Notes - Unit 8

Liquids, Solids and Solutions

There are three basic intermolecular forces that hold liquids together.  To turn into a gas, they must overcome these forces to transfer into the gas phase.

	  Dipole-dipole forces


Dipole-dipole forces exist between hydrogen chloride molecules as shown to the right.  The molecules align themselves such that the opposite charge resulting from the unequal sharing of electrons form an attractive interaction.
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	  London dispersion forces


London dispersion forces exist between atoms and nonpolar compounds.  In the example on the right six atoms are shown in a form depicting the symmetric distribution of electrons.  In the second group of six some instantaneous dipoles are shown.  The instantaneous dipoles result from the unequal distribution of electrons.  One atom with an instantaneous dipole will effect other atoms adjacent to it producing a short range attractive interaction.
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	 hydrogen-bonding forces


Hydrogen-bonding forces occur when a hydrogen atom covalently bonded to a very electronegative atom (O,N,F) is attracted to lone pair of electrons on an atom on an adjacent molecule.
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Vapor pressure is the pressure due to particles of a substance in the vapor phase above its liquid in a closed container at a given temperature. The weaker the forces holding the liquid together, the higher the vapor pressure of the liquid will be.
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Boiling point is the temperature at which the vapor pressure of a liquid equals the atmospheric pressure.  The normal boiling point is the temperature at which the vapor pressure of the liquid equals 1 atmosphere.

Notice that as you increase the temperature, the vapor pressure of the liquid increases.   However, the increase is not linear.  Two vapor pressures at two different temperatures are related by the Clausius-Clapeyron equation in the space below and define each term.
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where P1 and P2 are the vapor pressure of the liquid at T1 and T2. 

 ∆Hvap is the heat of vaporization of the liquid

R is the ideal gas constant, 8.314  EQ \F(J,mol.K) 
The heat of vaporization is the amount of heat required to change one mole of a pure liquid into one mole of a pure gas.

Types of Solids

Molecular solids consist of molecules that are held together by London dispersion, dipole-dipole or hydrogen bonding forces.  The solid contains ordered arrangements of atoms or molecules that organized, relative to each other, in an orderly three-dimensional pattern.  Solids of this type are soft and low melting.

Ionic solids consist of cations and anions distributed throughout the crystal in an orderly three-dimensional pattern. Ionic solids are more complicated in their structure, but can be thought of as an orderly pattern of one ion, generally the anion, with cations positioned in 'holes' between the anions.  The occupation of these 'holes' depends on the formula of the ionic compound.  Ionic solids are characterized as hard, brittle substances that are high melting.   Melting points are high because the electrostatic attractions of the ionic bonds are stronger than the intermolecular forces for molecular solids.
Extended covalent (covalent network solids) solids consist of atoms that are held together in large networks containing extended covalent bonds.  Quartz is an example of a three dimensional network of covalent bonds.  Quartz consists of SiO2 groups that covalently bond to other SiO2 groups in all three directions. 

Atomic solids are individual atoms held together by weak London forces.  They tend to have low melting points.  The noble gases are an example of this.

Metallic solids can be explained in terms of band theory.  The theory states that the atomic orbitals mix to form a range of molecular orbitals that incompass all energy levels.  Since these empty orbitals are extremely close in energy, the electrons from all metals can move freely throughout the metal.  This is why metals conduct electricity well.
Phase Diagrams

Phase diagrams are a way of graphically representing the relationship of the three states of a pure substance.  Below is an example of a phase diagram for carbon dioxide.
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Above is the phase diagram for water.  One very important point to notice is the negative slope of the solid liquid interface.  This shows that the density of ice is actually less than the density of water - a very unusual property of water that makes much of life possible.

Process of solution

To dissolve a substance, first the attractions between the solute and the solvent must be broken up, then the solute and solvent will form attractions upon mixing.  This idea explains why "like dissolves like" -  polar dissolves polar, non polar dissolves non polar.

POLAR/POLAR SOLUTION
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In the above diagram, you must break up strong attractions between the solute and the solvent, but you get the energy back when the particles mix - the process will happen.

NON POLAR/NON POLAR SOLUTION
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In the above case, not much energy is required to break up the solute and the solvent particles, but you don't get much energy back because the attractive forces between them are so weak.

NON POLAR/POLAR SOLUTION
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In the above case, much energy is required to break up a polar solute, and upon mixing there are few attractions between the particles of the solute and solvent - since you don't get enough energy back, the process is unlikely to happen.

Units of Concentration Common for Solutions



weight percent



weight percent =  EQ \F(weight solute,weight solution)  . 100



mole fraction



mol fraction =  EQ \F(mol solute,mol of all components of the solution) 


molarity



molarity (M) =  EQ \F(mol solute,liters solution) 


molality




molality (m) =  EQ \F(mol solute,kilograms solvent) 
Colligative Properties

Colligative properties are properties that depend on the number of molecules or ions of solute present, and not on what the particles are (as long as they are not volatile).  Properties of solutions that are colligative properties,


1)  Vapor Pressure lowering


2)  Boiling Point elevation


3)  Freezing Point depression

The following diagram shows why a solute will affect the colligative properties
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	Before addition of the solute


The vapor above a pure liquid is shown on the right.  The equilibrium vapor pressure is a result of the presence of molecules in the vapor phase above the molecules in the liquid phase.  The figure below shows the affect on the vapor pressure of the solution upon addition of a nonvolatile solute.
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	After addition of the solute


The addition of a nonvolatile solute decreases the vapor pressure due to the liquid in the vapor phase.  This occurs because the presence of solute particles on or near the surface decreases the ability of the solvent particles to escape into the vapor phase.  Because proportionally fewer solvent particles are on the surface, the vapor pressure drops. 


The above leads to Raoults law:

Psolution = solvent·P∞solvent
Where;



Psolution is the vapor pressure of the solvent above the solution 


at the particular temperature



solvent is the mole fraction of the solvent in the solution



P∞solvent is the vapor pressure of the pure solvent at the 



particular temperature.

The other colligative properties are freezing point depression and boiling point elevation.

∆Tf = kfm

or
∆Tb = kbm



where:



∆Tf or ∆Tb is the change in freezing point or the change in boiling 


point.



kf or kb are the freezing point and boiling point constants



m is the molality of the particles in the solution  EQ \B(\F(mol solute,kg solvent)) 
AP Chemistry

Unit 8 -- In class problems

1) Given the vapor pressure of ammonia is 164 mmHg at -56 ˚C, calculate the vapor pressure at -45 ˚C.  ∆H˚vap = 28.0  EQ \F(kJ,mol)  .

2).  Calculate the normal boiling point of ammonia knowing the vapor pressure at 

–38 ˚C is 538 mmHg.    ∆H˚vap = 28.0  EQ \F(kJ,mol)  
3) Indicate all the various types of intermolecular attractive forces that may operate in each of the following:  



a)  CH3OH(l); 




b) Xe(l); 




c) H2S(l); 




d) ClF(l) 




e) Ca(NO3)2(s)


4) For each of the following pairs of substances predict which will have the higher melting point and indicate why: 

(a) CuBr2 > Br2

(b) CO2 < SiO2 

(c) S < Cr 

(d) CsBr < CaF2
5)Indicate the type of crystal (atomic (lone atom), molecular, metallic, covalent, or ionic)  each of the following would form upon solidification:  



(a) O2  



(b) H2S  



(c) Ag  



(d) KCl  



(e) Si  



(f) Al2(SO4)3  



(g) Ne   



(h) SiO2 


(i) NH3 


(j) MgO  



(k) NaOH 



(l) CH4 .

6) Using the phase diagram given., determine the physical state of water at



a)
900 mmHg and 40 ˚C




b)
500 mmHg and 30 ˚C




c)
300 mmHg and 90 ˚C


7) How much energy does it take to convert 130(C g of ice at -40 to steam at 160(C?  Heat of vaporization of water is 43.9 kJ/mol.  Heat of fusion of water is 6.0 kJ/mol.  Specific heat of ice, water, and steam is 2.1, 4.2, and 1.5 J/g˚C.

8) Explain the concept like dissolves like:

	9)  Calculate the molality and mol fraction of HCl for a solution which is 37.1 % HCl by weight (mass).







	10)  If the density of the solution described in b. is 1.18 g/mL, calculate the molarity of the solution.







11)  A solution of ethylene glycol, C2H4(OH)2, which is 6.77 molar has a density of 1.05 g/mL.  Calculate the mole fraction of ethylene glycol in the solution.

12) Decide whether liquid hexane or liquid methanol is a more appropriate solvent for the substances grease (C20H42) and potassium iodide.

13) Calculate the expected vapor pressure at 25 ˚C for a solution prepared by dissolving 97.4 g of common table sugar (sucrose, MM = 342  EQ \F(g,mol) ) in 453 mL of water.

14) A solution was prepared by adding 20.0 g of urea to 125 g of water at 25 ˚C, a temperature at which pure water has a vapor pressure of 23.76 mm of Hg.  The observed vapor pressure of the solution was found to be 22.67 mm of Hg.  Calculate the molecular weight of urea.

	15) Calculate the freezing point and boiling point of a solution prepared by mixing 6.00 g of C6H12O6 with 35.0 g of H2O.







	16) A solution containing a non electrolyte dissolved in water has a boiling point of 100.305 ˚C.  Calculate the freezing point of the same solution.







	17) What is the molecular mass of nicotine if 5.04 grams of this compound changes the freezing point of 90.0 g of water by  0.647 ˚C?
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