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What is meant by enthalpy change

Thermodynamics is the study of the relationship between heat (or energy) and work. Enthalpy is a key factor in thermodynamics. It is the heat content of a system. The heat that passes into or out of the system during a reaction is the enthalpy change. Whether the enthalpy of the system increases (i.e.
when energy is added) or decreases (because energy is released) is a decisive factor that determines whether a reaction can happen. Sometimes we call the energy of the molecules in transition, the inner enthalpy. Sometimes we call it the enthalpy of the system. These two sentences refer to the same
thing. Similarly, the energy of the molecules that do not participate in the reaction is referred to as external enthalpy or enthalpy of the environment. Roughly speaking, the energy changes we looked at in the introduction to thermodynamics were changes in enthalpy. We will see in the next section that
there is another energetic factor, entropy, which we also have to take into account in reactions. For now, we'll just look at it. Enthalpy is the heat content of a system. The enthalpy change of a reaction is roughly equivalent to the amount of energy lost or extracted during the reaction. A reaction is preferred
when the enthalpy of the system decreases via the reaction. This last statement is very similar to the description of the energetics on the previous page. When a system experiences a reaction and releases energy, its own energy content decreases. It has less energy left over when it gives something
away. Why does the energy of a group of molecules change when a reaction occurs? To answer this, we need to think about what happens in a chemical reaction. In a reaction, there is a change in the chemical bond. Some of the bonds in the reactants are broken, and new bonds are made to form the
products. It costs energy to break bonds, but energy is released when new bonds are made. Whether a reaction can go forward may depend on the balance between these bond-making and bond-breaking steps. A reaction is exothermic when the formation of new bonds releases more energy than is
consumed by breaking old bonds. One reaction is exotherm when weaker bonds are traded against stronger ones. One reaction is endotherm when bond-breaking costs more energy than what is provided in bond-making. Binding energies (the amount of energy that must be added to break a bond) are
an important factor in determining whether a reaction will occur. Binding strengths are not always easy to predict, as the a bond depends on a number of factors. However, a lot of people have done a lot of work to measure the binding strengths, and they've collected the information in tables, so if you
need to know how strong a binding is, you can just look up the information you need. Bond Bond Energy (kcal/mol) Bond Bond Energy (kcal/mol) H-H 104 O-H 111 C-C 83 C-H 99 O=O 119 N-H 93 N=N 226 C=O 180 180 Suppose you wanted to know if the burning of methane was an exothermic or
endothermic reaction. I will suspect that it is exothermic because this reaction (and others like it) is used to provide heat for many homes by burning natural gas in furnaces. The burning of methane means that it is burned in the air so that it reacts with oxygen. The products of the combustion of
hydrocarbons are mostly carbon dioxide and water. The carbon atom in methane (CH4) is incorporated into a carbon dioxide molecule. The hydrogen atoms are incorporated into water molecules. There are four hydrogen atoms in methane, so that's enough to produce two molecules of H2O. In methane
burning, four C-H bonds must be broken. Four new O-H bonds are formed when the hydrogens from methane are introduced into new water molecules. Two new C=O bonds are produced when the carbon from methane is absorbed into a CO2 molecule. The other piece of the puzzle is the source of
oxygen for the reaction. Oxygen is usually present in the atmosphere as O2. Since we need two oxygen atoms in the CO2 molecule and two more oxygen atoms for the two water molecules, we need a total of four oxygen atoms for the reaction, which could be provided by two O2 molecules. Two O=O
bonds must be broken to provide the oxygen atoms for the products. In total, four C-H and two O=O bonds are broken, plus two C=O and four O-H bonds. That's 4 x 99 kcal/mol for the C-H bonds and 2 x 119 kcal/mol for the O=O bonds, a total of 634 kJ/mol added. The reaction releases 2 x 180 kcal/mol
for the C=O bonds and 4 x 111 kcla/mol for the OH bonds with a total sum of 804 kcal/mol. In total, there are 170 kcal/mol more released than is consumed. This means that the reaction is exothermic, so it generates heat. It's probably a good way to heat your house. Compare the combustion of ethane
with methane incineration. Write a reaction for the combustion of ethane, CH3CH3, to carbon dioxide and water. How many carbon dioxide molecules would be produced from an ethane molecule? How many water molecules would be produced from an ethane molecule? How many oxygen molecules
would be required to provide oxygen atoms to meet the steps in questions b) and c)? How much energy is consumed/produced by the reaction? Compare this result to that for methane. The Haber-Bosch process is used to produce ammonia for fertilizers. It uses the reaction of hydrogen gas (H2) with
atmospheric nitrogen (N2) in a ratio of 3:1 to produce ammonia (NH3). Write a response for the Haber-Bosch process. How many would be made from a nitrogen molecule? How much energy is consumed/produced by the reaction? When physical or chemical changes occur, they are usually
accompanied by an energy transfer. The Energy Saving Act states that energy is neither produced nor destroyed in any physical or chemical process. Is. in other words, all the energy in the universe is conserved. To better understand the energy changes that occur during a reaction, we need to define
two parts of the universe, the system and the environment. The system is the specific part of matter in a particular space that is studied during an experiment or observation. The environment is everything in the universe that is not part of the system. In practice, the system for a laboratory chemist is the
special chemicals that are reacted, while the environment is the immediate proximity within the room. During most processes, energy is exchanged between the system and the environment. If the system loses a certain amount of energy, the same amount of energy is generated by the environment. If the
system gains a certain amount of energy, this energy is supplied by the environment. A chemical reaction or physical change is endotherm when the heat is absorbed by the system from the environment. In the course of an endothermic process, the system gains heat from the environment and thus the
temperature of the environment decreases. The amount of heat for a process is represented by the letter q. The sign of q for an endothermic process is positive as the system gains heat. A chemical reaction or physical change is exothermic when heat is released from the system into the environment. As
the environment heat is extracted from the system, the temperature of the environment rises. The sign of q for an exothermic process is negative because the system loses heat. Figure :('PageIndex{1}'): (A) Endothermic reaction. (B) Exothermic reaction. Heat changes in chemical reactions are often
measured in the laboratory under conditions under which the reaction system is open to the atmosphere. In this case, the system is at constant pressure. Enthalpy (left) is the heat content of a system at constant pressure. Chemists routinely measure changes in the enthalpy of chemical systems when
reactants are converted into products. The heat absorbed or released by a constant pressure reaction is the same as the enthalpy change and receives the Delta H symbol. Unless otherwise stated, all reactions in this material are assumed at constant pressure. The change in the enthalpy of a reaction is
a measure of the differences in the enthalpy of reactants and products. The enthalpy of a system is determined by the energies needed to break chemical bonds and by the energies needed to form chemical bonds. Energy must be put into the system to break chemical bonds - in most cases they do not
disintegrate spontaneously. The bonding to the products involves the release of energy. The change in enthalpy shows the compromises that have been made in these two processes. Does it need more energy to break bonds than the one needed to If so, the reaction is endothermic and the enthalpy
change is positive. If more energy is generated in the bond formation than is needed for the bond break, the reaction exotherm and the enthalpy is negative. Several factors influence the enthalpy of a system. Enthalpy is an extensive property that is partly determined by the amount of material we work
with. The condition of reactants and products (solid, liquid or gaseous) influences the enthalpy value for a system. The direction of the reaction affects the enthalpy value. A reaction that takes place in the opposite direction has the same numeric enthalpy value, but the opposite sign. When methane gas is
burned, heat is released, which makes the reaction exothermic. In particular, the combustion of methane releases 890.4 kilojoules of heat energy. This information can be displayed as part of the balanced equation. CH_4 • 2 ,c',O_2 (g, right) , right arrow (right) right arrow CO_2, left ( g , right) + 2 ,H_2O
left (l,right) + 890.4 , The equation tells us that the methane combines with the oxygen(2) of text) to produce carbon dioxide and (2 text) of water. The release of (890.4: text) is published so that it is written as a product of the reaction. A thermochemical equation is a chemical equation that contains the
enthalpy change of the reaction. The process in the above thermochemical equation can be visually represented in the figure below. Figure :('PageIndex{2}'): (A) When reactants are converted into products in an exothermic reaction, enthalpy is released into the environment. The enthalpy change in the
reaction is negative. (B) When reactants are converted into products in an endothermic reaction, enthalpy is absorbed from the environment. The enthalpy change in the reaction is positive. When methane is burned, the enthalpy change is negative because the heat is released by the system. Therefore,
the overall thalpy of the system decreases. The heat of the reaction is the enthalpy change for a chemical reaction. In the above case, the reaction heat is s(-890.4) . The thermochemical reaction can also be written in this way: ['ce'CH_4'' 'left( g 'right) + 2 'ce'O_2' 'left' 'left' 'left' 'right' 'rightarrow'CO_2'2
'ce'H_2O' 'left( l 'right): 'Delta H = '890.4 ': 'text'kJ'] The reaction heat is usually measured in kilojoules. It is important to include the physical states of the reactants and products in a thermochemical equation, since the value of the ,(Delta H) depends on these states. Endothermic reactions absorb energy
from the environment when the reaction occurs. When calcium carbonate is converted into calcium oxide and carbon dioxide in the calcium oxide ,(1) and the the heat decomposes, is the S(1) of the carbon dioxide, the heat(177,8). Heat (177.8). The process is visually represented in the figure above (B).
The thermochemical reaction is shown below. CaCO_3 Since the heat is absorbed by the system, the value of the ,(177.8: text:CO_2 is written as a reaction agent. The heat of the reaction is positive for an endothermic reaction. CO_2 CaCO_3 The way a reaction is written affects the value of the enthalpy
change for the reaction. Many reactions are reversible, which means that the product(s) of the reaction is able to combine and reform the reactants. If a response is written in the opposite direction, the sign sign for the character of delta H changes. For example, we can write an equation for the reaction of
calcium oxide with carbon dioxide to calcium carbonate. The reaction is exothermic and thus the sign of the enthal CaCO_3 pie change negative. CO_2 Cö (CaCO_3 CO_2) Refer again to the combustion reaction of methane. Since the reaction of (1: text) of the released methane (890.4) (890.4) (text) and
text: text: text) of methane would trigger the release of (2 x 890.4: Text: Text = 1 781 The reaction of methane would result in the release of (0,5: text) of methane , 'frac'890,4': 'text'kJ'{2} = 445.2 ': 'text'kJ''). As with other stoiiometry problems, the moles of a reactant or product can be associated with mass
or volume. Example::('PageIndex{1}') Sulphur dioxide gas reacts with oxygen to form sulfur trioxide in an exothermic reaction according to the following thermochemical equation. SO_3 O_2 SO_2 Calculate the enthalpy change that occurs when sulfur dioxide reacts with excess oxygen, when the change
in enthalpy that occurs when reacting with the sulfur dioxide of sulfur oxide is reacted with the value of 58.0 , Solution: Step 1: List the known amounts and plan the problem. Mass :('SO_2 SO_2'For the response of text: Text: SO_2) Unknown (Delta H = Text) the calculation requires two steps. The mass of
SO_2 is converted into moles. Then the moles of (c (SO_2) are multiplied by the conversion factor of (left (frac-198) text-kJ-2 text and text mol) SO_2. Step 2: Solve. [-Delta H = 58.0 - . SO_2 . SO_2 €64.07 : text: SO_2 SO_2 (' The mass of sulphur dioxide is slightly smaller than that of text. Since for each
(2: text-mol-) of (SO_2) the heat that is released when, for example, the (1: text) reacts, the heat released in a reaction of about 1 ,(1): textmol, is half of 198. The book is slightly less than half of 198. The sign of Delta H) is negative because the reaction is exothermic. Contributors
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