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Course Book
	1. Course name
	Phase and Equilibrium

	2. Lecturer in charge
	Dr.Khozan A. Haji

	3. Department/ College
	Chemistry/ Education

	4. Contact
	e-mail:khozan.haji@su.edu.krd 

	5. Time (in hours) per week 
	Practical: 3

	6. Office hours
	Thursday 10.5am – 12.5 pm or by appointment

	7. Course code
	

	8. Teacher's academic profile
	I graduated from the College of Education, Department of Chemistry in 1997 and got a bachelor's degree BSc in chemistry. After that. I then started to study MSc/Analytical Chemistry in 1998 at Salahaddin University.  
    After finishing my MSc study in 2000, I worked in Collage of Education / Chemistry department, as an assistant lecturer. The teaching experience is practical in the analytical Physical, Industrial &Organic Chemistry.  Finally, I received my PhD-Physical Chemistry in the same University in 2015. My academic and research program interest focus on Kinetic study; I have more than 4 published articles and going to publish some other articles.


	9. Keywords
	Kinetic study, chalcones, spectrophotometry, bromination, rate of reaction.

	10.  Course overview:
Dilute solutions containing non-volatile solute exhibit the following properties:
(1) Lowering of the Vapour Pressure
(2) Elevation of the Boiling Point
(3) Depression of the Freezing Point
(4) Osmotic Pressure
The essential feature of these properties is that they depend only on the number of solute particles present in solution. Being closely related to each other through a common explanation, these have been grouped together under the class name Colligative Properties (Greek colligatus = Collected together).


	11. Course objective:
It tells whether a particular physical or chemical change can occur under a given set of conditions of temperature, pressure and concentration. It also helps in predicting how far a physical or chemical change can proceed, until the equilibrium conditions are established.

	12.  Student's obligation
The student attendance in class two hours a week, preparation of the home works examinations and participate in the discussion in the classroom. 


	13. Forms of teaching
Different forms of teaching will be used to reach the objectives of the course: Direct questions, Quizzes, Discussion and conclusions. Power point presentations


	14. Assessment scheme
Exams: There will be 10 quiz and 10 report and 1 closed book exam given throughout the semester.
Each quiz carry out 1 degree, and any report 1.5 degree and exam 10 degree they considered = 35%.

Final Exam: The Final Exam is Comprehensive in all course outlines. Carry out 50% degrees of the grade.

  Theoretical grade = 65%
  Practical grade = 35%‌

	15. Student learning outcome:
The student will learn the phase rules, chemical equilibrium, finding the equilibrium constant for different reactions, in addition to learning the colligative properties of a mixtures

	16. Course Reading List and References:
1- P.Atkins, and J.DE Paula. “ ATKINS Physical Chemistry “6th edition.
2- IRA N. Levine. “Physical Chemistry” 6th edition.
3- A. Bahl, B.S. Bahl, and G.D. Tuli “ Essential of physical Chemistry” .
4- R.A. Alberty, and R.J. Silbey.”Physical Chemistry” 2nd edition.



	17. The Topics:
	Lecturer's name

	The first experiment
Viscosity of Liquid as a function of Temperature

 Theory
Viscosity is the resistance that one part of a fluid offers to the flow of a contiguous part of the liquid. The viscosity coefficient η is the force required per unit area to maintain unit difference of velocity between two parallel planes in the fluid, 1 cm apart. The unit of viscosity in c.g.s. units is called poise.
        The viscosity of a liquid may be determined by measuring its rate of flow through a capillary tube. For a liquid flowing through a capillary tube of radius r, for a time t, under a constant pressure head p, the volume v of liquid issuing from the tube is given by Poiseuille's equation:
                             -----------(1)
where ℓ is the length of the tube. If the dimensions of the capillary and the volume of the liquid flowing through it are constant, equation (1) reduces to:
                                           --------------(2)
Thus although the determination of absolute viscosity is a matter of some difficulty, the ratio of the viscosities of two liquids may be readily determined using a viscometer. The pressure p at any instant driving the liquid of density d though the capillary of a viscometer is (hdg), where h is the difference in height between the levels in each limb of the instrument. Although h varies throughout the experiment the initial and final values are the same in every case; hence p is proportional to the density. The relationship between the viscosities  and  of two liquids 1 and 2 having densities  and  is:
                             -------------(3)
where  and  are the times of flow. The viscometer must therefore be calibrated by using a liquid of known viscosity and density, e.g. water.
        The variation of the viscosity of a liquid with temperature may be expressed by the equation:
                                   -----------------(4)

                                 ------------(5)
where A is a constant and E is a measure of the energy required to overcome the elementary flow process.
 
Apparatus and Chemicals           
Ostwald viscometer, stop watch, thermostat, rubber tubing, beaker, sucrose, distilled water. 

[image: Image result for viscometer images]Procedure
1-The viscometer is cleaned and dried.
2-50ml of water is added to a beaker and clamped in the thermostat at 25°C, 10 min allowed for thermal equilibrium.
3- By a piece of rubber tube, the liquid is sucked up the capillary arm of the viscometer until the surface of the liquid is above the upper mark (Fig.1).
4- The liquid is then allowed to flow down the aim. The time required for the surface of the liquid to pass from the upper mark to the lower mark is noted.     
5- The process is repeated at 35°C and 45°C. 
 (
Fig(1) Viscometer
)6- The whole procedure is then repeated using the same volume of 3% sucrose.
Calculation 
1- Regulate the data in such a table:

	
	
	
	
	
	
	
	
	T/K
	

	25
	constant
	constant
	
	constant
	
	From eq. (3)
	
	
	

	35
	constant
	constant
	
	constant
	
	
	
	
	

	45
	constant
	constant
	
	constant
	
	
	
	
	



2- Plot a graph between  at  axis and .
                   [image: C:\Users\Ram Computer\Pictures\Untitled.png]
3- Calculate  and .










The second experiment
Determination of molecular weight by elevation of the boiling point
Theory
The normal boiling point of a pure liquid or solution is the temperature which it’s vapor pressure equals 1 atm.
The boiling point of a liquid is a characteristic property which is often useful for purposes of identification and for the determination of purity.
     When a nonvolatile solute is dissolved in a solvent, the vapor pressure of the latter is decreased as a consequence; the boiling point of the solution is higher than that of the pure solvent. The extent of the elevation (∆T) depends upon the concentration of the solute.
                        
                           --------------(1)
         
Where  is the boiling point of the solution and  is the boiling point of pure solvent.
     The addition of a solute (A) to solvent (B) usually elevates the boiling point as in this equation:
                ---------(2)
                    ----------(3)
Where
= molecular weight of solute
= molal boiling point elevation constant
= weight of solute (g)
= weight of solvent (g)
= the extent of the elevation of boiling point

               --------------(4)
Procedure

1- The boiling point apparatus is shown in Fig.2
2- 50ml of solvent (water) is placed in the boiling flask and heated by Mental heater.
3- When the boiling starts, read the thermometer; 
4- Let the apparatus to cool and after cooling place 1g of sample in the boiling flask, repeat the same procedure then read the thermometer;.

   [image: Image result for simple distillation apparatus for boiling point]
Fig.(2) simple distillation apparatus for detection of boiling point

Calculation

1- Find ∆T by:    .
2- Find  by equation (4) and write its unit.



The Third Experiment
Determination of molecular weight by freezing point depression
 
Theory
The freezing point of a solute is lower than that of the pure solvent. Freezing point depression data are of considerable value in the thermodynamic study of solution.
The addition of a solute to a solvent, in general, lowers the freezing point of the solvent. For a given solvent, the freezing point lowering is directly proportional to the concentration of particles dissolved in it.

                      -------------(1)
 = freezing point of pure solvent
 = freezing point of solute in solvent(solution)

   The molal depression constant  is characteristic of a solvent and is defined as the lowering of the freezing point caused by dissolving 1g molecule of solute in 1000g of solvent.
---------(2)
                    ----------(3)
Where
= molecular weight of solute
= molal freezing point depression constant
= weight of solute (g)
= weight of solvent (g)
= difference in the freezing point of pure solvent and solution

               --------------(4)
Apparatus and chemicals

Beaker, test tube, Beckman thermometer, Benzene, sample (solute), ice.

Procedure

1- A known weight of benzene (about 10g) is added to the center of the test tube.
2- The thermometer is immersed in the tube, then cooled by direct immersion in the ice bath with continuous stirring until the benzene starts to freeze, read the thermometer; 
3- Remove the tube from the ice bath and melt the benzene with gentle warming then add a known weight of an unknown solid to the benzene 
4- Repeat the same procedure to determine the freezing point of the solution, .
[image: ]
Calculation

1- Calculate  ; 
Note:  must be positive.
2- Calculate  from equation (4) and write it’s unit.






Experiment (4)
The radius of molecule from viscosity measurements
Theory
 
         The ratio of the viscosity η of a solution of large spherical particles to the viscosity of a pure solvent ηo is related to the fraction  of the total volume of spheres per milliliter of solution by the expression, derived by Einstein,

 This equation may be rewritten:  

 Where r is the radius of the particle and (C) is the concentration of the particles in moles/L. Hence if  η / ηo  is plotted against (C) a straight line is obtained and r may be determined from the slope.
       The relative viscosity   η / ηo  may be determined using the relationship.
                                        
 In this equation t and to refer to the time of flow through the capillary of a given volume of the solution and pure solvent, respectively and d and do are the densities of the solution and pure solvent respectively. 

    Apparatus and Chemicals 
 Viscometer, stop watch, water, glycerol. 

  Procedure
1- The time of flow(to) of 50ml of water is determined by using the viscometer. 
2- Prepare 100ml of 1M glycerol. 
3- Dilute the glycerol solution to ( 0.2 , 0.4 , 0.6 , 0.8 M) and measure the time of flow(t)  for each dilution using the same volume as before, beginning from 0.2M solution. 
Calculation 
1- Results are recorded in such a table:
	Conc. of glycerol soln./ M
	t, sec
	to ,sec
	
	
	

	0.2
	
	
	
	
	

	0.4
	
	
	
	
	

	0.6
	
	
	
	
	

	0.8
	
	
	
	
	

	1
	
	
	
	
	



2- Find  by    
3- Plot a graph between η / ηo Vs. concentration. 
     [image: ]




Experiment (5)
Determination of molecular association degree of benzoic acid in benzene 
Theory
        The addition of a solute to a solvent, in general, lowers the freezing point of the solvent. In this experiment the molecular weight of benzoic acid can be determined in benzene; this method is named cryoscopic method. Always the detected value (measured value) of molecular weight by this method is differ from that of the true value (actual value), due to the association of molecules, it means that two or more molecules were joined to form a big molecule. 
       When the solute is dissociated to ions, each ion has its effect on increasing ∆T, and by this the measured molecular weight is decreased, thus dissociation degree can be found by 

                        ------------- (1)
 Where α is the dissociation degree 
  Mo   : true molecular weight of benzoic acid
  Mr   : measured molecular weight of benzoic acid
n     : number of dissociate ion of benzoic acid

               While if the solute associated in solvent, the value of ∆T is decreased and the measured molecular weight is increased 

                                           ------------(2)
                                     Where  is the association degree.
Mo : true molecular weight of benzoic acid 
Mr : measured molecular weight of benzoic acid 
n : number of associate molecules of benzoic acid


Apparatus and Chemicals
Freezing point apparatus, Beckman thermometer, benzene, benzoic acid, ice.


Procedure
1- Add a known volume of benzene (10ml) is add to the center of the tube.
2-The tube is cooled by slightly immersion in the ice bath and stirred continuously until the 
    benzene starts to freeze, then read the temperature of the thermometer (To).
3- Add 0.05g of benzoic acid and then record the freezing point of the solution (T1). 
4-Repeat step (3) three times, by adding 0.05g at each case to the same solution, then record 
    the freezing point of each solution (T2, T3, T4) respectively.

  
Calculation
1- Find ∆ T in each case(∆ T1, ∆ T2, ∆ T3, ∆ T4) by  
                    ∆ T1 = To –T1          
2- Calculate the concentration of each solution of benzoic acid in benzene. 
3- (Note:   W1 = 0.05g   ,   W2 = 0.1g   ,   W3= 0.15   ,   W4 = 0.2) 
4- Plot a graph between the depression of the freezing point and concentration of the substance.
         [image: ]



5- Calculate the molecular weight (M) for each solution  

6- Find  and 

















Experiment (6)
Phase Diagram of three components 
System
Theory 
             According to the phase rule of Gibbs, the variance F (number of degree of freedom) of   a system at equilibrium is equal to the number of components c minus the number of phases p plus 2, provided that the equilibrium is influenced only by temperature, pressure and concentration.
                                      F=c– p + 2
          The variation F is smallest number of independent variables required to completely fix the state of the system. This experiment is carried out at a constant temperature and pressure so that these are not variables. Thus eq. (1) becomes 
                                            F = c– p                
        And for a three – component system F=3-p. Thus in a three – component system if only one liquid phase is present, F = 2 and the concentration of two of the chemical substances must be specified in order to describe the system completely. If two immiscible liquid phase are present in equilibrium, F=1 and the concentration of only one component needs to be specified. It is convenient to represent a three component system on a triangular diagram such as that illustrated in fig (1)

                               [image: ]
In an equilateral triangle, the sum of the perpendiculars from a given point to the three sides is a constant. The perpendicular distance from each apex, representing a pure compound , to the opposite side is divided to 100 equal parts , corresponding to percent , and labeled along the side at the right of the perpendicular .thus point (X) corresponding to a composition of 25 percent B, 25 percent C and 50 percent A .
        The components benzene and water are essentially immiscible hence two layers will be obtained on mixing. The      third component (ethanol), is soluble in each layer and on addition to a mixture of benzene and water distributes itself between these layers. The composition of the layer’s changes as more ethanol is added. Under these conditions, P equals 2, and the system is completely defined by the composition. Thus if the points corresponding to these compositions are plotted, a smooth curve may be drawn indicating the limits of miscibility of water – benzene mixtures in ethanol as in fig.2.
                           [image: ]
Apparatus and Chemicals 

Five conical flask (25 ml ) , benzene , water , ethanol , 5ml pipette , burrette . 

Procedure

1- Prepare the following mixtures
	Number of Conical Flask
	Volume of water/ml
	Volume of benzene/ml
	Volume of ethanol/ml

	1
	1
	5
	

	2
	2
	4
	

	3
	3
	3
	

	4
	4
	2
	

	5
	5
	1
	



2- For conical number one, add ethanol slowly until the mixture converts from a turbid to a clear solution by vigorously shaking the mixture. The volume of ethanol which has been added is then recorded.
3- Repeat step 2 for each conical and record the volume of ethanol added.
Calculation
1. By knowing the density of water, benzene and ethanol, calculate the weight of each component in the conical flask.
dwater= 1.00 g/ml
dBenzene= 0.87 g/ml
dEthanol= 0.79 g/ml
wt. = d × v
2. Calculate the %wt of each component in the conical flask.






3. Plot an equilateral triangle, each side equal to 10 cm.
4. Put the data on the diagram, and find the degree of freedom at miscible region and immiscible region.









Experiment ( 7 )
Determination of the molecular weight of a polymer from viscosity measurements
Theory 
Measurements of viscosities of high – polymer solutions offer an indirect method for determining molecular weight. The theoretical background for this method starts with Einstein's derivation:
   
   -----------------(1)
Where  is the viscosity of solution,  is the viscosity of the solvent. The quantity  is of frequent – occurrence in the theory of viscosity and is known as the specific viscosity,  . 
Because of the difficulty of knowing the fraction of the volume occupied by high – polymer molecules in solution and the fact that the reduced viscosity , is not independent of concentration , it is necessary to utilize the limiting viscosity number { η } defined by:

                    -------------------(2)
Where C is the concentration of the high-polymer in grams per ml. The limiting viscosity number is obtained by plotting the ratio of specific viscosity to the concentration against concentration for series solution and extra polting to zero concentration.
For a series of samples of the same polymer in a given solvent and at a constant temperature the following empirical relation is obeyed quite well 
                              ----------------- (3)                         
Here K and α are constants which may be determined by measuring the intrinsic viscosities of a series of samples of a polymer for which the molecular weight have been measured by another method. 


Apparatus and chemicals
 
Viscometer, stop watch, 25ml volumetric flasks, 25ml conical flasks, poly styrene , toluene .
 
Procedure
1- Solutions of poly styrene sample of unknown molecular weight ( 0.1gm  , 0.2 gm , 0,3 gm , 0.4 gm , 0,5 gm ) are prepared in pure toluene . 
2- The flow time in the viscometer is determined for toluene (to)
3- The flow time for the solutions of polystyrene in toluene is determined (ti)  


Calculation
1- To calculate , the bellow equation must be used
                                   
           Let  for easing then      
	W(g)
	Conc (g/ml)
	
	
	

	0.1
	
	
	
	

	0.2
	
	
	
	

	0.3
	
	
	
	

	0.4
	
	
	
	

	0.5
	
	
	
	



2- Plot a graph between  and C.
    [image: ]
3-Find M by 
                                                     


Experiment (8)
Calculation of the degree of dissociation of KCl in water, and van't Hoff factor.
To represent the colligative properties of electrolytes by means of the same relations as for nonelectrolytes, van’t Hoff (1880) suggested the use of a factor. This is now known as van’t Hoff factor and is defined as: the ratio of the colligative effect produced by an electrolyte solution to the corresponding effect for the same concentration of a nonelectrolyte solution. Applying this definition of i to the freezing-point depression, we have

Where  is the freezing-point depression for the electrolyte measured experimentally and  is the corresponding value calculated for a nonelectrolyte of the equal concentration.
Relation Between van’t Hoff Factor and Degree of Dissociation.

Degree of dissociation.
Number of ions on complete dissociation.
For KCl .
As a result of dissociation, the total number of particles increases; hence the depression of freezing point will also increase. Therefore, the molecular weights of those substances which dissociate will be lower than their normal molecular weights.



For an electrolyte




Apparatus and chemicals
Beaker, test tube, Beckman thermometer, Water, sample (solute), ice.

Procedure
1-A known weight of water (about 10g) is added to the center of the test tube.
2-The thermometer is immersed in the tube, then cooled by direct immersion in the Snowy salt bath with continuous stirring until the water starts to freeze, read the thermometer .
3-Remove the tube from the Snowy salt bath and melt the water with gentle warming.
4- Then add 0.5g weight of KCl to the water. 
5- Repeat the same procedure to determine the freezing point of the solution.
6- Repeat step 4 and 5 for another 0.5g of KCl.

Calculation:
1- Calculate the average.

2- Calculate.




Experiment (9)

Phase diagram for a Binary system (phenol +Water)

Theory

        The phase diagram for a two- component system is the plot of temperatures and compositions, in which they exist (solid and liquid) in equilibrium, defined by solids and liquids curves. 
There are three type of solution: 

1-Miscible solutions: These solutions are completely miscible at any temperature, such as a solution of water and CH3COOH.
 
2-Immiscible solutions: These are solutions which are not miscible with each other and not affected by temperature or any other factors, such as a solution of water and CCl4.

3-Partially miscible solutions: These solutions are miscible at a definite temperature (they are affected by temperature), such as a solution of water and phenol.

These are different phase diagram of binary system

[image: ]
Where Tc is the critical temperature in which the two components are miscible, Xc is the critical composition in which the two components are miscible with each other.

Apparatus and Chemicals
 
Thermostat bath, conical flask, Sensitive balance, thermometer, phenol, distilled water. 
 
Procedure
1- Place 3g of phenol in a conical flask.
2- 1.5ml of water is added to the phenol, then placed in a thermostat bath and gently warmed until the solution become one phase at this time read the temperature (Ta), then cool the solution and with appearing the turbidity read the temperature (Tb).

3- Take the mean of temperature, and let it will be (T1). 

4- Repeat the steps (2 and 3) by adding another  four 1.5ml of water and let the temperature will be T2, T3, T4, T5 and the total added water will be 7.5ml.

5- Add 0.5ml of water and repeat steps 2 and 3, look if the temperature decreased add another 1.5ml of water five times, otherwise; if the temperature not decreased you must add another 0.5ml of water until the temperature decreasing, all temperatures must be recorded.



 
   Calculation 

  1-After taking the mean of temperatures, find %Wphenol at each addition like this:


                        
                                                 
   2-Plot a diagram between the temperature and %WPhenol, then find the critical temperature and critical composition of the solution.
                         [image: ]
Experiment (10):
The Density of a liquid as a Function of Temperature
[image: ]
[image: ]
[image: ]
[image: ]
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          [image: ]
Experiment (11):
Surface Tension
Theory          
          The molecules at the surface of a liquid are subject to the strong attractive forces of the interior molecules. A resultant force, whose direction is in a plane tangent to the surface at particular points, acts to make the liquid surface as small as possible. The magnitude of these force acting perpendicular to a unit length of a line in the surface is called the surface tension γ .
    In the capillary –rise method, the liquid rises, because of its surface tension, in a capillary tube of small internal diameter immersed in it (provided that the liquid wets the tube).
                          Fig 1        [image: ]

       The circular boundary line is located at some point above the meniscus and has a length 2 π r, where r is the inside tube radius. The force which causes the liquid to rise in the tube is 2 π r γ cosθ , where θ is the  contact  angle  shown  in  Fig. 1 . At equilibrium the downward force mg due to gravity prevents the liquid from rising higher in the capillary. Here m is the mass of liquid in the capillary and g is the acceleration of gravity. For a liquid of density d rising to a height h in the capillary, this downward force is π r²hdg. At equilibrium this force is just balanced by the vertical force due to the surface tension, 2π r γ cosθ. For water and most organic liquids this contact angle is practically zero, this means that the surface of the liquid at the boundary is parallel with the wall of the capillary.

                   2π r γ = π  r² hdg …………(1)
                   γ = ½ hrdg …………….….(2)
   
 Apparatus and chemicals
              
  Capillary tube, beaker, distilled water, organic liquid such as ethanol or acetone, traveling microscope, rubber tube.

      Procedure

1- The capillary tube is cleaned.
2- The capillary tube must be put in a beaker which contains 20ml of water at 25ºC, then the water is raised slightly by gently blowing into the rubber tube and allowed to fall back to its equilibrium level.
3- The value of height of water (hH2O) inside the capillary tube will be read.
4- Repeat the above procedure by using organic liquid instead of water, let is be (hliq.).

      Calculation 
           γ H2O = 72.14 dyn/cm
      1. By h H2O we find (r)
          γ H20 = h r d g /2
          72.14 = ( h H2O× r × dH2O× 980)/2
           r = ? cm

2. By r we find γliq.
             γ liq = (h r d g)/2
             γ liq    = (hH2O × r ×dH2O × 980)/2
             γ liq = ? dyn / cm


Experiment 12:
Determination of solution composition by Refraction Index

Theory
	The refractive index of a liquid can be determined by an Abbe′ refractometer. the ratio of the velocity of light in a vacuum to that in a medium, referred to the refractive index n, is readily determined by measuring the angles of incidence and refraction at an interface into a medium.
     The refractive index depends on the wavelength (of the light) and temperature, which are usually specified with subscripts and superscripts, respectively. Thus nD25 indicates a refractive index at 25co taken with the monochromatic yellow D light of the sodium arc. Measurements of refractive index are used to determine the concentration of solutions, to identify compounds, and to ascertain their purity. The specific refraction of a pure liquid is given by the formula 

                                 ------------ (1)

Where n   is the refractive index and d the density. The molar refraction R is given by the formula:
 
           R= r M ------------ (2)

Where M is the molecular weight. Molar refraction is an additive property; therefore, if it is determined for deferent members of a homologous series the contribution of the –CH2- group may be obtained. Molar refraction of mixture (Rm) can be calculated from the relation:

                                R m = X1 R1+ X2 R2  ------------- (3)

Where X1 and X2 are mole fraction for component l and 2 , while R1 and R2 are molar refraction of component 1and 2 respectively.

Apparatus and chemicals
 
Abbe′ refractometer, pipette, test tubes, dropper, ethanol, benzene 

Procedure

1-Clean the prism, use a piece of cotton wool.

2-A few drops of the ethanol are placed on the ground – glass surface of the lower prism of the refractometer using dropper. 

3- The prism box is closed and clamped.
 
4- The telescope is focused upon the cross hairs in the field by turnning the 
    eyepiece. The edge of the dark band is brought to the intersection of the cross 
    hairs and the compensator adjusted until the colored  fringe disappears and a 
    sharp – dark – white contrast is obtained .

5-The instrument is carefully adjusted until the intersection of the cross hairs 
    and the dark edge of the band coincide. 

6-The refractive index is read on the scale. 

7-Take the refractive index for these mixtures and record the results in such a 
    table:
        [image: ]






  


8-Take the refractive index of unknown (sample) 


Calculation 
1-Calculate the mole fraction for each test tube 

                    nEthol
      XEthol = ــــــــــــــــــ
                 nEthol + nBenz

Where X   is mole fraction of ethanol, n is number of moles.

2-Plot a graph between refractive index and mole fraction of ethanol
[image: ]

3- Find the values of r, R and Rm by eq. 1, 2 and 3 respectively
[image: ]

	Dr.Khozan A. Haji
2 hours

	18. Exams
Q1// How many grams of glucose (C6H12O6) must be added to 10Kg of water so that it freezes at ()?    (kf of water = 1.86)                               (20M)

Q2// 10ml water mixed with 10ml benzene and 10ml ethanol, what is the mole fraction of each component? If the density of water, benzene and ethanol are (1, 0.87, 0.79) g/ml respectively.
Atomic weights: H=1, O=16, C=12.                                                          (20M)

Q3// If the viscosity of ethanol change with temperature as follows:
	T/ (oC)
	-50
	-40
	0
	10
	20

	Viscosity/(mPa.s)
	6.412
	4.796
	1.773
	1.469
	1.216


Calculate E and A.                                                                                     (30M)


Q4// If 2g of an electrolyte compound  (molecular mass=626.71 g/mole, 50% ionized in water) dissolved in 10g of water then the freezing point of solution  depressed to , calculate the number of ions in this electrolyte. (kf of water = 1.86)                       (30M)  

Q1// Calculate  and  if  changed with  as the following 
          
	
	13.3
	26.7
	40
	53.3
	66.7
	80

	
	10.3
	19.3
	27.3
	34.1
	40
	45.5



And    
                                                                                           (25M)

Q2// In a measurement of viscosity by Ostwald's viscometer, water takes 30 seconds to flow between the upper and lower marks while the flow of another liquid of density 1.5 g/ml takes 35 seconds. If the density of water equal to 0.9982 g/ml, calculate the viscosity of the other liquid if the viscosity of water at this temperature is 10 centipoise.                                 (25M)






Q3// In the figure below, calculate the percentage of each component in the spots A, B, and C.
                                                                                                                                             (25M)
                 [image: ]

[bookmark: _GoBack]Q4// If 2g of an electrolyte compound  (molecular mass=626.71 g/mole, 50% ionized in water) dissolved in 10g of water then the freezing point of solution  depressed to , calculate the number of ions in this electrolyte. (kf of water = 1.86)                       (25M)  



	20. Extra notes:
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Theory
The density of liquid is the mass of unit volume of the liquid. The generally
accepted unit of volume is the milliliter which is defined as the volume occupied
by 1 gm of water at the temperature of maximum density (4°C). The density of
liquid at (t°C) is expressed relation to that of water at 4°C and 1s represented by
the symbol

dtli94ec(H,0)

The density of liquid at a particular temperature (t) 1s the product of the
relative density of the liquid

attial4oc(H,0)
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The density of water at that temperature, 1.e.
dti@4oc(H,0) = dtUDL(H,0) * dtH294°C(H,0) ........... 1)
atliv4oc(H,0) = % « dt(H2040C(H,0) ... )

Where w is the apparent weight of water and w the apparent weight of
liquid at the temperature (t).

The relation between density of liquid and temperature can be represented
by this equation:

1

1
de_o*(l-i_at) ------------ 3)

1 a
A plot of P against (t) will have a slope of 0 and an intercept;, when

t=0 . Thus, a, the coefficient of expansion may be determined.
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Apparatus and chemicals

Pyknometer , balance , dropper , water bath , thermometer , benzene or carbon
tetra chloride .
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Procedure

1- The pyknometer is cleaned and dried thoroughly and then weight let it be (w).

2- The pyknometer is filled with distilled water, and then is suspended in a
thermostat at 20°C.

3- After allowing 10- 15 min for thermal equilibrium to be established, the
amount of water in the pyknometer is adjusted to the mark on it.

4- Pyknometr is then removed from the thermostat and the outside carefully
dried (care is taken not to expel water from the pyknometer by the heat of the
hand).

5- The pyknometer and contents are weighted let it be (wy).

6- The above procedure repeated at 30 and 40°C, and let the weights will be w,
and ws respectively.

7- Repeat steps (2-6) by using a liquid such as benzene or CCly, let the weights
will be Wy, W, and w3 respectively for 20, 30 and 40°C.
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Calculation

1- Regulate the data at such a table:

t°C

Weight of
water (g)

dt(H,0)

Weight of
liquid (g)

d*(lig)

2- Find 1/d' by using equation (3) )
3- Plot 1/d" against (t) and find the value of d" %9 and o
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