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) B (AVSAQ) #h 5 i i S AL L R &
T2l & W T A B A B P (St-BA-MAA-
AVSAQ) Bt R G W FLIK , 58 T AVSAQ FiI
APS JH 20 7L 3 G BRI L FL R B L e B e 1Y

.
1 SLWES

R (St) MR T i (BA) | H L T 0 iR
(MAA) , REA AR — T, L R 2R A 4 4l 5 1o
iR 4% (APS) , L= dtil ), /K W 45
Rl - B ( >97% ), W dt Rk 1k T
AR, B R R R L R R (>
98% ) , VT35 2% M it S Ak T BR 2\ w) , B3 4
PR F2 L lig (HEA) -+ Z St Fe i iR 40 (SDS) , T
FEM R A Mk (OP-10) , — H FE R (DMSO)
KA F WL IEHLA TR X Ry 43 H 2, B0 5 9
KA LB FIK.

1.2 BOBEMEREMEK(AVSAQ(S) ) K&

P2 Rk R 1- (TR (2-(2-( P9 M ok 43 )
L) CHEEINEL) R R BL ) R (AVSAQ) (5) 38
TN 1 TR 6 A HLR N A
1201 1-BU R (1) B 2%

¥ 6. 69 g 1-2 JL B A #] 250 mL 5145
L RS A 80 mL 10 wi% W B2 , #HE T vk
KIBEHZE 0 C.0% 2.28 g WAKREIE T 10 mL
JK J P 0 T N B SN R I AE BB T 4k 22 R R
0.5 h, 75 1-EERFE AT, HHS. 9 g KIBT 15
mL 7K, I8 0 R L N B vk K VR ¥ H T A
PR Z v, O 2 h Je A5 51 A 00l . i A B R 6N
Vo VTR A R R AR TG AR B IR NV VA
BB A S A k. U, UEUE R K vk &
Wk, B T MR 9.92 g P2 1A R
(1), 7534 99% .

1.2.2 1-(A] (R 2 FEIE) ZEM 3L ) B (2) 19
il %

1 6.68 g 1-flt B (1).3.60 g Jiff fi2 4
6.03 gl ¥ 5L 2 FLAR 2K i F1 0. 05 g il R #h L A
100 mL F ), 88 )5 A 40 mL DMSO , $if 41 5f:
PIHEE 120 °C, 2 2 h. B HI B 20, 98 I 6 i
A 400 mL 7K, #8505 U8 8 E K bk
3B TG A B = ). PR 2 T R 4l
(BRI AT RS LR OTEIRAY, &K
IR 5:1) , 155 4.10 g =4 1-([H] (5 £

1.1

) ML) BR(2) , 77 %R 50% .
1.2.3  1-([8) (2-Bi B2 g £, FE AR KL ) 8 i 3k ) TR
(3) Byl #&

H3.26 g 1-( 18] (F2 £ FE NI ) 2R e 56 ) B R
(2)% T 100 mL Be#rrh, 252 fin A 30 g ¥ i IR
(98% ) , g B/ NOMHREG, E2K R T TI
Y [ AR B0 Sy 1k K e AR BT TR AR T, TR
B 6 h, SR JE R /NG A 300 mL K A R A S
b uE IR K MR 3 W, A TR S 153 3.50 ¢
FEY) 1-(IA) (2-B% BR iR & IR 36 ) 2K e 5% ) B
(3),72% N 90% .

1.2.4  1-([A1( S A BER ) 8 i 55 ) JECTR (4) 1 i
%

P 4.87 g 1-([R] (2-Bii PR T & XS ) 2K i
) EER (3) 1. 06 g BRI AN AT 50 mL KU A
FBEAR R BERE TN E 50 C, )% 2 h. A E
2, A 300 mL K # 8 2k U, U DR K sk
3W,AEE THRIEMH]3.70 g 72 1-( 18] ( Z MR
) ML) R (4) 77 %R 95% .

1.2.5  1-(Ia] (2-(2-( P 9 ok 40k ) & %R0 ) & 5
BER) R 5L ) R (AVSAQ) (5) iyl 4%

312 g 1-( 0] (&M BRJE ) 2R e 58 ) BT
(4),20 ¢ HEA 120 mL DMSO & ¥ m A % ¥ 1
o BEFE TR 2 80 C 6 3 mL iFA 0.50 g 6k
2 0 1 7KV VI A 2 s RO R, g 8 bl SR S N
A 400 mL 7K HRIK 22k 6 K BRI EL S T 45 3
LI HOR A = 9. SR 5 2 Ak )2 AT AR Al (N o —
FHIE S MR OEMIEEGY, Z HIKB LA
20:1) ,f5%5]3.03 g ;=4 AVSAQ, =%k 77% .
1.3 P(St-BA-MAA-AVSAQ)E&WIARME
X

¥ 36 1 i ¥ AVSAQ % T St.BA Il MAA
WIS E AR AW 8% APS A T 5 mL K Hh 45 |
APS JK % W. ¥ 25 mL sk, OP-10, SDS #il
NH,HCO, & A S = T B FE FImA 3 ¢
RAMAR 5 THEZ 80 CHENA 2 mL APS /K%
WHIRRA IRIGAE T h PR TR AR S Sk &)
TN 3] s i . B ek #R e, BB 15 min
JIA 0.5 mL APS JK ¥ W . 1% /i ¢ B2 5 4% 22 I i
0.5 h, 8k 5MAT B 1 mL APS /KW, 1500 %
N1 h REIEOERE IR

PE R XF bS5, SR T IR (9 3R G e 7 f L2
FKH0.15 g ASCHI AR R G Gk 1-(R (R 2
BEWR L) R e ) BUBR (2) (B PR W
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Table 1 Recipes for the preparation of colored polymer latexes

Ingredient Amount (g)
AVSAQ Variable®
St 7.50
BA 7.50
MAA 0.15
SDS 0. 30
OP-10 0.15
NH,HCO, 0.075

APS Variable®
H,0 30
0 wt% ~4 wt% based on the total monomers; "0.3 wt% ~1 wt%

based on the total monomers

1.0 wt% )0 AVSAQ Ju} o fh, il 45 4k 3L f 1
AR AT
1.4 FR{E

ek} B AVSAQ K v i) {4 i Ak 2% 45 ¥ Al ' H-
NMR #1 FTIR 3£ £ 1iE. 'HNMR 7 JNM-ECA600 %I
W WG 2 4% U 3% A (JEOL, H A ) |l %, FTIR 7E
Nicolet 560 AIZL AP35 AL ( Nicolet, 38 [F ) bl 2.
ekl LR AVSAQ FFLB LR Y)Y UV-Vis Bk
TEAE T6 S Ah-0] WAy Y6 B G5 b8, b )
AR AVSAQ K S AE X4 KT 5 U o
FEA 1 (FE A, T E ) .

FLIR R A S R e Ab R 8 vk I . gkt
LR AVSAQ G Ak S i n F ikl R G
PIFLWAE 60 °CTF T4, il b5 B 29 (250 +£10)
o F FLBE AR, 98 I B LA R AR g o, LU
P A Al 6 b ) 58 A0 43 o6 6 BE L AE T %%
H0-1T UL 4356 6 B T 1 I A U R R A ekt
B AVSAQ (¥ B 0 5 R R A Ye bt AVSAQ
(5T S, ARG C 75 i AVSAQ 1y BT &, THAAH 3
Yookl B R 5 A R

BEWAH BN KA RAR (D) KR A
(poly index ) I zeta HL ¥ 7F Zetasizer 3000HS %! i
JEALE 53 BT AL (Malvern, 3 [6) FIl&E. KRG FL
JEERL Y T 25 KL AR (D oy ) 72 H-7650B #5543 H¥ i
SF EL - S O (Hitachi, HAS) il G2, Ye e sy 2
wi% [ 5 TR 7KV TR

BB FUIERE 0 S 0, 2 B 4% DL T 5 vk I
BB AW 7L A KT E AR A b, 78 O R
9180 W/m* 40 °C AHXFIREE 50% 9 41 F k47
LA IR, AR 24 h BUB R AL 7 AR LR
8,224 HP-200 (L3, A ) W 5 F i 06 BE TS 1Y
2.

2 H#R5WiE

2.1 HABRBAMK AVSAQ (5)WEMIIEIT
5RIE

FRATRE A BT A [R50 10 AT 3R G TR okt B
T I i R b ) 4 R T IS RO ARG
WL A T T SR A R Yk B R R TR A
BARFIACRE T VA A B AR R LI R B R
JO7 rh G B B AL RO &, FLIRCR B W h A 8
P& B O 1t iR e e S RO (R
B YFLRT PP RE AR SCBETIF S T — R )
INF A A IR AR (0 Bk i) SR G DURE TR ik BRUBE N R
PR 08 BT 2R G R R BRLAR AVSAQ, H A5 ik
PRAMEER X AE 1 PR, 45 R R, B R g
BHER AVSAQ S # p BE G20 0, HAT & N
B0 TR A . AVSAQ K v ] A ) £k 2 45
ELif i) ' H-NMR Al FTIR 47 T AL, 5 814544
W& .

L-(Ja) (B & SE ML) 26 e 36 ) BORR (2) :'H-
NMR (600 MHz, DMSO-d,, TMS, §): 11.29 (s,
IH, NH), 7.63 ~8.29 (m, 11H, Aryl H), 4.94
(1, 1H, OH), 3.73 (q, 2H, —CH,—OH),
3.52 (1, 2H, S0,—CH,—). FTIR ( KBr,
em ') 3062 (= C—H), 2918 (C—H), 1664
(AQ C=0 stretch), 1632, 1585, 1508 ( AQ and
benzene ring) .

L-(J8] ( 20 DR 3 ) 25 5 ) B (4) :'H-NMR
(600 MHz, DMSO-d,, TMS, 8): 11.27 (s, 1H,
NH), 7.61 ~8.28 (m, 11H, Aryl H), 7.21 (d x
d, 1H, I-vinylsulphonyl H), 6.39 (d, 1H, 2-
vinylsulphonyl ¢is H), 6.26 (d, 1H, 2-
vinylsulphonyl trans H). FTIR ( KBr, em '),
3049 (= C—H), 1657 (AQ C = O stretch),
1632, 1585, 1520 ( AQ and benzene ring). mp:
165 ~166 C.

1-(fa] (2-(2-C N M Bt A % ) A ) & FE N
FE) FERE L) B (AVSAQ) (5):'H-NMR (600
MHz, DMSO-d,, TMS, §): 11.29 (s, 1H, NH),
7.63 ~8.28 (m, I1H, Aryl H), 6.27 (d, 1H, 3-
acryloyl c¢is H), 6. 12 (d xd, 1H, 2-acryloyl H),
5.90 (d, 1H, 3-acryloyl trans H), 4.03(t, 2H,
—CH,0C0—), 3.77 (i, 2H, —S0,CH,C-
H,0—), 3.70 (t, 2H, —SO,CH,—), 3.53 (t,
2H, —CH,CH,0C0—). FTIR (KBr, em™');



1448 4y

5]

?

it 2013 4E

e,
¥

Hz

H2N/©\ ~_-OH

X

//\\

o HN/©\ ~_-080:H

//\\

H,S0,

o’ "o
o o 3
QL i
O HN SO o )K/ 0 HN ,/s\\/\/o\/\oﬂ\/
N32C03 o/ \O \/\ o
— O‘O — O‘O
(o)
Fig. 1 Synthesis of the polymerizable dye AVSAQ (5)

3079 (= C—H), 2953, 2908, 2875 (C—H),
1730 (acryloyl C = O stretch), 1659 (AQ C =
0), 1633, 1585, 1524 (AQ and benzene ring).
mp:105 ~106 C.

2.2 P(St-BA-MAA-AVSAQ )R &M &R &

&
I g el AT SR R R A 1
T it F&Fﬂwﬂ%f’ﬁﬁﬁ%?ﬁﬂﬂ?L(ﬁz%‘%%}iﬂjﬁF%ﬁ

REMCHE N B AR SCR RS LR & T2 18
HMRAEEW T (R ML EZMAEHERLT,

ZE T AVSAQ Jo APS it X FL W R & o it L |
AW LR BE A 5
2.2.1 YRR AVSAQ H Y5 IR

[ APS HIH A SR B 1.0 wi% , BrAs g
BHELIR AVSAQ 78 G B A b (1 F o, i 15 20 W 2R
BEEHRN TR 2. FEARM I N, LR A N
Bia] PR k47, S R 5 4k 32 F1 AVSAQ #4 1k
R AVSAQ F 2 (1 3% i i B AIK 5 24 AVSAQ
FHEIEINE] 4.0 wi% (Ff 5 A8) |, BB IREE Ak 2 A
AVSAQ #4353 5]k 95% F1 93. 6% .

Table 2 Influence of AVSAQ amount on the emulsion polymerization and the latex properties”

AVSAQ Conversion of Conversion of Dy Zeta potential
Sample Poly index

(wt% ) monomer ( % ) AVSAQ (% ) (nm) (mV)
Al 0 99.7 — 58.4 0. 0881 -72.3
A2 0.10 99.9 96. 8 60. 4 0.0767 -81.1
A3 0.50 96. 6 96.0 57.3 0. 1190 -74.2
A4 1. 00 99.8 96. 1 60. 5 0.0873 -64.3
A5 1.50 99.2 97.2 58.8 0. 0765 -79.1
A6 2.00 97.2 97.3 67. 1 0. 0541 -82.2
A7 3.00 95.5 95.1 65.5 0. 0554 -73.4
A8 4.00 94.8 93.6 64.8 0.0931 -77.8

*1.0 wt% APS based on the total monomers was used.
XTI G R ORI, R R IR R, S BOH B 1L 3R T LR S AR E M Y

TER AR AL R AR W G HE, e TR
SE P BB TR o> T BE B OB BT RS R
FLIOR & v Gt R % A R 32 332 H e 1 e KA
HIT R fE T B B ph T St B A 1 ik g K 1k A
BRI 11, B Gk v S A iR 1T 4% 21 5L
FERE HR A X TR M T Sk LR 22 A R A ad 7R o

AR R) B, 24 Ak R A g FH e v AR ok ) At
Z , JURE AR AR B N B A 3w A A T e

Wil ] R A Yk R, T AVSAQ HLfk HoA
B KM TR BE J1, A Sy D BLR i AT A )

FUBCKL T 2 5 34, DT R R B2 2 2 1 Lokt ik
oAb, M AVSAQ H /N T2 F 3.0 wt% i,
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AVSAQ AL 3R F 95% 0 4 Hoyk i ik 5] 4.0
wt% Bt , AVSAQ 54 L% [ 55 93. 6% , W ETE =
Yokl oA H B B SR R & 0 | AVSAQ
SFARRIBEIRA RS S5 RE, ML AR
WA AT

M SR 25 R (£ 3) W LUE L R R A
ek 1-([a] (55 SN E ) 2 i 3k ) BOR (2) o
PR R 1 wio i S RN LA Ak Ay

92.9% ,FLUWALAR 5341 WY A8 B8 5 4 H R B AE R =X
PR A T F F B 4R 6 b, O 58 4 A Ot BE v
D RE REIUR - (1A (3% 2 6 TR 3L ) 28 i 6 ) 180
(2) (i, RV E 73 wi% AR B4 e R Rk 25
HUR 3. ifi %t F AVSAQ &4 1.0 wt% (1) P(St-
BA-MAA-AVSAQ) W FL I, AUA 3.9 wt% 1Y)
YUtk s Bl B BEAS T Sk, 10 I L p B R (5 2R
A YRR I ELAG 5 04 T 75 12

Table 3 The properties of unreactive dye 2 colored polymer latex”

Conversion of Dy Zeta potential
Dye fixation rate (% ) Poly index
monomer ( % ) (nm) (mV)
Dye 2 colored latex 92.9 26.2 71.6 0.2120 -84.9

“1 wt% APS and 1 wt% unreactive dye 2 based on the total monomers were used.

2.2.2 5k APS FH i (152

[ E AVSAQ I A B iy 1.0 wi% , %
27 APS J 5 %) L 3R A ok A 0 FL R RE 1 52
Wi, 285 5 L3¢ 4. 24 APS 45 0.3 wi% B, A
AVSAQ FL B A T LU A 4T, (H A 1.0 wt%
AVSAQ J5 (HEfh BL) AL R A BRARARE , B
BRI AL FE TN AVSAQ AL R LT 80% , kit
AR TE. K APS 4R 3 0.5 wi% , R A I

IS B AT AR BEAT, S AR AL R AN AVSAQ B 4k
AL 5] 98. 8% 1 95. 7% 5 F-iE— B4 Jm APS
i HAL R AR A K. AP R, R 2R &
Xt A o EER A A — 5 W LR A AT, AT LR IR
1 p T LT SR A RN A AT A SR 4 K
TLLE H, AVSAQ 23 1 Hb IR S B9 BH 2R AR TR
55, 80 (1 APS B el A 51 % R G R, I A5
BB v ) AR AL R

Table 4 Influence of APS amount on the emulsion polymerization and the latex properties®

APS Conversion of Conversion of Dy, Zeta potential
Sample Poly index
(wt% ) monomer ( % ) AVSAQ (% ) (nm) (mV)
Bl 0.3 78. 8 71.2 67.9 0. 2000 -64.2
B2 0.5 98.8 95.7 59.4 0. 0506 -80.4
B3 0.8 97.5 96.5 62.0 0. 0683 -75.9
A4 1.0 99.8 96. 1 60.5 0. 0873 -64.3

“1.0 wi% AVSAQ based on the total monomers was used.

2.2.3  REWFLN AR E T

M2 T LUA Gkl R AVSAQ i 2 %t
RE WA KB R AR RLAE 5 A Zeta BT 1R
A . AW RO B B EROE (B 2)
TARARAE 50 nm £ A7, FiS /DT HOK G B4R, FT
WZE R —B BAW ALY zeta HL AT HAK , 6 HA 7L
WEHAMRMREEN, R THRE 6 MHW AKX
LR BE AN YR TU B I 4, Lt VAT A S ) R
2.3 P(St-BA-MAA-AVSAQ) £ B# k&1
B

W AT K G S B e 2 TR Rk 1 2
TR, T A AR A 0 €0 22 3 R ANk F A 0 5 1T )
J5 10 5 A 40 35 P T A 1 4 2% 3 58 DL A ) i Ak
(14 P 358 PR 28 285 WA OG . AR Sl 3 IR B S T

P(St-BA-MAA-AVSAQ) FL L R Y1y UV-Vis I}
AL e R L 1 ' e A B
2.3.1 UV-Vis JaiE Moot

¥ P (St-BA-MAA-AVSAQ) B & ¥ 7L i B 1%
TR HE T B Bl 4.0 o/ L 1335 BV L,
LA R TR AE R 25 ORI E R A W UV-Vis
W . 53 A LR LR AVSAQ I T 2R &
P e, e MR B2 Ry 120 mg/L (0 9 W, JF U 58 H
UV-Vis O35 B 3 0 L& L Bl &
J7 e AVSAQ F (360, 3 3R W % A RO
BT, UL A (A i A B R AT R RS
T IR e S G T e <L 7/ P RPCY S A
A1 S 3 il e T R — B, SR W e e 35 s PR AE
486. 8 nm b, YLHE LI R A b, B A @
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Fig. 2 TEM images of latex particles (a) the colorless
P(St-BA-MAA ) latex (A1) and (b) the covalently
colored P(St-BA-MAA-AVSAQ) latex (A4)

3.5

- - -AVSAQ
i == A7
3.0 v K
——-A5
18
) 2.5 ‘. («\ .y
2] AV A3
§ 20“ ; "\ " -=A2
R LA 7 -== Al
Z1spi F
< ' = \‘\ £ A
R
nl" -."
i \
300 400 500 600 700

Wavelength (nm)

Fig. 3 UV-Vis spectra of AVSAQ and the covalently colored
P(St-BA-MAA-AVSAQ) latex polymers prepared with different
AVSAQ amounts

S I 45 M AT e AT AT AR A6 4 2L 3R 4 A
YRk A LA 5 4 AH [ 1 2565
2.3.2  FLEBCREM G 6

¥ P(St-BA-MAA-AVSAQ) 7L B ( KE 5 A4,
JRJRE (250 +10) pum ) FUXE LY 5256 b ply JE SR A Gk
1-(JH] (8 & BEANEE ) 2R i k) JECIR (2 ) 1 45 1) A [
L 2 11 27 B B[] Bl A GCAT & AR A vh Ak, T e
BE G RTS8 22, OF B R A W 3L Al
(75 FOGIR 8 22 15 51 2 R LI B A 6 Bt 22 AE
AR SR (B 4). AE B, 3L W16 BT
J B R A RO, WO A o R 2. T DU

i £ L P (St-BA-MAA-AVSAQ) FL e i 2 1k 7
KJg HAAZ BN, AE /N T 0.3, 05X TR 3t
Mo R LRI, (5 22 Bt 2 A IF T 19 S < B I
B, AE Sl 2.8, Ul W] A (0 R TR B o
T L, A R R AR X AT REJE T
Or AR A AR B BEINAS AE , 32 BDE IR S, H
S A5 RE T A Byl ik 3G A A% 13 T FE L, A T
WA 1 2F (0 AT BB OR Y LR R A (0 R ] o)
MTER G Y IR Y, 5o R R S B R RS, b
15 P2 25 S0 TR R 1 T i A R

3.5

—— Covalently colored film (A4)
3.0} —O— Unreactive dye 2 colored film

2.5F

20F

415t

0 1 2 3 4 5 6 7
Irradiation time (day)

Fig. 4  The color difference of the latex films versus
irradiation time: ([J) the covalently colored P ( St-BA-
MAA-AVSAQ) latex film (sample A4) and ( O ) the
P(St-BA-MAA) latex film colored with the unreactive dye 2

3 &g

Vet I G T — B W] B A A R AR (o 5k T
e EEPG N R IR S ER - JIUINE FA 7P SN RTN
AVSAQ, Il i % 2L FL W R A ik il 25 th 1 Ak 0
fEG M P (St-BA-MAA-AVSAQ) 4L (4 R &5 ¥ 3l
W4 AVSAQ & A TR S &1 4.0 wi% |
APS H & AIE T AR S 1 0.5 wi% i), ZLI R
BT R HEST ; 2 AVSAQ JH ik %] 4.0 wi%
I, BAIR B Al ORI AVSAQ #: 4L R 4y N
95.0% HI 93.6%. P ( St-BA-MAA-AVSAQ ) FI
AVSAQ 1) UV-Vis 1% 0 R P 58 4 — 3, e K
W SC A 34 8 486. 8 nm. 55 AH K Al 2o A g £ 7Y RE
YIRS Y FLR AR L, P(St-BA-MAA-AVSAQ) &
BYF W EA R R e AR ek, FLK
FEE 8 D' 8, 7 J32 RIS 4 70 292 s b R v
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PREPARATION AND PROPERTIES OF A NEW POLYMERIZABLE
ANTHRAQUINONE DYE AND ITS COVALENTLY
COLORED POLYMER LATEX

Bo-tian Li, Yi-ming Jiang, Ji-shuai Wang, Hong Zhang, Qing-jun Jin, Cheng-you Kan
( Department of Chemical Engineering and Key Laboratory of Advanced Materials of Ministry of Education of China ,
Tsinghua University , Beijing 100084 )

Abstract A new polymerizable anthraquinone dye,1-(m-(2-(2-(acryloxyl) ethoxyl) ethylsulfonyl) anilino)
anthraquinone ( AVSAQ) , was designed and synthesized via multiple reactions, and then copolymerized with
styrene (St) ,butyl acrylate (BA) and methacrylic acid (MAA) by semi-continuous emulsion polymerization
to fabricate the covalently colored P ( St-BA-MAA-AVSAQ ) latex. The chemical structure of AVSAQ, the
properties of the P(St-BA-MAA-AVSAQ) latexes and their latex films were characterized, and the influences
of the AVSAQ and ammonium persulfate ( APS) on the monomer conversion and the colloidal properties of the
latexes were investigated. Results showed that the emulsion polymerization performed smoothly with AVSAQ
amount equal to or less than 4.0 wt% and APS amount equal to or more than 0.5 wt% based on the total
monomers, and the average hydrodynamic diameter of the latex particle was about 60 nm. Both the conversion
of the total monomers and the conversion of AVSAQ decreased with increasing amount of AVSAQ, and when
AVSAQ amount reached 4. 0 wt% ,the conversion of the total monomers and AVSAQ was 95. 0% and 93. 6% ,
respectively. The UV-Vis spectrum of the covalently colored P(St-BA-MAA-AVSAQ) was as same as that of
AVSAQ with A

AVSAQ) latex exhibited advanced storage stability and color retention, and the latex film possessed excellent

486.8 nm. Comparing with the non-covalently colored polymer latex, P ( St-BA-MAA-

max

fastness towards light and solvent.

Keywords Polymerizable anthraquinone dye, Emulsion polymerization, Stability, Light fastness



