Polymer(Korea), Vol. 29, No. 1, pp 25-31, 2005

AL RHELEIE EiEl= MEZQA ST LM EM

Xiangdan Li - Z122Z*- 0|y &’
AE sty A Tats *dA st 32k
(2004 79 59 A< 20059 19 62 A=)

Photochromic Properties of Cellulose Derivatives
Having Spirobenzopyran Group

Xiangdan Li, Eunkyoung Kim*, and Myong-Hoon Lee '
Div. of Advanced Materials, Chonbuk National University,
664-14 Dukjin-dong, Dukjin-gu, Jeonju 561-756, Korea
*Department of Chemical Engineering, Yonsei University,
134 Sinchon-dong, Seodaemun-gu, Seoul 120-749, Korea
(Received July 5, 2004, accepted January 6, 2005)

=

5 ot dEdyiE g 23] 2829 dH6-(p-hexyloxyphenyl)carbonyl spirobenzopyran, COSP)7 & Z.3}3}=
= 2 AE20 A FEACA-COSPHE 24 AER20240) oy 23} vhgol od) g4sta o8 Ed3
jv,]_ SFH Al EA)S ZAFsSith COSP X3 'H- NMR¥} UV _,__16]»6}14 [oN=4 Q—o]a‘]. p=bu H]—.9_,17do]] ule A
W AR Ao thstel 087~455%7 BE & F 2Usith Qo171 CA-COSPe] A9l B A
TR Aol ofa o 2Alobd(merocyanine) TEZ WokslAA] FAlfA FEAoz WS
e ol 8] th) FRE 23] 29 opiopyran). 0.2 Eok2 Z1 A4Sl MM} Yol % % U,
wahe gololael 497t BENT HE S4S R FHOM, 48V FolAle W Alolde] ey Aol
PN Az gho el gubgol t] Al dold& 21skltk COSPE CA-COSPO £ 79-9] 44
COSPE %1 AER Q2o E¢d 9ok vasiginh 1 A7 #48 24 4229 29 39 09 wi% oY
ot w7t SEE I oW, CA-COSPe] 4 $-olli= 48%71%) COS £ TSR e HEHA ik

o

N
)
>,
o

Q A
I

_O, H ox }m o

shU:
oz ot

fin)
P
;

T oox
r}01 to Hy

Abstract: Cellulose acetate derivatives containing 6-(p-hexyloxyphenyl)carbonyl spirobenzopyran (CA-COSP) were
prepared from base-catalyzed etherification of cellulose acetate, and their physical and photochromic properties were
characterized. The degree of substitution of COSP was calculated from the amount of residual hydroxyl groups in cellulose
acetate measured by the 'H-NMR and UV spectrometric data. It was ranging from 0.87 to 45.5% depending on the
reaction condition. UV/vis spectrometry of the resulting CA-COSP revealed that the polymer shows a reversible color
change by changing its color from colorless to blue upon UV irradiation forming a merocyanine structure, and returning
back again to colorless spiropyran structure by visible light or by heat. The rate of color change was faster in solution than
in the film. In the more polar solvent, the more stable was the resulting merocyanine, and the slower was the rate of reverse
reaction to spiropyran. Compared to COSP blended with cellulose acetate, in which a phase separation was observed for
samples containing more than 0.9 wt% of COSP, up to 48 wt% of COSP could be biended in CA-COSP without phase
separation.

Keywords: photochromic, cellulose acetate derivative, spirobenzopyran, blends.
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Scheme 1. Synthetic scheme of CA-COSP.
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Table 1. Results of Syntheses for CA-COSP

Sample Reaction conditions Degree of
name -OHof CA NaH CosP Temp. Time substitution
{mmol) {mmol} (mmol) () (h) n (%)
CA - - - - - 0.0
CA-COSPI 1.36 1.42 1.19 65 24 0.87°
Ca-Cosp2 2.36 317 2.35 65 24 134"
CA-COSP3 1.36 5.66 4.72 63 24 435

“ Degree of substitution (DS) per one glycoside unit.

» Estimated by the absorption coefficient ratio of COSP groups in UV spectra.
compared to that of CA-COSP3.

“ Measured by "H-NMR integration as COSP/glycoside mole ratio.
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Table 2. Blend Test of CA-COSP and COSP

Sample name The amount of total COSP mole percent (%)

CA 0.52 0.95 5.10 9.20 16.0
CA-COSP1 10.9 1.3 12.7 14.7 17.8
CA-COSP2 14.9 15.5 17.5 19.2 2.5
CA-COSP3 40.0 4338 44.9 48.8
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Figure 1. FT-IR spectra of (a) COSP (KBr pellet), (b) CA, (c) CA-
COSP1, (d) CA-COSP2, and (¢) CA-COSP3 in film.
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Figure 2. 'H-NMR spectra of (a) CA. (b) CA-COSPI1, (¢) CA-
COSP2. and (d) CA-COSP3 in DMSO-d,,.
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Figure 3. UV/vis spectra of (a) CA-COSPI, (b) CA-COSP2, and (c)
CA-COSP3 films normalized by thickness (—6 um) after irradiation
of UV for 240 sec, respectively.
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Figure 4. Change of absorption spectra for CA-COSP3 in DMSO
upon 365 nm irradiation; [CA-COSP3]=0.093.
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Figure 5. Change of absorbance for CA-COSP3 in DMSO stored in
the dark at room temperature after irradiating 365 nm UV light for 60
sec. Each spectrum was taken at every 5 sec.
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Figure 6. Plot of —In{(A-A. )(A,-A )] versus time measured at 567 nm for
CA-COSP3 in DMSO after irradiating with 365 nm UV light for 30 sec.
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Figure 7. Change in absorbances at 568 nm in the UV spectra of CA-
COSP3 in DMSO solution under repeated cycles of UV light
irradiation for 5 sec and subsequent storing in the dark for 120 sec;
[CA-COSP]=0.093 mg/mL.

3 oolol 2 7hd A B A4S uinEgls oo ww &
A& BEsr] 9ske] CA-COSP3S] DMSO 2998 365 nme] A}
ES é*k e °“‘°ﬂ*1 120% HAE ‘%}%6} 4] 567 nm}
L

o

of wte} 108] Foll= 7|9 HlE oF 4.1%, 20§l %ﬂ% o 8.0%
MzAlohd FHE7F ZAage & £ Ao, Agay ) u)
o Wl2Alohdel A9t of & FAE HoF YTk o7 HE] &
o el d2@de] v, F2 Avzddncs b
ZAlobde] Fzel 7|QlshE AYE & ¢ A, o) ol
& AEQ vizAlobdo] guiu gol Fol Aba 53w} 4
t‘l_}%g}oq g.o]-z%&]—& oJulgl= Aow 5]}41%1:].
33 =E HEoIAS M £y

d mEAe] FF el AL 2R At &
o el el vlivbA R 2pel M 2Alel oo HUNEF (w7t
567 nmell A WpERaL, eraell WS AL TpA A sy A
02 Zolot AYHY FAAYE ek et A
FApl mpE WAL ol oMo A9nr A =3 R
Rl e, ol 1A AdelelA m2Ajopdoge] AFhukeS

ol

.J%

0?~

HalMe 292 d garE) 2 ¢o] Az olol =tk cA
AEA} FAEe) o8 Wl gk el E 8 Aqmatrix) & ol L} 7o
T AZE” w3 ~vEvy nEa g8 Ay FRxe

349 nmellA) UElkon, AAlE Figure 8949} u}xw}x]i 2549}
365 nme] A2 i 2 zAale] thal 365 nme] A%t "R
w2 P LlehiQle

Figure 90l = 42 haloll Mo} g dubs 2591 633 nme] 714
e 2S99 HAaws £5E5 wasr] 9lste] CA-
COSP3 LFel 365 nme) AF9)4-g 60&8F 1202 H9F ZARE & A
2 ¢l A 2] 567 nmel %ﬁ = #H5}ke} He-Ne o] 4633 nm)E
AR A 567 nmell A o) S % WakE UEebd Zlo)th. Figure 9
ol Aot ol 365 nm 2he}A ZARA Zhel] WhAIGlo] b ol A mLT)
T PEAE 24 A9 By mE S28 5amkss do
7h: AS 4 5 A} 53] ool g ae] ks D

- =
A 2ot 2 AIKh T sk BEMS wa gli

=9

% 2151 wk, 7hal g
W 2ARE Aol 3] PO HasE AL ok & 9
Ak ZRAg el ofaf e gL ohlolA W BE A3
: 1

Az HT Ao ZAEQC) o]e] sl apoliz zpe] M ZA}ol 0]3]1
Ay zwitter ion HEJS] Wl ZAJojrio] CA Wl sl 0

Qg2os frAle A 54 29

Absorbane (A.U.)

02[;"/*

T T T T
0 100 200 300 400
Time (sec)
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Figure 9. Change of absorbance at 567 nm for CA-COSP3 film
stored in the dark and under He-Ne laser (633 nm) after irradiating
365 nm UV light for 60 and 120 sec.
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Figure 10. Change in absorbances at 567 nm in the UV spectrum of CA-
COSP3 in film under repeated alternating irradiation with UV light 20 sec
and subsequently with visible light for 240 sec, with number of repetitions.

Table 3. Glass Transition Temperature (T,) and Initial Degra-
dation (T;9) of CA-COSP

Sample 7, (T) 7,4 (°C)
CA-COSPO 208.3 298.7
CA-COSPI 195.9 308.9
CA-COSP2 1751 298.7
CA-COSP3 150.6 246.5

Table 4. Intrinsic Viscosity Change for CA-COSP3 in DMSO
Solution before and after Irradiation of 365 nm UV for 20 sec

Intrinsic viscosity([n]) Concentration
Sarople
Before After (g/dL)
CA-COSPO(CA) 0.79 - 0.6~0.2
CA-COSPI 0.47 - 0.6~0.2
CA-COSP2 0.63 - 0.6~0.2
CA-COSP3 0.79 0.75 0.6~0.1
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