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APPENDICES



5

DSC kinetic program
Theory
For any reaction process being followed by DSC the conversion process can be
represented by :

A —-—) B+ AH (1)

Where : A is the material before conversion
B is the material after conversion
AH is the heat absorbed or given off
k is the Arrhenius rate constant
With a power-compensated DSC, the rate of reaction (dx / dt) is measured directly and
can be expressed as

dx/dt = k(l-x)n (2)
Where : dx/dt is the rate of reaction

x 15 the fraction reacted

tis time

IS the reaction order
k is the Arrhenius rate constant
The Arrhenius relationship is given by .

k = er-Ea/RT (3)

Where : Z isthe pre-exponential constant
Ea is the activation energy
R is the universal gas constant
T is the absolute temperature
The relationship to which the DSC data are fit is based on the derivations of A.p.
Gray33 the earlier work of Freeman and Carroll34 and others. This treatment combines
equations 1, 2, and 3, above, and assumes nth order reaction kinetics and constant
program rate, activation energy, and preexponential constant, yielding
In(dx/dT) = In(Z) - E&RT + nin(l-x)
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Figure 4 IR spectrum of Bis-(3-allyloxy-2-hydroxy-I-propoxy)diphenoxypropane (3)



Figure 5

'n NMR (CDCI3) spectrum of Bis-(3-allyloxy-2-hydroxy-I-propoxy)diphenoxypropane (3)
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Figure 26 *HNMR (CDCI3) spectrum of Carbamate Derivative (16)



Figure 271X NMR (cDcI3) spectrum of Carbamate Derivative (16)
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Figure 43 *HNMR (CDCI3) spectrum of the reaction between (3) and 5 mole % of Benzoyl Peroxide (24) at 80°C for 3 hours
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Figure 44 'nh NMR (CDCU) spectrum of the reaction between (3) and 5 mole % ofBenzoyl Peroxide (24) at 80°C for 6 hours
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Figure 45

*HNMR (CDCb) spectrum of the reaction between (3) and 5 mole % of Benzoyl Peroxide (24) at 80°C for 12 hours




Figure 46 'n NMR (CDCI3) spectrum of the reaction between (3) and 5 mole % of Benzoyl Peroxide (24) at 80°C for 24 hours
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Table 3 Integration ratio of H3 (olefmic protons) : HI 1 (aromatic protons) of
(25) at various reaction time

Reaction time Integration ratio of H3 (olefinic protons) : HI 1
(hours) (aromatic protons) of (25)
0 0.5
3 0.42
6 0.35
12 0.34
24 0.32

- Integration ratio of H3 (olefinic protons) : H11 (aromatic protons)
0.5 4

03 +

I T A

Reaction time (hours) -

Figure 47 Relationship between the integration ratio of H3 (olefinic protons) :
HI 1 (aromatic protons) of (25) and reaction time



100

Table4  Integration ratio of H4 + H5 + H8 + H9 + H10 (allylic protons + H8
+H9 + H10) : HI 1 (aromatic protons) of (25)

Reaction time Integration ratio of H4 + H5 + H8 + HI + H10
(hours) (allylic protons + H8 + HI + H10) :HI 1

(aromatic protons) of (25)
0 2.53
3 2.32
6 2.18
12 2.19
24 173

Integra:tif)n ratio of H4 + HS + H8 + HO + H10 (allylic protons + H8 + H9 + H10) :

H11 (aromatic protons)

y 12 ¢ T 21

Reaction time (hours)

Figure 48 Relationship between the integration ratio of H4 + H5 + H8 + H9 + H10
(allylic protons + H8 + H9 + H10) :HI 1 (aromatic protons) of (25)
and reaction time




l . !
7.5 PPeak from 90.00 !
to: 4175.00
Onset= 143,27
L J/g =~53.76
£
~— 5 -+
=
S)
|
LL
— +
<
L
I
esS + : Peak= 138,90
1k
0 75,00 80700 140,50 130700 186,00 170.00 180,00

' TEMPERATURE (°C)

Figure 49 DSC thermogram of the mixture of (3) and 5 mole % of Benzoyl Peroxide (24)
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Figure 52 'n NMR (CDCI3) spectrum of the reaction between (9) and 5 mole % of Benzoyl Peroxide (24) at 80°C for 3 hours
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Figure 53y NMR (CDCIs) spectrum of the reaction between (9) and 5 mole % ofBenzoyl Peroxide (24) at 80°C for 6 hours
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Figure 54 [HNMR (CDCIs) spectrum of the reaction between (9) and 5 mole % of Benzoyl Peroxide (24) at 80°C for 12 hours
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Figure 55 *HNMR (CDCI3) spectrum of the reaction between (9) and 5 mole % of Benzoyl Peroxide (24) at 80°C for 24 hours
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Table 5 Integration ratio 0fH3 (olefmic protons) :HI 1+ H12
(aromatic protons) of (26) at various reaction time

Reaction time Integration ratio 0fH3 (olefinic protons) : HI 1+ H12
(hours) (aromatic protons) of (26)
0 0.48
3 0.44
6 0.41
12 0.40
24 0.39

Integl;a’lti_on ratio of H3 (olefinic protons) : H11 + H12 (aromatic protons)

T

048 +

n2e

A 2
) 3 . Y s X & :

Reaction time (hours)

Figure 56 Relationship between the integration ratio ofH3 (olefmic protons)
'HI 1+ H12 (aromatic protons) of (26) and reaction time
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Figure 57 DSC thermogram of the mixture of (9) and 5 mole % of Benzoyl Peroxide (24)
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Figure 60 'h NMR (CDCb) spectrum of the reaction between (11) and 5 mole % of Benzoyl Peroxide (24) at 80°C for 3 hours



L

9.0 " 8.0 7.0 6.0 5.0 40 - 3.0 2.0 1.0
PPM

Figures 1 'h NMR (CDCI3) spectrum of the reaction between (11) and 5 mole % ofBenzoyl Peroxide (24) at 80°C for 6 hours
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Figure 62 JH NMR (CDC13) spectrum of the reaction between (11) and 5 mole % of Benzoyl Peroxide (24) at 80°C for 12 hours




Figure 63 'h NMR (cDcI3) spectrum of the reaction between (11) and 5 mole % of Benzoyl Peroxide (24) at 80°C for 24 hours
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Table 6  Integration ratio ofH3 (olefinic protons) HI 1 (aromatic protons) of
(27) at various reaction time

Reaction time Integration ratio 0fH3 (olefinic protons) :HI 1
(hours) (aromatic protons) of (27)
0 10
3 0.8
6 0.8
12 0.8
24 0.8

Integration ratio of H3 (olefinic protons) : H11(aromatic protons)

14 .
095 +
a9 T+

085 <+

08 4+

0.75 +

07 +

0.65° 4+

06 +

0ss +

° 3 " 12 15 1® o 2

Reaction time (hours)

Figure 64 Relationship between the integration ratio of H3 (olefinic protons) HI1
(aromatic protons) of (27) and reaction time
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Table 7 Integration ratio ofH4 + H5 (allylic protons) HI 1 (aromatic protons)
0f (27) at various reaction time

Reaction time Integration ratio ofH4 + H5 (allylic protons) HI1
(hours) (aromatic protons) of (27)
0 2.00
3 1.69
6 1.66
12 159
24 1.55

Integration ratio of H4 + HS5 (allylic protons) : H11(aromatic protons)

¥ 2

L ] 12 M
Reaction time (hours)

Figure 65  Relationship between the integration ratio ofH4 + H5 (allylic protons)
HI 1 (aromatic protons) of (27) and reaction time
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IR spectrum (KBr) of (27) obtained from the reaction between (11) and 5 mole % Benzoyl Peroxide (24)
at 80°c for 24 hours
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Figure 67 H NMR (cpci3) spectrum of the reaction between (13) and 5 mole % ofBenzoyl Peroxide (24) at 80°C for 3 hours
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'n NMR (CDCl3) spectrum of the reaction between (13) and 5 mole % of Benzoyl Peroxide (24) at 80°C for s hours
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Figure 69 'n NMR (CDCI3) spectrum of the reaction between (13) and 5 mole % ofBenzoyl Peroxide (24) at 80°C for 12 hours



Figure 70 NMR (CDCI3) spectrum of the reaction between (13) and 5 mole % of Benzoyl Peroxide (24) at 80°C for 24 hours {o
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Table 8  Integration ratio of H3 (olefinic protons) : H9 - H12 (aliphatic protons)
0f(28) at various reaction time

Reaction time Integration ratio of H3 (olefinic protons) : H9 - H12
(hours) (aliphatic protons) of (28)
0 0.30
3 0.29
6 0.29
12 0.26
24 0.18

Integragon ratio of H3 (olefinic protons) : H9 - H12 (aliphatic protons)

ols +

0.16 +

014 +

0.12 +

2 1" Is |

Reaction time (hours)

Figure 71 Relationship between the integration ratio of H3 (olefinic protons)
H9 - HI2 (aliphatic protons) of (28) and reaction time




Table 9  Integration ratio of H4 + H5 + H8 (olefinic protons + H8) :
H9 - H12 (aliphatic protons) of (28) at various reaction time

Reaction time Integration ratio of H4 + H5 + H8 (allylic protons + H8)
(hours) HI - HI2 ( iphatic protons) of (28)
0 1.05
3 1.00
6 1.00
12 1.00
24 0.66

Integratli_lon ratio of H4 + H5 +H8 (allylic protons) : H9 - H12 (aliphatic protons)
]i\
|

0.9

08 +

0.7 +

0.6

0s +

9 ) 14
Reaction ti~ ~

Figure 72 Relationship between the integration ratio of H4 + H5 + H8 (allylic protons
+H8) :H9 - HI12 (aliphatic protons) of (28) and reaction time
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Figure 73 IR spectrum (KBr) of (28) obtained from the reaction between (13) and 5 mole % Benzoyl Peroxide (24)
at 80°c for 24 hours
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Figure 76
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Figure 77
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Figure 79 TGA thermogram of Polyurethane(30)
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