[bookmark: _GoBack]Gazi University
Chemical Engineering Department
CHE392 Chemical Engineering Laboratory 1
Experiment Number: 2b

HEAT OF DILUTION

1) AIM OF THE EXPERIMENT
In this experiment, the aim is to obtain mixture enthalpies of H2SO4–water  mixtures at different compositions. By the help of exothermic heat released during dilution to form the desired mixture composition mixture enthalpy versus composition diagram will be achieved experimentally.

2) THEORY
In this experiment, a simple method for calculating the heat of dilution and mixture enthalpy is presented. In this method, acid and water are mixed in the calorimeter cell. During mixing of acid and water the heat released to the calorimeter vessel is detected by the temperature variation. 

Before determination of heat of dilution and mixture enthalpy, the calorimeter constants should be evaluated. The calorimeter constant , which is similiar to the heat capacity is defined as the required heat to increase  the temperature of the contents of calorimeter by 1°C. The unit is J / g.°C.

A) Determination of calorimeter constant

The calorimeter system consists of a thermometer, glass calora small glass container where the dilution takes place, and a container in which the small container is placed.
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A: Isolation filled with water in which container B is placed
B: Small glass vessel in which the dilution is carried out
C: Water
* B is a closed system and B and C together is an isolated system. Insulation of B and C is done with a polystyrene foam.

Calorimeter consists of : C, B, thermocouple and the foam lid used for complete isolation.

Initially in order to find the calorimeter constant, a certain amount of water at a higher or lower temperature is added to the water inside the container A at the equilibrium temperature. With thermocouple, the new  equilibrium temperature is measured. The calorimeter constant is found by solving the energy balance (using the first law of thermodynamics).
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M1: Initial mass of water in container C (gr)
M2: The mass of water in container A after water has been added (g)
T1: Initial equilibrium temperature of the calorimetry (°C)
T2: The equilibrium temperature (°C) of the cold or hot water to be added to the container A,
T3: New equilibrium temperature (°C)
M3: Mass of calorimetry (g) = M1 + mass of container B  ,M3>M1

The energy balance for the isolated system (closed, adiabatic, no work applied) (application of the 1st law of Thermodynamics)

Uf –Ui = Q + W 
Q = 0, W = 0 
Uf – Ui = 0 
Uf  = Ui,           
U  H = H(TR) +  ∫Cp.dT,     TR : Reference temperature can be taken up to 273K.

M3*Cv-calorimeter*(T3-TR) + (M2-M1)*Cv-water*(T3-TR) = M3*Cv-calorimeter*(T1-TR) + (M2-M1)*Cv-water*(T2-TR)
Cv-calorimeter = 

For liquid and solid, Cp  Cv is acceptable.

B) Determination of heat of dilution and mixture enthalpies 

In this experiment, heat of dilution will be determined by mixing pure sulfuric acid with water. Dilution heats will be calculated with different acid-water mixtures at different molar, volumetric or weight percentages. Heat of dilution is determined with the help of calorimeter where its heat capacity was determined previously (in part A of the experiment). In this part of the experiment, the equilibrium temperature in the calorimeter is measured after mixing pure acid and water at different mole, volume or weight percentages in small glass vessel (B). Heat of dilution and mixture enthalpy curves can be generated with the use of 1st law of thermodynamics. 


U≈H = Q
H = (Mcalorimeter.Cv-calorimeter.(Tf-Ti)) =Q
Hdilution= (Hmix at Tf)- (HH2SO4 at Ti*MH2SO4+HH2O at Ti*MH2O)= (Mcalorimeter.Cv-calorimeter.(Tf-Ti))


HH2SO4, HH2O, Hmix denote enthalpy of pure sulphuric acid, water and acid-water mixture.
Note: The reference temperature can be taken as 273 K in the calculations. Consider the calorimeter constant,  Cv-calorimeter independent of temperature. 

After performing experiments in acid-water mixtures of different weight percentages, Hmix values at final equilibrium temperature can be used to draw a Hmix-weight% curve. And can also be compared with the data witdrawn from the curve below.
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Figure 1. Mixture enthalpy curves at different temperatures 
(Chemical and Engineering Thermodynamics, Sandler 3rd edition, page 326, Figure 6.1.1.)

3) WHAT SHOULD BE DONE BEFORE THE EXPERIMENT

1) It should clearly be stated in a written manner which parameters should be calculated for the experiment  and what are the variables  and what should be measured before the experiment.
2) Before the experiment, data sheet should be prepared in written form by planning which data are to be measured and how.
3) The questions must be answered in written form before the experiment.
4) In order to understand the theory of the experiment, read pages 324-333, 342-349, Chemical and Engineering Thermodynamics Sandler 3rd Edition.
5) NOTE THAT groups are not prepared will not be permitted to do the experiment !!!

4) ABOUT EXPERIMENTAL PROCEDURE

1) Each experiment should be repeated at least 5 times in order to find the calorimeter constant and mixing enthalpies.
2) A curve similar to the isothermal dilution curves (shown in Figure 1) will be drawn by determining the dilution heats at least at 5 different weight percentages.

5) WHAT TO DO AFTER EXPERIMENT

1) Errors (systematic, random) regarding the experimental data will be discussed and reported to the instructor in a written manner.
2) The accuracy and reproducibility of the experimental data should be discussed with the instructor.

6) QUESTIONS

1) How is the first law of thermodynamics used in this experiment, which assumptions were made. Please explain.
2) How do we understand or predict that the temperature reaches an equilibrium value?
3) Is the experimental set up actually a well-isolated system? Please explain.
4) List the gaps, weak points about the experiment. 
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