CHAPTER 3
RESULTS AND DISCUSSIONS

3.1 Synthesis and characterization of polymeric salens containing glycolic chain
(7,8 and 9).

All the polymeric sale itai
according to Scheme 3.1. &:ﬂ compounds were prepared
through tosylation of the g sylchloride. The nucleophilic
substitution of the ditosylates™ with 2 " hyde afforded the desired
‘ ‘ was performed using
e er\ monomers and 1,2

glycolic chains were synthesized

condensation reaction

The tosylation ofidic °ne § f i quivalents of tosylchloride in

tl{t !
dichloromethane as a solvent a\;e stal of ditosylate 1 (67%
The 'H-NMR spectrum of 1

P s ey b
(Figure 3.1) showed doublet of dpm S S ¢ aromatic proton (ArH) at 7.35 and

7.76 ppm and singlet t sjgnal of methyl p{;{o ?2.43 ppm instead of the
broad signal of hydro cylic protons at 4.39 ppm (HOCH,C} 130) found in the spectrum
of the starting dlethylenlyé'ii . | M

Like the dltosylateg, ester of dlethylene lycol (1) , the ditosylated ester of tri-

and tetraethyle ?ﬂr )ﬁ’ ﬂﬁ:rocedure that gave
white ncedle-hke&ifﬁ1 ﬁ a?; V[ﬁet er 2 and colorless oil o dltostylated ester 3
in 73% and
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HO—R—OH + TsClI

CH,C1] DMAP
00C | NE3
K,CO3
TsO—R—OTs + 2 HO cHo TBAL _ OHC 0—R—O CHO
CH3CN
1,2,3 OH 0-80 0C 4,5,6 OH

1, R = CH ;CH,OCHCH, / R = CH ;CH;0CH,CH, , 58% yield
é- CH2CH,0CH 2CH,0CH ,CH, , 32% yield

R~ CH,CH,OCH 2CH0CH 2CHO0CH ,CH; » 13 % yield

NH;
OH
> ( (<]
2 0,

=

o
In
= CH 2CH;OCH CH, , 79%yield

, 81%yield
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Figure 3.1 The 'H- s

The double nucle f the ditosylates with 2,4-

orT ] hyde products (4, 5 and 6) in
58%, 32% and 13% ylcld :f ct _ 1cally, 2 equivalents of 24-
dlhyldroxybenzaldeh)‘ﬁ: was mixed thh"i éq late 1 in acetonitrile in

iodide as a phase-trans:t}r agen ) thedlaldehyde product 4 was

accomplished by both coalu.mn chromatogra&y (hexane:ethylacetate = 70:30) and

recrystalhzatlo dl Js? Iwgr % uct as a white solid.
The lH-NMR 1gure showed the zﬁet signal o ﬁydroxyhc proton at
11.44 mmmn of the
salicylaioﬁl ma Q‘m ﬁ\m uﬁzﬁw proton was

attributed to the intramolecular H-bonding between the hydroxyl and the formyl
groups. The number of signals and their integration well corresponded to the

disubstitution of the tosyl groups onto the 2,4-dihydroxybenzaldehyde groups.
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2.0 f1.0 10.9 2.0 1.0 0.6

Figure 3.2 The 'H-NMR spectrumi of dicthylencglyeol bis(4-salicylylyether, 4

i
et

Product 5 and 6 were also's nd purified by the similar method to

the dialdehyde 4. However; the yie of prox aucir poorer than those of the

products 4 and 5. hv wer yield was L-‘ ormation of mono- and

trisubstituted products {11 anc ) w esiﬁﬂe products posted great
difficulty in the 1solat10n o.f the desired product 6.
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The polycondensation of the dialdehyde monomers (4, 5 and 6) with (R R)-
1,2-diaminocyclohexane mono(+)tartate salt was carried out in two successive steps.
In the first step, ethanol was used as a solvent to facilitate partial dissolution of the
tartrate salt and K;CO; base. Upon polymerization, yellow solid started to
precipitate. When the precipitation became fully visualized, ethanol was evaporated

off and THF was used in place as a sol to increase the solubility of the polymers
in the reaction. The solubility oww necessary for the polymerization

to proceed toward higher \“ 4 weigh olycondensation yielded the
desired polymer 7 in 79% Wye | ———

at 8.01 ppm and the broad
signal of cyclohexane prg at’ [ spectrum together with
the disappearance of sing gual of aldeh Proton at 9.70 and confirmed the
urtherme ad‘peak of hydroxylic proton
at 13.77 ppm resulted {ro ¢ -bonding of the phenolic

o
Tri- and tetraethyleng lycg‘_ﬁ%}?ol

J._\rl

e

yields (81% and 83% yields, respecively) by

o

P
e

E
—

Figure 3.3 The 'H-NMR spectrum of polymeric diethyleneglycol salen, 7
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3.2 Molecular Weight Determination

The molecular weight of all synthesized polymers were determined by both
'H-NMR and GPC methods.
1. 'H-NMR method.

The number average molecular weight (M) was calculated from the ratio of

peak integration of the proton signal of the i
integration of the proton signal of thqt A

signals of the internal repeatin 8.00 pp
N
d

terminal units at 8.20 ppm wer the

used as the nominator.

terminal iminit_;?l

proton

AULANENINYINT®
R A TR

2, GPC me!hod.

GPC (Gel-Permeation Chromatography) is a very useful means for

determination of both number and weight average molecular weight (M, and My).
The GPC analysis was carried out by using chloroform as a mobile phase at 25 °C,
flow rate: 0.5 mL/min, detector: Jasco UV-970, A: 275 nm. The molecular weight
were obtained by using a calibration line from the polystyrene standards. Table 3.1
showed the results obtained from GPC.
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Table 3.1 Molecular Weight of all polymers obtained from 'H-NMR and GPC.

Polymer Number of repeating units GPC analysis
(rpu) from '"H-NMR ~ Number M, M,
of rpu

((EG)sab)a (7)
((EG)ssabn (8)
((EG)ssal)a (9)

12 5,100 12,300

2 / 11 5250 9,980
Yy =

17,500 20,800

* 'H-NMR of ((EG)4sal), showed
terminus) and 9.90 (aldehydic chai

jgnal_of chain_terminal at both 8.20 (iminic chain

From Table 3.1,
half of those obtained £

the polymerization was ap

faincd from GPC was only one
¢ oligomers (13) as part of
s differences'”'®

0 \ sating units obtained from 'H-

. These cyclic
oligomers have no chain te

NMR were thus over estimated. )

3
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The 'H-NMR signal of polymer 9 showed no observable signal of the chain
terminus implying a high molecular weight of the polymer. The GPC results also
showed that M, of polymer 9 was about three times higher than those of polymers 7
and 8. However, later synthesis of polymer 7 and 8 also showed no observable signal
of the chain terminus on 'H-NMR indicating the high molecular weight of these

g

U
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3.3 The complexation studies and their solubility tests

The complexation reaction of synthesized polymers with various metal ions
was performed by reacting 1 equivalent of polymer with 1.1 equivalents of metal
solution in the presence of 2.6 equivalents of CH3COONa as a base. The color of the
polymeric solution was immediately changed upon the addition of each metal

solution inferring the occurrence of the conwl;x. Table 3.2 showed the color of metal

salen complexes. \

S

Metal ions // Color of complexes

-
-

\ Red

P “Brown

The solubilities of all compléxes wi

r

rl .-_.J_‘pf

e £ g

3.3). All metal complexes obtained om pol
o
not soluble in any OrWTvcllla. T

diethylene glycolic chain Erjcorpomtedinto the

hat the flexibility of
i

waﬂinsuﬁ'lcient to overcome
the rigidity of the metal—saLexg)uilding block. The longer glycolic chains, tri- and

tetraethylene glyﬂcﬁﬂ@eﬁ , MWﬂqﬂdgy of the polymeric

complexes and thas the solubility. Indeed, the complexes of polymeric tri- and
tetracthyles icsal C ff I % )Tﬁ le in some
solvents. B{hﬁsﬁlﬁﬁ flﬁmoj;[ﬁ ;lji e )EISS since cobalt
contains add electrons and can acquire an additional electron through bridging.
However, the cobalt salen complex was soluble in some solvents when the complex
was prepared by using 0.6 equivalent of the cobalt ion reacted with 1 equivalent of
the polymer. Therefore, it is not likely that the insolubility of complexed polymer
was due mainly to the crosslinking since the partially complexed polymer was

soluble. At the presence, we have no definite explanation for the fully cobalt

complexed polymer.



Table 3.3 The solubility tests of all metal salen complexes.
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Complexes

Polarity
Solvent (low

» high)

Hexane CH,Cl, CHCl;  EtOAc DMF

H,O

<
:

(V-(EG)zsal)s

(Mn'(EG)Zsal)n
(Co-(EG),sal),

(Ni'(EG)Zsal)n
(V-(EG)ssal)s

(Mn-(EG)3sal)n
(Co-(EG)ssal)q

(Ni-(EG)ssal)n
(V-(EG)ssal)n

(Mn-(EG)ssal),
(Co-(EG)ssal)n

(Ni-(EG)4sal)n

X

X X X X X X X X X X X

X X € X X X ¢« X X X X X

X X ¢« X X X <« X X X X X

AuLINgNIneng
RIAINTUNRINEIAY



44

The '"H-NMR of all soluble complexes were acquired. However, due to the
paramagnetism of the transition metal ions, the spectra contained very broad signals
that did not enable the determination of degree of the complexation. Therefore, the
determination of the degree of complexation was investigated by Atomic Absorpsion
Spectroscopy (AAS). The results confirmec the incorporation of metal ions into
polymeric structure (Table 3.4).

between nickel and manganese

ce in the degree of complexation
resulted from the geometry

— -.....__'—_"

Table 3.4 1
able Degree of comp j ! ] i\\ﬁ\.

Polymeric salen co I/ / / 5 '\\\\\\\ metal ions

oo 2 ’A\\F 7

]
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3.4 Electrochemical Studies

3.4.1 The studies of the effect of electrolyte

The electrochemical properties in both aqueous and non-aqueous system of
the synthesized polymer complexes were studied by using cyclic voltammetry.

In aqueous solution, metal salen complex was coated on a Pt working

electrode and the cyclic volta.mmetry as performed at the scan rate of 0.2 mV/s

using PBS solution pH 7.4 as a buffe ‘- aqueous condition, there were no
voltammetric peaks when all modified measured in PBS solution.

Figure 3.5 showed thewweltammograr 1 )ssal), modified electrode

8.00E-04 1

6.00E-04 |

4.00E-04 -

current (Amp)

P

-2.00E-04

-4.00E-04 -

Figure 3.5 Voltammogmm of Pt and (Ni-(EG)4sal),, coatemelectrode

The abﬂuﬂ ANEDINEIDT. et o

the slow rate of charge propagation into the polymer-film from the aqueous medium’.

B, B 1] 1 bRt I A e 3.9

correspon%ing to the oxidation of metal ions™"”.
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Table 3.5 The redox potential of all complexes in non-aqueous solution.

current (Amp)

current (Amp)

Potential (V)

Complexes o Fu Chemical reaction
(Ni-(EG)4sal), 0.65 0.38 Quasi-reversible
(V-(EG)ssal), - Irreversible
(Mn-(EG)4sal), Irreversible

. ’ —
Although all complexes showed the voltammetric signals in non-aqueous

condition, only the signa
(Figure 3.6). Further inye

es manifested redox peaks
won the (Ni-(EG)ssal), coated

electrode unless stated 6thecw

1.40E-04

~ARANTUUMNINTIF -

2.00E-05 -

i-(EG),sal), coated electrode

ﬂ‘UEl’JVlEWI‘iWEI’]ﬂ‘i

0.00E+00

-2.00E-05 -

T T T T T
0.2 0.4 0.6 0.8 1 12 1.4

potential (V)



47

8.00E-05 |
7.00E-05
EooRRR: (Mn-(EG),sal), coated electrode
5.00E-05
4.00E-05 -
3.00E-05

current (Amp)

2.00E-05 -

1.00E-05 -

0.00E+00

Figure 3.6 Voltammogr Al-salen cc _ lexes modified electrode.

e were diminished on the

ecrease of the amount of

The redox signals of
repetitive scans. The dg
electroactive Ni** species femaine ; « 1ﬁed electrode presumably
due to the non-reversible ads ‘ _ ' 1 e similar event was also
observed when modified electrode was uise : detect some analytes. The discussion
of this experiment would thus be exp! ’

7.00E-05 -
6.00E-05 -
5.00E-05 -

4.00E-05 -

current (Amp)
s
;
=
> =

Figure 3.7 The voltammogram of (Ni-(EG)ssal), modified electrode with (a) 1% ,
(b) 5™, (c) 10™, (d) 15" and (e) 20™ scan.
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3.4.2 The sensitivity of metal-salen modified electrode to selected
organic compounds.

As a tetradentate ligand, salen normally occupies four coordination sites on
metal ions leaving one or two coordination sites for more labile ligands. Any organic

compounds containing lone pair electrons may act as a labile ligand interacting with

the metal-salen complex at these free s1tes This interaction should bring about
certain degree of disturbation on U;ﬁ% f tential of the metal complex. First,

the (Ni-(EG)4sal), modlﬁed e \&prehmmary test for sensoring of
pyridine. The cyclic volt?as p&fo on-aqueous electrolyte with
(2.48 x 10" M) and withou The vo! am (Figure 3.8) displayed the
i shifted from the peak of

ic wave of the modified

anodic peak of the solutio
solution without pyridi
electrode was disappe ' _ eli e@ was performed in the

presence of pyridine.

:

Absence of pyridine
2.48 x 10" M pyridine

current (Amp)

§§§§§§

—-

ﬂuﬂdﬂBWiWﬂﬂﬂﬁ

potentlal(V)

o QA AR FRNAAFVIINA Y s

contammg 2.48 x 10" M pyridine using (Ni-(EG)ssal), as working electrode.

In successive addition of pyridine, the decreasing in magnitude of the current
was also observed together with the shift of the potential. This result implied that the
interaction between pyridines and nickel central ions affected the electronic property
of (Ni-(EG)ssal), that led to the shift of the anodic signal. Moreover, the

disappearance of the cathodic signal was also observed in the first scan (Figure 3.8).



current (Amp)
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The following electrochemical process was purposed to explain all of the observation.
Obtained from the oxidation of the (Ni-(EG)ssal), coated electrode, Ni** species, due
to their instabilities, would acquire an electron from pyridine and were then converted
to more stable Ni#* species. The generated reactive pyridine radical cation would be
likely to polymerize to give polymer film covering the surface of the modified

electrode. This adsorption effectively obstructed further electrochemical reaction at

the central ion resulting in the \.‘ isapy
disappearance of both oxidativ re in the next scan (Figure 3.9)
were also supported the k"‘me adbl'p@ihesm Moreover, this non-

jals on the surface of the

e of the cathodic wave. The

reversible adsorption of

electrode may also well ¢ signal observed in the

voltammetric experimer e absence of pyridine,

d Wy
acetonitrile, used as a so ay serve.as.an electro duwr but to the lower extent

than pyridine. The signals werg i : ained observable.

5.00E-05

4.50E-05 ]
4.00E-05 -
3.50E-05 -
3.00E-05 -
2.50E-05 -
2.00E-05 -
1.50E-05 -
1.00E-05 -

1 ¥ scan

2 " scan

potentlal (V)

awwmnmumwmaﬂ

Figure 3.9 The voltammogram of (Ni-(EG)ssal), modified electrode in the presence
of 2.48 x 10" M pyridine on the repetitive scan.
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To verify adsorption hypothesis, the modified electrode was sonicated in
distilled water for 5 minutes and then dried under purging N,. The voltammogram of
this sonicated electrode (Figure 3.10) showed almost full recovery of the oxidation
current. This result indicated that sonication was rather efficient for desorbing

adsorbed polymeric materials on the surface of the modified electrode.

1.50E-04 p
17 scan

1.30E-04 |
1.10E-04 2" scan
9.00E-05 |
7.00E-05 |

5.00E-05 -

current (Amp)

3.00E-05 -
1.00E-05

-1.00E-05

Figure 3.10 The volta orameof recys s (Ni-(E ssal), modified electrode in

electrolyte containing 1.24 x 10"

Moreover, the-¢ unt_of pyridin ;:'-‘;_-;1'-_—*;5;.7.;{;;. not be detected by
using a glassy carbon mf- K11 !'ﬁ; ciore, in compar ison with

the voltammogram obt| ed from (Ni-(EG)ssal), coated electrode, the modification of
our metal-salen exes o Y. 1 de could enhan
the sensitivity ﬂﬂﬁﬁtﬁmﬁ mlfi igm o "
v ¢ a /
ARIANNTUARIINE IR Y
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2.00E-04

1.50E-04 -|

1.00E-04 |

current (Amp)

5.00E-05

Other organic co s/ containing lone pair electron such as styrene

oxide, methanol and nalytes in the preliminary
tests. The shift of the o sappearance of the cathodic wave
were also observed whe ‘hioditied e ire :\ was placed in non-aqueous
electrolyte containing 1.76 ‘ \ aﬁd 4.97 x 10" M methanol
(Figures 3.12 a and b). The sh : the oxidation signal for styrene oxide and
methanol was ,howewver as_distinctiv as .observed in the case of
pyridine. y—f :"

) (
AUEINENINeINg
RINNINUNININY
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Absence of methanol
176 x 10" M stuzerTesith ’ A 4.94 x 10" M methanol

(b)
Figure 3.12 The volt - e and p esence of (a) styrene oxide, (b)
methanol. | e .\ '
Unlike other analytgs, the vol l, nogr: n o ickel salen modified electrode
in electrolyte containing 100" plL-+ yib la \- e (7.86 x 102 M) showed 2

oxidation peaks at 0.42 and 0.80 ¢
of Ni** and methylbenzylami

srresponding to the oxidation signals

— Y}

6.00E-05 m
5.00E-05 - :

E Jeie
RN TR TG Y

potential (V)

Figure 3.13 The cyclic voltammogram of (Ni-(EG)ssal), modified electrode in the
presence of 7.86 x 10> M methylbenzylamine.
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The difference in the anodic shift of all analytes, at the similar concentration,
implied the different sensitivity of the (Ni-(EG)ssal), coated electrode toward each
analytes (Table 3.6).

Table 3.6 The concentration and potential shift of all analytes detected by
(Ni-(EG)4sal), modified electrode.

Analytes Potential shift (V)
Methanol / ) 0.04
Styrene oxide w— 7% IQ 0.02
Pyridine 48 x 107 0.18
Methylbenzylamine " A .g * \ 0.23
The largest shiit it . .~‘:" ,\ © -'; mmogram of electrolyte

containing 7.86 x 107 fom the strongest basicity of

the methylbenzylamine.

electrolyte, was selected to repl e éﬁrode in the sensoring test
of" (Mn-(EG)4sal),, modified

o )T 1111131 4 I
methylbenzyl ?yr ent was observed
gure3ul4)

W18

of methylbenzylamme The cyclic voltammogram

proportional to the concentration of &il

AR1ANN I
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2.50E-04 -

§

7.86 x 10> M methylbenzylamine

:

3.93 x 10 M methylbenzylamine

current (Amp)
g 3
£

:
3

Figure 3.14 i ' off (Mn(EG)ssal), modified electrode in the

presence of methylbe erent. Col

The cyclic voltamm; // \\ ; o methylbenzylamine using
cle

( f‘ - iparison (Figure 3.15). The
Pe

methylbenzylamine could/be @xig -u_ i ~ : g » modified electrode at the

similar potential and with sher oxidation s rent compared with that of at the
S 1A P '

unmodified glassy carbon €lectrode, suggesting that (Mn-(EG)ssal), modified
: |

i

electrode showed the higher se f

glassy carbon as worki

ethylbenzylamine than unmodified
glassy carbon electrode.

— (]\'mEG).‘sal)Il modified electrode

= AU INENINET—
SUURIINYIAY

u T T T T |
0 0.2 0.4 0.6 0.8 1 12 1.4 1.6
potential (V)

Figure 3.15 Cyclic voltammogram in electrolyte containing 7.86 x 102 M

methylbenzylamine using a different working electrode.
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Furthermore, our metal salen complexes contain chiral center which probably
can interact differently between 2 enantiomers and thus the difference in the
magnitude of the shift of the voltammetric signals. The detection of chiral organic
compounds were thus also prompt our interests. The (RR) and (S,S5)-1,2-
diaminocyclohexane were used as the model chiral organic compounds detecting by
(Ni-(EG)4sal), coated electrode. The vltammogram of electrolyte containing 1 x 107

1.10E-04 | / \ TN\ » > M(S,5)-1,2-diaminocyclohexane
9.00E-05 | |
7.00E-05 |
5.00E-05
3.00E-05 -

1.00E-0S -

S
ntaiting (R R) and (S,S)-1,2-

diaminocyclohexane using (Ni-(EG)ssal), as working electrode.

AUEINENINYINg
RIAINTUNRINEIAY

Figure 3.16 Cyclic olta
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3.4.3 The linear range of modified electrode to the analytes

For quantitative analysis, selected analytes were tested to find out the linear
range toward metal-salen modified sensor. First, the linear range of pyridine was
measured from the shift of oxidation peak of Ni** signal resulting from the successive

addition of the pyridine in acetonitrile containing TBAP by using nickel salen coated
electrode as working electrode. ential shift were proportional to the
I) 48 x 10? to 1.48 x 10" mol/L

concentration of pyridine withi
(Figure 3.17).

0.18
0.16 -
0.14 4

s o \\
£ o1 \»\ 00026
£ 0.08 | \ ;
g
& 0.06 *,
0.04 - 1

0.02 -

0.16

Figure 3.17 The plot een the potential shift and the mncentration of pyridine.

e 1l W) A NN AHEADT e e e

measured with tm similar method and found that.the linear range of both analytes

e et Y T
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y=9.6x + 0.0328

potential shift (V)
2
2

0.01 -
o -
0 0.006
0.12 -
o1 -
|
S 0.08 -
= 006 - y= 14514x + 0.0238-
H ‘ = 0.9942
g | = ()
2 0.04 - __' | ‘ i
- ARYINYNINYING
002 - q
i ¢ o o/
1 _2 " 3 . i r" » . H
q concentration of (S,S)-1.2-diaminocyclohexane (M)

(b)

Figure 3.18 The plot between the potential shift and the concentration of (a) (R,R)-
and (b) (S,S)-1,2-diaminocyclohexane.
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As mentioned earlier, methylbenzylamine was measured by using
(Mn-(EG)4sal), modified electrode. The linear range of this analyte was determined
from the oxidation current of the methylbenzylamine resulting from the successive
addition of the methylbenzylamine in acetonitrile containing TBAP. The oxidation
currents of the electrode were proportional to the concentration of methylbenzylamine
within the range from 2.36 x 10? to 5.5 1’/0'2 mol/L (Figure 3.19).

2

120 -

g

®
(=]
|

current (uA)

& 8

1

0 0.01 j 0.04 0.05 0.06
eI\ 2

<7}

betwe , tm of methylbenzylamine.

Figure 3.19 The plot " _
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