CHAPTER II
EXPERIMENTAL
2.1 Materials
All reagents and solvents l‘ lytical grade quality. The solvents were
obtained from Lab-Scan d from Fluka, Aldrich, Merck and
Riedel-deHaén. Mangangmetatﬂ te cobalt (II) acetate tetrahydrate,

zinc (II) acetate dihy: drate, tetraethylenepentamine,

1,2-diaminocyclohex n- isomers), tolylene 24-

diisocyanate termin MW 900 (PB900), tolylene

2,4-diisocyanate te

IR spectra PEthe-fetals smplexcs-and-polymers were recorded on a Nicolet

i )
Impact 410 FTIR speetrophotometer at ;
The '"H NMR spectra were recorded in CDC13 and

Mercury-400 a al reference. Elemental
analysis was ﬁﬂtﬂ‘u 1mﬂm§nﬁm:ﬂialymr Matrix-assisted
laser - £ -T ctra were obtained

mgﬁ ﬁ@ﬁi ﬂ%gﬁlé}l}iﬁé d as a matrix.

Thermograwmetrlc analysis (TGA) was carried out in a Netsch STA 409C

: lﬁ: with the KBr disk method.
!

SO-ds solution on a Varian

thermogravimetric analyzer at the heating rate of 20°C/min under air/nitrogen (50/50)
atmosphere. The polymerization reaction was studied using a Perkin-Elmer DSC 7
differential scanning calorimeter and all samples were heated in DSC cell using a

closed aluminium pan under air with the heating rate of 20°C/min. The solubility of
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metal complexes and polymers was investigated in various polar and nonpolar

solvents by dissolving 10 mg of the samples in 2 ml of solvents and kept overnight.
2.3  Synthetic procedures
2.3.1 Synthesis of 4,4’-dihydroxysaltetraen manganese complex (MnL,)

A mixture of 2,4-dihy

manganese (II) acetate tetr@i{e'}-r
prepared and then cooledmto=0°C: WA @ethanohc solution (10 ml) of

ol)%‘-@ropwme to the mixture over a
stlrrea\%’ﬁ minutes and neutralized by
YH, 2V NaHCOs3, 1M Na,COs, 2M KOH

ﬁ”n;sd at 0°C for 30 minutes. Upon

dehyde (0.287 g, 2.08 mmol) and

mmol) in methanol (20 ml) was

tetracthylenepentamin
period of 15 minutes.
adding a solution of
and 1M K,CO3) (1.

standing at room tem

5

powder of MnL,; precipitated
from the reaction mix was isolated by filtration and
dried under vacuum. The yield d!'_MnL ~obtained om using 2M KOH as a base was
0.46 g (92%): IR (KBr, cm f)';-33120 3@947 2886, 1581 (C=N), 1481, 1364,
1232, 1126, 986, &37 Eleﬁéﬁf&l'ﬁna}ys%d CngngnN5O4K C 50.76; H

5.42; N 13.45. Foun

2.3.2 Synthesis of 4 4’-dlhydroxysaltetraen cobalt complex (CoL;)

The prmelJ glraewnﬁlsz]ogo:ﬁ com’]ex w?performed according to
the s i ﬁ ate tetrahydrate
(0.259 ai, Wmmimm ﬁ Ej) ¢1 ?j L, precipitated
as grey powder. The yield of CoL, obtained from using 2M KOH as a base was 0.17 g
(34%): IR (KBr, cm™); 3420, 3239, 2947, 2889, 1597 (C=N), 1481, 1368, 1232, 1126,

986, 847. Elemental analysis: Calcd for C;;H23CoNsO4K.CH30H; C 49.63; H 5.80;
12.58. Found: C 48.99; H 5.71; N 11.39.
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2.3.3 Synthesis of 4,4'-dihydroxysalcyclohexane zinc complex (ZnL;)
2.3.3.1 Preparation of 4,4'-dihydroxysalcyclohexane ligand (L)

The preparation of 4,4'-dihydroxysalcyclohexane ligand (L) was carried out
according to the method reported in the literature.?® In a 100 ml round-bottomed flask,
2.46 mmol (0.340 g) of 2.4-dihydroxybenzaldehyde and 30 ml of methanol were
placed and then cooled to 0°C. 'A ’:é’;‘%ethanolic solution (10 ml) of 1,2-
diaminocyclohexane (0.15 .23 mm ed dropwise to the mixture over a
period of 15 minutes. Tho-e;hrmk%ﬂf thd‘rmxm%;dually changed to yellow and was
s T fﬂgul;?-‘aa'fe the obtained ligand as a solid

h éi?)re, the yellow solution of ligand was used

stirred for another 15 min

because it decompose

A cooled methanoli ol ' nc (I) acetate dihydrate (0.270 g,
il J.is-u-jr
1.23 mmol) was added dropw1se:tn—the sﬁf cooled methanolic solution (40 ml) of

l'l'-vi"._..

the ligand (1.23 mn:;lol) This mnxﬁtrefwa d fi % 30-minutes and neutralized by

adding a solution (‘ﬁ' A mixture was stirred at 0°C

for 1 hour, the orang Jowder then prec om thé mixture. The orange powder

was removed by ﬁltratlﬂon and the filtrate was allowed to stand at room temperature

for 3 days Fr ﬁ% @ﬁw ﬁ[ﬁtﬂ and was subsequently
isolated by filtration and er vacuum ield was 0.21 g (40%): IR (KBr,
cm’™) ﬁi m 1134, 992, 848.

T pe ot T { e

CH=N), 6.90 (2H, d, aromatic protons, J = 7.9 Hz), 6.08 (2H, s, aromatic protons),
5.94 (2H, g, aromatic protons, J = 7.8 Hz), 3.01-3.12 (2H, m, cyclohexane protons),
2.30-2.45 (2H, m, cyclohexane protons), 1.84-2.03 (2H, m, cyclohexane protons),
1.19-1.46 (4H, m, cyclohexane protons). MALDI-TOF MS (m/z); 419, 441.
Elemental analysis: Caled for C0H20ZnN,04.H,O (436); C 55.12; H 5.09; N 6.43.
Found: C 54.83; H 4.82; N 6.66.
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2.3.4 Synthesis of 4,4'-dihydroxysalcyclohexane copper complex (Cul,)

A mixture of 2,4-dihydroxybenzaldehyde (0.340 g, 2.46 mmol) and copper (II)
acetate monohydrate (0.246 g, 1.23 mmol) in methanol (30 ml) was prepared and then
cooled to 0°C. A cooled methanolic solution (10 ml) of 1,2-diaminocyclohexane was
added dropwise to the mixture over a period of 15 minutes. The amount of 1,2-
diaminocyclohexane employed were 1.23 mmol (0.15 ml), 2.46 mmol (0.30 ml), 3.69
mmol (0.45 ml) and 4.92 mmol ({)g'fwe reaction mixture was stirred for 15
minutes and neutralized by NaOH (1.23 ml, 2.46 mmol). The
mixture was then stirred.mfm 3¢m1 standing at room temperature
was subs?q‘?@lated by filtration and dried

urple crystals! The yield of CuL, obtained
xane was 0.45 g (88%): IR

overnight, CuL, preci
under vacuum. Cul;

from using 4.92

(KBr, cm'l); 3424, 3 : ‘ > —N%\ 1‘,%4, 1450, 1355, 1225, 1128,
989, 846. MALDI-TOF " 440 8 40¥56. Elemental analysis: Calcd
LA <

for C20H19CuN204Na‘ (4
6.44.

235 Investngatm& “~ polymerizati reaction  between  4.4'-

dlhydmxyi" rclohexane-metal-compiexes-an _ prepolymer

2.3.5.1 leferentlal scanmng calonmetry (DS )

A mmﬂxre cg'J ?qu!r:]e 22'3{1111?;}13 g“l mgd poly(1,4-butanediol)
prepo Waivﬁgi ﬁ$ "Elj itﬁ ﬁ'ﬁ g, 0.15 mmol)
was mlq] ell' t en'u ing calorimetry

(DSC) to obtain the polymerization temperature.
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2.3.5.2 IR spectroscopy
2.3.5.2.1 Polymerization reaction between ZnL; and prepolymer
Into a watch glass covered by aluminum foil containing 0.270 g (0.30 mmol)

PB900 was added 0.125 g (0.30 mmol) of ZnL,. The mixture was mixed well to

become homogeneous and heated at 120°C in an oven. The polymerization reaction

was followed by using IR spe fter the reaction was completed, the

olymer was purified by diss: L
polym p y ,s_b._hgns
then added to this solu

filtered and dried in v/ ) ._ T‘““-
: \\ \

ixture of methanol and water was

. The precipitated polymer was

2.3.5.2.2 Pol

2.3.6 Synthesis of polyuretlfane&confg 4,4'-dihydroxysalcyclohexane metal
= .-v'" t:‘"' g
complexes = ; ,
{(,‘:_1, | i £
£

2.3.6.1 Synthesis of zinc-cont ltfthane from the reaction
between Zan and PB900 (Zn-PB900)

Into a@?u gsg :V,] ﬂmujﬂﬂ (lﬂnﬁng 0.270 g (0.30 mmol)
NS R R

and heated at 120°C in an oven for 15 hours. After the reaction was completed, the

polyurethane was purified by dissolving in DMSO. A mixture of methanol and water
was then added to this solution to precipitate the polymer. The precipitated polymer
was filtered and dried in vacuum. The polyurethane was obtained as yellow elastomer.
The yield was 0.22 g (56%): IR (KBr, cm™); 3301 (NH), 2927, 2856, 1726 (C=0),
1602 (C=N), 1599, 1542, 1446, 1367, 1223, 1108, 994, 850, 765.
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2.3.6.2 Synthesis of copper-containing polyurethane from the reaction

between CuL; and PB900 (Cu-PB900)

The experiment was performed according to the same procedure described in
experiment 2.3.6.1 using 0.125 g (0.30 mmol) of CuL, instead of ZnL,. The
polyurethane was obtained as dark purple elastomer. The yield was 0.30 g (76%): IR
(KBr, cm™); 3289 (NH), 2928, 2857, 1720 (C=0), 1615 (C=N), 1540, 1448, 1359,

1225, 1118, 992, 846, 759. &\‘&‘ ’ ,//4/’

2.3.6.3 SyntheSism-cogainmxurethane from the reaction

‘t\qﬁ same procedure described in
l?%e 2,4-diisocyanate terminated
PP1000) instead of PB900. The
ield was 0.25 g (59%): IR (KBr,
1602 (C=N), 1541, 1448, 1374,

The . fe i ' procedure described in
experiment mjllﬂ:g I?J mm‘mmad of ZnL, and 0.300 g
(0.30 f PP1000.in 00. ethane ‘Was obtained as dark
purplm:lm ﬁlmﬁ %ﬁm‘?j ;E189 (NH), 2967,
2926, 2?;63, 1725 (C=0), 1615 (C=N), 1542, 1450, 1373, 1226, 1112, 931, 844, 759.



19

2.3.7 Synthesis of polyurethane-ureas without metal in the main chain

2.3.7.1 Synthesis of polyurethane-urea from the reaction between

m-xylylenediamine and PB900 (Xy-PB900)

The experiment was performed according to the same procedure described in

experiment 2.3.6.1 using 0.041 g (0.30 mmol) of m-xylylenediamine instead of ZnL,.

The polyurethane-urea was obta @ w elastomer. The yield was 0.28 g (90%):
IR (KBr, em™); 3319 (NH,)‘\Q{\ =0 of -NCOO-), 1639 (C=0 of
-NCON-), 1553, 1476, 14451370, 1229, 1 70, 668.

23.7.2 Synth/ T the reaction between

The experiment W ned 2 : e same procedure described in

experiment 2.3.6.1 using 0.041.g {930‘ mmol ylylenediamine instead of ZnL,
and 0.300 g (0 30 mmol) : 00. The polyurethane-urea was

2.3.8 Synthesis of po ﬂyurethane-ureas contalmng94' dihydroxysalcyclohexane

m“‘“ﬁ"lﬂﬁ’a‘lﬂﬂﬂ‘ﬁwmﬂ‘ﬁ
T T

Into a watch glass covered by aluminum foil containing 0.270 g (0.30 mmol)
of PB900 was added 0.063 g (0.15 mmol) of ZnL, and 0.020 g (0.15 mmol) of m-
xylylenediamine followed by two drops of dibutyltin dilaurate (DBTDL). The mixture
was mixed well to become homogeneous and heated at 120°C in an oven for 15

hours. After the reaction was completed, the polyurethane-urea was purified by
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dissolving in DMSO. A mixture of methanol and water was then added to this
solution to precipitate the polymer. The precipitated polymer was filtered and dried in
vacuum. The polyurethane-urea was obtained as yellow elastomer. The yield was 0.21
g (59%): IR (KBr, ecm™); 3323 (NH), 2924, 2856, 1722 (C=0 of -NCOO-), 1639
(C=0 of -NCON-), 1602 (C=N), 1543, 1451, 1371, 1226, 1104, 882, 769, 672.

2.3.8.2 Synthesis of copper-containing polyurethane-urea from the
reaction betwee %*ff/m-xylylenedlamme and PB900
(Cu-Xy- PB9 ot
-i.\_,

._-#

-

The expenmen!ﬁ—’f _ %me procedure described in
experiment 2.3.7.1 } 5 \L)o\uLz instead of ZnlL.,. The
polyurethane-urea was ob ‘purple elastor yield was 0.29 g (82%): IR
(KBr, cm); 3311 ' O of -NCOO-), 1645 (C=0 of

'l.}" o

between Zan,"mgglyl ]

polyurethane-urea was obtamed as yellow elastomer. e yield was 0.26 g (68%): IR

s Lﬁiﬁiﬂiﬂ’lﬁ@ﬁ:ﬁm Bomes,
bl ek oo fJinJ BAANUNAELs rom 0o

reaction between Cul,, m-xylylenediamine and PP1000
(Cu-Xy-PP1000)

The experiment was performed according to the same procedure described in
experiment 2.3.7.1 using 0.062 g (0.15 mmol) of CuL, instead of Znl; and 0.300 g
(0.30 mmol) of PP1000 instead of PB900. The polyurethane-urea was obtained as
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purple elastomer. The yield was 0.34 g (89%): IR (KBr, cm™); 3311 (NH), 2967,
2926, 2864, 1724 (C=0 of -NCOO-), 1607 (C=N), 1543, 1451, 1374, 1227, 1105,
931, 812, 771, 664.

AULINENINYINT
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