CHAPTER III

RESULTS AND DISCUSSION

The hexadentate Schiff base metal complexes were synthesized from the

literature.*® The reaction between salicylaldehyde derivatives and metal (II) acetate in

Salicylaldehyde
derivatives

Zn(Sal),trien: M=Zn, R = .
Zn(MeOSal),trien: M = ZngR = OMe, R' =F. ,ﬂ;

Zn(EtOSal),trien: M = Zn; R = ¥ 4i-
Zn(BuSal),trien: M =Zn; R :
Zn(dlBuSal)ztncn M=Zn;R= ’Bu,

R X Schiff base metal complex
Ni(diBuSal),trien: M* i;R="Bu, R'="B i(Sal)trien and M(XSal),trien

nthesis of Schiff base metal co %exes

AT TIS WA

3.1 Synth&ns of hexadentate Schiff base zmc‘&omplexes
U TSR Y s

@Zn(Sal)strien were synthesized and the spectroscopic data was in good
agreement with those reported in the literature.*® Zn(XSal),trien was also synthesized
by a one-pot reaction by adding triethylenetetramine to a mixture of metal acetates
and  salicylaldehyde  derivatives, namely  3-methoxysalicylaldehyde,  3-
ethoxysalicylaldehyde, 3-fert-butyl-2-hydroxybenzaldehyde and 3,5-di-tert-butyl-2-
hydroxybenzaldehyde. The purpose of Zn(XSal)trien synthesis was to increase

solubility of the metal complex in various organic solvents. Like Zn(Sal),trien, all
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Zn(XSal),trien were also soluble in many organic solvents such as dichloromethane,
acetone and methanol. The order of solubility of zinc complexes in solvents is
Zn(EtOSal) trien > Zn(Sal)strien > Zn(BuSal)strien = Zn(diBuSal),trien >
Zn(MeOSal)trien.

The structure of Zn(Sal),trien and Zn(XSal),trien was confirmed by IR, NMR,
MS and elemental analysis. IR spectra (Figure 3.1 and Tables 3.1) of the zinc
complexes showed important bands of C=N stretching between 1632 and 1648 cm™.

'H and “C NMR data (Figures Wso support their structures. 'H NMR
spectra (Figures A.1-A.5 and &the imine -CH=N- protons and
carbons of Zn(Sal)mi&SaDﬁnm 8.13-8.23 and & 166-168,

respectively. FAB MSwdata ofall zinc complexe e 3.3) gave the corresponding

molecular formula.

Wavenumbers (ecm™)

Figure 3.1 IR spectra of (a) Zn(MeOSal)trien; (b) Zn(EtOSal)strien; (c)
Zn(BuSal),trien; (d) Zn(diBuSal),trien
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Table 3.2 °C NMR data of zinc complexes

C NMR (ppm)
Zinc complexes
CH=N Aromatic Methylene groups X groups
Zn(Sal)trien 168 | 172,135, 133, 124, 56,47, 43 -

119,112

i |
Zn(EtOSal),trien 166 | 164 \v 56, 47, 43 64, 15 (OEt)
Zn(BuSal),trien 167__ 171141, 5546, 43 34,29 (Bu)

Zn(diBuSal),trien ' n 1 35, 33, 31,29
J”/" / 5 (Bw
Table 3.3 indicates the poss _' olg ul ‘ las and molecular weight of zinc

complexes. Analytical data's

carbon, hydrogen and nitroge

e tical data found
Zinc complexg Formuia—————({¢aictlated) (%) mz
- N

; —
Zn(Sal)atrieneH,0” J CoHaN:OiZn | 5465 19659 1279 155

0 as(5512)  (6.01) (12.79)
zn(MeOSal)zﬁ 1] El ] PI E 504,  11.74
2 28 N4O4Zn 477.1

(55.2 29) (591) (11.72)

TR SR OB ALE

Zn(BuSal)ztrlen 63.03 7.57 10.59
C23H40N4022n 529.3
(63.45) (7.61) (10.57)
Zn(diBuSal),trien 66.90 8.76 8.72
C36H56N4022n 641.4

(67.32)  (8.79)  (8.72)
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The structure of Zn(MeOSal),trien was determined by X-ray crystallography. The
overall view of Zn(MeOSal),trien is shown in Figure 3.2. Bond lengths and bond angles
are listed in appendix B. X-ray crystallography indicated that the structure of
Zn(MeOSal),trien is similar to that of Zn(Sal)ztrien.33 Both Zn(MeOSal),trien and
ZnSalstrien has a roof-shaped structure with the slope containing benzene rings and the

zinc atom that adopting a distorted octahedral geometry.

3.1.2 Thermal g;operty of zinc com&l,exes
F~

Therma i fi | ‘ nfT igated using differential
scanning cam‘uﬁ) Hﬂﬂ@ﬂﬁsis (TIJ

DSC thermogram of Zn(Me(!'Sal)ztrien, Zn(EtOSal),trien, Zii(BuSal),trien and
Zn(diqswa\ aﬁeﬂ.ﬁim5udw,’\}s cmlﬂ% eﬂ)therm peaks
around 392, 238, 296 and 292 °C, respectively followed immediately by decomposition
of the materials. According to these DSC endothermic peaks, Zn(MeOSal),trien,
Zn(EtOSal),trien, Zn(BuSal),trien and Zn(diBuSal),trien did not show liquid crystalline

property. Zn(EtOSal),trien showed another endothermic peak around 83°C, which might

be due to a loss of methanol.



N
| “\ [eOSal),trien
i ﬂUEJ’J’V]EJVIﬁWEJ’lﬂ |
..,.Q W']Mﬂ‘iﬁu um'mma d

Figure 3.4 DSC thermogram of Zn(EtOSal),trien
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Figure 3.6 DSC thermogram of Zn(diBuSal),trien
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From the above DSC data, it was found that the zinc complexes showed good
thermal stability. Therefore, thermal stability of the complexes was investigated by using
of TGA. TGA curves of zinc complexes are displayed in Figure 3.7. Weight loss
percentages of zinc complexes at different temperatures and initial decomposition
temperatures are given in Table 3.4. TGA thermograms indicated that all zinc complexes
were stable up to 230 °C (The initial
was found to be in the ran / °C.). For Zn(Sal)trieneH,0 and
Zn(EtOSal),trieneCH;OH, &sewed since TGA samples were
-_—'1:1 the instrument. The residual

sition temperature (IDT) of the complexes

heated in an oven at 80°C
weight percentages at of - Zn(Sal)stri , Zn(MeOSal)strien, Zn(EtOSal)trien,
Zn(BuSal)trien and | 18%, 16% and 16%,

respectively.

Zinc complexes

: 600 700 900
248 °° 6 1029 _ 56 68 80

Zn(Sal),trieneH,O

Zn(MeOSal)trien ¥ =258 3t 2 76 83

Zn(EtOSal),trieneC ;j—[ 232 60 75 82
| . i

Zn(BuSal),trien 274 2 29 68 84 84

Zn(diBuSal)ztr:'quqil ¢ ﬂQ%S 3 Ui4 | ;%| ﬂ ‘32 84 84
qwqasaﬂm URIAINYIA Y
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3.2 Synthesis of hexadentz chifl ase I complexes
32.1 Characterlzatlon_ cxadentate Schiff base nickel complexes
IR spectrum abs d of imine C=N stretching

in the literature.*® IR s otrien, Ni(BuSal),trien and

Ni(diBuSal),trien showed an absorptlon band of imine C—N stretching at 1632, 1648,
1633 and 16 f e in many organic
solvents such Qqua ?hm ﬂﬂ ﬁﬂﬁ ﬁider of solubility is
Ni(EtOSal),trien >  Ni(Sal)strien > Ni(BuSabstrien = i(diBuSal),trien >
ouessid 411 30U AT T TR

FAB MS data of nickel complexes (Table 3.5) gave the corresponding molecular
formula. Table 3.5 indicates the possible molecular formulas and molecular weight of

nickel complexes. Analytical data shows that the experimentally determined percentage

values of carbon, hydrogen and nitrogen are within the calculated values.
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Figure 3.8 IR 5)  Ni(EtOSal),trien; (c)

T e—_—

Ni(BuSah)strien; (d) Ni(diBu: Sal Y]

The structure oml\}i(BuSal)ztrien was :ljo determined by X-ray crystallography.
Bond lengths isted i i imil inc complexes, X-ray
crystallographﬂ:cﬂﬁﬁj mﬂ) r mn:ﬂl]‘jlcture with the slope
containing benzene rings and the nickel atom adoptinga distorted octaliedral geometry.
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Table 3.5 Analytical data of nickel complexes

Analytical data found

Nickel-complex Formula (calculated) (%) m/z
C H N
Ni(MeOSal),trieneH,0O 54.53 6.31 11.54
O 471.2

(54.01) (6.18) (11.45)

szstN\‘T

Ni(EtOSal)triene3H,O

’/‘12.76 20 1073
—B210) (692 (1013)

Ni(BuSal),trien 7.72 10.78

(7.70)  (10.71)

5233

1—-?-'
Ni(diBuSal),trien ~ "‘“’ 888  8.88
. £ ' 635.4
I' - o\ 03). (8.88) (8.82)

seanning calorimctey (DSC) and thﬁﬂﬂﬁgra vimetric analysis (TGA).
DSC thermog_lgm of Nl(McOSal)ifn Ni(B: -

peak around 300, 313
and 338 °C, followed E.m"'e' ely by de rials. For Ni(EtOSal)strien
(Figure 3.12), DSC thengogram exhibited a large endotherm around 149°C and small
endotherm ar ?ﬁ?{ﬁﬁlﬂ?lal These DSC data
suggested ﬂmﬂgﬁﬂ‘ Htri 1(BuSal)2trien and
Nl(dlBuSa;ﬁnen did not have liquid &ystallme

AT NYNa Y
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Figure 3.12 DSC thermogram of Ni(EtOSal),trien
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Thermal stability of nickel complexes was studied using TGA and the
thermograms are presented in Figure 3.15. The weight loss percentages of nickel
complexes at different temperatures and initial decomposition temperatures are given in
Table 3.6. TGA thermograms indicate that all nickel complexes were stable up to 190 °C
(The initial decomposition temperature (IDT) of the nickel complexes was found to be in

the range of 190-232°C.). For Ni(Me

sal ptrieneH,O and Ni(EtOSal),triene3H,0, the
) were heated in an oven at 80°C for

a elght percentages at 900°C of
Ni(Sal),trien, Ni(MeOSal),trien, Ni(EtOSal) trien; Ni(BuSal),trien and Ni(diBuSal),trien

600 700

Ni(Sal),trien 74 80 80
Ni(MeOSal),trieneH,O 73 84 84
Nl(EtOSal)ztrleno31-1,2_\l 71 82 82
Ni(BuSal),trien - - . \' 88 89 90
Ni(diBuSal);trien .51 2 3 86 88 88

.EH i¥

ﬂumwmwmm
QWW&\"IﬂiﬂJ UAIAINYIA Y
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From the thermal d ‘ , :";‘ both zine and nickel complexes did not
T e I L’
showed liquid crystalline propetty.. How ibited good thermal stability.
Therefore, the next step was the W{s i of p eas containing these metal complexes
el VL L

in the polymer chain ere¢ expected to show good

thermal stability. ‘—ﬁ— Y |
3.3  Synthesis of heka}lentate Schiff base zinc urea complexes

The n m “mgﬂ Ij‘ﬁ{ﬂ \E(Jlblar]l roup in Zn(Sal),trien
and Zn(XSal;@n thed :ja téslic a 'The is cjnates employed were
hexyl isocyanate, octyl isocyanaté, 1,1,3,3-tetramethylbutyl isecyanate, phenyl

o4 P i 08 L] R Tl sve

information in the synthesis of metal-containing polyureas. Zinc complexes were chosen

since the products could be readily characterized by NMR. The products obtained from

this reaction are named as Zn(Sal),trien urea and Zn(XSal),trien urea.
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The reaction was followed by IR spectroscopy. The completeness of the reaction
was observed from the disappearance of the strong -NCO- absorption in diisocyanate at
2270 cm™' and the appearance of a new -NCON- absorption band.

It was found that order of reactivity is aromatic isocyanate > aliphatic isocyanate
and zinc complexes with different X group showed the relatively similar.

d Zn(XSal),trien ureas (Table 3.7) showed

. The newly formed carbonyl of

IR spectra of Zn(Sal),trien ure

-NCON- group was observed it 7 ; Zn(diBuSal),trien ureas at 1705

and 1706 cm™, : ‘he urez ) qrea derivatives could not be
observed since it overlaps with the & ts in a broad absorption band.

In general, -N ar at 1660 cm™. However,

Zn(Sal),trien ureas and arbonyl peak at 1705 and

1706 cm™ because one lectron to coordinate with

air and decomposed during udﬁﬁﬁm?' 1erefe
material could not be obtained. TW N
products and starE:rE materlai; #Elen{ ital [ (Zn(Sal)trien ureas and

NMR spectra of the purified

spectra showed the mixture of

experimentally determﬂ d percent: . hﬂrogen and nitrogen within

the calculated values (Table 3. 8)

ﬂ‘iJEJ'NﬂEJ‘V]‘ﬁWEﬂﬂ'ﬁ
ammmmumwmaa



Table 3.7 IR data of ZnSalytrien ureas and Zn(XSal),trien ureas
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IR (cm™)
Zinc Complex ureas

VN-H vVc=0 VC=N vVc=C
Zn(Sal)strien urea, 3331 1621 1576
Zn(Sal)strien urea, 3332, 1627 1574
Zn(Sal),trien urea; 3 x\z\‘ 1634 1555
Zn(Sal)strien ureay W6 1623 1600
Zn(Sal),trien ureas - =i 1629 1569
Zn(Sal),trien ureag F{fmm 1633 1553
Zn(MeOSal),trien urea ﬁ 7! ‘\\\\\ 1626 1572
Zn(MeOSal);,trien urea w imi_n\\\ ) 1620 1576
Zn(MeOSal),trien urea 'l i 4t \\\‘ 1625 1544
Zn(MeOSal),trien ureas g 1632 1538
Zn(EtOSal),trien urea; 1621 1576
Zn(EtOSal),trien urea; 1633 1567
Zn(EtOSal),trien ureas 1648 1597
Zn(EtOSal),trien ureay 1637 1556
Zn(diBuSal),trien l@ - 1577
Zn(diBuSal),trien u . 616 1576
Zn(diBuSal);trien urcd E 1630 1549
Zn(diBuSal),trien ureas #f s, 3302 01706 1625 1540
i b | § ¥ 1T TS|
Zn(d.BuSal)ztEﬁiF ureas 3426 629 1534

Qﬁﬂaﬁﬂ‘im AN Y
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Table 3.8 Analytical data of some Zn(Sal)trien ureas and Zn(XSal),trien ureas

Formula Analytical data found
Zinc complex ureas (molecular weight) (calculated) (%)

C H N

Zn(Sal),trien urea, C34H50N6O4Zn 60.73 7.58 12.43
(67209 [ /4 (60.75) (7500  (12.50)

Zn(Sal)trien urea; @B‘l ‘ / A3 8.34 11.17
(728300 é&) (8.03)  (11.54)

Zn(Sal)atrien ureas seHNGOLZn - 676 8.06 11.78
/ 830, \\ 6 (8.03) (11.54)

Zn(Sal),trien ureay 2 INO ‘ ¢ 5.97 12.85
06~ 62.24 (522)  (12.81)

Zn(MeOSal),trien urea; TNOZh 59.( 155 11.17
4y & ) (43) (1143

Zn(MeOSal)trien urea HaNiOZn s, 608 7.90 10.83
7835) 0 (7.93)  (10.66)

Zn(diBuSal),trien urea; HezNeOaZni = ; 9.58 9.53
" (9.26) (9.19)

Zn(diBuSal),trien urea HooNi( 9.72 8.95
D (950 8.08) . (952) (8.82)

Zn(diBuSal),trien ureas ;nCsoH“Nsodnu 68.15 7.59 9.84

17.56) (9.54)

*-: §0 ,-.‘

h ¢ | o v/
ARIANNIUARTINEIAE
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3.4 Synthesis of polyureas

3.4.1 Synthesis of metal-containing polyureas

Having obtained the synthesis data of Zn(Sal),trien ureas and Zn(XSal),trien
ureas that the reaction between -NH- group in zinc complex and isocyanate could be
done in refluxing methylene chloride. Therefore, this condition was employed in the
synthesis of metal-containing polyureas.

Polyureas were synthesized from the reaction between M(Sal)strien or
M(XSal),trien and dnsocyanatew 3.2). The diisocyanates used were
hexamethylene diisocyanate ylmethane diisocyanate (MDI).
The reaction of metal comp th d»soc olyureas synthesis was done
at the mole ratio of d
polymers. The yield /

yield of nickel-containi

avoid crosslinking of the
e range of 49-86%. The
_7-79%. Zinc- and nickel-

containing polyureas
respectively.
The progress X “spectroscopy. The reaction
strong -NCO- absorption in

ew —NCON- absorption band

progress could be obse

HDI. Nickel complexes
is more reactive than nc « of reactivity of zinc and nickel

complexes in different X IB‘group in metal congex is about the same.

e reaction products
between Nl@ﬁ)ﬁﬁﬂgjnﬁiﬂ mﬂn? After heating the
reaction for 4 hours, there was presence of @*new car ) stretchmg
g RSOt S G e b b

support%d by the absence of the NCO peak at 2270 cm™ after heating for 8 hours.
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0 0
\ /
/@ AN jij\ RS
R' /C-"-N/ \N=C\ R +
H j H HDL; R" = —(CHp)g—
N N
H\—H
) ) MDI; R" = —@—c
M(Sal)trien or M(XSal),trien H,
M=Znand Ni

CH,Cl,

(EtOSal)trien-HDI; R = Bu, R = ‘Bu, R" =4(CH,)s-
Nigd gsm)zmen-ﬂm R=/By R'='Bu, R" =(CHy)s-

AUEINENINEINT

Ni(MeOSal),trien-MDI; R = OMe, R' =

AN a@ﬁ%“ﬁliﬁmﬁm%ﬁ%

Scheme 3.2  Synthesis of polyureas from the reactions between metal complexes

and diisocyanates
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IR spectra of the reaction mixture of Ni@iBuSal)Ztrien with HDI at
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B3.4.2.11R spectroscopy

IR spectra of zinc- and nickel-containing polyureas are shown in Figure 3.17

and 3.18, respectively. Table 3.9 shows IR absorption bands of the polymers. All

polymers showed N-H band of the urea group between 3300-3400 cm™. The C-H

stretching signals appeared between 2980-2850 cm™' and the carbonyl (C=O)

stretching vibration of -NCON- group appeared around 1680-1720 cm™. The imine

(C=N) absorption band was observed around 1620-1640 cm'.
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Table 3.9 IR data of metal-containing polyureas

Polyureas Characteristic signals

Zn(Sal),trien-HDI® 3348 (NH), 3048, 2950, 2929, 2857, 1720 (C=0), 1629 (C=N), 1544, 1467, 1341,
1150, 930, 759

Zn(MeOSal),trien-HDI* 3312 (NH), 3044, 2928, 2856, 1632 (C=N), 1565, 1473, 1446, 1335, 1217, 1078,
972, 854, 741

Zn(EtOSal),trien-HDI® 3346 (NH), 3039, 2927, 2859, 1719 (C=0), 1634 (C=N), 1550, 1463, 1398, 1214,

y/24 (C=N), 1531, 1457, 1437, 1257, 1162, 834,
f-__.“"-':-'

Zn(diBuSal),trien-HDI*

Zn(Sal),trien-MDI®

Zn(EtOSal),trien-MDI* =N), 1536, 1446, 1316, 1219, 1072, 970,

;\ 7(C—N), 1518, 1464, 1414, 1311, 1250,

Ni(Sal),trien-HDI* : : 28574 1 ' 11573, 1466, 1258, 1158, 1079, 912, 761,
i o P \

Zn(diBuSal),trien-MDI*

Ni(MeOSal),trien-HDI* )-2930, 2847, 1632 (C=N), 1564, 1473, 1442, 1337, 1216, 1079, 976,

Ni(EtOSal),trien-HDI". -4 3337 (NH), 3044, : 0=0)\ 1628 (C=N), 1570, 1465, 1324, 1217,

Ni(diBuSal),trien-HDI® 310 0), 1630 (C=N), 1530, 1462, 1436, 1259, 1160,
090, 877, 793, 739

Ni(Sal),trien-MDJ* 3 ), 3019, 2903, =0), 1639 (C=N), 1598, 1536, 1511, 1449, 1407,
u 10,1233, 2 3, 35

Ni(MeOSal),trien®MDI® 3417 (NH), 2901 1633 (C—N), 1601 1544, 1512, 1442 1411, 1311, 1219, 1079,

e el @ﬁﬁﬁu QAN LHEIAR Lo s

1407, 1311, 1217, 1071, 903, 741
Ni(diBuSal),trien-MDI 3431, 3333 (NH), 3029, 2952, 2904, 2867, 1707 (C=0), 1631(C=N), 1528, 1461,
1437, 1314, 1234, 1158, 1072, 909, 791

“Urea carbonyl peak was not observed since it overlaps with C=N absorption which results in a broad
peak

®Urea carbonyl peak was observed as a shoulder
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3.4.2.2 "H NMR spectroscopy

'"H NMR spectra of zinc-containing polyureas were recorded in DMSO-ds and
their characteristic signals are presented in Table 3.10 and Figure A.9-A.16.

'H NMR spectra showed the characteristic imine —CH=N- protons of
Zn(Sal)strien and Zn(XSal)strien between & 8.25-8.21. The aromatic region signals
showed 4 multiplets due to unsymmetrical structure of metal complex as follows:

6 7.36-7.33, 7.12-7.05, 6.88-6.79, 6.50-6.48. The aliphatic protons of HDI showed

signals at 6 1.35-1.37 and 1.24. The & p: ticregion of complex in the region & 2.4-
aks of H,O in DMSO-ds and

hift that co ld@ clwed is mainly in the aromatic

due to the metal complex

therefore the chemical

region. All zinc-containi
in a similar pattern to*fl
NMR spectra in the 2
in CDCl; and DMSO-4
observed at & 6.66 (2K,
Ar-H, J = 7.6 Hz), and
6.71 (2H, d, Ar-H, J = 8.0
7.6 Hz). The CH=N was ob
Zn(EtOSal)ztnen-MDI at & 8___1;2_@7 Iﬂ'__

ex itself. An example of
d Zn(EtOSal)trien-MDI
in Zn(EtOSal),trien were
Ar-H, J = 8 Hz), 6.21 (2H, ¢,
d in Zn(EtOSal),trien-MDI at &
6.8 Hz), 6.09 (2H, ¢, Ar-H, J =
et in both Zn(EtOSal)trien and

etively. The aromatic peaks due to

MDI were observed.in Zn(EtOSal)-trien-M 642H, m, Ar-H), 7.06-7.12
(2H, m, Ar-H), 6.79. -ia 2H 7 "‘ H).

iy
ﬂumvmwmmm
awmﬁmm UANINYAY
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Table 3.10 '"H NMR data of polyureas

Polyureas Characteristic signals

Zn(Sal),trien-HDI 8.25 (2H, s, CH=N), 7.03 (2H, d, Ar-H, J = 7.6 Hz), 6.95 (2H, 1, Ar-H, J =
8.0 Hz), 6.32 (2H, d, Ar-H, J = 8 Hz), 6.23 (2H, ¢, Ar-H, J = 7.6 Hz), 5.81
(2H, m, NH), 1.36 (4H, br, CH,), 1.24 (4H, br, CH,)

Zn(MeOSal),trien-HDI  8.25 (2H, s, CH=N), 6.69 (2H, dd, Ar-H, J = 1.6, 8.0 Hz), 6.61 (2H, dd,
Ar-H, J= 1.2, 7.6 Hz) 6.13 (2H, ¢, Ar-H, J = 7.6 Hz) 5.80 (2H, m, NH),
3.59 (6H, s, O .37 (4H, br, CH,), 1.24 (4H, br, CH,)

Zn(EtOSal),trien-HDI _ 8.25 (2H, 5, CH=N), ¢ dd, Ar-H, J= 1.6, 8.0 Hz), 6.61(2H, dd, Ar-

Zn(diBuSal),trien-HDI -H, J=2.8 Hz), 6.76 (2H, d, Ar-H, J =

8H, m, CH,), 1.22 (9H, s, CHs),

7.33-1.36 (2H, m, Ar-H), 7.05-7.12 (2H, m, Ar-H),
: 6.95 (2H, t, Ar-H, J = 7.6 Hz), 6.86-6.88
(2H m, Ar-H), 6.32 (2H, d, Ar-H, J = 8.8 Hz),

Zn(Sal),trien-MDI

Zn(MeOSal)trien-MDI 8.25 (2H"@= ) 7.36 (2H, m, Ar-H), 7.06-7.12 (2H, m, Ar-H),
s ﬂ“ i .r -

6.81-6. ?*zﬁm,m-,, 9 (2 Ar-H, J = 1.6, 7.6 Hz), 6.61 (2H,

dad - Ar-H - JT=16"72Hzy 648 u-—u-J_‘j m Ar—ﬂ) 6 14 (2[—[ t Ar H J_'
276 Hz),3.59 (¢
o ,
Zn(EtOSal),trien-MDI _8.25 (2H s, CH=N), 7.32-7.36 (2H,&, Ar-ﬂ), 7.06-7.12 (2H, m, Ar-H),

6:79-6.86 (2H, m, Ar-H);6.71 (2H, dd, Ar-H, J = 1.6, 8.0 Hz), 6.61 (2H,

ﬂ 14 A FidesTridge01h) i«r_) 609 M, 1, Ar-t, J =

7.6 Hz), 3.74-3.89 (4H, m, OCH,), 1.10 (6H, ¢, CHs, J= 6.8 Hz)

L TR Tl ) e




3.4.2.3 Elemental analysis
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The chemical structure of metal-containing polyureas was confirmed by

elemental analysis. Table 3.11 and Table 3.12 show possible molecular formula of

zinc- and nickel-containing polyureas, respectively. From the elemental analysis data,

it was found that Zn(MeOSal),trien-HDI gave the same percentages of carbon,

hydrogen and nitrogen as the calculated values.

Table 3.11 Analytical data of zinc-

: Analytical data found (calculated)
Polyureas &tpeating& (%)
— -

H N
Zn(Sal)strien-HDI ﬂm 54.37 6.53 14.48
v/ ' ‘ 6.19)  (14.34)
Zn(MeOSal)trien-HD /// 2 ‘\;‘! \ 60 6.36 13.04
55. 77) (624)  (13.01)
Zn(EtOSal),trien-HD _ 7.61 14.44
I 5;32 ( 7.01) 6.58)  (12.47)
Zn(diBuSal)trien-HD = 63.63 8.76 10.23
l AR ‘ (6521)  (846)  (10.37)
Zn(Sal)strien-MDI ' 61.13 5.23 12.45
(62.92)  (5.13)  (12.58)
Zn(MeOSal),trien-MDI .37 11.11
: (526)  (11.54)
Zn(EtOSal),trien-MD! 5.61 10.96
e (5.60)  (11.11)
Zn(diBuSal);trien-MDI ' 7.54 9.23
W CS'H“N6O4Z" (68.63) (145  (9.42)

ﬂuEJ’WIEJWTWEJ’Wﬂ‘ﬁ

ammmmmwmaa
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Table 3.12 Analytical data of nickel-containing polyureas

Analytical data found

Polyureas Repearting unit (calculated) (%)
G H N

Ni(Sal)trien-HDI CagHiNgOuNi 56.49 6.42 14.42
(58.05) (6.26) (14.51)

Ni(MeOSal),trien-HDI . 57.35 5.81 9.65

C30H4oNsOsN

“ Vol (56.36)  (631)  (13.14)

Ni(EtOSal),trien-HDI o 53.68 7.34 12.65
O (57.59)  (6.64) (12.59)

Ni(diBuSal),trien-HDI - 64.30 10.41 9.09

aaFgENg Oz

(65.75)  (8.53)  (10.46)

Ni(Sal),trien-MDI 61.32 5.96 12.87

63. 56) (5.18) (12.71)

Ni(MeOSal),trien-MD

”\0”’\ 18
/ )mb( . 11.09

W\ 60) G31) (1165

Ni(EtOSal),trien-MD L 60.20 6.60 10.50

(62.50)  (5.65)  (1121)

Ni(diBuSal),trien-MD 65.38 8.05 8.77

(69.15)  (7.51)  (9.49)

3.4.2.4 Thermal analysnS" 7
TGA curveﬁnd welght loss daé o zmc ing-polyureas obtained from
zinc complexes aﬁﬂ HDI are presented in Figure 3.1° '-—-, d Ii able 3.13, respectively.

Initial decomposmon "mp ature (IDT) ureas Was found to be in the range

of 220-246°C. The reSIdual weight percentages at 900°C of Zn(Sal);trien-HDI,

Zn(MeOSal ﬁlﬂ?%ﬂﬁ(ﬁrﬂaﬁﬁmen -HDI were 14%,
oo 110

ble mechanism of §dﬁradatlon ded via urea%nssnon to give
.socymm SRR g1y
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R R

R' C=N/ \N=C
H” “H

EN Ng
j— NH—R"—NH—C

Metal-co H \\ Vy/

'\ # NH—I(E—‘VU\N

I
f u%’ﬁﬁ NINTIHS™

Scheme 3.3 Imtlal thermal degradtion of metal-containing polyureds
QW'W AN IR NN T1IVIE 1 E
lgure 3.20 and Table 3.14 show TGA curves and weight loss data of zinc-
containing polyureas obtained from zinc complexes and MDI. Initial decomposition
temperature (IDT) of the polyureas was found to be in the range of 216-260°C. The
residual weight percentages at 900°C of Zn(Sal),trien-MDI, Zn(MeOSal),trien-MDI,
Zn(EtOSal)strien-MDI and Zn(diBuSal);trien-MDI were 12%, 15%, 14% and 12%,

respectively.
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Figure 3.19 TGA th a) Zn(Sal)strien-HDI; (b) Zn(MeOSal)strien-HDI;

Table 3.13 TGA data of

; (%) at various temperature (°C)

Zinc-containing

polyureas - C) 300 - 00 700 800 900
Zn(Sal)trien-HDI | 7 246 I 65 79 86 86

73 84 87
90 90 90
88 88 88

Zn(MeOSal)trien-H
Zn(EtOSal),trien-HDI

Zn(diBuSal), ’J ' i

AMIANTUNNINGA Y
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40

% Weight Residue

[
(=}

1000

MDI; (c) ZA(E@Salstrieri-MDI: (d) Zn(diBuSal)trien-MDI

Table 3.14 TGA data of zin

o) at various temperature (°C)

Zinc-containing polyurea

700 800 900

Zn(Sal),trien-MDI 77 88 88
Zn(MeOSal),trien 70 81 85
Zn(EtOSal),trien-M 79 8 86
Zn(diBuSal),trien-M 78 88 88

s LN 8 SAYBIIE VAT o v ot

between nicke?dcomplexes and diigocyanates, H‘RI and MDI, were presented in
o 8 FPERN HRRE R e o
Tables 3.15 and 3.16. When HDI was employed as diisocyanates (Figure 3.21), initial
decomposition temperature (IDT) of the polyureas was found to be in the range of
174-228°C. The residual weight of Ni(Sal)trien-HDI, Ni(MeOSal),trien-HDI,
Ni(EtOSal),trien-HDI and Ni(diBuSal)strien-HDI were 7%, 20%, 11% and 13%,
respectively.

When MDI was employed as diisocyanates (Figure 3.22), initial

decomposition temperature (IDT) of the polyureas was found to be in the range of
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190-232°C. The residual weight percentages at 900°C of Ni(Sal)trien-MDI,
Ni(MeOSal),trien-MDI, Ni(EtOSal),trien-MDI and Ni(diBuSal),trien-MDI were 4%,
14%, 11% and 9%, respectively.

100 - (a)
............... (b)
el 0 2N L, 0 ———— ©
:g 80 PR p——— (d)
& 60 |
o=
2h
L)
= 40 1
X
204 ™ AT L AN ...,
0 =
1000
Figure 3.21 TGA thermograt aﬁ(E (4 : (b) Ni(MeOSal)strien-HDI;

1].!1 AL

(c) Ni(EtOSal) 1en ‘.:- .4;' B S )2 rien-HDI

Table 3.15 TGA data of nickel-Containing polyureas based on HDI

Dr—

different temperature (°C)
Nickel-containing polyureas

(°C) 300 500 800 900

Eiiii‘i?;:;‘ﬂ"iéﬂ 3 Wij‘iﬂ‘ﬁ AR ﬂ“? ZZ .
‘::Edés*iﬁ?i‘ﬁéaﬂiiﬁﬁw%ﬁsﬁasﬂ .
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100 -

% Weight Residue
P (=) [
(=} (—} S

[
(=}
s

IDTs Weight loss (%) at different temperature (°C)

Nickel-containing polyureéas-, v

0 1L y Off i 500,600 700 800 900
Nl(Sal)ztrlen-WI : 74 89 96
Ni o‘ 86 86
wctbbt 01 13 b uﬁn'ia if ﬂﬁi £J o ®
Nl(dlBuanl)ztrlen-MDI 91 91

Comparing with the metal-free polyurea synthesis from toluene diisocyanate
and 4,4 -diaminodiphenylmethane,*® initial decomposition temperature (IDT) of the

metal-free polyureas is 260°C, and the weight loss percentage at 300°C is 60%.
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3.4.2.5 Solubility
Solubility of metal-containing polyureas was tested in various polar and non-

polar solvents (Table 3.17).

Table 3.17 Solubility of metal-containing polyureas®

Polyureas THF DMF DMSO
Zn(Sal),trien-HDI | ) -
Zn(MeOSal),trien-HDI s, 7 ’ - +
Zn(EtOSal),trien-HDI - r - 7 +
Zn(diBuSal),trien-HD -9 — o
Zn(Sal),trien-MDI - . +

n(Sal),trien: i f.‘f\
Zn(MeOSal),trien- o - - +
Zn(EtOSal),trien-MD N +
Zn(diBuSal),trie | .;;l- e Y +
Ni(Sal),trien-HDI s » +
Ni(MeOSal),trien-HDI £ -l A +
Ni(EtOSal),trien-HD e N *
Ni(diBuSal),trien-HDI ' f.‘_'i A - +
Ni(Sal),trien-MDI JF el +
Ni(MeOSal),trien-MDI ":IE-.‘E ‘_‘ ,'___,j +
Ni(EtOSal),trien-MDI ———— ++ +
A TR |
Ni(diBuSal),trien-MDI S TMVEOLT o +
-, Insoluble; +, ing: ++. 5,‘

#10 mg sample

All metal-con”ining polyureas are soluble in QASO but insoluble in n-
hexane, toluene, qdi ‘? 1 U ter. The polymers
obtained fro:ﬂuﬁ ﬂp xmzlﬁoﬂmﬂi(dmusm)ztrien are
also soluble in less polar solvents. It was found that Zn(diBuSal)strien-MDI,

AR DD ) P b ik s

DMF. ﬁm(diBuSal)ztricn-MDI and Ni(diBuSal),trien-MDI are soluble in THF.

3.4.2.6 Inherent viscosity

The inherent viscosity of all polyureas was measured at 40°C in DMSO. The
viscosity data of metal-containing polyureas are given in Table 3.18.

Ni-containing polyureas showed the same viscosity as Zn-containing

polyureas when the polymers were prepared from metal complex with the same ligand
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and diisocyanate. In comparison between the polymer obtained from different metal
complexes, the inherent viscosity increases in the order of M(diBuSal),trien >
M(MeOSal),trien = M(EtOSal)strien > M(Sal),trien.

From the work of Wang,” the viscosity of metal-containing polyureas was
found to be in the range between 0.04-0.41 dL/g. To compare with metal free
polyurea, the result showed that the inherent viscosity of metal free polyurea is 0.60

dL/g which higher than those of the metal-containing polyureas.

Table 3.18 Inherent VISCOSII& etal-cou/ yureas

Polymers

ymers T] mh(dL/g)a

Zn(Sal)strien-HDI 0.1410
Zn(MeOSal);trien-HD I 0.1212
Zn(EtOSal),trien-HD. _ __;24?3-7 NKE\QSal)zmn-HDI 0.1932
Zn(diBuSal),trien-HDI 03;99 Nl(a@¥a‘fhmen -HDI 0.3101
Zn(Sal)trien-MDI _ 06. 0.1177
Zn(MeOSalrien-MDI | 0824 I Ni(MeOSal)trien-MDI 02198
Zn(EtOSal),trien-MDI ‘3@166 — Ni(EtOSal)trien-MDI 0.3000
Zn(diBuSal)strien-MDI “33';@”519‘#"% % pirien-MDI 03456
2 determined at a cONCENIAHON-OF0:5-2/00-ink-ii -'~':'1-_=:::-1 : J

3.4.2.7 Flam etardancy

Flame-retard nﬁi s of me eas were compared from
their limiting o u ﬁmw mﬂﬁaﬁ 9 Limiting oxygen
index (LOI) is e minimum concentration of oxygen, expressed as yolume percent in
QT AT YR 1
LOI méasurement was carried out as described in appendix C-1. A polymer having an
LOI greater than 21 does not burn in atmosphere since the oxygen content in
atmosphere is 21%. The polymer with higher LOI is more flame retardant. LOI value
of the polymers were in the range of 23-36. The LOI data of ZnSalstrien-based
polyureas are equal to those of NiSaltrien-based polyureas. The metal-containing
polyureas based on MDI show slightly higher flame retardancy than those derived

from HDI because of the presence of aromatic rings in the main chain of the polymer.



In comparison to the previous work reported by Nanjundan,”

polymers exhibited higher LOI values in the range between 27 to 36.

Table 3.19 LOI data of metal-containing polyureas
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the obtained

Polymers LOI Polymers LOI
Zn(Sal);trien-HDI 23.3 Ni(Sal),trien-HDI 23.7
Zn(MeOSal),trien-HDI i ﬂ” // MeOSal),trien-HDI 33.7
Zn(EtOSal)ytrien-HDI ~ 328 Ni(Ei@Sal)strien-HDI 33.5
Zn(diBuSal)trien-HDI 4-5'& Ni(diBuSal)trien-HDI 30.4
Zn(Sal)atrien-MDI 4/////1“\{\ \ rien-MDI 24.8
Zn(MeOSal),trien-MD /Af E‘ \\. Sal),trien-MDI 34.9
Zn(EtOSal),trien-MD I//’ ﬂg h\ n-MDI 34.5

LY
33.4

Zn(diBuSal)trien-MD I l ﬁ- ,‘i\“‘ \ \ ien-MDI

ﬂ‘lJEJ’J‘VIEW]‘ﬁWEJ’]ﬂ‘E

Q‘Wﬁﬁﬁﬂ‘im UAIINYAY
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