No 1
Absorption spectral analysis of azorubine as the food dye
I. Theoretical part
The Bouguer-Beer-Lambert law expresses the relationship between the intensity of a light beam incident on an object containing chromophore groups and the intensity of the light beam transmitted through the object at a specific wavelength. The law is valid for the optical part of the electromagnetic spectrum (UV, VIS, IR).
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where: Io, I are the intensities of the incident and transmitted light through the object, cd (candela); l – thickness of the layer of the object under study, cm; c – concentration of the solution (the substance containing the carrier of chromophore groups in the object), mol/dm4; a – absorbance – proportionality coefficient, taking into account the dependence of I on the wavelength of the transmitted light.
In spectral measurements in the VIS region of fruit juice solutions the chromophoric groups are determined by the color of the respective beverage. Their concentration is that which participates in the Bouguer-Beer-Lambert law. The relationship 
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 is called permeability (T) and is a dimensionless quantity. It takes values ​​from zero to one (between 0 and 100%):
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The negative logarithm of the transmittance is called absorption (А).
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It is necessary to determine the absorption coefficient a, which is obtained by multiplying the number 0.434 and the coefficient aλ.
The Bouguer-Beer-Lambert law expressed in terms of the absorption coefficient, takes the form:



  
[image: image6.wmf]acl

A

=






[image: image7.wmf]a

a

l

434

.

0

=





(4)
· Equation 4 is the most popular form of writing the law of light absorption. The physical meaning of the law is expressed by the following formulations:
· Absorption (A) is a linear function of the layer thickness (l) and the concentration of the solute (c) in the solution.
· Absorption (A) is proportional to the concentration (c) and depends on the thickness of the layer (l). 

1. Formally the law is three-parameter. The change in concentration c and the thickness l are factors with the same effect on absorption and can be combined as the influence of concentration. The absorption coefficient (a) expresses the influence of the wavelength (λ) on the value of absorption (A). Therefore the practical use of the law is reduced to its two forms.
2. The dependence of light absorption on wavelength, А = f (λ) is determined under the following conditions: c = const, l = const, (Fig. 1) and allows for the detection of the wavelength at which the tested substance exhibits maximum absorption (λmax).

       3. The dependence of light absorption on the concentration of the solute A = f (c), is determined at λmax, i.e. λ = const = λmax, l = const (Fig. 2).
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               Figure 1. Color curve



      Figure 2. Standard line
                 с = const, l = const 

                                λmax= const, l = const
When the aim of spectral measurements is the quantitative relationship between absorption and the concentration of chromophore groups, they need to be carried out with a linear relationship between A and c.
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If experimental data on the absorption (A) are available, obtained under the conditions specified in equation 5 and different values ​​of the concentration c, a graph of the dependence am = f (c) can be constructed as in Fig. 3. By absorption spectral analysis the Bouguer-Beer-Lambert law is valid in the concentration interval from c1 to c2.
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Figure 3. Dependence of the molar absorptivity coefficient on the concentration of chromophore groups, am = f (c).
Purpose and principle of the method
The purpose is to investigate the concentration dependence of the Bouguer-Beer-Lambert law by spectrophotometric determination of the concentration of a series of standard solutions of azorubine known as the synthetic food dye E122 (food additive).
The principle of the method also known as the standard line method consists in verifying the Bouguer-Beer-Lambert law, according to which the line expressing the graphical dependence of absorption on the concentration and on the thickness of the absorption layer must pass through the origin of the coordinate system.
II. Equipment and method of operation

The method of conducting absorption spectral analysis in the visible part of the electromagnetic spectrum (VIS) and determining the molar coefficient of optical density am is carried out with a Camspec M107 spectrophotometer.
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Figure 4. Camspec M107 spectrophotometer and 1 cm thick cuvette.
Initially, the spectrophotometer is turned on for 15 min to stabilize the light source. The “A” button is used to select the “absorption” operating mode which is indicated by a light signal from the button.
Three 1 cm thick cuvettes are arranged in the cuvette holder with the blank sample (BLANK) containing pure solvent placed in one of the end positions. Cuvettes with the analyzed solutions are placed in the other slots. The desired wavelength is set with the wave screw. By pressing the "A" button a digital signal proportional to the intensity of the electromagnetic radiation passing through the cuvette is displayed on the display. The absorption of the electromagnetic radiation by the blank sample is read as 0.00. Immediately after it the absorption of the remaining two solutions is measured. When there are more solutions the two cuvettes are replaced with new solutions and the measurement continues with the absorption being reset to zero for each series relative to the blank sample.
The Camspec M107 spectrophotometer is sensitive in the range:
340 nm < λ < 900 nm
determining the wavelength max:

1. Prepare a standard solution of azorubine (provides a certain concentration of chromophore groups).

2. Determine the dependence A = f (λ) with a step ∆λ = 25 nm. The results are plotted in Table 1. Determine the region λmax in which the absorption has a maximum value.
3. The dependence A = f (λ) is recorded with a step ∆λ = 5 nm, but only in the region λmax ± 25 nm. The results are plotted in Table 2. The value λmax is determined with an accuracy of 5 nm.
4. A series of solutions are prepared by diluting with distilled water certain volumes of the starting standard solution of azorubine.
5. Calculate the molar absorptivity coefficient based on the data from Tables 3 and 4 and Equation 5. Plot the graphical dependence of am = f (c).
Method of preparing a series of standard solutions of azorubine (E122): 
From the initial 0.01 M standard solution of azorubine (Molar mass: 502.431 g/mol), ten solutions are prepared by dilution with distilled water according to the data in Table 3. The following equation is used to calculate the concentration of the solution after appropriate dilution:
C0V0 = CiVi








(6)
where: i is the number of the diluted solution from 1 to 10; C0 is the molar concentration of azorubine in the starting solution, mol/dm3; V0 – volume of the starting solution taken for dilution, cm3; Ci – molar concentration of azorubine in the solution obtained after the corresponding dilution, mol/dm3; Vi – volume of the solution after the corresponding dilution, cm3.
 No 2
Influence of temperature on the rate of chemical reactions. Determination of the rate constant of the hydrolysis process of acetylsalicylic acid
I. Theoretical part
Temperature is one of the factors affecting the rate of chemical reactions. It has been experimentally established that an increase in temperature leads to an increase in the rate of single-stage chemical reactions occurring in a homogeneous medium. This gives reason to conclude that with an increase in temperature the rate of the corresponding reactions also increases. There are limits to the increase in temperature. It should not lead to qualitative changes (destructive) in the reactants and products of the reaction. The influence of temperature on the reaction rate manifests itself as an influence on the rate constant.

The first rule for the influence of temperature on the rate of a chemical reaction was presented by Van't Hoff and says: An increase in temperature by 10 0C leads to a change in the rate of the chemical reaction by 2 to 4 times. This rule is a rather rough empirical estimate expressed on the basis of experimental data but it is still used in practice today.

The rate constant depends on the temperature and on the presence of a catalyst. Its dependence on temperature is exponential and is expressed by the Arrhenius equation:
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where: A is a constant called the pre-exponential (frequency) factor; Ea is the activation energy of the reaction is determined by the slope (
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For this purpose data on the rate constant obtained at different temperatures are needed.
Purpose and principle of the method
The purpose is to determine the rate constant of hydrolysis of salicylic acid from aspirin.

The principle of the method consists in changes in the intensity of the violet color of the solution due to the formation of Fe+3 salicylic complex as a result of the hydrolysis of acetylsalicylic acid which is monitored by changing the absorbance for a certain time interval.
II. Equipment and method of operation
The absorption measurements are performed with a Camspec M107 spectrophotometer with a cuvette thickness of 1 cm, at a wavelength of 525 nm.

A detailed description of the device and the method of operation with a Camspec M107 spectrophotometer is presented in Exercise 1.

1. Preparation and conditioning of the spectrophotometer.

2. Determination of the maximum wavelength from Fig. 1.
[image: image14.emf]
Figure 1. Absorption spectrum of the Fe+3 salicylic complex.
3. Sample preparation.
One aspirin tablet (500 mg) is crushed in a mortar and dissolved in 20 cm3 of ethanol (96%) and distilled water (in a ratio of 1:1; 10 cm3 of ethanol + 10 cm3 of distilled water) quantitatively transferred by filtration into a 100 cm3 volumetric flask. 5 cm3 of Fe3+ solution are added to the filtrate with a measuring cylinder and made up to the mark with distilled water.
Half of the colored solution is transferred to a 100 cm3 Erlenmeyer flask which is placed in a water bath at 400C for a specified time. The other part of the solution is left at room temperature (200C). The first series of measurements is carried out at 200C, and the second at 400C.
Using a pipette take 2 cm3 of the solution at a temperature of 200C and then 2 cm3 of the solution at a temperature of 400C, which are placed in a cuvette and their absorption is measured at 525 nm (Fig. 1).

4. Determine the value of the absorption A0 at the moment of reaction initiation, noted in Table 1 as time 0.

5. Determine the absorption A for different times at two temperatures noted in Table 1.

6. Determine the rate constant according to the following equations:
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According to the Bouguer-Beer-Lambert law the relationship between absorbance and concentration is directly proportional which allows the concentration to be replaced by absorbance in the integral form of the first-order kinetic equation. The graphical form of the first-order kinetic equation plotted in lnA0/A versus time is a straight line the slope of which determines the rate constant of the process.
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Figure 2. Dependency graph 
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A and B - points on the most probable lin  by which the rate constant of hydrolysis of acetylsalicylic acid is calculated

 No 3
Adsorption of oxalic acid on charcoal. 
Construction of the Freundlich adsorption isotherm.

I. Theoretical part
The spontaneous change in the concentration of a substance on the surface of a phase boundary is called adsorption. An adsorbent is a substance that due to its large internal or external surface has the ability to adsorb other (liquid or gaseous) substances, an adsorbate is an adsorbed substance that is absorbed by another substance. This process is different from absorption which is the process of absorbing a substance in the volume.

Adsorption is determined by the unsaturated nature of the forces on the surface of the adsorbent. Depending on the nature of the surface forces that act on the constituent particles (atoms, molecules, ions) of the adsorbent and the molecules of the adsorbate is distinguish two types of adsorption: physical adsorption (physisorption) and chemical adsorption (chemisorption). Usually physical adsorption takes place at low temperatures and chemical adsorption at high temperatures. In physical adsorption the enthalpies are relatively small. In chemisorption, they can reach values ​​that exceed 10-15 times the enthalpies in physical adsorption. Physical forces have the same nature as the Van der Waals forces that cause condensation of vapors in a liquid. As a rule the adsorption bond in physical adsorption is weak. Physical adsorption is a reversible process. Chemical adsorption is a process in which the molecules of the adsorbate bind to the surface of the solid by chemical forces (i.e. by electron exchange).
The chemical interaction between the adsorbent and the adsorbate leads to the formation of surface compounds which usually do not have a precise chemical composition. The formation of chemisorption complexes is accompanied by both the release and absorption of heat. Chemisorption is a process that occurs relatively slowly and is not always reversible.

The adsorbed amount of substance as a function of concentration at a constant temperature is called the adsorption isotherm.

The adsorption phenomenon is usually described by various isotherms with the adsorbent/adsorbate ratio considered as a function of pressure (in the gas phase) or as a function of concentration (in liquids) at a constant temperature. The adsorbed amount is almost always normalized to the mass of the adsorbent and allows different materials to be compared. A total of about 15 isotherms are known.
Freundlich isotherm
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where: k – a constant related to chemisorption, i.e. how the process was carried out, what is the type of material, etc.; n – an exponent related to physical adsorption, a number between 0 and 1 which is always taken logarithmically.
lnА = lnK +nlnC 




(2)
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Figure 1. Logarithmic dependence of the adsorbed amount of substance on the concentration at the Freundlich isotherm.
Purpose and principle of the method
The purpose is to investigate the adsorption of oxalic acid (H2C2O4.2H2O) on activated carbon and to determine the constants k and n in the Freundlich adsorption isotherm.
The principle of the method consists in determining the dependence of the surface concentration of the adsorbent on the concentration of the adsorbate by adding the same amount of activated carbon at a constant temperature to equal volumes of oxalic acid solutions but with different concentrations.

The principle of the method consists in determining the dependence of the surface concentration on the concentration of the adsorbate by adding the same amount of activated carbon at a constant temperature to equal volumes of oxalic acid solutions but with different concentrations.
II. Equipment and method of operation
The method of operation consists in studying the adsorption of oxalic acid on charcoal and determining the constants k and n in the Freundlich adsorption isotherm. The dependence of the surface concentration Γ on the concentration of the adsorbed amount of oxalic acid С is investigated by placing equal volumes of different but precisely determined concentrations in contact with the same amounts of charcoal at T = const. The values ​​of k and n in the Freundlich equation are determined graphically from the linear relationship lnА = f (lnC).

Reagents and equipment: three 100 cm3 volumetric flasks, three 150 cm3 beakers, three Erlenmeyer flasks, three funnels, three pleated filters, one burette, one 20 cm3 and one 10 cm3 Foul pipette, 0.1000 N sodium hydroxide (NaOH) solution and 0.4000 N oxalic acid (H2С2О4.2Н2О) solution, phenolphthalein indicator, charcoal, scales.

The procedure for determining the dependence of the surface concentration (A) on the initial concentration of oxalic acid has the following course:

Equal volumes of three standard solutions (with precisely defined concentrations) of oxalic acid are placed in contact with an equal amount of charcoal (2.00 g, weighed on a scales) at T = const.

The values ​​of k and n in the Freundlich equation are determined graphically from the linear relationship lnA = f (lnC).

From the starting 0.4000 N H2С2О4.2Н2О, by dilution with distilled water, solutions with initial concentrations (Сinitial) are prepared in three 100 cm3 volumetric flasks: 0.200 N, 0.100 N and 0.050 N solutions. Each of the solutions is transferred to a 150 cm3 beaker, in which conteined 2.00 g of charcoal, previously weighed. The resulting solutions are left at room temperature for 30 min to reach adsorption equilibrium, after which filtration is carried out through a paper filter in dry Erlenmeyer flasks. Three parallel samples of 10 cm3 of the filtrate are titrated with a standard solution of 0.1000 N NaOH in order to determine the final concentration (Cend) of oxalic acid after the adsorption has occurred.
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Fig. 3. Example graph of the logarithmic Freundlich adsorption isotherm.
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where Сinitial is the initial concentration; Сend – final concentration;
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The slope of the resulting line determines the constant n (tgβ = n ) and from the intercept of the ordinate (after antilogarithmic) the constant k is determined.
No 4
Surfactants and non-surfactants. Gibbs adsorption isotherm.
I. Theoretical part
The amount of substance adsorbed as a function of concentration at constant temperature is called an adsorption isotherm.
Г = f (C)
T = const







(1)
Gibbs isotherm

The term Gibbs adsorption is given as the difference between the actual amount of a given component adsorbed at the interface between two phases and the amount that would be in the system if the concentrations of the two phases were constant up to a certain interface separating them. This difference can be positive or negative. It is denoted by Г and the dimension is mol/m2 and called the Gibbs adsorption excess.
Since the concentration of the substance in the surface layer is greater than in the interior of the phase this leads to a decrease in the surface tension. This strong adsorption of the molecules of the substances in the surface layer is called surface activity and the substances - surface active. When studying surface phenomena it is of great importance to know the relationship that exists between the surface tension, the amount of adsorbed substance on the surface of another substance and the volume concentration C. This relationship was derived by Gibbs and is given by the following equation known as the Gibbs adsorption isotherm:
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where: Г is the amount of adsorbed substance in the surface layer (adsorption excess), mol/m2; C – concentration of the dissolved substance in the interior, g.mol/m3; R = 8.314 – universal gas constant, g.K/mol; T – temperature, К; 
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 – surface activity.

Fig. 1 shows the graphical dependence of the adsorbed amount of substance on the concentration at the Gibbs isotherm.
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Figure 1. Graphical dependence of the adsorbed amount of substance on the concentration at the Gibbs isotherm
The measure of the effectiveness of a surfactant in lowering surface tension is surface activity, 
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From equation 2 it can be seen that if Г > 0 the 
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<  0. This means that the concentration of the adsorbed substance in the interfacial region is greater than in the interior of the phase. Such substances are called surface-active (surfactants). They lower the surface tension and their adsorption is positive.
At non-surfactant substances, Г < 0 and the 
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> 0. In them the adsorption is negative and the concentration in the surface layer is lower than in the bulk phase. The surface tension increases.
Surfactants are divided into ionogenic (disintegrating into ions in water) and non-ionic (remaining in the form of molecules).
Anionic Sodium Dodecyl Sulfate, C12H25SO4Na ( C12H25SO4– + Na+ is one of the most widely used surfactants with small moleculs. Its molar mass is 288,38 g/mol and the number of monomers is 33.
Purpose and principle of the method
The purpose is to determine the surface activity and the amount of adsorbed substance of a series of sodium dodecyl sulfate solutions with different concentrations using the Gibbs adsorption isotherm.

To determine the surface activity the Maximum bubble presure method is used which involves blowing an air bubble out of a capillary tube immersed in water.
II. Equipment and method of operation
The method of operation is related to the separation of a bubble from the capillary into a liquid presented in Fig. 1.
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Figure 1. Model of blowing a bubble from a capillary into a liquid using the Rebinder method
The capillary is immersed in a liquid of height h and density ρ. Gradually the pressure increases and the meniscus moves downward.
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where: h is the liquid level, mm to which the capillary is immersed; H – water level in the water manometer, mm; ρ0 – density of the manometric liquid (in this case water); ρ = ρ0 = 1 g/cm3 (infinitely dilute solutions); g = 9.8 m/s2 – acceleration due to gravity.

H = lmax – l0   [image: image33.jpg]



Figure 2. Schematic of the apparatus for measuring surface tension using the Rebinder method

1 – capillary tube in which the water is increased; 2 – aspirator tube; 3 – water manometer 

1. Determination of the apparatus constant k with distilled water, m2 s . 
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where: γ - the surface tension of distilled water at the water-air interface. At a temperature of 200C, γ( H2O) = 72,76.10 mN/m.

2. Preparation of a series of surfactant solutions. From the 0.01 M stock solution in 25 cm3 volumetric flasks, a series of solutions with concentrations of 0.002, 0.004, 0.006, 0.008 and 0.01 mol/dm3 are prepared by dilution with distilled water. For this purpose the dilution equation is used:
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where: i - the number of the diluted solution; C0 – molar concentration of sodium dodecyl sulfate in the starting solution, mol/dm3; V0 – volume of the starting solution taken for dilution, cm3; Ci – molar concentration of sodium dodecyl sulfate in the solution obtained after the corresponding dilution, mol/dm3; Vi – volume of the solution after the corresponding dilution, cm3.

3. Sequential measurement of the surface tension γ of the solutions in increasing concentration. 
· Calculation of the amount of adsorbed substance according to equation 3.
III. Presentation of experimental results
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Figure 3. Dependence of surface tension on the concentration of the studied solutions
No 5
Investigation of emulsion stability with soybean protein isolate as surfactant. Microscopic observation.

I. Theoretical part
A dispersed system of two immiscible or partially miscible liquids in which one liquid is distributed in the other in the form of drops with a diameter of 10-6 to 10-4 cm is called an emulsion. Most often such systems are composed of one polar liquid (water) and one non-polar or weakly polar liquid (benzene, aniline, oil etc.). Depending on which of the liquids is the dispersed phase there are direct oil-in-water emulsions when the oil is dispersed in water (abbreviated as O/W) and inverse emulsions watr-in-oil when the water is dispersed in oil (W/O). Emulsions are obtained mainly by dispersion. The dispersion of one liquid in another is called emulsification.

Emulsions obtained by simple homogenization of two pure liquids are unstable and quickly separate. The preparation of relatively stable systems is possible only with the addition of some stable substance called an emulsifier. It is adsorbed on the interface between the two liquids as a result of which when the particles approach each other repulsive forces appear which increase the stability of the emulsion. The mechanism of emulsion stabilization is very complex and depends on the type of system. Depending on their nature emulsifiers can stabilize the emulsion by lowering the surface tension by imparting electrical charges to the particles and also by forming a mechanically stable film at the phase boundary (the interface between the two liquids).

In some processes the formation of emulsions is undesirable. The destruction of emulsions depends on their nature.
Purpose and principle of the method
The purpose is to determine the stability of emulsions prepared from sunflower oil, water and stabilized with a surfactant protein and various electrolytes.
It is performed by determining the average particle size of the respective emulsion, and through microscopic analysis, the basic processes of flocculation and coalescence occurring in them are observed.
II. Equipment and method of operation

Dispersion analysis can be performed by observing the particles under a microscope, in the eyepiece of which a micrometric grid is built in. Each division of the grid corresponds to a certain length (x) of the object observed with the microscope. The micrometric grid counts the number of particles of a certain size in the field of view. Particles of the same size are considered to be those whose diameter corresponds to the same integer number of divisions of the grid:
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where: r – particle radius, μm; x – value of one grid division at a given magnification.
Microscopic analysis
The slide with the preparation is placed on the microscope stage under the objective. The objective and the eyepiece are selected so as to obtain the best magnification for the respective system. The micrometric grid divides the field of view into one hundred squares with a side of five divisions (the smallest squares) (Fig. 1). Since usually small particles are much more numerous than large ones, it is expedient to count large ones in the entire field of view, and small ones - in a part of it. It should be borne in mind that the particle is counted in the square in which its center is located. If its center is on the border of the square, it is not counted.
[image: image38.png]



Fig. 1 Microscopic view with micrometric grid of an emulsion preparation.
After counting the number of particles in one field of view, the slide is moved with the micrometer screw arbitrarily to another field and the number of particles in the corresponding number of squares is determined again. In order to obtain reliable results, there must be no less than 15-20 particles in each field of view and the number of fields examined must be large enough.
Reagents: sunflower oil, surfactant protein, sodium carbonate (Na2CO3), sodium chloride (NaCl)
Preparation of four O/W emulsions

1. Take 30 cm3 of sunflower oil and add 70 cm3 of water to it. The mixture is homogenized with a homogenizer for 30 s in turbo mode. After that put in a glass for investigation.
2. Take 30 cm3 of sunflower oil and add 70 cm3 of water and 1 g of protein. The mixture is homogenized with a homogenizer for 30 s in turbo mode. After that put in a glass for investigation.
3. Take 30 cm3 of sunflower oil and add 60 cm3 of water, 10 cm3 of Na2CO3 and add 1 g of protein. The mixture is homogenized with a homogenizer for 30 s in turbo mode. After that put in a glass for investigation.
4. 30 cm3 of sunflower oil are taken and 60 cm3 of water, 10 cm3 of NaCl and 1 g of protein are added to it. The mixture is homogenized with a homogenizer for 30 s in turbo mode. After that put in a glass for investigation.
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