Synthesis, Characterization, and Optical
Properties of Polymers Comprising
1,4-Dithiane-2,5-Bis (thiomethyl) Group

TSUYOSHI OKUBO,'? SHIGEO KOHMOTO,' MAKOTO YAMAMOTO'

' Graduate School of Science and Technology, Chiba University, 1-33, Yayoi-cho, Inage-ku, Chiba 263, Japan

2 R&D Center, HOYA Corporation, 3-3-1 Musashino, Akishima-shi, Tokyo 196, Japan

Received 30 June 1997; accepted 4 November 1997

ABSTRACT: To obtain an optical polymer with a high refractive index (np) and Abbe’s
number (vp), a series of 1,4-dithiane-2,5-bis(thiomethyl) (DBT') group-bearing poly (.S-
alkylcarbamate) and polyvinylsulfide were synthesized by the polyaddition of 2,5-
bis (mercaptomethyl)-1,4-dithiane (BMMD) with diisocyanates and by the addition
polymerization of 2,5-bis(2-thia-3-butenyl)-1,4-dithiane (TBD) in bulk, respectively.
Their np : vp values, ranging from 1.598 : 38.2 to 1.678 : 34.8, are comparable to those
of flint glass. Some of the polymers having a high transparency and glass transition
temperature were suggested to be useful as optical polymers. The DBT group contribu-
tion to the increase of the np value of the obtained polymer was explained in terms of
the ¢ value defined by the ratio of molar refraction to molar volume and was concluded
to be of primary importance because the value for the DBT group (0.38) was greater
than that for the residual group making up the polymer structure. This group’s contri-
bution in preventing the degradation of the v of the polymers was also discussed based
on the UV spectrum of BMMD, which only showed a suppressed absorption band.
BMMD and TBD are useful monomers for preparing an optical polymer with high np

and vp values. © 1998 John Wiley & Sons, Inc. J Appl Polym Sci 68: 1791-1799, 1998
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INTRODUCTION

In optical tools such as lenses, prisms, and filters,
polymer materials have replaced conventional in-
organic glass materials, and in practice, poly-
(methyl methacrylate), CR-39, and polycarbo-
nates have been used.’ The advantage of using
polymers lies in their relative ease of processing,
better impact resistance, and lightness compared
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to their inorganic glass counterparts.? Optical ma-
terials are usually characterized by the main
properties of transparency, refractive index (np),
and Abbe’s number (vp). The Abbe’s number,
which describes optical dispersion, is given by vp
= (np — 1)/(ny — n¢), where np, ng, and ne are
the refractive indices of the material at the wave-
lengths of the D, F, and C lines of the sodium
spectrum, respectively.? The refractive index and
Abbe’s number of polymers and inorganic glasses
generally relate to each other: The higher the re-
fractive index, the lower the Abbe’s number and
vice versa.? The nj of an organic polymer is rela-
tively lower than that of an inorganic glass when
these materials having almost the same v, are
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compared.® This has prevented the use of many
polymers for critical optical applications because
preference has been given to high refractive index
inorganic glasses.** Organic-based polymers with
an improved refractive index have appeared in a
considerable amount of literature, but their
Abbe’s numbers actually degraded or were simply
not discussed at all.>~'* This work aimed at a syn-
thesis of a polymer that possesses a refractive in-
dex and an Abbe’s number that are as high as
those of inorganic glasses.

To obtain polymers with those high values,
polymers incorporating such characteristic struc-
tures as an aromatic group,’®~'” a halogenated
aromatic group,'®?° and an alicyclic condensed
ring?! were synthesized, but their np and v val-
ues were improved moderately. Polyelectrolytes
that are composed of specific organic polymer
chains and inorganic moieties showed remarkably
high np and vp values due to the latter compo-
nents.”” Based on molar refraction and molar dis-
persion, sulfur-containing polymers would have
higher np and vp values. For instance, polymers
possessing sulfide,?® S-alkyl ester,?* and S-alkyl-
carbamate®*® showed comparably high n, and v,
values. It is well known that the latter polymers
are easily obtained by the polyaddition of poly-
thiol and polyisocyanate and that the polymers from
pentaerythritoltetrakis(mercaptopropionate) and
1,3-bis(isocyanatomethyl )benzene or from 1,2-
bis(2-mercaptoethylthio)-3-mercaptopropane and
bis(isocyanatomethyl)bicyclo[2.2.1]heptane show
np : vp values of 1.59 : 36.0 or 1.620 : 41.0, respec-
tively.2>%6

These reports indicated that the introduction
of the alicyclic sulfide moiety into a polymer chain
may improve the np and vp values of the polymer.
Based on this indication, we prepared the follow-
ing two types of 1,4-dithiane-2,5-bis(thiomethyl)
(DBT)-group-containing polymers; one of them is
a polyaddition product using 2,5-bis(mercapto-
methyl)-1,4-dithiane (BMMD) and a diisocya-
nate, and the other one is an addition polymer-
ization product using 2,5-bis(2-thia-3-butenyl)-
1,4-dithiane (TBD). In addition to the polymer
synthesis, their characterization and optical prop-
erties are discussed.

EXPERIMENTAL

General

'H-NMR (270 MHz) and *C-NMR (67.8 MHz)
spectra were recorded on a JEOL EX-270 in

CDCl; (for monomers) and (CDs3),SO (for poly-
mers) solutions using tetramethylsilane as the in-
ternal reference. IR spectra were recorded on a
Nicolet 20 SXB. The molecular weight distribu-
tions of polymers were observed by gel permeation
chromatography performed on a Tosoh GPC sys-
tem (column: TSKgel G6000HXL and G4000HXL;
detector: UV at 254 nm; eluent: tetrahydrofuran
[1 mL/min]). Molecular weights were determined
on the basis of a standard polystyrene calibration.
The intrinsic viscosities of poly(S-alkylcarba-
mate)s were measured at 25°C in methyl sulfox-
ide (DMSO) with a Ubbelohde-type viscometer.
Thermomechanical analysis was performed using
a Rheolograph Solid (Toyoseiki Co.) at a heating
rate of 2°C/min and a frequency of 10 Hz. Glass
transition temperature (7T,) was defined by the
temperature at the maximum tan 6 of the analy-
sis. The refractive index (np) and Abbe’s number
(vp) were measured using an Abbe refractometer
3T (ATAGO Co.) and a specimen (15 X 8 X 5 mm)
with a polished surface. Differential scanning cal-
orimetry (DSC) was performed in air with a DSC-
3110 instrument (MAC Science Co.) using an
Al;,O; reference at a heating rate of 10 K/min.
Visible light transmittance (7%) was measured
with a UV-330 spectrophotometer (Hitachi) using
a sample with a thickness of 1 mm. Molar refrac-
tion and molar volume of the DBT, phenyl, and
bromophenyl groups referred to in the following
discussion were estimated by a Synthia module
running on an Insight IT (version 4.0.0) program
(Molecular Simulations Inc.).

Materials
Preparation of BMMD

To a mixture of allyldisulfide (10.3 g, 70.2 mmol),
calcium carbonate (0.14 g), and dichloromethane
(170 mL), sulfuryl chloride (9.5 g, 70.2 mmol)
was added dropwise in 45 min at —30°C; then, the
mixture was stirred continuously for 24 h at the
same temperature. The reaction mixture was fil-
tered, and the solvent was evaporated from the
filtrate to give 15.4 g of crude 2,5-dichloromethyl-
1,4-dithiane (DCMD). The mixture of crude
DCMD and thiourea (10.8 g, 0.142 mol) in ethanol
(47 mL) was refluxed for 1 h, then cooled to room
temperature. The resulting precipitate was fil-
tered and dried in a vacuum to give 22.0 g of the
isothiuronium salt of DCMD (TSDCMD). To the
dispersion of the TSDCMD in 63 mL of water, a
solution of sodium hydroxide (5.81 g, 0.145 mol)



POLYMERS HAVING 1,4-DITHIANE-2,5-BIS(THIOMETHYL) GROUP 1793

in 31 mL of water was added dropwise at 90°C;
then, the reaction mixture was stirred for 1 h at
the same temperature. It was cooled to room tem-
perature and acidified by adding 6NV HCl(aq) un-
til its pH value dropped to 2—3. The separated oil
was extracted with benzene, and the extract was
washed with water and dried over anhydrous
magnesium sulfate. The benzene was removed at
a reduced pressure and the residue was purified
by vacuum distillation (bp = 121.5°C at 0.02
mmHg) to give colorless BMMD (7.76 g, yield
= 52.0% from allyldisulfide). Its np and vp values
were 1.646 and 35.2, respectively.

'H-NMR in CDCl;: 61.62 (t, 1H), 62.88—3.14 (m, 5H).
3C-NMR in CDCl;: 628.4, 631.2, 642.2. IR (neat): 2905
(C—H), 2545 (C—SH), 1410 (— CH,—) em ™.

ANAL: Calcd for C¢H15S,(212.40): C, 33.93%; H, 5.69%;
S, 60.38%. Found: C, 33.75%; H, 5.75%; S, 59.99%.

Diisocyanates

1,6-Diisocyanatohexane (DIHE, np : vp = 1.452 :
50.7) was purchased from Aldrich Chemical Co.,
(Milwaukee) and distilled under reduced pres-
sure (92°C at 2 mmHg) prior to use. 1,3-Bis(isocy-
anatomethyl)cyclohexane (BIC, np : vp = 1.484 :
52.1) and 1,3-bis(isocyanatomethyl)benzene
(BIB, np : vp = 1.541 : 33.7) were purchased from
Takeda Chemical Industries (Osaka) and Tokyo
Kasei Kogyo Co., (Tokyo) respectively, and were
used without further purification. All other diiso-
cyanates used in this experiment were prepared
from the corresponding acylazide via a Curtius
rearrangement.?” 1,n-Diisocyanatoalkane [boil-
ing point in °C/mmHg (lit.); np : vp]: 1,3-diisocya-
natopropane [76/15 (30-85/14—-16)%®; 1.449 :
50.5], 1,4-diisocyanatobutane [99/10 (94-98/
10)%; 1.450 : 50.6], 1,5-diisocyanatopentane
[103/4 (105/4)%; 1.451 : 51.4], 1,7-diisocyanato-
heptane [104/1 (105-106/1.5)%°; 1.452 : 50.6],
1,8-diisocyanatooctane [149/10 (152—154/11)3!;
1.453 : 50.6], 1,9-diisocyanatononane [134/0.5
(134/0.6)%; 1.455 : 51.4], and 1,10-diisocyanato-
decane [136/0.3 (132/0.2)%°; 1.455 : 50.7].

Polyaddition of BMMD and Diisocyanates

A homogeneous mixture of an appropriate amount
of BMMD, an equimolar diisocyanate to the
BMMD, and 0.1 mol % of di-n-butyltindilaurate
to the BMMD as a catalyst was poured into a glass

ampule and degassed in a vacuum. The ampule
was filled with argon, sealed, and heated gradu-
ally from room temperature to 120°C within 21 h.
The poly(S-alkylcarbamate)s thus obtained were
all solid and hard.

Preparation and Polymerization of TBD

A mixture of an ethanol solution of sodium ethox-
ide [prepared from sodium (32.75 g, 1.42 g atom)
and 1000 mL of ethanol] and BMMD (151.25 g,
0.711 mol) was stirred for 30 min at room temper-
ature. The mixture of the resulting sodium salt of
BMMD and vinylbromide (182.71 g, 1.71 mol ) was
allowed to stand at 80°C for 24 h in a sealed reac-
tion vessel. Most of the ethanol in the reaction
mixture evaporated, and the benzene solution of
the residue was washed with 2% NaOH(aq) and
brine, then dried over anhydrous magnesium sul-
fate. After the benzene was removed from the so-
lution, the residue was distilled in a vacuum (bp
= 134-136°C/0.025 mmHg) to give a colorless
TBD (96.07 g, yield = 51.0%). Its np and v values
were 1.627 and 33.8, respectively.

'H-NMR in CDCl,: 62.9-3.2 (m, 10H), 85.19 (d, 2H, J
= 16.5 Hz), 65.26 (d, 2H, J = 9.9 Hz), 66.33 (dd, 2H,
Ji = 16.7 Hz, J, = 10.0 Hz). *C-NMR in CDCl,: 631.3,
635.3, 638.3, 6112.4, §131.4. IR (neat): 3082, 2902,
1584, 1409, 954, 866, 590 cm .

ANAL: Caled for C,oH:6Ss (264.48): C, 45.40%; H,
6.07%; S, 48.53%. Found: C, 45.19%; H, 6.01%; S,
48.64%.

A degassed homogeneous mixture of an appro-
priate amount of TBD and 0.1 mol % of 2,2’-
azobis(2,4-dimethylvaleronitrile) (V65) as an ini-
tiator was heated in a sealed ampule filled with
argon from room temperature to 120°C within 21
h to give a transparent hard polymer.

IR (KBr pellet): 2897, 1584, 1409, 1310, 1250, 1206,
1159, 951, 871, 698 cm ™.

RESULTS AND DISCUSSION
Preparation of BMMD-based
Poly ( S-alkylcarbamate)s and Poly(TBD)

Scheme 1 shows the preparation of novel BMMD,
TBD, and their polymers. DCMD 2 was prepared
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according to Thaler and Butler?®? with a modifica-
tion of the reaction temperature. This reaction
gave DCMD and undesired polymeric byproducts,
and based on the GPC analysis, the yield of the
former appears to be maximized at a lowered tem-
perature [temperature/yield (area %): —9°C/
78.6%, —20°C/84.5%, —30°C/92%]. Crude 2 was
subjected to the next reaction without purification
because only pure 3 precipitated, and its hy-
drolyzed product was almost pure 4 (BMMD).
The Sy2 reaction of its sodium thiolate with vinyl-
bromide, which is specific to thiolate anion, *® gave
5 (TBD) in a moderate yield due to its consecutive
conversion to an unidentified polymeric product.
The refractive index and Abbe’s number of BMMD
or TBD are relatively large compared with those
of common organic compounds. Moreover, BMMD
and TBD are useful to prepare bulk polymers com-
posing the characteristic DBT group. The former
gave poly(S-alkylcarbamate)s by polyaddition
with isocyanates, and the latter gave poly(TBD)
by radical addition polymerization of vinylsulfide.

Characterization of the Poly(S-alkylcarbamate)s
and Poly(TBD)

The 'H-NMR (Fig. 1) and IR (Fig. 2) spectra of
unpurified P-1 are typical of poly(S-alkylcarba-
mate)s. The complete disappearance of the signal
corresponding to isocyanate (2150—2050 cm ')

\ff

5 (TBD)

‘ V65

g@?ﬁs&

Synthesis of polymers comprising DBT group.

indicates the quantitative polyaddition of BMMD
and diisocyanates. These spectra and those of the
other poly(S-alkylcarbamate)s are consistent
with the structural formula shown in Scheme 1.

Figure 3 shows the IR spectra of TBD and P-
11, where characteristic signals observed at 1584
and 1409 cm ! were assigned to those of vinylsul-
fide®* and the methylene group, respectively. The

sca,l?\d d Q
b STNTYTN abcd
s\i b H e H ’ r M
2cS f f
f
e

L S R L O L L I LR A IR N RN BN LB

1079 8 7 6 5 4 3 2 1 O

Figure 1 'H-NMR spectrum of P-1.
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Figure 2 IR spectrum of P-1.

weaker intensity of the signal at 1584 cm™! of
P-11 than that of TBD indicated that the TBD
polymerized at vinylsulfide as shown in Scheme
1. This mechanism was supported with the radical
addition polymerization of vinylsulfide monomers
studied by Otsu and Inoue?®® and Gollmer et al.>®
The conversion yield (Y') of the vinylsulfide group,
which is considered to be the polymerization yield,
was determined by the following eq. (1) and was
61.9% under the polymerization conditions given
in the Experimental section:

Y R

2

4000 3600 3200 2800 2400 2000 1600 1200 800 400

absorbance (arbit.)

wave numbers

Figure 3 IR spectra of (top) TBD and (bottom) P-
11. The shadowed signals at 1584 and 1409 cm ™' are
assigned to vinylsulfide and the methylene group, re-
spectively.

Table I Molecular Weight (M,,, M,,), Intrinsic
Viscosity ([n]), and Specific Gravity (SG)
of the Polymers Obtained

[n]

Polymer M, M, (dL/g) SG
P-1 5430 13,000 0.20 1.38
P-2 34,900 65,600 0.28 1.37
P-3 63,100 174,500 0.23 1.34
P-4 19,3002 70,200* 0.73" 1.32
P-5 46,500 122,000 0.27 1.30
P-6 19,2002 41,9002 0.28" 1.28
P-7 37,300? 209,000* 0.24° 1.25
P-8 44,300 180,000 0.20 —
P-9 13,600 29,200 0.31 1.31
P-10 32,100 170,000 0.11 1.38
P-11 — — — 1.36

2> Only the (a) THF and (b) DMSO soluble parts were used.

Y = (ALAT — ATAR)/(ALAT + ATAL) (1)

where A} and A}, are the absorbencies of signals
at 1584 and 1409 cm ™! for TBD, respectively, and
AP and AZ, are those at 1584 and 1409 cm ! for
P-11, respectively. From this conversion yield,
propagation in TBD polymerization was consid-
ered to be limited by the steric hindrance of bulky
1,4-dithiane rings and a closely crosslinked struc-
ture, which formed as propagation proceeded. Ta-
ble I gives the molecular weight, intrinsic viscos-
ity, and specific gravity of the polymers obtained
in this work. P-4, P-6, and P-7 were not completely
dissolved in common organic solvents such as
tetrahydrofuran (THF), DMSO, dimethylform-
amide, and hexafluoroisopropanol due to the pres-
ence of small dispersive particles. Their THF-
and DMSO-soluble parts obtained by filtration
through a 1 ym pore were used to measure the
molecular weight and intrinsic viscosity, respec-
tively. The amount of these particles were negligi-
ble, and their removal proved not to affect these
characters significantly since these values of P-4,
P-6, and P-7 were comparable with those of the
other polymers. P-11 also did not dissolve in com-
mon organic solvents. This insolubility of P-11
might be caused by a crosslinked structure due to
TBD’s bifunctionalities. Therefore, further char-
acterization through NMR spectrometry and solu-
tion properties could not be attempted.

T, and Optical Properties of the
Poly ( S-alkylcarbamate)s and Poly(TBD)

Table II summarizes the T, and optical properties
of the polymers obtained in this work. The T, of
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Table II T, and Optical Properties of the
Polymers Obtained

Ty T (%)

Polymer cC) (450—900 nm) np Vp
P-1 105.3 88-96 1.646 35.6
P-2 105.3 87-95 1.637 37.1
P-3 99.4 76-89 1.628 37.3
P-4 94.1 Opaque — —
P-5 87.1 76-87 1.613 37.5
P-6 80.4 Opaque — —
P-7 78.9 66-81 1.598 38.2
P-8 76.3 Opaque — —
P-9 130.0 90-98 1.620 38.5
P-10 122.4 92-84 1.661 32.0
P-11 — 86-94 1.678 34.8

the poly(S-alkylcarbamate ) of P-1—-8 decreases as
the number of the methylene units of the used
diisocyanate increases. P-9 had the highest T,
among the poly(S-alkylcarbamate)s due to incor-
poration of an alicyclic ring, and P-11 did not show
its T, below 200°C in the thermomechanical anal-
ysis. The thermomechanical property of a higher
T, is advantageous for the application of a poly-
mer material in optical tools because it hardly
deforms even at elevated temperatures.

From the visible light transmittance, these
polymers are colorless and optically clear except
P-4, P-6, and P-8, which are opaque. This tur-
bidity was explained in terms of their crystallin-
ity, which was evidenced by the melting point
shown in their DSC charts (Fig. 4). It is well
known that the melting point of linear aliphatic
polyurethane changes periodically as the number
of the methylene units between the two carba-
mate bonds increases.’” A similar periodical
change in crystallinity was observed for P-4—8.

It is notable that the np of the diisocyanate
does not affect that of the poly(S-alkylcarbamate)
systematically. The np of P-1 is higher than that
of P-9, although the np of the diisocyanate used
for the former is lower than that used for the lat-
ter. The np of P-10 was the highest among those
of the poly(S-alkylcarbamate)s, and that of P-11,
which were prepared without diisocyanate, ex-
ceeded it.

The refractive index of a material can be esti-
mated by the following eqs. (2) and (3), which
are derived from the Lorentz—Lorenz equation,
where [R] and V are the molar refraction and the
molar volume, respectively.”® When these equa-
tions are applied to polymers, the values of [R]

and V are regarded as those of the repeating unit
of the polymer?®:

¢ =[RI/V (2)
np = [(2¢ + /(1 — ¢$)]"? (3)

It is obvious that the np is increased with increas-
ing [R] or with decreasing V. According to the
group additive method, the ¢ of a polymer (¢,)
can be split into ¢ components attributed to the
groups, which build up the polymer structure, in
the [R] versus V coordinate.?® For example, if P-1
is considered to be composed of DBT and residual
groups, then ¢, is expressed by the ¢ component
of the former group (¢4 ) and that of the latter
(¢res) as shown in Figure 5. In this expression,
[R],V, and the resultant ¢ for the polymer ([R],,
V,, and ¢,, respectively) are calculated from ob-
served specific gravity (1.38) and np (1.646) to be
89, 245.1 cm®/mol, and 0.363, respectively. Ac-
cording to Ohtsuka,?® those for the DBT group
([Rlg, V4, and ¢y, respectively) are estimated
to be 61.7, 162.1 cm?®/mol, and 0.380, respectively.
The slope of the line through points (V,, [R],)
and (Vg, [R]s) consequently corresponds to the
¢res([R1, — [R14/V, — V) being 0.329. Table 111
gives the [R], V, and ¢ for the polymer obtained
in this work with the ¢,.s evaluated in the same
manner as in the case of P-1. Every polymer shows
the relation of ¢4; > ¢,es. This means that incorpo-
ration of a DBT group in a polymer causes its np
to be increased, while a residual group, rather,
contributes to its decrease. The nearly identical
s value of P-11 as ¢, indicates that the residual
group of P-11 does not cause the polymer np to

2
* P_8
3 P-6
®
2
) P4
o
B
c
o
N SN TN T A WS O A A A A B A O B A B A
0 50 100 150 200

temperature (°C)

Figure 4 DSC curves of P-8, P-6, and P-4.
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Figure 5 Plots of [R], versus V; and [R], versus V,,,
and relations among ¢4, ¢,, and ¢yes.

decrease as much as does that of the poly(S-al-
kylcarbamate).

The value of ¢4, is comparable to the value of
¢ for the phenyl or bromophenyl group* that has
been often incorporated into conventional optical
polymers with high np due to its 61% content of
sulfur atoms which have a relatively high atomic
refraction. In the np versus vp diagram (Fig. 6),
obviously, the refractive indices and Abbe’s num-
bers of most polymers obtained in this work in-
trude into the region of those for inorganic optical
glasses.*” The DBT group contributes to increase
not only np but also vp. P-10 shows the highest
np among the poly(S-alkylcarbamate)s with de-
grading vp. The np of P-10 seems to be increased
with the incorporation of both phenyl and DBT
groups; however, the former group contributes to
decreasing vp much more than the latter or the
aliphatic groups incorporated into P-1-9. Disper-
sion, which normally decreases vp, is caused by
electronic transitions at UV frequencies, one of
the resonance effects.*! The fact that benzene has
an absorption band (A, = 255 nm, £, = 219)*?
can explain the decrease of vp of P-10, which in-
cludes a phenyl group and would have a similar
absorption band. The DBT group has a structure
that is characterized by the separation of every
sulfur atom with at least two carbon atoms. We

*The ¢ (=[R]/V) value estimated for the H—C—Ph and
Br,Ph—C(CHj;),—PhBr, are 0.353 (=28.6/81.1) and 0.384
(=104.0/271.1), respectively.

Table III Calculation of [R],, V,, and ¢, and
Evaluation of ¢,., for the Polymers Obtained

Polymer [R], Vv, b, Gres
P-1 89.0 245.1 0.363 0.329
P-2 92.3 257.1 0.359 0.322
P-3 97.1 273.4 0.355 0.318
P-4 — — — —
P-5 105.5 303.3 0.348 0.310
P-6 — — — —
pP-7 115.2 337.8 0.341 0.304
P-8 — — — —
P-9 114.7 310.0 0.370 0.358
P-10 107.2 290.1 0.370 0.356
P-11 147.7 391.9 0.377 0.374

could molecularly design an alicyclic group having
a higher sulfur content than the DBT group by
introducing disulfide or 1,3,5-trithiane. The np of
a polymer possessing such an alicyclic group
would increase; however, the vy of it would de-
crease due to the characteristic UV absorption as-
signed to disulfide or 1,3,5-trithiane.**=** As evi-
denced by the suppressed UV absorption spec-
trum of BMMD shown in Figure 7, the DBT group
is properly designed to have an increased ¢ value
without showing any strong UV absorption. Con-
sequently, we propose that a polymer consisting
of DBT and other non-UV light-absorbable groups
can be used as a promising optical material with
a high np and a high vp.

_

&£ 1640 |
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Figure 6 Refractive index (np) and Abbe’s number
(vp) of (dotted) the polymers obtained and (shadowed
region) flint glasses.
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Figure 7 UV spectrum of BMMD.

CONCLUSIONS

Two different types of polymers comprising DBT
groups were molecularly designed and synthe-
sized to prepare an optically applicable polymer
material with a high np and a high vp. They were
obtained through the polyaddition and addition
polymerization of BMMD and TBD, respectively.
Compared with other conventional optical poly-
mers, most of the polymers obtained in this work
had relatively high np and vp values, which are
almost the same as those of flint glasses. Their
other properties, such as high transparency and
high T,, are advantageous for optical material.
The ¢ value ([R]/V) is an index to evaluate the
contribution of the DBT group and the residual
group to the np of the polymers. The ¢4, is higher
than that of phenyl or halogenated alkyl groups,
which have often been incorporated into conven-
tional, high-np polymers. The contribution of this
group to a polymer does not cause degradation of
its vp as the phenyl group does, which is believed
to be due to the suppressed UV absorption spec-
trum of BMMD. Considering these advantages of
the DBT group, we propose that the group, which
has a possibly increased ¢4 with suppressed UV
absorption, is a very useful building block for high
np and vp polymers and that the polymers ob-
tained using BMMD, TBD, and other non-UV-ab-
sorbable compounds appear to be promising for
optical applications.
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