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DESCRIPTION CN117623388A

A method for pesticide residue degradation based on 3D molybdenum disulfide nanoflower

materials

— M ET 3D IR UHAREMEI B KTARZ TS 7

[0001]

Technical Field
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ARG

[n0001]

This invention belongs to the field of pesticide residue degradation, specifically relating to a
method for pesticide residue degradation based on 3D molybdenum disulfide nanoflower

materials.

INRAR T RARERAIE, BASR—METID ZHUIBAREM BB KTAZETS %o

[0003]

Background Technology

BRERA

[n0002]

The information disclosed in this background section is intended only to enhance
understanding of the overall background of the invention and is not necessarily to be
construed as an admission or in any way implying that such information constitutes prior art

known to those skilled in the art.
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DA ZEREABINERNXEEEMN A LB S AERAVERE, MABARA AN AR

AR IZE SR ELR A ST —MRRARA R AN AR R,

[n0003]

The safety of fruits, vegetables, and agricultural products is of paramount importance in my

country's food safety system.

RERFRNEBARSE, TRERRT2FTHEREEZERIMAL
The use of pesticides has become the main means of ensuring and stabilizing the production
of fruits and vegetables, but the problem of excessive pesticide residues caused by

unscientific use of pesticides is prominent.

RAWEAERNREFRTRTNEBEFE, BANFRANFENRNKABIREZR .
The high detection rate of neonicotinoid insecticides in fruits and vegetables seriously affects

human health and import/export trade.

MAEERBAEREFOEERS, TEXE 7 AKERNH#EOR S,
Pesticide residues on the surface of fruits and vegetables are the main reason for their

excessive pesticide residues. Due to the differences in the physicochemical properties of
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pesticides, the edible parts of fruits and vegetables, and the surface structure characteristics,
existing methods are difficult to meet the needs of pesticide residue removal in multiple

scenarios.

RERAKRGERBZERHRZAEBINEERE, BTRGYELFEER. RERAIMUAKRESEN

RFUEFNES, WEHEELUFRZ IR THRAERFER.

[n0004]

Tomato (Solanum lycopersicum L.)

F#h(Solanum lycopersicum L.)
It is a dual-purpose crop, used as both a vegetable and a fruit, rich in vitamin C, lycopene,

carotenoids, and flavonoids, and is widely cultivated and consumed.

B—MESHERC. BMAR. KPP MENLXERNREIOKRRBEY, & ZMEMNRA.
Because tomatoes are highly susceptible to pests and diseases during growth and storage,
pesticides are used extensively. Tomatoes are one of the three vegetables with the highest
pesticide detection rates. Tomatoes have a distinctive aroma and are a ready-to-eat

vegetable. About one-third of tomatoes are eaten fresh, which greatly increases the potential
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risk of exposure through dietary intake. In addition, the application of pesticides has been
shown to affect the aroma and quality of tomato fruits. Therefore, researching new, efficient,
safe, and widely applicable methods for degrading pesticide residues in fruits and vegetables

is of great significance for ensuring the safety of fruits and vegetables.

ATFEMEERNEFIRTRZRERRERR, BRARAEER, BMERANERES
W=KExXZ— BMEBRFENES, B—MEIREXR, 9502 —NENEHHERARN, X
AKEM T BSRBBANBREIBEN, L5, RAWERERIIANEMRENESRLER
o [k, HARER. T2 ERMBNRERAZERBENLE, NRERFRAREATEE

BEXo

[n0005]

In recent years, methods including washing, peeling, and blanching have been used to

remove pesticide residues from fruits and vegetables.

EFER, BEFR ER. BEKFERNGEZRATREFREGABNER.

Washing is the simplest and most economical method, suitable for both home and industrial-
scale food processing. Washing can also effectively prevent the waste of nutrients during fruit
peel processing. In addition, washing techniques including ozone, ultrasound, water

electrolysis, or chemical solutions (such as HO and chlorine compounds) have also been
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reported as effective methods for removing pesticide residues from food. The technology of
catalyst-activated persulfate degradation of pollutants has recently been applied to the
removal of pesticides in water. For example, patent CN113716671A discloses a method for
treating wastewater based on 1T phase nano molybdenum disulfide and the preparation
method of the 1T phase nano molybdenum disulfide. It utilizes 1T phase nano molybdenum
disulfide and persulfate to degrade neonicotinoid pesticides under low pH conditions.
Because of its demanding degradation conditions, it requires low pH (pH=1-3) to achieve a
high degradation effect on neonicotinoid pesticides, and the degradation rate can only reach
70% after 180 minutes. Therefore, it cannot be applied to the degradation of pesticide
residues in fruits and vegetables, and the effect of this treatment on the aroma and quality of

fruits and vegetables has not yet been studied.

Hep, AARREEMZLFNGZE, EATFTRENMTUENERINTERE, BhEEEIEER
RINT IR ETYRBIREE. I, SFERAE. BEK. B#KRFRR(IIH<sub>2<

/sub>0<sub>2</sub>MRAUEY) ERRVAFRAEEBEANEFRMPKRATZENENG E. &
SRS FRER EL P 5 FM UL RN A F K AR EGBIEER, ST FICNII371667TIARF T —
MEFITHRPK SR IRE KNI ERZ I TR ZMAsHNGIE A, EFBITHEZSK R
SEALI MER R (RpHR A PR TIRIRSE K, RHEMBERRASX, FEERpH(pH=1~3)TF
ZREXT TR R AT RS HIEEMR, 180minfEAERABEIARIT0%, TENARIRBRETLERE

fah, BN REESmRBIRMEE E KRR,
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[0008]

Summary of the Invention

RARE

[n0006]

To address the shortcomings of existing technologies, the purpose of this invention is to
provide a method for pesticide residue degradation based on 3D molybdenum disulfide
nanoflower materials. The 3D molybdenum disulfide nanoflower materials provided by this
invention can effectively activate persulfate, rapidly degrade pesticide residues on fruits and
vegetables in a short time without damaging the aroma and quality of the fruits and

vegetables.

AT BRAERANTE, FAANBRRRMH—IETIDMRCBNREM BB RIXIERTS X,
AR BRIRMAI3D IR SHAUR LM A BRI —IREREL, FERYEINIREFEFERG_ ERIRAZBR

EEZ%%%E’J%’E&&: Dlo

[n0007]

To achieve the above objectives, the technical solution of the present invention is as follows:
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ANTRBEREN, NEBIKARGRA:

[n0008]

In a first aspect, the present invention provides a method for preparing 3D molybdenum

disulfide nanoflower materials, comprising the following steps:

REPBNE—NHE, RE—MSDIRABEMREMEINGIES R, SFENMTEE:

[n0009]

(1) The molybdenum source and the sulfur source are mixed and dissolved in water to obtain

a mixed solution;

(1)RsHREMFRRE SRR E KD, RERSAR;

[n0010]

(2) The mixed solution was subjected to a hydrothermal reaction. After the hydrothermal
reaction was completed, the product was collected, washed and dried to obtain 3D

molybdenum disulfide nanoflower material.
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QFFREBAREITKARN, KARNERGWESY), FEATIE, S2I3DTHEAHREM

[n0011]

In some embodiments of the present invention, the molybdenum source is a molybdate,

including but not limited to sodium molybdate and ammonium molybdate.

TEARLKBAN—EREFR, FrdERAEERE, SEERRTIHERWM BRI,

[n0012]

In some embodiments of the present invention, the sulfur source is a sulfur-containing

compound, including thiourea and thioacetamide.

FEALBAN—EXMEGIS, FMAREASHRAEY), SERENRAIETL,

[n0013]

In some embodiments of the present invention, the molybdenum source is ammonium
heptamolybdate tetrahydrate, and the sulfur source is thiourea; the mass ratio of ammonium

heptamolybdate tetrahydrate to thiourea is 1-1.5:2-2.5, g:g.
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TEARLKBAN—ELEAFR, FrRERAMKECHEERER, iR, k& EHEERE SR

ﬁ%tlﬁﬁgl~l5' 2'\’25, g: go

[n0014]

Preferably, the mass ratio of ammonium heptamolybdate tetrahydrate to thiourea is 1.24:2.28

(g:8).

Ry, MWKkECHERRSMARNRELLN1.24: 2.28, g g

[n0015]

In some embodiments of the present invention, a molybdenum source and a sulfur source are

mixed and dissolved in water, and then stirred to obtain a mixed solution.

FEARBAN—ELEGS, KERNFRESEAEEKTR, B FEESAER.

The mixed solution is transferred to a hydrothermal reactor for hydrothermal reaction.

FREBARBRBEKAZEHR, HITKARRN,

27-12-2025 - Page 10



To avoid damage to the hydrothermal reactor from high temperatures, a hydrothermal

reactor with a polyphenol liner can be used.

ATBEERERITKAE, AIRARFEAFBIKAE,

[n0016]

In some embodiments of the present invention, the hydrothermal reaction is carried out at

190-210°C for 10-14 h.

EARLRRAN—ELMOIF, PRk RN RN FAFHN190~210°CTF RN 10~14h,

[n0017]

In some embodiments of the present invention, after the hydrothermal reaction is completed,

the product can be collected by centrifugation.

EARRRAN—LEXHEHPR, KARNERE, BIRABOHAUES~1,
The collected product can be washed several times with deionized water and ethanol, and

then dried.
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N FWERENY), AIRBESFKNZEEREOR, HETTER.

[n0018]

The present invention does not limit the drying method of the target product, as long as it can

achieve thorough drying.

A& PAX BAT IR FIR A XN HAHRHITIRE, IS SEIAIRTIREIR .

For example, vacuum drying can be used, drying overnight at 60°C.

tban, AIRAEZFIRASG I, E60°CHRHETHTIR,

[n0019]

In a second aspect, the present invention provides a 3D molybdenum disulfide nanoflower

material, which is prepared by the above-described preparation method,

FERPNE-ANLE, RE—MIDTHRAESKEMF, KA LERNHIEFEHSE;

[n0020]

The 3D molybdenum disulfide nanoflower material contains a 2H phase and a 1T phase.
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P& 3D ZHR L SRR MR P22 2HAEF 1 T4,

[n0021]

The 3D molybdenum disulfide nanoflower material provided by this invention has a unique
flower-like structure and exhibits a unique cornflower-like morphology. The unique flower-
like structure is beneficial for the exposure of active sites and improves mass transfer

efficiency.

NEPRRMASD ZIHRAIEMKEM R EEIRIGREREN, EMHINFNREREFRER, RIS
HNIEREWE R F AR RNEEHIRSE R,
Meanwhile, the 3D molybdenum disulfide nanoflower material provided by this invention

undergoes a transformation from the 2H phase to the 1T phase.

[ERY, AZBFRMRI3D ZIRILIBAREMEIRE T H2HAER1THEARRE,

[n0022]

A third aspect of the present invention provides an application of the above-mentioned 3D
molybdenum disulfide nanoflower material in conjunction with persulfate in the degradation

of pesticide residues.
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AEPNE=FE, RE—M_ERRI3D M UIEPREMEHDEE —RER BT R AR PRI

Fo

[n0023]

In some embodiments of the present invention, the application is to degrade pesticide

residues on fruits and vegetables.

TEARLRPAN—ELHGIF, PR RAREAERE LR,

[n0024]

Preferably, the fruits and vegetables include, but are not limited to, tomatoes.

iRy, FRARBEEERRTFHEM.

[n0025]

In some embodiments of the present invention, the application involves adding the above-
mentioned 3D molybdenum disulfide nanoflower material and persulfate to water containing

fruits and vegetables.
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TEAREBAR—LLLHEGITR, PMRN A AR EARM3D ZHAEAR M —RBREIMA S BT RE

BY7K A,

[n0026]

In some embodiments of the present invention, the pesticide residue is a neonicotinoid

pesticide, including but not limited to acetamiprid, imidacloprid, and thiamethoxam.

FEARBAN—ELEGIS, FrRREAFRRENRE, SFERRTRERK,. HRMAERE,

[n0027]

A fourth aspect of the present invention provides a method for pesticide residue degradation

based on 3D molybdenum disulfide nanoflower materials, comprising the following steps:

REPBNENNSE, RE—IETFIDMAHENREHENRIAERESZE, SFNTIR:

[n0028]

The above-mentioned 3D molybdenum disulfide nanoflower material was mixed with

persulfate and added to water containing fruits and vegetables.
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¥ ERR3D MRUHAREM BT —IREREES, MAESERBERIKF,

[n0029]

The pesticide residue degradation method provided by this invention is simple and

convenient to operate, and the pesticide residue degradation effect is very good.

NEPRRMNKILIE R ARG R, HE, BREARBIRIFRT.

Specifically, the method of the present invention can achieve rapid degradation of pesticide
residues using a small amount of 3D molybdenum disulfide nanoflower material and
persulfate. Within 15 minutes, the degradation rates of acetamiprid, imidacloprid and

thiamethoxam can reach 97.1%, 95.3% and 100%, respectively.

&R, R\ A UERERLDEIDTIRIBPREMENE —RERE R TR RIXAIR

HREERE, 1508, TERAK. It RIMAERRAPEAEERPEIT.1%. 95.3%F1100%:

[n0030]

In some embodiments of the present invention, the concentration of 3D molybdenum
disulfide nanoflower material in the water containing fruits and vegetables is 0.02-0.04 g/L,

and the concentration of persulfate is 0.7-0.9 mM.
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TEARLKBAN—ELEHF, FrdEEREGRKF, 3D THRILIEMREMEIRIRES0.02~0.04g/L,

R EERYARE 790.7~0.9mM,

[n0031]

In some embodiments of the present invention, the pesticide residue is a neonicotinoid

pesticide, including acetamiprid, imidacloprid, and thiamethoxam.

FEALBRARN—ELHEGIS, FrRREAMRRMENRE, SERRK, MRMAERER,

[n0032]

The beneficial effects of this invention are as follows:

RPN ETMRA:

[n0033]

This invention prepares 3D molybdenum disulfide nanoflower materials with a unique flower-
like structure through a simple hydrothermal reaction. The preparation method is simple and

efficient.
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7% B a5 SR A7k P e B B 1S B AR ISR EMB3D IR L AR EMEl, EFl&E AR S

To address the shortcomings of existing technologies, this invention constructs a fruit and
vegetable pesticide residue degradation technology applicable to various neonicotinoid
pesticides based on the prepared 3D molybdenum disulfide nanoflower material (MoS<sub>2<

/sub>-CF), and elucidates the degradation mechanism.

AT RRMERANRE, FELPETHIERFH3DZMILELAREME(MoS<sub>2</sub>-CF)
WE T ERTZMIERERRANRERIASEERA, HAPEENGEITER,

The results showed that MoS<sub>2</sub>-CF can effectively activate persulfate (PMS), and
its unique flower-like structure is conducive to the exposure of active sites and improves mass

transfer efficiency.

45 R|REA, MoS<sub>2</sub>-CFRIBZ A —MEREL(PMS), HMSHEREMBER FEMEAIS
NEEHIESE AR,
Within 15 minutes, the degradation rates of acetamiprid, imidacloprid, and thiamethoxam

residues in fruits and vegetables can reach 97.1%, 95.3%, and 100%, respectively.
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1553 s BN A SEIL R 74 BB E Rk, SR MAFNIE RIRFEAEZIEEI97.1%. 95.3%71100%:

At the same time, this treatment method effectively removes pesticide residues without
damaging the aromatic compounds in fresh fruits and vegetables, thus ensuring their flavor
and quality. It is a highly efficient and environmentally friendly new method for controlling

pesticide residues in fruits and vegetables, with broad application prospects.

EZOEANEERERZERAGNEN, FRIFHERESINSELESYEE, BIRTHE

RFHINKmB, B—MEM. WMRNRERAEZSHGE, BEI EANMARR.

[0037]

Attached Figure Description

P B35t R

[n0034]

The accompanying drawings, which form part of this invention, are used to provide a further
understanding of the invention. The illustrative embodiments of the invention and their
descriptions are used to explain the invention and do not constitute an improper limitation of

the invention.

27-12-2025 - Page 19



s % BRI — 23 3 RO BR B I E AR (3 A R BRRYE — D I2ME, AR PRSI SShEfI A H it PR

BT REREARE, H AR ELZBRARHERE,

[n0035]

Figure 1 shows the morphology of the material prepared in Example 1 of the present
invention, wherein a is a TEM image of bulk-MoS<sub>2</sub>, b is a TEM image of
MoS<sub>2</sub>-NS, c is an HRTEM image of MoS<sub>2</sub>-NS, d and e are TEM images

of MoS<sub>2</sub>-CF, and f is an HRTEM image of MoS<sub>2</sub>-CF.

E1 A7 & BRSChEfl 15 &AM R Bz SRE, HEA, a/sbulk-MoS<sub>2</sub>HTEMERS, bA
MoS<sub>2</sub>-NSHYTEME], c/IMoS<sub>2</sub>-NSHYHRTEME], dFle/gMoS<sub>2<

/sub>-CFESTEME], fAMoS<sub>2</sub>-CFRYHRTEME;

[n0036]

Figure 2 shows related images of MoS<sub>2</sub>-NS and MoS<sub>2</sub>-CF prepared in
Example 1 of the present invention, where a is the XRD spectrum, b is the XPS spectrum, c is

the high-resolution XPS spectrum of Mo 3d, and d is the high-resolution XPS spectrum of S2p.
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B2 97~ & Bt {5 1 5I5Z HIMoS<sub>2</sub>-NSFIMoS<sub>2</sub>-CFRtEXE K, HF, a

7IXRDIEE, bAXPSIEE, cAMo 3dEHIHXPSIEE, dAS2pEIHIXPSIEE;

[n0037]

Figure 3 is a data graph of the degradation of pesticide residues by MoS<sub>2</sub>-CF
prepared in Example 1 of the present invention, where a is the removal rate of three NEOs in

tomatoes and b is the concentration of residual NEOs in the corresponding treated water.

E3 A &AL HEf 1% &BIMoS<sub>2</sub>-CFRE R AR EHEE], EF, ah&EmMP=MNEOs

HERRE, bAXMAIEKFFHENEOSHIKRE ;

[n0038]

Figure 4 shows the effects of different consumables on the efficiency of degradation of (a)
acetamiprid, (b) imidacloprid and (c) thiamethoxam in the MoS<sub>2</sub>-CF/PMS system,
and (d) the corresponding reaction rate values; (e) EPR spectra of <sup>1</sup>0O<sub>2<

/sub>and (f) « OH/SO<sub>4</sub><sup> + -</sup>.

B4 A RELNEFEFFTMoS<sub>2</sub>-CF/PMS{A A [£fZ (a)ERAK, (b)ttRIMH](c)E R IRRIER R
e R (d)FERZ MY R B3R R E; (e)<sup>1</sup>0<sub>2</sub>F(f) -+ OH/SO<sub>4<

/sub><sup> + -</sup>BIEPRIZ &,
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[0043]

Detailed Implementation

= VN s

[n0039]

To enable those skilled in the art to better understand the technical solution of the present
invention, the technical solution of the present invention will be described in detail below

with reference to specific embodiments.

AT ERRMIARA GRS EIEEM T BELANRATL R, UHHEERERILEGF405% 8

RERHITRATT R,

[n0040]

Example 1

KRt 1

[n0041]
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Experimental Section

SRIGER 5D

[n0042]

1.1 Preparation of MoS<sub>2</sub> series materials

1.1MoS<sub>2</sub>&Ff1 ¥ H1&E

[n0043]

Accurately weigh 1.24 g of (NH<sub>4</sub>)<sub>6</sub>Mo<sub>7</sub>0<sub>24<
/sub> « 4H<sub>2</sub>0 and 2.28 g of thiourea, disperse them in 70 mL of deionized water,
stir at room temperature for 30 minutes, then transfer the solution to a 100 mL hydrothermal

reactor lined with polyphenol, and react at 200 °C for 12 hours.
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EFRERL.24g(NH<sub>4</sub>)<sub>6</sub>Mo<sub>7</sub>0<sub>24</sub> * 4H<sub>2<
/sub>0#12.28gfifk, HEXNFTOMLEE FKF, EEHHI0DHE, FAREBEI00OMLERERN
FHIKREFR, T200°CEHTRE12/MNES,

After the reaction, the product was collected by centrifugation, washed several times with

deionized water and ethanol, and dried overnight in a vacuum drying oven at 60°C.

RNE, BOWEFY, HBEBFKMIEFRIR, TETTFIEHERNC0° CHT IR,

The resulting material is labeled MoS<sub>2</sub>-CF.

FRri8#EIHRIE IMoS<sub>2</sub>-CF,

[n0044]

In addition, a liquid-phase exfoliation method was used to exfoliate commercially available
bulk MoS<sub>2</sub>(bulk-MoS<sub>2</sub>) to obtain two-dimensional molybdenum

disulfide nanosheets, which were labeled as MoS<sub>2</sub>-NS.

Iesh, REABERIEZE, FEEHRERIKMoS<sub>2</sub>(bulk-MoS<sub>2</sub>), K54

“HRASRAKE, IZMEHRIE IMoS<sub>2</sub>-NS,

[n0045]
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1.2 Degradation Experiment

1.2BAR5S%

[n0046]

The research subjects were neonicotinoid pesticides acetamiprid (ACE), imidacloprid (IMl),

and thiamethoxam (THI).

PRI RAFTIRIRSE R ZG (NEOS)BE SRR (ACE). Pt R (IMI)FOIERIR(THI)o
First, prepare 100 mL of a standard solution of three neonicotinoid pesticides with a

concentration of 1000 mg L<sup>-1</sup> using acetonitrile.

B4, BZREERRHEI100mLUKE H1000mg L<sup>-1</sup>BI = Fh#r B RATTE DKo
Then, the tomato fruit was coated with a standard solution and air-dried at room temperature

(addition level: 0.5 mg L<sup>-1</sup>).

RERIESIOR R BRR, T8 FRF(RMAFTH0.5mg Lsup>-1</sup>).
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Tomato samples were randomly collected after contamination, and the initial NEO residue

levels were tested.

BEA K& S RERIEMFm, KNFIIENEORE S,
Then, the same number of tomatoes were placed in a 5-liter stainless steel food container
containing 2 liters of water, with 0.03g L<sup>-1</sup>MoS<sub>2</sub>-CF and 0.8mM PMS

(these two concentrations are the concentrations in the aqueous solution) or both added.

befa, FHERMENELMBRNSARENE M, BesPEF2HK, HPIAN0.03g L<sup>-
1</sup>MoS<sub>2</sub>-CF. 0.8mM PMS(_ERFEKERKBRTHGRE)HHERME Zo

The processing time is set to 15 minutes.

S IEBS BN TE /9 15mino

A control experiment was conducted using pure water.

TEADFIK A TR,

Each process is repeated three times.
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[N0047]

1.3 Analytical Methods

1.39 A%

[n0048]

The improved QUEChERS method was used to quantify pesticide residues.

R ACUHQUEChERS HEEERAZ B E,

Weigh 10.0g of homogenized tomato fruit sample into a 50mL centrifuge tube.

#10.0g39 R B MR ELEFERIFEESOMLE OEH,

Add 10 mL of acetonitrile and vortex extract for 2 min.

MMALIOMLZHAE, hERiEE2min,

Then add 3g of NaCl and vortex for 2 minutes.
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AEIA3g NaCl, Biem257 .

After centrifugation at 3800 rpm for 5 minutes, 6 mL of supernatant was transferred to
commercially available dispersion solid phase extraction nanotubes (trade number 5982-
5256, Agilent Technologies), vortexed for 2 minutes, and then centrifuged at 10000 rpm for 2

minutes.

3800rpmE LS5 HfE, RFemL LERZEIEA D EREHEZEEKE (B mS5982-5256,
AgilentTechnologies)®, TE&253%H, 7A/510000rpmE /03253 5H,
Take 1 ml of supernatant, filter it through a 0.22 um nylon membrane, and transfer it to a vial

for further analysis.

B1ZH EFRI0.22umERIER, HiFBR I MLPEITRE D,

[n0049]

The concentration of the target pesticide was analyzed using ultra-high performance liquid

chromatography (UPLC, Waters) and orbital trap mass spectrometry (MS, SCIEX).

A BEEEMREEIE(UPLC,Waters) FlEIER BRI (MS,SCIEX) i B AR 5 HRE,
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Gradient elution was performed using an ACQUITY UPLC BEH C18 column (1.7 um, 2.1 mm X

100 mm, Waters).

SEAACQUITY UPLC BEH C18€&3%4E(1.7um,2.1mm X 100mm,Waters) i THE ko
The mobile phase was acetonitrile (A) and 0.1 vol% formic acid (B), and the flow rate was 0.35

mL min<sup>-1</sup>.

oA ZRE(A)F10.1vol%ERER(B), 7iE/90.35mL min<sup>-1</sup>,
The gradient elution procedure was as follows: 0 min 10% A; 1 min 10% A; 4.5 min 90% A; 5.5

min 90% A; 5.6 min 10% A; 6.5 min 10% A, with an injection volume of 2 pL.

MR ERR2YEU0T . Omin 10%A; 199%F, 10%A; 4.5min,90%A; 5.5min,90%A; 5.6min,10%
A; 6.5min,10%A, #iFEE2ul,

Detection is performed in MRM(+) mode.

BAMRM (+ )R TV 1742

The mass spectrometry ratios of the three neonicotinoid pesticides are shown in Table 1.
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= TR REGRIRIE L & 1o

[n0050]

Table 1. Molecular structures and mass spectrometry information of three neonicotinoid

pesticides

RI=ZMFRIAR R AN D FERMFIRER

[n0052]

Qualitative ion pairs

EMEEFR

[n0053]

2 Results

245

[n0054]

2.1 Characterization of Nanomaterials
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2. 1ERRMERAE

[n0055]

The microstructure of the obtained MoS<sub>2</sub> series materials was characterized by

scanning tunneling electron microscopy (TEM).

X AAEREE B F 2RER(TEM) RIEFTEMoS<sub>2</sub> R FIM kL BRI Hio
As shown in Figure 1, the commercially available bulk-MoS_NER34 material has a tightly
packed layered structure. After liquid phase exfoliation, the number of layers of the resulting

MoS<sub>2</sub>-NS is significantly reduced, and a large number of edges are exposed.

NELFRTR, EmftAYbulk-MoS<sub>2</sub>#1¥tA EEER I EEN, SIRIBRIBEME
MoS<sub>2</sub>-NSHE#EHE R, HBEKRENSEEE.
High-resolution transmission electron microscopy (HRTEM) characterization confirmed the

presence of the (100) crystal plane in MoS<sub>2</sub>-NS.

B YHEST S (HRTEM)RIEHIA T MoS<sub>2</sub>-NSH1(100) R EMITF{E.
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The MoS<sub>2</sub>-CF material exhibits a unique cornflower-like morphology, and HRTEM
further confirmed the 3D structure of the MoS<sub>2</sub>-CF material, with a significant

increase in interlayer spacing.

MoS<sub>2</sub>-CF#1# 2H HIRKFHIRER LR, HRTEMB#H—FIESS T 3DEHIAY

MoS<sub>2</sub>-CF#1#l, ZialEEREEZ M,

[n0056]

The XRD pattern shown in Figure 2a indicates that there are significant differences in the

crystal phases of MoS<sub>2</sub>-NS and MoS<sub>2</sub>-CF.

E2aFfREIXRDEEZRAE, MoS<sub>2</sub>-NSFIMoS<sub>2</sub>-CFHIRIBEEFEEEEER.

(002)

The typical peak of the (002) plane is located at 14.2°, indicating that the structure of

MoS<sub>2</sub>-NS is mainly composed of the 2H phase.

ERVHEBIE(IF14.2°, REAMoS<sub>2</sub>-NSHIZ5+4FEEH2HABLE K.
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However, the diffraction peak shifted to 9.0° and weakened in MoS<sub>2</sub>-NS,
indicating that the structure of MoS<sub>2</sub>-CF changed from the 2H phase to the 1T

phase and the interplanar spacing increased.

BIZ1THIEEMoS<sub>2</sub>-NSH#%E9.0° B32E L 55, WEAMoS<sub>2</sub>-CFRIZEHAM
2HHEE T N1TAE, BEEEEYT Ko
According to the Bragg equation, the interlayer spacing of MoS<sub>2</sub>-CF was

calculated to be 0.982 nm, which is consistent with the HRTEM measurement (Fig. 1f).

RiEBragg e, itHEHMoS<sub>2</sub>-CFRIG&E/ZEIEIFE0.982nm, SHRTEMBYUEE—K

(E1f)o

[n0057]

The chemical composition and surface state of the prepared MoS<sub>2</sub>samples were

investigated using XPS.

FAXPSEHRAR 7 HIEFIEHIMoS<sub>2</sub>F R L FE L 2 FIRERS
As shown in Figure 2b, the element type of MoS<sub>2</sub>-CF is the same as that of

MoS<sub>2</sub>-NS.
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WNER2bFTR, MoS<sub>2</sub>-CFHYTZEIEE 5MoS<sub>2</sub>-NSH8[E,
In addition, the main Mo 3d peaks of MoS<sub>2</sub>-NS include Mo 3d<sub>5/2</sub>

(229.70 eV) and Mo3d<sub>3/2</sub> (232.86 eV), corresponding to the 2H phase (Fig. 2c).

Itk , MoS<sub>2</sub>-NSHYFEEMo 3dIE & EMo 3d<sub>5/2</sub>(229.70eV)#
Mo3d<sub>3/2</sub>(232.86eV), X[F2H+B(E2c).

In contrast, MoS<sub>2</sub>-CF also contains Mo 3d<sub>5/2</sub> and Mo 3d<sub>3/2<
/sub> peaks of 1T phase MoS<sub>2</sub>, with binding energies of 228.93 eV and 232.12 eV,

respectively.

FBEEZ T, MoS<sub>2</sub>-CFHiZ & &E 1THEMoS<sub>2</sub>AIMo 3d<sub>5/2</sub>#
Mo 3d<sub>3/2</sub>l&, Z&aES51/9228.93eVA1232.12¢eV,

As can be seen from the S2p spectrum, the two characteristic peaks of MoS<sub>2</sub>-NS
at 162.53 and 163.69 eV can be attributed to the S2p<sub>3/2</sub> and 2p<sub>1/2</sub> of

2H-MoS<sub>2</sub>.

MS2pIEEIRILIFH, MoS<sub>2</sub>-NST£162.53F1163.69eVALBIF MFEIE BT LU E F2H-

MoS<sub>2</sub>JS2p<sub>3/2</sub>#2p<sub>1/2</sub>,
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Furthermore, the standard peaks in MoS<sub>2</sub>-CF with binding energies of 161.71 and
163.06 eV respectively should be attributed to 1T-MoS<sub>2</sub>, further confirming that
the MoS<sub>2</sub>-CF material has undergone a transformation from the 2H phase to the

1T phase.

o, MoS<sub>2</sub>-CFH4E &85 39161.71F1163.06eVAIFTEIE N YIE F1T-MoS<sub>2<

/sub>, H—FIEE T MoS<sub>2</sub>-CFi ¥l &4 T H2HBR1THEMFET,

[n0058]

2.2 Pesticide residue degradation efficiency

2 2R EF; BRI

[n0059]

Tomato fruit samples contaminated with pesticides were immersed in tap water or water

containing MoS<sub>2</sub>-CF/PMS.

R REGBRENBINREFmZNBFRIKEEEMoS<sub>2</sub>-CF/PMSHI7KH,

Each experiment was repeated three times.
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FHLKIIESE =R,
Before sample analysis, all tomatoes were rinsed under tap water for 10 seconds to simulate

the actual home tomato consumption process.

EERPIHE], PREBLMERE BRKTAELI0R, DUESIASEINREFME AT,
As shown in Figure 3a, in the control experiment, the removal rate of the three NEOs was only
7.8%-9.2%, indicating that only a very small amount of NEOs could be removed in a short

washing time.

WE3afrR, EXMRIAIEA, =FNEOSHIEFRENAT.8%-9.2%, i5BTEIRIERN AT BIA{XEE
BRIEE/DERINEOS,
The removal rates of ACE, IMI, and THI by immersion in tap water were 44.1%, 49.8%, and

46.9%, respectively.

BRIKREITACE. IMIFITHIRZERER D 517944.1%. 49.8%F0146.9%.
With the participation of MoS<sub>2</sub>-CF/PMS, the removal rates of ACE, IMl and THI in

tomatoes increased to 97.1%, 95.3% and 100%, respectively.
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MEMoS<sub>2</sub>-CF/PMSEIZ 5T, FEHMPACE. IMIFITHINEFRDFIREEI7.1%.
95.3%7#1100%,

As can be seen from Figure 3b, the concentrations of the three NEOs in the water are relatively
high, indicating that during the water soaking process, some of the residual NEOs were

transferred from the tomatoes to the treated water.

MEBbHFRILIEL, KR =MNEOSHIREERLLINE, WEAENKZEIRES, HOEBFNINEOSME
hnEE B E T A IEIK R,
In contrast, treating tomatoes with MoS<sub>2</sub>-CF/PMS can completely degrade

residual NEOs, thereby reducing the possibility of secondary pollution.

HBEEZF, AMoS<sub>2</sub>-CF/PMSAIEEAN, A LAMIRFEEAFEIAERINEOs, #HiMml —Ri5

ZLRYRTEEMES

[n0060]

2.3 Evaluation of Tomato Flavor Quality

2.3%H0 KR G B

27-12-2025 - Page 37



[n0061]

After treatment with MoS<sub>2</sub>-CF/PMS, the aroma components of tomatoes

remained unchanged in both quality and quantity (Table 2).

£2idMoS<sub>2</sub>-CF/PMSA3EfE, FEMKKRALDERENEHE LELENE(R2),
Furthermore, the odor components of the top 10 high odor activity values (OAV) were the
same as those of the untreated samples, and no new volatile off-odors were found in the
treated samples, indicating that the MoS<sub>2</sub>-CF/PMS treatment effectively removed

pesticide residues without negatively affecting the aroma characteristics of tomatoes.

te5h, BI10MESEKIEEE(CAV)N SRR 7 SARNEF AR, HBEELIEFmPSE RILHAE
KRR, RAMoS<sub>2</sub>-CF/PMSIMETEBRMERRATLZENREN, MEMEIIHERSE
TAER I,

Quantitative data on odorants showed that only 5 out of 24 odor components exhibited
significant changes in their OAV (odor efficacy). Among them, the contribution of 1-hexanol
decreased by 85.28%, while the aroma potency of phenylacetaldehyde, 2-phenylethanol, 3-
citral, and (E,E)-2,4-decaenoal increased by 50.87%, 44.94%, 34.68%, and 19.51%,

respectively.
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SKFNEEIREET, 24MRKH S P RESMHIIOAVALETEEZELK, HPL-CENGBATNET
85.28%, MAZEE. 2-KZEE. B-1TEEEH(E,E)-2,4-HHEBHNESK NS FILI T 50.87%.
44.94%. 34.68%7#119.51%,

However, quantitative descriptive analysis of the aroma extract showed that the decrease in 1-
hexanol OAV did not cause a significant change in the intensity of the tomato "fragrance". This
may be because (Z)-3-hexenal, hexanal and 1-pentene-3-1 mainly impart the tomato

fragrance.

A, ERRBYINEERARDHERET, 1-CEOAVHEEHEESIREEN B8 REMNHE
T, XAIRERHT(2)-3-2/FEE. SEML-E-3-1XTEW T 7HEMES.

Similarly, the increase of phenylacetaldehyde, 2-phenylethanol, B-citral and (E,E)-2,4-
dodecenal OAV did not significantly change the sweetness and floral aroma intensity of the

MoS<sub>2</sub>-CF/PMS treated samples.

B, KB, 2-KZE. B-1T&EER (E,E)-2,4-+ Z)IBEEOAVRVIE INH & B E&E{ZEMoS<sub>2<
/sub>-CF/PMS 124 mBYEHIA N e FRE
These results also demonstrate that there were no significant sensory differences between

untreated and MoS<sub>2</sub>-CF/PMS-treated tomato fruit samples.
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XLELE R AR T REZ M IEFIMoS<sub>2</sub>-CF/PMSAMEMN B INR L A2 B EBRENRE

& o

[n0062]

Table 2. Identification of aroma activation in tomato fruit homogenate based on DSE-SAFE-GC-

O/AEDA and OAV.

ZFR2ELFDSE-SAFE-GC-O/AEDARIOAVEE B R KSR HHNEEMLN

[n0065]

<sup>a</sup>ldentification of the compounds was performed by comparing theirmass
spectra(MS-El), retention indices(RI) on capillaries DB5 andDB-WAX, aswell as the odor quality

during sniffing with data of reference compounds.

<sup>a</sup=>Identification of the compounds was performed by comparingtheirmass spectra
(MS-El),retention indices(RI)on capillaries DB5 andDB-WAX,aswell as the odor quality during

sniffing with data ofreference compounds.

[n0066]

<sup>b</sup>0Odor-quality perceived at the sniffing-port.
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<sup>b</sup>0dor-quality perceived at the sniffing-port.

[n0067]

<sup>c</sup>Retention index.

<sup>c</sup>Retention index.

[n0068]

<sup>d</sup>Flavor dilution factor.

<sup>d</sup>Flavor dilution factor.

[n0069]

<sup>e</sup>0dor threshold in water(mg/kg)

<sup>e</sup>0dor threshold in water(mg/kg)

[n0070]
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<sup>f</sup>Concentration was calculated as the mean value of twodifferentworkups,and

expressed in ug/g tomato puree.

<sup>f</sup>Concentration was calculated as the mean value of twodifferentworkups,and
expressed in ug/g tomato puree.

RSD of all duplicateswereall<15%.

RSD of all duplicateswereall<15%.

[n0071]

<sup>g</sup>0dor activity value

<sup>g</sup>0dor activity value

[n0072]

<sup>*</sup>0dorants were only perceived during sniffing but has no MS signal

<sup>*</sup>0dorants were only perceived during sniffing but has no MS signal
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[n0073]

<sup>#</sup>0dorants showed significant difference in untreated and MoS<sub>2</sub>-CF

/PMStreated tomato samples.

<sup>#</sup>0dorants showed significant difference in untreated and MoS<sub>2</sub>-CF

/PMStreated tomato samples.

[n0074]

Category:AKET,aliphatic ketones;AALC,aliphatic alcohols;AALD,aliphatic aldehyde;SUL,

volatile sulfur compounds;NHCY,

Category:AKET,aliphatic ketones; AALC,aliphatic alcohols; AALD,aliphatic aldehyde; SUL,

volatile sulfur compounds; NHCY,

[n0075]

N-containing heterocyclics; TP, terpene and their derivatives; ARO, aromatics; EST, esters

N-containing heterocyclics; TP,terpene and their derivatives; ARO,aromatics; EST,esters
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[n0076]

2.4 Degradation Mechanism Research

2 ARERENHIRR

[n0077]

The active species (ROS) in the MoS<sub>2</sub>-CF/PMS system were identified by free

radical quenching experiments.

B BRERALLY, $£F TMoS<sub>2</sub>-CF/PMSIAZHBEMEYF(ROS),

Methanol (MeOH) is a consumable of + OH and SO<sub>4</sub><sup> * -</sup>.

FREZ(MeOH) )y « OHFISO<sub>4</sub><sup> * -</sup>HI;HFEF,
tert-butanol (TBA), p-benzoquinone (p-BQ), and furfuryl alcohol (FFA) were selected as
consumables for + OH, O<sub>2</sub><sup> * -</sup>, and <sup>1</sup>0<sub>2</sub>,

respectively.
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TR T BZ(TBA). XIZREE(p-BQ)FMREZ (FFA) 2 BU/EA « OH. O<sub>2</sub><sup> - -</sup>#l
<sup>1</sup>0<sub>2</sub>BI;HFEH,
As shown in Figures 4a-c, the contribution trends of each ROS to the degradation of the three

NEOs are the same.

NE4a-cFrR, BMROSKH =MNEOsSIEfFIITBAE TR,
Specifically, the addition of FFA almost completely prevented the degradation of the three

NEOs.

BRRW, FFARIIIN/LFESELMELLET =FNEOSHIFEAR,
Within 60 min, the degradation rates of ACE, IMI, and THI were 7.3%, 2.2%, and 1.7%,
respectively, indicating that NER860ONER87 plays a major role in the MOSNER88-CF/PMS

system.

60minAACE. IMIFITHIBIFRERR S 5)87.3%. 2.2%F01.7%, FEA<sup>1</sup>0<sub>2</sub>
7EMoS<sub>2</sub>-CF/PMSIA R = E(ER,

However, the quenching of O<sub>2</sub><sup> + -</sup> did not significantly inhibit all
three NEOs, indicating that O<sub>2</sub><sup> * -</sup> does not participate in the

degradation of NEOs.
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#AM, O<sub>2</sub><sup> + -</sup>MVEFERFH B XMFIB =MNEOs=E BZRNIMNFIER, XK
BHO<sub>2</sub><sup> * -</sup>A~£5NEOsHIFEAR,
After the addition of TBA, the degradation rates of ACE, IMl and THI decreased by 21.0%,

10.1% and 13.2% respectively within 60 min.

AIITBARS, 60minNACE. IMIFITHIRYREARZR 3 IFEMK T 21.0%. 10.1%F0113.2%.
Furthermore, when MeOH was added, the degradation rates of ACE, IMI, and THI decreased by

62.6%, 48.6%, and 58.0%, respectively, within 60 minutes.

5k, ZHARNMMeOHEY, 60minACE. IMIFITHIRIPEREZE 75 TF& 7 62.6%. 48.6%F158.0%:
The results confirmed that « OH and SO<sub>4</sub><sup> + -</sup> also participated in the

degradation reaction.

LERIFLT « OHFISO<sub>4</sub><sup> * -</sup>t1&5 7 [EiR /R K,
The order of contribution of the reacting species is: <sup>1</sup>0<sub>2</sub>>SO<sub>4<

/sub>NER98_> « OH>0O<sub>2</sub>NER100_ (Figure 4d).
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RN TEEIRFE S . <sup>1</sup>0<sub>2</sub>>SO<sub>4</sub><sup> * -<

/sup>> + OH>0<sub>2</sub><sup> - -</sup>(El4d),

In short, both the SO<sub>4</sub>NER102_and < OH-mediated radical pathways and the
<sup>1</sup>0<sub>2</sub>-mediated non-radical pathways contribute to the degradation

of the three NEOs.

BMsS2Z, SO<sub>4</sub><sup> * -</sup># + OHN BB HERFM<sup>1</sup>0<sub>2<

[sub>7T FHYIE B REGIZERA B T =MNEOSHIFEf#Z,

[n0078]

Electron paramagnetic resonance (EPR) spectroscopy analysis confirmed the presence of

NER1060ONER107 and SONER108NER109/ « OH in the MoS<sub>2</sub>-CF/PMS system.

83T B IR 3R IE (EPR) AT HARE T MoS<sub>2</sub>-CF/PMSIA R FRIFTE<sup>1<
/sup>0<sub>2</sub>#1SO<sub>4</sub><sup> + -</sup>/ *+ OH,
TEMP is a selective probe for <sup>1</sup>0<sub>2</sub>, and DMPO is a selective probe for

SO<sub>4</sub>NER113_/ + OH.
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TEMP@XI<sup>1</sup>0<sub>2</sub>%FE 4%, DMPOREIFSO<sub>4</sub><sup> + -<
/sup>/ « OHBER R

In Figures 4e-f, no signals belonging to DMPO-O-NER115_<sup> * -</sup>, DMPO- « OH, or
TEMP-<sup>1</sup>0<sub>2</sub> were observed in the absence of MoS<sub>2</sub>-CF

(Omin).

TB4e-fH, 7E%BEMoS<sub>2</sub>-CF(Omin)BIERT, ZBEMEEIEFDMPO-O<sub>4<
/sub><sup> ¢+ -</sup>. DMPO- « OHZ{TEMP-<sup>1</sup>0<sub>2</sub>fE S,
However, EPR signals can be detected in both the MoS<sub>2</sub>-CF/PMS/DMPO and

MoS<sub>2</sub>-CF/PMS/TEMP systems.

$AM, 7EMoS<sub>2</sub>-CF/PMS/DMPO{EFHHIMoS<sub>2</sub>-CF/PMS/TEMP{AZRFERA]
B MEIEPRIZS

After adding MoS<sub>2</sub>-CF, characteristic signals of TEMP-<sup>1</sup>0<sub>2<
/sub>(1:1:1), DMPO-SO<sub>4</sub>NER125_(6 peaks) and DMPO- « OH(1:2:2:1) were

observed.

AOAMoS<sub>2</sub>-CFfg, YERE|TEMP-<sup>1</sup>0O<sub>2</sub>(1:1:1). DMPO-

SO<sub>4</sub><sup> * -</sup>(6ME)FIDMPO- « OH(1:2:2:1)F4HEE S,
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Therefore, MoS<sub>2</sub>-CF can activate PMS to generate <sup>1</sup>0<sub>2</sub>,
SO<sub>4</sub>NER130_and -+ OH, which is consistent with the aforementioned results of

radical capture.

FHItk, MoS<sub>2</sub>-CFa] LUBIEPMSA A <sup>1</sup>0<sub>2</sub>. SO<sub>4<

/sub><sup> -« -</sup>#l - OH, X5HIREAHERBANER—F,

[n0079]

The above description is only a preferred embodiment of the present invention and is not
intended to limit the present invention. For those skilled in the art, the present invention can

have various modifications and variations.

VA EFRIR R s & BRI IESSfERIME, HABFRGIARLR, NFARGHBRAAGRRN, A
A UBEZMHERFE L,
Any modifications, equivalent substitutions, improvements, etc., made within the spirit and

principles of this invention shall be included within the scope of protection of this invention.

NERRAFEHNERNZA, FIERNERER. SRR, S, YNESESLBERNERIFSEE

ZWo

27-12-2025 - Page 49



	Patent Translate
	Notice
	DESCRIPTION CN117623388A
	[0001]
	[n0001]
	[0003]
	[n0002]
	[n0003]
	[n0004]
	[n0005]
	[0008]
	[n0006]
	[n0007]
	[n0008]
	[n0009]
	[n0010]
	[n0011]
	[n0012]
	[n0013]
	[n0014]
	[n0015]
	[n0016]
	[n0017]
	[n0018]
	[n0019]
	[n0020]
	[n0021]
	[n0022]
	[n0023]
	[n0024]
	[n0025]
	[n0026]
	[n0027]
	[n0028]
	[n0029]
	[n0030]
	[n0031]
	[n0032]
	[n0033]
	[0037]
	[n0034]
	[n0035]
	[n0036]
	[n0037]
	[n0038]
	[0043]
	[n0039]
	[n0040]
	[n0041]
	[n0042]
	[n0043]
	[n0044]
	[n0045]
	[n0046]
	[n0047]
	[n0048]
	[n0049]
	[n0050]
	[n0052]
	[n0053]
	[n0054]
	[n0055]
	[n0056]
	(002)
	[n0057]
	[n0058]
	[n0059]
	[n0060]
	[n0061]
	[n0062]
	[n0065]
	[n0066]
	[n0067]
	[n0068]
	[n0069]
	[n0070]
	[n0071]
	[n0072]
	[n0073]
	[n0074]
	[n0075]
	[n0076]
	[n0077]
	[n0078]
	[n0079]



