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Abstract A flow-injection chemiluminescence (CL)
method for the determination of pipemidic acid is de-
scribed. It is based on energy transfer from excited state
peroxynitrous acid to pipemidic acid, in which the ex-
cited state peroxynitrous acid is synthesized on-line by
the mixing of acid hydrogen peroxide with nitrite in a
flow system and the CL is from two excited states of
pipemidic acid. The proposed method allows the mea-
surement of pipemidic acid over the range of 2.0·10�7–
2.0·10�5 mol l�1 . The detection limit is 6.3·10�8
mol l�1, and the relative standard deviation for
2.0·10�6 mol l�1 pipemidic acid (n= 9) is 0.9%. This
method was evaluated by the analysis of pipemidic acid
in pharmaceutical preparations.
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Introduction

Pipemidic acid (Scheme 1) is an antibacterial agent used to
treat gram-negative urinary tract infections [1], but it also
severely damages DNA in the absence of an exogenous
metabolizing system [2]. Several analytical techniques
have been reported for the determination of pipemidic
acid, including titrimetry [3], spectrophotometry [4, 5],
fluorimetry [6, 7], HPLC [8], capillary electrophoresis [9,
10], electrochemical [11, 12] and chemiluminescence (CL)
methods [13–16]. Among theCLmethods, one is based on
the oxidation reaction between pipemidic acid and on-line

electrogenerated cobalt(III) [13]. Another is a sulfite-
based CL method, based on the sensitizing effect of pip-
emidic acid on the weak CL reaction between sulfite and
permanganate or bismuthate [14, 15], or based on the
sensitizing effect of the pipemidic acid-terbium(III) com-
plex on the weak CL reaction between sulfite and cer-
ium(IV) [16]. However, the use of a cobalt(III) or solid
bismuthate system requires a comparatively complicated
CL set-up [17], the cerium(IV) system consumes an
expensive reagent (terbium(III)), and the permanganate
system suffers from an overlap between the CL band and
the absorption band of permanganate [18]. A simple and
convenientmethod that can be used tomeasure pipemidic
acid with high sensitivity is not yet to be reported.

Peroxynitrous acids (ONOOH), including cis-
ONOOH, trans-ONOOH and excited state ONOOH
(ONOOH*), possess strong oxidizing and peroxidizing
abilities, and ONOOH* is also potent [19–23]. Peroxyni-
trous acids used as unstable reagents are conventionally
synthesized on-line by the mixing of acid hydrogen per-
oxide with nitrite in a flow system [24]. Therefore, per-
oxynitrous acids have potential applications in CL
analysis. However, to the best of our knowledge, reports
on their application in CL analysis are scarce [25–27].

In this work, we discuss the observation that intense
CL emission occurs when pipemidic acid is present in the
acidic hydrogen peroxide–nitrite CL system. The
mechanism of this intense CL is discussed in detail. A
rapid and sensitive FI-CL method for the determination
of pipemidic acid is then proposed, and this proposed
method is evaluated by analyzing pipemidic acid in
pharmaceutical preparations.

Experimental

Reagents

Pipemidic acid was of biochemical-reagent grade and
was purchased from the National Institute for the
Control of Pharmaceutical and Biological Products
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(Beijing, China). A stock standard solution of pipemidic
acid (1.00·10�3 mol l�1) was prepared by dissolving
0.0357 g of pipemidic acid in 0.01 mol l�1 sodium
hydroxide solution, and diluting to 100 ml with the same
sodium hydroxide solution. The standard working
solutions were prepared by diluting the stock solution
with water before they were used. Acidic hydrogen
peroxide solution (0.24 mol l�1) was prepared by
diluting 30% (v/v) hydrogen peroxide (Xi’an Chemical
Reagent Plant, Xi’an, China) with 0.04 mol l�1 sulfuric
acid solution and was standardized with standard
potassium permanganate. Other chemicals used were of
analytical reagent grade. Double-distilled water was
used throughout the experiments.

Apparatus

The flow injection manifold is shown in Fig. 1. An
IFFM-D CL analyzer (Xi’an Remax Electronic Science-
Tech Co. Ltd., China) was employed to deliver the
solutions and to measure CL emission. It consisted of
two peristaltic pumps, a six-way injection valve, a Y-
shaped mixing element (Y), a flow cell and a photo-
multiplier tube (PMT). All components were connected
with PTFE tubes (0.8 mm i.d.). A mixing coil (glass
tube, 100·1 mm i.d.) was used as flow cell and was
placed in front of the PMT (Model R105UH, Ham-
amatsu, Japan). Injection was made using a six-way
injection valve equipped with a 100 ll sample loop. The
CL signal was collected with the PMT and recorded with
a computer equipped with CL analysis system software
(Xi’an Remax Electronic Science-Tech Co. Ltd., China).

The PMT was operated at �900 V. The fluorescence
spectra were monitored using a RF-540 fluorescence
spectrometer (Shimadzu, Japan.).

Calibration procedure

By keeping the valve in the washing position, acidic
hydrogen peroxide and nitrite solutions were continu-
ously pumped into the manifold until the baseline was
established on the recorder. Then, 100 ll of the standard
working solutions or sample solution was injected into
the nitrite solution. The nitrite solution was merged with
a stream of acidic hydrogen peroxide in the Y-shaped
mixing element (Y) and this then reached the flow cell,
producing CL emission. The CL signal produced in the
flow cell was recorded. A calibration graph was con-
structed by plotting the CL intensity of the CL signal vs.
the concentration of pipemidic acid in the standard
working solutions.

Procedure for pipemidic acid

Pipemidic acid tablets (Xi’an Pharmaceutical Plant,
China), containing pipemidic acid, starch, dextrin and
glucose, were purchased from a local hospital. Ten
tablets of pipemidic acid were weighed and pulverized.
An accurately weighed amount of the powder equivalent
to about 35.7 mg (0.1 mmol) of pipemidic acid was
dissolved in 0.01 mol l�1 sodium hydroxide and diluted
to 100 ml with the sodium hydroxide solution. After
filtering, aliquots of the filtrate were further diluted with
water so that the final pipemidic acid concentration was
within the working range. The determination was per-
formed according the procedures mentioned above.

Procedure for CL spectrum and CL kinetic profiles

The CL spectrum was obtained via a set of interference
filters. The filters were set between the flow cell and PMT.
The flow injection method described above was used to
obtain the CL emission at different wavelength bands.

CL kinetic profiles were obtained using a batch
method. 5.0 ml acidic hydrogen peroxide was pipetted
into a reaction cell in front of the PMT. 5.0 ml of pip-
emidic acid solution, sodium nitrite-pipemidic acid
mixed solution or sodium nitrite solution was rapidly
injected into the reaction cell through a fill orifice using
an injector. The CL signal produced was recorded by the
flow injection CL analyzer.

Results and discussion

Characteristics of chemiluminescence

The experiments showed that mixing acidic hydrogen
peroxide with nitrite produced a weak CL (Fig. 2b).
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Fig. 1 Schematic diagram of the flow injection CL manifold used
for the determination of pipemidic acid: a sample solution, b
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Scheme 1 Structural formula of pipemidic acid
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This CL originated from excited state peroxynitrous acid
(ONOOH*) [28]. When pipemidic acid was added to the
weak CL system, the CL intensity increased greatly
(Fig. 2c).

In order to demonstrate the mechanism for the in-
tense CL, a series of experiments were performed. First,
mixing pipemidic acid solution with a strong oxidant
such as cerium(IV), permanganate and periodate instead
of peroxynitrous acid in sulfuric acid did not produce
any CL. Moreover, no CL was observed when pipemidic
acid was mixed solely with either hydrogen peroxide or
nitrite in sulfuric acid medium. These results indicated
that the intense CL did not result from oxidation of the
pipemidic acid by the on-line synthesized peroxynitrous
acid.

Second, the fluorescence and CL spectra were exam-
ined. When the fluorescence spectrum was recorded in
the range of 300–700 nm in pipemidic acid-sulfuric acid
solution, using an excitation wavelength at kmax, ex=
380 nm, only one fluorescence peak (kmax, em=450 nm)
was observed. The fluorescence peak was from pipemi-
dic acid in the ketone form (I) [29]. After hydrogen
peroxide or sodium nitrite was added separately into the
pipemidic acid–sulfuric acid solution, the fluorescence
spectrum and the peak intensity (kmax, em=450 nm)
hardly changed. Moreover, after adding a small amount
of sodium nitrite into pipemidic acid–hydrogen perox-
ide–sulfuric acid solution, the wavelength of the fluo-
rescence peak did not change while the peak intensity
(kmax, em=450 nm) decreased to a certain degree. This
decrease in the peak intensity indicated that the intense
CL was due to energy transfer from ONOOH* to pip-
emidic acid in the ketone form and it indicated that the
excited state pipemidic acid would isomerize to some
other form, such as the enol, in acid solution [29].
Moreover, CL spectra from acidic hydrogen peroxide–
nitrite solution in the absence and the presence of pip-
emidic acid were also recorded in the range 400–680 nm

using the flow-injection method. When pipemidic acid
was absent, no obvious CL spectrum was observed
(Fig. 3a). The reason was that the CL from ONOOH*

was too weak to penetrate the interference filters. The
CL spectrum in the presence of pipemidic acid showed
two peak bands, 420–490 and 490–575 nm (Fig. 3b).
The first band (420–490 nm) coincided with the fluo-
rescence spectrum of pipemidic acid in the ketone form
(I) (kmax, em=450 nm), obtained in this work via pip-
emidic acid–sulfuric acid solution. The second band
(490–575 nm) correlated with the CL spectrum of pip-
emidic acid in the enol form (II) (kmax, em=526 nm), as
the isomerization product of pipemidic acid in the
ketone form [29, 30].

Additionally, previous work has proved that pip-
emidic acid can easily accept energy transfers and it has
high fluorescence quantum efficiency in acid solution
[29]. When pipemidic acid was present in the sulfite-
based CL system, the energy from the excited state sul-
fide dioxide was transferred to the pipemidic acid, which
was responsible for the intense CL [14, 15]. The weak CL
resulted from ONOOH*. The intense CL from pipemidic
acid in the present work should be attributed to energy
being transferred from ONOOH* to pipemidic acid in
the ketone form (I), forming excited state pipemidic acid
in the ketone form (I*). Then, some of the excited state
pipemidic acid in ketone form isomerized further to
excited state pipemidic acid in enol form (II*). The in-
tense CL was the result of both excited state pipemidic
acids, I* and II*, falling back to their ground states. The
intense CL mechanism demonstrated in the present
work can therefore be summarized as follows:

Optimizing the experimental conditions

A series of experiments were conducted to establish the
optimum analytical conditions for the determination of
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Fig. 3 CL spectra of the pipemidic acid-sensitized CL reaction of
hydrogen peroxide and sodium nitrite (b) and the non-sensitized
CL reaction (a). Hydrogen peroxide, 0.24 mol l�1; sulfuric acid,
0.04 mol l�1; sodium nitrite, 0.20 mol l�1; pipemidic acid,
6.0·10�6 mol l�1
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Fig. 2 CL dynamic response curves for the CL reaction of
0.24 mol l�1 hydrogen peroxide in 0.04 mol l�1 sulfuric acid

solution with a 2.0·10�6 mol l�1 pipemidic acid, b 0.20 mol l�1

sodium nitrite, and c 0.20 mol l�1 sodium nitrite and
2.0·10�6 mol l�1 pipemidic acid in batch mode
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pipemidic acid. The parameters optimized included the
hydrogen peroxide medium, the hydrogen peroxide and
nitrite concentrations, as well as the flow rate for the
FIA system.

Selecting the acid medium in the hydrogen peroxide
solution

Because peroxynitrous acids do not form in alkaline or
neutral media [24], no CL was observed when nitrite–
pipemidic acid solution was mixed with hydrogen
peroxide in alkaline or neutral media. The intense CL
from the pipemidic acid–nitrite–hydrogen peroxide
solution was observed when inorganic acids such as
HCl, H2SO4, HNO3, H3PO4 and HClO4 were used as
the hydrogen peroxide medium. When sulfuric acid
was used, the intense CL signal reached its maximum
value, and the best reproducibility for monitoring
pipemidic acid was obtained. Thus, sulfuric acid was
selected for determining pipemidic acid in the pro-
posed CL system.

The effect of sulfuric acid concentration on the CL
intensity was examined in the range 0–0.30 mol l�1 sul-
furic acid. The maximum CL intensity was obtained
when the sulfuric acid concentration was 0.04 mol l�1.
Therefore, 0.04 mol l�1 sulfuric acid was chosen for the
experiments.

Effect of sodium nitrite concentration

The effect of sodium nitrite concentration on the CL
intensity was investigated in the range 0.04–0.40 mol l�1

sodium nitrite. The CL intensity rose with as the con-
centration of sodium nitrite increased from 0.04–
0.20 mol l�1, and reached its maximum value at
0.20 mol l�1. When the nitrite concentration topped
0.20 mol l�1 it caused the CL intensity to decrease. This
decrease results from the fast reaction of nitrite with
the hydroxyl radical Æ OH (rate constant k=1
·1010 mol�1 l s�1) that is the decomposition product of
trans-ONOOH [19, 31]. Therefore, 0.20 mol l�1 sodium
nitrite was chosen for the experiments.

-OH

(II)(II*)

(I)(I*)

(I*)

(I*)

N N

N

CH2CH3

HOOC

N NH

O

*

HNO3+

(II*)

(I)

+ hv

OH

NHN

HOOC

CH2CH3

N

NN
N N

N

CH2CH3

HOOC

N NH

OH

*

hv+

O

NHN

HOOC

CH2CH3

N

NN
N N

N

CH2CH3

HOOC

N NH

O

*

*

OH

NHN

HOOC

CH2CH3

N

NN

*

O

NHN

HOOC

CH2CH3

N

NNN N

N

CH2CH3

HOOC

N NH

O

+H

+ONOOH*

(450nm)

(526nm)

+

+

+

Scheme 2

921



Effect of hydrogen peroxide concentration

The effect of hydrogen peroxide concentration on the
CL intensity was investigated over the range 0.04–
0.40 mol l�1. The CL intensity increased as the con-
centration of hydrogen peroxide was increased from 0.04
to 0.24 mol l�1, and reached a maximum value at
0.24 mol l�1 hydrogen peroxide. Therefore, 0.24 mol l�1

hydrogen peroxide was chosen for the experiments.

Effect of flow rate

Pump P2 was used to deliver the nitrite and acidic
hydrogen peroxide solutions. As the distance between Y
and the flow cell was increased, the amount of perox-
ynitrous acid reaching the flow cell dropped because
peroxynitrous acid is a short-lived species (t1/2 �1 s) [32,
33]. The distance between Y and the flow cell was
therefore made to be as short as possible, and the flow
rate of pump P2 was increased in order to maximize the
amount of peroxynitrous acid reaching the flow cell. The
effect of the flow rate of pump P2 on the CL intensity
was examined in the range 1.4–6.3 ml min�1. The CL
signal increased sharply with increasing flow rate in the
range 1.4–3.4 ml min�1. When the flow rate was higher
than 3.4 ml min�1 the CL signal reached its maximum
value, and remained almost constant in the range 3.4–
4.9 ml min�1. When the flow rate was higher than
4.9 ml min�1, the precision of the CL signal dropped
significantly. It may be that a higher flow rate results in
irreproducible mixing of solutions at the Y-shaped
mixing element (Y) [34]. Thus a flow rate of
4.2 ml min�1 was chosen for the experiments.

Interference studies

The effects of common excipients used in pharmaceuti-
cal preparations, co-existing ions and other compounds
were studied by analyzing synthetic sample solutions
containing 2.0·10�6 mol l�1 pipemidic acid and various
amounts of each interfering species. The tolerable limit
for a foreign species was taken as the largest amount
yielding a relative error of less than 5% for the deter-
mination of pipemidic acid. The results from the inter-
ference study are shown in Table 1. The results show
that the proposed method has good selectivity; only ten-
fold amounts of Cu2+, Fe2+, Fe3+, Co2+ caused neg-
ative interference. This negative interference resulted
from the reaction of nitrite with hydroxyl radicals that
are produced from the reaction of hydrogen peroxide
with the ions mentioned above in acid solution [35].

Analytical characteristics

Under the experimental conditions selected, the linear
range was 2.0·10�7 to 2.0·10�5 mol l�1, and the limit of
detection (s/n=3) was 6.3·10�8 mol l�1 . The regression

equation was I=10.2+6.8·107C (where I is CL intensity
and C is pipemidic acid concentration; units are milli-
volts and mols per liter, respectively) with a correlation
coefficient of 0.9998 (n=11). The precision of the pro-
posed method was good, as indicated by a R.S.D. of
0.9% for nine replicate determinations of
2.0·10�6 mol l�1 pipemidic acid standard solution. The
sample measurement frequency was calculated to be
about 50 samples h�1.

Applications

The proposed method was applied to the determination
of pipemidic acid in tablets. The results, shown in Ta-
ble 2, agreed well with those obtained by the UV method
(Pharmacopoeia method) [36]. Recovery studies were
also carried out on each sample solution, to which
known amounts of pipemidic acid standard solution
were added. Each recovery was calculated by comparing
the results obtained before and after the addition. As
shown in Table 2, the recoveries were between 98 and
104%.

Conclusion

A flow-injection CL method has been proposed for the
determination of pipemidic acid based on energy trans-
fer from excited state peroxynitrous acid (ONOOH*) to
pipemidic acid. The proposed method is simpler and
more sensitive than those using cobalt(III) [13], per-
manganate and bismuthate [14, 15], and more conve-
nient and cheaper than that using cerium(IV) [16]. It
could be applied to determinations of and pharmaco-
kinetic research into pipemidic acid in biological samples
if it was used as the detector in CE or HPLC. In addi-

Table 1 Tolerable concentration ratios of some interfering species
with respect to 2.0·10�6 mol l�1 pipemidic acid

Substance Tolerable
concentration
ratio

Cations
Zn2+, Pb2+, Mg2+, K+, Na+, Ca2+, NH4

+ 1,000
Mn2+, Al3+, Cd2+, Ag+, Ni2+ 100
Cu2+, Fe2+, Fe3+, Co2+ 10
Anions
Cl�, SO4

2�, PO4
3�, NO3

�, Ac� 1,000
Vitamins
Thiamine hydrochloride (vitamin B1) 1,000
Ascorbic acid (vitamin C) 100
Folic acid (vitamin Bc), riboflavin (vitamin B2) 50
Amino acid
L-valine, L-serine, L-arginine, 1,000
L-threonine, L-cystine, L-glutamic acid 500
L-histidine, L-lysine, L-tyrosine 100
Others
Oxalic acid, starch, urea, uric acid, dextrin 1,000
Glucose, sucrose 100
Polyethylene glycol 6000, sodium lauryl sulfate 50
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tion, peroxynitrous acids with strong oxidizing and
peroxidizing abilities can be used to determine quino-
lines and isoquinolines too.
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Foundc

(·10�6 mol l�1)
Recovery
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Proposed
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Official
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1 250 256±3 254±2 0.80 0.83±0.02 104
4.00 4.03±0.04 101
8.00 8.16±0.11 102

2 250 249±2 248±2 0.80 0.79±0.02 99
4.00 4.07±0.03 102
8.00 7.81±0.14 98
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