CHAPTER 1

INTRODUCTION

1.1 Salens and their applications
Tetradentate Schiff base containi
(salicylaldehyde)ethylenediamine or

|

N and O atom donors, N,N'-bis
;’ 1l-known class of ligands for

complexing transition metal i ™ of synthesis, its high

complexation ability with - w structure, salen has

attracted much attention.

It has been fo show many interesting
properties such as DN $ \*‘ ric catalysis™ . Not
only the small molecula ~sale lens have been extensively

studied. Polymeric sale s different from small
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is show some interesting prope



1.1.1 Liquid Crystal
Salens illustrated in Figure 1.2 manifested an enantiotropic smectic C
phase'®. Liquid crystal property of these ligands is a result of an intramolecular H-
bonding between hydrogen of the hydroxyl group and the iminic nitrogen, forming
six-membered ring. CTonsequently, the planarity and polarizability of the molecules

were increased as the rotation of sever: ds become more restricted.
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Figure 1.2
The effect of the : '_aﬂ(yl ubstituents of these salens were
also studied and found that : ited nematic mesophase while
the longest chain showed sm eC The intermediate chain length
b R = .
displayed both nematﬁand smectic mesophase. The stra nidipole-dipole interaction,

together with the le 2th “of the molecules, made misaligr t of the molecules more

The mcorporatxon of copper into Schlffbase (L) ligand (Figure 1.3) led to a
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Figure 1.3 The structure of copper salen complex.



The polymeric salens containing paramagnetic copper ions were also
synthesized (Figure 1.4). The molecular alignment of the polymers could be
controlled by tuning the magnetic field'?.
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1.1.2  Electrochemcial sensors

1.1.2.1 Nitric oxide

The electropolymerized film of Ni-salen (Figure 1.5) on a Pt electrode could
be used as an electrochemical sensor for determination of nitric oxide. This sensor
displayed very low detection limit (5 x 10 mol/L), high sensitivity and selectivity to

NO and is promising for in vivo measur t of NO2

1.1.2.2 Iml
The electropol x of the half-unit 2,6-

dlacetylpyndme-mono(ethaylenedlamlne) (F1 1.6) on glassy carbon could carry
out indirect e mmcompounds (Figure
1.7), which aﬁ'ﬂ %ﬂmw etry confirmed that this
modifie ﬁ! nding amino
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Figure 1.6 The structure o sper cong electropolymerized for testing
electroreduction of imino ...--.-“:_
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1.1.3 Asymmetric catalysts

Metal salen complexes are one of the most rapidly established class of
asymmetric catalysts. With the growth in interest in enantiomerically pure
compounds for the pharmaceutical and agrochemical industries, it is not surprising
that in the last decade attention has focused on chiral salen ligands, and in particular
on the use of their optically pure‘ m 11 c mplexes as asymmetric catalysts. By
changing the central metal iog:?l m
reactions with a good yield @Ménantio

1 S.
4 S
The chiral Mn(IIT)-schi e mplm as Jacobsen’s catalyst, is
currently one of the ien %ta‘lyst aVE‘ﬂnb& for the enantioselective
b §

of salens can catalyze various

epoxidation of unfunctio i

1.8).  Enantioselective epoxidations
of simple olefins using o

to 97% yield with
depending on the substr.

Figure 1.8 Us?;]r‘ w-ﬂ‘;nﬁowlw%w:g GTlﬁiﬁalised olefin.
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benzaldehyde, respectively, with both good yield and excellent enantiomeric excess.

The catalytic properties of small molecular salen complexes were already
widely studied, therefore the study of polymeric salens were the latest outstanding
topic for the researchers.

The copolymerization of styrene and divinylbenzene with Jacobsen’s catalyst

yielded the corresponding crosslinked polymers (Figure 1.9)%.



D i¥-(1-62 %ee). The poorer

the homogeneous system may

be the result of the rigiﬁﬁy of't

complexes showed high a,activities and enantioselectivities, the polymeric salens

provided pot@u ngj iﬂeﬂ ﬂdﬁ:ﬂﬂﬁﬂ ?T he activities and

enationselectiv remain challenging in the development of novel heterogeneous

catalytic.sy. o —y \of
ﬁqomangaa jmm alm&latﬂn each salen

unit were synthesized (Figure 1.10)°. The enantiomeric excess of products obtained
from these catalysts were improved (25-91 %ee) almost as high as homogeneous
system. The flexible chain increase the solubility of the catalysts in the reaction
medium. Moreover, the catalysts could be precipitated in an appropriate solvent and

recycled effectively several times resemble to heterogeneous catalysts.
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1.2 Gel permeation chromatography'*'

Although not a primary method for determining molecular weights, gel
permeation chromatography (GPC) or size exclusion chromatography (SEC) has
developed into one of the most useful methods for routine determination of average
molecular weights and molecular weight distributions of polymers.

GPC is a form of liquid chromatpgrrphy in which the molecules are separated
according to their molecular size. The pro involves injecting a dilute solution
of a polydisperse polymer into a contmuous*ﬁf;u.»of solvent passing through a
colummn containing tigh@pd _lmic%porous g?:l_;;a_rticles. The gel has particle
sizes in the range 5-10 M to give efficient packing and typically possesses a

ich correspond to the effective size range

of polymer molecules. Se; ‘the moiecules oceurs by preferential penetration
les into the p%res, small molccules are able to permeate
c pared to’ tﬁe larger sized molecules so that their rate

Jli’d"

1s cprrespo mgly slower. The continuous flow of

FrEY

f tﬁe molem ’qccdrdmg to size with the larger
molecules being eluted first and tFEsmalleF@chules, which have penetrated more

deeply into the pores, rgqulrmg longer elutlon times. It foleWS that the time or, more

usually volume of thejﬁmnﬂs inversely propoﬁoﬁ"ﬂje molecular size. If the

pore size is too small to | qerrmt penetration by any of the molecules, or if the pore size

of passage through the co

solvent leads to separatio

is so large that all of the molecules can penetrate with the same relative ease, there
would be little/or %o separétion of’ the molecules.”’ Consequently, selection of the
column packing imaterial to have the appropi‘iate pore size distribution is crucial and
different columns are ,usually required . for,-polymers shaying- w1dely different
molecular wmght dlstrlbutlons
The essential requirements for a GPC chromatograph (Figure 1.11) are:
1. Solvent delivery system: capable of maintaining a constant linear velocity flow.
2. Column(s) containing suitable microporous gel particles to produce the necessary

size separation.

3. Injection system: capable of delivering accurately small volumes of sample

solutions without disturbing the solvent flow.
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4. Detection system to monitor output from the columns and to provide continuous
quantitative and possibly qualitative data on the fractions being eluted.

5. Recorder to give continuous output traces.

Sample .ot / ' \ f 1& “.
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_Eftion tme
- Chromatogram

idad X\
Figure 1.11 Sche “typical ion chromatograph.
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A typical gel permeation éhmato@igure 1.12) plots detector response
against the volume of dilute polymér so}ﬁm passes through the column (the

elution volume, V;). \_‘30 obtain molecu retention volume, the

chromatogram may TJJ_pompared with a re romatogram obtained with
fractions of known aveulge molecular welght in the saﬂal solvent and at the same

temperature.
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polymer is that yw standard samples of narrow molecular weight ,distribution are
e R b i Wt s s
unity are ‘available over a wide range of molecular weights (600-2.5 million) and
these are often used: if one is dealing with a polymer other than polystyrene,
however, the molecular weights thus obtained are at best approximate and may in

some instances be seriously in error. To circumvent this difficulty, the universal

calibration method is employed.
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1.3 Cyclic Voltammetry"’

Nowadays, sensor based on electrochemical techniques has become an
important tool for detection of numerous substances due to the electrochemical sensor
possesses comparatively low detection limit, high selectivity and sensitivity, and

quick response to analytes. Among many methods in electrochemical measurement,

cyclic voltammetry is the most pop
rates of oxidation/reduction proceqsés,

Cyclic voltammetry ed on principles as linear sweep
voltammetry. In this technique, as sho S .13, the initial potential (E;) of

m 1 - 1
the working electrode is increased early | 'm\h&g‘mﬁl reaching a certain value
is the

iques for the study of mechanisms and

in organic and inorganic systems.

(Es), so-called switching petentialy ths ntial i canned back.

o FT‘UET ehiEN ?Wﬁ]’ﬁﬁ o

In Flgure 1.13, the reverse stan is set to the end at the initial potential, but

this dods ol v b g i erk e plgmie e
The key advantage of cyclic voltammetry over linear scan voltammetry
results from the reverse scan. Reversing the scan after the electrochemical generation
of species is a direct and straightforward way to probe its stability. A stable
electrogenarated species will remain in the vicinity of the electrode surface and yield
a current wave of opposite polarity to that observed in the forward scan. An unstable

species will react as it is formed and no current wave will be detected in the reverse

scan.
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The curve which show the relationship between current and voltage is called
cyclic voltammogram. A typical cyclic voltammogram is shown in Figure 1.14.
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0.2

Current (Amp)

There is a peak fo ard and reverse sides of the cyclic

voltammogram. Oxidation has ecourred during forward part of the scan, with

reduction taking place during the reverse part. If the scam was going negative from
e A

E;, then reduction would ¢ of the scan, and oxidation

during the reverse. No ‘" ally, cyclic voltammogram could be used as an important
tool to define th evermbtﬁ f a redox reaction. The reve ‘\%ty of a redox couple

could be decid Mgﬁ;ﬁﬂﬁl’]
q W']vﬂﬁ ATUNIINYIRNY

. The peak potentials, E,c and E,,, are independent of the scan
rate (v).
3. E’is positioned midway between E,. and E,, so

E° = (Epa+ Epc)/2

4. 1, is proportional to v'
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5. The separation between Ejc and Ej, is 59/n mV for an n electron
transfer type.
*pc = peak cathodic, pa = peak anodic

ertainly not reversible if one or more of

/
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1.4 Objectives and scope of the research

Salen compounds possess numerous interesting properties such as liquid
crystal property, nitric oxide sensoring and asymmetric catalysis. Polymeric salens
probably have the different interesting properties from small molecular salens
because of their polymer characters. However, polymeric salens, nowadays,
encounter a problem in solubility due tothe rigidity of the salen building block. This

aswell as their complexes.

To increase the solubility of sinpGuads, in this project, the flexible
glycolic chains were incorporatedinto the salen ligand. Moreover, the glycolic chain
length were varied to investightothe exible ehain to the solubility of salen

1

\\
Furthermore, our i E also-con ‘\\\\ 7
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the use of polymeric salen

complexes as an electre : \ were also examined to find

out the selectivity of the ified p alen sensors.
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