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Abstract: The excessive intermolecular force would cause problems of low dye-uptake and light color depth
when used for polyester dyeing. The dyeing properties of quinoidal hetercyclic dyes can be effectively improved by
introducing various substituents into the dye molecule, In this study, nine difluorenylidene quinoidal thiophene dyes
DI1~D9 were designed and synthesized. The impacts of substituent effect on the spatial structure, intermolecular
force and dyeing properties were systematically analyzed. The results show that alkoxy group increases the dihedral
angle between quinoidal thiophene and fluorenylidene unit from 10° to 18°~19°, The decreased intermolecular force
between dye molecules can facilitate the formation of single-molecule-state dyes and improve the chromogenic
ability of dyes on fiber. Under the condition of conventional high-temperature-high-pressure dyeing, the K/S value
of fabrics dyed by D1 was only 12. 7, while the K/S value of fabrics dyed by D5 and D6 greatly improved to
18.1~19. 3 (using the dye amount of 1% owf). The dye uptake of D5 in the carrier dyeing system further
increased to 94. 3%, with a K/S value of 22. 8, while the dye uptake of D6 in the dyeing system containing
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organic solvent increased to 90. 6%, with a K/S value of 28. 0 (using the dye amount of 1% owf). This research

is expected to provide a useful reference for the industrial application of high-performance quinoid heterocyclic dyes.
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dyeing property
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2.4 BUREITLRISFEIERAEM
2.4.1 YRl

B KM Yok} R 2 R R L (o YRR R A2 /)N
F 500 nm, FFAEGFHGUVE R N 40 80F 4l b A el
I H EY L. Yot JORHBURLE B IRAE T N &
HE—25 246 PR FRAS Bk . W TR aREm)
P S Tl vy = % e IR (SR 2 NN o | 7
BHBURDRLAE /N A B T G} b e a4,

AR EEE T Ykl D1.D5.D6 Fil D10 £EfF SR
YU ORI A7 i s [ (9 A28 AL R , 25 R 1&] 6 BR
AR D10 ZEAFES 0.5 h |, e pp s 7 ¥k iz
G T FEZE 269 nm., kLA, YRl OB Yk 42
A2 TR RS 4 h J5, Ykl D10 R 58 78
210 nm A7, G5 —J7 1 Yok DI SEEPRAR A T R
BORI B, HL RS 1 h 5 A2 209 A
WS 4 h 5 P gu Rk 42 R 303 nm, X AR 2
4wk DL SRELR) 73[R FH 7 il S8R AR M E L
N, FEARIET R S F T, Jekt D5 Fi D6 ()
SR A A R I /N T YRk DL, Yokl DS AEF S
0.5 hig By Fapkiie H B R T AGYEL D10, 44k D5
D6 FERFES 4 h J5 0y V4R 4R 43 51 4 152 nm Al
249 nm, RZERFH, BURIL R 2 (500 ] 5 25 RIS
Vit W o ek o3 ) 1 FH 77 DT 4 T G b A 5 55
R I RARYCRI AR . 1T/ NRAR A T
XU 25 HE R R W Yot} B -1l 1= YLV 2

SERRAZ /nm

% 1 2 3 4
B 1Al/h
B 6 4 D1.D5.D6 1 D10 §4r1E BEH EE B 18] 25 44, iy 25
2.4.2 Yefo iR L

PAGE @t a] D B Ak b Qe IR L4 K/S {H
HHAER AT IC S T YR D1.D5.D6 i D10 X
B LY AR N 7 R LA
Gk D10 7E44 @ 30 min J5 RIJFAATE FGLLr4E, 2
et 50 min JeHEARBI GG MLZ T Sk
DI Y b el <] A8 . B 2= AR 60 min 5. # R
TCARRIYO A . XS R RN TR YR

FH e R MR 1 AR LU B2y 25
B BeRE D5 FI D6 33~ A e S n] L/ et
Oy IR ARG (s A A R XL
Qe Z A K /S (AR 4. al IR L 51 A
BeSA BT AU T 3R 7 EE R i H 2%
FETHT YRR ) 3K X G Ok RE A RE AR S TR

A
100 -
80
B 60
H 40 —=—DI
—e—D5
20 | —A— D6
—v—DI10

0 200 40 60 80 100 120 140 Ef[E/min
30 70 110 130 130 130 130 130 ERE/C
(a) bRy Ah LR

25
20
15+
<
2
10 +
—a— DI
—e— D5
S5t —a—D6
—w—DI0
O L 1 L L 1
20 40 60 80 100 120 140 B} E)/min
30 70 110 130 130 130 130 130@|E/C

(b) KIS{EAEAL B2
B 7 #£ D1.D5.D6 F1 D10 X
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2.5.1 YefaiR
S AR RO 2 L ikt 2 WE Wy YR B HL 5 T A G
B b Ge s, U AEE I 48 T G 6 R ok e IR 3 1
(VR T LAR T e, AR SCHE ST PRl i B X W
V. 275 iRt e oy Y e 2 40 1 8 1) 52 ) KL L &5 SR
4 FR. ATLAE Yok D10 78 110 CHf Ay | 3
RAERIR 70%, GBE A5 15,5, M2 T, BUE
2y SR X W Wy 28 OB A AT U BE B 1Y G SRR
K /S{EE AR T 4kt D10, Bl (0358 5 0 T, ye
K D1.D5 Fil D6 iy L YR g gy K /S IR
BT, Ak Sk g R BEER T &2 135 C i, ekt
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RPN GORL se IR 7 T RIVE I D LUE 1255, R TS TH4eRt B QR MG @4 K /S {H.
F 4 A D1.D5.D6 #1 D10 EARIRE TREMGRLAMM ELEM K/SE

ks 110 °C 120 C 130 °C 135 °C
IR = K/S REX K/S IR =9 K/S IR =S K/S
DI 10.0 3.4 6.0 3.3 44.8 6.6 71.4 15.5
D5 46. 3 9.1 39.9 14.7 58.0 13.6 86. 4 20.6
D6 62.1 12.7 54.0 19.3 68.0 18.1 91.7 21.0
D10 64. 3 14.9 57. 4 22.1 75.0 19.3 90. 6 20. 7
2.5.2 A SERMATEME )N TR D5 F1 D6 $ 78R i o W

FEGL B AR R oA ZR AR B 2844 PR R R /N AT W, MEARHE R 8 g/L i, YUkl D5 Y I YL 4
DI Sei8 AR NS A AU IR TR XY FHE 94,3040, K /S [Hik 3 22. 8, Yu bl D6 1y [ 4
BHYZANEE ST, DmTBE YL e b RESY . AR SCHRIT T KT A K /S {HERTEE 24. 2, dbnl i, 24k}
TE G 2 1o A5 A FH 2800 CRRIR AR ) X BT 275 Sk i S FIVE R ) 32 e 5 IS, TR AR ek =
AEEM JURL L A PERR 52 MR, 45 R AR 5 s, Bl A DLt — 2D A B e o Gk e 44 10 B A 1) | e e
HBARH I R 3G . 9 S gk B YL K /S {8 R ESERUR .,
BIf g s AR B TR AN ], Horp, 4l DI

x5 4 D1.D5.D6 #1 D10 EARRHGEAETHABREELAYH LLEM K/S E

ekt 0 2 g/L 4 g/L 6 g/L 8 g/L
YR/ K/S BN K/S BRRX K/S RYeRY  K/S  RRE)N K/S
D1 62.1 12.5 64.2 13.0 64. 4 13.3 64.8 13.4 65. 2 13.7
D5 54.7 19.3 85.2 20. 4 91.3 21.5 93.7 22.6 94. 3 22.8
D6 66. 2 18.1 68. 4 22.6 70. 3 23.8 70.5 23.9 71.4 24.2
D10 91.7 21.0 95.2 23.5 94. 4 23.4 94.1 22.8 93.5 22.7

T TS ko 130 C,

2.5.3 DMF fi& ) 21.4,D6 [ _EYREETEE 90. 6%, K/S (AL H]

it — T IRER R R Gk o T RAE ] A1 4 28,0, mat ] UL, YR =X Ze PR G RL>T [R) A FH 6%
R TSGR T B SRR 1 B A SGA S, AHEFIBERS S5 TS YR 25 50 1, TR
RAEP AR R TIMAG YA T (DMP) #1744, 45 IEeGE TR i e aROR . [FIBT, 0 b 4
WA 6 fron, s DMFE FHE R8N, Jukt DI, Efefgit— PR gk e @O 42 7F, M2 R .8
D5 #1 D6 () E YR A K/S H¥A RIE#E A Y AG4rl D10 78 DMF Je Rk &y By K/S
DMF F ik %) 15205 . AR &R, 4 DMF B {E35 NS Xl g2 i T AU+ 4
EH 20%0 . D1 B FYCRIBTHE 82. 4%, K/SMH  FJ14¢55 . HAE DMF g gt g, A 538 D10
KE|18.7,D5 ) YL RETHE 87. 700, K/S Hik W AL M AN RERCAF Hh I Y27 4k

&6 41 D1.D5.D6 #1 D10 ZEAR[E DMF A2 TEIB L EIZLEAWH ELERF K/S |

- 0 5% 10% 15% 20%
LR/ % K/S RN K/S RN K/S RN K/S EyRY K/S

D1 62.1 12.5 70. 8 17.4 72.4 17.6 81.5 18.4 82. 4 18.7

D5 54.7 19.3 66.7 19.8 71.1 20. 7 85.4 21.2 87.8 21.4

D6 66. 2 18.1 73.4 25.6 81.1 26.9 89. 4 27.3 90. 6 28.0

D10 91.7 21.0 95. 7 19.5 91.5 18.7 87.7 15.7 72.9 13.8

11 : DMF A& /248 DMF AT 9 R FR L
3 & @ bl o RIVEF 1 PR L JF S8 T BT 25 K&

M R M S GORL O U 28 Y L e R (B TR A5 e (K

ARSI G T 9 OB Z Rl ey e gert R, i3 ERMTRAE T -
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