CHAPTER 111

RESULTS AND DISCUSSION

£ | Synthesis of 4,4’-dihydroxysaltetraen metal complexes (ML)
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Scheme 3.1  Synthesis of 4,4’-dihydroxysaltetraen metal complexes (ML)
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The reaction was neutralized by adding a solution of different bases. The
brown powder of MnL; and the gray powder of CoL; precipitated immediately. After
the powder of ML, was isolated, the filtrate was kept upon standing at room
temperature, however it was decomposed. The solubility of ML, was tested in DMF
and DMSO. The results from the solubility testing are shown in Table 3.1.

Table 3.1 Solubility of metal complexes (ML) using various bases®

Solvents
Metal complexes S F DMSO

MnL; - \ = -
Igs(ﬁ' g/ +
Kt . -

mff
COL] 2 v ; ”‘ - =

F WA T,
iﬂ "
lM K>COs3 -

’.] NENINEINTD
-, Insoluble; +, ﬁartxal soluble

a"’"ﬂsW’VﬁﬁﬂWﬂW’f’J NYNa Y

From the results of solubility testing, the metal complexes obtained from using
2M KOH as a base were further characterized.
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3.2 Characterization of ML,

The obtained metal complexes were characterized by IR spectroscopy and
elemental analysis. Figure 3.1 éhows IR spectra of MnL; and CoL,. IR spectrum of
MnL; in Figure 3.1(a) exhibits an absorption band of OH stretching at 3420 cm’, NH
stretching at 3239 cm™! and C=N stretching at 1581 cm’'. The bands at 986 and 847

cm’ correspond to the characteristic absorption peak of aromatic bending of 1,2,4-

IR spectrum of @m

stretching at 3420 cm™, [ stictchingat 3@d C=N stretching at 1597 cm™.
The bands at 986 an
aromatic bending of 1,2, /7 ‘

trisubstituted benzene.

bits an absorption band of OH

-- D acteristic absorption peak of
ed\benzer

= 1

% Transmittance

Figure 3.1 IR spectra of (a) MnL; (b) CoL,

Elemental analysis data of metal complexes is shown in Table 3.2. The results
from elemental analysis data suggest that the possible molecular formula of MnL; and
CoL,; be CyHsMnNsO4K and CpHasCoNsO4K.CH30H, respectively, which might

occurred from the reaction between KOH and ML; (Scheme 3.2). Since the
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percentage values of carbon, hydrogen and nitrogen were lower than the calculated

values, the obtained products might be a mixture of ML, and ligand salt occurred

from the reaction between OH groups of the ligand which did not form metal complex

and KOH as shown in Scheme 3.3. Purification of ML, was unsuccessful because it

decomposed during the process.

Table 3.2 Elemental analysis data of ML,

Metal oot

Possible molecular Yo'
complexes -
f0 T 'm 0
MnL,

I ¥ & , AN
ColL,; CyHo3CoN;5O | ﬁ'\ 10\

(M Mn and Co

% H
found (cald.)

% N
found (cald.)

!’\\\\ 4.82 (5.42)

5.71 (5.80)

10.61 (13.45)
11.39 (12.58)

ﬂuﬁqwﬂﬂ§Wﬂ N9
awwﬁ@mﬁﬂﬁﬁfﬁﬁﬂnaﬁ

NH N NH

Scheme 3.2 Possible reaction between ML, and KOH
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N_jc‘n +  KOH

Scheme 3.3 Possible #€a
After several a as accomplished. Therefore 4,4'-
dihydroxysalcyclohexa rere M = Zn and Cu) were the

next target molecules.

3.3  Synthesis -“  4-dihydroxysalcyclohexane me al complexes (ML)

'}

3.3.1 Preparationm 4,4'-dihydroxysa cyclohexanﬂgand (L>)

e B UL I NENEIEIAD T e s s

described in the literature.®® Starting from 24-dihydroxybenzaldehyde and 1,2-

s BRI S HIEA I WAIAR) B v st

carbon)’l carbon of the aldehyde followed by loss of water, giving 4,4'-
dihydroxysalcyclohexane ligand (L,) (Scheme 3.4).
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viscous product.”’ The degorn 0sition m \io e reaction between phenolic
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next steps without purification.

and imine groups as shov

methanolic solution and used {4
T T

K

.--._-l-TI“T‘-‘.——--A—n:h. H OH
>C=N - A SC=N N=CZ
" @2 JReol

AUBINYNINEINT
awmgmmﬁwmaa

Scheme 3.5 Possible decomposition reaction of L,
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3.3.2 Synthesis of 4,4’-dihydroxysalcyclohexane zinc complex (ZnL;)

4.4’ -Dihydroxysalcyclohexane zinc complex (Znl;) was synthesized by
addition of zinc (II) acetate dihydrate into the methanolic solution of the ligand L.
After neutralization of the reaction mixture by 2M NaOH, the orange powder then

precipitated immediately. The orange powder might be L, sodium salt which came

from the reaction between OH group of L, and NaOH as shown in Scheme 3.6. This

ectrum of L, salt (Figure 3.2) exhibits
“é)f‘. After isolation of the orange

@mperature for 3 days to obtain

own in Scheme 3.7.

powder by filtration, the
light yellow crystals o

NaOH

s
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3.3.3 Synthesis of 4,4’-dihydroxysalcyclohexane copper complex (Cul.)

4,4'-Dihydroxysalcyclohexane copper complex (Cul;) was synthesized by the
reaction between 2,4-dihydroxybenzaldehyde and copper (II) acetate monohydrate in
methanol to form a template intermediate. Then, 1,2-diaminocyclohexane was added

to give Cul; (Scheme 3.8).

1 | b i s

Scheme 3.8 I'!iynthesw of 4 4'-d1lv'droxysalcyclohexane copper complex (Cul.y)

ARANN I SJ"W]’J NEIRE

The synthesis of Cul, was done by varying the mole ratio of 2,4-

dihydroxybenzaldehyde:copper (II) acetate monohydrate:1,2-diaminocyclohexane as
2:1:1, 2:1:2, 2:1:3 and 2:1:4. The synthesis data of CuL, obtained from varying the
mole ratio of starting materials are shown in Table 3.3. From these results, the mole
ratio of 2.4-dihydroxybenzaldehyde:copper (II) acetate monohydrate:1,2-

diaminocyclohexane as 2:1:4 was chosen for the synthesis CuL,.
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Table 3.3 Synthesis data of Cul,

Mole ratio of Appearance Yield
2,4-dihydroxybenzaldehyde:copper (II) acetate of of Cul;
monohydrate:1,2-diaminocyclohexane Cul,; (%)
2:1:1 purple powder 23

2:1:2 \\ ' ,/ purple powder 35
23 \\\{‘j) /// purple powder 61
<

purple crystals 88

3.4 Characterization

The structure o L3 va
PRI

¢

spectroscopy, elemental analysis g@? pectrometry. IR spectrum of ZnL, (Figure

A gl gl ¥ 3

3.3) exhibits an absorption band ot OH
1606 cm™. The bands at 992-and 848 q'iffxw o espond to the characteristic absorption

5,

peak of aromatic bendii ; i
Elemental anﬁ'sis-- data of ZnL, .

|

elemental analysis data shows that the possible mlbq

C,0H20ZnN,0O, ﬁ’ﬁ i o s i tage values of carbon,
hydrogen and @m@ i:‘rﬂe ﬂ' ﬁﬁtﬁm ﬁeﬁn

'H ectroscopy and MALDI-TGE MS were afsé used to confirm
molec%%lﬁﬂﬁ.ﬁ%pﬁ&%iﬂﬂaoaﬂ shows the OH

protons at 5 9.20 and the imine CH=N protons at & 8.09. The signals at 6 6.90, 6.08

and 5.94 are due to the aromatic protons. The signals between & 3.01-3.12, 2.30-2.45,
1.84-2.03 and 1.19-1.46 are due to the cyclohexane protons. MALDI-TOF MS data

ecular formula of ZnL, is

(Table 3.5 and Appendix) shows that the obtained zinc complex is a mixture of ZnL,
(C20H20ZnN,04) and Znl, salt (CyoH9ZnN,04Na). CyoH;9ZnN,0O4Na might come
from the reaction between NaOH in the solution and ZnL; (Scheme 3.9).
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This result does not have an effect on the preparation of metal-containing
polymers since both ZnL, and ZnL, salt can react with isocyanate-terminated

prepolymers in the synthesis of zinc-containing polyurethanes.

% Transmittance

Figure 3.3 IR spectn

Table 3.4 Elemental analysis

% H % N
ound (cald.) | found (cald.)

Possible molecular

formula

CaoHa0ZnNa@y. 245.09) | 6.66(6.43)

AULINENINYINS
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Scheme 3.9 Possib : , €¢ A\W and NaOH to give ZnL, salt

3.5 Characterization o
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n spectroscopy, elemental analysis
and mass spectrometry. IR spettram o_'f Cu
of OH stretching at 3424 cm™ and C=1 ching at 1615 cm™. The bands at 989 and

846 c[n'l correspond to the characteristic absorp

....... ,_,r of aromatic bending of
i)

1,2,4-trisubstituted'b f- 4
Elemental a y31s data of CuL; 1s shown ﬂ Table 3.6. The result from

elemental an ﬁﬁmmﬁ mle molecular formula of CuL, should
be Cy0H;oC ut n was higher than the

calculated value This might be because the obtained produc@,are the mixture of
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polyme zation step since Cul, and Cul,; salt can react with isocyanate-terminated

prepolymers in the synthesis of copper-containing polyurethanes.
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MALDI-TOF MS was also used to confirm molecular formula of Cul,.

MALDI-TOF MS data (Table 3.7 and Appendix) shows that the obtained copper
complex is a mixture of Cul; (CyoH20CuN;04) and Cul; salt (CyoH9CuN2O4Na).

CyoH;9CuN,04Na was obtained from the reaction between NaOH in the solution and

Cul; (Scheme 3.10).
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Table 3.7 MALDI-TOF MS data of Cul,

m/z Formula

418 C20H20CuN,04

oH20CuN>04.H,0

L
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Cul, sait

Scheme 3.10 Possible reaction between Cul; and NaOH to give CuL, salt
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3.6 Investigation of polymerization reaction between 4,4'-

dihydroxysalcyclohexane metal complexes and prepolymers

Thé next step was to investigate the polymerization reaction between 4,4'-
dihydroxysalcyclohexane metal complexes (ML;) and tolylene 2,4-diisocyanate
terminated poly(1,4-butanediol) prepolymer, MW 900 (PB900) by using differential
scanning calorlmetry (DSC) and IR spectroscopy The reaction between ML, and

A WWTW AT

3.6.1 leferentlal scanning calofimet

ry (DS, Y
ARIAINIUUAIINYIAY

BSC thermogram of the mixture between ZnL, and PB900 at the mole ratio of

1:1 is shown in Figure 3.6. The thermogram shows exothermic peak between
70-156°C with the peak maxima around 117°C. This result suggests that the
polymerization reaction between ZnL, and PB900 occurs at this temperature range.
Therefore, the temperature at 120°C was chosen for the synthesis of polyurethanes

containing 4,4'-dihydroxysalcyclohexane metal complexes.
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Figure3.6  DSC are at the mole ratio of 1 : 1

Having obtained th _+ ization'tempe e from DSC, IR spectroscopy

T T .
was used to investigate the poly action between ML, and PB900 at the
. Lol 4 % \
mole ratio of 1:1 at 120°€.’-"’I?1‘éiepzp
' ' _';." yanate group in PB90O0 at
2275 em’'. If the polymerization wa:  absorption band at 2275 cm’

should disappear.

Figur S ‘3 f jzation-reaction between Znl,
and PB900 »ﬂuﬂb nﬂﬂm eﬂﬂ‘mu d that the reaction was
completed within ours. After the reaction 4vas completedhe zinc-containing
polyuﬁnaﬁﬁséﬁﬁﬁiwva {wg@ijﬂfm en, a mixture

of methanol and water was added in this solution to precipitate the polymer. The
yellow polyurethane elastomer was obtained and dried in vacuum.

IR spectrum of zinc-containing polyurethane (Figure 3.8) shows the carbonyl
(C=0) stretching of urethane linkage (-NCOO-) at 1726 cm™ and the imine (C=N)
absorption band appears at 1602 cm™.
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IR spectra of the polymerization reaction between ZnL> and PB900
(a) before heating (b) after heating 30 min (c) after 1 h (d) after2 h
(e) after 3 h
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Figure 3.8 IR spect -co3a1 rethane obtained from ZnL, and
PB900 7’
Figure 3.9 sho S

and PB900 which was

purified and dried in vacu € Q > urple powder like Cul,. This
product was characteriz d compared with IR spectrum

of Cul,. It was found /i '_’ btained product was Cul, and therefore the

200 aﬁer heatmg at 120°C are shﬁlm in Figure 3.10. The strong
N=C=0 absorption barid of 1soc¥uLate gﬁdﬁ PB900 at 2275 cm” upon heating

disappeared t u %Illt’g m y\]ﬂﬁ E‘lq&]x methanol. The results

indicated that mmsture in air can also react with isocyanate groups of PB900 but ZnL,

o R} 1 SRR, B R o

Hence, it can be concluded that 7ZnlL;, had better reactivity than CulL,.
From this result, dibutyltin dilaurate (DBTDL) was then used as a catalyst for

this, IR spectra of PB

the polymerization between CuL, and PB900. The reaction time was 15 hours to be

sure that the polymerization was completed.
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Figure 3.9 IR spectra of the polymerization reaction between CuL, and PB900
(a) before heating (b) after heating 30 min (c) after 1 h (d) after 3 h
(e) after Sh
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Figure 3.10 1R spectra of PB900,,

Q W ’Wﬁ*&ﬁﬁw wq&‘}ﬂw E(lz)"ifﬂ 1&]@) after 3 h

Since the structure of PP1000 is similar to PB900, the polymerization
condition between ML, and PP1000 employed was the same as that between ML, and

PB900.
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3.7 Synthesis of polyurethanes containing 4,4’-dihydroxysalcyclohexane metal

complexes

Polyurethanes containing 4,4'-dihydroxysalcyclohexane metal complexes
were synthesized from the reaction between 4,4'-dihydroxysalcyclohexane metal
complexes (ML;) and different prepolymers at the mole ratio of 1:1 at 120°C for 15
hours as shown in Scheme 3.12. The products from ZnL, with PB900 and PP1000 are

reaction was completed, oupe thale w&-puﬂ by dlssolvmg in DMSO. Then,

a mixture of methan \t solution to precipitate the

polyurethane and the polym

J‘l T "FV

é‘qz!} [l )
bl

..ﬂ.f"f B X7
7

‘] N C—O—R—1C)I—NH NCO

Prepolymers
= 4cHy-cH-CH-CH-0F (PB900)
n

ML,
(M =Zn and Cu)
(X = OH or ONa) =1

ot

GHy ¢ (PP1000)
Kl CH;3

(0]

Mﬂ@@n C‘“"ﬁ:m ‘Jﬁ“ 5o

AR NI UNNINYA Y

Metal-containing polyurethanes

Scheme 3.12 Synthesis of polyurethanes containing 4,4'-dihydroxysalcyclohexane

metal complexes
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3.8 Characterization of polyurethanes containing 4,4'-

dihydroxysalcyclohexane metal complexes

All polyurethanes were characterized using IR spectroscopy and the IR spectra
of these polyurethanes are shown in Figure 3.11.

% Transmittance

%000 3000 2000 1000

Wavenumbers (cm™")

Figure 3.11 IR spectra of (a) Zn-PB900 (b) Cu-PB900 (c) Zn-PP1000
(d) Cu-PP1000
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IR spectrum of Zn-PB900 [Figure 3.11(a)] shows the NH stretching of
urethane linkage at 3301 cm™ and the aliphatic CH stretching at 2927 and 2856 cm™.
The carbonyl (C=0) stretching of urethane linkage (-NCOO-) appears at 1726 cm™.
The imine (C=N) absorption band appears at 1602 cm™ and benzene CH bending
appears at 765 cm’.

IR spectrum of Cu-PB900 [Figure 3.11(b)] is similar to that of Zn-PB900. The
spectrum shows the NH stretching of urethane linkage at 3289 cm” and the aliphatic
CH stretching at 2928 and 2857 m‘ carbonyl (C=0) stretching of urethane
linkage (-NCOO-) appears at%

1615 cm™ and benzene

(C—N) absorption band appears at
1

IR spectrum shows the NH stretching of
hing at 2972, 2929 and 2862
(-NCOO-) appears at 1718

at 4602 cm’' and benzene CH

urethane linkage at 3
em™. The carbonyl (

cm”. The imine (C=

.i_,-a-.,.-

aliphatic CH stretching at 296"}',.2.926 and 2863 cm™. The carbonyl (C=0) stretching
of urethane linkage (-NCOO’-%"épf)e ‘at 1725 cm™. The imine (C=N) absorption

d o
To study the of metal co & polymer chain, two types of
|

polyurethane-ureas were synthesized. The metal-containing polyurethane-ureas were
synthesized ﬁ m d m-xylylenediamine.
Polyurethane@yﬂ Ylbg]lﬂ Ol’l:-?:rjnsynthesized from the
reactlﬁ lﬁr ,g] &e}ﬁlﬁer and ﬁ-xylﬁneﬁlﬁmﬁ El ’] a E]
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3.9  Synthesis of polyurethane-ureas without metal in the main chain

Polyurethane-ureas without metal in the main chain were synthesized from the
reaction between m-xylylenediamine and different prepolymers at the mole ratio of
1:1 as shown in Scheme 3.13. The polymers obtained from m-xylylenediamine with
PB900 and PP1000 are coded as Xy-PB900 and Xy-PP1000, respectively. After the
reaction was completed, the polyurethane-urea was purified by dissolving in DMSO.

added in this solution to precipitate the

Then, the mixture of methanol and ¥ H /
polyurethane-urea. /)
<

= =

Polyurethane-ureas

3.13@142![ A N TN e i
10 SRR et i

Both polyurethane-ureas without metal in the main chain were characterized

using IR spectroscopy and IR spectra of these polyurethane-ureas are shown in Figure
3.12.
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The IR spect shows the NH stretching at

3319 cm™ and the alipha g ,, a2 d 2857 cm™. The carbonyl (C=0)
stretching of urethane linkage fr@,()‘ ), | nkage (-NCON-) appears at 1728
and 1639 cm™, respectively. Tbcﬁen ding appears at 770 cm™.
Bt
The IR sp of Xy—PPfOO()__l )] is similar to that of
Xy-PB900. The specirum {19 cm™ and the aliphatic CH
stretching at 2971, 29} and arbony]:i'}C=O) stretching of urethane

lmkagc (-NCOO-) andgurea linkage (-NCON-) appears at 1728 and 1645 em’,

i S B IRBHFN YN T
1 R B b

metal complexes

Polyurethane-ureas containing 4,4'-dihydroxysalcyclohexane metal complexes
were synthesized from the reaction between m-xylylenediamine, 4,4'-
dihydroxysalcyclohexane metal complexes (ML) and different prepolymers at the

mole ratio of 0.5:0.5:1 as shown in Scheme 3.14. The polymers obtained from
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m-xylylenediamine, ZnL, or Cul, and PB900 are coded as Zn-Xy-PB900 and
Cu-Xy-PB900, respectively and the polymers obtained from m-xylylenediamine,
Znl, or Cul, and PP1000 are coded as Zn-Xy-PP1000 and Cu-Xy-PP1000,
respectively. After the reaction was completed, the polyurethane-urea was purified by
dissolving in DMSO. Then, the mixture of methanol and water was added to this

solution to precipitate the polyurethane-urea.
" /// —Hzc—@CH
-Xylylenedlamme

Prepolymers

,~CH,~CH,~CH,~ o—}— (PB900)

H,—CH-0 -]-n (PP1000)
CHj3;

; =LA o ﬂ
{0 i.‘.-a—' T:ﬁ_*—‘:«‘ 0—R—C—NH
m CH;

I
ANNINYINI,,

C—NH NH—C—O—R—C—NH NH—C—HN—H,C

K RINIUUTTANGNA Y

Metal-containing polyurethane-ureas

Scheme 3.14 Synthesis of polyurethane-ureas containing 4.4'-

dihydroxysalcyclohexane metal complexes
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3.12 Characterization of polyurethane-ureas containing 4,4'-

dihydroxysalcyclohexane metal complexes

All  polyurethane-ureas containing 4,4'-dihydroxysalcyclohexane metal
complexes were characterized using IR spectroscopy and IR spectra of these

polyurethane-ureas are shown in Figure 3.13.

% Transmittance

ARARINIDINN?

4000 3000 2000 1000

Wavenumbers (cm™!)

Figure 3.13 IR spectra of (a) Zn-Xy-PB900 (b) Cu-Xy-PB900 (c) Zn-Xy-PP1000
(d) Cu-Xy-PP1000
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IR spectrum of Zn-Xy-PB900 [Figure 3.13(a)] shows the NH stretching at
3323 cm™ and the aliphatic CH stretching at 2924 and 2856 cm’. The carbonyl (C=0)
stretching of urethane linkage (-NCOO-) and urea linkage (-NCON-) appears at 1722
and 1639 cm™, respectively. The imine (C=N) absorption band appears at 1602 cm™
and benzene CH bending appears at 769 cm’™.

IR spectrum of Cu-Xy-PB900 [Figure 3.13(b)] is similar to that of
Zn-Xy-PB900. The spectrum shows the NH stretching at 3311 cm™ and the aliphatic
CH stretching at 2929 and 285 \“W
linkage (-NCOO-) appears hé\

shoulder at 1645 cm™ venl’ppl

carbonyl (C=0) stretching of urethane
a linkage (-NCON-) appears as a
ine (C=N) absorption band. The

imine (C=N) absorptic benzene CH bending appears

at 771 cm™.

IR spectrum « shows the NH stretching at
3323 em™ and the aliphati¢/CH $treichin v ‘goaand 2859 cm’. The carbonyl
(C=0) stretching of urgthane ke : (4 rea linkage (-NCON-) appears

at 1725 and 1639 cm™, gespectively. The imi =N) absorption band appears at
1602 cm™ and benzene ars

FY ks

IR spectrum of Cu-
Zn-Xy-PP1000. Thg spec

re‘ 3.13(d)] is similar to that of
ching at 3311 cm™ and the aliphatic
earbonyl (C=0) stretching of
@uea linkage (-NCON-) is not

observed since it overlaps with the imine (C=N) absorption band that results in a

:zzz:szmmﬁmﬂwwmﬁ g o 1687 e
ammmmw’mma ¢l
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3.13  Solubility

Solubility of polyurethanes containing 4,4'-dihydroxysalcyclohexane metal
complexes, polyurethane-ureas containing 4,4'-dihydroxysalcyclohexane metal
complexes and polyurethane-ureas without metal in the main chain was tested in

various polar and nonpolar solvents.

Table 3.8 Solubility of all synthe W)s

———
Polymers Hexane | Tolug ,1‘"»-!5- HF | CH;OH | DMF | DMSO | H,0
-
AN
Zn-PB900 5 + + _
Cu-PB900 - + + i
Zn-PP1000 & + m
Cu-PP1000 + + + =
Zn-Xy-PB900 4 4 % -
Cu-Xy-PB900 g . +
Zn-Xy-PP1000 + + o _
Cu-Xy-PP1000 - & @ 4
w | A1 3
Xy-PP1000 ‘l] - z + + .
, L] ] " : l; i-r I
- lnsoluba:k,mial l|§l+| b O DM O™ [

10 mg saraale was dissolved in 2 ml of a solvent

From the results of solubility testing, all polymers are not soluble in hexane,
toluene, diethyl ether and H,0O but soluble in DMF and DMSO. Most polymers are
partial soluble in CH,Cl,, CHCl;, CH3;0H and THF except Xy-PB900 and
Xy-PP1000 which are not soluble in CH,Cl,.
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These results indicated that the solubility of all polymers are better than that
reported in the literature'® which might be due to the introduction of soft segment of

PB or PP prepolymers into the polymer structure.
3.14 Thermal analysis

Before investigating the thermal property, all polymers were heated at 120°C

for 2 hours in an oven to remove\d\(\;lf n the next step, the polymers were heated
at 170°C for 1,3 and 6 hou@?&the ove } weight loss were obtained.

Table 3.9 showsmn loss of@rs after heating at 170°C for 1, 3

and 6 hours. Xy-PB900' ve higher|the ‘*‘~, dKP;han Xy-PP1000 and therefore
this result suggests e yime ' ained frqm 900 is more thermally stable
than those obtainedfro nPpA ' which: \ t be.d \ﬁbto the structure of PP1000 is

thermal stability than Zn-P! = it n be concluded that the polymers
i
having copper complex in thé"-m&m chaﬁlore thermally stable than those having
v
zinc complex in the:lmam chan‘i bcéauseﬁ@s‘enﬁ of odd electrons in the outermost

orbital enhances fl:l metaltlic bond of Culy. | ---'-:-'---::-r, metal-containing polymers
show higher therma ~stability than polyn
polymers having hi

thermal stab

Cu- P@u %J-v ,a. ugﬂsn 1 w %fl at.] Erefore this polymer was
chos ‘tﬁ i ﬁ( Figure 3.14. The
initi ﬁl ﬁ§ﬁ€ﬂ§ (m&fﬁ %H;i e another metal-
contammg polyurethanes and polyurethane-ureas reported in the literature®’ show the
IDTs in the range between 178-272°C. The residual weight at 800°C of Cu-PB900 is

T etal in the main chain and the

er amount of metal complexes in the main chain show higher

9.4% corresponded to copper oxide and char formed at this temperature while another
metal-containing polyurethanes and polyurethane-ureas reported in the literature™”

have the residual weight at 800°C between 2.6-9.5%. Possible mechanism of
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degradation proceeded via urethane scission to give isocyanate and hydroxyl

components (Scheme 3.15).

Table 3.9 Weight loss of the polymers at 170°C

Polymers | 7 Veight of ML % Weight loss
in polymer 1h 3h 6h
Zn-PB900 , 12.7 16.1
Cu-PB900 ' | 77 9.1
Zn-PP1000 16.5 20.4
Cu-PP1000 12.7 16.6
Zn-Xy-PB900 14.4 19.0
Cu-Xy-PB900 8.7 11.7
Zn-Xy-PP1000 18.0 21.7
Cu-Xy-PP1000 14.6 18.4
Xy-PB900 20.1 24.7
Xy-PP1000 25.0 28.5
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Figure 3.14 TGA curve of Cu-PB900
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Scheme 3.15 Initial thermal degradation of Cu- PB9OO
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