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a b s t r a c t

A simple, fast, low cost and sensitive direct ˇ-correction spectrophotometric assay of cyanide ions based
on its reaction with the reagent 4-hydroxy-3-(2-oxoindolin-3-ylideneamino)-2-thioxo-2H-1,3-thiazin-
6(3H)-one, abbreviated as HOTT in aqueous media of pH 7–10 is described. The electronic spectrum
of the produced brown-red colored species showed well defined and sharp peak at �max = 466 nm. The
effective molar absorptivity for the produced cyano compound was 2.5 × 104 L mol−1 cm−1. Beer’s law
and Ringbom’s plots were obeyed in the concentration range 0.05–2.0 and 0.30–1.5 �g mL−1 cyanide
ions, respectively. The proposed method offers 16.0 and 50.3 �g L−1 lower limits of detection (LOD) and
quantification (LOQ) of the cyanide ion, respectively. The analytical utility of the method for the analysis
ndustrial wastewater

etermination
-Correction spectrophotometry
ucleophilic addition

of cyanide ions in tap and drinking water samples was demonstrated and the results were compared
successfully with the conventional cyanide ion selective electrode. The short time response and the
detection by the naked eye make the method available for the detection and quantitative determination
of cyanide in a variety of samples e.g. fresh and drinking water. Moreover, the structure of the produced
colored species was determined with the aid of spectroscopic measurements (UV–Vis, IR, 1H and 13C

lysis.
NMR) and elemental ana

. Introduction

Recent years have seen growing interest in anion recognition
ecause of its importance in a wide range of clinical, chemical and
iological applications [1]. Among various anions, cyanide is one
f the most concerned anions because it is being widely used in
ynthetic fibers, resins, herbicides, and the gold-extraction process
2]. Thus, monitoring of cyanide ions in industrial effluents is highly
emanded for environmental control, in particular in electroplat-

ng, precious metal refining and metal cleaning industries. Cyanide
ons either in free or metal-complexed form enter the environment
rom various human activities e.g. metal finishing, electroplating,

teel, petroleum and chemical industries and mining operations [3].
he high toxicity of cyanide ions arises from its complexing ability

towards iron (III) in the respiratory enzyme, cytochrome c oxidase.
n the other hand, due its acute toxicity, environmental protec-

∗ Corresponding author. Permanent address: Department of chemistry, Faculty
f Sciences at Damiatta, Mansoura University, Mansoura, Egypt.

E-mail address: mohammad el shahawi@yahoo.co.uk (M.S. El-Shahawi).

003-2670/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.aca.2009.10.025
© 2009 Elsevier B.V. All rights reserved.

tion authorities such as Australian and New Zealand Environmental
and Conservation Council (ANZECC) issue guidelines allowing a
maximum permissible concentration limit of 5.0 �g L−1 cyanide in
fresh and marine waters for protection of aquatic ecosystems [4].
Therefore, considerable attention has been focused on monitoring
cyanide concentrations in a variety of samples such as fresh, marine
and industrial wastewater by low cost procedures [5,6].

Several methods have been reported for the determination
of cyanide ions at low concentration levels, e.g. chromatography
[7,8], fluorimetry [9], electro analysis [10–12], indirect deter-
mination of cyanide-complexed metal with atomic absorption
spectrometry [13]. On the other hand a series of direct and
in direct spectrophotometric methods have been reported for
the assessment of cyanide ions [13,14]. Most of these methods
are based upon the conversion of cyanide ion into cyanogens
chloride or bromide followed by the selective chromogenic reac-

tions with pyridine solution of barbituric acid [13,14], pyrazolone
[15], isonicotinic acid-barbiturates [16,17], 1,2-phenylenediamine
[18], and benzide [19]. The decoloration of some colored com-
plexes such as Cu2+/N,N-diethyl-1,4-phenylenediamine [20], and
Ni2+/2-(5-bromopyridylazol)-5-diethylaminephenol [21] has been

http://www.sciencedirect.com/science/journal/00032670
http://www.elsevier.com/locate/aca
mailto:mohammad_el_shahawi@yahoo.co.uk
dx.doi.org/10.1016/j.aca.2009.10.025
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Fig. 1. Nucleophilic addition of c

idely employed as indirect methods for cyanide assessment. A
imple indirect simultaneous spectrophotometric determination
ethod for the cyanide and thiocyanate ions after separation on
melamine-formaldehyde resin has been developed by Gumus et

l. [22]. However; the low level of cyanide in industrial wastewaters
s not compatible with the detection limit of some of these meth-
ds [13,14]. Moreover, some of these methods are too expensive
14,18], unselective, considerably suffered from the time consum-
ng of color development [19,22], interferences by most of the
ommon anions [13,15], require careful experimental conditions
nd the produced colored species of the cyanide ions are unstable
nd/or the reagent is carcinogenetic.

Recently, particular attention has been focused on the uti-
ization of chemo sensors based on the strong nucleophilicity of
yanide in aqueous media for the determination of cyanide ions
hrough specific chemical reaction between the guest molecules
nd the target species. In a routine screening, Drochioiu [23]
as reported a specific reaction between cyanide ions and 2,2-di
ydroxy-1,3-indanedione in alkaline media. Ren et al. [24] and
un et al. [25] have also used fused indoline and benzooxazine
ragment and nucleophilic addition of cyanide to the imine group
f a new type of probe molecule bearing hydrazone functional-
ty for highly selective determination of cyanide ions in water.
owever, these two methods are suffered from the interference
f the excess chromogenic reagent which limits the sensitivity
nd selectivity. Therefore, in continuation to our previous work
n the dual-wavelength ˇ-correction spectrophotimetry [26] on
he reagent HOTT containing numerous active sites e.g. C O, C S
nd C N (Fig. 1), the present article is focused on the use of
he title reagent 4-hydroxy-3-(2-oxoindolin-3-ylideneamino)-2-
hioxo-2H-1,3-thiazin-4(3H)-one for the determination of cyanide
ons in various water samples. The study was also aimed to fully
haracterize the structure and mechanism of the produced cyano
ompound by spectroscopic techniques e.g. IR, 1H NMR and 13C
MR and elemental analysis.

. Experimental

.1. Reagents and materials

Unless otherwise stated, all chemicals and solvents used were
f analytical reagent-grade quality and were used without fur-
her purification. A stock solution of cyanide ions (1000 �g mL−1)
as prepared from potassium cyanide (BHD, USA). More diluted

tandard (0.01–20 �g mL−1) solutions were prepared by dilution

f the stock solution and stored in low density poly ethylene
LDPE) bottles. An accurate weight (0.05 g) of the pure reagent
OTT was dissolved in a minimum volume of N, N-dimethyl-

ormamide (3–5 mL, DMF), followed by dilution with absolute
thanol (100 mL). A series of Britton–Robinson (B–R) buffer (pH
–11.7) was prepared as reported earlier [27].
anion to the free reagent HOTT.

2.2. Apparatus

The UV–Vis (190–1100 nm) and IR (200–4000 cm−1) spectra
were recorded on a PerkinElmer (model Lambda 25, USA) and a
Perkin Mattson 5000 FTIR spectrophotometers, respectively. The
absorbance of the reagent and its compound with cyanide ions were
also measured with A PerkinElmer (Lambda 25, USA) spectropho-
tometer (190–1100 nm) with 10 mm (path width) quartz cell. A
Bruker NMR (model Vance DPX 600 MHz) was used for record-
ing the 1H and 13C NMR spectra of the reagent and its cyanide
compound in deuterated DMSO solution using TMS as an internal
standard. A digital-micro-pipette (Volac) and an Orion pH-meter
(model EA 940) were employed for the preparation of the standard
cyanide and test solutions and pH measurements, respectively. A
scientific melting point SMP1 (UK) was used for recording the melt-
ing of the reagent and its cyanide compound. Carbon, hydrogen,
nitrogen and sulfur contents were determined by a PerkinElmer
2400C series elemental analyzer, USA.

2.3. Synthesis of the reagent, HOTT

The HOTT reagent was prepared by direct condensation of isatin
with dithioic formic acid hydrazide in DMF for 1 h. The reaction
product was then poured onto an ice bath and the resultant solid
precipitate was separated out, washed with ethanol and ether and
finally dried. The dried precipitate (10.0 mmol) was refluxed with
diethyl-malonate (10.0 mmol) in ethanol (50.0 mL) in the presence
of sodium ethoxide (20.0 mmol) for 4 h. The reaction mixture was
cooled, poured onto an ice bath and filtered off. The solid was sep-
arated out, washed with ether and acetone, recrystallized from
ethanol as a yellow powder with an average yield of 63% and melt-
ing point of 242 ◦C. Finally elemental analysis of the crystallized
compound [C12H7N3O3S2] required: 47.2% C, 2.3% H, 13.8% N, and
21% S; found 47.8% C, 2.5% H, 14.1% N, and 21.6% S. The character-
istics IR frequencies of the solid reagent in KBr disk were observed
at 3353, 3147, 1682, 1655, 1585, 1350, 1098, 977 cm−1 and are
safely assigned to �O–H, �N–H, �C O, �C O (oxindole ring), �C N,
�NC S, �C–S, � substituted aromatic nucleus[28], respectively.
Moreover, 1H NMR spectrum of the reagent (I) (Fig. 1) in d6-DMSO
showed the characteristics signals at ı10.71 (1H, OH), 10.5 (s, 1H,
NH of thioxo-1,3-thiazin-4-one), 9.5 (s, 1H, cyclic H–C C–OH) and
7.8–8.2 ppm (m, 4H, Ar–H). Fine structure of the compound I was
also deduced from 13C NMR signals at 163 (1C S), 139 (2 C O)
of 2,6-tautometric indole and thiazine, 127, 126, 123, 122 (4 C
of benzene ring), 117 ( C–OH), 110 (C N) and at 66 ppm (C3 C)
(Fig. 1).
2.4. Preparation of the cyano compound

An accurate amount (0.02 mol) of the reagent HTTO was refluxed
with an excess of potassium cyanide in methanol (50 mL) for 1 h.
The reaction mixture was then cooled in an ice bath and the pro-
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uced brown-red colored precipitate was separated out, filtered
ff, washed with ether and acetone, and finally recrystallized from
thanol.

.5. Recommended analytical procedure

An appropriate concentration (0.05–2.0 �g mL−1) of the test
yanide solution was transferred to 25 mL measuring flasks con-
aining B–R buffer of pH 7–10 and the reagent HOTT solution (2 mL,
.05%, w/v). The test solutions were completed to the mark with
eionized water and shaken. The solution mixtures were allowed to
tand at room temperature for 2–5 min and the absorption spectra
ere measured from 300 to 600 nm. The absorbance of the pro-
uced brown-red colored species at 336 nm (�1) and � max = 466 nm
as finally measured. Calibration plot of the cyanide concentra-

ion versus the corrected absorbance of dual-wavelength (�1 = 336,
nd �max = 466 nm) ˇ-correction spectrophotometric method was
sed for all subsequent measurements of cyanide test and interfer-
nce test solutions. The spectrophotometric data were measured
n triplicate.

.6. Analytical applications

.6.1. Determination of cyanide ions in tap and drinking water
Tap water collected from the laboratories of the Chemistry

epartment, King AbdulAziz University, Jeddah city, KSA, and
rinking bottled water, commercially available in Saudi Arabia
arkets, were filtered through 0.45 �m cellulose membrane filter

rior to their analysis and stored in LDPE sample bottles (250 mL).
he recommended general spectrophotometric procedure used in
reparing the standard curve was followed and the concentration
f cyanide ions was then determined from the standard curve using
he equation:

yanide concentration = Cstd × Asamp

Astd
(1)

here, Cstd is the standard concentration and Asamp and Astd are the
orrected absorbance of the sample and the standard, respectively.

Alternatively, the method of standard addition was carried
ut as follows: transfer known volume (5.0 mL) of the unknown
ater samples to the volumetric flask (25.0 mL) adjusted to pH

–10 with B–R buffer (5 mL). An accurate volume (2 mL) of the
eagent was then added to the test solution and the reaction mix-
ure was then made up to the mark with distilled water. Repeat
he same procedures after adding various known concentrations
0.1–1.0 �g mL−1) of the cyanide ions. Measure the true absorbance
isplayed by the test solutions before and after addition of the stan-
ard cyanide solution employing ˇ-correction spectrophotometric
ethod. The cyanide concentration was then determined via the

alibration curve of the standard addition procedure. The average
f five independent measurements was taken and the precision in
ost cases was ±2%.

. Results and discussion

.1. Preliminary and spectroscopic studies

In aqueous media, on mixing the reagent HOTT with the cyanide
ons, a brown-red colored product was developed immediately. The
lectronic spectrum of the reagent HOTT against water showed
ne absorption peak at 366 nm (Fig. 2) assigned to n → �* tran-

ition [28]. In the reaction with cyanide ions in the pH range of
H 7–10, significant changes in the energies were noticed, where a
ew absorption band at 466 nm was observed on the electronic
pectrum versus water. This band was safely attributed to the
ucleophilic addition of the cyanide anion to the imine group of
Fig. 2. Electronic spectra of the reagent HOTT and its cyanide compound at pH 9.
Curve A is the spectrum of the reagent blank (reference water); curve B is the spec-
trum of the reagent with cyanide ion (reference, water); and curve C is the spectrum
of cyanide-HOTT compound (reference reagent blank).

the reagent HOTT as reported earlier [25] and cleavage of the C–O
bond of tautometric indole and thiazine (Fig. 1) [29,30]. Therefore,
solid cyano compound was prepared and isolated as described in
the experimental section and subjected to spectroscopic studies to
give strong proofs consistent with the proposed structure II (Fig. 1)
and to assign the most probable reaction mechanism.

The characteristics IR frequencies of the solid reagent (I) (Fig. 1)
in KBr disk changed dramatically after the addition of the cyanide
anion. Two new bands were noticed at 3310 and 2088 cm−1 and are
safely assigned to �NN–H (amine) and �C N [29], respectively. This
assignment was also confirmed by the absence of the vibration band
at 1585 cm−1 (�C N) in the IR spectrum of the cyano compound
II (Fig. 1). Moreover, the IR spectrum of the cyano compound (II)
(Fig. 1) showed also vibration bands at 3353 (�OH), 1656(�C O),
1585 (�C N), 1347 (�NC S), 1096 (�C–S) and at 974 cm−1 (substi-
tuted aromatic nucleolus) which are observed in the IR spectrum
of the free reagent I (Fig. 1) confirming the involvement of the C N
group in the cyanide ion attack.

The 1H NMR spectrum of compound I after the addition of the
cyanide ion was dramatically changed, where the proton of OH
group was shifted up field to 2.2 ppm confirming the occurrence
of proton transfer of the OH group to the developing cyanide anion.
This behavior is most likely close to the nucleophilic addition of
cyanide anion to imine group (Fig. 1) as reported earlier [25]. The
observed signals at ı9.2, 7.9–6.8 ppm were noticed and were safely
assigned to H–C C–OH and benzo protons, respectively. 13C NMR
spectrum of compound II revealed signals at 164 (1C S), 139 (C O),
129, 124, 123, 122 (4 C of benzene), 118 ( C–OH), 110 (C N), 79
(C N) and 40 ppm (N–C–CN) as shown in Fig. 1. The relatively low
value of the OH signal is most likely attributed to intra molecular
hydrogen bonding. The chemical structure of the produced cyano
compound (Fig. 1, II) was also determined by the method of contin-
uous variations at various concentrations of the cyanide ions and
reagent [28]. A plot of the true absorbance of the produced colored
solution at 466 nm versus the mole fraction of the HOTT reagent
revealed the formation of a compound of 1:1 cyanide to reagent
molar ratio. These data confirm the presence of numerous active
sites in the structure of the HOTT reagent e.g. C O, C S and C N
(Fig. 1) and the nucleophilic addition of the cyanide anions to the
imine group of the reagent. Elemental analysis of the cyanide-HOTT
compound [C13H6N4O2S2] required 49.68% C, 1.91% H, 17.8% N, and
20.4% S; Found 48.5% C, 1.64% H, 19.2% N, 21.2% S.

3.2. Application of ˇ-correction spectrophotometry

Most of the reported spectrophotometric methods [15–23] are

suffered from the lake of sensitivity due to the significant inter-
ference of the excess chromogenic reagent with the analyte at
�max. This problem can be solved employing ˇ-correction spec-
trophotometric method to calculate the real absorbance of the
formed colored species [30–32]. Thus, the electronic spectra of
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he reagent and its compound with cyanide anions were recorded
Fig. 2). The spectrum of the reagent versus water, showed one
ell defined peak at 336 nm (�1), while in the spectrum of cyano

ompound against the reagent blank at pH 7–10, a well defined
bsorption peak (�2) at 466 nm with a molar absorptivity (ε) of
.8 × 103 L mol−1 cm−1 was observed (Fig. 2). These results suggest
he possible application of the ˇ-correction spectrophotometric
echnique to improve the sensitivity of the proposed reaction for
he determination of cyanide ions the subsequent work. Moreover,
he interference caused by the excess chromogenic reagent in the
eaction mixture will be eliminated. Therefore, the real absorbance
Ac) of the produced cyanide-HOTT species in solution was calcu-
ated employing the equation [31,32]:

c = �A − �A′

1 − ˛ˇ
(2)

he spectrophotometric parameters ˛, ˇ were also calculated
mploying the equations [31,32]:

= Ao

A′
o

= ε�2
L

ε�1
L

(3)

= A′̨

A˛
= ε�1

ML

ε�2
ML

(4)

here, �A′ and �A, are the absorbance’s of the produced cyano
ompound versus reagent blank at �1 and �2, respectively., The
alues of A′

o and Ao represent the absorbance’s of the blank solu-
ion against water at �1 and �2, and A′̨ and A˛ are the absorbance’s
f the cyano compound formed in the solution versus water at �1
nd �2, respectively. Moreover, it should be noted that, the sensitiv-
ty of the developed dual-wavelength ˇ-correction method become
etter than that of the single wavelength method by selecting the
avelengths �1 and �2 at the valley and the peak of the electronic

pectrum of the cyanide compound versus blank solution [32–34],
espectively. Thus, curve C in Fig. 2 shows the minimum and maxi-
um absorption of cyanide-HOTT compound at pH 7–10 at 336 nm

�1), and 466 nm (�2), respectively. Thus, the absorbance of cyanide
ompound formed at �2 versus reagent blank (ordinary single
avelength) was found less than the corrected absorbance by ˇ-

orrection spectrophotometric technique. Based on the reported
quations [33,34], the parameter ˇ was calculated from curve A
nd was found equal 0.31 while, the value of ˛466 calculated from
ig. 2 (curve B) was 1.1.

.3. Optimization of chemical variables

The influence of pH on the reaction of the reagent HOTT
ith cyanide anion can be predicated from the relation:
CN/CN = 109.2/10pH [35]. The availability of free cyanide ions

equired completing the addition reaction increases on raising the
H of the aqueous solution. The effect of pH on the real absorbance
f the addition product at 466 nm was investigated and the results
re presented in Fig. 3. Maximum absorbance was achieved on
he pH range 7–10. At pH > 10, the absorbance decreased which
s most likely attributed to the formation of hydroxo-species that

inimizes the formation of cyanide compound. The stability of the
roduced cyano compound could be low at pH > 10. Thus, in the
ubsequent work, the pH of the aqueous solution was adjusted at
H 7–10.

The influence of the reagent (HOTT) concentration on the for-

ation of the cyano compound was studied at pH 7–10. Various

olumes (1–6 mL) of the reagent (0.05%, w/v) solution were added
o the test solutions. A 2 mL of the reagent (0.05%, w/v) was found
ufficient for quantitative determination of cyanide ions up to
.0 �g mL−1 in the aqueous solution.
Fig. 3. Plot of the pH of the test aqueous solution versus the true absorbance of the
cyanide-HOTT compound. [HOTT] = 0.004% (w/v) and cyanide ion = 1 �g mL−1.

3.4. Interference study

The determination of cyanide ions at concentration 0.6 �g mL−1

in the presence of a relatively high excess (0.05–1.0 mg) of some
diverse ions relevant to water e.g. Na+, Li+, NH4

+, K+, Ca2+, Mg2+,
SO4

2−, Cl−, I−, NO3
−, NO2

−, PO4
3−, Fe3+, Al3+, Zn2+, and Mn2+ and

ions was critically investigated by the developed procedure. The
tolerance limit (w/w) was defined as the concentration of the
diver’s ions added causing a relative error within ± 3% in the true
absorbance of cyanide-HOTT compound. The presence of excess
amounts (100-fold) of the foreign ions: Na+, K+, Ca2+, NH4

+, Li+

and Mg2+, Mn2+, Zn2+ and the anions PO4
3−, NO2

− and NO3
− to

the cyanide ions showed no significant change of the corrected
absorbance. The anions SO4

2−, I− and Cl− at 100-fold excess to
the cyanide ions also did not interfere. The interference of the
ions Fe3+ and Al3+ which probably react with the HTTO and/or
cyanide forming stable complexes was eliminated by the addition
of sodium fluoride (0.5%, w/v). Thus, the method can tolerate the
foreign species tested in satisfactory amounts. Hence, the method
is adequately selective for the cyanide determination in water and
other matrices.

3.5. Analytical performance of the developed procedure

The analytical utility of the developed procedure was deter-
mined in terms the dynamic linear range, LOD, and LOQ,
repeatability, recovery and specificity for the determination of
the cyanide ions under the established experimental conditions.
The effective molar absorptivity (ε) and the Sandell’s sensitiv-
ity index [36] of the cyanide compound with and without the
use of the dual-wavelength ˇ-correction spectrophotometry were
found equal 2.5 × 104 L mol−1 cm−1 and 7.8 × 103 L mol−1 cm−1

and 0.002 �g cm−2 and 0.0033 �g cm−2, respectively. The lin-
ear dynamic range was 0.05–2.0 �g mL−1 employing ˇ-correction
spectrophotometry. The regressions of the linear plots without and
with the use of ˇ-correction spectrophotometry were given by the
equations:

A = 0.269Cx + 0.011 (r2 = 0.997) (5)

AC = 0.454Cx + 0.0097 (r2 = 0.999) (6)

respectively, where, C is the concentration of the cyanide ions
in (g mL−1. The effective concentration range of cyanide ions

evaluated by the Ringbom’s plot [37] was obeyed in the range
0.15–1.5 �g mL−1. The precision and accuracy of the developed
procedure was evaluated by the recovery studies of five repli-
cate measurements of cyanide ions at concentration of 1.0 �g mL−1

using the developed ˇ-correction method. The relative standard
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Table 1
Analytical features of the developed and some of the reported spectrophotometric methods for the cyanide determination.

Reagent �max (nm) pH Linear dynamic range (�g mL−1) Limit of detection (�g mL−1) Ref.

Hydroxybenzamide/Ag+ phenolphthalein. 552 10.3 0.6–4 0.10 [39]
CNBr/pyridinium chloride/sulfanilic acid 460 – 0.5–3 0.50 [40]
Chloramine-T/pyridine barbituric acid 578 6–8 0.3–5 0.10 [41]
Phenolphthalin/CuS 552 10.3 0.6–4 0.60 [35]
Oxazine 411 7.6 Up to 0.26 0.026 [24]
2,2′-Dipyridyl-2-quinolylhydrazone/Cu2+

Aquacyanocobyrinic acid heptamethyl ester
353 9.5 0.04–1.2 0.020 [35]

4-Hydroxy-3-(2-oxoindolin-3-ylideneamino)-
2-thioxo-2H-1,3-thiazin-4(3H)-one

466 7–10 0.05–2 0.016 Present work

Table 2
Analysis of cyanide ions in tap-, bottled- and underground water samples by the proposed (A) and the potentiometric (B) methodsa.

Sample Cyanide added (�g mL−1) Cyanide found (�g mL−1) Recovery (%)

A B A B

Tap water 0.0 ND ND – –
Tap water 1 1.04 ± 0.13 1.06 ± 0.3 104 ± 3.0 106 ± 0.01
Bottled water 0.0 ND ND – –
Bottled water 2 2 ±0.06 2.05 ± 0.1 99 ± 2.5 105 ± 1.57

5

d
m

L
t
E
v
i
0
ˇ
o
p
r
l
[
m

3

c
t
m
w
d
d
0
T
d
t
T
a
o
f
s
o
l
m
o
w
a

Acknowledgement
Ground water 0.0 ND
Ground water 1 1.05 ± 0.

a Average of five measurements ± standard deviation.

eviation (RSD) and the relative error of the developed ˇ-correction
ethod were 2.3% and 1.9%, respectively.
The values of LOD and LOQ were calculated using the formula

OD = 33�/b and LOQ = 103�/b where � is the standard devia-
ion of the blank and b is the slope of the calibration plot [38].
mploying the ordinary single wavelength spectrophotometry, the
alues of LOD and LOQ were found 0.16 and 0.52 �g mL−1 cyanide
ons, respectively. Such limits of LOD and LOQ were improved to
.016 and 0.050 �g mL−1, respectively employing the developed
-correction method. A comparison of the main analytical features
f the proposed method was made with many of the previously
ublished spectrophotometric methods [24,35,39–41] is summa-
ized in Table 1. Some of these method exhibited high detection
imit (0.1–0.6 �g mL−1) and serious interferences by halides ions
39–41]. Thus, it can be concluded that, the developed method is

ore selective and sensitive than the reported methods

.6. Analytical applications

The validation of the proposed method for the assay of the
yanide ions in tap and drinking bottled water was critically inves-
igated by the direct calibration plot and the standard addition

ethod. The tested water samples (Tap- and drinking water)
ere processed at the optimum experimental conditions of the
eveloped as mentioned in the experimental section. Moreover,
ifferent concentrations of the cyanide ions at concentration range
.1–2.0 �g mL−1 were also spiked onto the tested water samples.
he cyanide content in each sample was then determined via the
eveloped method and the standard solid state cyanide ion selec-
ive electrode (ISE) method [42]. The results are summarized in
able 2. The percentage recoveries of both methods were in good
greement and always higher than 95% confirming the accuracy
f developed procedure and its independence from matrix inter-
erence. The statistical evaluations involving F test revealed no
ignificant differences between the two the variances of the devel-
ped and the ISE methods [38]. The calculated value of F(2.78) is

ess than the tabulated F value (6.39) for five replicate measure-

ents. Therefore, there is no significant difference in the precision
f the two methods at the 95% confidence level. The student t test
as also applied to the analytical data obtained from the developed

nd ISE methods [43]. The results revealed no statistical difference
0.008 ± 0.03 – –
1.09 ± 0.4 105 ± 5.02 109.0 ± 3.2

between methods. The tabulated t value at 95% confidence limit
was found equal 2.306 while the calculated t value of t calculated
by applying t test to the results obtained analyzing the bottled water
sample was found 0.79 (n = 5) at 2 �g mL−1 concentration of cyanide
ions. Moreover, the method was applied for the analysis of cyanide
ions in industrial wastewater samples of electroplating baths after
prior distillation with HCl (1.0 mol L−1). The librated cyanide ions
were absorbed on alkaline KOH (1.0 mol L−1). The average recovery
(98.6%) of cyanide ions was compared successfully with the data
obtained by potentiometry using a solid state cyanide ion selective
electrode [42].

4. Conclusions

The reaction of the HTTO reagent with cyanide ion at pH 7–10,
develops an intense brown-red color due to the nucleophilic addi-
tion of cyanide to imine group. The described method has the
advantage of virtual freedom from interference from extraneous
ions and can therefore serve as an alternative to the widely used
methods for rapid and precise determination of trace amounts of
cyanide in natural water and effluent samples. The method requires
no complex pretreatment of chromatographic separations and/or
preconcentration of the analyte and represents a highly selective
and sensitive chemo sensor for the cyanide determination because
color change appears rapidly within less than 30 s and remains
quite stable for up to 1 h. The detection limit of the developed
method was compared successfully with that of some published
spectrophotometric procedures (Table 2). However, work is still
continuing for investigating the influence of memory effect, organic
material present in the investigated fresh water samples, compet-
itive complexing agents in addition to the on-line determination
of cyanide in industrial wastewater after preconcentration on solid
sorbent immobilized with the title reagent.
The author H.M. Al-Saidi would like to thank the Department
of Chemistry, Teachers College, Umm AL-Qura University, for the
scholarship provided. The authors would like also to thank Prof. R.
M. Abdel-Rahman for the loan of the HOTT reagent.
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