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Photofading of Stilbene—fluorescent Dye

HiroNORI ODA

The photofading of 4, 4’- bisacetamidostilbene BAAS) in ethanol has been examined
by both spectrophotometry and thin-layer chromatography. Irradiation of the trans
isomer of BAAS in ethanol rapidly produced an eqgilibrium mixture of cis and trans
isomers. The observed ratio of cis/trans isomer was about 82/18 in the equilibrium state.
Futher irradiation of the equilibrium solution caused gradual decomposition of both
trans and cis isomers to produce p-acetamidobenzaldehyde. Futher the photofading
of trans and cis isomers in solution were examined. The photofading of trans was
accelerated in the presence of sensitizers of singlet oxygen, e.g. Rose Bengal, but
in the case of cis, scarecely accelerated. The fading of trans isomer retarded by
adding effective singlet oxygen quenchers, such as f-carotene or nickel dimethyl-
dithiocarbamate, but not by adding super oxide anion quencher, such as sodium
sulfinate. In irradiations of both filtered (4> 420nm or 520nm ) and unfiltered
types, p-acetamidobenzaldehyde and p- acetamidobenzoic acid were formed as the
main photofading products. The photofading of BAAS in solution is suggested to
be carryed out by attack of singlet oxygen toward trans-isomer in cis-trans
equilibrium mixture of BAAS. |
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A BDERIT TN TCERY ICHE, BEEHXEBD, SEASBMIER CHA ISR TIT - /.
JEHRG &R LDRIEIC DV T, ARHe L OB ZL 0 FT, &HEo 1.0
x 10 * mol/ 1 ORI 300 nl 12225, FRTHEKBIT (v o +ABKKK, UM—102,
100W) ZAERHL, YA Ly 747 RGHEABL TRTBEAEIT -7/, /7 4085 —K{E
RDEEITIZ N1 Ly 7 ZH 7 RBHEFICIKD»H DT | BKyCra 07 IKIEH A IKTHEIL
RBO= 7%y bR YT (47 FKKE, MD—108) ic L0 EBEH TIT- 7. BEthiz~ 2
AT 4w RY— 7 TRIGEE L 0 EFE—EBMCEICRIGKE 1| nl5BLL, 5FICHER
BUV R~ bov (HILEHESHEEER, 120 8) 2RIE L. ,

70, DBERYOBRBERIIIGEDOREA 20mICBHFE L, £D30n% tle 7L — b _Lkic
ARy MU, BREBHRELT, NvEYy—To by FL KL - 2 - 2) £H
W, 13em EFEEEAL 7. 50°C T407flE R, 10MZFETHEL, tle-2 E o=
2+ 7+ (CS—900, BEEMERED ZHOVTREY /¥ 7/ 2%+ v= v 7B L DK RE
v NOEMEEREIT- 1.
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1. Trans-BAASDBE2EE)
Trans—BAASD T ¥ / — VI
(1.0 x 107 mol /1) T4 Ly 7
AT AEHIE %8 L TEEKERT
RS L /cRED trans- BAAS DX 7
LA UV R <T bvikic kb o

BERL7. TORENT ERI2IC 2
Fd. Fhick b EE S trans - B %05
AAS BEBSHC LD BT Ic AR 2
BEHICELVEETERESEC 5
L, 280nm Ic&HWRILE%HEE 256 2
nm I BURE R ¥ A RICEEL,
S oI AR B L, RBEM £,
o

(>300nm) DRI R 4 1T D
L, 256nm®DEIiZHd mic |k
ECBE L 2D, X SiKEAAER

F B, 9053%EE L TRDEIED, 210 250 300 350 370
RV I 0 S (280nm ) A& S Wavelength (nm)
BB &b, Fig. 1.Cha_nges ?n uv §pectra Qf trans-BbAAS caused
by irradiation with an immersion-type high-pressure
%7, 213 trans =BAAS D mercury lamp. Initial concentration;((1.77x10 3mol/ £)
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BEHEEZRLIZBDTHHH, THEX
D, T trans —BAAS DEBIF "D D
A - TBESEL T Db 5.
TbL, MEHEGROTHLESRET,
BBERI D25 H R IC £ TE T 3 Bl
SiBfEE, Thicki ERFITEEDED
BENREND 5.

Ff, tle X F +F2HY, D REE
BB BAERE L AR EX
3R, Fhick b E, trans—BAAS
DELVEDLEZNITHES cis—-BAASD
SN L U300 EEELE LTDZOD
cis—BAAS DD, ZhickE S Bt
REBYI THAP- T MNT I FRY X
7T E K (P-AABA) OB & 5 B
AtEE L TOZORDBA LS.

LD &L, BIHAYEEIL trans-cis
SEEMALICEBHDTHD, Ticke<
BEOEEEIL, XBRILSMBIc LS b DL
BHhnsb.

2. Trans-BAAS DYEIEERER L7 7

trans-BAAS ® 3.4 x 10 °mol/ | @
T F v+ oL TEKR4OnlIC, ERPEER
TEEKBITE A Ly 7 ZAH T REGH]
EhEL TARBHREZITY, TDREE
B THbHP-AABA DE% tlc R+ +
FAEROTHEN, ~EEBEROEREFAIT
Hbo—XXYH (RB) EARME30
SNHBE %D P- AABADHERLE % 1.0
E LB Ekb AR LITRLT .

Table 1. Relative ratio of P-AABA

Additive Irradiation Relative

time (hr) ratio

( 0.5 1.0

1.0, 2.5

none 2.0 5.0
L 4.0 5.0

0.5 2.5

1.0 - 4.0

RB 2.0 6.0
L 4.0 8.0
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Fig. 2. Fading curve of trans-BAAS in ethanol
at Amax 339nm
Do: Optical density before irradiation
Dt:Optical density after irradiation for t min.
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Fig. 3. Ch4ar1ges in quantity of each
component depending on irradiation
time
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NEFICHEN FLOEABAE OIS, Fic, REEHRE Y — 5 BELKERICL BN

—HBIEMEFERICK > TS trans-BA

AS 7> 53 P- AABADHERHSED LTz,

RiT. @HIKBITBE OB, £ D x4
Vw2 2K 7 REGHIEDIC1 %$E2 a L
B4 ) KA AR S, 520nm PLF
DA # o b LRBDADRIE S 1,
trans-BAAS (3 it S 72 WA AR
Bt L 728D trans- BAAS DB faphfiR 4
X 4 izrg.
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Ao0Y, AIFOEREE (>520nm) O
TOHEMAEBIE s TN, T A
D, ZDFRICR BAERMT 5 &% DB E
WEDHLN, I I, TOBREET &
Y, T h= b)Yt —EHERZOES
MIIICEZ T &, Z0E L WVILE
BHLNG.

iz, TOFZRND520nm LI oA
HREICEkEZ TNy, TEF=FY0

BRPTDI TV F v —DFRAEFH~NI.

—fRic, —EHEBEDOI/ Ty F - L
TE I TNFINIF AN~ FD=
v T VEER S DABCO X EDsEI o T
Ahs, = v KIic O TIE, WITh
& trans-BAAS & (6] UWRIERIC I A
5, %72, DABCO T D\ Tid it A
D1 T DRITB O TIEARBEYL 729,
TV F v —E LT ARFY EH
WL, 7= =Y viEkhic s
WTI320mg, 7+ b YBEEPTIES ng,
i/, A= N—FF (A VDI TV
Fr—& LT, | %GR — 5 7KE
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T b= MY IVERICBOTIHK S I,
T b VIBRICO O TR 6 I F DFER
NI OYA

zhic ks &, 7+ b=k ) EKS
WWBOTLHEEREE Y — yKIBKRIC L 5%

Dt/Do % 100 (%)
o
S

Dt/Do %100 (%) -

1m%5%\8\\ o _Eo__
\A x\x\;xm tOH
‘A

° —

—~—

@ ~a
\ i \A

~
.\

0 60 120 180
Irradiation time (min)
Fig. 4. Photofading behaviours of trans-BAAS

in some solvents cantaining Rose Bengal.
Filter solution; 1% K, Cr,0;aq.
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Fig. 5. Effect of additives on the photofading
behaviour of trans-BAAS in acetonitrile con-
taining Rose Bengal.
Initial concentration of trans-BAAS;
1.0x 10 *mol/ ¢

Rose Bengal; 10mg/300ml
Filter solution; 1%K,Cr,07aq( 4 7520nm)
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OBEOHMHEIEHE D HSNIEON, - IOOC\Q\_. ¥
A0 F Y OBEMIC LD ZDE LWL \'\
Bbn, B NRF v OaRbES | O No. @
hie. ECah, FRSEERT €Y S No \
BRPICBNTHH DN, g-raFrh 880 \o *
BELTOA309ETRELLVZOME X \\\\
BHohBY, f-hoFrolkslik S o
RS & LRI BRIC b > TiBfns | —O— inone N
EATOWBET Ebn5. 60 ¥ —@— :p—carotene( 5mg)
iz, trans-BAAS @ 1.0x10™ *mol/l = ‘
@ft b= h YLK 300miC R B 10mg . - 3:0 ’éo
%@?j][] L, a*ﬁﬁiﬂj% (>520nm) 2 & Irradiation time (min)
5ti§é$ﬂ%®ié e 2+ 7&% Fig. 6. Effect of additive on the photofading
W, R, -7 8 F 220w % AN behaviour of trans-BAAS in acetone contain-
mL, #Z07xvF +—0OHRIcH>VT ing Rose Bengal. _ _
bRE L. ZORREE 2IORT. oy aal 7500wy e e
zhick b &, 509R¢ An arrow on the plot points to the time

at which Rose Bengal was disappeared.
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HBEtick s pg-HhoF Vi
ANEED trans- BAASDF% Table 2 Photofading products of trans-BAASa
FRIABHBTHD, TOB
LRI CTHHP-AABA
35%, P-7T2hF7 3 F&

Irradiation  Additive Product (%)
time (min) (20 mg) trans- BAAS Aldehyde Acid

BEBIIOBTH 12, & o No ne 38 (4d) 5 40
ZAD, B-HoF I B-Carotene 62  (74) 2 10
Bricid, D trans- BAAS 120 None 22 (2D 8 64
DEAFREK 2MERES S p-Carctene 34 (44) 5 al
N, P-AABARUP- 7+ a) The solutions (1.0 x 10 “mol /1) of trans- BAAS in
b7 NERERBRIINY~ 300m of MeCN containing Rose Bengal (10mg) were

Y k755> TW ., S50, irradiated with filterd radiation ( 4> 520 nm)

120 RIS U 223841 trans- BAASOREFERIZ, A- hoF VERNERCRMEE b
RO L, TFE RRUAVK VBROERBREEA LK. LeL, ZO0 trans- BAASDIEF
BET T FRUAVE VEBDERE IS0 LR LB & BREERSS SR,

PIEDFERX D, trans-BAAS DB, 7V, 4 v YT, T b7/ YR T
g o v RGBS LR, BHOMBEE -BHRRICLIBILSBOFSHRBREINI.

3. cis- BAAS DY:HEEEE L4y 2

HEO ICRE VAR L7z cis-BAAS D 1.0 x 10 “mol/1 @7+ b =+ Y LEEKICR B%10 mg
wInL, AR (> 520nm) Kk B Z0BEHIFR%, trans-BAAS DZNE & BICKTITRT .

Zhick? &, cis-BAAS DBfEIT trans- BAAS L3 HICIZEA LA SNT, trans -
BAAS iz 1 : 1 DEIATHRMYT 5 &, €D trans-BAAS OD:BEEFE LMl hi. DL
&, DHIDOREEIC £ B cis- BAAS o DBAILSEDTF S % %< BE L, trans-BAAS 5
OB EDO TS AEIER L TVWA LS ICEONS.
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4. Trans-BAAS O3B @5

Trans-BAASO B 58 K O
trans-BAAS & cis-BAAS o 1%
KRR R G LEET B &,
£, K8DLIWA N =X L8
ZFZoHNA.

4755, trans- BAAS IT¥EDS
B S N7 BE, EFICEHOER T
cis-trans YEERMALOSK T D, tra-
ns : cis = 18 : 82D E|E& THArIk
FEIGEL, Tkt 7 v 2R3 E
CUHERM— BB RIC K D IgLS
N, IV Fy o BRREEAERT
SRL, ¥ RKICOOLTIEZED b
7V ZEDRDIC X B DTN
DIz, + 7 v A LEET LD
LT EWD A =R uhiEZ
55,

X9 F, X3DEEDHRMEIC
BB cis itrans DA & - 72 d
DTHHH, 1 KL RERFIC
BUWTId trans /cis = 18 /82, 3
Bl Ti220 /80, 5 EFfEITIZ 20/
80k b, T OFEEED AR
HTH 518 /821 EixRL T
Wab.

P bD##ERLD, trans- BAAS
DB IE, KI0icRdT LI
9, IEFICE O EE TERE LA
L, ZOFHEHESHE N7~
ARG FEE L TH RS —EIH
MEIcLOBbsh, 1 YTD
Ba &R, 7Y KR EREK
Wi O g F vy RIhRA AR
TXHEd 2P-TE b7 FRV X
ToT e Fitafgsn, X oKk
b3 HBP - T+ b7 3 FERE
BRICIS 5. Y 2RICDOWTIE, &
DTV RRDBFDIC K B EHED
FNDI, b5 vRAbERETL
BLLTWCbDEEDNS.
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Fig. 7. Photofading behaviours of trans-
and cis=-BAAS in acetonitrile containing
Rose Bengal.
Filter solution; 1%K4Cry,Oqaq( 4>520nm)
Initial concentration of trans-and cis- BAAS;
1.0 % 10 *mol/ ¢
Rose Bengal; 10mg/300ml
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Fig. 8. Mechanism of the photofading of
trans - BAAS (assumption)
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Fig. 9.Ratio of trans/cis isomer in the decomposition
products depending on irradiation time.
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Fig. 10. Mechanism of the photofading of trans-BAAS
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2.2 UK VEE (DAS) HHRNK VEEEARO 4,4 - ERXTE T I FXF XV (BAAS)
RO, FOAEYMONBEA H =X LA SHIC L, EERDELEKIO R B IEABRD
—Bh& L.

i Ui, SCERHICHREVESEL L7z trans- BAAS DL % / —ViEEic B 5% B BB A8
5 &, FDBMEIT trans- cis ERMALIC L ZETHEGERE, KELOMRIC L 2 BREDEEBRO T
DO R > TEL T LR D SN

WIT, trans-BAAS AT F it a v VT ICEM L, BREEE TCEHEKELT (200wW) % F
HL, /MLy 7285 2BHEZEL THATRFEIT, —ERRED P- AABA D&% tlc
2% v FEHOTRAE L. ZO#ER, BAAS BIMOE&IC N, —HIRBRIEEHA TH AR
BAEMUESICIE, FDOHEMEIZEARLR BOGIRIERED SN,

—7, trans-BAAS O T ¥ / — VIRRICEEKEEL (100w) ZEHL, 4Ly 7 7h7
ZEGENE (Thic10% NaNO 2 8L U1 % Ko Cro07 KA BAEERS &, 420nm B8 XU 520
nm LI TOXAEH v b3 5) %l L CTHEBE AT - 7253, trans-BAAS B THEIBA L
BELEH-7M, TORIKRBERMT 5 EBENEDHOLN, IORKERET MY « TE
b=t vt —BIEBRZORGOREEICEZ S L, ZORBIEIFL IMESNTL.

ZLT, CORIA-HoFyE2RNTEEELL ZOBEBRBIR S N/IH, EMEEY -5
(R=s¥—FF v FA 4 V3 S05 OBHEILEZREET ) OFRMICE5:1BEIBIEALERD S
Nt 12, ds-BAASICDWTIRRBOHRMICK 5:BRIBFRAEE O ST - T

P EDFERLD, trans-BAAS OXBIZ, FIREEASED, ZD®, ZDOVHE
ABYNE trans EA3FEE L CHOHMBEM —EHBRICLOBRILIN, WETETVTERBLY
BRICO RSN B T EDRIBEI NI,
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