CHAPTER III
RESULTS AND DISCUSSIONS
It has been known that Schiff base ligands can be synthesized by condensation

reactions of primary amines with carbonyl compounds. In this study, the hexadentate

Schiff base ligand was synthesized from the reaction between 24-

dihydroxybenzaldehyde and triethylen etrangine. The reaction involved an attack of
amino group at the carbonyl.carbon of aldényd€ fellowed by loss of water to give the
tetradentate Schiff base lig : ﬁbase ligand decomposed when

isolation from the mi \\\ \ 4,4'-dihydroxysaltrien metal
complexes were preparcd k addmgl m _ c \ ,4-dihydroxybenzaldehyde to
form a template intermicdiate. Subsequently, , e solution of triethylenetetramine was
then added (Scheme 3 —

OH

4,4'-Dihydroxysaltrien metal complexes (ML)

M=Nij, Co, Zn and Mn

Scheme 3.1 Synthesis of 4,4'-dihydroxysaltrien metal complexes
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3.1 Synthesis of 4,4'-dihydroxysaltrien metal complexes (ML)

3.1.1 4,4'-Dihydroxysaltrien zinc complex (ZnL)

In the synthesis of ZnL, the mole ratio of 2,4-dihydroxybenzaldehyde:zinc
acetate:triethylenetetramine was taken as 2:1:1. First, 2,4-dihydroxybenzaldehyde and
metal acetate were mixed in methanol. Subsequently, the methanolic solution of
triethylenetetramine was added dropwise to the above mixture and the reaction

mixture was then neutralized by adding a sodium hydroxide solution. The pink solids

for 6 hours and the yello orys als-were:
The solubility d( )
temperature, the yell
sulfoxide but insolubl€ ing- e, lydrofuran | ater, methanol, chloroform,
dichloromethane, tolu. ' |

in any solvents.

Figure 3.1 depic ’ ’_1‘ R cthunth of yellow crystals. '"H NMR
spectrum shows hydroxyl - | ' , imine -CH=N- protons at 8.10
ppm, and aromatic protons at 6 5.83-5.81 (2H) and 5.77 (2H) ppm. The
CH,; signals appear 36 1 13 (2H), 2.94 (2H), 2.81-
2.80 (2H), 2.54-2.53 42 NMR spectrum of the pink

solid is similar to that‘- ya o_' 1 (-OH) protons were absent
(Figure A.1). 'H NMR'dsta indicate that the yellow cryStals are 4,4'-dihydroxysaltrien

zinc complex ﬂ lﬁ F; exadentate Schiff base
ligand salt an 4'- d1hydroxysa trien zinc complex ZnL salt) as shown in

F'WCQZW’I ANNIUNRINYIAY
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Figure 3.1 'H NMR shecufind b4 ¢ligiiicrysta
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Figure 3.2 Strﬂu(t rﬁﬁ ﬂ E]iﬂlja‘,‘nl EI /'I ﬂ i
U
ossible route t rmati chi i own in Scheme
3.2, mgﬁm iﬁiﬁﬁcﬁmﬂ i og]henolic oxygen
of the cgmplex to give Schiff base ligand. When sodium hydroxide solution was

added to neutralize the reaction mixture, salt of Schiff base ligand was obtained and it

could precipitate together with ZnL salt as pink solids.
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NH NH

Schiff base ligand salt

Scheme 3.2 Formation of Schiff base ligand salt
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To increase the yield of ZnL, different bases were employed instead of sodium
hydroxide. The composition of starting materials was also varied as shown in Table

3.1.

Table 3.1 Composition of starting materials in the synthesis of ZnL

Mole ratio of Yield of Yield of
2,4-dihydroxybenzaldehyde: ligand salt and ZnL
zinc acetate:triethylenetetramige ZnL salt (wt%)* (%)
211 S 16 3
2:151 11 9

201 1 1:";&& 12 s
2:1:1 I \\\ 13 27

2:1:1 Il/ =Y 10 51

%12 lll 2, - - 11

%yields based on the weighit offstartingma Vﬂ \
b 8 iy \
the filtrate decomposed aft vas\allowed to stand at room temperature for 6 h.

The best yield of Zi en using potassium carbonate as
a base. The mole ratio of 2 Ld&g«dndﬁy ‘ zinc acetate:triethylenetetramine
was changed to 2:1 — =thylenetetramine can-heutralize acetic acid from
the reaction (Scheme ! 1) and thert - ormation of by products. It was

found that using exce the formation of ligand salt

and ZnL salt. ﬁmg w w]( Therefore, the suitable
method for th ﬁ oxybenzaldehyde:zmc
acetate:_triethylenetetramine at the® mole ratio of 2:1:1 a?'(i acbp Erlng potassium

wbona -+ NT1IEU NRTIVIE

ZnL was characterized by IR, 'H NMR, elemental analysis and MALDI-TOF
MS. 'H NMR spectrum (Figure 3.1) supports that structure since it shows the imine

» tnethylenetetramme could avo

(-CH=N-) protons at d 8.10 ppm. IR spectrum (Figure A.2) shows -NH stretching at
3315 cm™ . The imine stretching is observed at 1629 cm™ and the bands at 990 and 841
cm’ correspond to absorption peak of 1,2 4-trisubstituted benzene bending. Elemental
analysis data shows that the experimentally determined percentage values of carbon,
hydrogen and nitrogen agreed with the formula CoH24N404Zn.3H;O of ZnL.
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MALDI-TOF MS of ZnL (Figure A.3) was found as 450.1 which is the molecular ion
of C20H24N4O4Zn.

3.1.2 4,4'-Dihydroxysaltrien nickel complex (NiL)
The mole ratio of starting materials in the synthesis of NiL is shown in Table
32. When the mole ratio of  2,4-dihydroxybenzaldehyde:nickel

acetate:triethylenetetramine was 2:1:1 and sodium hydroxide was employed as a base,

the mixture of ligand salt and Nil
NiL was not obtained. NiL was obtaine ‘ rystals in low yield (24%), when

ained as pink solids in 14 % yield and

potassium carbonate was used 4

The mole/ : ydroxybenzaldehyde nickel
acetate:triethylenetetral 2 Aftaken\as 2:1* oid the formation of ligand
salt and NiL salt. The { sHob 'that the mixture of salts could be avoided in all
bases. The highest yield®f Nil# A ing potassium carbonate as
a base and the # niolg ot :h of | 2,4-dihydroxybenzaldehyde:nickel
acetate:triethylenetetraming'v %)

Table 3.2 Composition of starting ma o the synthesis of NiL

&
J ield of Yield of

Mole ratio

f"—
2,4-dihydroxyberizaldehyde: ind salt and NiL (%)
nickel acetate:triethylenétetramine ; ! salt (Wt%)*
2111 € NaGH 14 -
TEFIF_W.T.
A | ‘ 1 24
HITETRWE IS
: 57
[ 4
78
J : 80
2:1:2 K,CO; - 89

®yields based on the weight of starting materials.
®the filtrate decomposed after it was allowed to stand at room temperature for 6 h.

At room temperature, the ligand salt and NiL salt are insoluble in organic
solvents. NiL is soluble in dimethyl formamide and dimethyl sulfoxide but insoluble
in n-hexane, tetrahydrofuran, water, methanol, chloroform, dichloromethane, toluene,

acetone and ethyl acetate.
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NiL structure was confirmed using IR spectroscopy, elemental analysis and
MALDI-TOF MS. The IR spectrum (Figure A.4) shows the important characteristic
absorption bands as follows: 3312 cm™ (N-H stretching), 1634 cm™ (C=N stretching),
1598 cm™ (aromatic C=C stretching), 1214 cm’' (aromatic C-O stretching) and 989
and 841 cm™ (C-H bending of 1,2,4-trisubstituted benzene). Elemental analysis data
agree with the formula C;0H»4N4O4Ni.3H,0. MALDI-TOF MS of NiL (Figure A.5)

was found as 443.5, which is the molecular ion of Cy0H24N4O4Ni.

3.1.3 4,4'-Dihydro
CoL was synthesi

x (CoL)
dure as ZnL. Table 3.3 shows the
composition of starting ‘in the synthesis. At the mole
ratio of 2,4-dihydroxyb riethylenetetramine of 2:1:1 with
sodium hydroxide as a®basg (tu pan and CoL salt was obtained in
high yield (28%) whilg ‘ v. as . 2 own solid in low yield (26%).
When sodium hydrogen garbona ‘potassium earbenate was employed, yield of
CoL was comparable to thét of the AL on'eémploying sodium hydroxide. CoL was
not obtained with sodium carBonate s G, m iy droxide.

To avoid the fo asien  of it ts, the mole ratio of 24-
dihydroxybenzaldehyde:co r amine. was changed to 2:1:2, it

iy
e — -

'v —— J
AUEINENINEING
RINNINUNINYA Y
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Table 3.3 Composition of starting materials in the synthesis of CoL

Mole ratio of Yield of Yield of
2,4-dihydroxybenzaldehyde: Base ligand salt and the dark brown solid
cobalt acetate:triethylenetetramine CoL salt (wt%)* (CoL)
2:1:1 NaOH 28 26
2:1:1 NaHCO; 31 28
2:1:1 28 -
2:1:1 - =®
2:1:1 32 31
2:1:2 = =]
*yields based on the weig :
®the filtrate decomposedeficr ( was' I\to stand 3hroom temperature for 6 h.

At room temperafure 1g nd salt 2 “oLsalt are insoluble in organic
solvents. CoL is soluble i . »
in n-hexane, tetrahydro
acetone and ethyl acetate:

CoL structure was Confiti ek 'b R pectroscopy. The IR spectrum (Figure
o bands as follows: 3374 cm™ (N-H
' {,ﬂ’. ic C=C stretching), 1226
(C-H bending of 1,2,4-

A.6) shows the important characierist
stretching) 1611 cm
cm™ (aromatic C-O stret

trisubstituted benzenc

Howev, ixﬁm ‘ﬁi educed pressure. The
color of CoL eﬂ ﬁﬁ:‘lﬁ oL is unstable and it
AR AN AN Y

W

3.ql.4 4,4'-Dihydroxysaltrien manganese complex (MnL)

Employing the previous synthesis method, the mole ratio of starting materials
in the synthesis of MnL were varied as shown in Table 3.4. Similar results have also
been obtained for the mole ratio of 2,4-dihydroxybenzaldehyde:manganese
acetate:triethylenetetramine = 2:1:1. When sodium hydroxide was employed as a base,

the mixture of ligand and MnL salts was obtained as brown solid in 25% yield and
MnL precipitated as dark brown solid in low yield (27%).
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When the base was changed to potassium carbonate, yield of MnL was 22%
but MnL was not obtained with sodium hydrogen carbonate, sodium carbonate and
potassium hydroxide.

In case of the mole ratio of 2,4-dihydroxybenzaldehyde:manganese
acetate:triethylenetetramine = 2:1:2, MnL was obtained when the reaction mixture was
not neutralized with base, MnL crystallized as brown crystals in high yield (81%) and

this procedure was the most suitable synthesis procedure for MnL.

d MnL salt are insoluble in organic

solvents while the MnL is soluble in di yLi6 ide and dimethyl sulfoxide but

: \ﬁterw, chloroform, dichloromethane,

toluene, acetone and e oweve posed when it was dissolved
in solvents. The colo Mnls solati sed from dark brown to black and

Mole ratio of Yield of Yield of

2,4-dihydroxybenzaldehyd Base ligand salt and MnL
manganese acetate:u-iethyleneteu'g@}_} 7y MnL salt (wt%) (%)

LN 27

il

_b

_b

22

_b

81

bthe filtrate decomposed after was allowed to stand at room temperature for 6 h.

The structure of MnL was confirmed by IR spectroscopy and elemental
analysis. IR spectrum (Figure A.7) shows the important characteristic absorption
bands as follows: 3374 cm™ (N-H stretching), 1611 cm™ (C=N stretching), 1577 cm™
(aromatic C=C stretching), 1226 cm™ (aromatic C-O stretching) and 990 and 847 cm'™
(aromatic C-H bending). Elemental analysis data shows percentage values of C, H and
N that agree with the formula C20H24N4OsMn.H,0.
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3.2 Synthesis of metal-containing polyurethane-ureas

3.2.1 Investigation of the reaction between ZnL and prepolymer

DSC technique was employed in order to investigate the reactivity of ZnL
complex with prepolymer. PB900 was chosen as the prepolymer. The suitable
temperature of the polymerization reaction could be determined using DSC technique.
DSC experiment was performed by heating a mixture of ZnL:PB900 at the mole ratio

of 1:1 in a DSC cell using closed n air. The temperature range was 25-
300 °C at a heating rate of 2! ‘ ‘ ogram (Figure 3.3) shows both
. ‘ — = ¥ Kl
exothermic peak and endo mepeaksy” ¢ peak at 121 °C indicates that

the polymerization reactio sius’ Therefore, the chosen reaction temperature for the
synthesis of metal-containing pé : : ca: s \: e reaction between ZnL and
prepolymer was 120 Wi

\.. erved around 152 and 202
°C, followed by decompos

— TR

J/g =384, 42

g q} -+

i

10 J/g = 14.08 -

g = e

e

=

Q - Onset= T
J/g = 6.

uwwiwawﬁb

Pesk= 121.55

Temperature (C)

Figure 3.3 DSC thermogram of ZnL:PB900 mixture at the mole ratio of 1: 1
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3.2.2 Synthesis of zinc-containing polyurethane-ureas from the reaction
between ZnL and PB900
Having obtained the polymerization temperature from DSC experiment,
isothermal polymerization reaction between ZnL and PB900 at different mole ratios

was investigated using IR spectroscopy. Isothermal experiment was done by heating a

mixture of ZnL:PB900 in different mole ratios at 120 °C in a hot air oven. The

completeness of polymerization reaction was observed by the disappearance of
isocyanate (-NCO) peak of PB900 at ; IR spectrum.

The possible polymeriz ) ' t the -NH- and —OH groups of

ZnL undergo a reaction with iseeya e gro =-wim: 900 to give metal-containing
polyurethane-urea. Whe “afd PP1000 we ployed, the polymerization is
proposed to be the same asfin ihcCase of and PB900. The general polymerization

ﬂ‘lJEl’JﬂEWIiWEﬂﬂ?
QW’]MﬂiﬂJ UA1INYAY
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l(') 0 n O\M/ Ol
NH-C-0-R—C- NE=C=() SE
"""@: . ACSN? b NEch
Hy Prepolymer CHy f N§
PBW; R= +CH,-CH1-CH1-CH;'0}‘

PP1000; R = fCh-ch-of
CH,

n l 4,4'-Dihydroxysaltrien metal complexes (ML)

H;

Metal-containing polyurethane-ureas
M =Zn and Ni

Scheme 3.3 Possible mechanism of the reaction between metal complex and

prepolymers
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At the mole ratio of ZnL:PB900 = 1:1 (Figure 3.4), the -NCO peak (2275

cm™) disappeared after the polymerization was done for 4 hours. However, the new
peaks of —C=0 stretching of urea -NCON- and urethane -OCON- groups in the
polymer could not be identified since these peaks overlap with the -C=0 peak of

urethane linkage in PB900, which appears around 1720 cm™.

Although the polymerization was completed, the peak at 1634 cm’ was still

observed. This peak is due to the -C=N- absorption in ZnL. This indicates that part of

(@
¥
1/
(b) i
3 AT
8 287
& Eada < s
X | (¢
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4000 3000 2000 ' 1000

Wavenumber (cm™)

Figure 3.4 IR spectra of a reaction mixture of ZnL:PB900 at the mole ratio of 1:1

when the reaction was done at 120 °C: (a) before heating; (b) after 1 h; (c)
after 2 h; and (d) after4 h
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The isolation of metal-containing polyurethane-ureas was done by dissolving
the product mixture in dimethyl sulfoxide and the resulting solution was then added to
water to precipitate the polymer. By employing the mole ratio of ZnL:PB900 = 1:1,
the polymer was obtained in 40 % yield.

The mole ratio of ZnL:PB900 was then changed to 1:2. The polymerization
was carried out using the same method as described in the case of ZnL:PB900 at the
mole ratio of 1:1. The IR spectra in Figure 3.5 shows that the polymerization was

/7

completed after 4 hours. The p 3 jsolated using the same method as

described previously. It was ~_\;:_ I " L as obtained in 79 % yield.

% Transmittance

- 2000 1000
Wavenumber (cm")

4000 3000

Figure 3.5 IR spectra of a reaction mixture of ZnL: PB900 at the mole ratio of 1: 2
when the reaction was done at 120 °C: (a) before heating; (b) after 1 h; (c)
after 2 h and (d) after4 h
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Employing the same method, the polymerization reaction of ZnL:PB900 was
carried out at the mole ratio of 1:3 to investigate the possibility of the formation of
crosslinked polymers.

Although polymerization was done for 8 hours, the -NCO peak of PB900 was
still observed as shown in Figure 3.6. This indicates that part of PB900 did not
undergo polymerization reaction. It has been known that a crosslinked polymer is not

soluble in organic solvents such as dimethyl formamide and dimethyl sulfoxide.

During the step of polymer ispl' L it Was found that the reaction mixture was
soluble in dimethyl sulfoxide and p mér, n precipitated by the addition of
water. This indicates that the r€action did n@sslinked polymer. The control
experiment showed tha “of water (0 a PB900"solution in dimethyl sulfoxide

did not give precipitate™The : vas ob aine R80%yield.
| VB : \ 3 X

The above da ism occurs as proposed in
undergo a reaction with

isocyanate group of preg ‘ Ve, metal \ aining polyurethane-ureas and

All polyurethane-ureas obia: o = 5 e different mole ratio of ZnL:PB900

JEEE

v \
have the similar IR spectra. Thér able mole ratio of ML:prepolymer for

X

synthesis of metal-containi

G
AULINENINYINS
AN TUNNINGA Y



41

(a)
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Figure 3.6 IR spectra of a reaction mixture of ZnL:PB900 at the mole ratio of 1:3
when the reaction was done at 120 °C: (a) before heating; (b) after 3 h; (c)

after 5 h and (d) after 8 h
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3.2.3 Synthesis of zinc-containing polyurethane-ureas from the reaction
between ZnL and PP1000
Zinc-containing polyurethane-ureas based on PP1000 was synthesized using
the same method as described in the case of ZnL:PB900 at the mole ratio of 1:2
IR spectra (Figure 3.7) show that the polymerization was completed after 5
hours. The reaction mixture was soluble in dimethyl sulfoxide and the polymer was

precipitated in water. The polymer was obtained in 82 % yield.

% Transmittance

AR 0I N7

4000 3000 2000 1000

Wavenumber (cm™')

Figure 3.7 IR spectra of a reaction mixture of ZnL:PP1000 at the mole ratio of 1:2
when the reaction was done at 120 °C: (a) before heating; (b) after 1 h; (c)
after 3 and (d) after S h
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3.2.4 Synthesis of nickel-containing polyurethane-ureas from the reaction
between NiL and PB900

Nickel-containing polyurethane-ureas were carried out at the same method as
described in the synthesis of polymer from ZnL and PB900. The polymers were
prepared by varying the mole ratio of NiL:PB900 as 1:1, 1:2 and 1:3. The
polymerization was done in a hot air oven at 120 °C.

At the mole ratio of NiL:PB90 1 ythe polymerization was completed after

| cak at 1634 cm’™', which was similar
to in case of ZnL. This indicates that thelimine PAtLofNiL did not undergo a reaction.

When the moleratioft . to 1:2, the polymerization
was completed after ' \ obtained in 76 % yield.
By the same g ! ‘ hesized at the mole ratio of
NiL:PB900 =1:3 to invegtiga &ibilis of crossl .'\- o reaction. When the reaction
mixture was done after 8 : 41@ anate peakat 2275 cm™ was still observed
(Figure A.10). This is a similfr resulf16 thedase of Znl.:PBY00 that part of PB900 did
not undergo a reaction. The rea vas soluble in dimethyl sulfoxide and

y additic rms that the crosslinking reaction

was then precipitate

does not occur. The '_ gained in 80 70 yicid ‘
-'_ !
From the obtaimed dat

polymerization mechanism of NiL

with prepolymer is — < and —“OH groups of NiL undéfgo a reaction with isocyanate
group in pre r ﬂﬁrﬁﬂ uﬂ Hh Tg polyurethane-ureas.
The most sui 1€1atio o ‘pre (ﬁ 1 ‘:IIIh is of nickel-containing
s s ¢ 'Y
TN 00 UM
RTRN TN INYIA Y
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3.2.5 Synthesis of nickel-containing polyurethane-ureas from the reaction
between NiL and PP1000
Employing the same method, nickel-containing polyurethane-ureas based on
PP1000 was synthesized by the polymerization reaction between NiL:PP1000 at the
mole ratio of 1:2. IR spectra (Figure A.11) show that the polymerization was
completed after heating the reaction mixture for 4 hours. The polymer was obtained in
83 % yield.

3.2.6 Characterizatiol \:: éohtaini g polyurethane-ureas using
Infrared speci oD =
All obtained metal Alaiing , p have similar IR spectra as
shown in Figure 3.8. / \\\\\ stween 3447-3304 cm™. The
C-H stretching due to#the / erved between 2974-2791 cm™.
The carbonyl stretchingfof ihe girgt .~.: \:\ \\ ea (-NCON-) groups show

a peak at 1726-1713 cm
stretching. This confirms

new carbonyl band of urea

prepolymer.

lex in the obtained polymer. The

| ? 0 ».,_ “\\\\t 5cm’ is attributed to the C=N

aps with urethane carbonyl band of

|

2
ﬂ‘lJEMVIEJVIﬁWEJ\’lﬂ’i

ammmm UA1AINYAY
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(a)
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Figure 3.8 IR spectra of metal-containing polyurethane-ureas: (a) Zn-PB; (b) Ni-PB;
(¢) Zn-PP and (d) Ni-PP



46

3.3 Synthesis of metal-containing copolyurethane-ureas

Polyurethane-ureas are a class of very important copolymer and are of
commercial interest in many application. Nanjundan and coworkers[10-14] have
studied the metal-containing polyurethane-ureas and they found that these polymers
have good thermal stability. Therefore, the metal-containing copolyurethane-ureas are

of our interest since the obtained polymers are expected to show good thermal

stability.

3.3.1 Synthesis of metal i : urethane-ureas from ML,

Copolyurethane-uréas zed the reaction between ML

prepolymer and xyly j 1e/ d N ylylenediamine (Scheme 3.4).
The -NH, groups in Ao, . canjundergo a reaction with -NCO groups in
prepolymer to form ureél ligkages. '7 l liamine was used as a chain-extender to
yield copolymer with dif ¢ the polymer chain

Polymerization re nd xylylenediamine in different
mole ratios was investigated were done at a constant temperature of
120 °C in a hot air oven, Tiicsamail¥ of reaction was confirmed by the
disappearance of i 1503anaﬁe (:k&)‘)' of bidy er 362275 cm™ in IR spectrum

As an examplé;Figure-3: \ 1 pf polymerization reaction

between ZnL, PB900 af ole r' io of 1:3:1 at different times.

When the reaction mxxtu}e was heated for 1 hour, there was a presence of a new C=0
stretching v1b jmm completeness of the-
polymerization gyas m by the absence of — peak at 2275 cm’ after
heatin

ﬁﬁﬁ@bﬂﬂnﬁﬂﬂﬁl’g m &1 fllﬁ ﬂ —OH group of

metal complex and the —-NH, of xylylenediamine undergo a reaction with -NCO

group of prepolymer. The repeating unit in copolyurethane-ureas is random.
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Figure 3.9 IR spectra of a reaction mixture of ZnL:PB900:xylylenediamine at a mole

ratio of 1:3:1 when the reaction was done at 120 °C: (a) before heating; (b)
after 1 h; (c) after 2 h and (d) after 3 h
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g e

NH,
v
4, 4-dihyd o T R= -{-m,m,m,—m,o]—n (PB900) insiada
M=Zn and Ni ton-qrof (FP1000)

metal complex as shown i 8,34 1e-pol ithout metal complex (PB-D-11
7 10n between xylylenediamine and
prepolymer to study the e ectil f et X in the polymer chain. Yields of the

obtained polymer were 56-8

Y ¥ e obiai
Table 3.5 Wt% ofme d ©f the obtained polymer

U

P A
, _ e
B 7 NET
REEAT
9 Ni-PB-D-153
Ni-PB-D-131 12.9 65
Ni-PB-D-371 18.8 68
Zn-PP-D-131 138 85
Ni-PP-D-131 137 83
PB-D-11 0 56
PP-D-11 0 60
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3.3.2 Characterization of metal-containing copolyurethane-ureas
3.3.2.1 Infrared spectroscopy
IR spectra of the metal-containing copolyurethane-ureas based on ML,
prepolymer and xylylenediamine are shown in Figure 3.10. All of the polymers have
similar IR spectrum. The important characteristic absorption bands are as follows:
3363-3312 cm™ (N-H stretching), 2973-2796 cm™ (C-H stretching), 1727-1711 cm’
(urethane carbonyl) , 1662-1638 cm™ (urea carbonyl), 1604-1599 cm’ (amine C=N

and aromatic C=C stretching), 1547:

(C-O stretching). There are two 1
one was obtained from the reéaction twdof xylylendiamine and -NCO
group of prepolymer erved around 1650 cm™. The

second one was obtai — group of metal complex

Is in the polymer chain. The first

and -NCO group of p We . ybserved because it overlaps
with urethane carbonyl ‘. ‘ > : e U 1< in a peak between 1727-
1711 cm™. | ' \

For example, ’ -D-153 (Figure 3.10a) shows the
medium peak of urea carbo 2. -\1 m~ and urethane carbonyl around
1727-1711 em™. Upon increasifg s ‘complex in the polymer such as Zn-
PB-D-131 and Zn-PB-D-371
show stronger ure W;SE\ ¢ weaker urea carbonyl

absorption. m

ﬂUEJ’JVIEJWﬁWEJ’]ﬂi
ammmm UA1INYAY

Oc, respectively), the IR spectra
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(a)
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Figure 3.10 IR spectra of: (a) Zn-PB-D-153; (b) Zn-PB-D-131; (c) Zn-PB-D-371; (d)
PB-D-11 and (e) PP-D-11
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3.2.2.2 Solubility

Solubility of metal-containing polyurethane-ureas and copolyurethane-ureas
was tested in various polar and non-polar solvents (Table 3.6).

At room temperature, all metal-containing polyurethane-ureas and
coplyurethane-ureas were soluble in dimethyl formamide and dimethyl sulfoxide but
insoluble in water, n-hexane, chloroform, dichloromethane, methanol, acetone,
toluene and ethyl acetate. It was found that Zn-PB-12, Ni-PB-12, Zn-PP-12, Ni-PP-12,
Ni-PB-D-153, Ni-PB-D-131, Ni-
tetrahydrofuran.

Ni-PP-D-131 were partial soluble in

Table 3.6 Solubility of ning pols

/ \\\ DMSO
i VIIE?"\\\\\ N

Polymer Code

Zn-PB—D-l -

Ni-PB-12 I % ‘k\\\ ++
Zn-PP-12 , ..Mf’ 2 ‘\ s
Ni-PP-12 =
Zn-PB-D-153 ++
++

++

Zn-PB-D-371"

Ni-PB-D-153

+
g

é’
=
g
"‘5
al
i

NI-P
1-PB-Q-371 + =+
W TN ']']V’F']aﬁﬁl -
Ni-PP-D-131 T i i i
PBD-11 = + =
PP-D-11 : = =

-, Insoluble; +, Partial soluble; ++, Soluble

* 10 mg sample was dissolved in 2 ml of a solvent
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3.2.2.3 Thermal stability
Thermal stability of metal-containing polyurethane-ureas was determined by
weight loss measurement upon heating polymers in a hot air oven at 170 °C for 8 h.
The weight loss data are shown in Table 3.7. The results indicate that nickel-
containing polyurethane-ureas show less weight loss than zinc-containing
polyurethane-ureas. Ni-PB-12 is the most thermally stable polymer since it shows the

lowest weight loss.

Polymer Code
6h 8h
Zn-PB-12 1312 16.2
Ni-PB-12 6.0 7.8
Zn-PP-12 13.2 15.6
Ni-PP-12 89 10.8

P T
Thermal sta‘Silitfy/ of ~imiet ethane-ureas was also
determined using f e-meth the weight loss data are

shown in Table 3.8. Thermal n ing polyurethane-ureas and
copolyurethane-ureas 1s compared to that of polyurethane-ureas without metal

complex in th e I%J Iy f]

The dmlﬂ:gmm mlﬁﬁat Q j% loss decreases with
increasg.wi i | ¢ m, 9 3: %. é{ % loss slightly
increasgqmﬂﬁm 5m(ﬁ/?j | nﬁj dg to the presence

of lower degree of hydrogen bonding. The lowest weight loss was obtained when the
amount of ML complex is 15 wt%. Among the metal-containing copolyurethane-
ureas, the wt% loss of PB-based polymers is found to be lower than PP-based

polymers. Also, nickel-containing copolyurethane-ureas show higher thermal stability

than zinc-containing polymers.
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Table 3.8 Thermal stability of metal-containing copolyurethane-ureas determined by

weight loss measurement at 170 °C for 8 h

Polymer Code ~ W1t%. of metal Wit% loss after heating at 170 °C*
complex 1h 2h 3h 4h 6h 8h
Zn-PB-D-153 9.2 2.6 5.1 6.2 6.8 77 10.2
Zn-PB-D-131 15.0 2.0 3.0 3.8 44 5el 7.5
Zn-PB-D-371 18.9 3.0 5.8 6.6 71 9.2
Ni-PB-D-153 9.1 ' 32 3.8 5:1 6.1
Ni-PB-D-131 14.9 2.6 3.5 4.1
Ni-PB-D-371 18.8 3.5 4.8 59
Zn-PP-D-131 13.8 9.7 11.4 13.1
Ni-PP-D-131 13.7 6.1 7.8 8.3
PB-D-11 0 284 29.6 304
PP-D-11 0 30.2 31.8 332

*the weight of sample used

. R ,-'z;'f-
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g ‘f -
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Figure 3.11 TGA thermograma of Ni-F
Table 3.9 TGA data of Ni=PH .
' @
Polymer IDTs - ¥er m A’, N Wt%. residue
co O L | at 800 °C (%)
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Ni-PB-D-131 310 E 0 6 3 406 440 588 5:1

ﬂUEJ’JVIEW]‘ﬁWEJ’]ﬂ?
QW’]MT‘I‘E@UNW]’W]EHMI



55

: “"'io'*li ﬁ“’ Mr'(c)'\o-n-'f:')- ;.}f?
Lo o4 e
Cre__ e '(C)L N?-&m fi—NH m‘ion—@ o Ll
[° = *@’H <A ¢ Bl

g
AUEANENINGING

e nERriRE TR

isocyanate component

Scheme 3.5 Proposed mechanism of degradation of metal-containing copolyurethane-

ureas
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Comparing the thermal stability of Ni-PB-D-131 to that of other metal-
containing polymers report in the literature, metal-containing copoly(urethane-urea)s
based on Nisalytrien which had been synthesized by Chantarasiri and coworkers[19].
Ni-PB-MDI-413 was prepared by the reaction between Nisalytrien, PB900 and
diisocyanate (MDI) at the mole ratio of Nisalytrien: PB900: MDI as 4: 1: 3. TGA
result showed IDT at 229 °C and the temperature of 50 wt% loss at 424 °C while
those of Ni-PB-D-131 were found at 310 and 406 °C, respectively. Therefore, Ni-PB-
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