CHAPTER 11

RESULTS AND DISCUSSION

3.1 Synthesis of Macrocyclic and Open-chain Schiff-base

Compounds

3.1.1 Preparation of Bis(salicylaldéhyde)TVe - thylene
diimine: Salen and Bis (salicylaldéhyde)nN N -tri

methylenediimine: Saltn

The synthetic processes for Salen and Saltn were
described as process | and |l, respectively,in Scheme IV.
The starting material for the preparation of Salen, sali-
cylaldéhyde, was introduced to react with ethylenediamine
in ethanol which called "Schiff-base" reaction. The absence
of water and cooling condition were nescessary. The pure
Salen was obtained as bright yellow precipitate after re-
crystalization from warm acetone with a good yield, For
Saltn, the process was similar to the preparation of Salen
by using 1,3 diaminopropane instead of ethylenediamine and
the desired product was obtained as greenish yellow preci-
pitate. Methanol and/or ethanol could be used as solvent
in this reaction and petroleum spirit,40-60 °c, was chosen
as solvent for recrystallization. Particularly,warm acetone

can not be used in this reaction because the solution be-



38

came oily after dissolving the greenish yellow product

in acetone.

3.1.2  Preparation of 1,4 Bis (2-formylphenyl)-1,4
-dioxabutane: O-en and 1,5- Bis(2-formylphenyl)

-1,5 dioxapentone: O-tn

Salicylaldéhyde was also employed as starting
material for preparation of both O-en and O-tn. Williamson
condensation between salicylaldéhyde and dibromoalkane
was used in the present work to obtain dialdehyde  O-en
and O-tn as [II,V respectively in Scheme IV. The reac-
tion time for O-en was a little longer than for O-tn.
Dichloroalkane could also be used instead of dibromoalkane
but reaction time to obtain the product was much longer and
the the yield was lower than using dibromoalkane.  This
was due to the stronger CI-C bond than Br-C bond. The pre-
sence of nitrogen flow was very important to protect oxida-
tion from air during the reaction. The disappearance of
the reactant and the formation of the products were mo-
nitored by TLC. After the reaction was completed, the
solution was stirred on ice at 0° until the precipitate
was produced then left stand at 0G in the vrefrigerator
to produce more crystals. Both products (O-en and O-tn)

were recrystallized from chloroform :ether (50:50)solvent.



39

VI

NHy NHj

h2 dn2

0
Br Br

nh2 nh?2

o

NH, NH,

Abs. EtOH
0°c

., Lo
C=N N=C

W N M

Abs. MeOH OH HO
: :C=N = @
(U

NaOH 0o é)
Reflux under N2 A

50 hrs g 8

Abs. MeOH @\/d (6]
Reflux -90 mins C=N N=C

H/V\H
£y

....N..a.Q.l:l ....... ) @ o)
Reflux under N2 (f’ﬂ“::©
45 hrs | il
0 o}
Abs. MeOH
Reflux 3 hrs e C f b ®
H' ¢ e Xh

Scheme IV




40

3.1.3  Preparation of 3,4,9,10-Dibenzo-1,13 diaza-5,9
-dioxacyclohexadecane-1-12-diene O-en-N-tn
and 3,4,10,11-Dibenzo-1,13-diaza-5,9-dioxacyclo

hexadecane-1-13-diene O-tn-N-tn

O-en-N-tn and O-tn-N-tn were successfully synthesized
by reacting 1,2-diaminopropane with corresponding dialdehyde
in methanol as IV and VI in Scheme IV. The macro.cyclic com-
pounds can be isolated from the methanol reaction solution by
the addition of water. O-en-N-tn was obtained with good
yield (92.86 % while the reaction yielding O-tn-N-tn gave a
vary low yield (29.5%). This was propably due to the possi-
bility of polymer formation. The other synthetic route
to synthesize these macrocyclic Schiff-base compounds was
also tried by first reacting the salicylaldéhyde with di-
amine to obtain Saltn and then reacting Saltn with  appro-
priate dihaloalkane to cyclize the ring but the last step of

cyclization was unsuccessful.

Some physical properties of all synthetic compounds
are listed in Table 3.1.



Table 3.1 Physical properties

Compound

Salen

Saltn

O-en

O-tn

O-en-N-tn

O-tn-N-tn

Color

bright yellow

greenish yellow

cream

Spale cream

white

white

of the synthetic compounds

120-121

50-51

123-124

91-92

149-150

155-157

yield (%)

91.79

87.94

44.80

92.86

59.80

29.50

41
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3.2 Structural Elucidation of the Synthesized Schiff-

base Compounds.

3.2.1 Infrared Spectroscopic Properties of Schiff-base

Compounds

IR spectra of all compounds were obtained as KBr
pellets as shown in Figures 3.1,3.5,3.9,3.13.3.17,and 3.21,
and their main IR bands were listed in Tables 3.2. IR spec-
tra of Salen and Saltn were essentially the same as shown
in Figures 3.1 and 3.5 ,respectively. Of specific interest
was the C=N stretching around 1640 cm-1 and 0-H stretching
around 2800 cm-1 which were observed to shift from normal
0-H stretching (3200-3600 cm-1)due to formation of hydrogen
bond hetween hydrogen atom from 0-H group and nitrogen atom
at  C=N. IR spectra of O-en and O-tn,Figures 3.9 and 3.17
respectively,showed a very strong band at 1690 cm-1 of
C=0 stretching (carbonyl group) and a strong band at 1600
cm- % of C““C stretching (aromatic mode). IR spectra of
both macrocyclic Schift-base compounds (O-en-N-tn,Figure
3.13 and O-tn-N-tn,Figure 3.21 appeared to Dbe similar to
each other and each exhibited C=N stretching band at 1630
-1635 cm-* which confirmed the Schiff-base condensation
between 0-en,0-tn and diamine. This was further confirmed

by the absence of the carbonyl absorption band(1690 cm-1).
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3.2.2 Nuclear Magnetic Resonance Spectroscopic Properties

of Schiff-base Compounds

Both proton and carbon-13 NMR spectra were studied
for each compound synthesized in this work. The proton NMR
spectra were able to characterize aliphatic and aromatic
proton patterns while carbon-13 NMR spectra indicated the
number of carbon atoms and their positions. CDCI3 was used
as solvent of choice for NMR study thoughout this work.

The obtained 1H and 13C NMR spectra for all Schiff-base
compounds,Figure 3.2,3.3,3.6,3.7,3.10,3.11,3.1,4,3.15,3.18
and 3.19, were assigned as detailed in Tables 3.3 and 3.4,
respectively. These spectra were in accord with the pro-
posed structures. NMR spectrum of Salen,Figure 3.2, was
quite simple,due to the symmetrical structure. It consisted
of peaks in three regions, one of which was a sharp signal
occurring at 3.8 ppm due to the protons of methylene groups
(0 2). The second region, between 6.8 and 7.3 ppm,is cha-
racteristic of the aromatic protons. The signal at 8.3 ppm
has heen assigned to the imine protons (-HC-N-). The third
signal at 13.2 ppm was due to phenolic protons and the broad
appearence indicatede that it probably was involved in intra-

molecular hydrogen bonding (N'**H-**0)

*3C NMR spectrum of Salen as shown in Figure 3.4
has eight main peaks as listed in Table 3.4. 13c nwR spec-
tral data were also consistent with the proposed structure
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for Salen. Figure 3.6 shows spectrum of Saltn,it was
more complicated than that of Salen by an increment of the
quintet peak at 1.9-2.1 ppm which indicated the presence of
a methylene group in between two methylene groups ( -0 2~
CH2-CH2-). Its 13c NMR spectrum (Figure 3.7) confirmed the
structure of Saltn by showing nine peaks in the spectrum
at appropriate ppm's.  NMR spectral studies of O-en and
O-tn in CDCI3 revealed in Figures 3.10 and 3.11 for O-en
and Figures 3.18 and 3.19 for O-tn, O-en could be dis-
tinguishes from O-tn by a difference in number of carbon
atoms in aliphatic chain which was also exhibited by an
increment of the quintet signal of the methylene group at
2.3-2.5 ppm for O-tn, other signals were assigned  as
detailed in Tahble 3.4. NMR and NVMR spectra for
the macrocyclic compound ; O-en-N-tn were exhibited in
Figure 3.14 and Figure 3.15, respectively. Both *H and
13¢c NMR spectra of O-en-N-tn  show the expected pattern
confirming the presence of imine, aromatic and methylene
protons as detailed in Table 3.3 and 3.4. On the other
hand, and 13C spectra of O-tn-N-tn were a [little more

complex as also shown in figure 3.22 and 3.23 respectively.
3.2.3 Mass Spectrometry of Schiff-base Compounds
Mass spectral studies were also done to support the

proposed structures for the synthesized compounds. The ma-

jor features and the postulated fragment ions of each
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spectrum were summarized in  Table 3.5.

The mass spectrum of Salen, Figure 3.4, exhibited
the molecular ion peak at m/e 268 and also shew the peak
(Mt+1) at m/e 269. In this case the molecular ion was the
base peak. In addition,it shew ion corresponding to half
the molecular ion (m/e 134), ions resulting from cleavage
of nitrogen-carbon bond of the diamine (m/e 122) were also
predominant. The other fragment ions were Dbenzene ring
character observed with high intensity. The mass spectrum
of Saltn,Figure 3.8, shew its molecular ion peak at m/e
282 and the peak M+l at mf/e 283. The other fragment ions
are similar to those occured in Salen, The mass spectrum
of O-en (Figure 4.12) shew a molecular ion peak at mfe
270,the base peak at m/fe 121 and the other postulated frag-
ment ions were tabulated in Table 3.5. In Figure 3.20 shew
mass spectrum of O-tn , similar pattern to that of O-en
was observed,that was molecular ifon peak at m/e 284 and
base peak appeared at mf/e 121. The mass spectrum  of
O-en-N-tn was shown in Figure 3.16. Its molecular ion peak
was observed at m/e 308 and the base peak appears at m/e 162.
The other major peaks were exhibited in Tahle 3.5. The mass
spectrum of O-tn-N-tn  was shown in Figure 3.24. The mo-
lecular ion peak at mf/e 322 was also illustrated to be the
base peak. Due to the high symmetry of the synthesized
compounds,all fragmentation patterns appear to Dbe similar

to their corresponding analogue. All compounds shown frag-
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ment ions corresponding to benzene ring character such as
m/e at 91,79,78,77,65,51, ¢etc.

The fragmentation patterns follow a very straight-
forward form which was always compatible with cleavage of
2 0r 3 carbon bridge and some fragment ions shew some re-

arrangments to more stable ions.

3.2.4 Elemental Analysis of Schiff-base Compounds

The elemental percentages of C,H and N were com-
pared with their calculated values of synthetic compounds
are listed in Table 3.6. All compounds shew excellent
agreements of the values which supported the proposed for-

mulas and structures for the synthesized compounds.



Table 3.2 Assignment of vibrational modes of the Schiff

-base compounds

Compound vibrational frequency Intensity
(cm-1)

Salen 3050-3010

2870,2900,2930,2950

2800

1640 m

1610,1580,1500 m

1450

165,740

Saltn 3060-3010

2860,2920,2940

2130

1635 m

assignment

C-H stretching
(aromatic)

C-H stretching
(Alkyl gr.)
0-H stretching
(broad)

C=N stretching
(imine)

C-C stretching
(aromatic)

C-H bending
(CH2 gr. )

C-H out of
plane (bending
of aromatic)
C-H stretching
(aromatic)

C-H stretching
(alkyl gr.)
0-H stretching
(broad)

C=N stretching
(imine)
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Table 3.2 (continued)

Compound vibrational frequency Intensity assignment
(cm--)
Saltn 1610,1580,1500 m C-C stretching
(aromatic)
1450 C-H bending
(CH2 gr.)
760,740 C-H out of
plane(benting of
(arometic)
0-en 3020-3100 C-H stretching
(aromatic)
2940,2860 C-H stretching
(aliphatic)
2760 m C-H stretching
(carbonyl gr)
1690 Vs c=0 stretching
1600,1580,1480 C-C stretching
(aromatic)
1450 C-H bending
(CH2 gr.)
1 1240 C-0-C stretching
(asym)
750 C-H bending out

of plane



Table 3.2

Compound

0-tn

O-en-N-tn

(continued)

(em- +)

3020,3100

2860,2960,2900

2760

1690
1600,1500

1460

1240

750

3030-3080

2820-2940

1630
1600,1485,1590

vibrational frequency Intensity

VS
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assignment

C-H stretching
(aromatic)

C-H stretching
(aliphatic)
C-H stretching
(carbonyl gr)
c=0 Stretching
c=c Stretching
(aromatic)

C-H bending
(CH2 gr.)

C-0-C stretching
(asym)

C-H out of
plane (bending
of aromatic)
C-H stretching
(aromatic)

C-H stretching
(aliphatic)
-C=N-Stretching
C-C stretching

(aromatic)
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Table 3.2 (continued)

Compound wvibrational frequency Intensity assignment
(cm- %)
1450 C-H bending
(CH2 gr.)
1230 C-0-C stretching
(asym)
1030-1070 m C-H in plane
bending of
aromatic
750 C-H out of
plane (bending
of aromatic)
O-tn-N-tn 3015-3080 m C-H stretching
(aromatic)
2840-2940 C-H stretching
(aliphatic)
1635 Vs C=N stretching
1600,1580,1490 C-C stretching
(aromatic)
1455 C-H bending
(CH2 gr.)
1235-1250 C-0-C stretching
(asym)
750 C-H out of

plane (bending

of aromatic)



Table 3.3

Compound

Salen

Saltn

O-en

O-tn

spectral data for the synthesized

compounds

Chemical shifts3

3.8 (singlet,-CH2-CH2-,4H)
6.8-7.3 (multiplet, aromatic,8H)
8.3 (singlet,-CH= N-,2H)

13.2 (singlet,-OH, 2H)

1.9-2.1 (quintet,-CH2-,2H)
3.5-3.7 (triplet,N-CH2-,4H)
6.7-7.3 (multiplet,aromatic,8H)
8.2 (singlet,-CH=N-,2H)

13.4 (singlet,-OH,2H)

4.5 (singlet,-CH2CH2- , 4H )
6.9-7.9 (multiplet, aromatic,8H )
10.4 (singlet,-CHO,2H )

2.3- 2.5 (quintet,-CH2-,2H)
4.2-4.4 (triplet,0-CH2-,4H)
7.4-7.9 (multiplet,aromatic,8H)
10.5 (singlet,CHO, 2H)

51
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Table 3.3 (continued)

Compound Chemical shifts3

0-en-N-tn 2.2 (quintet,-CH2, 2H)
3.5-3.6 (triplet, N-CH2-, 4H)
4.4 (singlet,0-CH2-,4H)
5.9- 8.0 (multiplet,aromatic,8H)
8.7 (singlet,CH=N,2H)

0-tn-N-tn 2.1- 2.4 (multiplet,-CH2- ,4H)
3.5- 3.7 (triplet,N-CH2-4H)
4.1- 4.4 (multiplet,0-CH2-4H}
6.9- 8.8 (multiplet,aromatic,8H)
8.7 (singlet,-CH=N-,2H)

(
(
(
(

aAll resonances in ppm downfield from TMS. CDCI3

was used as solvent in each case.
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Table 3.4 13(3 NMR spectral data for the synthesized

compounds

Compound Chemical shift assignment

Salen 59.5 CH2~N carbon
116.9
118.6 -aromatic carbons
118.7
131.4
132.3
161.0
166.4 CH=N carbon
Saltn 31.6 -CH2~ carbon
56.7 CH2-N carbon
116.8 1
118.5
118.7 -aromatic carbons
131.2
132.2
161.1
165.3 CH=N carbon



Table 3.4

Compound

O-en

0-tn

(continued)

Chemical shift

67.2

112.9
121.4
125.2
126.4
135.9
160.8
189.2
28.9

64.5

112.3
120.7
124.7
128.4
135.8
160.8
189.1

assignment

CH2-0- carbon
C-3"
C-5 -aromatic carbons
C-6
C-4
C-2
C-|
CHO carbon
CH2~carbon
-CH2-0- carbon
C-31
C-5
C-6 -aromatic carbons
C-4
C-2
C-I
CHO carbon

54



Table 3.4

Compound

O-en-N-tn

O-tn-N-tn

(continued)

Chemical shift

28.6
57.9
68.1
113.6
121.8
1251
127.1
131.7
158.6
158.8
28.7
29.5
57.1
68.3
112.7
121.2
125.4
127.4
131.7
157.2
158.7
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assignment

-CH2 - carbon
-CH2~N-carhon
-CH2-0 carbon
C-3°
C-5
C-6 -aromatic carbons
C-4
C-2
C-|
CH=N- carbon
-ch2-CH2-N carbon
-ch2-CH2-0 carbon
-CH2“N- carbon
-CH2~0- carbon
C-3
C-5
C-6 -aromatic carbons
C-4
C-2
C-I
CH=N- carbons



Table 3.5

Major features of the synthesized compound

mass spectral fragmentation patterns.

Salen
m/e fragment ions
2682 M.1.
147
e 0 7 &N
134 o s 1
122 (6108 It
OH
107
1Q }
79
+
8 AGh5 + H
+
T C6H5
J C4H3

a the base peak

282

1483

135

134

107

19

18

"

5

Saltn

fragment ions

M.1.

CoHh + H

+
CHb

C4H3

56



Tabhle 3.5

210

149

135

121d

120

93

1

65

ol

(continued)

0-en
fragment ions

M.1.

¢ C "OH

CeHs

CAH3

d the base peak

mle

2684

162

133

121d

I

bl

51

0-tn

fragment ions

M.1.
? 17
r o '3
.
CoH5
c4h3
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Table 3.5 (continued)

0-en-1M-tn 0-tn-N-tn
m/e fragment ions m/e fragment ions
308 MJ. 3224 M.I.
280
294
<8§£33
162a O™ %
C fctHn" ch3 293 fx XC=N Nzc'Agh
0 NH
146 219
ANCzNCH2N=CAA
WG =EH2N=C
134 02
‘ A 162
CH-N, 6
148 0
107 WG H
é Boidnt
1 CgH5 134
5 CAH3 107
é
o ®
i C6HS
5 C4H3

a the base peak



Table 3.6

Compound

Salen

Saltn

O-en

O0-tn

O-en-N-tn

O-tn-N-tn

Elemental analysis data for the synthesized

compounds.

%c

Calcd

71.64

12.34

71.11

71.83

74.03

14.53

Found

71.61

72.19

11.04

11.73

74.19

14.53

Calcd

5.97

6.38

5.19

5.63

6.49

6.88

%

Found

6.05

6.35

5.23

5.75

6.62

6.88

%N

Calcd

10.45

9.93

9.09

8.70

Found

10.41

9.73

9.08

8.85

59



80

60

40

20

tranmission (%)

KBr:Salen

J
- |
|
©<\—OH H
W\ /) H
" . < " . 2 . ) wavenumber ( cm’)
3500 3000 2500 2000 1800 1600 1400 1200 1000 _ 800
Fig 31 IR spectrum of Bis(salicy aldehyde) A, Alz-ethylenedi imine in




o
o

o

chemical shift(ppm}

Fig 3.2 :1H NWR spectrum of Bis(sal icylaldehyde)/v,/v/-ethylenedi imine
in CDCls ;Salen



=y

\_OH HO@
N N
W W

<

&

[le]

o

©

©
9 Ty
N
[+ IR
T
-
(3]
a1
©
-
-

59.6

A

chemical shift ( ppm )

~——

Fig 3.3

13¢ NMR spectrum of Bis(sal icylaldehyde)/V,All-ethylenedi imine

in CDCI3;Salen



1808

INTENSITY

(]

1828

INTENSITY

Fig 3.4

4 25 J8.08
i I,. T lll YT wh T -Ilu T lll L | .““"'r T JI”‘ r‘Jljh Y l " y all T | T y L T /"B‘aa
s8 109 150 200 ¢
%
: O)y-on
4 18.62
. ~—~N N
] W \_/ M
i
1. - ‘ i 5 ' /b2
23 w ks (E

-Mess spectrum of Bis(sal icylaldehyde)n,/v/-ethylenedi imine
;Salen



tranmission (%)

80

60

! M HO i
' @*’ :_2@ 4

LS

20pF

N 3 N N X : i X wavenumber ( em)
3500 3000 2500 2000 1800 1600 1400 1200 1000 800

Flg 35 IR spectrum of Bls(salicylaldehyde)/v, Alz-trimethylenedl imine 1n
KBr;Saltn




3.6

H
(6}
| -
n
J\é
8.2
71

3.5

6.7

chemical shift (ppm)

Fig 56 IH MR spectrum of Bis(sal icy laldehyde)N Alz-trimethy ened! Imine
In CDC13; Saltn



118.5
116.8

56.7

31.6

chemical shift (ppm)

Fig 3.7

13c NMR spectrum
in CDC13; Saltn

of Bis(salicylaldehyde) NA//-trlmethernedi imine



%
1888 H H
13S.88
== x1.0

{ 1N S Lty N CON AN LA N DU

>
=
2 ‘ -
W
E 8 ! 1 1 ! H'J Iy L W | |
............. Hirerpbereyfon ’ ey 18.088
58 120 150 208 ¢
%
1288 _
i 35.23
=
r
3
&
7z -1 1
T :..,I;,,,.-...“],.‘.,,__ N
250 322 250 e

Flg 3.8 :Mass spectrum of Bls(salicy aldehyde)/V.All- trimethylene
diiming ; Saltn




80

60

40

20

tranmission (%)

wavenumber ( cm?)

3500

Fig 3.9

3000 2500 2000 1800 1600 3400 1260 1000 500

IR spectrum of  1,4-Bis  (2/-formylphenyl)-1,4-dioxabutane
in  KBr ; O-en




w
N
4.5

10.4

1 W L L

chemical shift (ppm)

Fig 3.10 :1H-NMR spectrum of 1,4-Bis (2/-formylphenyl)-1,4-dioxabutane
in CDC13 ; o-en



67.2

chemical shift ( ppm )

Fig 311 13C-NMR spectrum of 1,4-Bis (2/-formylphenyl)-1,4-dioxabutane
in CDC13 ; o-en



Q-4 .
1888 _ \C/H H\ i
I I0

] 30.00

|

> |

i | |

: | i . |

= 3 ,‘,J ]']!IT : l" -] J [1 I .|I J.l II : N' art] b lX ‘.Jx rv:'! . A.! ! : /W2 00
S3 1age 158 200 256 M/

Flg 3.12 ‘Mass spectrum of ,4-Bis (2/-formylphenyl)-1,4-dioxabutane
0-en



80

60r

40pF

20F

K\trénmission (%)

QLo i
/ \ﬁ

o}

.1)

wavenumber (cm

3500

Fig 3.13

38003500 2000 7800 1600 1a00 1200 1000 800

IR spectrum of 1,5-Bis (2/-formylphenyl)-1,5-dioxapentane in
KBr; 0-tn

to



@J/\'@

oM H\C/

L Y

135.8
128.4
120.7
112.3

S
.

f—124.7

i

n
<
©
}L c!
@
o~N
S S SR — ) J

chemical shift (ppm)

Fig 315 13c NWRspectrum of 1,5-Bis (2-formylpheny )-1,5-dioxapentane
in COCls; o-tn



10.5

o
e}

e (O g

chemical shift ( ppm)

Fig 3.14 IH NMR spectrum of 1,5-Bis (2-formylphenyl)-1,5-dioxapentane
In CDCI3; o-tn



Fig

INTENSITY

©

®

INTENSITY

©

3.16

:‘Mass spectrum of 1,5-Bis (2-formylphenyl)-1,5-dioxapentane
0-tn

SL.



=
G
o
@
&
ﬁ
60} ]‘ {
{
N
|
} |
40F !
Q¢ O
fn N—\H
20k l\/’
. . > ! \ . ) ) wavenumber (cm')
3500 3000 2500 2000 1800 1600 1300 1200 1000 800
Fig 317 IR spectrum of 3,4,9,10-Dibenzo-1,12-diaza-5,8-

dioxacyclopentadecane-1,11-diene in KBrrO-en-N-tn



J
\

chemical shift (ppm)

Fig 3.18 1H NMR spectrum of 3,4,9,10-Dibenzo-1,12-diaza-5-8-

dioxacyclopentadecane-1,11-diene in CDClz;0-en-N-tn



131.7
-57.9

-
©
©o

chemical shift (ppm)

Fig 3.19 NMR spectrum of 3,4,9,10-Dibenzo-1,12-diaza-5-8-

dioxacyclopentadecane-1:11-diene in CDCl3;0-en-N-tn




1808 _ 0O O &
7 8.8
g T\_)N—_\’i :
o =1 -
= n -
¢ l | i
o | -
- | | . ;
2 hl!h : I]x T N u! ',.I'[ . qlx. X ]M'[;, - ."‘!,L.-_.-..q' ST | PR PO _Lr,,,,.r,,qu,,_,., \B.80
Sg 160 158 M/E
%
1886 _
] 8.00
o -1 -
1o = .
2 7 ®
w -
: | I
S 1 S LolLUb Lkl LG || LSS || TS 5T
2¢3 258 3¢ i

Fig 3.20 Mass spectrum of 3,4,9,10-Dibenzo-1,12-diaza-5,8-

dioxacyclopentadecane-1,11-diene ; O-en-N-tn




80

tranmission (%)

60

40

20
" i L i " H . wavenumber ( cm)
3560 3000 2500 2000 1800 1600 1400 1200 1000 800
Fig 3.21 IR spectrum of 3,4,10,11-Dibenzo-1,13-diaza-5,9-

dioxacyclohexadecane-1,12-diene in KBr;0-tn-N-tn
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Fig 322 NVR spectrum of 3,4,10,11-Dibenzo-1,13-diaza-5,9-
dioxacyclohexadecane-l,12-diene in CDCls ; O-tn-N-tn
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3.3 Cation Binding Property and Complex Formation study

3.3.1 Solvent Extraction

It was likely that crown ethers form strong complex
with hard cations such as alkali or alkaline earth metal
ions.  However,aza-crown ethers were expected to possess
affinity for soft cations such as transition or heavy
metals.  Also,the cation-complexing selectivity depended
on the cavity size,type of metal ions,kinds of donor atoms
and some other factors,discussed in Chapter 1. In this
study,these following cations were selected for investiga-
tions ; Cr3+, Mn2+, Cd2+,Cu2+,Co2+,Ni2+ and Pb2+.

The cation binding properties of the synthesized
ligands were investigated by shaking these metal ions
with the synthetic ligand,as described in section 2.2.1.
Each ligand was studied with the selected metal ions and
the decrease in the metal ion concentration in the aqueous
phase was measured by atomic absoption spectrophotometric
method.  The results of solvent extraction in chloroform
| aqueous phase system at various pH's were shown in Table
3.7, All extraction conditions were kept constant
throughout the experiment so that the data obtained for

each metal ion could be compared,

For open ring ligands,it appeared that the percent
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extraction,for each metal,increases with the increase of
the pH value. It can also he generalized that the trend
of cation binding ability of the open ring ligands was very
low at pH < 4.5. This is also the case for Cu2+ ion whose
percent extraction at pH 4.5 is much higher than those of
lower pH's. Some metals such as Mn"+ and Cr”+ ions were
not examined at pH > 7.2 due to metal hydroxide precipita-
tion,while Co™+ and Ni*+ ions showed their best extracting
performance at pH > 7.2. It was believed that the greater
KSp values for the latter metal hydroxides than those for
the former ones were responsible for this observation.
The pH of the aqueous solution seemed to have more pro-
nounced effect for the extraction with the macrocyclic
ligands.  No general trend could be made for these macro-
cyclic ligands as for the open ring ligands in the fore-
going discussion. However, both compounds seemed to show
better extracting performance at higher pH values (7.2-
8.1). But in all cases,the percent extracting values were
considered very small. This could be due to the ionic cha-
racter of the obtained complex species ( see Scheme [V),in
contrast to the neutral character of the complex  species
when the ligand was the open ring compound,which would not
likely go into the organic phase readily.  An attempt to
achieve a better extracting performance was also made Dy
adding a large anion into the aqueous phase e.g. picrate

ion,BF4_, but no improvment was observed,



Table 3.7 Percent extraction data of various metal ions

by using Schiff-base ligand3

lonic  pH of Percent Extraction*-*
Metal  size  aqueous
R phase0 Salen Saltn O-en-N-tn O-tn-N-tn

Cr3+ 1.38 2.2 114 0.43  1.67 0.66
3.4 5.84 6.10 6.09 6.43
4.5 5.30  6.28  7.92 8.92
5.9 141 7.32 4.67 5.84
1.2 13.04 11.97 10.55 11.19
Mn2+  1.60 2.2 2.34 215  0.48 1.28
3.4 2.15 2,14 0.98 1.19
4.5 Znlo el W 2.72 3.25
5.9 2.34  2.37  1.96 2.25
1.2 6.19 7.92 11.03 13.79
Cd2+ 1.94 2.2 0.00 0.81 0.43 0.38
3.4 0.00 0.96  0.45 0.85
4.5 1.83 2.88 0.54 1.38
5.9 2.44 375  3.19 1.68
1.2 2.44 2,88  3.38 3.38
8.1 3.29 099 1.78 4.71
Cu2+ 1.78 2.2 55.69 39.76  0.05 0.00
3.4 61.83 54.63 1.28 4.39

4.5 99.05 77.83 11.81 2.06



Table 3.7 (continued)

lonic  pH of Percent Extraction*3
Metal  size  aqueous
R phasec Salen Saltn O-en-N-tn O-tn-N-tn

5.9 9 264 47  3.57 4 24
1.2 99 58 63.37 15.25 17 70
8.1 70 76 60.94  2.53 1 28
Co2+ 1.48 2.2 291 2.90 3.38 1 57
3.4 6 34 2.54 6. .54 5 57
4.5 319 2.91 3.57 3 27
5.9 8 76 5.57 8. 24 11 35
1.2 758 7.92 6. 28 792
8.1 31 22 24.24 19.81 21 26
Ni2+ 1.44 2.2 T—o1—9—91—AG) . 19 8 26
3.4 9 42 9.67  8.26 8 24
4.5 049 0.33 099 0 67
5.9 9 42 10.55  9.26 8 00
1.2 2 91 3.47T 512 6 63
8.1 23 55 20.00 15.97 13 79
Ph2+  2.40 2.2 0 45 0.5 0.99 0 30
3.4 055 0.25 0.49 0 59
4.5 383 3.8 5.27 4 21
5.9 421 3.47 535 4 40
1.2 15 25 13 .34 15.97 17 69
8.1 177 1,30 4.76 4. 94



a All  data for liquid-liqguid extraction  were
duplicate analysis

b calculation , see Appendix A

C see Table 2.1, chapter Il
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3.3.2 Stoichiometric and the Apparent stability

constant study of Complex in Absolute Methanol

Cu2+ ion was chosen as a model for studies of stoi-

chiometry and stability constant of complex with all [i-
gands since it proved better results than the other ions.
Absolute methanol was used as solvent since both Cu2+ ion
and ligand could be dissolved to be a homogeneous solution.
Job's method was employed in stoichiometric study and the
selected wavelength for each case was 562,356,352 and 364
nm for Cu-Salen,Cu-Saltn,Cu-[O-en-N-tn] and Cu-[0-tn-N-tn],
as shown in Figure 3.25,3.26,3.27 and 3.28 respectively.
It was clearly seen , Figure 3.29 and 3.30, that Salen and
Saltn bound to Cu2+ ion as 1:1 complex, 0-en-N-tn and
O-tn-N-tn form with Cu2+ ion as 2:1 complex. In addition,
Figure 3.31 and 3.32,illustrated that O-tn-N-tn could bhe
hydrolyzed more easily than O0-en-N-tn .  The apparent
stability constants for all complexes were approximately
calculated from the corresponding Job's plots as shown in
Table 3.8
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Fig 3.29 The Job's method plot of Cu(ll)-Salen complex

at 562 nm.

absorbance

2.00

1.00

e — —— m — - — ——— — —

1 s 1

0.2 0.4 0.6 0.8

MOLE FRACTION OF COPPER (11)

Fig 3.30 The Job's method plot of Cu(ll)-Saltn complex
at 356 nm.
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Fig 3.31 The Joh's method plot of Cu(ll)-[O-en-N-tn]
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Table 3.8 The apparent stability constants of the copper

-Schiff-base complexes3.

Complex Mole Ratio log Kk
Metal Ligand i

Cu- Salen 1:1 4.71

Cu- Saltn LA 4 .45

Cu-[o-en-N-tn] x4 8.62

Cu-[O-tn-N-tn] 112 8.85

3 Studied in absolute methanol

b Calculation lsee Appendix B.
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3.4 Possibility of Copper Determination Using Salen as

Spectrometric Reagent

In this research work, Salen was selected as possi-
ble spectrometric reagent for copper determination due to
spectral change after complex formation of Cu®+ with Salen

was clearly observed in comparision with Salen alone.

Optimum conditions were carefully studied in order
to obtain the highest sensitivity of the method. In this
work, the absorption measurement was carried out at wave-
lenght 562 nm ( Figure 3.33); optimum Salen concentration,
1.0 x 10~2 m (Figure 3.34); the time for shaking,55 mins.
(Figure 3.35); shaking stroke 250 strokes/min(Figure 3.36)
and standing time at least 6 hrs (Figure 3.37). The pH of

the aqueous phase was maintained at 7.2,

In the step of working range study of Cu-Salen
complex, Salen concentration was kept constant with incre-
ments of Cu concentration, The obtained absorbances at
562 nm were shown in table 3.9 and Figure 3.38. The cali-
bration curve was heing linear in the range of 0-55 ppm of
Cu(ll).  Accuracy of this method was examined and measured
interm of % error. The result was indicated in Table
3.13. Precision was examined in term of % RSD and also
correlation coefficient(r=0.999) as shown in Table 3.12.

The molar absorbtivity calculated from slope was 2.90 x
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10 L mol-Lcm; which was equivilent to the specific
absorbtivity of 4.6 X 10-3 mL g-"cnT-*- and the Sandell
sensitivity of 0.2174 g cm~2 ( calculation, see in Ap-
pendix D).

Precision was examined in term of the relative
standard deviation ( RSD ) Dby meaning the absorbance of
thirteen measurements at 12.00 ppm of Cu(Il).  The exami-
nation gave the RSD as 1.02 % as indicated in Table 3.12.

and limit of detection was 0.4 ppm,at absorbance 0.002

3.4.1 Effect of Interfering lons

In this study, Cd(ll) and Mn(ll) were selected as
coexisting ions. Effect of interfering ions on the
absorbance of Cu(ll)-Salen, by varying mole ratio between
Cu:coexisting ion from 50:1 to 1:50 , is illustrated in
Table 3.11. It is found that the coexisting ions have no

effect on absorbance of Cu(Il)-Salen in this system.

3.4.2 Application of the Method to the Determination
of Copper in Solder Ingot

The invented method was also applied to determine
copper in solder ingot. The step of sample preparation was
explained in section 2.3.5. The pH of the aqueous phase
was adjusted to minimum value as opossible ( 4.5) to

eliminate precipitation problem while still could gave good
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