfuric acid in molar ratio of 5 N into the supernatant (sodium silicate
solution) in 2 h until the pH of the solution becomes neutral. At the end of the
precipitation two phases are formed. White precipitate is silica gel. After separating
these two phases, the silica gel is aged for 3 h at room temperature and then washed
for several times with boiling double distilled water to remove Na* ions. Rinsing of
the silica gel was repeated until pH of the washing waters become neutral. The
white neutral silica gel is called as hydrogel. The hydrogel is mixed with ethanol
for 8 h at 80°C to change solvent from water to organic phase and dried at 110 °C
for 24 h. During the rinsing process and the solvent change, the stirring duration

was fixed as 30 min.
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The efficiency of sodium silicate and extraction were controlled with AAS
technique. The images of the extraction process and the filtration step are shown in
Figure 2.6 and 2.17.

Figure 2.16 The extraction process.  Figure 2.17 The filtration step.

Stirring of RHA with 2.5 N aqueous NaOH solution

A4

Boiling of RHA solution under reflux

A4

Filtration of the solution

v v

Residue: Black solid Filtrate: Transparent solution (pH=13) —>

v

AAS

Precipitation of silica gel by addition of 5 N H,SO4 until pH=7

v

Aging at room temperature for 3 h

v

- <— Hydrogel 4 Rinsing with boiling water —>
Drying * AAS

¢ Rinsing with ethanol for 8 h
BET, SEM, XRD, TEM ¢

Drying |<— Alcogel

v

BET, SEM, XRD, TGA,XPS

Figure 2.18 Schematic representation of extraction of silica from RHA by TH method.
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2.3.2 Functionalization of silica alcogel surfaces by APTES (S-APTES)

Post-grafting method was used for functionalization of silica alcogel. Ethanol
and APTES were chosen as reaction medium and functionalization agent,
respectively. Experiments were carried out in jacketed glass reactors and spiral
condensers were used to avoid evaporation of reaction medium. Effect of
temperature and silane/SiO2 molar ratio were investigated (Table 2.3). These
parameters were determined after literature survey. In the literature, the most
studied temperatures are 25, 40 and 70°C (Table 1.5) and the most studied molar
ratio of APTES/SIO is between 0.2 and 0.6.

Firstly silane and silica alcogel were dispersed in separate 30 ml of ethanol
solutions and mixed well for 30 min (Appendix). After obtaining well dispersed
suspensions, silane dispersed mixture and 70 mL of ethanol is added into silica
alcogel dispersed mixture and the final mixture was refluxed for 24 h to achieve
functionalization at varying temperatures. After functionalization, the suspension is
centrifuged at 6000 rpm for 5 min and washed with ethanol twice. The resulting
precipitates (S-APTES) are vacuumed dried overnight at 110 °C. The experimental

conditions are given in Table 2.3.

Table 2.3 Experimental conditions of post functionalization method.

Experiment no. T (°C) Naptes/Nsio2 VEeton (M) V aptes (MI)
1 25 0.2 130 2.34
2 25 0.4 130 4.68
3 25 0.6 130 7.02
4 50 0.2 130 2.34
5 50 0.4 130 4.68
6 50 0.6 130 7.02
7 70 0.2 130 2.34
8 70 0.4 130 4.68
9 70 0.6 130 7.02

2.3.3 Loading of cefdinir

For a good loading, the surface charge of the drug and particle should be
different and in this study it presents only at pH 2. So pH 2 was chosen as loading
medium after determining the zeta potentials of CFD, S and S-APTES nanoparticles
at pH 2, 4, 6, 8 and 10. CFD has the highest solubility at pH 8 (Cho et al., 2017) so
it is dissolved in double distilled water at pH 8 for 24 h. The pH of the CFD solution
was adjusted to pH 2 by addition of 0.1 N HCI. For all loading studies, CFD solution

at pH 2 was used. Experiments were carried out in jacketed glass reactors and spiral
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condensers were used to avoid evaporation of reaction medium. The stirring rate

was kept as 450 rpm.

During the CFD loading process, different amount of silica nanoparticles was
weighed and 276 ppm CFD solution was prepared (This is the maximum
concentration amount of CFD which could be dissolved in double distilled water).
The particles were poured into 30 ml of CFD solution and stirred for 40 h at 37°C.
CFD loading procedure was performed by using four different amount of S and S-
APTES nanoparticles (Ccrp/Cs) to control whether the amount influences drug

loading or not. These concentration amounts were listed in Table 2.4 and 2.5 below.

Table 2.4 The list of the amount of S nanoparticles.

Ccro (ppm) ms (mg) Ccrp / Cs
276 13.5 0.61
276 27 0.31
276 54 0.15
276 108 0.08

Table 2.5 The list of the amount of S-APTES nanoparticles.

Ccro (ppm) | ms.aptes (MQ) Ccrp/ Cs
276 27 0.31
276 54 0.15
276 108 0.08
276 216 0.04
2.3.4 In-vitro cefdinir release

The in-vitro CFD diffusion from the pure and functionalized silica alcogel
nanoparticles is examined by dialysis membrane (Membra-cell MD34, MWDO:
14000 Da) to separate the dissolution and nanoparticle suspension medium. The
dissolution medium used is 0.1 M HCI solution (pH 1.2). The 10 mg/10 ml of CFD
loaded pure and functionalized silica nanoparticle suspension was immerged into
dialysis membrane in 200 ml HCI solution. The temperature was kept at 37°C in
order to stimulate the temperature of the human body. The dissolution medium was
stirred at speed of 450 rpm using magnetic stirrer. As time increases, 1 ml were
taken out from the dissolution medium at predetermined time intervals and UV-Vis
was used to quantify the amount of CFD released. Figure 2.19 represents the image

of release experiment.
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Figure 2.19 Experimental set-up for release experiment.
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3. RESULTS AND DISCUSSION

3.1 Determination of the Content of Rice Husk Ash

The contents of rice husk ash used for silica production are determined by ICP-
MS as described in Section 2.25. The results obtained from ICP-MS

characterization are given in Table 3.1.

Table 3.1 Composition of rice husk ash.

Elements | Rice husk ash (%6)
SiO; 52.83
Al,04 0.1
Fe;0s3 0.03
CaO 0.8
MgO 0.25
Na,O 0.24
K20 3.26
TiO> 0
MnO 0.17
C 42.32

ICP-MS analysis indicated that rice husk ash consists of small amounts of
elements such as Al, Fe, Ca, Mg, Na, K, Ti. It can also be seen from this table that
rice husk ash contains high amount of silicon and carbon element as expected from

the literature.

3.2 Size Distribution of Silica Particles

Seven sodium silicate solutions (SSS) were produced to see the
reproducubility. The size distributions of silica in SSSs are given in Figure 3.1 in
terms of intensity. As it can be seen from Figure 3.1, SSSs are reproducible since
all the dispersions gave peaks in the same range. The first of these peaks is located
at around 2-3 nm in size, and the second peak is mostly around 100-400 nm and the
third peak is seen around the range of 1500-5000 nm (Figure 3.1). The dispersions

were directly measured without being dissolved in a solvent.
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Figure 3.1 Size distribution by intensity of the SSSs.

The results of DLS measurements are tabulated in Table 3.2. It can be observed
from Table 3.2 that the majority of the particle size distributions consist of 2-3 nm.
PDI values varies between 0.2 and 1 which means that the silica particles in the
SSSs were agglomerated.

Table 3.2 Results of DLS measurements.

Peak 1 Peak 2 Peak 3
Sample PDI Omean Int. DsetV Omean Int. DSetV Omean | Int. DsetV
0, ! 0, . 0, .
(m) | ©0) | o | om) | @) | o | om) | ©00) | o
SSS1 | 046 | 2.0 19.3 | 0.24 - - - 1895 | 80.7 | 211.7

SSS2 | 044 | 24 |235]| 0.38 - - - 2219 | 76.5 | 337.6
SSS3 | 093] 19 |57.7| 051 | 230.0 | 423 | 29.8 - - -

SSS4 |100| 19 |613]| 036 | 338.7 | 38.7 | 28.7
SSS5 |09 | 18 |532] 035 - - -
SSS6 | 078 | 25 429 | 057 | 251.7 | 242 | 10.2 - - -
SSS7 | 025| 2.0 |442]| 044 - - - 2130 | 50.9 | 329.7

1170 | 46.8 | 245.7

3.3 Effect of Solvent Change on Surface Properties of Hydro and Alcogels

It can be seen from the Table 3.3 that S and S-APTES particles are reproducible
because the surface area and the pore diameter values gives very close values. In
drug loading, the particle must be enough large to intake the drug. In this study,
pore diameters of hydrogels is around 6.2 nm which is a good value because
diameter of a CFD molecule is 2.2 nm. If ethanol is used as solvent, pore diameter
decreases however surface area increases around 50 m?%g averagely in case of

solvent change. Surface area is also quite important parameter in drug loading.
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Table 3.3 BET Analysis results of hydrogel and alcogel.

BET External d
Solvent type | Sample | surfacearea | surface area pors
(mefg)® (mergy> | ™™
Boiling water 1 190.3 183.1 6.1
2 208.7 199.4 6.3
3 194.9 186.5 6.2
EtOH 1 248.2 228.4 5.9
2 244.8 230.8 6.1
3 145.0 136.0 5.4

2 BET surface area was derived from adsorption data.
b: External surface area was derived from t plots.

¢: Mesopore average diameter was derived using BJH method.

3.4 X-Ray Diffraction Pattern of S and S-APTES Particles

Figure 3.2 indicates the XRD patterns of pure and functionalized silica
powders. Amorphous silica was confirmed with the broad peak at 25-30° (Chen et
al., 2017; Ghorbani et al., 2015). There is no significant change in XRD spectrums
of particles functionalized at different conditions. All peaks could not be observed

clearly due to instrumental limitations.
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Figure 3.2 XRD patterns of S and APTES modified nanoparticles.

3.5 FT-IR Spectra of S Particles

The FT-IR spectra of pure silica sample produced is given in Figure 3.3. There
is a small band in 3000-3500 cm™* referring to the stretching vibrations of silanol
groups (Si-OH) and a small peak at 1639 cm™ which refers to bending vibrations of

silanol groups. There is a very strong peak at 1082 cm™ due to asymmetric Si-O-Si
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stretching and a smaller peak at 790 cm™ belonging to the symmetric vibrations of
the Si-O-Si stretching. Silica formation was approved by these characteristic bands
and supported by the literature researches (Liou and Lin, 2012; Sankar et al., 2016).
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Figure 3.3 FT-IR spectra of S nanoparticles.

3.6 Thermal Analysis of S and S-APTES Particles

The thermogravimetric analysis was performed to investigate the amount of
grafted APTES. For comparison purposes also unmodified hydrogel and alcogel
samples were exposed to thermal analysis. For functionalization, the highest mass
loss shows the highest coverage. It can be seen from the Figure 3.4 that the mass
loss in the temperature ranges 25-150 °C about 12.96% for alcogel and 9 % for
hydrogel. This loss is attributed to desorption of water in the pores and H-bonded
to silanol groups of silica surface. Additonally, there is a rapid decrease in the range
of 200-650 °C that belongs to the the decomposition of organic functionalities
which was also confirmed by literature research of the post modification of silica
(Malhis et. al., 2017).

Figure 3.4 show that there is a direct relation between molar ratio and the mass
loss. Except one point, as the molar ratio increases at each temperature, the mass
loss increases. The point which does not obey these tendency: (50°C,
Naptes/Nsio2=1.2). It means that after a certain amount of APTES, the molecular



interactions between APTES molecules is so high that the functionalization
efficiency decreases. The mass increases from 25°C to 50°C but at 70°C the mass
loss decrease.
biggest amount of mass loss occurred at 50°C for the ratio naptes/Nsio2=0.6. This was

the optimum condition for functionalization. Table 3.4 shows the mass losses at
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The maximum mass losses were seen at 50°C (Table 3.4). The

each point.
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Figure 3.4 TGA thermograms of S and S-APTES nps modified at 25°C(a), 50°C (b) and 70°C (¢).
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Table 3.4 The mass losses at TGA thermograms.

Sample The mass loss (%)
Hydrogel 9.00
Alcogel 12.96

S-Aptes at 25°C 0.2 15.99
S-Aptes at 25°C 0.4 17.15
S-Aptes at 25°C 0.6 18.68
S-Aptes at 50°C 0.2 17.16
S-Aptes at 50°C 0.4 20.81
S-Aptes at 50°C 0.6 22.91
S-Aptes at 50°C 1.2 21.38
S-Aptes at 70°C 0.2 16.39
S-Aptes at 70°C 0.4 18.09
S-Aptes at 70°C 0.6 19.22

3.7 Characterization of S and S-APTES Particles using XPS Analysis

The chemical state of the pure silica and the samples which shown the highest
two mass loss in TGA results (nNaptes/Nsio2=0.6 and 1.2) after APTES
functionalization were examined by high resolution XPS measurements which was
represented in Figure 3.5 and 3.7. The wide XPS scan displays signals due to
carbon, oxygen, silicon, nitrogen and sodium. Figure 3.6 shows the enlarged
regions of XPS spectra of S particles. The prominent peaks for Si 2p, O 1s, C 1s
and N 1s are consistent with the formation of silica nanoparticles bearing
hydrolyzed APTES molecules on their surface. The Si 2p spectra (Figure 3.6a)
consists of a distinct peak centered at 102.98 eV, characteristic of Si-O bonds. The
C 1s peaks peak (Figure 3.6b) centered at 284.58 eV supports the existence of the
C-C bonds of the hydrolyzed APTES molecules. The N 1s spectra at 399.28 eV
(Figure 3.6¢) confirms the presence of primary amine N-H bonds (Chandra et al.,
2017). 532.38 eV (Figure 3.6d) shows the presence of O and finally Na 1s spectra
at 1072.08 eV (Figure 3.6e) proves the presence of Na atoms, which means that the
Na ions could be removed from the hydrogel very well in washing step after
precipitation of sodium silicate solution however the percentages of Na atom (Table
3.5) is very low which shows there is a trace amount of Na inside of the alcogel. It
can be also conclude from Table 3.9 and 3.10 that as the ratio of silane increases
presence of N atoms increase and the atom O increased by increasing the ratio from
0.6to 1.2.
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Figure 3.5 The wide scan XPS spectra of the S nanoparticles.
Table 3.5 Atomic composition of S nps.
Atomic content (%)
Element —
Pure silica | Naptes/Nsio2= 0.6 | Naptes/Nsioz= 1.2
Si 31.92 26.38 26.14
Cc 10.63 24.79 19.36
N - 4.96 5.83
56.23 42.79 45.03
Na 1.22 1.08 -
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Figure 3.6 The enlarged regions of XPS spectra of Si2p(a), C1s (b), N1s (c), Ols (d) and Nals (e).
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Figure 3.7 The wide scan XPS spectra of the S-APTES nanoparticles functionalized at

nAptes/ﬂsiozz 0.6 (a) and nAptes/nsiozz 1.2 (b).

When we compare the ratios 0.6 ad 1.2, it is thought that the reason for biggest
mass 10ss at Naptes/Nsio2=0.6 in TGA analysis is the bulky attached APTES
molecules onto these S-APTES particles. Thanks to XPS that, this method proves

the chemical bonds in the molecules and fixed this complexity.

As a result naptes/Nsio2=1.2 was the best ratio among the all parameters. Please
note that, here in this study naptes/Nsio2= 0.6 was used as the chosen S-APTES since

the time was limited to produce S-APTES particles enough at naptes/Nsio2=1.2.

3.8 Particle Morphology of Hydrogel, Alcogel and S-APTES

The SEM images of hydrogel, alcogel and best S-APTES nanoparticles were
given in Figure 3.8. All of the particles have irregular shapes. Hydrogel looks like

a cloud and there is no shape of it. The silica particles in hydrogel are apparently
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agglomerated and size cannot be measured. Alcogel particles also agglomerated
however the agglomeration clusters’ surface looks harder and like having more
certain borders with each other. Lastly it can be seen from the Figure 3.8 that the

grains begin to disintegrate.

Figure 3.8 SEM micrograph of hydrogel (a), alcogel (b) and S-APTES with the ratio of 0.6.

3.9 Characterization of S and S-APTES Particles using TEM

TEM images of dried alcogel and best S-APTES powder are given in Figure
3.9. It can be easily seen from the figure that the particle diameter decreased after
functionalization. Before functionalization, the diameter of the particles was
between 5-20 nm whereas the diameter after functionalization was around 10 nm.
In both cases the particles agglomerated but it seems that the functionalization made

the pure silica nanoparticles to have a more uniform distribution.

The particle sizes in TEM images are smaller than that of SEM images. The
reason of this is that acetone was used to disperse the powders before taking TEM
images and this helped to have a better image by TEM. On the contrary in analysis
of SEM, solutions were directly used without any dispersion in any solvent.
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Figure 3.9 TEM images of S and S-APTES nanoparticles.

3.10 Zeta potential measurements of CFD, S and S-APTES particles

The zeta potential of S, S-APTES and CFD are given in Figure 3.10. From the
Figure 3.10 it can be seen that the surface charge of CFD is always negative in all
pH values however the particles have isoelectronic points. Isoelectric points are the
points where the surface charge is zero and there is no attraction/repulsion between
particles. The isoelectric points of S and S-APTES are approximately 3 and 4,
resectively. The most appropriate pH value for loading is pH 2 since the surface

charge of the drug and particles are different.

From the zeta potential charts, the stability can be read. If the zeta potential of
the particle is between -30 and 30, the dispersion is unstable however if this value
is out of this range, the dispersion is stable. Figure 3.10 shows that CFD is unstable
in all pH values, S-APTES dispersion is stable at only pH 2 and S is stable at pH

values above 3.5.
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Figure 3.10 Zeta potential of S, S-APTES and CFD at different pH values 2, 4, 6, 8 and 10.

3.11 Loading of cefdinir

Different amounts of adsorbents (S and S-APTES) were studied in the drug
loading part. Concentration of CFD solution was fixed as 276 ppm. All loading
experiments were studied three times to see the repeatability. Average loading

percentages are plotted in Figure 3.11.
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Figure 3.11 CFD loading onto S and S-APTES nanoparticles at 25°C.

Loading process was more successful in S particles compared to S-APTES
particles. 39% of CFD could be loaded into S particles however only 31% of CFD

could be loaded into S-APTES particles. For the pure silica samples, the best
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loading was achieved with the ratio Ccro/Cs=0.31. As the amount of drug carrier
increased, the loading percentage increased for loading of CFD into S particles. For
the S-APTES particles instead, a better loading was succeeded as the amount of
drug carrier decreased. The most appropriate loading was seen at the ratio Ccrp/Cs.
Aptes=0.08.

3.12 Release Experiments and Kinetic Models

Among the pure silica and APTES functionalized nanoparticles, only the S and
the most appropriate S-APTES nanoparticle were subjected to in vitro release
experiments. These studies were carried out using dialysis tubing (Membra-cell
MD34, MWDO: 14000 Da) method, in double distilled water with apH 1.2 at 37°C.
Release profiles of the CFD loaded S and S-APTES nanoparticles were plotted in
Figure 3.12 using the data given in Table 3.6.

Table 3.6 Data of release experiments.

Tirr1ne 2{22:5 I(\)/Tt((:;; g ount o;ﬂr?mg;nmg g Release of CFD (%)
(h) S S-APTES S S-APTES S S-APTES
0 0 0 3.23* 2.57* 0 0
2 0.53 0.278 2.70 2.29 16.5 10.8
4 0.43 0.14 2.80 2.42 13.2 5.6
6 0.47 0.29 2.76 2.28 14.4 11.2
8 0.69 0.36 2.54 2.21 21.5 13.9
10 0.74 0.39 2.49 2.18 23.0 15.0
12 0.82 0.39 2.41 2.18 25.5 15.0
24 0.82 0.39 2.41 2.18 25.5 15.0

*Initial amount of drug in dialysis tubing (Mo).
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Figure 3.12 Release profiles of CFD loaded S (a) and S-APTES (b) nps (pH 1.2 and 37°C).
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The release of CFD was characterized by initial fast release with 16.5% and
10.8% of the total amount of CFD detected during the first 2 hours for S and S-
APTES particles, respectively. The reason of this initial fast release was the
unloaded CFD molecules that were absorbed on the nanoparticle surface. After 10
hours, almost no CFD released from S-APTES particles and this duration was 12
hours for S particles.

Release experiments were repeated twice. Results of release experiments are
listed in Table 3.7.

Table 3.7 Results of release experiments.

- Release of CFD Release of CFD Release of CFD Release of CFD
(%) after 2 h (%) after 10 h (%) after 12 h (%) after 24 h
S 16.5 23.0 255 25.5
S-Aptes 10.8 15.0 15.0 15.0

The release kinetics of CFD loaded S and S-APTES nanoparticles were
calculated according to zeroth order and first order. The data for release kinetics of
CFD and the plots for the first 8 h are given in Table 3.8.

Table 3.8 Data of release kinetics.

Mo-M In(Mo/M)

S | SAPTES | S | S-APTES
0.00 0.00 0.00 0.00
0.32 0.14 0.11 0.09
0.41 0.15 0.16 0.04
0.49 0.33 0.16 0.12
0.69 0.37 0.24 0.17

OO |INO| ~+
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Figure 3.13 Zeroth order kinetics of CFD loaded S and S-APTES nanoparticles.
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Figure 3.14 First order kinetics of CFD loaded S and S-APTES nanoparticles.

Results of release kinetics of CFD loaded S and S-APTES nanoparticles are
given in Table 3.9. As we can see from the regression analysis that Zeroth Order is
more fitted to S and S-APTES release profile comparing to First Order. Between S
and S-APTES profiles for Zeroth Order, S-APTES shows a better fitting to Zeroth
Order Kinetics.

Table 3.9 Results about release kinetics of CFD loaded S and S-Aptes nps.

Zeroth order First order
Particle k 2 k )
(mg/h) R (mg/h) R
S 0.0898 0.9026 0.0311 0.855
S-APTES 0.0486 0.9393 0.0201 0.7621
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4. CONCLUSION AND RECOMMENDATIONS

Sodium silicate solutions were prepared from RHA by extraction process and
amorphous silica was produced from rice husk by precipitation method
successfully. The surfaces of the produced silica were functionalized using Aptes
by post-grafting method. The surface functionalized samples were used as drug
carriers in drug delivery. All samples had potential for future studies. To conclude:

e Silica particles were functionalized succesfully and the optimum condition
was 50°C and naptes/Ns=0.6 amount the parameters tried. More parameters
can be tried to have a better coverage.

e XRD results indicated the synthesis of amorphous SiOa.

e FTIR result of S particles confirms the presence of Si-O bonds.

e TGA and XPS results show a moderate coverage of silica surface at 50°C
and napTes/ns=0.6 in functionalization step.

e In contrast to the pure samples, generally after the functionalization the
surface area, pore size and pore volume became smaller.

e SEM images gave information about the morphology of the particles.

e TEM images presented the spherical nano S and S-APTES particles.

e The CFD release from S and S-APTES particles was obtained. An initial
fast release during 1-2 h and subsequent slow CFD release until 10 h and
then a stop in release. The release of CFD from the S nano particles is faster
than the S-APTES particles.

For understanding the particle formation mechanism, the structure of silicate
solution can be investigated. More parameters can be tried to have a higher coverage
of silica surfaces by silane and to explain loading profile. More experiments can be

performed to see the repeatibility of the release process better.
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APPENDIX

Method of silanation

The amount of silica (S) for each experiment (q): 3

The weight percentage of S in alcogel (w %): 8.25

The amount of alcogel required (q):

39+ 20 _ 363636 g alcogel
* —— = .
87825 & alcoge

Parameters: T and naptes/ns

Calculation of the amount of solvent (ethanol) (for 3% EtOH solution):

3gS
xg EtOH

= 0.03 » x = 100gEtOH

v 100 mol 2 omL
= ¥ —
EtOH & 0.789gEtoH > "

Calculation of the amount of APTES:

3g

60 -8~
mol

nNg = = 0.05mol

NAPTES __ 0.2 > NAPTES

For naptes/ns=0.2: ns ™ 0.05 mol

=0.2- NAPTES = 0.01 mol

mL  221.372¢g

=2.34mL
0.946g  mol m

VAPTES = 0.01 mol *

NAPTES __ 04 - NAPTES

ns ' 0.05mol 0.4 - npprgs = 0.02 mol

For naptes/ns=0.4:

VAPTES = 4.68 mL
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NAPTES =0.6 > NAPTES

For napTes/ns=0.6: ™ ) 05 mol

= 0.6 = nppes = 0.03 mol

VAPTES = 7.02 mL
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