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Abstract

The thesis was based on two main aims: The first included a detailed
study of the process of adsorption of food coloring dyes and the factors
affecting them, as they are widely used in various food industries and in
the pharmaceutical industry. These dyes are complex chemicals with high
molecular weights, and they contain different active groups. The optimal
conditions for the adsorption process of food coloring dye molecules
from their aqueous solutions were studied using the one-batch method
through the factors affecting it (initial concentration, amount of adsorbent

substance, temperature, acidity function and finally contact time).

The spectrophotometric analytical method (Ultraviolet-Visible
spectroscopy) was adopted to achieve the standard calibration curve for
each food dye, through which the remaining concentration of the food
dye in the solution can be calculated. Three materials were used as
adsorbent surfaces for the dye molecules (granular activated carbon,
chemically treat grape leaf powder, and finally a mixture of alumina and
granular activated carbon) to adsorb each dye. The adsorption process
was studied at different temperatures in order to reach the optimal
temperature for the adsorption process as well as calculating the
thermodynamic functions for it, where the enthalpy values (AH) were
calculated from the Vant-Hoff equation using the values of the
equilibrium constant at a temperature range (298, 363, 308, 313, 318 °K)
as these values were positive for all food dyes it varied in value, in a clear
indication that the process of adsorption on the surfaces of the adsorbent
materials is endothermic and generally gives an indication that adsorption
is a physical process in nature. The values of (AG®°) were negative little,
indicating that the adsorption process is spontaneous in nature, and that

spontaneously increases with the increase in temperature. The (AS®) and



(AS) values were positive with close values, and the (AS°) values were
greater than the (AS) values for all food dyes, and this indicates that the
food dye molecules at equilibrium state are more regular than the other
stages in the adsorption process. The adsorption kinetics of food dye was
achieved using four kinetic models (Pseudo first order, Pseudo second
order, Elovich model and intra particle diffusion) and the experimental
results of adsorption were in agreement with the Pseudo second order
model without the Pseudo first order model that can occur with it in one
of the adsorption stages. The (a) adsorption constant has
a high values compare to the values of the (§) desorption constant, which
indicates that the adsorption of food dye molecules is greater than the
desorption state (return to solution) from the surfaces of the three
adsorbent while the intra particle diffusion model explained to us that it
does not represent the only mechanism that dominates the process of
adsorption of food dye molecules on the surface of the adsorbents used in
this study, but there are other influencing mechanisms. The values of the
sticking potential of food dye molecules on the surface of the adsorbent
were also calculated from the developed Arrhenius equation, as the
results were in the preferred range in the adsorption process, which
confirmed the presence of physical adsorption, while the apparent
activation energy values indicated that the process of adsorption is
diffusion controlled and preferably low temperatures which were used to

a certain extent in this study.

The second aim of this thesis focused on the preparation of aromatic
azo complexes resulting from the coupling reaction of five colored food
dyes with the diazotized para-nitro-aniline (DPNA) reagent. The resulting
compounds were diagnosed physically by the appearance of a new

different color for the resulting colored complex and different from the



colors of the reactants, as well as being diagnosed by measuring the
wavelengths of their solutions using the electronic spectrophotometer
(UV and Visible) and obtaining a new wavelength (Amax) different from
the wavelengths of the reactants, by often obtaining a red shift for each of

them.

All of the foregoing of the preparation of the colored resulting
compounds and the methods of their identification is a preparation
process to reach the essence of the study, which is to find the stability
constants for the five colored azo complexes prepared from the coupling
reaction of colored food dyes, which are the donor of electrons with the
diazotized reagent (DPNA), which is naturally the acceptor of those
electrons and follow-up Interaction by spectral analysis methods, and
then determining the factors affecting the stability constant at different
temperatures and at the natural pH functions for each of them, which
necessitate finding the optimal conditions for each formed complex,

which are:

1- The initial optimum wavelength (Amax) for the colored complex
produced before setting the optimal conditions, which gives the

highest absorbance of the complex.
2- The optimum volume of the reagent (DPNA).

3- The optimum volume of the basic salt: It is known that the azotization
reaction takes place in an acidic medium, while the coupling reaction
takes place in a basic medium, and this is done by finding the
appropriate acidity functions (pH). In our study, the study was done at
the natural pH for each dye.

4- Finding the optimum of addition.

5- Determine the appearance and stability time.



6- Finding the optimum of wavelength (Amax), which gives the highest

absorbance of the colored complex produced at optimal conditions.

7- Finding the ratios of the components (stoichiometric ratios) of the
complex by one of the known methods, and the mole-ratio method
was used for all the compounds under study, and we got a ratio (1:1)

for all the five studied complexes.

As for the last part of our study, it included the factors affecting the
values of the stability constants of the resulting five colored complexes,
and it was found that they depend on two factors: The first is the
temperature: the stability constants were calculated with a thermal range
between (273-313°K), which allowed us to know that all these formation
reactions are spontaneous and exothermic, from the negative values of
(AG® and AH) respectively, in addition to the negative (AS®) value that
supports what was previously mentioned, and which agrees with
theoretical studies. As for the second factor, it is: the effect of the
structures of the colored food dyes: as the study proved that changing the
structures of the colored food dyes also has a clear effect on the stability
constant values of the five colored complexes produced, and this was
proven through the variation in the values of the stability constants of the

products.
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