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adverse effects on health. This research aims to develop a heavy metal ion detector by utilizing the 
fluorescence properties of carbon dots. Cdots were synthesized using the microwave irradiation method 
based on the central composite design: urea mass 0.31-3.68 gr; reactor power 200-1000 W; synthesis 
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diameter 6.6 nm, the bandgap of 2.53 eV, and having an amorphous structure. The surface of Cdots 
contains various functional groups such as 0-H, C-H, C=O, C-N, and C=C. In the heavy metal detection 
test, Cdots showed specific sensitivity to Fe3+ ions. The addition of Fe3+ concentration and the 
extinction of Cdots fluorescence intensity formed a linear correlation FO/F = 0.08894[Fe3+ ]+0.99391 (R2 
= 0.99276). The detection ability of Cdots for Fe3+ ions reaches a concentration of 0.016 ppm, much 
lower than the regulatory threshold limit of SNI, WHO, and IBWA. The detection of Fe3+ ions in drinking 
water uses a fluorescence technique consistent with the SSA and ICP-OES. Based on these results, the 
fluorescence technique using Cdots can be an instrument for quality control of the final drinking water 
product.© 2022 The Author(s). Published by IOP Publishing Ltd. 
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Abstract
Wehave investigated the collective electronic andmagnetic orderings of a series of La1−xSrxMnO3

thinfilms grown epitaxially strained to (001) oriented strontium titanate substrates as a function of
doping, x, for 0� x� 0.4.Wefind that the ground states of these crystalline thinfilms are, in general,
consistent with that observed in bulk crystals and thinfilm samples synthesized under amultitude of
techniques. Our systematic study, however, reveal subtle features in the temperature dependent
electronic transport andmagnetizationmeasurements, which presumably arise due to Jahn-Teller
type distortions in the lattice for particular doping levels. For the parent compound LaMnO3 (x= 0),
we report evidence of a strain-induced ferromagnetic ordering in contrast to the antiferromagnetic
ground state found in bulk crystals.

1. Introduction

Themixed valentmanganites are an interesting class ofmaterials due to their strongly correlated electronic and
magnetic orderings [1, 2]. In this study,we focus onLa1−xSrxMnO3 (LSMO) crystalline thinfilms grown in the
perovskiteABO3 crystal structurewhere theLa andSr atomsoccupy theA-site and theMnatomsoccupy theB-site.
Thedependenceof the electronic andmagnetic orderings ondoping givenby x, the ratio of [Sr]/([La]+[Sr]), has been
studied inbulk single crystals [3–6]. Furthermore, in bothbulk and thinfilm form the colossalmagnetoresistive
(CMR) effect in thismaterial around x= 0.3 dopinghas alsobeen studied extensively over thepast three decades
[1, 2, 7]. In thinfilm form, the studies aroundx= 0.3 dopinghave also includedprobing theuse of epitaxial strain
imparted by a substrate [8–10] and the synthesis of atomically ordered superlattice structures [11–13] to control and
manipulate themagnetic order.Herewe conduct a systematic studyprobing the electronic andmagnetic orderings in
a series of identically prepared thinfilms as a functionof doping, x.

In theparent compoundLaMnO3 (x= 0), the electron configurationofMn3+ is 3d4: t g2
3 eg

1 , anddue toordering
of the egorbitals, cooperative Jahn-Teller distortions arise [2]. By substituting someLa3+with Sr2+,Mn4+ is created
andholes are introduced in the egband corresponding to x, the amount of Sr content.At 0.17< x< 0.5 the resulting
materials are typically conducting ferromagnets [1, 2]: themobile eg electronsmediate a ferromagnetic interaction
betweenneighboringMn3+ andMn4+ sites,which is knownas thedouble exchange interaction.

LSMO films around x= 0.3 doping have also been explored for potential device applications likemagnetic
tunnel junctions and spin valves [14–16], given that the double exchange interaction suggests a nearly spin
polarized halfmetal [14, 15, 17]. Herewe systematically explore the doping dependence of correlated electronic
andmagnetic orderings in strained epitaxial thin films of La1−xSrxMnO3.

2. Experimental details

The samplesused in this studywere grownusing ozone-assistedMolecularBeamEpitaxy (MBE) [18]. By this
method, LSMOfilmswere grownonemolecular layer (ML) at a time,withdopings of x= 0.00, 0.04, 0.17, 0.20, 0.33
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Abstract
Aviscositymodel for shear thickening fluids (STFs) based on phenomenological theory is proposed.
Themodel considers three characteristic regions of the typicalmaterial properties of STFs: a shear
thinning region at low shear rates, followed by a sharp increase in viscosity above the critical shear rate,
and subsequently a significant failure region at high shear rates. The typical S-shaped characteristic of
the STF viscosity curve is represented using the logistic function, and suitable constraints are applied
to satisfy the continuity of the viscositymodel. Then, the Levenberg–Marquardt algorithm is
introduced tofit the constitutivemodel parameters based on experimental data. Verification against
experimental data shows that themodel can predict the viscosity behavior of STF systems composed
of differentmaterials with differentmass concentrations and temperatures. The proposed viscosity
model provides a calculation basis for the engineering applications of STFs (e.g., in increasing impact
resistance and reducing vibration).

1. Introduction

Granularmatter systems are complex systems that exist in nature and are encountered in everyday life. Research
on the rheology of granularmatter systems has long been of high scientific significance and industrial
application value (Waitukaitis and Jaeger 2012). A shear thickening fluid (STF), a type of granularmatter system,
is a concentrated particle suspension formed by dispersing nano- ormicroscale particles in a polarmedium.
Under appropriate shear conditions, the viscosity of an STF increases rapidly and significantly (typically by
several orders ofmagnitude)with increasing shear rate. This process is reversible; that is, when the stress is
removed, thefluid returns to its original state. Under a high-speed impact, an STFmay even change from a liquid
state to a solid state (Barnes 1989, Boersma et al 1990).

STFs arewidely used in the fields of personal protection, impact resistance, and structural vibration
reduction due to their unique nonlinearmechanical response and good energy absorption performance. Lee et al
(2003) studied STF–Kevlar composites and demonstrated that STF significantly enhances the ballistic
performance of fabrics. Gong et al (2013) studied the impact resistance of STF-treatedKevlar fibers and found
that STF significantly improves the impact resistance of Kevlarfibers. Park et al (2015) studied STF composite
fiber fabrics under high-speed impact through experiments and finite-elementmodels and showed that the
frictional behavior of the STF particles is themain energy absorptionmechanism. Fischer and colleagues
(Fischer et al 2006, Fischer et al 2010) have applied STF to sandwich beams and found that when the vibration
amplitude exceeds the critical vibration amplitude, the relativemotion of the sandwich beam causes the shear
thickening of the STF in the beam, thereby improving the structural damping performance. Zhang et al (2008a)
designed a single-bar STF damper, studied its dynamicmechanical properties, and showed that such a damper
can achieve dual control over stiffness and vibration damping under different frequency dynamic loading
conditions. Lin and colleagues (Lin et al 2018,Wei et al 2019, Lin et al 2020) have designed a full-scale STF
damper and experimentally examined its energy dissipation and dynamic properties; their damper exhibits both
viscous and frictional behavior, which substantially benefits vibration control under varying loads.

OPEN ACCESS

RECEIVED

11November 2021

REVISED

18December 2021

ACCEPTED FOR PUBLICATION

29December 2021

PUBLISHED

7 January 2022

Original content from this
workmay be used under
the terms of the Creative
CommonsAttribution 4.0
licence.

Any further distribution of
this workmustmaintain
attribution to the
author(s) and the title of
thework, journal citation
andDOI.

© 2022TheAuthor(s). Published by IOPPublishing Ltd

https://doi.org/10.1088/2053-1591/ac46e4
https://orcid.org/0000-0002-6331-8927
https://orcid.org/0000-0002-6331-8927
https://orcid.org/0000-0002-6624-8629
https://orcid.org/0000-0002-6624-8629
mailto:penghuayi@hit.edu.cn
https://crossmark.crossref.org/dialog/?doi=10.1088/2053-1591/ac46e4&domain=pdf&date_stamp=2022-01-07
https://crossmark.crossref.org/dialog/?doi=10.1088/2053-1591/ac46e4&domain=pdf&date_stamp=2022-01-07
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/licenses/by/4.0
Faiz
Highlight


	1. Introduction
	2. Experimental details
	3. Experimental results and discussion
	4. Conclusions
	Acknowledgments
	Data availability statement
	References
	1. Introduction
	2. Overview of available viscosity models
	3. Proposed viscosity model
	4. Validation of the proposed viscosity model
	4.1. Fitting capability for different material compositions
	4.2. Fitting capability for different mass concentrations
	4.3. Fitting capability for different temperatures

	5. Conclusions
	6. Acknowledgment
	Data availability statement
	References

