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Study about Plastic Polymer bearing Triazine Group
as Optical Material
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<Abstract>
The poly(tnazine bissulfide) synthesized from 6- dibutylamino
-1,3,5-triazine-2,4-dithiol with bis(4-chloro-3-nitrophenyl)
sulfone in the presence of the phase transfer catalyst, the

maximum algebra viscosity
reaction temperature of 60 T overall.

is stable at
We could not

(057 dL/g)

acquire the good result about solubility, thermal property,
and molecular weight to make cast film, we made base
for the synthesis of functionalization polymer material.

Key words @ poly(triazine bissulfide)s, phase transfer catalyst,

thermal property

1. A &

Eglo}7 E]&(triazine thiol) %= 7}
Al, HAEFAA, FerAA Fo| de] Al
Ao = FHEREHE AHeAH, Fa56% AAA,
A, 2AFzat glolo] R ALNEE Fo Ax
Alol = o] g¥ic}, BFARE Wo] AgE o=
frelale 533, 7Z101A7] fdx, ZAAH g
o] ¥& Zo& {3 glo], old AHEE
sldst7] 918t BJsEFet2EY A 87 FHY
kAl o) g Aut”. PorFelrE AR
o2 Eo] Zte ANEH] EAHAL EE8ol1, =
S ZHE, 2489 2xw3 HIHE Y
Flgo BEEAo] g HY. oY UL
RHEAIA F7] 9l BeEelA~Y A8 9
* ol el 7] ol A4, B
' e std(s), T
oo B FQIUIS BAHMA LY, Fid, T
wrwx AFOCHE B BOHBON, Rus, T

14 8% 84Q AR HAEUET} ¥
o YA 2Hg7], & dWAdne, 2ean E49
AHE ALe dEA YA F& == Ao
A, 53|, 6-substitution-1,3,5-triazine-2,4

~dithiol> #z}e} M7l & Ego}z
A (ring)E& 2Ztar Q7] uwjFel] FsHAES]
82 §8o @ 2oz 4AHo A}, o7 F
7o olv7]E =% Eglojd UHE #f
el vpar Aglo s XE  Ab7lo] % uj
(PTC)E o8& AWUFHT (interfacial
polycondensation)®l| 2|8 Aol & F A
g e wyoz fgAse mavt A,
Hole Imai 50 FA°] ¥ WA 9
polysulfided “3tolE&F vl 9 18-crown-6&
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8} A 522 A triazineZ] & 2= EelAd wzio] g A5

S FAE 98 F Ak waEdYd”. Mori
o< Egolzl HEE FEA F2 5AA
o] A#AAE A7 A8l F2E WY
ChER], X379 RS FAB|A] olE9 EA
A 7= A7) Lag o’

A, FeHEokol A= fFeld diAg A
ez PatEelry Ao A37) &nrs] o
Folxa o, A, # dFelM= X
3 urgAo]l L2 Egloja 1g]e ofnkx X
7)o WAMAIES £ Edobd fEE
o] A3}l ¢ & eto] = (dihalide) Al HJ“E*}& 313t
E3o] gkg-olA fFe|Hol &% (Tg)u -8
& °|7] #1384 4% poly(triazine bleUJfldE}
of gz, &84 2 P v
g &oll thsle] ZA}sl T,

2.4 d U

2.1 A °F R &4

Bis(4-chlorophenyl)sulfone, ¢ 38}AlolE, N-
diethylamine —12] il cetyltrimethyl ammonium
bromide (CTMAB), NaOH (70%), CsF, YE
2lAd 5& Tokyo Kaseidll %S AAdA R
2 g E ARSsiad. A% B Fxe
YC-NMR, 'H-NMR (MABRUKER AC400)3}
FT-IR (JASCO FT-IR 7300)& A}-&3&lo] H-4
st oA 9] 42 MEL-TEMPII o] <]3|
FAYoH, T HAEAFE GPC (gel-
permeation chromatography, TOSOH HLC-
8120) 0.2 AUt FTHAY d4 AHHL&
SHIMATSUALS] DSC-50¢] DSC (differential
scanning calorimetry)& A}&3ttt. A 4@
A (DMA)E A5 %54 (TGA)S SEIKOA}
o] DMA-220% TG/TGA-320E A}-& 3y,

2.2 Bis(4-chloro—-3-nitrophenyl)sulfone(1)
o] 34

Bis(4-chloro-3-nitrophenyl)sulfone $t41-& W2}
717 -2 T 4t Eebzol] gLl 150mL
S Wil 2IgHSHAE 150mlLel bis(4 - chlorophenyl)
sulfone 30g2 =% &Y A3Ad7| & T3t
of WALl A2 52712 € 4 UAEE F
ol & oA HH3] 7tgk ¥ 90 CTolM 1 h &
b uwksH A HEZAZTE WHE FAH I dEE
SrEa AS7HA WHA 7| TR 500 mL

of Atz Wol wkgAAES HAAZH AA
58 Ao E AAJAAT §, Ao XF 71X
NAAN HddAE AR A4 FA(C, 38.3%
(3822%) ; H, 1.4%(1.60%) ; N, 7.4%(7.43%) ; S,
85%(850%)]¢] Axa FAX|e AAX 7l #
5SS & g UG a1 IRAMEYS] A
7ol A = nitro7] 2] A& 2 %o] 1350, 1542 ¢cm
o] Al 'H-NMR (CDCls-ds)el ZAa=d 7.80(d,
CH, J=8.48), 807(q, CH, J=6.31), 843(d, CH,
J=2.21)00 A FERSET)

2.3 6-Dibutylamino-1,3,5-triazine-2,4-
dichloride (2)2] 34

o] g} Alo}E(184g, 0.1mol)¥ THF(120ml) &
A oA &58 0CE A8
N-diethylamine(7.3g, 0.1mol)S THF(50ml)&

o] HH3] FH7FstHUd. 2A17HEQE WEE-A 2
T NaxCO3(5.3g, 23mmol)e & (50ml)E
5Co|st= A stHA AA8] 7FslRct. #H 7t

Fol NN LEE S8 AeolA v

WS EFEY F/13E FEPAUEFoR ¥
detga §ulE FHSEE ey Al Al

I
o] MAES Ut 8 216g, B% &4,
69.3~73.0TC.

2.4 6-Dibutylamino—1,3,5-triazine-2.,4
~dithiol(3)2] §HAd
6-dibutylamino—-1,3,b-triazine—2,4-dichloride
(11.05g, 0.lmol)& FH3lAl e]Zle DMF(30ml)
& 7%t Fo &aiA A, = -DMFG0/S0 v/v)
T30 (70mbDe] NaSH - nH20)(8.4g, 0.15mol)
of %l A& WkfAo] HrlsAHY W&
do] FMoR WMIPI, 257 80CAHE HA
4 R 7 R E T I -1 Skl B 74 S ' o7 R = S
NE-&-2] NaSH& o] 4+ ml7} Hojkx k3-89
o] M Ale}z| 2| eFhtr o] AH|oA] 2AI%E

g A7) 5, 80T A 247 T WA L
2 9 o) o _1_'% HalaL of 7)o &(10ml)ol] o,
ol Aetol, e whEel EAsA Lk
st ), o] Blo RF HAES H7FE L]

w4 %] & o] A A&} o) ]ffllﬂﬂ.i Hkg-2] %l
el E gldkar kg8 E(200mDE
7bal i, o wpgk Foll o ol 3.5% % AH100ml)
& Hotsteo WA HHE ARG, o2
F, 40T A 2423 Az EY A&
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ol At} & 20.1g, 96%, &3, 142~144TC.
Elemental analysis data(calculated; C, H, N,
S);  47,7%(4853), 7.6%(7.53), 20.7%(20.58),
21.8%(23.52). FT-IR(Kbr, cm ' spectral data;
2056w, 2870w(C-Hst), 1599s, 1532s(C=Nst),
1114s(C=Sst). 'H-NMR(DMSO-ds, ppm)
spectral data; 0.91(t, 6H, J=7.306, -CHas), 1.29(t,
4H, J=7.47, -CH2), 1.50(t, 4H, ]=7.176, -CH>),
3.56(s, 4H, J=7.54, -CHa), “C-NMR(DMSO-ds,
ppm) spectral data ; 13.70(CH2CH2CH2CH>),
19.23(CH-CH2CH2CH3), 29.25(CH2CH2CH2CH3),
47.42(CH2CH2CH2CH2CH3), 148.73(C-N), 178.5
(C=S).

2.5 Poly(triazine bissulfide)(4)2] $H4
6-dibutylamino-1,3,5-triazine-2,4-dithiol(DB)
9}  bis(4-chloro-3-nitrophenyl)sulfone 2. = 4§
PTCE ol &dle AWFTHH Wwgor #Ad
9 t}.6-dibutylamino-1,3,5-triazine-2,4-dithiol(5
mmol, 2.91g)# 1M NaOH+89(10.2 mL, 10.2
mmol)& Wz}7|7F ¥3e A FEe A0
G ok 3§ o] foo] CTMAB (25 mmol,
0.73g)& wWolA ¥HEA|Z T

12 3L bis(4-chloro-3-nitrophenyl)sulfone (5
mmol, 1.61 g)& YEzZwWA(10 mL)ol <3 3§
o] RollS AMA3E] 7} - B0CoA 24h &
o 3§ wuk stk o] Z-E W& 300mLel
AANA o3 A% F, AHES E22¥E5Y
fgkLo] &) 2 HAAA A& WAAES 24h
ok 60CAA AEF AFXAZY YLENFAH
[C,47.9%(47.9%); H, 4.3%(4.17% )N,
145%(14.58%); S, 16.3%(16.67%)]12] A= =
Az 9} AArA 7} 2 @HE ¢ 5 U 18
RAFEH Ao HERZ]S AHIE
0] 1340 2 1477 cm 'el Al 'H-NMR (CDCls-ds)
o] A#=d 858(s, 2H, CH), 8.09(q, 2H, CH,
J=8.34), 7.26(s 2H, CH), 3.21(t, 4H, J=7.54),
1.35(t, 4H, CHs, J=754), 0.94(d, 4H, CHoy,
1=7.47), 0.78(t, 6H, CHs, J=7.31)°llA] “}E}%tT)

2.6 Cesium Fluoride (CsF)& o©]&% poly
(triazine bissulfide)(5)¢] 34

DB} 26-difluorobenzophenylS §HAl 87|
A A7 ol A CsF(20 mmol, 3.05g)¢]
&4s AA §F §, 6-dibutylamino-

1.3.5-triazine-2,4-dithiol (bmmol, 1.36g) %}
2.6-difluorobenzophenyl (5mmol, 0.0.61g)e] %t
2o A CsF¢ DMSOE #H7Fste 100Cel A
24h FQF ¥kg AlFT, WHE ¥ AL AAHES
& THF v S22¥&0z AIA ANA A
3 AZE AL L34 L EEY ANEE AR
st9lc}. Poly(triazine bissulfide)& §/d8h 774
S scheme 19 YEU R

03N NO
H,NO, : ?
= CI S0y Cl
in con-H,S0,, 90°
I

. OzN NO,
fone
A Cl S50 Ci

N N N™ N N “N
| —— e —- =
GI‘J\H"LEI Cl -l-.N-ﬁi-m HE"!\N‘PLEH IM NaOH/PhNO,, CTMAB

GIOEDrO‘EI

N(C4Hg)z

N(C4Hg)s
l..f "'ng ﬂ;“ ND:
s L s
L. A4 N

N"SN DMSO
Cr, oo :
HE8 "~ * "SH CsF, 20mmol%

Scheme 1. The process of synthesis for poly(triazine
bissulfide).

3. 43 R x#

3.1. A=A
6-Dibutylamino-1,3,5-triazine-2,4-dithiol 3}
F A
Aol tfste] HEF A} Fig. 1A H
= 3} go]l 60 C olAelA = WHEAZ}
AstA ¥ #Hia d5H=(Mn)= 057 dL/g
%t
ae)al g7l 60 T7HA = Fvieh whggh
7140 g2e] olFol AMAF FAYAA =HEA
100 Coldoz =W d@ete]l= FiAer A&
Hk-g-0] o] Fo]zA] A&} F e

bis(4-chloro-3-nitrophenyl)sulfone®ll 4] ]

PN

O
o

s RO A
-

poly (triazine
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Fig.l. Effect of reaction temperature on inherent
viscosity in the polycondensation of 6-dibutylamino
-1,3,5-triazine-2,4-dithiol with bis(4-chloro-3-nitro
phenyl)sulfone in the presence of CTMAB (60mol
%) in nitrobenzene and 1M aqueous sodium
hydroxide solution for 24h.

bissulfide)¢] &3jdo] Y ZHo2RE i
AL eFoll A AFstz] Aol wkg oA F A e
Hoh metr 60 Tolde XA da4
E7F At RAoE Aol Hr) H FvlP
of o]gk wWkEAlolA= 09mol% ©o]telA 0.57
dL/g& YEhd= Aol FHAXHAYE & + UM
cl. A|F7HA §4 % poly(triazine bissulfide) €]
ZEu| L (0.2mol%°l A 0.5mol%e] o}, B <

Tl A el 09mol% e BluE o Fo| FYEHSU
. olRE Zujsh Ay Edjoln sHEo)
§714e] s oateols FEAshe] X8

Hb-3-0] 3tH oz wbg3tr] ofHr| wii-ole
2 AZbE o] ae)al v 09mol% 7HA
= mEA gLt 78 AL g¥eel=
3gHE2] WA ezt v A (micelle) & JATL
2 3] 2 Ao o) FHET F7HE
7] wj&olelar Aztg}h £33 o 0.9mol%e| At
o M= wlAlo] Hz2oz FFA3}7] ulhr-aﬂ Hh-g
o] IASA =i+ AL AZtE R (Fig. 2

CsFe} ti@Ao] £& Hdelol= QH 8-
M AztolsEFvlE ol &7 A T%E} H%
o] M3 MMEEL WEA EFc}t 1 olfF= W

Qo] CsFS 97|24 A4§7] uw o)},

_—
—

o

S
= )

=
S

Inherent viscosity { adl'g)
= =
Lad L
!

=
r

[}II- L N R N I
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Fig.2. Effect of reaction temperature on inherent
vicosity in the polycondensation of 6-dibuthylamino
-1,3,5-triazine-2,4-dithiol with bis(4-chloro-3-nitro
phenyl) sulfone in the presenceof CTMAB(60mol%)
in nirobenzene and 1M aqueous sodium hydroxide
sodium for 24h.

Mori® %] 6-anilino-1,3,5-triazie-2,4-dithiol
7} bis(4-chlorophenyl) sulfone®.& %€ CsF%

o5 3FFA3%E poly(triazine bissulfide) 3}§}E-of
A HANGREE AAQEY FH 93 HE
g AE B, A2 77k 30 TollA ¥k
gt WbgEo] A 77k AR dojHo
T HE2r 20 CoAe REEAo] W& e
2 Qlal ofF 70%e +&& Ze $S dAER
o] fojAAIRt, 7} A2F oA AAF

%f’*&' o] ®olAA 5o, 1 &E A F7}
3t A RoFA.

3.2. Wrg-A3tet g4
6-dibutylamino-1,3,5-triazine-2,4-dithiol 3%
bis(4-chloro-3-nitrophenyl)sulfone & =& %- ¥
CTMABE eo]&38le] AHETHel 9§  poly
(triazine bissulfide)®] 3§43 AAES +=8&&
91~98% uon, deiees HE2EHES W
cxd 7bEd A oliUnh Mori” 5ol
Kol WskEo|| A 9] poly(triazine bissulfide)i=
GPCe] 74wl THFoNA & %X ¢7] o
wol daH ey Y BAFMw)e] F40] 4
T SlojA vzt 5 A Egc(Table 1),
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Table 1. Synthesis of Poly(triazin bis-sul -fide)s
from 6-Substituted Amino 1,3,5-tr 1azine-2,4-dithiol
and Bis(4-chloro-3-nitrophenyl)sulfone®

Monomer Polymer
R Yield N (dL/g)™ Mnx Mwx Mn/
% -4 -4 —
(%) 10* 10 v
~N(C4Ho)2 95 0.50 1.38 2.78 2.0

HI:I—@ o S
O"I"'Oaa — - -

a) Polymerization was carried out with 5.0 mol of each
monomer and 1.5~3 mmol(30-60 mol%) of CTMAB n
nitrobenzene and 10.2 mL of IM aqueous sodium
hydroxide at room temperature for 24 h.

b) Measured at a concentration of 0.5 g/d. in THF at 30 T.

ol 9} #o] §Al g poly(triazine bissulfide) 7} #
Ao Helv2 AA @ AL g &), F
HEZA gl HAHs}7] uie] nEAFos
A @y Hfdol#tar Azbedk 1e]il CsF=
o] &35l F 8§t poly(triazine bissulfide)y -t
7
g

Gojo A WESAY £ KA @7 ol
AGgE FHE & AU

o] 5 9] poly(triazine bissulfide)d A= 70 T
o]  THF &vll& ofe| H wrEs)A A5 ¥
TAAlRR ARG O A3E Table 2¢l
Mori” &°] vheER 2@} w]aralgl e},

33. 943 A4

CTMABE o] &% AlHog2HE FH5§ g
2 6-dibutylamino-1,3,5-triazine-2,4-dithiol
bis(4-chloro-3-nitrophenyl)sulfone 2. & %- €
poly(trailing bissulfide)& AU, WA =9
2] o] &%+ 130 TolAM ¥ 150 Ty
aelil 10% FEHLASEA 93 AAe
A §F A3 460 TollAF-E 490 T7HA] AL
Table 3914 A& Mori” 59 triazine 2] 9]

B N

Table 2. Solubility of Poly(triazine bissulfide)s from
6-Substituted Amino 1,3,5-triazine-2,4-dithiol and
Dihalide compounds®

Polymer Solvent
I, He Tol NMP BzCl THF
DMAc utfel DMSO CHC
R gp 104 :: 92 BB 135 69 74 92 91
| - - - - . + . +
1.8
I - - - + +
H{EQHE}E ?H - o = +
I B : - + : + . +
5.6
' . ) .
52 - : :
I
HN- ) R -
| 49
I - + + +
45 = " "
| o ) .
5.1 R :
OvO L - . - - - L - -
I 4.8
U B - - + ; " A +
4.6
a) Measure at room temperature, ++:soluble, +:swelling,
-insoluble
ol A F7|o oF 10% FTIFHASE

(Taw) = & Aol 2 W33+ AL L.

Table 4014 Mori”% o] Jeld ZAE7 v
gl Egolzl sele] ofdelk X fH7|o] 9
8 2 zfo)lE BT

ol 2] v 7)ol 2%t poly (tri-azine bissulfide)
= Ao 2571 212 TR 10% 32 koj A
520 CTE vjepyc) o]y poly(triazine bissulfide)
T el Algel glhe] vAHR AlES =98
v A57F oldel 78 E{4% poly(triazine
bissulfide)oll A A& %<7} ¢F 120 CT& F7}
e Aog Kol YA e 984 2§
& o4 F AU
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Table 3. Thermal Properties of Poly(tri-azine
bissulfide)s

Polymer Tg(C)¥ Tdyo(T)”
R Ist 2nd  Air N
~-N(C4Hg)z 130 130 450 460
H';'—O 158 156 480 490
O";"Q 147 155 460 470

a) Glass transition temperature, determined by DSC at a
heating rate of 20 C/min
b) 1026 weight loss temperature, determined by I'd at a

heating rate of 10 C/min

Table 4. Thermal Properties of Poly(triazine
bissulfide)s
Polymer Tg(T)¥ Tdio(T)”
R, R, Ist 2nd Air N
[ 156 155 460 470
N(CHo), I 160 167 480 490
M 125 119 430 455
[ 181 159 490 500
W) I 243 212 520 530
M 131 128 450 470
[ 152 136 500 544
N 1m0 150 132 530 540
M 150 135 423 482

a) Glass transition temperature, determined by DSC at a
heating rate of 20 C/min.

b) 10% weight loss temperature, determined by Td at a
heating rate of 10 C/min.

4. d &

6-dibuthylamino-1,3,5-triazine-2,4-dithiol ¥}
bis(4-chloro-3-nitrophenyl)sulfone & & €| %}
A gk poly(triazine bissulfide)®] H%# wh-=7
o] uHﬁH;q AEZ A3, 9L &%71 60 ColA
oM WtZFAl= AT Hi di-HE 057 dL/g
= ljrb}‘;ll% FaEA Z|AAH, 43 HAEAS
el BA4d = ZIdE vA A XPH. Ego}
dare] gt 7)e A gES =9ty 7
TAAEA ARIGES JoRE HulsA
171219 7lsAd8stEs =8l A S

B olr
u

v oEebAY ALEAe] dig

ket
3 A

2o Aot Aol o
o oo e 7HAE =gy,

i 4 Ao b4 e

o)
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