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Prepar ation of polystyrenewall photochromic
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Abstract: In order to improve the poor fatigue resistance of spiropyran organic photochromic materials in
practical applications, photochromic microcapsules were prepared via solvent evaporation method using
N-hydroxyethyl-3,3-dimethyl-6-nitroindolin spiropyran and n-octane dispersion as core material and
polystyrene as wall material. The morphology and particle size were characterized by SEM and nano
particle sizer and Zeta potential analyzer. And then photochromic fabrics were obtained by printing the
synthesized photochromic microcapsules on fabrics. The results showed that the microcapsules, with an
average particle size of about 700 nm and relatively dispersed particle size distribution, were coated intactly
and smoothly. The photochromic microcapsules obtained exhibited good discoloration performance with
color completely changed from white to purple in about 20 s under UV irradiation, and could return to the
initial state in 450 s in a dark environment. The color difference of printed fabrics with photochromic
microcapsules before and after discoloration reached 36.10, and it still maintained good photochromic
fatigue resistance after 20 cycles of discoloration.
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Fig. 1 Particle size distribution (a) and SEM image (b) of
photochromic microcapsules
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Fig. 2 FTIR spectra of spiropyran photochromic dye and
photochromic microcapsules
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Fig. 3 UV-Vis spectra of spiropyran photochromic dye (a)
and photochromic microcapsules (b)

2.4 KEETENREER

AR E R TN S BUL @A R RE A — I B
fabn, A T INAAR G ARl RSN IAT IR
SERTRIEHE], WM AE 585 nm Ak AW B R4k, K
HEPFOOEEUE G R R, FER AN 4 s K
4a TR, SRALIDEAS GURR (R AR, 7RI
82 s A TG, 12 s NEIRBERRME.
AR EERTE 2 s MR GE R B R ORAE, 25 BEE I ]
N, 72 R RO WL T 00 i
4b m L, SEEULE GBI A I I A SR AR
MRS 10 s BRG] 22 fe e, BATEORHYZE @
A MY RRGTI AR 15 s DL R, 728 (0 AL
/N, BB AN I R B A B 2218, 2 IR ]
RE] 20 s ZEA7 I, BUEOARCEEAR B RO (E, et
AREHAGEIT T 0, RSN RS IEE], WOt AR
AR o 77 A MG 04 D DR AT A T 3K e
14 6B (O P S ol B By, SR BB
ORI R DR M P Z R R 2 B %, Y
PATK B2 @4 FIE BT 5 22 ) BRI TRl e i . iy
— S 73 D DR o b A DR 11 P ) 48 B A 52 3] 5 b
DB SRS INF 23 A — s B RS el i S, S BE M

WIERE

FY 2, 3 25 2 7 5% 30 A 1) i S 5 o
T BT R A R R TE 22 SN IR T
W U 1 B 1S,

25

a

20

1.5

WEEE

1.0

05

0 2 4 6 8 10 12 14
FRETRR/s

4.6

44t

421

407

HoLEE

381

361

3'40 2 4 6 8 1012 14 16 18 20 22 24 26
FRGTE /s
K4 SRt deR (a) O GERURE (b) 19728
A0 ) 7 S [R] % i 46
Fig. 4 Color change response time and speed of spiropyran
photochromic dye (a) and photochromic
microcapsules (b)

[F] A, SR Lk el %) T 38 s g e — A ATl e g, H:
Fes FAGHLBL AN 5 B, 75 AR 2 B AIME RS AT,
FRR TG AR, N6 R IME RS,
PR A A T, KRR 2R (SP) FFIRIE AL
HOIE LG (MC), fH137E 585 nm &b I
PRSI . 12 RSN RS — Bt ] s, ROV A
B S — R R LS54, N 2 N
TFE, YEEH AL IR B RER, RV AT
TR, WOEEWMASH R AL, LitaT
DI DG B0 (A T I e 7E 25 AR RS 38 B AR (i
FUE BT E] R 20 s 22471617

o+
N 0
n uv
——
0 _—
=/ N VIS

Bl 5 N-F£ 2 HE-3,3- 2 F Jk-6-7iF 5L 0| ge ohfc R nlk i 194 9' 3%
AR AL

Fig. 5 Photochromic mechanism of N-hydroxyethyl-3,3-
dimethyl-6-nitroindolin spiropyran



513 Mk 2, % SRR RIE T & R LR BEM L EUL G U 2 <67

2.5 PRI R

i PR 58 AP IR I 3R o A7 5 20 4
Sb)a, ETREEHRETRW, I SAN-AT Wt
JERETHAE 585 nm RIS [R) 9K S 1] T A IO L
REDEBUL MR B IREYERE, 4R ANIE 6 R .

15 0.5
a
104
10 1-03 7,
! i
) -02
= ®
051 {-01 E
-0
0L L L L 1 L L L -0.1
0 2 4 6 8 10 12 14 16
PR EFIE]/s
45
44 l® 0.0100
43t
42+ —0.0075
B 41t ¥
R 40t ~0.0025
39 F =
38 S E— 1-0
-— . .
37+t
3ol—— (5
0 50 100 150 200 250 300 350 400 450
PRE W E]/s
K6 SRmtmptargert (a) AOGEEGRMKE (b) MK

A2 ) 5 4
Fig. 6 Recovery time and speed of spiropyran photochromic
dyes (a) and photochromic microcapsules (b)

WM 6a frzn , BRAEMECASGORE 6 s NIERE A
MR, 12 s BEREIKE BIRIUGIRES, IR
ARG 6] Sz s, IFAE 12 s JRAED 0.
W 6b B, JEEUE (UK B PR R A PR 5
HMEHITREIT IR By 40 s A RIRE UL 3] B 1 A48
TE 40~240 s Z ], BRI HARERFHON NG o 18
240 s ZJm , JLEUE (ORI FE A PR S ARG BN 2%
18, HEF| 450 s if, 2O JFCEUE ORI R IKE
RS ARZ G . XA, BIOCEUE ORUR
BRI T A AR B IR I AR YR AL, I
RZBE T 0, FIEHBE R/ NI /) T SR
A QORI R, SR WIS O EUL (i 4
HA RAFR B O RS IERE
26 XHETBFMRENLEAMEEIERE

N T RERBHER . R R MR SEBR I OB
ORUR R CRTR B G N2, BRSOt e
Tl e e ad i EPAE A 5 SO BAE LA B A L, SRS
A P A0 TG € SN 3K 2 DA A A8 (i I B
2R, SR IER 1R

R OLEUE O RUKRENES BT S8

Table 1 Color parameters of photochromic microcapsules
printed fabric
EL AP L B
| L* a* b* AE K/S1H
i} i) /s e L

0 91.24 372  -0.88 Tc 0.031
2 74.57 -0.83 -20.54 24.12  0.484
5 72.17 2.18 -25.58 30.56 0.561
10 68.99 3.19 -26.81 3245 0.686
15 65.87 5.08 -28.58 3524 0.752

20 65.03 5.83 -29.06 36.10 0.831

DIARAE BT SV DAL AL I bnkE, AFR 1 W LA
Fil, BEESAMERRE A RN, SEBUE AU %
ENEZIR 52 (L* ) BEERRAG, H2RHMER 20 s
W, BRI SR AL, TRET 26.21,
AN, BT aE (a* ) RfE 5556 R [A] A9 SE 4
T ZE NN, IR BE 2R RE A [R] A4 4E 4 07 Ak 38 i
MEWEAE (b* ) WIAESEAMEIR S 2RI, B EL
YR SLAME IR G B 20 . W5 RnE . 528 @R
FHLEG, JEECE AR BEEN LS AE 2RI 2 s J5
Hf22 ( AEcyc ) BIRTIEE] 24.12, FE400d 20 s £4h
JeRE, (2ikF] 36.10, HAh, FEREE LM
(B3N, 219109 K/SHE H 4RSS 0 s BFAY 0.031
BTN 2 22 AN EIE 20 s B 0.831, X#BFEHA AR
O 5 CEUE AU 2 ENAE LU 3 (0 22 e W I .
27 RHBTEME TN TS R

B o U 3 A ol e R AR R B 41 A
M EB, T2 —E MG 551, B LAXHE
AR O I BECNAE LU HEAT T T 55 R RE I, &5
B 7 s,

0-7"--.._-.-..-. " g mm
0.6
051
50.4-
03r
021
0.1r
0

m E S g e NS gy g g Fmg
5 10 15 20
TEER R B
K7 OB @R ENIE S RO AR TR 55 M RE
Fig. 7 Photochromic fatigue resistance of photochromic
microcapsules printed fabric

i i 7 M B U B BN AE SV R FF it £k
AR, SRR R ENIEL Y AT Y K/S {EAH
ZEROR, R m TR GATHOLEUE (R R R A




* 68 -

A% 4m 4 T FINE CHEMICALS

540 &

(K/S#:ETF 0), ENTELY) b Ir A i 481k,
(R M Z BRI IR IS |, EBUE AU B e e 2]

HEGEAE NS, WS E K/SHEM LA, [F
AFAE 7 W LB E], 78 20 AR GEAR N, ZGaT)E
B K/STEIEALL F 6] — KRS, BARAEE 51 K/S
Hiksh, (BEUEAELE/NHAGRTE R K/S AT
AEXFREE RAS TR o] BB 2 D B A 25 sl R B |
YR 25 S EC INEE Bk B L 285 20 WRAR (L1
WG HA R0 C AT % 97 tERE . BRIk, wT LA
W BSOS AR T % 57 PR RE R A, AT
SEBRI

3 4if

KRN S el 4% 1 SR 2 M BE B W i e '
AR YRGB R, I R A Y ik S
T v SR g ' AR ekl MR H . il AR
FN A EBUE O B TR S F A BRIE | e e,
BT, XN B U 5 1 25 A R PR AR L
TR

] 1) Y SO 6 TR 3 AE 58 A1 G IR S S s [
RIREAS (0, IR F AR (O FIE T 75 BRI 208 20 s,
BB kR, B0 R S 7 ik 5
KGR, TR PR E BRI AR A T
[E]2h 450 s, FERTFURMLME R @Yk 125, KB
FEEE (U e AR € S 0 e 2 R (R

6 BAR 0T e R BN AL 2L AR (AU S B 22
36.10, AAERTE 2SR, mHAEZT 20 ]kAE
EHEIR R R A ke, R HERE L
s X WER N g ' A8 Yok A T 7 B T T MR IR Y AR
B RS, (TR RE LT 2 RS A R 4
BN T T

SE k-

[1] PARAMONOV S V, LOKSHIN V, FEDOROVA O A. Spiropyran,
chromene or spirooxazine ligands: Insights into mutual relations
between complexing and photochromic properties[J]. Journal of
Photochemistry & Photobiology C-Photochemistry Reviews, 2011,
12(3): 209-236.

[2] HUANG Z N (¥7%4F), ZHAO W L (B f5F]), FAN M G (3£,
New organic photochromic materials for optical storage—Research
overview of diaryl heterocyclic ethylene compounds[J]. Chemistry
Bulletin (fk22304%), 1996, 12(30): 16-21. .

B3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

YU Z P (43F). Synthesis and study on photochromic spiropyran
materials[D]. Shanghai: Donghua University (ZRTEK2%), 2018.

TU Z R (%80H), REN H T ({17 &). Synthesis of photochromic
microcapsules and their application in textiles[J]. China Dyeing and
Finishing (E1%), 1999, 25(10): 5-8.

ZHOU Y H, YAN Y F, DU Y, et al, Preparation and application of
melamine-formaldehyde photochromic microcapsules[J]. Sensors and
Actuators B: Chemical, 2013, (188): 502-512.

HE Z C (fi]%%#). Preparation and properties of photochromic fabrics
based on microcapsule technology[D]. Shanghai: Donghua University
(FRAER), 2021.

LIU Y X (X7 ), YU C Y (T4 ). Application and recent
progress of microencapsulation technology[J]. China Powder Science
and Technology ("' E R A AR), 2003, (3): 36-40.

YANG W F (#33%), LU S (M), YAO L Z (4ki%®), e al.
Preparation and characterization of intelligent photochromic and
energy storage temperature adjustment microcapsules[J]. Journal of
Functional Materials (SAEFT K}, 2015, (17): 17131-17134, 17139,
LI P Y (ZEMSH), LIU H R (XI4041), WANG X C (EBEF), et al.
Preparation and property test of organic thermochromic microcapsule
preparaed with melamine resin[J]. New Chemical Materials (f& T
HIBFR, 2021, 49(9): 122-125.

XUE Q (F##), WANG T (F), SUN F W (FME30), et al.
Preparation of urea-formaldehyde photosensitive microcapsules and
its application on cotton fabric[J]. Textile Auxiliaries (ENH<HhF),
2018, 35(5): 18-22.

YANG H (#£L), WU G (3Nl), CHEN H Z (FRZLAE), et al. Oil
core/polymer shell microcapsules prepared by solvent evaporation
technique[J]. China Sciencepaper ("P'ER}18 CHELR), 2009, 4(4):
288-291.

FAN F (Ji23F). Application of photochromic material in textiles[J].
Cotton Textile Technology (FiZi41Hi &), 2016, 44(12): 80-84.
WANG T F (E57K), YIN Y J (BEA7A), WANG C X (E#iE).
Preparation of high sealing photochromic microcapsules via solvent
evaporation method[J]. Fine Chemicals (I5ZH{kT.), 2020, 37(5):
919-923, 961.

LIU X N (XIé4E), MENG J G (# %), WANG H X (E4%).
Preparation and properties of polyurethane-spiroxazine photochromic
microcapsules[J]. China Dyeing and Finishing (EJ4Y), 2021, 47(1):
1-5.

FAN F (GZ3E), WANG C X (FEi#l#). Photochromic performance
and optics mechanism of single/double shell microcapsules[J].
Journal of Textile Research (Z5£12%4ft), 2015, 36(2): 81-85.

ZHANG T (5K I&). The photochromism and photoresponse
mechanism of spiropyran in different surroundings[D]. Guangzhou:
Guangzhou University of Technology (7 Zx Tl K2%), 2016.

FAN M G (#3€/). Fundamentals of photochemistry and photonic
materials{M]. Beijing: Science Press (Bl2# H Jiftkh), 2001: 226.
HUANG J Y (¥{25), CHEN L H (F7i#£). Influence of light on
discoloration fatigue of photochromic fabric[J]. Wool Textile Journal

(EYRHL), 2020, 48(3): 11-14.



