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Enthalpy of ch4 combustion

By the end of this section, you will be able to: Declare the first law of thermodynamic Enthalpy definition and explain its classification as state function Write and balance thermochemical equations Calculate changes in enthalpy for various chemical reactions Explain the law of Hess and use it to calculate the reaction enthalpies Thermochemistry is a branch of
chemical thermodynamics, science dealing with the relationships between heat, labour and other forms of energy in the context of chemical and physical processes. As we focus on thermochemism in this chapter, we need to look at some widely used concepts of thermodynamics. Substances act as energy tanks, which means that energy can be added to or
removed from them. Energy is stored in a substance when the kinetic energy of atoms or its molecules increases. The greatest kinetic energy may be in the form of increased translations (travel or straight movements), vibrations or rotations of atoms or molecules. When thermal energy is lost, the intensities of these movements decrease and the kinetic
energy decreases. All possible types of energy present in a substance are called internal energy (U), sometimes symbolized as E. As a system undergoes a change, its internal energy can change and energy can be transferred from the system to the environment or from the environment to the system. Energy is transferred to a system when it absorbs heat
(q) from the environment or when the environment is working (w) in the system. For example, the energy is transferred to metal wire at room temperature if immersed in hot water (the wire absorbs heat from the water), or if you quickly bend the wire back and forth (the wire becomes warmer due to the work done on it). Both processes increase the internal
energy of the wire, which is reflected in an increase in the temperature of the wire. Instead, energy is transferred by a system when heat is lost from the system, or when the system is operating in the environment. The relationship between internal energy, heat and work can be represented by the equation: [latex]\Delta U = q + w][/latex] as shown in Figure 1.
This is a version of the first law of thermodynamics, and shows that the internal energy of a system changes through the heat flow in or out of the system (positive g is heat flow in; negative q is heat flow out) or work done on or off the system. The work, w, is positive if done in the system and negative if done by the system. Figure 1. The internal energy, U, of
a system can be changed by heat flow and work. If the heat in the system, gin, or work is done on the system, won, its internal energy increase, IU &gt; 0. If the heat flows out of the system, qout, or work is done by the system, wby, its internal energy decreases, DOU &lt; 0. A type of task called an extension task (or pressure volume work) occurs) a system
pushes back the environment against a retention pressure, or when the environment compresses the system. An example of this occurs during the operation of an internal combustion engine. The reaction of gasoline and oxygen is exothermic. Some of this energy is given away as heat, and some work by pressing the plunger into the cylinder. The
substances involved in the reaction are the system, and the engine and the rest of the universe are the environment. The system loses energy from both heating and work in the environment, and its internal energy decreases. (The engine is able to keep the car moving because this process is repeated several times per second while the engine is running.)
We will look at how to determine the amount of work involved in a chemical or physical change in capital for thermodynamics. This view of an internal combustion engine reflects the conversion of energy generated by the exothermic combustion reaction of a fuel such as petrol into drive energy. As discussed, the relationship between internal energy, heat,
and labor can be represented as IU = g + w. Internal energy is a type of quantity known as a status function (or status variable), while heat and work are not state modes. The value of a status function depends only on the state in which a system is located, not on how that state is achieved. If a quantity is not a status function, then its value depends on how
the situation is achieved. An example of a status function is altitude or elevation. If you're standing at the top of Mount Kilimanjaro, you're at an altitude of 5895 m, and it doesn't matter if you've walked there or parachuted there. The distance you travelled to the top of Kilimanjaro, however, is not a state function. You could climb to the top with a direct route or
from a more circular, circular path (Figure 2). The distances travelled will vary (the distance is not a status function), but the altitude achieved will be the same (altitude is a status mode). Figure 2. Routes X and Y represent two different routes to the top of Mount Kilimanjaro. Both have the same change in elevation (altitude or altitude on a mountain is a state
function; they don't depend on the path), but they have very different distances traveled (distance walked is not a mode mode; it depends on the path). (credit: modification of work by Paul Shaffner) Chemicals usually use a property known as enthalpy (H) to describe the thermodynamics of chemical and physical processes. Enthalpy is defined as the the
internal energy of a system (U) and the mathematical product of pressure (P) and its volume (V): [latex]H = U + PV[/latex] Since it comes from three state functions (U, P and V), enthalpy is also a state function. Enthalpy values for specific substances cannot be measured directly; only changes in enthalpy for chemical or physical processes can be For
processes that take place at constant pressure (a common state for many chemical and physical changes), the enthalpy change (DH) is: [latex]\Delta H = \Delta U + P \Delta V[/latex] The mathematical product PDV represents the work (w), i.e. the pressure volume extension or work, as noted. According to their definitions, the numeric symbols of IV and w will
always be opposite: [latex]P \Delta V = -w[/latex] Replace this equation and the definition of internal energy in the enthalpy-change equation yields: [latex]\begin{array} {r @{}={}} I} \Delta H &amp; \Delta U + P \Delta V \\[1lem] &amp; g_{\text{p}} + w - w \\[1em] &amp; g_{\text{p}} \end{array}[/latex] where gp is the heat of the reaction under constant pressure
conditions. And so, if a chemical or physical process takes place at constant pressure with the only work done caused by expansion or contraction, then the heat flow (qp) and enthalpy change (DH) for the process are equal. The heat that exhales when operating a Bunsen burner is equal to the enthalpy change in the methane combustion reaction that takes
place, since it occurs at essentially constant pressure of the atmosphere. On the other hand, the heat generated by a reaction measured in a bomb calorimeter (Figure 7 of Chapter 5.2 Calorimetry) is not equal to DH, because the closed fixed volume metal container prevents the appearance of expansion operations. Chemists usually perform experiments
under normal atmospheric conditions, at constant external pressure with g = DH, which makes enthalpy the most convenient choice for determining heat. The following conventions apply when we use DH: Chemists use a thermochemical equation to represent changes in both matter and energy. In a thermochemical equation, the enthalpy change of a
reaction appears as a DH value after the equation for the reaction. This DH value indicates the amount of heat associated with the reaction that includes the number of moles of the reacts and products, as shown in the chemical equation. For example, consider this equation: [latex]\text{H} 2(g) + \frac{1}{2} \text{O} 2(g) \longrightarrow \text{H} 2 \text{O} (I)
W\ \Delta H = -286 \\text{kJ}[/latex] This equation shows that when 1 hydrogen gas mole and [latex]\frac{1}{2}[/latex] mole of oxygen gas at some temperature and pressure change to 1 liquid water mole at the same temperature and pressure, 286 kJ of heat are released into the environment. If the coefficients in the chemical equation are multiplied by a
factor, the enthalpy change must be multiplied by the same factor (DH is an extended property): [latex]\begin{array}{I} (\text{double increase in quantities}) \\ 2 + \text{O} 2(g) \longrightarrow 2 \text{H} 2 \text {O}(I) &amp; \Delta H = 2 \pooooo (-286 \\appuo{kJ}) = -572 \;\aoooo{kJ} \[1lem}{1}{2} \aopao{h}_2(g) + \frac{1}{4} \frac{1}H4} \longrightarrow \frac{1}{2}
\text{H}_2 \text{O}(I) &amp; \Delta H = \frac{1}2} \times (-286 \\text{kJ}) = -143 \\text{kJ} \end{array}[/latex] The enthalpy change of a reaction depends on the physical state of the reactive and reaction products (if we have gases, liquids, solids, or aqueous solutions) so that they must appear. For example, when 1 mole of hydrogen gas and [latex]\frac{1}2}
[/latex] of oxygen gas mole changes to 1 mole of liquid water at the same temperature and pressure, 286 kJ of heat is released. If gaseous water is formed, only 242 kJ of heat is released. [latex]\text{H} 2(g) + \frac{1}{2} \text{O} 2(g) \longrightarrow \text{H} 2 \text{O}(g) \\;&It;/a0&gt; \Delta H = -242 \\text{kJ}[/latex] A negative value of an enthalpy change,
DH, indicates an exothermic reaction. a positive DH value indicates an endothermic reaction. If the direction of a chemical equation is reversed, it changes the numeric sign of its DH (a process that is endothermic in one direction is exothermic in the opposite direction). Measurement of an enthalpy change When 0.0500 mol HCl(aq) reacts with 0.0500 mol
NaOH(aq) to form 0.0500 mol nacl(aq), 2.9 kJ of heat is produced. What is THE DH, the enthalpy change, per mole of the acid that reacts, for the acid-based reaction runs under the conditions described in example 3 in chapter 5.2 Calorimetry? [latex]\text{HCI}(aq) + \text{NaOH}(aq) \longrightarrow \text{NaCl}(aq) + \text{H} 2 \text{O}(l)/latex] Solution For
solution reaction 0.0500 mol acid (HCI), g = —=2.9 kJ. This ratio [latex]\frac{-2.9 \\text{kJ}}{0.0500 \\text{mol HCI}}[/latex] can be used as a conversion factor to find the heat generated when . HCI mole reacts: [latex]\Delta H = 1 \?\rule[0.5ex]{3.7em}0.1ex)\hspace{-3.7em}text{mol HCI} \times \frac{-2.9 \;\text{kJ}}{0.} 0500 \\rule[0.5ex]{2.8em}{0.1ex}\hspace{-
2.8em}text{mol HCI}} = -58 \\text{kJ}[/latex] The enthalpy change when HCI's 1 mole reacts is —58 kJ. Since this is the number of moles in the chemical equation, we write the thermochemical equation as: [latex]\text{HCI}(aq) + \text{NaOH}(aq) \longrightarrow \text{NaCl}(aq) + \text{H}_2 \text{O}(l) \?\? \Delta H = -58 \\text{kJ}[/latex] Check your lesson When
1.34 g Zn(s) to 60.0 mL 0.750 M HCI(aq) is produced, 3.14 kJ of heat is produced. Determine the enthalpy change per zinc mole reacting to the reaction: [latex]\text{Zn}(s) + 2\text{HCI}(aq) \longrightarrow \text{ZnCI}_2(aq) + \text{H}_2(g)[/latex] Be sure to take into account both elemental and limiting reaction when determining DH for a chemical reaction.
Another example of measuring an Enthalpy Change sticky bear contains 2.67 g sucrose, C12H22011. When reacting with 7.19 g potassium chloride, KClo3, 43.7 kJ heat is produced. Determine the enthalpy change for the [latex]\text{C} {12} \text{H} {22} \text{O} {11}(aq) + + \longrightarrow 12\text{CO} {2}(g) + 11\text{H} {2} \text{O}(l) + 8\text{KCl}(aq)
[Nlatex]. Avaon ‘Exoupe [Aat€€]2.67 \;\kavovag[0.5ex]{0.3em}{0.1exP\hspace{-0.3em}\text{g} \times \frac{1 \;\keipevo{mol}}{342.3 \;\kavovac[0.25ex]{0.55em}{0.1ex}\hspace{-0.55em}\text{g}} = 0.00780 \;\keipevo{mol C} {12} \text{H} {22} \text{O} {11}[/Aatég] diabéoipa Kai [Aateg]7.19 \;\rule[0.5ex]{0.6em}H0.1ex}\hspace{-0.6em}text{g} \times \frac{1 \;\text{mol}
{mol}{text122.5 \;\rule[0.25ex]{0.55em}{0.1ex}hspace{-0.55em}\text{g}} = 0.0587 \;\keipevo{mol KCIO} 3[/Aa1é€] diaBEaiuo. Acdopévou ot [Aate€]0.0587 \;\keipevo{mol KCIO} 3 \times \frac{1 \;\keipevo{mol C} {12} \text{H} {22} \text{O} {11}}{8 \;\text{mol KCIO} 3} = 0,00734 \;\keipevo{mol C} {12} \text{H} {22} \text{O} {11}[/latex] eivai T0 uTtEPBOAIKO
avTIdPaOTIKO Kal To KCIO3 €ival To TePIopIoTIKO avTidpaaTike. H avtidpacn xpnoiuotolei 8 mol KCIO3 , and the conversion factor is [latex]\frac{-43.7 \;\text{kJ}}{0.0587 \;\text{mol KClo} 3}[/latex], so we have [latex]\Delta H = 8 \?? mol KClo}_3}[/latex], so we have [latex]\Delta H = 8 \?? mol KClo} 3}{/latex], so we have [latex]\Delta H = 8 \?? mol KClo} 3}
[/latex], so we have [latex]\Delta H = 8 \??\ text{mol} \times \frac{-43.7 \;\text{kJ}}{0.0587 \;\text{mol KCIO}_3} = -5960 \;\text{kJ}[/latex]. The enthalpy change for this reaction is —5960 kJ and the thermochemical equation is: [latex]\text{C} {12} \text{H} {22} \text{O} {11} + 8\text {KClo}_3 \longrightarrow 12\text{CO} {2} + 11\text{H} {2} \text{O} + 8\text{KCI}
;W\ \Delta H = -5960 \\text{kJ}[/latex] Check your lesson When 1.42 g of iron is produced with 1.80 g of chlorine, 3.22 g feClI2(s) and 8.60 kJ of heat. What is the enthalpy change for the reaction when 1 FeCI2 mole(s) is produced? Changes in enthalpy are usually placed in a table for reactions in which both reactive and products are in the same conditions. A
standard status is a commonly accepted set of conditions used as a reference point for determining properties under other different conditions. For chemists, the standard IUPAC status refers to 1 rod pressure materials and solutions at 1 M and does not set a temperature. Many thermochemical tables list values with a standard state of 1 ATM. Because the
DH of a reaction changes very little with such small changes in pressure (1 bar = 0.987 atm), the DH values (except for the most specific measured values) are essentially the same under both sets of standard conditions. We'll include an exponent o in the enthalpy change symbol to define the standard state. Since the usual (but not technically typical)
temperature is 298.15 K, we will use a 298 indicator to set this temperature. Thus, the symbol ([latex]{\Delta}H"{\circ} {298}[/latex]) to indicate a change of enthalpy for a process that occurs under these conditions. (The DH symbol is used to indicate an enthalpy change for a reaction that occurs under non-standard conditions.) Changes in enthalpy for many
types of chemical and physical processes are available in the reference, reference, those for combustion reactions, phase transitions, and formation reactions. As we discuss these quantities, it is important to pay attention to the widespread nature of enthalpy and enthalpy changes. Since enthalpy change for a given reaction is proportional to the quantities of
the substances concerned, it can be reported on this basis (i.e., such as DH for specific amounts of reactive). However, we often find it more useful to divide one extended property (DH) with another (quantity of substance) and to report an intensive value per quantity of DI, often normalized on a per mole basis. (Note that this is similar to determining the
intensive specific property heat from the extensive property heat capacity, as seen previously.) Typical combustion enthalpy ([latex]\Delta H™\circ _C[/latex]) is the enthalpy change when 1 mole of a substance is burned (strongly combined with oxygen) under normal state conditions. Sometimes it is called heat of combustion. For example, ethanol combustion
enthalpy, —1366.8 kJ/mol, is the amount of heat produced when an ethanol mole is fully burned at 25 °C and at air pressure 1, product performance also at 25 °C and 1 ATM. [latex]\text{C}_2 \text{H} 5 \text{OH}(l) + 3 \text{O}_2(g) \longrightarrow 2 \text{CO} 2 + 3\text{H} 2 \text{O}(l) \; \Delta H ~{\circ} {298} = -1366.8 \;\text{kJ}[/latex] Multiple combustion
enthuses have been measured. some of them are listed in Table 2. Many readily available substances with large combustion enthalpy are used as fuels, including hydrogen, carbon (such as coal or coal), and hydrocarbons (compounds containing only hydrogen and carbon), such as methane, propane and the main components of gasoline. Substance
Combustion Reaction Enthalpy of Combustion, [latex]\Delta HMcirc_c (\frac{\text{kJ}}{\text{mol}} \;\text{at 25} \;"\circ \text{C})[/latex] carbon [latex]\text{C}(s) + \text{O} 2(g) \longrightarrow \text{CO} 2(g)[/latex] —393.5 hydrogen [latex]\text{H} 2(g) + \frac{1}{2} \text{O}_2(g) \longrightarrow \text{H} 2 \text{O}(l)[/latex] —285.8 magnesium [latex]\text{Mg}(s) +
\frac{1}{2} \text{O}_2(g) \longrightarrow \text{MgO}(s)[/latex] —601.6 sulfur [latex]\text{S}(s) + \text{O}_2(g) \longrightarrow \text{SO} 2(g)[/latex] —296.8 carbon monoxide [latex]\text{CO}(g) + \frac{1}{2} \text{O}_2(g) \longrightarrow \text{CO}_2(g)[/latex] —283.0 methane [latex]\text{CH}_4(g) + 2\text{O} 2(g) \longrightarrow \text{CO} 2(g) + 2\text{H} 2 \text{O}
()[/latex] —890.8 acetylene [latex]\text{C} 2 \text{H} 2(g) + \frac{5{2} \text{O} _2(g) \longrightarrow 2\text{CQO} 2(g) + \text{H}_2 \text{O}(l)[/latex] —1301.1 ethanol [latex]\text{C} 2 \text{H} 5 \text{OH}(l) + 3 \text{O}_2(g) \long 2 -CO-2(g) - 3-text-2-text-O-(I)[/latex] '1366.8' [Aaté] 'CH'3 ' 'OH'(l) 'frac{3}{2} ‘frac{3}{2} \longrightarrow \text{CQO} 2(g) + 2\text{H} 2
\text{O}()[/latex] —726.1 isoectane [latex]\text{C} 8 \text{H} {18}((I) + \frac{25}{2} \text{O} 2(g) \longrightarrow 8 \text{CO}_2(g) + 9\text{H} 2 \text{O}(l)[/latex] —5461 Table 2. Standard Molar Enthaplpias of Combustion Using Enthalpy of Combustion As Figure 3 suggests, burning gasoline is an extremely exothermic process. Let us determine the approximate
amount of heat generated by burning 1,00 L of petrol, assuming that the enthalpy of burning petrol is the same as that of isoctane, a common component of petrol. The density of iosoctan is 0.692 g/mL. Figure 3. The combustion of gasoline is very exothermic. (credit: modifying tasks from AlexEagle/Flickr) Solution Starting with a known amount (1.00 L
isooctane), we can perform conversions between units until we reach the desired amount of heat or energy. The enthalpy of the combustion of isooctane provides one of the necessary modifications. Table 2 gives this value as -5460 kJ per 1 iosoctan mole (C8H18). Using these data, [latex]1.00 \;\rule[0.5ex]{3.75em}K0.1ex}\hspace{-3.75em}\text{L
C}_8\text{H} {18} \times \frac{1000 \;\rule[0.25ex]{3.2em}H0.1exP\hspace{-3.2em}text{mL C} 8 \text{H} {18}H1 \;\rule[0.25ex]{2.8em}{0.1ex\hspace{-2.8em}text{L C} 8 \text{H} {18}} \times \frac{0.692 \;\rule[0.25ex]{2.65em}{0.1ex}\hspace{-2.65em}text{g C} 8 \text{H} {18}}1 \rule[0.25ex]{3.75em}{0.1lex\hspace{-3.75em\;\text{mL C} 8 \text{H} {18}}



\times \frac{1 \;\rule[0.25ex]{3.75em}H0.1exP\hspace{-3.75em}text{mol C} 8 \text{H} {18}}{114 \;\rule[0.25ex]{2.7em}{0.1ex}\hspace{-2.7em}\text{g C} 8 \text{H} {18}} \times \frac{-5460 \;\text{kJ}}{1 \;\rule[0.25ex]{3.5em}{0.1ex\hspace{-3.5em}text{mol C}_8 \text{H} {18}} = -3.31 \times 10"4\text{kJ}[/latex] The combustion of 1.00 L of isooctane produces
33,100 kJ of heat. (This amount of energy is enough to melt 99.2 pounds, or about 218 pounds, of ice.) Note: If you do this calculation one step at a time, you will find: [latex]\begin{array}{[} 1.00 \\text{L C} 8\text{H} {18} \longrightarrow 1.00 \times 10”3 \\text{mL C}_8 \text{text{text H} {18} \\[1em] 1.00 \10"3 \\text{mL C}_8 \text{H} {18} \longrightarrow 692
\\text{g C}_8 \text{H} {18} \\[1em] 692 \\text{g C} 8 \text{H} {18} \longrightarrow 6.07 \\text{mol C} 8 \text{H} {18} \\[1em] 692 \\text{g C}_8 \text{H} {18} \longrightararrow -3.31 \times 10”4 \text{kJ} \end{array}{/latex] Check your lesson How much heat is generated by burning 125 g acetylin? As fossil fuel reserves decline and become more costly to export,
the search is underway for replacement fuel sources for the future. Among the most promising biofuels are those derived from algae (Figure 4). The species of seaweed are non-toxic, biodegradable, and among the fastest growing organisms in the world. About 50% of the weight of algae is oil, which can be easily easily fuels such as biodiesel. Algae can
yield 26,000 gallons of biofuels per hectare-much more energy per acre than other crops. Some strains of algae may bloom in brackish water that is not usable for growing other crops. Algae can produce biodiesel, bioaeroline, ethanol, butanol, methane and even jet fuel. Figure 4. (a) Microscopic algae organisms can be grown (b) in large quantities and
finally (c) converted into useful fuel, such as biodiesel. (credit a: modification of work by Micah Sittig; credit b: modification of work by Robert Kerton; credit c: modification of work by John F. Williams) According to the U.S. Department of Energy, only 39,000 square kilometers (about 0.4% of U.S. land mass or less than [latex] \ frac{1}{7} [/ latex] of the area
used to grow corn) can produce enough seaweed fuel to replace all fuel-based oil used in the U.S. The cost of seaweed fuel is becoming more competitive-for example, the U.S. Air Force produces jet fuel from algae at a total cost of less than $5 per gallon. The process used to produce seaweed fuel is as follows: to grow algae (which use sunlight as their
energy source and CO2 as raw material); harvesting of seaweed; fuel compounds (or precursor compounds) are exported; process as needed (e.g. perform a metesterification reaction to make biodiesel); Clean? and distribute (Figure 5). Figure 5. Algae convert sunlight and carbon dioxide into oil collected, extracted, purified and converted into a variety of
renewable fuels. Click here to learn more about the process of creating seaweed biofuels. A typical enthalpy formation [latex]\Delta HMcirc_\text{f}[/latex] is an enthalpy change for a reaction in which exactly 1 mole of a pure substance is formed by free elements in their most stable states under normal state conditions. These values are particularly useful for
calculating or predicting changes in enthalpy for chemical reactions that are not practical or dangerous to perform, or for processes for which measurements are difficult to measure. If we have values for the appropriate standard enthalpy formation, we can determine the enthalpy change for any reaction, which we will exercise in the next section on Hess's
law. The standard CO2(g) enthalpy formation is —393.5 kJ/mol. This is the enthalpy change for the exothermic reaction: [latex]\text{C}(s) + \text{O}_2(g) \longrightarrow \\&It;/a0&gt; \Delta HMcirc_\text{f} = \Delta H™Mcirc_{298} = -393.5 \\text{kJ}[/latex] starting with 1 ATM and 25 °C pressure reaction (with carbon as graphite, the most stable form of carbon
under these conditions) and finishing with a CO2 mole, also at 1 atm and 25 °. For nitrogen dioxide, NO2(qg), [latex]\Delta HMcirc_\text{f}[/latex] is 33.2 kd/mol. This is the enthalpy change for the reaction: [latex]\frac{1}{2} \text{N}_2(g) + \text{O} 2(g) \text{O}_2(g) \text{NO}_2(g) W\;NO}_2(g) \;\;; NO}_2(g) \;\;; NO}_2(g \Delta HMcirc_\text{f} = \Delta
HM\circ_{298} = +33.2 \?\text{kJ}[/latex] A reaction equation with the mole [latex]\frac{1}{2}[/latex] of N2 and 1 mole of O2 is correct in this case, because the standard formation enthalpy always refers to 1 mole of the product, NO2(g). You will find a table of standard enthalps of the formation of many common substances in Appendix G. These values indicate
that formation reactions range from extremely exothermic (such as —2984 kJ/mol for P4010 formation) to strongly endothermic (such as +226.7 kJ/mol for acetylin formation, C2H2). , which is 1 ATM for gases and 1 M for solutions. Assessment of ozone enthalpy formation, O3(g), is formed by oxygen, 0O2(g), by endothermic process. Ultraviolet radiation is
the source of energy that drives this reaction into the upper atmosphere. Assuming that both reactive and reaction products are in their typical states, specify the standard enthalpy formation, [latex]\Delta H*{\circ} \text{f}[/latex] of ozone from the following information: [latex]3\text{O} 2(g) \longrightarrow 2\text{O} 3(g) \; \Delta HMcirc_{298} = +286 \\text{kJ}
[/latex] Solution [latex]\Delta H™Mcirc_\text{f}[/latex] is the change of enthalpy to form a mole of a substance in its typical state from the elements in their typical states. As a result, [latex]\Delta HMcirc_\text{f}[/latex] for O3(g) is the enthalpy change for the reaction: [latex]\frac{3}{2} \text{O} 2(g) \longright \text{O} 3(g)[/latex] For the formation of 2 mol of O3(qg),
[latex]\Delta HMcirc_{298} = +286 \?\text{kJ}[/latex]. Autr} n avaAoyia, [AatE€](\frac{286 \;\text{kJ}}{2 \;\text{mol O} 3})[/AaTEE], YTTopEi VO XPNOILOTIOINBEl (WG GUVTEAEGTNG HETOTPOTING YIO TNV EVPECT TNE BEPUOTNTOC TIOL TTapAyeTal 0tav oxnuati¢etal 1 mole touv O3(g), TIoL €ival n evBaATia oxnuaTiopov yia to 0O3(g): [Aateg]\Delta HM\circ \;\keipyevo{yia 1 mole tou
0}_3(g) = 1 \\rule[0.5ex]{keipevo3.5em}{0.1exP\hspace{-3.5em}text{mol O} 3 \times \frac{286 \;\text{kJ}}{2 \;\kavovac[0.25ex]{2.5em}{0.1exP\hspace{-2.5em}text{mol O} 3} = 143 \;\keipevo{kJI}[/AateE] Eopévwe, [Aate€]\Delta HM\circ_\text{f} [\text{O}_3(g)] = +143 \;\text{kJ/mol}[/latex]. Check learning your hydrogen gas, H2, reacts explosively with chlorine
gas, Cl2, to form hydrogen chloride, HCI(g). What is the enthalpy change for the reaction of 1 H2(g) mole to 1 CI2(g) mole if both the reactive and the products are in normal condition? The typical HCI(g) enthalpy formation is —92.3 kJ/mol. + \text{CI} 2(g) \longrightarrow 2\text{HCI}(g) \;\;\\;\;; \Delta HMcirc_{298} = -184.6 \\text{kJ}[/latex] Write reaction
equations for [latex]\Delta H™Mcirc_\text{f}[/latex] Write the heat of the formation reaction for: (a) C2H50H(I) (b) Solution Ca3(P0O4)2(s) Recalling that the reaction equations [latex]\Delta HMcirc_\text{f}[/latex] are for the formation of 1 mole of the compound from its components under normal conditions, we have: (a) [latex]2\text{C}(s), \\text{graphite}) +
\text{H} 2(g) + \frac{1}{2} \text{O} 2(g) \longrightarrow \text{C} 2 \text{H} 5 \text{OH}(l)[/latex] (b) [latex]3\text{Ca}(s) + \frac{1}2} \text{P}_4(s) + 4\text{O} 2(g) \longrightarrow \text{Ca} 3 (\text{PO} 4) 2(s)[/latex] Note: The standard state of carbon is graphite, and phosphorus exists as P4. Check your lesson Write the heat of the formation reaction
equations for: (a) C2H50C2H5(]) (b) Na2CO3(s) (a) [latex]4\text{C}(s), \\text{graphite}) + S\text{H} 2(g) + \frac{1}{2} \text{O} 2(g) \longrightarrow \text{C} 2 \text{H} 5 \text{O} \text{C} 2 \text{H} 5())[/latex]; (b) [latex]2\text{Na}(s) + \text{C}(s), \\text{graphite}) + \frac{3}{2} \text{O}_2(s) \longrightarrow \tex t{Na} 2 \text{CO}_3(s)[/latex] There are two ways to
determine the amount of heat involved in a chemical change: measure it experimentally or calculate it from other experimentally defined enthalpy changes. Some reactions are difficult, if not impossible, to investigate and make accurate measurements for experimental. And even when a reaction is not difficult to perform or measure, it is convenient to be able
to determine the heat involved in a reaction without having to perform an experiment. This type of calculation usually involves the use of Hess's law, which states: If a process can be written as the sum of several gradual processes, the enthalpy change of the overall process equals the sum of the enthalpy changes of the various steps. Hess's law is valid
because enthalpy is a state function: Enthalpy changes depend only on where a chemical process begins and ends, but not on the path it takes from start to finish. For example, we can think of the reaction of carbon to oxygen to form carbon dioxide that occur either directly or through a two-step process. The direct procedure is written: [latex]\text{C}(s) +
\text{O}_2 (g) \longrightarrow \text{CO} 2(g) \\\ \Delta HMcirc_{298} = -394 \\text{kJ}[/latex] In the two-step process, the first carbon monoxide is formed: [latex]\text{C}(s) + \frac{1}{2} \text{O} 2 (g) \longrightarrow \text{CO}(g) \;,\00 \Delta H™Mcirc_{298} = -111 \\text{kJ}[/latex] carbon monoxide reacts further to form carbon dioxide: [latex]\text{CO}(g) + \frac{1}
{2} \text{O}_2 (g) \longrightarrow \text{CO} 2(g) W\Delta HMcirc_{298} = -283 \\text{kJ}[/latex] The equation T cuvoAiK] avtidpaacn ival To dBPOICcHa ALTWV TwWV dV0 XNUIKWV aAAaywv: [latex]\begin{array}1} \text{Step 1: C}(s) + \frac{1}{2} \text{O}_2(g) \longright \text{CO}(g) \[1em] \text{Step 2: CO}(g) + \frac{1}{2} text{O}_2(g) \longrightarrow \text{CO} 2(qg)
\\hline \[-0.5em] \text{Sum: C}(s) + + \text{O} _2(qg) + \text{CO}(g) + \frac{1}{2} \text{O} 2(g) \longrightarrow \text{CO}(g) + \text{CO}_2(g) \end{array}[/latex] Because the CO produced in step 1 is consumed in step 2, network traffic is: [latex]\text{C}(s) + \text{O}_2(g) \longrightarrow \text{CO} 2(g)[/latex] According to Hass law, the enthalpy change of the
reaction will be equal to the sum of the enthalpy changes of the steps. We can apply the data from the experimental combustion enthalpys in Table 2 to find a change in the overall reaction from its two steps: [latex]\begin{array}{I} \text{C}(s) + \frac{1}{2} \text{O}_2(g) \longrightarrow \text{CO}(g) &amp; \Delta HMcirc_{298} = -11 1 \\text{kJ} \[1em]
\frac{\text{CO}(g) + \frac{1}2} \text{O} 2(g) \longrightarrow \text{CO} 2(g)H{\text{C}+ \text{O} 2(g) \longrightarrow \text{CO} 2(g)} &amp; \frac {\Delta HM\circ_{298} = -283 \\text{kJ}}{\Delta Hcirc_{298} = -394 \\text{kJ}} \end{array}{/latex] The result appears in Figure 6. We see that DI of the overall reaction is the same whether it happens in one or two steps.
This finding (total DH for reaction = sum of DH values for reaction steps to overall reaction) generally applies to chemical and physical processes. Figure 6. The formation of CO2(g) from its elements can be considered to occur in two steps, which sum up the overall reaction, as described by hess law. Horizontal blue lines represent enthalpy. For an
exothermic process, the products are in lower enthalpy than they are reactive. Before we further practice the use of the law of the ESK, let us remember two important characteristics of I.E. DH is directly proportional to the quantities of reacts or products. INa mapd&deiypa, n aAAayr] eVvBaATIiag yia v avtidpacn 1ov oxnuartidel 1 TugAotoviika tov NO2(g) sival
+33,2 kJ: [Aate€)\frac{1H{2\text{N}_2(g) + \text{O}_2(g) \longrightarrow text \{NO} 2(g) \ \Delta H = +33.2 \;\keipevo{kJ}[/Aaté€] Otav oxnuatidovial 2 TupAoTiovtikeg NO2 (dITTAAGG10) , To AH Ba givarl ditAdaoio: [Aaté€]\keipevo{N}_2(g) + 2\keipevo{O}_2(g) \longrightarrow 2\text{NO} 2(g) \;\ \Delta H = +66.4 \;\keipevo{kJ}/AaTEE] MeviKdA, €AV TIOAOTIAQGCIGACOULE 1
OIOIPECOUE Pla e€iowan Pe Evav aplBuo, TOTe n aAAayr] evBaATTiag Ba TIPETIEN ETTIONG va TIOAAGTIAOCIOGCTEL I} va dlaipedei pe Tov idlo aplBud. DH for a reaction in one direction is equal in size and contrary to the DH mark for reaction in reverse direction. For example, since: [latex]\text{H} 2(g) + \text{CI}_2(g) \longrightarrow 2\text{HCI}(g) \; \Delta H = -184.6
\\text{kJ}[/latex] Then, for the reverse reaction, the enthalpy change is also reversed: [latex]2\text{HCI}(g) \longrightarrow \text{H} 2(g) + \text{CI} _2(g) \\\\; \Delta H = +184.6 \\text{kJ}[/latex] Gradual [latex]\Delta H"\circ_\text{f}[/latex] Using Hess Law Specify the enthalpia of the formation, [latex]\Delta H\circ_\text{f}[/latex] from from aAAay£c evBaATTiOog TNC
oKOA0LONG d10dIKaaiag V0 BnUATwyY TIoL GLURAIVEL LTIO KAVOVIKEC oLVBNKeC katdotaong: [Aaté€]\begin{array}{l I} \text{Fe}(s) + \text{CI} 2(g) \longrightarrow \text{FeCl}_2(199) s) &amp; \Delta HMcirc = -341.8 \)\text{kJ} \[1em] \text{FeCl}_2(s) + \frac{1}{2Ntext{CI}(g) \longrightarrow \keipevo{FeCl}_3(s) &amp; \Delta HM\circ = -57.7 \)\text{kJ} \end{array}{/latex]
Solution MpoomaBolue va Bpolpe TNV TUTIIKA evBaATTia oxnuotiopol tou FeCl3(s), n omoia gival ion pe AH® yia tnv avtidpaon: [Aate€]\keipevo{Fe}(s) + \frac{3H{2\text{CI}(g) \longrightarrow \text{FeClI}_3(s) \;keipyevo \Delta HMcirc_\keipevo{f} = ? [/Aaté€] Looking at the reactions, we see that the reaction for which we want to find AH° is the sum of the two
reactions with known AH values, so we must sum their AHs: [latex]\begin{array}{I I} \text{Fe}(s) + \text{CI}_2(g) \longrightarrow \text{FeCl} 2(s) &amp; \Delta H™Mcirc = -341.8 \;\text{kJ} \[1em] \frac{\text{FeCl}_2(s) + \frac{1{2}\text{CI}_2(g) \longrightarrow \text{FeCI} _3(s)K\text{Fe}(s) + \frac{1}{2)\text{CI} 2(g) \longrightarrow \text{FeClI}_3(s)} &amp;
\frac{\Delta H"\circ = -57.7 \;\text{kJ}}{\Delta H™circ = -399.5 \;\text{kJ}} \end{array}[/latex] The enthalpy of formation, [latex]\Delta HMcirc_\text{f}[/latex], of FeCI3(s) is —399.5 kJ/mol. Check Your Learning Calculate AH for the process : [Aate€]\keipevo{N} 2(g) + 2\text{O}_2(g) \longrightarrow 2\text{NO}_2(g)[/latex] a6 TiI¢ aKOAOUBEC TIANPOYOPIEC:
[latex]\begin{arrayHr I} \text{N}_2(g) + \text{O} 2(g) \longrightarrow 2\text{NO}(g) &amp; \Delta H = 18 0.5 \;\keiuevo{kJ} \[1em] \text{NO}(g) + \frac{1H{2}\text{O} 2(g) \longrightarrow \text{NO}_2 ({) &amp; \Delta H = -57.06 \;\text{kJ} \end{array}[/latex] Edw eivai E&va AlyOTEPO ATIAG TIOPADEIYA TIOU OTIEIKOVICEL TN OI0SIKACIO GKEWYNG TIOL EUTIAEKETAI OTNV
ETTIALON TIOAAWV TIPORANPATWVY TOU VORIOL hass. Agixvel TG PTIOPoUHE Va BPoUpE TIOAAEG TUTTIKEG EVOAATIIEC GXNMATIGUOU (Kat AANEC TIHEC TNG AH) av gival dUGKOAO va TIPOCBIOPICTOUV TIEIPAUATIKA. "Eva TTIO TIPOKANTIKO TIPORANUO XPNCIUOTIOIVTAC TO HOVO@BOpPIoUX0 XAWPIo ToL VOUoU Hass propei va avtidpdaoel e gBOpIo yio va axnuatiasl IpipBoplolxo
xAwplo: (i) [Aate€]\keipevo{CIF}_2(g) + \text{F} 2(g) \longrightarrow \text{CIF} 3(g) \\,\ \AéAta HM\circ = ? [/AATEE] XpnOIPOTIOINOTE TIG AVTIOPACEIC €0W YIa va TtPoadIopiceTe To AH® yia avtidpaan (i): (i) [Aate€]2\keipevo{OF} 2(g) \longrightarrow \text{O} 2(g) + 2\text{F} 2(g) \;\;keipevo \Delta HMcirc_{(ii)} = -49.4 \;\keipevo{kJI}/Aate€] (iii) [Aate€]2\keipevo{CIF}(g) +
\keipevo{O}_2(g) \longrightarrow \text{CI} 2 \text{O}(g) \ \Delta H"\circ_{(iii)} = +205.6 \;\keipevo{kJ}[/Aateg] (iv) [hate€]\keipevo{CIF}_3(g) + \text{O} 2(g) \longrightarrow \frac{1}{2}\text{CI} 2 \text{O}(g) + \frac{3}{2} \text{OF} 2(g) \;\;\? \Delta H™circ_{(iv)} = +266.7 \;\keipevo{kJ}/AaTEE] AVGN ZTOXOC PAC €ival va XEIPIOTOVPE Kal va cuvdudacooue (i), (i) and (iv)
so as to be added to the reaction (i). Going from left to right in (i), we first see that that required as a reaction. This can be achieved by multiplying the reaction (iii) with [latex]\frac{1}{2}[/latex], which means that the DH° change is also multiplied by [latex]\frac{1}{2}[/latex]: [latex]\text{CLF}(g) + \fra c{1}2} text{O} 2(g) \longrightarrow \frac{1}2} {142} \text{CI} 2
\text{O}(g) + \frac{1H{2} \text{OF}_2(g) \\ \Delta H"\circ = \frac{1H{2} (205.6) = +102.8 \\text{kJ}[/latex] Next, we see that F2 is also necessary as reactive. To receive this, the reverse and half reaction (ii), which means that the D° change symbol changes and decreases by half: [latex]\frac{1}{2} \text{O} 2 (g) + \text{F} c 2(g) \longrightarrow \text{OF} 2(g)
\\;)\\;text \Delta H Mcirc = +24.7 \\text{kJ}[/latex] To receive CLF3 as a product, reverse (iv), change point DH®: [latex]\frac{1}{2} \text{CI} 2 \text{O}(g) + \frac{3}{2)\text{OF} 2(g) \longrightarrow \text{CIF} 3(g) + \text{O} 2(g) \\? \Delta H Mcirc = -266.7 \;\text{kJ}[/latex] Now check to make sure that these reactions add up to the reaction we want:
[latex]\begin{array}{l I} \text{CIF}(g) + \frac{1}{2} \text{O}_2(g) \longrightarrow \frac{1}{2} \text{CI} 2 \text{O}(g) + \frac{1}{2} \text{OF}_2(g) &amp; \Delta H™Mcirc = +102.8 \;\text{kJ} \[Lem] \frac{1}{2} \text{O}(g) + \text{F} 2(g) \longrightarrow \text{OF} 2(g) &amp; \Delta HMcirc = +24.7 \\text{kJ} \\[1em] \frac{1}2} text{CI} 2 \text{O}(g) + \frac{312}
\text{OF}_2(g) \longrightarrow \text{CIF} _3(g) + \text{O} 2(g) &amp; \Delta H™Mcirc = -266.7 \;\text{kJ} \\ \rule[0.25ex]{21em}{0.1ex} &amp; \rule[0.25ex]{9em}0.1ex} \ \text{CIF}(g) + \text{F} 2 \longrightarrow \text{CIF}_3(g) &amp; \Delta HMcirc = -139.2 \;\text{kJ} \end{array}[/latex] Reactants [latex]\frac{1}{2} \text{O} 2[/latex] and [latex]\frac{1} 2}

\text{O} 2[/latex] product cancellation O2; product [latex]\frac{1}{2} \text{CI} 2 \text{O}[/latex] cancels reactive [latex]\frac{1H2} \text{CI} 2 \text{O}[/latex]; and reactant [latex]\frac{3}{2} \text{OF} 2[/latex] is cancelled by [latex]\frac{1H2} \text{OF}_2[/latex] and OF2 products. This leaves only reacting CLF(g) and F2(g) and the product CLF3(g), which is what we
want. Since the summation of these three modified reactions generates a reaction of interest, the sum of the three modified DH° values will give the desired values DH®: [latex]\Delta HMcirc = (+102.8 \)\text{kJ}) + (24.7 \\text{kJ}) + (-266.7 \;\text{kJ}) = -139.2 \2 \\text{kJ}[/latex] Check that learning aluminum chloride can be formed from its elements: (i)
[latex]2 \text{Al}(s) + 3\text{CI}_2(g) \longrightarrow 2\text{AICI} _3(s) \\\text \Delta H\circ = ? [/latex] Use the reactions here to determine DH° for reaction (i): (ii) [latex]\text{HCI}(g) \text{HCI}(aq) \;\;\;; \Delta H {\circ} {(ii)} = -74.8 \;\keipevo{kJI}[/Aateg] (iii) [Aate€]\keipevo{H} 2(g) + \text{CI}_2(g) \longrightarrow 2\text{HCI}(g) \;\\; \Delta H™\circ} {{(iii)} = -185
\\keipevo{kJ}/Aateg] (iv) [Aaté€]\keipevo{AICI} 3(aq) [Aaté€]\keipevo{AICI} _3(aq) \text{AICI}_3) \;\;/; AICI}_3)\?\? \Delta H {\circ} {(iv)} = +323 \\text{kJ/mol}[/latex] (v) [latex]2\text{Al}(s) + 6\text{HCI}(aq) \longrightarrow 2\text{AICI} 3(aq) + 3\text{H} 2 (g) \\;\\;\ \Delta H {\circ} {(v)} = -1049 \\text{kJ}[/latex] We may also use hass law to determine the enthalpy
change of any reaction, if the corresponding enthalpy formation of the reacts and products is available. The gradual reactions that we consider to be: (i) disintegrations of the reactions into their components (for which changes in enthalpy are proportional to the negative of the enthalpy of the formation of the reactions), followed by (ii) reconnections of the
elements to give the products (with changes in enthalpy proportional to the enthalpy of the formation of the products). Therefore, the typical enthalpy change in the overall reaction is equal to: (ii) the sum of the typical enthalpy formation of all products plus (i) the sum of the negatives of the typical enthalpy formation of the reacts. This is usually rearranged
slightly to be written as follows, with ¢ representing the sum and n representing the elemental coefficients: [latex]\Delta H*{\circ}_{\text{reaction}} = \sum{n} \times \Delta H*{\circ} {\text{f}} (\text{products}) - \sum{n} \times \Delta H"\circ}_{{text{f}}(\text{reactants})[/latex] The following example shows in detail why this equation is valid, and how to use it to
calculate enthalpy change for an interest reaction. Using huss Law What is the standard enthalpy change for the reaction: [latex]3\text{NO} 2(g) + \text{H}_2 \text{O}(I) \longrightarrow 2\text{HNO} 3(aq) + \text{NO}(g) \?\? \Delta H"\circ = ? [/latex] Solution: Using the Equation Use the special form of Hess's law given previously: [latex]\begin{array}X! I} \Delta
HM\circ} {\text{reaction}} = \sum{n} \times \Delta H*{\circ} {\text{f}}(\text{products}) - \sum{n} \times \Delta H*\circ} {\text{f}}(\text{reactants}) \[1em] \\[Lem] = [2 \;\rule[0.5eX]{4.7em}0.1lexNhspace{-4.7emhtext{mol HNO} 3 \times \frac{-207.4 \\text{kJ}}{\rule[0.25ex]{4.5em}{0.1exP\hspace{-4.5em}text{mol HNO} 3(aq)} + 1 \;\rule[0.5ex]{4.7em}
{0.1ex}\hspace{-4.7emhtext{mol NO}(g) \times \frac{+90.2 \;\text{kJ}H\rule[0.25ex]{3.8em}{0.1exP\hspace{-3.8em}text{mol NO}(g)}] \[1em] - [3 \;\rule[0.5ex]{4.9em}{0.1ex\hspace{-4.9em}text{mol NO} 2(g) \times \frac{+33.2 \;\text{kJ}}{\rule[0.25ex]{3.7em}{0.1lexN\hspace{-3.7emhtext{mol NO} 2(g)} + 1 \;\rule[0.5ex]{4.5em}{0.1lexNhspace{-4.5emhtext{mol
H} 2 \text{O}(l) \times \frac{+285.8 \;\text{kJ}}{\rule[0.25ex]{3.5em}H0.1lexN\hspace{-3.5emhtext{mol H} 2 \text{O}()}] \W[1lem] = 2(-207.4 \\text{kJ}) + 1(+90.2 \;\text{kJ}) - 3(+33.2 \;\text{kJ}) - 1(-285.8 \;\text{kJ}) \[1em] = -138.4 \;\text{kJ} Solution: Support because the general equation is valid alternatively, we can write write reaction as the sum of the
disintegration of 3NO2(g) and 1H20O(]) into their components, and the formation of 2HNO3(aqg) and 1NO(g) from their components. By writing these reactions, and noting their relationships with [latex]\Delta H*{\circ}_\text{f}[/latex] values for these compounds (from Appendix G), we have: [latex]\begin{array K| I} 3\text{NO}_2(g) \longrightarrow 3/2\text{N}_2(g)
+ 3\text{O}_2(g) &amp; LM\circ}_1 =-99.6 \\text{kJ} \[1em] \text{H} 2 \text{O} \longrightarrow \text{H}_32(g) + \frac{1}{2}\text{O} 2(g) &amp; \Delta H*{\circ} 2 = +285.8 \\text{kJ} \; [-1 \times \Delta H*{\circ}_\text{f}(\text{H} 2 \text{O})] \[1em] \text{H} 2 (g) + \text{N}_2(g) + \fra c{1}{2} \text{O} _2(g) \longrightarrow 2\text{HNO}_3(aq) &amp; \Delta H {\circ} 3 =
-414.8 \\text{kJ} \; [2 \times \Delta H{\circ} \text{f}(\text{HNO}_3)] \\[1em] \frac{1}{2N\text{N} _2(g) + \frac{1H{2}\text{O}_2(g) \longrightarrow \text{NO}(g) &amp; \Delta H*{\circ} 4 = +90.2 \\text{kJ} \; [1 \@opEg (\text{NO})] \end{array}[/latex] H dBpoion autwv twv e{iIcwaoswv avtidpaang divel Tnv avtidpacn TTou pog evdla@éper: [Aateg]3\keipevo{NO}_2(g) +
\text{H}_2 \text{O}(l) \longrightarrow 2\text{HNO}_3(text{HNO}_3(aq) + \text{NO}(g)[/latex] H aBpoion twv arraywv evBaATtiag divel Tnv Tipr 1tou BéAoupe va ipoadiopicovpe: [Aatég]\begin{array} {| @{{}={}} I} \Delta H*{\circ} {\text{rxn}} &amp; \Delta H*{\circ}_1 + \Delta H*{\circ} 2 + \Delta H*{\circ} 3 + \Delta H*{\circ} 4 = (-99.6 \;\keipevo{kJ}) + (+285.8
\\keipevo{kd}) + (-414.8 \\text{kJ}) + (+90.2 \\text{kJ}) \[1em] &amp; -138.4 \;\text{kJ} \end{array}[/latex] 'Etal, n TuTtKf) aAAayr] enthaly yia autrjv tnv avtidpaaon sival AH® = —138.4 kJ. ZnUEOCTE OTI AUTO TO OTIOTEAECUO TIPOEKUYE OTIO TO (1) ToAAaTtAaaidlovtag to [Aatég]\Delta HA{\circ} \text{f}[/latex] k&Be TIPOIOGVTOC IE TOV OTOIXEIOPETPIKO CUVTEAEDTH] TOU Kal
aBpoilovtag auteg TIC TIUEG , (2) multiplying [latex]\Delta HM\circ}_\text{f}[/latex] by its stoicimetric coefficient and suming these values, and then ( 3, subtracting the result found in (2) from the result found in (1). as shown. Check your learning Calculate the heat of burning 1 ethanol mole, C2H50H(I), when H20O(l) and CO2(g) are formed. H20(l), -286 kJ/mol;
and CO2(g), -394 kJ/mol. If a chemical change is carried out at constant pressure and the only work done is caused by expansion or contraction, q for the change is called the change of enthalpy with the symbol DH, or [latex]{\Delta}H_{298}*\circ}[/latex] for reactions occurring under normal state conditions. The value of DH for a one-way reaction is equal in
size, against the point, in DH for the reaction in the opposite direction, and DH is directly proportional to the amount of reacting and products. Examples of enthalpy changes include enthalpy enthalpy enthalpy of fusion, enthalpy of evaporation, and standard enthalpy of formation. The standard enthalpy formation, [latex]{\Delta}H_{\text{f}}*{\circ}[/latex], is the
enthalpy change that accompanies the formation of 1 mole of a substance from the elements in their most stable states in 1 line (typical state). Many of the procedures are performed at 298.15 K. If the enthalpy of the formation is available for the reactives and products of a reaction, the enthalpy change can be calculated using the law of Hess: If a process
can be written as the sum of several gradual processes, the enthalpy change of the overall process equals the sum of the enthalpy changes of the various steps. [latex]\Delta U = q + w[/latex] [latex]\Delta H*{\circ}_{\text{reaction}} = \sum{n} \times \Delta H*{\circ}_{text{f}} (text{products}) - \sum{n} \times \Delta H™{\circ}_{text}} f{text{f}} (\text{reactants})[/latex]
Chemistry End of Chapter Exercises Explain how the heat measured in example 3 in chapter 5.2 Calorimetry differs from the enthalpy change for the exothermic reaction described by the following equation:[latex]\text{HCI}(aq) + \text{NaOH}(a q) \longright arrow \text{NaCl}(aq) + \text{H}_2 \text{O}(l)[/latex] Using the data in the control section of example 3 in
chapter 5.2 Thermimetry, calculate DH in kJ/mol of AgNO3(aq) for reaction:[latex]\text{NaCl}(aq) ) + \text{AgNO}_3(aq) \longrightarrow \text{AgCI}(s) + \text{NaNO}_3(aq)[/latex] Calculate the enthalpy of the solution (DH for dissolution) per mole of NHANO3 under the conditions described in example 4 in chapter 5.2 Thermidometry. A DH is calculated for the
reaction described by the equation. (Tip: use the value for the approximate amount of heat absorbed by the reaction you calculated in a previous exercise.) [latex]\text{Ba(OH)} 2 \cdot 8\text{H} 2 \text{O}+ 2\text{NH}_4 \text{SCN}(aq) \longrightarrow \text{Ba(SCN)} _ 2(aq) + 2\text{NH} 3(aq) + 10\text{H} 2 \text{O}(l)[/latex] Calculate the enthalpy of the
solution (DH for dissolution) per mole of CaCl2. Although the gas used in an oxyacetylline torch (Figure 6 in Chapter 5.1 Energy basics) is essentially pure acetylene, the heat generated by burning an acetylene mole in such a torch is likely not equal to the enthalpy of acetyline combustion mentioned in Table 2. Taking into account the conditions for which the
inhaled data refer, an explanation is proposed. How much heat is produced by burning 4.00 moles of acetyline under normal state conditions? How much heat is produced by burning 125 g of methanol under normal state conditions? How many isoctane moles burn to produce 100 kJ of heat under standard condition conditions; Which carbon monoxide mass
should be burned to produce 175 kJ of heat under normal state conditions? When 2.50 g of methane is burned in oxygen, 125 kJ of heat is produced. What is the enthalpy of combustion methane mole under these conditions; How much heat is generated when 100 mL 0.250 M HCI (density, 1.00 g/mL) and 200 mL 0.150 M NaOH (density, 1.00 g/mL) are
mixed? [latex]\begin{array} {I I} \text{HCI}(aq) + \text{NaOH}(aq) \longrightarrow \text{NaCl}(aq) + \text{H} 2 \text{O}(I) &amp; \Delta H *{\circ} {298} = -58 \\text{kJ} \end{array}[/latex] If both solutions are at the same temperature and the heat capacity of the products is 4.19 J/g °C, how high will the temperature increase? What case did you make in your
calculation? A sample of 0.562 g of carbon is burned in oxygen in a bomb calorimeter, which produces carbon dioxide. Suppose that both the reactive and the products are under normal conditions and that the heat released is directly proportional to the enthalpy of graphite combustion. The temperature of the calorimeter increases from 26.74 °C to 27.93 °C.
What is the thermal capacity of the calorimeter and its content? Prior to the introduction of chlorofluorocarbons, sulphur dioxide (evaporation enthalpy, 6,00 kcal/mol) was used in household refrigerators. Which SO2 mass should be evaporated to remove as much heat as the 1.00 kg CCI2F2 exhaust (evaporation enthalpy is 17.4 kJ/mol)? Exhaust reactions
for SO2 and CCI2F2 are [latex]\text{SO} 2(I) \longrightarrow \text{SO} 2(g)[/latex] and [latex] \text{CCI}_2 \text{F}(l) \longrightarrow \text{CCI}_2 \text{F} 2(g)[/latex], respectively. Homes can be heated by pumping hot water through radiators. Which water mass will provide the same amount of heat when cooled from 95.0 to 35.0 °C, as the heat supplied
when 100 g of steam is cooled from 110 °C to 100 °C. Which of the combustion enthalpys in Table 2 table are also standard formation enthalpys? The standard H20(g) enthalpy formation differs from DH°® for reaction [latex]2\text{H} 2(g) + \text{O} 2(g) \longrightarrow 2\text{H} 2 \text{O}(g)[/latex]; Joseph Priestly prepared oxygen in 1774 by heating red
mercury oxide (II) with sunlight focused through a lens. How much heat is required to decompose exactly 1 mole of red HgO(s) in Hg(l) and O2(g) under normal conditions? How many heat kilojoules will be released when just 1 manganese mole, Mn, is burned to form Mn304(s) under normal state conditions? How many heat kilojoules will be released when
just 1 iron mole, Fe, is burned to form Fe203(s) in normal condition? The following sequence of reactions occurs in the commercial production of aqueous nitric acid:[latex]\begin{array}{l I} 4 \text{NH}_3(g) + 5\text{O}_2(g) \longrightar 4 \text{NO}(g) + 6\text{H}_2 \text{O}(l) &amp; \Delta H = -907 \\text{kJ} \\[1em] 2 }(g) + \text{O} 2(g) \longrightarrow
2\text{NO} 2(g) &amp; \Delta H = -113 \)\text{kJ} \\[1em] 3\keipevo{NO} 2 + \text{H} 2 \text{O} \longrightarrow 2\text{HNO} 3(aq) + \text{NO}(g) &amp; \Delta H = -139 -139 \end{array}[/latex] MpocdIl0piaTe T GUVOAIKI] EVEPYEIOKE OAAAYH YIO TNV TIOPAYWYH EVOC TUPAOTIOVTIKA LAATIKOU VITPIKOU 0EE0C ATIO AUTAV TN dladIKaacia. TOCO ypa@itn Kol EYKauua
olapoavTicv. [latex]\text{C}(s), \;\keipevo{diamond}) + \text{O} 2(g) \longrightarrow \text{CQO} 2(g)[/latex] Na tn peTatpomnn ypaeitn o€ diapavti: [hate€]\begin{array}H] I} \text{C}(s), \;\text{graphite}) \longrightarrow \text{C}(s), \;\text{diamond}) &amp; {\Delta}H™\circ} {298} = 1,90 \;\keipyevo{kJ} \end{array}[/latex] Mouv Ttapdyel TteplocOTEPN BEPPOTNTA, TNV KAUGCN
ypa®itn i TNV Kavacn SIGPavTIo; ATIO TIC HOPIOKEC BEPUOTNTEC TOL GXNMATIGUOL oTo MNpocdptnua G, TPOCdIoPICTE TIOCT BEPUOTNTO ATIAITETAL VIO TNV EEATUIOT EVOC TUPAOTIOVTIKO vePOU: [AaTé€]\keipevo{H} 2 \text{O}(I) \longrightarrow \text{H} 2 \text{O}(g)[/AaTéE] Mouv Ttapdyel TteplocdTEPN Beppotnta; [Aate]\Kkeipevo{Os}(s) \longrightarrow 2\text{O} 2(g)
\longrightarrow \text{OsO}_4(s)[/latex]or[latex]\text{Os}(s) \longrightarrow 2\text{O} 2(g) \longrightarrow \text{OsO} 4(g)[/AatéE] yia tnv aAlayr @dong [Aateé€]\keipevo{OsO} 4(s) \longrightarrow \text{OsO} 4(g) \;)\;\;&lt;/a0&gt; \Delta H = 56.4 \;\text{kJ}[/latex] Calculate [latex]\Delta H{\circ} {298}[/latex] for the process [latex]\text{Sb}(s) + \frac{5}{2}
\text{CI}_2(g) \longrightarrow \text{SbCI} 5(g)[/latex] from the following information: [latex]\begin{array}{l I} \text{Sb}(s) + \frac{3}{2)\text{CI} 2(g) \longrightarrow \text{SbCI} 3(g) &amp; \Delta H{\circ} {298} = -314 \;\text{kJ} \[1em] \text{SbCI} 3(s) + \text{CI}_2(g) \longrightarrow \text{SbCI} 5(g) &amp; \Delta H™\circ} {298} = -80 \;\text{kJ} \end{array}[/latex]
Calculate [latex]{\Delta}H{\circ} {298}[/latex] for the process [latex]\text{Zn}(s) + \text{S}(s) + 2\text{O} 2(g) \longrightarrow \ text{ZnSQO} 4(s)[/latex] from the following information: [latex]\begin{array}H! I} \text{Zn}(s) + \text{S}(s) \longrightarrow \text{ZnS}(s) &amp; {\Delta}H\circ} {298} = -206.0 \;\text{kJ} \[1em] \text{ZnS}(s) + 2\text{O} 2(g) \longrightarrow
\text{ZnSO}_4(s) &amp; {\Delta}H"{\circ} {298} = -776.8 \;\text{kJ} \ end{array}|/latex] Calculate AH for the process [latex]\text{Hg} 2 \text{CI} 2(s) \longrightarrow 2\text{Hg}(l) + \text{CI} 2(g)[/latex] from the following information: [latex]\begin{array}{l I} \text{Hg}(l) + \text{CI} 2(g) \longrightarrow \text{HgCI}(s) &amp; \Delta H = -224 \;\text{kJ} \[1em] \text{Hg}(l)
+ \text{HgCI} 2(s) \longrightarrow \text{Hg} 2 \text{CI} 2(s) &amp; \Delta H = -41.2 \;\text{kJ} \end{array}{/latex] Calculate [latex]\Delta H*{\circ} {298}[/latex] for the process [latex]\text{Co} 3 \text{O} 4(s) \longrightarrow 3 \text{Co}(s) + 2\text{O} 2(g)[/latex] from the following information : [latex]\begin{array}{! I} \text{Co}(s) + \frac{1}{2} \text{O} 2(g)
\longrightarrow \text{CoO}(s) &amp; {\Delta}H"{\circ} {298} = -237.9\;\text{kJ} \[1em] 3\text{Co}(s) + \frac{1H2} \text{O} 2(g) \longrightarrow \text{O} 4(s) &amp; \Delta H™\circ} {298} = -177.5 \;\text{kJ} \end{array}[/latex] Calculate Teh Teh molar enthalpy of formation of NO(g) from the following data:[latex]\begin{array}{I I} \text{N} 2(g) + 2\text{O} 2
\longrightarrow 2\text{NO} 2(g) &amp; \Delta HM\circ} {298} = 66.4 \;\text{kJ} \\[Lem] 2\text{NO}(g) + \text{O} 2 \longrightarrow 2\text{NO} 2(g) &amp; \Delta H {\circ} {298} = -114.1 \\text{kJ} \end{array}[/latex] Using the data in Appendix G, calculate the standard enthalpy change for each of the following reactions: (a) [latex]\text{N} 2(g) + \text{O} 2(g)
\longrightarrow 2\text{NO}(g)[/latex] (b) [latex]\text{Si}(s) + 2\text{CI} _2(g) \longrightarrow \text{SiCl} 4(g)[/latex] (c) [latex]\text{Fe} 2 \text{O} 3(s) + \text{H} 2(g) \longrightarrow 2\text{Fe}(s) + 3\text{H} 2 \text{O}()[/latex] (d) [latex]2 \text{LiOH}(s) + \text{CO} 2(g) \longrightarrow \text{Li} 2 \text{CO} 3(s) + \text{H} 2 \text{O}( (g)[/latex] Using the data in
Appendix G, calculate the standard enthalpy change for each of the following reactions: (a) [latex]\text{Si}(s) + 2\text{F} 2(g) \longrightarrow \text{SiF} 4(g)[/latex] (b ) [latex]2\text{C}(s) + 2\text{H} 2(g) \longrightarrow \text{CH} 3 \text{CO} 2 \text{H}(l)[/latex] (c) [latex]\text{CH} 4(g) + \text{N}_2(g) \longrightarrow \text{HCN}(g) + \text{NH} 3(g)[/latex] (d)
[latex]\text{CS} vy 2(g) + 3\text{CI}_2(g) \longrightarrow \text{CCI} 4(g) + \text{S} 2 \text{CI} 2(g)[/latex] The following reactions can be used to prepare metal samples. Determine the enthalpy change under normal status conditions for each. (a) [latex]2\text{Ag} 2 \text{O}(s) \longrightarrow 4\text{Ag}(s) + \text{O} 2(g)[/latex] (b) [latex]\text{SnO}(s) s) +
\text{CO}(g) \longrightarrow \text{Sn}+ \text{CO} 2(g)[/latex] (c) [latex]\text{Cr} 2 \text{O} 3+ 3\text{H} 2(g) \longrightarrow 2\text{Cr}(s) + 3\text{H} 2 \text{O}(l)[/latex] (d) [latex]2\text{Al}(s) + text {Fe} 2 \text{O} 3(s) \longrightarrow \text{Al} 2 \text{O} 3(s) + 2\text{Fe}(s)[/latex] The decomposition of hydrogen peroxide, H202, has been used to provide thrust
to the control jets of the various space vehicles. Using the data in Appendix G, determine the amount of heat generated by decomposition of exactly 1 H202 mole under normal conditions. [latex]2\text{H} 2 \text{O} 2(I) \longrightarrow 2\text{H} 2 \text{O}(g) + \text{O} 2(g)[/latex] Calculate propane burning encouragement, C3H8(qg), for the formation of
H20(g) and CO2(g). The enthalpy of propane formation is —104 kJ/mol. The enthalpy of butane formation is =126 kJ/mol. Both propane and butane are used as gaseous fuels. Which compound produces more heat per gram when burned? The white dye TiO2 is manufactured from the titanium tetrachloran, TiCl4, with water vapour in the gas phase:
[latex]\text{TiCl}_4(g) + 2\text{H}_2 \text{O}(g) \longrightarrow \text{TiO}_2(s) + 4\text{HCI}(g)[/latex]. How much has evolved to produce exactly 1 mole of TiO2(s) under normal condition? Water gas, a mixture of H2 and CO, is an important industrial fuel produced by the reaction of steam with red hot coke, essentially pure carbon: [latex]\text{C}(s) +
\text{H} 2 \text{O}(g) \longrightarrow \text{CO}(g) + \text{H} 2(g)[/latex]. (&) Assuming that the coke has the same graphite enthalpy formation, calculate [latex]\Delta H*{\circ} {298}[/latex] for this reaction. (b) Methanol, a liquid fuel that could potentially replace gasoline, can be manufactured from water gas and hydrogen additive at high temperature and
pressure in the presence of an appropriate catalyst: [latex]2\text{H} 2 + \text{CO}(g) \longrightarrow \text{CH} 3 \text{OH}(g)[/latex]. Under the conditions of the reaction, methanol is formed as a gas. Calculate [latex]\Delta H™\circ} {298}[/latex] for this reaction and for the condensation of methanol gas into liquid methanol. (c) Calculate the combustion heat
of 1 liquid methanol mole in H20(g) and CO2(g). In the early days of cars, lighting at night was provided by burning acetyline, C2H2. Although it is no longer used as automatic headlights, acetyline is still used as a light source by some cave explorers. Acetyline is prepared in the lamp by the reaction of water with calcium carbide, CaC2:[latex]\text{CaC} 2(s)
+ \text{H} 2 \text{O}(I) \longrightarrow \text{Ca(OH)} 2(s) + \text{C} 2 \text{H} 2(g)[/latex] . Calculate the typical enthalpy reaction. CaC2's [latex]\Delta H{\circ} \text{f}|[/latex] is —15.14 kcal/mol. The enthalpy of burning hard coal on average -35 kJ/g, that of gasoline, 1.28 x 105 kJ/gal. How many kilos of coal provide the same amount of heat as that available
from 1.0 gallons of gasoline? Assume that the density of gasoline is 0.692 g/mL (the same as the density of isooctane). Ethanol, C2H50H, is used as fuel for motor vehicles, especially in Brazil. (a) Draw up the balanced equation for burning ethanol in CO2(g) and H20(g) and, using the data in Appendix G, calculate the combustion enthalpy of 1 ethanol mole.
(b) The density of ethanol is 0,7893 g/mL. Calculate the enthalpy of combustion exactly 1 L ethanol. (¢) Assuming that the kilometres of a car are directly proportional to the heat of the combustion of the fuel, it is calculated how far a car could be expected to travel with 1 L of petrol than in 1 L of ethanol. Suppose gasoline has the heat of combustion and
density of n-octanes, C8H18([latex]\Delta H {\circ} \text{f}[/latex] = -208.4 kJ/mol; density = 0.7025 g/mL). Among the substances that react with oxygen and that have been considered as potential potential is divorane [B2H6, produces B203(s) and H20(g)], methane [CH4, produces CO2(g) and H20(g)], and hydrazine [N2H4, produces N2(g) and H20(g)].
Based on the heat released by 1.00 g of each substance in its reaction to oxygen, which of these compounds offers the best potential as rocket fuel? [latex]\Delta H*{\circ} \text{f}[/latex] of B2H6(g), CH4(g) and N2H4(l) is in Appendix G. How much heat is produced when 1.25 g of chromium metal reacts with oxygen gas under normal conditions? Ethylene,
C2H2, a by-product of fractional oil distillation, is fourth among the 50 chemical compounds commercially produced in the largest quantities. Approximately 80% of synthetic ethanol is made from ethylene with its reaction with water in the presence of a suitable catalyst. [latex]\text{C} 2 \text{H} 4(g) + \text{H} 2 \text{O}(g) \longrightarrow \text{C} 2 \text{H} 5
\text{OH}(l)[/latex] Using the data in the table in Annex G, calculate DH° for the reaction. Sugar glucose oxidation, C6H1206, described by the following equation:[latex]\begin{array}{l I} \text{C} 6 \text{H} {12} \text{O} 6(s) + 6\text{O} 2(g) \longrightarrow 6\text{CQO} 2(g) + 6\text{H} 2 \text{O}(l) &amp; \Delta H = -2816 \\text{kJ} \end{array}[/latex] Glucose
metabolism gives the same products, although glucose reacts with oxygen in a series of steps in the body. a) How much heat in kilojoules can be produced by glucose metabolism of 1,0 g? (b) How many calories can be produced by 1.0 g glucose metabolism? Propane, C3H8, is a hydrocarbon commonly used as fuel. a) Write a balanced equation for the
complete combustion of propane gas. (b) Calculate the volume of air at 25 °C and in an atmosphere of 1,00 required for the complete combustion of 25,0 grams of propane. Suppose the air is 21.0 percent O2 by volume. (Tip: we'll see how to do this calculation in a later chapter on gas-for now using the information that 1.00 L of air at 25 °C and 1.00 ATM
contains 0.275 g O2 per liter.) c) The heat of propane combustion is —2.219.2 kJ/mol. Calculate the heat of the formation; [latex]\Delta H\circ} \text{f}[/latex] of propane since [latex]\Delta H™\circ} \text{f}[/latex] of H20 (I ) = —285.8 kJ/mol and [latex]\Delta H*{\circ} \text{f}[/latex] of CO2(g) = —393.5 kJ/mol. (d) Assuming that all heat released in a combustion
of 25,0 grams of propane is transferred to 4,00 kilograms of water, the increase in water temperature shall be calculated. During a recent winter month in Sheboygan, Wisconsin, it was necessary to take 3500 kWh of heat supplied by a gas oven with 89% efficiency to keep a small house warm (the of a gas oven is the percentage of heat generated by
combustion that is transferred to the house). (a) It is clear that natural gas is pure methane and gas in cubic feet required for heating the house. The average gas temperature was 56 °F; at this temperature and a pressure of 1 ATM, natural gas has a density of 0.681 g/L. (b) How many gallons of LPG (LPG) will be required to replace the natural gas used?
Assume that LPG is liquid propane (C3H8: density, 0.5318 g/mL, combustion enthalpy, 2219 kJ/mol for the formation of CO2(g) and H20(l)) and the furnace used to burn LPG has the same efficiency as the gas furnace. ¢) What mass of carbon dioxide is produced by burning the methane used to heat the house? d) What mass of water is produced by
burning the methane used to heat the house? e) What volume of air is required to supply oxygen for the combustion of methane used to heat the house? The air contains 23% oxygen by mass. The average air density during the month was 1.22 g/L. (f) How many kilowatt-hours (1 kWh = 3.6 x 106 J) electricity should provide the heat needed to heat the
house? Note electricity is 100% efficient in producing heat within a home. g) Although electricity is 100% efficient in heat generation within a home, electricity generation and distribution is not 100% efficient. The efficiency of the production and distribution of electricity produced at a coal-fired power station is approximately 40%. A specific type of carbon
provides 2.26 kWh per pound during combustion. What mass of this carbon in kilograms will be required to produce the electricity necessary to heat the house if the efficiency of production and distribution is 40%? chemical thermodynamic field of science dealing with the relationships between heat, work, and all forms of energy associated with chemical and
physical enthalpy processes (H) sum of the internal energy of a system and the mathematical product of pressure and volume of enthalpy (DH) heat released or absorbed by a system under constant pressure during a chemical or physical process volume work) work done as a system expands or contracts against external pressure first law of the
thermodynamic internal energy of a system changes due to the heat flow in or out of the system or work done on or by the law of the Hess system, if a process can be represented as the sum of many steps , enthalpy process change is equal to the sum of changes in enthalpy of the tier hydrocarbon compound consisting only of hydrogen and carbon; the
main component of minerals internal energy (U) set of all possible types of energy present in a substance or substances standard enthalpy of combustion heat (DHc®)(DHc®) released when a mole of a compound undergoes complete combustion under normal conditions standard enthalpy formation (DHf°)(DHf°) enthalpy change of a chemical reaction in
which 1 mole of a pure substance is formed by its elements in the most stable situations under standard conditions of standard state standard set of physical conditions, as accepted as common reference conditions for the reference of thermodynamic properties; 1 bar of pressure, and solutions to 1 molecular concentrations, usually at a temperature of state
mode property of 298.15 K depending only on the state of a system, and not the path taken to reach that state
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