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Preparation of Photochromic Cellulose 
Derivatives Containing Spirobenzopyran 

MYONG-HOON LEEa, XIANGDAN LIa and EUNKYOUNG KIMb 

aDept. of Polymer Sci. and Tech., Chonbuk National Univ., 664-1 Dukjin-I-ku. 
Dukjin-ku, Chonju, Chonbuk, 561-756, Korea and bAdvanced Materials Div., 

KRICT, PO.  Box 107, Yuseong, Taejeon, 305-343, Korea 

New cellulose acetate derivatives substituted with 6-@-alkoxyphenyl)carbonyl-spirobenzo- 
pyran (COSP) were prepared from base-catalyzed etherification of cellulose acetate by 
6-@-bromohexyloxyphenyl)carbonylspiroknzopyran. The degree of COSP substitution was 
controlled by the feed amount of COSP and reached to max. 46 wt %. Tq of the resultant 
COSP bound cellulose (CA-COSP) was increased as the COSP substitution is increased. 
CA-COSP was soluble in aprotic polar solvents, to allow preparation of photochromic film 
by solution process. Reversible photochromic property was observed from the CA-COSP 
film by using two light sources of UV and visible light. 

Keywonis: photochromic property; cellulose derivative; spirobenzopyran 

INTRODUCTION 

Photoregulation of polymers cartaining photochromic fuuaional groups has 
been the subject of many investigations’. Such phatochromaphore bound 
polymers are hlghly promising materials tor applidon in phatochranic 
displays as well as in photoregulated devices. R d y ,  we have reported 
synthesis and polymerization of 6 - @ - a l k o x y p h s n y l ) c a r b o n y l s p ~ ~  

response cornpared to 6-nltrospirobenzopy’. The photochromic and 
application w a l  of COSP bound polymer could be much improved by 
modifying polymer structure. As a polymer backbone we have inwstigated 
cellulose derivatives due to their abundance and unique praperties such as 
optical clanty, toughness, chemical resistance, processibility, cumpatibilrty, and 
particularly, ease of demica~ modification-’. ~n this papr, we report syntheses 
and photoduomic property of new ceUulose acetate derivatives caaaming 

(COSP), which showed improved thermal stability with fhster photochromi C 
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52 MYONG-HOON LEE PI cr l .  

spirobenzopyran moieties (CA-COSP, 1) 

EXPERIMENTALS 

-: A11 reagents and solvents were purchased from 
Aldnch Chem Co and TCI and used after appropnate punfication procedures 
6-(w-Bromohexyloxyphenylcar~yl)spiroben~~n (2) was synthesized from 
the reaction of 6-(hydroxyphenylcarbmyI)' Hnth 2 mol eq of 1,6dibromo- 
hexane m the presence of potassium carbonate m acetonltnle at 83 "C 2 was 
obtamed m 86 % yeld (m p I 17 "C) after column chromatography wnh ethyl 
acetatememe (1 6 v/v) as an eluent Cellulose acetate (CA, DS = 1 88) was 
prepared by a base-catalyzed hydrolysis of commercial cellulose acetate 
(Aldnch, DS=2 45) accordmg to Irterature' 
-: CA (0 50 g, 2 mmol of anhydroglucose unlt) was 
d~ssolved m 50 ml of DMF at naogen atmosphere To the above solut~on, was 
added s d u m  hydnde ( 1  eq of 2) and ~ r r e d  for I 5 h at room temperature 
2 51 g (4 48 mol ,  2 eq of OH groups m CA) of 2 was added m m e  port~on 
and the soluhon was st~rred at 65 "C for 24 h After coolmg to room temperature, 
the rmxture was poured mto 95 'YO methanol and the preclpltaes was collected 
and dned Reprecipltahon of the resukmg solid from DMSO mto 
methanoVwater mixture (I 1 v/v) was performed twice, and the final brown 
powder was dned m a vacuum oven at 40 "C 

Spectroscopic charactemations were performed 
by usmg FT-IR (Shimadzu, 300 SE) and 400 MHz 'H-NMR (Bruker) Thermal 
analyses were done by dfFerentm1 scannmg calorimetry (DSC, TA Instruments, 
DSC 2010) and thermograwmmetry analyses (TGA, TA Instruments, TGA 
2050) WNis spectra of CA-COSP films (1) were obtamed by WNis 
spectrophdometers (Shmco S-2100 and GuidedWave Spedrophamaer wnh 
optical fiber probe) The light sources for the phdo-mduced absorbance change 
of CA-COSP film (6 p thick) were an UV lamp (365 MI, 8 pW/cmz, 
Spectrotme, ENF-240C), a Xe lamp (Onel) attached wlth a monochromator and 
a He-Ne laser (Melles Gnat, 10 mW, 633 nm) 

RESULTS AND DISCUSSION 

Synthesis of CA-COSP is summand m Scheme I .  The degree of substitution 
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PREPARATION OF PHOTOCHROMIC CELLULOSE DERIVATIVES 53 

(DS) of COSP m CA-COSP (1) wnh respect to the amount of 2 and NaH used 
was stud~ed by comparing IR and NMR spedra of 1 wlth those of COSP and 
CA The existence of COSP moiety m the resulting polymer cwld be confirmed 
from IR spectra Strong absorption at 953 cm", a charactenshc peak of C--0 
stretchmg was found when 2 equivalent of 2 (based on OH groups m CA) was 
used The s u b s w t m  of COSP was also confinned by 'H-NMR spectrum 
Companm of peak mtegmt~on m 'H-NMR spectnun revealed that about 
45 5 % of OH groups m CA were sub& by COSP When I and 0 5 
equivalent of 2 were used, 8 7 and 0 9 % of OH groups were subsbtutd wah 
COSP, respectively 

SCHEME I .  Synthdc scheme of CA-COSP 

DSC thennograms of 1 showed that the glass transitia~ temperature was 
150.6 "C for CA-COSP of DS45.5  and increased for those wah lower DS of 
COSP (175.1 and 195.9 "C for DS=8.7 and 0.9, respectively). Initial thermal 
degradation was fwnd at 239 "C (for DS45.5) in TGA curve of 1 .  Those with 
lower DS of COSP showed higher degradation temperature (>306 "C) than that 
of DS45.5.  

Film (6 iun thick) of CA-COSP with DS45.5 was prepared from the 
solution casting of 1 in DMSO. The color of the CA-COSP film was 
instantaneausly changed from colorless to blue upon exposure to UV light. Such 
color change could be attributed to the isumerization from a transparent 
spiropyran form to a colored mmcyanme form of COSP2. Fig. 1 shows spectral 
change of the CACOSP film by UV Irradiations (254 and 365 MI, respedvely). 
New absorption band centered at 580 nm was appeared and increased by 
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54 MYONG-HOON LEE C I  u I .  

prolonged excitation with W light. Absorbance increase by 365 nm excitation 
was higher than that by 254 nm as compared in Fig. l(c). 

F l G W  1. W spectral changes of CA-COSP film: Under irradiation wlth W 
light of (a) 254 nm and (b) 365 nm, and (c) absorbance change at 580 nm 
against irradiation time. 

The colored film of CA-COSP was reversibly bleached to colorless film upon 
excitation with visible light. Fig. 2 shows absorbance change at 580 nm by 
visible light (He-Ne laser, 633nm) for the colored CA-COSP film prepared by 
365 nm excitation for 1 and 2 min 

(denoted as 365-1433 and 365-2433 rn 
Fig. 2, respectively). Decrease of absor- 
bance was much accelerated by visible 
light as compared to that by spontaneous 

dark reaction (denoted as 365-l-dark and 
365-2-dark in Fig. 2, respectively). The 
photochromic bleachmg could arise from 
effedive phdo-indud Of FlGURE 2. Change of absorbance at 
merocyanine to colorless spirobenzopyran 580 nm for CA-COSP film against 
form. Such reversible photochromic pro- Fe ,Fder various amditions-afbr 

irradmtmg Hnth 365 nm light for 1 
petties shine lrght on the application of and min 
CA-COSP film into photonic devices 
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