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ABSTRACT
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A flow injection analysis (FIA) system with spectrophotometric detection was
developed for cadmium(Il) determination. Cadmium(II) was determined based on the
formation of chromogenic complex between cadmium(Il) and rhodamine B with
potassium iodide (KI) in 0.10 mol L phosphate buffer (pH 3.0) solution, yielding
a violet colored complex product (Cd(Il)-lodide-Rhodamine B) with a maximum
absorption at 612 nm. The optimum values of chemical and FIA variables for
determination of cadmium(II) were investigated by univariate method. The method
involved injection of 200 uL. of standard or sample solution containing cadmium(II)
into a following carrier stream of 0.07 mol L' KI in 0.10 mol L' phosphate buffer
(pH 3.0) solution. Then, it was merged with 2.5x10™* mol L' rhodamine B solution
resulting in the soluble colored complex of Cd(Il)-lodide-Rhodamime B in
the reaction coil. Consequently, the complex was carried through the flow-cell of
the spectrophotometer where the absorbance in absorbance as peak height was
monitored at 612 nm. Using the FIA procedure under the optimum conditions, the
calibration curve according to Beer’s Law was established over the concentration
range of 0.00-1.00 mg L' with the regression equation of y = 0.824x-0.0137 and
a correlation coefficient of 0.9996. A detection limit (3c) and a limit of quantification
(106) were found to be 0.007 and 0.013 mg L' of cadmium(II), respectively.
The method was very reproducible with the relative standard deviation for replicate

injection of 0.2 mg L' of cadmium(Il) standard solution of 1.08 % (n=11).



E 11020

The proposed FIA method was applied to the determination of cadmium(Il) in
wastewater samples with a sampling rate 60 h™'. The percentage recovery of the added
cadmium(Il) in wastewater samples was 101.31%. The concentration of cadmium(II)
were found to be over the range 0.015-0.069 mg L' which were in good agreement

with the results obtained from an ICP-MS method at the 95 % confidence level.

A sequential injection analysis (SIA) spectrophotometric method has also been
developed for the determination of cadmium(II). The method was based on the
formation of chromogenic complex between cadmium(II), KI and Rhodamine B,
yielding in a violet colored complex (Cd(II)-lodide-Rhodamine B) in an acid solution
pH 3.0 with an absorption maximum at 612 nm. The SIA parameters that influence
the signal response have been optimized in order to obtain the best sensitivity and
minimum reagent consumption. The results showed that the concentration of
phosphate buffer pH 3.0, KI and rhodamine B solutions were 0.15, 0.11 and
3.0x10™ mol L™, respectively. The aspirated volumes of phosphate buffer pH 3.0, KI,
rhodamine B and sample were 125, 150, 150, and 200 pL, respectively. The flow rate
was set at 175 pL s”'. A linear relationship between the relative peak height and
concentrations were obtained over the concentration range of 0.00-1.00 mg L with
the regression equation of y = 1.3968x+0.0146 and a correlation coefficient of 0.9997.
The limit of detection (LOD defined as 35) and the limit of quantitation (LOQ defined
as 100) were 0.005 and 0.010 mg L' of cadmium(Il), respectively. The relative
standard deviations (n=11) was found to be 0.16% of cadmium(Il). The proposed
SIA method was applied to the determination of cadmium(II) in wastewater samples
with a sampling rate 50 h'. The percentage recoveries of the added cadmium(lI) in
wastewater samples was 100.54%. The concentration of cadmium(Il) were found to
be in the range 0.015-0.065 mg L' The results were found to be in good agreement
with those obtained by ICP-MS method at the 95% confidence level.
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Relationship between pH and sensitivity of the calibration curve
Relationship between KI concentration and sensitivity of the calibration
curve

Relationship between hydroxylamine HCI concentration and sensitivity
of the calibration curve

Relationship between rhodamine B concentration and sensitivity of the
calibration curve

Relationship between flow rate and sensitivity of the calibration curve
Relationship between the reaction coil inner diameter (i.d.) and

sensitivity of the calibration curve
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3,12

3.13

3.14

3.13

3.16

3.17

3.18

3.19

3.20

3.21

Xxii

Relationship between the reaction coil length and sensitivity of the
calibration curve

Relationship between sample volume and sensitivity of the calibration
curve

Linearity and relationship between net peak height and various
concentrations of cadmium(II)

Calibration signal of FI spectrophotometric determination of
cadmium(Il) 0.00-1.00 mg L™!

Calibration curve of FI spectrophotometric determination of
cadmium(II) 0.00-1.00 mg L”!

Relationship between various pH and sensitivity of the calibration curve
Relationship between concentration of phosphate buffer pH 3.0 and
sensitivity of the calibration curve

Relationship between KI concentrations and sensitivity of the
calibration curve

Relationship between hydroxylamine HCI concentrations and sensitivity
of the calibration curve

Relationship between rhodamine B concentrations and sensitivity of the

calibration curve
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3.2

3.26

3.27

3.29

3.30

xXx1ii

Relationship between various aspiration volumes of 0.15 mol L™ of
phosphate buffer pH 3.0 and sensitivity of the calibration curve
Relationship between various aspiration volumes of 0.11 mol L™ of KI
and sensitivity of the calibration curve

Relationship between various aspiration volumes of 3.0x10™ mol L
rhodamine B and sensitivity of the calibration curve

Relationship between various aspiration volumes of sample and
sensitivity of the calibration curve

Relationship between various flow rate and sensitivity of the calibration
curve

Relationship between various holding time and sensitivity of the
calibration curve

Linearity and relationship between net peak height and various
concentrations of cadmium(II)

Calibration signal of SI spectrophotometric determination of
cadmium(Il) 0.00-1.00 mg L!

Calibration curve of SI spectrophotometric determination of

cadmium(II) 0.00-1.00 mg L™
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ABBREVIATIONS AND SYMBOLS

AAS atomic absorption spectrometry

AU absorbance unit

cm centimeter

ET-AAS electro thermal atomic absorption spectrometry
FIA flow injection analysis

FAAS flame atomic absorption spectrometry

g gram

GF-AAS graphite furnace atomic absorption spectrometry
h hour

HPLC high performance liquid chromatography
ICP-AES inductive coupled plasma atomic emission spectrometry
ICP-MS inductive coupled plasma mass spectrometry

id. inner diameter

in. inch

L. liter

LOD limit of detection

LOQ limit of quantitation

mg milligram

mg L' milligram per liter



mol L™
mV
ND

nm

PC

PE
P.H.

RSD

SD
SIA
uv

UV-VIS

<l

pnl

XXV

minute
milliliter
millimeter

mole per liter

millivolt

not detected

nanometer

personal computer
polyethylene

peak height

relative standard deviation
second

standard deviation
sequential injection analysis
ultraviolet

ultraviolet visible spectrophotometry
mean

wavelength

microliter

molar absorption coefficient





