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CHAPTER 5: ENERGETICS AND THERMOCHEMISTRY 5.1 EXOTHERMIC AND ENDOTHERMIC REACTIONS 5.1.1



Define the terms exothermic reaction, endothermic reactions, and standard enthalpy change of reaction



exothermic reaction: reaction that causes temp of surroundings to increase energy is lost/released as the enthalpy of products is less than the enthalpy of reactants endothermic reaction: reaction that causes temperature of surroundings to decrease; that is where energy is used up in the reaction as enthalpy of the products is greater than of the reactants. Standard Enthalpy Change of Reaction: the difference in enthalpy of the reactants and products under standard conditions. Standard conditions are 100kPa and 298K



5.1.2



5.1.3



State that combustion and neutralization are exothermic reactions



Combustion reactions are exothermic (they release heat)



Apply the relationship between temperature change, enthalpy change, and the classification of reactions as endothermic or exothermic



When the enthalpy of the products is greater than that of the reactants, energy is absorbed from the surroundings; therefore it is endothermic



Neutralisation reactions are also exothermic (they also release heat)



Represented by ∆H = Hproducts - Hreactants. If the ∆H is negative, energy is lost to the surroundings, and thus it is exothermic. If the ∆H is positive, energy is absorbed by the system, making it endothermic. As heat is radiated out, there is less energy in products Heat content of a substance is called enthalpy, aka "heat inside" for example: CH4 + 2O2 -> 2H2O + CO2 ∆H=-890kJ/mol In this equation, CH4 reacts with oxygen to form water and carbon dioxide, and releases 890kJ of heat. Only a few reactions are endothermic and result in transfer from surroundings into the system. Products thus have more heat content than reactants, e.g. photosynthesis, where ∆H = +2802.5 kJ/mol



CHAPTER 5: ENERGETICS AND THERMOCHEMISTRY 5.1 EXOTHERMIC AND ENDOTHERMIC REACTIONS 5.1.4



Deduce from an enthalpy level diagram, the relative stabilities of reactants and products, and the sign of the enthalpy change for the reaction



in a reaction, the bonds between reactants must first be broken reaction is initiated when vibrational energy overcomes these initial bonds -> this is known as activation energy, Ea the distance between Hreactants and top of hump is total Ea when bonds are formed to form the products, this releases energy, causing to energy to drop at Hproducts In exothermic reactions, the products have a lower enthalpy than the reactants and so are more stable. Large activation energies indicate strong bonds in the reactants. A small Ea means it is more unstable, as it is more prone to starting upon a small input of energy. Ionisation is endothermic -> Na(g) -> Na+(g) + e- , +∆H change of state: melting, evaporation and sublimation is endothermic change of state: vaporisation and condensation - exothermic



CHAPTER 5: ENERGETICS AND THERMOCHEMISTRY 5.2 CALCULATION OF ENTHALPY CHANGES 5.2.1



Calculate the heat energy change when the temperature of a pure substance is changed.



This is also called specific heat capacity, and is represented by symbol c. -> “the amount of energy required to raise the temperature of 1.00g of the substance by 1.00C or 1.00K” equation to calculate heat energy change is q = m*c*∆T where q = heat energy change in joules m = mass of substance in g c = specific heat capacity of substance (J K-1 g-1)



5.2.2



Design suitable experimental procedures of measuring heat energy changes in reactions



two types of experimental procedures that measure heat energy change: reactions in aqueous solution or combustion reactions calorimetry: heat energy released is measured heat transfer to the can of water/fuel, but is incomplete. reactions in aqueous solutions can be investigated using a simple calorimeter, such as a styrofoam cup. an accurate volume is required for accurate calculations of heat change. heat change of water measured. there will be error because heat is lost to the surroundings combustion reactions combustion reactions measure heat produced by the combustion of one mole of the fuel. when fuels are used in the form of complex mixtures, heat of combustion expressed in kJ/g



5.2.3



Calculate the enthalpy change for a reaction using experimental data on temperature changes.



In thermochemical equations, ∆H is always given exactly as it is written. Thus, if you double the reaction, you also double the ∆H. If you reverse the reaction, the sign (pos/neg) of ∆H is switched. Using mole ratios and experimental data, we can determine the enthalpy of a given amount of substance. For example, if asked to calculate the amount of energy released when 500cm3 of methane gas at STP is reacted with excess air, and given the equation: CH4 + 2O2 -> CO2 + 2H2O, ∆H = -890kJ This equation means that for every mole of CH4 reacted, it releases 890kJ of energy. Now, because 1 mole of any gas occupies 22.4 dm3, This means that n(CH4) = 0.500dm3/22.4dm3 = 0.0223 mol reacting. By way of basic ratios, that means that energy released 890kJ*0.0233 =19.9kJ



5.2.4



Evaluate the results of experiments to determine enthalpy changes



q = m*c*∆T remember to consider the problems or errors with the results: which may include but are not limited to: heat lost to surroundings -> significant error -> does not allow the heat energy to be absorbed by the water/can therefore method is inaccurate



CHAPTER 5: ENERGETICS AND THERMOCHEMISTRY 5.3 HESS’S LAW 5.3.1



Determine the enthalpy change of a reaction that is the sum of two or three reactions with known enthalpy changes.



Hess’s Law states that "the enthalpy change for any chemical reaction is independent of the route, provided the starting conditions, and reactants and products, are the same.” This means that whether or not the process takes 1 or 10 steps, the heat evolved or absorbed will be the same. Enthalpy cycles Sometimes it is difficult to directly measure enthalpy change of a reaction directly, and so we can apply Hess’s Law to calculate the enthalpy of this unknown reaction from the known enthalpy changes of other reactions. i.e. to determine the enthalpy of the reaction A + B -> C + D, we can use the enthalpies of the reactions: A + B -> X and X -> C + D and add them up. By identifying existing chemical enthalpies, you can reverse reactions and cancel the necessary products to get the enthalpy of a certain equation.



CHAPTER 5: ENERGETICS AND THERMOCHEMISTRY 5.4 BOND ENTHALPIES 5.4.1



Define the term average bond enthalpy



Bonds between atoms (for example, a C-H bond) have slightly different lengths depending on their physical closeness to other bonds, other bonds connected to common atoms and so on. Consequently, the energy required to break these bonds can differ slightly as well. Because we need a standard for bond enthalpy, scientists have found the enthalpies of a given bond (e.g. a C-H bond) in different scenarios and averaged the results, giving an average bond enthalpy. Thus, the average bond enthalpy, as defined by the IB, is the amount of energy required to break one mole of bonds in the gaseous state averaged across a range of compounds containing that bond.



5.4.2



Explain, in terms of average bond enthalpies, why some reactions are exothermic and others are endothermic.



Bond-breaking Bond-breaking is an endothermic process, as it absorbs energy to break the bonds between the atoms. Bond-breaking Bond-breaking is exothermic. The same amount of energy used to break a bond is released when a bond is broken. If more energy is released in the formation of bonds in the products than that was required to break the bonds of the reactants, the reaction is exothermic. If more energy is required to break the bonds of the reactants than is released in the formation of bonds in the products, then the reaction is endothermic. An example of this in practice:



CHAPTER 15: ENERGETICS AND THERMOCHEMISTRY HL 15.1 STANDARD ENTHALPY CHANGES OF REACTION 15.1.1



Define and apply the terms standard state, standard enthalpy change of formation (∆Hfø) and standard enthalpy change of combustion (∆Hcø).



Standard State is the state that the substance is in when at STP (298K, 1atm, 1M concentration) Standard Enthalpy Change of Formation (∆Hfø) is the enthalpy change when one mole of a compound is formed under standard conditions Standard Enthalpy Change of Combustion (∆Hcø) is the enthalpy change of a combustion reaction under standard conditions. These values can be found in the IB formula packet.



15.1.2



Determine the enthalpy change of a reaction using standard enthalpy changes of formation and combustion.



Standard enthalpy change of reaction can be found using the standard enthalpy changes of formation of the given reactants or products. This is outlined by this basic reaction: ∆Høreaction = ∑n∆Høf(products) - ∑m∆Høf(reactants) that is, the sum of the enthalpy of formation of each of the products subtracted by the sumo the enthalpy of formation of each of the reactants, where m and n represent the stoichiometric coefficients observed in the balanced equation.



CHAPTER 15: ENERGETICS AND THERMOCHEMISTRY HL 15.2 THE BORN-HABER CYCLE 15.2.1



Define and apply the terms lattice enthalpy and electron affinity



Lattice enthalpy is the energy required to completely separate one mole of a solid ionic compound into its gaseous ions. Electron affinity is the energy change that occurs when a mole of electrons is accepted by one mole of atoms to form one mole of negative ions.



15.2.2



Explain how the relative sizes and the charges of the ions affect the lattice enthalpies of different ionic compounds.



As we go down the group 1 alkali metals, the lattice enthalpy decreases. Even though they all have a 1+ charge, in terms of lattice enthalpy, as the mass increases, the “magnitude” of this charge is decreased, as it has to distribute the charge across the whole mass. This analogy can be used. If we use 1 glue stick to completely cover a baseball, the ball will be sticky. If we use 2 glue sticks to cover a baseball, the ball will be even more sticky. If we use 1 glue stick to completely cover a volleyball, it will not be very sticky. Now, if we switch out “glue stick” for “charge”, “baseball” and “basketball” as different relative sizes, and “stickiness” for charge density, this starts to make sense. In an lattice structure, we can thus see its effects. some specifics - as charge increases, the distance between the atoms of an ionic compound decrease, and thus the force of attraction becomes stronger, therefore enthalpy increases. larger radius means increased distance between the nucleus of the anion and the nucleus of the cation, and thus the force of attraction decreases and the enthalpy also decreases. in conclusion: as the charge increases, the lattice enthalpy increases. as the atomic radius or size increases, the lattice enthalpy decreases.



15.2.3



Construct a Born-Haber cycle for group 1 and group 2 oxides and chlorides, and use it to calculate and enthalpy change.



See Richard Thornley 15.2.3 on Youtube Born-Haber Cycle: allow us to find lattice enthalpies from experimental results. 1. 2. 3. 4.



Atomization (metal goes into the gaseous state, endothermic) Ionisation (metal loses electrons to form a cation, endothermic) Dissociation (molecular nonmetal is broken into individual atoms, endo) Addition (electrons are added to non-metal atoms, aka electron affinity. This forms anions, and is an exothermic process. ) 5. Reaction (reaction occurs between the gaseous ions to form the solid ionic lattice, aka lattice enthalpy, exothermic) 15.2.4



Discuss the difference between theoretical and experimental a lot of enthalpy values of ionic compounds in terms of their covalent character



Born-Haber cycles are useful in determining the lattice enthalpies from experimental results. However, if we want to find the theoretical enthalpy values, we can use Coulomb’s law, which details the electrostatic attraction between electrically charged particles. The details of this law are not required for the IB exam. When we compare theoretical and experimental lattice enthalpy values, we are sometimes led to believe that these values are close. However, this may or may not be the case. Sodium halides traditionally have experimental values that are very close to their theoretical values, so we assume that their ionic model is accurate. However, other metal halides do not have similar experimental and theoretical lattice enthalpies, and thus we need to refine out model to accurately depict what is happening within the lattice. These experimental values of Silver halides tend to be larger than the theoretical values, and this may be attributed to the distortion of the electron cloud which creates higher electron densities.



CHAPTER 15: ENERGETICS AND THERMOCHEMISTRY HL 15.3 ENTROPY 15.3.1



State and explain the factors that increase entropy in a system.



Entropy (S) is a measure of ‘disorder’, and increases over time in a closed system. When entropy increases (that is, when ‘disorder’ increases) ∆S = +ve There are 4 factors that increase the entropy of a system. Entropy increases when lattices break apart, as there are more particles scattered in random arrangement. Thus, entropy increases via dissolution. Entropy increases when substances change state, where Solid < Liquid < Gas. So, when a solid goes into a liquid state, or a liquid goes into a gaseous state, the entropy of the system increases. Entropy increases when the number of particles increase. Therefore, Decomposition also causes an increase in entropy. Increase in temperature means that kinetic energy increases, and therefore the entropy increases.



15.3.2



Predict whether the entropy change for a given reaction or process is positive or negative.



Look at the state of the molecules (s/l/g) and the number of moles of particles on each side of the equation.



15.3.3



Calculate the standard entropy change for a reaction using the standard entropy values.



Standard Entropy Change of a Reaction is represented by ∆Sø and given in the units J K-1 or J K-1 mol-1 ∆Søreaction = ∑nSø(products) - ∑mSø(reactants) remember to multiply the S values by the number of moles of each substance in the reaction (n, m)



CHAPTER 15: ENERGETICS AND THERMOCHEMISTRY HL 15.4 SPONTANEITY 15.4.1



Predict whether a reaction will be spontaneous by using the sign of ∆Gø



G is the symbol of Gibb’s free energy, and from this we can derive the balance between entropy and enthalpy using it. Thus, we can indicate whether or not a reaction will take place on its own. ∆G = ∆H - T∆S When: ∆H < 0 means that the products are more stable than the reactants (stablility) ∆S > 0, products are more disordered than the reactants. (entropy increase) T is the influence of ∆S and is measured in Kelvin. Change in Gibb’s Free Energy is found via: ∆G = ∆H - T∆S OR ∆G = G(Products) - G(reactants) if ∆Gø < 0, the reaction is spontaneous if ∆Gø = 0, the reaction is at equilibrium if ∆Gø > 0, the reaction is not spontaneous



15.4.2



Calculate ∆Gø for a reaction using the equation ∆G = ∆H - T∆S and by using the values of the standard free energy change of formation ∆Gøf



remember units: T is in Kelvin, convert enthalpy into J instead of kJ. Depending on the final ∆G value, we can determine the spontaneity of a given reaction. Exothermic reactions are generally spontaneous, while endothermic reactions are not. Depending on the degree of temperature (a scalar) change and the entropy value (positive or negative), we can find the overall ∆G, in which the spontaneity of the reaction can be determined.



15.4.3



Predict the effect of a change in temperature of a reaction using standard entropy and enthalpy changes and the equation ∆Gø = ∆Hø - T∆Sø



When the magnitude of the temperature increases, this means that T∆Sø will also increase. If ∆S is negative, then the increasing temperature will cause the reaction to become less spontaneous.
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