Unit 9 Thermochemistry and Solutions: Name __________________________________________________
	Code
	Unit 9-Thermochemistry and Solutions
Content Expectation
	Textbook Reference

	C2.1x
	Chemical Potential Energy: Potential energy is stored whenever work must be done to change the distance between two objects. The attraction between the two objects may be gravitational, electrostatic, magnetic, or strong force. Chemical potential energy is the result of electrostatic attractions between atoms. 
	

	C2.1c
	Compare qualitatively the energy changes associated with melting various types of solids in terms of the types of forces between the particles in the solid.
	Section(s) 9.8,15.5,16.7
Page(s) 210,353,383

	C2.2x
	Molecular Entropy: As temperature increases, the average kinetic energy and the entropy of the molecules in a sample increases. 
	

	C2.2d
	Explain convection and the difference in transfer of thermal energy for solids, liquids, and gases using evidence that molecules are in constant motion.
	Section(s) 9.10
Page(s) 214

	C3.1x
	Hess’s Law: For chemical reactions where the state and amounts of reactants and products are known, the amount of energy transferred will be the same regardless of the chemical pathway. This relationship is called Hess’s law. 
	

	C3.1c
	Calculate the ΔH for a chemical reaction using simple coffee cup calorimetry.
	Section(s) 8.7
Page(s) 185

	C3.1d
Priority
	Calculate the amount of heat produced for a given mass of reactant from a balanced chemical equation.
	Section(s) 8.7
Page(s) 185

	C3.4x
	Enthalpy and Entropy: All chemical reactions involve rearrangement of the atoms. In an exothermic reaction, the products have less energy than the reactants. There are two natural driving forces: (1) toward minimum energy (enthalpy) and (2) toward maximum disorder (entropy). 
	

	C3.4g
	Explain why gases are less soluble in warm water than cold water.
	Section(s) 16.3
Page(s)  373

	C4.7x
	Solutions: The physical properties of a solution are determined by the concentration of solute. 
	

	C4.7a
	Investigate the difference in the boiling point or freezing point of pure water and a salt solution.
	Section(s) 16.7
Page(s) 383

	C5.4
	Phase/Change Diagrams: Changes of state require a transfer of energy. Water has unusually high-energy changes associated with its changes of state. 
	

	C5.4A
Priority
	Compare the energy required to raise the temperature of one gram of aluminum and one gram of water the same number of degrees.
	Section(s) 7.5
Page(s) 154

	C5.4B
Priority
	Measure, plot, and interpret the graph of the temperature versus time of an ice-water mixture, under slow heating, through melting and boiling.
	Section(s) 9.9,9.10
Page(s) 213,214

	C5.5x
	Chemical Bonds: Chemical bonds can be classified as ionic, covalent, and metallic. The properties of a compound depend on the types of bonds holding the atoms together. 
	

	C5.5e
	Relate the melting point, hardness, and electrical and thermal conductivity of a substance to its structure.
	Section(s) 13.5,13.6,14.14
Page(s) 307,309,343



                                 Vocabulary
	Boiling point elevation
Calorie
Change of state
Chemical bond
Concentration
Convection current
Convection heating
Crystalline solid
Electrostatic attractions
Enthalpy
Entropy
Equilibrium
	Exothermic reaction
Freezing point depression
Hess’s Law
Ionic motion
Joules
Kinetic energy
Mass to energy conversion
Potential energy
Release of energy
Solute
Specific heat
Transforming matter and/or energy


Big Idea: 
The flow of energy, measured by temperature, influences the behavior of matter.

Core Concepts:
· All chemical and physical changes involve energy transfer.
· The amount of heat transferred in a chemical/physical change can be predicted (calculated) using a balanced chemical equation. It can also be measured quantitatively through experimental means and graphically represented.
Chemical Potential Energy: Electrical Forces and Bonding. A chemical bond is an attraction between atoms or molecules and allows the formation of chemical compounds, which contain two or more atoms.Chemists are fascinated by the manner in which atoms come together to form molecules and lattices; and molecules come together to form condensed phases of matter. The coming together of atoms, oppositely charged ions, and molecules is a consequence of electrical forces. An electrostatic attraction is the electrical force exerted on the electrons of one particle by the nucleus (or nuclei) of the other. All physical and chemical bonding is the result of molecular forces that are electrical in origin.
Specific Concepts:
· Forces between atoms and molecules are electrical, and are described by Coulomb's Law. 
· There are only two types of energy, kinetic (energy of motion) and potential (energy of position). All energy possessed by atoms and molecules is one of these two types. 
· Potential energy arises from forces between bodies. Potential energy of molecules arises from electrical forces between them. 
· Intramolecular forces, forces within a compound-(ionic bonds, covalent bonds, and metallic bonds) and intermolecular forces, forces between compounds-(dipole-dipole, dispersion, ion dipole, hydrogen bonds) are fundamentally very similar, described essentially by Coulomb's Law (positive & negative attractions). 
The electromagnetic force (remember there are three forces-gravitational, electromagnetic, and nuclear) is responsible for all interactions between atoms and compounds. It is responsible for:
· The attraction of electrons to the atomic nucleus
· The bonding together of atoms in a molecule (covalent compound)
· The attraction between oppositely charged ions in an ionic compound
· The attraction between compounds that leads to liquefaction and solidification
· The flow of electrical current
· Your inability to push your finger or hand through a wall
C2.1c: Energy of position-potential energy: In Region 1, the particles are very separated from each other and have higher potential energy than when they are bonded to each other. Here the forces of attraction are nearly zero (potential energy is nearly 0) and the state of matter for Region 1 would be a gas. At the beginning of Region 2, the particles are coming closer to each other, enough to exert a force and potential energy is decreasing. At this point we would see a liquid. To the left of Region 2, attractive forces are at a maximum, the particles have formed a bond and potential energy is the lowest. At this point we would see the solid phase. In Region 3, the particles are so close to each other that the nuclei repel and potential energy increases at a rapid rate (this is what keeps you from putting your finger through a wall).            [image: ]C2.2d: Molecular Entropy: As temperature increases, the average kinetic energy and the entropy (disorder) of the molecules in sample increases. Recall that entropy is a measure of disorder. Solids have a lower entropy (particles are more ordered) than gases (particles are less ordered). Remember that conduction is the transfer of heat by direct contact of particles of matter. Heat is transferred by conduction when adjacent atoms vibrate against one another, or as electrons move from one atom to another as in the case of metals. Heat transfer is the transition of thermal energy from a hotter mass to a cooler mass. When an object is at a different temperature than its surroundings or another object, transfer of thermal energy, also known as heat flow, or heat exchange, occurs until the body and the surroundings reach thermal equilibrium; this means that they are at the same temperature. Heat transfer always occurs from a higher-temperature object to a cooler-temperature. Convection is the movement of molecules within fluids (liquids & gases). Convective heat transfer takes place through diffusion as the particles in the liquid or gas exhibit rotational kinetic energy.                                                                                                                                                           Heat Transfer (flash interactive): http://www.teachersdomain.org/asset/lsps07_int_heattransfer/
 [image: ]  [image: ]
Practice Skill: 
1. The table below compares melting points and bond types of four different substances.
                          [image: ]
Which substance has the strongest forces between its particles?

A. Fe3O2		B. Ni

C.  NaCl		D. Na

2. Arrange the following solids in order of increasing strength of attractive forces. 
 [image: ]
A. Sodium Fluoride, Ice, Phosphorus, Zinc Iodide, Naphthalene

B. Sodium Fluoride, Zinc Iodide, Naphthalene, Phosphorus, Ice

C. Ice, Phosphorus, Naphthalene, Zinc Iodide, Sodium Fluoride

D. Naphthalene, Zinc Iodide, Phosphorus, Ice, Sodium Fluoride

3. Explain why ionic crystals melt at much higher temperatures than typical covalent molecular crystals. 

A. Ionic crystals have stronger attractive forces than the hydrogen bonding, dipole-dipole and dispersion forces that hold covalent molecular crystals together.

B. Ionic crystals have weaker attractive forces than the hydrogen bonding, dipole-dipole and dispersion forces that hold covalent molecular crystals together.

C. Solids consist of closely packed particles held together by intermolecular forces. These particles are able to move back and forth about fixed positions.

D. Particles in a crystalline solid have a random disordered arrangement. The more random the arrangement the higher the melting point.

4. Thermal energy can be easily transferred in the form of current movement in a gas. Which term correctly describes this transfer of energy?

A. Conduction		B. Convection

C.  Evaporation		D. Radiation

5. A warm stove loses heat by conduction to the cooler air in contact with it. Explains what happens when the heat from the stove is transferred to the air molecules.

A. Air molecules expand due to an increase in kinetic energy. As the air molecules expand they become less dense and rise. In the process of rising they lose kinetic energy and fall back down. This process called convection is repeated as heat is transferred to the air molecules.

B. Two systems at the same temperature are said to be in a state of thermal equilibrium. When this happens there is no exchange of heat and so heat exists only in transfer between two systems.

C. Heat is internal thermal energy that flows from one body of matter to another or from a system at a higher temperature to a system at lower temperature. Temperature can be defined as a measure of the average molecular kinetic energy of a system. 

D. Air molecules contract due to an increase in kinetic energy. As air molecules contract they become denser and rise. In the process of rising they gain kinetic energy and fall back down. This process called convection is repeated as heat is transferred to the air molecules.

[image: ]
C3.1c:
[image: ] [image: ]
1 kJ = 1000 J     1g of H2O = 1mL of H2O   
[image: ][image: ]
                                                                                                  
                                                                                                   By looking at the table we can see it’s going to take more heat to
                                                                                                                      raise the temperature of water than it will to raise the temperature
                                                                                                                      of the rest of these substances.

Do you know how many calories are in a macadamia nut? 
http://www.teachersdomain.org/asset/rr10_vid_calori/[image: ]        [image: ]
[image: ]                                                                                                                            
Enthalpy: The heat content of a system at constant pressure is the property called enthalpy (H). The heat released or absorbed by a reaction at constant pressure is the same as the change in enthalpy, symbolized as ∆H.
[image: ]     

Practice Skill: 
1. When 50 mL of water containing 0.50 mol of HCl at 22.50C is mixed with 50 mL of water containing 0.50 mol of NaOH at 22.50C in a calorimeter, the temperature of the solution increases to 26.00C. How much heat in kJ was released by this reaction?






2. A small pebble is heated and placed in a foam cup calorimeter containing 25 mL of water at 250C. The water reaches a maximum temperature of 26.40C. How many joules of heat were released by the pebble?







3. To find the heat change for an organic reaction, a chemist must use hexane as the solvent in her calorimetry experiment. If the reaction causes the temperature of 0.0700 kilograms of hexane to decrease by 3.57 o C, what is the heat change for the reaction? (Hexane has a specific heat capacity of 2.26 kJ/kg • o C)   

A. 0.111 kJ		B. 0.565 kJ

C. 5.90 kJ		D. 115.0 kJ
4. The specific heat of silver is 0.24 [image: ]. How many joules of energy are needed to warm 4.37 g of silver 
                                                                                                                                                     from 25.0[image: ]C to 27.5[image: ]C?

	A. 2.62 J		B. 0.14 J

	C. 45.5 J		D. 0.022 J

5. What is the amount of heat required to raise the temperature of 200.0 g of aluminum by 10[image: ]C? 
                                                                                                                     (specific heat of aluminum = 0.21 [image: ])
	A. 4200 cal		B. 42,000 cal

	C. 420 cal		D. 420,000 cal

6. When 45 g of an alloy, at 25[image: ]C, are dropped into 100.0 g of water, the alloy absorbs 956 J of heat. If the final temperature of the alloy is 37[image: ]C, what is its specific heat?

	A. 0.423 [image: ]		B. 1.77 [image: ]
	
           C. 9.88 [image: ]		D. 48.8 [image: ]
C3.1d:
[image: ]

[image: ]
[image: ]

[image: ]                 [image: ]

Practice Skill:
1. When carbon disulfide is formed from its elements, heat is absorbed. Calculate the amount of heat in kJ absorbed when 5.66g of carbon disulfide is formed. 

	C(s) + 2S(s)  CS2(l)                                      ∆H = 89.3 kJ







2. The production of iron and carbon dioxide from iron (III) oxide and carbon monoxide is an exothermic reaction. How many kilojoules of heat are produced when 3.40 mol of Fe2O3 reacts with an excess of CO?

Fe2O3(s) + 3CO(g)  2Fe(s) + 3CO2(g) + 26.3kJ









3. Calculate the energy required to produce 7.00 mol Cl[image: ]O[image: ] on the basis of the following balanced equation. 
2Cl[image: ](g) + 7O[image: ](g) + 130 kcal [image: ] 2Cl[image: ]O[image: ](g)

	A. 7.00 kcal		B. 65 kcal

	C. 130 kcal		D. 455 kcal

4. Calculate the energy released when 24.8 g Na[image: ]O reacts in the following reaction. 
Na[image: ]O(s) + 2HI(g) [image: ] 2NaI(s) + H[image: ]O(l)		
[image: ]H = –120.00 kcal

	A. 0.207 kcal		B. 2.42 kcal

	C. 48.0 kcal		D. 3.00 [image: ] 10[image: ] kcal


Extension of C3.1d:
https://youtu.be/u7aTBxA7sL8

Hess’s Law
Sometimes it is hard to measure the heat change of a reaction, like when the reaction takes place over a long period of time, or the reaction is an intermediate step in a series, or even when you may not want to destroy the starting material in the reaction. Under these circumstances Hess’s law allows you to determine the heat of reaction indirectly. In Hess’s law you add a series of desired reactions along with their heats of combustion to achieve the overall desired reaction. 

[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
Practice Skill: 
1. Hess's law ____.
a.	makes it possible to calculate [image: ]H for complicated chemical reactions	
b.	states that when you reverse a chemical equation, you must change the sign of [image: ]H	
c.	determines the way a calorimeter works	
d.	describes the vaporization of solids

2. Using a table that lists standard heats of formation, you can calculate the change in enthalpy for a given chemical reaction. The change in enthalpy is equal to ____.
a.	[image: ]H[image: ] of products minus [image: ]H[image: ] of reactants	
b.	[image: ]H[image: ] of products plus [image: ]H[image: ] of reactants	
c.	[image: ]H[image: ] of reactants minus [image: ]H[image: ] of products	
d.	[image: ]H[image: ] of products divided by [image: ]H[image: ] of reactants




3. Use the information below to calculate [image: ]H[image: ] for the following reaction. 
2NO[image: ](g) [image: ] N[image: ]O[image: ](g)
2N[image: ](g) + 2O[image: ](g) [image: ] 2NO[image: ](g)	             [image: ]H[image: ] = 67.7 kJ
N[image: ](g) + 2O[image: ](g) [image: ] N[image: ]O[image: ](g)	 	[image: ]H[image: ] = 9.7 kJ




3. Calculate ∆H for the following reactions:
a. Br2(g)  Br2(l)



b. CaCO3(s)  CaO(s) + CO2(g)



c. 2NO(g) + O2(g)  2NO2(g)



C3.4g: Enthalpy and Entropy: All chemical reactions involve rearrangement of the atoms. In an exothermic reaction, the products have less energy than the reactants. There are two natural driving forces: (1) toward minimum energy (enthalpy) and (2) toward maximum disorder (entropy).
[image: ]



[image: ]
Practice Skill:
Use the following space to answer the questions under: Interpreting Graphs
a. Describe:






b. Identify:






c. Apply Concepts:






Temperature: The solubility of most solid substances increases as the temperature of the solvent increases. Figure 16.4 shows how the solubility of several substances changes as temperature increases. For a few substances, solubility decreases with temperature.
[image: ]
[image: ]
Recall that entropy is the amount of disorder. As temperature increases entropy increases. Dissolved gases have less entropy than un-dissolved gases so as temperature increases the change is forced toward the gaseous phase, the increase in disorder. What this means is that kinetic energy is higher at higher temperatures (more disorder- more entropy: +∆S) and this condition allows the gases to escape.


























Practice Skill: 
1. Immediately after opening a bottle of club soda, a student constructs the setup shown below. 
			Club soda on a Hot Plate
                           [image: ]
Right away, the flask with the club soda begins to increase in temperature. The student observes that as the temperature increases, more bubbles of carbon dioxide come out of solution. Which of the following best explains this observation?

A. The carbon dioxide becomes more soluble in water as the temperature increases.

B. The carbon dioxide converts from the solid phase to the gas phase as the temperature increases.

C. Because gases coming out of solution favor a positive entropy (more disorder), more gas will escape the solution as the temperature increases.

D. Because gases coming out of solution favor a more ordered system (negative entropy), more carbon dioxide will escape the solution as the temperature increases.

2. Observe the graph below and explain why CO2 is less soluble at higher temperatures.

[image: 174solublegas]

A. Kinetic energy is higher at higher temperatures allowing for more CO2 gas molecules to escape.

B. Kinetic energy is lower at higher temperatures and the CO2 gas molecules will not escape.

C. As the temperature increases the solubility of a gas increases as shown by the downward trend in the graph.

D. As the temperature decreases the solubility of a gas decreases as shown by the downward trend in the graph.

C4.7a: Solutions: The physical properties of a solution are determined by the concentration of solute.
[image: ]
                                     [image: ]    
   
Notice how the dissolving process takes place in order to break the ionic crystal NaCl apart:

              [image: ]                                                                    [image: ]
  Positive ends of the water molecule surround the Cl- .              Negative end of the water molecule surround Na+.

Boiling and Freezing Points: 
Colligative Properties: https://youtu.be/WrIg-rUmtfk

A property that depends only upon the number of solute particles and not upon their identity is called a colligative property. 
[image: ]
Freezing-point depression describes the phenomenon in which the freezing point of a liquid (a solvent) is depressed when another compound is added, meaning that a solution has a lower freezing point than a pure solvent. This happens whenever a non-volatile solute is added to a pure solvent, such as water. The phenomenon may be observed in sea water, which due to its salt content remains liquid at temperatures below 0°C (32°F), the freezing point of pure water.
 Boiling Point Elevation: Boiling point elevation occurs when the boiling point of a solution becomes higher than the boiling point of a pure solvent. The temperature at which the solvent boils is increased by adding any non-volatile solute. A common example of boiling point elevation can be observed by adding salt to water. The boiling point of the water is increased.
Boiling point elevation, like freezing point depression, is a colligative property of matter. This means it depends on the number of particles present in a solution and not on the type of particles or their mass. 

Practice Skill: 
1. What is a colligative property of a solution?
2. What are three colligative properties of solutions?



3. What factor determines how much the freezing point and boiling point of a solution will differ from the freezing point and boiling point of the pure substance? (for example water vs. salt solution)




4. Would a dilute or a concentrated sodium fluoride solution have a higher boiling point? Explain.





5. An equal number of moles of KI and MgI2 are dissolved in equal volumes of water. Which solution has the lower freezing point? Explain.




6. During the winter in Michigan, a salt (potassium chloride) is put on roads to prevent icy conditions. Which statement accurately describes the reason for this practice?

A. The water does not freeze since the salt causes an increase of the freezing point of the pavement.

B. The water does not freeze since the salt causes a decrease of the freezing point of the pavement.

C. The water does not freeze since the salt causes a decrease of the freezing point of the water.

D. The water does not freeze since the salt causes an increase of the freezing point of the water. 





7. Temperatures below 0oC are needed to make ice cream. Rock salt is added to ice in a hand crank ice cream maker. Explain why rock salt is added to the ice.

A. A freezing point depression occurs and the temperature of the ice-water mixture decreases a few degrees below 0oC.

B. A freezing point elevation occurs and the temperature of the ice-water mixture decreases a few degrees below 0oC.

C. The freezing point of a solution is higher than the freezing point of the pure solvent.

D. The boiling point of a solution is higher than the boiling point of the pure solvent.
C5.4A: Heat Capacity: 
As mentioned previously on page 6, heat capacity is the amount of heat needed to increase the temperature of an object exactly 10C . Heat capacity depends on both the size and chemical composition of an object. For example, a pond has a greater heat capacity than a cup of water. Think about it this way; if you have a glass of water next to a pond and the sun is shining on both of them, which one will heat up the fastest?
         [image: ]     [image: ]                 [image: pond]

Also, if you had a cup made of wood and one of metal and the sun was shining on both of them, which one wood heat up the fastest? The metal would, because it has the lower heat capacity. 
                 [image: ]                   [image: ]                        [image: ]
More energy is needed to increase the temperature of the pond water by 10C than the energy needed to increase the water in the glass by 10C because the water in the pond has a higher heat capacity than the water in the glass. It takes less energy to increase the temperature of the metal cup than it does to increase the temperature of the wooden cup because the metal cup has a lower heat capacity.

Specific heat capacity is the amount of energy needed to raise 1 g of an object by 10C. The higher the specific heat capacity the smaller the temperature change will be for a given quantity of heat added. Refer to table 17.1 on page 6, you can see that water has a very high specific heat compared with other substances. Metals have low specific heats in general. The same amount of heat affects the temperature of objects with a high specific heat much less than the temperature of those with a low specific heat.

Large Specific Heat Capacity of Water: http://www.hk-phy.org/contextual/heat/tep/temch/island_e.html
Heat Capacity of Water-Simple Experiment: http://www.worsleyschool.net/science/files/boilwater/page.html
Phase Diagrams: https://youtu.be/zSwG59d8OCc
Heating Curves: https://youtu.be/qlizkLCSXmQ

Heating Curves: As heat is added to a solid, the substance changes from a solid to a liquid and finally to a gas. The temperature of the substance follows a particular pattern at different points during the heating process. A graph of the temperature change versus the heat added is called a heating curve.        [image: ]As heat is added to ice its temperature will rise until it reaches 00C, at which point it will begin to melt. Even though heat continues to be supplied, the temperature will not increase as all of the energy is targeted at breaking all of the intermolecular forces of the solid state and the temperature will remain constant until all of the ice enters the liquid phase (at 00C solid and liquid coexist). Once the entire solid melts, the added heat directly increases the temperature of the water until it reaches 1000C. At this point the water begins to boil and liquid and gas coexist (temperature remains at 1000C as all of the energy is needed to break the intermolecular forces of attraction in the liquid state) until all of the liquid has been converted to gas and the temperature will begin to increase.

Practice Skill: 
1. Look at the chart of specific heat capacities and compare the energy required to raise the temperature of one gram of aluminum and one gram of water the same number of degrees.
			                                                     [image: ]

A. The lower a material’s specific heat capacity the less its temperature increases when a certain amount of heat is added. It will take more energy to raise the temperature of aluminum.

B. The higher a material’s specific heat capacity the more its temperature increases when a certain quantity of energy is added. It will take less energy to raise the temperature of aluminum.

C. The higher the specific heat capacity, the smaller the temperature change increase will be for a given quantity of added energy. It will take more energy to raise the temperature of water.

D. The higher the specific heat capacity, the smaller the temperature change increase will be for a given quantity of added energy. It will take less energy to raise the temperature of water.


2. Study the following table of specific heat capacities.
			[image: ]
On a sunny day at 25 o C if the sun is shining on a 100 g of water and a 100 g of aluminum, which one will be the hottest?
A. The aluminum will be hotter because it has a higher heat capacity.

B. The aluminum will be hotter because it has a lower heat capacity.

C. The water will be hotter because it has a higher heat capacity.

D. The water will be hotter because it has a lower heat capacity.
3. Examine the following graph and choose the correct response
                              [image: ]
A. The boiling point of this substance is 25 o C and under normal conditions at room temperature the substance is a solid.

B. The boiling point of this substance is 47 o C and under normal conditions at room temperature the substance is a liquid.

C. The boiling point of this substance is 25 o C and under normal conditions at room temperature the substance is a gas.

D. The boiling point of this substance is 47 o C and under normal conditions at room temperature the substance is a gas.








4. The graph below shows the heating curve of a sample of water, H2O, as it is heated at a constant rate.

		[image: ]
	Along which line segment is the average kinetic energy of the H2O molecules increasing?

A. between B & C and C & D	B. between A & B and B & C

C. between A & B and C & D	D. between B & C only


5. Examine the following graph.
		[image: ]
Along which line segment does the average kinetic energy for this unknown substance stay the same?

A. B and D		B. A, C, and E

C. A, B, and C		D. E only

6. Label solid, liquid, and gas on the following phase diagram.

		[image: ]

7. Label where solid & liquid coexist and where liquid & gas coexist on the following phase diagram.
	               [image: ]
8. For the following heating curve diagram label:
	a. solid state
	b. solid & liquid state
	c. liquid state
	d. liquid & gas state
	e. gas state
			[image: ]

C5.4B, C5.5e: Chemical Bonds: Chemical bonds can be classified as ionic, covalent, and metallic. The properties of a compound depend on the types of bonds holding the atoms together. For example, the stronger the bond the higher the melting point. 

Network Covalent > Ionic > Metallic > Hydrogen Bond > Dipole-Dipole > London Dispersion
                                                                   
                                                                                      
                                                                                           All Covalent
Intermolecular Forces: https://youtu.be/S8QsLUO_tgQ

Metallic bonds have the ability to conduct electricity and heat efficiently because of free flowing valence electrons.
	[image: metallic bond]             [image: ]
In addition this same property allows metals to be malleable and ductile. Metals are malleable, which means that they can be hammered or forced into shapes. They are ductile, which means they can be drawn into wires. A sea of drifting valence electrons insulates the metal cations from one another. When a metal is subjected to pressure, the metal cations easily slide past one another and this keeps the metal in one piece.

Practice Skill: 
1. A scientist obtains a sample of a pure-liquid compound and records several measurements while examining the sample. Which measurement, by itself, provides the most important information regarding the structure of the molecules that make up the liquid compound? 

A. boiling point	B. mass

C. volume		D. temperature

2. A chemist performs the same tests on two homogeneous white crystalline solids, A and B. The results are shown in the table below.
                      [image: ]                                                                                 
        The results of these tests suggest that 

A. both solids A & B are ionic and good conductors of electricity.
			
B. both solids A & B are covalent and poor conductors of electricity.	
            
C. solid A is ionic & a good conductor of electricity and solid B is covalent & a poor conductor.

E. solid A is covalent & a good conductor and solid B is ionic & a poor conductor.

3. Rank the following substances in order from highest boiling point to lowest boiling point:
He, NH3, NF3, NaCl

4. Circle the substance that has the lowest boiling point.
HF, F2, FCl

5. Circle the substance that has the highest boiling point.
		NaCl, F2, Cu
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image3.png
The heat from the stove hits the metal pot causing the metal atoms to vibrate
faster, conduction-this is how heat is transferred in solids. As the particles in the
liquid of the pot increase in kinetic energy by the heat transfer from the pot on the
stove, they rise to the surface (convection). If they have achieved enough kinetic
energy their intermolecular forces keeping them in the liquid state are broken and
they break away into the gas phase. If they do not have enough kinetic energy
they fall back down, are heated again and the process repeats of heating and
cooling the particles (convection). As heat is transferred to the air molecules
above the pot on the stove, the same process happens. Air molecules expand due
to an increase in kinetic energy. As the air molecules expand they become less
dense and rise. In the process of rising they lose kinetic energy and fall back
down. This process called convection is repeated as heat is transferred fo the air
molecules
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Melting Points and Bond Types of Some Substances
Substance | Melting Point © C) | Bond Type

FesOy 1566.0 Tonic
T 1453.0 Metallic
TaCl 801.0 Tonic

Ha 978 Metallic
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Substance Melting Point () | Bond Type
Sodium Fluoride 1272 Tonic
Tee 273 Covalent
Phosphorus 317 Covalent
Zine Todide 719 Tonic
Maphthalens 353 Covalent
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Heat, represented by ¢, is energy that transfers from one object to
another because of a temperature difference between them. One of the

effects of adding heat to an object is an increase in its temperature. Itisthe g
radiant heat of the sun's rays that makes a summer day hot. In
example, the air is the object that absorbs heat and increases
temperature. (3 Heat always flows from a warmer object to a
cooler object. If two objects remain in contact, heat will flow
from the warmer object to the cooler object until the »
temperature of both objects is the same.

Figure 17.1 When fuel is
burned in a car engine,
chemical potential energy is
released and is used to do work.
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Units for Measuring Heat Flow

Describing the amount of heat flow requires units different than those used
to describe temperature. (3 Heat flow is measured in two common
uniits, the calorie and the joule.

You have probably heard of someone exercising to “bumn calories.”
During exercise your body breaks down sugars and fats into carbon dioxide
and water, and this process releases heat. Although there is not an actual
fire burning the sugars and fats within your body, chemical reactions
accomplish the same result. In breaking down 10 g of sugar, for example,
your body releases a certain amount of heat. The same amount of heat
‘would be released if 10 g of sugar were completely burned in a fire.

Acalorie (cal) is defined as the quantity of heat needed to raise the tem-
perature of 1 g of pure water 1°C. The word calorieis written with a small ¢
except when referring to the energy contained in food. The dietary Calorie,
written with a capital C, always refers to the energy in food. One dietary
Calorie is actually equal to one kilocalorie, or 1000 calories.
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‘The statement *10 g of sugar has 41 Calories” means that 10 g of sugar
releases 41 kilocalories of heat when completely burned.

‘The joule s the S1 unit of energy. One joule of heat raises the tempera-
ture of 1 g of pure water 0.2390°C. You can convert between calories and
joules using the following relationships.

15-023%cal  4184) = 1cal
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Heat Capacity and Specific Heat

The amount of heat needed to increase the temperature of an object
exactly 1°C is the heat capacity of that object. (3 The heat capacity of an
object depends on both its mass and its chemical composition. The greater
the mass of the object, the greater its heat capacity. One of the massive steel
girders in Figure 17.3, for example, requires much more heat to raise its
temperature 1°C than a small steel nail does. Similarly, a cup of water has a
‘much greater heat capacity than a drop of water.

Different substances with the same mass may have different heat
capacities. On a sunny day, a 20-kg puddle of water may be cool, while a
nearby 20-kg iron sewer cover may be too hot to touch. This situation illus-
trates how different heat capacities affect the temperature of objects.
Assuming that both the water and the iron absorb the same amount of
radiant energy from the sun, the temperature of the water changes less
than the temperature of the iron because the specific heat capacity of water

. or simply the specific heat, of a substance is
the amount of heat it takes to raise the temperature of 1 g of the substance
1°C. Table 17.1 gives specific heats for some common substances. Water
has a very high specific heat compared with the other substances in the
table. You can see from the table that one calorie of heat raises the tem-
perature of 1 g of water 1°C. Metals, however, have low specific heats.
One calorie of heat raises the temperature of 1 g of iron 9°C. So water has
a specific heat nine times that of iron. The same amount of heat affects
the temperature of objects with a high specific heat much less than the
temperature of those with a low specific heat.
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Table 17.1

Specific Heats of Some Common Substances

Substance Specific Heat
JlgC) cal/(g°C)
Water 418 1.00
Grain alcohol 24 058
Toe 21 050
Steam 7 040
Chioroform 096 023
090 021
045 o1
024 0.057
0.14 0033
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Hea that s released or absorbed during many chemical reactions can be:
measured by a technique called calorimetry. Calorimetry is the precise:
measurement of the heat flow into or out of a systen for chenical and
physical processes. G In calorimetry, the heat eleased by the system &
‘equal o the heat absorbed b ts surroundings. Conversel, the heat absorbed
by asystem Is equal to the heat released by s surroundings. The insulated
device used to measure the absorption or release of heat n chemical or
physical processes is called a calorimeter.
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Figure 17.5 In a simple constant-pressure
calorimeter, 3 thermometer records the
temperature change as chemicals react in
water. The substances reacting in solution
constitute the system. The water constitutes
the surroundings.
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“To measure the enthalpy change for a reaction in aqueous solution in a
foam cup calorimeter, you dissolve the reacting chemicals (the system) in
known volumes of water (the surroundings). Then measure the initial tem-
perature of each solution and mix the solutions in the foam cup. After the
reaction is complete, measure the final temperature of the mixed solutions.
Because you know the initial and final temperatures and the heat capacity
of water, you can calculate the heat absorbed by the surroundings (quy)
using the formaula for specific heat.

Gaure = mx Cx AT

In this expression, mis the mass of the water; Cis the specific heat of water;
and AT= Ty — T;. Because the heat absorbed by the surroundings is equal
to, but has the opposite sign of, the heat released by the system, the
enthalpy change for the reaction (AH) can be written as follows.

‘The sign of AH is negative for an exothermic reaction and positive for an
endothermic reaction.
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SAMPLE PROBLEM 17.2

Enthalpy Change in a Calorimetry Experiment

‘When 25.0 mL of water containing 0.025 mol HCl at 25.0°C is added
to 25.0 mL of water containing 0.025 mol NaOH at 25.0°C in a foam
cup calorimeter, a reaction occurs. Calculate the enthalpy change
in k) during this reaction if the highest temperature observed is
32.0°C. Assume the densities of the solutions are 1.00 g/mL.

Analyze List the knowns and the unknown.

Knowns

* Cuater = 4.181/(g°C) *T;=25.0°C

*Vénal = Viia1 + Vxaon «Ty=320°C
=250mL+ 250 mL=50.0mL  *Densityygiuion

Unknown

“AH-?K

Use dimensional analysis to determine the mass of the water. You must

also calculate AT. Use AH = —qgyrr = —m % Cx ATto solve for AH.

1.00 g/mL

Calculate Solve for the unknown.
First, calculate the total mass of the water.

m = (500 m) x

Now calculate AT:
AT= T~ T = 320°C - 25.0°C
Use the values for m, Gyater and AT 10 calculate AH.

AH = —m x Cx AT= ~(50.0 g(4.18)/(g X *2))(7.0°2)
—-1463] = -15x 10°] = ~15K
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Thermochemical Equations

1f you mix calcium oxide with water, the water in the mixture becomes
warm. This exothermic reaction occurs when cement, which contains cal-
cium oxide, is mixed with water to make concrete. When 1 mol of calcium
oxide reacts with 1 mol of water, 1 mol of calcium hydroxide forms and
65.2 K of heat is released. (3 Ina chemical equation, the enthalpy change
for the reaction can be written as either a reactant or a product. In the equa-
tion describing the exothermic reaction of calcium oxide and water, the
enthalpy change can be considered a product.

Ca0(s) + Hy0(I) —> Ca(OH)y(s) + 65.2k]

This equation is presented visually in Figure 17.7a. A chemical equation
that includes the enthalpy change i called a thermochemical equation.

‘The heat of reaction is the enthalpy change for the chemical equation
exactly as it is written. You will usually see heats of reaction reported as AH,
which is equal to the heat flow at constant pressure. The physical tate of the
reactants and products must also be given. The standard conditions are that
the reaction is carried out at 101.3 kPa (1 atmosphere) and that the reactants
and products are in their usual physical states at 25°C. The heat of reaction,
or AH, in the above example is ~65.2 kl. Each mole of calcium oxide and
water that react to form calcium hydroxide produces 5.2k of heat.

CaO(s) + Ho0(l) — Ca(OH)p(s) ~ AH=-652K)
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8H=129k)

©  Eothemichescion O Endothermichencion

Other reactions absorb heat from the surroundings. For example, bak-
ing soda (sodium bicarbonate) decomposes when it is heated. The carbon
dioxide released in the reaction causes a cake to rise while baking. This
process is endothermic.

2NaHCO5(9) + 129K —— NapCO4(s) + H,0(g) + COy(g)
Remember that AH is positive for endothermic reactions. Therefore, you
can write the reaction as follows.

2NaHCO3() —— NagCOs(s) + HoO(g) + COxg)  AH = 129K

Figure 17.7 These enthalpy
diagrams show exothermic and
endothermic processes: @ the
reaction of calcium oxide and
water and @ the decomposition
of sodium bicarbonate.

jing Inwhich case is
the enthalpy of the reactant(s)
higher than that of the
product(s)?
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Figure 17.7b shows the enthalpy diagram for this reaction.

Chemistry problems involving enthalpy changes are similar to stoi-
chiometry problems. The amount of heat released or absorbed during a
reaction depends on the number of moles of the reactants involved. The
decomposition of 2 mol of sodium bicarbonate, for example, requires
129 k] of heat. Therefore, the decomposition of 4 mol of the same
substance would require twice as much heat, or 258 k. In this and other
endothermic processes, the potential energy of the product(s) is higher
than the potential energy of the reactant(s).

‘The physical state of the reactants and products in a thermochemical
reaction must also be stated. To see why, compare the following two equa-
ns for the decomposition of 1 mol H,0.

HO() — Hyg) + 10,8 AH= 2858k

H0() — Hig) + 1048 AH= 2018
difference = 44.0k)

Although the two equations are very similar, the different physical
states of Hy0 result in different AH values. In one case, the reactant is a lig-
uid; in the other case, the reactant is a gas. The vaporization of 1 mole of
liquid water to water vapor at 25°C requires an extra 44.0 kJ of heat.

H0() — H0(g  AH=440K
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SAMPLE PROBLEM 1

Using the Heat of Reaction to Calculate Enthalpy Change
Using the thermochemical equation in Figure 17.7b on page 515, cal-
culate the amount of heat (in ki) required to decompose 224 mol
NaHCO4(s).

Analyze List the knowns and the unknown.
Knowns Unknown
224 mol NaHCOs () decomposes ~ +AH =2k
«AH=129K] (for 2 mol NaHCOy)
Use the thermochemical equation,

2NaHCO5(s) + 129K —— NayCO3(s) + Hp0(g) + COs(g),
to0 write a conversion factor relating kilojoules of heat and moles of
NaHCOj. Then use the conversion factor to determine AH for
2.24 mol NaHCO;.

Calculate Solve for the unknown.
The thermochemical equation
decompose 2 mol NaHCO5(s). Use
ing conversion factor.

1291
Zmol NaHCOL(5)

Using dimensional analysis, solve for AH.

AH = 224 molNaHEOR) % 2K

=1u4K
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2NaHCO3(s) — NagCOs(s) + Ho0(g) + CO2(0)  AH = 129K)
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Cls, dismond)

Figure17.13 Hess'slawlsused
to detennine the enthalpy
change for the conversion of
diamond to graphite.
Interpreting Diagrams
Whichofthereactions shownis
an example of decomposition?
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You can use Hess's law to find the enthalpy change for the conversion
of diamond to graphite by using the following combustion reactions and
Figure 17.13.
a. Cls graphite) +0y(9) —> CO,g  AH=—3935K
b. Clsdiamond) + Op(g) —> COyg) ~ AH=—3954K]
‘Write equation ain reverse to give:
< COy9) — Cls graphite) + 0,9~ AH=38B5K
‘When you write a reverse reaction, you must also change the sign of
AH.If you now add equations b and ¢, you get the equation for the conver-
sion of diamond to graphite. The CO,(g) and O(g) terms on both sides of
the summed equations cancel, just as they do in algebra. Now if you also
add the values of AH for equations b and ¢, you get the heat of reaction for
this conversion.
Cls diamond) + Ofg) —> COAF ~ AH = —395.4K
CO®) — Cls graphite) + Ofg) _ AH=_ 3935
C(s diamond) ——> C(s graphite) ~ AH=  —1.9K
‘The conversion of diamond to graphite is an exothermic process, so its

heat of reaction has a negative sign. Conversely, the change of graphite to
diamond is an endothermic process.
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Table 17.4

Standard Heats of Formation (AH{) at 25°C and 101.3 kPa

AHO AHP
Substance (kJ/mol) Substance (kJ/mol)
Al03(s) —1676.0 Hz0,(0 —1878
Bralg) 3091 | Lig 624
Brall) 00 Tals) 00
Cls, diamond) 19 Nalg) 00
Cls, graphite) 00 NHalg) —26.19
CHalg) 748 | NOlg) 9037
colg) ~1105 NO,(g) 3385
COslg) —3835 NaClis) —a112
CaC3(s) —12000__| Ozlg) 00
CaO(s) —635.1 03(g) 1420
Clylg) 00 P(s, white) 00
Fels) 00 —184
FeO3(s) —822.1 00
Halg) 00 030
H,0(g) -218 —2068
H0() —2858 —395.7
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Figure 17.15 This enthalpy
diagram shows the standard
heat of formation of water.
Classifying Is this reaction
endothermic or exothermic?

2858 kJ/mol

Standard Heats of Formation

Enthalpy changes generally depend on conditions of the process. In order
to compare enthalpy changes, scientists specify a common set of condi-
tions as a reference point. These conditions, called the standard state, refer
to the stable form of a substance at 25°C and 101.3 kPa. The standard heat
of formation (AH{) of a compound is the change in enthalpy that accom-
panies the formation of one mole of a compound from its elements with all
substances in their standard states at 25°C. The AH” of a free element in its
standard state is arbitrarily set at zero. Thus, AH{? = 0 for the diatomic mol-
ecules Hy(g), No(g), 028, Fa(g), Cla(g), Bra(D, and Iy(s). Similarly, AHP = 0
for the graphite form of carbon, C(s, graphite). Table 17.4 lists AH” values
for some common substances.

Standard heats of formation provide an alternative to Hess's law in
determining heats of reaction indirectly. (3 For a reaction that occurs at
standard conditions, you can calculate the heat of reaction by using standard
heats of formation. Such an enthalpy change is called the standard heat of
reaction (AH"). The standard heat of reaction is the difference between the
standard heats of formation of all the reactants and products.

Figure 17.15 is an enthalpy diagram for the formation of water from its
elements at standard conditions. The enthalpy difference between the
reactants and products, ~285.8 ki/mol, is the standard heat of formation of
liquid water from the gases hydrogen and oxygen. Notice that water has a
lower enthalpy than the elements from which it is formed.
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SAMPLE PROBLEM 17.7

(Calculating the Standard Heat of Reaction
What s the standard heat o reaction (AH0) for the reacton of COg
with Oy(g) o form CO(g7

) Analyze Listthe knowns and the unknown.

Knowns Unknown
(from Table 17.4) caHY — 7
~8H{05(g 0 ki/mol (e cement)

~AH{CO = ~1105 K/mol

+AHPCO,(g ~ ~3935 ki/mol

Balance the equation of the reaction of CO(g) with Ox(g) to form
COy(g). Then determine AHVusing the standard heats of formation of
the reactants and products.

© Colculate soive fortheunknown.
First, write the balanced equation.
200(g + 0ylg) — 2C0,(g)

Next.find and add the AHP o all of the reactants aking into account
the mumberof moles of cach.

AHf(reactants) = 2 mot€org = T2a0SEL + 0k

2100
hen, find the A9 ofthe product n a similar way:

—39351)

Atproduct = 2 mel €O X Tttt

787041

Finally. solve for the unknown
HP(products) - AHY(reactants)
~TE0K) - (~2210K)
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Solvation
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Solubility

1f you add 36.0 g of sodium chloride to 100 g of water at 25°C, all of the
36.0 g of salt dissolves. But if you add one more gram of salt and stir, no mat-
ter how vigorously or for how long, only 0.2 g of the last portion will dis-
solve. Why does the remaining 0.8 g of salt remain undissolved? According
to the kinetic theory, water molecules are in continuous motion. Therefore,
they should continue to bombard the excess solid, removing and solvating
the ions. As ions are solvated, they dissolve in the water. Based on this infor-
‘mation, you might expect all of the sodium chloride to dissolve eventually.
‘That does not happen, however, because an exchange process is occurring.
New particles from the solid are solvated and enter into solution, as shown
in Figure 16.2. At the same time an equal number of already dissolved parti-
cles crystalize. These particles come out of solution and are deposited as a
solid. The mass of undissolved crystals remains constant.

Figure 16.2 In 2 saturated solution, a state
of dynamic equilibrium exists between the
solution and the excess solute. The rate

of solvation (dissolving) equals the rate:

of crystallization, so the total amount

of dissolved solute remains constant.
Inferring What would happen if you
‘added more solute?
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Figure 16.4 Changing the
temperature usuallyaffects the
solubllty of asubstance.

a.Describe What happensto
thesolubity of KNG, 25 the
temperature ncrases?

b ldantify Which substance
shows a decrease in solubility
25 temperature ncaases?
Which subsance sxhbits the
least change in solubility?
 Apply Concopts Suppose
Jou sdded some sl sodm
chloride (NaCl) to a saturated
olition of sodium chiride st
20°Candwarmed the mixure
t0.40°C.What would happen to
theadded sodum chorde?

Solubility (9/100 g H,0)

Factors Affecting Solubility

You have read that solubiltyis defined as the mass of solute that dissolves
in a given mass of a solvent at a specified temperature. (3 Temperature
affects the solubility of sold, liquid, and gascous solutes in a solven both
temperature and pressure affct the solubilty of gascous solutes.
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The effect of temperature on the solubility of gases in liquid solvents is
‘opposite that of solids. The solubilties of most gases are greater in cold
water than in hot. For example, Table 16.1 shows that the most important
‘component of ar for living beings—oxygen—becomes less soluble in water
as the temperature of the solution rises. This fact has some important con-
sequences. When an industrial plant takes water from alake to use for cool-
ing and then dumps the resulting heated water back into the lake, the
temperature of the entire lake increases. Such a change in temperature is
known as thermal pollution. Aquatic animal and plant life can be severely
affected because the increase in temperature lowers the concentration of
dissolved oxygen in the lake water.
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Table 16.1

Solubllities of Some Substances In Water at Varlous Temperatures

‘Solubility (g/100 g H;0)
Substanca. Formula 20¢C s0C 100C
Barium hydroxide BalOH), 3189 = —
Barium sulfata 8250, 0.00025 00003% —
Calcium hydroxide CalOH, 0173 — 007
Toad chloride PoCi, 059 70 —
ithium carbonate T,C0; i3 i o0
Fotassium chiorate KCio, 7z 83 %0
Fotassium chioride (€] 310 5 BA
Sodium chioride NacT 0 370 £
Sodium nitrata NaNo, w80 160 82
“Aluminum chiorida AT, 3103 3160 EET)
Siver nitrate AN, 2220 50 73
ithium bromida Tier w30 6 20 2660
Sucrose (cano sugan | C.Hz0n s 2308 2604 w7
Fydrogen® A, 000079 000076 000078 LX)
Oxygen” o 00070 00023 00026 0
Carbon dioxids” 0; 033 069 0076 0

“Gas 30101 12 one sumosphers ol presie
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Solubility of Gases
vs. Temperature
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Solvents and Solutes

‘Water dissolves so many of the substances that it comes in contact with
that you won't find chemically pure water in nature. Even the tap water you
drink is a solution that contains varying amounts of dissolved minerals and
‘gases. An aqueous solution is water that contains dissolved substances. Ina
solution, the dissolving medium is the solvent, and the dissolved particles
are the solute. 3 A solvent dissolves the solute. The solute becomes dis-
persed in the solvent. Solvents and solutes may be gases, liquids, or solids.
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(nixture of salt + water)

o Qe

FIGURE 4.5
‘When sl NaCl disolves,the Na* and
1 fonsare andonily dispesed i the
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> Three important colligative properties of solutions are vapor-pressure
lowering, boiling-point elevation, and freezing-point depression.
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Heating curve
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Specific Heat Capacities for
Common Materials at 20°C

Material Specific heat
Capacity
Ji(g+°C)
Air 1.00
Aluminom 0.895
Copper 0.387
Gold 0.129
Stainless Steel 0.51
Water 418

Zinc 0.386
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Substance

Alvminum a1 25°C
Water at 100° C (Steam)
Water at 25°C

Water at -10° C (Ice)

Phase

Solid
Gas
Liquid
Solid

Specific Heat Capacities
J(g - K)
0.897
2,080
41813
205
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