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Abstract

The organophosphates such as phorate, chlorpyrifos, malathion, etc are used to control weeds,
pests, insects, or mosquitoes. The use of various pesticides as fumigants to repel insects and
pests causes harm to the environment. The presence of various pesticides in the food chain as
residual amounts causes harm to human health. In addition, a large number of pesticides present
in effluent coming out of the pesticide industries go into the water bodies contaminating
drinking water. The detection and control of pesticides are of paramount importance for human
health and safety. Various traditional techniques are available for detecting pesticide
molecules, but these techniques require sophisticated instruments, a technical workforce, and
large capital investments. To overcome these issues, researchers have been trying to develop
sensors that may be more efficient for the on-site detection of pesticides. One of the major
components of the sensor is the sensing substrate for the selective detection of pesticide
residues. An in-depth understanding of the interaction of pesticides with suitable sensing
molecules is required to achieve such a kind of sensor substrate.

It is envisaged that a solution capable of changing its color on its interaction with
pesticides can be a good candidate for an onsite detection platform. The concentration of
pesticides in many real solutions is low, and the development of a platform containing a specific
functional group, which is capable of giving very good adsorption from the solution is of
paramount importance. We have used two broad methods- (i) silver nanoparticles based system
giving change in color and (i) molecularly imprinted polymers based substrate with a specific
interaction.

The literature lacks an in-depth understanding of the interaction of sulfur-containing
organophosphates in solution and on the surface with a suitable sensing molecule. Herein, the
interaction of three organophosphates, namely phorate, chlorpyrifos, and malathion containing
the P=S group with borohydride stabilized silver nanoparticles, was analyzed in solution. On
mixing the pesticides with uncapped nanoparticles, the chlorpyrifos and malathion do not show
a significant visual response, however, phorate shows a significant color change. The observed
colorimetric changes are corroborated with UV-visible absorption studies, changes in particle
size, and zeta potential. The silver and sulfur (Ag/S) complex is formed and the degradation of
phorate happens through S—CHz linkage. The orientations of phorate near silver nanoparticles

are discussed from the adsorption energy calculation using density functional theory.
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In a real sample, interfering substances like metal ions may interfere with this type of
interaction. The salts studied are sodium chloride (NaCl), potassium permanganate (KMnQj),
magnesium sulfate (MgSQas), nickel (1) nitrate hexahydrate (Ni(NOz)2.6H20), and trisodium
citrate (NasCsHs0Oy7). The effect of these salts on the interactions of pesticides with borohydride
stabilized silver nanoparticles are analyzed. Only oxidizing salts potassium permanganate and
nickel (I1) nitrate hexahydrate can affect the color of solutions. The oxidation/degradation of
pesticides happens in the presence of Ag nanoparticles only.

The substrate based on molecularly imprinted polymers with a specific functional group is
expected to give the required specificity and adsorption. To determine the best chemical
functionality, we have studied the adsorption of two organophosphates, phorate, and malathion,
on four different chemical functionalized surfaces. The four different functionalized surfaces
are obtained by modifying the silica surface with four different silane coupling agents, namely
n-propyltrimethoxy silane (PTMS), octyltrimethoxy silane (OTMS), 3- (trimethoxysilyl)
propyl methacrylate (TMSPMA) and 3- (triethoxysilyl) propionitrile (TESPN). A diffusion-
controlled kinetic model is developed with a surface phase concept. The model is fitted to the
real-time adsorption data of phorate, and malathion over various substrates obtained using
QCM-D. The results show that TMSPMA functionalized surface has uniform adsorption of
pesticides. The adsorption is explained through molecular interactions. A reasonably strong
binding with a possibility of reversible binding of phorate and malathion on TMSPMA
functionalized surface is observed.

Next, MIP is synthesized using the sol-gel technique using 3- (trimethoxysilyl) propyl
methacrylate (TMSPMA\) as a functional monomer. The well-characterized MIP was used for
detecting phorate and malathion in a silica-quartz crystal of QCM-D. The real-time adsorption
studies of pesticides on MIP surfaces show their significant binding with the respective
pesticide used as a template molecule. The specificity and repeatability experiments indicate
that the developed MIP is highly selective for the studied pesticides. The given study provides
insight into the underlying interaction capabilities of the given pesticides with the synthesized

substrate.

Vi
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TV

TTIHIRE S HRE, TR 3R HATUAM 311f¢ &1 SUIN WRUAAR, DI,
Dis T qRI DI AT I & o8 fovat ST g1 Dist 3R Pict B ge WA & oy
faftm PleTRe! & ITANT ¥ TaRT B JHIE gl ol T gaar § faftm
HICATRID! DI SARIE AR & U & IURYTT AT WA I JHH Ugard g1 9P
3], PIcARIS IR A Fder ardt ARy § Hivg Se! Wel | HIcARS Terd
DI GO B aTel ST § I O € | AT W 3R JRET & ol Pl o1
Tl ST 3R 391 U0 Gad He@yUl ¢ | BicRID SU[sll &1 udl T & fag
fafte URURS® debiich Sueie g, Wfcb1 g1 deb-iiebl b foIT URSpa IuBRUN, Th
dP-1p! BT 3R TS Goll a2 B STaaddl gidl &1 34 J&l ®l g &R & [7g,
MeHdl T AW [THRIT B DT DI B I € ol DICARID] & Wige W dl
T & o 31l Hd 8 Jobd &1 AR &S YW geh! § I U BlcIId a2
& IATHD UdT T & [T Totee dl I BT 8 | T RE P AR FoHce & U
B & foE Iugad Taa! SMULSHl o Y DICARID] DI dIddid DI TexTs o TH]
3D B |

g URGHT B 7T ¢ o Th THIYT St BICIRIG & W1 SO FTaaid UR S0 3T
&1 ST A T W& B, 3fi-arge fSeaRrm WewH & fog 31 InfleaR gl g&hdi g |
H3 ARAAD Gidl § PIeARID] Bt Figdl HH 81 6! §, [9RIF HAEG JHg ad
QIeWHIH &I [dmT, S °id ¥ S8 ST UG o+ & el §, a9k ¢ | g9 ol AIH
R BT 3T foraT 8- (i) Rieer A weg smemid Riew S 31§ 9gara Sar g
3R (ii) fafRry Setarm & Ty 3nuifae TU I 3ifdd UiferR 3nemikd gsace |

AT H 3R g W IuGad Haal U3l & 1 Yoz Jad 1 IhIehe i aradid
DI e I H IR BT UG gl 3 UBR, A SfAIhbe, 3pifd HiIke,
FARATZAEN, 3R AT o ff = T 99g g1 8, IRERSRs fRR =it &
ANBUN & 1Y, FETYH H faewor fam T o1| SieARID! B 91 g Al &
1Y e IR BRe 9§ Aeayul 29 URad fa@rdr 8 | 3@ 7 quifafa giad= gat-
TG SR 3T, U MHR A GRacd 3R SiteT &Hdr & 91 gfY o1 ot g |
RIeaR 3R JehR (Ag/S) PIIERT §1dT & MR HIRE BT &RUT S-CH2 fofdrol & A1eqd J
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BT g | TS & AIH 0N & U RS o UG IR Icd HTATD Riid BT ST
B TRIAT Solt AT § = o1 el |1 Ueh arRafades T | o1g a1 oY gxaay
B a1 U 3T UBR Fi Iadid H g8 B hd & | AIfSTH FIRES (NaCl),
I RIH AT (KMn0o4), BifRrm Iethe (Mgs04), fAdd (11) T3 sRTERge
(Ni(NO3)2.6H20), 3R TRHIfSTH WZeT (Na3C6H507) THE T T T ST
gl IRIBESRS RR A & AUl & Y IRER fhaT IR 37 A9UN & THG B
frzare T foram SIraT 8 | had St ur Aqur Ui Ry wRATHe 3R A (11) T13ee
SRR ST JHIYM & T B! YHIId IR Al § | PICATRID] BT HTRIBRON/ERUT had
Toft A1 0T Bt JuTRUfq A ST B

T ARy Srafdas Tg & Y SAUde ¥ 9 ¥ A 7Y UierR TR STURd Isice
T S(UfEr fARIEdT 3R WReHT & &1 3G & | HaraH T fhamRiterar o1 feRur
FRA & o, T IR S1e- 31T T fohaTeres Tde! WR & sTHhiehe, BiRe
3R AT & ARG T 3HeTT (a1 § | TR SHE-3HT] BB Adg] bl RIferdsT
g P IR SMH-T Rye T Toiel & a1y TN forar Srar 8, Siifd n-
propyltrimethoxy silane (PTMS), octyltrimethoxy silane (OTMS), 3- (trimethoxysilyl)
propyl methacrylate (TMSPMA) 3R 3- (triethoxysilyl) propionitrile (ﬂ%@ﬁ@l Uh
TR Ffd faS Aisd Ue dg TRUT YR & W1y fas R fosar mar g1 afkomy
gdid € & dunuadivae wafae gag # @leaRe! & e HH IR g
TMSPMA HATEHS Tdg IR HIRE 3R AR & Ufdad! a4 &) SHTEAT & i
TH B! Holgd S8 T11 SITdT ¢ | 9% alg, THATRY! ®f Uh SRS AFR &
0 H 3- (CrRHTiRfed) mued Adfede (SUATIHTHT) &1 IUTNT dxd Ad-
A dH-ide BT ITINT HRp ARG fhar Srar g1 FEA-81 & Rifdswr-ses
fhecd B BRe SR AATYA &1 U A & forg 3red! ave ¥ fafd wwaensdt &1
JUINT {1 7T AT | THSTEUT Hag] IR HIe-RID! & dRdidd 99T & Jia- b Heqa-
CIRIT U] &0 H IUANT [hT T aTel Haifdid BIcIRe & 1Y 390 Agayul ae=
&) agfa &1 fRRwdr ok gRrad-adr wan § G fireran @ b R wrersd
3T fHT T DR & AU srafie ga-Td® gl fear T sreqa =aifvd
geuce & 1Y fou MU et o) siafifea sia:ferar emanst # ue siaef® ueH
FRAT G|
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