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High throughput titration by feedback-based flow ratiometry
Hideji Tanaka

Faculty of Pharmaceutical Sciences, Tokushima University, Shomachi 1-78-1, Tokushima 770-8505, Japan

In this tutorial review, the principle of flow ratiometry and its application to flow titration are described. Throughput rate of the

titration is greatly increased by combining feedback-based control and fixed triangular wave control, where the scan rate and scan

range in the latter mode are respectively steeper and narrower than those in the former mode.

Unprecedented high throughput rate

(maximally 34 titrations per minute, corresponding to 1.76 second per titration) with reasonable precision (RSD < 0.5 %) has been

achieved by this approach.
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Fig. 1

A, acid solution; B, base solution containing acid-base

Flow system of feedback-based flow ratiometry

indicator; W, waste; P; and P,, peristaltic pump; C,
confluence point; D, spectrophotometer; FC, flow cell; PD,
photodiode; Amp, current amplifier; PC, laptop computer
with A/D-D/A converter; V., control voltage; V;, detector
output voltage. Fja, Fp and Fr are flow rates of acid, base

and mixed solutions, respectively.
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Fig. 2 Principle of feedback-based and subsequent fixed
triangular wave controlled flow ratiometry

V., control voltage; Vg and Vg’, control voltages that give the
equivalence composition at the confluence point; ¥y and V7,
maximum and minimum ¥ in feedback-based mode; V,, set
point (approximate V4 at the equivalence point); FB,
feedback-based control mode; Fxd, fixed triangular wave

control mode.
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Fig. 3 Titration curves of flow ratiometries
(A) Conventional flow ratiometry, (B) Fixed triangular wave
(C) Feedback-based flow

ratiometry, (D) Fixed triangular wave controlled flow

controlled flow ratiometry,

ratiometry following to feedback-based flow ratiometry.
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Fig. 4 Typical results for the titration of 0.1 mol dm™
HCI with 0.1 mol dm™ NaOH; Temporal profile of
control signal V7, detector output signal V4 and the slope
of Vy.
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Fig. 5 Typical results for the titration of 0.1 mol dm™
HCI with 0.1 mol dm™ NaOH; Titration curve.
The symbols of a - g correspond to those in Fig. 4.

— 104 —



Figure 5 1%, M5 vy Z2HlfEES ricL<7ey b
LT cHd 2 (FllE, 1~2V OfifZIERL TF#
ALTWw3), MFDa—fld, Fig. 4 DZNZFNDFFICHK
JEL T 2%, Figure 3D CEB XU D ITHEAWITRLAZHD
R EERBBE SN TV B 2 Ebo s (PHllo L —
37 4 — BNy ZHlH, Wl v — 723 = 1 i),
AETIERS RN ZE D IRV T v, 0 BR - TRER
ZEDIBETOT, ZDOIEBNAL AN—=Ty MUiZD kM
STWBEIEN, ZORNPLBEEIELENTES,

R, WG v, L Fp & OBIRE X ORTR Fr
DIEMEICRIETE, 2o b EERmINIGET T 5% 6
E, B IEREICET 5, L L, HESITICE Y
TIEZ2D &) BitEKIEZEHETH D, &L AMHRED
HivwE =z Mo OB E R T 2 B AThH 5, BE
JOEREDMEZ ZNZ N ny B XL WK ng, k% HHIEE (Fy
=iV £95%E, XOX (HOBERPEALT S,

np Cp (Fr—kVg)=ng Cgk Vg (D
X (H2EHETLE, XOX Q1 FoN5,

L _ kngCy i

Ve - n,C F; * E @

H Q&D, Ve DWEIE Cy DWED 5\ 1% Cy il %
ZEbhs, ZoOMFRED LIS, —HEEER, e
AMEHAR E T 52 T, MEMBEIRTE 2, RikefEL
DfEH 2\ IZFEFEDOHEIIGH L, > 0997 DEMREDE
57z, Ve DM 21X 0.5 %A TH - 72 [17],

5. &3

AT, 74 —FNy 7flfl7e—L 4> ax ) —
DFBFUCDO VBT L 72, TEIHEHLZ22b D TIEH 2
23, AHZEBHNUEBR L WiE Sk, FEEETEM
WEbELAELZITNIEFECTH S,

B, Bigmonizifles 2 L ez X DIk
KL 2 E50MF o s &9, & —IEAH o BER v
[19]DEAZBH L T2, [IEHEES &£ YR AET X
WINLRERMEEZ2RTOT, WIS 2 L TR
WHRESZRET 20, KJBHKEZORED 720 D]
EORERE, KRZER TS, ZOBHEIE, SEVFE,
JHFHRSLE LTAEL T2,

6. HEF

AT TR L 72 0H%0E, HARAMHRELZ 2005-2006 4
Bt E R @I (C) GREES 17590033)D il
2RTTbN, 78— A aX ) —oWfRiE, $E
MXEREEWAEIMFZER & LT 1999 4 6 H~2000 4 2 H
IZ Texas Tech University (Lubbock, Texas) “CfT - 7zflfZE0 %

BeTdhh, THE 727 Purnendu K. Dasgupta 7g4E (B
University of Texas at Arlington ##%) (R B w7 L £
¥,

AFHEOEZMD £ L7 J. Flow Inject. Anal #tE%
BEOEREM i a4 (RIRFIZKR) & & ORERE OBk
LR L RIF £,

Xk
[1] F.Szabadvary, ottfbof o fEsE, 55 8 &, NHEH,
HHL, 1988.

A.U. Ramsing, J. Ruzicka, E.H. Hansen, Anal. Chim. Acta,
129, 1 (1981).

J. Ruzicka, E.H. Hnasen, 7@ —A ¥ = 7 ¥ a Vb
%, ALARN, 5, 1983, pp. 95-101.

J.E. van Staden, H. du Plessis, Anal. Commun., 34, 147
(1977).

W.J. Blaedel, R.H. Laessig, Anal. Chem. 36, 1617 (1964).
W.J. Blaedel, R.H. Laessig, Anal. Chem. 37, 332 (1965).

J. Marcos, A. Rios, M. Valcarcel, Anal. Chim. Acta., 261,
489 and 495 (1992).

B. Fleet, A.Y.W. Ho, Anal. Chem., 46,9 (1974).

G. Nagy, K. Toth, E. Pungor, Anal. Chem., 47, 1460
(1975).

G. Nagy, Z.S. Fehér, K. Toth, E. Pungor, Anal. Chim.
Acta., 91, 87 and 97 (1977).

U. Spohn, G. Nagy, E. Pongor, 4nal. Sci., 2, 423 and 431
(1986).

A.D. Dakashev, V.T. Dimitrova, Analyst, 119, 1835
(1994).

M5, hEF =S, J. Flow Inject Anal., 21, 123 (2004).
H. Tanaka, P.K. Dasgupta, J. Huang, Anal. Chem., 72,
4713 (2000).

P K. Dasgupta, H. Tanaka, K.D. Jo, Anal. Chim. Acta, 435,
289 (2001).

H. Tanaka, T. Baba, Talanta, 67, 848 (2005).

H. Tanaka, T. Baba, 4Anal. Sci., 21, 615 (2005).

T. Aydan, M. Takeuchi, H. Tanaka, J. Flow Inject. Anal.,
26, 133 (2009).

T. Ogusu, K. Uchimoto, M. Takeuchi, H. Tanaka,
Talanta, 118, 123 (2014).

(2]

(3]

(4]

(5D AR, HARSEPESYMRIEEIRE - ohr by
HEEHE W, RO oty UlES, #5200,
pp. 106-107, HHFHIH, TNEEE, TR 2 L 72t
A ZN—"7"y MEE) DFBICKIFEZMEEITo DT
b5,

— 105 —



