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Abstract

In this work, new method was used for prediction the concentration of binary mixture of textile dyes by using spectrophotometric data.
New method is based on ratio derivative spectra of dyes mixtures solution. The obtained results by this method have been compared with
usual spectroscopy methods. In special mixture with overlap spectra such as red and yellow mixtures, the derivative method was better

than normal spectroscopy method.
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1. Introduction

An absorption spectrum (a plot of A vs. A) is used to show
what wavelengths of light are absorbed by a sample. The peaks in
the spectrum correspond to wavelengths that are strongly
absorbed. These peaks are often referred to as "absorption
maxima" and the wavelength at which these peaks occur are
called Amax's. We can use A max values to predict what color the
sample may look like. When white light (containing all the visible
wavelengths) is shined on a sample. Those colors corresponding
to A max's will be absorbed while the others pass through. The
complementary color to the A max will usually be the color that
dominates and will therefore determine what color the sample
appears. The absorption spectrum and A max values can be used
to help identify a substance, but are usually used to determine the
amount of a known substance in a sample. This is done using
Beer's Law and a calibration curve[1-5].

Under many circumstances, the absorbance of a solution at
a particular wavelength of light is directly proportional to the
concentration of the substance in solution. This is the
Beer-Lambert Law (often just called Beer's Law) and is written
as:

A=L0g(||—°):g><L><C 1)

Where A= absorbance
€ = absorptivity (a constant for a substance at a given
wavelength)
L = path length (the distance the light travels through
the sample)
C = concentration

Typically, molarity is used for concentration, cm for path length
and liter mole-1 cm-1 for absorptivity. Absorbance has no units,
and the proportionality constants inherent in both the Beer and
Lambert observations are combined into one factor known as the
extinction coefficient, €. An extinction coefficient is constant at a
given wavelength for a given solute that absorbs light. Since
absorbance values are unitless, the extinction coefficient is most
often expressed in units of inverse concentration times inverse

path length (i.e., M'em™, mM"em™, (mg/ml)'em™).

Beer's law showed us that, at a given wavelength, the
absorbance is proportional to the concentration of the absorbing
compound in solution. This fact can be used to create a
calibration curve. A calibration curve is prepared by plotting the
absorbance of a series of standards (solutions of known
concentration) at a particular wavelength (usually at a A max) as a
function of their concentration (use any units you choose as long
as they are consistent). The result will be a straight line. If the
unknown sample's absorbance is also measured, its concentration
can be determined from the calibration curve.

In general, it is possible to determine the concentration of a
colored species in a given solution by measuring the absorbance
of the solution at a certain specific wavelength and comparing the
value obtained with a calibration curve obtained at the same
wavelength. The calibration curve consists of a plot of
absorbance (vertical axis) against concentration (horizontal axis)
for a number of solutions of known concentration. Such a plot is
often called a Beer's law plot. This experiment will involve:

i.  preparing a series of solutions containing known
concentrations of dye,

ii. selecting a suitable wavelength at which to make
the absorbance measurements,

iii. measuring the absorbance of each of the solutions
at the selected wavelength and constructing a
calibration curve, and

iv. Determine the concentration of the “unknown”
solution [1-5].

Since the practical introduction of the concept of drivatization
of spectral data over last decades, the derivative Technique had
received, until fairly recently, only sporadic attention from
analysts working with UV-visible spectrophotometers. The
uv-visible Technique in many instances is not enough to
characterize adequately individual compounds in solution,
particularly in presence of other absorbing molecular species and
scattering particles. In these cases the broad bands and shoulders
arise from the overlap of adjacent peaks, which can not be fully
resolved even with the highest performance spectrophotometers.

The drivatization process of zero-order spectrum can lead
to enhancement of the resolution of overlapping peaks and



elimination or reduction of back ground or matrix absorption. The
derivative spectroscopy technique consists of calculating and
plotting one of the mathematical derivates of a spectral curve. To
give the first order derivative plot, The determined individual
gradient values are plotted against the wavelength values. The
derivative spectra are always more complex than the zero-order
spectrum. This technique is either applied directly to the signals,
or after the curve is fitted with numeric algorithms. The obtained
spectra yield a more characteristic profile in comparison to the
parent one. The Principles of derivative spectrophotometry have
been described by talskey et al. Based on scientific literature, the
various trends in application of derivative spectrophotometer can
be distinguished. However the multi component analyses are the
most numerous among others. Analysis of food, cosmetics
colorant and dyes, and also Determination of organic compounds,
can be classified in this group. In color industries, Color matching
is defined a procedure of adjusting a color mixture until all
visually apparent differences from a target color are eliminated.
Different synthetic mixtures of colorants are usually used to
produce certain types of shades. Probably one of the most
important color problems of industries dealing with colorants and
color matching is to find the proportions of the colorants required
to produce a color match for a specimen showing the color of the
customer’s, choice. Hence determination of dye contents in
Dyeing solution is necessary for an accurate color matching.
UV-visible absorption spectroscopy is one of the use full
techniques that have been used for quantitative determination of
the dye components in their mixtures. In many instances because
of spectral overlap of zero-order spectra, The simultaneous
determination of colorants is not possible by direct absorption
measurement. Derivative spectrophotometry is an analytical
technique of great utility for resolving mixtures with overlapping
spectra. The advantage of derivative UV-visible spectroscopy in
quantitative analysis and interpretation of overlapping bands are
well known[6-17].

In this work, derivative spectra was used to color
matching textile dyes mixture. The intent of the present work was
to apply the ratio derivative technique to predicting the dyes
concentration in binary mixture.

2. Material and Methods:

In this work, two commercial direct dyes with overlapping
spectra were used for synthesis binary mixture. Single and binary
mixture of dyes was create with concentration of  0.0025,
0.005, 0.01, 0.015, 0.025, 0.05 gram per liter for red dye and
0.01, 0.025, 0.05, 0.075, 0.1, 0.125 gram per liter for yellow dye.
The full visible spectra (380 nm to 700 nm) of dyes solution was
measured by Cintral0 UV-Visible Spectrophotometer. Then, dye
concentration of binary mixture solutions was predicted by
normal and derivative spectroscopy methods.

In ordinary spectroscopy methods for binary
combination, the concentration of components was predicted by
using absorbance values in their A, as follow:

A, _ Ixeh, Ixel, y C, )

A Ixe), Ixel, C,
Where A1 and Al are A, of components of binary mixture. A is
the absorbance values, & is absorptivity (a constant for a

substance at a given wavelength), C is dye concentration.

In derivative methods, original function obtained from

Beer-Lambert’s linear theory about absorbance of dyes mixture
solution. in normal or zero-order spectra of binary mixture,
there is following linear relationship between absorbance(A),
absorptivity (¢) and concentration (C):

A, =lxg) xC, +Ixg} xC, 3)

In first order ratio derivative spectroscopy, relative spectra was
obtained by dividing absorbance spectra of mixture over
absorbance of one component as standard. The firs order ratio
derivative spectra was obtained by drivatization of relative
spectra. The first order ratio derivative spectra depend on dyes
concentration as follow:
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Similarly, the relationship between second order ratio derivative
spectra and concentration of dyes are as follow:
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In ratio derivative spectroscopy method the effect of one

component has been cancelled and the derivative spectra value
depends on the concentration of other component.
In this work, the first and second order ratio derivative spectra
of single and binary mixture of dyes was compared with zero
order derivative spectra. In next step, ratio derivative spectra data
was used to predicting dye concentration.

3. Results and Discussion:

The zero , first and second order derivative spectra of single
solution of red and yellow dye respectively are shown in figures 1
to 6. As shown in this figure, in derivative spectra, number of
peak is more than the zero order spectra. The new peaks are
sharper than zero order spectra. Similar results have been
achieved in comparison second order derivative spectra with zero
and first order derivative spectra. Second order derivative spectra
have more and sharper picks than zero and first order derivative
spectra.
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Figure 1. Zero-order derivative spectra of red dye
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Figure 2. First-order derivative spectra of red dye
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Figure 3. Second-order derivative spectra of red dye
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Figure 4. Zero-order derivative spectra of yellow dye
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Figure 5. First-order derivative spectra of yellow dye
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Figure 6. Second-order derivative spectra of yellow dye

The first and second order derivative spectra of binary
mixture of dyes was calculated. In derivative spectra, number of
peak is more than the zero order spectra. The peaks of spectra
become sharper in high order derivative spectra than zero order.
In next stage, the zero, first and second order derivative spectra
data have been used to predict dye concentration of binary
mixture solution. The result of dyes concentration prediction of
red and yellow dyes mixture are shown in table 1 as means of
absolute difference between actual and predicted concentration.

From this table, the results of high order derivative
spectrophotometry are comparable with zero order.
Table 1. Dyes concentration prediction
Training Testing
No.  Method
Red Yellow  Red Yellow
1 Zero 0.001 00116 0.0008  0.0101
order
p st 0.00097 0.01110 0.00065  0.0082
order
4. Conclusion

In this work, initially, first order derivative spectra of single
and binary mixture of textile dyes compared with zero order
derivative spectra. Then, zero and first order derivative spectra
data was used to predict dye concentration. In comparison spectra
of dyes mixture solution,  in derivative spectra, number of peak
is more than the zero order spectra. The peaks of spectra become
sharper in high order of derivative spectra than zero order. When
two component of mixture have closely overlapping absorption
spectra for example red and yellow mixture, the derivative
spectrophotometry methods is more significant than ordinary
techniques.

The color matching of binary mixture solution was done by
using zero, first derivative spectra data. The results of high order
derivative comparable with zero order. From obtained results, it
can be stated that first derivative spectrophotometry offers a
relatively simple, accurate and inexpensive method for color
matching binary mixture of dyes. Specially, when components of
mixture have closely overlapping absorption spectra, the
derivative spectroscopy method is more significant advantage
over normal spectroscopy techniques.
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