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Abstract

This special project studied the stability of the adhesion of cobalt

phthalocyanine (CoPc) on various supports. The support used in this study includes

Fume silica, FS-N1, FS-N2, SBA15 and SBA-15-N1. The results showed that the

adsorption of all supports increased within 1 hour and was steady after 1 hour. At 4

hours adsorption, the trend of cobalt phthalocyanine (CoPc) adsorbed on supports

follows SBA-15-N1 > FS-N1 > FS-N2 > SBA-15 > FS which corresponded to 12.8, 11.3,

9.9, 7.1 and 4.6 mgCoPc/g respectively.: This result indicates that the modified silica

surface with nitrogen donor enhance the adserption of cobalt phthalocyanine

(CoPc). The stability of the sorbent used in all kinds of tests showed no loss of

cobalt phthalocyanine (CoPc) from adsorbent.

Keywords: Catalyst, Cobalt phthalocyanine, Fume silica, SBA-15, Stability



MTalASIUNEY  N1SANWILEDESAINYRINSERRARlaUsasnE s la gy

vuifadam
FotindAnw wamdaant  wWedunun shatndnyr 55050800
uEmeiyy  yeule TatnAnY1 55050861
wamnefydnn dudu sWaun@Any 55050871
USeuayn eemansUndin (Allgnavinsy)
AAUN \Adl
AN ARMZAINYFNERS
AN antuwalulagnszasundiinuvmsaiansz s (dea.)
Unsfnen 2558
8131367 As.ARRADR yiung
9diUInwa  semserty  guides
UNAALD

Tnssnufieeiidnuiaiosamasssdndnvadausasnzsilalsefiuuuiisesdu
T,ﬂwﬁmﬁqiad%’um%'mﬂaaagm%’uﬁaLéaﬂﬁﬁ%miﬂuaaﬁw35’{1a1=ﬁmﬁu1é’m fume silica,
SBA-15, FS-N1, FS-N2 wag SBA-15-N1 Lﬁaﬁﬂmﬂmua'mJﬁﬂIunﬁﬂm%’uﬁ’;Léaﬂﬁﬁ%m%q
fagaduriingigg dlafisuiunet anniaaasuIniiorauly 14l RlELATR
Uszdniamnisaadun waamﬂuuﬂsuawamwm'ﬁmmuﬂqmuaqmﬂmmmmiuammuav
U'immmLia‘ﬂgﬂ‘sm‘uumsaasuummiﬂm}umu SBA-15-N1-(12.8), FS-N1 (11.3), FS-N2
(9. 9) SBA- 15 (7 1) uag fume silica (4.6) faansulavaadny ﬁﬂalszimuumamummﬂ% 19
mm@mﬁuummqmﬂa SBA-15-N1 lnedldn1sgadusindu 128 fiadnsulaveannzsilaly
pflusieniuiigadu anmsAnwiaiiosnmuasiigedurdannadaildlunisaaeuliny
nvgavadlaueaangsilalseiuaindinadu



ACKNOWLEDGEMENT

The authors take this opportunity to acknowledge advisors Dr. Kittisak Choojun
and Assoc. Prof. Dr. Tawan Sooknoi, for the continually suggestion, graceful knowledge
and useful discussion throughout this research. In addition, we would like to sincere
appreciate chairperson and committee member, Asst. Prof. Dr. Panpailin Seeharaj and
Dr. Chaval Sriwong, respectively, for the opinions and the guidance with a graceful.

We would like to distribute a kindness thank to Catalytic Chemistry Research
Unit members for their contribution of the ideas and facilities and most importantly
their support.

Furthermore, we would like to express our appreciation thanks to Department
of Chemistry, Faculty of Science, King Mongkut’s Institute of Technology Ladkrabang
for advanced laboratory instruments, equipment, chemical and accommodation.

Last but not least, the authors would like to gracefully thank the parents and
families, who give an encouragement. This thesis would not be possible without them.

The thesis dedicate for the world citizen, who want to be a technical and
theoretical expert.

Wanlapa Moeikhanmark
Apinya Moohammad
Aranyika  Imearb



CONTENT

Page

ABSTRACT ..ttt ettt e a et s st eer et b s s s na s s en s et e s nras I
ACKNOWLEDGEMENTS ..ottt st s s s st s s ssenaas 1l
CONTEN TS sancususssvssssvsnvusmsnsnssssmsneissns soomsssssmsmes: s st s s e s s oo o e s eeisss \%
LIST OF TABLES ........cocceeereereeeenessenessasessrssassserssssssensssisssssssesssasssssasssessssasssssssassessasssessssessssessnsanes VI
LIST OF FIGURES ...ttt ses st ssss s bbb se s VI
CHAPTER 1 INTRODUCTION ........ oot e oo S .....ccvoevnsnsssesssssarasesssranasnsensrases 1
1.1 MOtivation s g..........coehAbelefepefesionmencosnrer g Ragrersesrsesrerssaesssssrsssssareasasssn 1

1.2 Objectfdl........ o NN e ot ot i e dE N s v v esissnsansasrsbssssansn 2

1.3 Scopfcfbf thastucly M= . 0 T Qs Nossasiissssssssnsssiiis 2

1.4 Efyfcted=restilS Y L LN et e B N N senensennas 2

CHAPTER 2 LIJERATURPRE IS BNSETBHORML. \ L, Dan, N gumtass “ N = B8 .. 3
28 [Cabglyst] 4 Iee el A\ L. SO ANS G Pl L b .. 3
2PIAdsorgtiof L2508 1). . al/ g, e JLIL101 )~ ) . 4.h............... a
2BWPhihaloiamhe ey ABYATAYATOWN .. €t vty e 5

2.8 Literatua ey 2 NN LTI (0 C g LA ) o JH 6

CHAPTER 3 EXPERRMENTAL DEFALSS A NE - @.-.... [ ot 5 e O i g
3.1 Redgqits an ... N\ NS o LS. SNl oooiivecicnninins -

3.2 ApPaMeINE o oo NN e i A el eooeeeterraninenransares 9

3.3 Preparation and characterization of catalysts ... 10

3.3.1 Synthesis of cobalt phthalocyanine ..., 10

39,2 SyENEs|s OF SB A L e s seass s o B TG B s 11

3.3.3 Synthesis of the modified fume silica (FS-N1) .o, 11

3.3.4 Synthesis of the modified fume silica (FS-N2) ......ooocooioieiciee 11

3.3.5 Preparation of the modified SBA-15 (SBA-15-N1) ....ccocovviccnrivcrivnnnans 11

3.4 Adsorption of cobalt phthalocyanine on various supports ...........cceeu.... 12

3.5 STIlILY TSTING e e 4

CHAIFTER 4.RESULTS ANEDISCLISEION, i s s s s 14
4.1 Characterization of cobalt phthalocyaninge ..., 14

4.2 Characterization of various SUPPOIS <. 15



CONTENT (CONTINUED)

Page

8.3 Adsorplionstudies cumsvamssssssssmesasarmsnsnmsrs s 20

4.4 SEADILITY TESTING et es 28

CHAPTER & CONCLLSICNS BND BLIGEEETIOMS. . cunmmnsrmamsmumsmyimsim s s ass 29
8l COTYE ST OIS esmmanis sanasssonsssasmmis s o0 R A SRS s st et AR 29

5.2 SUGGESHIONS ...ttt sttt 29
REFERENCES ...ttt sttt s s s saas e 30
APPEBBICES . cunsmmmmmmsmimmmmmssmamiarsess s s s s i o s 32



LIST OF TABLE

Table Page
4.1 Weight of cobalt phthalocyanine on various SUPROIS.........ccceceeieercrciieeeeeeece e 21
4.2 |CP-MS of cobalt metal on various SUPPOTES .uusssmimmimimirimsiimsmasamsssoses 27
4.3 Result of stability TESTING ..ot 28

Vi



LIST OF FIGURES

Figure Page
2.1 Oxidation of ethylbenzene to acetophenONe. ... 6
2.2 Oxidation of L.6-hexanediol to E-caprolactone g mmsm i mma 6
2.3 Aerobic oxidation Of alCONOLS ........ccveiiiir e 7

2.4 Aerobic oxidation of secondary alcohols to ketones using cobalt phthalocyanine

G R 2 15 SOOI ¥
2.5 Scheme of 3-n-propylimidazole silica gel preparation and cobalt phthalocyanine

AASOTPTION. ...ttt enen 8
3.1 Equipment for cobalt phthaleeyaTRe SYTIMeig ...t 10
4.1 FT-IR spectrum of coletNthalOCyanine . v reseeesor g Mg ssiss isiasssssisesnisissssssasesssan 14
4.2 UV-Vis of cobalt phthaloCyaning ...ttt ianee e et ses 15
4.3 XRD patterns of calcined SBA-15.. i it s et 16
4.4 Surface structure of a) FS-N1, b) FS-N2 and ) SBA-15-N1 w.oovvovoiiieieeeeeeeeeen 1f
4.5 FTIR spectra of a) fume silica, b) FS-N1 and ¢) FSN2 .. i, 18
4.6 FTIR spectra of a) SBA-15and b) SBA-15-N1 .o e, 19

4.7 UV-Visible spectroscopy of cobalt phthalocyanine that is the percent weight of
cobalt phthalocyanine adsorbed on various support: a) SBA-15-N1, b)FS-N2,
€) FS- N2, d)'SBA-15 and €) Tume SIICa i iiaenetfessstan s oot b homsee et se e ereseene 20
4.8 FTIR spectra of a) cobalt phthalocyanine, b) fume silica and c) absorbed cobalt

phthal@dyadhe oR PXITsilicRA]W...€... . WG&... 4 CMIw.....@ 4 F.............. 22
4.9 FTIR spectra of a) cobalt phthalocyanine, b) SBA-15 and c) absorbed cobalt
phthalocy§ip@gh SBAIS LIS o NG )T T o N I .. 23
4.10 FTIR spectra of a) cobalt phthalocyanine, b) FS-N1 and ¢) absorbed cobalt
phthalocyanine WING- N aw oo NS Dol oo ammmaan 24
4.11 FTIR spectra of a) cobalt phthalocyanine, b) FS-N2 and ¢) absorbed cobalt
phthalocyanine on FS-NZ...... o st . ... v sassssssesssssessssssassssasss 25
4.12 FTIR spectra of a) cobalt phthalocyanine, b) SBA-15-N1 and ¢) absorbed Cobalt
prithaleeyanine o SBA SN crwumemmimmnmnmnmim oo s 26

Vil



CHAPTER 1
INTRODUCTION

1.1 Motivation

Phthalocyanine metal complexes have been known for a long time as
homogeneous and heterogeneous catalysts for a great variety of chemical reactions,
where the metal of the macro cyclic complex acts as a redox center. They have
been attracted by chemists, physicists and industrial scientists due to their unigue
high stability, architectural flexibility, diverse coordination properties, good
spectroscopic characteristics and rich and reversible redox chemistry. The unique
properties of the phthalocyanines lead to their use in different applications such as
medicine, gas sensors, chemical sensors, catalysis and most importantly they are
composite semiconductor materials [1]. Interestingly, the physicochemical
characteristics of the phthalocyanines can be precisely altered by modifying the
central metalions.

Cobalt complexing with phthalocyanine ligands are an attractive compound
due to the availability, high selectivity and stability at a hieh temperature. There are
several studies using Cobalt Phthalocyanine as a catalyst in the reaction, such as
alcohol oxidation of 1,6-hexanediol to form caprolactone, used as precursors for
preparing the caprolactam [2], oxidation of ethyl benzene to the acetophenone [2],
aerobic oxidation of secondary alcohols change to the ketone [3], aerobic oxidation
of alkyl arenes and alcohols ta carbonyl compounds [4]. Most of these studies used
mainly cobalt phthalocyanine as a homogeneous: catalysts which is not industrially
favorable. The advantages of a homogenous catalyst are high activity and good
selectivity. However, the main drawback of a homogeneous catalyst, the separation
of the product is difficult. The alternative solution to this problem is to prepare as a
heterogeneous catalyst.

Accordingly, we are interested in the preparation of cobalt phthalocyanine as
heterogeneous catalysts by adsorbing on supports. The supports in this study are
fume silica and SBA-15. In order to improve the adsorption ability, the surface of
fume silica is modified by using 3-aminopropyltriethoxysilane and 3-chloropropyl-
trimethoxysilane.  The surface of SBA-15 is modified by using 3-aminopropyl-
triethoxysilane. The adsorption ability of cobalt phthalocyanine is investigated. The
stability of the adsorbed cobalt phthalocyanine will be investigated under the
mimicking reported reaction conditions.



1.2 Objectives

1.2.1
1.2.2

1253

124

Synthesis of cobalt phthalocyanine

Study adsorption of cobalt phthalocyanine on support, fume silica,
modified fume silica (FS-N1) and (FS-N2), SBA-15 and modified SBA-15
(SBA-15-N1)

To understand parameters governing the adsorption ability, types of
silica, modification silica surface, and resident time

To study the stability of adsorbed cobalt phthalocyanine under the
mimic conditions

1.3  Scopes of this study

1.3.1

1.3.2

1.3.3

134

135

186

1B

Synthesis of cobalt phthalocyanine complex

Synthesis of SBA-15

Synthesis of modified Silica

Adsorption of cobalt phthalocyanine on supports, fume silica,

modified fume silica (FS-N1) and (FS-N2), SBA-15 and modified SBA-15

(SBA-15-N1)

Characterization of the catalysts by Fourier-Transform Infrared

Spectroscopy  (FT-IR), Ultraviolet-Visible — Spectroscopy  (UV-Vis)

Study adsorption of cobalt phthalocyanine on various supports

1.3.6.1 Resident time and concentrations for adsorption of cobalt
phthalocyanine on supports, fume silica, modified fume silica
(FS-N1) and (FS-N2), SBA-15 and modified SBA-15 (SBA-15-N1)

1.3.6.2 Qualitative and. quantitative analysis of the obtained products
are determined using Ultraviolet=Visible Spectroscopy (UV-Vis)

Study the stability of immobilized cobalt phthalocyanine on supports

1.4  Expected results

This research methodology could lead to prepare and enhance the

immobilized cobalt phthalocyanine on silica supports. The stability investigation of

the immohbilized cobalt phthalocyanine on silica supports could provide an informa-

tion of the suitable reaction in order to use these prepared materials as a catalyst.



CHAPTER 2

LITERATURE REVIEWS AND THEORY

2.1 Catalyst
Catalyst is a substance added to the reaction then reaction occurs faster and
increases the rate of reaction. The catalyst may be involved in the reaction but the

quantities and properties of a catalyst do not change.

2.1.1 Types of Catalysts
2.1.1.1 Homogeneous Catalyst

Homogeneous catalyst acts in the same phase as the
reactants. Typically reactions will be present as a gas or contained in a single liquid
phase.

Since homogeneous catalysts present in the same phase as
the reactants, their activity is relatively high and give the better selectivity towards
the desired products. The key drawback is the separation of homogeneous
catalysts from the reaction leading to the lower recovery. Therefare, it is not
preferable in industry.

2.1.1.2 Heterogeneous catalysts
Heterogeneous catalysis exists is in a different phase from the
reactants. Typical reactions involve a solid catalyst with the reactants as either
liquids or gases. Several mechanisms for reactions on surfaces are known, depending
on adsorption. The total surface area of solid an important effect on the reaction.
The catalyst particle are small, it has a large surface area makes the reaction faster.
A major advantage of using a heterogeneous catalyst is easy to separate the catalyst
from the product.
2.1.1.3 Organocatalysis
Organocatalysis is catalyst in chemical reaction is an organic
(non-metallic) compound. Organocatalysis uses small organic molecule mainly

consisting of C, H, O, N, S and P to accelerate chemical reactions. The advantage of

organocatalysis are, low cost and less toxic, which is suitable for use as an

intermediates in the manufacture of drugs, when compared with metal catalysts.



2.2  Adsorption

Adsorption is the process in which matter is extracted from one phase and
concentrated at the surface on second phase. Adsorption is a surface phenomenon
and consequence of surface energy. The surface of a liquid or solid is in a state of
strain or unsaturation which results in unbalanced residual force at the surface. These
unbalanced residual forces results in higher surface energy. Consequently, the surface
of liquids/ solids always has tendency to attract and retain the molecular species with
which it comes in contact. This tendency is responsible for the phenomenon of
adsorption.

Molecule in the surface; However, there is a resultant attraction inwards,
because the number of molecules per unit volume is greater in bulk of the liquid
than in the vapour. This gives rise to surface tension. Hence, particles at surface and
particles at the bulk are in different environment thus giving rise to difference in free

energy at the surface and in the bulk.

2.2.1 Types of adsorption
2.2.1.1 Physisorption
Physical Adsorption or Physisorption is the force of attraction
existing between adsorbate and adsorbent by weak Van der Waal forces of attraction.
This process is called Physical Adsorption or Physisorption. Physical Adsorption takes
place with formation of multilayer of an adsorbate on adsorbents. Molecules and
atoms can attach to surface in two ways. One is physisorption in which there is a
Van der Waals interaction between the adsorbate and the substrate. Van der Waals
interactions are long range but they are weak. It has low enthalpy of adsorption, such
as 20-40KJ/mol. It also takes place at low temperature below boiling point of
adsorbate. As the temperature increases, process of physisorption decreases.
2.2.1.2 Chemisorption
Chemisorption is a process in which the molecules or atoms stick
to the surface of adsorbent by forming a chemical bond usually Covalent bond and
tend to find sites that maximize their coordination number with the substrate. The
distance between the surface and the closest adsorbate atom is also typically shorter

for chemisorption. The chemisorption depends on the adsorbate and the surface of adsorbent.

2.2.2 Factors of adsorption

Adsorption factors are listed in the following.



2.2.2.1 Temperature
Adsorption is an exothermic process. Therefore in accordance
with Le Chatelier's principle, it occurs more readily at lower temperatures and
decreases with increase in temperature (Le-Chatelier’s Principle).
2.2.2.2 Pressure
In case of physisorption of gases over solids, the extent of
adsorption increases with increase in pressure as the volume of the gases decrease
during adsorption by Le-Chatelier’s Principle principle.
2.2.2.3 Surface area
Adsorption capacity of adsorbent increases with increase in its
surface area. Smaller the size of particles of solid adsorbents more is the extent of

adsorption at its surface interface.

2.2.3 Adsorbent materials
2.2.3.1 Types of Adsorbent
Typically, adsorbent can be classified into three main groups
depending on its pore size.
2.2.3.1.1 Micro materials
Micro materials are a porous material, smaller than 2
nm. There are various types, depending on the type and arrangement of pore
structure.  This is a well-known group of zeolite which contains silicon, oxygen,
aluminium and. arranges themselves into a 3-d network having a narrow pore
distribution. The positively charged zeolite can absorb water and the reverse reaction
can occur. On the other hand, some types of zeolites will not react with water, but
the challenge is to choose a specific organic molecules absorb, such as volatile
organic compounds.
2.2.3.1.2 Mesoporous materials
Mesoporous materials have a high porous with
diameters of 20-500 A, surface area of 800-1000 mz/g. Mesoporous is an amorphous
material. Their structure can be arranged in order or disorder. They can be used in
variety of applications mainly because of its high surface area, pore volume and
stability. Silica fume and SBA-15 are classified as a mesoporous material, which is

used in this study as a support.

2.3  Phthalocyanine
Phthalocyanine derivatives, which have a similar structure to porphyrin, have
been utilized in important functional materials in many fields. Their useful

properties are attributed to their efficient electron transfer abilities.  The central



cavity of phthalocyanines is known to be capable of accommodating 63 different
elemental ions, including hydrogens (metal-free phthalocyanine, H2-PC). A
phthalocyanine containing one or two metal ions is called a metal phthalocyanine
(M-PC). In the last decade, as a result of their high electron transfer abilities, M-PCs
have been utilized in many fields such as molecular electronics, optoelectronics,
photonics, etc.

The functions of M-PCs are almost universally based on electron transfer
reactions because of the 18 7TU electron conjugated ring system found in their
molecular structure [5].

2.4  Literature reviews

2.4.1 Yeamsantie, N.,et. al,,2014,, studied the oxidation of ethylbenzene and
1,6-hexanediol  investigated  this reaction by < using catalysts including cobalt
phthalocyanine (Co-Pc).  The reaction was carried out at various temperature and
time. Using cobalt phthalocyanine, the oxidation of ethylbenzene vyields
acetophenoneand 2-hydroxy-ethylbenzene as major and minor products, respectively
as shown in Figure 2.1. The oxidation of 1,6-hexanediol, on the other hand, at 110 °C
and 24 h. Interestingly, Co-Pc gives the 100% selectivity towards E-caprolactone as
shown in Figure 2.2 [2].

o

QAL

Figure. 2.1 Oxidation of ethylbenzene to acetophenone

=0

HO /\/\/\/OH CoPc

et

Cﬁ
O/

Figure. 2.2 Oxidation of 1,6-hexanediol to €-caprolactone

2.4.2 Shaabani, A, et al.,2008., studied the aerobic oxidation of alkyl arenes
and alcohols using cobalt phthalocyanine (CoPc) as a catalyst in 1-butyl-3-methyl-
imidazolium bromide as shown in Figure 2.3. The catalysts were prepared by a
mixture of alcohol (1 mmol) and cobalt(ll) phthalocyanine (CoPc) (0.01 g, 5 mol%) was

added in portions to a two-necked vial containing [bmim]Br (0.30 ¢,1.37 mmol) and a



magnetic stirring bar under oxygen at atmospheric pressure. The vial was heated at
70 °C'in a preheated oil bath. These catalysts showed efficient and simple procedure
for selective aerobic oxidation of organic compounds under oxygen at atmospheric

pressure, using Co-Pc as a catalyst, an ionic liquid, [omim]Br, as solvent [4].

OH o)
Co-Pe/Ibmim|Br )
F0°CI 05 e
120 min

Figure. 2.3 Aerobic oxidation of alcohols

2.4.3 Sharma, V. B, et al.,2003 , studied the use of cobalt phthalocyanine
(CoPc) aerobic oxidation of secondary alcohols: an efficient and simple synthesis of
ketones as shown in Figure 2.4. The catalysts were prepared by using 5 mol% of
cobalt phthalocyanine (CoPc) as catalyst. In the absence of pewdered potassium
hydroxide was not complete even after 24 hour in constrast, it was complete within
45 min in the presence of an equimolar amount of potassium hydroxide. These
catalysts showed the catalytic effect of the cobalt phthalocyanine (CoPc) was also
investigated using benzhydrol as the substrate. 'In the absence of catalyst, the
reaction was found to be very slow and was not complete even after 8 h However,
with 0.5 mol% cobalt phthalocyanine (CoPc) as catalyst, the reaction was complete
within 1.5 h [3].

@-—CH——@ Co(1) phthalocyanine, O, CH—@
i - [
O

OH
Xylene (reflux), powdered KOH

Figure 2.4 Aerobic oxidation of secondary alcohols to ketones using cobalt

phthalocyanine (CoPc) as catalyst

2.2.4 Sergio T et al.,(1999), studied the cobalt(ll) phthalocyanine (CoPc) bonded
to  3-n-propylimidazole immobilized on silica gel surface and efficiently
electrocatalyzed the oxalic acid oxidation on a carbon paste electrode surface.
Intermolecular interactions of the complex species which can normally interfere in
the redox process practically are not observed in the present case because of a low

average surface density, associated with its high chemical stability makes the



covalently immobilized cobalt phtalocyanine (CoPc) complex material very attractive
in preparing a new class of chemical sensors. This work reports the electrochemical
properties of the cobalt phthalocyanine (CoPc) complex bonded to imidazole groups
grafted on a porous silica gel surface. The main objectives is obtain a highly
dispersedcovalently bonded macrocyclic complex [6].

n=Si0H + (MeO);Si(CH,)(l

|

(=S8i0),(Me0)3,8{CH,)3Cl + nMeOH

e
5 Ay

(=8i0),SiMe0); (CH, ;s N VN + HCl

5

(EE Si0),SiMeO0)3 1(CH)3 N o [emwa

Figure 2.5 Scheme of 3-n-propylimidazole silica gel preparation and cobalt
phthalocyanine (CoPc) adsorption.

Regarding to the ability of cobalt phthalocyanine (CoPc) as a catalyst, we thus
reason to investigate the immobilization of cobalt phthalocyanine (Co-Pc) on silica
surface serving as a heterogeneous catalyst.



3.1 Reagents

CHAPTER 3

EXPERIMENTAL

Chemicals Grade of purity Manufacturers
Cobalt(ll)chloridehexahydrate 98% CARLO ERBA REAGENTS
Dicyanobenzene 98.0% Merck Schuchardt OHG
Imidazole 2 99.5% Sigma-Aldrich
Nitrogen gas 99.999% PRAXAIR
Silicagel 100% CARLO ERBA REAGENTS
Silicondioxide 99.0% CARLO ERBA REAGENTS
Dimethylformamide 99.0% EMPLURA
Ethanol 99.9% CARLO ERBA REAGENTS
Acetone 99.0% CARLO ERBA REAGENTS
Diethylether 37% CARLO ERBA REAGENTS
Toluene >99.8% CARLO ERBA REAGENTS
3-chloropropyltrimethoxysilane >97.0% ERBA REAGENTS
3-Aminopropyl-triethoxysilane 99.0% ACROS OGANICS
Kylene 98.5% CARLO ERBA REAGENTS
Methanol 299% Fluka Chemnika
Ethylbenzene 99.8 Buksan

3.2 Apparatuses
1. Beakers
2. Clamps

3. Condensers
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Graduate pipettes

Hot Plate & Stirrer, IKA, RCT basic, 230 V, 50/60 Hz

Fourier-Transform Infrared Spectroscopy (FT-IR), Perkin Elmer, 400-4000 cm-1
Ultraviolet-Visible Spectroscopy (UV), PG instruments limited, T60 U,

50-60 Hz, 150 W

8. Volumetric flasks

9. Vials

10. Dropper

~ o b oA

11. Thermometer

12. Buchner funnel

13. Desiccator

14. Spatula

15. Round bottom flask 25 mbL

16. Filter paper diameter 70 mm, MACHEREY-NAGEL
17. Micro pipette, pipette lite, SL1000, 100-1000 pL

3.3 Preparation and characterization of catalysts
3.3.1 - Synthesis of cobalt phthalocyanine (CoPc)

Cobalt(ll)  chloride hexahydrate (CoClze6H20) - 0.948¢ mixed with
dicyanobenzene 0.2688 ¢ put into a round bottom flask. - Then, it was heated to
temperature of 220 °C for 4 hours using a sand store heat and a balloon filled with
nitrogen to a closed system shown in Figure 3.1. After the reaction, the solids have a
green color. The purification of cobalt phthalocyanine were followed by dissolving
in toluene and diethyl ether, 20 mL each, in order to remove CoCl,.6H,O and
dicyanobenzene, respectively. After vacuum filtration, the dark green solid of cobalt
phthalocyanine (CoPc) was obtained with 86.5 % yield [2].

Round bottorn flask

Sand or Ol bath
A

[ ® ® )

Ny
¥ E
Hat plate and Stirrer

Figure.3.1 Equipment for Cobalt Phthalocyanine synthesis
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3.3.2 Synthesis of SBA-15
Pluronic P123 4.05 g dissolved in 150 mL of 1.6 M HCl at temperature
30 °C. Then, it was heated to temperature of 40 °C, TEOS 10.70 ¢ was introduced.
The mixture was stirred and heated at 40 °C for 24 hours and placed in auto clave.
The auto clave was put in the oven at 100 °C for 24 hours, yielding white
precipitates. Filtered and dried at 80 °C, then calcined at 600 °C for 5 hours. The %
yield is 87.6 [7].

3.3.3 Synthesis of the modified fume silica (FS-N1)

3-aminopropyl triethoxysilane 2.30 mL was added into a reaction flask
which has dry toluene 62.50 mL and Silica Fume 5.00 g. This mixture was refluxed
for 8 hours under nitrogen atmosphere. The solid was centrifuged, washed with
toluene and ethanol respectively. Afterwards, the product was dried at 120 °C. The
% vield is 83.3 [7].

3.3.4  Synthesis of modified fume silica (FS-N2)

Imidazole 3.40 g and 3-chloropropyltrimethoxysilane 9.20 mL were
added into a reaction flask with 250 mL of dry toluene, the mixture was refluxed for
2 hours under nitrogen atmosphere. Then, the mixture was -introduced the fume
silica, dried at. 120 °C.  The mixture was refluxed for 8 hours under nitrogen
atmosphere. - The solid was centrifuged, washed with toluene and ethanol
respectively. Afterwards, the product was dried at 120 °C. The % yield is 91.3 [7].

3.3.5 Preparation of the modified SBA-15 (SBA-15-N1)
3-aminopropyl triethoxysilane 2.30 mL was added into a reaction flask
which has dry toluene 62.50. mL and SBA-15 5.00 ¢. This mixture was refluxed for 8
hours under nitrogen atmosphere. The solid was centrifuged, washed with toluene
and ethanol respectively. Afterwards, the product was dried at 120 °C. The % yield
is 88.5 [7].

3.3.6 Catalyst characterization
3.3.6.1 Fourier-Transform Infrared Spectroscopy (FT-IR)
The powder of the sample was dispersed in potassium bromide (KBr).
The mixture was pressed about 5 tons into a disc. Infrared spectra were collected
using Spectrum GX (PerkinElmer) at Scientific Instrument Service Centre, KMITL, from
400-4000 cm-1. The IR signal was calibrated and corrected employing polystyrene

film as a standard.
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3.3.6.2 Ultraviolet-Visible Spectroscopy (UV-Vis)

The absorption spectra of the catalysts were determined by
using UV-Vis spectrophotometer (PG instruments limited, T60U, 50-60Hz, 150W).
Dimethylformamide was used as a solvent for baseline correction. Subsequently,
the solution was filled into quartz cuvette, to avoid self-interference in UV region, in

scanning mode from 400 to 900 nm of wavelength.

3.4 Adsorption of cobalt phthalocyanine on various supports

Cobalt phthalocyanine 0.015 g was dissolved in dimethylformamide 20.00
mL and 1.00 g of supports was immersed in this solution. Then, the mixtures were
stirred at various times keep sampling every hour for 8 hours. Obtained solution
20.00 pL, was centrifuged at 5000 rpm for 5 min to separate the catalyst. The
supernatant was quantitatively analyzed by Ultraviolet-Visible Spectroscopy (UV) in

scanning mode from 400 to 900 nm of wavelength.

3.5 Stability testing
3.5.1 Condition 1: Aerobic oxidation of secondary alcohol

The prepared catalysts 0.25 ¢ was immersed in xylene 5.00 mL, then
the mixtures were stirred at room temperature which is sampled keep every 2 hour
for 8 hours. Obtained solution 20.00 pL, was centrifuged at 5000 rpm for 5 min to
separate the catalyst. The supernatant was quantitatively analyzed by Ultraviolet-
Visible Spectroscopy (UV) in scanning mode from 400 to 900 nm of
wavelength [3].

3.5.2 Condition 2: Oxidation of ethyl benzene
The catalyst 0.25 ¢ was immersed in ethyl benzene 5.00 mL, then the
mixtures were stirred at 110°C which.is sampled keep every 6 hours for 24 hours.
Obtained solution 20.00 pL, was centrifuged at 5000 rpm for 5 min to separate the
catalyst. The supernatant was quantitatively analyzed by Ultraviolet-Visible
Spectroscopy (UV) in scanning mode from 400 to 900 nm of wavelength [2].

3.5.3 Condition 3: Aerobic oxidation of alkyl arenes and alcohols
The catalyst 0.25 ¢ was immersed in methanol 5.00 mL, then the
mixtures were stirred at 70 °C which is sampled keep every 4 hours for 12 hours.
Obtained solution 20.00 pL, was centrifuged at 5000 rpm for 5 min to separate the
catalyst. The supernatant was quantitatively analyzed by Ultraviolet-Visible

Spectroscopy (UV) in scanning mode from 400 to 900 nm of wavelength [4].



13

3.5.4 Condition 4: Aerobic Oxidation of alkyl arenes and alcohols
The catalyst 0.25 g was immersed in xylene 500 mlL, then the
mixtures were stirred at 70 °C which is sampled keep every 4 hours for 12 hours.
Obtained solution 20.00 pL, was centrifuged at 5000 rpm for 5 min to separate the
catalyst. The supernatant was quantitatively analyzed by Ultraviolet-Visible
Spectroscopy (UV) in scanning mode from 400 to 900 nm of wavelength [4].



CHAPTER 4
RESULTS AND DISCUSSION

4.1  Characterization of cobalt phthalocyanine (CoPc)
The reaction of CoCly,"6H,O and dicyanobenzene at 220°C yielded cobalt
phthalocyanine as a green solid. The FT-IR spectrum of cobalt phthalocyanine is

shown in Figure 4.1.

% Transmittance

B L T T OO0 T R T RS T T KT L Tt gt CRO eyl

3900 3400 2900 2400 1900 1400 900 400

Wavenumber (cm™)

Figure.4.1 FT-IR spectrum of cobalt phthalocyanine

According to Figure 4.1, the vibration bands at 1750 cm! is C=C
stretching. The frequency at 1650 cm™ is C=N stretching and 1200 cm™ is C-N
stretching.  The spectrum of cobalt phthalocyanine was similar to that previously

reported by Enokida.,et.al [10].

4.1.1  Ultraviolet-Visible Spectroscopy (UV-Vis)
The UV-adsorption of cobalt phthalocyanine in dimethylformamide

was investigated as shown in Figure 4.2.
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Figure. 4.2 UV-Vis of cobalt phthalocyanine

Phthalocyanines possess an' 18-TT-electron two-dimensional aromatic
system, phthalocyanine is their strong absorption in the visible and regions Q-band
centered at around 670 nm. reported by Gema de laTorre. et.al[11].

Cobalt phthalocyanine as a green solid, shows the doublet spectra
around 600 and steep shoulder at 660 nm of cobalt center d-d transition and TT-TT*
transition of the ligand, respectively, that shift from phthalocyanine.” The spectrum
of cobalt phthalocyanine was similar to that previously reported by Safari,N.et.al
[12].

4.2  Characterization of various supports
4.2.1 Fume silica

Fume silica was calcined at 600 °C for 4 hours prior use.

4.2.2 SBA-15
The synthetic SBA-15 were characterized by Low Angle X-ray
diffraction and Powder X-ray diffraction XRD patterns of calcined SBA-15 are shown in
Figure 4.3.
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Figure. 4.3 XRD patterns of calcined SBA-15.

According to Figure 4.3, the XRD pattern shows three peaks at 26 of
0.95, 1.62 and 1.85, associated with the hexagonal symmetry of mesoporous

structure. ~ The XRD pattern of SBA-15 was similar to previously reported by
Anbia,M.et.al [8].
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4.2.3 Modified surface of fume silica and SBA-15
The surface of fume silica is modified by 3-aminopropyltriethoxysilane
and imidazole and using 3-chloropropyltrimethoxysilane. The surface of SBA-15 is
modified by 3-aminopropyltriethoxysilane. The complexes are shown in Figure 4.4.
The maodified fume silica with 3-aminopropyltriethoxysilane and with 3-chloropropyl-
trimethoxysilane imidazole were referred to as FS-N1 and FS-N2, respectively. While,
the modified SBA-15 with 3-aminopropyltriethoxysilane were denoted as SBA-15-N1.

(a) (b)

4
Fume silica S TN Fume silica
NH,
~
Ay
(c)
g
h
O
O\
0“:8!‘-\\./\
SBA-15 o NHZ
O;S‘\-‘"

Figure. 4.4 Surface structure of a) FS-N1, b) FS-N2 and ¢) SBA-15-N1
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4.2.3.1 Characterization of modified silica: Fourier-Transform  Infrared

Spectroscopy (FT-IR)
The FT-IR spectra of fume silica, FS-N1 and FS-N2 are shown in Figure

4.5.
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Figure. 4.5 FT-IR spectra of a) Fume silica, b) FS-N1 and c) FS-N2

The calcined fume silica shows peaks at 1130, 790 and 470 cm™ is
Si-O-Si bending. The spectrum of fume silica was similar to previously reported by
Jafari,V.,et.al [9]. The comparative spectra of fume silica in Figure 4.5a and FS-N1 in
Figure 4.5b. It shows that the FS-N1 has the extra peaks at 1550-1505 cm™ and 1395
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cm™, which are corresponded to N-H bending and C-H bending, respectively. The
comparative spectra of fume silica in Figure 4.5a and FS-N2 in Figure 4.5c. It shows
that the FS-N2 has the extra peaks at the frequency at 1590 cm™ corresponding to
C=N stretching. The frequency at 1515-1450 cm™is the couple of N-H bending and
C-N stretching and 1420 cm™ is C-H bending. This indicates that the surface of silica

is successfully modified with organic unit molecules.

The functional group of SBA-15 and SBA-15-N1 were studied by FT-IR
spectroscopy. The FT-IR spectra of SBA-15 and SBA-15-N1 are shown in Figure 4.6.
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Figure. 4.6 FT-IR spectra of a) SBA-15 and b) SBA-15-N1

Figure 4.6a shows the FT-IR spectra of SBA-15 indicating the peaks at
1610 cm™? 1070 cm?, corresponded to O-H stretching, O-H bending and Si-O-Si
bending, respectively. The spectrum of SBA-15 was similar to previously reported by
Anbia,M..et.al [8]. The comparative spectra of SBA-15 and SBA-15-N1 in Figure 4.6b
shows the extra peaks occur at 1480 cm™ and 1375 cm™are N-H bending and C-H
bending, respectively. This is the indication of the modification of SBA-15 surface

with the organic molecules.
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4.3 Adsorption studies

The adsorption of cobalt phthalocyanine on various supports was investigated
by sampling the aliquots of the remaining solution at various times sampling to
analyze by UV-Vis spectroscopy. The UV spectra at different times are shown in
Appendix A.

The calibration curve of cobalt phthalocyanine in dimethylformamide
solution is shown in Appendix B. The absorption peak of complexes appears at 660
nm, corresponding to a blue-green crystalline (shown in Appendix C). It can be
seen that the adsorption of cobalt phthalocyanine is increased with time. However,
after 1 hour, no further adsorption capacity can be observed. The adsorption

capacity of various support are shown in Figure 4.7.
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Figure. 4.7 UV-Visible spectroscopy of cobalt phthalocyanine that is the percent
weight of cobalt phthalocyanine adsorbed on various support: a) SBA-15-N1,b) FS-N2,
c) FS-N2, d) SBA-15 and e) fume silica
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In support 1.0000g, the amounts of the cobalt phthalocyanine adsorbed on
supports are 12.8, 11.3, 9.9, 7.1 and 4.6 mg CoPc/g adsorbent for SBA-15-N1, FS-N1,
FS-N2, SBA-15 and fume silica respectively as shown in Table 4.1.

Table. 4.1 Weight of cobalt phthalocyanine on various supports

Weight of cobalt phthalocyanine
Catalyst
(mg/e)

SBA-15-N1 12.8
FS-N1 11.3
FS-N2 9.9
SBA-15 7.9
Fume silica 4.6

The adsorption capacity of various supports is in the order of SBA-15-N1 > FS-
N1 > FS-N2 > SBA-15 > fume silica. In the comparison of the support between Fume
silica and SBA-15, the result indicates that SBA-15 can adsorb cobalt phthalocyanine
more than Fume silica due to its higher surface area. After the modification of both
Fume silica and SBA-15, the adsorption of adsorb cobalt phthalocyanine is increases
as the better interaction between silica surface and adsorb cobalt phthalocyanine
due to the N-donor ligand. In comparison of the different modified ligands FS-N1
versus FS-N2, the FS-N1 shows the better adsorption capacity due to the less steric

effect of amino ligand as compared to imidazole ligand.

4.3.1 Characterization of absorbed cobalt phthalocyanine on various
supports
In order to confirm that cobalt phthalocyanine are adsorbed on
various supports. The remain solid (blue solid) was dried at 90 °C for 3 hours and
investigated by FT-IR spectroscopy. The FT-IR spectra of cobalt phthalocyanine on
various supports as shown in Figure 4.8, Figure 4.9, Figure 4.10, Figure 4.11 and
Figure 4.12.
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Figure. 4.8 FT-IR spectra of a) cobalt phthalocyanine, b) Fume silica and ¢) absorbed

cobalt phthalocyanine on fume silica
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Figure. 4.9 FT-IR spectra of a) cobalt phthalocyanine, b) SBA-15 and ¢) absorbed
cobalt phthalocyanine on SBA-15
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Figure. 4.10 FT-IR spectra of a) cobalt phthalocyanine, b) FS-N1 and ¢) absorbed
cobalt phthalocyanine on FS-N1
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Figure. 4.11 FT-IR spectra of a) cobalt phthalocyanine, b) FS-N2 and ¢) absorbed
cobalt phthalocyanine on FS-N2
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Figure. 4.12 FT-IR spectra of a) cobalt phthalocyanine, b) SBA-15-N1 and ¢) absorbed
cobalt phthalocyanine on SBA-15-N1
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After absorbing the cobalt phthalocyanine on various supports, Figure
4.8 and Figure 4.9 shows FT-IR spectra of cobalt phthalocyanine on fume silica and
SBA-15 supports, respectively. That the N-H bending and C-N stretching of cobalt
phthalocyanine appear at 1500-1395 cm™. Figure 4.10 shows FTIR spectra of cobalt
phthalocyanine on FS-N1 support, the C=C and C=N stretching of cobalt
phthalocyanine appear at 1795-1770 cm™. Figure 4.11 shows FTIR spectra of cobalt
phthalocyanine on FS-N2 support, the C=C and C=N stretching of cobalt
phthalocyanine appear at 1780 cm™. Figure 4.11 shows FTIR spectra of cobalt
phthalocyanine on SBA-15-N1 support, the C-N stretching of cobalt phthalocyanine
appear at 1580 cm™. Al FT-IR spectra indicates the present of cobalt
phthalocyanine on supports confirming the adsorption of cobalt phthalocyanine over
each silica.

To validate the presence of cobalt metal, the ICP-MS were investigated as
shown in Table 4.2.

Table. 4.2 |ICP-MS of cobalt phthalocyanine on various supports

Weight of cobalt phthalocyanine
Catalyst
(mg/g)

Fume silica 2 76
£5°B 7.65
FS-N2 6.78
SBA-15 0.15
SBA-15-N1 7.73

Table 4.1 shows the adsorption capacity, the cobalt phthalocyanine
loading on support. To confirm the results of FT-IR spectra.  The cobalt
phthalocyanine loading is increased followed by SBA-15-N1 > FS-N2 > FS-N1 > Fume
silica > SBA-15. The results are consistent with data from UV-Vis adsorption but SBA-
15 is inconsistent with the result from the UV-Vis adsorption. This could attribute to
the cobalt phthalocyanine located inside the mesoporous of SBA-15 did not come

out after the digestion.
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4.4  Stability testing

Stability testing with difference solvent and conditions are shown in Table
4.3,

Table 4.3 Result of stability testing

Condition
Catalyst Xylene, Ethylbenzene, Methanol,
Xylene, room
70 °C, 12 1105€,; 24 70 °C, 12
temp, 8 hours
hours hours hours
Fume silica X X X X
FS-N1 X x X x
FS-N2 X x X x
SBA-15 X X X X
SBA-15-N1 X X X X

* v = Leach

X = Not leach

It can be seen that no leaching of cobalt phthalocyanine, the remains to
show that the catalyst prepared with great stability.



CHAPTER 5
CONCLUSIONS AND SUGGESTIONS

5.1  Conclusions

Cobalt phthalocyanine was successfully adsorbed on silica supports which are
fume silica (FS), modified FS-N1, FS-N2, SBA-15 and SBA-15-N1. The adsorption of
cobalt phthalocyanine on to the supports was increasing over time but after 1 hour it
reached to the saturation.

The adsorption capacity of SBA-15-N1, FS-N1, FS-N2, SBA-15 and fume silica
was 12.8, 11.3, 9.9, 7.1 and 4.6 mg CoPc/g adsorbent, respectively. The adsorption
capacity of SBA-15-N1 is higher than other supports because it possess high surface
area with mesoporous. structure. ' In comparison, FS-N1 and FS-N2 show higher
adsorption capacity -as compare to fume silica. This is due to the presence of N
donor ligand on FS-N1 and FS-N2 surface. = Furthermore, FS-N1 shows a better
adsorption capacity as compare to FS-N2 due to the less steric effect of amino ligand
as compare toimidazole lisgand. The study found stability of the adsorbent in the fall
of cobalt relative metallurgical cyanide tribe of adsorbent.  According to the study
the stability of the adsorbents. There was no leaching in xylene, ethylbenzene, and

ethanol solvent of cobalt phathalocynaine in all the mimic conditions.

5.2  Suggestions
5.2.1 It is interesting to use heterogeneous catalyst for oxidation reaction of

1,6-hexanediol and ethylbenzene

5.2.2 It is interesting to change central atom of phthalocyanine
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APPENDIX A

The adsorption of cobalt phthalocyanine on various supports was investigated
by sampling the aliquots of the remaining solution at various times sampling to
analyze by UV-Vis spectroscopy. The UV spectra at different times are shown in
Figure 1-5.
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Figure. 1 UV-Visible spectroscopy of cobalt phthalocyanine that is absorbed on silica
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Figure. 2 UV-Visible spectroscopy of cobalt phthalocyanine that is absorbed on
SBA-15
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Figure. 3 UV-Visible spectroscopy of cobalt phthalocyanine that is absorbed on
FS-N1
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Figure. 4 UV-Visible spectroscopy of cobalt phthalocyanine that is absorbed on
FS-N2
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Figure. 5 UV-Visible spectroscopy of Cobalt Phthalocyanine that is absorbed on
SBA-15-N1
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APPENDIX B

The calibration curve of cobalt phthalocyanine in dimethylformamide

solution as shown in Figure 1.

0.8

y = 0.007x + 0.0096
R? = 0.9981

Absorbance

Ppm

Figure. 1 Calibration curve of cobalt phthalocyanine in dimethylformamide solution

Calculation

[nitial concentration of cobalt phthalocyanine

Weight of catalyst (¢) concentration X Volume
Molecular weight 1000

In the reaction using cobalt phthalocyanine 0.030 ¢ and using DMF 40 mL, the

Initial concentration of cobalt phthalocyanine is calculated as follow:

0.030 X 1000 X 571.46 X 40
571.46 X 40
1.3124X10> M

Covert from Molar to ppm

ppm = Molar X Molecular weight X 1000
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In the reaction using cobalt phthalocyanine 1.3124X10> M and, the Initial
concentration of cobalt phthalocyanine and Molecular weight of cobalt

phthalocyanine 571.46 g¢/mol is calculated as follow:

ppm = 1.3124X10° M X 1000
=750 ppm

Calculation of calibration curve
From Equation
Y =0.0162 X + 0.0278
For Example,
Data obtained from UV-Vis spectroscopy of FS-N2 at 4 hours are 0.1905 is
calculated as follow:
0.1905-0.0278
0.0162
10.0432 ppm

Concentration of CoPc were adsorped = [CoPc] nitial = [COPClsolution
Diluted solution cobalt phthalocyanine 0.2 ml in volumetric flask adjust the

volume 10 ml

750
M= e CY 10.0432 X 50 ppm
= 24784 ppm

Convert ppm to Molar
ppmM
Molecularweight X 100
2247.48
571.46 X 1000
0.00043 Molar
Convert Molar to weight (g)
CVM
1000
(0.00043 X 40 X 571.46)
1000
= 9.9136 mg

M:




For Example result ICP-MS of fume silica
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Calculation Initial concentration before dilute cobalt phthalocyanine in

distilled water at 25 ml

Weight of CoPc = 28.5 pg X (1/1000ml) X 25 ml
= 057 g

Dilute CoPc in Distilled water at 50 ml

Weight of CoPc = 0.57 pg X (1/1000ml) X50 ml
= 285 pg

In support 0.1 g have Co = 28.5 ug, then in support 1 ¢ have Co = 0.285 mgCo
Nee = Weight of Co / Molecular weight
Neo = 0.285 mg ./ 58.9 g/mol
= 4:83 X 10> mmol

Find weight of CoPc = - mol of Co X Molecular weight of CoPc

= 483 X10 mmol X 571.46 g¢/mol
=L B2\
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APPENDIX C

Stability Testing

The stability of catalyst, it can be seen that no leaching of cobalt phthalo-
cyanine.  The supernatant was quantitatively analyzed by Ultraviolet-Visible
Spectroscopy (UV) in scanning mode from 400 to 900 nm of wavelength. The UV
spectrum at different times are shown in Figure 1-20,
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Figure. 1 UV-Visible spectroscopy of the stability of cobalt phthalocyanine that is
absorbed on fume silica in xylene solution at room temperature
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Figure. 2 UV-Visible spectroscopy of the stability of cobalt phthalocyanine that is
absorbed on FS-N1 in xylene solution at room temperature
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Figure. 3 UV-Visible spectroscopy of the stability of cobalt phthalocyanine that is
absorbed on FS-N2 in xylene solution at room temperature
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Figure. 4 UV-Visible spectroscopy of the stability of cobalt phthalocyanine that is
absorbed on SBA-15 in xylene solution at room temperature
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Figure. 5 UV-Visible spectroscopy of the stability of cobalt phthalocyanine that is
absorbed on SBA-15-N1 in xylene solution at room temperature
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Figure. 6 UV-Visible spectroscopy of the stability of cobalt phthalocyanine that is
absorbed on fume silica in ethylbenzene solution at 110 °C
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Figure. 7 UV-Visible spectroscopy of the stability of cobalt phthalocyanine that is
absorbed on FS-N1 in ethylbenzene solution at 110 °C
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Figure. 8 UV-Visible spectroscopy of the stability of cobalt phthalocyanine that is
absorbed on FS-N2 in-ethylbenzene solution at 110 °C

0.045
004
0.035

0.034 1

0.025\ 4

0.02

Absorbance

0.015
0.01 -

0.005 -

400 450 500 550 600 650 700 750 800

Wavelengh (nm)

Figure. 9 UV-Visible spectroscopy of the stability of cobalt phthalocyanine that is
absorbed on SBA-15 in ethylbenzene solution at 110 °C
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Figure. 10 UV-Visible spectroscopy of the stability of cobalt phthalocyanine that is
absorbed on SBA-15-N1 in ethylbenzene solution at 110 °C
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Figure. 11 UV-Visible spectroscopy of the stability of cobalt phthalocyanine that is
absorbed on fume silica in methanol solution at 70 °C
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Figure. 12 UV-Visible spectroscopy of the stability of cobalt phthalocyanine that is
absorbed on FS-N1 in methanol solution at 70 °C
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Figure.13 UV-Visible spectroscopy of the stability of cobalt phthalocyanine that is
absorbed on FS-N2 in methanol solution at 70 °C
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Figure. 14 UV-Visible spectroscopy of the stability of cobalt phthalocyanine that is
absorbed on SBA-15 in methanol solution at 70 °C

0.05

0.045
0.04

0.035

0.03
0.025 -

0.02 -

Absorbance

0.015 -
0.01 -

0.005 -

400 450 500 550 600 650 700 750 800

Wavelengh (nm)

Figure. 15 UV-Visible spectroscopy of the stability of cobalt phthalocyanine that is
absorbed on SBA-15-N1 in methanol solution at 70 °C
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Figure. 16 UV-Visible spectroscopy of the stability of cobalt phthalocyanine that is

absorbed on fume silica in xylene solution at 70 °C
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Figure. 17 UV-Visible spectroscopy of the stability of cobalt phthalocyanine that is
absorbed on FS-N1 in xylene solution at 70 °C
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Figure. 18 UV-Visible spectroscopy of the stability of cobalt phthalocyanine that is
absorbed on FS-N2 in xylene solution at 70 °C
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Figure. 19 UV-Visible spectroscopy of the stability of cobalt phthalocyanine that is
absorbed on SBA-15 in xylene solution at 70 °C
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Figure. 20 UV-Visible spectroscopy of the stability of cobalt phthalocyanine that is
absorbed on SBA-15-N1 in xylene solution at 70 °c.





