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Abstract O A titration method was developed for the determination of
diphenhydramine, quinine, neostigmine, sparteine, strychnine, homa-
tropine, atropine, physostigmine, and procaine in aqueous solution.
Tetraphenylborate was used as a titrant with tetrabromophenolphthalein
ethyl ester as an indicator in the presence of organic solvent. End-point
detection was based on the color change of the indicator in the organic
phase without movement of the indicator from one phase to the other.

Keyphrases 0 Amine drugs—analysis, two-phase titration 0 One-phase
end-point change system—two-phase titration, amine drugs O Two-
phase titration-—amine drugs, one-phase end-point change system

Titration methods permit the convenient determination
of organic and inorganic ions without complex instru-
mentation. Solvent extraction techniques are also conve-
nient in the titration field. Two-phase titration (ion-pair
extraction—titration) using methylene blue was proposed
by Weatherburn (1) in 1950. However, with this two-phase
dye transfer titration method, it is generally difficult to
detect the end-point because a dye color in an aqueous
layer reflects to the organic layer (2). Subsequently, ad-
ditional reports (2-5) described two-phase dye transfer
procedures involving modifications of the methylene blue
method and substitutions of various dyes for methylene
blue.

Titration end-point detection, however, can be a prob-
lem with the two-phase titration method due to color re-
flectance between phases and differences in the color shade
or hue in the two phases. These problems occur because
the end-point detection in the two-phase titrations is based
on the transfer of the indicator dye from one phase to the
other, with end-points usually taken when color intensity
is judged to be equal between the two phases. The two-
phase titration has been applied only to the determination
of surfactants. Mohammed and Cantwell (6) recently de-
veloped a two-phase photometric titration method for the
determination of drugs and surfactants.

The present paper reports a new two-phase titration
method based on the change of indicator in only one phase
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without movement of the indicator from one phase to the
other. This one-phase end-point change system provided
the two-phase titration method for the determination of
amines in aqueous solution. Colorimetric and nonaqueous
titrimetric methods were used for the determination of
alkaloids or amines.

EXPERIMENTAL!

Reagents—The potassium salt of tetrabromophenolphthalein ethyl
ester, dissolved in ethanol to make a 0.1% solution, was used as the indi-
cator.

Buffer Solution—A borate-phosphate buffer was prepared by adding
2 N HpS04to a 0.2 M dibasic sodium phosphate solution containing 0.1
M sodium borate.

Titrant—Sodium tetraphenylborate (3.422 g), dried at 80°, was dis-
sclved in water and diluted to 1 liter to make a 0.01 M solution.

Amine Solution—Sample solutions of diphenhydramine, quinine,
neostigmine, sparteine, strychnine, atropine, physostigmine, and procaine
were prepared by dissolving their hydrochlorides, bromides, or sulfates
in 0.002 N HgSOy4. The solutions were standardized by the official method
(7).

Titration Procedure—The proposed titration methods with a one-
phase end-point change system are summarized in Table I. For example,
the determination of diphenhydramine was as follows: 1-10 ml of di-
phenhydramine solution (0.01 or 0.005 M), 5 ml of borate-phosphate
buffer (pH 5.5-7.5), 10 ml of ethylene dichloride, and 3-4 drops of indi-
cator solution were placed in a 300-ml erlenmeyer flask. The mixture was
titrated with 0.01 M tetraphenylborate solution with manual intermittent
shaking to ensure equilibrium between the organic solvent and the
aqueous phase.

The other amines or alkaloids in Table I were treated in the same
manner as described for diphenhydramine.

RESULTS AND DISCUSSION

End-Point Color—The one-phase end-point change system is based
on the hydrophobic indicator, which is able to react with ions in the
aqueous phase. The tetrabromophenolphthalein ethyl ester indicator
is a monoprotic acid and can form ion associates or charge transfer
complexes with amines or alkaloids (8). The initial mixture of the amines

1 All chemicals were reagent grade; Wako Pure Chemical Industries, Tokyo,
Japan.
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Table I—Two-Phase Titration with One-Phase End-Point Change System for Determination of Amines 2

Color Change in Organic

Amine pH in Aqueous Phase Organic Solvent Phase at End-Point
Diphenhydramine 5.5-7.5 Ethylene dichloride Violet — yellow
Quinine 4.5-8.0 Nitroethane Violet — yellow
Berberine 5.0-9.5 Chloroform Blue — yellow
Neostigmine 9.0-9.5 Ethylene dichloride Greenish blue — yellow
Sparteine 5.0-9.0 Ethylene dichloride Blue — yellow
Alkaloids® 5.5-8.5 Ethylene dichloride Reddish blue — greenish yellow

@ The indicator was tetrabromophenolphthalein ethyl ester, and the titrant was tetraphenylborate. ¥ Strychnine, homatropine, atropine, physostigmine, and pro-

caine.

or alkaloids in Table I, buffer solution, indicator, and organic solvent
yields a solution with a colorless aqueous layer and a blue or violet organic
phase. As the solution is titrated with tetraphenylborate, with thorough
shaking after each addition of titrant, the organic solution turns green
near the end-point. When 1 drop of excess is added, the organic phase
turns yellow, indicating the titration end-point. The upper aqueous layer
remains colorless throughout titration due to the water insolubility of
the tetrabromophenolphthalein ethyl ester indicator. Amines or alkaloids
cannot be determined by the two-phase dye transfer titration method
with methylene blue as an indicator because the end-point is not
clear.

Effect of pH on Titratién—The effect of pH was studied by titrating
a series of amines and alkaloids at various pH values. The titer was con-
stant when the pH of the aqueous phase was within the range shown in
Table I. When an amine (A) is titrated with a tetraphenylborate ion (B™)
solution, the [A-H*-B~] complex is formed in the organic layer. The
end-point of the titration with the proposed indicator (Ind) is described
by:

[A-H* - Ind~], + [B~]» + H* — [A-H* - B~], + [H-Ind],
violet or blue yellow
Scheme I

where o is the organic phase and w is the aqueous phase. The indicator
in the [A-H*.Ind~], complex is substituted by the titrant ion to liberate
the indicator in the nondissociated form.

The basic equilibria for the titration of diphenhydramine can be rep-
resented by:

D + B={DB]
Scheme Ila

D + Ind = [DInd]
Scheme IIb

where D is the diphenhydramine. (For simplicity, charges are omitted.)
The corresponding equilibrium constants are:

log K'

re i 1 2 ('S
5 6 7 8 9
pH

Figure 1—Log K'-pH diagram. Key: 1, log Kpg; and 2, log Kplng.

Kpe = [DB]/([D][B])
Scheme I1la

Kpind = [DInd}/([D]{Ind])
Scheme I1Ib

The effective stability constants (K’) at room temperature can be ob-
tained by determining [DB] and [DInd] in the organic phase using
spectroscopic absorption measurements at various pH values (9). A
simple log K’-pH diagram is given in Fig. 1 for the titration. Line 1 rep-
resents pD or —log[D] at two equivalents of tetraphenylborate where [B],,
= [BD],. Line 2 corresponds to the pD or ~log[D] values at which [DInd],
= [Ind},. From the log K’-pH diagram, a theoretical titration curve is
constructed for the 0.01 M tetraphenylborate titration of 10 ml of 0.01
M diphenhydramine at pH 6.5 (Fig. 2). The shaded areas indicate the
region of the color change of tetrabromophenolphthalein ethyl ester in-
dicator, with C corresponding to the point of 50% color change. A maxi-
mum color change is obtained by a minimum increment of titrant at this
point. The fractional color change from 0.1 to 0.9 covers ~2 pD units. The
theoretical titration curve at pH 6.5 was in good agreement with experi-
mental values.

Other Variables and Foreign Substances—Larger amounts of
buffer solution had no influence on titration, but amounts of <0.5 ml
caused problems in phase separation. Initial volume fluctuations of the
aqueous layer (5-25 ml) and the organic layer (7-15 ml) had no influence
on the determination of the titration end-point. The effect of water-
immiscible solvents on titration were tested: butyl acetate, benzene,
carbon tetrachloride, chlorobenzene, chloroform, ethylene dichloride,
n-hexane, isopentyl alcohol, methyl isobutyl ketone, nitrobenzene, ni-
troethane, and toluene. Of these solvents, the best ones for the titration
are summarized in Table L

The effect of several salts on the titration of 10 ml of 0.01 M di-
phenhydramine solution indicated that the following ions did not in-
terfere at the 0.01 M level: Nat, Ca2t, Mg2t, NH 4+, K+, NO;~, SO4%™,
CO32-, Br—, I-, Cl™, acetate, citrate, and tannate. Amines such as thi-
amine and papaverine caused positive errors. Lauryl sulfate and mercury
1L interfered.

Precision and Analysis of Practical Samples—The reproducibility
of the proposed method with 0.005 M titrant solution was estimated from
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Figure 2—Theoretical titration curve at pH 6.5; 10 ml of 0.01 M di-
phenhydramine is titrated with 0.01 M tetraphenylborate.
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the results of 10 sample solutions (5 ml), each with a sparteine concen-
tration of 0.005 M. The mean titer was 5.02 ml, with a standard deviation
of 0.05 ml. The relative error was ~2% when 5 ml of diphenhydramine
solution was titrated according to the procedure.

Commercial products containing diphenhydramine (injection, 10
mg/ml; tablet, 90 mg/g; and cintment, 10 mg/g) were analyzed according
to the proposed method and a spectrophotometric method (8). The re-
sults were 9.97, 91.0, and 9.90 mg of diphenhydramine/m! in the injection,
tablet, and ointment, respectively, by the proposed method and 9.95, 90.7,
and 9.87 mg/g, respectively, by the spectrophotometric method. Tablet
samples were dissolved in dilute sulfuric acid. The solution was filtered
with a glass filter. Ointment samples were dispersed with 15 m] of ether
in a separator. The contents were extracted three times with 10-ml por-
tions of 0.1 N Hy80,. The extracts were neutralized slightly with 0.1 N
NaOH solution.

REFERENCES

(1) A.S. Weatherburn, J. Am. Oil Chem. Soc., 28, 233 (1950).

(2) L. K. Wang and P. J. Panzardi, Anal. Chem., 47, 1472 (1975).

(3) M. E. Turney and D. W. Cannell, J. Am. Oil Chem. Soc., 42, 544
(1965).

(4) J.'T. Gross, Analyst, 90, 315 (1965).

(5) Y. Kasai, Y. Ueda, W. Yano, and W. Kimura, Nippon Kagaku
Kaishi, 1972, 2394.

(6) H. Y. Mohammed and F. F. Cantwell, Anal. Chem., 52, 553
(1980).

(7) “The Japanese Pharmacopoeia,” 9th ed., Hirokawa Publishing,
Tokyo, Japan, 1976.

(8) M. Tsubouchi, J. Pharm. Sci., 60,943 (1971).

(9) M. Tsubouchi, Bull. Chem. Soc. Jpn., 43, 3164 (1970).

Measurement of Pseudoephedrine Hydrochloride
Dissolution Using Chloride-Ion Electrode

S. T. CHEN, R. C. THOMPSON, and R. I. POUST *

Received October 24, 1980, from the Pharmaceutical Research and Development Laboratories, Burroughs Wellcome Co., Greenville, NC

27834 Accepted for publication April 17, 1981.

Abstract 0 Experiments were performed to determine the suitability
of using a chloride-ion electrode for the measurement of pseudoephedrine
hydrochloride dissolution from commercially available compressed
tablets. Dissolution experiments were carried out in 500 ml of distilled
water using the USP paddle method at 100 rpm. Both chloride ion and
pseudoephedrine (UV spectrophotometry) were measured at six different
sampling times. Percent dissolved versus time values were linearized on
a log-normal probability basis. The slopes of individual lines obtained
from the chloride and pseudoephedrine measurements were compared
using a Student ¢ test and did not differ significantly (¢t = 0.415, df = 5,
p > 0.05). In addition to providing an efficient, inexpensive, and simple
method for measuring pseudoephedrine hydrochloride dissolution rates,
the chloride-ion electrode could be used in the measurement of dissolu-
tion rates for a wide variety of drugs available as hydrochloride salts.

Keyphrases O Pseudoephedrine hydrochloride—measurement of dis-
solution using chloride-ion electrode O Chloride-ion electrode—mea-
surement of pseudoephedrine hydrochloride dissolution O Dissolu-
tion—pseudoephedrine hydrochloride, measurement using chloride-ion
electrode

There has been a significant increase in the use of dis-
solution rate testing for the development of new dosage
forms as a quality assurance tool and as a predictor of
bioavailability in instances where successful in vivo-in
vitro correlations have been established. Recent activity
has centered on the establishment of automated proce-
dures and the optimization of existing methodology with
emphasis on the USP rotating-basket and USP paddle
methods (1). One interesting aspect has been the auto-
mation of analytical measurements, mainly through the
use of flow-through cells in conjunction with various
spectrophotometers (2-7). Another analytical procedure
that lends itself to automation is the use of a specific ion
electrode to measure directly the drug’s counterion in the
dissolution flask.

BACKGROUND
A survey of the recent literature revealed limited use of selective ion

electrodes for measurement of tablet or capsule dissolution rates. Mason
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et al. (8) described the use of a sodium-ion selective electrode for the
measurement of dissolution rates of specially prepared sodium salicylate
tablets. They found agreement between sodium-ion concentrations
measured by the selective ion electrode and atomic absorption spectro-
photometry. Sodium-ion concentrations agreed with salicylate concen-
trations measured spectrophotometrically. The method was later ex-
tended (9) to measure dissolution rates of commercial tablets containing
warfarin sodium, butabarbital sodium, and sodium bicarbonate. Data
obtained by selective ion electrode and spectrophotometric measure-
ments were in agreement when both methods were utilized.

Thomas (10) used a potassium-ion specific electrode to study the re-
lease rate of potassium from several brands of slow-release potassium
chloride tablets. Other investigators (11), using similar methodology, also
studied the dissolution release pattern of sustained-release potassium
chioride tablets. This report presents the results of similar studies using
anion measurements; i.e., a chloride-ion electrode was used to measure
the dissolution rate of commercial pseudoephedrine hydrochloride tab-
lets.

EXPERIMENTAL

Materials—Pseudoephedrine hydrochloride tablets! (60 mg/tablet)
and pseudoephedrine hydrochloride? were used as received. An ionic
strength adjuster (5 M NaNQj3) was prepared by dissolving 42.5 g of so-
dium nitrate3 in 100 ml of distilled water.

Chloride-Ion Measurements—Chloride ions were detected by a
chloride-ion electrode* together with a double-junction electrode®. The
electrodes were connected to an analyzer®, which displayed direct milli-
volt readings of the measured potentials.

A calibration curve was constructed for pseudoephedrine hydrochlo-
ride. Standard solutions of 0.01-1.00 mg/ml were prepared. For each
standard solution, 100 ml of solution and 2 m) of ionic strength adjuster
were poured into a 150-ml glass beaker and thoroughly stirred. The
millivolt reading was recorded once the reading stabilized. These values
were then linearized by plotting them on a linear scale as a function of
the logarithm of the chloride concentration.

UV Spectrophotometric Measurements—A Beer’s law curve was
constructed for pseudoephedrine hydrochloride in distilled water. The

I Sudafed tablets, batches 71.2089 and 71.2087, Burroughs Wellcome Co., Re-
search Triangle Park, N.C.

2 Batch P5705-4G, Burroughs Wellcome Co., Research Triangle Park, N.C.

3 ACS reagent, Fisher Scientific, Pittsburgh, Pa.

4 Model 94-17A, Orion Research, Cambridge, Mass.

5 Model 90-02, Orion Research, Cambridge, Mass.

6 Microprocessor lonlyzer/901, Orion Research, Cambridge, Mass.
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