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Abstract: The cationic copolymerizations of 1- and 2-vinylnaphthalenes with a-methylstyrene were
carried out with titanium tetrachloride as an initiator in dichloromethane at various temperatures.
The monomer reactivity ratios, r; and rp, and the values of activation enthalpy and entropy dit-
ferences have been determined. In the relationship between In r and 1/7T, the In r; was proportional
to 1/T but In r; was markedly decreased above -60°C for l-vinylnaphthalene and a-methylstyrene
system. For 2-vinylnaphthalene and a-methylstyrene system, the in rj and In ry were propottional to
1/T. it were found that the reactivity of a-methylstyrene to 1- and 2-vinyinaphihalene cations was
greater than that of styrene and the reactivity of 2-vinylnaphthalene to a-methylstyryl cation was
greater than that of l-vinylnaphthalene at -75 and -60°C. The steric effect of methyl group in
a-methylstyrene appears to be less important than the inductive eftect and the peri-hydrogen etfect
in l-vinylnaphthalene appears to be more important than the etfect of z-conjugation ot l-naphthyl
group. From the values of activation enthalpy (4H*)and entropy (4S+) ditferences, we can deduce
that the copolymerizations of 1- and 2-vinylnaphthalene to a-methylstyryl cation are enthalpic con-
trolled reaction at -75 and -60°C and entropic controlled reaction above -50°C.
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Table 1. Conversion of the Copolymerizations of 1- and 2-Vinylnaphthalenes (M,) with a-Methylstyrene

(M,) in Dichloromethane at —75,

—60 and —50C

M])=0. 1M (TiCl)=9.1X10* M
Monomer weight (g) 1-VN-a-MeSt 2-VN-a-MeSt

Exp. Temp. - -

Copolymer Conversion Copolymer Conversion
No. () M, M, . .

weight (g) (%) weight (g) (%)
1-1 —75 0.0774 0. 1732 0.0310 12. 1 0. 0320 12.5
1-2 0. 1163 0. 1484 0.0139 5.3 0. 0249 9.4
1-3 0. 1550 0. 1188 0. 0263 9.6 0.0270 9.9
1-4 0. 1937 0.0891 0.0184 6.3 0.0255 9.0
1-5 0. 2325 0. 0594 0. 0079 2.7 0. 0220 7.5
2-1 —60 0.0774 0.1782 0.0171 6.7 0.0244 9.6
2-2 0. 1163 0. 1484 0.0139 5.3 0. 0072 2.7
2-3 0. 1550 0.1188 0.0152 5.6 0.0101 3.7
2-4 0. 1937 0. 0891 0. 0085 3.0 0.0123 4.4
2-5 0. 2325 0. 0594 0.0104 3.6 0.0156 5.3
3-1 —50 0.0774 0.1782 0. 0256 10.0 0.0119 4.7
3-2 0. 1163 0. 1484 0. 0222 8.4 0. 0103 3.9
3—-3 0. 1550 0. 1188 0. 0255 9.3 0. 0074 2.7
3-4 0. 1937 0. 0891 0.0218 7.7 0. 0062 2.2
3—-5 0.2325 0. 0594 0. 0248 8.5 0. 0047 1.6
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Table 2. Compositions of the Copolymers of l-and
2-Vinylnaphthalenes (M,) with a-Methyl-
styrene (M,) in Dichloromethane

Temp. 1-VN-a-MeSt 2-VN-a-MeSt
) MJ/M)  m/m  (M)/M)  m/m,
0.33 0.09 0.33 0.17
0. 60 0.15 0. 60 0.23
=75 1.00 0.30 1.00 0.42
1.67 0.51 1.67 0.73
3.00 - 3.00 0.85
0.33 0.12 0.33 0.15

0.60 0.26 0.60 -
—60 1.00 0.49 1.00 0.46
1.67 0.84 1.67 0.69
3.00 - 3.00 1.14
0.33 - 0.33 0.10
0.60 1.27 0.60 0.20
50 1.00 2.06 1.00 0.35
1.67 3.35 1.67 0.61
3.00 5.9 3.00 1.21

(M)/(M,) : mole ratio in comonomer feed

m,/m, : mole ratio in copolymer

Table 3. Determination of Monomer Reactivity Ratios for the Copolymerization of 1-Vinylnaphthalene (M,)

and a-Methylstyrene(M,) at —607C

(M)=0.1M (TiCL)=9.1X10"* M a=1.75
1-1 0.33 0.12 0.11 —0.88 0.92 —2.42 2.67 —0.91 0.34
1-2 0.60 0.26 0.36 —0.74 1.38 —1.71 3.13 —0.55 0. 44
1-3 1.00 0.49 .00 —0.51 2.04 —1.04 3.79 —0.27 0.54
1-4 1.67 0. 84 2.79 —0.16 3.32 —0.32 5.07 —0. 06 0.65
ANz @23 TEFHHe 1-VN 2 2- o4 arF2aA Aajsiee T3EA0E AE
VN ub9l2] oFg F3hed Table 20 vebglel. Ho2 Zdatgich =ekal b34us Kelen-
_ Tudos 426l 2|ste] F3FAch 2 HEAL o5
du 3 . . _
Table 3% Fig.3¢ll vetgiel. Fig.3ol4 r=
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exslo Wy U2 A4S AESHS] $leked 1- 2 7o) R4 T3 r,3) r,ghd Table 40
VN % 2-VN# a-MeSt& —75, —60 reli Zgstadch
—50C o A TELAZCE Ao £xel4 Tk Table 4ol 4 & 4 oE AHY 1-VN-a-Me-
L33 conversiond Table 1ol Velwigdeh b StAldl& 257} *7}'%01] “FEP > Eleksl e
ghal qbSgu e 24E 10% o) 2l conversion v r,v #4shich Fig. 4ol A In r, & 1/TolldA
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Table 4. Variations of r, and r, for the Copolymerizations of 1- and 2-Vinylnaphthalenes(M,) with a-

Methylstyrene (M,) in Dichloromethane at Various Temperatures

M)=0.1M (TiCl)=9.1X10™* M,
Temp. = (1X10%) 1- VN - a—MeSt 2-VN-a-MeSt
(C) (K™ r, I £y X Ty ry T, riXr,
—175 5.05 0.42+0.08 3.98+0. 13 1.67 0.17+0.01 1. 83+0.02 0.31
—60 4.69 0.94+0. 08 3.16%0. 1 2.97 0.32%0.01 2.04+0. 06 0.65
—50 4.48 1.92+0.05 0.41+0.02 0.79 0.56+0.05 3.52+0. 14 1.97
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Table 5. Values of Activation Enthalpy and Entropy Differences,
izations of 1-and 2-Vinylnaphthalenes and Acenaphthylene?®
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A7+ 4L E &+ Aok

chekxlel AtchetSy

Styrenes} a-MeSt2] oko| & EZ g o4 %4}
25, &of Y M)A 2] FFoll A glo] a-Me-
Ste] ubg 42 styrene?| shgA R} Atz ¥
sy Yo, oF —70C ) 4 styrenest 1-VN @
2-VN9| ofol e 518 ez B Adelld T
3t a-MeSt3} 1-VN % 2VN2] oko]-& 35t
3 a-MeSt2] BF-54 -2 styrene?] Hl-£Aw o}
ach o]z g #AN2 a-MeStu| methyl 712 A
27A Aok A E R o ZA 7l @il
& 4 Ak

1-VN, 2-VN % acenaphthylene (AN) 2| ub-$-

48 AESFL7] $lsted Table 50l F&P ol T
gt 1/ grab 2 Adyol4 73 1-VN % 2-VNoj
gk 1/re] kg velbdi gl Table5oll 4 & = )
= upepzro] wkg4 (1/r) k8 27154+ 2-VN
>1-VN>ANojch a-MeSt Azkokol-o ofst
1-VN % 2-VN2| dbg-4 & —75 9 —60T ol 4
2-VNe| 1-VN¥ e}l Zrbe 718 o+ b of

2]t 2}4 2 1-VN¥| peri-hydrogend 7} &, a-
MeSt oko]-20] 1-VN=z} dt&&ta] 1-VN2| naph-

thalene® 2| 8¢ x]ol] & okl =42 vl g

In r and L for the Cationic Copolymer-
with a-Methylstyrene

System 1 o L Inr, Ay Ay 455 4S5 1 In r, M= dHy 4S5 4S3
T (1X10% (°K-") r, (Kcal/mole) (e.u) Iy (Kcal/mole) (e.u)
5.05 2.38 —0.87 0.25 138
1-VN-a-MeSt 4.69 1.06 —0.06 5.2 245 032 LI5 —~1.3* -3.7*
4.48 0.52  0.65 2.44 —0.89
5.05 5.88 —1.77 0.55  0.60
2-VN-a-MeSt 4.69 313 -1LM4 41 170 0.49 0.71 2.1 1.7
4.48 L79 —0.58 0.28 1.2
4.9 13.3 —2.59 0.12 212
AN-a-MeS ¥ 4.48 588 —177 4.1 49 027 129 —6.3 2
4.12 172 —0.54 130 —0.2

¥ Calculated from the values of r, at —75 and —60C
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1/r,: 2-VN>1-VN>AN
entropydt | AN>1-VN>2-VN
enthalpyd} : 2-VN>1-VN>AN
el 4 o = e uksk zrol| b4 e] =17
(1/ry) =4t enthalpyshe] 47b dAekile
—75, —60C oll 4 a-MeSt oko] Lol Wit 1-VN,
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_Q_AOLE_l‘l .
2-VN 9 AN$| 3-%54-2- enthalpy control HF¢-o]
0

2w (4) ~(6)

gt & 4 Aleof] &% B o] éte]
AR Az —50C ol4doll 4 (1/n) 2] 27 £4 =
entropydt?| 7] 49} dx|slrg —50C o]

4ol = entropy controlFE&tut-Solgla 4=
Urh oFo]l& EE 4ol 4] entropy control HF2
ol Z4-$-7F gho] »u?1Bxlo) 9l onf enthalpy
-Ql 749+ styrene-a-MeSt % AN-

a-MeStA o] ef gt odFoll 4] 11305 6] 9l

Z

controldt2

=2
—

1) 1-vinylnaphthalenez} a-methylstyrene
& F & 2| chloroform ool gt {5 A
(&) 2k 1-VN=&k$] A4 E-4 (X)) 72| 24l 288
nmol] 4| €=38,5X,0]lc}.
2-vinylnaphthalenel’l— a-methylstyrene 2
&ta) 2] chloroform-g-cief] )t 1§53 -
( ) oF 2-VN=Ee] 52l & (X,) 3k o] 3hA =
nmoll 4 &£=32.9X,+ (1—X,) 1.59] o} c}.
2) 1-vinylnaphthalene(r,_vy) 2} 2-vinylnaph-
thalene (ry,_yy) % a@-methylstyrene (r,) ol ojsh
L R R B S = A
~75C iry-vn=0.42+0.08,r,=3.98+0.13,
w=0.17%0.01.r,=1.83%+0.02
~60C 3 ryp-vy=0.94+0.08,r,=3.16+0.1,
ryovn=0.32%10.01, r,=2.0410.06
—50C 1y .ywm=1.924+0.05,r,=0.41+0.02,
oo vy =0.561+0.05,r,=3.52+0.14
3) 1-vinylnaphthalene- a-methylstyrene #) ol
g} (4H%— 4HD)=5.2Kcal /mole, (4S%—4S3)
=24.5e.u (dH;,—4dH})=—1. 3Kcal/mole, (4S3,
—4S;)=—3.Te.uoe] gl & a - methylsty-
2ol gk In r,of I/T R R I RS
AElekx] ¢tgtom —50T o]4boll 4+ r,3kol 2

rene (M

Al 7435l
2-vinylnaphthalene-a-methylstyrene Aol =
&t
(4dH;,—4H},) =4.1Kcal/mole, (4S3},—4S3,)
=17.0e.u
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o]

5 - 2

(4H7,—4H3)
=11.7e.u
o]l 2™ a-methylstyrene(M,) ol &t In r,ol
1/T EAleoll 4 =R dof A 2l sk},

4) okol 253t 4 a-methylstyrene?|

4 sk geh

=2.1Kcal/mole, (4S};—4S3)

444
2 styrene®| uF<

5) 1-vinylnaphthalene ofo| 20l th&} a-methyl-
styrene®| F-7}x el 2-vinylnaphthalene ko]
2o o &+ a-methylstyrene®] 4717} ] £ols}
odch,

6) —75 5 —60TC ol 4] a-MeSt ofo] o el

k2o 2-VN>1-VN>AN<o|gief, —75 %
—60TC ol 4} o] E%%-2 enthalpy controlilg-o]
Q2= —50T o|4kell 4= entropy control-3-F 3§
dkg-o] ot
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