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Fig. 1 Schematic diagram of fluorometric titration

apparatus

1 : High pressure Hg-lamp (Toshiba, SHL-100UV);
2 : Primary fliter (Hitachi, FPL fliter 365); 3 : Titra-
tion cell; 4 : Magnetic stirrer; 5 : Burette (30ml-
Burette, and/or 10 ml-semimicroburette); 6 : Secon-
dary filter; 7 :Slit; 8: Shutter; 9 : Photomultiplier
(Hamamatsu television Co. Ltd. R-106); 10 : Meter;
11 : Zero adjustment dial; 12 : Selector switch; 13:
Sensitivity control dial
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Table 1 Fluorescence properties of acid-base indicators
Fluorescence max. wavelength (nm)
Indicator (Corrected) (Uncorrected) pK ApHgt ifij‘e-nﬁ;‘y'
pH
Excitation Emission Emission
Salicylic acid 7.2 303 417 407 4.4 3.8 4 (pH 6.6)
B-Naphthol 9.4 278, 410 357, 410 414 9.7 2.5 37 (pH 11.5)
2.9 325 430 — 4.9 .
Naphthionic acid 41 7.1 325 430 415 124 32 gP’g: l‘;-gg 47 (pH 6.5)
12.9 325 430, 520 415, 480 <% Apa 2L
1-Naphthol-4- 10.8 — - 427 8.45 2.0 50 (pH 10.8)
4.1 458, 508 545 —
Acridine orange 7.0 458, 508 545 — 10.3; 3.3 18 (pH 11.8)
10.9 445 556 522
4.5 353 482 —
Acridine 7.0 355 440 430 6.0 4.1 220 (pH 13.0)
11.5 355 434 — -
.. 0 352 450 —
Quinine hydro- (l;'g 333 393 450 2.8 1.8 (pK: 2.8) 27 (
; . : pH 4.0)
chloride 9.0 333 393 - 4.9 1.4 ng : 4.9
7-Hyd £0 26 58 40 2.2 (pK: 7.7)
-Hydroxycumarine 4.0 326 458 — 7.7 2 (pK: 7.
(Umbelliferone) 6.9 326 458 450 13.0 1.8 gpx: 13.0) 1400 (pH 10.7)
10.5 368 450 —
Fluorescein 7.1 494 518 510 4.6 i.8 102 (pH 6.2)
Dichlorofluorescein 7.0 461 528 518 3.9 2.2 44 (pH 6.0s5)
Eosin 7.1 446 545 548 2.8 2.6 11 (pH 6.2)
Erythrosine 7.0 524 552 550 3.6 2.1 1 (pH 6.3)
t Transition interval of fluorescence; ApHe=(pK+1)—(pK—1)=2
NH, NH:
OH- HY |
—-—AH*‘ ~ — +
N
03" 03— ]:I
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FoEEAA VI RHERTH A7 FAE FEDA,
-HN;* 04Ut WEBESET I 59 (Fig. 4).
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Fig. 2 Fluorescence spectra of acid-base indicators
(corrected)

@ Naphthionic acid : (1) pH=2.9, 7.1, (2) pH=
12.9; @® Acridine: (1) pH=4.5, (2) pH=7.0, (3)
pH=11.5; Acridine orange : (4) pH=4.5, (5) pH=
6.9, (6) pH=10.9; @© Quinine hydrochloride : (1)
pH=1.0, (2)pH=6.9, (3) pH=9.0
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Fig. 3 Fluorescence spectra of acid-base indicators
(corrected)

(1) Salicylic acid, pH=7.2; (2) B-Naphthol, pH=
9.4; (3) Umbelliferone, pH=6.9; (4) Fluorescein,
pH=7.1; (5) Dichlorofluorescein, pH=7.0; (6)
Eosin, pH=7.1; (7) Erythrosin, pH=7.0; (8), (9)
Transmittance curves of secondary filter No. 42 and
No. 47, respectively

WERER ¢ (400~430)nm}, > x vy {(315~377)
nm} I HREEMCER L, EXEERTERVWTRL Y
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Fig. 4 pH-fluorescence intensity curves of acid-
base indicators

(1) Salicylic acid, 3.3x10-¢M, 365/407 om, !pg
quinine sulfate/ml 100div.; (2) p-Naphthol, 2.8x
10-5 M, 365/4l4nm, lpg Q.S./ml 100div.; (3)
Naphthionic acid, 1.7x10-¢ M, 365/415nm, 1pg
Q.S./ml 50div.; (4) Acridine orange, 1.3%x10-6 M,
365/522 nm, 0.125pg wuranine/ml 50 div.; (5)
Acridine, 2.2x10-6 M, 365/430, 475nm, 1pug Q.S./
ml 100div.; (6) Quinine hydrochloride, 1x10-5M,
365/450 nm, 1pg Q.S./ml 20div.; (7) Umbelliferone,
2.5%10-6 M, 365/450nm, lpg Q.S./ml 10div.;
(8) Fluorescein, 1.2x10-6¢ M, 365/510nm, 0.125pg
Uranine/ml 10div.; (9) Eosin, 5.8x10-7 M, 365/548
nm, 0.125pg uranine/ml 40div.; (10) Erythrosin,
4.5%10-5M, 365/550nm, O0.125pg wuranine/ml 20
div.; (11) 1-Naphthol-4-sulfonic acid, 2.9x10-6 M,
865/427 nm, 1pg Q.S./ml 100 div.

(pK : 2.8, 4.9, ApH;:1.8,1.4) 12V vBROTHHHE
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Fig. 5 Change in log[HIn]/[In-] with pH

HInPIn-+H*, pH=pK,—log((HIn}/[In-1); [HIn]:
The concentration of indicator; [In-]: The concen-
tration of indicator anion; (1) Salicylic acid; (2)
p-Naphthol; (3) Naphthionic acid; (4) 1-Naphthol-
4-sulfonic acid; (5) Acridine orange; (6) Acridine;
(7) Quinine hydrochloride; (8) Umbelliferone;
(9) Fluorescein; (10) Dichlorofluorescein; (11) Eosin;
(12) Erythrosin

X oIBRIN, KBMEF LV v A, HEWITKEF MY
v AD 1/2 BB HNMTAPRAY, X, F2UET
TAF Vel VvOFTWHOBEL L HRBAEF Y Y
ADFRER/RTS. ZORERERCITITRT 4 L&
— 32 1LT 47 (Fig. 3) AEL T 5.
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B x5 ALY BL DT IRABEK (30~35)ml i@
LT I1x10-5M i+ = — &% 0.08ml »jnx
TARET + V)Y AEERECREL, F1IROYER
PRDSB., RTHEEF Y Y4 10gE 1x10-5M &
vRY 7 .w viERE 0.1ml 2EML, #\-TARRILE
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Fig. 6 Typical titration curves of base with acid
standard solution

(1) 0.01 N Na,CO;s 10ml+0,01 N NaOH 5ml, 1x
10-5 M umbelliferone 0.015ml, 1x10-4 M fluorescein
0.03 ml, secondary filter : No. 47, end point: A=
10.00ml, B=15.05ml; (2) 0.1 N NaHCOj; 10 ml+
0.1 N NazCOs 10ml, 1x10-5M umbelliferone 0.015
ml, 1X10-¢+M fluorescein 0.03 ml, secondary filter:
No. 47, end point: A=5.00ml, B=20.08 ml.; In-
itial total volume :35ml; Primary filter : UV-365;
Sensitivity control : Coase 3, fine 5

0.05N HCI, ml [for curve(2)]

Relative fluorescence intensity

0.1 N NaOH, ml [for curves(1),(3)]

Fig. 7 Titration curves for phosphoric acid and
phosphates

(1) 0.1N HsPO, 30ml, 1x10-5M quinine hydro-
chloride 0.08 ml, NaCl 10g, 1x10-3 M umbelliferone
0.1ml; (2) 0.05N NasPO; 15ml+0.05N Na,HPO,
15ml, H3O0 5ml, 1%x10-4M umbelliferone 0.1ml,
1x10-4 M quinine hydrochloride 0.08ml; (3) pH
titration curve, 0.1N HyPO, 30ml; A :First end
point; B : Second end point
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Fig. 8 Titration curve for phosphoric acid and
sodium dihydrogenphosphate

0.1 N H3;PO4 15ml40.1 N NaH;PO; 15ml, 1x10-5
M quinine hydrochloride 0.08 ml,NaCl 10g,1x10-5 M
umbelliferone 0.08 ml; Primary filter : 365; Secondary
filter : 47; Sensitivity control : Coarse 3, fine 3

X, VEBF PV Y A-Y VBRBKE ZF P U v A BE
BREOWTY V) 7 = r v, ROTEHEBY = —XiF
AEYAV, EREBERKR CHREL CEh PN ER
T&5%. Fig. 7, QuHHELRD 1 fikRLk.
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A

Acid-base titration by use of fluorescent in-
dicators (Differential titration method). Keizo
Hirakl and Yasuharu Nismkawa (Department of
Chemistry, Faculty of Science and Technology, Kinki
University, 3-4-1, Kowakae, Higashiosaka-shi, Osaka)

The spectral properties, acid dissociation constant
(pK) and transition interval of fluorescence (ApHr)
of various fluorescent indicators have been studied.
0.1 N HC], ml The indicators studied were: salicylic acid A em.
max. : 417 nm (at pH 7.2), pK:44 [ApHs: 3.8];
l-naphthol-4-sulfonic acid 427 nm (pH 10.8), pK:

Relative fluorescence intensity

Fig. 9 Analysis of alkali-carbonate in hot spring

water 8.4, [2.0]; B-naphthol— 357 nm, 410 nm (pH 9.4),
(1) Sample hot spring water 20ml, 1X10-5 M umbel- pK : 9.7 [2.5]; naphthionic acid 430 nm (pH 2.9~
liferone 0.03ml, 1x10-¢M fuoresceine 0.03 ml, 7.1), 520 nm (pH 12.9), pK : 4.9, 12.4 [5.9, 1.4]; ac-
coase : 2, fine : 4.8; (2) Sample 20 ml+0.1 N Na;COs ridine orange—545 nm (pH 4.1~7)’ 556 nm (pH
10ml, 1x10-5M. umbelliferonc 0.03ml, 1x10-¢M 109) pK: 10.3 [33] acridine— -482 nm (pH 4'5)’
fluoresceine 0.(:3ml, coase-: 2, fine:5.1; (3) Sample 4:40n’m (pH 7)5, 434,11111 (pH 11.5)’ pK . 6.0 [4'1];
2oml, 13107 M umbelliferone 0.03ml coc i3 quinine hydrochloride—450 nm (pH 1), 393 nm (pH

6.9~9.0), pK : 2.8, 4.9 [1.8, 1.4]; umbelliferone 458

nm (pH 4~6.9), 450 nm (pH 10.5), pK: 7.7, 13.0

Table 2 Analysis of alkali-carbonate in hot {2.2, 1.8]; fluorescein 518 nm (pH 7.1), pK:4.6
spring water [1.8]; dichlorofluorescein——528 nm (pH 7.0), pK :

3.9 [2.2]; eosin 545 nm (pH 7.1), pK : 2.8 [2.6];
Found NaHCO: erythrosin 552 nm (pH 7.0), pK:3.6 [2.1]. A

0.10N HCl _ Content i . . . .. .
(ml) HCOs ,a,;’,;;l:“w;:‘c, simple modification of the fluorescence titrimeter, with

Sample taken (ml)

(me) (mg/1) the objective of recording the end point, has been
No. 1 20 6.80 41.44 2855 proposed. A mixed fluorescent indicator of fluorescein
2 20 6.80 41.44 2855 and umbelliferone is available for the differential
3 20 6.75 41.14 2835 titration of sodium carbonate-sodium hydroxide sys-
Mean : 41.3; 2848 tem, and/or sodium bicarbonate-sodium carbonate sys-
4 20m1+1g.10N Na,CO; 16.80 (41.4¢) 2855 tem. The titration curve with acid showed two mid

ml (6.80) ; . X
points. The first (at pH 7.7) and second mid point
Sample : Spring Kogaura, Wakayama Prefecture; ~ Na*: 1258, (at pH 4.6) were indicated by the decrease of blue
K* : 645, Ca?* : 65 Mg?* :20, CI-: 1007, SO,2- : 19, fluorescence based on umbelliferone, and of yellowish

H.Si0q : 122(wg/l); d=1.007; Temp. :77°C green fluorescence based on fluoresceine, respectively.

Similarly, a mixed fluorescent indicator of quinine
EFEOBAO—RII LHEHLHARL CCE® A&  bydrochloride and umbelliferone suited for the dif-

- LA . ferential titration of phosphoric acid-sodium dihydro-
FHRDRRIC L - o BELTHERERT S genphosphate system with sodium hydroxide standard
L' [y solution, and/or sodium phosphate-disodium hydro-
genphosphate system. with hydrochloric acid standard
1) ®E%EL: 21k, 59, 365 (1938). solution. Alkali-carbonate in hot spring water was
2) G. Kosheleva : Zavod. Lab., 21, 900 (1955). successfully titrated by this method.
3) A. Ok&é, J. Horak : Chem. Listy, 50, 1232 (Received June 9, 1980)
(1956) .
4) R. Chen : Analyt. Lett., 1, 423 (1968).
5; V. Temkina, G. Yaroshenko, R. Lastovskii: Keywordphrases
Zh. Anal. Khim., 22, 632 (1967). acid-bace titration by use of fluorescent indicators;
6) /JIRIEX: “FRib2E®m", p. 182 (1965), (MK differential method, acid-bace titration, fluorescent
&iE). indicator. :
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