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Polyacrylate-calcium (cerium) Nanocluster Fluorescent Probesfor
Quantitative Detection of I nor ganic Phosphorus
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(State Key Laboratory of Advanced Technology for Materials Synthesis and Processing, Wuhan University of Technology,
Wuhan 430070, China)

Abstract: Phosphorus is one of the important elements in the ecosystem and plays a vital role in the process of life
cycle. Inorganic phosphorus is a major form of phosphorus, usually in the form of phosphate ions. The rapid and
efficient quantitative detection of phosphate ions has always been a hot research direction in the fields of clinical
chemistry, pharmacology, biochemical analysis, industrial production and environmental pollution monitoring, but still
facing some challenges in accuracy and convenient in some special circumstances. In present work, PAA-Ca(Ce)
nanocluster fluorescent probes with good dispersibility and stability were synthesized by complexing with Ca>" and
Ce’* using polyacrylic acid (PAA) as complexing agent. The reaction product between the probe and the phosphate ion
was irradiated by 298 nm excitation light, and a linear graph was established based on the correlation between the peak
intensity at the emission peak of 352 nm and the phosphate ion concentration. The experimental results show that the
linear relation of the nanofluorescent probe with the (Ca®>*+Ce*") concentration of 37.575 mmol/L is y=1.09x+2.05, and
the reliability range of fluorescence intensity is 13.5-66.91 mmol/L. Compared with molybdenum-antimony resistance

spectrophotometry, this method has a higher recovery. The experimental results of inorganic phosphorus in rat serum
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verify the reliability of the method. The results above indicate that the fluorescence probe studied in this paper has

good quantitative detection performance of phosphate.

K ey wor ds: rare earth ion; fluorescent probe; inorganic phosphorus; detection
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Fig. 1

Morphology, size and structure of PAA-Ca(Ce) nanofluorescent probe

(a) Cryo-TEM images; (b) Particle size statistical distribution calculated from cryo-TEM images; (c) DLS particle size distribution; (d) FT-IR
spectra of the products of PAA-Ca(Ce) nanoprobes with PO, solutions at concentration of 0 (I), 10 (II) and 50 (III) mmol/L
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Fig. 2 Fluorescence stability of PAA-Ca(Ce) nanofluorescent probe for PO,*
(a) Fluorescence emission spectra of PAA-Ca(Ce) and PO, after reaction within 7 days; (b) Fluorescence emission spectra of the original
PAA-Ca(Ce) solution and the cold-dry redissolved solution reacting with PO,>; (c) Fluorescence emission spectra of PAA-Ca(Ce) solution reacting
with PO’ before and after filtration by $0.22 um membrane
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Fig. 3 Fluorescence emission spectra of the reaction products between PAA-Ca(Ce) fluorescent probes and PO,*” with different
concentrations of (Ca**+Ce*"), and corresponding linear relationship of PO,*~ concentration-fluorescence intensity
(a-c) Fluorescence emission spectra of PAA-Ca(Ce) probe and PO,*” with different concentrations excited at 298 nm excitation under the
conditions of (Ca**+Ce*") concentration of (a) 18.7875, (b) 35.575 and (c) 75.150 mmol/L, respectively; (d-f) Relationship curves and linear fitting
relationships between fluorescence peak intensity at 352 nm and PO,*>" concentration under the conditions of (Ca>*+Ce*") concentration of
(d) 18.7878, (e) 35.575 and (f) 75.150 mmol/L, respectively; Colorful figures are available on website
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Fig. 4 Relationship between PO,’” concentration and fluorescence intensity at low PO,* concentration
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of 35.575 mmol/L; (b-d) Relationship between the fluorescence peak intensity at 352 nm and the concentration of PO,*” with their
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Fig. 5 Influence of reaction time and temperature on fluorescence intensity
(a, b) Changes of fluorescence intensity detected at different time; (d, c) Changes of fluorescence intensity
detected at different temperatures; Colorful figures are available on website
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Table1l Recovery of PO,* detected by fluorescence probe (FP)

method in contrast to that by molybdenum-antimony
resistance spectrophotometry (M ARSP)

FP method MARSP

PO, added /

(mmol-L™") PO,* detected/ Recovery/ PO,* detected/ Recovery/
(mmol-L™") % (mmol-L™) %

10 9.633 96.326 9.096 90.962
20 20.611 103.056 18.694 93.472
30 28.856 96.186 26.634 88.780
40 40.009 100.022 37.719 94.299
50 48.634 97.269 47.779 95.559
60 60.304 100.507 55.134 91.891
70 68.462 97.802 66.391 94.844
80 79.159 98.949 75.191 93.989
90 87.964 97.737 87.080 96.755
100 100.526 100.526 94.505 94.505
110 110.024 100.022 99.928 90.844
120 116.614 97.178 115.249 96.041
130 131.590 101.223 122.934 94.564
140 139.348 99.534 125.775 89.839
150 145.318 96.879 140.961 93.974
160 161.331 100.832 156.500 97.813
170 171.033 100.608 164.876 96.986
180 176.630 98.128 170.588 94.771
190 191.582 100.832 178.270 93.826
200 198.966 99.483 196.275 98.138

Average

recovery 99.155+1.880 94.093+2.566

(mean+SD)/%

SD: Standard deviation

IR B, AR, &R AT I LA
Ji ik
25 PO 45 BTN

SR R AN (RIS I AR B8 (A L33 « KB 75 3R, PEA
RE T 9K e AR PO, I . 5 51
il 10 mL, ¥ 100 mmol/L fJ Na®s K™ Mg,
SO, . COs> v ClI'v CA JKIEWA 10%F I35 & A
IKIEW - B BRI BN E] 20 mL Ca(Ce)¥ &
4 37.575 mmol/L ] PAA-Ca(Ce)4N K 5% Y iR EH AW
W, F5r RO 30 min S I RE SRS )5 S R A T
i, PAA-Ca(Ce)KIRE KT PO I H B 21 )52
AT, TR H A LB A AL A R
B S 1 6 [ (B 7(a, d)). L, PAA-Ca(Ce)Zlk
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Influence of different chemical environmental factors on PAA-Ca(Ce) nano-fluorescent probes

(a, d) Fluorescence emission spectra of PAA-Ca(Ce) after reaction with various substances and comparison of fluorescence intensity at
352 nm emission peak, respectively; (b, e) Fluorescence emission spectra of PAA-Ca(Ce) reacting with PO, at different concentrations

of NaCl (0—100 mmol/L) and comparison of emission peak fluorescence intensity at 352 nm, respectively; (c, f) Fluorescence emission spectra
of PO,*" detected by PAA-Ca(Ce) under the conditions of PO,*" concentration at 10 and 50 mmol/L while medium composed by ammonia-
ammonium chloride buffer or ultra-pure water, and the fluorescence intensity comparison diagram of the emission peak at 352 nm; Colorful figures
are available on website

B XT PO, ELAT 5 v 10 5 S AR S 1 R R g, T
A RO I I3 R POL 1 B o [ B PSR AS [ 9 FEE £
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ZZi, B 10 mL PAA-Ca(Ce)dl K %% R4t 5
PO, RN F=40, 2 BN B _EaR o, it
FEXF K T FC IR A DU 1 BE 521 o AAEEL (b, ¢, e, ©)
Ha] LAE Y, NaCl &R & - R A% 22 b i 5
JSE 7= ) P 75 Sl 2 S Ve e i P 80 A ) S R o R,
5K i N FH B AT DA FH 2% A S A TR kAT TG ML B
ioa/I8
2.6 KERIMFELVER

T B 1% PAA-Ca(Ce) R ET1E SZ PRk
fn R R, R RIS AR AR T %, 4 A
FH AT T2 BT 3 92K ¢ S PR R A o A 3 7] 6 (o
BHIE 2 Y6 FE VR AT s EALBE RS I(E R 3 ),
HxFhgE R R E M E R . Wk 2 For, WA
TR K BRI T LB 7 Sk D &5 SR W B B 1 =
S, ] LN R 98 S BR AT 150 5 I i TE AL & =
g R A TS
2.7 TRHIRETER N T HEEVLIE 5

Kl 8 i PAA-Ca(Ce) 4l K 5% AR ET A il T AL AL

A, Ce® T 298 nm [ R IE A T M EE S CFs))
FWR A CD3) 1 AR R, R pH 9 ¢
TR Ce’™5 PAA MIHE i f1 s A IR 3L R A 4% &
KB, SERAS Ce’ ALK Tk 5] K
KRB I AE 298 nm TR GHR ST R S H R
FMES . YRR RIAEEF, PO 5 PAA %k
BTG coHE S, MR NS Ce’TE
T BT A AR AR, N Dsn B 2Dy O A48 SHRIT ) B
BRI, 1M *Dspn B *Fsp(h R F 352 nm Kk i)
A SR 18 ) (R, B NN PO VR B K,
352 nm Ab J 5 U R B 2R HE K

®2 XARMmFEH PO WAE
Table2 Determination of PO, in mouse serum

Sample FP method MARSP p value
1 2.648 2.552
2 2.375 2.451 0.9626
3 2.599 2.604
Average+SD 2.541+0.119 2.536+0.064

FP: Fluorescence probe; MARSP: Molybdenum-antimony resistance
spectrophotometry; SD: Standard deviation
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