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ABSTRACT
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TEMPLATE AS A PHOTOCATALYST

NuveyreCanbolat
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Advisor: ¥mer Daj
July2018

Increasing rergy demandsand environmentalproblemsare the driving forces of the
current literature. Over the years, many new compounds havespetresizednd also
morphological control of thevell-known compoundshave beerthe major topicgo
improvecontribute to the solutions of enerdgmandandenvironmentalssues. One of
thesessues is finding an efficient and stable photocatalyst for some ehtl@nmental
problems. AgPQs has been a target material for dye degradation and water splitting
processesSilver phosphatéas a suitable band gap for photadation process under
visible light irradiation. However, it has stability and reusability problems that needs to
be resolved to effectively use as an efficient pluattalyst. Because of that, many
research worked on the synthesis and stability issues of this materiak thdsis, the
work focuses on surfactant:Ag(1)sPQs lyotropic liquid crystalline mesophase to
synthesize mesoporous AR .

Two different surfactants (small, 48uryl ether, G:EO10 and large pluronictriblock
copolymer, P123, HO(CHH20)20-(CH(CHz)CH20)70-(CH2CH20)20H), two different
silver salts (AgNQ@, SN and AgCESGs, AgOTf) and two different phosphate precursors
(HsPQs and LiHkPQy) have been used throughout this investigation. Solutions were
prepared in water or ethanol by first dissolving sudattthen adding stoichiometric ratio

of AgNQOzs, and HPQyw. To achieve clear and homogenous solution, a small amount of
HNO:z is added to the above solution. Without Hi\@ome yellow precipitation occurs
that needs to be filtrated out. According to XRD @ats, SEM images, ancBdsorption
desorption isotherms, the yellow precipitate is bulksP@. Decanted solution and
normal acidified solution compares well with each other and the results are similar in



further steps of the synthesis. Therefore, addm@ll amount of HN®to the solution
overcomes the precipitation of bulk &R: and used in further steps of the synthesis.

Then, the ®lutions can be spin or dragast coated over glass slides to form the
mesophases and thin/thick films. The films diftraat small anglesindicating the
formation of the mesophase. However, the mesophases are not stable and gradually
transform into soft mesocrystals that diffract at small and high angles. Later step is to
determine a desired calcination temperature fosaperosity. Therefore, first a high
temperature (over 3@0) treatmentdiave been applied to burn all surfactant in thedilm

This ensures mesoporosity, but it also results some bulk formations; silver metal forms at
high temperaturesTherefore,the calcination or hedtreatmenttemperature has been
graduallyreduced down to room temperature (RT). At RT, soft mesocrystal forms that
can be heat treated at various low temperaturesl§@6C) to form AgPQs in many
different morphologies; these samples have no silver metal. AR@gsamples, obtained
under diffeent conditions, were tested®RinodamineB (Rh-B) dye degradation by visible

light irradiation with a good activity.But the catalystis not stable under catalytic
conditions To solve this problensome samples were prepared under vacuum to convert
surfactants carbons twoat the surface of the catalystdarbon that stabilized the catalyst.

In the last section of the thesis, cation exchange method has been developed to convert
preformed mesoporous LIMPLM = Mn, Co, and Ni) to AgPQs. Mesoporous AgPOs

has been obtained from all precursors but the ones obtained from LiGeF@med the

best in photedegradation of dye under visible light and the ones obtained from LiMInPO

is almost inactiveThereforethis part needs further studies to understagtdil$ of these
observations.

Introducing carbon and cation exchange methods seem to be effective solutions for the
stability problem of this photocatalyst. All synthesis products are tested in the
photodegradatiorexperiment anccompared with each othefhis thesisis partially
clarified; how to synthesize mesoporoussR§u, what the behavior of silver in system is,

and how to stabilize the catalyst. Furthermore, the cation exchange pspeesa new
horizon for the AgPQs synthesis.

Keywods: AgsPOs Lyotropic Liquid Crystalline Mesophase, Soft Mesocrystal,
Photocatalyst, Cation Exchange.
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boyasé kullanéelarak boya bozul masé deneyi
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alt éendaeée kély ame nen nyiusorwau odvaxken LiIMNPOsten elde eitenler
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CHAPTER 1

1.Introduction

1.1. Semiconductor electrode

There are three basic classification of solid materials; these are metals, polymers, and
ceramics. Compositeare combination oftwo or three ofthe above solids This
classification is baseoh their chemicatompositions[1] Thesolidmaterials have special
properties such as magnetic, elentc, and optical.One concerrof this thesis is the
electronicpropertiesof our target material, namely silver phosph#tgsPQy). Electronic
propertiesof solid can be best understood by using band thedkgcording to band
theory, semiconductors have occupied valance band (VB) and unoccupied conduction

band (CB) with a gap, known as band gap (denoted)aELE

INSULATOR  SEMICOMDUCTOR METAL

‘ EHPT\" | EMPTY | EMPTY PAHTIALLY

Figure 1.1.1.Energy band diagrams of insulators, semiconductor and nji2fals

! Reprinted by permission fronR[ghtsLinK: [Springer NatureMassimo FischettiandWilliam G.
VandenbergheAdvanced Physics of Electron Transport in Semiconductors and Nanostructures
[Copyright] 2016



The solid materialsan also be electronically classified ittwee types that are insulator,
semiconductorand conductor seeFigure 1.11. Semiconductorwill be the main topic

of this sectionSemiconductor electrochemistry @ important field sinc8rattain and
Garrettos exper i mg ihesmeasuredeléceicalgemtralofaprandu m.
n-type germanium in KOH, KCI, and HCI aqueous solutionrégox coupts which
describe a system of germanium electrofd. After stating basic principle of
semiconductor electrochemistmpany of themhave leen used aslectrodesn photo
electrochemistrapplicationsand solar cel Semiconductors are materials in which the
valance and conduction bands are separated by energy bancedaguee11.1. Figure
1.1.2 shows different representation of baraychm of semiconductof8] thatcan be
doped by an acceptor-{gpe) or a donor (type) to enhance their electrical responses for

various purposes.

a b E energy c E
energy

B
CB

pos Egns Epne
VB

VB
gap

- %

ENErgY D{E]'

Figure 1.1.2.(a) Density of state (DOS) curve for a typicainéeonductor; (b) parabolic

approximation near band[8lfedges; (c) simpliy

2 Reprinted by permissiofrom [RightsLinK: [Springer Nature] Sixto Giménez, and Juan Bisquert,
Photoelectrochemical Solar Fuel Production [Copyright] 2016

2



Semiconducta are used for diodes, transistors and microelectronic cireumiti many
otherelectricaldevices, because aheir unique elegbnic propeties,[1] Theymay also
have photocatalytiproperties for many chemical reaction, carried by usinglighh
Generalizel behavior ofa semiconductor/electrolyte junctiontisat,whena photon with
anenergyof Eg or higher isabsorbed byhe semiconductoranelectronis excitedacross
the VB toemptyCB, creatingfree electronandholein the semiconductoBoth electron
and hole can be used for a chemical react@meénez defined the photocatalyais a
processof exoenergetic oxidation involving illuminated oxides such as.T{3] By
contrast, lighidriven reactions that are endoergetic, such as water splitting, should be
referred to as photosynthetaactions, although the teiphotocatalysis is widely misused
in this context. The confusion is often compounded whenaad | ed sacri yci a
used as an electron donor in order to generate hydrogen from illumswigdn this
case, the generation of hydrogen may beenavgetic. In other words, the electriorthe
CBis thermodynamically capable of reducing protons to hydrogaecule In this case,

we are again dealing with photocatalysis and not photosyntf@sis.



1.2. Silver Phoghate

Silver phosphates an important semiconductor phatatalyst thatwas investigated
firstly by Wyckoff in 1925. His work showetthatsilver phosphate structui®RsX crystal

type from XRD data. In his paper, he noted s®Rg§X is a colorless or light gllow cubic
crystal.[5] Later Wyckoff andHelmholtz studied the crystal structure of silver phosphate
in 1936 see Figure 1.2.16] They evaluatedsome points related to crystallographic
details Then, in 1977, Calvo and Faggiani contributed a new parameter for this cubic

structure[7]

210

20 30 40 50 60 70 80 90

Figure 1.21. XRD pattern of bulk silver phosphate powd&i?

Figure 1.21 shows the crystal structiiand XRD pattern afubic silver phosphatdirst
establishedby Wyckoff et. al.[5] [6] [7] After these contributics thereis limited
investigations orsilver-phosphateor a long time Recently,Yi6 group showed that

silver-phosphatas a highly photeactive semiconductor witla convenient band gap

3 Reprinted by permissicinom [RightsLinK: [Springer Nature] [Nature MaterialZhiguo Yi, Jinhua Ye,
Naoki Kikugawa, Tesuya Kako, Shuxin Ouyang et al. An orthophosphate semiconductor with
photooxidation properties under visiklght irradiation [Copyright] (2010).
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energytowards dye degradation processegure 1.22 shows a detailed band diagram of
AgsPQu. They also noted that silvgohosphate caabsorbenergy with a wavelength
shorter than 530 nm. Thestudydemonstrated thdthas arindirect band gap of 2.36 eV

[9] and direct band gap of 2.4¥€[8] They did also DFT callatiors to estimate the
photochemical behavior, see Figure 2.2According to thisstudy, the bottom of the
conduction band is hybridized silves5p and phosphorous @ditals, and the top dhe
valence band has hybridized silver 4d and oxygen 2ipats§8] They also deduced that
phosphorous in materials seems to adjust the band structure and redox power, which
results in the high photooxidation by silver phosphate under vikgie irradiation

compared tAg20 thathasa narrow band gap with a black colf8]

Rz
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Figure 1.22. Energy Band Diagram and density of staiirves of silver phosphate from

Ref.[8]*

4 Reprinted by permissicinom [RightsLinK: [Springer Nature] [Nature MaterialZhiguo Yi, Jinhua Ye,
Naoki Kikugawa, Tetsuya Kako, Shuxin Ouyang et al. An orthophosphate semiconductor with
photooxidation properties under visiklght irradiation [Copyright] (2010).
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1.2.1 Photodegradation of gle molecules under visible light

Currently and in the near future, environmental pollution is becoming a huge problem for
human lives. The most important substance of life is water (nature of life) and its pollution
is threatening survival of lif§10] Dyes are used in many industrial areas such as textile,
photography etc. Dye effluents are the contaminant of waste water with high toxicity,
unacceptable colpr high chemical oxygendemand content, and resistance to
photochemickh and biological degradation11] In recent years, motivation of the
researchers is to solve environmental problems by dye degradation using semiconductors
and light. Many studies and research groups demonstrated photodegraddatlye
molecules by commonly used photocatalysts. To illustrate this, generally,b@ged
photocatalyst have been widely used under ultwolet light illumination. However,
doping of titania with other transition metals have modified the bandtsteuto
efficiently use titania under visible light illuminati¢h2]. Bi»4031Cliois an example of a
p-block metal as a visible light photocataly$8]. Visible light irradiation is important

for cost effective applications due to solar light as a light source. However h@iga
relatively wide bandjap of 3.2 eVandlimits efficient utilization of sunlightTherefore,
recent studies focused on the synthesis of visible light photocatalyst trsamgraterials

or doping TiQ with other metalg14] A general dye degradation experiment is typically
carriedout usingRhodamin B(Rh-B) and methylene blue (MB), which are extensively
used in industry. In this thesis, #h dye has been used for phedegradation
experiments. Photdegradation mechanisms have been discussed using many types of
photocatalysts. The degradation mechanism is based on photooxidation process via

production of hydroxyl radicals and superoxide iorigald in the media, and holes in the



semiconductor, used as photocatalysi] The following steps for the phottegradation
process are common in all phedegradation process; the phatatalyst absorbs the
visible light andproduce oxidative valance band holes and reductive conduction band
electrons, where the electrons produce superoxide radicals by reacting swvidmdO
oxidative holes contribute water oxidation to form hydroxyl radicals to oxidize organic
dye.[9] This general mechanism is also valid for the silver phosphate-giegradation

of dye molecules under visible light. The only difference is that the silver ion acts as a
scarifying agent and it is reduced to silver metal. This i@ndawback of AgPQu that

decompose during the phetatalytic process.

1.2.2. Photocatalysis of dyes using AgOa4

In 1925, Wyckoff investigated the cubic structure of yellow powder, silver phosphate. He
obtained the AgPQs crystals by precipitating froran aqueous solution é&gNOs and
NaNHsHPQu. [5] Usually, the difference in the synthesis methods is the source of
phosphate or orthophosphate ion. So fapH®D:.12H0, NaHPQi, HsPQs, NasPOy,

KH2PQs etc.[7] [16] [17] [18] [19] have been used as phosphate source. However, there
are also some modification methods to incorporate a ssemnidonductor such as titania,
graphene etc. Preparation of these coupled semiconductor systems differs significantly.
Even though silver phosphate has an appropriate energy band gap for dye degradation and
water splitting application as a semiconductbe biggest problem is its stability and
reusability. Although it has an excellent photocatalytic activity, the catalyst also degrades
after several use in a photocatalytic process. Therefore, silver phosphate has been

modified to increase its durabilityybncorporating some other materials.



One study showed that titania nanotdiiger phosphate synthesis increased the
photocatalytic property and stabilitjf19] In another study, silver phosphditanium
dioxide nanocompost fiber was hydrothermally synthesized to improve the
photocatalytic activity and stability by showing 3 cyclef methylene blue dye

degradation experimen{20]

Af ter Yi 0s wor k, t he s i | v estudigs Hoousqu hoa t e p |
investigating its structure and bleaching mechanism ofP8g under visible light
irradiation.[8] These investigations inspired us to demonstrate a new synthetic strategy

for the silver phosphate using lygpio liquid crystalline media for the synthesis of porous

AgzPQu.

In 2011, Caerhang Dinh published a new paper on a uniform colloidal silver phosphate.

They synthesized silver phosphate with oleylamine to produce nanocrystals with a capped
surface. Theyantrolled the size in the range 6l nm and noted that these nanocrystals
enhanced the photoactivity under visible ligtl] However, their activity resuls not

any better than Yi 0s. | n @f @drois mic@cubeg bfua s h
silver phosphate. [21] He noted that th@ue of surface area is 5.6 7wy! and the

irradiation time for Rh B dye is 24 min onily first cycle. The stability problem was not
mentioned[22] Around thesame time, JiKu published a paper related to controlled
synthesis of silver phosphate crystals. He showed silver phosphate with different

morphology by collecting SEM images, see Figure 1.2[23].



ABO0 S.0KV 8. 3mm

Figure 1.2.2.1 SEM images of JiiKu synthesis silver phosphateystals[23]°

Another paper by Yingpu showed that the cubic and spherical silver phosphate have
different photoactivity, 3 and 6 min for methylerladdye degradation, respectively. The
surface area of cubic structure was 2.3 hand spherical one was 2.55gn therefore

the surface aremaynotbethe reason for a better activity from the cubic crysfal]

Then,in 2012, Yingpu Bet.al.synthesized silver phosphate on silver nanorods, and they
found that the best photocatalytic activity is obtained from thé€*®gon Ag-nanorods
structure, see Figure 1.2.2.2. They showed that 2D structure minimized the pipbébili

electronhole recombination25]

5 Reprinted by permissioitom [RightsLinK: [Royal Society of Cheratry] [ CrystEngComrhJin-Ku
Liu,ChongXiao Luo,JianDong Wang,XiaeHong Yang,XirHua Zhong Controlled synthesis of silver
phosphate crystals with high photocatalytic activity and bacteriostatic activity [Copyright] (2012).
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Figure 1.2.2.2 The C/G vs. time graph of Yingpu silver phosphate with SEM images of

them.[25]°

The annealing temperature wasestigated by Shuang between 100 andd50They did
not find any transition from silver phosphate to silver or silver oxide, implied an excellent
thermal stability of silver phosphate bukystals andlso a bettephotocatalytiactivity

by annealingsampleat 40@C. [26]

The other studies are related to increase the photocatalytic activity of silver phosphate by
introducing mesoporous silica, grapheneN£ [27] [17] [28] The list of synthesis
methods, characterizations, and the enhanced photocatalytic activity studies is increasing
exponentially since 2010. The common consensus is that silver phosphate is an excellent
semiconductor photoatalyst for dye degradation but, theolplem of reusability (or

stability) still need to be resolved.

6 Reprinted by permissiainom [RightsLinK: [Royal Society of ChemisttyPhys. Chem. Chem. PHys
Yingpu Bi, Hongyan Hu, Zhengbo Jiao,Hongchao Yu, Gongxuan Lu and Jinhti&“dimensional
dendritic Ag3P0O4 nanostructures and their photocatalytic propf@igsyright] (2012).
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By checking above studies for a standard photo degradation of dye molecules, we found
that every research group choose different mole ratio of dye and amount of silver
phosphate. Adding morglver phosphate in a similar dye concentration solution clearly
showed better results. Silver phosphate is known to show excellent photocatalytic
behavior, but these papers may not be a good refelbmuaise of lack of knowledge

about mechanism of degiattbn process.

1.3. Unique synthesis method

By inspectingall silver phosphate synthesis methods, we found that the synthesis is
commonly based on precipitation in an aqueous solution; see section 1.2.2. In this thesis,
a similar method will also be empled to obtain bulk crystals, but our synthesis method

is based on the saurfactant lyotropic liquid crystalline templating. We will discuss the

synthesis method and its advantages in the next section.

1.4. Liquid Crystals

Freidrich Reinitzer observead anteresting and different phase transition under polarizing
microscope in 1889 from carrot extract and collaborated with Otto Lehmann to investigate
the new transition more precisely. After these observations, they discovered liquid
crystalline phase itheir compound; cholesterdR9] They introduced liquid crystals as

a new type of state of matter to science community. Liquid crystals are liquid like and
crystalline at the same time; therefore; they have typical propeftiegiid (fluidic) and

solid in terms of electrical, optical, and magnetic properf&y. Thus, liquid crystalline

state is among three states of matters as a mesophase, intermediate state, in terms of the

orientational ordeand perfect three dimensional ordered structure like solid crystal and

11



the absence of long range order like liquids and amorphous g8idsThis leads to
molecular arrangement and visualization under the polarized opticadscope (POM).
These are stated I@)tto Lehmann.andErnstHaecké in 1917 and named Kristallseelen

(crystal souls)[29]

Molecular arrangement of mesophases, liquid crystals, are divittebur mesophases
types; i)nemaic a view ofisotropic surfacgi) cholesteric®bserveds ahelical structurg

iii) smecticsoutlook isfocal conic texture, ant) columnaras ahexagonal phas¢30]

These phases display unique images under POM, seeeFlgdt. These division
classified related to heat and solve[82] Thermotropic liquid crystals exist in a
temperature interval and stable below melting point and above freezing point, however,
lyotropic liquid crystals (LLC)re depend on a combined action of polar or amphiphilic
and nonamphiphilic compound and concentration of certain solvents, such as water,
ethanol etc[33] [34] The main consideration in this thess LLC mesophase that can

also be used as a templating media.
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Figure 1.41. Liquid crystals types of mesophases under polarized micros&eé.

1.4.1.Lyotropic liquid crystalline templating

Lyotropic liquid crystdine (LLC) phase form upon weak interaction of surfactant and
solvent. Surfactants are amphiphilic molecules that contain both polar (head group) and
nonpolar (tail group) parts. In an appropriate solvent (such as water), thegssifible

into micelles &a critical concentration (known as critical micelle concentrafi@isi);

" https://doi.org/10.1016/;.mollig.2018.01.175 under Creative Commons Attribution License
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https://doi.org/10.1016/j.molliq.2018.01.175

micelles are aggregates of surfactant molecules with head groups in the aqueous media
and tail groups inside the micelles. Satsembly of micelles atigher surfactant
concentration leads the formation of LLC mesophases that have unique structures, such
as hexagonal (1), cubic (bicontinuous Yand micella ), and lamellar (L). With
increasing surfactant amount, the LLC mesophases change fromala(ireleasingly
densely packing) to hexagonal (¢bkle structures with indefinite length), and finally to a

cubic (monodomains) mesostructurg] [36] The structureof a cubic anchexagonal
meophase are shown in Figure 1.4.1.1. If the solvent is a nonpolar solvent, reverse
micelles and reverse LLC mesophases can be formed, where tail groups are in the out
side and interaction with the solvent molecules and hydrophilic heads are hiding from the
solvent media. Surfactant based LLC mesophases have been used as organic templates for
synthesis of mesoporous molecular sieves in 1992, silicates, and latter many other porous

materials have been synthesizi&¥] [38] [39] [40]

Il n 2001 Dagods gpoly(@thyledeioxde)dypemneimmid sutfabtants and

many transition metal salts, later some alkaline and alkaline earth nletahrsé non

volatile acids (such ass:RQs and BSQy) form stable LLC mesophasdd0] [32] [41]

[42] [43] The saltsurfactant and acidurfactant mesophases are stable to very high
temperatures (6@5C° C). The reason of high stability has been explained by strong
hydrogen bonding between the solvent and surfactant. Above mesophases can be
considered as a netwook hydrogen bonding, iedipole interaction between the micelle

of surfactants and the solvent (salts and acids), in between these domains the salts species
remains either solvated by water molecules or in the molten (melt) phdk& such a

small space salts species are in the liquid phase due to confinemeni4Siédbreover,

14



the mesophases can be dissolved in water or any other solvent to obtain their clear
solutions that can be spjrip-, and drop castoated over any substrate to reform the thin
films of these mesophas¢46] These systems are ready for further reactions to form for
instance mesoporous metal oxides, metal chalcogenides, metal phosphates, and metal

sulphates.

Over the years, many studies showed that the LLC phases can be used asgdoiplat
mesoporous silicgd7] [48], mesoporous metal sulfidg44] [49], mesoporous metals
[42], metal oxidesand miedmetal oxideg50] [51], catalytic Pd nanoparticl¢S2], and

Pt, Pd, Ag nanotubd53].

ISV

cubic phase |4 hexagonal phase H, lamellar phase L,

Figure 1.4.1.1 The schematic reprasgtions forLLC |1, Hii and Ly phases[54]®

In this thesis, the LLC templating is used for the synthesis of mesoporous silver phosphate.

In this system, the only needs are solvents (water or ethanol), surfactant, phosphoric acid,

8 Reprinted by permissioitom [RightsLinK: [Royal Society of Chemistiy{New Journal of Chemistry]
Dirk Blunk, Patric Bierganns, Nils Bongartz, Renate Tessendorf and Cosima Stubenrauch New speciality
surfactants with natural structural moti€opyright] (2006).
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and silver salt. The LL@mplating can be used to obtain mesoporous powder with high
surface area. Introducing mesop@tymay enhance photocatalytic properties o§RQ..
Expectation from sucktructurds a better activity and high stability that may be achieved

by in-situ incorporating surfactant as carbon species. The aim of using LLC templating
for silver phosphate is to increase the surface area with mesoporosity as a transparent film
to enhance photocatalytic activity and to improve stabilityritgodudng carbon more

effectively.

1.4.2 Soft Mesocrytals

Mesocrystals are oriented superstructure of nanocrystals by the process of mesoscale
transformation, which are special type of colloidal crys{fals] A fabrication of bottom

up process for nemcrsytal is based on sa$sembly of nanocrystal building blocks,
colloids.[56]C° | f en reported that mesocrystal so
crystals, the difference is mesoscale intermediateassEémbly.[55] In this decade,
mesocrystals are known and studied systematically, but the first definition of mesocrystals
was reported in 1986 for calcium carbonates in silica[§é]. These mesocrystals have

interesting shapes; called as sheaf of wheat.

To distinguish our mesocrystals from the above definition, our mesocrystals were named
as soft mesocrystals. Other examples of soft mesocrystals are observed among
biomaterials and biomimetic materials. It Heen reported that many different structure
types, by nanocrystal building blocks with mutual alignment exist in the literature.

Nevertheless, a mechanism of mesocrystal process is not yet well unddegpod.
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In 2013, ionicmesocrystals and lyotropic plastic crystals with 1oell parameter in
mesoscales were identified from LLC mesophases of severaustdttant at RT and
called soft mesocrystatsy D a g 0[59] Tihe shapeof soft mesgstals are dictated
by the LLC mesophase. Therefore, magnificent images are observed under POM and SEM
like sheaf of wheat. The soft mesocrystals are very stable. Another characteristic property
is noticed at ATRIR spectrum, when soft mesocrystal formis,baoad peaks become

sharper, and they behaasgel and solidat the same timecalled intermediate crystal

types.

1.5. Cation exchange synthesis

lon exchange was discovered by Thomson, Way and Roy in[60]isthen it was used

for water softenexand zeolite$61]. In solid-state chemistry, ion exchange for inorganic
compounds is called cation exchange by $62} The fundamental idea is the same as

ion exchanggpr oces s . Sonds work showed that cat
synthesize new type of inorganic compourj@8] They synthesized A&e nanocrystals

from CdSe by cation exchange meth@2] Ther synthesis is based on solutiphases
processing of colloisl Cation exchange synthesis is based on the exchange of cation of
the solids by the cation in the solutig64] The cation exchange method has been used
because iis afast and versatile process and also to get nanostructure, mesostructured, and
morphology of the solid to the exchanged product that may not be produced by known
methods.[65] [66] [67] [68] In this thesis, based on this concept, sHyosphate is
synthesized by cation exchange method in solution phase from mesoporouss£iMPO

The advantage is that the starting materials are mesopphogphate compounds and
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exchanging metal ions by silver ion to get mesoporous silver phosphate may produce

mesoporous silver phosphate.

1.6. The aim of this thesis

Since 201y Y i Wak, the synthesis and photocatalytic properties of silver phosphate
has been very widely studied. The reason is that silver phosphate has an excellent
photocatalytic activity under visible light, as mentioned in previous sections. The
synthesis procedure is the same as bulk silver phosphate. Therefore, many researchers
obtaned similar silver phosphate particles with similar disadvantages, like stability.
Stability is a problem because silver ion transforms to silver as a scarifying agent during

a photocatalytic processing. This needgroper solutiorto use AgPQs as an eftient
photccatalyst. Nevertheless, the solution is not easy and also not easy to understand
whole process of silver phosphate behavior as a photocatalyst. profstem is

completely overcome, silver phosphate might be the future bench mark of phggicata

Il n Tunk ar[3]0 smesdpdroeiss dalsium hydroxyapatite thin films have been
synthesized using our approach. Addition of a small amount of silver nitrate to the initial
synthesis media produce ab#fcterial thin fims. Moreover, increasing silver nitrate
amount produces yellow colored thin films, indicating the formation eP@gembedded

into mesoporous calcium hydroxyapatite. Therefore, we have employed the same method
to produce pure APy using LLC mesophasey beplacing calcium salt with silver salt.
Thus, the LLCM templating may produce mesoporous silver phosphate as a transparent

thin film.
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The expectation under this concept is higher surface area with mesoporosity, high
photocatalytic activity, nanostructd silver phosphate and introducing carbon more
effective way to decrease silver formation in photodegradation experiment. Introducing
carbon is important to reduce or eliminate the decomposition process. Therefore, we have
prepared AgP Qs under various@nditions and tested their photocatalytic properties under

visible light.

The synthesis has been carried by using cation exchange, LLCM templating, and soft
mesocrystal templating approaches. We also included the synthesis of ki@ Agder
our reactbn conditions to test a large range of reaction condition for a more stable

AgzPQu.
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CHAPTER 2

2.Experimental

2.1. Materials

In this work, silver nitrate, phosphoric acid, nitric acehd 10-lauryl ether(Ci2Eio,
Ci2H25(OCH.CHz)100H, nolecular weight 626 g/moBnd P123EQCz0PO0EOQ, (EO =
ethylene oxide, PO = propylene oxide, molecular wet§t0 g/mo) as surfactamstare
used as purchaseAll chemicalsarebought from Sigma Aldrich and used without been
stored foralongtime. The @mncentratios of phosphoric acid, silver nitrgtend nitric acid
are85-88%, 99.5%, and 65%espectivelyDeionizedwater is obtained from Millipore

synergy185 water purifier used in the preparation of all sanple

2.2. Sample Preparation

2.2.1. Prepaation of Silver Nitrate-Phosphoric Acid (SNPA) Lyotropic

Liquid Crystalline Mesophases

The LLC mes@hases (LLCM) of these materialsare prepared depending on
characterization technique to be uggdnerally,a mixtureof 5 ml ofdeionizedvater and

1 g of10-lauryl ether in closed glass valprepared bynagnetic stiing forabout 1 hour.
After obtained well homogenized mixture, certain amount of phosphoric acid, nitrjc acid
and silver nitrateare added to the above mixtur&@he amount of silver nitratand
phosphoric acicéredetermined based dhg of surfactanand varied in a broad range
Thus, generally, 3 to 1 mole rabb Ag/PQriis usedTable 2.2.1.1 and Table 2.2.5Row

solution compositions from@Ei0 and P123, respectively.
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In a typicalsolution, heorderof addition of the ingredienis as following; Dissolvd g

of surfactantn 5 ml of waterby stirring for 1 h thenadd0.365 gof phosphoric acid

followed by stirring 30 min finally add0.3 ml of concentratedhitric acid followed by

1.621 gof silver nitrate andstir the mixture for anothe80 min After obtained well

homogenized solution, the spin dogt(2000500 rpm) and drop castg (6 drops used to

spread glass slijlenethodareused to produce thin film3henthe filmsarecdcinedin

an oven as soon as possiblEhe films are calcined betweei300and5 0 O gn@ he

calcination timedurationis 3 hourdor spin coated samples aBdhoursfor the thicker

drop casted samples

Table 2.2.1.1 Solution compositions for thin films frodaliéyl ether.

Surfactant C12Ei0)  HNOs AgNGs H3P O Ci12E10:Ag:POs Mole Ratio
1lg 0.3 ml 0.810¢g 0.183 g 1:3:1

1g 0.3 ml 1.080g  0.243g  1:4:1.33

1lg 0.3 ml 1.621¢g 0.365¢ 1.6:2

1lg 0.3 ml 2.431g 0.548 g 1:9:3

1lg 0.3 ml 3.241 ¢ 0.730 g 1:12:4

1g 0.5 ml 4321g 0973g  1:16:5.33

1lg 0.5 mi 6.482 g 1469 1:24:8
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Talle 2.2.1.2 Solution compositions for preparation of thin films from P123
solutions.

Surfactant (P123) HNOs  AgNQ H3POq P123:Ad:PO+> Mole Ratio
19 0.3ml 1.75¢g 0.397 g 1:60:20

19 0.3ml 351g 0.793 g 1:120:0

2.2.2. Prepration of Bulk AgsPO4 from Silver Nitrate -Phosphoric Acid

(SNPA) solutions

The bulk silver phosphats easily prepared without any special effort. In 2.2.1 section, it
is mentioned how to prepare SNRAlutions In here, the only differenas nitric acd.
The ingredientsre surfactant, water or ethanol, phosphoric acid and silver nitrate. The

mole ratios of thesaretabulated inTable 2.2.2.1

The same steqin section2.2.1arefollowed up toaddtion of nitric acid. After adding
certain amount of posphoric acid, its mixed to obtain a homogenous solutidhese
solutions, in a very short time, produgellow fine precipitatesupon adding certain
amount of aqueous silver nitrate. After waiting all particidled downproducs filter

and wash fist with water then witlethanol.Upon washing the samples, the precipitates
arecollected by eithesuctionfiltration or centrifugdion than dredin a dark placeThe
dried samplearec al ci n e d NpadsoBpiobdesCrptibromeasurementdso, all
yellow particlesare characterizedusing XRD, ATR-FTIR, SEM, and N> adsorption

desorptiortechniques.
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Table 2.2.2.1 Solution composition for bulkXy samples.

Surfactant (G2Ei0) AgNGs H3PO4 Ci12E10:Ag:POs Mole Ratio
19 1.080 g 0.243 g 1:4:1.33
19 16219 0.365¢g 1:6:2
19 3.241 ¢ 0.730¢g 1:124
Surfactant (P123) AgNOs H3sPQy P123:Ag:PQ Mole Ratio
19 1.75¢ 0.397¢g 1:60:20

2.23. Preparation of Soft Mesocrystals from Silver NitratePhosphoric

Acid (SNPA)

The preparation proceduns the same with 2.2.1 section SNPA system at room

temperature. The aging time atanperaturere varied from 1 min to 10 days and-70

1 0 O, eespectivelywith drop casted samples (6 drops on glass slide mole ratios

and, aging timeand calcined temperat@weare tabulatedat Table 2.2.31 & 2. All the

samplesare keptin a closed box and charad#ed using XRD, POM and ATRIR

techniques.
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Table 2.2.3.1 Soft Mesocrystal Sample Preparation

Surfactant (G2E1o) AgNGs H3POq C12E10:Ag:POs Mole Ratio
19 1.080 g 0.243 g 1:4:1.33
19 1.621g¢g 0.365¢9 1:6:2
19 3.241¢g 0.730 g 1:124

Surfactant (i.e. P123) = AgNOs HsPQy P123:Ag:PQ Mole Ratio
1g 1.75¢9 0.397 g 1:6020
1g 3.50 g 0.794 g 1:12040

Table 2.2.3.2 Soft Mesocrystal Sample Observation

Aging time Temperature

0 min, 5 min, 10 min30 min, 1 h, 110 | RT
days

0 min, 5 min, 10 min, 30 min, 1 h5ldays 70aC

After evaporation of water 90-100LC
100C calcined film Under SEM
Melting Point determination 25C-210C
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2.2.4. Preparation of SNPA Using HighrAmount of Phosphoric Acid

The SNPA solutionsare all stoichiometric (i.e. AQPQy): and itsderivatives). The irst
proceduras the sameassection 2.2.1theonly differencds phosphoric acid amount, see
Table 2.2.4.1 ATR-IR, POM and XRD, SEM techniquese used for characterizah

part.

The second procedurgthat 1 g of surfactant and certain amount of phosphoric acid like
3.65 gare mixed at 78C in oven to obtaira gel phasan 2-3 days. After obtaining
homogenous gel phasaddaqueous solution d3.810 gsilver phosphate in hot geA

whitish monolithicis formed Washng with wateryieldsyellow fine tiny particles

In the third procedur@o wateris added to the medihowever this procedure results a
smallexplosion. Thus, it neadaution. 1 g of surfactant and high amount of phosphoric
acid (18.25 g are mixed, then solid silver nitrate added to above mixturafter a while,

an explosbon occurral if the lid of vial is closed, therefor&keep the vial open to

atmosphere
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Table 2.2.4.1. Sample Preparation of Increasing Phosphoric Acid Amount

Surfactant (G2E10) AgNGs H3POx4 Ci12E10:Ag:POs Mole Ratio
19 1.080 g 0.243 g 1:4:1.33
0.3b g 1:42
0.730 g 1:44
1.095¢ 1:46
1469 1:48
1.825¢ 1:4:10
19 0.810g¢g 3.65¢g 1:320
1g 0.810 g 18.25¢g 1:3:100

2.2.6. Preparation of SNPA by Introducing Carbon

The preparation procedure and stgps the same asll above sections. The only
differencesarein the calcinationstep To introdue carbon,the samplesre heated in a
vacuum oven. Theime duration was 68 hours. The calcation started as soft

mesocrystal.

The bulkyellow precipitates (look Section22) are used withoutwashng step The
precipitate andemainingsolutionis placed in cuvette and then calcined 6 hoursat

certain temperatures.
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2.2.7. Preparation of Silver Triflate-Phosphoric Acid (STPA) Lyotropic

Liquid Crystalline

The STPAprepaationis the same as SNPA preparation procedtine.only difference

is Ag" ion source, AgCESGsis used in place of AgNOThe observation and results will

be discussed in Chapter 3

Table 2.2.7.1. Sample Preparation of STPA

Surfactant C12Ei0)  HNOs AgCRSG  H3POq4 Ci12E10:Ag:POs Mole Ratio
1lg 0.3 ml 4.902¢g 0.730g 1:12:4

1lg 0.3 ml 4.902¢g 1.469 1:12:8

1lg 0.3 ml 4.902¢g 2.199 1:12:12

1lg 0.5 ml 49029 2.929 1:12:16

1lg 0.5 ml 49® g 3.659 1:12:20

1lg 0.5 ml 4902 ¢ 4389 1:12:24

1g 0.5 m 4902g 657g 1:12:36

Surfactant (P123) HNOs3 AJCRSG;  H3POw P123:Ag:PQ Mole Ratio
1lg 0.5 ml 0.265¢g 0.039¢ 1.6:2

1g 0.5 ml 26529 0.397g  1:60:20

1g 0.5 ml 5304g 0.794g  1:120:40

19 0.5 ml 5.304 g 0 1:120:0
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2.2.8. Preparation of AgPO4 by Cation Exchange

Prepare asilver nitrate solutionat a certain molaty (7 times higher than starting
mesoporous compounih) 1:9 methanol:water (volume ratio), atién addhe precursor
compound that is LIMP©Q(M= Ni, Co, Mn). After coveing the sdution with aluminum

foil, stir the mixture for certain timeee Table 2.2.8fbr details

In general,0.1M silver nitrate solutions prepared in 1ml of methanol and 9 ml of
deionized water. Thergdd 25 mg of LIMPQ into 0.1M silver nitrate solution. iR a
magnetic stirrercover the vialwith aluminum foil,and stir forl5 min. Then, centrifuge

the solution to gather yellow powder, and wash with water, themdiark place.

The synthesisof LIMP©Gh as been car r ithessstudanditedethils®f z u n o k ¢
the synthesis will not be given hesimce thesis is not published yPt123is used as the
surfactant. Overall procedure is similar to our synthesis, metal salts {La¥d

[M(OH2)6](NO3)2) and phosphoric aciate used as precursors.

Table2.2.8.1. Cation exchange with silver nitrate

LIMPOg4 Water Methanol AgNGs Duration Time
3 mg 10 mi 0 ml 17 mg 1 week
3 mg 9 ml 1ml 17 mg 3 hours
25 mg 0 mi 10 ml 169 mg 5 days
25 mg 1ml 9ml 169 mg 1 day
25 mg 9ml 1 ml 169 mg 15 min
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2.3. Isotropization Measurement

SNPA thin filmsare prepared as in section 2.2.1. Then the fdragplaced on eontrolled,
Linkam LTS350 temperature controlling stagitached to a gdarized optical microscope
anda LinkamT95LinkPad temperature programmesrused to control the temperature to
determine the isotropization temperatureating and cooling procedurese varied

between 1 and &7 min and the images of tliein films are capturedby an inbuilt camera,

attached at the top of the microscope.

2.4. Dye Degradation Experiment

Photocatalytic behavior of silver phosphate in agueous solate@mvestigatedunder
visible light using RB dye. The measurement set up of Ozensoy researchigraspd

for this purpose. The set up consist of fans, magnetic stirrer, visible light source in a metal
box. For the tests, 25 mg of sam@alispersed in 30 ml of water by sonication for 5 min.
Then, 6 ml of dye (from 60 mg/L concentrated solutiois)added to above solution in
dark. Before expsingto visible light (the mixture was kept 30 min for adsorption of dye

to the catalyst surface), 3 ml of sampeaken from the above vial to record ®-Mis
spectrum as time zero. After turning lights on, a 3 ml of samspbken from the solution

to centrifuge tube after every certain time. After complete degradation experiment, all 3
ml of samplesre centrifugd for 10 min. The spectra of these sdesjare recorded using

a UV-Vis spectroscopy. From these data, £/€time graph is obtained. After that, the
reamingsolutionis reused for repaag the dye degradation experiment by first adding

the centrifuged solids and then adding a fresh dye ealuti
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To observe the catalytic process, a similar experinsecarried under ambient room light
conditions by immersing film samples over the gklgdesto the dye solutions. 4 spin

coated glass slidese placed irmbeaker with 100 ml of water and Poghs of RhB dye.

2.5. ATR-IR Temperature Dependence

ATR-IR plate temperature range isl20C. Place 1 drop of SNPA solution on AR

plate (diamond), and then increagthe temperature gradually. At each temperature, the

ATR-IR spectrums recorded

2.6. Instrumentation

2.6.1. XRay Diffraction (XRD)

Rigaku Miniflex diffractometergeneratd with a Miniflex goniometer and aX-ray

source withaCuK U r adi at i owaveleagthant30kW1% A is used to

characteriza | | t hin films and powder sampl es.

are measured betweegdnd Bwith 0.5dmin and Cu plate as a block sometimes irssert
in front of detector to protect detector by reducing intensity of diffraction patigra (

factor of 10). Cal ci ned t &d collected betwsen &0n d
and 8@ with 5dmin. After that, thediffraction patternsare indexedby using Joint

Committee on Powder Diffraction Standards (JCPDS) cards.
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2.6.2. Polarized Optical Microscope (POM)

The phase transitions in @amples (fresh films coatdxy spincoatingrop casting are
monitoredin transmittance mode by using a ZEISS Axio Scopepdlarized optical

microscopeTop of the microscopkasa camera to capture POM images.

2.6.3. UltraViolet-Visible Absorption Spectroscopy

A Varian Cary 5 double beam spectrophotometeused to collect UWis absorption
spectra. The spectra measumth 100nm/minscan ratend a resolution of 2 nm over a
wavelength range from 200 to 8@én in absorption mod&uartz cuvettere used for

solutions and quartidefor the thin films

2.6.4. Fourier Transform Infrared Spectroscopy (FTIR)

A Bruker Tensor 27 model FTIR spectrometsrused by attaching a Digi Tect TM
DLATGS detector. The FTIR spectese collected with a resolution of 4 cnand 64
scans in 40@t000 cm' wavenumber range. The sampées preparedby makingKBr

pelletsusing1% w/wsamples
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2.6.5. Attenuated Total Reflectance Infrared Spectroscopy (ATRR)

A Bruker Alpha Platinum ATRR spectrometewith aDigi Tect TM DLATGS detector

is used The ATRIR spectraare obtainedat a resolutionof 4 cni' in 4004000 cmt
wavenumber range using 32, 64, 128 scans. One drop of liquid sampleopl#CER-

IR diamond crystal stage and less amount of solid samples placed on the same stage with

pressure part.

2.6.6. Scanning Electron Microscope (S¥) and Energy Dispersive X

Ry Spectroscopy (EDS)

A Zeiss EVO40 SEM microscopes usedor The SEM images operatingith 15 kV. A
Bruker AXS XFlash EDS detector 4010 attastoamicroscope and is used forelemental
analysis. The samplgsepareby spincoated on glass slidalcine avarious temperature
Then scratch on glass slidénother preparatioms by coatedon silicon wafersor on
aluminumand calcine at certain temperature. Then these attach to Saoigdes with

carbon adhesive tabs.

2.6.7.Transmission Electron Microscope (TEM)

A FEI Technai G2 F30s used for TEM images operating with 200 kV. The sample
preparation paris the same as above sections. Obtaining yellow calcined powders
disperss in 10 ml of ethanol or water solution using @engator for 10 minutes. The
dispersed solutiors put on copper grids for TEM measurement after evaporating ethanol

or water.
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CHAPTER 3

3.Results and Discussion

In this chaptergeneralobservationduring the synthesis and role of various synthesis
paraméeerswill be discussedin other words, this sectiaamedto show clear patteson

the SNPA system. Thereforéhe sectiors of results and discussion pavere planned
according toelucidate the roles pthigh (thin films) and low (soft mesocrysgll
temperature nitric acid, type ofsilver salt type (i.e. silver triflateersus silver nitraje
and cation exchangeeactions using preformed LiMR(articles.Then, allof these

effectswill be combined for the photoatalyticactivity.

3.1. SNPA: Lyotropic Liquid Crystalline Mesophases

The saltacid-surfactant lyotropic liquidysten]69] has been used &xhieve high surface
areaby controlling the AgPQs growth in confined space of hydrophilic domains of the
mesophasehigh ativity due to high surface ardaigh stability by converting surfactants

to carbonon the AgPQs surface Therefore,the first step is to establish the LLC
mesophase of the AgMsPQ-S (S stands for surfactant) to obtain expectedly a
mesoporous thin filnof silver phosphate First problem appears during the clear solution
preparation step, where bulk &4 particles form upon bringing AgN{n contact with

the phosphate souragethe solution phasémmediately, some yellow particles precipitate
upon mking these two precursors. The amount ofAQs precipitation is much more in
ethanol solutions and less in water. Moreover, this precipitation can be completely

eliminated upon addition of some nitric acid to the aqueous media. Acidification reduces
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the FO4> ion concentration below solubility limits of ABQu in the presence of some

nitric acid (this will be discussed under the effect of nitric acid).

The clear solutions can be obtained upon either filtering out of the bykQAgrystals

or by adding firic acid to the media. Timethesesolutions can be either spin coated or
drop castcoated over a substrate. However, we found that the LLC phase is only stable
for ashort period of time upon coating the SNPA solution over a substrate and the coated
getlike mesophase undergoes slowly to form mesocrystals. These processes and the
resulting AgPQs upon various treatments witle discussed in the following chapters

using various analytical techniques.

3.1.1. TheRole of Nitric Acid and Other SynthesisParameters in SNPA

System

In preparation pamf SNPAsolution, asmall amount of nitric acid, i.e. 0.3 m$ added

to the solution before adding AgN@o the mediaThis eliminats the bulk AgPQs
formation and resulted clear solutions that are stable fidaicetime. Nevertheless,
without nitric acid,the clear solutioncan be obtained upaeparatinghe precipitates.
Simply, high acidity of the media (can be achieved by adding nitric acid or decreasing pH
by precipitating some of the silver ion as bulkver phosphate) eliminates the bulk
AgsPQ: formation. Therefore, no further investigation has been carried on the role of

nitric acid.

In this subsection, theffects ofsolvent, surfactant, amount of phosphoric aeidd
temperaturgon the bulk silver posphatdormationand deomposition of AgPQs under

light will be discussethy usingSEM,EDS,XRD, ATR-IR dataand photographic images.
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Figure 3.1.1.The SEM images of yellowrecipitates in a) 1:6:2 (@E10:AgQNOz:H3sPQy)
mole ratio of ethanol solution b)1:6:2 16€10:AgNOs:H3zPQy) mole ratio of water
solution, c) 1:60:20 (P123: AgNHsPQy) mole ratio of ethanol solution ,d) 1:60:20
(P123: AgNQ:HsPQrx) mole ratio of water sotion, €) 6:2 (AgN@Q:HsPQi) mole ratio of
ethanol solution and f) 6:2 (AgNsPQy) mole ratio of water solution
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It is noticed that yellow fine precipitatemm much moren ethanol solutionsather than
water solutions foboth surfactars. Therefore ethanol as a solveis not preferred for
thin film preparationsNeverthelessn both water and ethanol, the color of precipitases
the same, but the rate and amouarts different. In other words, in ethanol case, the
precipitation occurs immediatendyieldsaround300 mgof AgsPQq, but, in water, the
precipitation also occurs immediatelyith a lower yield ofaround 100 mg.This
corresponds ta5 % and5% of silver in each solution, respectiveBRigure 3.1.1shows
the SEM images of the samples rfrothese two solutions; the particles differ in
morphology.In water, the cubigarticles are unifornbut with some deformatianin
ethanol, the edges the particlesaresmootherthus,they looklike spherical However,
there isno surfactant effect on arphology.Eventhoughthe morphology othe yellow
precipitatess influenced bythesolvent rather than surfactarthoose of surfactardaffects

the size of crystals; an order of size of yellow precipitates is like;

Opco & O Oé& 6RO OE O
Under these knowledgdsigure 3.1.2 shows the XRD patterns of these particlie
patterns display sharp diffractitines,and all can be indexed to cubic #R§, indicating

bulk formation and contains no crystalline impuritiseverthelss, to prove tat these

particles are not porous, the ddsorptim-desorption brnachesare also recorded
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Figure 3.1.2.XRD pattern for yellow ppfrom 1:6:2 mole ratios o€12E10:AgNOz:H3P Oy
solutionis in water(1), without any surfactant in ethan@®), in ethanol(3), andJCPDS

cards of AgPQ: (4) number 010741876 by attaching yellow powder image

The SEM imagesareblurry, see Figure 3.1.3. This blurry imagey havetwo reasons;
the one is that the particlesuld e mesoporousdy surfactant effector the focusing
problem. To be sure thithe N> adsorptiordesorption measuremerdse carried using

these samples
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Figure 3.1.3 The upper SEM images &) 6:2:1 AgNQ:H3PQ4:C1oE10 precipitatein

watercalcined at 306C, andb) 60:20:1 AgNQ:H3PQs: P123 precipitate both in ethanol
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According to SEM images and:Mdsorptiordesorption isothermshe precipitates are
bulk crystaline silver phosphateTypical surface area of tipgecipitatess 2.5 nt/g from
the G2E10 system and 3.5 ffg from the P123 systenShape of the samples, calcined at

300eC, doesnot changen the precipitges fromethanolsolutions but in wateytheshape

alsochangesandin bothprecipitatesparticles habig holes see Figure 3.1.3

Color of theyellow silver phosphate crystatbangs to brown under visible light and in
solution after a whileAdditionally, it is noticed that ira homogenous solutigrafter 1

day, some black tiny particleseformed This procesgnhances in the absenwenitric

acid These experiments show the importance of fresh solutions. For further investigations
and to investigate the LLC and mesocrystal formation in later stages; timea new

fresh solutioris prepared.

XRD patternof theyellow particlescan be indexedo cubic structure of silver phosphate,
see Figure 3.1.4The XRD pattern of thebrown samplealso displays characteristic
diffraction linesof silver phosphateith additioral lines dueto HAg>(PQs) and Ag. This
explains the color changk.is also clear from the patterns that HR@x is more than Ag
metal in the sample¥he formation of HAGPQy and Ag is triggered by light in aqueous
solution. It is likely that Agion is reduced to Ag metal by the phatenerated electrons

in the conductio band of AgPQ: and HAgPQ: is formedin a Ag" deficient and acid
rich media due to reduction of silver iohese processes will be discussed later in the

photocatalysis section.
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Figure 3.1.4. XRD pattern of the precipitate from 1:6:2 mole ratios of

C12E10:AgNO3:H3PQOy solution in water immediately after washin@) and without

surfactant in water in solution after a whi.

40



18000

—1

15000 +

12000 +

9000 ~

Intensity(cps)

6000

3000

40

2q()

Figure 3.1.5. XRD pattern of the powder precipitate from 1:6:2 mole ratios of

C12E10:AgNO3:H3PQy solution in ethanobefore light irradiation(1) and under light

irradiationafter 11 day$2).

Figure 3.1.5 showthe XRD patterns oyellow precipitatesobtaired from 1:6:2 mole

ratios of C1oE10:AgNO3:H3sPQy solution in ethangl after washing and drying process
placed under light. After 11 daysxposed to lightt is clearlyshownthat thesilver metal

is the only side product, relver hydrogen phosphate or unexpected impurdfeslver

oxide However, he deformation and color changeemuchfaster in aqueous solution.
Thus, light and water accelerate the deformation of silver phosphate. The impurities

provide insights omechanism in photodegradation process. This will be discussed later.
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Figure 3.1.6. ATR-IR spectra of theyellow ppt. from 1:6:2 mole ratios of
C12E10:AgNO3:H3POs solutionwith Ci2E10 in water immediately after washing (1), and

without surfactant in water after a whil@) (

To understand what haeps in the solution, ATRIR spectroscopic techniquesalso

been employedThe yellow precipitate (Y) has two sharp pedk® tostretching and
bendingmodesof PQ:* moieties of AgPQu. [41] AgsPQx display peaksit 909and955-

997 cmt due to symmetriand asymmetric stretching vibrat@nmodesrespectively and

at 406 (407458) and551 cm! due tothe symmetric and asymmetric bendimpdes,
respectively[70] The brown precipitates (B) alsbsplay phosphateelated peaks with
additional peakgrigure 3.1.6shows theATR-IR spectaof both Y and B. Previous XRD
pattern indicates that Y is silver phosphate and B has silver phosphate, silver metal and

silver hydrogen phosphate fingerprints of XRDitpens. Therefore, B has additional
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peaksof HPQ:? units.An asymmetric stretchingibrational mode of FOH (and P=0) is
seen at 1298 ch [71] [72] Symmetric and asymmetric stretching vibratioad®as of P
O is observedat 1040 and 1012 c¢m[73], and its bending modes at 665 and 520"cm
[71] Therefore, light increases the silver formatiahjch is enhancenh water, silver ion
depositsas silver particleson the surface of silver phosphatcreasing acidityf the
media stabilizes silver hydrogen phosphat&.herefore, vithout water, there ino

significant change in powder silvehosphate

The phosphate peaks are sharpethe IR spectra, obtained fronethanol solution
compared tovater, see Figure 3.1,7, & 9. Also notice thatall precipitates, obtained

from waterchangecolor faster thathe ethanol precipitates.

Absorbance(a.u.)

1200 1000 800 600 400

wavenumber(cm™)

Figure 3.1.7. ATR-IR spectra of yellow precipitates from 6:2 mole ratios of

AgNOs:H3PQs solution without surfactant in ethanol (1) and water (2).
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Figure 3.1.8. ATR-IR spectraof yellow precipitates rbm 1:6:2 mole ratios of

C12E10:AgNO3:H3P Qs solution in ethanol (3) and water (4)
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Figure 3.19. ATR-IR spectraof yellow precipitates from1:6:2 mole ratios of
P123AgNO3:H3sPOQs solution in ethano(5) and wate6).
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Yellow precipitates obtained from water solution was calcined adC300order to see
the effect of temperature on these crystatsticles are much larger with better defined
shape and worm like futures on their surfasee Figure 3.1.1@ome of these particles
also havesmall holes(around 361000 nm). Thesewormtlike species could be silver
hydrogen phosphatas predicted from thATR-IR and XRDdata The E[5 dataalso
verifies thisprediction, see Figure 310. This showed the changing morphology of silver

phosphate on surface by temperature effect.

Figure 3.1.10 The SEM image ofthepr eci pi tates i n water

attachment with EDSpectruntor selected area
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