CHAPTER 11
EXPERIMENTS
2.1 Materials

All reagents and solvents were of analytical grade quality. All chemicals were

obtained from Baker, Fluka and Aldrich and were used as received. Zinc (II) acetate

friment. Chemical shifts are

e

given in parts per mllﬁn (ppm) u ' | as internal reference. The

thermal properties were ‘studled using a Perkm-Elmer DSC 7 differential scanning

calorimeter. A ‘n ﬂlﬁ W(Ejeﬂ]ﬁ losed aluminium pan
€0 20

under air with th¢ heating rat °C/min. Thermogravimetric measurements were

e R S T Y T e

(IDT) was reported at the temperature where weight loss of the samples was observed.
Thermal stability of the polymers were determined using isothermal TGA by heating
the polymer samples in a heated air oven at 170 °C for 8 h and their weight losses
were then measured. Solubility of the polymers was tested in various polar and

nonpolar solvents by adding of 10 mg samples to 2 ml of a solvent.
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2.3 Synthetic procedures

2.3.1 Synthesis of hexadentate Schiff base metal complexes (ML)
2.3.1.1 Synthesis of 4,4'-dihydroxysaltrien zinc complex (ZnL)

NH; H
H OH o
. +  Zn(OAc)2H,0
¢ oH
0

e ' et zinc (IT) acetate tetrahydrate

4,4'_ 1ydro &lﬁtﬁ( iy

4 | .j‘.’lrl‘_. - ¥
fasor
b+ ]

Al 2

literature[2]. The mixture of 2/4-diliydroxybe

ling to the method reported in the
aldehyde (0.463 g, 3.35 mmol,) and

The synthesis of

zinc (II) acetate dihydrate (0_}@@1. ).in methanol (20 ml) was prepared,

_ o R
then cooled to 0 °© ) 1 (0 °C) methanolic solution (10.ml) of triethylenetetramine
was added dropwise<Gver a period of T ixture was stirred for 15
minutes and neutralized by dding a solution of 2M so'ﬂll.m hydroxide solution (1.67
mL, 1.67 mmol) and stire@at 0 °C for 30/minutes. The pink powder precipitated
immediately wﬁ;lnudu S uﬁ-ﬂ ﬂﬁn w&am ﬁs isolated by filtration,

then the yellow solution of filtratef was allowedyto stand at rqom temperature for
oo SR T G O AAT Y e v et
and acetone. Both the pink powder and ZnL were dried in vacuo to remove traces of
the solvent. Table 2.1 shows the composition of starting materials that varied the
solution of base and mole ratio of 2, 4-dihydroxybenzaldehyde: zinc (II) acetate
dihydrate: triethylenetetramine. From the Table 2.1 indicates that the best yield of ZnL
(51%) was obtained when the mole ratio of 2, 4-dihydroxybenzaldehyde: zinc (II)
acetate dihydrate: triethylenetetramine was taken as 2: 1: 1 and solution of base was

potassium carbonate.
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Table 2.1 Composition of starting materials in the synthesis of 4,4'-dihydroxysaltrien

zinc complex (ZnL)
Mole ratio of Volume of Concentration, Yield of the  Yield of
of 2, 4-dihydroxybenzaldehyde: triethylenetetramine ~ Volume of base pink powder ZnL
zinc (II) acetate dihydrate: (mL) (mL) (%) (%)
triethylenetetramine
2= 0.25 mL, NaOH 16 13
1.67 mmol 2M, 1.67 mL
s ' NaHCO, 1 9
o 2M, 1.67 mL
2:10z1 '0:_ L’f'-’ Na:2703 ) 14 N/A
{ m M, 1.67 m
/ N o
2: 041 ) &\\\\‘ KOH 13 27
mmol 4, 1.67 mL
/ é \\ N
2=l ; FT 0; 10 51
6 ﬁ N 1Myl 67 mL
2:1:2 " KO, N/A 1

VI, 1.67 mL

ZnL: IR (KBr, cm™); 3313 =N), 1601, 1449, 1378, 1279, 1216,
1118, 1026, 980, 893, 841, 790,661, 55% MR (400 MHz, DMSO-ds+CDCls,

ppm); 8 9.06 (s, 2 :—'é_;?i:;::----—--,-':--:a—-a.--u--{;, d, 2H, ArH, J= 8.18 Hz),
5.83-5.81 (d, 2H, —'f'., Al ‘;1 3.70-3.66 (t, 2H, CH,, J=

I 5.7 .
13.03 Hz), 3.14-3.13 : , 2H, CH,), 2.94 (s, 2H, CH,), 81-2.80 (d, 2H, CH,, J= 6.48

Hz), 2.54-2.53 ﬁ mﬂﬁm,ﬁi&i}m MALDI-TOF MS
(m/z) 450.1 (ChoH240:NZn§! Anall-€alcd. JH,04NL ZnBH,0: C 47.67; H 6.00;
N 11.12; found C; 48.25, H; 5.93, N¥ |

AR ANASIIRIINYa Y
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2.3.1.2 Synthesis of 4, 4'-dihydroxysaltrien nickel complex (NiL)

H OH NH, H;N
20 [ j +  Ni(OAc),.4H,0

c-H NH HN

i

2,4-dihydroxybenzaldehyde triethylenetetramine nickel (II) acetate tetrahydrate

nickel complex (NiL) which 'ﬁ:i. - ystal crystallized when the filtrate was
stood at room temperature for | hours. The pink powde and NiL were washed with
je-se  then were dried i i pacuo. Table 2.2 shows the
composition of staruq ‘ﬁn of base and mole ratio of

2,4-dihydroxybenzalde ¥de nickel (II) acetate tetrahydrate: triethylenetetramine. The
best yield ﬂ 89J/oﬂnx§ WT“ ﬂd} ﬂ?mole ratio of 24-
dihydroxybenzaldehyde: nickel acetate tetrahyd ethylenetetramine was
. "Wﬁ"ﬁﬁﬁ“ﬁiﬂ‘ﬁ’m Tty



14

Table 2.2 Composition of starting materials in the synthesis of 4, 4'-dihydroxysaltrien

nickel complex (NiL)
Mole ratio of Volume of Concentration, Yield of the Yield of
of 2, 4-dihydroxybenzaldehyde: triethylenetetramine Volume of base pink powder NiL
nickel (II) acetate tetrahydrate: (mL) (mL) (%) (%)
triethylenetetramine
2l 0.25 mL, NaOH 14 N/A
1.67 mmol 2M, 1.67 mL
2yl .25 ml K,CO; 12 24
25052 N/A 57
2122 N/A 74
2212 N/A 78
2042 N/A 80
23122 N/A 89

s:"" gI; 1.67 mL

;54‘1"' 4 u
NiL: IR (KBr, cm"' 5 , 1449, 1374, 1335, 1279,
1214, 1118, 1030, 989, 907, 841, A 1' DI-TOF MS (m/z) 443.5
(C20H2404N4Ni). Ana&al d. \1.3H,0: C 48.32; H 6.08; N 11.27;
Found C 48.26; H 6.22; N

ﬂUEJ’JVIEWI’ﬁWEJ’]ﬂ‘a'
ammmm UA1INYA Y
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2.3.1.3 Synthesis of 4, 4'-dihydroxysaltrien cobalt complex (CoL)

2,4-dihydroxybenzaldehyde triethylenetetramine cobalt (II) acetate tetrahydrate

nplex (CoL)

The experime eda 5 tOthe procedure described in
experiment 2.3.1.1 emp Vigg dob: ‘ : \ ydrate (0.416 g, 1.67 mmol)
instead of zinc (II) acet: ydfa . (0:036 \ mmol). The brown powder
precipitated from the solutigh imueditelydthen it was filtrated. The cobalt complex
(CoL) which was a dark-browsi : 8! MeE _ ip ted when the filtrate was stood at

room temperature for 6 hours: i < brown ar brown powders were washed with

methanol and acetone-several tin i thenwere diied m vacuo. Table 2.3 shows the
¥ 1

composition of starting on of base and mole ratio of

2,4-dihydroxybenzalde yde cobalt (II) acetate tetrahy(m

best yield o ﬁ( e mole ratio of 24-

dlhydroxyben%OiJEc z;ﬁ (‘ﬁ mﬂ’lﬁ j thylenetetramme was
taken as 2: ﬂ and 1 M potassium darbonate wasfused as

f] a &nolimdulmoqdqhw ﬂs}a %L color of solid

changed om dark brown to black. CoL complex was unstable as a solid, so the

te: triethylenetetramine. The

polymerization reaction of CoL complex and prepolymer was not synthesized.
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Table 2.3 Composition of starting materials in the preparation of 4, 4'-
dihydroxysaltrien cobalt complex (CoL)

Mole ratio of Volume of Concentration, Yield of the Yield of
of 2, 4-dihydroxybenzaldehyde: triethylenetetramine ~ Volume of base brown CoL
cobalt (II) acetate tetrahydrate: (mL) (mL) powder (%)

triethylenetetramine (%)
2151 0.25 mL, NaOH 28 26
1.67 mmol 2M, 1.67 mL

2:1:1 02 dl, NaHCO, 31 28
167 mmo 1.67mL

; L, CemeasCO; 28 N/A

S

/é\\\\x\

2:131 gt ¢ 3 32 31

’\\\\.\ :

2502 N/A N/A
2:0+2 N/A N/A
2:1:3 N/A N/A

CoL: IR (KBr, cm")'B87(N 12933, 1634 (C=N), 1590, 1538, 1449, 1358, 1226,

1125, 804, 472.

ﬂUEJ’JVIEJVI‘ﬁWEﬂﬂi
QW’]Nﬂ‘iﬂJ UNIAINYAY
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2.3.1.4 Synthesis of 4, 4'-dihydroxysaltrien manganese complex (MnL)

H OH A By
R@ + E + Mn(OAC)z-4H20
c-H NH
Il A /

2,4-dihydroxybenzaldehyde triethylenetetramine Manganese (II) acetate tetrahydrate

The experime; formed; aceording tothe procedure described in
experiment 2.3.1.1 e i (1) acetate tetrahydrate (0.410 g, 1.67
mmol) instead of zinc (II), ety drate (0°0365 g,11.67 mmol). The brown powder
precipitated from the solutioh immed it was filtrated off and then the brown

solution of filtrate was allowe € i at foom temperature for 6 hours. The dark-
brown powder (Mnb) preciy _‘ nd was filt offand then was washed with
methanol and aceto !——— fedried in vacuo. The solution
of base and mole anzal delﬂie: manganese (I) acetate
tetrahydrate: triethylenetgt;ginc was varieg}s shown in Table 3.4. The best yield of

‘MnL complﬂ ‘Ml&} w E}Aﬂ@ WEJ ’]rﬂ ‘ijole ratio of 24-

dlhydroxybenzﬂehyde manganese (II) acetate dlhydrate trlethylenetetramme was

= R TTA IR0 e e

color of dissolved solution changed from dark brown to black. Therefore, the

polymerization reaction of MnL complex and prepolymer was not performed.



18

Table 2.4 Composition of starting materials in the preparation of
4.4'- dihydroxysaltrien manganese complex (MnL)

Mole ratio of Volume of Concentration, Yield of Yield of
of 2, 4-dihydroxybenzaldehyde: triethylenetetramine Volume of base the brown MnL
cobalt (II) acetate tetrahydrate: (mL) (mL) powder (%)

triethylenetetramine (%)
2 iz 0.25mL, NaOH 25 27
1.67 mmol 2M, 1.67 mL

2:1:1 NaHCO, 17 N/A
1.6/ n M, 1.67 mL
2:1:1 .25 ___-iNazco, 8 N/A

.67 mL

23 22

S )\ S
7%

25152 N/A N/A
VI, 1.67 mL
2=]52 N/A 81
MnL: IR (KBr, cm®) 4 1581 (C=N) 1481, 1357, 1300, 1232, 1183,
1123, 980, 850, y} 150" C 52.52; H5.73; N 12.25;

Found C 52.30; H56‘ U

ﬂ‘UEJ’JVIEWIiWEﬂﬂi
AN AINIURIINAE

12.63.
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2.3.1 Investigation of the polymerization reaction of polyurethane-ureas
and copolyurethane-ureas
2.3.1.1 Differential Scanning Calorimetry (DSC) of polymerization
reaction of PB900 and ZnL

ZnL and PB900 were mixed at the mole ratio of ZnL: PB900 = 1: 1. The
sample was then heated in DSC cell using a closed aluminium pan under nitrogen. The

e of 20 °C/min.

2.3.1.2 Infrared ctre Qlymerization reaction of

Metal comple gcyanates and Xylylenediamine were mixed and was

seopy was used to follow the
progress of the reactio 0 ériess of polymerization was confirmed by the
disappearance of the charagte & s ; Hof socyanate groups at 2275 cm™ . Weight
: yanaic we d as shown in Table 2.5. In the
polymer codes, codes of the syn . i‘ abbreviated as M-P-D-X. M represents
the metal complex (Zn = ZnL ZnlL), e-type of prepolymer (PB =
PB900 and PP = ;--—q-ﬂ; X refers to the mole ratio

of the M: P: D. il
quiIneningns

amaﬂmm UA1INYAY
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Table 2.5 Composition of starting materials of the polymerization reaction between
ML, xylylenediamine and prepolymer

Polymer Weight (g), mole of starting materials (mole) Reaction
Code ZnL NiL PB900 PP1000 Xylylenediamine  time (h)
Zn-PB-11 0.041 g, - 0.073 g, - - 4
8.14x10”° mol 8.14x10° mol
Zn-PB-12 0.039 g, - 0.139 g, - - 4

7.74x10°° mol “imol

| !
Zn-PB-13 0.039 g, Q\\\ (

7.74x10”° mol 2.32x 10240
Zn-PP-12 0.032g, / \4 127g, - 5
6.35x10° mol xlO" mol
Ni-PB-11 - / iéﬁ& \ - - 3
o | /‘l \\\\ | 2
Ni-PB-13 - = 5
Ni-PP-12 = 0.033 ¢ }“ 5 - 0.133g, - 4
664x105 ol — 1.33x107° mol
1‘?"—_ LA
Zn-PB-D-131 0.100 g, = 0.027 g, 3
1.98x10™* mol: . M_ : 1.98x10™ mol
(—— x
Zn-PP-D-131 0.074 g, : 0.020 g, 3
1.47x10™* mol 4.4@04 mol 1.47x10™ mol
Ni-PB-D-131 = 0099 ¢, 0.540 g, = 0.027 g, 3
‘ .| 6.0/ 1.98x10™ mol
Ni-PP-D-131 0.027 g, 3
o 6. ooxlo4 mol u 1 9sx104 mol
PB-D-11 3 : t] 0.056 g, 4
q 5 55x104 mol 5.51x10™ mol
PP-D-11 = = = 0.500 g, 0.068 g, 4

5.00x10™ mol 4.99x10™ mol

Although polymerization was done for 8 hours, the -NCO peak of PB900 was still

observed. This indicates that part of PB900 did not undergo polymerization reaction.
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2.3.3 Synthesis of metal-containing polyurethane-ureas and

copolyurethane-ureas

2.3.3.1 Synthesis of metal-containing polyurethane-ureas from

ML and prepolymer

o [}
HO 0 o OH 1" 1

HC=N : % NoCH '
fNH NH] sC Prepolymers CHy
St : /= ~cH,-CHy-CH,-CHy-0f (PB900)
4, 4'-Dihydroxysaltrien metai. g L
: e S— ten-cu-of (PP1000)

A mixture of'thé Was heated in a hot air oven at

120 °C for 24 hours. 'lﬁ reactio Was ¢ 1solve®n 3.0 ml of DMSO at 90 °C
and was then precipitated jn, 10.0 ml of distilled water. The resulting elastomer was

stered off sn BRI IR T NI IEY . e weight o of

the metal complal prepolymer as shown in Table 2.6.

ARIANN I UA1INYAY
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Table 2.6 Composition of starting materials in the synthesis of metal-containing
polyurethanes-ureas

Polymer Weight (g), mole of starting materials (mole) Yield
Code ZnL NiL PB PP (%)
Zn-PB-11 0.041 g, - 0.073 g, - 40
8.13x10”° mol 8.11x10”° mol
Zn-PB-12 0.039 g, 0.139 g, - 79

7.74x10°° mol .54x10™ mol

Zn-PB-13 - 80
Ni-PB-11 . a0
Ni-PB-12 = 76
Ni-PB-13 80
Zn-PP-12 0032e 8 T & o 0.127 g, 82
6.35x10"¥mo orers 1.27x10 mol
Ni-PP-12 0.132g, 83

1.32x10™ mol

Zn-PB-11: IR (KBry.of 98,/1716 (C=0), 1625 (C=N),
1608, 1541, 1479, 144&1370, 4, 1105, ,99,8@,815,768
Zn-PB-12: IR (KBr, cm#¥);=3304 (NH), 2935; 2860, 2796, 1725 (C=0), 1634 (C=N),

1600, 1559, 1ﬂ %ﬂ@) wﬂ\wﬁlw&’] ﬂ lj

Zn-PB-13: IR (KBr, cm™); 3311 (NH), 2940, 2860, 2799, 1713 (C=0), 1606 (C=N),
s QAN RANINIL1199)8 Y

Ni-PB-1%: IR (KBr, cm™); 3387 (NH), 2940, 2859, 2791, 1718 (C=0), 1607 (C=N),
1542, 1448, 1370, 1226, 1107, 881

Ni-PB-12: IR (KBr, cm™); 3400 (NH), 2932, 2858, 2793, 1718 (C=0), 1606 (C=N),
1542, 1448, 1406, 1370, 1226, 1107, 879

Ni-PB-13: IR (KBr, cm™); 3397 (NH), 2932, 2858, 2796, 1719 (C=0), 1606 (C=N),
1542, 1448, 1225, 1107, 879

Zn-PP-12: IR (KBr, cm™); 3382 (NH), 2974, 2930, 2865, 1726 (C=0), 1634 (C=N),
1600, 1541, 1452, 1374, 1225, 1106, 925, 852
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Ni-PP-12: IR (KBr, cm™); 3447 (NH), 2974, 2930, 2817, 1720 (C=0), 1617 (C=N),
1540, 1452, 1368, 1229, 1099, 1011, 933, 867, 817, 770

2.3.3.2 Synthesis of metal-containing copolyurethane-ureas from

ML, prepolymers and xylylenediamines

The experiment was performed according to the procedure described in

at 90 °C and was then-preeipitated ¥ lmistilled water. The resulting
| . The weight ratios of metal
complex: prepolym v ; a‘g L1 "shown in Table 2.7.

-NH NH'(,LO'R-

o %
T '

wa@%t@fm %715 =

M=Znand Ni
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Table 2.7 Composition of starting materials in the synthesis of metal-containing

copolyurethanes-ureas

Polymer Weight (g), mole of starting materials (mole) Yield
Codes ZnL NiL PB PP D (%)
Zn-PB-D-153 0.044 g, 0.395 g, 0.036 g, 65
8.73x10”° mol 4.39x10" mol 2.64x10™ mol
Zn-PB-D-131 0.100 g, 0.535 g, 0.027 g, 70
1.98x10* mol )4%10™ mol 1.98x10™ mol
Zn-PB-D-371 0.09 g, 0.009 g, 73
1.90x10™ mol 6.61x10”° mol
Ni-PB-D-153 0.036 g, 64
2.64x10™ mol
Ni-PB-D-131 0.027 g, 65
1.98x10™ mol
Ni-PB-D-371 - = 0.009 g, 68
6.61x10°° mol
Zn-PP-D-131 0.074 g, 4440 g, 0.020g, 85
1.47x10™ mo 0x10“ mol  1.47x10™ mol
Ni-PP-D-131 0.600 g, 0.027 g, 83
6.00x10* mol  1.98x10™ mol
PB-D-11 0.056 g, 56
5.51x10™ mol
PP-D-11 0.500 g, 0.068 g, 60
m 1{ 010 mol  4.99x10™ mol
Zn-PB-D-131: IR (Kgr cm ) 3363 (NH) 2939, 28@0 2796, 1711 (C=0), 1655
o B T
Zn-PB-D-153: 6, 1712 (C=0), 1650
eI ‘mﬁrﬁ HThYAS.
Zn-PB-D- ELL (C=0), 1655
C—-O(C—N)) 1606, 1543, 1448, 1375, 1226, 1106, 879, 803, 769
Ni-PB-D-131: IR (KBr, cm’ ); 3344 (NH), 2938, 2859, 2795, 1711 (C=0), 1662
(C=0)(C=N), 1603, 1542, 1483, 1448, 1370, 1227, 1107, 878, 817, 770
Ni-PB-D-153: IR (KBr, cm"); 3344 (NH), 2938, 2859, 2795, 1711 (C=0), 1668
(C=0)(C=N), 1602, 1542, 1483, 1447, 1370, 1223, 1104, 878, 817, 773
Ni-PB-D-371: IR (KBr, cm"); 3344 (NH), 2939, 2855, 2794, 1710 (C=0), 1664

(C=0)(C=N), 1605, 1542, 1483, 1448, 1370, 1227, 1103, 878, 817, 774



25

Zn-PP-D-131: IR (KBr, cm™); 3312 (NH), 2973, 2924, 2871, 1727 (C=0), 1638
(C=N)(C=0), 1599, 1541, 1452, 1415, 1374, 1224, 1108, 924, 853, 773

Ni-PP-D-131: IR (KBr, cm™); 3316 (NH), 2973, 2924, 2871, 1718 (C=0), 1658 (C=0
(C=N), 1603, 1542, 1451, 1376, 1229, 1101, 928, 866, 824, 765

PB-D-11: IR (KBr, cm™); 3341 (NH), 2973, 2932, 2871, 1717 (C=0), 1651 (C=0),
1601, 1547, 1451, 1378, 1231, 1101, 928, 874, 812, 773, 699, 661

PP-D-11: IR (KBr, cm™); 3344 (NH), 2938, 2859, 2800, 1711 (C=0), 1650 (C=0),
1603, 1542, 1480, 1448, 1370, 12275 107, 18, 766, 708, 669

AULINENINYINS
ARIAATAUNNIINGIAY
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