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APPENDIX A

Estimation of solubility parametersofpolymers

The solubility parameter of a solvent (8%iv) is a readily accessible
quantity. The solubility parameter of a polymer (5poi) cannot be determined
directly because polymers cannot be vaporized without decompositions.
Therefore 8poiis defined as the same as that of a solvent in which the polymer
will mix in all proportions without heat effect and without volume change and
ofcoursewithout reaction.

Experimental determination of opol is possible from solubility
measurements (midpoint of solubility range within a solvent group) or from
swelling values of sparsely crosslinked polymers.

In 1953, Small [45] has published a table of molar attraction constants
which allows the estimation of the solubility parameter merely from the
structural formula of the substance and its density. The molar constants (F) are

additive and related to the solubility parameter by the equation:

N P (A-1)

The additive method should not be used for strongly hydrogen-bonded

compounds unless such functional groups constitute only a small part of the



91

molecule. Table A-l1 shows Small’s values, in 1970, Hoy published a number
of group contributions for the calculation of F, slightly different from those of
Small. They are also shown in Table A -I.

Van Krevelen [45] derived a similar set of atom- and group
contributions for the calculation of EF as shown in Table A-2.

The molar volume of group contributions is shown in Table A-3.
Following are some examples of estimation of the solubility parameter of

polymer.

Example 1

Estimate the solubility parameter ofpoly(butyl methacrylate).
CH3CH2CH2CH200CCH(CH3)CH?2

Solution

From Tables A-l and A-3 we obtain:

Group F small v
4(-CH?) 532 65.8
I(-c-) -93 4.75
2(CH3J) 428 45.6
I(-co0-) 310 21.0
total 1177 137.15

5 = | 171- =8.6 (callcm3)lj
137.15

= 176 MPal2 ((callcm3)12=2.046 MPalp)



In the same way, using Table A-2 we get:

Atom Fvan Krevelen

s(C) 0
14(H) 959
A(Ocster) 250

total 1209

5=13715 =8'8  (callem3)IR2

= 18 MPal2

Example 2
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65.8

4.75

45.6
137.15

Estimate the solubility parameter of poly(lauryl acrylate).

CH3(CH2)ii0OOCCH2CH2

Solution

From Tables A-l and A-3 we obtain:

Group Fsmall
13(-CH?2) 1729
1(CH3) 214
[(-co00-) 310
total 2039

5=

= =79 (callcm3) 12
257.65

= 16.1 N4Pall2

213.85
22.8

21.0

257.65
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Table A-1 Molar attraction constants (at 25°C) according to Small and .Hoy

Group

- chs
ch2

| \
Ny Uing bonded

&Fﬁ ou Ie

./ﬁH (aromatic)
"G—{aromatic)
HOC-
it
aprtny

. (Smem ereg
ng (5 Membere

Conjugation

»—\0 —_——

(cal o Jilmol
Sl Hy
214 1483
13 1315
28 86.0
-93 320
19 1265
111 ,121.6
19 845
11
98.1
285
1%?1%
105115 21.0
BB 234
20—30 233

Group

il

—=0 (Ketone)

-C{ (ester)

P i

-a 1glmeaen)
fwinned ( CQ2)
triple (-CCls)

3&. s

"2 fuorocarbons only
EHI des
%-ll\l ) E]Iél“ e

:mﬁf“-

(caLrfé)finol
Sl Hy
B0 e
25 2630
310 3066
110 T4
# 3
260
250
g
150
%% 2094
500
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Table A-2 Atomic attraction constants at 25°c according to Van Krevelen

(1995)
Atom Atom .
(orgroup) (cat.airiM mol (orgroup)
C N
H aliph.primary amine
altph. secondary amine
0 arom.primary amine
ether- 125 heterocyclic
gster- %%g nitril
ketonic
alcoholic (primary) 360 N +_0in o
alcoholic. (secondary) 300 nilro aliphatic
phenolic 250 nitro arom atic
acid amide
thioether 22
thiol (258) AN H
80 /
230 - /5.
r 300
420
Double bond (non-aromatic) 80 non-aromatic ring
Double bond (aromatic) 133 ramification in chain
Triple bond 215

?njug tion of. doubla bonds
OHjon adjacent U atom

Table A-3 Group contributions for V (cm3/mol)

Groups Vr
bivalent -ch?2- 16.45
-CH CH??- 32.65
-CS_‘ H3)2- 50.35
—CH=CH—= 21.75
-CH=C(CH3)- 42.8
-£ 6H4- 61.4
-CH(C6Hs)- 745
-0 - 8.5
-CQ0- s eneral) 24.6
—§OO— crylic) 210
iy 15.0
—CHF— 19.85
-CHQ- 28.25
tetravalent -é - 4.75
trivaient -CH- 9.85
-CH=C 20.C
monovalent -ch3 22.8
-C 6Hs 64.65
-E 10.0
-d 184

Conversion factor to .I.
1cm3/mol= 1CT3 m3/kmol

(cal.cnr)iimol



APPENDIX B

Estimation of solubility parameters of mixtures

~In the case of diluent mixtures, the solubility parameter (8 can be
consiered as an average value of the solubility parameters of the pure diluents
and is given by the equation [1]:

8 a m
mix — XjVj+jqv; (B'|)

Where Xi is molar fraction of the component 1
X 2is molar fraction of the component 2
Vi is molar volume of the component 1
v 2is molar volume of the component 2
Q s solubility parameter of the component 1
821s solubility parameter of the component 2

Example 1

~ Estimate 5mi of the mixed solvent between toluene and heptane with
ratio of 0.5g: 0.59.

Solution

Table B-I The property of heptane and toluene [41]

Property Heptane  Toluene
(MPa’S 151 182

Molecular weight 10021 92.14

Density (g/cm% 08/  0.684



I ¥ = 92’}121 =0.0054

H = {0071 ~ 0000

0000
X117 0.0050+0.0054

s 0006
T 00050+0.0054

=0479

=052

v 10021
HE 06 1oL

VI=711=10621

Fromeq.(1)

wi R

= 165 MPal2

0
0

)
A

!
!

!
!

32

!
!

0
0

b
b

/
y.

[
I

;(18.2)
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Example 2

Estimate 0n of the poly(2-EHA-EGDMA) with a ratio of 2-EHA:
EGDMA, 15 7g: 3g.

Solution

Table B-2 The property of 2-EHA and EGDMA

Property 2-EHA  EGDMA
5 (MPal2 159 ) /415
Molecular weight 18428 19822
Density (g/cm% 088 L1081

n-EHA = 18428 0068

nEGDMA=10822 00D

XEGDMA = 0.038+"0.015 = °-285
x2-EHA=0038+0.015=""72

198.22 _
VEGDMA 1051 - 188.60

Vz_@m = “0.8/8\5 =208.226

5 (0.72)(20866)(15.9) + (0.285)(188.60)(175
iz .72)(2?)%.66)? +§(o.28 &188.6 ()

= 16.3 MPa!"



APPENDIX ¢

FOURIER-TRANSFORM INFRARED SPECTRA
Confirmation of comonomers in the crosslinked polymer

The IR spectra of the crosslinked (meth)acrylate polymers are shown in
Figure 4.21. The absorption bands of the resulted poly meraf ared at about
700 cm1 900-1250 ¢cm1 1450 cml 1740 cmland 2800-2960 cm'l The
carbonyl groups of MMA and acn(]glte comonomers are overlapped at 1730-
1740 cm'] [43]. Besides, the other banas of the straight chain aliphatic
compounds are as foIIowmg [44].

1. The carbon-hydrogen stretchln%an pears at 2855-2940 cm'l

2. The carbon-hydrogen bending band appears at 1470 cm'l

3. The symmetric carbon-hydrogen bendmg band of the -CH3 group
appears at 1360 cm'l
4. The CH2rocking band asorbs at 725 cm'1when the number of CH2
Increases in the chain.

5. The branchmg of the chain and the saturated cyclic members absort
between 910-1250 ont'
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