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ABSTRACT

Various kinds of phenyl ester compounds were synthesized and their uv-visible
absorption spectra were measured in ethanol. Their protective effects against photofading
of Crystal Violet, Rose Bengal and Orange I were also examined in cellulose acetate film.
The application of simple uv absorbing compounds is not necessarily useful for improving
the light fastness of dyes. Phenyl ester uv absorbers bearing a singlet oxygen quencher,
however, almost perfectly suppress photofading rate of these dyes. The introduction of a
singlet oxygen quenching group into the uv absorber plays a very important role in
improving the light fastness of dyes. These new stabilizers have further uv-blocking

property and are safe for the environment and human health.
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1 Dyes used in the present study

x /Y (HBP) (A, 260, 335 nm) |(dHEALEL
(Bk) DOBALZDOEBELTHW, &
¥4 TOREDLHHE 7 2 = VI AT IV REN
WA 1 SR 12BEvs, BEAKNN-T A F VR )b
L7 3IF (DMF) &€ YV VBAEBHRCEKY
DY UBEERE, T A TS =R FT b=
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2BH212R7.
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1. 2 EEt/O-X 71 IVLARTONEE

O—AXRYHA)V (5X10%mol dm3) 27k b
¥ £ DMF (l:lv/v) ORAEEA0 cmd IZHERL,
FZHEA VK YBEOEEESL HBP 2 KOy
(1 X102 mol dm3) % &EAZER L & E R VWEW
TIEL, BRIV O—-X (4g) MR, AT A
WiZF ¥ 25714 7 L150°C TR HIE M L7248,
BET IAMSERTEBELT, HFE7 4 VARE
a7

AfIZA L P1 (2 X103mol dm3) I22nT
b7+ DMF (1: lvv) REBEEHW,

Nao3s@—ocoph NimOaS—@—OCOPh

UVS1-Na UVS1-Ni
OCOPh OCOPh
SO;Na 503Niy2
UVS2-Na UVS2-Ni
i [ OCOPh /“/‘ . OCOPh
Na03S Nij;2055
UVS3-Na UVS3-Ni

NihQO;S\“/‘iOCOPh

UVS4-Na UVS4-Ni
Na0;S O G OCOPh Nj,,zogsocopn
OCOPh OCOPh

UVS5-Na UVS3-Ni

OCOPh OCOPh

oo e
SO3Na SO3Ni

UVS6-Na UVS6-Ni

2 Stabilizers used in the present study

Wi (1X102%mol dm=3) #&5LdDe &k
WETREERL, Bl vo—X (dg) MR 72
%, HIARLECXFYRF14 7L, ARCT 4
N () AP AR
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1. 3 %9BDy MHOFrOCLBHE
~DE A

PVAZ VLT Ly b (dye 1) AT (10X
10*mol dm™3) ZF 1 1 > 6,68 >~ 7L (04g)
FREL, 0T (BH100 ;1) TlEBESMEL
7. SHMBUEROERE (UPF) BRICEET AL
PGS EINL70, FEICEL TOpHRESLH
HOBMEEL{ATo TV,

FHERINY I & HHMEIE, 90CTTLI05H 7
= ZIVI ATV RESHRIEIE (6 X 103mol dm™S)
KEHPIIREMZREL, KTHRFREZE L.

1. 4 %&8%H0UPFORIE

REAFOX Y ) VT — 7T DREWEOTHE
EEZSEEFHICL Y RO, UVA (400 ~
320nm), UVB (320 ~280nm), ¥ 5I|ZUVA &
UVB £ & b7 UVT (400 ~ 280nm) #HIKDE
BRI AR MVIEE?» S, RIMGERE L
BH L7 SRGERER, L2 gsm
PEBABLZVHAETRLTWAEY, fizEBLILE
IR EREBICEOREXEL G52 500D
Ph Iz,

ZIT, MOKHEZ/IF7A—F L LT, T
EBEOTHAICZIT AENROMS (E) (O
L, B2V R 5 RIFRDOE S DD
SR ER L UPFCA 5. UPFIILZ EHEA
R YCIBRaT L7z, B 212, 1M TR A%k <

FLAETHE, UPRRODAR—Y 727 —T
Bo AL, EMARCENRT 2012301
OBREErETLHILEBRLTVAS. Thbb,
FOYLT—2EFERTHILICLY, LhETE
MRS LDFONDREH B INT XA =5 L b,
UPFix (1) XKRTA—A T T/=a—
— 7 v FEFAHE (AZ /NZS4399 : 199%6) OFt
BHRICE->TRODLNS.

400 400
UPF:EEA‘SA.‘,—\‘)/ZE,{‘S)-A,}.T,I (1)
290 290

Z Z TE, I relative erytheminal spectral
effectiveness (HALIE R & & DA B9 FLEE 4 A
H) S, i3 solar spectral irradiance (ARt D5
FESHFREE, W/m2nm) A, E wavelength step (M
fZ % & . nm) T, i transmittance of item %,
measured via 5nm (5 nm Z & (2l L 72505 0
EBHE%)

ZORHRIE, RIMR (290 ~ 400 nm) DEB
R (T) 20T, KEXDOTBETRE (S,;)
EEEOGKKAIERE, & OMFEDR (B, XS,)
ELT, MORINGERMEUPF & L THRINT
b DT, FEEDMD A OERNRE R % R
TYDOTH5. UPFOSHDOARY #R1ITR
7.

1. 5 ZHNHOMBEEMEHE

FTAQ VA LTORM7 x =V T A7V AREH
FRBIFI D 2N & ¥ R = v o VIEOHUE PRl
(& JIS L 1902 (1998) IXfE->THTo7z. T4 ¥
6,64 (3X3cm) % 90C T304 M, FHEHEIHE
WIEIKE@ICEE (B30 0 1) L, &L,
Z D% ¥ 7V & W Staphylococcus aureus
IF012732 (8. aureus) & Escherichia coli K12

1 UPF classification system

UPF range UV radiation protection category Effective UV radiation transmission (%)
15-24 Good protection 6.7t04.2

25-39 Very good protection 4.1t026

40 - 50+ Excellent protection <26
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# 2 UV-visible absorption spectra of phenyl ester
derivatives in ethanol

Compound A, /nm, ¢/ 10° dm® mol! cm’!
UVS1-Na 280 (1.72), 270 (2.46)

UVSI-Ni 280 (3.28), 270 (547)

UVS2-Na 280 (1.75), 270 (2.38), 265 (2.25)
UVS2-Ni 295 (21.7), 285 (27.9), 275 (24.8)
UVS3-Na 280 (5.52), 275 (6.79), 265 (7.32)
UVS3-Ni 280 (17.1), 275 (19.4), 265 (21.7)
UVS4-Na 280 (5.59) ,270 (7.54)

UVS4-Ni 280 (5.94), 270 (9.79)

UVS5-Na 280 (11.8), 275 (15.2), 265 (19.4)
UVS5-Ni 280 (14.1), 275 (18.5), 265 (22.8)
UVS6-Na 280 (104), 270 (11.1)

UVS6-Ni '-a)

a) Insolble in ethanol

XA DR T H B BN NHEBIC BT, BV
NERLTBYVEEBETHD., /2, = v rIVEEE
b FFEIZ 265 ~ 295 nm FHIR N = R L, M4
Thb. —RICHHREATWE=y T VI F 4%
JWISA—= Ry WER (VFFRVTI—)N)
Ry rVREZE/AZ, FEETHLIL
FEZDLE, INDH T2V AT )V REIFT
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T, FROREIRE, REOME, Suyskt,
OB E R LELDEFICL > TRESNHIE
BICEMLRRTHALENTWS, FRIIZELD
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26 8% C DB FEE;ERINTEDY, %
BER—ZICEBRUSICEALTRIY, BED
bt L D BIL SRR T VIR EITIRITRID S
D, —MOPEHI L > TRERPL _RILOFS
25D H B,

G DIBEIZBIT ABRILSIZOWT}, B
BEkiL, —ERRERILBIUCA-—FF L F
A+ VB OFSRRB ST 5. HEIEbI
EERRBOBEVERILA L 20, I HIVERIC
X YEEIFBEEEN, TVHIVEERETETT
b, Thwz, EIHEHZ ETRAIRES R,
B EhERLES LA R SRR 55 € 2 J 3 5
4)

AT METE, FFTToNIRAT
WREIHGBIRFI DR R " 7 1) A5 WS4 F Ly
b (dyel) A, BEBEENVO— X7 4 VAarh,
H—RrT—7TRGFICE VRET LA, ZO/RR
ZRIRY. 74 VAHRTDdAye 113, SHEHO
FEHBGST46 %, 15HFH OB TT5%BET 20
WXL, UVSI-NafFET Tid18% B L U°38% D
BENFE SN, TRERNBREDNAITHS2 - F
¥RV 7x/ Y (HBP) L £D%FIT &L

3 Effect of various uv absorbers
on the photofading of dye 1.

Photofading % after light exposure, hours
UV Absorb
M T2 3 5 7 10 15

None 12 25 30 46 55 65 75

UVSI-Na 1 8§ 13 18 26 31 38
UVSZ-Na 2 8 13 21 27 40 53
UVS3-Na 1 5 7 13 17 26 38
UVS4-Na 2 6 11 20 28 38 57
UVS5-Na 1 5 10 18 24 31 44
UVS6-Na 2 6 10 18 26 33 47
HBP 2 7 12 17 23 35 47

LT s, ERRZEPHIZIRE, foF 75 L U5
ik (UVS2-Na~UVS6-Na) iZ2WThRHN
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MR VO — X 7 A VA — R 7 — 7 fTHRE
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#4  Effect of various uv absorbers
on the photofading of dye 2.

Photofading % after light exposure, hours

UV Absorber 1 5 3 1 5 5 7
None 70 90 9 100

UVS1-Na 3 5 65 70 73 7 77
UVS2-Na 40 61 70 74 77 79 80
UVS3-Na 45 62 68 73 75 79 80
UVS4-Na 50 62 70 74 78 81 83
UVS5-Na 44 58 65 68 73 77 80
UVS6-Na 47 63 70 T4 78 81 &4
HBP 44 61 69 73 78 81 84

7 2= VI AT VRIEEWIE, L FER, dye 2
OB T E A EHHIET, FOX)EILHBP
LA THo7, T2, ALV T (dye3) I
DWTHREMKT, REICALNE X I, dye 3
BEA—RYT7— 721 BLCTREEHFTLZ

#+5 Effect of various uv absorbers

on the photofading of dye 3.
Photofading % after light exposure, hours
UV Absorber 1 5 3 1 = 6 7
None 36 53 67 78 84 8 0l
UVS1-Na 36 50 66 75 8 8 &
UVS2-Na 36 50 67 75 79 81 &
UVS3-Na 26 49 67 78 84 8 91
UVS4-Na 25 47 63 71 75 79 81
UVS6-Na 26 50 64 76 82 8 88
HBP 24 45 59 66 71 75 79

EI2EY, 36BLUBBBEERT ZDITAL,
UVSI-NaE7E FTIE36 3B £ 1885 % DB EAR S
N5, ZOFREL, FEHFOHLRES ) EYLFIC
X, 285BI OFmTldtkE S v
TEERBLTYA, |

2. 3 —ERBFEREE(EEEZE TS 7
ZIVI XTIV RRIHERINE DR
—HIEHFEB LI G O = EIE T AL ¥ —
T, BEREBOREFFICBITTAILICLDAE
B L7z, —EHRNEOBREGEEEIBRILA L 2 5.
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L L THY, BEERILH LA TIREIRI RV,
—EIHERE RS LR AHE & 2 5 5 0,

LI AN, BEMS T3 —~EEEEENE
L#l%, Z0F THRBOHLRSL ) EHEHNE L
THAT 22, PPMENRIRTYS, flz
i, B—HOF  iRRIEELD, = v rvekkid
BB ThHhhHD, REFOBEEITLE
. BERT I VESTRIEEETT VA VER LR
FRT LY R LOMBERBITWE, LI A,
bhbhBRB L=y XV p-bIVIT VAR
YRR AT (2,233 mm) T, A%L—E
EMERESRLHEEALTVAY, 2070,
—EHBREREECHRERBEAL VL EERD
NEZ v r VAWK VBRER, 7=V ATV
FREHERINAN O FPIEAL, F5b-TTHME
BCTOHXRS ) EEEIHFEI N LEWE S
B L7z, B AR S Wi —RIEBERBUEE LA
BEE AT S 7 o VI AT IV REBIMRIR I O S
BaEIHLEEY, dye 1% HWCEEEL VT — X
TANLH, B—KrT7— 7T TR L.
ZOMERERE TR,

#6 Effect of various uv absorbers
on the photofading of dye 1.

Photofading % after light exposure, hours

e 1 2 3 5 7 10 15
None 12 25 30 46 5 65 75
UVS1-Ni 0O 0 0 0 0 1 2
UVS2-Ni o 0 0 0 1 3 7
UVS3-Ni o 0 0 0 0 1 2
UVS4-Ni o 0 0 0 1 3 7
UVS5-Ni o 0 0 1 2 3 7
UVS6-Ni o 0 0 0 1 2 7
HBP 2 7 12 17 23 35 47

A=K7 —7fTREIZE D dye 11 d3FE L B
552555, ZORIZUVSI-NI 2L 725412
1376 & dye 1 OB EITHH S, 15REHE O ERS
#%b, dye 10BBIZ2% THo72. 72, Ak
ks Rk, F7% L rFH#EA (UVS2-Ni
~UVS6-Ni) IZBWTHRLM, EICHEF L7

T VI AT IOVRENRBEINF O F ~ ) v LR
(UVS1-Na ~ UVS6-Na) =77 B /LA 0% LA
(HBP) &9, E»ICENZHREEL T,
HHE, UVSI-Ni® UVS3-Ni iR T, dye 1
DBELIZITELIHHI L. ZoZkix, —E
RIS L D FRICA T 2 BRI 1
P 722V 2% 2 REH DS REIHICIZEE
LREZBELETWA I EDPHLNII R/, —4,
UVS5-Ni % UVS6-Ni (= & 2 Bl & Rt € 2
Ry — MERE L ARLZAHZIREZRLTY
I Ehh, BIRPHIND S 55350 F—
RERE (FIZIE, NV — E) OEA,
bl H YRR A ) e lc iy, 3 L AR
BEYETHRWI EEZRBL TS,

AR R RINA DR R % dye 2 % VT, Rk
GHUTITo7. TOMEERTICRT. dye 21k
=Ry T7—=20%1BIC4REMENT A&

7 Effect of various uv absorbers
on the photofading of dye 2.

Photofading % after light exposure, hours

UV Absorber 1 5 3 1 5 6 7
None 70 90 95 100

UVSI1-Ni 7 15 22 28 31 34 37
UVS2-Ni 10 21 28 36 41 45 47
UVS3-Ni 8 14 19 23 27 30 32
UVS4-Ni 12 19 24 27 30 32 34
UVS5-Ni 12 19 24 29 33 36 40
UVS6-Ni 14 20 23 27 30 32 34
HBP 44 61 69 73 78 81 84

&), 70BL100%E®RTS. LAL,
UVSI-Ni gD RTiX, ZORBBETBIV
2%ICHHIENS. ZOMREIIHBPHRMOR X
DEBPICENTBY, 771 VFEMA (UVS2-
Ni ~UVS6-Ni) RmMDORICBNWTD, FELE
N MK RAR SNz, 612, dye 3EHW
T, AREHRERF L. ZOHRERSITR
T, dye 3DIEIBED dye 1 dye 2 DHE L [,
UVSLI-Nidihz & 9, FLVWaBEBOMEIA R S,
+ 7%V y#FE4E (UVS2-Ni ~ UVS4-Ni,
UVS6-Ni) IO RICBWTH, ELHEES

TH Y P AR —IFE Vol. 27



8 Effect of various uv absorbers
on the photofading of dye 3.

Photofading % after light exposure, hours

UV Absorber I 5 3 7 3 5 7
None 36 53 67 78 8 8 91
UVSI-Ni 2 5 7 9 11 12 14
UVS2-Ni 3 9 14 17 20 22 24
UVS3-Ni 1 4 7 10 12 14 15
UVS4-Ni 2 6 9 12 14 16 17
UVS6-Ni 1 4 8 10 12 13 15
HBP 24 45 59 66 71 75 79

SEUBEDEIEONS, D EORKRLD, KiF
KTHRICEHRE SN, v F VA VKBRS
SFPINCET D 7 2 VT ATV LR 0% 0
&, REROLEMH CERIMRIG % &) 1T,
EOICENREA O KRS ) FERENREE
LTWABIEDPHELPIZE o7,

2. 4 FMAOCEEHRICLSIUPFRFMEEHR
Bt

ZNVARININAF Ly N F A0 iy,
AIE 2. 3TENTHAERAS ) EUEFNRERL
72, ST NVANEVBERSFRICETA 7
VI ATV RESHRI ] (UVS1-Ni ~ UVS6-
Ni) EAICL 2, EHEA Y PIRE, A—2
b T/=a—=-V—F Y FRABRK (AZ/
NZS4399:1996) 2 & 5 UPFRIBER1SKD, +
TICEDEFM LA, 208E, KRBT O
YHREAHDOUPFIX12T, JAEH v P LEWVWDIZ
xf L, UVSI-NiZLEA5 D UPF 341, UVS2-Ni ik
39, UVS3-Nild42, UVS4-Nil38, UVS6-Nii&
3L VTHOREBHRIZBNTH, BERLEIHR
By MR ERLI.
HRALEWE T 556, £O{LaY oIk
REAMIRE2METSHS. €040, ZZT
BN O R A ) Bk E & RIS v
PR ERER L=y 7 VEERIZOWT, JISL
1902 (1998) (L&D HEEARBREF A O UM%
AVRET L7z, ZOfRERIITIRT. HEMER
BThr7 VA NMNLF Ly b (dye 1) 118,
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9 Antibacterial activity of various
compounds on nylon fabric®)» b

Compound S. aureus E. coli

dye 1 + -
UVSI1-Ni = =
UVS2-Ni — =
UVS3-Ni . =
UVS4-Ni = =
UVS5-Ni — =
UVS6-Ni . -

a) JIS L 1902 Test Method, b) '+'=halo,'—'=no halo

aureus \Z3F L CHBRIEM (vo—) OBERSA
LbNDIIHL, v TP VANVF U ERERAETAH
7 x =V Z AT OVRRIGREIAE UVS1-Ni ~
UVS6-Ni 3 S. aureus, E.coli.k b/ 12 —DEHIL
ROLNY, HIKFRIIPLE LWLEYTHE
LR S N7z,

3. ¥&¥

BNAR =BT DEHN v PAEY 27
—ORABEEHMNL LT, 7=V A FIVREN
WD & B AR L, FEAF D HGRA ) Bl
TR 2 W & RIS L7228, REmoB
B5 9 EiE, B ENERIAOBRMTIEeE
ENlhor, #0710, —EEBEERIEEE
BAETA, v T VALMLKVEEREE, FO%N
WA D5 FAIEA LALEWE AL,
DR L7z, TR, BN/ FEBH0OH
FES ) EUBMRIFBOLN, 26, Fhb
=y T OVEERTILEL L 7= e i I3 BN 7o SR
WHEREE B LTV ZepRBanA, T, &
o=y F VRIS EOET, HeRY
T—AOFMEEFL TR, &5, JISL
1902 (1998) ZHEHL L - Hi A MERBRICBWVTD,
BIRREICRL S LWMEEWTH L Z EATRREN
2. SOZERS, ARTHRICEHRLE, =
VITWANVK VY BREXFTAH 7 2=V AT VA
SONETRINA 2, BAAR—Y 7 27— 2B A
ROMVR S v MEREBILEY D10 LTIREL.
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