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ABSTRACT

In this study, ultratrace level of cyanide was detected based on the catalytic reaction of ninhydrin in the presence of
cyanide ion under the optimum conditions. The absorbance of the blue solution of 2-cyano-1,2,3-trihydroxy-2H
indene was measured at both maximum wavelengths of 352 and 598 nm. The developed method gave linear range of
0.02-0.1 to/mL for cyanide ion. Effect of various kinds of alcohols on the absorbance was investigated. Generally,
cyanide is a toxic substance with LCsy at pg/mL, which is rather difficult to determine. Thus, this method was
adopted for higher accuracy and precision. At present, alcohols produced from cyanide-rich cassava are
commercially available which could be contaminated with the cyanide residue. In this case, an antiseptic alcohol,
isopropanol 70% (v/v), was subject as a model solution for cyanide testing with satisfied recovery and without any
interference from the diluted isopropanol solution.

Key words. cyanide, ninhydrin, isopropanol, catalytic reastispectrophotometry

INTRODUCTION

In principle, the catalytic reaction of 2,2-dihydyel,3-indanedione (ninhydrin) in the presence ydinide in an
alkaline medium proceeds when an aquoeus solufiambydrin reacts with cyanide ion (CiNthe hydrindantin as
an intermediate product is obtained. This intermtedin sodium carbonate solution pH 8-12 dissosiatebe 2-
hydroxy-1,3-indanedione of which its proton of hgxlyl group is withdrawn, resulted in monovalentamgiving
red solution. Consequently adjusting with sodiundroxide to increase pH of the solution up to 118 other
proton is neutralized to get two forms of divalanion with blue solution. This method was appliedi¢tect trace
cyanide in environment samples. The color solutbryed Beer's law between 0.04-0i2¢/mL (at 590 nmg =
2.20x1G L/mol.cm) [1]. Later, mechanism of the catalytigaction of cyanide with ninhydrin was clarified by
structural identification [2]. This ninhydrin-basegbectrophotometry for trace cyanide determinafio®D 1.5
ng/mL) could be run with short analysis time at 48% 590 nm. Their parameters affecting the absodavere
studied including pH of solution and UV-Visible lig[3]. The absorbance of the catalytic reactionrs@@dium
carbonate solution and in the absence of oxygenfuvdeer developed at 485 nm better than that 8tri8, since at
higher pH values the color product was less staiiles method was rapid, cheap and environmenteéyndly [4].

Generally, trace determination of cyanide residusamples can be done with various either cheméezadtions or
instrumental methods. Both of Chind thiocyanate (SCNin water samples were determined by GC-FTD foddw
by reacting with dimethyl sulfate to produce acétda and methyl thiocyanate, respectively. Tharhbproducts
were extracted with ethyl acetate prior to analygigng linearity of 0.05-lug/mL (CN) and 0.25-1Qug/mL (SCN
) [5]. No interference was found with inorganictsabf cyanide ion, except ferri/ferrocyanide, witkier 90%
recovery in urine samples. An indirect method fgaride determination by using the cyanide as aytatan the
dissociation of benzil molecule in methanol to lgehzaldehyde and methyl benzoate prior to detetinimay GC.
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Linear curve was 0.05-g/mL and LOD was 1 ng/mL without any interferendeanions [6]. An automated
microvolume of the reacting agent in flow injecticimemiluminescence (CL) system was used for cyaddection

in blood sample following microdistillation (>98%fieiency) compared with an official method. Itsidiar range
was between 5.0x10and 5.0x18 M with LOD of 2.3x10’M, and RSD for peak height of CL was 1.9% [7].

Head-space single drop microextraction in assaciatiith fiber optic-based cuvetteless microspedtodpmetry
was developed for cyanide analysis. Hydrocyanideaeted from 1uL sample was simultaneously reacted with
ninhydrin in sodium carbonate solution |{2). Linearity was found to be 0.025-0.@%/mL. No interference was
found, since some masking agents were used. LODAMgaisg/mL [8]. Determination of cyanide in wastégvaand
natural water including biological samples using ttatalytic reaction of ninhydrin with cyanide iovas also
reported, but heavy metals like Hg, Cu and Ag migbgtruct the reactiom-acetyl cysteine was used as a selective
agent for the metal interferences [9]. The methmad be applied for cyanide in environmental araldgical fluid
samples, giving higher selectivity and sensitiyitg].

Colorimetric solid-phase consisting of two channelstraction and detection of Cdnd SCN was developed.
Immobilized aquacyano-corrinoids and immobilizedaniin B12 were used as a cyanide sensor at 583fnm o
dicyano complex associated with diffuse reflectaspectroscopy giving LOD of 1 ng/mL [11]. Fluoreste
nanosensors (bovine serum albumin and fluoresagithiocyanate) to cap with Au-NPs as FITC-BSA-AuNPs
probe was used to detect cyanide and iodide in-bédjnity and table salts. Trace cyanide could therdetected
with LOD of 1 uM [12]. Study of weak acid dissociation in metahgsocomplexed with cyanide was carried out at
485 nm € = 1.2x16 L/mol.cm). The kinetic reaction of the red solutiat pH 10.8 was also investigated using the
cyanide complexes of Hf Ni?*, Ci#*, Ag", zr** and Cd" by ligand-exchange with cyanide ion [13].

From these literatures, various chemical react@mssociated with spectrophotometry including chramatphic
techniques have long been used for cyanide anahlysisever, UV-Visible spectrophotometry is stilVersatile one
for cyanide determination. Thus, this study wasegirto adopt high sensitivity of the catalytic réactof ninhydrin
in the presence of cyanide in an alkaline mediumuftratrace determination of cyanide in an antigeplcohol
sample as the test model without any interferermm the diluted solution of an isopropanol sample.

MATERIALSAND METHODS

2.1 Chemicals and reagents

Potassium cyanide (Merck, Germany), nihydrinHgO,) (Ajax Finechem, Aystralia), sodium hydroxide (RCL
Labscan, Thailand), sodium carbonate (QReC, Newanrds isopropanol (Riedel Haen, Germany), propanol
(M&B, England), methanol (QReC, New Zealand), ethafRCL Labscan, Thailand), buthanol (RCL Labscan,
Thailand), all of analytical grade, were used is gtudy.

Stock solution (1000 mg/L) of cyanide standard wespared. A series dilution of the cyanide solutieas then
made with ultrapure water for the trace calibrattmmve using 5 mg/L CNNinhydrin solution (0.08 mol/L) was
prepared. Sodium carbonate (0.40 mol/L) and sodiydnoxide (2.50 mol/L) solutions were also prepared

Blank solution was also prepared including 0.5 nittapure water, 0.8 mL of 0.08 mol/L ninhydrin, Gr&. of 0.40
mol/L sodium carbonate and 2.9 mL of 2.50 mol/Lisadhydroxide, and the blank solution was verteaad left
standing for 3 min.

2.2 Apparatus and instruments

Automatic micropipet 100-100QL (Rainin, USA) was used. Clean volumetric flasidamall glass vials were
rinsed with appropriate solvents before use. UViblis spectrophotometer (Agilent model 8453, Germaanyd
analytical balance (model BSA224S-CW) were alsause

2.3 Real sample

An antiseptic alcohol, 70% (v/v) isopropanol, whisfcommercially available was purchased from #tailed drug
store in Khon Kaen University Complex Center andviges. Dilution of the alcohol sample was madehwit
ultrapure water supplied in our chemical laboratory

RESULTSAND DISCUSSION
3.1 Spectral characteristics of 2-cyano-1,2,3-trihydroxy-2H indene

For optimal maximum wavelength, standard solutiboyanide (1 mg/L) 0.20 mL, 0.30 mL deionized wa@i80
mL of 0.08 mol/L ninhydrin and 0.80 mL of 0.40 moléodium carbonate were added in a small glass(xea
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solution). After thoroughly mixing and left for I@in, 2.90 mL of 2.50 mol/L sodium hydroxide waslad, mixed
and left for 3 min (blue solution) before recorditgyUV-Visible spectrum as shown in Figure 1. Hsanoticed that
there are two maximum wavelengths at 352 and 598 nm
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Figure (1): UV-Visible spectrum of 2-cyano-1,2,3-trihydroxy-2H indene (blue solution)

However, the effect of the catalytic reaction timlethe ninhydrin in the presence of various conadittn of
cyanide in NgCO; solution was further pointed out in detail. Thaaton product with red solution is shown in
Figure 2. After addition of sodium carbonate santithe catalytic reaction of ninhydrin in the mese of cyanide
becomes the red solution. The scanning time ofd@besolution with 1 mg/L CNas the catalyst was also proceeded
until 60 min, giving a constant absorbance afteml® (Figure 3a). The absorbance increases shaiifin 10 min
and then keeps constant until about 60 min studierlto completed reaction occurred. So, choicedahih is the
most suitable time to pursue the reaction system.

Consequently, after addition of sodium hydroxidtuson the reaction product changes to blue sotutiestantly,

linearly until 60 min of the measurement. FiguresBlows the decrease in the absorbance of the bluios of the

final product according to the same scanning titneas found that the absorbance was linearly desg@ upon the
measuring time, resulting that a quick measureroglgss than 5 min was possible. However, aboutrbaonstant

for the reacting time can be hold for the absorbameasurement of the solution. Since the oxidatiotihe blue

solution can be interfered giving the colorlesaigoh. Then, the absorbance of the solution deesetimely. Thus,
the addition of sodium hydroxide solution into tleaction system can be rapidly done within a spertod of 3

min as possible. Actually, a few min is preferredthis reaction product.

Figure (2): Thereaction product of ninhydrin in the presence of cyanide concentrations of 0.0, 0.02, 0.04, 0.06, 0.08 and 0.10 mg/L in
sodium car bonate solution (red solution)
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Figure (3): Effect of measuring time on stability of thereaction products: (a) red solution and (b) blue solution

3.2 Effect of type of alcoholson the blue solution of the reaction product

To demonstrate the effect of different kinds ofodilols on the absorbance of the reaction produgtjrei4 shows
the effect of various concentrations of (a) methdfhed mg/L), (b) ethanol (0.5-2.5 mg/L), (c) proywa (0.02-0.1

mg/L), and (d) butanol (0.05-0.25 mg/L) on the absoce of the reaction product (blue solution) girD2 mg/L

cyanide. In particular, Figure $hows the color shades of the reaction productsyusi06 mg/L cyanide with red
solution (a) and blue solution (b) in the presentéhe propanol concentrations of 0, 0.6, 1.2, 2.§, and 3.0

% (V/V).
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Figure (4): Effects of (a) methanal, (b) ethanal, (c) propanol, and (d) butanol concentr ations on absor bance of the reaction product (blue
solution) using 0.02 mg/L cyanide

Figure (5): The color shades of thereaction products using 0.06 mg/L cyanide with red solution (a) and blue solution (b) in the presence

of propanol concentrationsof 0, 0.6, 1.2, 1.8, 2.4 and 3.0 % (v/v)

www.scholar sresear chlibrary.com

283



Saksit Chanthai et al Der Pharma Chemica, 2015, 7 (11):279-287

However, since an antiseptic alcohol sample is maiomposed of 70 % (v/v) isopropanol. Thus, thedfof the
isopropanol on absorbance of the catalytic reaatfomnhydrin in the presence of cyanide was ats@stigated in
detail. Figure 6 shows UV-Visible spectra with twmaximum wavelengths at 352 and 598 nm of the macti
product using 0.08 mg/L cyanide in the presenceaobus concentrations (0-8%, v/v) of the isoprapastandard
including 7% (v/v) isopropanol in real sample smiot

When using 0.08 mg/L cyanide ion in the cataly@aation of ninhydrin, the effect of isopropanol centration on
the absorbance of the reaction product decreasedrly between 1% and 8% by volume added (Figure 7)
Accordingly, the alcohol sample solution of 7% {vivas also quenched the absorbance at the samdengties
observed. Since dissociation of hydrindantin toy@rbxy-1,3-indanedione which is in enol form, iteofn is
removed by base, and then become red solution. \iWhidxe presence of alcohol which is an amphotgeriid-base
property), the alcohol will give back the protonrexover the enol form of 2-hydroxy-1,3-indanedioresulted in
non-absorption. Thus, the absorbance of the regaptioduct in the presence of the alcohol decredses.behavior
will encounter with the blue product as well. Sdutibn of the alcohol sample is needed to be allote (v/v) in
order to determine trace cyanide in the antisegdtichol sample with high accuracy and precision.
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Figure (6): UV-Visible spectra with two maximum wavelengths at 352 and 598 nm of the reaction product using 0.08 mg/L cyanidein the
presence of variousisopropanol concentrations (0-8%, v/v) including 7% (v/v) isopropanol sample solution

Isopropanol concentration (%)

Figure (7): Effect of isopropanol concentration on absor bance of thereaction product

3.3 Method validation

Linearity: The effect of cyanide concentration ranging fro08-0.3 mg/L on the catalytic reaction of ninhydrin
was carried out using 0.10 mL of 35% (v/v) isopnoglan the solution mixture of the reaction. Fig@ehows the
effect of cyanide concentration on absorbance et#talytic reaction of ninhydrin in an alkalindwimn at 352 nm
(blue triangle) and 598 nm (red circléjowever, the linearity of the two curves was effesly found between 0.02
and 0.10 mg/L cyanide ion without any interferemdethe alcohol solution as shown in Figure 9. Besjdthe
calibration curves for cyanide ion ranging of 0@&4 mg/L in the presence of 7% (v/v) isoproparamgle
solution for both maximum wavelengths of 352 an@l Bt were also investigated (Figure 10).
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Figure (8): Effect of cyanide concentration on absor bance of the catalytic reaction of ninhydrin in an alkaline solution at 352 nm (blue
triangle) and 598 nm (red circle)
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Figure (9): Calibration curvesfor cyanide deter mination accor ding to the reaction product (blue solution) for both maximum
wavelengths at 352 nm (blue triangle) and 598 nm (red circle)
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Figure (10): Calibration curvesfor cyanideion ranging of 0.06-0.14 mg/L in the presence of 7% (v/v) isopropanol sample solution for
both maximum wavelengths of 352 and 598 nm

Limits of detection (LOD) and quantitation (LOQ): Using of blank solution of the catalytic reactiohninhydrin in
the absence of cyanide ion, the standard devidtion11) of the absorbance of the blank solution@d Bm was
equivalent to be 0.004 mg/L. Based on both S/Nan8 S/N = 10 ratios, both LOD and LOQ were, tramesf
found to be 0.012 and 0.040 mg/L, respectively.

285
www.scholar sresear chlibrary.com



Saksit Chanthai et al Der Pharma Chemica, 2015, 7 (11):279-287

Accuracy and precision: The accuracy of the method was expressed as theemes of cyanide ion spiked with
three levels of 0.02, 0.05 and 0.10 mg/L into th&® (v/v) isopropanol sample solution determinedchlbration
curve of the blue solution. The results are shawhable 1, giving between 45.0-104% recoveries. fteeision of
the method was also evaluated from the slopeseté#iibration curves carried out for both an irtesr and an
inter-day analysis as shown in Table 2. Their 8alsSRSDs(%) were found to be 2.72 and 5.33 for daga
obtained from the intra-day and the inter-day asialyrespectively.

Table (1): Recoveries of cyanide spiked into 0.7% (v/v) isopropanol sample solution

Cyanide added (mg/L) Recovery (%)

0.02 45.0
0.05 104
0.10 98.0

Table (2): Regression equationsfor both an intra-day and an inter-day analysis

Regression eiqumea
Intra-day 6 = 3) Inter-day1f = 5)
y =11.879x-0.1332 y =11.610x —0.2110
y =11.438x-0.0620 y =11.720x —0.1129
y =11.272x-0.0920 y = 10.902x —0.0926
y =10.470x — 0.1348
y =11.879x — 0.1332
RSD (%) 2.72 5.33

3.3 Standard addition method for real sample

Aliquots of the diluted sample solution, 0.7% (visdpropanol alcohol in ultrapure water, were sgikéth 0.02,
0.05 and 0.10 mg/L cyanide solutions for their reey study and determined following the same catibn range
used (0.01-0.05 mg/L). The results showed bothalimairves for maximum wavelengths (352 nm and 588 as
shown in Figure 11 for 0.02 mg/L cyanide spikedeleWhose data obtained in Table 3 for the other $piking
levels were not shown.

2.50 -

2.00 - y =33.17x+ 0.516
R2=0.9970

1.50

y=15.17x + 0.202
R2=0.9970

-0.02 0 0.02 0.04
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Figure (11): Standard addition curvesfor both two maximum wavelengths (352 nm in blue and 598 nm in red) for 0.02 mg/L of cyanide
spiked into 0.7% (v/v) isopropanol sample solution

Table (3): Recovery of cyanide spiked into the sample solution deter mined by standar d addition method

Cyanide added (mg/L) Cyanide found (mg/L) Regrassign. (R) Regression eqn. fR Recovery
at 352 nm at 598 nm (%)
0.02 0.013 y =33.17x + 0.516 (0.9970) y = 15.17x202 (0.9970) 65.0
0.05 0.065 y =22.32x + 1.606 (0.9790) = 10.71x + 0.694 (0.9800) 130
0.10 0.157 y = 33.67x - 0.153 (0.9730) y = 14.72078 (0.9640) 157
CONCLUSION

Ultratrace level of cyanide in the alcohol sampuon was detected based on the catalytic remaatfoninhydrin
in the presence of cyanide ion under the optimumditions. The absorbance of the blue solution ef rdaction
product was measured at both maximum wavelengtl®$®fand 598 nm. The ninhydrin-based spectrophdtame
method was adopted for higher accuracy and precioth LOD and LOQ were found to be 0.012 and 0.04

mg/L, respectively. It gave a calibration range0d32-0.1ug/mL for cyanide ion. The effect of different typé
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volatile alcohols on the absorbance of the bluelpcbwas also investigated. At present, alcohatsipced from the
cyanide-rich cassava are commercially availablecwhiould be contaminated with the cyanide residie.
antiseptic alcohol, isopropanol 70% (v/v), was ¢ffiere subject as a model solution for cyanide rigstiith

satisfied recovery (98.0-104%) and without anyriietence from the diluted isopropanol solution.
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