Journal of Fluorescence
https://doi.org/10.1007/510895-024-03692-y

RESEARCH

®

Check for
updates

Synthesis and Application of 1,8-Naphthalimide Derivatives
Fluorescent Probe for Sequential Recognition of Cu** and H,PO,~

Shukui Pang' - Yanchao Yu' - Wenju Wu' - Mianyuan Wu? - Jun You' - Canyao Wu' - Panru Zu'

Received: 28 February 2024 / Accepted: 26 March 2024
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2024

Abstract

A naphthalimide Schiff base fluorescent probe (BSS) was designed and synthesized from 4-bromo-1,8-naphthalic anhy-
dride, and its structure was characterized by 'HNMR, '3CNMR, FTIR, and MS. Fluorescence emission spectra showed
that probe BSS could realize the “turn-off”” detection of Cu** in acetonitrile solution, detection process with strong speci-
ficity and excellent anti-interference of other metal ions. In the fluorescence titration experiments, fluorescence intensity
of BSS showed a good linear relationship with the Cu?* concentration (0—10 pmol/L), and the detection limit was up to
7.0x 1078 mol/L. Meanwhile, BSS and Cu** could form a 1:1 complex (BSS-Cu?*) during the reaction process. Under
the same detection conditions, complex BSS-Cu®** had specific fluorescence recovery properties for H,PO,~ and the
whole process was not only fast (6 s) but also free of interference from other anions, with a detection limit was as low
as 5.7x 1078 mol/L. In addition, complex BSS-Cu?* could be successfully applied to the detection of H,PO,™ in actual

water samples, which with excellent application prospects.
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Introduction

Copper is one of the essential trace elements for living
organisms and a redox-active nutrient required for life activ-
ities, playing an important role in many key physiological
and pathological processes. An imbalance of copper ion
levels in an organism or cell could lead to a variety of seri-
ous diseases such as cancer [1, 2], cardiovascular disease
[3], Alzheimer’s disease (AD) [4], obesity and diabetes [5,
6]. However, there are many reasons for the imbalance of
copper in organisms, among which environmental pollution
is an important factor. Due to the extensive use of copper
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in electric power and electroplating industries, release of
excess copper ions into environment has caused serious
environmental pollution [7, 8] and has entered the organisms
through food chain enrichment. Therefore, it is essential to
strengthen the monitoring of copper ions in environment to
eliminate the excessive intake of copper ions at the source.
Like copper ions, inorganic phosphates are an essen-
tial class of anions associated with life activities and play
important roles in genetic information storage, gene regu-
lation, and muscle contraction [9]. Dihydrogen phosphate
(H,PO,7) is one of the more important parts of it, which
not only plays an important role in signal transduction and
energy storage in living systems [10, 11], but also is in a
dominant equilibrium with other two basic anions (HPO,*~
and PO,’"), which plays a huge role in maintaining pH
stability in the body. However, the occurrence of some dis-
eases is related to the level of phosphorus in the body, such
as increased levels of phosphorus salts in the blood could
trigger hyperphosphatemia, which seriously affects human
health [12, 13]. In addition, the impact of phosphate on the
environment and ecology is also obvious to all, the eutro-
phication of water bodies caused by excessive phosphate
[14—17] brings many inconveniences to people’s production
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and life, therefore, the detection of phosphate ions is also an
aspect of environmental management focused on.

Common analytical methods such as chromatography,
spectrophotometry [18], enzyme biosensors [19], mass
spectrometry, ICP-AES, and electrochemical methods
[20-22] could be used for the detection of Cu** or H,PO,".
Although these methods could achieve selective and sensi-
tive detection of two ions, some of them are time-consum-
ing, complicated operation, require expensive equipment,
and these shortcomings limit the application of methods in
practice. Compared with the above methods, fluorescence
detection has been widely used to identify and detect vari-
ous ions in environmental systems because of the advan-
tages of easy operation, strong visualization, in vivo and
on-site detection, and low requirements for operators [23—
26]. Up to date, compared with the previous single-target
response fluorescent probes, single-molecule fluorescent
systems which could capable of simultanecous determina-
tion of multiple analytes have attracted more attention in
recent years because of their simplicity, low cost, and high
efficiency [27-31].

1,8-Naphthimide is one of the most commonly used
fluorophores in the synthesis of fluorescent probes. Its
derivatives not only have high quantum yield and good pho-
tostability but also are widely used in the field of fluorescent
probe preparation by adjusting the substituents attached to
the nitrogen atom of the 1,8-naphthoimide fragment and the
4,5 or 3,4 position of the naphthalene ring portion, which
results in good compatibility and high selectivity [32-35].
Therefore, in this paper, by introducing ethanolamine as an
electron-donating group at the 4-position of the naphthalene
ring, through the condensation reaction between nitrogen
atom of the 1,8-naphthoimide fragment and 5-bromosali-
cylaldehyde, a Schiff base fluorescent probe (BSS) was
designed and synthesized using naphthylimide as the fluo-
rescent group and hydroxyl, carbonyl, and imine groups as
the sites of action. Fluorescence of BSS was quenched upon
complexation with Cu®*; After continuing to add H,PO,",
due to its strong complexation with Cu®*, which could
be displaced to make the probe BSS in free state, and the

Scheme 1 Synthesis route of
probe BSS
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fluorescence was recovered again. The whole tandem detec-
tion process was very fast. As a result, probe BSS could
realize “ON-OFF-ON” specific fluorescence sequential rec-
ognition of Cu?* and H,PO,” under the same test condi-
tions. In addition, complex BSS-Cu?* could also be applied
to the qualitative and quantitative detection of H,PO,™ in
real water samples, which provided a new way to detect
H,PO,™ in the environment.

Experimental
Materials and Instruments

4-bromo-1,8-naphthalic anhydride, 5-bromosalicylalde-
hyde, ethanolamine, Anergy Chemical Reagent Company;
Hydrazine hydrate (80w%), Tianjin Damao Chemical
Reagent Factory; Reagents used in experiments were com-
mercially available in analytical purity; Water used in the
labs was secondary distilled water.

AV-300 MHz Nuclear Magnetic Resonance Spectrom-
eter, Bruker, Germany; F-4500 Fluorescence Spectrometer,
Hitachi High-Technologies, Japan; UV-2450 Ultraviolet
Spectrophotometer, Shimadzu, Japan; Nicolet 370 Fourier
Transform Infrared (FTIR) Spectrometer, Thermo Fisher
Scientific, USA; SolariX 70 FT Mass Spectrometer, Bruker,
Germany.

Synthesis and Structure Characterization of Probe
BSS

Synthesis route of probe BSS was displayed in Scheme 1.
In a 100 mL three-necked flask, a mixture of 4-bromo-1,
8-naphthalic anhydride (1.26 g, 4.5 mmol), 80w% hydra-
zine hydrate (0.34 g, 5.5 mmol), and anhydrous ethanol was
added, refluxed and stirred until the reaction was completed.
The progress of the reaction was tracked through thin-layer
chromatography (TLC). After the reaction solution was
cooled to room temperature, the precipitate was filtered and
washed with ethyl acetate to give 1.10 g of earthy yellow
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solid (Intermediate I) in 83.3% yield. 'H NMR (300 MHz,
DMSO-dy) 6 8.53 (dd, J=14.8, 7.7 Hz, 2 H), 8.31 (d,
J=79Hz, 1H), 8.19 (d, J=7.8 Hz, 1H), 7.97 (t, ]=7.9 Hz,
1H), 5.79 (s, 2 H) ppm, (Fig. S1).

In a 100 mL three-necked flask, Intermediate I (0.30 g,
1.03 mmol), ethanolamine (0.13 g, 2.16 mmol), and ethylene
glycol methyl ether 20 mL were added. Mixture was heated
and stirred until the reaction was completed. The progress
of the reaction was tracked through thin-layer chromatogra-
phy (TLC). After the reaction cooled to room temperature,
spin evaporated off most of the solvent and added a small
amount of water to dissolve. At this time the precipitation
of orange solid, filtration, drying, solid 0.17 g (Intermediate
1), yield 61.4%. "H NMR (300 MHz, DMSO- d,) § 8.71 (d,
J=7.6 Hz, 1H), 8.45 (d, J=6.4 Hz, 1H), 8.26 (d, J=8.5 Hz,
1H), 7.82 (t,J=5.7 Hz, 1H), 7.69 (t,J=6.0 Hz, 1H), 6.82 (d,
J=8.7 Hz, 1H), 5.73 (s, 2 H), 4.89 (t, ]=5.6 Hz, 1H), 3.69
(q,J=5.7Hz,2 H), 3.47 (q, J=6.0 Hz, 2 H) ppm, (Fig. S2).
3C NMR (75 MHz, DMSO-d,) § 160.65, 160.50, 151.65,
134.79, 131.03, 129.11, 128.38, 124.69, 121.79, 120.65,
107.37, 104.44, 59.24, 46.04 ppm, (Fig. S3). FTIR(KBr):
3329, 2923, 2853, 1686, 1632, 1589, 1449, 1396, 1370,
1260, 1242, 1130, 1066, 956, 893, 768, 582 cm™!, (Fig. S4).

In a 25 mL three-necked flask, Intermediate II (0.05 g,
0.185 mmol), 5-bromosalicylaldehyde (0.04 g, 0.20 mmol),
and anhydrous ethanol were added and refluxed. The prog-
ress of the reaction was tracked through thin-layer chro-
matography (TLC). After the reaction was completed and
cooled to room temperature, solid was precipitated and
dried to obtain yellow fluorescent probe BSS (0.065 g)
in 77.3% yield. '"H NMR (300 MHz, DMSO-d,) & 11.29
(s, 1H), 8.97 (s, 1H), 8.76 (d, J=7.7 Hz, 1H), 8.49 (d,
J=6.4 Hz, 1H), 8.30 (d, J=8.6 Hz, 1H), 7.98 (d, J=2.6 Hz,
1H), 7.89 (t, J=5.3 Hz, 1H), 7.73 (dd, J=8.3, 7.5 Hz, 1H),
7.61 (dd, J=8.8, 2.6 Hz, 1H), 7.00 (d, J=8.9 Hz, 1H),
6.87 (d, J=8.7 Hz, 1H), 4.91 (t, J=5.6 Hz, 1H), 3.72 (q,
J=5.7 Hz, 2 H), 3.50 (q, J=5.8 Hz, 2 H) ppm, (Fig. S5).
BCNMR (75 MHz, DMSO-d,): § 167.21, 161.12, 160.49,
158.28, 151.8, 136.55, 135.28, 131.89, 131.65, 129.51,
129.44, 124.83, 122.34, 120.69, 120.52, 119.63, 110.97,
107.56, 104.66, 59.26, 46.06 ppm, (Fig. S6). FTIR(KBr):
3439, 3389, 2922, 1676, 1647, 1619, 1586, 1475, 1357,
1276, 1154, 1079, 769 cm™', (Fig. S7). ESI-MS (m/z) cal-
culated [BSS + H]* = 454.0324, found 454.0404, (Fig. S8).

Spectroscopic Measurements

Solutions of 16 metal ions (Cu®*, Zn>*, Ag*, Ca’*, Cr’t,
K*, AP, Fe’*, Mg?*, Pb>*, Na*, Cs?*, Li*, Cd**, Hg?",
Bi?*) and 17 anions (SO,*~, S,0,*~, SO,*~, HSO,™, F~,
H,PO,~, HPO,*~, PO,’~, NO;~, Br™, I", HCO;~, CO;*",
Cl-, CH,COO™, Cr,0,>", P,0,*") were prepared at a

concentration of 10 mmol/L using secondary distilled water
as solvent. Probe BSS was dissolved in acetonitrile to for-
mulate master mix at a concentration of 10 mmol/L, and
prior to spectral measurement, master mix was diluted to 10
umol/L with acetonitrile solution. In the solution of BSS,
1.0 eq. Cu?* was added to obtain complex BSS-Cu** solu-
tion. All fluorescence tests were performed at room temper-
ature with A, =461 nm, A, =541 nm, and the slit widths
were all 5 nm.

Actual Water Samples Measurement

Actual water samples were taken from tap water and Son-
ghua River. Both samples were centrifuged at 12,000 r/min
for 10 min and filtered through 0.45 um membrane twice.
Then 4 umol/L, 8 umol/L, 12 umol/L, and 16 pmol/L
potassium dihydrogen phosphate solutions were prepared,
and spectral measurements were made under above test
conditions.

Results and Discussion
Selectivity of Probe BSS for Cu?*

Aqueous solutions of different metal ions were added to
probe BSS, and fluorescence spectra were measured under
461 nm, results as shown in Fig. 1a. As the addition of Cu®™,
fluorescence intensity of BSS was quenched almost com-
pletely, and under 365 nm, yellow-green fluorescence of the
probe was visible disappeared; Except for Mg?* and Zn?*,
which caused a slight decrease of fluorescence intensity,
other metal ions did not cause significant changes in the flu-
orescence intensity of probe BSS. In addition, UV spectra of
BSS with different metal ions were examined, as shown in
Fig. 1b. UV absorption peak of BSS appeared near 430 nm,
with addition of Cu?*, the peak was obviously red-shifted to
the vicinity of 465 nm, and the color could be seen changed
from light green to yellow, while other metal ions hardly
affected the UV spectrum. Changes of fluorescence and
UV spectral indicated that BSS could realize the specific
recognition of Cu®*, and the color changes also indicated
the method had advantages of good visualization and easy
operation compared with other detection methods.

Anti-Interference of Probe BSS for Cu?*

Recognition performance of probe BSS for Cu?* was inves-
tigated when different metal ions coexisted. As shown in
Fig. 2, when various interfering metal ions were present
in detection system, copper ions also could lead to a fluo-
rescence quenching effect, which indicated that BSS had a
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Fig. 1 (a) Fluorescence spectra of probe BSS (10 umol/L) interacted
with metal ions. Inset in a showed fluorescence change as addition of
Cu’* to BSS (10 pmol/L) under 365 nm. (b) UV spectrum of probe
BSS (10 umol/L) interacted with metal ions. Inset in b showed color
change as addition of Cu?* to BSS (10 pmol/L) under the sun lamp

well-developed immunity to interferences in the detection
of Cu*. The reason may be the hydroxyl, carbonyl oxygen,
and nitrogen atoms in BSS had a more stronger complex-
ation ability with Cu®*, which could generate the complex
BSS-Cu*" and lead to fluorescence quenching.

Sensitivity of Probe BSS for Cu?*

To further investigate the sensitivity of BSS for Cu?", fluo-
rescence titration experiments were performed. As shown in
Fig. 3a, fluorescence intensity of BSS at 541 nm gradually
decreased with gradual increase of Cu®** concentration, as
the concentration exceeded 12 pmol/L, fluorescence inten-
sity no longer changed. When the concentration of copper
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Fig. 2 Effect of coexisting metal ions on the recognition of Cu>* by
probe BSS (10 umol/L)

ions was in the range of 1~10 pmol/L, fluorescence inten-
sity showed a well-linear relationship with Cu®* concentra-
tion (Fig. 3b), the linear regression equation was obtained
as y=-464.85x +5925.59 with R?=0.996. Based on the for-
mula LOD = 3o/k (where ¢ is the standard deviation of fluo-
rescence intensity and k is the slope of the linear regression
equation), the detection limit of Cu?* was calculated to be
7.0x 10~% mol/L, which far below the maximum limit of 2
ppm (30 pmol/L) recommended by the World Health Orga-
nization (WHO) for copper in drinking water [36]. Com-
pared with other probe of Cu* [23, 27, 28, 31], probe BSS
had an advantage in the detection limit of copper ions, which
could realize trace detection of Cu?* with high sensitivity.

Action Mode of Probe BSS with Cu?*

In order to determine the ratio of probe to copper ions, a
Job’s plot curve was derived from data fitting as shown in
Fig. 4a. It could be seen that fluorescence intensity inflected
at a Cu®* molar fraction of about 0.51, which indicated that
the complexation ratio of BSS to Cu®* was 1:1. Complexes
BSS-Cu?" was prepared and analyzed by mass spectrometry
data, the result was shown in Fig. 4b. The [BSS + Cu?*+H]*
ion peak at m/z=>515.9025 in the figure agreed with the the-
oretical value of 515.9524, this data further demonstrated
that the probe acted in a 1:1 ratio with copper ions.

In addition, complex BSS-Cu?* IR spectra was measured
and compared with probe BSS, results were shown in Fig. 5.
In the spectra of probe, characteristic peaks of hydroxyl,
carbonyl and imine bond appeared at 3439,1676 and
1619 cm™! respectively; As complex formation, hydroxyl
peak disappeared, carbonyl and imine bond shifted to 1670
and 1603 cm™! respectively. These changes indicated that



Journal of Fluorescence

A

8000
=.. gynn ..'
Cé 7000 4 P [

Z 4000 .
g

E
“= 3000 "
¥

k=2
=
=
(=3
1

£ 2000 .

5000 4

1000 .

Fluores

o

4000 200 2 4 6 8 W 12 14 16
e[ [(pmolil.)

3000 - Opmol/L

2000 Cu’*

Fluorescence intensity (

1000 +

500 550 600 650 700
Wavelength (nm)

)
(=)
(=
>
>
1

y = -464.85x+5925.59
R?=0.996

7]
=
=
-
1

4000 -

3000

2000 -

Fluorescence intensity (a.u.

1000 ~

T T T T T

0 2 4 6 8 10
¢|Cu**|(umol\L)

Fig. 3 (a) Fluorescence spectra and titration curves (as Inset showed)
of probe BSS (10 pmol/L) at 541 nm with different Cu®* (0~15 uM)
concentrations. (b) Linearity between fluorescence intensity of probe
BSS and Cu®* (0-10 pM) concentration

hydroxyl, carbonyl, and imine bonds in the structure of BSS
had been involved in the complexation of copper ions.

Selectivity of Complex BSS-Cu®* for H,PO,

To a solution of complex BSS-Cu*, aqueous solution of
S0,>, $,0,>7, 80,27, HSO,~, F~, H,PO,~, HPO,*~, PO,*~,
NO;~, Br~, I, HCO;~, CO4>~, CI~, CH,COO0™, Cr,0,%",
P,0,*" was added separately, and fluorescence spectra were
determined sequentially. As shown in Fig. 6a, with addi-
tion of H,PO,™, the system showed an obvious fluorescence
recovery, and the recovery rate reached 98.4%, at the same
time, yellow-green fluorescence was restored under 365 nm.
Although there was a slight fluorescence enhancement by

HPO,>~ and 17, the effect was almost negligible compared
to fluorescence restoration by H,PO,~. Other than that, other
anions did not cause significant fluorescence changes. This
indicated that complex BSS-Cu?* had a good selectivity for
H,PO,". In addition, as shown in Fig. 6b, absorption peak
of complex BSS-Cu** appeared at 465 nm; As addition of
H,PO,", absorption peak was blue-shifted to 433 nm which
basically overlapped with the absorption peak of BSS and
the color changed back to light green, which indicated that
H,PO,™ could replace copper ions of BSS-Cu?* and make
BSS to be free. Other anions did not cause a shift in the
absorption peak, which suggested that the specific recog-
nition of H,PO,~ could be achieved by BSS-Cu** with a
naked eye.

Anti-Interference of Complex BSS-Cu** for H,PO,

Anti-interference properties of BSS-Cu®™ recognizing
H,PO," in the presence of coexisting anions were examined
and results were shown in Fig. 7. Even with the coexistence
of various anions, fluorescence intensity of system under-
goes significant enhancement with the addition of H,PO,",
and could be recovered to the vicinity of probe BSS, which
indicated that complex BSS-Cu?* had a very good anti-
interference property for the recognition of H,PO,".

Sensitivity of Complex BSS-Cu?* for H,PO,

Fluorescence titration experiments were performed to fur-
ther investigate the detection sensitivity of BSS-Cu”* to
H,PO,”. As shown in Fig. 8a, fluorescence intensity of
BSS-Cu?* at 541 nm gradually increased with the increas-
ing of H,PO,” concentration; As concentration exceeded
20 pmol/L, fluorescence intensity no longer changed.
Moreover, in the concentration range of 0~19 umol/L,
fluorescence intensity showed a good linear relationship
with H,PO,~ concentration (Fig. 8b), and a linear regres-
sion equation was fitted as y=308.57x+139.50 with
R%=0.993. Subsequently, the detection limit of H,PO,~ was
calculated to be 5.7x 1078 mol/L according to the formula
LOD=30/k, and compared with other probe [24, 29, 30],
complex BSS-Cu?* had advantage in the trace detection of
H,PO,~ with high sensitivity.

Recognition Mechanism between BSS-Cu?* and

In addition, Job’s plot curve (Fig. 9a) was derived from data
fitting, and it could be seen that molar fraction of H,PO,~
showed an inflection point at approximately 0.67, which
indicated a 1:2 ratio of the action between BSS-Cu®* and
H,PO,”. Reversibility experiments with alternate addition
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of Cu?* and H,PO,™ to the probe BSS solution were carried
out (Fig. 9b), which showed that fluorescence intensity of
BSS was not significantly attenuated for more than 5 cycles,
indicating the stable nature of BSS. The detection mecha-
nism that H,PO,~ could capture Cu** of complex BSS-Cu?**
to free BSS was also further verified. Based on experimental
data, the mechanism of probe BSS to recognize Cu** and
H,PO,™ continuously was hypothesized as shown in Fig. 10.

@ Springer

Effect of Time on Probe BSS

Finally, response time of probe BSS to Cu?* and BSS-Cu?*
to H,PO,~ were investigated respectively, the findings were
depicted in Fig. 11. Within 2 s of Cu®>* being added, the
probe’s fluorescence rapidly declined. As time elapsed, fluo-
rescence intensity reached a stable point at the 6th second
when the fluorescence of probe BSS was suppressed. Simi-
larly, fluorescence intensity reached its maximum at the 6th
s after addition of H,PO,” to complex BSS-Cu**, which
basically recovered to the same fluorescence intensity as
that of BSS. Probe BSS and complex BSS-Cu?* had shorter
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response time than other probes [23, 26, 27, 30, 31], which
providing the advantage of immediate response to Cu>* and
H,PO,".

Application of Probe BSS

Tap water and Songhua River water were selected to
investigate the performance of complex BSS-Cu?* for the
detection of H,PO,”. As shown in Table 1, the recover-
ies of H,PO,™ in actual water samples were in the range
of 99.00%~101.62% with the relative standard devia-
tions (RSD) of 0.17%~3.22%, which indicated that
complex BSS-Cu?" had good accuracy and stability for
H,PO, detection of in actual water samples.
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Fig. 6 (a) Fluorescence spectra of complex BSS-Cu?* (10 pumol/L)
with different anions. Inset in a showed fluorescence change of
BSS-Cu?* with H,PO,~ under 365 nm. (b) UV spectrum of complex
BSS-Cu?* (10 umol/L) with different anions. Inset in b showed color
change of BSS-Cu?* with H,PO,~ under the sun lamp

Conclusions

In this paper, a Schiff base fluorescent probe BSS, which
take naphthylimide as a fluorescent group and carbonyl,
hydroxyl, imine groups as recognition groups was designed
and synthesized. BSS could achieve “ON-OFF-ON” sequen-
tial fluorescence detection of Cu?* and H,PO," in acetoni-
trile solution, and detection process with advantages of short
time (6 s), good selectivity, strong immunity to interfer-
ence, large Stoke’s shift, and visualization. BSS had favor-
able sensitivity with detection limits as low as 7.0x 1078
mol/L and 5.7x 10~% mol/L for Cu** and H,PO,~ respec-
tively. Complex BSS-Cu** could realize H,PO,~ detection

@ Springer



Journal of Fluorescence

8000 —
; G000 Junn
7000 4 o
5 4000 .l-
6000 4 Ehad
£ 2000 -
5000 4 § 1000 ..'
S

4000 4 0 o lslgl’(hlrf(un-:;-L |)m 23]
3000 4 26pmol/L
2000 1 1,20,

Fluorescence intensity (a.u.)

. Opmol/L

500 550 600 650 700
Wavelength (nm)

=

6000

y =308.57x+139.50
R?=0.993

5000 4

-
-
3
~
=
Z 40001
&
.E 3000 4
]
Ll
g 2000-
»n
2
5 1000 -
=
=

0-

0 5 10 15 20
¢[H,PO, [/(umol/L)

Fig. 8 (a) Fluorescence spectra and titration curves (as Inset showed)
of BSS-Cu?* at different H,PO, concentrations (0-26 uM). (b) Lin-
ear relationship between fluorescence intensity at 541 nm and H,PO,~
concentration(0—-19 uM)
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Fig. 10 Possible mechanism for continuous recognition of Cu?* and
H,PO,™ by probe BSS
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H,PO,7)=10 pmol/L. (b) Reversibility experiments with alternate
addition of Cu** and H,PO, to probe BSS (10 umol/L)

in water with recoveries of 99.00%~101.62% and RSD of
0.17%~3.22%, which provide a new detection of H,PO,™ in
the environmental field.
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Table 1 Determination of H,PO,™ in actual water samples

Sample Added/(uM) Found/(pM) Recovery RSD/%
rate/% (n=3)
Songhua  4.00 3.99 99.75 3.22
River 8.00 8.13 101.62 0.17
water 12.00 11.88 99.00 0.55
16.00 15.98 99.88 1.35
Tap water 4.00 4.01 100.25 1.06
8.00 7.94 99.25 1.64
12.00 12.01 100.08 0.23
16.00 15.87 99.19 0.84
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