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Spectroscopy and Spectral Analysis
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f#T 6 mL 6 mol+ L' fiy HCl 17583 3% DMG ik, A

A 2.2X10 % mol « L' i SE#i IR (TSC): 0. 200 4 g TSC
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F o oG R 4 BT s 9. 5258 K O ik IR OK .
1.2 AFi&

HER I — € 3k 40 pg » mL ' UREW TIRE P, A
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Fig. 1 RRS spectra of UR-DMG-PS system

(0, 2, 20, 100, 200, 400, 800, 1 200, 1 600, 2 000, 2 400, 2 800,
3 200 ng *» mL.™!) UR+0.75 mol « L' HCI40. 22 mmol « L= ! TSC
419. 35 mmol « L™! DMG +17.5 pg+» mL™! PS

2.2 BEZHMKMRILE
PS 7E 375 J 500 nm &b 43 514 — 1~ RRS %, b % RRS



3592

S 5 6 M

5540 &

W R, HAE 375 ) 500 nm b1 RRS {55 & i b7t
375 nm ALY RRS WA KA YR AER 5 H . 500 nm Ab3g g 5
DIK Z Ji] & A LR e it 55 8 . PS By Wi 06 i 3 7E 310 ~330
nm ZbZe Ay BEE MBI OR . WIS 5B W oK, K R AT
INELRE, ATRE S KA G,

RS G 7 Bl A AR S, T 2 oL BRSO B AR R
|, BT EAEHMBE T B C R RIES . WNE 2
M, RECIHHIKRERIE G, DU A5, Pk
%4 63 nm,
2.3 SR Es

X5 e DU A £ 350 Wk B SEAT RO . BRI, 4 HCL
WHE N 0.75 mol « L™', TSC ¥ ¥ E & 0. 22 mmol -+
L', DMG W B H 19. 35 mmol « L1, BEHE 2490 K
BERREE R 17.5 pg » mL ™' KR BE N 80 C . K I S W I
[8 4 20 min B, f&FR ATk, B, 5L ESHER R
[VRCZE LR
2.4 IiEM%

SRS R W TR R M TEMZ%. ¥ T UR-DMG-
PSIKR, fE—@EWE N, BiE UR MG K, KR Al
BB Wi K SRR W AE2. 0~3 200 ng » mL ' g [l 4 5 3k

REZHEMARBMHMAEBRER

Fig. 2 Scanning electron microscope image of PS
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Table 1 Comparison of analytical methods for detecting UR

W 7E J7 123 LRV 6 i BR R 275 3Lk
HAL Ak 0~40 mmol « L ! - J7EARAR Iy . (H R AR [11]
e 4~80 mmol « L' - J7 AR T, {H R BEAR [12]
SERS 8.25~825 nmol « 7! 4.92 nmol « ™! faj i, R A [13]
AN IE — 0.1 mmol « L7! IR, (HUEREAS [14]
A Y1 B - - T3 SRTAE  E g o X [15]
Plaik 0~10 mmol « L™} 0.072 mmol » L™} J7 AR T . (H R BB AR [16]
RRS-ET 2.0~3 200 ng * mL ! 2.0 ng+ mL™! J7 B R . RBUE Ak

2.5 FHEFHEN

SR T Ik % % T A BT E 2 000 ng - mL ' UR
MOl . 255K BT, 100 pg » mL ') Na', Zn*", 20 pg -
mL™' iy Mn*", Cr’", 10 pg » mL™ 'y SOi, NO; , Co’",
Fe'", 2 pg» mL™" Cr*7 Al Ca®™ RFHME. WHZ LA
BT R R .
2.6 FERWE

B NS B [RIBE AL BRI C Y = R BRI, 43 0 7 B
100 5 5 15 ZUAE G A A0 W, R 5 B 10 L A S A 8 VB3 IR SE
T o7 vk . HE Ay R 179.1, 282.3 I 466.3 pg ¢
mL " FRE, BEFOMAR F R R AE 94. 19 % ~96. 94 % Z ], RSD
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Determination of Trace Urea by Resonance Rayleigh Scattering-Energy
Transfer Spectroscopy Coupled With Polystyrene Nanoprobe and
Dimethylglyoxime Reaction
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Abstract Urea is the final product of amino acid metabolism and is widely used in agriculture as a nitrogen fertilizer. However,
when the concentration of urea accumulates to a certain value in the human body, it will cause certain damage to the organs of the
human body. Therefore, it is of great significance to establish a simple and sensitive method for urea detection. Resonance Ray-
leigh Scattering (RRS) is a molecular spectroscopy technique with simple operation, good sensitivity and low energy consump-
tion. It has been widely used in the fields of chemistry and life sciences. At present, the application of the resonance Rayleigh
scattering technique to the quantitative analysis of urea has also been reported, but there are still problems such as complicated
operation and low sensitivity. In this paper, a simple, rapid and sensitive resonant Rayleigh scattering-energy transfer (RRS-
ET) method is developed for the detection of trace urea (UR) in human urine. In the presence of HCI and the stabilizer thiosemi-
carbazone (TSC), dimethylglyoxime (DMG) can react with UR to form a stable red diazine derivative of 4 ,5-dimethyl-2-imidazo-
lidone (DIK). The RRS-ET phenomenon occurs between DIK as an energy acceptor and an energy donor polystyrene nanoprobe
(PS), which causes the RRS signal of the system to change. Within a certain range, as the UR concentration increases, the RRS
intensity at 500 nm decreases linearly. In order to achieve the best detection results, the factors affecting the system signal are
optimized. The results show that when the concentration of HCI solution is 0. 75 mol « ™', the concentration of TSC solution is
0.22 mmol » L', the concentration of DMG solution is 19. 35 mmol « L™", the concentration of PSis 17.5 pg » mL™', the tem-
perature of the water bath is 80 °C, and the bath time is 20 min, the system obtains the best detection effect. Under the optimal
conditions, the resonance Rayleigh scattering signal reduction value of the polystyrene nanoparticle system is linear with the UR

', At the same time, the effect of

concentration in the range of 2. 0~3 200 ng * mL ', and the detection limit is 2. 0 ng * mL
coexisting substances on the determination of 2 000 ng * mL ' UR is investigated. The results show that 100 yg + mL ' of Na* ,
Zn*", 20 pg e mL7' of Mn*", Cr'7, 10 pg » mL7™" of SOi™, NO;y , Co*™, Fe'™, 2 pg + mL™" Cr"" and Ca’" did not interfere
with UR determination. The results show that the method has good selectivity. Finally, the RRS-ET method is applied to the
determination of UR in the urine. The recovery of the spiked samples is 94. 19 % ~96. 94% , and the relative standard deviation
(RSD) is 4.20% ~6.35%. The test results are satisfactory. Based on this, a new method of resonance Rayleigh scattering-

energy transfer analysis of urea is established with simple operation and high sensitivity.
Keywords Polystyrene nanoparticles; Urea; Dimethylglyoxime; Resonance Rayleigh scattering; Energy transfer
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