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Fourth derivative spectrophotometric determination of fungicide
thiram (tetramethyldithiocarbamate) using sodium

molybdate and its application

Vaneet Kumar Sharma∗, J.S. Aulakh, A.K. Malik1

Department of Chemistry, G. N. D. University, Amritsar-143005, Punjab, India

Received 18 July 2003; received in revised form 28 June 2004; accepted 1 July 2004
Available online 1 August 2004

Abstract

A procedure has been developed for the direct fourth derivative spectrophotometric determination of tetramethyldithiocarbamate by convert-
ing it into its molybdenum complex, which is then extracted in to methyl isobutyl ketone (MIBK). Beer’s law is obeyed over the concentration
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ange 24�g mL−1 in the final solution. The analytical sensitivity is calculated to be 0.004(d4A/dλ4) �g−1 mL−1 from the slope of the calibra
ion curve. The detection limit is 0.3�g mL−1 for thiram (signal to noise ratio = 2). Various parameters, such as effect of acid concen
nterference of a large number of ions in the determination of thiram have been studied in detail. The method is sensitive, highly se
an be used for the determination of thiram in a commercial sample, in mixtures with various dithiocarbamates (zineb, maneb, etc
heat grains.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Thiram (tetramethyldithiocarbamate) (Fig. 1) is a well-
nown dithiocarbamate fungicide widely used against a
ariety of plant pathogenic fungi. Thiram (tetramethyldithio-
arbamate) is a well known dithiocarbamate fungicide
idely used against a variety of plant pathogenic fungi.
Thiram is also used as a seed protectant and to protect

ruits, vegetables, ornamentals and turf crops from a variety
f fungal diseases. In addition, it is used as an animal repellent

o protect fruit trees and ornamentals from damage by rabbits,
odents, and deer. Thiram is available as dust, flowable, wet-
able powder, water dispersible granules, water suspension
ormulations, and in mixtures with other fungicides.
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It is also used in rubber industry as vulcanization ac
erators and anti-oxidants. Thiram has been used in the
ment of human scabies, as a sunscreen, and as a bact
applied directly to the skin or incorporated into soap.
alytical methods are required for monitoring pesticide
various environmental samples. A number of methods,
as Spectrophotometric[1], chromatography[2], voltammet-
ric [3], polarographic[4], capillary electrophoretic[5], etc.
have been reported for the detection and analysis of th
Several methods are currently available for the determ
tion of dithiocarbamate fungicides. In one such method
ram is determined on the basis of its decomposition by
mineral acids to amine and carbon disulphide. This is
absorbed in methanol potassium hydroxide solution an
potassium methyl xanthate thus formed is titrated iodo
rically [6]. This method has the drawback with the detec
of end point in the thiram with starch, the production of H2S
due to sulphide impurities and the xanthate so formed u
goes hydrolytic decomposition. In another approach, ca
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Fig. 1. Structure of thiram.

disulphide is absorbed in an ethanol solution containing cop-
per(II) and an alkyl amine to form copper dialkyldithiocar-
bamate, which can be determined photometrically[7,8]. The
analysis of thiram formulation and technical products has
been carried out using high-performance liquid chromatog-
raphy[2] both qualitatively and quantitatively after extrac-
tion with methanol[2], acetonitrile[9], etc by using vari-
ous column, such as LiChrosorb RP 18[10], LichroCART
RP 18[11], Bondapak C-18[12], etc. Methods for the de-
termination of thiram have also been reported using extrac-
tion voltammetry[3] and titrimetry[13]. Thiram is also de-
termined by converting it into molbedenum[14], copper(I)
[15], and selenium[16] complexes. Dithiocarbamates can
also be determined by methods which use methods other
then acid decomposition and these include iodometry in an-
hydrous solvents[17,18] indirect titration with EDTA[19],
polarography[20] and determination of the metallic compo-
nent of the pesticide using different methods[21,22]. McLeod
and McCully [23] determined dithiocarbamate fungicides
by head-space gas chromatography of the carbon disulphide
evolved in controlled conditions from foodstuffs and sim-
ilar methods were also given by the Committee for Ana-
lytical Methods[24]. Dithiocarbamates are also determined
by FTIR spectrometry[25], but the method lacks sensitiv-
ity. However, all these methods suffer from the following
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tive spectrum is itself the derivative of the first derivative
spectrum. In principle both peak height and peak ampli-
tude measurements are proportional to analyte concentra-
tion. Fourth derivative used has an additional advantage
that in its case considerable reduced bandwidth (depend-
ing on band shape), lead to improved resolution of over-
lapping bands with increased sensitivity and offers the pos-
sibility of separating two absorption bands which in fact
may merge in zero order spectra and reduce background
interferences. Derivative higher than the fourth are of not
much use as bandwidth do not reduces considerable there-
after. Here, we present a relatively simple, rapid, sensitive
and selective fourth derivative spectrophotometric method
by converting thiram into its molybdenum complex. Thi-
ram reacts with sodium molybdate to form a green col-
ored complex which is suitable for its spectrophotomet-
ric determination after extraction in methyl isobutyl ketone
(MIBK).

2. Experimental

2.1. Equipment and reagents

A digital pH meter and a Shimadzu UV–vis 160 spec-
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isadvantages:

a) Methods other then gas chromatography are ind
[6,14,16,17,18,19,21,22]time consuming and sensit
ity is low.

b) Gas chromatographic methods are sensitive but s
from lack of the selectivity since all dithiocarbam
pesticides evolve carbon disulphide on acid hydroly
Moreover, the dithiocarbamate decomposition[26] are
strongly dependent on temperature and on indivi
dithiocarbamates. The evolution of CS2 requires mor
than two hours for the decomposition of dithiocarbam

c) HPLC methods are sensitive and time effective bu
costly as well solvent consuming.

Derivative spectrophotometry is a spectral techniqu
hich a slope of the spectrum i.e., the rate of chang
bsorbance with wavelength is measured as a functio
avelength, an alternative approach to metal analysis,
t the same time showing good sensitivity and specifi

27]. In the derivative spectrum the ability to detect an
easure minor spectral features is considerably enha
ence increased sensitivity[28]. Thus, first derivative is
lot of spectral slope against wavelength. The second de
rophotometer were used. Thiram was obtained from C
aboratories, (LR, New Delhi) chemicals and its purity w
hecked by elemental analysis and by melting point. A s
olution of thiram (1 g L−1) was prepared by dissolvin
00 mg of this in NaOH and diluting to 100 mL in a stand
ask and further dilutions were done with NaOH as des
olution of sodium molybdate (Merck, AR) was prepare
istilled water. Stock solution of various salts was prep
y dissolving them in water. Nabam, ziram, maneb and
am were obtained from Wilson Laboratories, Bombay.
utions of the dithiocarbamates were prepared by disso
hem in distilled water or in the organic solvents given in
arentheses: thiram (acetonitrile, Merck), zineb and m
dimethylsulphoxide, Merck). Synthetic samples were
ared by mixing the solutions of the constituents to give
equired composition.

.2. Procedures

.2.1. Absorption spectra
The absorption spectrum of the complex of thiram w

odium molybdate after extraction with methyl isobutyl
one was recorded against a reagent blank. The com
hows absorption maxima at 360 nm (Fig. 2a), first deriva
Fig. 2b), second derivative (Fig. 2c), third derivative (Fig.
nd the fourth derivative absorption spectra (Fig. 2e)
iven. As derivatization leads to sharper zero-order band
ives higher signals in the resulting spectra. The charac

ics of derivative spectra, such as peak height and noise
epend on the choice of parameters, such as order of d

ive; scan speed and integration time during the recor
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Fig. 2. (a) Normal absorption spectra of thiram complex with sodium molybdate as reagent against reagent blank: thiram 200�g; sodium molybdate 1.0 mL
(1 g L−1), (b) First derivative absorption spectra of thiram complex with sodium molybdate as reagent against reagent blank: thiram 200�g; sodium molybdate
1.0 mL (1 g L−1), (c) Second absorption spectra of thiram complex with sodium molybdate as reagent against reagent blank: thiram 200�g; sodium molybdate
1.0 mL (1 g L−1), (d) Third absorption spectra of thiram complex with sodium molybdate as reagent against reagent blank: thiram 200�g; sodium molybdate
1.0 mL (1 g L−1), (e) Fourth derivative absorption spectra of thiram complex with sodium molybdate as reagent against reagent blank: thiram 200�g; sodium
molybdate 1.0 mL (1 g L−1).

of the spectra. These parameters should be optimized to
give a well resolved peak (better resolution) i.e., to good
selectivity and higher sensitivity in a determination. Pre-
liminary observations revealed that the best result were ob-
tained from the fourth derivative with wavelength interval
�λ = 9 nm.

2.2.2. Preparation of the calibration curve
To a known volume of the sample solution containing

20.0–400.0�g of thiram in a 10 mL standard flask were added
0.5% sodium molybdate (2.0 mL), 4N H2SO4.(0.2 ml) 0.1 N
NaOH (1.0 mL) and solution made to 5 ML. The mixture was
shaken and then extracted into methyl isobutyl ketone (5 mL)
and the fourth derivative spectrum was recorded at a wave-
length interval�λ = 9 nm against a reagent blank prepared
under the similar conditions.

3. Results and discussion

3.1. Beer’s law and sensitivity

The various parameters affecting the shape of the spectra
were studied. The analytical objective was to get the high-
est possible sensitivity at the maximum possible signal to
noise ratio. A wavelength interval of 9 nm was found to be
optional for best resolution and sensitivity. The spectra were
obtained in the range from 300 to 450 nm. The calibration
graph was obtained by measuring the peak height between
wavelengths of 345 and 360 nm spectra of the sodium molyb-
date complex with thiram recorded against a reagent blank,
was linear over the concentration range 24�g mL−1 of the
final solution. The analytical sensitivity is calculated to be
0.004(d4A/dλ4) �g−1 mL−1 from the slope of the calibration
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Fig. 3. calibration curve for the determination of thiram using sodium
molybdate as a reagent.

curve. The detection limit is 0.3�g mL−1 for thiram at the
minimum instrumental setting (signal to noise ratio = 2). Un-
der the conditions described above a calibration graph for the
determination of thiram is given in (Fig. 3).

3.2. Effect of standing time

It was observed that the absorbance of the solution became
constant after 2–3 min, so for all the measurements 5 min
standing time was selected. The absorbance of the complex
remained practically constant for nearly 25–30 min.

4. Determination of thiram from fortified samples of
wheat grains

The method was applied to the determination of thiram
from fortified samples of wheat grains. A known amount
of thiram in NaOH was crushed with 20 g of wheat grains
with pestle and mortar and shaken mechanically with chlo-
roform (100 mL) for 1 hour. The mixture was filtered and
the residue in the funnel was washed with chloroform (3×
10 mL). The extracts were evaporated down to 2.0 mL on
a water bath (70–90◦C) and the remaining solvent was re-
moved in a current of dry air at room temperature. The residue
was dissolved in acetonitrile and determined by the general
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Table 1
Determination of thiram from fortified samples of wheat grains

Crop Thiram
(�g)

Thiram found
by present
R.S.D. method

R.S.D.
(%)

Thiram found by
Rangaswamy et
al. [15] R.S.D.
method

R.S.D.
(%)

Wheat 10 9.5 2.4 9.4 2.6
60 59.6 2.3 59.4 2.5

120 118.7 1.7 118.6 1.8
180 179.7 1.4 178.2 1.4

Amount of crop = 20 g. Each result is average of 10 experiments.

lated product sample solution was prepared as discussed
above and determined by the general procedure. The re-
sults obtained by the present method are compared with
those obtained by Rangaswamy et al.[15] method in which
thiram was determined colorimetrically after reaction with
cuprous chloride in 0.3 M hydrochloric acid to form a
yellow copper complex and measuring the absorbance at
385 nm. The results of the determinations are given in
Table 2.

4.2. Determination of thiram in synthetic mixtures

Aliquots of the samples were prepared by mixing solutions
of thiram with other dithiocarbamate solutions, which were
then analyzed by the general procedure. The results of the
determinations are given inTable 3.

5. Interferences

Sample solutions (1.0 mL) containing 100�g of thiram
and various amounts of different alkali metal salts or metal
ions were prepared and the general procedure was applied.
For the following foreign anions 20 mg did not interfere in
the determination of thiram: bromide, acetate, chloride, ni-
t am-
i am:
P
t er,
t n of
t m-
i am),
m zinc
e red
rocedure. Untreated samples were taken as referenc
he results indicated good recoveries in all cases. The re
f the determinations are given inTable 1.

.1. Analysis of a commercial sample

The method was applied for the determination of
am in a commercial sample Thiram 75 DS. The for

able 2
etermination of thiram in a commercial sample

hiram Thiram present (�g) Thiram found by pre
R.S.D. method (�g)

hiram (75 DS) 10 9.9
50 49.8

100 99.5
160 158.9
180 179.6

ach result is a mean of 10 experiments.
R.S.D. (%) Thiram found by Rangaswamy et
al. [15] R.S.D. method (�g)

R.S.D. (%)

1.9 9.9 2.2
1.7 49.8 2.1
1.5 96.2 1.9
1.4 157.9 1.6
1.0 178.6 1.3

rate, sulfate and oxalate. Of the following metal ions ex
ned, 0.20 mg did not interfere in the determination of thir
b(II), Zn(II), Bi(III) and Fe(II) or Fe(III) if present with

hiram interfere in the determination of thiram. Howev
heir interference can also be avoided by pre-extractio
hiram into chloroform. Of the dithiocarbamates exa
ned like disodium ethylenebisdithiocarbamate (nab

anganese ethylenebisdithiocarbamate (maneb) and
thylenebisdithiocarbamate (zineb-) form blue colou
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Table 3
Determination of thiram in synthetic mixtures

Sample no. Composition and
percentage

Amount of
Thiram (�g)

R.S.D. (%)

Taken Found

1. Thiram: 50, zineb: 50 60 59.8 1.4

2. Thiram: 50, maneb: 50 60.0 59.6 1.9

3 Thiram: 11.76,
maneb: 76.48,
zineb: 11.76

70.0 69.7 1.9

Each result is average of 10 experiments.

complexes on heating with sodium molybdate so this offer a
distict major advantage over the existing method.

6. Comparison of sensitivity

The present method is more selective than the earlier spec-
trophotometric methods as it permits safely the determination
of thiram in the presence of nabam, maneb and zineb, without
any interference, whereas this is not possible using the earlier
reported methods. In contrast to spectrophotometric meth-
ods[16,28,29,30], voltammetric[31], and chromatographic
methods[26]. FTIR methods[25] require high temperature
values and a high content of H2SO4 involves generation of
high volume of water. By this method a 0.055 mg of Ziram
equivalent to 27�g CS2 and equivalent to 49�g of ferbam
can be determined. The present method is more sensitive
than the carbon disulphide evolution methods, as according
to Lowen[32] the minimum of evolved carbon disulphide is
10�g. According to Cullen[8] and many others a minimum
of 20�g of carbon disulphide evolution is required for the de-
termination, but according to the present method a minimum
of 5�g of thiram, equivalent to 2.73�g of evolved carbon
disulphide can be determined. The wide applicability, sim-
plicity and selectivity of this method make it preferable to
o
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