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HfER, FMEA+, fHEF, & &FX*
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TNVt Lt4 Y (F) EANKEYTNVELEA Y (SF) @ pHO 75 pHI10 £TOD 5X1075M KiE
ROWIX AR bV 2T L T2, SF I& H,SF, HSF~ RO SF2™ 620, B HA ORMEEK %
K.,=ap+[AT]/[HA] &9 5 & X SEMPUEOBEICB T 5RNED 5 pK,=3.10, pKp=6.25 TH 5
ZEDGPY, IHITHSF” DARZ MUNKRD LN, ZODFFENIRTF /) /4 FEE#E LD
CHEESI NI, F i3 HFY, HF, HF RO F2~ » 5450, ZOo0ZRINAIISARFEREICB T 2K
HEED D pKpy=4.20 TH B LD Y, 3 5ICETHRICEK>THF & HF DAXRY PV H T
IZ pK,3=6.39 & pK,;=2.24 RO LNTz. FHHF B—D2DF7 b/ 4 FHTFEE DX/ 4

ROFED10:3:2 DREEMTH S EHES NI,
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TINnA L4 ik Baeycr”ll’.J:o’CﬁU%éﬂ, 77 b
J A FREEEZB LT INLDY, —HZDEPLTA
FNUNTWEp-F /) /A FPRBEEZEE>EOHRY
Bernthsen®, Kropp & Decker? 52 & - TR & 1,
Ramart-Lucas®? 3 KB P TcEEDT 7 V) 4 NEFE
DF ) ) A P PEEREBIZHS EHME L. 361
Zanker & Peter® BN A7 b VD pH IZ & BELD
5—flD A A v Ic—fli& MDA 4+ ¥ BFEET
HEHEFE LT
EFHO—AAMIE, BEEL > 2KkFEE A FINVEICER
UL 3BEOINVA LA VEEKTZDOBEE ) AF
WINAVEAL Y, TAFVITNFLEAL VRO T VA
Ve d Y AFUIATNVIZOVT, pHO 5 pH 14 F
TOKBERDBINF OHHART bVET VA LEAL v
EHBT S EITLHT, Fig. 1 ITRT & 7« g6
EHEE U, Fhl EOBTIsTbizhr 127,
RFETETINA L LA YDA KRF I NEER K
HICBBMULZANVKY INVA LR, VDT T b UiEE%
ENIWERDRIDTEF N % HBSIEYE IR,

Y OBRRFEEER: 142 HRESIRKOA 1-5-8

pHO 25 10  TOBETKBRDOBINA N bV %
BEITHEINEST, BETHHTE ([ 4 /8)
pK, BROBIMNARZ FWERIAL, 3 5ICEEXZHEE
THEIENTELDTYUTRRET 5.
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ABFCWRE S N5 pH BAREMIC —log an+ T
B, BRAESBEIIHATZLDOTHEIEND, S
TH HAOBBMENZ K,=au+ [A7]/[HA] &EH
35,

2.1 FMNEEFATS pK, DHTE

2elel RIKZTINFLESLICDWT ALK
VINFLEA V02D 10D pH BEICBVTRD
KHICIRBEL,

H,SF == HSF~ == SF?>~

pKai pKag

X5 ITERDOBIN AR b IVIZ HSF & HSF™ 0%
YU i, HSF™ & SF2™ OKRUNE iy STEIET 5 &
E, TNEFIAOEESR Ay, A &L, ENVRNEREE %
€y €12 &F 5.
2:1°1-1 pK, OKRDHK
HE AW, BRlcam IZBVT

Ao KB BBEROE,
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Fig. 1 Previously proposed protolytic reactions of fluorescein
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A =epasr [HoSF] +e( [HSF™] + [SF*])
HREEZ 3SF &35 &,
S SF=[H,SF] + [HSF ] + [SF?7]

iz [HSFT]1+[SF*7] WEFETZ 5 pHO TD 2, D
A% Ay, [H,SF] MWEHETES pH TDi, D 4 % Ay
LT BLEERAEBS.

Ao=¢tnosr 2SF, App=68;32.SF

Z 2T pH (= —logay+)=pK, ®& & [HSF] =
[HSF™] &7 0, pKy & pKa DEN 3 D EH N L
[SFP7] BERCTZH I ENIVOT [HSFI=X

SF/2 &7 0,
A= (5H25F+5i2)ZSF/2= (A0+A12)/2

Lizdm»b, O A %KY pH Z2EHCTKkDONIE, £
N pk, TH5.

2:11+2 pK,, DRHF  LERBIC A, KB
HRAEEBITLTRD S,
212 TIFLEA NIDOWVWT VD% o e A

OB 10D pH BHICBVWTRD KD IR,
(Fig. 1)
H;F " =H,F == HF~ = F?"
pKa pKao pKas
X HIZEROBRPNANRY FVIZ HFY & HoF OSRIN
i, HF™ & F~ OZBNA i, WEETIEE, £
NENDOEER Ay, A & U, ENVBRAHEEE 6,4, €
LT 5.
2:1°2¢1 pK, DKk®HF —ITFE 2:-1-1-1 12
YU TEINARY M HROB ZEDBTERND. ULy
UBAR 2,=2;; THIIE, DEDEIITLT pKo 23K
BB IENTES.
Au=Ag WBIBBROBNE A 1ZER 1cm BV
T

A=¢; ([HF Y]+ [HF]) +eo([HF 1+ [F27])
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RREZ SF L35L,
3F=[HF "]+ [HyF] + [HF ]+ [F*7]

®IT HFT]1+[F*7] BB TE5 pH TD i, D A %
Ay, [HsFT]+ [HoF] ERTEXH pHTDi, D A %
A ETBHEUA%ES.

An=euXF, Ap=epdF

2 C C pH (= ~logau+)=pK,, ® & & [H,F] =
[HF™] &%, pK,, pKa» pKes OEW 2EETH
niE [HsF'] % [F27] 1% BEICT XS, Lrd
FNODENMEFFELINE [HFT]=[F7] &#x
LNBDT, FEEEMIC

[HoF 71+ [HoF] = [HF 1+ [F*7]=3%F/2 £ 29
A= (Eil +5i2) XF/2= (Aii+Ai2)/2

EixBh5H, 2D A%ZRY pH ZEERTRONIE, 2
NS pKay TH 5.

20122 pK,, & pKs oW T  hsidER
PWHZRBALTROBZENTERD. 22TEYH X
3 HF T R F27 WRTIRINARZ M VOBKEINEE
IZDWT, FRENROENEED pH IZ L B8 5K
EOEEZHEELCHBE 2-3 TEBIET 5.

22 pK, EAV3ENSEOHEH

BRPICHFET 20 FEOELVTRIZROELOICLT
KB,

2e2¢1 ZAJVEKRZTIAL AL IDNT

ay+ [HSF~}/[H,SF] =107 PKa
ag+ [SF27]/[HSF~] =107 Pk=

M5 ag+ltags X107PKI4 10T PRaTPRR=F L 5 &

[HZSF] /ESF=aH+2/Z'
[HSFT)/3SF=ayz+ X107 P/ 3
[SF27]/XSF=10"PKa~pPKaz/ 3
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222 TNFLEALIZOVT
ap+ [HoF1/ [HF T 1=107pPKa
ou+ [HF 7}/ [HoF] =107 P%2

an+ [F27)/[HF ] =1079%

ap+ >+ ag s P X107 PRI+ gy X107 PRI PRR2

+ 10—pKal_PK327PKa3=2 (‘_’_ :B < (l:

[HsF ')/ ZF=au+’/2

[H,F]/ SF=ay42X 10 PKa/ 5
[HF_]/ZF:aH+ )% IO*pKax—pKaa/z'
[FQ'] /ZF: loprai—pKaQ—pKaz/E

23 BMTREELALZVDFEORINANY PV
DYERR & pK, DFEB % =13 8IE

H,SF ® HF " 05 F&id pHO T, SF?™ % F27 &
pH 10 OKBHRHFP TR IIMRIFEET 505, EhbHD
BRART " WEBEERETH I ENFTE L,
HSF~, H,F RO HF ™ BB TCHEELEBLVDT, £
NHDBIRARY bVIIEHETRD S, £, Z08BE
T pK, ORERF 13 BIEZITS.

231 RANEKEZINFLEAS IZDOVT
TELNI pK, DE» HHEE SIS [HSFT] kK
1275 % pH=(pK, +pKag)/2 DHERICL< B &5 1T—3F
® pH (n & n+1) ZREICHNE 1 & EHO pH OF
»5E. pHr KBTI HEBROBEREOBNE 4, &,
pHO (3 XTH H,SF) iCH 3 5BHE 4, KU pH 10
(FRTHSF2) IEBT BEHE Ao B 5, pHn iTH
JAENSEK (2:2-1) ZRWVT, §XTH HSF K4
ST BRI EEDORNE A, ERD LI KHEHT 5.

,  A,—Ao[H,SF]/XSF—A4,,[SF? ]/ 3SF
An= [HSF~]/ZSF

ZHAUTHIEINSITANTOEEICDNT A, #5318
THIZBEN ISF TH S HSF~ ORI AR F M
Bohs.

Bk DEAET HSF & SF?~ & OREOX/NY pHa
CWRHET S pHr+l DEED AL+, 25EH L T
HSF~ ORPWANRT bVEEFD. TDOAXT Fuds pH
nDEZDANT PE—FFThiE2-1-1-1 & 2-1-1-2
Tz pK, DEMPIELDP 122 &2/ 5.

2432 TIALELDOHF ICDOWT HF &
HF™ OBV &) Z 203 FROBEYN AT b VAR
THHDT, 2-3 1 LEBOFHERFES> LS TE
V. L2 URIRPRCSERIES NIz AR buvdh b

2-1-1 -

WA, #M, 0E, 3t 7MALEA Y, AVEAYIAFLEL VO pK., AT b, HER 341

HoF OA[RECH T 2 WIHEE W HF™ 02 0/AS
WETFEINBDT, ZOXEFERTEBHEEADN
% pKys {51 pHm & pHm+1 2B, pHm IIBYT
HEBOEEORME 4, &EELHE (2:2-2) WO
pH 10 (§XTH F?7) BT BEAEE 4,0 ZHNT,
TANRCHWHF KR EEZAESORNRE A, IR
DEIIFET S,

1o An—A[F*)/ZF
" HFJ/SF

ZHLTETRTOEEIIONT A, Z5IETNIREN
SFTH»5 HF ORPNANRZ bAHBBF LIS,

EROBRIET F~ OENFERPRERES pH
m+l DEXD AL+, ZFHELT HF ORIPANRY b
WNEBDB, TOARZ MV pHm DEEDANRT bV
E—FLadhid 2:1-2:2 THTE LT pKs PRIE-T
WBIEILED, ZOBEEpHm & pHm+1 DA
MWV —HTHEIRBHEETRITHERICEST
pK.s REBIET 5.

2¢3¢3 TNALEAL2D HF IZDWVT 2-3-2
¥ TT HsF', HF 7, F2~ O A7 b VA TIC pK,o,
pK,; DB EFEIARXLDIIBBDT, TERELZ
pKa (2:1:2°2) ZEIEL2D HF DAY b ER
BB, FDHDBIZHF DELFEAEKELI UL D
HF" OFEW AKX BE5—10 pH (1 & 1+1) %
B pHI KBWARNE A, EENVTR (2:2-2) W
G pHO (§XTHW HFY) BT B2WMNE 4, &
2:3-2 THROHNIZTNTH HF ORNE A, 25
L, COpH TR F~ OFEVEHRTELDT, T
T HF IZa->1c & EDENE A7 BRATEHEZ
%.

A1—4o[H,F"]/3F—A7 [HF]/ZF
[(H,F]/2F

4=

BRI pH1+1 OBLE 414, bETEIWB. Thb
TODME AT & Al BTN pK,, WIEL WL,
BubEx3—HI 5% T pK, OEEBIELTHL.
HITHBONEAED B ZOIL, T T HFY ol
BAEE Amaa) KBTHBRHEEFE > T pK,, %
BIET 5. DERBEROD pK,, ZHWT pH1 & pH
1+1 BT 5 HF ORINANZ bvaHix, Thohs
—BFBHENPD pKay PELW T L EHERT 5.
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3.1 & X

AWKV TNALEA Vi, Ormdorff 5P DHEITHE
STHERL, BonIHER 1g 2V AFVANVEKEXY
K 150ml I mgAR L TPERL, PRI /-
150ml Z0% CER, —~REEEPICHEL THHEL
tAEER A RENFELL, EH U PO, TV —F —HT
BUES 8 U, HPLC I2&V 99.5% OFMEERLUIZHD
RO, '
 TESWEIERME C: 61.95%, H: 3.29% XL

EEHE C: 61.05%, H: 3.28% TH -1z,

TNA L4 v, TF LA FERHERLS (7
VAL EA4 >~ 10w/v%, Lot. 2NNK Alcon Laboratory
Inc.) ZHW 7.

ZOMDRIEKIZ TN CHEFRSER V2.

3.2 & i

WA R 27 b VOBITFEIIGHN U-3210 XS
BE lcn Oy F v 7V ERW.

pH ORI I I3 F T HM-20E # 7 A BHRAKFEA 4
vEEREZRND, BB UT GS-50168 O 7 UuE
WA, EBOBIER JIS pH E%¥H 401, 6.86 &
U 10.02 2RO TIT 72,

DT AR PVOLERIZIE, Apple B/3—VF L
a v ¥ a2 — 4% — Macintosh IIsi Z B 7z,

33 F &

ANVEYTINVAVEAL Y (LR SF &9 %) 3.68mg
Fhx7FLEL Y (UFF&ET5) 3.32mg 25T
pH 8 DEEHK 10 ml Z{ERT 5 (1 mM KFHK). D
W% pHO 5 pH10 £ T pH 1 MR 11 BEOEHE
CHRT 200 FEICHERL, Bohiz 5X107° M KBFEOH
BRINARZ bV ANV FIE 2nm TREL, #R%Z 1
BOEEMICERTHNPE L LB ICKBICRRES &
f2. FRZOBKOD pH ZRIE L 72,

ZZTHRVWAEERE LT, BWUHIEZhEND pH
KRLBEULEER (Vy8E 72 VvBRE KAVE
) 28508 Fo12h5, AR PVIZThEEUT
BT KEE ST I EFTL 10T, BERIIZIK
0.2 M NaH,PO, iZ 5M HCI % 721 1 M NaOH %2
-1 bDEFEHALT.
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Fig. 2 Absorption spectra of sulfonefluorescein
The pH values of solutions are given at the peaks.
The final concentration is 5X107°M, the
wavelengths of absorption maxima are A p,, =441
nm and A ,.o=496 nm. The wavelengths of the
isosbestic points are 4;, =453 nm and 4;,=464 nm.
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0.00 . . , .
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Fig. 3 Absorption spectra of HSF™~ obtained from
the spectra of sulfonefluorescein at pH 4 (Ag) and 5

(A5)

4 A R

4°1 AWK TNFL AL DEIR

SF KB DOBIR AR +v (Fig. 2) EFEH O 7 )V
FLEAVAFNIATFLNDFNIBOTEILLPTE
Y, ZOOFFEOFEERLTCND (2:1°1). 22T
ERPE D 2,,=464nm X5 F 2 EHEE pH O
ERFEL S 2111 KRS TR EZET-IZHER
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Fig. 4 Absorption spectra of fluorescein

The pH values of solutions are given on the peaks.
The final concentration is 5X107°M, the
wavelengths of absorption maxima are A, =437
nm and A.,0=491 nm. The wavelengths of iso-
sbestic points are A;; =A4;,=463 nm.

pKa=3.10 &7z o 7z, ERICEEMNOERNSARE
2,=453nm KK B 2 BHEE L pH OERE» 5
2:1-1-2 IXHE-> THMT L, pK,,=6.25 2181,

mickcBohi: Zo0 pK, DFHEE (4.7) O
k3B ki pH4 (EBE 3.96) & pHS (ERIE
5.00) %8, FNFhO pH BT HEHXEE 20m
TEIIARY MIVOFEEEL HSFUH U, 2:3-1 IXHE-
THBICHEET 59 FE (HSF) OAXYT b EIERR
U, ZO#E Fig. 3 KRT LD pHe THLN T
LbOL pHS THOLNIZBDOEEL—HULTHY, AN
7 M pK, BIELWZ ERELD DT,

HSF~ ORHEHSRE VW &, pHO TRIEx vz
H,SF D A~R2Z hv& pH 10 TRE S Nz SFP~ D AR
7 MVSEREN Fig. 1 © HFT & F27 ORI B
HNIART P IZELBPUTWB Z &pH, SFD=ED
D5y FH (H,SF, HSF~, SF?7) @d\wdnb ¥/ /4
Mg ERO LHEE SN (Fig. 8).

4.2 TNF L1 ORI

F KBBORINARYZ bV (Fig. 4) IEMEZD, &
ML T A IHTERINA L, & i, PFEL, Lib
FOFE A &£ A VLTI 463nm THHo12. £
T, COBERIKBIIHRNEESL pH OEREL S
2:1-2°1 I > TR ZIT - KR pKp=420 28
1z,

FA, M, #IH, st: 7hALe4 Y, AWKV T NALEL YO pK,, AT b, BER 343

0.20

0.15}

Rl

+ =

Absorbance
=
—
<
=2

0.05}

0.00 . ) L - R
300 350 400 450 500 550 600

Wavelength /nm

Fig. 5 Absorption spectra of HF ™ obtained from
the spectra of fluorescein at pH 6 (Ag) and 7 (Aj)
supposing that pK,3;=6.39

0.08

0.06

0.04t

Absorbance

0.02}

0.00 . . . ) .
300 350 400 450 500 550 600

Wavelength /nm

Fig. 6 Absorption spectra of HoF obtained from
the spectra of fluorescein at pH 2(Aj3) and 3(A3)
supposing that pK,, =2.24

F 72 pHO TOBEMBEKIER A maxi =437 nm WO
pHI0O TORBINER K K A nae=491 nm % & U,
2:1:2:2 - TEVH 2T O pK,;=2.2, pK.3=6.5
HHEE LT,

KIZ SF (Fig. 2) CHAT pH 3 HEOBRKESEL
ML, FRNEDOEAE TS A4, 2 Ap KVIEHH
NS ED ST HF ORKEENS/NINEEZ
LNIZDT, 2:3-21H-> T pK,s (6.5) OFRIC pH6
(£%I18 6.00) & pH7 (KRfH 7.03) 28, 2h¥Z
NDpH KBFABHAEA 5nm ZEIZART b VODET
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WS SO L, 232 K-> THTEHF- OAX  pH3 THEEHF D) v B (pK,=215) KHXT S
g MVEER LY. FOMBTODARS MS—HE  H,PO,” OBENSKERLLLHEEZALND.

+, pH7 THOLHNLHDIL FT ORI bABEDS XT, HoF 5527 b/ 4 FH#& (Fig. 1) THE
CPALTNBIEDDPoT2. EITIDIZDDAN
JINVDE—BT B LI EEHETEITHEALT pKs D 0.08
BEEOLTV-TEZ D, pK,3=6.39 D& & Fig. 5 ’
DEIIT—BUIZARY bAVBELN, TOANT bV :;\verage(A’ A)
& pK, BIELWZ ENAm oz, BB IIKBBNE 0.061 p s
HF ™~ DAY b)vcigmbfom HSF~ ® %t (Fig. §
3) KKPlTH Y, HBEOF/ /A bﬁu&ﬁoammé g 0.04k
ni. 2

BT 233 1Ko T pKy (22) QWM pH2
(ERE 1.90) & pH3 (EHIHE 2.94) 2R, £ 0.02f
Apn =437 nm KB Y B BHE L 5 pK. =224 LEILE
L, ROWTZNEND pH BT HBEAEZ 50m T& 0.00 ’
IZ AN | OVORREES SIFCH LU, ThbEESTH 300 350 400 450 500 550 600
T8 HF OARY FVEER L. £ DR Fig. 6 O Wavelength /nm
EHICTZODANYT bV Lit% -, :@x/ja \91Z Fig. 7 Absorption spectrum of HoF (avmge) i
& pKa B BELWI EBGmofe. BB, —2PDA _ that (A”) obtained by adding 1/5 of the H;F + spec-
R MVIZBSOTRANRDH5NEH, Thid pH2 & trum to 2/15 of the HF ™~ spectrum

HO OoR* ) o
0 oy 8@
so3 so3 S SO3”
pKa, =3.10 pKa, =6.25

H.SF HSF- e

-0

= coy

== co,
c=0 2
. pKa,=4.20 O pKa;=6.39
H.F \ HF- -
HO o o
U0
(2/15) O CO,H

Fig. 8 Estimated pK} values and structural formulas of existent molecular species of
fluorescein and sulfonefluorescein
* The acid dissociation constant of HA is defined as K,=ag+ [A71/[HA].
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IR 2R LB VNS, Fig. 6 IKENI/PNE IS
BRANRZ bVE, F/ /4 FEBEPBALLEDEE
%, pHO TER 31z HsFY D A2 b v (Fig. 4)
LEETE NI HF- ® A7 b (Fig. 5) %2f#i-
T HF OZAXR7 bva&RU . SITHBROER,
Fig. 7 IZ7RT £ H T HaF T A7 b VD 1/5 1Z HF ™
ARYZ MVD 2/15 ZIA b DN HyF AT b
(FHfE) &< —H Uik, 2O E» S HF D 2/3
I 27 b A RTHBH, 1/513 HF T, 2/15 13 HF
ERICHEREHED, WIhLERN 0 OHTE, S
REhTnsEHFEI NI

AR 2 BEZIC L TAMRTE LN MR EZRET S
ETNA LA VIKBBEPICHEET A2 THEOBEE
pK, &, Fig. 8D KHITE 5.

5 & =

AHFRIZED, TN LEf Y REANVKY 7NA L
A4 Y OKBRAKEET 59 TFED pK, BHETEE
0, BMICIFELB R VWS FEOBIRNANRY M VAR
Ih, IHIETTNFLEAL v OBEST HF A5 3 flg
DHFENP 5155 —FEHEDREYMTH S5 EHVHE S
iz, ZhoDOFHRE, BEBELAMOME ORI
BIDOTHSS.

COFMEVPFONIHEBE LT, EEROBEIC L

M, &R, AIE, d: AL E4 Y, AVEY TN LEAL VO pK,, ANRZ MV, HEER 345

BARIZ PNWOEBRETELIZFNEL LIz E, AR
I MNWETEBPZFIERICAIE LIz 2 &, BEEEER
UCERTEERITo 22 &, SHICEROE TR IR
WHEOD LR ENHFHN5.

—77, REALEMPERNR 2 FHED  EN DB %
AREIC L7z, FRICT7 v L4 Y 3T o OF RIS R
—RRICH > 1212012, 4 BOROBITICTF L ) H31g
ONIDTHD. BB 2OFRPROBESD» 4Rz
STVTHHEAROFRIIAETH 5 .

Fig. 8 37 VALt A4 oS FED 1/5 H
H,F" &, 2/15 8 HF ™ SR BN AR Z b VA EED
ERELTES 2. CORER, NVvEVEOI LR
YWEDEHE LU T HARBOBIR AR b VviZiFEAE
FLLEVEDHFIZEINTNS.
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W

Spectrophotometric estimation of the pK, values, absorption spectra and structu-
ral formulas of molecular species in aqueous solutions of fluorescein and
sulfonefluorescein. Zenzo Tamura, Tomoko MoRrRIOKA, Masako MaEDA and Akio Tsuji
(School of Pharmaceutical Sciences, Showa University, 1-5-8, Hatanodai, Shinagawa-ku,
Tokyo 142)

The absorption spectra of 5X 107® M solutions of fluorescein (F) or sulfonefluorescein
(SF) in 0.2 M phosphate buffers of integral pH numbers ranging from 0 to 10 were
measured. The spectra of SF demonstrated three molecular species: HoSF, HSF~ and
SF?”. At the wavelength of the second isosbestic point, the pH at which the absorbance
of SF became average expressed pK,;=3.10 when the acid dissociation constant of HA
was defined as K,=ay+[A7]/[HA]. Similarly pKa2=6.25 was estimated based on the
absorbance at the wavelength of the first isosbestic point. By using these values and
computer graphics, identical spectra of HSF~ were obtained from both spectra of SF at
pH 4 and 5. From these results, the structures of the three species were estimated to
have quinoid forms. The spectra of F demonstrated four molecular species: H;F*, H,F,
HF ™ and F*~. At the wavelength common to both isosbestic points, the pH at which
the absorbance of F became average was expressed pK,,=4.20. Succesively, by compu-
ter graphics and using trial and error, the coincident spectra of HF ™~ were obtained,
together with the value of pK,3=6.39, from both spectra of F at pH 6 and 7 where the
absorbance of HyF was negligible. The spectrum of HoF was similarly obtained together
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with the value of pK, =2.24. By adding 1/5 of the H3F+ spectrum to 2/15 of the
HF ™ spectrum, an identical spectrum as that of HyF was obtained; hence, HQF is thought
to be a mixture comprising a lactone and two quinonoid species, while H;F", HF and
F?~ are quinonoid forms.

(Received October 25, 1993)

Keyword phrases

pK.s, spectra and structural formulas of species; fluorescein and sulfonfluorescein; use of

isosbestic points; analyses of the absorption spectra; spectra estimation by computer
graphics.
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