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A NOVEL SPECTROPHOTOMETRIC METHOD
FOR THE MICRO DETERMINATION OF MERCURY (II)

V. Veeranna *, A. Raghavendra Guru Prasad ** and V. Suryanarayana Rao ***

The authors reported a new reagent namely Anthrone phenylhydrazone (APH) for the
analytical determination of mercury (II) in water samples. Mercury (II) forms a yellow colored
complex with APH in a media of pH 7. The method can be conveniently used for the
determination of mercury (I) in the concentration range 0.8146-8.1456 ug mL™. The molar
absorptivity and Sandell's sensitivity were found to be 1.267x10* L moL ™ cm™ and 0.00789 ug
cm? respectively. The proposed method was found to be selective, linear (R > 0.99), accurate
(recovery = <99.6%) and precise (RSD < 1.1%) in the reported linear concentration range.

Spectrophotometric method; mercury (II); Anthrone phenylhydrazone; spiked water
sample.
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1. Introduction

Elemental mercury and all of its compounds are highly toxic. Exposure to inorganic
mercury compounds can cause severe renal and gastrointestinal damage. Despite the well
known fact that they are highly toxic, they have been widely used in agricultural, medicinal,
electrolytic and electrical appliances industries. Mercury loading into the ecosystems is
inexorable as the compounds of mercury are highly reactive, extremely volatile and highly
soluble in water. Hence there has been a growing interest to develop the analytical
procedures for the determination of trace amounts of mercury.

. Experimental

Double-distilled water was used for preparation of solutions. The buffer solutions were
prepared by mixing hydrochloric acid and sodium acetate (pH 1.0-3.0), acetic acid and
sodium acetate (pH 3.5-7.0) and ammonium chloride and ammonium hydroxide (8-12). All
chemicals and solvents used were of analytical reagent grade. Working solutions were
prepared by appropriate dilutions of the stock solution.
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A comparison to reveal the advantages of the proposed method.
S.No Method Det;ct} on Remark Ref.
Limit No.

1 In situ single-drop micro extraction 0.2 pg/L Though sensitive, involve complicated 1
method by a miniaturized spectro- procedures  employing  expensive
photometer equipment

2 Cold  vapor atomic  absorption 3 ng/L 2
spectrometry coupled to a flow
injection

3 Xylene microextraction combined with  0.01ug/L 3
electrothermal  vaporization —atomic
absorption spectroscopy

4 Square wave voltammetric deter- 3 nM Highly complicated and require 4
mination skilled analysts

5 Anodic stripping voltammetric assay 0.008 ppb 6

6 Polythymine oligonucleotide-modified 60 pM Though sensitive, involve complicated 5
gold electrode for  voltammetric procedures  employing  expensive
determination equipment

7 Reversed phase high performance 1.6 ppb Expensive and involve tedious 7
liquid chromatography preconcentration step

8 Liquid  chromatographic method  0.75 pg/L 8
coupled with inductively coupled
plasma mass spectrometry

9 Photometric procedure Microgram  Product to be estimated is fairly stable 9

levels for only 10 minutes

10 Preconcentration of mercury followed 2 pg/L Involves complicated adsorption and 10

by spectrophotometric determination. desorption steps where there can be a
inexorable scope for human errors

11 Spectrophotometric  determination of 0.83 ng/mL  Involves complicated and extraction 11
mercury in water samples after cloud step
point  extraction using nonionic
surfactant

12 [-correction spectrophotometric ~ 0.026 Involve complicated and tedious steps. 12
method pg/mL Has narrow calibration range

13 Solid phase extraction of the complex  0.001 Involves preconcentration and 13
followed by spectrophotometric ~ pg/mL extraction steps
determination

14 Extraction spectrophotometric determi- 0.14 ng/mL  Involves separation and preconcen- 14
nation of Hg(Il) with dithizone after its tration steps
flotation as ion-associate using iodide
and ferroin

15 Spectrophotometric method based on Microgram  Involves extraction step 15
the formation of ion-pair complex levels

16 Kinetic method for the determination of  4.01 ng/mL  Time sensitive procedure 16
mercury (II) based on the catalytic
effect of mercury (II) on ligand
substitution

17 An indirect spectrophotometric 0.4 ug.L! Involves complicated procedure as 17
procedure reagent is a mixture of dithizone,

CDTA  (1,2-cyclohexylene-dinitrilo-
tetraacetic acid), thiourea, ethylic
alcohol and glycine

Very few methods are available which do not require expensive instrumentation and do not involve
preconcentration and extraction steps [18]. The authors have proposed a simple and sensitive method for the
determination of mercury (IT). The method is based on the chromogenic reaction between Hg(Il) and APH to give
an yellow colored complex which has absorption maximum at 367 nm.
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Required amount of mercurous chloride was taken in 100 mL standard flask. The salt was
dissolved in distilled water and was diluted to 100 mL. This serves as a stock solution of
mercury (II).

A Shimadzu UV-visible spectrophotometer (Model UV-160A) equipped with 1-cm
matched quartz cells was used for absorbance measurements. An Elico digital pH meter
was used for pH measurements.

2.1. Synthesis of Anthrone phenylhvdrazone

Anthrone and phenyl hydrazine dissolved in 1:2 dilute dimethyl formamide were refluxed
for 2 hours. The contents were cooled to room temperature. The crude orange colored
product obtained was separated by filtration. The product obtained was washed with water,
dried and recrystallysed from hot aqueous ethanol. APH solution of concentration 0.001M
prepared in dimethyl formamdie serves as a stock solution.

72\ 7N

< =0 + HNNHCgHy —> < =NNHCgH5 + H0
\ N/
Anthrone Phenyl hydrazine Anthrone phenylhydrazone

Synthesis of Anthrone phenylhydrazone.

2.2. Characterization of Anthorne phenylhvdrazone

2.2.1. IR spectral studies

The important bands in the infrared spectrum of APH (recorded in KBr pellet) and their
assignments are given in the Table 2.

LE1)EP) IR spectral details.

Band (cm™) Assignment Band (cm ') Assignment
3434.10 -(NH) Secondary 1463.87 Aromatic sketal stretching
3057.41 (=C-H) (Ar-H) 1479.80 Aromatic sketal stretching
1599.96 -(C=N) 1450.15 Aromatic sketal stretching
1310.79 -(C-N)

The IR spectrum clearly indicates the presence NH and C=N in the aromatic nucleus.
2.2.2. 'H-NMR spectral studies

The NMR spectrum of the compound was recorded in CDCl; and DMF using TMS as
internal standard. The spectrum signified the presence of two different types of protons.
The peak present at $10.264 ppm indicates interaction of NH proton with aromatic protons.
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2.2.3. Mass spectral studies

The mass spectrum of APH showed signal at 284.10 (m/z) corresponding to molecular ion
peak.

LE1NEKR] Mass spectral details.

m/z value Source of fragment
284.10 C14HoNNHC4Hs
195 CisHpN"

Spectral details given above reveal that the compound contains —C=N, -(C-N), -(NH) and
aromatic rings and confirm the structure shown in the Fig. 1.

2.2.4. General experimental procedure

5 mL of buffer solution of required pH, 3 mL of mercuric chloride of required
concentration and 2 mL. APH of required concentration were taken in a 10 mL volumetric
flask. The contents of the flask were shaken well and absorption spectrum was recorded
against reagent blank.

. Results and Discussion

3.1. Effect of pH

The effect of pH on the complexation reaction is shown in the Fig. 3. The figure reveals
that absorbance of the solution appreciably remains constant in the acidic media, it
increases in the media of pH 7 and there is a decrease in the absorbance with the further
raise in pH. Keeping in view the reproducibility and stability of the spectrum, a pH of 7 was
considered optimum for further investigation. The absorption spectra showed the maximum
absorbance at 367 nm and this fact was further substantiated by the Fig. 2 which revealed
that complex formed between the Hg(II) and APH was responsible for the absorption
spectra.
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Absorption spectrum of A) APH against the buffer blank. [APH]=5x10"M, pH = 7; B) Hg(II)-APH
complex against the reagent blank. [Hg(IT)] = 2.7x10°M, [APH]= 5x10°M, pH = 7.
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Effect of pH on absorbance
[Hg(ID)] = 2.7x10°M, [APH]= 5%10M, Ay = 367 nm.

3.2. Effect of APH on absorbance

In order to fix the concentration APH, the absorbance of the solution containing fixed
concentration of metal ion and varying concentration of APH was recorded in a media of
pH 7. 1t was found that an optimum reagent concentration of 5 fold was sufficient for the
complexation. The presence of excess of the reagent does not alter the absorbance of the
color reaction.

3.3. Effect of time on the color reaction

To study the effect of time on the color reaction, the absorbance values of the solution
containing fixed amount of Hg(IT) was measured at regular intervals of time (10 minutes). It
was found that the color formation was instantaneous and absorbance remained constant for
more than an hour. This suggests that the complex was stable for a reasonable period of
time.

3.4. Composition of the complex

The stoichiometry of the Hg(Il)-APH complex was determined by two methods namely,
Job's method continuous variation and molar ratio method.

In Job’s method [19], a series of solutions containing varying amounts of the metal ion and
APH solution of required concentration were taken in 10 mL volumetric flask. The
absorbance values of these solutions were recoded in each case and the data is presented in
the Fig. 4. It is clear from the figure that mercury forms 1:2 complex with the reagent. The
stability constant of the complex was found to be 9.096x10°. The stoichiometry was further
confirmed by mole ratio method [20]. In mole ratio method, absorbance of the solutions
containing fixed concentration of metal and varying concentration of the reagent was
recorded at 367 nm.
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Stochiometry of the complex by Job's method continuous variation
[Hg(I)] = [APH]= 6x10"*M, pH = 7, Aoy = 367 nm.

3.5. Analvtical determination of Hg(I)

In order to determine the amount of Hg(Il), a series of solutions containing fixed
concentration of the reagent and varying concentration of metal ion in the appropriate pH
media was prepared. The absorbance values were measured at 367 nm in each case against
respective reagent blank solution. Linear calibration plot shown in the Fig. 5 indicates that
mercury (IT) can be determined in the concentration range 0.8146-8.1456 pg mL ™.
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Analytical determination of Hg(1l)
[APH]=5%10"*M, pH = 7, Ay = 367 nm.

3.6. Analvtical parameters and sensitivity

The calibration plot for the analytical determination mercury (II) can be fitted into the
equation Asze7 ym = 0.125C-0.022 (A is absorbance and C is concentration in ug mL’l). The
correlation coefficient was 0.998. The molar absorptivity and Sandell's sensitivity were
found to be 1.267x10* L mol 'em ™ and 0.00789 pg cm * respectively. The relative standard
deviation was found to be around 1.1%. The corresponding method detection limit and limit
of quantification were found to be 0.0939 and 0.1879 pg mL ™" respectively.
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3.7. Effect of diverse ions

The effect of interfering ion on the determination of mercury (II) was investigated by
adding known concentration each ion to a solution containing 4.100 ug mL™" of Hg(II) and
determining the latter by the general experimental procedure mentioned above. The
tolerance limit of each ion was taken as the concentration of foreign ion which caused less
than +1% deviation in absorbance value. It is evident from Table 4 that except Pd(II),
Cu(II), Co(II), and Ni(II), all other ions were tolerated at significant levels.

(TN Effect of diverse ions in presence of Hg(IT)]. [Hg(I)] = 4.100 pg mL ™.

Anion Tolerance}]imit Cation Tolerance}]imit
(ngmL ) (ngml )

Thiourea 104 Co(II) 0.51
Tartrate 219 U(VvI) 84.21
Sulfate 855 Ru(11I) 13.20
Phosphate 193 Ni(II) 0.612
Fluoride 20 Sr(I) 12.54
Chloride 54.21 Cd(In) 0.845
Iodide 253.8 Zr(1V) 10.23
Nitrate 130.23 Ti(IV) 6.98
Oxalate 8.57 Sn(II) 14.12
EDTA 1664 Mg(ID) 324
Thiosulfate 15.23 Al(IID) 13.49
Bromide 640 W(VI) 198
Citrate 841 Pd(II) 0.13
Acetate 443 Cr(VI) 5.19
Cu(II) 0.45
Mo(VI) 19.25

3.8. Determination of mercury (II) in spiked tap water samples

The water samples were spiked with several known amounts of Hg(Il). The analytical
determination of mercury was carried out by the general experimental procedure mentioned
in 2.2.4. The results presented in Table 5 indicate the applicability of the method to tap
water samples.

LN Application to spiked tap water samples [APH]= 5x10*M, pH = 7, Ao = 367 nm.

Sample Hg(II) Found(pg/ml) Recovery RSD

added AAS method Present method” (%) (%)

3.0 2.981 2.9810+0.0224 99.37 1.05

Tap 48 4782 4.7793+0.0317 99.57 0.93
water

7.0 6.948 6.9665+0.0459 99.52 0.92

*The value of ¢ at 95% confidence level is 2.26.
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4. Conclusion

The proposed procedure was simple, sensitive and rapid. The molar absorptivity and
Sandell's sensitivity of the proposed method were reported to be 1.267x10* L mol 'cm™
and 0.00789 pg cm ™ respectively. The selectivity of the proposed method was excellent.
The proposed method can be used directly to determine trace mercury in various water
samples without separation, preconcetration or extraction steps.
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