CHAPTER III

RESULTS AND DISCUSSION

3.1 Synthesis of 4,4"-dihydroxysalpentaen metal complexes (ML)

4,4’-Dihydroxysalpentae were synthesized from 24-
= Mn®** and Co*") and
T—

iiydroxybenzaldehyde and metal

diate. Subsequently, the solution of

dihydroxybenzaldehyde, me
pentaethylenehexamine. Th
(II) acetate in methanol fo
pentaethylenehexamine w; ,4’-dihydroxysalpentaen metal

complexes (Scheme 3.1).
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Scheme 3.1  Synthesis of 4,4’-dihydroxysalpentaen metal complexes (ML)
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After addition of pentaethylenehexamine, the reaction mixture was neutralized
by NaOH solution. The obtained complexes were not soluble in any organic solvents
including DMF and DMSO. This might be because NaOH formed sodium salt of these
complexes instead of neutralization with acetic acid in the mixture (Scheme 3.2).
Therefore, the possible products were sodium salts of 4,4'-dihydroxysalpentaen metal

complexes.
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Scheme 3.2 Possible reaction between 4,4’-dihydroxysalpentaen metal complexes and
NaOH
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The other bases, Na,CO3;, KOH and K,COs, were used instead of NaOH to
improve the solubility of these metal complexes. It was expected that these bases
would undergo neutralization with acetic acid and would not form sodium or
potassium salts with the metal complexes. ‘Therefore, the major products should be the
metal complexes which should be soluble in DMF and DMSO. Table 3.1 shows the

solubility of metal complexes obtained from neutralization with various bases.

Table 3.1 Solubility of ML, \:‘:\\,‘ 1Sing

rious bases®

Metal B
ases -—
complexes //y/.‘ \\\Q\\\i\\\ DMSO DMSO0/80°C
MnL, NaOH - \\ - o,
NaHCO; 'E; + 0
KOH _El + ++
K,COs4 -T, & +
CoL, NaO -,:;== )
»v*—
NaHCO; - +
KOH . + L +
IANYNTNY
AUINENINYNNG | -

-, insoluble; +, partial soH ble; ++, soluble

T Ang 8

Froquable 3.1, the bases chosen for the synthesis of MnL; and CoL; were
KOH and K,COj3, respectively.
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3.1.1 Characterization of 4,4"-dihydroxysalpentaen metal complexes

The obtained complexes were characterized by IR and elemental analysis. The

IR spectra of MnL; and CoL,; are shown in Figure 3.1.
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R spectrum of MnL, in Figuré' 3.1 (a) exhibits an absorption band of OH
swetcing 85393 e DARANH m&u 3240 . ¥ N ot aps it
aromatic C=& stretching at 1576 cm’’. The bands at 981 and 852 cm™ correspond to
the characteristic absorption peak of aromatic bending of 1,2,4-trisubstituted benzene.

IR spectrum of CoL; in Figure 3.1 (b) exhibits an absorption band of OH
stretching at 3415 em’ and NH stretching at 3230 cm™. The C=N peak at 1632 cm’
appears as a shoulder with aromatic C=C stretching at 1587 cm™. The bands at 1006
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and 842 cm™ correspond to the characteristic absorption peak of aromatic bending of
1,2,4-trisubstituted benzene.

Elemental analysis data of both MnL; and CoL; do not agree with the
calculated values as shown in Table 3.2. This result suggests that the obtained product
is the mixture of ML, and potassium salt of ML; which occurs through the same

reaction as in the case of ML, sodium salt (Scheme 3.2).

%N
Metal complexes found (cald.)
MnL, 15.63 (15.99)
CoL, 12.41 (15.87)

Since ML, could not

Xhe new tetradentate Schiff

base metal complexes, 4,4'-di etal complexes (ML,), were

chosen for this research.

3.2 Synthesis of 4,4 .,- oxysalcycle al complexes (ML)

7

3.2.1 Synthesis of 4/4'~dihydroxysalcyclohexane manganese complex

s AULINYNINEINTG
44 DNV Pl TP Mty niesin

using two methods as follows:

The first method was a two step reaction (Scheme 3.3). The ligand L, was
prepared from the reaction between 2,4-dihydroxybenzaldehyde and 1,2-
diaminocyclohexane. The lone pair electron on the nitrogen of amine undergoes
reaction with carbonyl carbon of aldehyde followed by the loss of water to give Schiff

base ligand (L;). The ligand L, was kept in methanolic solution and used in the
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synthesis of MnL, without purification. MnL, was synthesized by addition of
manganese (II) acetate tetrahydrate into the methanolic solution of the ligand L,. The
ratio of 2,4-dihydroxybenzaldehyde : manganese acetate : 1,2-diaminocyclohexane
employed was 2 : 1 : 1. After neutralization of the reaction mixture with NaOH, the
brown powder precipitated immediately from the reaction mixture. This brown powder
might occur from the reaction between MnL, and NaOH to yield MnL, salt as shown
in Scheme 3.4. This MnL, salt was rem OV iltration. Then, the filtrate was kept at

der of MnL,. The yield of MnL,

l\@Ac)zA Hzo

NN
INGHNY

4,4'-Dihydroxysalcyclohexane metal complexes (ML3)
(M =Mn?" and Ni*")

Scheme 3.3  Preparation of 4,4'-dihydroxysalcyclohexane metal complexes (ML) by

two step reaction
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4,4'-Dihydroxysalcyclohexane manganese complexes (MnL;)

Sodium salt of 4,4"-Di S 3 ohexane mangane , xes (MnL; salt)

Scheme 3.4  Possible reaction betw 'ﬁrkﬁft__ b NaOH to yield MnL, salt

The second method in the }; 0 » was a one step reaction”'. First,
2,4-dihydroxybenzaldehyde a i I;’k. 11
intermediate. 1,2-Dia nocyclohexanewas-the ,‘# MnL, as shown in
Scheme 3.5. ~

The ratio of 2,é-gi.hydroxybenzaldehyde : metal acetate : 1,2-

diaminocyclohexaﬁ ﬁa‘;e’ vﬂ ﬁ ﬂ??; Wﬁjlﬁ ?lium hydroxide to

neutralize the reactipn mix e brown powder precipitated immediately and it was

MR 0 N1y e ikl g
instead of neutralizati th aceti ﬁIﬂm 34): il allowed to

stand at room temperature for 24 hours and dark brown crystals of MnL, were
obtained. The yield of MnL; was 49%.

pixed to form a template
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HO OH
2 U " M(OAc);.XH,0
H

] 5
o Metal (II) acetate
2,4-Dihydroxybenzaldehyde (M =Mn?* and Ni?*)

Scheme 3.5  Preparatiomof ML, by one step reaction
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AUBINENINEINT
From theseqlresults, the one @&tep reactionsand the molesratio of 2,4-

ayaroryteteaieny) \E [ rapdshsch| 0| achdd Pleibekd - 12

diaminocyclghexane as 2 : 1 : 1 was chosen for the synthesis of MnL,.
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3.2.2 Synthesis of 4,4-dihydroxysalcyclohexane nickel complex (NiL2)

4,4'-Dihydroxysalcyclohexane nickel complex was also synthesized using two
methods as in the case of MnL,. The first method was a two step reaction. The ligand
L, was prepared from the reaction between 2,4-dihydroxybenzaldehyde and 1,2-
diaminocyclohexane (Scheme 3.3). The ligand L, was kept in methanolic solution and

used in the synthesis of NiL, without purification.

In the next step, nickel (II) acetate drate was added into the methanolic
solution of the ligand L; to fo - '@ydroxybenzaldehyde : nickel
(II) acetate : 1,2-diaminocyc - 1 : 1. After neutralization of

the reaction mixture with itated immediately from the

reaction mixture and this This orange powder was
then isolated by filtration. T 1 ask i ooin temperature overnight
to obtain dark orange po (&

The second metho ribed in the synthesis of
MnL,. 2,4-Dihydroxybenza —J . te was mixed to form a
template intermediate. 1,2-Di ,,__; then added to obtain NilL,
(Scheme 3.5). This reaction was dgﬁgT_Wav‘ ig thie amount of starting materials. The
mole ratios of 2,4-dih aﬁ)vaenzaldehyde( m_ ﬁ 2-diaminocyclohexane

were varied from 2 : 1

Table 3.3.

ﬂ‘iJEJ’WIEJ‘ﬂ’ﬁWEJ'Iﬂ'ﬁ
QW’]Mﬂ‘ﬁWﬂJW}’mmaﬂ
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" Table 3.3 Synthesis results of NiL; using a one step reaction

Mole ratio of
2,4-dihydroxybenzaldehyde :

Results
nickel (II) acetate tetrahydrate :
1,2-diaminocyclohexane
211t} e Orange powder precipitated immediately after

addition of NaOH

t“\‘::" wdeny ipitated after standing at room

?‘"';n ra e OVernig

fter addition of NaOH

2:1:2
itated after standing at
2:1:3 er addition of NaOH
er standing at room
2:1+4 er addition of NaOH

fals of NiL, were obtained after

oom temperature for 20

BB badin 1141121 1121 sl
S 0131 b DT
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3.2.3 Characterization of 4,4'-dihydroxysalcyclohexane metal complexes

The metal complexes were characterized by IR, elemental analysis and

MALDI-TOF MS. IR spectra of MnL; and NiL, are shown in Figure 3.2.

% Transmittance

Figure3.2 IR spectra of(a) MnL, (b) NiLy

AUBINUNINEINS

IR spectrufti of MnL; in Flgure 3.2 (a) exhibits an absorptlon band of OH

stretchm m i‘ﬂ lapping with

aromatic C=C stretching atﬁj m Hﬁl‘j :ﬂ?@:ﬂ rrespond to

the characteristic absorption peak of aromatic bending of 1,2,4-trisubstituted benzene.
IR spectrum of NiL, in Figure 3.2 (b) exhibits an absorption band of OH

stretching and aromatic C=C stretching peaks at 3407 and 1550 cm’, respectively. The
important band of C=N appears at 1611 cm”’. The bands at 990 and 846 cm™
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correspond to the characteristic absorption peak of aromatic bending of 1,2,4-
trisubstituted benzene.

The metal complexes were characterized using MALDI-TOF MS. Figures 3.3
and 3.4 show MS spectra of MnL, and NiL,, respectively.

AULINENINeINg
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Figure 3.4  MS spectrum of NiL,
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The MS spectrum of MnL, shows peaks at 385.2, 378.8, 391.1, 406.5, 429.4
and 461.5. The highest peak occurs at 406.5 which is CyoHoMnN,O5.

The MS spectrum of NiL, shows peaks at 410.7, 433.9 and 449.1. The highest
peak occurs at 433.9 which is CH;oNiN,O4Na. The second peak appears at 410.7 which
is CyoHyoNiN,Oy,.

From MALDI-TOF MS, the main structures of MnL, and NilL, are
Ca0H20MnN,0, and C,0H,oN,NiO,Na (Fig '7 espectively.

72

/

o®
O Na

Figure 3.5  The main stru

Elemental analysis d a are shown in Table 3.4. It

indicates that the metal compl Jebhtain we d methanol in their molecules.

Analytical data show that the experis ed percentage values of carbon,

ssEmsel

hydrogen and nitrogen aré-y.

Table 3.4 Elemental analyms data of ML,
‘a

PUNLIHTECTIREE
. g

alytica data !oun(F
Metal ¢ 1 ” o | Molecular

o) VTN T HAT T HAGE v
plexe ﬂ‘\ weight
Mils | CullMaN0A5m0 | 320 B 643 43434

’ 5550) | (552) | (6.88)
NiL, | CyHisN,NiONa-CH;0H | +7° 8 607 465.10

5423) | (498) | (6.02)
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NiL, has good solubility in both DMF and DMSO. MnL, also has good
solubility in DMSO and has partial solubility in DMF. Both of them are not soluble in

methanol.
3.3 Synthesis of metal-containing polyurethanes
thesized by the reaction of ML> w1th

ne 2,4-diisocyanate terminated
(PB) and tolylene 2,4-

m lecular welght 1000 (PP).

NCO

NiL;; X=O0H orONa = CHz

ﬂuﬂqwsws ﬂTﬂ
*@ﬁ?ﬁ%@mmﬁa F ET%& i

Metal-containing polyurethanes

Scheme 3.6  Synthesis of metal-containing polyurethanes
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3.3.1 Synthesis of manganese-containing polyurethanes from MnL; and

prepolymers

3.3.1.1 Synthesis of Mn-PB from the reaction between MnL, and PB

IR spectroscopy was used to inye the polymerization reaction between
MnL, and PB to give the polymer AW n progress could be observed by
disappearance of NCO abso m th ers at 2275 cm™. Since the

polymerization between du
range 80 - 120°C[5-8, 12- :

PB was chosen at 120°C wi

eatmg for 2 hours (Figure 3.6)
é?;‘on time was taken for 24
3 was dissolved in DMSO,
r and dried in vacuo for 24
stretching at 3388 cm™ and
The carbonyl (C=0) stretching of
urethane linkage (-NC 0- M =N) absorption band
appears at 1606 cm’. 7 eak apj 544 cm’’. The yield of Mn-
PB was 20 %. Therefore, catalyst was used (o obtain hlﬁxkr yield of Mn-PB.
Dibutyltin éjJaurate Wéss then employed.as a catalyst and the polymerization

uﬂl&nﬂ gdwrﬂﬂ@t@ progress could not

be followed since tqﬁle polymer was tough and therefore could not Bg,ground for the

iRy S R T o o

the polymerﬂzation reaction. The polymer was then purified by dissolving in DMSO

temperature used

and a mixture of methanol and water was added to precipitate the polymer. The
polymer was filtered, washed several times with methanol and dried in vacuo for 24
hours. The yield of Mn-PB obtained by use of the catalyst was 80%. IR spectrum of
Mn-PB obtained by the use of a catalyst is the same as that obtained without catalyst
(Figure 3.7).
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(a)

% Transmittance

4000 3000 2000 1000
Wavenumbers (cm™!)

Figure 3.6 The progress of the reaction between MnL, and PB without using catalyst
(a) before heating (b) after heating at 120°C for 30 min (c) after 1 h
(d) after 2 h
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w
Figure 3.7 IR spectrum of Mns @ reaction between MnL; and
PB without us

3.3.1.2 Synthesis of n tl action between MnL; and PP

Mn-PP was prep

dilaurate was employed as

IR spectrum of Mn-P H stretching at 3338 cm™ and
the aliphatic CH stretching at he carbonyl (C=0) stretching of
urethane linkage (-NCOO-) appears at 1724 cr “The imine absorption appeares as a
shoulder due to the ov > aromatic (C=N) peak

% Transmittance

4000 3000 2000 1000
Wavenumbers (cm™!)

Figure 3.8 IR Spectrum of Mn-PP obtained from the reaction between MnL; and PP

in the presence of catalyst
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3.3.2 Synthesis of nickel-containing polyurethanes from NiL; and

prepolymers
3.3.2.1 Synthesis of Ni-PB from the reaction between NiL; and PB

The polymerization temperature was chosen at 120°C and the catalyst was not

IR spectroscopy. The completeness of

& NCO absorption band in
ak at 2275 cm™ disappeared
AC g \\ ours, the crude product was
./ Was-pre ’~\ addition of a mixture of

hde Jot ceceft - \ separated in 2 parts, dark
ould not dissolve in DMSO
osslinked polymer. The dark
1 from the reaction between

(Seheme 3.7)[1]. Their IR spectra
efore, addition of a catalyst to the

used. The reaction progress was followed

the reaction could be observed b
prepolymers at 2275 em™. Fr
after heating at 120°C for 6 y
After heating the
dissolved in DMSO and
methanol and water. The appcas
orange powder and white ela
and this result suggested tha
orange powder was NiL, a
PB and moisture in air to give

(Figures 3.10 and 3.11) confirmed these '

reaction between NiL, and Pk .
v ’ )

ﬂﬂﬂ’)‘ﬂﬂ'ﬂﬁ‘ﬂﬁﬂ‘i
ammnm NN Y




40

% Transmittance

amaqmm 11917 ’ Y

4000 3000 2000 1000
Wavenumbers (cm™!)

Figure 3.9  The progress of the reaction between Nil, and PB without using
catalyst (a) before heating (b) after heating at 120°C for 1 h (c) after 3 h
(d) after 6 h
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% Transmittance
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Figure 3.10

% Transmittance
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QW’Wﬁ\ﬂﬂTmﬂWmﬂEﬂaﬂ

Figure 3. 11 IR spectrum of a crosslinked polymer resulting from the reaction

between PB and moisture in air
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NH-c-o—R—c—NH : :
H;C

PB; R= _(CHZ-CHZ.CHZ-CHZ-O)_

n

ﬂuﬂqwﬂwfﬂﬂﬂnﬁ
ammnm&ﬁﬂ%ﬂmaﬂ

Crosslinked polymer

Scheme 3.7 Reaction between PB and moisture in air[1]
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Dibutyltin dilaurate was then employed as a catalyst and the polymerization
temperature used was 90°C. In this reaction condition, the reaction progress could not
be followed since the polymer was tough and therefore could not be ground for the
preparation of IR sample. The reaction mixture was heated for 17 hours to complete
the polymerization reaction. The polymer was then purified by dissolving in DMSO

and a mixture of methanol and water was added to precipitate the polymer. The

methanol and dried in vacuo for 24

polymer was filtered, washed several ti

hours. The yield of Ni-PB obtaine 5% // '
The IR spectrum of Ni Figy 2 @e NH stretching at 3371 cm™

—
and the aliphatic CH stretchi and 2859 cm™.The carbonyl (C=0) stretching

of urethane linkage (-NCO nine (C=N) absorption band

appears at 1612 cm™. The i ‘peak appears at 1542 cm™.

% Transmittance

1000

AudImemdTenns
Figure 3.1@}3?% giﬁiww ﬁﬁwgeﬁi’eﬁz and PB in
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3.3.2.2 Synthesis of Ni-PP from the reaction between NiL; and PP

Ni-PP was prepared using the same procedure as Ni-PB and dibutyltin dilaurate

was employed as a catalyst. The yield of Ni-PP was 59%.
The IR spectrum of Ni-PP (Figure 3.13) shows the NH stretching at 3345 cm™
and the aliphatic CH stretching at 2925 and 2858 cm™. The carbonyl (C=0) stretching

of urethane linkage (-NCOO-) appears at 1721 c ‘! The imine (C=N) absorption band
C pe &/HSM cm™.

% Transmittance

4000

the presence

e g EENTIWEING
et LSS AN AR

synthesized to compare their thermal properties with those of metal-containing
polyurethanes which have different amount of metal complexes in the main chain. The
% weight of ML; in the polymer was shown in Table 3.5. Polyurethane-ureas were

prepared at the mole ratio of ML, : m-xylylenediamine : prepolymers = 0.5 : 0.5 : 1.
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Dibutyltin dilaurate was added in these reactions as a catalyst. The polymerization was

done in a hot air oven at 90°C for 17 hours.

o 2o ut
— \N=C\ . 2 OCN NH—C—0—R—C—NH NCO
H H
CH;

Prepolymers

'r cu,cn,cn,cn,
Hy gﬂ-

cu,

ML,
MnL,; X=O0OH
NiL,; X=OHor

Scheme 3.8 Synthesis of n%etal-contammg po i}n'ethane-ureas

AUSINININAINT, ecpiated in 8

The polymeis were purified by dissolving 1

i :ﬂmnmm ﬁﬂﬂmmd
in cool wat‘{ ilter ever: ol and dried

in vacuo for 24 hours.

The manganese-containing polymers were brown elastomers and nickel-
containing polymers were dark orange elastomers. The yields obtained for Mn-PB-X,
Mn-PP-X, Ni-PB-X and Ni-PP-X were 55%, 58%, 48% and 51%, respectively. Their
IR spectra are shown in Figures 3.14 - 3.15.



" Table 3.5 Percent weight of ML, in polymers

Mn-PP

Polymer codes | 7o Weight of MLz
in polymers
Mn-PB 33
Mn-PB-X 18

Wavenumbers (cm™!)

g
g
=
=
ARAIH I NN
(b)
4000 30=00 20=00 ;0:00
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Figure 3.14 IR Spectra of manganese-containing polyurethane-ureas (a) Mn-PB-X

(b) Mn-PP-X
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(a)

% Transmittance

(b)

4000

Figure 3.15 IR Spectra of nieke onitaining ‘poljurethane-ureas (a) Ni-PB-X
(b) Ni-PP-X £

757 T _
IR spectrum of lfg-PB-X in Figin'efB 4(a) s o NH stretching at 3343

cm and the aliphatic CH-stretehing at-2929-and 285 *'i The carbonyl (C=0)
) geaNCON -) appear at 1721
and 1658 cm™, respectively. }he imine (C—N) absorptlon band appears at 1602 cm’

IR spectruﬁWPﬂ B\ﬁ mmsuetchmg at 3338
cm™ and the aliphatic Il:chmg at 971 and 2927 cm carbonyl (C=0)
stretchmg i lﬁ’ ear at 1720
and 1653 ¢ mm ﬁmlﬂ(ﬁ:ojp m aEj603 cm’

IR spectrum of Ni-PB-X in Figure 3.15 (a) shows the NH stretching at 3311

cm™' and the aliphatic CH stretching at 2929 and 2857 cm’'. The carbonyl (C=0)
.

stretching of urethane Im@'e -NCO

stretching of urethane linkage (-NCOO-) appears at 1725 cm™ and urea linkage
(-NCON-) appears as a shoulder due to the overlapping with imine (C=N) absorption

band. The imine (C=N) absorption band appears at 1607 em™.
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IR spectrum of Ni-PP-X in Figure 3.15 (b) shows the NH stretching at 3318
cm’™’ and the aliphatic CH stretching at 2925 and 2859 cm™. The carbonyl (C=0)
stretching of urethane linkage (-NCOO-) appears at 1720 cm’™ but urea linkage
(-NCON-) is not observed since it overlaps with the imine (C=N) absorption band. The
imine (C=N) absorption band appears at 1607 em™.

"t//netal complexes in the main chain
l\ﬁ\ chain were synthesized to
compare their thermal s

i ili b th _ ining polyurethanes and
polyurethane-ureas. Polyurs ‘ y mix or PP prepolymers and m-

xylylenediamine (Scheme
90°C for 17 hours.

. - : \ \
- 1 “‘—7: : " - .H» , '(?
H, H, N A~ NH—C R—C-NH\@NCO
CH;

m-Xylylenediamine

3.5  Synthesis of polyureas wi

Polyureas without m

ixture was then heated at

J[l@? mm&}w
adAsal U Ing R y-

Polyureas

Scheme 3.9  Synthesis of polyureas without metal complexes in the main chain
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Dibutyltin dilaurate was used as a catalyst in these reactions. The polymer was
dissolved in DMSO and precipitated in a mixture of methanol and water and dried in
vacuo before characterization. The yield of PB-X and PP-X were 92% and 83%,
respectively. Figures 3.16 (a) and 3.16 (b) show IR spectra of PB-X and PP-X,

respectively.

% Transmittance

4000

Figure 3.16 Spectra of polyureas without metal complexes in the main chain

‘a’PF?‘ﬂE‘T"JWEJW‘ﬁwmﬂ‘i

IR spectrum of PB-X in Figure 8.16 (a) shows,the NH stretching at 3319 cm™
e A SRR BV Y B st
of urethane ﬂnkage (-NCOO-) and urea linkage (-NCON-) appears at 1728 and 1639
cm’!, respectively.

IR spectrum of PP-X in Figure 3.16 (b) shows similar spectrum to that of PB-X.
The spectrum shows the NH stretching at 3319 cm’ and the aliphatic CH stretching at
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2971, 2926 and 2867 cm’. The carbonyl (C=0) stretching of urethane linkage
(-NCOO-) and urea linkage (-NCON-) appears at 1728 and 1645 cm’, respectively.

3.6  Solubility of metal-containing polyurethanes, polyurethane-ureas

and polyureas

The solubility of metal-containi ers was tested in various polar and

non-polar solvents. All metal-co ainir anes, polyurethane-ureas and
polyureas without metal complex: main cHai oluble in DMF and DMSO.

Manganese-containing polyme s soluble -containing polymers. The

solubility of metal-containi

Table 3.6 Solubility of 1-

I&. -
Polymer A
codes | pexane | Toluene | Dieth e | CH:OH | DMF | DMSO | H,0
e B
AN
Mn-PB b R ++ 4
’“-‘_—r-l
- :'-'.- w,y
Mn-PB-X - - g2 ':*} y - + ++ -
Mn-PP - - - + ++ -
|
Mn-PP-X - - m - + + + m- + ++ -
4 ‘o LY
T AUYINBENINENNTG |
|
Ni-PB-X - ﬂ - + + + - ++ ++
¢ o o/
‘ ! ' ~
Ni-PP - ++
Ni-PP-X - - - + + + - et ++
PB-X - - - + + - - ++ ++
PP-X - = - + + - = ++ 4

-, insoluble; +, partial soluble; ++, soluble
* 10 mg sample was dissolved in 2 ml of solvent.




51

3.7  Thermal analysis

Thermal stability was investigated by measuring weight losses of the polymers
at 170°C at different times (1, 2, 3, 4, 6 and 8 h). The weight of polymers used in these
experiments was 50 - 60 mg. Before testing thermal stability, all polymers were heated

at 120°C for 1 hour in a hot air oven to evaporate the remaining solvents. Table 3.7

shows weight losses of polymers at differe V pc

Table 3.7 Weight losses of p

//// %‘\\\\\

codes
. SN
40
-ﬂl L)
Mn-PB 5.5 78 uﬁ? 183 20.2
Al
Mn-PB-X 5. : Lty il 162 19.2
Mn-PP 8.7 146 =171 =190 21.7 23.8
T -
Mn-PP-X 7.8 o= 415 ) ST 21.4 23.2
Ni-PB 6.1 . TEE 13.3
Ni-PB-X 5.5 S 6 m 15.0 16.3
Ni-PP 8.5 gy 2 13.0 14.3 15.3 16.8

s @W?Wﬂﬂ‘iwﬂ’m‘é 2?:3

Nickel-containing polymers show better thermal stability than manganese-
containing polymers. M-P-X is slightly more thermally stable than M-P. M-P is
expected to be more stable than M-P-X as more percent weight of ML, (Table 3.5) in
polymer backbone. In this case, M-P-X is stabilized by more hydrogen bonding.

Thermal stability of the metal-containing polymers was compared to that of the
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polymers without metal which were synthesized from the reaction between m-
xylylenediamine and PB or PP prepolymers. The result showed that metal-containing
polymers exhibited better thermal stability than polymers without metal complexes.

, Ni-PB was chosen for TGA study because it has the best thermal stability. The
TGA thermogram and data are shown in Figure 3.17 and Table 3.8, respectively. The
initial decomposition temperature (IDT) and the temperature at 50% weight loss of Ni-

PB were found at 234°C and 430°C, respecti ly. The possible degradation of Ni-PB
was shown in Scheme 3.10. = ,//

Z

80T

60T

%Weight loss

40+

20T

0- -
100 200 =400 6

1000

Figure 3.17 TGA themﬂgram of Ni-PB

ess o Y HERINENTNENT
YR TN IEIR B

P(ﬁymer

200 | 300 | 400 | 500 | 600 | 700 800 900

Ni-PB 2 11 36 58 67 71 85 87
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In comparison with the previous research, the IDTs of nickel containing
polyurethane-ureas[10], synthesized from Schiff base metal complexes were found
between 163 - 271 °C. The temperature at 50% weight loss of these nickel containing
polymers were found between 384 - 444 °C. The Ni-PB has the thermal properties in

the same range as the previous research.

?

vw—o\c( , zCHzCHzCHzO‘C'NH\(:[NH-C"\N
CH;

AN (0 =S — O

< n‘ i e
" RTY ANYNI NS
s> AEEAGTHINN] 112761 2



	Chapter III Results and Discussion
	3.1 Synthesis of 4,4'-Dihydroxysalpentaen Metal Complexes (ML1)
	3.2 Synthesis of 4,4'-Dihydroxysalcyclohexane Metal Complexes (ML2)
	3.3 Synthesis of Metal-Containing Polyurethanes
	3.4 Synthesis of Metal-Containing Polyurethanes-Ureas
	3.5 Synthesis of Polyureas Without Metal Complexes in the Main Chain
	3.6 Solubility of Metal-Containing Polyurethanes, Polyurethane-Ureas and Polyureas
	3.7 Thermal Analysis


