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8 ¢} l-vinylnaphthalene(1-VN) & 2-vinylnaphthalene(2-VN)#} a-methylstyrene] %ol &35 3ol 3t s
A3 guo] gate A, £u) 4= dichloromethane, chloroform 2 toluene & AFg-3ke) —60T ) A TiCly
£ A4 A Z 1-VN 22 2-VN& a-methylstyrene} 72t ofo] &35t ct, B3 Aol w-g A Y 13 ngH e
a-methylstyrened] tat gt) 2 Kelen-TudosHHe ol oJa] 73ttt 1-VNI a-MeSte] 35§ # = dichloromethane
oA 1,=0.62, r,=2.67, choroformo] 4 r;=0,26, r,=3.55, tolueneo A r;=0,10, r,=5.230]%1 21, 2-VN3} o-
MeSte] 2% &7+ dichloromethanes) A r,=0,76, r,=3,01, chloroformell 4| r;=0.43, r,=5,14, tolueneo] A r;=
0.20, r,=6.550]9t}. 1-VN % 2-VN#} o-MeSte] T35 o] AofA /s 52§09 £4 447 371845
2a39ou Und FES & 3 4571 F713 g F713kAh o-MeSt ol 2o W 1-VNof ¥Hg
Ao 2-VNg wre ARt A, a-MeSt o] 23} 1-VN 2 2-VN9 F5 3ol oM Ur, & 1-VN &2 2-VN9j
%57 8} 3t (superdelocalizability) o] Z7}&42 12|31 1-VN#} 2-VN2J BC-NMR AHE o)A pet4 ¢} chemical
shift9] gro] ZAS:E 74y

Abstract : The cationic copolymerizations of 1- or 2-vinylnaphthalenes with a-methylstyrene were
carried out with titanium tetrachloride as an initiator at —60TC in dichloromethane, chloroform,
and toluene, respectively. Reactivity and solvent effects for the cationic copolymerizations were inves-
tigated. The monomer reactivity ratios, r; and rz(r; is for a-methylstyrene) were determined by the
Kelen-Tiidos method ; for the 1-vinylnaphthalene and a-methylstyrene system, r;=0.62 and ry=2.67

in dichloromethane, r; =0.26 and r,=3.55 in chloroform, and r;=0.10 and r,=5.23 in toluene, and

*To whom all correspondence should ‘be addressed.

152 Polymer (Korea) Vol. 17, No. 2, March 1993



1- ¥ 2-Vinylnaphthalene® a-Methylstyrene®] ol2 F 53l #§ w247 o) a7}

for the 2-vinylnaphthalene and a-methylstyrene system, r;=0.76 and r,=3.01 in dichloromethane, r
=043 and r;=5.14 in chloroform, and r;=0.20 and r,=6.55 in toluene. The values of 1/r, for the
copolymerizations of 1- or 2-vinylnaphthalenes with a-methylstyrene decreased with increasing diele-

ctric constants of solvents, but the 1/r, values increased with increasing dielectric constants of

solvents. The reactivity of 1-vinylnaphthalene to c-methylstyrene cation was greater than that of 2-

vinylnaphthalene. The values of 1/r; for the copolymerizations of 1- or 2-vinyinaphthalene with a-me-

thylstyrene cation increased with increasing superdelocalizability values of 1- or 2-vinyinaphthalene.

The 1/r, values increased with decreasing values of chemical shift of B-carbon in “C-NMR spectra

of 1- and 2-vinylnaphthalenes.
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Table 1. Conversions and Compositions of the Copolymers of 1- and 2-Vinylnaphthalene(M,) with a-Methylsty-

rene(M;) in Three Different Solvents at —60T
[M]1=0.1 M/, [TiCl,]=4.4 X 10°M/1

Solvent 1-VN-a-MeSt 2-VN-a-MeSt
Conversion( %) [Mi/M;] my/m; Conversion{( % ) [Mi/M;] m;/m;

CH,Cl, 8.71 0.33 0.13 8.95 0.33 —
9.29 0.60 0.26 7.22 0.60 0.25
7.68 1.00 045 7.86 1.00 0.38
9.83 1.67 0.73 9.92 1.67 0.90
8.72 3.00 1.58 6.12 3.00 1.64

CHCl, 6.61 0.33 0.09 7.55 0.33 0.06
7.07 0.60 0.18 647 0.60 -
7.93 1.00 0.27 9.97 1.00 0.27
8.22 1.67 041 9.55 1.67 0.50
9.18 3.00 091 8.25 3.00 0.70

CsH;CH: 7.25 0.33 0.06 6.66 0.33 -
7.07 0.60 0.11 8.92 0.60 0.09
6.09 1.00 0.17 9.58 1.00 0.17
8.12 1.67 0.29 7.45 1.67 0.28
8.80 3.00 0.46 829 3.00 049

154

Polymer (Korea) Vol. 17, No. 2, March 1993



1- ¥ 2-Vinylnaphthalene 7 a-Methylstyrene 2] 9o]-e #2%lo)

e g st

dold 5 F{.

Poly(a-methylstyrene) [Poly(a-MeSt)] : a-MeSt2]
0.1 M dichloromethane, chloroform 2 toluene &
N5 24z} Qakz} AL EefaAe) Wi dzd da
7153kl TiCl, S 4.4X10°Mo] 52 slstn Ay
AlRE B RS FHAE AU

Poly(1-vinylnaphthalene) [Poly(1-VN)] : 1-VN 2]
0.1 M dichloromethane, chloroform % toluene &
A& poly(a-MeSt) o] S} 2o woz s}
o FHAE dAUch

Poly(2-vinylnaphthalene) [Poly(2-VN)] : 2-VN¢]
0.1 M dichloromethane, chloroform ¥ toluene &
45 poly(a-MeSt) ¢} 2 o Fisle] 53
AE AUk

TEHRAY 4. F5EAE 5= &
A5 FAFTHAES ArHA sxHE &
&Y thg UV spectrum 43sle] A& 7
o8 BY 7§ Ao o3t} AT T AN
oA @99 Fag Fatoich

o
1

(% ot

%
&

&S

23 2 3%

FTEEAM =4, FTFEA g AEA

& B@% %) geA k. FEA 2 F
= BAF HdAN FEAHY FAve
5+ IF ¥ Alg(specific extinction coeffi-
cient)= &b #Aglel UG} gz
If FBASFE &3 2L LA B 5
A el 1-VN ¥ 2-VN9] RAFEE 448
At 1-VNI} o-MeSt F58A o 1-VNG9 =
A Fal7] 9)3ked chloroforme) =21 poly(1-VN) (10
mg/1) 7 poly(a-MeSt) (10 mg/l)2] Egool & F
FwE 288 nmol| A =31 .21 poly(1-VN), poly
(a-MeSt) 2 poly(1-VN-co-a-MeSt) 2] UV spect-
rum< Fig, 1o Yehl gt

FEA L/HEBZAT (D F5HA U9 1-
VN @918 724 £8()& F8 2 (D& Ik

oo A

Eo|H #1748 A23 19939 3¢

e kg o) &3
1.0}
[ (a)
2 05 |
(o)
(b)
1 1 1
240 290 320
Wavelength(nm)

Fig. 1. UV spectra of poly(1-vinylnaphthalene) (a),
poly(a-methylstyrene) (b), and poly(1-vinylnaphtha-
lene-co-a-methylstyrene) (c) in chloroform(10mg/1).
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Table 2., Determination of Monomer Reactivity Ratios for the Cationic Copolymerization of 1-Vinylnaphthalene
(M) and a-Methylstyrene(M,) in Dichloromethane
[M]=0.1 M, [TiCL]=44X10°M, a=1/FunX Fpu=2.18

2 —_

x:% Y= X2 y-1 F:%— G:&YD at+F = a(iF = aF+F
033 013 011 —087 o084 221 302 o073 028
0.60 0.26 036  —074 138 i 357 —048 039
1.00 045 100 —055 222 122 441 028 050
167 0.73 279 027 382 —062 600 ~0.10 0.64
300 158 9.00 058 570 110 788 0.14 0.72

Table 3. Effect of Dielectric Constant of Solvents on Monomer Reactivity Ratios in Cationic Copolymerization

of 1-VN and 2-VN with a-MeSt at —60T
Solvent 1 1
System (Dielectric 9 — log 1 I — log s 11 Xre
constant) ol 2
1-VN-a-MeSt  CH,Cl,(8.9) 0.62 1.61 —-0.21 2.67 0.37 043 1.66
CHCL(4.7) 0.26 3.85 —0.59 3.55 0.28 0.55 0.92
C:Hs;CH;(2.38) 0.10 10.00 —1.00 5.23 0.19 0.72 0.52
2-VN-a-MeSt CH,C1,(8.9) 0.76 1.32 —-0.12 3.01 0.33 0.48 2.29
CHCL,(4.7) 043 2.33 -0.37 5.14 0.19 0.72 2.21
CsH;CH;(2.38) 0.20 5.00 -0.70 6.55 0.15 0.82 1.31
03 = AL =3 o-MeSt o] ¢-MeStd} HHS-
0 8he Aol 1-VN# wle-& E!'ET v} age 3
' o}, 3 2-VN o-MeSte] ol 53]
—01 Q l/rl(Z'VN):klz/kll>1 = 1/r2(a‘MeSt):k2]
N _o3 /k22<1 o2 g 2-VN 9ko] o] 2-VN#} »-3-3}= A
- Ho} a-MeSt# whgsls g0 4 A 2E 9
—05 v)sh o-MeSt o] &-& 2-VN#} whg-ale Znch
o7} o-MeStat whgd o] o Avks Ag Edh
o]#13t AFAle Overbergers} Kamath®7} #jorst A
T y T 08 gussh Al 2 Euergsiol sjshel o

¢
Fig. 2. Kelen-Tudos plot for the cationic copolymeri-
zation of 1-vinylnaphthalene(r,=0.62) and a-methyl-
styrene(r,=2.67) in dichloromethane.

Table 3o14] ¢ 4= dE= 23 A 1-VN 3} o-MeSt
9] ofol 2 FF3el % vl R/ #FAglel 1
/1 (L-VN) =k 5/k(;>1 2 1/ry(a-MeSt) =ky,/kgy <

1o]%d o]2|gt ApAe 1-VN <fo]22 o-MeSt}
‘ﬂ’%@}‘ Zo] 1-VN3} wrg-3l+= ZEc} dFo] =
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Fig. 3. Variations of log r, with the reciprocal of the
dielectric constant D for the cationic copolymerization
of 1-VN and 2-VN with a-MeSt.
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Table 4. Values of the Superdelocalizability, Sr, by the Huckel Method for Monomers

9 C 7 /8

Number 6 I 2

5 3

4

1 0.763 0.899 1.139
2 0.930 1.015 0.796
3 0.829 0.864 0.932
4 0.910 1.106 0.985
5 0.829 1.015 0.990
6 0.930 0.869 0.900
7 0.889 0.899 0.873
8 1.573 0.978 1.021
9 1.047 0.752 0.700
10 0.702 0.739
11 0.899 0.909
12 1.373 1.296

olglom a-MeSto] g4 89] Sr gk 1.5730]91t},
Srgkel A7) £AME a-MeSt>1-VN>2-VNo|glt},
Sr gto] F5E WAl Avks AL on|gith

w3 3C NMR spectrum©. 2 2E| o]E @A E
9] vinyl groupd] B-carbonel] tH3F chemical shift
S 38t Table 5o LN SITh Table 594 &
2= ¢l uls} 7o) B-carbone] chemical shift3ke]
2= a-MeSt<1-VN<2-VNo|1 o] gko] &5
Az AEr) 2 2E 9n)stE 2 carbocation?] &4
< B} goltA WA Hon ¥ 4 glrh A g
T8 11,9 ke Z71<eA 9} B-carbong] chemical
shiftgke} #He A9} & YAk Yt

Srztel &7| A9 BC NMR22E 7§ B-car-
bong] chemical shiftzte] & &#AZREH i) ¥k
o4 1-VN @ 2-VN ¢fo]2-2 1-VN I 2-VN 9z}
A oF vrgats: R Bl o-MeSt @]9l HhE-o]
0|3t} AMY L Table 5904 & 4= A& AAH
a-MeSt @&k)9] Sr gro] 1-VN & 2-VN9] Sr gtH
b ades AR 283l a-MeSte] B-carbong]
chemical shift 3te] 1-VN 2 2-VN kx| o] B-car-
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Table 5. Values of the Chemical Shift of B-Carbon
(8Cp) in BC NMR Spectrum and Superdelocalizability
(Sr) of Monomers

Monomer  8Cy(ppm/TMS) Sr 1/r*
a-MeSt 112.20 1.573 1.00
1-VN 117.02 1.373 0.28
2-VN 123.15 1.296 0.19

* Relative reactivity was obtained in chloroform solvent.

bone} chemical shift ZET} 2ok AL )5}
a1 e}, i) ¥hSolA a-MeSt Fo]2-& 1-VN o
A oke] whg-o| 2.VN whakd| ote] wbgr) A=
AbEe 1-VNg] Srgko] 2-VNe] Sr@t o age
AT} 5 1-VN9] B-carbon®] chemical shift Zto|
2-VN¢] B-carbon®] chemical shift zt®Rt} Zele=
At AXES ¢ 4 Ak EF Streitwieser®]
o™ 2343k, 1-naphtyl=—0.35 2 2-naphthyl=—
0.2 Dewars} Sampson®2] PMO o|Z0)] 9]3} v
A% 24 AEF4(NBMO) 9] &, l-naphthyl=0,
61 2 2-naphthyl=0,727¢) =7] A% & A=}
2 9loh $je] Al gl e} Ad-S ™) ¢%t
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1- & 2-Vinylnaphthalene# o-Methylstyrene2] %¥o]-& F5 o] B3t w3 &) a7
Table 6. The Rate Constants of 1- and 2- Naphthyl Compounds
Compound Y
. I r
(Ar=naphthyl Reaction Condition Lnaphthy] 2 2-naphthyl Kin/Kox
group)

Ar-CH=CH,* TiCl,, CH,Cl, at —50T 1.32 0.86 15
Ar-CH=CH,* TiCl, CH,Cl, at —25TC 1.08 0.72 15
Ar-CH=CH, TiCl, CH.CI; at —60T 0.37 0.33 11
Ar-CH=CH, TiCl,, CHCl; at —60C 0.28 0.19 15
Ar-CH=CH, TiCl, CsHsCH; at —60T 0.19 0.15 1.3

* The data were taken from Ref. 2.

of ©7kx] A7 ABES Table 69 F3&3tsich

Table 6914 & <= e AP A 7o Wt
B8} % 1-naphthalene 3}3t2-E5-S 2-naphthalene 3}
FEE Hr} 1,34 o) ¥heAdo] Ada & &
t}, o]2]8 A& l-naphthalene FESoNM &
3] |28 4 9l peri-hydrogen effectoll 2J3t ste-
ric hindrance E.t} Ho]Atefoll A 1-naphthyl7]¢] n-
conjugationo] €3 k43l G747} ] FRTha B
ot ¥

Table 39] 1/r; %9 27] £A= §uie] FA40
#7 glo] 1-VN<2-VNo|= 2 ¢-MeSt* o] 1-VN 3
o] ¥kg o 2.VNoj th3h whg-rr} o golstthal &
& gtk o2t AL A Folo M &AM,
1-VN*>2-VN' ¢} #89 2oz 4748 £ glrh

2

C

o]Atol 4] &uj2AlE dichloromethane, chioro-
form 2 toluene & AFE-3le] —60TANA TiClL,E 7H
AAZ 1-vinylnaphthalene(1-VN) Z-& 2-vinylna-
phthalene(2-VN) #} a-methylstyrene-& 742} ¢Fo|-&
FTEHEIL, o5 FoleFTE T Ui w3t &
wjo] FFg A7t

1-Vinylnaphthalene® q-methylstyrene 3% &3
9] chloroform £ & LFFFAF(e) S 1-
vinylnaphthalene ©¢jo] FAR&(x) e #AE
288 nmol| A} &,=32. 11, +0. 19(1— %) o1 AL 2-Vi-
nylnaphthalene®} a-methylstyrene %3A2] ch-
loroform &80 3t THFFAF(e) & 1-vinyl-

Za|M #1774 #M23Z 1993d 3¢

naphthalene ©-9] 9] £ A& 8 (x,) #e] #A= 278.1
nmof| A &,=32,9,+1.5(1—x,) o]tk 1-Vinyl-
naphthalene [r;(1-VN)] % 2-vinylnaphthalene [r,
(2-VN) 13} a-methylstyrene(r,) ol i3t gk wlb
2 AH)9] ke Kelen-Tudoswdel| o3 thex 2
o] T3t rh.

dichloromethane : 1,(;.yy,=0.62, 1,=2,67

ryevny =0.76, 1,=3.01

chloroform ‘r0vny=0.26, r,=3.55
rl(z_VN> — 0. 43, Iy—= 5. 14
toluene Pravn=0.10, r,=5,23

2Ny =0.20, r;=6.55

|l KAGF7t F7HEE  1-vinylnaphtha-
lene} a-methylstyrene @ 2-vinylnaphthalened} a-
methylstyrene#|©] 739 &7 1/r) &2 Zastde
v 1/r, 3k Erlehe Aoz vEigen, A74stal
9J+& 1-vinylnaphthalene 9Fo]-2- 3 2-vinylnaphtha-
lene ofo]&o] ThefA) 9} wkS- o 1Elx A3l
¥ a-methylstyrene ko] o] vhekx) o} uk-3-3t oj
ol Ay MM Adol vEg &= HAS Fa%
Q9lel Aoz ¥ H

AR o2, q-methylstyrene %Fo]2o] th3t 1-
vinylnaphthalene % 2-vinylnaphthalene2] Wk-3-4J 9]
A7) 1-VN>2-VN o]l o v Thaka o) 3C-NMR
spectrumol| 4] 73} B-carbon®] chemical shift gto)
2o 429} superdelocalizabilitye] ko] & &9
xS & T AT
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