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MEMORANDUM OF UNDERSTANDING

This Memorandum of Understanding (hereinafter called the 'MOO') is entered into

DAY OF August - Two and Twenty-one (2021 hy and between

REVA University, Bangalore, 
FIRST PARTY represented herein by its

Chancellor, Dr. M Dhanamjaya (hereinafter referred as 'First party', the institution

expression, unless excluded by or repugnant to the subject or contextshall include its

office, administrators, and assigns).

AND

PWS HR Consulting, and represented hereinby its Zonal / Divisional Head, Pragnti Mishrg

(hereinafter referred to as "Second Party", company which expression, unless excluded by

repugnant to the subject or context shall include its successors -- in-office,

assigns).

(First Party and Second Party are hereinafter jointly referred to as 'Parties' and individually as

'Party') as

WHEREAS:

A) First Party & Second Party believe that collaboration and co-operation between themselves
will promote more effective use of each of their resources and provideeach of them with
enhanced opportunities.

B) The Parties intent to cooperate and focus their efforts on cooperation within areaof Skill
Based Training, Education and Research.

C) Both Parties, being legal entities in themselves desire to sign this MOU for advancing their
mutual interests.

NOW THEREFORE, IN CONSIDERATION OF THE MUTUAL PROMISES SET
FORTHIN THIS MOU, THE PARTIES HERE TO AGREE AS FOLLOWS:

CLAUSE 1
COOPERATION

1.1 Both Parties are united by common interests and objectives, and they shall establish channels
of communication and co-operation that will promote and advance their respective
operations within the Institution and its related wings. The Parties shall keep each Other
informed of potential opportunities and shall share all information that may be relevant to
secure additional opportunities for one another.

1.2 First Party and Second Party co-operation will facilitate effective of theintellectual capabilities of the faculty of First Party providing significant inputs to them indeveloping suitable teaching / training systems, keeping in mind the needs»f the industry,the Second Party.

1.3 The general terms of co-operation shall be governed by this MOU. The Putiescooperate with each other and shall, as promptly as is reasonably p-actical, enter into allrelevant agreements, deeds, and documents (the 'Definitive Documents') as may be requiredto give effect to the actions contemplated in terms of this MOU. The term of DefinitiveDocuments shall be mutualiy decided between the Parties. Along with the Definitive

Page 2 off
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MOU shall represent the enure understanding as to matter

tW.j supersede any understanding the Pantes on the subto:t matter

scope OF

budding graduates institutions could play a key role in technologteal um

Innes anon and of an tnduqry Both parues bclie«• close co-
be ot- malot benefit to the student communtt) enhance

,kdls and ledge

curriculum Design: Party give valuable Inputs to the First Party in teaching /

training mdhodology and suitably customize the curriculum so that the students fit Into the

Industrial scenario meaninvt ully

Industrial Training N' istts•. Industry and Institution interaction will give an insightin to

latest developments requirements of the industnes•, the Second Party to pennit the
and Students of i•trst Party to Visit its centre and involve in Industnal

Iraining Programs fot irst Pally, industnal training and exposure provided to
students and tacuity through association willbuild confidence and prepare the students

to has e a smooth transition from academic to working career. The Swond Party Will provide

NV orkshops ! Industrial Sites for the hands-on training of the learners enrolled with

V Itst Party.

Research and Development: Both parties hase agreed to cart) out the joint research
flies in the fields of - - Sustainable Development

2 S fSkill Development Programs: Second Party may train the students of First Party onthe
culet ging technologies in order to bndge the gap and make them industry ready.

2 6 Guest t.ectures•. Second Party to extend the necessary support to deliver guest lectures to
the sludents of the party on the technology trends and in house requirements.

Both Panics to obtain ail internal approvals, consents. permissions, and licensesof

xshatsoever nature required for offering Pvogramme on the tetms specified herein

niere is no financial commitment between the tm) parties. If there is any financial

consideration. will be dealt separately.

CLAUSE 3

INTV.I.V,ECTUAV. PROPERTY

I Nothing contained in this MO! By express grant, implication, Estoppet

'Create in eitbet Patty any right, interest, or licewse in or to the intellectual pcopctty

(including but not limned to know-how. patents, copy rights and designs) of the

other Ihrty.

V. 
Pasts on mutually



53

catend.u the

and NR Consulting shalț not, duttng the ot this

. Otler ttłetît ot engagetnęîît to anv the 

on the ot . 
shatl as a not any single

n . ot hetvundet pt•eelude any Othet

ans tĂ•nmlv. 
cułnul,îtłxe 

has 
to ił shall 

or pnvtlcgen rtghtq.
not eĂelustve ot any nghî.

all precedłng
null and sołd

It agreed that First Party and Second I%rty ace aettng undet 

contractors. and the relationship establishăl under MOI 

a partnetĂhip, Neitber Pało, authoriłed to use the oîhet 

the

ot

.

MOU
not
tn

t. repłesentations or et ente obltgattoo or Itabillly, ot
. 

ot the Othet Pało, , 'A ithout thept ssntten consent ot the 

Itselt ing. any authority under the 

ot any kind tn the nanłe et- or błnclłng upon the 
to extend cłvdlt on behalt ot• the othev Party

Ans ot ď tietvnee decised ťtojn the tntetpcetation ot 
be by arbitration beť,seetl the partics as per the 
the shalt be at I)łstrict I lead ot the r itĂt Putty.
construăl Indian I aw
Ițangalot•e.

10
AR f 

ľ.îtty Party
ot Mą to
, to the other

Second î%/ty

the Mot sbait
Âct_ jîl.îŔ• ot

h.

u.



54

Authori/ed Signatory

("or REVA

S t nisersity

ledge Park, Katugenahalti. Sil
Nagar, Bengaluru, Karnataka

Oso 4606 6966

Wm."ls:- dnanamjayaOa reva.edu in
eb https:;/reva edu.in!

ltness l:

ltness A.

Authorized Signatory
(For IIR Consulting)

l' S IIR Consulting

Plot no 429, Saheed Nagar, BBSR

8984523242
hr"" pwshrconsulting.in

.pwshrconsulting. in

Witness 2:

'itness 4



55



56



57



58



59



60



61



62



63



64



65



66



67



681 P. B. S



69
2 P. B. S



70

3 P. B. S



71

4 P. B. S



72



73



74



75



76



77



78



79



80



81



82



83



84



85



86



87



88



89



90



91



92



93



94



95



96



97



98



99



100



101



102



103



104



105



106



107



108



109



110



111



112



113



114



115



116



117



118



119



120



121



122



123



124



125



126



127

INDIA NON JUDICIAL

Government otKarnataka

e-Stamp

artificate No. IN-KA64144573299801U

edificate Issued Date t 1-Mar-2022 07:12 PM
NONACC (Fl)/ kagcs108/ GOWRIBIDANUR/ KA-CK

ccount Reference
SUBIN-KAKAGCSL0863153401772414WInique Doc. Reference

urchased by REVA UNIVERSITY
yescription of Document Article 37 Note or Memorandum

escription MEMORANDUM OF UNDERSTANDING
;onsideration Price (As.)

(Zero)

irst Party REVA UNIVERSITY
econd Party SOLAR ENERGY SOCIETY OF INDIA
tamp Duty Paid By REVA UNIVERSITY
tamp Duty Amount(Rs.) 100

(One Hundred only)

Please write or type below this line

MEMORANDUM OF UNDERSTANDING

This Memorandum of Understanding (hereinafter called as the 'MOU') is entered into on
this the 16th Day of— March — Two Thousand and Twenty-One (18.03.2022), by and
between the following two entities collectively referred to as "Parties" and each referred to
individually as "Party".

(a) REVA University, Bangalore, Karnataka, the First Party represented herein by its
Vice Chancellor, Dr. M Dhanamjaya (hereinafter referred as 'First Party', the
institution which expression, unless excluded by or repugnant to the subject or
context shall include its successors—in- office, administrators and assigns).

Statutory Alert:
1. The authenticity of this Stamp certificate should be verified at swww shcilestamp corn• or using e-Stamp Mobile App of Stock Holding

Any discrepancy tn the details on this Certiftcate and as available on the website f Mobile App renders it Invalid
2 The onus of checking the legitimacy is on the users of the certificate
3_ in case of any discrepancy please inform the Competent Authority.



128

shall N;unesl of 

Data

New

V,ncvgy

121 des eloped on a brings autonotnous functioning

of the centtvs ith the joint and technology stvength% of the private sector

and public institutes ssith the best of the talents of the country. COE would be

maintained at ailing world standard in its action and state. 'IAle COE be run

undet the control of REVA University, Bengaluvu.

13).The infrastructutv for the Centre of Excellence would be initially provided by the

respective institutes and the beneficiaries.

141.For a healthy and coordinated of the renewable sector, it is essential that the

research out come all the centre be shared among the centves of Renewable energy.

2. Major Acti'. ity of COE

lil.Create world class human capital in the emerging and continuously evolving Solar

Energy domain through state of the art training and development mechanism. Post

graduate research and Ph.D program may be initiated.

121.Revive and Promote Applied Research and Development to adapt and sustain
emerging and futuristic technologies in India and Emerging Market Context.

131.Development of India Specific Solutions for rural and urban applications derived
from multiple technologies shall be carried out. International collaboration with
premier institutions and R&D centres shall be pursued.

141.1dentifying and capturing best in class practices across countries, knowledge
creation & Sharing.

151. Additional research and Project activity shall be taken up on need basis from
industry and other organizations with additional budgetary provision as per the rules
of REVA University, Bengaluru
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4. Durationrrerm of MOU

This MOU shall be valid for Ten Years from the Date of its entering into and may

be mutually extended from time to time in writing by the parties.

5. Termination

The centre on Majority agreement may recommended termination of the SIOU
after serving 3 months' notice or till end of academic year.
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not contain Proprietary Information.

[31.Any divergence or difTerence derived from the interpretation or application of the
MOU shall be resolved by arbitration between the parties as per the Arbitration
Act, 1996. The place of the arbitration shall be at District I lead Quarters of the First
Party. This undertaking is to be construed in accordance with Indian Law with
exclusive jurisdiction in the Courts of Bangalore

[41.No changes can be made to this MOU without written consent and duly signed by
all the parties. Addition, deletion and/or alteration to this MOU may be effected with
the written agreement of all the parties to this MOU concerning the changes.
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RREEVVAA  NNEESSTT  ––  TTeecchhnnoollooggyy  BBuussiinneessss  IInnccuubbaattiioonn  CCeenntteerr    

OOrrggaanniizzeess    

““SSTT..  CCllaarreett  CCoolllleeggee  SSttuuddeennttss  VViissiitt  TToo  RREEVVAA  NNEESSTT  ––  TTeecchhnnoollooggyy  BBuussiinneessss  IInnccuubbaattiioonn  CCeenntteerr  &&  
FFAABB  LLAABB””  

 
 
 
  
  
AAbboouutt  EEvveenntt  

REVA NEST – Technology Business Incubation Center organized St. Claret 
college student’s visit to REVA NEST & REVA FABLAB on 25th November 2022 
at 10:30 AM. 
 
Students who Visited the REVA NEST and REVA Fab Lab understood the 
facilities and ecosystems created to nurture the startups. Also, students 
attended the Session on the Successful startup journey of Mr. Ganesh Rao, 
Founder of, ARKVESRE Pvt Ltd. And Session on Intellectual Property Rights 
from Ms. Arshiya Ambreen. 
 
A total of 50 students & 2 Faculty coordinators from ST. Claret College 
attended the program. 

OOrrggaanniizzeedd  BByy  REVA NEST – Technology Business Incubation Center 

  
CCoooorrddiinnaattoorr  NNaammee    Ms. Malathi R & Mr. Adithya Poojary 

DDaattee  2255tthh  NNoovveemmbbeerr  22002222 

TTiimmee  
1100::3300  AAMM  ttoo  1122::3300  PPMM  

TTaarrggeetteedd  
AAuuddiieennccee    2nd Sem Students of MCA, St. Claret College 

TToottaall  SSttuuddeennttss  
5500  SSttuuddeennttss  
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TToottaall  SSttaaffff  MMeemmbbeerrss  
0022  SSttaaffff  MMeemmbbeerrss  

OOuuttccoommee  ooff  tthhee  EEvveenntt  Students from ST Claret College understood about the Incubation Center and 
how it can help start-up businesses & when they visited FAB LAB and 
observed laser printing machines and 3D printing in FAB LAB. 

 

Event Photographs: 
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Review Article 

Recent advances in on-site monitoring of heavy metal ions in 
the environment 

H.N. Nayan Kumar a, D.H. Nagaraju b,*, Zhoveta Yhobu a, P. Shivakumar b, 
K.S. Manjunatha Kumara b, Srinivasa Budagumpi a, B.M. Praveen c 

a Centre for Nano and Material Sciences, Jain (deemed-to-be) University, Bengaluru, Karnataka 562112, India 
b Department of Chemistry, Reva University, Yelahanka, Bengaluru, Karnataka 560064, India 
c Department of Chemistry, Institute of Engineering & Technology, Srinivas University, Mukka, Mangaluru, Karnataka 574146, India   

A R T I C L E  I N F O   

Keywords: 
Point-of-care testing (POCT) 
Heavy metal ions (HMIs) 
Colorimetric 
Fluorometric 
Electrochemical detection 

A B S T R A C T   

Excess of heavy metal ions (HMIs) in the environment has numerous adverse effects on ecology, human health 
and other living organisms. In recent years, this problem has raised serious concerns as a consequence of 
industrialization and has led to the development of devices for detection and monitoring of HMIs in the envi-
ronment. Although there are various analytical tools that are used, they are expensive, tedious, difficult to 
handle, bulky and not portable. These issues have addressed in the development of point-of-care testing (POCT) 
devices that are economical, portable and easier to handle. These devices also offer the advantages of on-site 
monitoring of HMIs, a task that is difficult to perform with traditional devices and this helped in advancing 
development of point-of-care testing recent years. Therefore, this review encompasses the recent advancements 
in on-site monitoring of HMIs using point-of-care testing devices that are based on colorimetric, fluorometric and 
electrochemical techniques.   

1. Introduction 

Environmental pollution from heavy metal ions (HMIs) is very haz-
ardous and is a concerning issue nowadays [1,2]. These HMIs are 
released into fertile soil and water bodies by different anthropogenic 
sources such as industries (steel, plating, metallurgy and electronics), 
burning of fossil fuel, urbanization and agricultural practices [3,4]. 
These HMIs are threat to most organisms and is treated as toxic over a 
certain period [5]. These HMIs enter into the human body through 
various forms such as the inhalation of polluted air, water sources, food 
intake, direct skin contact and also by occupational exposure at work-
place [6]. Among the HMIs, some of the HMIs such as manganese, iron 
and zinc are essential to the human body for its healthy physiological 
activities, but excess can lead to the adverse health effects. Other HMIs 
such as lead, cadmium, arsenic and mercury are very toxic even at trace 
level and may be fatal if necessary care is not taken on time [7]. When 
these HMIs enter the body, the free radicals are generated which cause 
oxidative stress and also damage DNA, which is a key factor in the 
occurrence of cancer, and impairs neurons. The long exposure of the 
body to the HMIs these ions will stored in tissue and damages some vital 

organs such as brain, liver, lungs and kidney and later causes disease in 
the body [8]. Hence, the HMIs level needs to be monitored and managed 
regularly in various food and water sources [9–13]. According to the U. 
S. Environmental Protection Agency’s (EPA) – Office of Water (OW), the 
Health Advisory (HA) drinking water guidelines, the maximum limit in 
the case of HMIs such as Cd+2, Hg+2, Pb+2 and As+3 are 5 µg/L, 2 µg/L, 
15 µg/L and 10 µg/L respectively [14]. Therefore, the water quality must 
be properly maintained and it is necessary to detect them in trace levels 
[15]. The limits of portability, cost efficiency [16], time constraints, and 
difficult sample preparation that hinders their suitability for on-site 
analysis with traditional techniques such as inductively coupled 
plasma – mass spectroscopy (ICP-MS), flame atomic absorption spec-
troscopy (FAAS), spectrophotometry, fluorescence, atomic absorption 
spectrometry (AAS) and [17,18]. Fig. 1 summarizes several traditional 
methods of detecting HMIs. 

Therefore, the need for simple, reliable, robust, and inexpensive new 
technologies/devices that can effectively replace the traditional tech-
nology is paramount nowadays [19]. POCT is one of the best alternatives 
to traditional techniques for the detection and monitoring of HMIs. 
POCT refers to any analytical test performed outside of the laboratory 

* Corresponding author. 
E-mail addresses: dhnagu@gmail.com, nagaraju.dh@reva.edu.in (D.H. Nagaraju).  

Contents lists available at ScienceDirect 
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where the target is located remotely [20]. For a better overview, the 
differences between POCT and traditional techniques are displayed 
schematically in the Fig. 2A. 

Recent progress [21,22] has focused on the development of the POCT 
devices to address the challenges of on-site and easy monitoring of HMIs 
in the environment. Analytes like glucose, lactate, sodium, potassium, 
calcium, and chloride, activated clotting time (OCT), hemoglobin, bac-
teria, and urine dipsticks can be analyzed with the POCT already 
established [23–26]. In the field of environmental monitoring, based on 
the high-resolution camera [27], optical sensors [26], including color-
imetry [28], chemiluminescence fluorescence [29] and microcontroller 
based electrochemical sensors [30,31] for pollutant detection are well 

developed. There are three phases in POCT device [24] namely pre-
analytical, analytical, and postanalytical phase. Fig. 2B shows the steps 
of three phases with their respective tasks.  

i) Preanalytical phase: Selection of proper testing techniques and 
sampling are key factors.  

ii) Analytical phase: Consists in the process of detecting the signals 
from the target analytes and transforming them into measurable 
signals using proper transducers. 

iii) Postanalytical phase: Includes data analysis, result display, stor-
ing and transmission and data validation. 

Most of the previously published reviews either focus on just a single 
analytical technique or the many analytical techniques associated with 
health monitoring systems, but not for the detection of HMI. In this re-
view, we have broadly discussed the recent advances in different 
analytical techniques such as colorimetry, fluorescence, and electro-
chemical techniques with future development perspectives of POCT for 
HMI Detection. 

2. Techniques for on-site detection of HMIs 

2.1. Colorimetry 

Optical sensors play an integral role in monitoring health and safety 
standards as these techniques provide a relatively easy way to detecting 
the HMIs. The need for sensing methods that require less time, porta-
bility, cost-effectiveness and easy handling has led to the development of 
colorimetric methods. The general principles of colorimetry involve 
when the HMIs combines with color-forming chromogens, color is pro-
duced due to the different amount of light absorption. This variation of 
color of the sensor is directly proportional to the analyte concentration 
being measured [32]. The general scheme for the POCT based colori-
metric detection for color image processing is shown in Fig. 3A. The 
color change can be observed by naked eye, but for quantitative purpose 
it is better to take an advantage of the technology. For instance, the 
smartphone camera, which consists of an image sensor and color filters, 
is used for color and concentration analysis. By developing an appro-
priate color selection application using RGB/CMYK pixels to distinguish 
the colors for image processing, the amount of HMI accumulation can be 
quantified. 

This inherent need for colorimetric sensors led to the development of 
a colorimetric probe by Chauhan et al. [33] based on 4-hydroxybenzal-
dehyde and 2-amino-6-nitrobenzothiazole in same molar ratios in 
dimethylformamide (DMF) with a drop of glacial acetic acid by simple 
condensation reaction by employing a microwave. A benzothiazole 
Schiff base was developed which was able to selectively detect As3+/ 
As5+ by coordination of arsenic ion to N and S chelate of the benzo-
thiazole derivative after which give rise to pale-yellow and color grad-
ually changed to a dark yellow color with increasing concentration of 
As3+/As5+ in less than 10 s. 

Azo dyes have also found an important place in their utilization as 
chemosensors due to their ease of synthesis [34,35]. The introduction of 
azo-functionality into a chemosensor could to enhance the chromogenic 
ability [36]. A colorimetric chemosensor was thus developed Dhaka, 
et al. [37] with (E)-1-(benzo[d]thiazol-2-yl)-3-(pyridin-3-yldiazenyl) 
naphthalen-2-ol containing pyridine and benzothiazole moiety attached 
by an azo (-N––N-) linkage which is shown in Fig. 3B. This kind of 
chemosensor was used to detect acetate, Hg2+ and Zn2+. The interfer-
ence test of the selected cations was found to show little interference in 
presence of other cations. The UV-vis analysis was used for determining 
its sensing ability in acetonitrile (CH3CN). An on-site assay kit was then 
developed for real sample analysis from filter paper and TLC plates by 
dipping chemosensor in H2O/CH3CN solution of 1 mM of Hg2+ turned 
the colorless test strip to greenish blue (Fig. 3C and 3D). Another 
colorimetric probe based on 4,4′-(3,7-bis(4-bromophenyl)-5,5-difluoro- 

Fig. 1. Traditional techniques and their instrumentations. Reproduced with 
permission [114–119]. 

Fig. 2. A) Comparison of traditional testing techniques vs point-of-care testing. 
B) General phase processes in the detection of HMIs using POCT. 
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5H-4λ4,5λ4-dipyrrolo [1,2-c:2′,1′-f][13,5] 1 triazaborinine �1,9-diyl) 
bis(3-ethoxy-N,Ndiethylaniline), an Aza-BOPIDY was synthesized and 
used for the selective and sensitive determination of Cu2+ ions. The 
increase in the concentration of Cu2+ ion in the probe increase the 
absorbance spectra and emission responses with better analytical per-
formances [38]. 

Joshi et al. developed a colorimetric probe using one pot method, 
and an indole-2-carboxylic capped silver nanoparticle (I2CA-AgNPs) 
was synthesized [39]. The colorimetric probe was employed in the 
sensing of Al3+ along with other interfering species, which exhibits 
detection in ppm range. The I2CA-AgNPs probe was used to test real 
samples from tap water and pond and colour change is showed in 
Fig. 3K, which shows that the Al3+ selectivity is not affected by the 
different water environment. 

For instance, glutathione (GSH) is one such chelating substance with 
a special property whose molecules can form multiple bonds with a 
single metal ion which can be used to modify gold nanoparticles for 
sensing HMIs [42]. Such a sensor probe consisted of strip that was 
painted with paint made of GSH-AuNPs with polyvinylpyrrolidone 
(PVP) as a binder that was deposited on a mold and employed on a 
polyethylene terephthalate (PET) strip. When the probe when immersed 
in water it disperses and turns red. On the other hand, when Cd2+ was 
present in the water, the GSH-AuNPs aggregated and turned the water 
into blue color with exhibited insignificant changes in emission re-
sponses and change in color in the presence of other interfering ions 
[43]. 

Lim et al. also developed a disposable chip for the sensing of Hg2+ in 
drinking water. The chip was fabricated by a 3-D printing process using 
DNAzymes produced by rolling circle amplification (RCA). Fig. 3E, F 
and G showed 3D printing RCA device perspective, photograph and RAC 
device parts for detection respectively. The reaction of DNAzymes with 
the peroxidase substrate 2,2-azino-bis (3-ethylbenzthiazoline-6-sulfonic 
acid) (ABTS) caused a color change, which was recorded with a portable 
spectrophotometer. A thymine T(12) primer chelated with Hg2+ and 
formed a T- Hg2+-T complex. The color intensity of the DNAzymes de-
creases because RCA should trigger the reaction instead of terminating it 
due to the interaction with Hg2+. In Fig. 3H showed that the colour 
change for the decreased concentrations of Hg2+. [40]. 

Pungut et al. synthesized rhodamine fluorene based chemosensor 
(RFC) by a chemical condensation method using fluorene-2- 
carboxaldehyde and Rhodamine B as precursor, which detects Al3+

and Cu2+ by off-on switch mechanism using filter paper test strips which 
can be seen Fig. 3J along with binding mechanism showed in Fig. 3I 

[41]. Muhammad-aree et al. designed a cost-effective smartphone-based 
colorimetric paper strip sensor for onsite detection of the HMI in waste 
water samples. This colorimetric sensor had five detection zones in 
which each zone was dropcasted by optimized chromogenic reagents. 
Then, a standard solution (Zn2+, Cr3+, Cu2+, Pb2+ and Mn2+) and real 
sample solution was dropped onto individual detection zone which are 
modified by different chromophores. The fabricated paper strips are 
exposed to multiple ions analyzed through smartphone and processed by 
color picker applications within 1 min [44]. The developed sensor strip 
shows a good repeatability and stability of 26 weeks. Table 1 summa-
rizes all the chromophores and sensing material with their respective 
linear range and LOD. 

Colorimetry appears promising because it does not rely on expensive 
instruments and provides a simple operating procedure, a high sensi-
tivity, a low-cost method and real-time detection from a variety of HMIs. 
By using reagents that alter the color of the assay, it is possible to detect 
the presence of heavy metals in the analyte. In order to enable con-
sumers who are not technology specialists to analyze data collected by 
on-site HMIs, smartphones are a very handy tool since they are inte-
grated with point-of-care devices for data collection and analysis. Along 
with the advantages, some disadvantages associated with colorimetry 
techniques for futuristic POCT applications are: a) Detection of simul-
taneous multiple heavy metal ions in the target analysis. b) Stability is 
the important parameter to access the quality of sensor. However, some 
organic molecules are very sensitive to the environmental factors such as 
humidity and temperature, which affects the actual stability and per-
formance of the sensor. c) Due to the demand for HMIs detection, 
colorimetry techniques cannot meet the requirements due to competi-
tion from other detection methods and are difficult to manufacture even 
on a large scale. 

2.2. Fluorescence 

One of the most important uses of fluorescence detection methods is 
to control HMIs contamination of food and beverages. Fluorescent ma-
terials are luminescent materials with a rate of emission is about 10�8 s, 
which means that their lifetime is only around 10 ns [45]. A fluorescent 
probe with a binding site which has to respond to a specific metal ion is a 
fluorophore or fluorescent dyes (polyaromatic hydrocarbons or hetero-
cycles) that can communicates between two sites through a fluorescence 
mechanism to detect chemical ions [46]. Fluorescent sensors are very 
advantageous due to their high sensitivity [47], rapid response to ana-
lytes and simple operating technology for the detection, monitoring of 

Fig. 3. A) General scheme of colorim-
etry process for smartphone based 
POCT. B) Proposed binding mode of 
chemosensor 1. C) Photographs of the 
test strips of chemosensor 1. D) Photo-
graph of chemosensor 1 with and 
without Hg2+. Reproduced with 
permission [37]. E) 3D-printed RCA de-
vice perspective image. F) Photographs 
of the 3D-printed RCA device. G) Cross- 
sectional view of the 3D-printed RCA 
device. H) Colorimetric reactions with 
different concentrations of T(12) primer. 
Reproduced with permission. [40]. I) 
Proposed binding mode of RFC with 
Al3+ and Cu2+. J) Colorimetric changes 
of test strips upon addition of increasing 
metal ions for a) Al3+ and b) Cu2+ c) 
Test-strips under the UV-light. Repro-
duced with permission. [41]. K) Colori-
metric response of I2CA-AgNPs as a 
function of Al3+ ion concentration in tap 

water. Reprinted with permission. [39].   
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Table 1 
Summary of analytical performance of sensing probe with different detection mechanisms and LOD.  

Sensing probe Sensing Techniques Medium HMI Detection 
range 

LOD Selectivity/ 
Interference 
Study (Yes/No) 

Real 
Sample 
Analysis 
(Yes/No) 

Standard 
Test 

No. of 
Samples 
Analyzed 
(n) 

Trueness 
Recovery tests 
(%) 

Reference 

2-amino-6-nitrobenzothiazole Colorimetric DMSO:H2O 1:1 (v/ 
v) 

As3+As5+ 5–100 ppb 7.2 ppb 
6.7 ppb 

Yes Yes – – – [33] 

(E)-1-(benzo [d]thiazol-2-yl)-3- 
(pyridin-3-yldiazenyl) 
naphthalen-2-ol 

Colorimetric 9:1 (v/v) aqueous 
CH3CN 

Hg2+ 0–60 μM 8.5 μM Yes Yes – – 87.6–105.8 [37] 

4,4′-(3,7-bis(4-bromophenyl)- 
5,5-difluoro-5H-4λ4,5λ4- 
dipyrrolo [1,2-c:2′,1′-f] [13,5] 
1triazaborinine-1,9-diyl)bis(3- 
ethoxy-N,Ndiethylaniline) 

Colorimetric 10 % 
acetonitrile–water 
mixture 

Cu2+ 3.3–25 μM 350 nM Yes No – – – [38] 

Indole-2-carboxylic capped silver 
nanoparticles 

Colorimetric Water Al3+ 0.001–10 ppm 0.01 ppm Yes Yes AAS 3 96–107.5 [39] 

Glutathione-modified Au 
nanoparticles 

Colorimetric Water Cd2+ 10–100 nM 18.8 nM Yes Yes ICP-MS 10 103.4–117.8 [43] 

3D-printed rolling circle 
amplification chip containing 
DNAzymes 

Colorimetric H2O2/H2O Hg2+ 0–14 μg/L 2.2 μg/L Yes Yes ICP-MS 3 89.8–129.9 [40] 

RFC Colorimetric MeCN/H2O Al3+Cu2+ 50–85 µM 
50–100 µM 

0.12 µM 
1.14 µM 

Yes Yes – 10 
12 

– [41] 

Paper strip chromogenic reagents Colorimetric – Cr3+

Cu2+

Mn2+Pb2+

0.1–0.5 mg/L 
0.3–8 mg/L 
0.2–1 mg/L 

0.07 mg/L 
0.17 mg/L 
0.11 mg/L 
0.03 mg/L 
0.63 mg/L 

Yes Yes ICP-OES 7 87–107 [44] 

HL PET Ethanol Al3+ 0–40 μM 2.72 nM Yes No – 1 – [61] 
Organic probe R CHEF DMF Al3+ 1–1000 nM 0.2 μM No No – 1 – [70] 
CdSe/ZnS QDs modified optical 

fibre 
Quenching PBS Hg2+ 0–50 µM 1 nm Yes Yes AFS 5 – [81] 

Zn-MOF CHEF (complex 
formation) 

DMF Al3+ 0.05–50 µM 30 nM No No ICP 1 – [52] 

NBDX Quenching (complex 
formation) 

Methanol Hg2+ 0–10 µM 0.01 µM Yes Yes ICP-MS 1 92.8–99.1 [77] 

[2, 2′-(((6-((phenoxy 
carbonothioyl)oxy) 
naphthalen-2-yl)methylene)bis 
(sulfanediyl))diacetic acid] 

Fluorescence 
(desulphurization) 

DMSO Hg2+ 0–5 µM 21.6 nM No Yes – 3 97.5–104.25 [80] 

carbon dots (CDs) doped 
hydrogel 

Quenching (Non- 
radiative) 

Ethanol/Aqueous Hg2+ 5–1000 nM 4 nM Yes Yes – 3 – [63] 

CdSe/ZnS quantum dots (QDs) Cation Exchange Na3Cit /Aqueous Hg2+ 0–10 µM 0.80 nM Yes Yes – 3 80–120 [67] 
Dicoumarin-Hg PET EtOH/Aqueous Hg2+ 75–185 nM 85.25 nM Yes Yes – 1 – [76] 
poly-A DNA strand (CY-A14) FRET – Hg2+ – 8.5 nM Yes Yes – 3 79.8–111.4 [84] 
rGO/SMOF/PET/SPCE Differential Pulse 

voltammetry 
– Cd2+Pb2+Cu2+Hg2+ 0.50–12.5 μM 

0.10–12.5 μM 
0.10–9.5 μM 
0.5–12.5 μM 

0.21 μM 
0.121 μM 
0.229 μM 
0.537 μM 

Yes Yes ICP-MS 7 88–147 [30] 

BI/MWCNT-IL/SPCE Square Wave Anode 
Stripping 
Voltammetry 

– Cd2+Pb2+ 1–60 μg/L 0.5 μg/L 
0.12 μg/L 

No No AAS – 95.9–100.1 [86] 

Bi-film-modified glassy carbon 
electrode 

Square Wave Anode 
Stripping 
Voltammetry 

– Cd2+Pb2+ 0–50 μg/L 1.5 μg/L 
2.4 μg/L 

Yes Yes – – – [93] 

BiTF 
GaTF 

Square Wave Anode 
Stripping 
Voltammetry  

Cd+2Zn+2 – 0.01 mg/ 
Kg 
0.01 mg/ 
Kg 

Yes Yes ICP-OES – – [105] 

Screen printed gold electrodes Square Wave Anode 
Stripping 
Voltammetry  

Pb2+Cu2+Hg2+ 5–300 μg/L 0.015 mg/ 
L 
1.3 mg/L 
0.002 mg/ 
L 

Yes Yes ICP-OES – – [107]  
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the environmental, biological and disease detection [48]. In 1867, F. 
Goppelsroder was the first to report a fluorescence chemosensor for the 
determination of (Al3+) with morin chelate which led to the develop-
ment of many other modern fluorescence sensors [49]. 

The main mechanisms in chemosensors are: chelate-induced 
enhanced fluorescence (CHEF) [46], aggregation-induced emission 
(AIE) [50], intramolecular charge transfer (ICT) [51], quenching [52], 
photo-induced electron transfer (PET) and resonance energy transfer 
(RET) [53,54]. The quenching again consists of three types named as (i) 
dynamic, (ii) static and (iii) inner filter effect (IFE). Among these PET 
and RET mechanism principles are discussed here. Rest of the mecha-
nism were discussed in the following respective sections. 

Photoinduced electron transfer (PET): The PET phenomenon is 
widely used to develop fluorescence sensors. In a typical PET sensor an 
aromatic fluorophore is covalently bonded to an aliphatic amine. If the 
amine is not protonated, it will quench the fluorophore. Protonation of 
the amine reduces its ability to donate an electron, so that the fluores-
cence intensity increases. Sometime PET leads to quenching. The 
quenching of a fluorophore results from diffusive collision between the 
fluorophore and quencher and the quenching process can be described 
as, I0/I = 1+KSV [Q] (Eqn. 1) by the Stern-Volmer equation [55] where I0 
& I are the fluorescence intensity in the absence and presence of metal 
ion, KSV is the Stern-Volmer constant and [Q] = the concentration of the 
metal ion. 

Resonance energy transfer (RET): Sometimes called fluorescence 
resonance energy transfer (FRET), provides an opportunity to measure 
the distances between sites on macromolecules. Förster distances are 
typically in the range of 15 to 60 Å, which is comparable to the diameter 
of many proteins and to the thickness of membranes. The extent of the 
energy transfer is determined by the distance between the donor, the 
acceptor and the extent of spectral overlap. The rate of energy transfer 

KT(R) is given below by equation (2) and the efficiency of energy 
transfer is given by equation (3). 

KT(R) =
1
τD

(
R0

r

)6

(2)  

E =
R0

6

R0
6 + r6

(3)  

Where, r is the distance between acceptor and donor, R0 is the Forster 
distance and τD is the donor life time in absence of energy transfer. 

Different studies were carried out using metal organic frameworks 
(MOFs) where the central metal atom of MOFs is linked to a group of 
organic linkers via a coordination bond [56], so that they can be used in 
many applications such as chemical sensors [57], for the detection of 
anions [58], organic molecules and the pH value through Lewis base 
centers [59], which interacts precisely with the target through molec-
ular interactions such as coordination bonds or hydrogen bonds in order 
to generate fluorescent signals. As an example, to detect methanol and 
Al3+ by using Zn-MOF [52] used above principle, which was prepared by 
ultra-sonication method [60], with dual open Lewis base centers, 
namely [Zn(NH2-bdc)(4,4′-bpy)] (where NH2-H2bdc = 2-amino-1,4- 
benzenedicarboxylic acid and bpy = 4,4′-bipyridine) which would 
facilitate guest host interaction with the complex formation between 
uncoordinated oxygen from C––O and nitrogen from –NH2 groups of Zn- 
MOF to Al3+ LOD of 30 nM which resulted in fluorescence signal. Due to 
the steric hindrance of the [Zn(NH2-bdc)(4,4′-bpy) the LOD was less. 
Further the LOD is increased to 2.72 nM by Yue et al. synthesized MOF 
chemically 2-pyrrolecarbaldehyde-(3-hydroxy-2-naphtho) hydrazone 
(HL) that showed high selectivity and sensitivity towards Al3+ in alcohol 
medium which was confirmed by the color changed from colorless to 
pale yellow at 275 and 415 nm which is depicted in Fig. 4A and also it 

Fig. 4. (A) Sensing mechanism of Al+3 using HL. 
Reproduced with permission [61]. (B) The CP-CD 
hydrogels in 100 μM Cr+6 solution at different time 
interval. (C) The CP-CD hydrogels in presence of 
different concentrations of Cr+6. Reproduced with 
permission [64]. (D) Probe-1, the desulfurization 
process. (E) Photograph of the test strips with Hg2+

under natural light. (F) Photograph of test strips with 
Hg2+ under UV light at 365 nm. Reproduced with 
permission. [80]. (G) Reaction mechanism of probe 
(H) DC-Hg reacted with Hg2+. (I) Hg2+ concentration 
and fluorescence intensity relationship. (J) Visual 
observation of DC-Hg reacting with Hg2+ under UV 
light. Reproduced with permission [76]. (K) SOFFS 
hardware design: (A) Design sketch of SOFFS. (B)-(C) 
Device photos of SOFFS. (D) SOFFS in applications. 
(L) Flow chart of Hg2+ detection. Reproduced with 
permission. [81].   
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shows how the π�π* electron transitions of naphthalene ring contain-
ing, the oxygen atoms of the hydroxyl group, the carbonyl group and the 
nitrogen atoms of the imine group coordinated with the Al3+ [61]. 

Due to lengthy synthesis procedure and the instability of MOF with 
impurities research has been focused on synthesis of carbon dots. Due to 
excellent stable fluorescence, biocompatibility, less toxic and good sol-
ubility in water the carbon-based carbon dot (CD) are more suitable. 
[62]. The design of optical waveguides of the carbon dot (CD) incor-
porated into hydrogels coupled to a portable, photonic device for se-
lective real-time and on-site detection of Hg2+ showed by Guo et al. 
[63]. The fluorescent carbon dots were produced by a hydrothermal 
process using citric acid with an average diameter about 7.5 nm were 
incorporated in hydrogel. The fluorescence spectrum was obtained by a 
quenching mechanism which was attributed to the non-radiative elec-
tron transfer from the excitation of the d-orbital of Hg2+ at 405 nm. 

Qiu et al [64] synthesized carbon dots from rice fried Codonopsis 
pilosula (traditional Chinese medicine with multipurpose uses [65,66] 
by a simple one-step solvent extraction process at room temperature. 
The developed carbon dots have been employed for sensing Cr6+ in in-
dustrial waste sample, by virtue of the synthesized carbon dots inner 
filter quenching property, held responsible for fluorescence change at 
different concentration of the analyte which is shown in Fig. 4B and C. 
Wang et al. [67] synthesized CdSe/ZnS QDs and observed an improve-
ment in fluorescence upon addition of Hg2+. This increase was caused by 
an evanescent wave which excites the QDs, the detection being carried 
out by means of fiber nanoprobe in real time by EWOF (evanescent wave 
optofluidic fluorescence platform). The QDs non-radiative decays in the 
ZnS shell were caused by exciton recombination through passivation of 
dangling bonds and defect states on the core surface [68,69]. The cation 
exchange had the following process: (1) diffusion of Hg2+ through the 
solvent to CdSe/ZnS QDs on the nanoprobe fiber (2) diffusion of Hg2+

through the HgxZn1-xS layer (3) exchange reaction at the ZnS/HgxZn1-xS 
interface, (4) diffusion of Hg2+ through the HgxCd1-xSe layer and (5) 
exchange reaction at the HgxCd1-xSe interface. 

Mahalakshmi et al. [70] synthesized an organic probe consisting of 
multiple ligating sites called the Probe R via chemical process using 2- 
hydroxy-1-naphthaldehyde and 2-amino-8-quinolinol as precursor that 
can be used to sense Al3+ through turn-on fluorescence in an aqueous 
living cells. The highly Al3+ selective R probe showing fluorescence 
intensity at 453 nm after addition due to the chelation of the deproto-
nated –OH group, which restrict azomethine free rotation, resulting in 
chelation-enhanced fluorescence (CHEF) [71,72]. This probe was stable 
in both acidic and basic medium during absence and presence of Al3+. 
These tests were also measured using logic gates which are prevalent in 
chemical and biological sensing [73]. A plant derived compound 
Coumarin having carbonyl group was established itself as a best fluo-
rescent probe dye [74,75]. Jiang et al. [76] prepared coumarin based 
fluorescent material by using 3-hydroxybiscoumarin and phenyl-
thiochloroformate at room temperature, a fluorescent probe DC-Hg 
(Dicoumarin-Hg) was synthesized and characterised by 1H NMR. The 
detection was based on the PET based ‘turn-on’ fluorescence process 
where the color changed from colorless to yellow for a fluorescence 
emission intensity at 530 nm. The mechanism of detection was attrib-
uted to the binding of Hg2+ to S atoms of DC-Hg in aqueous solution, 
with 85.25 LOD, as shown in Fig. 4G. In Fig. 4H, the reaction of DC-Hg 
with Hg2+ is shown. The relationship between Hg2+ concentration and 
fluorescence intensity are shown in Fig. 4I and the visual observation 
was shown in Fig. 4J. 

Bhatt et al. [77] prepared chemically, a molecule integrating two 
units of 7-nitro-benzoxadiazole (NBD), which was bound to m-xylyle-
nediamine termed as NBDX and doped with Agarose Hydrogel Film 
(NBDX-HD) as a sensor, which was carried out in a methanol medium, in 
order to detect Hg2+ is a toxic metal in all its oxidation states [78,79] 
The –NH protons were deprotonated and the complex was formed be-
tween anionic NBDX and positive charged Hg2+ ions which leads to 
quenching effect, which resulted in emission of fluorescence with LOD 

10 nM. In UV–vis it showed a change in intensity at 545 nm with a color 
that changed from yellow to red. To increase the stability and the LOD 
Wu et al. developed the fluorescent Probe 1, namely [2,2′-(((6-((phe-
noxycarbonothioyl) oxy)naphthalen-2-yl)methylene) bis (sulfanediyl)) 
diacetic acid] for the detection of Hg2+ with fluorescence in the wave-
length of λex = 300 nm, λem = 428 nm. This fluorescent probe was found 
sensitive to mercury ions and the increase in mercury concentration was 
indicated by the change in color from yellow-green in the solution of 
Probe 1, which was observed under UV lamp (365 nm). Fig. 4D shows, 
the mechanism of detection revolved around the desulfurization of 
Probe 1. The sulfur group present in probe 1 at detection site 1 and site 2 
binds with mercury and generated byproducts like phenol (product 4), 
6-hydroxy-2-naphthaldehyde (product 1), HgS (product 5) and bis 
(carboxymethylthio) mercury (product 6). The mechanism was 
confirmed by high-performance liquid chromatography (HPLC) and 
Mass Spectroscopy (MS). The photograph of test strips under natural and 
UV light is shown in Fig. 4E and F respectively [80]. 

Due to the rapid growth in technology of mobiles, smartphone-based 
sensor was in the lime light of research. Liu et al. for the detection of 
Hg2+ on site [82,83] synthesized a quantum dot (QD) modified optical 
fiber (CdSe/ZnS QDs) by surface modification by (3-Aminopropyl)trie-
thoxysilane (APTES), N-(3-Dimethylaminopropyl)-N’-ethyl-
carbodiimide hydrochloride (EDC), N-Hydroxysuccinimide (NHS) and 
bovine serum albumin (BSA) was used. The evanescent waves are used 
in optical fiber. SOFFS hardware design, its photos and applications are 
shown in Fig. 4K. In order to detect the Hg2+ fresh and sea water sam-
ples, the fabricated QD modified combination tapered fiber probe 
should be connected to SOFFS through the fiber flange, and with the 
developed smartphone application, the quantitative fluorescence 
quenching can be calculated [81]. The application flow diagram, cali-
bration diagram, application icon, and its user interface are shown in 
Fig. 4L. 

Zhou, Y et al. developed a portable evanescent wave optofluidic 
biosensor (EWOB) for on-site detection of Hg (II) ions was developed by 
using signal reporter and bio recognition agents like poly-A DNA strand 
(CY-A14) and quencher labeled poly-T DNA strand (BQ-T14) was used 
respectively to detect Hg2. The fluorescence signal is due to the thymine 
deprotonation took place and detection process of Hg2+ involved the 
interaction between the Hg2+ and T-T mismatch structure based on the 
FRET. The CY-A14 and BQ-T14 strands of the DNA hybridize to form a 
double strand structure. The real samples were also studied tested with a 
precision of 4 % RSD for tap water [84]. 

Perspectives:  

• To detect any heavy metal ion there must be nucleophilic center for 
the complexation to takes place.  

• Due to the presence of different electrophilic functional groups, the 
organic molecules act as very good sensor materials.  

• Stability and reproducibility are the biggest issue in the sensor 
technology which can overcome by using the quantum dot-based 
materials.  

• Smartphone based sensor requires an ideal material with high 
reproducibility and stability.  

• MOF (metal organic framework) has not been used in fluorescence- 
based sensors.  

• Flexible portable devices are still a challenging task in fluorescence- 
based sensors. 

The fluorophore materials and their corresponding fluorescence 
mechanism with their respective LOD are summarized in Table 2. The 
fluorescent probes, organic dyes, MOF and quantum dots can be utilized 
for the detection of HMIs. Among these materials the QDs performance 
are best by exhibiting lowest LOD in lower concentration range. These 
fluorescence techniques are evolving at a rapid pace. In fluorescence 
sensing techniques, some of the process of fluorescence is still not well 
understood. The fluorophores may work well but it may fall short due to 
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the required selectivity and specific applications according to the re-
quirements. There is wide scope in developing fluorophores, which are 
user specific target material. 

2.3. Electrochemical sensors 

The electrochemical methods are the most effective for detecting and 
analyzing HMIs because they are rapid, highly sensitive and inexpensive 
[85]. Electrochemical sensor generally uses three-electrode system that 
consists of a counter electrode (CE), a reference electrode (RE) and a 
working electrode (WE) [86]. Working electrodes acts as a sensing 
platform for the detection of HMI [87]. Numerous working electrodes 
have been used for detection of HMIs [88–90]. In past decades, mercury- 
based electrode (hanging drop thin film) [91] have been used and later 
replaced by chemically modified working electrodes due to mercury 
toxicity [92], strong adsorption on the working electrode surface and 
calomel formation in chloride medium [93]. In recent years, for the 
design of portable electrochemical sensor, screen-printed electrodes 
(SPEs) [94] have begun to make room for the role of sensor. Many types 
of SPEs have been used as sensor element modifying substrate including 
mercury-coated SPEs [95], bismuth-coated SPEs [96], gold SPEs [97] 
and gold and/or carbon nanostructured SPEs [98]. Some general ex-
amples for the fabrication of SPEs are given in Fig. 5A, which is showing 
the development steps involved in SPEs. Fig. 5B, shows the schematic 

view and photographed image of SPEs after development. 
For HMIs analysis, anodic stripping voltammetry (ASV) [99] has 

emerged as a versatile and powerful method. When coupled with a 
pulsed scanning technique such as differential pulse voltammetry (DPV) 
[94,100] or square-wave voltammetry (SWV) [101], detection limits of 
the order of 10�10 M are achievable [102]. When choosing the method 
of scanning, square-wave anodic stripping voltammetry (SWASV) [103] 
proved to be superior to differential pulse anodic stripping voltammetry 
(DPASV), offering increased peak heights and allowing to scanning at 
much faster scan rates (V s�1 range) [104]. The general input voltam-
metric pulses of DPV and SWV is shown in Fig. 5C and D. In both 
techniques, the deposition and stripping steps are common [102] which 
is shown in Fig. 5E and F. 

These smartphone based devices have been extensively studied for 
their advantages, such as user-friendliness, miniaturization, fast and 
ease of use [5]. In this regard, Xu et al. [30] have developed a module for 
HMI detection of by using DPV and a smartphone programmed with 
voltammogram that provides users with a real-time parameter analysis 
graph. Here the working electrodes are modified SPCEs with rGO/ 
SMOF/PEI, which is connected to the POCT interfaced with smartphone 
is shown a Fig. 5G and H. Fig. 5I shows the diagram of communication 
between the portable device with smartphone. The modified SPCES with 
rGO/SMOF/PEI showed very good analytical performance showed in 
Fig. 5J and K. The LODs have been calculated by 3σ formula and 

Fig. 5. A) Development steps and represen-
tation of a SPE. (a) inert solid substrate; (b) 
counter electrode; (c) insulator layer refer-
ence; (d) working electrode; (e) electrode; (f) 
conducting paths. Reproduced with permis-
sion. [106]. B) Schematic view of the SPE 
sensors and the photograph of the fabricated 
SPE. Reproduced with permission [86]. C) 
Differential pulse voltammetry form D) 
Square wave voltammetry E) Anodic strip-
ping voltammetry F) Resultant voltammo-
gram. G & I) System schematic diagram of 
connection of Potentiostat to mobile phone. 
H) The handheld device can implement two- 
way communication with a smartphone and 
perform DPV measurements. J) DPV 
response of the sensor for Cd2+ and Pb2+. K) 
Concentration vs current plot for Cd2+ and 
Pb2+. Reproduced with permission [30]. L) 
Fabrication process of screen-printed gold 
electrodes and detection principles of heavy 
metals in water. Reproduced with permission 
[107].   
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reported in Table 1. The LODs are compared with recommendation 
values provided by the ministry of ecology and environment of China, it 
was reported that LODs are lesser than the guideline values. Mc Eleney 
et al. developed a SPE with graphitic modification with bismuth thin 
film (BiTF) and gallium thin films (GaTF) matrix for the detection of Cd 
and Zn extracted from real sample soil. Cd2+ was detected using BiTF at 
pH 4.6, and Zn2+ was determined with GaTF at pH 5.1. The graphitic 
carbon nitrate was synthesized by heating urea at 650 ◦C at a heat ramp 
of 20 ◦C min�1. The LOD are evaluated and reported as 0.01 mg/Kg for 
both Cu+2 and Zn+2, which was assessed with inductively coupled 
plasma-optical emission spectroscopy (ICP-OES). Interference studies 
are analyzed for Cd+2 detection, Cd+2 endures low bioavailability so 
consequently often prone to interference. The analyzed real sample 
consists of organic stuff (about 13.6 %) and Al+2, Mg+2, Fe+2, and Mn+2. 
It was conveyed that calculated values grasp a decent agreement be-
tween SWASV and ICP-OES for Cd+2 with a mean error of 1 % [105]. 

In order to determine Cd2+ and Pb2+, Wang et al. explored a portable 
electrochemical workstation using disposable SPCE. This SPCE was 
modified with multi-walled carbon nanotube (MWCNT), ionic liquid (IL 
= N-octyl pyridinium hexafluorophosphate) and then reduced with a 
bismuth film (BI) in situ (BI/MWCNT-IL/SPCE) [86]. The established 
module, a virtual instrument consists of three important components: a) 
electrochemical cell, b) potentiostat circuit and c) USB interfered DAQ 
card which is developed by the LAB view software program which 
generates SWV signal, collects the data of voltage and corresponding 
current, and then processes and transmits it to the computer. On the one 
hand, this device was characterized by its compactness, being easy to 
transport and use in the field. Secondly, it was easy to use, energy- 
saving, and easy to maintain. Third, the experimental results obtained 
by the module system had an excellent consistency with the AAS result. 

Excessive mining activities in remote zones of the Amazon result in 
water pollution with HMIs. In this regard, successfully developed and 
demonstrated an affordable, portable diagnostic device for rapid (ana-
lyzes within 60 s) monitoring and detection of HMIs in Amazon river 
water without any further treatment [107]. The fabrication schematic of 
the screen-printed gold electrodes and the detection mechanism of the 
sensing tool is shown in Fig. 5L. The data was acquired with the portable 
potentiostat and transferred to a mobile device via a wireless connec-
tion. The HMIs such as Pb2+, Cu2+ and Hg2+ have been detected 
simultaneously by electrochemical techniques. The concentration of the 
electrolyte (i.e. Hydro Chloric acid) has the significant influence on the 
detection current of Hg2+ since this requires hydrochloric acid in solu-
tion to promote its accumulation onto the electrode surface. Also, the 
sensors were tested in high temperature and humidity conditions of the 
Amazon river water and results were validated the results using standard 
ICP-OES. The LOD, calibration range is given Table 1. 

The recent electrode for electrochemical detection is summarized in 
Table 1. The electrochemical detection offers variety of advantages. The 
development of suitable electrodes and microelectrodes like SPEs are the 
key factors for the sensitive determination of HMIs in electrochemical 
techniques. The SPEs can be developed in small size, cost-effective way. 
SPEs requires very less quantity of analytes as compared to other tech-
niques. In electrochemical detection, SWV is most widely used due to its 
sensitivity. The electrochemical techniques offer a variety of advan-
tages. Easy to detect simultaneous detection of HMIs in the real samples. 
It requires a very less time for the analysis of HMIs. Most suitable for 
large scale production which meets the demand of commercialization. 

2.4. Method validation of the techniques 

Method validation is the process of defining an analytical require-
ment, and confirming that the method under consideration has perfor-
mance capabilities consistent with what the application requires [108]. 
For quality assurance, method validation is the key step in any analytical 
methods. Several laboratories everyday run a number of tests, mea-
surements and analysis of the measurements. The cost of these 

measurements in the laboratory are high so it is very important to 
perform these measurements carefully and accurately. The duty of an 
analyst is to validate the correct and most efficient method, which is an 
essential part of the measurements [109]. Among the many protocols to 
validate and assess the performance of the sensor, the following pa-
rameters and method protocols should considered [110]:  

a) Selectivity.  
b) LOD.  
c) Calibration (linearity).  
d) Precision.  
e) Trueness.  
a) Selectivity: Selectivity also termed as specificity is how accurately 

the sensor can able to detect specific analyte in the presence of other 
interference [111]. IUPAC uses the term selectivity to avoid confu-
sion with diagnostic specificity. This is also an interference analysis. 
That is, in a mixture of matrices, how well each the analyte is 
analyzed. This particular parameter is not only used to assess the 
selectivity of a particular analyte, but also gives an idea of the 
interfering effect of the analyte in the presence of other mixtures of 
materials.  

b) LOD: The limit of detection represents the minimum concentration at 
which the presence of the analyte can be distinguished from its 
absence with a high statistical probability. For the LOD detection, 3σ 
formula is used based on signal to noise (S/N) ratio which is 
approximated to 3. There is lot ambiguity in considerations with 
formula for the calculation of LOD. According to golden book of 
IUPAC, the limit of detection, expressed as the concentration, CL, or 
the quantity, QL, is derived from the smallest measure, xL, that can be 
detected with reasonable certainty for a given analytical procedure. 

The value of x, is given by the equation xL = xbi + ksbi, where xbi is 
the mean of the blank measures, sbi is the standard deviation of the 
blank measures, and k is a numerical factor chosen according to the 
confidence level desired. Furthermore, one should not ignore the two 
types of errors associated with the definition of LOD being consid-
ered. The two types of errors are Type 1 (false positive) or Type II 
(false negative) error in the measurements. Along these consider-
ations, LOD is also affected by the instrument and analytical method 
used. Hence now a new approach called as upper limit approach 
(ULA) is used by considering the error. The new Upper Limit 
Approach, ULA, calculates the upper confidence limit of an indi-
vidual blank signal using a critical value of the t- distribution and 
residual standard deviation of regression. If the calibration plot is 
assumed to start from zero then this approach is ULA1 and if it is non- 
zero calibration plot then this approach is called ULA2 [112]. Even 
though one can obtain a very low LOD using 3σ method but there is a 
chance of getting Type II error when measuring the lower concen-
tration close to the LOD. Conversely, the new method ULA1 
approach reduces the risk of making any decision error but one can 
obtain a high LOD values.  

c) Calibration (linearity): Linearity is a measure of the method’s ability 
to provide a linear response across the intended range of the method. 
For a sufficient calibration range, the assumption of constant popu-
lation variance of the signal is not valid which inference the standard 
deviation increases as the concentration increases. Hence the cali-
bration range should be chosen wisely. Typically, the concentration 
range should be 1 to 1.5 log units above LOD values which is 
approximately 10 to 30 times the LOD. In the selected range, if the 
concentration has a central tendency in between the calibration 
range will be very beneficial while construction and analysis of 
calibration plot and also it is best to consider at least seven different 
concentrations (including blank) with at least one or more duplicate 
measurement so that at the end its very easy to calculate and 
compare the accuracy of the calibration model. 

d) Precision is a measure of the method’s ability to reproduce a mea-
surement or result and it can include elements of instrument 
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precision, repeatability, and reproducibility. By increasing the 
number of measurements, the precision of a measurement can be 
improved. In reproducibility, more uncertainties can be expected 
than in the repeatability. According to Horwitz’s studies, the preci-
sion is depending on the analyte concentration range. If this con-
centration range is small then relative standard deviation (RSD) 
value is high [113].  

e) Trueness: Trueness is an expression of how close the mean of an 
infinite number of results (produced by the method) is to a reference 
value. There are different approaches of trueness. Here trueness is 
calculated by spiking and recovering technique. In practice, the re-
covery levels between 80 and 110 % are acceptable. 

It is important to adopt these tools to validate the sensor perfor-
mances. It is best practice to repeat the measurements and then 
compared it with other measurements to know about accuracy, 
repeatability, reproducibility and error graph in calibration plot. At least 
10 replications are preferred in validation procedure. While represent-
ing the result, one should not ignore the importance of statistics. For an 
instance, in calculation of LOD, it is best practice to take at least 20 blank 
samples because if the number of samples are more, then the standard 
deviation becomes less and hence one can expect lower LOD. During 
recovery tests, spiking of an analyte of interest have been used. These 
solutions/real samples may already contain the analyte of interest so the 
care must be taken to ensure the spiking does not lead to analyte levels 
outside of the working range of the method. 

3. Conclusion and future perspective 

Recent advances in the detection of HMIs using point-of-care test 
equipment using colorimetric, fluorescence and electrochemical tech-
niques have been reviewed. The ever-increasing population and envi-
ronmental pollution generally lead to adverse effects in human health as 
well as other living organisms due to the ever-increasing level of HMIs in 
the environment. Traditional methods of HMI detection have needed to 
be replaced and modified to better serve people and their interests. In 
this regard, the emergence of POCT devices is a boon and should be 
carefully considered as a reliable detection of HMIs in the environment. 
According to literature reports to date, POCT devices offer advantages in 
terms of cost, portability, handling, maintenance, being much more 
convenient than traditional devices. The miniaturization of these de-
vices offers a wide range of advantages with easier monitoring, assessing 
and possible treatment of HMI pollution in different locations. Pathways 
are also open up for monitoring HMI levels in the environment as well as 
for testing the quality of food, water and land. 

Furthermore, with the help of the global positioning system, the geo- 
spatial distribution of regions with high levels of HMIs can be tracked, 
documented and shared to provide awareness and constant information 
to stakeholders and even to possibly remediate them. The HMI detection 
interface of portable devices such as such as laptops, tablets and 
smartphones can provide reliable and fast information in areas where 
resources are limited. However, there are still some major limitations to 
overcome in order to push this technology forward. Among them is the 
construction of reliable sensor materials that possess excellent signal-to- 
noise ratio, selectivity, specificity, sensitivity, stability (which directly 
affected by atmospheric humidity and temperatures), reproducibility, 
and repeatability. This particular challenge can be addressed by explo-
ration of novel probes, dyes, polymer composites and metal-based ma-
terials that are highly specific. The development and design of 
algorithms for data processing and analysis are also key factors that have 
to be addressed. Considering these features and challenges that come 
with the development of POCT devices, we consider that all these as-
pects can be a crucial game changer in ensuring safety and providing 
data to policy and decision makers. The future of POCT looks promising 
it may reduce the complexity that comes with sample preparation, 
handling and data interpretation. 
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A B S T R A C T   

The theory and kinetics of the hydrogen evolution reaction (HER) on electrodeposited rhodium in acidic media 
(0.5 M H2SO4 solution) were looked into. An electrodeposition approach using direct current (DC) and pulse 
current (PC) was used to deposit rhodium on a stainless steel 304 (SS304) substrate. Several parameters, 
including rhodium concentrations, current densities, temperature, pH, and coating duration, were used to 
optimise the rhodium bath. Scanning electron microscopy (SEM), X-ray diffraction (XRD), and energy-dispersive 
X-ray (EDX) analyses were used to assess the change in surface shape and chemical composition. The best coating 
was demonstrated at PC 75% duty cycle with an optimised current density of 4.0 A/dm2, which was better than 
the remaining PC cycles and DC source coating, indicating the most productive activity for hydrogen production. 
The activity of Rh catalyst coatings resembled that of pure platinum metal. Cyclic voltammetry (CV), chro-
nopotentiometry (CP), and potentiodynamic polarisation techniques were studied to determine the HER. The 
results obtained from the PC technique with a 75% duty cycle give more HER performance.   

1. Introduction 

As a result of increasing public attention to the major environmental 
risks posed by the widespread use of fossil fuel sources, a deal was 
reached to transition to an energy system that relies on cleanliness, 
safety, and recycled materials [1–2]. Hydrogen energy is an attractive 
future energy carrier since it can be created easily and without pro-
ducing any greenhouse effect [3–6]. Despite being the most prevalent 
element in the universe’s elements, in nature, hydrogen isn’t found in its 
purest form. In this context, the production of low-cost, environmentally 
friendly hydrogen from renewable energy sources is becoming increas-
ingly important. Water is a valuable source of hydrogen, and water 
electrolysis is the most common method of obtaining hydrogen from it 
[7–8]. 

The HER has already been examined in both acidic [9–11] and 

alkaline [12–13] solutions, as well as its dependence on pH and tem-
perature effects. Several electrode materials have been used to investi-
gate HER, including Hg, Rh, Pt, Au, Sn, Cu and Ag [14–17]. It is widely 
available that increasing any material’s surface area can be calculated in 
general to improve its cathodic efficiency through a synergistic combi-
nation of multiple parts engaged in it [18–19]. Moreover, the electro-
catalytic productivity of any substance is mostly determined by the 
metal surface’s binding energy with adsorbed hydrogen [20–21]. Based 
on the preceding, catalysts based on noble metals have already been 
used as effective HER electrocatalysts [22–23]. 

The first electrodeposition of rhodium plating was demonstrated by 
Marino in 1912 [24]. According to Cinamon, sulphate and phosphate 
baths are used for rhodium coating [25]. Rh is very corrosion resistant 
due to its association with the platinum group of metals. In our research 
work, we achieved coating using PC and DC techniques. The main 
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reason for selecting PC over traditional DC plating is to avoid the 
continuous entry of current into the bath, which leads to burning de-
posits or uneven coating. This led to the PC becoming popular in recent 
times. Pulse coating also leads to fine grain size deposition by varying 
the current TON and TOFF formulas. For more than a decade, PC coatings 
have been used in industries like aerospace, shipyards, and auto 
manufacturing [26–27]. Catalytic metals, especially Cu, Zn, and Al 
mixed oxides, are frequently used in chemical engineering and pollution 
control [28–29]. The presence of catalytically active transition metal 
species (e.g., Cu, Co, Fe, Ni, V, Rh) allows for easy separation of the end 
products [30–31]. 

In this paper, Rh has been coated on SS304 by electrodeposition. Pt is 
always superior. We tried with Rh, to know its ability and get an idea of 
Rh’s comparison to Pt [22]. The prepared Rh specimens were charac-
terised by SEM, EDX, AFM and XRD. HER performance was accessed by 
LSV, Tafel and Chronoamperometry techniques. 

2. Materials and techniques 

2.1. Rhodium coating 

The rhodium bath was optimised to coat the rhodium on an SS304 
substrate. Even though rhodium is cost-effective, the availability of Rh 
on the steel surface is very low, and hence the cost of Rh in the study can 
be controlled. The amount of Rh deposited on the substrate is 0.5 
µgcm�2. The bath’s composition and working requirements are pre-
sented in Table 1. The rhodium sulphate solution (Rh2(SO4)3) was 
supplied by Arora Matthey Limited, Kolkata. Using a pH metre (HI2020 
edge pH meter, HANNA, USA), the bath pH was kept at 1.3 by adding 
H2SO4 as needed. All depositions were performed at a temperature of 
45◦C. Electrodeposition was performed on a specified surface (1.76 cm2) 
of the polished (abrasive sandpaper of many grades ranging from 80 to 
1800 scale) SS304 substrate (15 mm in diameter and 1 mm in thickness). 
The anode was made of insoluble platinised titanium (Ti anode fabri-
cators private limited, Chennai, India) [32]. During plating, the elec-
trodes, anode and cathode, were placed at a distance of 3 cm apart. The 
experiment was carried out in a 100 mL capacity beaker (rhodium so-
lution and H2SO4) designed electrochemical cell and a power source 
(Agilent N6705A DC Power Analyser, USA). All depositions were 
recorded and completed in 20 minutes under continuous conditions. The 
coatings were rinsed and dried with distilled water. Various instru-
mental tools were used to examine the deposited coatings for surface 
morphology and compositional information. 

2.2. Characterisation 

The surface morphology of the rhodium coating was analysed using 
SEM ((model: FESEM Carl ZEISS), interfaced with EDS (model: Oxford 
Nanoanalysis 250). The surface morphologies of coated materials have 
been described using atomic force microscopy investigations (model: 
Nanosurf® EasyScan 2 AFM & STM) to confirm the evidence of other 
research methods. X-ray diffraction (Riakgu Mini Flexell Desktop 
Diffractometer with Cu-Ka (l = 1.5406 Å).) at 40 kV and 40 mA, scan-
ning from 10o to 100o of 2θ was used to identify the phases and crystal 

structure of the coated samples. 

2.3. Electrochemical measurements 

In the cell, electrodeposited rhodium electrodes were exposed to 
cathodic and anodic polarisation to determine the amount of hydrogen 
produced during the study. The rhodium coatings were electrodeposited 
on the working electrode and a platinum electrode as a counter elec-
trode. As a reference electrode, Ag/AgCl was used. Sinsil International 
Private Limited in Bengaluru, India, supplied all of the electrodes. Using 
the CompactStat.h10800 workstation, Ivium Technologies, The 
Netherlands, the electrochemical behaviour of the coatings was char-
acterised using CompactStat.h10800. The glass setup is equipped with 
marked micro-burettes for measuring the quantity of H2 released 
throughout electrolysis. The distance between the electrodes in our 
setup is 5 cm, near the cathode and anode exit holes are provided. It is 
easier for hydrogen and oxygen to go out from the chamber rather than 
mixing and was achieved by utilising a modified glass tubular cell, as 
illustrated in Fig. 1. 

3. Results and discussion 

3.1. Characterization of rhodium coating 

3.1.1. SEM study 
As illustrated in Fig.2, SEM is used to study the surface morphology 

of both PC (with different duty cycles) and DC source coatings, as 
illustrated in Fig. 2. The optimised current density in our work was 4.1 
A/dm2. One of the key factors that determines the rate of HER is current 
density. In comparison to all the PCs and DC sources (Fig. 2 a), PC 75% 
samples reveal more homogeneous and smaller granules, which produce 
a smoother coating surface. The Rh was irregular in scale on the surface 
in Fig. 2 b, 2c, and 2d because there are variations in its spread, the AFM 
confirmed this impression (Fig.4). The degree of uniformity decreased 
from PC 75% to DC. The duty cycle percentage has a considerable 
impact on the morphology of the surface of Rh coatings. Strong adher-
ence and brightness were obtained for all Rh alloy coating sources, 
although a 75% duty cycle rendered one appropriate for HER activity 
[33]. 

3.1.2. EDX study 
Fig. 2 depicts the EDX spectrum of Rh metal ions incorporated into 

the Rh bath solution coating. Furthermore, the weight % of Rh is pre-
sented in Table 2 and demonstrates that the Rh concentration in PC 
coatings is less than in DC coatings, despite the same deposition con-
ditions. The experimental data from Table 2 indicates that the Rh con-
tent of the coating declines in the bath from DC to PC coating, and the 
data matches concerning SEM images. (Fig.2). Type SS304 is a grade of 
austenitic steel with the following chemical composition by weight 
percentage; C 0.08, Mn 2.00, P 0.042, S 0.032, Si 0.72, Cr 18-20, Ni 8-12, 
Ni 0.10 and Fe 67-71.This change in the weight percentage of the 
coating causes a change in the surface roughness, as a result of this, it 
enhances the electrocatalytic activity [34]. 

3.1.3. AFM study 
The AFM is a strong tool for characterising coating roughness in 

terms of average smoothness, which is answerable for improved elec-
trocatalytic action. As a result, as shown in Figs. 4(a) and 3(b), a 3D AFM 
image of DC duty cycle and PC 75% coatings are captured. In compar-
ison to the PC 75% source, there were considerable alterations of the 
surface roughness in the DC coating. The excess surface area of the 
active rhodium on SS304 is caused by spines and corrugations on the DC 
electrode. The average roughness of the PC technique was 15.9 nm, 
which is lower than the DC coating of 42.0 nm, indicating that the Rh is 
deposited relatively consistently and even. This level of uniformity in 
the PC method increased the electronic charge density during LSV, 

Table 1 
Optimum bath conditions.  

Composition Limitations range 

Rh2(SO4)3 0.0080 g/l 
H2SO4 5 ml 
Temperature 45◦C 
pH 1.3 
Current density 4.0 A/dm2 

Deposition time 20 minutes 
Coating Source PC duty cycle: 25%, 50% and 75% 

DC  
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which contributed to the high HER activity. 

3.1.4. XRD study 
Fig. 5 depicts XRD patterns for Rh deposited on SS304 at different 

coating sources in our study. Peaks may be seen at 43.2o, 50.9o and 75.3o 

respectively. The Rh (111), (200) and (220) planes of the cubic Rh 
crystal can be indexed by three diffraction peaks Crystallographic search 
match software and powder diffraction files were used to analyse the 
peaks of the XRD pattern (PDF no. 1-1213). The grain sizes can be 
determined using Debye–Scherrer Equation [30] as given below 

D =
Kλ

βcosθ 

Where λ is the X-ray wavelength, θ is the Bragg angle, and β is the 
FWHM of the diffraction peak. The average grain size of the coatings is 
7nm, 10nm, 12nm, and 14nm for DC, PCs, 25%, 50%, and 75% duty 
cycles respectively. 

Fig. 1. A three-electrode arrangement in a modified glass cell for measuring the H2 developed on the surface of an electrodeposited rhodium coating.  

Fig. 2. Surface morphology of rhodium coatings: (a) PC 75% (b) PC 50% (c) PC 25% (d) DC.  

Table 2- 
Variation in the rhodium metal ions contented in different sources of coatings 
were mentioned approximately.  

Coating 
source 

Rh 
weight 
% 

Fe 
weight 
% 

Ni 
weight 
% 

Cr 
weight 
% 

Mn 
weight 
% 

Other 
elements 

PC 6.3 64.3 8.2 18.7 1.75 0.75 
DC 10.2 61.9 7.8 18.0 1.53 0.57  
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4. Hydrogen evolution reaction 

4.1. Linear sweep voltammetry 

As illustrated in Fig. 6, the Rh electrocatalytic activity was initially 
investigated for H2 evolution in H2SO4 media. All of the samples exhibit 
a favourable hydrogen evolution process. At duty cycle 75%, Rh coated 
by the PC technique has a relatively low overpotential for hydrogen 
evolution. For HER, the overpotential of a Rh catalyst deposited by a 
75% duty cycle sample is comparable to that of pure Pt. These findings 
support the sample’s superior performance (75% duty cycle). During the 
hydrogen evolution reaction, the 25% and 50% samples show more 
overpotential and less current. It was predicted that Rh would be 
particularly active for HER. Indeed, the catalyst Rh demonstrated a 
catalytic start at virtually zero overpotential, and catalytic current 
rapidly increased in the sample attained at 75% duty cycle. Further 
cathodic sweeping revealed H2 bubble development and discharge from 
the surface are both very active. 

4.2. Tafel measurements 

Tafel plots, as illustrated in Fig. 7, were used to assess the Rh elec-
trocatalytic activities. Tafel slopes reveal the nature of the HER process. 
The Volmer Heyrovsky or Volmer-Tafel mechanistic pathways are used 

Fig. 3. EDX range of rhodium coating developed at PC 75% duty cycle using 
the ideal bath. 

Fig. 4. AFM image of Rh coatings.  

Fig. 5. . XRD patterns of Rh coated by DC and PCs of different duty cycles.  

Fig. 6. LSV curves for HER on the rhodium coatings’ surfaces.  
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to express the kinetics factor of electrocatalytic HER. Table 3 shows the 
Tafel slopes of 40.7, 61.3, and 74.1 mV/dec for coated Rh deposition 
with PC, respectively utilising 75 %, 50 % and 25 % duty cycles. The 75 
% duty cycle coated Rh catalysts had a much lower Tafel slope, indi-
cating increased electrocatalytic activity, which is indeed more than the 
prepared DC samples (69.9 mV/dec). The moderate Volmer-Tafel re-
action mechanism has a Tafel slope of 40.7 mV/dec is hydrogen atom 
desorption and that hydrogen atom desorption is the rate-determining 
step [35–36]. 

4.3. Chronopotentiometry study 

The chronopotentiometry (CP) of both PC (75%, 50% and 25% 
respectively) and DC coatings was investigated, as well as their elec-
trocatalytic stability. A persistent current is administered in-between the 
two electrodes in this method by monitoring the voltage of one of the 
electrodes as a function of time regarding the substance of the reference 
electrode. The CP experiment was carried out at a steady current of -0.35 
mAcm−2 for 3 hrs. The electrocatalytic behaviour of the coatings was 
evaluated using this technique by monitoring the sum of hydrogen freed 
for an early 180 seconds. The amount of hydrogen liberated is recorded 
and registered in Fig. 9. When compared to DC coatings, PC coatings 
emit a greater amount of H2 gas. This demonstrated that the preferred 
electrode material for HER is PC coating. Fig. 8 depicts the chro-
nopotentiograms of PC 75%, PC 50%, PC 25%, and DC coatings. At first, 
the graph shows a substantial drop in potential as a function of time for 
both coatings. This is because, at the start of the electrolysis, the 
reduction of hydrogen ions and the evolution of hydrogen gas occur at a 
faster pace due to the rapid supply of current [37–38]. After a few mi-
nutes, there was little fluctuation in the potential with time, indicating 
the development of equilibrium. This shows that the release of hydrogen 
occurs efficiently on the electrode’s surface and measurement of 
hydrogen release is confirmed by the fitted graduated burette in the 
three electrode arrangements glass tube as shown in the Fig. 1. 

5. Conclusions 

The coating of rhodium on SS304 by pulse and direct technique was 
successfully done by the PC and DC method. The coating grain size was 
reduced and it was achieved by the PC technique at PC 75% is inferred 
by SEM. EDX confirmed the presence of Rh in the base metal. The 
roughness of the surface is highlighted by AFM analysis, which is sup-
ported by surface morphology outcomes. The SEM results were XRD 

verified. LSV demonstrates that the created coating has less over-
potential and provides greater current. The lesser Tafel slopes demon-
strate the efficacy of the catalysts and validate the HER mechanism 
explained by the Volmer-Tafel. Values of chronopotentiometry approve 
the complete consequences by providing a higher hydrogen collecting 
volume through electrolysis. The present research has the calibre to 
deliver its importance and to be commercialised for industrial use 
(Fig. 3). 
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University Industry Interaction Centre in association with 
Institution Innovation Council, REVA University 

Organized IEDC Program on 

 

“Risk Assessment of Product & Innovation Development” 
 
 
 
 
 
 
 
 
 
 

About the event 

 

University Industry Interaction Centre in association with 

Institution Innovation Council organized IEDC Program on “Risk 
Assessment of Product & Innovation Development” on 24th 

September 2021 from 2:30PM to 3:30PM for 3rd semester students 

of B.com Industry Integrated & Honors. 

A brief Introduction about REVA NEST was given to students, 

followed by profile reading and introduction of the Speaker Mr. 

Pramod Kalyani. 

Later the session was handed over to the speaker on Risk 

Assessment of product & Innovation Development. 

The event was conducted in two sessions; details are as mentioned 

below: 

IEDC Programme 24.09.2021 
 

Afternoon 2.30PM to 3.30PM 
 
 
 

Topic: Risk Assessment of product & Innovation Development. 

 
 

 

 

Resources Person: Mr. Pramod Kalyani- CEO, Kalsoft Solutions 
Private Limited. 
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About IEDC: 
The Innovation and Entrepreneurship Development Center (IEDC) 

are platforms set up mainly in Engineering colleges with an aim to 

provide students an opportunity to innovate and experiment. 

IEDCs works as the first launch pad for a student’s entrepreneurial 

journey and provide them with access to cutting edge technology, 

world class infrastructure, high quality mentorship, early risk 

capital and external connects. 

IEDCs act as common platforms in academic institutions to 

nurture innovation and entrepreneurship culture among student  

Fraternity. 

Organized By 
University Industry Interaction Centre in association with 
Institution Innovation Council, REVA University 

School 
Coordinators 

Prof. Kantharaju & Prof. Naresh Babu k S 

UIIC Coordinator Ms. Vanitha R 

Date 24-9-2021 

Targeted 
Audience 

3rd Semester students from school of Commerce B.com Industry 
Integrated & Honors  

No. of 
Participants 312 

No of faculty  
6 

Total 
Participants  318 

Session Link 
https://bit.ly/3uhLjMG 

Session Outcome  Entrepreneurship that proves to be successful in taking on the 
risks of creating a startup is rewarded with profits, fame, and 
continued growth opportunities. Entrepreneurship that fails 
results in losses and less prevalence in the markets for those 
involved. 
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UUnniivveerrssiittyy  IInndduussttrryy  IInntteerraaccttiioonn  CCeennttrree  iinn  aassssoocciiaattiioonn  wwiitthh  IInnssttiittuuttiioonnss  IInnnnoovvaattiioonn  
CCoouunncciill,,  RREEVVAA  UUnniivveerrssiittyy  oorrggaanniizzeess  aa  

"" Session on Essential Networking skills for innovators ”  
 
 
 
AAbboouutt  EEvveenntt  

REVA NEST & School of Computer Science Engineering in association with 
Institutions Innovation Council, REVA University organized ““Session on 
Essential Networking skills for innovators  ““oonn 0022nndd  FFeebb  22002222..  
  
This session taken by Mr. Deepak Sonthalia, Co-Founder, BLIV Spaces 
Private Limited, session was very much useful for NEST pre-incubates & 
School of Mechanical Engineering, where they gain more knowledge about 
Essential Networking skills and Innovations, the session was more 
interactive. 
  
Speaker explained in detail about the topic by sharing his entrepreneurial 
Journey by explaining following topics: 

1. Discussed of 5 Essential Networking Skills. 
2. Steps to be Innovators. 
3. Important of Networking Skills towards Entrepreneurs. 
4. Platform of advertising about ATL, BTL and social media concepts. 
5. Innovator Mind sets  

 
OOrrggaanniizzeedd  BByy  REVA NEST & School of Mechanical Engineering  

UUIIIICC  //  IIIICC  
CCoooorrddiinnaattoorr  NNaammee    

Ms. Vanitha R  

IIIICC  CCoooorrddiinnaattoorr  ffrroomm  
SScchhooooll  

Prof. Rajesh Babu- Mechanical  

DDaattee  
0022nndd  FFeebb  22002222 

TTaarrggeetteedd  
AAuuddiieennccee  ((SScchhooooll  NNaammee))  School of Mechanical Engineering & REVA NEST Pre-I 
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NNoo..  ooff  SSttuuddeennttss  PPaarrttiicciippaatteedd  
90 

NNoo..  ooff  FFaaccuullttyy  PPaarrttiicciippaatteedd  5 

SSeessssiioonn  LLiinnkk     https://teams.microsoft.com/l/meetup-
join/19%3ameeting_M2NhZGY2MjQtMTJiYi00NDM2LWJjYTAtOTJjZjA
3NWZiNDNj%40thread.v2/0?context=%7b%22Tid%22%3a%22474565c1-
bca4-4295-a2f5-b0c7dbf2591c%22%2c%22Oid%22%3a%223e8203ba-c034-
447d-b9e8-a73105e37d6a%22%7d 

TToottaall  PPaarrttiicciippaannttss  95 

OOuuttccoommee  ooff  tthhee  EEvveenntt  Students got knowledge about Essential Networking skills and Innovations, 

 

E- Banner: 

 

Session Photographs: 
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DDiirreeccttoorr                                                                                                                                                                                                                                                  VViiccee  CChhaanncceelllloorr  
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School of Electrical and Electronics Engineering, REVA University
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    University Industry Interaction Center, School of Computer Science & 

Engineering and School of Computing and Information Technology in association 

with Vodafone Organizes a 

“Student Workshop on Cloud Computing” 
 

About Event 

University Industry Interaction Center School of Computer Science & 

Engineering and School of Computing and Information Technology in 

association with Vodafone Organizes a “Student Workshop on Cloud 

Computing on 25th to 27th April, 2022 from 01:30 PM to 04:30 PM. 

 

Ms. Deepika from Edunet is the resource person for the 3 days workshop. 

Ms. Deepika Provided the hands on training and session on AWS cloud, IBM 

Cloud, Cloud Foundry, Python Development etc. 

 

Total 45 Participants from REVA University attended the session and got 

benefitted in AWS Cloud, IBM Cloud etc. 

Organized By UIIC, School of CSE & CIT 

 

Coordinator Name  
Mr. Adithya Poojary, Mr. Surendra Babu, Mr. Nikhil Tengli 

Date 25th to 27th  April, 2022 

Time 1:30 PM to 4:30 PM 

Venue C N Rao Seminar Hall, C V Raman Block, REVA University 

Targeted Audience  
Students from REVA University 

Mode of Session  Offline 

Total Participants 45 
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Outcome of the Event In this 3 days workshops students are undergone and understood the concepts 

of Cloud Computing, AWS cloud, IBM Cloud, Cloud Foundry, Python 

Development etc. 

 

E-Banner: 

 
Session Photographs 
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SecIQ Technologies 

#9, 5th Cross, NN Halli, Kempegowda Layout, Dr.S.K.Nagar Post, Bangalore – 560077, India 
www.seciqtech.com 

Date: 22nd Nov 2022  
Reference: HR/Intern/2022/Nov/001  

 
  
Ms. Rida Fathima 
REVA University  
D/o Mr.Sharmas , 
#1, Bilal Masjid quarter, Pilanna Garden 
Bangalore 
Karnataka – 560045 
 
Subject: Internship Offer Letter    
 
Dear Ms. Rida Fathima 
 
We would like to confirm that your application for internship Position: Intern – Operations & 
Marketing, at SecIQ Technologies LLP has been accepted. Here are the terms of internship while 
working with the company: 
 

1. This internship contract will be for 2 months (60 days) starting from 22nd November 2022 
and upon performance contract extension will be considered.  

2. You will be designated as “Intern – Operations & Marketing” and not eligible for any 
stipend in the first 2 months. 

3. You will not be entitled for any other benefits from the company during this venture. 
4. From time to time, your performance will be evaluated by Program Manager Mr.Joel Rao. 
5. During internship, you are expected to abide Code of Conduct prescribed by the company 

for all the employees. 
6. You need to sign a NDA for data Security purpose. 

 
Please feel free to contact us in case of further details. Wishing you good luck for your future 
endeavors. We look forward to having you joining our team.  
 
Best Regards,  

 
Bivin Jacob  
Co-Founder & Business Head   
SecIQ Technologies LLP.  
 
Accept Job Offer:  
By signing and dating this letter below, I, Mr. Hudson Daniel, accept this internship as “Intern – 
Operations & Marketing”  by SecIQ Technologies LLP.  
 
 
 
Signature:  
Date: 22/11/2022  
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REVA
UNIVERSITY
pet the seetton of the (JC,C t. 1956,

Approved by AIC New
School of Electrical and Electronics Engineering,

Presents
Post Conference Report on International Congress on Renewable Energy

(ICORE-2021)
27th -28th Nov, 2021

Greetings of the day!

We are happy to announce that, School of Electrical and Electronics Engineering, organized
mo days International Congress on Renewable Energy (ICORE-2()21) on 27th and 28th
Nov. 2021 in association with Arhus University, Denmark and Sponsored by Solar Energy
Society of India.

The conference presented an open forum for scientists, researchers and engineers to exchange the
latest innovations and research advancements in the areas of Electrical Engineering like
generation, transmission, distribution, utilization, storage, smart grid, conservation of electrical
energy, etc. Renewable Energy like Solar PV system, Wind Energy System, Renewable Grid
Interconnection System etc. In recent times there has been tremendous evolution in Electrical &
Electronics Engineering research due to challenges brought by distributed energy sources
integrations, Smart grid solutions, DSM, loss optimization, strengthening of electrical distribution
system, EV integration, energy conservation, power quality issues, etc. The conference was
included with plenary sessions andinvited talks from eminent researchers on the state of the art in
related areas. Contributions describing original research, surveys and applications. Topics of
interest include, but are not limited to, the following areas: Power Electronics, Electric Vehicles,
Smart Grid, Data Analytics, Carbon Neutrality, Advanced analytics for Energy Industry and Data
science fundamentals.

School of Electrical and Electronics Engineering, REVA University
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tbc convencrn, ond nil punicipnnth of titis virtual conference,

M Ali,

Ion,

pstrticipants.

Dr, Kurrjar,
Dr, M

tedignitarics,

A total Of 67 werc frotn ports Of globe namcly, Peru, Tanzania, Maicsia.

lirll/il, Capc Town ond tnany out of 60 papers were after multiple review,
plagiarigtn cbcOing procer.% final technical review by the expert committee. Finaliy,

rcviscd versionpoperg are reccivcd, 'l otal of 32 »electcd for publisbing in Scopua

Indexed Conference Proccedings,

'Ilic confcrcncc witncsscd an ovcrwhcjtning opprcciation for keynotc deiivered by, Dr.

Prof. AtlJ Iqbal, Felloh' II%'T (UK), l"ellow Il'} (India) and Senior Member IEEE, Vice-Chair,

IEEE Qatar section, DSC (Poland), Phl) (UK) on Nov, from to 11,15arn on the

topic "Renewable Grid Interconnection Sylem well received and apprcciated by

the audience and "tudcnt comrnunity and found to be vcry intcrcsting and informative,

//ead of 'Control and Management ofElectrical Systems'

of Ejectrical and (leq.tronics (ngingeriog, University
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research 
I 'nivvr«icv 

topic titled 

of 1.4Co,SERli Laboratory t,'/ectrica/ Engineering Department Laghouat
dc)tvctvd k+note address on 28th Nov, front to 11.15 am, on the

Role of Advanced fnal)'tics In the t.•nergv Industry", session gave the
gtx•atet insights about the Of Advanced analytics for the re•carch community to work on. and

nx•ived by the entire Sinuat audience,

authors ptvsented papers in 4 difference tracks "ith parallel sessions under the various
don\ains for days 11.00 am to 12.30 pm, and to 3.3() pm with each track

composing of ISO minutes.

ICORE• 2021 concluded with valedictory function in presence of our Deputy Director, I)r. Raghu

C N. authors shared their experience and was followed by appreciation notes to the session

chairs Finally. one best papersddtlaner evaluating all the presentation from different tracks and

ssa.s soth BEST PAPER AWARD. All the students ho presented papers and participated

in ICORE-2021 were highly appreciated and congratulated by the organizing and expert committee

for their interest and initiative in carrying out research.

Ibe conference provided an open forum for Scientists, Researchers, Engineers and Students to
exchange the latest innovative ideas in research advancements in the areas of Electrical,
Electronics and Computer Engineering, including smart grids, Solar PV System, Wind System and
Reneuuble Grid interconnection system.
The conference was organized in association with Solar Energy Society of India.

School of Electrical and Electronics Engineerinc REVA University
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Few Pictures from Inaugural Ceremony

n EVA Electrical andUNIVERSITY School of 
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REVA School of Electrical and
Electronics Engineenng

SOLAR ENERGY SOCIETY OF INDIA
Orgamses a International Congress on

Renewable Energy (ICORE-2021)

Scopus

unk to pan Date rt• November
MS Team • shorturlaVdgnpC
Youtube • contvatch'v•AXGt3AsYMTc revaedu-in

School of Electrical and Electronics Engineering, REVA University
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International Congress on Renewable Energy
(CORE-2021)

School of Electricaland Electronicg
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Chief Guest
Dz Kumar
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Electronics Engmeenng

SOLAR ENERGY SOCIETY OF INDIA
Orgamses a International Congress on
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Scopus'
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School of Electrical and Electronics Engineering, REVA University
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Title: Energv E mciency Enhancement of "ind power Plant by using

Paper ID: 14
Nane of t be presenter: Sri N. Siddhik
Name of the authors:

Sri. K. Ramamohan Reddy, Sri. K. Kalyan Kumar
Affiliation: J NT U Anantapuramu

4

School of Electrical and Electronics Engineering, REVA University
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