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a  b  s  t  r  a  c  t

An  organometallic  dye,  europium  tetrakis  dibenzoylmethide  triethylammonium  (EuD4TEA)  and  gold
nanoparticles  (Au NPs)  impregnated  paper  based  sensor  platform  have  been  utilized  for  development  of
fluorescence  turn-on  cyanide  assay  in  aqueous  media.  The  ordinary  filter  paper  with  6  � m  pore  size were
employed  as solid  support  that facilitates  impregnation  of EuD4TEA  and  gold  nanoparticles  and  provides
durability.  Detection  mechanism  relying  on  two  processes  (i)  dissolution  of gold  nanoparticles  causing
fluorescence  recovery  and (ii) ligand  exchange  of triethyl  amine  with  CN group  stimulating  cyanide
specific  fluorescence  enhancement.  The  paper  platform  exhibit  naked  eye  distinguishable  color  transition

− −2 −12

aper based sensing platform
aked eye detection
luorescence turn on assay

upon  CN addition  from  10 to  10 M.  To standardize  the  methodology  a homemade  image  processing
algorithm  has  been  developed  that  enabling  calibration  of color  change  and  quantify  CN− concentration.
The  described  algorithm  is  applicable  to Android  smart  phones  and  facilitate  transforming  these  devices
into  a quantitative  cyanide  detector.  The  overall  methodology  provides  instrument  free  cyanide  detection
and therefore  rapid  control  of water  quality  and  safety  at  off-field  conditions.

© 2017  Elsevier  B.V.  All  rights  reserved.
. Introduction

Cyanide is heavily used in common processes of plastic man-
facturing, electroplating, and mining industry that results over
illion tons of global demand per annum increasing the risk of

ontamination of ground water [1–4]. The continuous monitor-
ng cyanide level of ground water is therefore crucial at close
roximity of industry-connected risk areas (the lethal dose of the
yanide in drinking water 1.9 �M,  [4]). Optical reporters are of
nterest due to capability for rapid and accurate cyanide sens-
ng in aqueous media, and their significance on sensing given in
omprehensive reviews [5,6]. The number of studies, have also
escribed new cyanide receptors such as an acylhydrazone [7],
luco-conjugated o-(carboxamido) aldehyde hydrazine linked azo
ye [8], 4,4

′
-bis-[3-(4-nitrophenyl) thiourea] diphenyl methane
or ether) [9], dual-modal probes based on coumarin and a mal-
nyl urea derivatives dyes [10], aggregation-induced emissive
exaphenylbenzene [11], 7,7,8,8-tetracyanoquinodimethane [12],

∗ Corresponding author.
E-mail address: hakanyildiz@iyte.edu.tr (Ü.H. Yıldız).

ttp://dx.doi.org/10.1016/j.snb.2017.05.185
925-4005/© 2017 Elsevier B.V. All rights reserved.
and near-infrared chemodosimeters based on 5,10-dihexyl-5,10-
dihydrophenazine [13]. These and other alternatives [14–19] have
been utilized as selective and sensitive color change or fluorescence
turn-on based detection of cyanide in aqueous media. Although
number of assays [20–26] are available for cyanide detection in
aqueous media, the most of them require laboratory, instruments,
skilled technicians and long detection period. The translation of
current cyanide assay methodologies to naked-eye-detection kit
is challenge and the need for rapid, accurate, cost-effective detec-
tion still unmet. The combination of two technologies paper based
sensing and smart phone hold great promise to overcome major dif-
ficulties of current methodologies and exhibit a potential to provide
naked eye detection of cyanide. The paper based sensing platforms,
acts as a novel alternative to the lab-based instrument dependent
detection methods since they have several advantages such as sim-
plicity, portability, cost effectiveness, and disposability [27–29].
The paper based sensors have been utilized raging from clinical
diagnoses to food quality control, and environmental monitoring
[30–33]. On the other hand, recent advances in mobile communi-

cation, smart phone technology as well as user friendly software
(applications) enable developing of alternative sensing strategies
[34–40]. Here we  present a new fluorescence turn on cyanide

dx.doi.org/10.1016/j.snb.2017.05.185
http://www.sciencedirect.com/science/journal/09254005
http://www.elsevier.com/locate/snb
http://crossmark.crossref.org/dialog/?doi=10.1016/j.snb.2017.05.185&domain=pdf
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etection assay employs disposable paper based sensing platform
nd mobile application that provide detection and quantification
f cyanide in aqueous media. An organometallic dye, europium
etrakis dibenzoylmethide triethylammonium (EuD4TEA) impreg-
ated filter paper test platform used for specific detection of
yanide (CN−). The proposed methodology facilitate dye-paper
mpregnation with simple fabrication steps that minimize the vari-
tions. To provide naked eye detection gold nanoparticles have
lso been employed to control quenching and recovery. Upon reac-
ion with CN− the synergetic effect of fluorescence recovery and
nhancement by EuD4TEA-Au NPs paper sensor causes naked eye
istinguishable color change. This report also describes facilitation
f quantitative detection of CN− by custom-made image processing
lgorithm to standardize the detection methodology which recog-
ize color codes providing CN− detection as low as 10−12 M.  The
ew algorithm is applicable to ordinary smart phone equipped with
amera and transforms these devices in to a quantitative cyanide
etector.

. Experimental section

.1. Materials and methods

Europium (III) nitrate pentahydrate (99.9% trace metal basis),
,3,-diphenyl-1,3-propanedione (99.8%), triethylamine (≥99.0%),
old(III) chloride hydrate (HAuCI4·xH2O) (99.9% trace metal basis),
odium citrate tribasic dihydrate (Na3C6H5O7) (≥99.0%), and each
alt were purchased from Aldrich. The ordinary filter paper (What-
an  1003-320 grade 3) made of Cellulose with 6 � m pore

ize were used. All other reagents and solvents were commer-
ially available at analytical grade and were purified for preparing
olutions. 1H NMR  spectra were recorded on a Varian 400 MHz
pectrometer at 400 MHz. UV–vis spectra were recorded on a
arian Cary 50 UV–vis spectrophotometer. Fluorescence spectra
ere obtained on a Varian Cary Fluorescence spectrometer, exci-

ation was 365 nm.  FTIR spectra were taken Perkin Elmer Fourier
ransform Infrared Spectroscopy when the range from 400 cm-1
o 4000 cm-1. Microscopy images were taken from Olympus IX2-
LL100 Fluorescence Microscopy and Philips XL-30S FEG Scanning
lectron Microscopy.

.2. Synthesis of europium tetrakis (Dibenzoylmethide)
riethylammonium (EuD4TEA)

The synthesis of EuD4TEA [41] was started to dissolve 13 mmol
f 1,3-Diphenyl-1,3-propanedione (DBM) in 50 mL  of anhydrous
thyl alcohol under heating at 100 ◦C. After complete dissolution,
4 mmol  of triethylamine (TEA) was added into the hot solution.
eparately, 4 mmol  of europium (III) nitrate hexahydrate was dis-
olved in 25 mL  of anhydrous warm ethyl alcohol and the solution
as sonicated for 2 min  using an ultrasonic bath. The europium

alt solution was then added to the DBM and TEA solution. The
eaction was stirred and heated at 200 ◦C for 1 h under controlled
onditions. During this period, the solution became clear. The solu-
ion was then kept aside to cool to room temperature. The formed
rystal particles were filtered by using vacuum filtration followed
y rinsing the crystals with pure ethyl alcohol and then dried in air.
inally, fluorescent yellow particles were obtained.

.3. Synthesis of gold nanoparticles (Au NPs)

In a typical synthesis [42], HAuCl4 solution (0.5 mM)  in water

as heated at 80 ◦C and the reducing agent, trisodium citrate

olution (38.8 mM)  was added the chloroauric acid solution. The
olution was kept boiling until color change to red, and then the
eat was immediately removed. The uniformly dispersed gold
ors B 252 (2017) 886–893 887

nanoparticles were obtained with the particle size as 30 nm and
Absorption spectra of Au NPs showed a classical peak centered at
525 nm.

2.4. Sensitivity and selectivity measurement

The fluorescent-dye solution was prepared by dissolving
EuD4TEA in N,N-Dimethyl formamide (DMF) and the concentration
of main solution was kept as 87 mM.  The selectivity of the sensing
system toward cyanide (CN−) was also evaluated by using another
anions including F −, Br −, Cl −, NO3

−, CH3COO −, H2PO4
−, SO4

2−,
CO3

2−, N3
−. The salt solutions were prepared in distilled water and

the concentration was  kept as 10 ppm.

2.5. Visual detection of cyanide in solid state

The common filter paper was cropped in a size of a 1 cm.  Each
spot was  dyed by 10 mL  of 87 � M EuD4TEA solution. When the
fluorescent spots were completely dried, each surface was impreg-
nated by 5 mL  of Au NPs solution. Au NPS impregnated EuD4TEA
dye doped paper spot was  finally treated with different concentra-
tions of cyanide solution.The test stripes were designed as three
spots: reference 1 (R1) sample (S) and reference 2 (R2). R1 and R2
utilized as control spots. The readout system consists of a com-
mercial digital camera of smart phone with 1/2.5′′ CCD sensor and
lens with focal length of 30 mm and f/2.8. UV illuminated test strips
are placed perpendicular to the camera at a fixed distance of 8 cm.
(length of the apparatus). The test strip is uniformly illuminated
with UV led (365 nm), to improve measurement accuracy and min-
imize the potential errors, the readout platform is made of black
cardboard to provide complete isolation from any light reflection
from hardware accessories and diffusers. In order to prevent artifi-
cial color changes, white balance and EV compensation properties
of the camera were disabled.

2.6. Image processing

The home-made algorithm (MathCAD
®

) used to retrieve the
color component values. This analysis digitizes actual red color
and in user-defined region of interests (ROIs). The algorithm con-
verts the raw image (DNG file) to tagged image file format (TIFF) to
extract red channel pixel intensities and compute averaging func-
tion to extent global value for whole image (no further background
corrections were utilized).

3. Results and discussions

3.1. Optical properties of EuD4TEA in solution

The optical properties of EuD4TEA in solution have been char-
acterized, prior to explore sensing capability at solid state. Fig. 1a
shows fluorescence spectrum of EuD4TEA that exhibits strong flu-
orescence signal centered at 614 nm that is assigned to the 5D0 to
7F2 transition. The emission peak with a broad tail around 625 nm is
typical when Eu coordinated with unsaturated ligands. Upon mix-
ing of equimolar EuD4TEA and KCN solutions, emission intensity
of EuD4TEA has increased nearly three folds. Fluorescence titra-
tion experiments shown in Fig. 1b depicts the response of EuD4TEA
against the common anions F−, N3

−, H2PO4
−, CH3COO−, Cl−, Br−,

SO4
2−, NO3

−,CO3
2 to confirm the cyanide specific enhancement.

The fluorescence intensity of EuD4TEA changed marginally as anion
concentrations gradually increased, unlike CN− addition causes

80% enhancement in fluorescence intensity. The cyanide specific
enhancement can be attributed to substitution reaction of CN−

by trimethyamine group in EuD4TEA thereby altering resonance
structure of tetrakis dibenzoylmethide attached to Eu center. As a
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Fig 1. (a) Fluorescence spectrum of EuD4TEA dye in the presence and absesnce of CN− (b) Fluorescence Intensity plot of EuD4TEA in the presence of various ions (titration
performed from 1 microliter to 10 microliter of ions).
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ig. 2. 1H NMR  spectrum of EuD4TEA without CN− (blue spectrum) and with CN−

eader  is referred to the web version of this article.)

esult of substitution reaction, significant change in chemical vicin-
ty of Eu and increase in charge density around coordination sphere
ccurs that facilitates electronic transitions. To support the idea of
ubstitution reaction, NMR  experiments have been performed. The
MR spectra of two solutions EuD4TEA (blue curves) and EuD4CN

red curve) were shown in Fig. 2. The protons of triethylamine
n EuD4TEA complex shows broad signals at 2.81 and 1.05 ppm.
fter treatment with cyanide ion, triethylamine protons gave first
rder NMR  signals at 2.39 and 0.90 ppm for CH2 and CH3 groups
espectively and such change was interpreted as the detachment
f triethylamine from EuD4TEA complex. The NMR  spectrum has
lso revealed that equilibrium exists between keto and enol forms
f 1,3-dicarbonyl compounds as shown in schematic in Fig. 2. Equi-
ibrium became clearer by the peaks at 5.65 and 4.14 ppm belongs
o CH of the enol form and methylene group in the keto form

espectively. The integrals of these peaks indicate that the ratio of
he enol form to keto is 5:1 in the complex. Treatment of EuD4TEA
ith cyanide ion causes the loss of methylene signal in 1H NMR
pectrum). (For interpretation of the references to colour in this figure legend, the

at 4.14 ppm and implies that equilibrium completely shifts to the
enol form. Chemical shifts of the aromatic protons are at 7.65 and
7.19 ppm also show the formation of chemically equivalent enol
form. This result prove that chemical environment of Eu atom has
drastically changed by CN− due to substitution reaction.

3.2. Optical properties at solid state

In Fig. 3a the top row shows EuD4TEA, rhodamine B (Rho-B),
rhodamine 6G (Rho-6G) fluorescein hydrazide (Fluo-Hyd) impreg-
nated paper substrates under UV illumination. These substrates
exhibit characteristic luminescent colors of impregnated dyes. As
paper substrate were aged for two  weeks under ambient condi-
tions, the luminescent color of all substrate changed substantially
unlike EuD4TEA (see the second row). The Fig. 3b shows that the

percent change in RGB values which were calculated by propor-
tioning of final Rfin Gfin Bfin values (bottom image) to initial Rin Gin
Bin (top image). The percent RGB change was found to be over 10%
and 20% in red and blue components respectively for Rho-B and
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Fig. 3. (a) Digital images of paper impregnated EuD4TEA, Rhodamine B (Rho-B), Rhodamine-6G (Rho-6G) and Fluorescein Hydrazide (Flo-Hyd) under UV illumination. (b)
%  change in RGB values upon aging. (c) Scanning electron microscopy and Fluorescence microscopy images of pristine paper, EuD4TEA impregnated paper, EuD4TEA–Au
N Au NP
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Ps  doped paper and CN− treated paper. (d) Digital images of paper sensors upon 

ariation of color codes red, green, blue (RGB) of the paper sensors presented in r
eferred to the web  version of this article.)

ho-6G referring to moderate color change by ageing. The Fluo-
yd impregnated substrates exhibited the most substantial loss

over 100% change in red and blue components) shows incapability
f preserving optical property at solid substrate. EuD4TEA exhibit
arginal change less than 5% in RBG upon ageing. This results prove

hat EuD4TEA has long period of durability of luminescence at solid
ubstrate. The durability of EuD4TEA on solid support becomes
ajor advantage over common fluorescent probes. However flu-

rescent enhancement by cyanide provides enough contrast only
t high concentration range (>10−4 M)  and does not helpful for
onitoring at critical concentration range such as 10−6 M.  Here
e hypothesized that utilization of gold nanoparticles (AuNPs) is
seful to develop the response and enable visual detection of CN−.
he strategy relies on complete fluorescence quenching of EuD4TEA
mpregnated paper by controlled deposition of AuNPs and dissolu-
ion of AuNPs by cyanide that causing fluorescence recovery and
nhancement. Fig. 3c (right panel) shows fluorescence microscopy
mages of pristine paper, and EuD4TEA impregnated paper sub-
trate, after addition of AuNPs and CN− respectively. As seen in top
mage pristine paper exhibits no luminescence whereas EuD4TEA
mpregnation causes bright orange luminescence. By addition Au
Ps total quenching occurs due to energy transfer from EuD4TEA to
u NPs. Upon CN− addition orange luminescence were recovered

ue to complete dissolution of AuNPs. The left panel of Fig. 3c shows
EM images of corresponding steps shown in right panel. The top
EM image shows the fibrous structure of pristine paper and it has
hanged to smoother morphology by EuD4TEA impregnation (sec-
s impregnated and CN addition with varying concentrations (10−1 to 10−10 M).  (e)
 (For interpretation of the references to colour in this figure legend, the reader is

ond image). SEM imaging reveals that spherical Au NPs particles
were dispersed on paper and has dissolved after CN− addition. This
results show that our proposed strategy of cyanide detection by
dye-nanoparticle impregnated paper platform is valid.

The control of concentration of AuNPs on the EuD4TEA impreg-
nated paper substrate is critical for reproducible color development
therefore AuNPs deposition has been standardized. AuNPs solution
with an optical density of 0.1 was  used for deposition on to EuD4TEA
impregnated paper that were applied till complete wetting. Fig. 3d
shows the digital images of paper substrates: row 1 is EuD4TEA
impregnated paper which is fluorescent, row 2 is AuNPs modi-
fied EuD4TEA impregnated paper (quenched). The third row shows
color development of AuNPs modified EuD4TEA impregnated paper
to varying concentrations of CN− (10−1–10−10 M).  As shown in
Fig. 3d spots were in row 1 exhibit no significant variations in
color as well as intensities. The corresponding color code analysis in
Fig. 3e confirms the variations in colors (2%) from spot a to g in row-
1 is marginal. This assures impregnation of EuD4TEA homogenously
distributed on paper surface. The complete quenching in lumines-
cence has been observed in row-2 by applying the nanoparticles
suggesting AuNPs were allocated to the vicinity of dye molecules
after deposition. Color code analysis shows that nearly 1% varia-
tions exist among different spots in row-2, implying deposition step

−
is reproducible. Upon CN addition with varying concentration on
to paper sensors, concentration dependent color development has
occurred. The color code analysis of row-3 reveals two major fea-
tures; both luminescence and color development occurs depending
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Scheme1. The fabrication steps of EuD4TEA-Au NPs doped paper based sensor, proposed CN- detection assay and analysis methodology.
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ig. 4. (a) Digital images of paper impregnated EuD4TEA, with varying CN− concentr
urve  based on RED histogram (The black data point illustrates analyte free color an
eferred to the web  version of this article.)

n CN− concentration increases. The basic mechanism of color
evelopment is based on dissolution of AuNPs/fluorescence turn
n and CN− specific enhancement. To perform quantitative anal-
sis, images were imported to image processing software to yield
olor codes red, green, blue (RGB). The “red component” exhibit
inear correlation by the cyanide concentration. It was  exhibited in
ig. 3e as cyanide concentration changes from 10−1 to 10−10 M in
olution red component decreases ∼250 to ∼20. This linear depen-
ency is used later to calibrate color component of corresponding

mages to the precise quantification of analyte concentration.

.3. Assay development and color based quantification of cyanide

y smart phone

The Scheme 1 shows steps for fabrication of paper based sensor,
nstrument free cyanide detection assay and quantitative analysis
from 10−1 to 10−9 M)  and RED component histogram of sample spots. (b) Calibration
.). (For interpretation of the references to colour in this figure legend, the reader is

by simple image processing. The apparatus cell shown in Scheme 1
is made of black cardboard equipped with UV-Led source fitted into
smart phone camera, has been used. The three spots; reference
1 (R1) sample (S) and reference 2 (R2) were utilized to perform
cyanide assay. At first step, R1 (EuD4TEA impregnated, fluores-
cent state) S and R2 (EuD4TEA −AuNPs doped, quenched state)
paper spots were fixed on to black plastic sheets. Then the color
of R1 and R2 were recorded to calibrate quenched and fluores-
cent state. Finally, color development at S spot (middle spot) were
recorded to analyze presence of CN−. The quantitative analysis of
CN− were computed by image processing relying on color code
calibrated algorithm as well as home-made smart phone applica-

tion. Detection mechanism relying on two  effects (i) dissolution of
gold nanoparticles that causes fluorescence recovery and (ii) ligand
exchange of triethyl amine with CN group stimulating cyanide spe-
cific fluorescence enhancement. The promising response of paper
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Table  1
Comparison of recent sensing methodologies of cyanide.

No Technique Sensing element Comments Refs.

1 Naked-Eye europium tetrakis dibenzoylmethide
triethylammonium

advantage: suitable for naked eye detection of cyanide in
water, excellent limit of detection (10−12 M),  off field detection
methodology, no lab facility requirement.
disadvantage:  not useful for colored or crude samples

Present work

2  UV–vis spectra acylhydrazone unit advantage: suitable naked eye detection of cyanide in water
disadvantage:  limit of detection (6,5 �M)  is slightly higher
than allowed dose, not suitable for water safety control,
instrument and lab facility required

[7]

3 UV–vis spectra gluco-conjugated o-(carboxamido)
aldehyde hydrazone

advantage: selective detection of cyanide in the presence of
interfering common ions in water
disadvantage:  instrument and lab facility required, not
applicable to solid substrate or test stripe

[8]

4 UV–vis spectra 4,4′ -bis-[3-(4-nitrophenyl) thiourea]
diphenyl methane (or ether

advantage: significant color transition, quick response time,
naked eye detection
disadvantage: limit of detection is not suitable for water
safety control

[9]

4 UV–vis spectra,
Fluorescence spectra,

coumarin and a malonyl urea
derivatives dyes

advantage: low limit of detection (nM), dual detection (UV–vis
spectra, Fluorescence spectra)
disadvantage: instrument and lab facility required

[10]

5 UV–vis spectra,
Fluorescence spectra,

aggregation-induced emissive
hexaphenylbenzene

advantage: Low limit of detection (ng/cm2), dual detection
(UV–vis spectra, Fluorescence spectra)
disadvantage:  solvent mixture (HEPES/TFA/EtOH) is required
for  detection, lab facility required, tedious synthesis protocol

[11]

6 UV–vis spectra, electrical
response

7,7,8,8-tetracyanoquinodimethane advantage: suitable naked eye detection of cyanide. Both
optical and electrical detection is possible
disadvantage:  solvent mixture (water/MeCN) is required, lab
facility required.

[12]

7 UV–vis spectra, 5,10-dihexyl-5,10-dihydrophenazine advantage: suitable naked eye detection of cyanide. Low limit
of  detection (5.8 × 10−8 M)
disadvantage:  Solvent mixture MeCN/water is required,
tedious synthesis protocol.

[13]
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Fig. 5. (a) Digital images of test stripes utilized for detection of unknown concen-
Fluorescence spectra,

ensors were translated to a naked-eye CN− detection assay that
re based on colorimetric analysis by a smart phone. The colorimet-
ic analysis were conducted by homemade algorithm (MathCAD

®
)

etermines the red component values from the test zone. The white
ircular region of interests (ROIs) shown in Fig. 4a were set to
efine the scan area (∼0.5 cm in diameters) prior to initialization
f analysis. The algorithm first converts the raw image (DNG file)
o tagged image file format (TIFF) to extract the red channel pixel
ntensities. Then it averages the red intensity “Ri” of each pixels
y proportioning to the total number of pixels in defined ROI (

∑

i/no.of pixels, typical resolution of 2112 × 2816 pixels). Fig. 4a
hows the distribution of red values over the ROI for the paper
ubstrate treated by varying concentration of CN− for example
aper substrate treated with 10−9 M CN− exhibit red component
istribution around 50–75 with a maximum at ∼60. As CN− con-
entration increased the max  intensity in distribution of red values
hift to the 200. It is observed that one order of magnitude change in
N− concentration from 10−9 M to 10−8 M causes shift in red value
aximum from ∼60 to ∼110 (see Fig. 4a). The similar trend also

bserved for other concentrations between 10−7 M to 10−2 M and
ausing a gradual increase in red value maximum shifts from 125
o 200. This promising correlation have been exploited to obtain
alibration curve relying on the shift of red value maximum by
oncentration. The Fig. 4b shows linear dependency between vary-
ng concentrations of CN− (10−12 M to 10−2 M) and normalized red
ntensity that have been utilized as calibration curve. The artesian

ell sample was selected as unknown and tested to validate quan-
ification capability of proposed methodology. Fig. 5a shows the
olor development of six paper substrates from unknown sample
without pretreatment) and its dilution set that were prepared con-
ecutive dilution of unknown sample. The “S” spot in row-1 is the

nknown sample that exhibits significant color difference between
pots R1 and R2 indicating the presence of CN−. For the diluted sam-
les at the rows from 2 to 6, color differences between R1 and S
pots gradually converges referring to dilution dependent concen-
tration of CN− . (b) RED component histogram of sample spots. (For interpretation
of  the references to colour in this figure legend, the reader is referred to the web
version of this article.)

tration gradient in cyanide. These images were analyzed by above
mentioned algorithm to quantify CN− concentrations in unknown
sample and its dilution set. As shown in Fig. 5b paper substrates
1–6 exhibit distribution in red value between 160–60 that corre-
sponds to CN− concentration variation between 5.0 × 10−5 M and

6.5 × 10−10 M respectively. The chromatographic detection has per-
formed for unknown sample confirming cyanide concentration as
4.4 × 10−5 M that refers to 12% absolute deviation between pro-
posed methodology and conventional methodology [43,44].
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ig. 6. Screenshot of introductory screen of CN-apps (left), screenshots of RGB ana
ow  6.).

We  have taken further step to develop easy-to-use mobile
hone application that analyses the color code intensities to detect
N− in drinking water. In a typical mobile detection operation,
escribed assay protocol has been followed and color development
n spots analyzed by mobile application. This simple application
s an algorithm compatible to android operating system that helps
o determine the color component of image of spots. The Fig. 6
hows screen shots of mobile application computed to deduce red
omponent intensities (see the tables for all RGB values). At row 1
ed intensity of S spot has deduced as 157 (non-drinkable) while
t row 6, it is 50 (drinkable). The analysis by mobile application
scertains differentiation of drinkable and non-drinkable water by
roviding quick detection of lethal dose of CN− in drinking water.
he Table 1 summarizes major advantages of present work over
arlier methods. The short detection time, no requirement to labo-
atory facilities and no pretreatment for samples make our method
seful for detection in field. Since the proposed method relies on
olor change, clear samples are required that limiting the use for
etection of colored and crude samples. However simple filtration
rocess often utilized water clearing is potentially applicable to
vercome interferences.

. Conclusion

In summary, a new fluorescence turn on cyanide detection
ssay employs disposable paper based sensing platform has been
emonstrated. The proposed methodology describes facilitation of
uantitative detection of CN− by custom-made image processing
lgorithm to standardize the detection methodology which recog-
ize color codes providing CN detection as low as 10−12 M.  The new
lgorithm is applicable to ordinary smart phone equipped with
amera and transforms these devices into a quantitative cyanide
etector.
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